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Introduction

This Ecma Standard is based on several originating technologies, the most well known being JavaScript
(Netscape) and JScript (Microsoft). The language was invented by Brendan Eich at Netscape and first
appeared in that company6s Navigator 2.0 browser.
and in all browsers from Microsoft starting with Internet Explorer 3.0.

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

That Ecma Standard was submitted to ISO/IEC JTC 1 for adoption under the fast-track procedure, and
approved as international standard ISO/IEC 16262, in April 1998. The Ecma General Assembly of June 1998
approved the second edition of ECMA-262 to keep it fully aligned with ISO/IEC 16262. Changes between the
first and the second edition are editorial in nature.

The third edition of the Standard introduced powerful regular expressions, better string handling, new control
statements, try/catch exception handling, tighter definition-of errors, formatting for numeric output and minor
changes in anticipation of forthcoming internationalisation facilities and future language growth. The third
edition of the ECMAScript standard was adopted by the Ecma General Assembly of December 1999 and
published as ISO/IEC 16262:2002 in June 2002.

Since publication of the third edition, ECMAScript has achieved massive 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 fourth edition of ECMAScript. Although that work was not
completed and not published?! as the fourth edition of ECMASeript, it informs continuing evolution of the
language. The fifth edition of ECMAScript (published as ECMA-262 5" edition) codifies de facto
interpretations of the language specification that have become common among browser implementations and
adds support for new features that have emerged since the publication of the third edition. Such features
include accessor properties, reflective creation and inspection of objects, program control of property
attributes, additional array manipulation functions, support for the JSON object encoding format, and a strict
mode that provides enhanced error checking and program security.

The edition 5.1 of the ECMAScript Standard has been fully aligned with the third edition of the international
standard ISO/IEC16262:2011.

This< present sixth edition of the Standar dééé

ECMAScript is a vibrant language and the evolution of the language is not complete. Significant technical
enhancement will continue with future editions of this specification.

This Ecma Standard has been adopted by the General Assembly of <month> <year>.

INot e: Pl ease note that for ECMAScri pt -266d2i tEdoint i4o nt h4ed Ewncansa
used in the Ecma publication proc e s s . Ther e26or eEdiiEEGMA 40 as an Ecma I nternational

exist.
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"DISCLAIMER

This draft document may be copied and furnished to others, and derivative works that comment on or
otherwise explain it or assist in its implementation may be prepared, copied, published, and distributed,
in whole or in part, without restriction of any kind, provided that the above copyright notice and this
section are included on all such copies and derivative works. However, this document itself may not be
modified in any way, including by removing the copyright notice or references to Ecma International,
except as needed for the purpose of developing any document or deliverable produced by Ecma
International.

This disclaimer is valid only prior to final version of this document. After approval all rights on the
standard are reserved by Ecma International.

The limited permissions are granted through the standardization phase and will not be revoked by
Ecma International or its successors or assigns during this time.

This document and the information contained herein is provided on an "AS IS" basis and ECMA
INTERNATIONAL DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO ANY WARRANTY THAT THE USE OF THE INFORMATION HEREIN WILL NOT INFRINGE
ANY OWNERSHIP RIGHTS OR ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR
A PARTICULAR PURPOSE."

X © Ecma International 2013
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ECMAScript Language Specification

1 Scope
This Standard defines the ECMAScript scripting language.
2 Conformance

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

A conforming implementation of this Standard shall interpret characters in conformance with the Unicode
Standard, Version 5.1.0 or later and ISO/IEC 10646. If the adopted ISO/IEC 10646-1 subset is not otherwise
specified, it is presumed to be the Unicode set, collection 10646.

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

A conforming implementation of ECMAScript is permitted to support program and regular expression syntax
not described in this specification. In particular, a.conforming implementation of ECMAScript is permitted to
support program syntax that makes use of the ffuture reserved wordsolisted in 11.6.1.2 of this specification.

3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition’ cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 9899:1996, Programming Languages.i.C, including amendment 1 and technical corrigenda 1 and 2
ISO/IEC 10646:2003: Information Technology i Universal Multiple-Octet Coded Character Set (UCS) plus
Amendment_1:2005, Amendment 2:2006, Amendment 3:2008, and Amendment 4:2008, plus additional
amendments and corrigenda, or successor

The Unicode Standard, Version 5.0, as amended by Unicode 5.1.0, or successor

Unicode Standard Annex #15, Unicode Normalization Forms, version Unicode 5.1.0, or successor

Unicode Standard Annex #31, Unicode Identifiers and Pattern Syntax, version Unicode 5.1.0, or successor.

4 Overview
This section 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
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 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.

© Ecma International 2012 1
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A scripting language is a programming language that is used to manipulate, customise, and automate the
faciliies 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, the existing system is said to provide a host environment of objects and facilities, which completes the
capabilities of the scripting language. A scripting language is intended for use by both professional and non-
professional programmers. ECMAScript was originally designed to be used as a scripting language, but has
become widely used as a general purpose programming language.

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 is now used both as a general propose programming language and to provide core scripting
capabilities for a variety of host environments. Therefore the core language is specified in this document apart
from any particular host environment.

Some of the facilities of ECMAScript are similar to those used in other programming languages; in particular
Javad , 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. OOPSLA '87 Conference Proceedings, pp.
227i 241, Orlando, FL, October 1987.

IEEE Standard for the Scheme Programming Language. |IEEE Std 1178-1990.
4.1 Web Scripting

A web browser provides an ECMAScript host environment for client-side computation including, for instance,
objects that represent windows, menus, pop-ups, dialog boxes, text-areas, anchors, frames, history, cookies,
and input/output. Further, the host environment provides-a means to attach scripting code to events such as
change of focus, page and image loading, unloading, error and abort, selection, form submission, and mouse
actions. Scripting code appears within the HTML and the displayed page is a combination of user interface
elements and fixed and computed text and 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
requests, 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
customised user interface for a Web-based application.

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

4.2 ECMAScript Overview

The following is an.informal overview of ECMAScriptd not all parts of the language are described. 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 usedd 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
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. These
built-in objects include the global object, the Object object, the Function object, the Array object, the String
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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.

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

ECMAScript syntax intentionally resembles Java syntax. ECMAScript syntax is relaxed to enable it to serve as Formatted: French (Switzerland)
an easy-to-use scripting language. For example, a variable is not required to have its type declared nor are

types associated with properties, and defined functions are not required to have their declarations appear

textually before calls to them.

4.2.1 Objects

ECMAScript does not use classes such as those in C++, Smalltalk, or Java. Instead objects may be created in Commented [AWB101]:  This description probably need to
various ways including via a literal notation or via constructors which create objects and then execute code be tweaked in light of new features such as class declarations
that initialises all or part of them by assigning initial values to theif properties. Each constructor is a function and explicit exposure of the [[Prototypell property

that has a prpotptge ty tntaante di §i u's prdtotype-based pnhegitarece and shared
properties. Objects are created by using constructors in new expressions; for example, new
Date(2009,11)  creates a new Date object. Invoking a constructor without-using new has consequences that
depend on the constructor. For example, Date() produces a string representation of the current date and
time rather than an object.

Every objectcr eat ed by a constructor has an prooyde)itcthetvalue eff er ence (call ed the object«
its consprotolypet Or psofiefr t y. Fur t her mor e, -nuhimpgiait ceferenceytpis may have a non

prototype, and so on; this is called the prototype chain. When a reference is made to a property in an object,

that reference is to the property of that name in the first object.in the prototype chain that contains a property

of that name. In other words, first the object mentioned directly is examined for such a property; if that object

contains the named property, that is the property to which the reference refers; if that object does not contain

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

+ 4 B T TTT T TR T T
CF implicit prototypelink
prototype CF,
i explicit prototype property
Pz CFP1 plicitp peprop

A cfl Framns sz Cf3 Cf,‘ - Crs

gl ol gl ¢! ol
oz g2 = e o2

Figure 1 & Object/Prototype Relationships
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 objects, while structure, behaviour, and state are all inherited.
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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: cfi, cfa,
cfs, cfs, and cfs. Each of these objects contains properties named g1 and q2. The dashed lines represent the
implicit prototype relationship; so, for example, cfs6 s p r o t GFg. Yhp @nstrustor, CF, has two properties
itself, named P1 and P2, which are not visible to CFp, cfi, cfz, cfs, cf4, or cfs. The property named CFP1in CFp

is shared by cfi, cfz, cfs, cfs, and cfs (but not by CF), as are any properties found in CFpds i mpl i ci

chain that are not named q1, g2, or CFP1 Notice that there is no implicit prototype link between CF and CFp.

Unlike class-based object languages, properties can be added to objects dynamically by assigning values to

them. That is, constructors are not «fequired to name

properties. In the above diagram, one could add a new shared property for cfi, cf, cfs, cfs, and cfs by
assigning a new value to the property in CFp.

4.2.2 The Strict Variant of ECMAScript

The ECMAScript Language recognises the possibility that some users of the language may wish to restrict
their usage of some features available in the language. They might do so in the interests of security, to avoid
what they consider to be error-prone features, to get enhanced error checking, or for other reasons of their
choosing. In support of this possibility, ECMAScript defines a strict variant of the language. The strict variant
of the language excludes some specific syntactic and semantic features of the regular ECMAScript language
and modifies the detailed semantics of some features. The strict’ variant also specifies additional error
conditions that must be reported by throwing error exceptions in situations that are not specified as errors by
the non-strict form of the language.

The strict variant of ECMAScript is commonly referred to as the strict mode of the language. Strict mode
selection and use of the strict mode syntax and semantics of ECMAScript is explicitly made at the level of
individual ECMAScript code units. Because strict mode is selected at the level of a syntactic code unit, strict
mode only imposes restrictions that have local effect within such a code unit. Strict mode does not restrict or
modify any aspect of the ECMAScript semantics that must operate consistently across multiple code units. A
complete ECMAScript program may be composed for both strict mode and non-strict mode ECMAScript code
units. In this case, strict mode only applies when actually executing code that is defined within a strict mode
code unit.

In order to conform to this specification, an ECMAScript implementation must implement both the full
unrestricted ECMAScript language and the strict mode variant of the ECMAScript language as defined by this
specification. In-addition, an implementation must support the combination of unrestricted and strict mode
code units.into a single composite program.

4.3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

4.3.1

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.
433

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 value.
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4.3.4
constructor
function object that creates and initialises objects

NOTE The value of protatypen sot rpucotpcerrdtsy i s a prototype object that is used to
and shared properties.

4.3.5

prototype

object that provides shared properties for other objects

NOTE When a constructor creates an object, t pratotyp® bg epcrtopemptlyi ci t | y

for the purpose of resol ving pr@mqgogpet YW Ipefo@reen gesc.anT hbee
program expression constructor  .prototype and properties added to an obj
inheritance, by all objects sharing the prototype. Alternatively, a new object may.be created with an explicitly specified
prototype by using the Object.create built-in function.

4.3.6

ordinary object

object that has the default behaviour for the internal methods that must be supported by all ECMAScript
objects.

4.3.7

exotic object

object that has some alternative behaviour for one or more of the internal methods that must be supported by
all ECMAScript objects.

NOTE Any object that is not an ordinary object is an exotic object.

4.3.8
standard object
object whose semantics are defined by this specification.

439

built-in object

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

NOTE Standard built-in objects are defined in this specification, and an ECMAScript implementation may specify and
define others. A built-in constructor is a built-in object that is also a constructor.

4.3.10
undefined value
primitive value used when a variable has not been assigned a value

43.11
Undefined type
type whose sole value is the undefined value

4.3.12
null value
primitive value that represents the intentional absence of any object value

4.3.13
Null type
type whose sole value is the null value

4.3.14

Boolean value
member of the Boolean type
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NOTE There are only two Boolean values, true and false.

4.3.15
Boolean type
type consisting of the primitive values true and false

4.3.16
Boolean 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 as an argument. The resulting object has an internal data property whose value is_the Boolean value. A Boolean
object can be coerced to a Boolean value.

4.3.17
String value
primitive value that is a finite ordered sequence of zero or more 16-bit unsigned integer

NOTE A String value is a member of the String type. Each integervalue in the sequence usually represents a single
16-bit unit of UTF-16 text. However, ECMAScript does not place any. restrictions or requirements onthe values except that
they must be 16-bit unsigned integers.

4.3.18
String type
set of all possible String values

4.3.19
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 data property whose value is the String value. A String object can be
coerced to a String value by calling the String  constructor as a function (21.1.1.1).

4.3.20
Number value
primitive value corresponding to 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.

4321

Number type

set o f al | possi bl e Number v a l-aiNeusmbierm @l u(dN anNg) tvhael usp ecpioasli ti Net i nfinity, and

negative infinity

4.3.22
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 data 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 (20.1.1.1).

4.3.23
Infinity
number value that is the positive infinite Number value

4.3.24

NaN
number value that-aaNsmlerd EEEal7bel ANot
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4.3.25
function
member of the Object type that may be invoked as a subroutine

NOTE In addition to its properties, a function contains executable code and state that determine how it behaves
when invoked. A functionbds code may or may not be written in ECMAScript.
4.3.26

built-in function
built-in object that is a function

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

4.3.27

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 be represented either directly as a data value (a
primitive value, an object, or a function object) or indirectly by a pair of accessor functions.

4.3.28
method
function that is the value of a property

NOTE When a function is called as a method of an object, the object is passed to the function as its this value.
4.3.29
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-in methods.

4.3.30

attribute

internal value that defines some characteristic of a property
4.3.31

own property

property that is directly contained by its object

4.3.32

inherited property

property of an object that is not an own property but is a property (eithe
prototype

4.4 Organization of This Specification

The remainder of this specification is organized as follows:

Clause 5 defines the notational conventions used throughout the specification.

Clauses 6-9 define the execution environment within which ECMAScript programs operate.

Clauses 10-16 define the actual ECMAScript programming language includings its syntactic encoding and the
execution semantics of all language features.

Clauses 17-26 define the ECMAScript standard library. It includes the definitions of all of the standard objects
that are available for use by ECMAScript programs as the execute.
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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-hand side. For each grammar, the terminal symbols are drawn from a specified alphabet.

A chain production is a production that has exactly one nonterminal symbol on its right-hand side along with
zero or more terminal symbols.

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

5.1.2 The Lexical and RegExp Grammars

A lexical grammar for ECMAScript is given in clause 7. This grammar has as its terminal symbols characters
(Unicode code units) that conform to the rules for SourceCharactedefined in Clause 6. It defines a set of
productions, starting from the goal symbol. InputElementDivor InputElementRegExpthat describe how
sequences 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

punctuators of the ECMAScript language. Moreover, line terminators, although not considered to be tokens,

also become part of the stream of input elements and guide the process of automatic semicolon insertion

(11.9). Simple white space and single-line comments are discarded and do not appear in the stream of input

elements for the syntactic.grammar. A MultiLineCommen{ t hat i s, a confme*tha rmdgarhedl d g m 0
of whether it spans more than one line) is likewise simply discarded if it contains no line terminator; but if a
MultiLineCommentontains 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 given in 21.2.1. This grammar also has as its terminal symbols the
characters as defined by SourceCharactert defines a set of productions, starting from the goal symbol Pattern
that describe how sequences of characters are translated into regular expression patterns.

Productions of the lexicaland RegExp gr ammars are di st i n:guiasshesle pbayr antavnigng t wo col ons
punctuation. 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 SourceCharacterThis

grammar appears in 7.1.3.1.

Productions of the numeric string grammar are distinguishedbyhavi ng t hr e:gd0 caod omwsndit uati on.
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 symbol Script, that describe how sequences of tokens can form syntactically correct independent
components of an ECMAScript programs.
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When a stream of characters is to be parsed as an ECMAScript script, 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 script is syntactically in error if the tokens in the stream of
input elements cannot be parsed as a single instance of the goal nonterminal Script with no tokens left over.

Productions of the syntactic grammar 0aras diuntcitruguiisomed by having just one c

The syntactic grammar as presented in clauses 12, 13, 14 and 15 is actually not a complete account of which
token sequences are accepted as correct ECMAScript scripts. 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
that are described by the grammar are not considered acceptable if a terminator character appears in certain
Afawkwardo pl aces.

In certain cases in order to avoid ambiguities the syntactic grammar uses generalised productions that permit
token sequences that are not valid ECMAScript scripts. For example, this technique is used in with object
literals and object destructuring patterns. In such cases a more restrictive supplemental grammar is provided
that further restricts the acceptable token sequences. In certain contexts, when explicitly specific, the input
elements corresponding to such a production are parsed again using a goal symbol of a supplemental
grammar. The script is syntactically in error if the tokens in the stream of input elements cannot be parsed as
a single instance of the supplemental goal symbol, with no tokens left over.

5.1.5 The JSON Grammar

The JSON grammar is used to translate a String describing a set of ECMAScript objects into actual objects.
The JSON grammar is given in 24.3.1.

The JSON grammar consists of the JSON lexical grammar.and the JSON syntactic grammar. The 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.

Producti ons of the JSON |l exical gr ammar ::0aras ds espdrnagtuiisgh ed by having t wo
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 the JSON

syntactic grammar ar e di s td nagsuissehpeadiuabopi. nugs ippug one col on f

5.1.6 Grammar Notation

Terminal'symbols of the lexical, RegExp, and numeric string grammars, and some of the terminal symbols of
the other grammars, are shown in fixed width font, both in the productions of the grammars and
throughout this specification whenever the text directly refers to such a terminal symbol. These are to appear
in a script either exactly as written or using equalvant Unicode escape sequences (see clause 10). All terminal
symbol characters specified in this way are to be understood as the appropriate Unicode character from the
ASCII range, as opposed to any similar-looking characters from other Unicode ranges.

Nonterminal symbols are shown in italic type. The definition of a nonterminal ( al s o c aloldeic tisk o fi p )
introduced by the name of the nonterminal being defined followed by one or more colons. (The number of

colons indicates to which grammar the production belongs.) One or more alternative right-hand sides for the
nonterminal then follow on succeeding lines. For example, the syntactic definition:

WhileStatement
while ( Expressior) Statement

states that the nonterminal WhileStatementepresents the token while , followed by a left parenthesis token,

followed by an Expression followed by a right parenthesis token, followed by a StatementThe occurrences of
Expressiorand Statemenare themselves nonterminals. As another example, the syntactic definition:
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ArgumentList
AssignmentExpression
ArgumentList, AssignmentExpression

states that an ArgumentListmay represent either a single AssignmentExpressiasr an ArgumentListfollowed by
a comma, followed by an AssignmentExpressiofhis definition of ArgumentListis recursive, that is, it is defined
in terms of itself. The result is that an ArgumertList may contain any positive number of arguments, separated
by commas, where each argument expression is an AssignmentExpressiorSuch recursive definitions of
nonterminals are common.

The subscr iowt,edwhsi wfhf inxayi ap p e ar ntarhinaleindicaes aneoptiomal syanbol. or n o
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 Initialiserpt

is a convenient abbreviation for:
VariableDeclaration:
Identifier
Identifier Initialiser

and that:

IterationStatement
for ( Expressiogy: ; Expressiogy: ; Expressiog: ) Statement

is a convenient abbreviation for:
IterationStatement
for (; Expressbrnopt ; Expressiogy ) Statement
for ( Expression; Expressiog, ; EXxpressiog: ) Statement

which in turn is an abbreviation for:

IterationStatemennt
for( Expressiog, ) Statement
for (; Expression;  Expressiogy) Statement
for ( Expression; ; Expressiog:) Statement

for ( Expression; Expression; Expressiogy) Statement

which inturn is an abbreviation for:

IterationStatement
for(; ;) Statement
for (75 Expression) Statement
for (; Expression;) Statement
for (; Expression; Expression) Statement

for ( Expression ;) Statement

for ( Expression; Expression) Statement

for ( Expression Expression;) Statement

for ( Expressiony Expression; Expression) Statement

so the nonterminal IterationStatemenactually has eight alternative right-hand sides.
When theomwofodd ofil ow the col on(s) in a grammar definition, they signify that e

symbols on the following line or lines is an alternative definition. For example, the lexical grammar for
ECMAScript contains the production:
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NonZeroDigit:: one of
123456789

which is merely a convenient abbreviation for:

NonZeroDigit::

©CO~NOOUORAWNE

I'f the [epyl0 aappé@ar s -hand sidda a pradgtion; it indicates that the production's right-
hand side contains no terminals or nonterminals.

I'f t he [pkhheai 580 fla p p e ar s -hamd sitlehoéa produgtibrt, it indicates that the production
may not be used if the immediately following input token is‘a member of the given set The setcan be written
as a list of terminals enclosed in curly braces. For convenience, the set can also be written as a nonterminal,
in which case it represents the set of all terminals to which that.nonterminal could expand. For example, given
the definitions

DecimalDigit:: one of
0123456789

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

the definition

LookaheadExample
N [lookahead T {1,3, 5, 7, 9}] DecimalDigits
DecimalDigit [lookaheadi DecimalDigit]

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

I f £t he hpLnaTeanBa®herfld0 app e ar s -hamd sidelofea produgfibntof the syntactic grammar, it
indicates that the production'is a restricted production: it may not be used if a LineTerminatoroccurs in the
input stream at the indicated position. For example, the production:

ThrowStatement
throw [no LineTerminatotere] Expression

indicates that the production may not be used if a LineTerminatoroccurs in the script between the throw token
and the Expression

Unless the presence of a LineTerminatoris forbidden by a restricted production, any number of occurrences of
LineTerminatormay appear between any two consecutive tokens in the stream of input elements without
affecting the syntactic acceptability of the script.

The lexical grammar has multiple goal symbols and the appropriate goal symbol to use depends upon the
syntactic grammar context. If a phr ase [@xkal gdalhegicaldoatsyminlld i appear s -bamd-

side of a syntactic production then the next token must be lexically recognised using the indicated goal symbol.

In the absence of such a phrase the default lexical goal symbol is used.
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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 phrase
fbutnoto and then indicating the expansions to be excluded. For example, the produ

Identifier::
IdentifierNamebut not ReservedWord

means that the nonterminal Identifier may be replaced by any sequence of characters that could replace
IdentifierNameprovided 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 character

5.2 Algorithm Conventions

The specification often uses a numbered list to specify steps in an algorithm. These algorithms are used to
precisely specify the required semantics of ECMAScript language constructs. The algorithms are not intended
to imply the use of any specific implementation technique. In practice, there may be more efficient algorithms
available to implement a given feature.

Algorithms may be explicitly parameterised, in which case the names and usage of the parameters must be
provided as part of the algorithm& definition. In order to facilitate their use in multiple parts of this specification,
some algorithms, called abstract operations, are named and-written in parameterised functional form so that
they may be referenced by name from within other algorithms.

Algorithms may be associated with productions of one of the ECMAScript grammars. A production that has
multiple alternative definitions will typically have a distinct algorithm for each alternative. When an algorithm is
associated with a grammar production, it may reference the terminal and non-terminal symbols of the
production alternative as'if they were parameters of the algorithm. When used in this manner, non-terminal
symbols refer to the actual alternative definition that is matched when parsing the script souce code.

Unless explicitly specified otherwise, all chain productions have an implicit associated definition for every

algorithm thatismi-ght be appl i ed t-bandsidanontepninaldThe impliotsid@y relapplfes

the same algorithm name with the same paramet er s, i f any, to thehaedsidd n productionbés sole right
nonterminal and then result.. For example, assume there is a production

Block:
{ StatementList

but there is no evalutionalgorithm that is explicitly specified for that production. If in some algorithm there is a
statement of the form: fReturn the result of evaluatifglocko i t i s i mpgddorthmihas an évalutiont he a
algorithm of the form:
Runtime Semantics: Evaluation
Block : { StatementList
1. Returnthe result of evaluatin§tatementList
For clarity of expression, algorithm steps may be subdivided into sequential substeps. Substeps are indented
and may themselves be further divided into indented substeps. Outline numbering conventions are used to
identify 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. If more than three levels are required these rules
repeat with the fourth level using numeric labels. For example:
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1. Top-levelstep

a. Substep

b. Substep.

i Subsubstep.

ii. Subsubstep.

1. Subsubsubstep
a. Subsubsubsubstep
i. Subsubsubsubsubstep

Astep or substep may be written as an fAifo predicate
are only applied if the predicate is true. I f a
the negation of the precedingfii f 0 predi cate step at the same | evel

A step may specify the iterative application of its substeps.

A step may assert an invariant condition of its algorithm. Such assertions are used to make explicit
algorithmic invariants that would otherwise be implicit. Such assertions add no additional semantic
requirements and hence need not be checked by an implementation. They are used simply to clarify
algorithms.

Mathematical operations such as addition, subtraction, negation, multiplication, division, and the mathematical
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 perform 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 absk) produces the absolute value of x, which-is - x if x is negative (less than zero)
and otherwise is x itself.

The mathematical function sign) produces 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 mathematical function min(xs, xz; ..., Xn) produces the mathematically smallest of xi through Xn.

T he n o txanddulayd y rfiust be finite and nonzero) computes a value k of the same sign as y (or zero)
such that absk) < absf) andx- k =q3 y for some integer g.

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

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

5.3 Static Semantic Rules

Context-free grammars are not sufficiently powerful to express all the rules that define whether a stream of
input elements make up a valid ECMAScript script that may be evaluated. In some situations additional rules
are needed that may be expressed using either ECMAScript algorithm conventions or prose requirements.
Such rules are always associated with a production of a grammar and are called the static semantics of the
production.

Static Semantic Rules have names and typically are defined using an algorithm. Named Static Semantic
Rules are associated with grammar productions and a production that has multiple alternative definitions will
typically have for each alternative a distinct algorithm for each applicable named static semantic rule.

13
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Unless otherwise specified every grammar production alternative in this specification implicitly has a definition
for a static semantic rule named Containswhich takes an argument named symbolwhose value is a terminal or
non-terminal of the grammar that includes the associated production. The default definition of Containsis:

1. For each terminal and neterminal grammar symbokym in the definition of this production do
a. If symis the same grammar symbol sambo] returntrue.
b. If symis a nonterminal,then
i. Letcontainedbe the result of Contains feymwith argumentsymbol
ii. If containedis true, returntrue.
2. Returnfalse.

The above definition is explicitly over-ridden for specific productions.

A special kind of static semantic rule is an Early Error Rule. Early error rules_define early error conditions (see
clause 16) that are associate with specific grammar productions. Evaluation of most early error rules are not
explicitly invoked within the algorithms of this specification. A comforming implementation must, prior to the
first evaluation of a Script, validate all of the early error rules of the productions used to parse that Script If any
of the early error rules are violated the Scriptis invalid and cannot be evaluated.

6 ECMAScript Data Types and Values

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

Within this specificat i on, t h&ypafdt atsi wrs efidl a s thstypeaokd h & h gpek orfie fiier s

ECMAScript language and specification types defined in this clause.

6.1 ECMAScript Language Types

An ECMAScript 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. An ECMAScript language value is a value that is characterized by an
ECMAScript language type.

6.1.1 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.

6.1.2¢ The Null Type

The Null'type has exactly one value, called null.

6.1.3 The Boolean Type

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

6.1.4 The String Type

The String type is the set of all finite ordered sequences of zero or more 16-bit unsigned integer values
(el ementsod). The String type iamingeunn:mg EBCOMAScripupsogram, it
which case each element in the String is treated as a UTF-16 code unit value. Each element is regarded as
occupying a position within the sequence. These positions are indexed with nonnegative integers. The first
element (if any) is at index 0O, the next element (if any) at index 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 zero and therefore contains no
elements.
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Where ECMAScript operations interpret String values, each element is interpreted as a single UTF-16 code
unit. However, ECMAScript does not place any restrictions or requirements on the sequence of code units in a
String value, so they may be ill-formed when interpreted as UTF-16 code unit sequences. Operations that do
not interpret String contents treat them as sequences of undifferentiated 16-bit unsigned integers. No
operations ensure that Strings are in a normalized form. Only operations that are explicitly specified to be
language or locale sensitive produce language-sensitive results

NOTE The rationale behind this design was to keep the implementation of Strings as simple and high-performing as
possible. If ECMAScript source code is in Normalised Form C, string literals are guaranteed to also be normalised, as long
as they do not contain any Unicode escape sequences.

Some operations interpret String contents as UTF-16 encoded Unicode code points. In that case the
interpretation is:

1 A code unit in the range 0to OxD7FFor in the range OXEOOOto OxFFFFis interpreted as a code point
with the same value.

1 A sequence of two code units, where the first code unit clis in.the range 0xD800to OXDBFF and the
second code unit c2is in the range 0XDC0Oto OXDFFF, is a surrogate pair and is interpreted as a code
point with the value (c1- 0xD800Q x 0x400+ (c2i 0xDCOQ +0x10000

1 A code unit that is in the range 0xD800to OxDFFF, but is'not part of a surrogate pair, is interpreted as
a code point with the same value.

6.1.5 The Number Type

The Number type has exactly 1843773687445481062(hat is, 2°%2°%+3) values, representing the double-
precision 64-bit format IEEE 754 values as specified in the IEEE Standard for Binary Floating-Point Arithmetic,
except that the 900719925474099(0that is, 2°%2).d i st i naNu niibNeortd of thd IBEE sStandard 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 difference
between various Not-a-Number values, 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 +o and - @, respectively. (Note that these two
infinite Number values are produced by the program expressions +Infinity (or simply Infinity ) and -
Infinity )

The other 184377368744548624 (that is, 2° 2% values are called the finite numbers. Half of these are
positive numbers and. half are negative numbers; for every finite positive Number value there 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 1843773687445481062that is, 254 2°% 2) finite nonzero values are of two kinds:
1842872967520006963fhat is, 2°“ 2% of them are normalised, having the form

s3 ms3 2°

where sis +1or -1, mis a positive integer less than 25 but not less than 2°2 and e is an integer ranging from
-1074to 971, inclusive.

The remaining 900719925474099(hat is, 2°* 2) values are denormalised, having the form

s3 ms3 2°

where sis +1or - 1, mis a positive integer less than 2°2 and eis - 1074
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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 finite number has an odd significand if it is nonzero and the integer m used to express it (in one of the two
forms shown above) is odd. Otherwise, it has an even significand.

I'n this speci fi cteetNumber, value hfaexd p W h ® sepresefits an exact nonzero real
mathematical quantity (which might even be an irrational number such as p) means a Number value chosen in
the following manner. Consider the set of all finite values of the Number type, with - 0 removed and with two
additional values added to it that are not representable in the Number type, namely 2924 (which is +13 2533
29 and - 21924 (which is -13 253 2°7). Choose the member of this set that is closest in value to x. If two
values of the set are equally close, then the one with an even significand is chosen; for this purpose, the two
extra values 2'°%*and - 2'°% are considered to have even significands. Finally; if 2192 was chosen, replace it
with +a; if - 2194 was chosen, replace it with - & ; if +0 was chosen, replace itwith - 0 if and only if x is less than
zero; any other chosen value is used unchanged. The result is the Number value for x. (This procedure
corresponds exactly to the behaviour of the | EEE 754 fAround to nearesto mode.)

Some ECMAScript operators deal only with integers in the range - 2 through 2°% 1, inclusive, or in the range
0 through 2°2% 1, inclusive. These operators accept any value of the Number type but first convert each such
value to one of 2°2 integer values. See the descriptions of the ToInt32 and ToUint32 operators in 7.1.5 and
7.1.6, respectively.

6.1.6 The Object Type

An Object is logically a collection of properties. Each property is either a data property, or an accessor
property:

1 A data property associates a key value with an ECMAScript language value and a set of Boolean
attributes.

1 A accessor property associates a key value 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
associated with the property.

Properties are identified using key values. A key value is either an ECMAScript String value or an Exotic
Symbol object.

Property keys are used to access properties and their values. There are two kinds of access for properties:
get and set, corresponding to value retrieval and assignment, respectively. The properties accessible via get
and set access includes both own properties that are a direct part of an object and inherited properties which
are provided by another associated object via a property inheritance relationship. Inherited properties may be
either own or inherited properties of the associated object.

All objects are logically collections of properties, but there are multiple forms of objects that differ in their
semantics for accessing and manipulating their properties. Ordinary objects are the most common form of
objects and have the default object semantics. An exotic object is any form of object whose property
semantics differ in any way from the default semantics.

6.1.6.1 Property Attributes

Attributes are used in this specification to define and explain the state of Object properties. A data property
associates a key value with the attributes listed in Table 1.
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Table 10 Attributes of a Data Property

Attribute Name

Value Domain

Description

[[Value]]

Any ECMAScript
language type

The value retrieved by a get access of the property.

[[Writable]] Boolean If false, attempts by ECMAScript code to change the
propertyds [ [ Val Ses]il noesticteed. b

[[Enumerable]] Boolean If true, the property will be enumerated by a for-in
enumeration (see 13.6.4). Otherwise, the property is said
to be non-enumerable.

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

property to be an accessor property, or change its
attributes (other than [[Value]], or changing [[Writable]] to
false) will fail.

An accessor property associates a key value with the attributes listed in Table 2.

Table 28 Attributes of an Accessor Property

Attribute Name

Value Domain

Description

[[Get]

Object or
Undefined

If the value is.an Object it must be a function Object. The
functionds: [ [ Ca ITdblp})isicalled with ana
empty arguments list to retrieve the property value each
time a get access of the property is performed.

[[Set]]

Object or
Undefined

If the value is an Objectit must be a function Object. The

f unct i onidtenal[mgtid (Tdble §) is called with an
arguments list containing the assigned value as its sole
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.

[[Enumerable]]

Boolean

If true, the property is to be enumerated by a for-in
enumeration (see 13.6.4). Otherwise, the property is said to
be non-enumerable.

[[Configurable]]

Boolean

If false, attempts to delete the property, change the
property to be a data property, or change its attributes will
fail.

If the'initial values of a p r 0 p e atttibytés sare not explicitly specified by this specification, the default value
definedin Table 3 is used.

Table 38 Default Attribute Values

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

6.1.6.2  Object Internal Methods and Internal Data Properties

The actual semantics of ECMAScript objects are specified via algorithms called internal methods. Each object
in an ECMAScript engine is associated with a set of internal methods that defines its runtime behaviour.
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These internal methods are not part of the ECMAScript language. They are defined by this specification purely
for expository purposes. However, each object within an implementation of ECMAScript must behave as
specified by the internal methods associated with it. The exact manner in which this is accomplished is
determined by the implementation.

Internal methods are identified within this specification using names enclosed in double square brackets [[ ]].
Internal method names are polymorphic. This means that different ECMAScript object values may perform
different algorithms when a common internal method name is invoked upon them. If, at runtime, the
implementation of an algorithm attempts to use an internal method of an object that the object does not
support, a TypeError exception is thrown.

Internal data properties correspond to internal state that is associated with objects and used by various
ECMAScript specification algorithms. Depending upon the specific internal data property such state may
consist of values of any ECMAScript language type or of specific ECMA specification type values. Unless
explicitly specified otherwise, internal data properties are allocated as part of the process of creating an
ECMAScript object and may not be dynamically added to ECMAScript objects. Unless specified otherwise, the
initial value of an internal data property is the value undefined.

Table 4 summarises the essential internal methods used by this specification that are. applicable to all
ECMAScript objects. Every object must have algorithms for all of the essential internal methods. However, all
objects do not necessarily use the same algorithms for those methods.

T h eSigifiatured ¢ o | uTabte 4 anid other similar tables describes the invocation pattern for each internal
method. The invocation pattern always includes a parenthesised list of descriptive parameter names. If a
parameter name is the same as an ECMAScript type name then the name describes the required type of the
parameter value. If an internal method explicitly returns a value, its parameter list is followed by the symbol
iYo and nameoftheygivened value. The type names used in signatures refer to the types defined in
Clause 6 augmented by the following additional names. fianyd means the value may be any ECMAScript
language type. An internal method implicitly returns a Completion Record as described in 6.2.3. In addition to
its parameters, an internal method always has access to the object uponwhich it is invoked as a method.
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Table 4 8 Essential Internal Methods

Internal Method

Signature

Description

[[GetInheritance]]

()Y Object or Null

Determine the object that provides inherited properties
for this object. A null value indicates that there are no
inherited properties.

[[SetInheritance]]

(Object or Null)Y Boolean

Associate with an object another object that provides
inherited properties. Passing null indicates that there
are no inherited properties. Returns true indicating
that the operation was completed successfully or
false indicating that the operation was not successful.

[[IsExtensible]]

()Y Boolean

Determine whether it is permitted to add additional
properties to an object.

[[PreventExtensions]]

()Y Boolean

Control whether new properties may be added to an
object. Returns true indicating that the operation was
completed successfully or false indicating that the
operation was not successful.

[[HasOwnProperty]]

(propertyKey) Y Boolean

Returns a Boolean value indicating whether the object
already has an own property whose key is
propertyKey.

[[GetOwnProperty]]

(propertyKey) Y
Undefined or Property
Descriptor

Returns a Property Descriptor for the own property of
this object whose key is propertyKey, or undefined if
no.such property exists.

[[HasProperty]]

(propertyKey) Y Boolean

Returns'a Boolean value indicating whether the object
already has either an own or inherited property whose
key is propertyKey.

[[Get]]

(propertyKey, Receiver) Y -any

Retrive the value of an
propertyKey parameter. If any ECMAScript code must
be executed to retrieve the property value, Receiver is
used as the this value when evaluating the code.

[[Set]]

(propertyKey,value, Receiver)
Y Boolean

Try to set the value of
by propertyKey to value. If any ECMAScript code
must be executed to set the property value, Receiver
is used as the this value when evaluating the code.
Returns true indicating that the property value was set
or false indicating that it could not be set.

[[Invoke]]

(propertyKey, a List of any,
Receiver) Y any

Retrieve the value of an
propertyKey parameter. If the retrieved property value
is a function, [[Call]] it using the List as the arguments
list and Receiver as the this value. A TypeError is
thrown if a function is not retrieved.

[[Delete]]

(propertyKey) Y Boolean

Removes the own property indentified by the
propertyKey parameter from the object. Return false if
the property was not deleted and is still present.
Return true if the property was deleted or was not
present.

[[DefineOwnProperty]]

(propertyKey,
PropertyDescriptor) Y
Boolean

Creates or alters the named own property to have the
state described by a Property Descriptor. Returns true
indicating that the property was successfully
created/updated or false indicating that the property
could not be created or updated.

[[Enumerate]]

(Y Object

Returns an iterator object over the string values of the
keys of the enumerable properties of the object.

[[OwnPropertyKeys]]

()Y Object

Returns an lterator object that produces all of the own
property keys for the object.

Table 5 summarises additional essential internal methods that are supported by objects that may be called as

functions.

© Ecma International 2013

19




secma

Table 58 Additional Essential Internal Methods of Function Objects

Internal Method Signature Description
[[Call]] (any, a Listof any) | Executes code associated with the object. Invoked via a
Y any function call expression. The arguments to the internal

method are a this value and a list containing the arguments
passed to the function by a call expression. Objects that
implement this internal method are callable.

[[Construct]] (a List of any) Y Creates an object. Invoked via the new operator. The
Object arguments to the internal method are the arguments passed
to the new operator. Objects that implement this internal
method are called constructors. <A Function object is not
necessarily a constructor and such non-constructor Function
objects do not have a [[Construct]] internal method.

6.1.6.3 Invariants of the Essential Internal Methods

Current this section is just a bunch of material merged together from the ES5
spec. and from the wiki Proxy pages. It need to be completely reworked.

The intent is that it lists all invariants of the Essential Internal Methods. This
includes both invariants that are enforced for Proxy objects and other
invariants that may not be enfored.

Definitions:

The target of an internal method is the object the internal method is called upon.

A sealed property is a non-configurable own property of a target.

A frozen property is a non-configurable non-writable own property of a target.

A new property is a property that does not exist on a non-extensible target.

Two property descriptors descland desc2for a property key value are incompatible if:
1. Desclis produced by callinffGetOwnPropertyDescriptdjrof targetwith key, and

E ]

2. Calling [[DefineOwnProperty]] ofargetwith argumentkeyanddesc2would throw aTypeErrorexception.

Exotic objects may define additional constraints upon their [[Set]] internal method behaviour. If possible, exotic
objects should not allow [[Set]] operations in situations where this definition of [[CanPut]] returns false.

[[GetInheritance]]

Every [[Prototype]] chain must have finite length (that is, starting from any object, recursively accessing the
[[Prototype]] internal data property must eventually lead to a null value).

getOwnPropertyDescriptor

Non-configurability invariant: cannot return incompatible descriptors for sealed propertiesO
Non-extensibility invariant: must return undefined for new properties
Invariant checks:
if trap returns undefined, check if the property is configurable
Of property exists on target, check if the returned descriptor is compatible
if returned descriptor is non-configurable, check if the property exists on the target and is also non-
configurable
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defineProperty

Non-configurability invariant: cannot succeed (return true) for incompatible changes to sealed properties O
Non-extensibility invariant: must reject (return false) for new properties
Invariant checks:
on success, if property exists on target, check if existing descriptor is compatible with argument
descriptor
on success, if argument descriptor is non-configurable, check if the property exists on the target and is
also non-configurable

getOwnPropertyNames

Non-configurability invariant: must report all sealed properties
Non-extensibility invariant: must not list new property namesO
Invariant checks:
check whether all sealed target properties are present in the trap result
If the target is non-extensible, check that no new properties are listed in the trap result

deleteProperty
Non-configurability invariant: cannot succeed (return true) for sealed properties
Invariant checks:
on success, check if the target property is configurable
getPrototypeOf

Invariant check: check whether the target ogtotheegdlot ype and the trap result
operator)

freeze | seal | preventExtensions
Invariant checks:
on success, check if isFrozen(target), isSealed(target) or lisExtensible(target)
isFrozen | isSealed | isExtensible

Invariant check: check whether the boolean trap result is equal to isFrozen(target), isSealed(target) or
isExtensible(target)

hasOwn

Non-configurability invariant: cannot return false for sealed properties
Non-extensibility invariant: must return false for new propertiesO
Invariant checks:
if false is returned, check if the target property is configurable
if false is returned, the property does not exist on target, and the target is non-extensible, throw a
TypeError

has
Non-configurability invariant: cannot return false for sealed properties

Invariant checks:
if false is returned, check if the target property is configurable
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get

Non-configurability invariant: cannot return inconsistent values for frozen data properties, and must return
undefined for sealed accessors with an undefined getterO

Invariant checks:

if property exists on target as a data property, check whether the target p
result are identical (according to the egal operator)

if property existsont ar get as an accessor, an dundefined, checkvehstlleor 6 s get attri bute is
the trap result is also undefined.

set
Non-configurability invariant: cannot succeed (return true) for frozen data properties or sealed accessors

with an undefined setterO
Invariant checks:

on success, if property exists on target as a data property, check whether t1
the update value are identical (according to the egal operator)

on success, if property exists ontargetasan accessor, check whether the accessords set attribute is
undefined

keys

Non-configurability invariant: must report all enumerable sealed properties
Non-extensibility invariant: must not list new property names
Invariant checks:

Check whether all enumerable sealed target properties are listed in the trap result

If the target is non-extensible, check that no new properties are listed in the trap result

enumerate

Non-configurability invariant: must report all enumerable sealed properties
Invariant checks:

Check whether all enumerable sealed target properties are listed in the trap result Commented [AWB124]:  These are placeholders based
upon the proxy trap invariants. We need to provide new
versions for all the essential internal methods.
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Unless otherwise specified, the standard ECMAScript objects are ordinary objects and behave as described in
9.1. Some standard objects are exotic objects and have behaviour defined in 9.2.

Exotic objects may implement internal methods in any manner unless specified otherwise; for example, one
possibility is that [[Get]] and [[Set]] for a particular exotic object indeed fetch and store property values but
[[HasOwnProperty]] always generates false. However, if any specified manipulation of an exotic object's
internal properties is not supported by an implementation, that manipulation must throw a TypeError
exception when attempted.

The [[GetOwnProperty]] internal method of all objects must conform to the following invariants for each
property of the object:
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1 If a property is described as a data property and it may return different values over time, then either or
both of the [[Writable]] and [[Configurable]] attributes must be true even if no mechanism to change the
value is exposed via the other internal methods.

1 If a property is described as a data property and its [[Writable]] and [[Configurable]] are both false, then
the SameValue (according to 7.2.3) must be returned for the [[Value]] attribute of the property on all calls
to [[GetOwnProperty]].

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

1 If the [[Writable]] attribute may change from false to true, then the [[Configurable]] attribute must be true.
T Ifthe result of callingan o b j e dsEx@essible]] internal method has been observed by ECMAScript code
to be false, then if a 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 all objects must not permit the addition of a new property to an
object if the [[Extensible]] internal method of that object has been observed by ECMAScript code to be false.

If the result of calling the [[IsExtensible]] internal method of an object has been observed by ECMAScript code
to be false then it must not subsequently become true.

6.1.6.4  Well-Known Symbols and Intrinsics

Well-known symbols are built-in Symbol exotic objects (9.2.4) that are explicitly referenced by algorithms of
this specification. They are typically used as the keys of properties whose values serve as extension points of
a specification algorithm. Unless otherwise specified, well-known symbols objects are shared by all Code
Realms (8.2).

Within this specification a well-known symbol is referred to by using a notation of the form @@name, where
fi n a meone of tle values listed in Table 6.

Table 6 8 Well-known Symbols

Specification Name Value and Purpose

@@create A method used to allocate an object. Called from the
[[Construct]] internal method.

@ @haslstance A method that determines if a constructor object
recogni ses an object as
instances. Called by the semantics of the instanceof
operator.

@@isRegExp A Boolean value that if true indicates that an object may
be used as a regular expression.

@ @iterator A method that returns the default iterator for an object.
Called by the semantics of the for-of statement.

@@ToPrimitive A method that converts an object to a corresponding
primitive value. Called by the ToPrimitive abstract
operation.

@@toStringTag A string value that is used in the creation of the default
string description of an object. Called by the built-in
method Object.prototype.toString.

@@unscopables An Array of strings values that are property names that
are excluded from the with environment bindings of the
associated objects.
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Well-known intrinsics are built-in objects that are explicitly referenced by the algorithms of this specification
and which usually have Realm specific identities. Unless otherwise specified each intrinsic object actually
corresponds to a set of similar objects, one per Realm.

Within this specification a reference such as %name% means the intrinsic object, associated with the current

Realm, corresponding to the name. Determination of the current Realm and its intrinsics is described in 8.2.
The well-known intrinsics are listed in Table 7.
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Table 78 Well-known Intrinsic Objects

Intrinsic Name

ECMAScript Language
Association

%0bject%

The initial value of the global object
property named "Object"

%O0bjectPrototype %

The initial value of the
" prototype " data property of the
intrinsic %0bject%.

%O0bjProto_toString%

The initial value of the "toString "
data property of the
intrinsic %0bjectPrototype%.

%Function%

The initial value of the global object
property named " Function

%FunctionPrototype%

The initial value of the
" prototype "< data property of the
intrinsic %Function%.

Y%Array% The initial value of the global object
property named " Array. " .
%ArrayPrototype% The initial value of the

" prototype - " _data property of the
intrinsic %Array%.

%ArraylteratorPrototype%

The prototype object used for
lterator objects created by the
CreateArraylterator abstract
operation.

%String% The initial value of the global object
property named "String".
%StringPrototype% The initial value of the
"prototype " data property of the
intrinsic %String%.
%Boolean% The initial value of the global object
property named "Boolean ".
%BooleanProtgipe% The initial value of the
" prototype " data property of the
intrinsic %Boolear®b.
%Number% The initial value of the global object

property named "Number*.

%NumberPrototype%

The initial value of the
" prototype " data property of the
intrinsic %Number%.

%Date% The initial value of the global object
property named "Date ".

%DatePrototype% The initial value of the
" prototype " data property of the
intrinsic %Date%.

%RegEXp% The initial value of the global object

property named "RegExp".

%RegEXxpPrototype%

The initial value of the
" prototype " data property of the
intrinsic %RegEXxp%.

%Map%

The initial value of the global object
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property named " Map' .

%MapPrototype%

The initial value of the
" prototype " data property of the
intrinsic %Map%.

%MaplteratorPrototye%

The prototype object used for
Iterator objects created by the
CreateMaplterator abstract operation

%WeakMap%

The initial value of the global object
property named " WeakMap .

%WeakMapPrototype %

The initial value of the
" prototype " data property of the
intrinsic %WeakMap%.

%Set% The initial value of the‘global object
property named " Set " .

%SetPrototype% The initial value of the
" prototype " data property of the
intrinsic %Set%.

%WeakSet% The initial value of the global object

property named " WeakSet" .

%WeakSetPrototype%

The initial value of the
" prototype "<data property of the
intrinsic %WeakWeakSet%.

%SetlteratorPrototype%

The prototype object used for
Iterator objects created by the
CreateSetlterator abstract operation

%GeneratorFunction%

The _initial value of the name
"GeneratorFunction” exported from
the built-in module "std:iteration".

%Generator%

The initial value of the name
"Generator" exported from the built-
in module "std:iteration"

%GeneratorPrototype%

The initial value of the prototype
property of the %Generator%
intrinsic

%Error%

%EvalError%

%RangeError%

%ReferenceError%

%SyntaxErrory%

%TypeError%

%URIError%

%ErrorPrototype%

%EvalErrorPrototype%

%RangeErrorPrototype%

%ReferenceErrorPrototype%

%SyntaxErrorPrototye %

%TypeErrorPrototype%

%URIErrorPrototype%

%ArrayBuffer%
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%ArrayBufferPrototype%

The initial value of the
" prototype " data property of the
intrinsic %ArrayBuffer%.

%TypedArray%

%TypedArrayPrototype %

The initial value of the
" prototype " data property of the
intrinsic %TypedArray%.

%Int8Array%

%Int8ArrayPrototype%

%DataView%

%DataViewPrototype%

%ThrowTypeError% A function object that unconditionally
throws a new instance
of %TypeError%.

777
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6.2 ECMAScript Specification Types

A specification type corresponds to meta-values that are used within algorithms to describe the semantics of
ECMAScript language constructs and ECMAScript language types. The specification types are Reference,
List, Completion, Property Descriptor, Lexical Environment, Environment Record, and Data Block.
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 ECMAScript expression evaluation but such values cannot be stored as properties of objects or values of
ECMAScript language variables.

6.2.1 Data Blocks

This sectionis a placeholderfor describng the Data Block internal type. Th

following material is verbatium from the Binary Data ES wiki proposal. Th

material has not yet been reviewed or integrated with the rest of this spec.

11%

This spec introduces a new, spec-internal block datatype, intuitively representing a contiguously allocated
block of binary data. Blocks are not ECMAScript language values and appear only in the program store (aka
heap).
A block is one of:

1 anumber-block

1 anarray-block[t, n]

1 astruct-block]td, ..., tn]
A number-block is one of:

1 anunsigned-integer; i.e.; one of uint8, uint16, uint32, or uint64

1 asigned-integer; i.e.,.one of int8, int16, int32, or int64

1 afloating-point; i.e:, one of float32 or float64

A uintk is an integer in the range [0, 2K). An intk is an integer in the range [-2k-1, 2k-1). A floatk is a floating-
point number representable as a k-bit IEE754 value:

An array-blockft, n] is.an ordered sequence of n blocks of homogeneous block type t. Each element of the
array is stored at in independently addressable location in the program store, and multiple Data objects may
contain references to the element.

A struct-block[t1, ..., tn] is an ordered sequence of n blocks of heterogeneous types t1 to tn, respectively. Each
field of the struct is stored at in independently addressable location in the program store, and multiple Data
objects may contain references to the field.

The spec also introduces a datatype of Data objects, which are ECMAScript objects that encapsulate
references to block data.in the program store. Every Data object has the following properties:

[[Class]]=fi Dat ao

[[Value]] : reference[block] i a reference to a block in the program store

[[DataType]] : reference[Type]ia r ef erence to a Type object descr
6.2.2 The List and Record Specification Type
The List type is used to explain the evaluation of argument lists (see 12.2.5) 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.
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The Record type is used to describe data aggregations within the algorithms of this specification. A Record
type value consists of one or more named fields. The value of each field is either an ECMAScript value or an
abstract value represented by a name associated with the Record type. Field names are always enclosed in
double brackets, for example [[value]]

For notational convenience within this specification, an object literal-like syntax can be used to express a
Record value. For example, {[[field1]]: 42, [[field2]]: false, [[field3]]: empty} defines a Record value that has
three fields each of which is initialised to a specific value. Field name order is not significant. Any fields that
are not explicitly listed are considered to be absent.

In specification text and algorithms, dot notation may be used to refer to a specific field of a Record value. For
example, if R is the record shown in the previous paragraph then R.[[field2] ] i's shorthanR
named [[field2] ] o .

Schema for commonly used Record field combinations may be named,and that name may be used as a
prefix to a literal Record value to identify the specific kind of aggregations that is being described. For
example: Property Descriptor {[[Value]]: 42, [[Writable]]: false, [[Configurable]]: true}.

6.2.3 The Completion Record Specification Type

The Completion type is a Record used to explain the runtime propagation.of values and control flow such as
the behaviour of statements (break , continue , return and thro w) that perform nonlocal transfers of
control.

Values of the Completion type are Record values whole fields are defined as by Table 8.

Table 8 3 Completion Record Fields

Field Name | Value Meaning
[ltypel] One of normal, break, continue, return, | The type of completion that occurred.
or throw
[[value]] any ECMAScript language value or empty | The value that was produced.
[[target]] any ECMAScript identifier or empty The target label for directed control transfers.

The term fAabrupt compl eti on fitype]levdlue ptiser thannoanmrely c ompl et i on

6.2.3.1 _NormalCompletion

The abstract operation NormalCompletionwith a single argumengsuch as:

1. ReturnNormalCompletiondrgumeny.

Is a short hand that is defined as follows:

1. ReturnCompletion {[[type]]: normal, [[value]]: argument [[target]]:empty}.

6.2.3.2 Implicit Completion Values

The algorithms of this specification often implicitly return Completion Records whose [[type]] is normal.
Unless it is otherwise obvious from the context, an algorithm statement that returns a value that is not a
Completion Record, such as:

1. Return"Infinity"

Generally means the same thing as:

1. ReturnNormalCompletion({Infinity" ).
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A refurd st atement without a vandthesamiethingas: al gori thm step

1. ReturnNormalCompletiongndefined).

Similarly, any reference to a Completion Record value that is in a context that does not explicitly require a
complete Completion Record value is equivalent to an explicit reference to the [[value]] field of the Completion
Record value unless the Completion Record is an abrupt completion.

6.2.3.3  Throw an Exception

Algorithms steps that say to throw an exception, such as

1. Throw aTypeError exception

Mean the same things as:

1. ReturnCompletion {[[type]]: throw, [[value]]: a newly create@ypeError object, [[target]lempty}.
6.2.3.4  ReturnlfAbrupt

Algorithms steps that say

1. ReturnifAbrupt@rgumeny.

mean the same things as:

1. If argumentis an abrupt completion, then retuangument
2. Else ifargumentis a Completion Read, then letargumentbe argumentffvalue]].

6.2.4 The Reference Specification Type

NOTE  The Reference type is used to explain the behaviour of such operators as delete , typeof , the assignment
operators, the super keyword and other language features. For example, the left-hand operand of an assignment is
expected to produce a reference.

A Reference is a resolved name or property binding. A Reference consists of three components, the base
value, the referenced namand the Boolean valued strict referencdlag. The basevalue is either undefined, an
Object, a Boolean, a String, a Number, or an environment record (8.1.1). A basevalue of undefined indicates
that the Reference could not be resolved to a binding. The referenced namis a String or Symbol.

A Super Reference is a Reference that is used to represents a name binding that was expressed using the
super keyword. A Super Reference has an additional thisValuecomponent and its basevalue will never be an
environment record.

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

GetBase(V). Returns the basevalue component of the reference V.

GetReferencedName(V). Returns the referenced nameomponent of the reference V.

IsStrictReference(V). Returns the strict referencelag component of the reference V.

HasPrimitiveBase(V). Returns true if the basevalue is a Boolean, String, or Number.
IsPropertyReference(V). Returns true if either the basevalue is an object or HasPrimitiveBase(V) is true;
otherwise returns false.

1 IsUnresolvableReference(V). Returns true if the basevalue is undefined and false otherwise.

1 IsSuperReference(V). Returns true if this reference has a thisValuecomponent.

B ]

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

30 © Ecma International 2013

me



pecma

6.2.4.1 GetValue (V)

ReturnIfAbrupt{).
If Type(V) is not Reference, retui.
Let basebe the result of calling GetBa3#(
If IsUnresolvableReferenc¥], throw aReferenceError exception.
If IsPropertyReferenc&f), then
a. If HasPrimitiveBaseY) is true, then
i Assert: In this casehasewill never benull or undefined.
ii. Let base be ToObjectpasg.
b. Return the result of callinthe [[Get]]internal methodf basepassing GetReferencedNarng@nd
GetThisValuey) as the argumea.
6. Elsebasemust be an environment record,
a. Return the result of calling the GetBindingValue (8&.1) concrete method dfasepassing
GetReferencedNam¥) and IsStrictReferenc¥] as arguments.

arwNE

NOTE The object that may be created in step 5.a.ii is not accessible outside of the above abstract operation and the
ordinary object [[Get]] internal method. An implementation might choose to avoid the actual creation of the object.

6.24.2  Putvalue (V, W)

ReturnIfAbrupt{V).
ReturnIfAbrupt@W).
If Type(V) is not Reference, throwReferenceError exception.
Let basebe the result of calling GetBas#(
If IsUnresolvableReferenc¥j, then
a. If IsStrictReferencey) istrue, then
i Throw ReferenceError exception.
b. LetglobalObjbe the result of the @kract operation GetGlobalObject.
c. Return the result of callinBut(globalObjGetReferencedNam¥), W, false).
6. Else if IsPropertyReferenc¥], then
a. If HasPrimitiveBaseY) is true, then
i Assert: In this casehasewill never benull or undefined.
ii. Setbase to ToObjectpaseg.
b. Letsucceedede the result of callinghe [[Set]]internal methodf basepassing
GetReferencedNam¥), W, andGetThisValuey) as arguments.
c. ReturnIfAbruptéucceeded
d. If succeededs false andlsStrictReferencg) is true, then throw alypeError exception
e. Return:
7. Elsebasemust be a reference whose base is an environment record. So,
a. Return the result of callinthe SetMutableBinding8.1.1) concrete method dfase passing
GetReferencedNam¥j, W, and IsStictReferenceY) as arguments.
8. Return.

NOTE The object that may be created in step 6.a.ii is not accessible outside of the above algorithm and the ordinary
object [[Set]] internal method. Animplementation might choose to avoid the actual creation of that object.

arwONE

6.2.4.3 GetThisValue (V)

ReturnIfAbrupt{).
If Type(V) is not Reference, retuii.
If IsUnresolvableReferenc¥, throw aReferenceError exception.
If IsSupeReferencey), then
a. Return the value of ththisValuecomponent of the referenaé
5. Return GetBas(V).

pPODNPE

6.2.5 The Property Descriptor Specification Type

The Property Descriptor type is used to explain the manipulation and reification of Object property attributes.
Values of the Property Descriptor typeare Rec or ds composed of namednahdizdahnds where each fiel dos
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attribute name and its value is a corresponding attribute value as specified in 6.1.6.1. In addition, any field
may be present or absent.

Property Descriptor values may be 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 [[Enumerable]] and
[[Configurable]]. A Property Descriptor value may not be both a data property descriptor and an accessor
property descriptor; however, it may be neither. A generic property descriptor is a Property Descriptor value
that is neither a 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 has all of
the fields that correspond to the property attributes defined in either 6.1.6.1 Table X'or. Table 2.

A Property Descriptor may be derived from an ECMAScript object that has properties that directly correspond
to the fields of a Property Descriptor. Such a derived Property Descriptor has an additional field named
[[Origin]] whose value is the object from which the Property Descriptor was derived.

The following abstract operations are used in this specification to operate upon Property Descriptor values:
6.2.5.1 IsAccessorDescriptor ( Desc)

When the abstract operation IsAccessorDescriptor is called with property descriptor Desg the following steps
are taken:

1. If Descisundefined, then returrfalse.
2. If both Desc[[Get]] andDesc[[Set]] are absent, then retufisise.
3. Returntrue.

6.2.5.2 IsDataDescriptor ( Desc )

When the abstract operation IsDataDescriptor is called with property descriptor Desg the following steps are
taken:

1. If Descis undefined, then returrfalse.
2. If both Desc[[Value]] andDesc[[Writable]] are absent, then retufalse.
3. Returntrue.

6.2.5.3 IsGenericDescriptor (-Desc )

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

1. If Descis undefined, then returrfalse.
2. If IsAccessorDescriptoifesg and IsDataDescriptdbesq are bottfalse, then returrirue.
3. Returnfalse

6.2.5.4  FromPropertyDescriptor ( Desc)

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

The following algorithm assumes that Descis a fully populated Property Descriptor, such as that returned from
[[GetOwnProperty]] (see 9.1.6).

1. If Descis undefined, then returrundefined.

2. If Deschas an [[Origin]] field then returDesc[[Origin]] .

3. Let obj be the result ofhe abstract operation ObjectCreate with the intrinsic object %ObjectPrototype% as its
argument.

Assert:objis an extensible ordinary olgiewith no own properties.

If Deschas a [[Value]] field, then

ES
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a. Call OrdinaryDefineOwnPropertwith argument®bj, "value ", andProperty Descriptor {[[Value]]:
Desc[[Value]], [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}
6. If Deschasa [[Writable]] field, then
a. Call OrdinaryDefineOwnPropertwith argument®bj, "writable ", andProperty Descriptor {[[Value]]:
Desc[[Writable]], [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
7. If Deschas a [[Get]] field, then
a. Call OrdnaryDefineOwnPropertwith argument®bj, "get" , andProperty Descriptor {[[Value]]:
Desc[[Set]], [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
8. 1If Zeschas a [[Set]] field, then
a. Call OrdinarDefineOwnPropertyith argument®bj, "set ", andProperty Descriptor {[[Value]]:
Desc[[Set]], [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
9. 1If Zeschas a [[Enumerable]] field, then
a. Call OrdinaryDefineOwnPropertwith argument®bj, "enumerable ", andProperty Descriptor
{[[Va lue]]: Desc[[Enumerable]], [[Writable]]true, [[Enumerable]]true, [[Configurable]]:true}.
10. If Deschas a [[Configurable]] field, then
a. Call OrdinaryDefineOwnPropertwith argument®bj, “configurable  “, andProperty Descriptor
{[[Value]]: Desc[[Configurable]], [[Writable]]:true, [[Enumerable]]true, [[Configurable]]:true}.
11. Returnobj.

6.2.5.5 ToPropertyDescriptor ( Obj)

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

1. ReturnIfAbruptObj).
2. If Type(Obj) is not Object throw &ypeError exception.
3. Letdesche the result of creating a new Property Descriptor that initially has no fields.
4. If the result ofHasPropertyQbj, "enumerable ").is true, then
a. Letenumbe the result of GéDbj, "enumerable. ).
b. ReturrdfAbrupt(enun).
c. Setthe [[Enumerable]] field alescto ToBooleanénun).
5. If the result ofHasPropertyQbj, "configurable ") istrue, then
a. Letconf be the result of GéDbj, "configurable ).
b. ReturnlfAbruptgon).
c. Setthe [[Configurable]] field oflescto ToBooleangonf).
6. If the result ofHasPropertyQbj, "value ") istrue, then
a. Letvaluebe the result of GéDbj; "value ").
b. ReturnifAbruptfalue).
c. Setthe [[Value]] field ofdescto value
7. If the result ofHasPropertyQbj, "writable ") istrue, then
a. Letwritable be the result of G¢Dbj, "writable  ").
b. ReturnifAbruptfnritable).
c. Set the [[Writable]] field ofdescto ToBooleangritable).
8. If the result ofHasProperty@bj, "get ") is true, then
a. Letgetterbe the result of GéDbj, "get ).
b. ReturnifAbruptgetter.
c. IfIsCallable(gette) is false andgetteris notundefined, then throw arypeError exception.
d. Setthe [[Get]] field ofdescto getter.
9. If the result ofHasPropertyQbj, "set ") is true, then
a. Letsetterbe the result of GéDbj, "set ).
b. ReturnifAbruptiette).
c. IfIsCallablegette) is false andsetteris notundefined, then throw arypeError exception.
d. Setthe [[Set]] field oflescto setter
10. If eitherdesc[[Get]] or desc[[Set]] are present, then
a. If eitherdesc[[Value]] or desc[[Writable]] are present, then throwTypeError exception.
11. Set the [[Origin]] field ofdescto Obj.
12. Returndesc
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6.2.5.6  CompletePropertyDescriptor ( Desc, LikeDesc )

When the abstract operation CompletePropertyDescriptor is called with Property Descriptor Desg the following
steps are taken:

1. Asset: LikeDescis either a Property Descriptor ondefined.
2. ReturnlfAbruptDesq.
3. Assert:Descis a Property Descriptor
4. If LikeDescis undefined, then setLikeDescto Record{[[Value]]: undefined, [[Writable]]: false, [[Get]]:
undefined, [[Set]]: undefined, [[Enumerable]]:false, [[Configurable]]: false}.
5. If either IsGenericDescriptdbesqg or IsDataDescriptdiDesq is true, then
a. If Descdoes not have a [[Value]] field, then deésc[[Value]] to LikeDesc[[Value]].
b. If Descdoes not have a [[Writable]] fieldhen seDesc[[Writable]] to LikeDesc[[Writable]].
6. Else,
a. If Descdoes not have a [[Get]] field, then deesc[[Get]] to LikeDesc[[Get]].
b. If Descdoes not have a [[Set]] field, then d&¢sc[[Set]] to LikeDesc[[Set]].
7. |If Descdoes not have a [[Enumable]] field, then seDesc[[Enumerable]] toLikeDesc[[Enumerable]].
8. If Descdoes not have a [[Configurable]] field, then 8&sc[[Configurable]] toLikeDesc[[Configurable]].
9. ReturnDesc
6.

2.6 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 8.1.

7 Abstract Operations

These operations are not a part of the ECMAScript language; they are defined here to solely to aid the
specification of the semantics of the ECMAScript language. Other, more specialized abstract operations are
defined throughout this specification.

7.1 Type Conversion and Testing

The ECMAScript language implicitly performs automatic type conversion as needed. To clarify the semantics
of certain constructs itis useful to define a set of conversion abstract operations. The conversion abstract
operations are polymorphic; they can accept-a.value of any ECMAScript language type or of a Completion
Record value. But no other specification types are used-with these operations.

7.1.1 ToPrimitive
The abstract operation ToPrimitive takes an input argument and an optional argument PreferredType The
abstract operation ToPrimitive converts its input argument to a non-Object type. If an object is capable of

converting.to more than one primitive type, it may use the optional hint PreferredTypeto favour that type.
Conversion occurs according to Table 9:
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Table 98 ToPrimitive Conversions

Input Type Result

Completion Record | If argument is an abrupt completion, return argument. Otherwise return
ToPrimitive(argument.[[value]]) also passing the optional hint
PreferredType.

Undefined Return argument (no conversion).

Null Return argument (no conversion).

Boolean Return argument (no conversion).

Number Return argument (no conversion).

String Return argument (no conversion).

Object Perform the steps following this table.

When the InputType is Object, the following steps are taken:

If PreferredTypevas not passed, l&tnt be "default
Else if PreferredTypds hint String, lethint be "string  ".
ElsePreferredTypas hint Number, lehint be "number
Let exoticToPrim be the result of Géargument @ @ToPrimitive)
ReturnIfAbruptéxoticToPrin).
If exoticToPrimis notundefined, then
a. If IsCallableexoticToPrin) is false, thenthrow aTypeError exception.
b. Letresultbe the result of callinghe [[Call]] internal method oéxoticToPrim with argumentas
thisArgumentand a list containinghint asargumentsList
c. ReturnlfAbruptfesulf.
d. If resultis an ECMAScript language value and Typ=ulf) is not Object, then retumresult
e. Else, throw arypeError exception.
7. If hintis"default " then, lethint be "number".
8. Return the result of OrdinaryToPrimitive@ument,hin.

ok wbNE

When the OrdinaryToPrimitive is called with arguments O and hint, the following steps are taken:

Assert: TypeQ) is Object
Assert: Type(hint) is String and its value is eith&string " or "number ".
3. If hintis"string ", then
a. LettryFirst be "toString. ".
b: LettrySecondbe "valueOf. "
4. Else,
a. LettryFirst be"valueOf ".
b. LettrySecondbe "toString
Let first be the result of GéD, tryFirst).
ReturnIfAbrupt(irst).
If IsCallablefirst) is true then,
a. Letresultbe the result of calling the [[Call]] internal methodfokt, with O asthisArgumentand an
emptyList asargumentsList
b. ReturnlfAbruptfesulf.
c. If resultis an ECMAScript language vauand Typeiesulf) is not Object, then retumesult
8. Letsecondbe the result of GéD, trySecondl.
9. ReturnlfAbruptEecong.
10. If IsCallableecond is true then,
a. Letresultbe the result of calling the [[Call]] internal methods&cond with O asthisArgumentand
an emptylList asargumentsList
b. ReturnifAbruptfesull.
c. If resultis an ECMAScript language value and Typulf) is not Object, then retumresult
11. Throw aTypeError exception.

N

Noxo
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NOTE When ToPrimitive is called with no hint, then it generally behaves as if the hint were Number. However,
objects may over-ride this behaviour by defining a @ @ToPrimitive method. Of the objects defined in this specification only
Date objects (see 20.3) over-ride the default ToPrimitive behaviour. Date objects treat no hint as if the hint were String.

7.1.2 ToBoolean

The abstract operation ToBoolean converts its argument to a value of type Boolean according to Table 10:

Table 108 ToBoolean Conversions

Argument Type Result

Completion Record | If argument is an abrupt completion, return the argument. Otherwise return
ToBoolean(argument.[[value]])

Undefined Return false

Null Return false

Boolean Return the input argument (no conversion).

Number Return false if the argument is +0, - 0, or NaN; otherwise return true.

String Return false if the argument is the empty String (its length .is zero);
otherwise return true.

Object Return true

7.1.3 ToNumber

The abstract operation ToNumber converts its'argument to.a value of type Number according to Table 11:

Table 11 8 ToNumber.Conversions

Argument Type Result

Completion Record |/If argument is an abrupt completion, return argument. Otherwise return
ToNumber(argument.[[value]])

Undefined Return NaN

Null Return 40

Boolean Return 1 if argument is true. Return +0 if argument is false.

Number Return argument (no conversion).

String See grammar and note below.

Object Apply the following steps:
1. LetprimValuebe ToPimitive(argument hint Number).
2. Return ToNumbegrimValug.

7.1.3.1 ToNumber Applied to the String Type

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

the String as an expansion of StringNumericLiteal, then the result of ToNumber is NaN.

Syntax

StringNumericLiterat::
StrWhiteSpacg:

StrwWhiteSpacg: StrNumericLiteral StrWhiteSpage

StrWhiteSpace:

StrWhiteSpaceChar StrWhiteSpgee

36
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StrwhiteSpaceChar:
WhiteSpace
LineTerminator

StrNumericlieral :::
StrDecimalLiteral
HexIntegerLiteral

StrDecimalLiteral:::
StrUnsignedDecimalLiteral
+ StrUnsignedDecimalLiteral
- StrUnsignedDecimalLiteral

StrUnsignedDecimalLiterat:
Infinity
DecimalDigits. DecimalDigitsp: ExponentPag:
. DecimalDigits ExponentPard,:
DecimalDigits ExponentPag

DecimalDigits:::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit::: one of
0123456789

ExponentPart::
Exponentindicator Signedinteger

Exponentindicator:: one of
e E

Signedinteger::
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiteral::
0x HexDigit
0X-HexDigit
HexIntegerLiteral HexDigit

HexDigit:::one of

0123456789abcdefABCDEF

NOTE Some differences should be noted between the syntax of a StringNumericLiteraland a NumericLiteral (see
11.8.3):

1 A StringNumericLiteramay be preceded and/or followed by white space and/or line terminators.

Al A StringNumericLiterathat is decimal may have any number of leading O digits.

T A StringNumericLiterakhat is decimal may be preceded by + or - to indicate its sign.

1 A StringNumericLiterathat is empty or contains only white space is converted to +0.

1 Infinity and T Infinity are recognised as a StringNumericLiteralbut not as a NumericLiteral

Runtime Semantics

The conversion of a String to a Number value is similar overall to the determination of the Number value for a
numeric literal (see 11.8.3), but some of the details are different, so the process for converting a String
numeric literal to a value of Number type is given here in full. This value is determined in two steps: first, a
mathematical value (MV) is derived from the String numeric literal; second, this mathematical value is rounded

as described below.
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The MV of StringNumericLiterat:: [empty] is O.

The MV of StringNumericLiterat:: StrwhiteSpaces 0.

The MV of StringNumericLiteral ::: StrWhiteSpaag: StrNumericLiteral StrWhiteSpacg: is the MV of
StrNumericLiteral no matter whether white space is present or not.

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

The MV of StrNumericLiteral::: HexIntegerLiteralis the MV of HexIntegerLiteral

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

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

The MV of StrDecimalLiteral ::: - StrUnsignedDecimalLiteralis the negative of the MV of
StrUnsignedDecimaltéral. (Note that if the MV of StrUnsignedDecimalLiterak 0, the negative of this MV is
also 0. The rounding rule described below handles the conversion of this signless mathematical zero to a
floating-point +0 or - 0 as appropriate.)

The MV of StrUnsigneDecimalLiterai:: Infinity is 10'°°%(a value so large that it will round to +a).

The MV of StrUnsignedDecimalLiteral: DecimalDigits is the MV of DecimalDigits

The MV of StrUnsignedDecimalLiteral: DecimalDigits. DecimalDigitsis the MV. of the first DecimalDigits
plus (the MV of the second DecimalDigitstimes 10"), where n is the number of characters in the second
DecimalDigits

The MV of StrUnsignedDecimallLiterat DecimalDigits ExponentPartis the MV of DecimalDigitstimes 16,
whereeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat DecimalDigits DecimalDigits‘ExponentParis (the MV of the first
DecimalDigitsplus (the MV of the secondecimalDigitstimes 10") times 16, wheren is the number of characters
in the secon®edmalDigitsandeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat. DecimalDigitsis the MV of DecimalDigitstimes 10", wheren is the
number of characters DecimalDigits.

The MV of StrUnsignedDecimalLiterat. DecimalDigits ExponentPais the MV of DecimalDigitstimes 16",
wheren is the number of charactersecimalDigis andeis the MV of ExponentPart

The MV of StrUnsignedDecimalLiterat DecimalDigitsis the MV of DecimalDigits

The MV of StrUnsignedDecimallLiterat DecimalDgits'ExponentPartis the MV of DecimalDigitstimes 16,
whereeis the MV of ExponentPart

The MV of DecimalDigitsii: DecimalDigitis the MV of DecimalDigit

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

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

Exponentindicator Signedintegisrthe MV of Signedinteger
DecimalDigitsis the MV of DecimalDigits

+ DecimalDigitsis the MV of DecimalDigits

- DecimalDigitsis the negative of the MV ddecimalDigits

The MV of DecimalDigit::: 0 or of HexDigit::: 0 is 0.
The MV of DecimalDigit::: 1 or of HexDigit::: 1 is 1.
The MV of DecimalDigit::: 2 or of HexDigit::: 2 is 2.
The MV of DecimalDigit::: 3 or of HexDigit::: 3 is 3.
The MV of DecimalDigit::: 4 or of HexDigit::: 4 is 4.
The MV of DecimalDigit::: 5 or of HexDigit::: 5is 5.
The MV of DecimalDigit::: 6 or of HexDigit::: 6 is 6.
The MV of DecimalDigit::: 7 or of HexDigit::: 7 is 7.
The MV of DecimalDigit::: 8 or of HexDigit::: 8is 8.
The MV of DecimalDigit::: 9 or of HexDigit::: 9is 9.
The MV of HexDigit::: a or of HexDigit::: Ais 10.
The MV of HexDigit::: b or of HexDigit::: Bis 11.
The MV of HexDigit ::: ¢ or of HexDigit::: Cis 12.
The MV of HexDigit::: d or of HexDigit::: Dis 13.
The MV of HexDigit::: e or of HexDigit::: Eis 14.
The MV of HexDigit::: f or of HexDigit::: Fis 15.

The MV of HexIntegerLiterat:: Ox HexDigitis the MV of HexDigit.
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1 The MV of HexIntegerLiterat:: 0X HexDigitis the MV of HexDigit

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

Once the exact MV for a String numeric literal has been determined, it is then rounded to a value of the
Number type. If the MV is 0, then the rounded value is +0 unless the first non white space character in the
String nume+8i,c ilni twehrialh icsasé -0.lOtherwise the tbended valué must be tke
Number value for the MV (in the sense defined in 6.1.5), unless the literal includes a StrUnsignedDecimalLiteral
and the literal has more than 20 significant digits, in which case the Number value may be either the Number
value for the MV of a literal produced by replacing each significant digit after the 20th with a 0 digit or the
Number value for the MV of a literal produced by replacing each significant digit after the 20th with a O digit
and then incrementing the literal at the 20th digit position. A digit is significant if it is‘not part of an ExponentPart
and

§ itis not O; or

1 there is a nonzero digit to its left and there is a nonzero digit, not in'the ExponentPartto its right.

7.1.4 Tolnteger

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

1. Letnumberbe the result of calling ToNumber on the input argument.
2. ReturnIfAbrupthumbej.

3. If numberis NaN, return+0.

4. If numberis +0, -0, +&, or - @, returnnumber

5. Return the result of computing sign(mbej 2 floor(absfiumbey).

7.

1.5 Tolnt32: (Signed 32 Bit Integer)

The abstract operation ToInt32 converts its argument to one of 2°2 integer values in the range - 2°! through
2%L 1, inclusive. This abstract operation functions as follows:

Let numberbe the result of calling ToNumber on the input argument.
ReturnIfAbruptumbey.

If numberis NaN, 40, - 0, +&, or- &/, return+0.

Letint be signumbe} 3 floor(abs@umbe}).

Let int32bit beint modulo 22.

If int32bit 0234, returnint32bit- 2%, otherwise returint32bit

oA wWNE

NOTE Given the above definition of Tolnt32:

1 The ToInt32 abstract operation is idempotent: if applied to a result that it produced, the second application leaves that
value unchanged.

T ToInt32(ToUint3Zx)) is equal to Tolnt32() for all values of x. (It is to preserve this latter property that +& and -& are
mapped to +0.)

1 ToInt32 maps - 0 to +0.

7.1.6 ToUint32: (Unsigned 32 Bit Integer)

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

Let numberbe the result of calling ToNumber on the input argument.
ReturnIfAbruptumbej.

If numberis NaN, +0,- 0, 41, or- &, return+0.

Letint be signfumler) 3 floor(abs@umbey)).

Let int32bit beint modulo 22,

Returnint32bit.

ok wbhE

NOTE Given the above definition of ToUint32:
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Step 6 is the only difference between ToUint32 and ToInt32.

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

that value unchanged.

1 ToUint32(TolInt32k)) is equal to ToUint32() for all values of x. (It is to preserve this latter property that +& and -& are
mapped to +0.)

1 ToUint32 maps - 0 to +0.

= =4

7.1.7 ToUint16: (Unsigned 16 Bit Integer)

The abstract operation ToUintl6 converts its argument to one of 2° integer values in the range 0 through
2181, inclusive. This abstract operation functions as follows:

Let numberbe the result of calling ToNumber on the input argument.
ReturnIfAbrupt(numbej.

If numberis NaN, +0,-0, +a, or-a, return+0.

Letint be signfumbe) 3 floor(absqiumbe}).

Let int16bit beint modulo 25,

Returnint16bit.

oM wnhE

NOTE Given the above definition of ToUint16:

1 The substitution of 26 for 232in step 4 is the only difference between ToUint32 and ToUint16.
1 ToUintl6 maps - 0 to +0.

7.1.8 ToString

The abstract operation ToString converts its argument to a value of type String according to Table 12:
Table 128 ToString Conversions

Argument Type Result

Completion Record | If argument is an abrupt completion, return argument. Otherwise return
ToString(argument.[[value]])

Undefined "undefined"

Null "null”

Boolean If argument is true; then return “true"
If argument is false, then return "false"

Number See 7.1.8.1.

String Return argument (no conversion)

Object Apply the following steps:

1. LetprimValuebe ToPrimitiveargument hint String).
2. Return ToString{rimValug.

7.1.8.1  ToString Applied to the Number Type

The abstract operation ToString converts a Number mto String format as follows:

If mis NaN, return the StringNaN" .

If mis+0or- 0, return the String0" .

If mis less than zero, return the String concatenation of the Striigand ToString m).

If mis + B return the StringInfinity"

Otherwise, len, k, ands be integers such that? 1, 10°* ¢ s< 10, the Number value fos3 10" *ism, and
kis as small as possible. Note thas the number of digits in the decimal representatibs, thatsis not
divisible by 10, and that the least significant digitsa§ not necessarily uniquely determined by these
criteria.

6. If k¢ n ¢ 21, return the String consisting of tkaligits of the decimal representationofin order, with no
leading zeroes), followed bpy-koccurrences ®©b.t he character 6

apwNPE
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7. 1f0<n¢ 21, return the String consisting of the most significawligits of the decimal representation f
foll owed by adodeftomhabwedi i-ndidts e the decima ieprésentation of.
8. If-6<n¢O0, return the StringO06c onfsoilsltoiwegd obfyotah €d @dch amaa cdtpdory nét 6
-noccurrences db, t hel t bldigitofthg decitha representation of
9. Otherwise, itk = 1, reurn the String consisting of the single digit9f f ol | owed by |ebwercase character
foll owed byodaopl| mbs+ds sagesciogrnd i 6nrg 1 i$ positiwehoe riedatve, followed by
the decimal representation of the integer ab&j (with no leading zeroes).
10. Return the String consisting of the most significant digit of the decimal representaspfobddwed by a
deci mal point 6. 06, K bdigitscofiteedlectmal reprbsentaticngyffaliowed Iny ghe
lowercase characteed , foll owed +byorma mi ws sascscipgrndG éonrglis positweh et her
or negative, followed by the decimal representation of the integen-abs(with'noe leading zeroes).

NOTE 1  The following observations may be useful as guidelines for implementations, but are not part of the normative
requirements of this Standard:

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

1 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:
Otherwise, len, k, ands be integers such thatz 1, 161 ¢ s< 10, the Number value fos3 10%is m, andk is as small as
possible. If there are multiple possibilities frchoose the value sffor whichs2 107k is closest in value to. If there are
two such possiblealues ofs, choose the one that is even. Note Kiatthe number of digits in the decimal representation of
sand thasis not divisible by 10.

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://netlib.sandia.gov/fp/dtoa.c and as
http://netlib.sandia.gov/fp/g_fmt.c and may also be found at the various netlib  mirror sites.

7.1.9 ToObject

The abstract operation ToObject converts its.argument to a value of type Object according to Table 13:
Table 138 ToObject Conversions

Argument Type Result

Completion Record | If argument is an abrupt completion, return argument. Otherwise return
ToObject(argument.[[value]])

Undefined Throw a TypeError exception.

Null Throw a TypeError exception.

Boolean Return a new Boolean object whose [[BooleanData]] internal data property
is set to the value of argument. See 19.3 for a description of Boolean
objects.

Number Return a new Number object whose [[NumberData]] internal data property
is set to the value of argument. See 20.1 for a description of Number
objects.

String Return a new String object whose [[StringData]] internal data property is
set to the value of argument. See 21.1 for a description of String objects.

Object Return argument (no conversion).

7.1.10 ToPropertyKey

The abstract operation ToPropertyKey converts its argumentto a value that can be used as a property key by
performing the following steps:

© Ecma International 2013 41

(o]



secmd

1. ReturnifAbrupt@rgumeny.

2. If argumentis an exotic Symbol Object, then
a. Returnargument

3. ReturnToString@rgumeny.

7.1.11 TolLength

The abstract operation ToLength converts its argumentto an integer suitable for use as the length of an array-
like object. It performs the following steps:

Letlen be Tolntegergumeny.
ReturnIfAbrupt(en).
Iflen® 0, then
Returnmin(len, 25%-1).

return 0.

pPODE

7.2 Testing and Comparison Operations
7.2.1 CheckObjectCoercible

The abstract operation CheckObjectCoercible throws an error if its argument is a value that cannot be
converted to an Object using ToObject. It is defined by Table 14:

Table 14 8 CheckObjectCoercible Results

Argument Type Result
Completion Record | If argument is an-abrupt completion, return argument. Otherwise return
CheckObjectCoercible(argument.[[value]])
Undefined Throw a TypeError exception.
Null Throw a TypeError exception.
Boolean Return argument
Number Return argument
String Return argument
Object Return argument
7.2.2 IsCallable

The abstract operation IsCallable determines if its argumentwhich must be an ECMAScript language value or
a Completion Record, is a callable function Object according to Table 15:

Table 15 & IsCallable Results

Argument Type Result

Completion Record | If argumentis an abrupt completion, return argument Otherwise return
IsCallable(argumenf]value]])

Undefined Return false.

Null Return false.

Boolean Return false.

Number Return false.

String Return false.

Object If argumenthas a [[Call]] internal method, then return true, otherwise return
false.

7.2.3 SameValue(x,y)

The internal comparison abstract operation SameValue(x, y), where x and y are ECMAScript language values,
produces true or false. Such a comparison is performed as follows:

42
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ReturnIfAbrupt).
ReturnlfAbruptf).
If Type() is different from Typey), returnfalse.
If Type(x) is Undefined, returitrue.
If Type(x) is Null, returntrue.
If Type(x) is Number, then
a. If xis NaN andy is NaN, returrtrue.
b. If xis +0 andy is -0, returnfalse.
c. If xis-0 andy is +0, returnfalse
d. If xis the same Number value gsreturntrue.
e. Returnfalse.
7. If Type(x) is String, then
a. If x andy are exactly the same sequencecofle unitysame length.and santede unitsn
corresponding positionsgturntrue; otherwise, returrialse.
8. If Type() is Booleanthen
a. If xandy are bothtrue or bothfalse, thenreturntrue; otherwise, returiiialse.
9. Returntrue if x andy arethe sameObjectvalue Otherwise, returfialse.

onrwNE

7.2.4 SameValueZero(x,y)

The internal comparison abstract operation SameValueZero(x, y), where x and y are ECMAScript language
values, produces true or false. Such a comparison is performed as follows:

ReturnIfAbrupt).
ReturnIfAbruptg).
If Type(x) is different from Typey), returnfalse.
If Type(x) is Undefined, returtrue.
If Type(x) is Null, returntrue.
If Type(x) is Number, then
a. If xis NaN andy is NaN, returrtrue.
b. If xis +0 andy is -0, returntrue.
c. If xis -0 andy is +0; returntrue.
d. If xis the same .Number value wsreturntrue.
e. Returnfalse
7. If Type(x) is String, then
a. If x andyare exactly the.same sequencecofle unit§same length and sanoede unitsn
corresponding positionseturntrue; otherwise, returmalse.
8. If Type(x) is Booleanthen
a. Ifxandyare bothtrue or bothfalse, thenreturntrue; otherwise, rairnfalse.
9. Returntrue if x andy arethe sameDbjectvalue Otherwise, returfalse.

ok wNE

NOTE SameValueZero differs from SameValue only in its treatment of +0 and -0.
7.2.5 "IsConstructor

The abstract operation IsConstructor determines if its argumentwhich must be an ECMAScript language value
or a Completion Record, is a function object with a [[Construct]] internal method.

ReturnIfAbrupt@rgumeny.

If Type(argumenyis not Object, returfalse.

If argumenthas a [[Construct]] internal method, returoe.
Returnfalse

rpODPE

7.2.6 IsPropertyKey

The abstract operation IsPropertyKey determines if its argument which must be an ECMAScript language
value or a Completion Record, is a value that may be used as a property key.

1. ReturnifAbrupt@rgumeny.

2. If Type(argumeny is String, réurntrue.
3. If Type(argumen} is Object andargumentis an exotic Symbol object, retutrue.
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4. Returnfalse.
7.2.7 IsExtensible (O)

The abstract operation IsExtensibleis used to determine whether additional properties can be added to the
object that is O. A Boolean value is returned. This abstract operation performs the following steps:

1. Assert: TypeQ) is Object.
2. Return the result of calling tH¢IsExtensiblg] internal methodof O.

7.2.8 Abstract Relational Comparison

The comparison x <y, where x and y are values, produces true, false, or undefined (which indicates that at
least one operand is NaN). In addition to x and y the algorithm takes a Boolean flag named LeftFirst as a
parameter. The flag is used to control the order in which operations with potentially visible 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 theypar amet er 6s c or r e s pleftFdst imfalse ehe peveess is the aase
and operations must be performed upon y before x. Such a comparison is performed as follows:

1. ReturnlfAbrupt).
2. ReturnlfAbruptf).
3. If the LeftFirstflag istrue, then

a. Letpxbe the result of calling ToPrimitive( hint Number).

b. ReturnifAbruptpx).

c. Letpybe the result of calling ToPrimitivg( hint Number).

d. ReturnlfAbruptpy).

4. Else the order of evaluation needs to be reversed to preserve left to right evaluation

a. Letpy be the result of calling ToPrimitive( hint Number).

b. ReturnifAbruptpy).

c. Letpxbe the result.of calling ToPrimitive(hint Number).

d. ReturnlfAbrupt@x).

5. If bothpx andpy are Stringsthen

a. If pyis a prefix ofpx, returnfalse. (A String valuep is a prefix of String valug if g can be the
result of concatenating and some other String Note that any String is a prefix of itself, because
may be the empty String.)

b. If pxis a prefix ofpy, returntrue.

c. Letkbe the smallest nonnegative integeich that the character at positiowithin pxis different
from the character at positidnwithin py. (There must be suchkafor neither String is a prefix of
the other.)

d. Letmbe the integer thatis the code unit value for the character at pokiwihin px.

e. Letn be the integer that is the code unit value for the character at pokitithin py.

f. .If m<n, returntrue. Otherwise, returfialse.

6. Else,
a. Letnxbe the result of calling ToNumbexX). Becausgx andpy are primitive values evaluation
order is not important.
Let ny be the result of calling ToNumbey).
If nxis NaN, returnundefined.
If nyis NaN, returnundefined.
If nxandny are the same Number value, retdiahse.
If nxis+0 andnyis - 0, returnfalse.
If nxis-0andnyis +0, return false.
If nxis +&, returnfalse.
If nyis +a, returntrue.
If nyis- @, returnfalse.
If nxis-o, returntrue.
If the mathematical value afxis less than the mathematical valuengfd note that these
mathematical values are both finite and not bzehod returntrue. Otherwise, returfialse.

—xTTs@meaow
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NOTE1  Step 5 differs from step 11 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. There is no
attempt to use the more complex, semantically oriented definitions of character or string equality and collating order
defined in the Unicode specification. Therefore String 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. Also, note that for
strings containing supplementary characters, lexicographic ordering on sequences of UTF-16 code unit values differs from
that on sequences of code point values.

7.2.9 Abstract Equality Comparison

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 Typg( then
a. Returnthe result of performingtrict Equality Comparisonx ===y.

2. If xis null andy is undefined, returntrue.
3. If xis undefined andy is null, returntrue.
4. If Type(x) is Number and Typ@g] is String,

return the result of the comparisg= ToNumbery).
5. If Type(x) is String and Type/) is Number,

return the result of the comparison TONumbgr=y.
6. If Type(x) is Boolean, return the result of the comparison ToNumdexr€ y.
7. If Type(y) is Boolean, return the result of the compariges= ToNumbery).
8. If Type(x) is either String or Numer and Type() is Object,

return the result of the comparisgr= ToPrimitivefy).
9. If Type(x) is Object and Typsj is either String-or Number,

return the result of the comparison ToPrimitixe€=y.
10. Returnfalse.

7.2.10 Strict Equality Comparison

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 different from Typey), returnfalse.

2. If Type(x) is Undefined, returtrue.

3. If Type(x) is Null, returntrue:

4. If Type(x)iis Number, then

If xis NaN, returnfalse.
If y is NaN, returnfalse.
If x is the same Number value wnsreturntrue.
If xis +0 andy is- 0, returntrue.
If xis -0 andy is +0, returntrue.
f. "~ Returnfalse.
5. If Type(x)is String, then
a. If xandy are exactly the same sequenaf characters (same length and same characters in
corresponding positionsyeturntrue.
b. Elsg returnfalse.
6. If Type(x) is Booleanthen
a. If xandy are bothtrue or bothfalse, returntrue.
b. Else returnfalse.
7. If xandy arethe sameObjectvalue, returrtrue.
8. Returnfalse.

Pacoe

NOTE This algorithm differs from the SameValue Algorithm (7.2.3) in its treatment of signed zeroes and NaNs.
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7.3 Operations on Objects
7.3.1 Get (O, P)

The abstract operation Getis used to retrieve the value of a specific property of an object. The operation is
called with arguments O and P where O is the object and P is the property key. This abstract operation
performs the following steps:

1. Assert: TypeQ) is Object.
2. Assert: IsPropertyKe¥) is true.
3. Return theresult of calling the [Bef] internal method o passingP andO asthe arguments

7.3.2 Put (O, P,V, Throw)

The abstract operation Putis used to set the value of a specific property of-an object. The operation is called
with arguments O, P, V, and Throw where O is the object, P is the property key, V is the new value for the
property and Throwis a Boolean flag. This abstract operation performs‘the following steps:

1. Assert: TypeQ) is Object.

2. Assert: IsPropertyKeW) istrue.

3. Assert: TypeThrow) is Boolean.

4. Let succesde the result of calling the [[Set]] internal method®passingP, V, and O asthe arguments.
5. ReturnlfAbruptSuccesks

6. If successs falseandThrowis true, then throw alypeError exception.

7. Returnsuccess

7.

3.3 CreateOwnDataProperty (O, P, V)

The abstract operation CreateOwnDataPropertis. used to create a new own property of an object. The
operation is called with arguments O, P, and V where O is the object, P is the property key, and V is the value
for the property. This abstract operation performs the following steps:

Assert: TypeQ) is Object.

Assert: IsPropertyKe¥) is true.

Assert:O does not have an own property whose keR.is

Let newDesde the Property Descriptéf{Value]]: V, [[Writable]]: true, [[Enumerable]]true,
[[Configurable]]: true}.

5. Return the result of callinthe [[DefineOwnProperty]] internal method 6fpassingP andnewDesas
arguments:

pPODE

NOTE This abstract operation creates a property whose attributes are set to the same defaults used for properties
created by the ECMAScript language assignment operator.

7.3.4 DefinePropertyOrThrow (O, P, desc)

The abstract operation DefinePropertyOrThrovis used to call the [[DefineOwnProperlty]] internal method of an
object in a manner that will throw a TypeError exception if the requested property update cannot be
performed. The operation is called with arguments O, P, and descwhere O is the object, P is the property key,
and descis the Property Descriptor for the property. This abstract operation perform, the following steps:

1. Assat: Type(O) is Object.

2. Assert: IsPropertyKeW) istrue.

3. Let succesde the result of calling thgDefineOwnProperty]] internal method @ passingP anddescas
arguments

ReturnIfAbruptéuccesk

If successs false, then throw alypeError exception.

Returnsuccess

o gk
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7.3.5 DeletePropertyOrThrow (O, P)

The abstract operation DeletePropertyOrThrow is used to remove a specific own property of an object. It
throws an exception if the property is not configurable. The operation is called with arguments O and P where
O is the object and P is the property key. This abstract operation performs the following steps:

1. Assert: TypeQ) is Object.

2. Assert: IsPropertyKeg) istrue.

3. Let succesde the result of calling the [[Delete]] internal methoddpassingP asthe agument.
4. ReturnlfAbruptGuccesg

5. If successs false, then throw arypeError exception.

6. Returnsuccess

7.

3.6 HasProperty (O, P)

The abstract operation HasProperty is used to determine whether an object has a property with the specified
property key. The property may be either an own or inherited. A Boolean value is returned. The operation is
called with arguments O and P where O is the object and P is_the property key. This abstract operation
performs the following steps:

1. Assert: TypeQ) is Object.
2. Assert: I®ropertyKeyP) istrue.
3. Returnthe result of calling the HasProperty]] internal method d® with argumentP.

7.3.7 GetMethod (O, P)

The abstract operation GetMethodis used to get the value of a specific property of an object when the value of
the property is expected to be a function. The operation is called with arguments O and P where O is the
object, Pis the property key. This abstract operation performs the following steps:

1. Assert: TypeQ) is Object.

2. Assert: IsPropertyKeW) istrue.

3. Let funcbe the esult of calling the [[Get]] internal method 6f passing® andO asthe arguments.
4. ReturnIfAbruptfunc).

5. If funcis undefined, then returrundefined.

6. If IsCallablefunc) is false, then throw arypeError exception.

7. Returnfunc

7.

3.8 Invoke(O;P;[args])

The abstract operation Invoke is used to call a method property of an object. The operation is called with
arguments O, P, and optionally argswhere O serves as both the lookup point for the property and the this
value of the call, P is the property key, and argsis the list of arguments values passed to the method. If argsis
not present, an empty List is used as its value. This abstract operation performs the following steps:

1. Assert:Pis a valid property key.
2. If argswas not passed; then letgsbe a new emfy List.
3. If Type(O) is Object then,
a. LetbasebeO.
4. Else,
a. Letbasebe ToObjeqtO).
5. ReturnlfAbruptpasg.
6. Return the result of calling thelfivoke]] internal method obasepassingarguments$, args andO.

7.3.9 SetintegrityLevel (O, level)

The abstract operation SetIntegrityLevelis used to fix the set of own properties of an object. This abstract
operation performs the following steps:

1. Assert: TypeQ) is Object.
2. Assert:levelis either"sealed " or "frozen
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Let keysbe the result of calling thfOwnPropertyKeys]] internal method o.
ReturnlfAbruptkeys.
Let pendingExceptiote undefined.
If levelis "sealed ", then
a. Repeatfor each elemerit of keys
i. Letstatusbe the result obDefinePropert®@rThrow(O, k, PropertyDescriptor{
[[Configurable]]:false}) .
ii. If statisis an abrupt completion, then
1. If pendingExceptiofis undefined, then setpendingExceptioro status
7. Elselevelis "frozen ",
a. Repeatfor each elemerit of keys
i. Letstatusbe the result of calling the [[GetOwnProperty]] internal metho@®afith k.
ii. If statusis an abrupt completion, then
1. If pendingExceptioms undefined, then setpendingExceptioro status
iii. Else,
1. LetcurrentDesche status[[valuel]].
2. If currentDesds notundefined, then
a. If IsAccessobescriptor€urrentDesg is true, then
i. Letdescbe PropetyDescriptor{[[Configurable]]:false}.
b. Else,
i. Letdesche PropertyDescriptor { [[Configurable]false,
[[Writable]]: false}.
c. Letstatusbe the result oDefinePropert@rThrow(O, k, desg.
d. If statusis an abrupt completion, then
i. If pendingExceptiois undefined, then setpendingException
to status
8. If pendingExceptiofs notundefined, then returrpendingException
9. Return the result of calling tHgPreventExtensionkinternal methodof O.

7.3.10 TestintegrityLevel (O, level)

ook w

The abstract operation TestIntegriyLevelis used to determine if the set of own properties of an object are fixed.
This abstract operation performs the following steps:

Assert: TypeQ) is Object.
Assert:levelis either"sealed " or"frozen
Let statusbe the result of I€xtensibl€O).
ReturnlfAbrupt(statug.
If statusistrue, then returrfalse
NOTE If the object is extensible, none of its properties are examined.
Letkeysbe the result of calling thEOwnProperty)eyd] internal method oD.
ReturnifAbruptkeys.
Let pendingExceptiofe undefined.
10. Let configurablebefalse.
11. Let writable be false.
12. Repeatfor each elemerit of keys
a. Letstatusbe the result of calling the [[GetOwnProperty]] internal metho@®aftith k.
b. If statusis an abrupt completion, then
i. If pendingExceptions undefined, then setpendingExceptiomo status
ii. Letconfigurablebetrue.
c. Else,
i. LetcurrentDesche status[[value]].
ii. If currentDesds notundefined, then
1. Setconfigurableto configurablelogically ored with
currentDesc[[Configurable]].
2. If IsDateDescriptor€urrentDesg is true, then
a. Setwritable to writable logically ored withcurrentDesc[[W ritable]].
13. If pendingExceptioms notundefined, then returrpendingException
14. If levelis "frozen " andwritableis true, then returrfalse.
15. If configurableis true, then eturnfalse.

©CONOTAMWDNE
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16. Returntrue.
7.3.11 CreateArrayFromList (elements)

The abstract operation CreateArrayFromLists used to create an Array object whose elements are provided by
an internal List. This abstract operation performs the following steps:

1. Assert:elementss a List whose elements are all ECMAScript language values.
2. Letarray bethe result of the abstract operation ArrayCreate with argument O
3. LetnbeO.
4. Foreachelemente of elements
a. Letstatusbe the result o€reateOwnDataPropert(ray, ToStringn), €)«
b. Assert: statusis true.
c. Incrementn by 1.
5. Returnarray.

7.3.12 CreateListFromArrayLike (obj)

The abstract operation CreateListFromArrayLikés used to create a-List value whose elements are provided by
the indexed properties of an Array-like Object. This abstract operation performs the following steps:

If Type(obj) is not Object, then throw BypeError exception.
Let len be the result of Gébbj, "length” ).
Let n be Tolntegergn).
ReturnlfAbruptf).
Letlist be an empty List.
Letindexbe 0.
Repeat whileéndex<n
a. LetindexNamebe ToString{ndey.
b. Letnextbe the result of Génbj, indexNamg.
c. ReturnifAbruptfiex).
d. Appendnextas the last element tist.
e. Setindextoindex+ 1.
8. Returnlist.

Nogok,wnpE

7.3.13 OrdinaryHaslInstance (C, O)

The abstract operation OrdinaryHasInstancamplements the default algorithm for determining if an object O
inherits from the instance object inheritance path provided by constructor C. This abstract operation performs
the following steps:

1. IfisCallable(C) is false, returnfalse.

If C has a [[BoundTegetFunction]] internal data property, then
a. LetBCbe the value o€ 6 [[BoundTargetFunction]] internal data property.
b." Return the result of instanceofOperatoBC) (seel2.8.).

If Type(O) is.notObject, returnfalse.

Let P be the result of GEE€, "prototype” ).

ReturnIfAbrupt®).

If Type(P) is not Object, throw &ypeError exception.

Repeat
a. SetO totheresultof callingthe [[GetInheritancy internal methodof O with no arguments
b. ReturnlfAbruptQ).
c. If Oisnull , returnfalse.
d. If SameValueR, O) is true, returntrue.

Noo s

7.3.14 GetPrototypeFromConstructor ( constructor, intrinsicDefaultProto )

The abstract operation GetPrototypeFromConstructdetermines the [[Prototype]] value that should be used to
create an object corresponding to a speci fi c constructor . The value s retrieved
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prototype property, if it exists. Otherwise the supplied default is used for [[Prototype]]. This abstract
operation performs the following steps:

1. Assert: intrinsicDefaultProto is a stringv al ue t hat i s this speci ficationds name

corresponding object must be an intrinsic that is intended to be used as the [[Prototype]] value of an object.
If IsConstructor ¢onstructoy is false, then throw al'ypeError exception.
Let proto be theresultof Ge{constructory "prototype” ).
ReturnIfAbruptfroto).
If Type(proto) is not Object then
a. If constructorhas a [[Realm]] internal data property, tealmbec o n s t r[iReatmy.r 6 s
b. Else,
i Let ctx be the running execution context.
ii. Letrealmbec t Réabn.
c. Letprotober e a lintmdsie object namethtrinsicDefaultProta
6. Returnproto.

aprwN

NOTE If constructordoes not supply a [[Prototype]] value, the default value that is used is obtained from the Code
Realm of the constructorfunction rather than from the running execution context. This accounts for the possibility that a
built-in @@create method from a different Code Realm might be installed on constructor

7.3.15 OrdinaryCreateFromConstructor ( constructor, intrinsicDefaultProto, internalDataList )

The abstract operation OrdinaryCreateFromConstructoreates an ordinary object whose [[Prototype]] value is
retrieved fr omprottype o rpegentyuitit esistsd Otherwise the supplied default is used for
[[Prototype]]. The optional internalDataListis a List of the names of internal data property names that should
be defined as part of the object. If the list is not provided, an empty List is used. This abstract operation
performs the following steps:

1. Assert: intrinsicDefaultProtois a string value that is this specification6s

corresponding object must be an intrinsic that is intended to be used as the [[Prototype]] value of an object.
2. Letproto be the result of GetPrototypeFromConstruaon(structor intrinsicDefaultProtg.
3. ReturnlfAbruptproto).
4. Returnthe result of the abstract operation ObjectCKgaiteo, internalDatalis).

8 Executable Code and Execution Contexts
8.1 Lexical Environments

A Lexical Environment is a specification type used to define the association of Identifiersto specific variables
and functions based upon the lexical nesting structure of ECMAScript code. A Lexical Environment consists of
an Environment Record and a possibly null reference to an outer Lexical Environment. Usually a Lexical
Environment is associated with some specific syntactic structure of ECMAScript code such as a
FunctionDeclaration a BlockStatementor a Catchclause of a TryStatemenand 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 associated
Lexical Environment.

The outer environment reference is used to model the logical nesting of Lexical Environment values. The
outer reference of a (inner) Lexical Environment is a reference to the Lexical Environment that logically
surrounds the inner Lexical Environment. An outer Lexical Environment may, of course, have its own outer
Lexical Environment. A Lexical Environment may serve as the outer environment for multiple inner Lexical
Environments. For example, if a FunctionDeclarationcontains two nested FunctionDeclarationghen the Lexical
Environments of each of the nested functions will have as their outer Lexical Environment the Lexical
Environment of the current evaluation of the surrounding function.

A global environment is a Lexical Environment which does not have an outer environment. The global

environmentds outer emvli Aogmemhal rehei emaoenentsds envi

prepopulated with identifier bindings and includes an associated global object whose properties provide some

50 © Ecma International 2013

ronment

of an

name

record

intri

of

may

an

be

nsi c

nt ri



pecma

of the global environimeing 6l obelntoldji eact biisndi mg shisal ue

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

A method environment is a Lexical Environment that corresponds to the invocation of an ECMAScript function
object that establishes a new this binding. A method environment also captures the state necessary to
support super method invocations.

Lexical Environments and Environment Record values are purely specification mechanisms and need not
correspond to any specific artefact of an ECMAScript implementation. It is impossible for an ECMAScript
program to directly access or manipulate such values.

8.1.1 Environment Records

There are two primary kinds of Environment Record values used in this specification: declarative 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 WithStatementhat associate identifier
bindings with the properties of some object. Global Environment Records and Function Environment Records
are specializations that are used for specifically for Script global declarations and for top-level declarations
within functions.

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 three concrete subclasses, declarative
environment record, object environment record, and. global environment record. Function environment records
are a subclass of declarative environment record. The abstract class includes the abstract specification
methods defined in Table 16. These abstract methods have. distinct concrete algorithms for each of the
concrete subclasses.
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Table 16 8 Abstract Methods of Environment Records

Method Purpose

HasBinding(N) Determine if an environment record has a binding for an
identifier. Return true if it does and false if it does not. The
String value N is the text of the identifier.

CreateMutableBinding(N, D) Create a new but uninitialised mutable binding in an
environment record. The String value N is the text of the bound
name. If the optional Boolean argument D is true the binding is
may be subsequently deleted.

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

InitialiseBinding(N,V) Set the value of an already existing but uninitialised 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.

SetMutableBinding(N,V, S) Set the value of an already existing mutable binding in an
environmentrecord. 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. Sis a Boolean flag. If Sis 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 of an already existing binding from an
environment.record. The String value N is the text of the bound
name. S is used to identify strict mode references. If Sis true
and the binding does .not exist or is uninitialised throw a
ReferenceError exception.

DeleteBinding(N) Delete a binding from an environment record. The String value
N is the text of the bound name If a binding for N exists, remove
the binding and return true. If the binding exists but cannot be
removed return false. If the binding does not exist return true.

HasThisBinding() Determine if an environment record establishes a this  binding.
Returntrue if it does and false if it does not.

HasSuperBinding() Determine if an environment record establishes a super
method binding. Return true if it does and false if it does not.

WithBaseObject () If this environment record is associated with a with statement,

return the with object. Otherwise, return undefined.

8.1.1.1 Declarative Environment Records

Each declarative environment record is associated with an ECMAScript program scope containing variable,
constant, let, class, module, import, and/or function declarations. A declarative environment record binds the
set of identifiers defined by the declarations contained within its scope.

The behaviour of the concrete specification methods for Declarative Environment Records is defined by the
following algorithms.

8.1.1.1.1HasBinding(N)

The concrete environment record method HasBinding for declarative environment records simply determines
if the argument identifier is one of the identifiers bound by the record:

1. LetenvRede the declarative environment record for which the method was invoked.
2. If envRedas a binding for the name that is the valud&pfeturntrue.
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3. Returnfalse.
8.1.1.1.2 CreateMutableBinding (N, D)

The concrete Environment Record method CreateMutableBinding for declarative environment records creates
a new mutable binding for the name N that is uninitialised. 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. LetenvRede the declarative environment record for which the method was invoked.

2. Assert:envRedloes not already have a binding fér

3. Create a mutable binding envRedor N and record that it is uninitialised. i.is true record that the newly
created binding may be deleted by a subsequent DeleteBinding call.

4. Return NormalCompletiommpty).

8.1.1.1.3CreatelmmutableBinding (N) Commented [AWBS8]:  This probably needs a D option
argument, just like createMutable Environment

The concrete Environment Record method CreatelmmutableBinding for declarative environment records

creates a new immutable binding for the name N that is uninitialised. A binding must not already exist in this

environment record for N.

1. LetenvRede the declarative environment record for which the method was invoked.
2. Assert:envRedloes not already havebénding forN.
3. Create an immutable binding envRedor N and record that it is‘uninitialised.

8.1.1.1.41InitialiseBinding (N,V)

The concrete Environment Record method InitialiseBinding for declarative environment records is used to set
the bound value of the current binding of the identifier whose name is the value of the argument N to the value
of argument V. An uninitialised binding for N must already exist.

1. LetenvRede the declarative environment record for which the method was invoked.
2. Assert:envReanust haean uninitialised binding foX.

3. Set the bound value fd¥in envRedo V.

4. Record that the binding fa¥ in envRechas been initialised.

8.1.1.1.5 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 argument N to
the value of argument V. A binding for N must already exist. If the binding is an immutable binding, a
TypeError is thrown if Sis true.

Let envRede the declarative environment record for which the method was invoked.
Assert:envReanust have a binding fax.

If the binding forN in envRedas not yet been initiaéd throw aReferenceError exception.

Else i the binding forN in en\Recis a mutable binding, change its bound valu&/to

Else this must be anattempt to change the value of an immutable bindin§ isdrifie throw aTypeError
exception.

6. Return NormalCompletiommpty).

8.1.1.1.6 GetBindingValue(N,S)

arONE

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

1. LetenvRede the declarative environment record for which the method was invoked.
2. Assert:envRedas a binding foN.
3. If the binding forN in envReds an uninitialised binding, then
a. |If Sisfalse return the valueindefined, otherwise throw &eferenceError exception.
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4, Else,
a. Return the value currently bound kin envRec

8.1.1.1.7 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. LetenvRede the declarative environment record for which the method was invoked.
2. If envRedoes not have a binding for the name that is the vali¢ odturntrue.

3. If the binding forN in envReaannot be deled, returnfalse.

4. Remove the binding foN from envRec

5. Returntrue.

8.

1.1.1.8HasThisBinding ()
Regular Declarative Environment Records do not provide a this  binding.

1. Returnfalse
8.1.1.1.9HasSuperBinding ()

Regular Declarative Environment Records do not provide @ super binding.

1. Returnfalse
8.1.1.1.10 WithBaseObject()

Declarative Environment Records always return undefined as their WithBaseObject.

1. Returnundefined.

8.1.1.2  Object Environment Records

Each object environment record is associated with an object called its binding object. An object environment
record binds the set of string identifier names that directly correspond to the property names of its binding
object. Property keys that are not strings in the form of an IdentifierNameare not included in the set of bound
identifiers. Both own and inherited properties are included in the set regardless of the setting of their
[[Enumerable]] attribute. Because properties can be dynamically added and deleted from objects, the set of
identifiers bound by an object environment record may potentially change as a side-effect of any operation
that adds or-deletes properties. Any bindings that are created as a result of such a side-effect are considered
to be a mutable binding even if the Writable attribute of the corresponding property has the value false.
Immutable bindings do not exist for object environment records.

Object environment records also have a possibly empty List of strings called unscopable The strings in this
List are exclude from the environment records set of bound names, regardless of whether or not they exist as
property keys of its binding object.

Object environment records created for with statements (13.10) can provide their binding object as an
implicit this value for use in function calls. The capability is controlled by a withEnvironmenBoolean value that
is associated with each object environment record. By default, the value of withEnvironmentis false for any
object environment record.

The behaviour of the concrete specification methods for Object Environment Records is defined by the
following algorithms.

8.1.1.2.1HasBinding(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:
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1. LetenvRede the object environment record for which the method was invoked.
2. IfNisanelementoé nv Rec 6 s uythen cctupfase.l e s

3. Letbindingsbe the binding object faenvRec

4. Return the result offasPropertyfindings N).

8.

1.1.2.2 CreateMutableBinding (N, D)

The concrete Environment Record method CreateMutableBinding for object environment records creates in
an environment recordds associated binding object

[[Configurable]] attribute is set to true, otherwise it is set to false.

Let envRede the object environment record for which the method was invoked.

Let bindingsbe the binding bject forenvRec

If D is true then letconfigValuebetrue otherwise letonfigValuebefalse.

Return the result of DefinePropertyOrThrdyridings N, Property Descriptor {[[Value]lindefined,
[[Writable]]: true, [[Enumerable]]itrue , [[Configurable]]: configValug).

pPODNPE

NOTE Normally envRecwill not have a binding for N but if it does; the semantics of DefinePropertyOrThrow may
result in an existing binding being replaced or shadowed or cause an abrupt completion to be returned.

8.1.1.2.3CreatelmmutableBinding (N)

The concrete Environment Record method CreatelmmutableBinding-is never used within this specification in
association with Object environment records.

8.1.1.2.41nitialiseBinding (N,V)

The concrete Environment Record method InitialiseBinding for object environment records is used to set the
bound value of the current binding of the identifier whose name is the value of the argument N to the value of
argument V. An uninitialised binding for N must already exist.

Let envRede theobjectenvironment record for whicthe method was invoked.
Assert:envReanust have an uninitialised binding fbir

Record that the binding fd¥ in envRecdas been initialised.

Return the result of calling the SetMutableBinding concrete methedaReavith N, V, andfalse as
arguments

pPONPE

8.1.1.2.5SetMutableBinding (N,V,S)

The concrete Environment Record method SetMutableBinding for object environment records attempts to set
the value of the environment recordds associated
argument N to the value of argument V. A property named N normally already exists but if it does not or is not
currently writable, error handling is determined by the value of the Boolean argument S.

1. LetenvRede the object'environment record for which the method was invoked.
2. Letbindingsbe the binding object faenvRec
3. Return the result oPut(bindings N, V, andS).

8.1.1.2.6 GetBindingValue(N,S)

The concrete Environment Record method GetBindingValue for object environment records returns the value
of its associ at prapertp whost iname is thé $tring valGesof the argument identifier N. The
property should already exist but if it does not the result depends upon the value of the Sargument:

Let envRede the object environment record for which the method was invoked.
Letbindingsbe the binding object foenvRec

Let valuebe the result oHasPropertyfindings N).

ReturnIfAbruptgalue).

If valueis false, then

arwNE
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a. If Sisfalse, return the valuaindefined, otherwise throw &eferenceError exception.
6. Return the result of Géindings N).

8.1.1.2.7 DeleteBinding (N)
The concrete Environment Record method DeleteBinding for object environment records can only delete

bindings that correspond to properties of the environment object whose [[Configurable]] attribute have the
value true.

1. LetenvRede the object environment record for which the method was invoked.
2. Letbindingsbe the binding object feenvRec
3. Return the result of calling the [[Delete]] internal methodbfdingspassingN asthe argument.

8.1.1.2.8HasThisBinding ()
Regular Object Environment Records do not provide a this  binding.

1. Returnfalse.
8.1.1.2.9HasSuperBinding ()

Regular Object Environment Records do not provide a super binding.

1. Returnfalse
8.1.1.2.10 WithBaseObject()

Object Environment Records return undefined as their WithBaseObject unless their withEnvironmentflag is
true.

1. LetenvRede the object environment record for which the method was invoked.
2. If the withEnvironmenflag of envReds true, return the binding object f@nvRec
3. Otherwise, returnindefined:

8.1.1.3 Function Environment Records

A function environment record is a declarative environment record that is used to represent the outer most
scope of a function that provides a this  binding: In addition to its identifier bindings, a function environment
record contains the this value used within its scope. If such a function references super , its function
environment record. also contains the state that is used to perform super method invocations from within the
function.

Function environment records. store their this binding as the value of their thisValue If the associated
function references super , the environment record stores in HomeObjecthe object that the function is bound
to as a method and in MethodNamehe property key used for unqualified super invocations from within the
function. The default value for HomeObjectind MethodNames undefined.

Methods environment records support all of Declarative Environment Record methods listed in Table 16 and
share the same specifications for all of those methods except for HasThisBinding and HasSuperBinding. In
addition, declarative environment records support the methods listed in Table 17:

Table 17 6 Additional Methods of Function Environment Records

Method Purpose
GetThisBinding() Return the value of thisi Bindiagn vi r ¢
GetSuperBase() Return the object that is the base for super property accesses

bound in this environment record. The object is derived from this
envi r on me n HomeGhjetobindiny.sIf the value is Empty,
return undefined.

GetMethodName() Return the value of tMethodNamebinding.q
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The behaviour of the additional concrete specification methods for Function Environment Records is defined
by the following algorithms:

8.1.1.3.1HasThisBinding ()
Function Environment Records always provide a this  binding.

1. Returntrue.
8.1.1.3.2HasSuperBinding ()

1. I'f this envi HomeObgchas the eatu&mptyd then returrfalse. Otherwise, returtrue.
8.1.1.3.3GetThisBinding ()

1. Retu n the value of t hhisYaluenvi ronment recordds
8.1.1.3.4GetSuperBase ()

Lethomebe the value of hi s envi r o Home@bjectr ecor d 6 s
If homehas the valu&mpty, then returrundefined.

Assert Typeliomg is Object.

Returnthe result of callindy o m d[@edlnheritance]] internal method.

.1.1.3.5GetMethodName ()

© pwpe

1. Return the value of Methoddame nvi ronment recordos

8.1.14  Global Environment Records

A global environment record is usedto represent the outer most scope that is shared by all of the ECMAScript
Scriptelements that are processed in a common Realm (8.2). A global environment provides the bindings for
built-in globals (clause 18), properties of the global object, and for all declarations that are not function code
and that occur within Scriptproductions.

A global environment record is logically a single record but it is specified as a composite encapsulating an
object environment record and a declarative environment record. The object environment record has as its
base object the global object of the associated Realm. This global object is also the value of the global
envi r on me n thisValeecTber objécs environment record component of a global environment record
contains the bindings for all built-in globals (clause 18) and all bindings introduced by a FunctionDeclarationor
VariableStatementontained in global code. The bindings for all other ECMAScript declarations in global code
are contained in the declarative environment record component of the global environment record.

Properties may be created directly on a global object. Hence, the object environment record component of a
global environment record /may contain both bindings created explicity by FunctionDeclaraton or
VariableStatementleclarations and binding created implicitly as properties of the global object. In order to
identify which bindings were explicitly created using declarations, a global environment record maintains a list
of the names bound using its CreateGlobalVarBindings and CreateGlobalFunctionBindings concrete methods.

Global environment records have the additional state components listed in Table 18 and the additional
methods listed in Table 19.

© Ecma International 2013 57



secma

Table 18 -- Components of Global Environment Records

Component Purpose
ObjectEnvironment A Object Environment Record whose base object is the global object.
Contains global built-in  bindings as well as bindings for

FunctionDecération or VariableStatementeclarations in global code for
the associated Realm.

DeclarativeEnvironment | A Declarative Environment Record that contains bindings for all
declarations in global for the associated Realm code except for
FunctionDeclarationand VariableStatementleclarations.

VarNames A List containing the string names bound by FunctionDeclaration or
VariableStatementleclarations in global code for the associated Realm.

Table 19 8 Additional Methods of Global Environment Records

| Method

Purpose |

| GetThisBinding()

Return the value of tthhsilsindiagnviro|

HasVarDeclaration (N)

Determines if .the argument .identifier has a binding in this
environment record that was created using a VariableStatemenor a
FunctionDeclaration

HasLexicalDeclaration (N)

Determines if the “argument identifier has a binding in this
environment record that was created using a lexical declaration
such as a LexicalDeclarationor.a ClasPeclaration

CanDeclareGlobalVar (N)

Determines if a corresponding CreateGlobalVarBinding call would
succeed if called for the same argument N.

CanDeclareGlobalFunction (N)

Determines if a corresponding CreateGlobalFunctionBinding call
would succeed if called for the same argument N.

CreateGlobalVarBinding(N, D)

Used to create global var bindings in the
ObjectEnvironmentComponent of the environment record. The
binding will be a mutable binding. The corresponding global object
property will have attribute values approate for a var . The String
value N is the text of the bound name. V is the initial value of the
binding If the optional Boolean argument D is true the binding is
may be subsequently deleted. This is logically equivalent to
CreateMutableBinding but it allows var declarations to receive
special treatment.

CreateGlobalFunctionBinding(N, V, D)

Used to create and initialise global function bindings in the
ObjectEnvironmentComponent of the environment record. The
binding will be a mutable binding. The corresponding global object
property will have attribute values approate for a function .The
String value N is the text of the bound name. If the optional Boolean
argument D is true the binding is may be subsequently deleted.
This is logically equivalent to CreateMutableBinding followed by a
SetMutableBinding but it allows function declarations to receive
special treatment.

The behaviour of the concrete specification methods for Global Environment Records is defined by the

following algorithms.

8.1.1.4.1HasBinding(N)

The concrete environment record method HasBinding for global environment records simply determines if the
argument identifier is one of the identifiers bound by the record:
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Let envRede theglobalenvironment record for which the method was invoked.

Let DclRecbeenvRe6é BeclarativeEnvionment.

If the result of callindcIR e cHasBinding concrete method with arguméhts true, returntrue.
Let ObjRecbeenvReé ©bjectEnvironment.

Return the result of callin@bjR e cHasBinding concrete method with arguméht

arONE

8.1.1.4.2CreateMutableBinding (N, D)

The concrete environment record method CreateMutableBinding for global environment records creates a
new mutable binding for the name N that is uninitialised. The binding is created in the associated
DeclarativeEnvironment. A binding for N must not already exist in the DeclarativeEnvironment. If Boolean
argument D is provided and has the value true the new binding is marked as being subject to deletion.

1. LetenvRede theglobalenvironment record for which the method was invoked.

2. LetDclRecbeenvRe6 BeclarativeEnvironment.

3. Assert:DclRecdoes not already have a binding fér

4. Return the result of calling the CreateMutableBinding concrete methbd|&ecwith argumentdN andD.

8.1.1.4.3CreatelmmutableBinding (N)

The concrete Environment Record method CreatelmmutableBinding for global environment records creates a
new immutable binding for the name N that is uninitialised. A binding. must not already exist in this
environment record for N.

1. LetenvRede theglobalenvironment record for which the method wasdked.

2. LetDclRecbeenvRe6 BeclarativeEnvironment.

3. Assert:DclRecdoes not already have a binding féor

4. Return the result of calling the CreatelmmutableBinding concrete methodIBecwith argumentN.

8.1.1.4.4InitialiseBinding (N,V)

The concrete Environment Record method InitialiseBinding for global environment records is used to set the
bound value of the current binding of the identifier whose name is the value of the argument N to the value of
argument V. An uninitialised binding for N must already exist.

1. LetenvRede theglobalenvironment record for which the method was invoked.
2. LetDclRecbeenvRe6 BeclarativeEnvironment.
3. If the result of callindcIR e cHasBinding concrete method with arguméhis true, then
a. Return.the result of callinBcIR e clbitgliseBinding concrete method with argumehtandV.
4. Assert/If the binding exists it must be in the object environment record.
5. Let ObjRecbeenvReé ©bjectEnvironment.
6. Return the result of callin@bjR e cliitsliseBinding concrete method with argemtsN andV.

8.1.1.4.5SetMutableBinding (N,V,S)

The concrete Environment Record method SetMutableBinding for global environment records attempts to
change the bound value of the current binding of the identifier whose name is the value of the argument N to
the value of argument. V. f the binding is an immutable binding, a TypeError is thrown if Sis true. A property
named N normally already exists but if it does not or is not currently writable, error handling is determined by
the value of the Boolean argument S.

1. LetenvRede the declarative environment record for which the method was invoked.
2. LetDclRecbeenvRe6é BeclarativeEnvironment.
3. If the result of callin@>cIR e cHasBinding concrete method with arguméhts true, then
a. Return the result of calling the $éttableBinding concrete method BitIRecwith arguments\, V,
andS.
4. LetObjRecbeenvRed ©bjectEnvironment.
5. Return the result of calling the SetMutableBinding concrete meth@bgecwith arguments\, V, andS.
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8.1.1.4.6 GetBindingValue(N,S)

The concrete Environment Record method GetBindingValue for global environment records simply returns the
value of its bound identifier whose name is the value of the argument N. If Sis true and the binding is an
uninitialised binding throw a ReferenceError exception. A property named N normally already exists but if it
does not or is not currently writable, error handling is determined by the value of the Boolean argument S.

1. LetenvRede the declarative environment record for which the method was invoked.
2. LetDclRecbeenvRedd BeclarativeEnvironment.
3. If the result of callind>cIR e cHasBinding concrete method with arguméhis true, then
a. Return the result of calling the GetBindingValue concrete methdctRecwith argumentsN, and
S.
4. LetObjRecbeenvReé ©bjectEnviroment.
5. Return the result of calling the GetBindingValue concrete methd@hbjRecwith arguments\, andsS.

8.1.1.4.7 DeleteBinding (N)

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

1. LetenvRede the declarative environment record for which the method was invoked.
2. LetDclRecbeenvRe6 BeclarativeEnvironment.
3. |If the result of callindcIR e cHasBinding concrete method with arguméhis tr ue, then
a. Return the result of calling the DeleteBinding concrete methdadctiRecwith argumentN.
4. LetObjRecbeenvRed ©bjectEnvironment.
5. If the result of callingdbjRed #lasBinding concrete method with arguméhis true, then
a. Let statusbe the resulbf calling the DeleteBinding concrete methodQ@ifjRecwith argumentN.
b. ReturnlfAbruptétatus.
c. If statusistrue, then
i Let varNamesheenvRed ¥YarNames List.
ii. If Nis an element ofarNamesthen remove that element from tharNames
d. Returnstatus
6. Retuntrue.

8.1.1.4.8HasThisBinding ()
Global Environment Records always provide a this-. binding whose value is the associated global object.

1. Returntrue.
8.1.1.4.9HasSuperBinding ()

1. Returnfalse.

8.1.1.4.10 WithBaseObject()

Global Environment Records always return undefined as their WithBaseObject.

1. Returnundefined.

8.1.1.4.11 GetThisBinding ()

Let envRede theglobalenvironment record for which the method was invoked.
Let ObjRecheenvRed ©bjectEnvironment.

Let bindingsbe the binding object fobbjRec
Returnbindings

pPwdE
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8.1.1.4.12 HasVarDeclaration (N)

The concrete environment record method HasVarDeclaration for global environment records determines if the
argument identifier has a binding in this record that was created using a VariableStatementor a

FunctionDeclaration

1. LetenvRede theglobalenvironnent record for which the method was invoked.
2. LetvarDeclaredNamebeenvRe6 ¥arNames List.

3. If varDeclaredNamesontains the value dfl, returntrue.

4. Returnfalse.

8.1.1.4.13 HasLexicalDeclaration (N)

The concrete environment record method HasLexicalDeclaration for global environment records determines if
the argument identifier has a binding in this record that was created using a lexical declaration such as a
LexicalDeclarationor a ClasPeclaration

1. LetenvRede theglobalenvironment record for which the methwas invoked.
2. LetDclRecbeenvReé BeclarativeEnvironment.
3. Return the result of callinBcIR e cHasBinding concrete method with arguméht

8.1.1.4.14 CanDeclareGlobalVar (N)

The concrete environment record method CanDeclareGlobalVar for global environment records determines if
a corresponding CreateGlobalVarBinding call would succeed if called for the same argument N. Redundent
var declarations and var declarations for pre-existing global object properties are allowed.

Let envRede theglobalenvironment recat for which the method was invoked.

Let ObjRecbeenvReé ©bjectEnvironment.

If the result of callin@®bjRed® slasBinding concrete.method with arguméhis true, returntrue.
Let bindingsbe the binding.object foDbjRec

Let extensiblebe the result ofIsExtensiblebindings.

Returnextensible

ok wNE

8.1.14.15 CanDeclareGlobalFunction (N)

The concrete environment record method CanDeclareGlobalFunction for global environment records
determines if .a corresponding CreateGlobalFunctionBinding call would succeed if called for the same
argument N:

Let envRede theglobalenvironment record for which the method was invoked.

Let ObjRecbeenvReé ObjectEnvironment.

Let globalObjectbe the binding object fobbjRec

Let extensiblebe the result of IsExtensiblgiobalObjed).

ReturnIfAbruptextensiblg.

If the result of callin@dbjRed slasBinding concrete method with arguméhis false, then return
extensible

Let existingPropbe the result of calling the [[GetOwnProperty]] internal methodlobalObjectwith
argumentN.

8. If existingPropis undefined, then returrextensible

9. If existingProp[[Configurable]] istrue, thenreturntrue.

10. If IsDataDescriptogxistingProyp) is true andexistingProphasattribute values {[[Writable]]true,

onhwNE

~

[[Enumerable]]:truej}, thenreturntrue. Commented [AWB1111]:  Carry over from ES5, but
11. Returnfalse. perhaps unnecessary
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8.1.1.4.16 CreateGlobalVvarBinding (N, D)

The concrete Environment Record method CreateGlobalVarBinding for global environment records creates a
mutable binding in the associated object environment record and records the bound name in the associated
VarNames List. If a binding already exists, it is reused.

1. LetenvRede the declarative environment record for which the method was invoked.
2. LetObjRechbeenvRed ©bjectEnvironment.
3. If the result of callin@ObjRed #$lasBinding concrete method with arguméhis false, then
a. Let statusbe the result of calling the CreateMutableBinding concrete meth@biRecwith
argumentN andD.
b. ReturnIfAbruptétatug.
4. LetvarDeclaredNamebeenvRe6 YarNames List.
5. If varDeclaredNamesloes not contain the value Nf then
a. AppendN to varDeclaredNames
6. ReturnNormalCompletionémpty).

8.1.1.4.17 CreateGlobalFunctionBinding (N, V, D)

The concrete Environment Record method CreateGlobalFunctionBinding for global environment records
creates a mutable binding in the associated object environment record and records the bound -name in the
associated VarNames List. If a binding already exists, it is replaced.

Let envRede the declarative environment record for which the method was invoked.

Let ObjRecbeenvRe6 ©bjectEnvironment.

Let globaObject be the binding object fobbjRec

Let existingPropbe the result of calling the [[GetOwnProperty]] internal methodlobalObjectwith

argumentN.

5. If existingPropis undefined or existingProp[[Configurable]] istrue, then

a. LetdescbeProperty Desriptor {[[Value]]:V, [[Writable]]: true, [[Enumerable]]true ,
[[Configurable]]: D}.

N N

6. Else,
a. Letdescbe Property Descriptor {[[Value]N }.
7. Let statusbe the result of DefinePropertyOrThray#§balObject N, desq.
8. ReturnlfAbruptétatug.
9. LetvarDeclaredNanesbe envReé ¥arNames List.
10. If varDeclaredNamesloes not contain the value Nf then
a. AppendN to varDeclaredNames
11. ReturnNormalCompletionémpty).

NOTE Global function declarations are always represented as own properties of the global object. If possible, an
existing own property is reconfigured to have a standard set of attribute values.

8.1.2 Lexical Environment Operations
The following abstract operations are used in this specification to operate upon lexical environments:
8.1.2.1  GetldentifierReference (lex, name, strict)

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

1. If lexis the valuenull, then
a. Return a value of type Reference whose base valuadefined, whose referenced nameriame
and whose stricteferenceflag is strict.
2. LetenvRedelexd s environment record.
3. Letexistsbe the result of calling the HasBindimg)(concrete method afnvRegassingnameas the
argumentN.
4. |If existsistrue , then
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a. Return a value of type Reference whose base valeeviRecwhose referenced nameriame and
whose stricteferenceflag is strict.
5. Else
a. Letouterbe the value of e oudtes environment reference.
b. Return the result of calling GetldentifierReference passimgr, name andstrict as arguments.

8.1.2.2 NewDeclarativeEnvironment (E)

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

1. Letenvbe a new Lexical Environment.

2. LetenvRede a new declarative environment record containing no bindings.
3. Sete n veévironment record to benvRec

4. Set the outer lexical environment referenceenf/to E.

5. Returnenv.

8.

1.2.3  NewObjectEnvironment (O, E)

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

1. Letenvbe a new Lexical Environment.

2. LetenvRede a new object enrdanment record containin@ as the binding object.
3. Lete n v R ansodmablebe an empty List.

4. Sete n veavironment record to benvRec

5. Set the outer lexical environment referencesnfto E.

6. Returnenv.

8.

1.24  NewFunctionEnvironment (F, T)

When the abstract operation NewFunctionEnvironment is'called with-an ECMAScript function Object F and an
ECMAScript value T as arguments, the following steps are performed:

1. Assert: The value of 0[B hisModd] internal data property is ndéxical.
2. Letenvbe a new LexicaEnvironment.
3. LetenvRede a newFunctionenvironment.record containing containing no bindings.
4. SetenvRed thisValueto T.
5. If F has a [[HomeObject]] internal data property, then
a. SetenvRed slomeObjecto the value oF6 §HomeObject]] internal data pperty.
b. SetenvRed BethodNameo the value o6 §MethodName]] internal data property.
6. Else,

a. SetenvRed slomeObjecto Empty.
7. Sete n veavironment record to benvRec
8. Set the outer lexical environment referencep¥to the value ofF6 fScope]] internal data property
9. Returnenv.
8.

2 Code Realms|

Before it is evaluated, all ECMAScript code must be associated with a Realm. Conceptually, a realm consists
of a set of intrinsic objects, an ECMAScript global environment, all of the ECMAScript code that is loaded
within the scope of that global environment, a Loader object that can associate new ECMAScript code with the
realm, and other associated state and resources.

A Realm is specified as a Record with the fields specified in Table 20:
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Table 20 6 Realm Record Fields

Field Name

Value

Meaning

[[intrinsicd]

A record whose field names are intrinsic
keys and whose values are objects

These are the intrinsic values used by code
associated with this Realm

[[globalThis]] | An ECMAScript object The global object for this Realm
[[globalEnv]] | A ECMAScript environment The global environment for this Realm
[[loadeti] any ECMAScript identifier or empty The Loader object that can associate

ECMAScript code with this Realm

The intrinsic objects associated with a code Realm include the well-known .intrinsics listed in Table 7 and
additional intrinsics specified by Table 21.

Table 21 & Additional Intrinsic Objects with Realm Specific Bindings

Intrinsic Name ECMAScript Language Association
??7? 27?

??? 272

8.3 Execution Contexts

An execution context is a specification device that is used to track the runtime evaluation of code by an
ECMAScript implementation. At any point in time, there is at most one execution context that is actually
executing code. This is known as the running execution.context. A stack is used to track execution contexts.
The running execution context is always the top element of this stack. A hew execution context is created
whenever control is transferred from the executable 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 pushed onto the stack-and becomes the running execution context.

An execution context contains whatever implementation specific state is necessary to track the execution
progress of its associated code. Each execution context has the state components listed in Table 22.

Table 22 § State Components for All Execution Contexts

Component Purpose

code evaluation state Any state needed to perform, suspend, and resume evaluation of the
code associated with this execution context.

Realm The Realm from which associated code accesses ECMAScript
resources.

Evaluation of code by the running execution context may be suspended at various points defined within this
specification. Once the running execution context has been suspended a different execution context may
become the running execution context and commence evaluating its code. At some latter time a suspended
execution context may again become the running execution context and continue evaluating its code at the
point where it had previously been suspended. Transition of the running execution context status among
execution contexts usually occurs in stack-like last-in/first-out manner. However, some ECMAScript features
require non-LIFO transitions of the running execution context.

The value is the Realm component of the running execution context is also called the current Realm.

Execution contexts for ECMAScript code have the additional state components listed in Table 23.
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Table 23 8 Additional State Components for ECMAScript Code Execution Contexts

Component Purpose

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

VariableEnvironment Identifies the Lexical Environment whose environment record holds
bindings created by VariableStatementsithin this execution context.

The LexicalEnvironment and VariableEnvironment components of an execution context are always Lexical
Environments. When an execution context is created its LexicalEnvironment and VariableEnvironment
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.

Execution contexts representing the evaluation of generator objects have the additional state components
listed in Table 24.

Table 24 -- Additional State Components for Generator Execution Contexts

Component Purpose

Generator The GeneratorObject that this execution context is evaluating.

In most situations only the running execution context (the top of the execution context stack) is directly

manipulated by algorithms within thi s ‘speci.fi cati on. Hence whenand he ter ms ALexical Environmi
Aivari abl eEnvironment o are used without qualification they are in reference
execution context.

An execution context is purely a-specification mechanism and need not correspond to any particular artefact
of an ECMAScript implementation. It is impossible for an ECMAScript program to directly access or observe
an execution context.

8.3.1 Identifier Resolution

Identifier resolution is the process of determining the binding of an IdentifierName using the
LexicalEnvironment.of the running execution context. During execution of ECMAScript code, Identifier
Resolution is performed using the following algorithm:

1. Letenvbe the running execution contextds Lexical Environment.
2. If the syntactic production that is being evaluated is contained in strict mode code, theittidtetrue,

else letstrict be false.
3. Return the result of calling GetldentifierRefereradestract operatiopassingeny, the Striny alue of

IdentifierName andstrict as arguments.

The result of evaluating an‘identifier is always a value of type Reference with its referenced name component
equal to the IdentifieiNameString.

8.3.2 GetThisEnvironment

The abstract operation GetThisEnvironmenfinds the lexical environment that currently supplies the binding of
the keyword this . GetThisEnvironmenperforms the following steps:

1. Letlexbe therunninge x ecuti on contextdds Lexical Environment.
2. Repeat

a. LetenvRedelexb s environment record.

b. Letexistsbe the result of calfig the Ha¥hisBinding concrete method adnvRec

c. |If existsistrue , thenreturnenvRec

d. Letouterbe the value of e >odtes environment reference.
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e. Letlexbeouter

NOTE The loop in step 2 will always terminate because the list of environments always ends with the global
environment which has a this  binding.

8.3.3 ThisResolution

The abstract operation ThisResolution is the process of determining the binding of the keyword this  using
the LexicalEnvironment of the running execution context. ThisResolution performs the following steps:

1. Letenvbe the result of performing the GetThisEnvironment abstract operation
2. Return theresult of calling theGetThiBinding concrete method adnv.

8.3.4 GetGlobalObject

The abstract operation GetGlobalObjectreturns the global object used by the currently running execution
context. GetGlobalObjecperforms the following steps:

1. Letctx be the running execution context.
2. LetcurrenRealmbec t »Réasm.
3. ReturncurrentRealm[[globalThis]].

9 ECMAScript Ordinary and Exotic Objects Behaviors

9.1 Ordinary Object Internal Methods and Internal Data Properties

All ordinary objects have an internal data property called [[Prototype]]. The value of this property is either null
or an object and is used for implementing inheritance. 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 set access. Accessor
properties are inherited for both get access and set access.

Every ordinary ECMAScript object has a Boolean-valued [[Extensible]] internal data property that controls

whether or not properties may be added to the object. If the value of the [[Extensible]] internal data property is

false then additional properties may not be added to the object. In addition, if [[Extensible]] is false the value

of [[Prototype]] internal data properties' of the object may not be modified. Once the value of an obj ect 6s
[[Extensible]] internal data property has been set to false it may not be subsequently changed to true.

In the following algorithm descriptions, assume O is an ordinary ECMAScript object, P is a property key value,
V is any ECMAScript language value, and Descis a Property Description record.

9.1.1 [[GetInheritance]] ()

When the [[GetInheritance]] internal method of O is called the following steps are taken:

1. Returnthe value of the [[Prototype]] interndlataproperty ofO.

9.1.2 [[SetIinheritance]](V)

When the [[SetInheritance]] internal method of O is called with argument V the following steps are taken:

Assert: Either Type\() is Object or TypeY) is Null.
Let extensiblebe thevalueof the [[Extensible]] internatiata propertyf O.
Let currentbe the value of thfPrototype]] internal data property @.
If SameValueV, current), then returrtrue.
If extensibles false, then returrfalse.
If Vis notnull, then

a. LetpbeV.

b. Repeat, whilg is notnull

i. If SameValueg, O) is true, then returrfalse.

ogapwnNnE
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ii. Let nextpbe the result of calling the [[GetInheritance]] internal methog wfith no
arguments.
iii. ReturnIfAbruptfiextp.
iv. Let p benextp
7. Setthe value of the [[Prototype]] internal data propertyfo V.
8. Returntrue.
9.1.3 [[IsExtensible]] ()
When the [[IsExtensible]] internal method of O is called the following steps are taken:
1. Returnthe value of the fExtensibld] internal data poperty ofO.
9.1.4 [[PreventExtensions]] ()
When the [[PreventExtensions]] internal method of O is called the following steps are taken:

1. Setthe value of the Extensibld] internal data property od tofalse.
2. Returntrue.

9.1.5 [[HasOwnProperty]] (P)

When the [[HasOwnProperty]] internal method of O is called with property key P, the following steps are taken:
1. Assert: IsPropertyKeg) is true.

2. If O doesnat have an own property witkey P, returnfalse

3. Returntrue.

9.1.6 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of O'is called with property key P, the following steps are taken:

1. Returnthe result of OrdinaryGetOwnProperty with argume@tandP.
9.1.6.1 OrdinaryGetOwnProperty (O, P)

When the abstract operation OrdinaryGetOwnProperty is called with Object O and with property key P, the
following steps are taken:

1. Assert: IsPropertyKeg) is true.
2. If O doesnot have an own property witkey P, returnundefined.
3. LetD be a newly created Property Descriptor with no fields.
4. LetXbeO6s own \phosegegysPt vy
5. If Xis a data property, then
a. SetD.[[Value]]to'the valueoXés [ [ Val uel] ] attribute.
b. SetD.[[Writable]] to the valueoX6 s [ [ Wri table]] attribute
6. ElseXis an accessor property, so

a. SetD.[[Get]]tothevalueoXos [ [ Get ] ] attri bu
b. SetD.[[Set]Jtothe valueoXds [ [ Set ] ] attribu .
7. SetD.[[Enumerable]]tothevalue 6 s [ [ Enumer abl e] ] attribute.

8. SetD.[[Configurable]]tothe valueoké s [ [ Confi gurabl e]] attribute.
9. ReturnD.

9.1.7 [[DefineOwnProperty]] (P, Desc)

te.
te

When the [[DefineOwnProperty]] internal method of O is called with property key P and property descriptor
Desg the following steps are taken:

1. Returnthe result of OrdinaryDefineOwnProperty with argume@t$?, andDesc
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9.1.7.1  OrdinaryDefineOwnProperty (O, P, Desc)

When the abstract operation OrdinaryDefineOwnPropertys called with Object O, property key P, and property
descriptor Descthe following steps are taken:

1. Letcurrentbe the result of calling OrdinaryGetOwnProperty with arguméntsdP.

2. Letextensiblebe thevalueof the [[Extensible]linternaldata propertyf O.

3. Returnthe result ofvalidateAndApplyPropertyDescriptarith argument®, P, extensible Desg and
current

9.1.7.2 IsCompatiblePropertyDescriptor (Extensible, Desc, Current)

When the abstract operation IsCompatiblePropertyDescriptds called with Boolean value Extensible and
property descriptors Des¢ and Current the following steps are taken:

1. Returnthe result oValidate AndApplyPropertyDescriptarith argumentsindefined, undefined,
Extensible Desg andCurrent

9.1.7.3  ValidateAndApplyPropertyDescriptor (O, P, extensible, Desc, current)

When the abstract operation ValidateAndApplyPropertyDescriptois called with Object O, property key P,
Boolean value extensibleand property descriptors Desc and currentthe following steps are taken:

This algorithm contains steps that test various fields of the Property Descriptor Descfor 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.

NOTE If undefinedis passed as the O argument only validation is performed and no object updates are preformed.

1. Assert:If Ois notundefinedthenP is a valid property key.
2. |If currentis undefined, then
a. If extensiblds false, thenreturnfalse.
b. Assert:extensiblgs true.
c. If IsGenericDescriptofesq or IsDataDescriptofjesq is true, then
i. If Ods notundefined, then ceatean own data property namédof objectO whose

[[Value]], [[Writable]], [[Enumerable]] and [[Configurable]] attribute values are described

by Desc If the value of an attribute field descis absent, the attribute of the newly
created property is set to its default value.
d. ElseDescmust be an accessor Property Descriptor,
i If Ois notundefined, then ceatean own accessor property namedf objectO whose
[[Get]], [[Set]], [[Enumerable]] and [[Configurable]] attribute values are describeBdsc
If the value of an attribute field ddescis absent, the attribute of the newly created
property is set to its default value.
€. Returntrue.
3. Returntrue, if every field inDescis absent.
4. Returntrue, if every fieldiinDescalso occurs ircurrentand the value of every field ibescis the same
value as the corresponding fieldéorrentwhen compared using the SameValue algorithm.
5. |If the [[Configurabk]] field of currentis falsethen
a. Returnfalse, if the [[Configurable]] field ofDescis true.
b. Returnfalse if the [[Enumerable]] field oDescis present and the [[Enumerable]] fieldsafrrent
andDescare the Boolean negation of each other.
6. If IsGeneaicDescriptorDesq is true, then no further validation is required.
7. Else if IsDataDescriptodurrent) and IsDataDescriptdiesq have different results, then
a. Returnfalse, if the [[Configurable]] field ofcurrentis false.
b. If IsDataDescriptor§urrent) istrue, then
i. If O is notundefined, then onvertthe property name@® of objectO from a data property

to an accessor property. Preserve the existi

[[Configurable]] and [[Enumerable]] attributes and set the restof thep er t y 6 s
their default values.
c. Else,
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If O is notundefined, then @nvertthe property name#® of objectO from an accessor
property to a data property. Preserve the existing values of the
[[Configurable]] and [[Enumeralkl ] ] attributes and set the rest of the propertyods
their default values.
8. Else if IsDataDescriptocurrent) and IsDataDescriptddesq are bothrue, then
a. |If the [[Configurable]] field ofcurrentis false, then
i Returnfalse, if the [[Writable]] field of currentis false and the [[Writable]] field oDescis
true.
ii. If the [[Writable]] field of currentis false, then
1. Returnfalse, if the [[Value]] field of Descis present and
SameValueesc[[Value]], current[[Value]]) is false.
b. else the [[Configrable]] field ofcurrentis true, so any change is acceptable.
9. Else IsAccessorDescriptanfrrent) and IsAccessorDescript@gésq are bothtrue,
a. |If the [[Configurable]] field ofcurrentis false, then
i Returnfalse, if the [[Set]] field ofDescis present ad SameValudjesc[[Set]],
current[[Set]]) is false.
ii. Returnfalse, if the [[Get]] field of Descis present'and SameValigsc[[Get]],
current[[Get]]) is false.
10. If Ois notundefined, then
a. For each attribute field ddescthat is present, set the corresglingly named attribute of the
property namedP of objectO to the value of the field.
11. Returntrue.

NOTE Step 8.b allows any field of Desc to be different from the corresponding field of currentif cur rent 6 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.

9.1.8 [[HasProperty]](P)
When the [[HasProperty]] internal method of O is called with property key.P, the following steps are taken:

Assert: IsPropertyKeW) is true.
Let hasOwnbe the result of callinghe [[HasOwrProperty] internal method o with argumentP.
ReturnIfAbrupthasOwr).
If hasOwnis false;then

a. Letparentbe theresultof calling the [[GetInheritancy internal methodof O.

b. ReturnifAbruptparen).

c. If parentis notnull, then

i. Return the result of calling the [[HasPm@rty]] internal method oparentwith argument.

5. ReturnhasOwn

9.1.9< [[Get]] (P, Receiver)

Eal ol N

When the [[Get]] internal method of O is called with property key P and ECMAScript language value Receiver
the following steps are taken:

1. Assert: IsPropertyKey) is tr ue.
2. Letdescbe the result of callinthe [[GetOwnProperty] internal method ofO with argument.
3. ReturnlfAbrupt@esg.
4. If descis undefined, then
a. Letparentbe theresultof calling the [[GetInheritancy internal methodof O.
b. ReturnlfAbruptpareny.
c. If parentis null, then returrundefined.
d. Return the result of calling the [[Get]] internal methodpafrentwith argumentd® andReceiver
5. If IsDataDescriptorfesq is true, returndesc[[Value]].
6. Otherwise, IsAccessorDescriptdgsg must betrue so, letgetter be desc[[Get]].
7. |If getteris undefined, returnundefined.
8. Return the resulof calling the [[Call]] internal method ofetterwith Receiverasthe thisArgumentandan

empty Listasargumentkist.
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9.1.10 [[Set]] (P, V, Receiver)

When the [[Set]] internal method of O is called with property key P, value V, and ECMAScript language value
Receiverthe following steps are taken:

Assert: IsPropertyKeW) is true.
Let ownDescbe the result of callinthe [[GetOwnProperty] internal method o© with argumentP.
ReturnlfAbruptownDesg.
If ownDesds undefined, then

a. Letparentbe theresultof calling the [[GetInheritancy internal methodof O.

b. ReturnlfAbruptpareny.

c. If parentis notnull, then

i. Return the result of calling the [[Set]] internal methodbafentwith arguments, V, and
Receiver

Eal ol N

d. Else,
i Let ownDescbe the Property Descriptdi[Value]]: undefined, [[Writable]]: true,
[[Enumerable]]:true, [[Configurable]]:true}.
5. |If IsDataDescriptogwnDesg is true, then
a. If ownDesc[[Writable]] is false, returnfalse
b. If Type(Receive)is not Object returnfalse.
c. LetexistingDescriptobethe result of callinghe [[GetOwnPropertl} internal method oReceiver
with argumentP.
d. ReturnlfAbruptéxistingDescriptoy.
e. If existingDescriptoiis notundefined, then
i. Let valueDescbe the Property Descriptor {[[Value]\}.
ii. Return the result of callinthe [[DefineOwnPropert}f internal method oReceivemwith
arguments? andvalueDesc
f. ElseReceiverdoes not currently have a propeRy
i Return the result of performing Create@@ataPropertyReceiverP, V).
6. If IsAccessorDescriptogwnDesg is true, then
a. LetsetterbeownDesg[[Set]].
b. If setteris undefined, returnfalse.
c. LetsetterResulbe the result of callinghe [[Call]] internal method o$etterprovidingReceiveras
thisArgumentanda newList containingV asargumentsList
d. ReturnlfAbruptetterResult
e. Returntrue.

9.1.11 [[Invoke]] (P, ArgumentsList, Receiver)

When the [[Invoke]] internal method of O is called with property key P, List ArgumentsListand ECMAScript
language value Receivetthe following steps are taken:

Assert: IsPropertyKeW) is true.

Assert:ArgumentsLists a List.

Let methodbe the result of calling the [[Get]] internal method®@fvith argumentd, andReceiver
ReturnifAbruptfnethod.

If Type(method is nad Object, throw alypeError exception.

If IsCallablefnethod is false, throw aTypeError exception.

Return the resulof calling the [[Call]] internal method afethodwith Receiverasthe thisArgumentand
ArgumentsListisargumentkist.

9.1.12 [[Delete]] (P)

Nogo,rwhE

When the [[Delete]] internal method of O is called with property key P the following steps are taken:

Assert: IsPropertyKeW) is true.
Let descbe the result of callinghe [[GetOwnProperty]] internal method @fwith argumentP.
If descis undefined, thenreturntrue.
If desc[[Configurable]] istrue, then
a. Remove the own property with narfefrom O.

Eale i
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b. Returntrue.
5. Returnfalse.

9.1.13 [[Enumerate]] ()
When the [[Enumerate]] internal method of O is called the following steps are taken:

1. Return an Iterator objec2b.1.2 whose next method iterates over all the String valued keys of enumerable
property keys o©. The mechanics and order of enumerating the properties is not spduifi@aust
conform to the rules specified below

Enumerated properties do not include properties whose property key is a Symbol. Properties of the object
being enumerated may be deleted during enumeration. If a property that has not yet been visited during
enumeration is deleted, then it will not be visited. If new properties are added to the object being enumerated
during enumeration, the newly added properties are not guaranteed to bevisited in the active enumeration. A
property name must not be visited more than once in any enumeration.

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

the prototype, and so on, recursivel y; but a property of a prototype is
because 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 a prototype objectis shadowed

by a previous object on the prototype chain.

The following is an informative algorithm that conforms to these rules Commented [AWB614]:  TODO: Finish this up, and turn it
into iterator definition include a next method.
1. LetobjbeO. A
2. Letprotobe the result of calling the [[Getlnheritance]] internal metho@®afith no arguments ;P;oalrg?&l:iwglzEﬁ':foﬁgtziﬁasbeoem B el
3. ReturnlfAbruptproto). https://bugs.ecmascript.org/show_bug.cqi?id=944
4. If protois the valuenull, then
a. LetpropListbe a new empty List.
5. Else
a. LetpropListbe the result of callinthe [[Enumerate]] internal method pfoto.
6. ReturnifAbruptpropLisf).

7. For eachnamethat is'the property key of an own property®f
a. If Type(namg is String, then
i Let descbe the result of calling OrdinaryGetOwnProperty with arguménsdname
ii. If nameis an element opropList, thenremovenameas an element qfropList
iii. If desc[[Enumerabl is true, then adchameas an element gfropList
8. Order the elements @fropListin.an implementation defined order.
9. ReturnpropList

9.1.14 [[OwnPropertyKeys]] ()
When the [[OwnPropertyKeys]] internal method of O is called the following steps are taken:
1. Letkeysbea new empty List

2. For each own propertigey P of O
a. Add P as the last element &kys

3. ReturnMakelListlteratotkeys. [ Commented [AWB1315]:  TODO: need to define, returns
L an iterator object over the elements of an internal list.

9.1.15 ObjectCreate(proto, internalDataList) Abstract Operation

The abstract operation ObjectCreate with argument proto (an object or null) is used to specify the runtime
creation of new ordinary objects. The optional argument internalDatalListis a List of the names of internal data
property names that should be defined as part of the object. If the list is not provided, an empty List is used. If
no arguments are provided %ObjectPrototype% is used as the value of proto. This abstract operation
performs the following steps:

1. If internalDataListwas na provided, letinternalDataListbe an empty List.
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Let obj be a newly created ECMAScript object with an internal data property for each name in
internalDataList

Setobjés essential internal methods to the default ordinary object definitions speciféed in

Set the [[Prototype]] internal data propertyaij to proto.

Set the [[Extensible]] internal data propertyalfj to true.

Returnobj.

A

ook w

9.1.16 Ordinary Function Objects

Ordinary function objects encapsulate parameterised ECMAScript code closed over a lexical environment and
support the dynamic evaluation of that code. An ordinary function object is an ordinary object and has the
same internal data properties and (except as noted below) the same internal methods as other ordinary
objects.

Ordinary function objects have the additional internal data properties listed.in Table 25.

Ordinary function objects provide alternative definitions for the [[Get]] and [[GetOwnProperty]] internal
methods. These alternatives prevent the value of strict mode function from being revealed as the value of a
function object property named "caller ". These alternative definitions exist sole to preclude a non-standard
legacy feature of some ECMAScript implementations from revealing information about strict mode callers. If
an implementation does not provide such a feature, it need not implement.these alternative internal methods
for ordinary function objects.

Table 25 -- Internal Data Properties of Ordinary Function Objects

Internal Data Property  Type Description
[[Scopel]] Lexical The Lexical Environment that the function was closed over.
Environment Is used as the outer environment when evaluating the code

of the function.

[[FormalParameters]] Parse Node The root parse node of the source code that defines the
functionds for mal par ameter

[[FunctionKind]] String Either "normal " or "generator "

[[Code]] Parse Node The root parse node of the source code that defines the
functionds body.

[[Realm]] Realm Record. | The Code Realm in which the function was created and

which provides any intrinsic objects that are accessed
when evaluating the function.

[[ThisModel]] (lexical, strict, Defines how this references are interpreted within the
global) formal parameters and code body of the function. lexical
means that this refers to the this value of a lexically
enclosing function. strict means that the this value is used
exactly as provided by an invocation of the function.
global means that a this value of undefined is interpreted
as a reference to the global object.

[[Strict]] Boolean true if this is a strict mode function, false this is not a strict
mode function.

[[HomeObject]] Object If the function uses super , this is the object whose
[[GetInheritance]] provides the object where super property
|l ookups begin. Not prese
reference super .

[[MethodName]] String or If the function uses super , this is the property keys that is

Symbol used for unqualified references to super . Not present for

functions thawsupetonodt refere

Ordinary function objects all have the [[Call]], [[Get]] and [[GetOwnProperty]] internal methods defined here.
Ordinary functions that are also constructors in addition have the [[Construct]] internal method.
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9.1.16.1 [[Call]] (thisArgument, argumentsList)

The [[Call]] internal method for an ordinary Function object F is called with parameters thisArgumentand
argumentsLista List of ECMAScript language values. The following steps are taken:

IfF6s [ [ Co dleddtd property s theavalumdefined, then throw arypeError exception.

Let callerContextbe the runningxecution context.

If, callerContextis not already suspended, then SuspealterContext

Let calleeContexbe a new ECMAScript Code execution cexit

Let calleeRealmbe the value ofF 6[fRealm]] internal data property.

Setc a | | e e CRealtn tocaliedRealm

Let thisModebe the value oF6 s ThisNlodd] internal dataproperty.

If thisModeis lexical, then

a. LetlocalEnvbe the result of calling NeDeclarativeEnvironmenpassing the value of the [[Scope]]

internaldataproperty ofF as the argument.

ONoOOAWONE

9. Else,
a. If thisModeis strict, setthisValueto thisArgument
b. Else

if thisArgumentis null or undefined, then
1. SetthisValueto calleeRealm[[globalThis]].
ii. Else if TypethisArgumen} is not Object, set ththisValueto ToObjectthisArgumen}.
iii. Else set thehisValueto thisArgument
c. LetlocalEnvbe the result of calling NefunctiorEnvironment passing- andthisValueas the
argumens.
10. Set the LexicalEnvironentof calleeContexto localEnv.
11. Set the VariableEnvironmemif calleeContexto localEnv.
12. PushcalleeContexbnto the execution context staaalleeContextis now the runningxecution context.
13. Let statusbe the result of performingunction Declaratiofnstantiation using the functiol, argumentsList
,andlocalEnvas described i9.1.16.11
14. If statusis an abrupt completion, then
a. RemovecalleeContextfrom the execution context stack and restoedlerContextas the runnig
execution context.
b. Returnstatus
15. Let resultbe the result oEvaluateBody ofhe productionthat is the value of's [[Code]] internaldata
propertypassingF.as the argument
16. RemovecalleeContexfrom the execution context stack and restoadlerConextas the runningxecution
context.
17. Returnresult

NOTE1 _Most ordinary functions use a Function Environment Record as their LexicalEnvironment. Ordinary functions
that are arrow functions use a Declarative Environment Record as their LexicalEnvironment.

NOTE 2 . When calleeContexts removed from the execution context stack it must not be destroyed because it may have
been suspended and retained by a generator object for later resumption.

9.1.16.2 [[Construct]] (argumentsList)

The [[Construct]] internal method for an ordinary Function object F is called with a single parameter
argumentsListvhich is a possibly empty List of ECMAScript language values. The following steps are taken:

1. Returnthe result ofOrdinaryConstrucff, argumentsLigt

9.1.16.2.1 OrdinaryConstruct (F, argumentsList)

When the abstract operation OrdinaryConstructis called with Object F and List argumentsListhe following
steps are taken:

1. Letcreatorbe the result of Gef; @ @create).
2. ReturnlfAbrupt€reator).
3. If creatoris notundefined, then
a. If IsCallablegreator) isfalse then throw a'ypeError exception.
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b. Letobjbe the result of calling the [[Call]] internal methodooéatorwith arguments= and an empty List.
4. Elsecreatoris undefined so fall back to object creation defaults

a. [Letobj bethe result of cdihg OrdinaryCreateFromConstruc{et " %ObjectPrototype% )] Commented [AWB1416]: At Jan 29, 2012 TC39 serveral
5. ReturnlfAbruptobyj). peopled suggest that this fall back was unnecessary
6. If Type(obj) is not Object, then throw BypeError exception. tcr?mp'ex't.y and that it should this throw. However, that means

. . - . . at a ordinary function whose __proto__is set to undefined

7. Letresultbe the result of calling the [[Call]] internalethodof F, providingobj andargumentsLisasthe aguments Wi Ll fhr @ o6 mewed. I 6m ne
8. ReturnlfAbrupttesul. breaking change for the reality web.
9. If Type(resul) is Object then returresult
10. Returnobj.

9.1.16.3 [[Get]] (P, Receiver)

When the [[Get]] internal method of ordinary function object F is called with property key P and ECMAScript
language value Receivetthe following steps are taken:

1. Letv be the result of calling the defauwtdinary objecf[Get]] internal method 9.1.9) onF passingP and
Receiveras argumerst

2. ReturnlfAbruptf).

3. If Pis"caller" andv is a strict mode Function objectturnnull.

4. Returnv.

If an implementation does not provide such a built-in caller method for.Function.prototype then it must

not use this definition. Instead the ordinary object [[Get]] internal method is used.
9.1.16.4 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of ordinary function object F is called with property key P, the
following steps are taken:

1. Letv be the result of calling the defawtdinary objecf[GetOwnPropert]} internal method 9.1.6 onF
passingP asthe argument.
2. ReturnlfAbruptf).
3. |If IsDataDescripton) is true, then
a. If Pis"caller" andv.[[Value]] is a strict mode Function objedhen
i Setv.[[Value]] to null.
4. Returnv.

If an implementation.does not provide such a built-in caller ~ method for Function.prototype then it must
not use this definition. Instead the ordinary object [[GetOwnProperty]] internal method is used.

9.1.16.5 FunctionAllocate Abstract Operation

The abstract operation FunctionAllocate requires the one argument, functionPrototypeand accepts one
optional argument, functionKind FunctionAllocate performs the following steps:

Assert: TypefunctionPrototypgis Object.

Assert: IffunctionKindis present, its value is eithgrormal " or "generator

If functionKindis not presenthen letfunctionKindbe"normal *.

Let F be anewly created ordinary function object with the internal data properties list&dhte 25. All of those

internal data properties are initializeduiedefined.

5. SetF6 s e s s e ratniethddsxcapt far [[Get]]and [[GetOwnProperty]] to the default ordinary object
definitions specified ir9.1

6. SetF6 sssential internal methodsr [[Call]], [[Get]] and [[GetOwnProperty]] to the default ordinary
object cfinitions specified irD.1.16

7. Set the [[FunctionKind]] internal data propertyfofo functionKind

8. Set the [[Prototype]] internalataproperty off to functionPrototype

9. Set the [[Extensible]] internalataproperty off totrue.

10. Set the [[Realm]] internal data propertyfofo the running x e cut i on context 6s Real m.

11. ReturnF.

E S o
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9.1.16.6 FunctionInitialise Abstract Operation

The abstract operation Functionlnitialise requires the arguments: a function object F, kind which is one of
(Normal, Method, Arrow), an parameter list production specified by ParameterLista body production specified
by Body, a Lexical Environment specified by Scope a Boolean flag Strict, and optionally, an object homeObject
and a property key methodNam Functionlnitialise performs the following steps:

1. Letlenbe the ExpectedArgumentCountRdrameterList
2. Letstatusbe the result obefinePropert@rThrow(, " length ", Property Descriptor {[[Value]Jten, [[Writable]]:
false, [[Enumerable]]false [[Configurable]} true}).

3. |If Strictistrue, then
a. Letstatusbe the result of thAddRestrictedFunctionProperties abstract ogerawith argument~.
b. ReturnifAbruptétatus.

4. Set the [[Scopel]] internalataproperty off to the value oScope

5. Set the [[FormalParametersfiternal property of to ParameterList

6. Set the [[Code]] internalataproperty ofF to Body.

7. If the homeObjecargument was provided, set the [[HomeObject]] intedzahproperty ofF to homeObject

8. If the methodNammargument was provided, set the EifiodName]] internallataproperty off to methodNara

9. Set the [[Strict]] internatlataproperty ofF to Strict

10. If kindis Arrow, then set the [[ThisMode]] interndbtaproperty ofF to lexical.

11. Else ifStrictistrue, then set the [[ThisMode]] interndbtaproperty ofF to strict.

12. Else set the [[ThisMode]] interndiataproperty off to global.

13. ReturnF.

9.1.16.7 FunctionCreate Abstract Operation

The abstract operation FunctionCreate requires the arguments: kind which. is one of (Normal, Method, Arrow),
an parameter list production specified by ParameterList a -body production specified by Body, a Lexical
Environment specified by Scope a Boolean flag Strict, and optionally, an object functionPrototype an object
homeObjecand a property key methodNare FunctionCreate performs the following steps:

1. If the functionPrototypeargument was not passeken
a. LetfunctionPrototypebethe intrinsic objecsFunctionPrototype%.
2. LetF bethe result of performing FunctionAllocate with argumemtctionPrototype
3. Return the rsult of performing Functioninitialise with passifrg kind, ParameterListBody, Scope and
Strict. Also passhomeObjecandmethodNaméf they are present.

9.1.16.8 GeneratorFunctionCreate Abstract Operation

The abstract operation GeneratorFunctionCreate requires the arguments: kind which is one of (Normal,
Method, Arrow), an parameter list production specified by ParameterLista body production specified by Body;
a Lexical Environment specified by Scopea Boolean flag Strict and optionally, an object functiorPrototype an
object homeObjecaind a property key methodNara. GeneratorFunctionCreate performs the following steps:

1. If the functionPrototypeargument was not passelden
a. LetfunctionPrototypeethe intrinsic objec#oGenerator%.
2. LetF bethe result of prforming FunctionAllocate with argumenfanctionPrototypeand“generator”
3. Return the result of performing Functionlnitialise with pasdmgkind, ParameterListBody, Scope and
Strict. Also passhomeObjecandmethodNaméf they are present.

9.1.16.9 AddRestrictedFunctionProperties Abstract Operation

The abstract operation is called with a function object F as its argument. It performs the following steps:

1. Letthrowerbe the%ThrowTypeErro% intrinsicfunction Object

2. Let statusbe the result oDefineProertyOrThrow(F, "caller” , PropertyDescriptor {[[Get]]thrower, [[Set]]:

thrower, [[Enumerable]]false, [[Configurable]]:false}).
3. ReturnlfAbruptétatug.
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4. Returnthe result of DefinePropert@rThrow( , "arguments” , PropertyDescriptor {[[Get]]:thrower, [[Set]]:
thrower, [[Enumerable]]false, [[Configurable]]:false}).

The %ThrowTypeError% object is a unique function object that is defined once for each Realm as follows:

Assert:%FunctionPrototype% for the current Realm has already been initialized.

Let functionPrototypebethe intrinsic objecf6FunctionPrototype%.

Letscopebe theGlobal Environment.

LetformalParameterdethe syntactic productionformalParametes : [empty].

Letbodybethe syntactic productiorfunctionBody. ThrowTypeError

LetF bethe result of performing FunctionAllocate with argumé&mctionPrototype

Let %ThrowTypeErrobs beF.

Perform the abstract operation Functiotialise with arguments=, Normal, formalParametersbody, scope and
true.

9. Callthe [[PreventExtensiofjkinternal methodof F.

ONOOAWNE

9.1.16.10 MakeConstructor Abstract Operation

The abstract operation MakeConstructor requires a Function argument F and optionally, a Boolean
writablePrototypeand an object prototype If prototypeis provided it is assumed to already contain, if needed, a
"constructor " property whose value is F. This operation converts F into a constructor by performing the
following steps:

1. Assert:F is a ordinary function object, that has not already had MakeConstrutor applied to it. It is extensible and
dooes not hay a"constructor” ora" prototype " own property.
2. LetinstallNeededefalse
3. If the prototypeargument was not provided, then
a. LetinstallNeededetrue.
b. Let prototype be the result of the abstract ~operation ObjectCreatith the intrinsic
object %ObjectRitotype% as its argument
3. If the writablePrototypeargument was not provided, then
a. LetwritablePrototypebetrue.
4. SetF& essential internal method [[Constilito the definition specified i8.1.16.2
5. If installNeededthen

a. Call the [[DefineOwnProperty]] internal method pfototype with arguments"constructor” and
Property Descriptor {[[Value]]F, [[Writable]]: writablePrototype [[Enumerable]]false [[Configurable]]:
writablePrototype} .

6. Call the [[DefineOwnProperty]]lnternal method of with arguments' prototype and Property Descriptor
{[[Value]]: prototype, [[Writable]]: writablePrototype, [[Enumerable]]false, [[Configurable]]:false}.
7. Return.

9.1.16.11 Function Declaration Instantiation

This version reflects the concensus as of the Sept. 2012 TC39
meeting. However, it now appears that the binding semantics of
formal parameters is like to change again.

NOTE  When an execution context is established for evaluating function code a new Declarative Environment Record is
created and bindings for each formal parameter, and each function level variable, constant, or function declarated in the
function are instantiated in the environment record. Formal parameters and functions are initialised as part of this process.
All other bindings are initialised during execution of the function code.

Function Declaration Instantiation is performed as follows using arguments func, argumentsListand env. func

is the function object that for which the execution context is being established. env is the declarative
environment record in which bindings are to be created.
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Let codebe the value of the [[Code]] interndhtaproperty offunc.

Let strict be the value of the [[Strict]] internalataproperty offunc.

Let formalsbe the value of thfFormalParametest] internal dataproperty offunc.
Let parameterNamebe the BoundNames éérmals

Let varDeclarationsbe theVarScope®eclarations otode

Let functionsTolnitialisebe an emptyist.

If the value of the [[ThisMode]] internalatapropety of funcis[lexical, then

Nogok,rwnpE

a. LetargumentsObjectNeedeble false| Commented [AWB1617]: Issure: should concise methods
Else, letargumentsObjectNeedebetrue. also not get an arguments object?

© ©

For eachd in varDeclarations in reverse list order do
a. If dis aFunctionDeclarationthen
i. NOTE If there are multiple FunctionDeclarationdor the same name, the last declaration
is used.
ii. Let fn be the sole element of the BoundNamesl.of
iii. If fnis "arguments ", then letargumentsObjectNeedédxk false.
iv. Let alreadyDeclaredbe the result of calling n vHasBinding concrete method passing
as the argment.
V. If alreadyDeclareds false, then
1. Let statusbe the result of calling n vGeateMutableBindingconcrete method
passingfn as the argument.
2. Assert:statusis never an abrupt completion.
3. Appendd to functionsTolnitialise
10. For each StringparaniNamein parameterNamesdo
a. LetalreadyDeclaredbe the result of calling n vHasBinding concrete method passimgranName
as the argument.
b. NOTE Duplicate parameter names‘can only occur in non-strict functions. Parameter names that are
the same as function declaration names do.not get initialised to.undefined.
c. |If alreadyDeclareds false, then
i If paramNameis "arguments ", then letargumentsObjectNeedeble false.
ii. Let statusbe the result of calling n vGdesteMutableBinding concrete method passing
paramNameas.the argument.
iii. Assert:statusis never an abrupt completion
iv. Call enwd #nitialiseBindingconcrete method passipgranName andundefined as the
arguments.
11. NOTE If there is a function declaration or formal parameter with the name "arguments" then an
argument object is not created.
12. If argumentsObjectNeedeis true, then
a. |If strictistrue, then
i. Callends Createl mmut abl eBi ndi ng c¢ @amguwnemast'eas met hod passing the String
the argument.

b. Else,
i Let statusbe the result of callingnw s Cr e at e lhg toackete endthod piassing the
String "arguments " as the argument.
ii. Assert:statusis never an abrupt completion.
13. Let varNamese the VarDeclaredNames obde
14. For each StringarNamein varNamesin list order do
a. LetalreadyDeclaredbe the result of calfige n vHasBinding concrete method passireyNameas
the argument.
b. NOTE A VarDeclaredNames is only instantiated and initialied here if it is not also the name of a
formal parameter or a FunctionDeclarations
c. |If alreadyDeclareds false, then
i Let status be the result of calling n vGieateMutableBindingconcrete method passing
varNameas the argument.
ii. Assert:statusis never an abrupt completion.
15. Let lexDeclarationsbe the LexicalDeclarations abde
16. For each element in lexDeclarationsdo
a. NOTE A lexically declared name cannot be the same as a function declaration, formal parameter,
or avar name. Lexically declarated names are only instantiated here but not initialised.
b. For each elemendn of the BoundNames af do
i If IsConstantDeclaration afistrue, then
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1. Callends Createl mmutabl eBi ndidnaptheargumentet e met hod passing
ii. Else,
1. Letstatusbe the result of callingnws Cr eat eMut abl eBinding concrete method
passingdn andfalse as the arguments.
2. Assert:statusis never an abrupt compien.
c. If dis aGeneratorDeclaratiorproduction, then
i. Appendd to functionsTolnitialise
17. For eachproductionf in functionsTolnitialise do
a. Letfn be the sole element of the BoundNames$. of
b. Letfo be the result operforming InstantiateFunctioObject for f with argumentenv.
c. Letstatusbe the result of callingnyd SetMutableBindingconcrete method passiffig, fo, andfalse
as the arguments.
d. Assert:statusis never an abrupt completion.
18. NOTE Function declaration are initialised prior to parameter initialisation so that default value expressions
may reference them. "arguments " is not initialised until after parameter initialization.
19. Letao be the result ofnstantiateArgumentsObjeetith argumen&argumentsList.
20. NOTE If argumentsObjectNeedeis false then the value of ao is not'directly observable to ECMAScript code
and need not actually exist. In that case, its use in the above steps.is strictly as a device for specifying
formal parameter initialisation semantics.
21. LetformalStatusbe the result of perfoning Binding Initialisation foformalswith ao andundefined as
arguments
22. ReturnlfAbruptformalStatu.
23. If argumentsObjectNeedeis true, then
a. |If strictistrue, then
i. Perform the abstract operati@ompleteéStrictArgumentsObjecivith argumento.
b. Elsg
i Perform the abstract operati@ompletéMappedArgumentsObject with argumerats, func,
formals andenv.
c. Callenw #nitialiseBindingconcrete method passingrguments " andao as arguments.
24. ReturnNormalCompletionémpty).

9.2 Built-in Exotic Objectnternal. Methods and Data Fields

This specification defines several kinds of built-in exatic objects. These objects generally behave similar to
ordinary objects except for a few specific situations. ' The following exotic objects use the ordinary object
internal methods except where it is explicitly specified otherwise below:

9.2.1 Bound Function Exotic Objects

A bound function is an exotic object that wrappers another function object. A bound function is callable (it has
a [[Call]] internal method and may have a [[Construct]] internal method). Calling a bound function generally
results in a call of its wrappered function.

Bound function objects do not have the internal data properties of ordinary function objects defined in Table
25. Instead they have the internal data properties defined in Table 26.

Table 26 -- Internal Data Properties of Exotic Bound Function Objects

Internal Data Property  Type Description

[[BoundTargetFunction]] | Callable Object | The wrappered function object.

[[BoundThis]] Any The value that is always passed as the this value when
calling the wrappered function.

[[BoundArguments]] List of Any A list of values that whose elements are used as the first
arguments to any call to the wrappered function.

Unlike ordinary function objects, bound function objects do not use alternative definitions of the [[Get]] and
[[GetOwnPropety]] internal methods. Bound function objects provide all of the essential internal methods as
specified in 9.1. However, they use the following definitions for the essential internal methods of function
objects.
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9211 [[Call]]

When the [[Call]] internal method of an exotic bound function object, F, which was created using the bind
function is called with parameters thisArgumentand argumentsLista List of ECMAScript language values, the
following steps are taken:

Let boundArgsbe the value oF 6[EBoundArgumentl internal dataproperty.

Let boundThisbe the value oF 6 [BoundThis]] internaldataproperty.

Let targetbe the value oF 6 [EBoundrargetFunction]] internadlataproperty.

Letargsbe a new list containing the same values as thétsndArgsn the same order followed by the
same values as the listgumentsListn the same order.

Return the result of calling the [[Call]] internal methodtafgetprovidingboundThisasthisArgumentand
providingargsasargumentsList

9.2.1.2 [[Construct]]

rPODNPE

o1

When the [[Construct]] internal method of an exotic bound function object, F that was created using the bind
function is called with a list of arguments ExtraArgs the following steps are taken:

Lettargetbe the value oF 6 [EBoundrargetFunction]] internatlataproperty.

Asset:targethasa [[Construct]] internal method.

Let boundArgsbethe value ofF 6 [fBoundArgumentl internaldataproperty.

Letargsbe a new list containing the same values as thétisndArgsn the same order followed by the
same values as the liBktraArgsin the same order.

5. Return the result of calling the [[@struct]] internal method dfargetprovidingargsas the arguments.

pPONPE

9.2.1.3 BoundFunctionCreate Abstract Operation

The abstract operation BoundFunctionCreate with arguments target-unction boundThisand boundArgsis
used to specify the creation of new Bound Function exotic objects. It performs the following steps:

Let proto be the intrinsic %FunctionPrototype%.
Let obj be a newly created ECMAScript object
Setobjés essential internal methods to the default ordinary object definitions speciféed in
Set the [[Call]] internaimethodof obj as described i8.2.1.1
If targetFunctionhas a [[Construct]] internal method, then
a. Set the [[Construct]] internahethodof obj as described i8.2.1.2
Set the [[Prototype]] internal data propertyaddj to proto.
Set the [[Extensible]] internal data propertyadij to true.
Set the [BoundTargetFunction]} internatlataproperty ofobjto target-unction
Set the [[BoundThis]] internadataproperty ofobj to the value oboundThis
10 Set the [BoundArgumentf internal dataproperty ofobj to boundArgs
11. Returnobj.

arwNE
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9.2.2 Array Exotic Objects

An Array object is. an exotic object that gives special treatment to a certain class of property names. A
property name P (in the form of a String value) is an array index if and only if ToString(ToUint32P)) is equal to
P and ToUint32(P) is not equal to 2°2 1. A property whose property name is an array index is also called an
element. Every Array object has a len gth property whose value is always a nonnegative integer less than 22
The value of the length  property is numerically greater than the name of every property whose name is an
array index; whenever a property of an Array object is created or changed, other properties are adjusted as
necessary to maintain this invariant. Specifically, whenever a property is added whose name is an array index,
the length  property is changed, if necessary, to be one more than the numeric value of that array index; and
whenever the length  property is changed, every property whose name is an array index whose value is not
smaller than the new length is automatically deleted. This constraint applies only to own properties of an Array
object and is unaffected by length  or array index properties that may be inherited from its prototypes.

Exotic Array objects have the same internal data properties as ordinary objects. They also have an
[[ArrayInitialisationState]] internal data property.
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Exotic Array objects always have a non-configurable property named "length "

Exotic Array objects provide an alternative definition for the [[DefineOwnProperty]] internal method. Except for
that internal methods, exotic Array objects provide all of the other essential internal methods as specified in
9.1.

9.2.2.1 [[DefineOwnProperty]] ( P, Desc)

When the [[DefineOwnProperty]] internal method of an exotic Array object A is called with property key P, and
Property Descriptor Descthe following steps are taken:

1. Assert: IsPropertyKgP) istrue.
2. If Pis"length ", then

a. Return the result of calling ArraySetLength wahgumentsA, andDesc
3. Else ifPis an array index, then

a. LetoldLenDesde the result of calling the [[GetOwnProperty]] internal method pissing
"length " as the argumnt. The result will never bendefined or an accessor descriptor because
Array objects are created with a length data property that cannot be deleted or reconfigured.
Let oldLenbeoldLenDesd[Value]].
Letindexbe ToUint32p).
Assert:indexwill neverbe an abrupt completion.
If indexOoldLenandoldLenDesd[Writable]] is false, then returrfalse.
Let succeedede the result of callin@rdinaryDefineOwnProperty passing, P, andDescas
arguments.
ReturnIfAbruptéucceedeq
If succeededk false, thenreturnfalse.

i. If indexOoldLen

i SetoldLenDesd[Value]] to index+ 1.
ii. Let succeededbe the result of callin@rdinaryDefineOwnProperty passing, "length ",
andoldLenDesas arguments.
iii. ReturnIfAbruptéucceeded

j. Returntrue.

4. Return the result of callin@rdinaryDefineOwnProperty passg A, P, andDescas arguments.

~oaoo
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9.2.2.2 ArrayCreate Abstract Operation

The abstract operation ArrayCreate with argument length (a positive integer or undefined) and optional
argument proto is used to specify the creation of new exotic Array objects. It performs the following steps:

If the proto argument was not passed, thengdetto be the intrinsic object %ArrayPrototype%.
Let’A be a newly created Array exotic object
SetAbs essent i al eiceptfe [[DefineOwmRrdpdrtylid the default ordinary obft
definitions specified ir9.1
Set the [PefineOwnPropert}} internal methodof A asspecifiedin 9.2.2.1
Set the [[Prototype]] internal data propertyAto proto.
Set the [[Extensible]] interal data property oA to true.
If length is notundefined, then
a. Set the [[Arraynitiali sationStatd] internal data property of to true.
Else
a. Set the [[Arraynitiali sationStatg] internal data property oA to false.
b. Letlengthbe 0.
9. Call OrdinanpefineOvnPropertywith arguments\, "length”  andProperty Descriptor {[[Value]liength
[[Writable]]: true, [[Enumerable]]false, [[Configurable]]:false}.
10. ReturnA.

Nouok wbhpE
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9.2.2.3 ArraySetLength Abstract Operation

When the abstract operation ArraySetLength is called with an exotic Array object A, and Property Descriptor
Descthe following steps are taken:
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1. If the [[Value]] field of Descis absent, then
a. Return the result of callin@rdinarypefineOwnProperty passing, "length
arguments.
2. LetnewlLenDesbe a copy bDesc
3. LetnewLenbe ToUint32Pesc[[Value]]).
4. If newLenis not equal to ToNumbeesc[[Value]]), throw aRangeError exception.

", andDescas

5. SetnewlLenDesg[Value]] to newLen
6. [LetbldLenDesdae the result of calling the [[GetOwnProperty]] internal method plasing” length " as

the argument. The result will never bedefined or an accessor descriptor because Array objects are
created with a length data property that cannot be deleted or reconfigured.
Let oldLenbeoldLenDesd[Value]].
If newLenColdLen then
a. Return the result of callin@rdinarypefineOwnProperty passing, "length
arguments.
9. If oldLenDesd[Writable]] is false, then returrfalse.
10. If newLenDesg[Writable]] is absent or has the valtrie, let newWritablebetrue.
11. Else,
a. Needto defer setting the [[Writable]] attribute falsein case any elements cannot be deleted.
b. Let newWritablebefalse.
c. SetnewlLenDesg[Writable]] to true.
12. Let succeededbe the result of callin@rdinaryDefineOwnProperty passing, " length
as arguments.
13. ReturnlfAbrupteucceeded
14. If succeededs false, returnfalse.
15. While newLen< oldLenrepeat,
a. SetoldLentooldLeni 1.
b. LetdeleteSucceeddtt the result of calling the [[Delete]] internal methodAopassing
ToString@ldLen).
ReturnIfAbrup{succeeded
d. If deleteSucceeddd false, then
i SetnewLenDesg[Value]] to oldLen+1
ii. If newWritableis false, setnewLenDesg[Writable]] to false.
iii. Let succeededbe the result of callin@rdinaryDefineOwnProperty passing, "length ",
andnewlLenDes@s argments.
iv. ReturnlfAbruptéucceedeq
V. Returnfalse.
16. If newWritableis false, then
a. Call-OrdinaryDefineOwnProperty passing, "length ", andProperty Descriptor{[[Writable]]:
false} as arguments. This call will always retutrue.
17. Returntrue.

© ~

", andnewLenDesas
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9.2.3  String Exotic Objects

A String object is an exotic object that encapsulates a String value and exposes virtual integer indexed data
properties corresponding to the individual code unit elements of the string value. Exotic String objects always
have a data property named "le ngth " whose value is the number of code unit elements in the encapsulated
String value. Both the code unit data properties and the "length " property are non-writable and non-
configurable.

Exotic String objects have the same internal data properties as ordinary objects. They also have a
[[StringData]] internal data property.

Exotic String objects provide alternative definitions for the following internal methods. All of the other exotic
String object essential internal methods that are not defined below are as specified in 9.1.

9.2.3.1 [[HasOwnProperty]] (P)

When the [[HasOwnProperty]] internal method of exotic String object O is called with property key P, the
following steps are taken:
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Assert:IsPropertyKeyP) is true.

Let hasbe theresult of calling the ordinary object [[HasOwnProperty]] internal metttd.§ on O with

argumentP.

ReturnifAbrupthas.

If hasis true, thenreturntrue.

If Type(P) is not String, then returfalse.

Letindexbe Tolntege(P).

Assert:indexis not an abrupt completion.

Let absintindexbe ToString(absifidex).

If SameValuedbsintindex P) is falsereturnfalse.

0. Let str be the String value of the$kringDatd] internal property ofO, if the value of [[StringDatal]] is
undefired the empty string is used as its value.

11. Letlen be the number oélementdn str.

12. If len Oindex returnfalse.

13. Returntrue.

N

POONOOTA®

9.2.3.2 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of an exotic String object Sis called with property key P the
following steps are taken:

Assert: IsPropertyKeW) is true.

Let descbe the result oOrdinaryGetOwnProper{, P).

ReturnIfAbrupt@esg.

If descis notundefined returndesc

If Type(P) is not String, then returandefined.

Letindexbe TolntegerP).

Assert:indexis not an abrupt completion.

Let absintindexbe ToString(absifidex).

If SameValue@bsintindex P) is false returnundefined.

0. Let str be the String value of theSkringDatd] internal dataproperty ofS, if the value of [[StringData]] is

undefined the empty string is used as its value

11. Letlen be the number oélementsn str.

12. If len Oindex returnundefined.

13. Let resultStrbe a Stringvalueof length 1, containing oneode unitfrom str, specifically thecode unitat
positionindex where the first (leftmostlementin stris considered to be at position 0, the next one at
posiion 1, and so on.

14. Return a Property Descriptor { [[ValueltesultStr [[Enumerable]]true, [[Writable]]: false,

[[Configurable]]:false} .

BOooNoOa,MwNE

9.2.3.3° [[DefineOwnProperty]] ( P, Desc)

When the [[DefineOwnProperty]] internal method of an exotic String object O is called with property key P, and
Property Descriptor Descthe following steps are taken:

1. Letcurrentbe the result of callinthe [[GetOwnProperty]] internal method &fwith argumentP.

2. Letextensiblebe thevalueof the [[Extensible]] internatlata propertyf O.

3. Returnthe result oiValidateAndApplyPropertyDescriptarith argument$, P, extensibleDesg and
current

NOTE This algorithm differs from the ordinary object OrdinaryDefineOwnProperty abstract operation algorithm only in
invocation of [[GetOwnProperty]] in step 1.

9.2.3.4  [[Enumerate]] () Commented [AWB1220]:

When the [[Enumerate]] internal method of an exotic String object O is called the following steps are taken:
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9.23.5 [[OwnPropertyKeys]] () Commented [AWB1221]:

When the [[OwnPropertyKeys]] internal method of an exotic String object O is called the following steps are

TODO

taken] ( commented [AWB1322];

TODO

9.2.3.6  StringCreate Abstract Operation

The abstract operation StringCreate with argument prototypeis used to specify the creation of new exotic
String objects. It performs the following steps:

1. LetA be a newly created String exobbject

2. SetAds essential internal methods to the default ordinary object definitions speciféed in
3. Set the [HasOwnPropertlf internal methodof A asspecifiedin 9.2.3.1

4. Set the [[GetOwnPoperty]] internal methodof A asspecifiedin 9.2.3.2

5. Set the [PefineOwnPropertj} internal methodof A asspecifiedin 9.2.3.3

6. Set the [Enumeratd internal methodof A asspecifiedin 9.2.3.4

7. Set the [PwnPropertyKeyg internal methodof A asspecifiedin 9.2.3.5

8. Set the [[Prototype]] internal data property/fo prototype

9. Set the [[Extensible]] internal data property/fo true.

10. ReturnA.

9.2.4 Symbol Exotic Objects

A Symbol object is an exotic object that may be used as a property key. Symbol exotic objects are always
immutable and never observably reference any other object.

Exotic Symbol objects provide alternative definitions for all of the essential internal methods.
9.24.1 [[GetInheritance]] ()

When the [[GetInheritance]] internal method of an exotic Symbol object O is called the following steps are
taken:

1. Returnnull.
9.2.4.2 [[SetInheritance]] (V)

When the [[Setinheritance]] internal method of an exotic Symbol object O is called with argument V the
following steps are taken:

1. Assert: Either TypeY) is Object or TypeY) is Null.
2. Returnfalse.

9.24.3 [[IsExtensible]] ()

When the [[IsExtensible]] internal method of an exotic Symbol object O is called the following steps are taken:
1. Returnfalse.

9.244 [[PreventExtensions]] ()

When the [[PreventExtensions]] internal method of an exotic Symbol object O is called the following steps are
taken:

1. Returntrue.
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9.245 [[HasOwnProperty]] (P)

When the [[HasOwnProperty]] internal method of an exotic Symbol object O is called with property key P, the
following steps are taken:

1. Returnfalse
9.2.4.6 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of an exotic Symbol object O is called with property key P, the
following steps are taken:

1. Returnundefined.
9.2.4.7 [[DefineOwnProperty]] (P, Desc)

When the [[DefineOwnProperty]] internal method of an exotic Symbol object O is called with property key P
and property descriptor Desg the following steps are taken:

1. Returnfalse
9.2.4.8 [[HasProperty]] (P)

When the [[HasProperty]] internal method of an exotic Symbol object O is called with property key P, the
following steps are taken:

1. Returnfalse
9.2.49 [[Get]] (P, Receiver)

When the [[Get]] internal method of an exotic Symbol object O is called with property key P and ECMAScript
language value Receivetthe following steps are taken:

1. Assert: IsPropertyKeW) is true.
2. Returnundefined.

9.2.4.10 [[Set]] (P, V, Receiver)

When the [[Set]] internal method of an exotic Symbol object O is called with property key P, value V, and
ECMAScript language value Receiverthe following steps are taken:

1. Returnfalse.
9.2.411 [[Invoke]] (P, ArgumentsList, Receiver)

When the [[Invoke]] internal method of an exotic Symbol object O is called with property key P, List
ArgumentsListand ECMAScript language value Receivethe following steps are taken:

1. Throw aTypeError exception.
9.2.4.12 [[Delete]] (P)

When the [[Delete]] internal method of an exotic Symbol object O is called with property key P the following
steps are taken:

1. Assert: IsPropertyKeg) istrue.
2. Returntrue.

9.2.4.13 [[Enumerate]] ()

When the [[Enumerate]] internal method of an exotic Symbol object O is called the following steps are taken:
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1. Return the result of CreateEmptylterator()
9.2.4.14 [[OwnPropertyKeys]] ()

When the [[OwnPropertyKeys]] internal method of an exotic Symbol object O is called the following steps are
taken:

1. Return the result of CreateEmptylterator().

9.25 Exotic Arguments Objects

An arguments object is an exotic object whose array index properties map to-the formal parameters bindings
of an invocation of a non-strict function.

Exotic arguments objects have the same internal data properties as ordinary objects. They also have a
[[ParameterMap]] internal data.

Exotic arguments objects provide alternative definitions for the following internal methods. All of the other
exotic arguments object essential internal methods that are not defined below are as specified in 9.1.

9.25.1 Arguments Object

When function code is evaluated, an arguments object is created unless (as specified in 9.1.16.11) the
identifier arguments occurs as an Identifier i n t he f kormalParameted or occurs as the

Bindinddentifier of a FunctionDeclarationcontained in the outermost StaementLisof the function code. Commented [AWB 223]:  Additional modification to this text
will probably be need to accout for the new declaration
statements.

The abstract operation Instantiate ArgumentsObjecalled with an argument args performs the following steps:

1. Letlenbe the number of elements angs.
2. Letobjbe the resulbf the-abstract operation ObjectCreati¢h theintrinsic object %ObjectPrototype% as
its argument
3. Call the [[DefineOwnProperty]] internal method obj passing'length " andthe Property Descriptor
{[[Value]]: len, [[Writable]]: true, [[Enumerable]]:false, [[Configurable]]:true} as arguments.
4. Letindx=len - 1.
5. Repeat whiléndx OO0,
a. Letvalbe the element adrgsat O-origined list positionndx.
b. Call the [[DefineOwnProperty]] internal method obj passing ToStringfdx) andthe Property
Descriptor {[[Value]]: val, [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:tru e} as

arguments.
c. Letindx=indx-1
6. Returnobj

The abstract operation CompleteStrictArgumentsObjeét called with argument obj which must have been
previously created by the abstract operation InstantiateArgumentsObjecEhe following steps are performed:

1. Perform theAddRestrictedFunctionProperties abstract ogerawith argumenbbj.
2. Return

The abstract operation Complet&appedArgumentsObjects called with object obj, object func grammar
production formals and environment record env. obj must have been previously created by the abstract
operation InstantiateArgumentsObje@te following steps are performed:

Letlen be theresult of Get¢bj, " length ").

Let mappedNameke an empty List.

Let numberOfNonRestFormak®e NumberOfParameters fifrmals

Let mapbe the resulof the abstract operation ObjectCreatith the intrinsic object %ObjectPrototype% as
its argument

5. Letindx=len - 1.

pONPE
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6. Repeat whiléndx OO0,
a. If indxis less than thaumberOfNonRestFormalthen
i. Let parambe getParameteof formalswith argumentndx.
ii. If paramis aBindingldentifier then
1. Letnamebe the sole element of BoundNamegafam
2. If nameis not an element omappedNameghen
a Addnameas an element of the listappedNames
b Letg be the result of calling thelakeArgGetterabstract operation with
argumentsiameandenv.
c Letp be the result of calling thlakeArgSettembstract operation with
argumentsiameandenv.
d Call the [[DefneOwnProperty]] internal method afappassing
ToString(ndx) andthe Property Descriptor {[[Set]p, [[Get]]: g,
[[Configurable]]:true} as arguments.
b. Letindx=indx-1
7. If mappedNameis not empty, then
a. Set the [[ParameterMap]] interndatapropertyof obj to map
b. Setthe [[Get]], [[GetOwnProperty]], [[DefineOwnProperty]], and [[Delete]] internal methodshpf
to the definitions provided below.
8. Call the [[DefineOwnProperty]] internal method obj passing tallee " andthe PropertyDescriptor
{[[Value]]: func, [[Writable]]: true, [[Enumerable]]:false [[Configurable]]:true} as arguments.
9. Returnobj

The abstract operation MakeArgGettercalled with String nameand environment record envcreates a function
object that when executed returns the value bound for namein env It performs the following steps:

Let bodyTextbe the result of concatenating the Stringstdrn  *“, name and ', ".

Let bodybe the result of parsingodyTextusingFunctionBodyas the goal symbol.

Let parametersbe aFormalParametes : [empty] production.

Return the result ofalling the abstract operation FunctionCreaséngNormal as thekind, parametersas
FormalParameterListbodyfor FunctionBodyenvasScope andtrue for Strict

PN P

The abstract operation MakeArgSettercalled with String nameand environment record envcreates a function
object that when executed sets the value bound for namein env. It performs the following steps:

1. LetparamTexthe the Strinqiameconcatenated with the String &rg ".

2. Letparametershe the resulbf parsingparamTextusingFormalParametes as the goal symbol.

3. LetbodyTextbe the Stringd<name> = <param>; " with <name>replaced by the value efameand
<param> replaced by the value gfaramText

4. Let bodybe the resuit of parsinigodyTextusingFuncionBodyas the goal symbol.

5. Return the result ofalling the abstract operation FunctionCreasengNormal as thekind, parametersas
FormalParameterListbodyfor FunctionBody envasScope andtrue 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. Letargsbe the arguments object.
2. Letmapbe the value of the [[ParameterMap]] intermi@taproperty of the arguments object.
3. LetisMappedbe the result of calling the [[GetOwnProperty]] internal methodhappassingP as the
argument.
4. If the value ofisMappedis undefined, then
a. Letv be the result of calling the defawdtdinary object[Get]] internal method 9.1.9 onargs
passingP andargs asthe argumers
b. If Pis"caller" andv is a strict mode Function object, throwTgpeError exception.
c. Returnv.
5. Elsemapcontains a formal parameter mapping Ryr
a. Return the result of calling Genap, P).

The [[GetOwnProperty]] 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:
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1. Letdescbe the result of calling the default [[GetOwnProperty]] intenmaithodfor ordinary object$9.1.6
on the arguments object passiRgs the argument.
If descis undefined then returrdesc
Let mapbe the value of the [[ParameterMap]] internlataproperty of the arguments object.
LetisMappedbe the result of calling the [[GetOwnProperty]] internal methodhap passingP as the
argument.
5. If the value ofisMappedis notundefined, then

a. Setdesc[[Value]] to the result of calling Gémnap, P).
6. Returndesc

bl ol

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

1. Letmapbe the value of the [[ParameterMap]] interdataproperty of tle arguments object.
2. LetisMappedbe the result of calling the [[GetOwnProperty]] internal. methodhappassingP as the
argument.
3. Letallowedbe the result of calling the default [[DefineOwnProperty]] internal metfoodrdinary objects
(9.1.7) on the arguments object passifgndDesc as the arguments.
ReturnIfAbrupt@llowed).
If allowedis false, then returrfalse.
If the value ofisMappedis notundefined, then
a. If IsAccessorDescriptoBesq istrue, then
i Call the [[Deletd] internal method ofmappassingP.as the argument.
b. Else
i If Desc[[Value]] is present, then
1. LetputStatuse the result ofPutmap, P, Desc[[Value]], false).
2. Assert: putStatuss true becausdormal parameters mapped by argument objects
are always wrible.
ii. If Desc[[Writable]] is present and its value false, then
1. Call the [[Delete]] internal method a@fiappassing® asthe argument.

ook

7. Returntrue.

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

1. Letmapbe the value of the [[ParameterMap]] intermiataproperty of the arguments object.

2. LetisMappedbe the result of calling the [[GetOwnProperty]] internal methodhap passingP as the
argument.

3. Letresultbe the result of calling the default [[Delete]] internal methiodordinary object£9.1.129 on the
arguments object passifgas the argument.

4. |If resultis true and the value ofsMappedis notundefined, then

a. Call the [[Delete]] internal method ehappassing® as the argument.
5. Returnresult

NOTE 1 For non-strict mode functions the integer indexed data properties of an arguments object whose numeric
name values are less than the number of formal parameters of the corresponding function object initially share their values

execution

with the corresponding argument bindings in the functionbs

changes the corresponding value of the argument binding and vice-versa. This correspondence is broken if such a
property is deleted and then redefined or if the property is changed into an accessor property. For strict mode functions,

argument s

the values of the arguments objecto6s p rsse@tethdfineisn aadrthereis nomp | y

dynamic linkage between the property values and the formal parameter values.

NOTE 2  The ParameterMap object and its property values are used as a device for specifying the arguments object
correspondence to argument bindings. The ParameterMap object and the objects that are the values of its properties are
not directly accessible from ECMAScript code. An ECMAScript implementation does not need to actually create or use
such objects to implement the specified semantics.

NOTE 3  Arguments objects for strict mode functions define non-configurable accessor properties named "caller " and
"callee " which throw a TypeError exception on access. The "callee " property has a more specific meaning for non-
strict mode functions and a "caller " property has historically been provided as an implementation-defined extension by
some ECMAScript implementations. The strict mode definition of these properties exists to ensure that neither of them is
defined in any other manner by conforming ECMAScript implementations.
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9.2.6 Integer Indexed Exotic Objects
An Integer Indexed object is an exotic object that performs special handling of integer property keys.

Integer Indexed exotic objects have the same internal data properties as ordinary objects additionally
[[ViewedArrayBuffer]], [[ArrayLength]], [[ByteOffset]], and [[TypedArrayName]] internal data properties.

Integer Indexed Exotic objects provide alternative definitions for the following internal methods. All of the
other Integer Indexed exotic object essential internal methods that are not defined below are as specified in
9.1.

9.2.6.1 [[HasOwnProperty]] (P)

When the [[HasOwnProperty]] internal method of an Integer Indexed exotic object O is called with property key
P, the following steps are taken:

1. Assert:IsPropertyKeyP) istrue.
2. Assert:Ois an Object that has a [[ViewedArrayBuffer]] interrdsta.
3. If Type(P) is String, then
a. Letintindexbe Tolnteger).
b. Assert:intindexis not an abrupt completion.
c. If SameValue(ToStringfitindey, P) is true, then
i. If intindex< 0, then returrfalse.
ii. Letlengthbe the value o©6s [ [ Arr ay L edatgprdpgrty. i nt er nal
iii. If lengthis undefined, then throw arypeError exception.
iv. If intindexOlength thenreturrfalse.
V. Returntrue.
4. Return the result of calling the ordinary object [[HasOwnProperty]] internal methady( on O with
argumentP.

9.2.6.2 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of an Integer Indexed exotic object O is called with property key
P the following steps are taken:

1. Assert: IsPropertyKeW) is true.
2. Assert:Ois an Object that has a [[ViewedArrayBuffer]] interrdsta.
3. If Type(P).is String, then
a. -Letintindexbe Tolntege(P).
b. Assert:intindexis not an abrupt completion.
c. If SameValue(ToString(tindey, P) is true, then
i Let valuebe the result ofntegerindexedElementGé®, intindex).
iil ReturnIfAbruptfalue).
iii. If valueis undefined, then returrundefined.
iv. Let writable betrueif the integer indexed properties @ are writabléandfalseif they are

not.
V. Return a Property Descriptor { [[Valuelyalug [[Enumerable]]itrue, [[Writable]]:
writable, [[Configurable]]:false}.
4. Returnthe result of OrdinaryGetOwnPropergy(P).

9.2.6.3 [[DefineOwnProperty]] ( P, Desc)

When the [[DefineOwnProperty]] internal method of an Integer Indexed exotic object O is called with property
key P, and Property Descriptor Descthe following steps are taken:

1. Assert: IsPropertyKeg) istrue.
2. Assert:Ois an Object that has a [[ViewedArrayBuffer]] interrtdta.
3. If Type(P) is String, then

a. Letintindexbe Tolnteger).

b. Assertiintindexis not an abrupt completion.
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c. If SameValue(ToStringttindey, P) is true, then
i If intindex< 0, then returrfalse.
ii. Letlengthbe the value o®6 s [ [ Ar r ay L edatg prdpérty. i nt er nal
iii. If lengthis undefined, then throw alypeError exception.

iv. If intindexOlength then returrfalse.
V. If IsAccessorDescriptoEfesq is true, then returrfalse.
Vi. If Deschas a [[Configurable]] field and if Desc[[Configurable]]is true, thenreturnfalse.
Vii. If Deschas an [[Enumerable]] field and ifDesc[[Enumerable]] is false, thenreturnfalse.
viii. Let writable be true |if the integer indexed properties @ are writableandfalseif they are
not.

iX. Let makeReadOnlpe false.
X. If Deschas a [[ Writable]] field, then
1. If Desc[[Writabl€]] is true andwritable is false, then returrfalse.
2. If Desc[[Writable]] is false andwritable is true, then letmakeReadOnlpetrue.
Xi. If Deschas an [[Value]] field, then
1. LetvaluebeDesc[[Value]].
2. If writable is false, then
a. LetoldValuebe the result ofntegerindexedEleme@et (O, intindex.
b. ReturnfAbrupt(oldValue).
c. If oldVvalueis undefined, thenreturrfalse.
d. If SameValuefvalue oldValue) is false, thenreturnfalse.

3. Else
a Let statusbe the result ofntegerindexedElemeS8et (O, intindex value).
b ReturnIfAbruptétatug.
Xii. If makeReadOnlis true, then mark the integer indexed properties®fs nonwritable.]
Xiii. Returntrue.

4. Returnthe result of OrdinaryGetOwnProper@yP).
9.2.6.4 [[Get]] (P, Receiver)

When the [[Get]] internal method-of.an Integer Indexed exotic object O is called with property key P and
ECMAScript language value Receivetthe following steps are taken:

1. Assert:IsPropertyKeyP) is true.
2. If Type(P) is String and ifSameValugO, Receive) istrue, then

a. Letintindexbe Tolnteger®).

b. Assert:intindexis not.an abrupt completion.

c. If SameValue(ToStng(intindey, P) is true, then

i. Return the result ofintegerindexedElementGé€®, intindex).
3. Return the result of calling the defawltdinary objec{[Get]] internal method 9.1.9 on O passingP and
Receiveras argumerst

9.2.6.5 [[Set]] (P, V, Receiver)

When the [[Set]] internal method of an Integer Indexed exotic object O is called with property key P, value V,
and ECMAScript language value Receiverthe following steps are taken:

1. Assert:IsPropertyKeyP) istrue.
2. If Type(P) is String and if SameValu€, Receivey is true, then

a. Letintindexbe TolntegerP).

b. Assert:intindexis not an abrupt completion.

c. If SameValue(ToStrind(tinde®, P) is true, then

i Return the result of ToBooledmfegerindexedElemeS8et (O, intindex V)).
3. Return the result of calling the defautdinary objec{[Set]] internal method4.1.9 on O passingP, V, and
Receiveras argumerst
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9.2.6.6  [[Enumerate]] ()

9.2.6.7 [[OwnPropertyKeys]] () ( commented [AWB1628]:

TODO

9.2.6.8 IntegerindexedObjectCreate Abstract Operation

The abstract operation IntegerindexedObjectCreate with argument prototypeis used to specify the creation of
new Integer Indexed exotic objects. It performs the following steps:

Let A be a newly created ECMAScript object
SetAd essential internal methods to tiefault ordinary object definitions specified 9n1
Set the [HasOwnProperty internal methodof A asspecifiedin 9.2.6.1
Set the [[SetOwnPropert]} internal methodof A asspecifiedin 9.2.6.2
Set the [PefineOwnPropert]} internal methodof A asspecifiedin 9.2.6.3
Set the [[5ef]] internal methodof A asspecifiedin 9.2.6.4
Set the [Bef] internal method of A asspecifiedin 9.2.6.5
Set the [Enumeratd internal methodof A asspecifiedin 9.2.6.6

Set the [PwnPropertyKey§ internal methodof A asspecifiedin 9.2.6.7
10. Set the [[Prototype]] internal data property/Afo prototype
11. Set the [[Extensible]] internal data property/to true.
12. ReturnA.

©CoNoOMwWNE

9.2.6.9 IntegerindexedElementGet ( O, index ) Abstract Operation

1. Assert: Typeindey is Number andndexis aninteger.

2. Assert: Ois an Object that has [[ViewedArrayBuffer]], [[ArrayLength[IByteOffset]], and
[[TypedArrayName]] internabata properties.

3. Letbufferbe the value o©6s [ [ Vi e we dAr r _adnat8 prdpértg.r ] ] internal

4. If bufferis undefined, then throw arypeError exception.

5. Letlengthbe the value 006 s [ [ Ar r ay L edatg prdpértly.. i nt er nal

6. If index< 0 orindexOlength then returrundefined:

7. Letoffsetbe the valueo©6 s [ [ Byt e Of daseroperty. i nt er nal

8. LetarrayTypeNamée the stringvalu®©6 s [ [ Ty pedAr r adatd properiy.] internal

9. LetelementSizée theNumber value of the Element Size value spiecifin Table 36 foarrayTypeName

10. LetindexedPositiorF (indexx elementSize+ offset
11. Let elementTypde the string value of the Element Type value in doayTypeName
12. Return the result of GetValueFromBuffet(ffer, indexedPositionelementTypke

9.2.6.10 IntegerindexedElementSet ( O, index, value ) Abstract Operation

1. Assert: Typeindey is Number andndexis aninteger.

2. Assert:Ois an Object that has [[ViewedArrayBuffer]], [[ArrayLength[[Byte Offset]], and
[[TypedArrayName]] internatlata properties.

3. Let bufferbe the valueo®6s [ [ Vi ewe d Ar r adnt8 prdpértg.r ] ] internal

4. If bufferis undefined, then throw arypeError exception.

5. Letlengthbe the value0o©6 s [ [ Ar r ay L edatg prdpérty. i nt er nal

6. LetnumValuebe ToNumbenalue)

7. ReturnifAbruptum\alue).

8. If index< 0 orindexOlength then returrfalse.

9. Letoffsetbe the valueoO6s [ [ Byt e Of dameroperty. i nt er nal

10. LetarrayTypeNamde the stringvalu®és [ [ Ty pedAr r adatd properfy.] internal

11. Let elementSizée theNumber value of the Element Size value specifiedable 36 forarrayTypeName

12. LetindexedPositiorr (indexx elementSize+ offset

13. Let elementTypde the string value of the Element Type valud able 36 for arrayTypeName

14. Let statusbe the result of SetValuelnBuffdnffer, indexedPositionelementTypenumValug.

15. ReturnlfAbruptétatus.

16. Returntrue.
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9.2.7 Built-in Function Objects

The built-in function objects defined in this specification may be implemented as either ordinary function
objects whose behaviour is provided using ECMAScript code or as implementation provided exotic function
objects whose behaviour is provided in some other manner. In either case, the effect of calling such functions
must conform to their specifications.

If an implementation provided exotic object is used, the object must have the ordinary object behaviour
specified in 9.1 except for [[Get]] and [[GetOwnProperty]] which must be as specified in 9.1.16. All such exotic
function objects also have [[Prototype]] and [[Extensible]] internal data.

[[Call]] and [[Construct]] Commented [AWB1229]:  TODO: need to talk about [[Call]]
and [[Construct]] behaviour of chapter 15 native functions.

9.2.7.1  CreateBuiltinFunction Abstract Operation

The abstract operation CreateBuiltinFunction takes a single argument, steps that is a list of algorithm steps. It
returns a bult-in function object created by following steps:

1. |Let funcbe a new buikin function object, in the current Realm, that when called performs the action described by

steps}, Commented [AWB1630]: Perhaps this needs to be
2. Returnfunc elaborated.

9.3 Proxy Object Internal Methods and Internal Data Properties

A proxy object is an exotic object whose essential internal methods are partially implemented using

ECMAScript code. Every proxy objects has:an internal data property called [[ProxyHandler]]. The value of

[[ProxyHandler]] is always an object, cal | ed Hharder olpiecto XMgtbods of a handler object may be

used to augment the i mpl ementation for one Evgeryproxgr e of the proxy objectds i
object also has an internal data property called [[ProxyTarget]] whose value is either an object or the null

valuee This object itargetohjécl. ed t he proxyos

When a handler method is called to provide the implementation of a proxy object internal method, the handler

met hod is passed the proxyo6s target object a sessaily par amet er . A proxyo6s handl
have a method corresponding to every essential internal method. Invoking an internal method on the proxy
results int"the invocation of the corresponding internal method on the proxy

does not have a method corresponding to the internal trap.

The [[ProxyHandler]}.and [[ProxyTarget]] internal data properties of a proxy object are always initialised when
the object.is created and. typically may not be modified. Some proxy objects are created in a manner that
permits them to be subsequently revoked. When a proxy is revoked, its [[ProxyHander]] internal data property
is setto a special revoked proxy handler object and its [[ProxyTarget]] internal data property is set to null.

Because proxy permit arbitrary ECMAScript code to be used to in the implementation of internal methods, it is
possible to define a proxy object whose handler methods violates the invariants defined in 6.1.6.3. Some of
the internal method invariants defined in 6.1.6.3 are essential integrity invariants. These invariants are
explicitly enforced by the proxy internal methods specified in this section. An ECMAScript implementation
must be robust in the presence of all possible invariant violations.

In the following algorithm descriptions, assume O is an ECMAScript proxy object, P is a property key value, V
is any ECMAScript language value, Descis a Property Description record, and B is a Boolean flag.

9.3.1 [[Getlnheritance]] ()

When the [[GetInheritance]] internal method of an exotic Proxy object O is called the following steps are taken:
Let handlerbe the value of the fProxyHandlef] internal data property ofO.

Let targetbe the value of the PProxyTargel] internal dataproperty ofO.

Let trap be the result of GetMethodéndler, "getPrototypeOf ).
ReturnIfAbruptfrap).

PONPE
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5. |If trap is undefined, then
a. Return the result of calling the [[Getlnheritance]] internal methothofet
6. LethandlerProtobe the result of callinghe [[Call]] internal method ftrap with handleras thethis value
and a new List containingirget
7. ReturnlfAbrupthandlerProtg.
8. LettargetProtobe the result of calling the [[GetInheritance]] internal methothodet
9. ReturnlfAbruptfargetProtg.
10. If SameValueliandlerProtq targetProto) is false, then throw alrypeError exception.
11. ReturnhandlerProto

NOTE [[GetInheritance]] for proxy objects enforces the following invariant:
1 [[Getinheritance]] applied to the proxy object must return the same value as [[GetInheritance] applied to the
proxy objectds target object.

9.3.2 [[SetInheritance]] (V)

When the [[SetInheritance]] internal method of an exotic Proxy object O is called with argument V the following
steps are taken:

Assert: Either Type() is Object or TypeY) is Null.
Let handlerbe the value of the [ProxyHandlef] internaldata property ofO.
Lettargetbethe value of the PProxyTargel] internaldataproperty ofO.
Let trap be the result of GetMetholdéndler, "setPrototypeOf ).
ReturnlfAbruptfrap).
If trap is undefined, then
a. Retun the result of calling the [[Setlnheritance]] internal methodiaofetwith argumentv.
LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingargetandV.
8. ReturnlfAbruptfrapResul}.
9. LettrapResultbe ToBooleanfrapResul}.
10. Let extensibleTargebe the result of ISExtensibleget).
11. ReturnIfAbruptextensibleTarget
12. If extensibleTargeis true, then returrtrapResult
13. LettargetProtobe the result of calling the [[GetInheaitce]] internal method darget
14. ReturnIfAbrupttargetProto.
15. If trapResultis true andSameValugV, targetProto is false, then throw arypeError exception.
16. ReturntrapResult

oM wnNE
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NOTE [[SetInheritance]] for proxy objects enforces the following invariant:
1 If.the target object is not extensible, the argument value must be the same as the result of [[Getinheritance]]
applied to target object.
9.3.3 " [[IsExtensible]] ()

When the [[IsExtensible]] internal method of an exotic Proxy object Ois called the following steps are taken:

1. Lethandlerbethe value of the ProxyHandlel] internal data property ofO.
2. Lettargetbethe value of the fProxyTargel] internal dataproperty ofO.
3. Lettrap be the result of GetMetholdéndler, "isExtensible ).
4. ReturnlfAbruptrap).
5. |If trap is undefined, then
a. Return the result of calling the [[IsExtensible]] internal methotaoget
6. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingarget
7. ReturnlfAbryt(trapResul}.
8. LetbooleanTrapResule ToBooleartfapResul}.
9. LettargetResulbe the result of calling thel§Extensiblg] internal method ofarget

10. ReturnIfAbrupttargetResult
11. If SameValuefooleanTrapResultargetResultis false, then throw arypeError exception.
12. ReturnbooleanTrapResult
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NOTE [[IsExtensible]] for proxy objects enforces the following invariant:
1 [[IsExtensible]] applied to the proxy object must return the same value as [[IsExtensible]] applied to the proxy
object ds t dhtlpsame ardgunentc t w
9.3.4 [[PreventExtensions]] ()

When the [[PreventExtensions]] internal method of an exotic Proxy object O is called the following steps are

taken:

1. Lethandlerbethe value of the ProxyHandlelf] internal data property ofO.
2. Lettargetbethe value of the PProxyTargel] internal dataproperty ofO.

3. Lettrap be the result of GetMetholdéndler, "preventExtensions ").

4. ReturnlfAbruptrap).

5. |If trap is undefined, then

a. Return the result of calling the [[PreventExtensions]] internal methdedrget
Let trapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new ListcontainingtargetLet booleanTrapResulte ToBooleartfapResuly
7. ReturnifAbruptpooleanTrapResu)t
8. LettargetlsExtensiblde the result of calling the I§Extensiblg] internal method ofarget
9. ReturnlfAbrupttargetisExtensible
10. If booleanTrapResuis true andtargetisExtensiblés true, then throw arypeError exception.
11. ReturntargetlsExtensible

o

NOTE [[PreventExtensions]] for proxy objects enforces the following invariant:
1 [[PreventExtensions]] applied to the proxy object only returnstrue i f [ [ | sExt ensi bl e] ] applied to the proxy objectods
target object is false.

9.3.5 [[HasOwnProperty]] (P)

When the [[HasOwnProperty]] internal method of an exotic' Proxy object O is called with property key P, the
following steps are taken:

1. Assert:IsPropertyKeyP) is true.
2. Lethandlerbethe value of the ProxyHandlef] internal data property ofO.
3. Lettargetbethe value of the ProxyTargel] internaldataproperty ofO.
4. Lettrap be the result of GetMethol@ndler, *hasOwn").
5. ReturnlfAbrupt¢rap).
6. If trap is undefined, then
a. Return the result of calling the [[HasOwnProperty]] internal methoghgfet with argument.
7. LettrapResultbe the reult of callingthe [[Call]] internal method ofrap with handleras thethis value and

a new List containingargetandP.
8. ReturnlfAbrupt¢rapResul}.
9. Letsuccesde ToBoolearifapResuly.
10. If successs false, then
a. LettargetDesche the result of callinghe [[GetOwnProperty]] internal method t#rgetwith
argumentP.
b. ReturnlfAbrupt¢argetDesg.
c. |If targetDesds notundefined, then
i If targetDesc[[Configurable]] isfalse, then throw alypeError exception.
ii. Let extensibleTargebe the result of calling thglsExtensible]] internal method dhrget
iii. ReturnIfAbruptextensibleTarget
iv. If ToBooleangxtensibleTargétis false, then throw arypeError exception.
11. Elsesuccesss true,
a. LetextensibleTargebe the result of ISExtensiblafge).
b. ReturnlfAbruptéxtengbleTarge).
c. If ToBooleangxtensibleTarg@tis true, then returrsuccess
d. LettargetDesche the result of calling the [[GetOwnProperty]] internal methothogetwith
argumentP.
e. ReturnifAbrupttargetDesg.
f. If targetDesds undefined, thenthrow aTypeErr or exception.
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. Returnsuccess

NOTE [[HasOwnProperty]] for proxy objects enforces the following invariants:

1 A property cannot be reported as non-existent, if it exists as a non-configurable own property of the target object.

1 A property cannot be reported as non-existent, if it exists as a own property of the target object and the target
object is not extensible.

1 A property cannot be reported as existent, if it does not exists as a own property of the target object and the
target object is not extensible.

9.3.6 [[GetOwnProperty]] (P)

When the [[GetOwnProperty]] internal method of an exotic Proxy object O is called with property key P, the
following steps are taken:

ogpwWNE

~N

22.

Assert:IsPropertyKeyP) is true.
Let handlerbe the value of the fProxyHandlef] internal data property ofO.
Lettargetbethe value of the ProxyTargei] internal dataproperty ofO.
Lettrap be the result of GetMethodéndler, "getOwnPropertyDescriptor ").
ReturnlfAbruptfrap).
If trap is undefined, then
a. Return the result of calling the [[GetOwrdperty]] internal method ofargetwith argument.
Let trapResultObje the result of callinghe [[Call]] internal method ofrap with handleras thethis value
and a new List containingargetandP.
ReturnIfAbruptfrapResultOb).
If Type(trapResultOb) is neither Object or bdefined then throw aypeError exception.

. LettargetDesche the result of calling the [[GetOwnProperty]] internal methothogetwith argumentP.
. ReturnlfAbruptfargetDesg.
Cf trapResultObjs undefined, then

If targetDesds undefined, then returrundefined.

If targetDesc[[Configurable]] isfalse, then throw alypeError exception.
Let extensibleTargebe the result of ISExtensiblafget).
ReturnIfAbruptextensible Targgt

If ToBooleangxtensibleTargetis false, then throw arypeError exception.
Returnundefined.

~oaoope

. Let extenS|bIeTargelbe the result of IsExtensiblafget).

. ReturnifAbruptéxtensibleTargét

. SetextensibleTargeto ToBooleanéxtensibleTarges

. Let resultDeschbe ToPropertyDescriptaapResultOb).

. ReturnIfAbruptfesultDesg.

. Call CompletePropertyDescriptagsultDesctargetDesg.

. Letwvalid be the result of IsCompatiblePropertyDescriptextensibleTargetresultDesctargetDesg.
. If'valid is false, then throw arypeError. exception.

. If resultDesc[[Configurable] is false, then

a. |If targetDesds undefined or targetDesc[[Configurable]] istrue, then
i Throw aTypeError exception.
ReturnresultDesc

NOTE [[GetOwnProperty]] for proxy objects enforces the following invariants:

94

1 The result of [[GetOwnProperty]] must be either an Object or undefined.

1 A property cannot be reported as non-existent, if it exists as a non-configurable own property of the target object.

1 A property cannot be reported as non-existent, if it exists as a own property of the target object and the target
object is not extensible.

1 A property cannot be reported as existent, if it does not exists as a own property of the target object and the
target object is not extensible.

1 A property cannot be reported as non-configurable, if it does not exists as a own property of the target object or if
it exists as a configurable own property of the target object.

1 The result of [[GetOwnProperty]] can be applied to the target object using [[DefineOwnPropery]] and will not
throw an exception.
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9.3.7 [[DefineOwnProperty]] (P, Desc)

When the [[DefineOwnProperty]] internal method of an exotic Proxy object O is called with property key P and
property descriptor Desg the following steps are taken:

Assert:IsPropertyKeyP) is true.
Let handlerbethe value of the ProxyHandle]] internal data property ofO.
Let targetbe the value of the PProxyTargel] internal dataproperty ofO.
Let trap be the result of GetMetholdéndler, "defineProperty ").
ReturnIfAbrupt¢rap).
If trap is undefined, then
a. Return the result of calling éh[[DefineOwnProperty]] internal method tdrgetwith argument$
andDesc
Let descObjbe FromPropertyDescriptddesg.
8. NOTE If Descwas originally generated from an object using ToPropertyDescriptoithen descObjwill be that original
object.
9. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingarget, P, anddescObj
10. ReturnIfAbruptfrapResul}.
11. If ToBooleanfrapResul} is false, thenreturnfalse.
12. Let targetDescbe the rsult of calling the [[GetOwnProperty]] internal methodtafgetwith argumentP.
13. ReturnIfAbrupttargetDesg.
14. Let extensibleTargebe the result of IsExtensibl@fge).
15. ReturnIfAbruptextensibleTarggt
16. SetextensibleTargeto ToBooleanéxtensibleTarget
17. If Deschas a [Configurabld] field and if Desc[[Configurable]] isfalse,then
a. LetsettingConfigFalsdetrue.
18. Else letsettingConfigFalsde false.
19. If targetDesds undefined, then
a. If extensibleTargeis false, thenthrow aTypeError exception.
b. If setingConfigFalseistrue, thenthrow aTypeError exception.
20. ElsetargetDesds notundefined,
a. If IsCompatiblePropertyDescriptaktensibleTargetDesc, targetDesg is false, thenthrow a
TypeError exception.
b. If settingConfigFalsés true andtargetDesc[[Configurable]] istrue, thenthrow aTypeError
exception.
21. Returntrue.

oA WNE

NOTE [[DefineOwnProperty]] for proxy objects enforces the following invariants:
1 A property cannot be added, if the target object is not extensible.
1 A property cannot be added as or modified to be non-configurable, if it does not exists as a non-configurable own
property of the target object.
1 A property may not be non-configurable, if is corresponding configurable property of the target object exists.
1 If a property has a corresponding target object property then apply the property descriptor of the property to the
target object using [[DefineOwnPropery]] will not throw an exception.

9.3.8 [[HasProperty]] (P)

When the [[HasProperty]] internal method of an exotic Proxy object O is called with property key P, the
following steps are taken:

1. Assert:IsPropertyKeyP) istrue.
2. Lethandlerbethe value of the ProxyHandlef] internal data property ofO.
3. Lettargetbethe value of the ProxyTargel] internal dataproperty ofO.
4. Lettrap be the result bGetMethodbandler, "has").
5. ReturnlfAbruptrap).
6. If trap is undefined, then
a. Return the result of calling the [[HasProperty]] internal methothofetwith argumentP.
7. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with hander as thethis value and

a new List containingargetandP.
8. ReturnlfAbrupt(rapResul}.
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9. Letsuccesde ToBooleartfapResul}.
10. If successs false, then
a. LettargetDescbe the result of calling the [[GetOwnProperty]] internal methotaodetwith
argumentP.
b. ReturnifAbrupttargetDesg§.
c. If targetDesds notundefined, then
i. If targetDesc[[Configurable]] isfalse, then throw alypeError exception.
ii. Let extensibleTargebe the result of ISExtensibl@fge).
iii. ReturnIfAbruptextensibleTarget
iv. If ToBooleangxtersibleTarge} is false, then throw alypeError exception.
11. Returnsuccess

NOTE [[HasProperty]] for proxy objects enforces the following invariants:
1 A property cannot be reported as non-existent, if it exists as a non-configurable own property of the target object.
1 A property cannot be reported as non-existent, if it exists as a own property of the target object and the target
object is not extensible.

9.3.9 [[Get]] (P, Receiver)

When the [[Get]] internal method of an exotic Proxy object O'is called with property key P and ECMAScript
language value Receivethe following steps are taken:

Assert:IsPropertyKeyP) is true.
Let handlerbe the value of the ProxyHandlei] internal data property ofO.
Let targetbethe value of the ProxyTargei] internal datapropety of O.
Lettrap be the result of GetMetholdéndler, “get ).
ReturnIfAbruptfrap).
If trap is undefined, then
a. Return the result of calling the [[Get]] internal methodafgetwith arguments® andReceiver
7. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingarget, P, andReceiver
8. ReturnIfAbrupttrapResul}:
9. LettargetDesche the result of calling the [[GetOwnProperty]] internal methothogetwith argumentP.
10. ReturnlfAbrupttargetDesg.
11. If targetDesds notundefined, then
a. If IsDataDescriptotargetDes¢ andtargetDesc][Configurable]] isfalse and
targetDesc[[Writable]] s false, then
i If SameValue(rapResulttargetDesc[[Value]]) is false, then throw arypeError
exception.
b If IsAccessobescriptorfargetDesg¢ andtargetDesc[[Configurable]] isfalse andtargetDesc][ Gef]]
is undefined, then
i. If trapResultis notundefined, then throw arypeError exception.
12. ReturntrapResult

oapwNE

NOTE [[Get]] for proxy objects enforces the following invariants:
The value reported for a'property must be the same as the value of the corresponding target object property if the
target object property is a non-writable, non-configurable data property.
1 The value reported for a property must be undefined if the corresponding corresponding target object property is
non-configurable accessor property that has undefined as its [[Get]] attribute.

9.3.10 [[Set]] (P, V, Receiver)

When the [[Set]] internal method of an exotic Proxy object O is called with property key P, value V, and
ECMAScript language value Receiverthe following steps are taken:

Assert:IsPropertyKeyP) is true.

Let handlerbe the value of the ProxyHandlel] internal data property ofO.
Let targetbethe value of the ProxyTargei] internal dataproperty ofO.
Lettrap be the result of GetMethodéndler, "set ").

ReturnIfAbruptfrap).

apwDE
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6. |If trap is undefined, then
a. Return the result of calling the [[Set]] internal methodargetwith argument®, V, andReceiver
7. LettrapResultbe the resulof callingthe [[Call]] internal method ofrap with handleras thethis value and
a new List containingarget, P, V, andReceiver
8. ReturnlfAbruptrapResul}.
9. If ToBooleanfrapResul} is false, thenreturnfalse.
10. Let targetDescbe the result of callinghe [[GetOwnProperty]] internal method t#rgetwith argumentP.
11. ReturnIfAbrupttargetDesg§.
12. If targetDesds not undefined, then
a. If IsDataDescriptotiargetDesg andtargetDesc[[Configurable]] isfalse and
targetDesc[[Writable]] is false, then
i If SameVaue(V, targetDesc[[Value]]) is false, then throw arypeError exception.
b. If IsAccessobescriptortargetDesg¢ andtargetDesc[[Configurable]}isfalse, then
i If targetDesc[[Sef] is undefined, then throw arypeError exception.
13. Returntrue.

NOTE [[Set]] for proxy objects enforces the following invariants:
Cannnot change the value of a property to be different from the value of the corresponding target object property
if the corresponding target object property is a non-writable, non-configurable data property.
1 Cannot set the value of a property if the corresponding corresponding target object property is a non-configurable
accessor property that has undefined as its [[Set]] attribute.

9.3.11 [[Invoke]] (P, ArgumentsList, Receiver)

When the [[Invoke]] internal method of an exotic Proxy object O is called with property key P, List
ArgumentsListand ECMAScript language value:Receivetthe following steps are taken:

Assert:IsPropertyKeyP) is true..
Let handlerbe the value of the fProxyHandlef] internal data propery of O.
Let targetbe the value of the ProxyTargel] internal dataproperty.ofO.
Let trap be the result of GetMetholéndler, “invoke ).
ReturnIfAbruptgrap).
If trap is undefined, then
a. Return the result of calling the [[Invoke]] internal methoda®et with argumentd,
ArgumentsListandReceiver
Let argArray be the result of CreateArrayFromLisigumentsList
Returnthe result of callinghe [[Call]] internal method ofrap with handleras thethis value and a new List
containingtarget, P, argArray, andReceiver

ogrLONE

© N

NOTE There are no invariants enforced for [[Invoke]].
9.3.12 [[Delete]] (P)

When the [[Delete]] internal method of an exotic Proxy object O is called with property name P the following
steps are taken:

Assert:IsPropertyKeyP) is true.

Let handler bethe value of the fProxyHandlef] internal data property ofO.

Let targetbe the value of the ProxyTargel] internal dataproperty ofO.

Let trap be the result of GetMetholéndler, "deleteProperty ~ *).

ReturnIfAbruptfrap).

If trap is undefined, then
a. Return the result of calling the [[Delete]] internal methodarfetwith argument.

7. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingargetandP.

8. ReturnlfAbrug(trapResul}.

9. If ToBooleanfrapResul} is false, thenreturnfalse.

10. Let targetDeschbe the result of calling the [[GetOwnProperty]] internal methothofetwith argumentP.

11. ReturnlfAbruptfargetDesg.

12. If targetDesds undefined, then returrtrue.

oA WNE
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13. If targetDesc[[Configurable]] isfalse, thenthrow aTypeError exception.
14. Returntrue.

NOTE [[Delete]] for proxy objects enforces the following invariant:
1 A property cannot be deleted, if it exists as a non-configurable own property of the target object.

9.3.13 [[Enumerate]] ()
When the [[Enumerate]] internal method of an exotic Proxy object O is called the following steps are taken:

Let handlerbe the value of the ProxyHandlel] internal data property ofO.

Lettargetbethe value of the ProxyTargei] internal data property ofO.

Lettrap be the result of GetMethodéndler, "enumerate ").

ReturnIfAbruptfrap).

If trap is undefined, then
a. Return the result of calling theBHhumerat§ internal method ofarget

6. LettrapResultbe the result of callinghe [[Call]] internal method ofrap with handleras thethis value and
a new List containingarget

7. ReturnlfAbruptfrapResul}.

8. If Type(trapResul} is not Object, then throw BypeError exception.

TODO: we may need to add a lot of additional invariant checking he@rdiag to the wiki spec. But maybe i

arwnE

real |l y i s.nTomvcnesporsdthirkiit pnay be possible to waive the extra invariant checks for Commented [AWB1233]:

[[Enumerate]]. It's not a crucial primitive. My reasoningis that [[Enumerate]] deals with both own aariténh
properties, and we don't really enforce any invariants on inherited properties. So | guess it's ok if the invariants
for [[Enumerate]] are weakened.

Do note that this is a bit inconsistent with the way we treat internal methods like [[HasProd¢@&siR]] and

[[SetP]]: these also deal with own and inherited properties, but still enforce invariants on own properties.

9. ReturntrapResult

NOTE [[Enumerate]] for proxy objects enforces the following invariants:
1 The result of [[Enumerate]] must be an Object.

9.3.14 [[OwnPropertyKeys]]()

When the [[OwnPropertyKeys]] internal method of an exotic Proxy object O is called the following steps are
taken:

1. Lethandlerbethe value of the ProxyHandlel] internal data property ofO.
2. Lettargetbethe value of the fProxyTargel] internal dataproperty ofO.
3. Lettrapbe the result of GetMetholdéndler, "ownKeys").
4. ReturnlfAbrupt¢rap).
5. |If trap is undefined, then
a. Return the result of calling the@wnPropertyKey§ internal method ofarget
6. LettrapResultbe the resli of calling the [[Call]] internal method ofrap with handleras thethis value and

a new List containingarget
7. ReturnlfAbruptfrapResul}.
8. If Type(trapResul} is not Objectthenthrow aTypeError exception.
9. TODO: we may need to add a lot of additabimvariant checking here according to the wiki spec. But

maybe it really isnodt necessary Commented [AWB1234]:

10. ReturntrapResult

NOTE [[OwnPropertyKeys]] for proxy objects enforces the following invariants:
1 The result of [[OwnPropertyKeys]] must be an Object.

9.3.15 [[Call]] (thisArgument, argumentsList)

The [[Call]] internal method of an exotic Proxy object O is called with parameters thisArgument and
argumentsLista List of ECMAScript language values. The following steps are taken:

1. Lethandlerbethe value of the fProxyHandle]] internal data property ofO.
2. Lettargetbethe value of the PProxyTargel] internal dataproperty ofO.
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3. Lettrap be the result of GetMetholéndler, "apply ).

ReturnIfAbrupt¢rap).

If trap is undefined, then
a. Return the result of calling the [[Callinternal method ofargetwith argumentghisArgumenand

argumentsList

6. LetargArray be the result of CreateArrayFromLiatgumentsList

7. Return the result of callinthe [[Call]] internal method ofrap with handleras thethis value and a new List
cortainingtarget thisArgumentandargArray.

NOTE An Proxy exotic object only has a [[Call]] internal method if the initial value of its [[ProxyTarget]] internal data

property is an object that has a [[Call]] internal method. Commented [AWB1835]:  TODO Make sure this is
implemented when instantiating a Proxy.

9.3.16 [[Construct]] Internal Method

The [[Construct]] internal method of an exotic Proxy object O is called with a single parameter argumentsList
which is a possibly empty List of ECMAScript language values. The following steps are taken:

Let handlerbethe value of the ProxyHandletl] internal data property ofO.
Let targetbe the value of the PProxyTargel] internal dataproperty ofO.
Let trap be the result of GetMethodéndler, "construct  *).
ReturnIfAbrupt¢rap).
If trap is undefined, then
a. Return the result of calling the [[Constriicinternal. method otargetwith argumentrgumentsList
Let argArray be the result of CreateArrayFromLiatgumentsList
Let newObjbe the result of callingrap with handleras thethis value and a new List containirigrgetand
argArray.
8. ReturnlfAbrug(newOb).
9. If Type(newOb) is not Object, then throw BypeError exception.
10. ReturnnewODbj

g wnNE
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NOTE1  An Proxy exotic object only has a [[Construct]] internal method if the initial value of its [[ProxyTarget]] internal
data property is an object that has‘a [[Construct]] internal method.

NOTE 2  [[Construct]]] forproxy objects enforces the following invariants:
1 The result of [[Construct]] must be an Object.

10 ECMAScript Language:Source Code

Syntax

SourceCharacter:
any Unicode character

The ECMAScript code is expressed using Unicode, version 5.1 or later. ECMAScript source text is a
sequence of Unicode characters. T h e phrasde fiUhic a s tte the abstratf limguistic or
typographical unit. represented by a single Unicode scalar value. The actual encodings used to store and
interchange ECMAScript source text is not relevant to this specification. Any well-defined encoding such as
UTF-32 or UTF-16 may be used. Source text might even be externally represented using a non-Unicode
character encoding.  Regardless of the external source text encoding, a conforming ECMAScript
implementation processes the source text as if it was an equivalent sequence of SourceCharactevalues. Each
SourceCharactebeing an abstract Unicode character with a corresponding Unicode scalar value. Conforming
ECMAScript implementations are not required to perform any normalisation of text, or behave as though they
were performing normalisation of text.

The phrase ficodesumdi nat oUnriecfoedres stcoal ar  vaaly nefers to éntities code character o
represented by single Unicode scalar values: the components of a combining character sequence are still
individual AUni code characters, o even though a user might think of the whol e

In string literals, regular expression literals,template literals and identifiers, any Unicode characters may also
be expressed as a Unicode escape sequencet hat expl icitly express Withmade pointdés numeric value.
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comment, such an escape sequence is effectively ignored as part of the comment. Within other contexts, such
an escape sequence contextually contributes one Unicode character.

NOTE ECMAScript differs from the Java programming language in the behaviour of Unicode escape sequences. In a
Java program, if the Unicode escape sequence \ uO00A, 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 Unicode character is not part of the
comment. Similarly, if the Unicode escape sequence \ uO00A occurs within a string literal in a Java program, it is likewise
interpreted as a line terminator, which is not allowed within a string literald one must write \ n instead of \ uOOOA to cause
a line feed to be part of the string value of a string literal. In an ECMAScript program, a Unicode escape sequence
occurring within a comment is never interpreted and therefore cannot contribute to termination of the comment. Similarly, a
Unicode escape sequence occurring within a string literal in an ECMAScript program always contributes a Unicode
character to the literal and is never interpreted as a line terminator or as a quote mark that might terminate the string literal.

ECMAScript String values (6.1.4) are computational sequences of 16-bit integer values called ftode unitso .
ECMAScript language constructs that generate string values from SourceCharactesequences use UTF-16
encoding to generate the code unit values.

Static Semantics: UTF-16 Encoding
The UTF-16 Encodingof a numeric code point value, cp, is determined as follows:

As s e r ¢pOOxQ0FEFF

fcpO 65535, dphen return

Let culbefloor((cpi 65536 / 1024) + 55296NOTE 55296 is 0xD800.
Letcu2be (cpi 65536) modulo 1024} 56320.NOTE 56320is 0xDCOO.
Returnthe code unit sequence consistingcofl followed bycu2.

aprwNE

10.1 Types of Executable Code
There are four types of ECMAScript code:

1 Global code is source text that is treated as an ECMAScript Script The global code of a particular
Script does not include any source text that is parsed as part of a FunctionBody GeneratoBody,
ConciseBodyClassBodyor ModuleBody

1 Eval code is the source text supplied-to-the built-in eval function. More precisely, if the parameter
to the built-in eval function_ is a String, it is treated as an ECMAScript Script The eval code for a
particular invocation of eval is the global code portion of that Script

1 Function code is source text that.is parsed to supply the value of the [[Code]] internal data property
(see 9.1.16) of function and generator objects. The function code of a particular function or
generator does not include any source text that is parsed as the function code of a nested
FunctionBody GeneratoBody, ConciseBodyor ClassBody

1 Module code is source text that is code that is provided as a ModuleBody It is the code that is
directly evaluated when a module is initialised. The module code of a particular module does not
include any source text that is parsed as part of a nested FunctiorBody, GeneratoBody, ConciseBody
ClassBody or ModuleBody

NOTE Function code is generally provided as the bodies of Function Definitions (14.1), Arrow Function Definitions
(14.2), Method Definitions (14.3) and Generator Definitions (14.4). Function code is also derived from the last argument to
the Function constructor (19.2.1.1) and the GeneratorFunction constructor (25.3.1.1).

10.1.1 Strict Mode Code
An ECMAScript Script syntactic unit may be processed using either unrestricted or strict mode syntax and
semantics. When processed using strict mode the four types of ECMAScript code are referred to as module

code, strict global code, strict eval code, and strict function code. Code is interpreted as strict mode code in
the following situations:
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1 Global code is strict global code if it begins with a Directive Prologue that contains a Use Strict Directive
(see 15.2).

1 Module code is always strict code.

T A k:lassDeclaratiomr a ClassExpressidis always strict code.

1 Eval code is strict eval code if it begins with a Directive Prologue that contains a Use Strict Directive or if
the call to eval is a direct call (see 18.2.1.1) to the eval function that is contained in strict mode code.

1 Function code that is part of a FunctionDeclaration FunctionExpressionor accessor PropertyDefinitionis
strict function code if its FunctionDeclaration FunctionExpressionor PropertyDefinitionis contained in strict
mode code or if the function code begins with a Directive Prologue that contains a Use Strict Directive.

1 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 FunctionBodybegins with a Directive
Prologue that contains a Use Strict Directive.

10.1.2 Non-ECMAScript Functions

An ECMAScript implementation may support the evaluation of function objects whose evaluative behaviour is
expressed in some implementation defined form of executable code other than via ECMAScript code.
Whether a function object is an ECMAScript code function or a non<ECMAScript function is not semantically
observable from the perspective of an ECMAScript code function that calls or is called by such a non-
ECMAScript function.

11 ECMAScript Language: Lexical Grammar

The source text of an ECMAScript script 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 are several situations where the identification of lexical input elements is sensitive to the syntactic
grammar context that«s consuming the input elements. This requires multiple goal symbols for the lexical
grammar. The InputElementDivgoal symbol is the default goal symbol and is used in those syntactic grammar
contexts where a leading division (/) or division-assignment (/=) operator is permitted. The
InputElementRegExgoal symbol is used in all syntactic grammar contexts where a RegularExpressionLiterab
permitted. The InputElementemplat@ail goal is used in syntactic grammar contexts where a Templatéiteral
logically continues after a substitution element.

NOTE There are no syntactic grammar contexts where both a leading division or division-assignment, and a leading
RegularExpressionLiterahre permitted. This is not affected by semicolon insertion (see 11.9); in examples such as the
following:

a=b
/hilg.exec(c).map(d);

where the first non-whitespace, non-comment character after a LineTerminatoris 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);
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Syntax

InputElementDiv:
WhiteSpace
LineTerminator
Comment
Token
DivPunctuator
RightBracé>unctuator

InputElementRegExp
WhiteSpace
LineTerminator
Comment
Token
RightBracé’unctuator
RegularExpressionLiteral

InputElemeritemplatdail ::
WhiteSpace
LineTerminator
Comment
Token
DivPunctuator
TemplatSubstitutionTail

11.1 Unicode Format-Control Characters

The Unicode format-c ont r ol characters i .e., the <characters

Database such as LEFT-TO-RIGHT MARK or RIGHT-TO-LEFT MARK) are control codes used to control the
formatting of a range of text in the absence of 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, template 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
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 11.2).

The special treatment of certain format-control characters outside of comments, string literals, and regular
expression literals is summarised in Table 27.

Table 27 6 Format-Control Character Usage

Code Point Name Formal Name Usage
U+200C Zero width non-joiner <ZWNJ> IdentifierPart
U+200D Zero width joiner <ZWJ> IdentifierPart
U+FEFF Byte Order Mark <BOM> Whitespace
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11.2 White Space

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

The ECMAScript white space characters are listed in Table 28.
Table 28 3 Whitespace Characters

Code Point Name Formal Name

U+0009 Tab <TAB>

U+000B Vertical Tab <VT>

U+000C Form Feed <FF>

U+0020 Space <SP>

U+00A0 No-break space <NBSP>

U+FEFF Byte Order Mark <BOM>

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

ECMAScript implementations must recognise all of the white space characters defined in Unicode 5.1. Later
editions of the Unicode Standard may define‘other white space characters. ECMAScript implementations may
recognise white space characters from later editions of the. Unicode Standard.

Syntax

WhiteSpace
<TAB>
<VT>
<FF>
<SP>
<NBSP>
<BOM>
<USsP>

11.3 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 (11.9). A line terminator
cannot occur within any token except a StringLiteral Template or TemplatSubstitutionTail Line terminators may
only occur within a StringLiteraltoken as part of a LineContinuation

A line terminator can occur within a MultiLineCommen(11.4) 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 29.
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Table 29 8 Line Terminator Characters

Code Point Name Formal Name
U+000A Line Feed <LF>
U+000D Carriage Return <CR>
U+2028 Line separator <LS>
U+2029 Paragraph separator <PS>

Only the Unicode characters in Table 29 are treated as line terminators. Other new line or line breaking
Unicode characters are treated as white space but not as line terminators. The sequence <CR><LF> is
commonly used as a line terminator. It should be considered a single SourceCharacteffor the purpose of
reporting line numbers.

Syntax

LineTerminator::
<LF>
<CR>
<L.S>
<PS>

LineTerminatorSequence
<LF>
<CR>[lookahead I <LF>]
<LS>
<PS>
<CR> <LF>

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

Because a single-line comment can contain any Unicode character except a LineTerminatorcharacter, and
because of the general rule that a token is always as long as possible, a single-line comment always consists
of all characters from the // marker to the end of the line. However, the LineTerminatorat the end of the line is
not considered to be part of the single-line.comment; it'is recognised separately by the lexical grammar and
becomes part of the stream of input elements for the syntactic grammar. This point is very important, because
it implies that the presence or absence of single-line comments does not affect the process of automatic
semicolon insertion (see 11.9).

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

Syntax

Comment:
MultiLineComment
SingleLineComment

MultiLineComment:
/* MultiLineCommentChagg; */

MultiLineCommentChars
MultiLineNotAsteriskChar MultiLineCommentChays
* PostAsteriskCommentChags

PostAsteriskCommentChars

MultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChgars
* PostAsteéskCommentChagsg:
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MultiLineNotAsteriskChar:
SourceCharactebut not *

MultiLineNotForwardSlashOrAsteriskChar
SourceCharactebut not one of / or *

SingleLineComment
/I SingleLineCommentChags

SingleLineCommentChars
SingleLineCommentChar SiegineCommentChass

SingleLineCommentChar
SourceCharactebut not LineTerminator

11.5 Tokens

Syntax

Token::
IdentifierName
Punctuator
NumericLiteral
StringLiteral
Template

NOTE The DivPunctuator RegularExpressionLiteral RightBracePunctuator,and TempldeSubstitutionTail productions
define tokens, but are not included in the Tokenproduction.

11.6 Identifier Names and Identifiers

IdentifierName Identifier, and ‘ReservedWorare tokens that are interpreted according to the Default Identifier
Syntax given in Unicode Standard Annex #31, Identifier and Pattern Syntax, with some small modifications.
ReservedWordis is an-enumerated subset of IdentifierNameand Identifier is an IdentifierNamethat is not a
ReservedWordsee 11.6.1). The Unicode identifier grammar is based on character properties specified by the
Unicode Standard. The Unicode characters in the specified categories in version 5.1.0 of the Unicode
standard must be treated as in those categories by all conforming ECMAScript implementations. ECMAScript
implementations may recognise identifier characters defined in later editions of the Unicode Standard.

NOTE 1.« This standard specifies specific character additions: The dollar sign (U+0024) and the underscore (U+005f )
are permitted anywhere in an IdentifierName and the characters zero width non-joiner (U+200C) and zero width joiner
(U+200D) are permitted anywhere after the first character of an IdentifierName

Unicode escape sequences are permitted in an IdentifierName where they contribute a single Unicode
character to the IdentifierName The code point of the contributed character is expressed by the HexDigits of
the UnicodeEscapeSequeng¢see 11.8.4). The \ preceding the UnicodeEscapeSequenemd the u and {}
characters, if they appear, do not contribute characters to the IdentifierName A UnicodeEscapeSequencannot
be used to put a character into an IdentifierNamethat would otherwise be illegal. In other words, if a
\  UnicodeEscapeSequensequence were replaced by the Unicode character it constributes, the result must
still be a valid IdentifierNamethat has the exact same sequence of characters as the original IdentifierName All
interpretations of IdentifierNamewithin this specification are based upon their actual characters regardless of
whether or not an escape sequence was used to contribute any particular characters.

Two IdentifierNamethat 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).

NOTE 2  If maximal portability is a concern, programmers should only employ the identifier characters that were defined
in Unicode 3.0.
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Syntax
Identifier ::
IdentifierNamebut not ReservedWord

IdentifierName::
IdentifierStart
IdentifierName IdentifierPart

IdentifierStart::
UnicoddDStart
$

v UnicodeEscapeSequence

IdentifierPart::
UnicoddDContinue
$

v UnicodeEscapeSequence
<ZWNJ>
<ZWJ>

UnicoddDStart ::
any Unicode character with the Unicode property fiD_Starto -

UnicoddDContinue::
any Unicode character with the Unicode property fiD_Continueo

The definitions of the nonterminal UnicodeEscapeSequenisegiven in'11.8.4.
Static Semantics:  StringValue
Identifier :: IdentifierNamebut not ReservedWord
1. Returnthe Stringvalue ofldentifierName
IdentifierName:
IdentifierStart

IdentifierName IdentifierPart

1. Return the String value consisting of the sequenceodi unitscorresponding tédentifierName In
determining the sequence any oaemces of\ UnicodeEscapeSequenaee first replaced with the code
point represented by tHénicodeEscapeSequenard therthe mde points of the entiredentifierNameare
converted.to code units by UTE6 Encodingclausel0) each code point.

11.6.1 Reserved Words
A reserved word is an IdentifierNamethat cannot be used as an Identifier.

Syntax

ReserveWord ::
Keyword
FutureReservedWord
NullLiteral
BooleanLiteral

The ReservedWordefinitions are specified as literal sequences of Unicode characters. However, any Unicode
character in a ReservedWordan also be expressed by a \ UnicodeEscapeSequentet expresses that same
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Uni code <characterods code point. Use of such escape sequences does not
ReservedWord

11.6.1.1 Keywords

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

Syntax

Keyword:: one of
break delete import this
case do in throw
catch else instanceof try
class export let typeof
continue finally new var
const for return void
debugger function super while
default if switch with

11.6.1.2 Future Reserved Words

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

Syntax

FutureReservedWord one of

enum extends | Commented [AWB840]: |t isnot cle
needstober eser ved. Ités onl

The following tokens are also considered to be FutureReservedWordshen they occur within strict mode code
(see 10.1.1). The occurrence of any of these tokens. within strict mode code in any context where the
occurrence of a FutureReservedWordould produce an error must also produce an equivalent error:

imp lements private public yield | [COmmented [AWB841]:  Move to keywords

interface package protected static
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11.7 Punctuators

Syntax
Punctuator.: one of
( ) [
il il <
>= == I= ===
+ - * %
<< >> >>> &
! ~ && Il
= += -= *=
>>= >>>= &= =

DivPunctudor :: one of
/=

RightBracéunctuator::
}

11.8 Literals
11.8.1 Null Literals

Syntax

NullLiteral ::
null

11.8.2 Boolean Literals

Syntax
BooleanlLiteral:

true
false

11.8.3 Numeric Literals

Syntax|

NumericLiteral::
DecimalLiteral
BinarylntegerLiteral
OctallntegerLiteal
HexIntegerLiteral

DecimallLiteral::
DecimallntegerLiteral DecimalDigitsp: ExponentPagy:

. DecimalDigits ExponentPag
DecimallntegerLiteral ExponentPapt

DecimallntegerLiterat:

0

NonZeroDigit DecimalDigits:
DecimalDigits::

DecimalDigit
DecimalDigits DecimalDigit
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[DecimaIDigit:: one of] Commented [AWB743]:  The various Digit productions
0123456789 could be refactored to have less redundency

NonZeroDigit:: one of
123456789

ExponentPart:
Exponentindicator Signedinteger

Exponentindicator: one of
e E

Signedinteger:
DecimalDigits
+ DecimalDigits
- DecimalDigits

BinaryintegerLiteral::
0Ob BinaryDigits
0B BinaryDigits

BinaryDigits::
BinaryDigit
BinaryDigits BinaryDigit

BinaryDigit :: one of
01

OctallntegerLiteral::
0o OctalDigits
00 OctalDigits

OctalDigits ::
OctalDigit
OctalDigits OctalDigit

OctalDigit:: one of
0123 4567

HexIntegerLiteral:
0x HexDigits
0X HexDigits

HexDigits ::
HexDigit
HexDigits HexDigit

HexDigit:: one of
0123456789abcdefABCDEF

The SourceCharacteimmediately following a NumericLiteralmust not be an IdentifierStartor DecimalDigit
NOTE For example:

3in
is an error and not the two input elements 3 and in .

A conforming implementation, when processing strict mode code (see 10.1.1), must not extend the syntax of
Numerid.iteral to include LegacyDctalintegerLiteralas described in B.1.1.
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Static Semantics :

MV 6 s

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

below.

1 The MV of NumericLiteral:: DecimalLiteralis the MV of DecimalLiteral

1  The MV of NumericLiteral:: BinarylntegerLiteralis the MV of BinaryintegerLiteral

1 The MV of NumericLiteral:: OctalintegerLiteal is the MV of OctallntegerLiteral

1 The MV of NumericLiteral:: HexIntegerLiterais the MV of HexIntegerLiteral

1 The MV of DecimalLiteral:: DecimalintegerLiteral is the MV of DecimallntegerLiteral

1 The MV of DecimalLiteral:: DecimalintegerLiteral. DecimalDigitsis the MV of DecimallintegerLiteralplus

=

= =4 =& —a -4 o

= =4 =& =& & -4 -4 -4 -4 —a - a8 _a 9
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(the MV of DecimalDigitsx 10 "), where n is the number of characters in DecimalDigits.

The MV of DecimalLiteral:: DecimalintegerLiteral. ExponentParis the'MV of DecimalintegerLiteralx 10,
where eis the MV of ExponentPart

The MV of DecimalLiteral :: DecimalintegerLiteral . DecimalDigits ExponentPartis (the MV of
DecimalintegerLiteraplus (the MV of DecimalDigitsx 10") x 10%, where n is the number of characters in
DecimalDigisand eis the MV of ExponentPart

The MV of DecimallLiteral::. DecimalDigitsis the MV of DecimalDigitsx 10", where n is. the number of
characters in DecimalDigits.

The MV of DecimalLiteral::. DecimalDigits ExponentPait the MV of DecimalDigitsx 107", where n is the
number of characters in DecimalDigisand eis the MV of ExponentPart

The MV of DecimalLiteral:: DecimallntegerLiterals the MV of DecimalintegerLiteral

The MV of DecimalLiteral:: DecimallntegerLiteral ExponentPais. the MV of DecimalintegerLiteralx 10%
where eis the MV of ExponentPart

The MV of DecimalintegerLiterat: 0 is 0.

The MV of DecimallntegerLiterat: NonZeroDigitis the MV of NonZeroDigit.

The MV of DecimallntegerLiterat: NonZeroDigitDecimalDigitsis (the MV of NonZeroDigitx 10" plus the
MV of DecimalDigits where nis the number of characters in DecimalDigits

The MV of DecimalDigits:: DecimalDigitis the MV of DecimalDigit

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

The MV of ExponentPart: Exponentindicator Signedintegisrthe MV of Signedinteger

The MV of SignedInteger: DecimalDigitsis the MV of DecimalDigits

The MV of Signedinteger: + DecimalDigitsis the MV of DecimalDigits

The MV of Signedhteger:: - DecimalDigitsis the negative of the MV of DecimalDigits

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

The MV of DecimalDigit:: 1 or of NonZeroDigit:: 1 or of HexDigit:: 1 or of OctalDigit:: 1 or
of BinaryDigit :: 1 is 1.

The MV of DecimalDigit:: 2 or of NonZeroDigit:: 2 or of HexDigit:: 2 or of OctaDigit :: 2 is 2.
The MV of DecimalDigit:: 3 or of NonZeroDigit:: 3 or of HexDigit:: 3 or of OctalDigit :: 3 is 3.
The MV of DecimalDuit :: 4 or of NonZeroDigit:: 4 or of HexDigit:: 4 or of OctaDigit :: 4 is 4.
The MV of DecimalDigit:: 5 or of NonZeroDigit:: 5 or of HexDigit:: 5 or of OctaDigit :: 5 is 5.
The MV of DecimalDigit:: 6 or of NonZeroDigit:: 6 or of HexDigit:: 6 or of OctalDigit :: 6 is 6.
The MV of DecimalDigit:: 7 or of NonZeroDigit:: 7 or of HexDigit:: 7 or of OctalDigit :: 7 is 7.

The MV of DecimalDigit:
The MV of DecimalDigit:

: 8 or of NonZeroDigit::
: 9 or of NonZeroDigit::

Ais 10.

8 or of HexDigit::
9 or of HexDigit::

8is 8.
9is 9.

The MV of HexDigit:: a or of HexDigit ::
The MV of HexDigit:: b or of HexDigit ::
The MV of HexDigit:: ¢ or of HexDigit::
The MV of HexDigit:: d or of HexDigit::
The MV of HexDigit:: e or of HexDigit ::
The MV of HexDigit:: f or of HexDigit ::

Bis 11
Cis 12
Dis 13
Eis 14.
Fis 15
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The MV of BinaryintegerLiteral:: Ob BinaryDigitsis the MV of BinaryDigits.

The MV of BinaryintegerLiteral:: OB BinaryDigitsis the MV of BinaryDigits.

The MV of BinaryDigits:: BinaryDigit is the MV of BinaryDigit.

The MV of BinaryDigits :: BinaryDigits BinaryDigit is (the MV of BinaryDigits x 2) plus the MV of
BinaryDigit.

The MV of OctallntegerLiteral:: 0o OctalDigitsis the MV of OctalDigits.

The MV of OctallntegerLiteral:: 00 OctalDigits is the MV of OctalDigits.

The MV of OctalDigits :: OctalDigitis the MV of OctalDigit.

The MV of OctalDigits :: OctalDigits OctalDigitis (the MV of OctalDigits x 8) plus the MV of OctalDigit.
The MV of HexIntegerLiteral: 0x HexDigitsis the MV of HexDigits.

The MV of HexIntegerLiterat: 0X HexDigitsis the MV of HexDigits.

The MV of HexDigits :: HexDigitis the MV of HexDigit

The MV of HexDigits :: HexDigits HexDigitis (the MV of HexDigits x 16)plus the MV of HexDigit

= =8 -8 o

=4 =4 =& & -4 -8 -8 A

Once the exact MV for a numeric literal has been determined, it is then rounded to a value of the Number type.
If the MV is 0, then the rounded value is +0; otherwise, the rounded value must be the Number value for the
MV (as specified in 6.1.5), unless the literal is a DecimallLiteraland the literal has more than 20 significant
digits, in which case the Number value may be either the Number value for the MV of a literal produced by
replacing each significant digit after the 20th with a 0 digit or the Number value for the MV of a literal produced
by replacing each significant digit after the 20th with a“0 digit and then incrementing the literal at the 20th
significant digit position. A digit is significant if it is not part of an ExponentParand

T itis not O; or
1 thereis a nonzero digit to its left and there is.a nonzero digit, not in.the ExponentPartto its right.

11.8.4 String Literals

NOTE A string literal is zero or more Unicode code points enclosed in single or double quotes. Unicode code points
may also be 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. String literals evaluate to ECAMScript String values. When generating these
string values Unicode code points are UTF-16 encoded as defined in clause 6. Code points belonging to Basic Multilingual
Plane are encoded as asingle code unit element of the string. All other code points are encoded as two code unit
elements of the string.

Syntax

StringLiteral::
" DoubleStringCharactegs; "
‘" SingleStringCharactess: '

DoubleStringCharacters
DoubleStringCharacter DoubleString Craterspt

SingleStringCharacters
SingleStringCharacter SingleStringCharactgrs

DoubleStringCharacter:
SourceCharactebut not one of " or\ or LineTerminator
\ EscapeSequence
LineContinuation

SingleStringCharacter.
SourceCharactebut not one of * or\ or LineTerminator
\ EscapeSequence
LineContinuation
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LineContinuatiorn:
\ LineTerminatorSequence

EscapeSequence
CharacterEscapeSequence
0 [lookahead 1 DecimalDigif
HexEscapeSequence
UnicodeEscapeSequence

A conforming implementation, when processing strict mode code (see 10.1.1), must not extend the syntax of
EscapeSequende include LegacyOctalEscapeSequenes described in B.1.2.

CharacterEscapeSequence
SingleEscapeCharacter
NonEscapeCharacter

SingleEscapeCharéer:: one of
e \' bfnrtyv

NonEscapeCharder ::
SourceCharactebut not one of EscapeCharacteor LineTerminator

EscapeCharacter.
SingleEscapeCharacter
DecimalDigit
X

u

HexEscapeSequence
x HexDigit HexDigit

UnicodeEscapeSequence
u HexDigit HexDigit HexDigit HexDigit
u{ HexDigits }

The definition of the nonterminal HexDigitis given.in 11.8.3. SourceCharacteis defined in clause 10.

NOTE A line terminator character cannot appear in a string literal, except as part of a LineContinuationto 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 \ uO0OOA.

Static Semantics
Static Semantics: Early Errors
UnicodeEscapeSequenceu{ HexDigits }
T Itis a Syntax Error if the MV of HexDigits> 1114111
Static Semantics: SV6s and CVOs
A string literal stands for a value of the String type. The String value (SV) of the literal is described in terms of
code unit values (CV) contributed by the various parts of the string literal. As part of this process, some
Unicode characters within the string literal are interpreted as having a mathematical value (MV), as described

below orin 11.8.3.

1 The SV of StringLiteral:: ™ is the empty code unit sequence.
1 The SV of StringLiteral:: * is the empty code unit sequence.
1  The SV of StringLiteral:: " DoubleStringCharacters is the SV of DoubleStrigCharacters
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1  The SV of StringLiteral:: ' SingleStringCharacters is the SV of SingleStringCharacters

1  The SV of DoubleStringCharacters. DoubleStringCharacteis a sequence of one or two code units that is
the CV of DoubleStringCharacter

1  The SV of DouleStringCharacters: DoubleStringCharacteDoubleStringCharacters a sequence of one or
two code units that is the CV of DoubleStringCharacterfollowed by all the code units in the SV of
DoubleStringCharacters order.

1  The SV of SingleStringCharacters SingleStringCharactes a sequence of one or two code units that is the
CV of SingleStringCharacter

1  The SV of SingleStringCharacters: SingleStringCharacteBingleStringCharacterss a sequence of one or
two code units that is the CV of SingleString®aracter followed by all the code units in the SV of
SingleStringCharacters order.

T  The SV of LineContinuation: \ LineTerminatorSequendg the empty code unit sequence.

T The CV of DoubleStringCharacter: SourceCharactebut not one of " or\ or LineTeminatoris the UTF-16
Encoding(clause 6) of the code point value of SourceCharacter

1  The CV of DoubleStringCharacter: \ EscapeSequenigthe CV of the EscapeSequence

1  The CV of DoubleStringCharacter: LineContinuationis the empty character sequence.
1  The CV of SingleStringCharacter. SourceCharactebut not one of ' or\ or LineTerminatoris the UTF-16
Encoding(clause 6) of the code point value of SourceCharacter
1  The CV of SingleStringCharacter. \ EscapeSequenéethe CV of the EscapeSequence
1  The CV of SingleStringCharacter. LineContinuatioris the empty character sequence.
1  The CV of EscapeSequenceCharacterEscapeSequensghe CV of the CharacterEscapeSequence
1  The CV of EscapeSequence0 [lookahead I DecimalDigif is the code unit value 0.
1  The CV of EscapeSequenceHexEscapeSequenisethe CV of the HexEscapeSequence
1  The CV of EscapeSequenceUnicodeEscapeSequensehe CV of the UnicodeEscapeSequence
1  The CV of CharacterEscapeSequenceSingleEscapeCharactas the character whose code unit value is
determined by the SingleEscapeCharacteiccording to Table 30, Formatted: Font: (Default) Arial, Complex Script Font: Arial
Table 30 8 String Single Character Escape Sequences Formatted: Font: (Default) Arial, Complex Script Font: Arial
Escape Sequence Code Unit Value Name Symbol
\'b 0x000 8 backspace <BS>
\t 0x000 9 horizontal tab <HT>
\'n 0x000 A line feed (new line) <LF>
\v 0x000B vertical tab <VT>
\ f 0x000 C form feed <FF>
\'r 0x000 D carriage return <CR>
\ " 0x00 22 double quote "
\! 0x00 27 single quote '
\\ 0x00 5C backslash \
1  The CV of CharacterEscapeSequenceNonEscapeCharactes the CV of the NonEscapeCharacter

1  The CV of NonEscapeCharacter SourceCharactebut not one of EscapeCharacteor LineTerminatoiis the
UTF-16 Encodindclause 6) of the code point value of SourceCharacter

1  The CV of HexEscapeSequencex HexDigit HexDigitis the code unit value that is (16 times the MV of the
first HexDigif) plus the MV of the second HexDigit

1  The CV of UnicodeEscapeSequenceu HexDigit HexDigit HexDigit HexDigit is the code unit value that is
(4096times the MV of the first HexDigif) plus (256times the MV of the second HexDigit) plus (16 times the
MV of the third HexDigit) plus the MV of the fourth HexDigit

1  The CV of UnicodeEscapeSequenceu{ HexDigits } is the UTF-16 Encoding(clause 6) of the MV of
HexDigits.
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11.8.5 Regular Expression Literals

NOTE A regular expression literal is an input element that is converted to a RegExp object (see 21.2) 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 may also be created at runtime by

new RegExp (see 21.2.3.2) or calling the RegExp constructor as a function (21.2.3.1).

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 source code comprising the
RegularExpressionBodgnd the RegularExpressionFlaggre subsequently parsed using the more stringent
ECMAScript Regular Expression grammar (21.2.1).

An implementation may extend the ECMAScript Regular Expression grammar- defined in 21.2.1, but it must
not extend the RegularExpressionBodgnd RegularExpressionFlagsroductions.defined below or the productions
used by these productions.

Syntax

RegularExpressioniteral ::
| RegularExpressionBody RegularExpressionFlags

RegularExpressionBody
RegularExpressionFirstChar RegularExpressionChars

RegularExpressionChars
[empty]
RegularExpressionChars RegularExpressionChar

RegularExpressionFirstChar
RegularExpresionNonTerminatobut not one of * or\ or/ or [
RegularExpressionBackslashSequence
RegularExpressionClass

RegularExpressionChar
RegularExpressionNonTerminatout not one of \ or/ or [
RegularExpressionBackslashSequence
RegularExpressionClass

RegulaExpressionBackslashSequence
\ RegularExpressionNonTerminator

RegularExpressionNonTerminator
SourceCharactebut not LineTerminator

RegularExpressionClass
[ RegularExpressionClassChais

RegularExpressionClassChars
[empty] . )
RegularExpressionClag€hars RegularExpressionClassChar

RegularExpressionClassChar
RegularExpressionNonTerminatout 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: /(?:)/
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Static Semantics: Early Errors

RegularExpressionFlags RegularExpressionggs IdentifierPart

1 Itis a Syntax Error if IdentifierPartcontains a Unicode escape sequence.

Static Semantics:  BodyText

RegularExpressionLiterat / RegularExpressionBody RegularExpressionFlags
1. Return thesource code that was recogmil asRegularExpressionBody
Static Semantics:  FlagText

RegularExpressionLiterat / RegularExpressionBody RegularExpressionFlags
2. Return thesource code that was recogmdl asRegularExpressionFlags
11.8.6 Template Literal Lexical Components

Syntax

Template:
NoSubstitubnTemplate
Templatélead

NoSubstitutionTemplate
© Templat€haractergy: *

Templatélead::
* Templat€haractersp ${

TemplatSubstitutionTait:
Templatdiddle
Templatdail

Templatdiddle ::
} Templat€haractersy: ${

Templat&ail ::
} Templat€haractergp: |

Templat€haracters:
Templat€haracterTemplat€haractergp:

Templat€haracter::
SourceCharactebut-not one of * or\ or $
$ [lookahead T { ]
\ EscapeSequence
LineContinuation

Static Semantics: TV6 and TRVO s

A template literal component is interpreted as a sequence of Unicode characters. The Template Value (TV) of
a literal component is described in terms of code unit values (CV, 11.8.4) contributed by the various parts of
the template literal component. As part of this process, some Unicode characters within the template
In determining a TV, escape
sequences are replaced by the code unit of the Unicode characters represented by the escape sequence.
The Template Raw Value (TRV) is similar to a Template Value with the difference that in TRVs escape

component are interpreted as having a mathematical value (MV, 11.8.3).

sequences are interpreted literally.
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The TV and TRV of NoSubstitutionTemplate ™ is the empty code unit sequence.

The TV and TRV of Templatélead:: "${ is the empty code unit sequence.

The TV and TRV of Templatdiddle:: }$ { is the empty code unit sequence.

The TV and TRV of Templatdail :: } is the empty code unit sequence.

The TV of NoSubstitutionTemplate = Templat€haracters' is the TV of Templat€haracters

The TV of Templatélead:: © Templat€haracters ${ is the TV of Templat€haracters

The TV of Templatdiddle:: } Templat€haracters ${ is the TV of Templat€haracters

The TV of Templatdail :: } TempldeCharacters " is the TV of Templat€haracters

The TV of Templat€haracters: Templat€haracter is the TV of Templat€haracter

The TV of Templat€haracters:: Templat€haracter Templat€haractersis a sequence consisting of the

code units in the TV of Templat€haracterfollowed by all the code units in the TV of Templat€haractersin
order.

The TV of Templat€haracte :: SourceCharactebut not one of * or \.or $ is the UTF-16 Encoding(clause
6) of the code point value of SourceCharacter

The TV of TenplateCharacter:: $ [ookaheadi { ] is the code unit value 0x0024

The TV of Templat€haracter:: \ EscapeSequenégthe CV of EscapeSequence

The TV of Templat€haracter:: LineContinuationis the TV of LineContinuation

The TV of LineContinuation: \ LineTerminatorSequend® the empty code unit sequence.

The TRV of NoSubstitutionTemplate © Templat€haracters is the TRV of Templat€haracters

The TRV of Templatélead:: © Templat€haracters ${ is the TRV of Templat€haracters

The TRV of Templatdiddle:: } Templat€haracters ${ is the TRV of Templat€haracters

The TRV of Templatdail :: } Templat€haracters * is the TRV of Templat€haracters

The TRV of Templat€haracters: Templat€haracter is the TRV of Templat€haracter

The TRV of Templat€haracters:: Templat€haracterTemplat€haractersis a sequence consisting of the
code units in the TRV of Templat€haracter followed by all the code units in the TRV of
Templat€haractersin order.

The TRV of Templat€haracter::. SourceCharactebut not one of * or \ or $ is the UTF-16 Encoding
(clause 6) of the code point value of SourceCharacter

The TRV of Templat€haracter:: $ [lookahead i { ] is the code unit value 0x0024

The TRV of Templat€haracter:: \ EscapeSequende the sequence consisting of the code unit value
0x005C followed by the code units of TRV of EscapeSequence

The TRV of Templat€haracter:: LineContinuationis the TRV of LineContinuation

The TRV of EscapeSequenceCharacterEscapeSequenisehe TRV of the CharacterEscapeSequee

The TRV of EscapeSequence0. [lookahead I DecimalDigif is the code unit value 0x0030.

The TRV of EscapeSequenceHexEscapeSequenizethe TRV of the HexEscapeSequence

The TRV of EscapeSequenceUnicodeEscapeSequenisghe TRV of the Unicodé€EscapeSequence

The TRV of CharacterEscapeSequencesingleEscapeCharacteis the TRV of the SingleEscapeCharacter
The TRV of CharacterEscapeSequenceNonEscapeCharactés the CV of the NonEscapeCharacter

The TRV of Singlé€EscapeCharacter. oneof' " \ bfnrtv is the CV of the
SourceCharactethat is that single character.

The TRV of HexEscapeSequence x HexDigit HexDigit is the sequence consisting of code unit value
0x0078followed by TRV of the first HexDigit followed by the TRV of the second HexDigit

The TRV of UnicodeEscapeSequenceau HexDigit HexDigit HexDigit HexDigitis the sequence consisting of
code unit value 0x0075 followed by TRV of the first HexDigit followed by the TRV of the second HexDigit
followed by TRV of the third HexDigit followed by the TRV of the fourth HexDigit

The TRV of UnicodeEscapeSequence u{ HexDigits } is the sequence consisting of code unit value
0x0075 followed by code unit value 0x007B followed by TRV of HexDigits followed by code unit value
0x007D.

The TRV of HexDigits :: HexDigitis the TRV of HexDigit

The TRV of HexDigits :: HexDigits HexDigit is the sequence consisting of TRV of HexDigits followed by
TRV of HexDigit

The TRV of a HexDigit is the CV of the SourceCharactethat is that HexDigit.
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1  The TRV of LineContinuation: \ LineTerminatorSequendg the sequence consisting of the code unit value
0x005C followed by the code units of TRV of LineTerminatorSequence

The TRV of LineTerminatorSequence <LF> is the code unit value 0Xx0O00A

The TRV of LineTerminatorSequence <CR>[lookahead 1 <LF>] is the code unit value 0x000D.

The TRV of LineTerminatorSequence <LS> is the code unit value 0x2028

The TRV of LineTerminatorSequence <PS> is the code unit value 0x2029

The TRV of LineTerminatorSequence <CR><LF> is the sequence consisting of the code unit value
0x000Dfollowed by the code unit value 0x000A

= =4 =4 -4 -4

NOTE TV excludes the code units of LineContinuationwhile TRV includes them.
11.9 Automatic Semicolon Insertion

Certain ECMAScript statements (empty statement, let and const declarations, variable statement, expression
statement, debugger statement, continue  statement, break statement, return. statement, and throw

statement) must be terminated with semicolons. Such semicolons may always appear explicitly in the source
text. For convenience, however, such semicolons may be omitted from the source text in certain situations.
These situations are described by saying that semicolons are automatically inserted into the source code
token stream in those situations.

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

1.  When, as the script is parsed from left to right, a token (called the offending token) is encountered that is
not allowed by any production of the grammar, then a semicolon is automatically inserted before the
offending token if one or more of the following conditions.is true:

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

2. When, as the script is_parsed from left to right, the end of the input stream of tokens is encountered and
the parser is unable to parse the input token stream as a single complete ECMAScript script, then a
semicolon is automatically inserted at the end of the input stream.

3. When, as the script is parsed from left to right, a token is encountered that is allowed by some production
of the grammar, but the production is a restricted production and the token would be the first token for a
terminal or nonterminal immediately following the annotation fino LineTerminatorhere]0 within the restricted
production (and therefore such a token is called a restricted token), and the restricted token is separated
from the previous token by at least one LineTerminator then a semicolon is automatically inserted before
the restricted token.

However, there is an additional overriding condition on the preceding rules: a semicolon is never inserted
automatically if the semicolon would then be parsed as an empty statement or if that semicolon would become
one of the two semicolons inthe header of a for statement (see 13.6.3).

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

PostfixExpression
LeftHandSide Expressiofno LineTerminato here] ++
LeftHandSideExpressiofmo LineTerminatorhere] --

ContinueStatement
continue  [no LineTerminatorhere] Identifier;

BreakStatement
break [no LineTerminatorhere] Identifier;

ReturnStatement
return [no LineTerminatorhere] Expression
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ThrowStatement
throw [no LineTerminatorhere] 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 postfix operator, and at least one
LineTerminatoroccurred between the preceding token and the ++ or -- token, then a semicolon is automatically
inserted before the ++ or -- token.

When a continue , break , return , or throw token is encountered and a LineTerminatoris encountered before
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 Expressiorinareturn  or throw statement should start on the same'line as the return. or throw token.
An Identifierin a break or continue  statement should be on the same line as the break or continue  token.
11.9.2 Examples of Automatic Semicolon Insertion

The source

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

{1

2}3

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

{1

2313
which is a valid ECMAScript sentence.

The source

for(a; b

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

LineTerminatorseparates it from the token return

The source
a=b
++C

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

The source

if (@> D)

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

The source

a=b+c

(d + e).print()
is not transformed by automatic semicolon insertion, because the parenthesised expression that begins the
second line can be interpreted as an argument list for a function call:

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

In the circumstance that an assignment statement must begin with a leftparenthesis, it is a good idea for the
programmer to provide an explicit semicolon at the end of the preceding statement rather than to rely on
automatic semicolon insertion.

12 ECMAScript Language: Expressions
12.1 Primary Expressions

Syntax

PrimaryExpression
this
Identifier
Literal
Arraylnitialiser
ObjectLiteral
FunctionExpression
ClassExpression
GeneratorExpression
GeneratorComprehension
RegularExpressionLiteral
Templatéiteral
CoverParenthesedExpressionAndArrowParamelest

CoverParenthesedExpressionAndArroRarametet.ist :
( Expression

()
( ... Identifier)
( Expression ... Identifier)

Supplemental Syntax

When processing the production PrimaryExpression CoverParenthesedExpressionAndArrowParametést the
following grammar is used to refine the interpretation of CoverParenthesedExpressionAndArrowParamelést.

ParenthesedExpression
( Expression)

Static Semantics
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Static Semantics: Covered Parenthesi sedExpression
CoverParenthesedExpressionAndArrowParametést : ( Expression)

1. Return the result of parsirtge lexical token stream matched by
CoverParenthesedExpressionAndArrowParametast usingParenthessedExpressin as the goal symbol.

Static Semantics:  IsValidSimpleAssignmentTarget

PrimaryExpression
this
Literal
Arraylnitialiser
ObjectLiteral
FunctionExpression
ClassExpression
GeneratorExpression
GeneratorComprehension
RegularExpressionLiteral
TemplateLiteral

1. Returnfalse.

PrimaryExpression Identifier

1. If this PrimaryExpressions contained in strict codand StringValue ofdentifieris "eval" or
"arguments" | then returrfalse.

2. Returntrue.

PrimaryExpression CoverParenthesedExpressionAndArrowParametertis

1. Letexprbe CoveedParenthesedExpressionf CoverParenthesedExpressionAndArrowParameterList
2. ReturnlsValidSimpleAssignmentTargef expr.

12.1.1 Thethis Keyword
Runtime Semantics: Evaluation
PrimaryExpression this

1. Return theresult of calling thel hisResolutionabstract operatian

12.1.2 Identifier Reference

Runtime Semantics: Evaluation | Commented [AWB846]: It may make sense to define some
of the static semantic rules related static name resolution

PrimaryExpression Identifier

1. Letref be theresult ofperforming Identifier Resolution as specified8r8.1using theldentifierName
correponding toldentifier.

2. Returnref.

NOTE: The result of evaluating an Identifieris always a value of type Reference.
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12.1.3 Literals

Syntax
Literal :
NullLiteral
ValuelLiteral
ValuelLiteral:
BooleanlLiteral
NumericLiteral
StringLiteral
Runtime Semantics
Runtime S emantics: Evaluation
Literal : NullLiteral
1. Returnnull.

ValueLiteral : BooleanLiteral

1. Returnfalseif BooleanLiteralis the tokerBooleanLiteral:: false
2. Returntrue if BooleanlLiteralis the tokerBooleanLiteral:: true

ValueLiteral : NumericLiteral
1. Returnthe number whose value i#V of Numerid.iteral as defined inl1.8.3
ValueLiteral : StringLiteral

1. Returnthe string whoselementsare theSV of StringLiteral as defined inL1.8.4

12.1.4 Array Initialiser

Syntax

Arraylnitialiser :
ArrayLiteral
ArrayComprehension

12.1.4.1 Array Literal

NOTE An ArrayLiteral is an expression describing the initialisation of an Array object, using a list, of zero or more
expressions each of which represents an array element, enclosed in square brackets. The elements need not be literals;
they are evaluated each time the array initialiser is evaluated.

Array elements may be elided at the beginning, middle or end of the element list. Whenever a comma in the element list is
not preceded by an AssignmentExpressiofi.e., a comma at the beginning or after another comma), the missing array
element contributes to the length of the Array and increases the index of subsequent elements. Elided array elements are
not defined. If an element is elided at the end of an array, that element does not contribute to the length of the Array.

Syntax

ArrayLiteral :
[ Elisionop ]
[ ElementList]
[ ElementList Elisionop: ]
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ElementList
Elisiongpt AssignmentExpression
Elisionop: SpreadElement
ElementList, Elisiono,: AssignmentExpression
ElementList Elisiono,: SpreadElement

Elision :

Elision,

SpreadElement
AssignmentExpression

Static Semantics

Static Semantics:  Elision Width
Elision: ,

1. Return the numeric value 1.
Elision: Elision,

1. Letprecedingbe theElision Width of Elision.
2. Returnpreceding1.

Runtime Semantics

Runtime Semantics: Array Accumulation
With parameters array and nextlndex

ElementList Elisionspt AssignmentExpression

Let paddingbe theElision Width ofElision; if Elision is not present, use the numeric value zero
LetinitResultbe the result of evaluatilyssignmentExpression

LetinitValuebe GetValuegitResul).

ReturnIfAbrupt{nitValue).

Let createdbe the resulof calling the [[DefineOwnProperty]] iternal method o&rray with arguments
ToString(ToUint32(nextndex+padding)) andthe Property Descriptor { [[Value]jnitValue, [[Writable]]:
true, [[Enumerable]]itrue, [[Configurable]]:true}.

6. Assert createdis true.

7. Returnnexindextpadding+1.

arwNE

Elementist :  Elisionopt  SpreadElement

1. Letpaddingbe theElision Width ofElision; if Elision is not present, use the numeric value zero
2. Return theresult ofperforming Array Accumulation fopreadElemenwith argumentsarray and
nextindexpadding

ElementLis: ElementList Elisionspt AssignmentExpression

1. Letpostindexbe the result operforming Array Accumulation foElementListwith argumentsarray and
nextindex

ReturnIfAbruptpostindex.

Let paddingbe theElision Width ofElision; if Elision is not present, use the numeric value zero
LetinitResultbe the result of evaluatifyssignmentExpression

LetinitValuebe GetValueifiitResul).

ReturnIfAbrupt{nitValue).

oghwN
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7. Letcreatedbe the resulof calling the [[DefineOwnProperty]] internal method afray with arguments
ToString(ToUint32postindexpadding) and the Property Descriptor { [[ValuelinitValue, [[Writable]]:
true, [[Enumerable]]true, [[Configurable]]:true}.

8. Assert:createdis true.

9. Returnpostindexpadding+1.

ElementList ElementList Elisionopt SpreadElement

1. Letpostindexbe the result operforming Array Accumulation foElementLiswith argumentsarray and
nextindex

2. ReturnlfAbruptpostinde¥.

3. Letpaddingbe theElision Width ofElision; if Elision is not present, use the numerialue zero.

4. Return theresult ofperforming Array Accumulation foBpreadElemenwith argumentsarray and
posindextpadding

SpreadElement ...  AssignmentExpression

Let spreadRebe the result of evaluatingssignmentExpression
Let spreadValudbe GetVale(spreadRef
Let spreadObjbe ToObject§preadValug
ReturnIfAbruptepreadObj.
Let lenValbe the result of calling GétpreadObj" length. ).
Let spreadLerbe ToUint32(enVal).
ReturnIfAbruptepreadLei.
Letn=0;
Repeat, whilen < spreadLen
a. Letexistsbethe result ofHasProperty§preadObj ToString()).
b. ReturnlfAbruptexistg.
c. If existsistrue then,
i. Letvbe the result of calling the [[Get]] internal methodspreadObjpassing ToString() as the
argument.

ii.  ReturnlfAbrupt{).

iii. Letcreatedbethe result o€alling the [[DefineOwnProperty]] internal method afray with
argumentsT oString(ToUint32(extindex) andProperty Descriptor {[[Value]]v, [[Writable]]:
true, [[Enumerable]]true; [[Configurable]]:true}.

iv. Assert:createdis true.

d. Letn=n+1.
e. Letnextlndex= nextindex+1.
10. Returnnextindex

COoONO OTAWNE

NOTE [[DefineOwnProperty]] is used to ensure that own properties are defined for the array even if the standard
built-in Array prototype object has been madified in a manner that would preclude the creation of new own properties
using [[Set]].

Runtime Semantics: Evaluation

ArrayLiteral : [ Elisionopt ]

1. Letarray bethe result of the abstract operation ArrayCreate with argument 0

2. Letpadbe theElision Width of Elision; if Elision is not present, use the numenalue zero
3. Call Putarray, "length ", pad, false).

4. Returnarray.

ArrayLiteral : [ ElementList]

Let array be the result of the abstract operation ArrayCreate with argument 0

Letlen bethe result ofperforming Array Accumulation foElementListwith agumentsarray and 0
ReturnIfAbrupt(en).

Call Pu(array, "length ", len, false).

Returnarray.

arpODE
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ArrayLiteral : [ ElementList Elisionopt ]

Let array be the result of the abstract operation ArrayCreate with argument 0

Let len betheresult ofperformingArray Accumulation forElementListwith argumentsrray and 0
ReturnlfAbrupt(en).

Let paddingbe theElision Width ofElision; if Elision is not present, use the numeric value zero.
Call Pu(array, "length ", ToUint32paddingtlen), false).

Returnarray.

oM wONE

12.1.4.2 Array Comprehension

Syntax

ArrayComprehension
[ Comprehension]

Comprehension
ComprehensionForComprehensionQualifierTail

ComprehensionQualifierTail
AssignmeriExpression
ComprehensionQualifierComprehensionQualifierTail
ComprehensionQualifier
ComprénensionFor
Comprehensionlf

ComprehensionFor
for ( ForBinding of AssignmentExpression

Comprehensionlf
if ( AssignmentExpression

ForBinding:
Bindingldentifier
BindingPattern
Static Semantics
Static Semantics: Early Errors
ComprehensionForfor ( ForBindingof AssignmentExpression
1 Itis a Syntax Error if the BoundNames of ForBinding contains any duplicate entries.
Runtime Semantics
Runtime Semantics: Binding Initialisation
With arguments valueand environment
NOTE undefined is passed for envionmentto indicate that a PutValue operation should be used to assign the
initialisation value. This is the case for var statements formal parameter lists of non-strict functions. In those cases a
lexical binding is hosted and preinitialised prior to evaluation of its initialiser.

ForBinding: BindingPattern

1. Letobj be ToObjectyalue).
2. ReturnlfAbrupt@bj).
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3. Return the result of performinBinding Initialisation for BindingPattern passingobj andenvironmentas the
arguments.

Runtime Semantics: Comprehensi onEvaluation

With argument accumulator
NOTE undefined is passed for accumulatorto indicate that a comprehension component is being evaluated as part of a
generator comprehension. Otherwise, the value of accumulatoris the array object into the elements of an array
comprehension are to be accumulated.

Comprehension ComprehensionFo€omprehensionQualifierTail

1. Returntheresult ofperforming QualifierEvaluation foEomprehensionFowith arguments
ComprehensionQualifierTaendaccumulator

ComprehensionQlifierTail: ComprehensionQualifie€ComprehensionQualifierTail

1. Returntheresult ofperforming QualifierEvaluation foEomprehensionQualifiewith arguments
ComprehensionQualifierTadndaccumulator

ComprehensionQualifierTail AssignmentExpression

1. LetvalueRete the result of evaluatifgssignmentExpression
2. Letvaluebe GetValuegalueRef.
3. ReturnlfAbrupt{alue).
4. If accumulatoris notundefined, then
a. Assert: this ipart ofan array comprehension
b. Assert:accumulatoris an exotic array objesto accesso.itslength property should never fail
c. Letlen be the result of Géccumulator'length® ).
d. If lenO -1, thenthrow aRangeError exception.
e. LetputStatuse the result oPutlaccumulator ToString(en), value true).
f. ReturnlfAbruptputStatu}.
g. Increaelenby 1.
h. Let putStatusbe the result'oPutaccumulator"length ", len, true).
i. ReturnlfAbruptputStatu}.
j- ReturnNormalCompletiongndefined).
5. Assert:accumulatoris undefined, so this is part of a generator comprehension.
6. LetyieldStatude the result ©GeneratorYield(CreatelResulDbjectivalug false)).
7. ReturnlfAbruptf/ieldStatu$.
8. ReturnNormalCompletiongndefined).

Runtime Semantics: QualifierEvaluation
With arguments tail and accumulator

NOTE undefined is passed for accumulatorto indicate that a comprehension component is being evaluated as part of a
generator comprehension. Otherwise, the value of accumulatoris the array object into the elements of an array
comprehension are to be accumulated.

ComprehensionForfor ( ForBindingof AssignmentExgssion)

Let exprRefbe the result of evaluatingssignmentExpression

Let exprValuebe GetValue¢xprRef.

Let obj be ToObjectéxprValug.

ReturnIfAbruptobj).

Letiterator be the result of performing Invoke with argumeaty, @ @iterator, and an empty kt.
Let keysbe ToObjecterator).

ReturnlfAbruptkeys.

NogokrwnhpE
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8. LetoldEnvbe therunninge x ecut i on contextods Lexical Environment.

9. Repeat

Let nexResultbe the result ofteratorNextkeys.

ReturnifAbrupthiexResul).

Let donebe IteratorCompletagextResu)t

RewrnlfAbrupt(dong.

If doneis true, thenreturntrue.

Let nextValuebe IteratorValuatexResul);

ReturnIfAbruptfiextValug.

Let forEnv be the result of calling NewDeclarativeEnvironment passidgnvas the argument.

For each elementameof the BoundNanesof ForBindingdo
i CallforEnds Cr eat eMut abl e Bi withiargupnenhamecr et e met hod
ii. Assert:The above call to CreateMutableBindingll never an return an abrupt completion.

j. Let statusbe the result of performinBinding Initialisation for ForBinding passingnext\alue and

forEnvas the arguments

k. ReturnifAbruptétatug.

I.  Settherunningexecutionc ont ext 6 s Lexi &EhvEnvironment to

m. Let continuebethe result ofperforming ComprehensionEvaluation fail with argument

accumulator
n. Settherunningexecutionc ont ext 6 s Lexi oléEhEnvi ronment t o
0. ReturnlfAbruptcontinug.

TSemooooTe

Comprehensioif : if ( AssignmentExpressign

Let valueRebe the result of evaluatingssignmentExpression
Letvaluebe GetValueyalueReY.
Let boolValuebe ToBooleanalue).
ReturnlfAbrupt(boolValug.
If boolValueis true, then
a. Returntheresult ofperforming ComprehensionEvaluation. fiail with argumentaccumulator
Else,
a. ReturnNormalCompletiongndefined).

arwnNE

o

Runtime Semantics: Evaluation
ArrayComprehension [ Comprehensioh

1. Letarray bethe result of the abstract operation ArrayCreate with argument 0

2. Let statusbe theresult ofperforming ComprehensionEvaluation fBomprénenson with argumentarray.
3. ReturnlfAbrupt&tatug.

4. Returnarray.

12.1.5 Object Initialiser

NOTE 1 An object initialiser is an expression describing the initialisation of an Object, written in a form resembling 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
ObjectLiteral:

{}

{ PropertyDefinitionList }
{ PropertyDefinitionList, }

PropertyDefinitionList

PropertyDefinition
PropertyDefinitionList, PropertyDefinition
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PropertyDefinition:
IdentifierName
CoverlnitialisedName
PropertyName AssignmentExpression
MethodDefinition

PropertyName
LiteralPropertyName
ComputedPropertyName

LiteralPropertyName
IdentifierName
StringLiteral
NumericLiteral

ComputeéropertyName
[ AssignmentExpressioh

CoverlnitialisedName
IdentifierNamdnitialiser

Initialiser :
= AssignmentExpression

NOTE 2 MethodDefinitionis defined in 14.3.

NOTE 3 In certain contexts, ObjectLiteralis used as a cover grammar for a more restricted secondary grammar. The
CoverlnitialisedNameproduction is necessary to fully cover these secondary grammars. However, use of this production
results in an early Syntax Error in normal contexts where an actual ObjectLiteralis expected.

Static Semantics
Static S emantics: Early Errors

In addition to describing an actual object initialiser the ObjectLiteral productions are also used as a cover
grammar for ObjectAssignmentPattern(12:13:3).  When ObijectLiteral appears in a context where
ObjectAssignmentPatteis required, the following Early Error rules are not applied.

ObjectLiteral: { PropertyDefinitionList }
and
ObjectLiteral: { PropertyDefinitionList }

1 Itis a Syntax Error if PropertyNameLisbf PropertyDefinitiorList contains any duplicate entries, unless
one of the following conditions are true for each duplicate entry:

1. The source code corresponding to PropertyDefinitionListis not strict code and all occurrences
in the list of the duplicated entry were obtained from productions of the form
PropertyDefinition: PropertyName AssignmentExpression

2. The duplicated entry occurs exactly twice in the list and one occurrence was obtained from a
get accessor MethodDefinitionand the other occurrence was obtained from a set accessor
MethodDefinition

PropertyDefinition: MethodDefinition

T ltis La Syntax Error if ReferencesSup@f MethodDefinitionis true. Commented [AWB849]:  The currently prevailing position in
TC39 is that use of super should not be allowed in object
PropertyDefinition: IdentifierName literals. This restriction is arbitrary in the sense that the

runtime semantics would work.

1 ltis a Syntax Error if IdentifierNames a ReservedWord
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PropertyDefinition: CoverlniialisedName

1 Always throw a Syntax Error if this production is present

NOTE This production exists so that ObjectLiteralcan serve as a cover grammar for ObjectAssignmentPatte12.13.3).

It cannot occur in an actual object initialiser.
Static Semantics: Contains

With parameter symbol
PropertyDefinition: MethodDefinition

1. If symbolis MethodDefinition, returnrue.
2. Returnfalse.

NOTE Static semantic rules that depend upon substructure generally do not look into function definitions.

LiteralPropertyName IdentifierName

1. If symbolis aReservedWordreturnfalse.

2. If symbolis anldentifier and StringValue ofymbolis'the same value asthe StringValudagntifierName

returntrue;
3. Returnfalse

Static Semantics:  IsComputedP ropertyName
PropertyName LiteralPropertyName

1. Returnfalse.

PropertyName ComputeéropertyName

1. Returntrue.

Static Semantics:  IsValidSimpleAssignmentTarget
PrimaryExpression. Literal

1. Returnfalse.

Static Semantics: PropName

PropertyDefinition: IdentifierName

1. ReturnStringValue ofldentifierName
PropertyDefinition: PropertyName AssignmentExpression
1. Return PropNamef PropertyName
LiteralPropertyName StringLiteral

1. Returna String value whose characters are $hWeof theStringLiteral
LiteralPropertyName NumericLiteral

1. Letnbrbe the result of forming the value of theimericLiteral
2. ReturnToStringnbr).
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Compute®ropertyName [ AssignmentExpressidn
1. Returnempty.

Static Semantics:  Property NamelList
PropertyDefinitionList PropetyDefinition

1. If PropName ofPropertyDefinitionis empty, return anew empty List.
2. Return anewlList containingPropName oPropertyDefinition

PropertyDefinitionList PropertyDefinitionList, PropertyDefinition

Let list be PropertidameList of PropertyDdinitionList.

If PropName ofPropertyDefinitionis empty, returnlist.
Append PropName dPropertyDefinitionto the end ofist.
Returnlist.

pONPE

Runtime Semantics
Runtime Semantics: Evaluation
ObjectLiteral: { }

1. Returnthe result othe abstract operatioBbjectCreatewith the intrinsic object %ObjectPrototype% as its
argument

ObjectLiteral:
{ PropertyDefinitionLisf
{ PropertyDefinitionList, }
1. Letobjbe the result othe abstract operation ObjectCreatith the intrinsic object %ObjectPrototype% as
its argument
2. Letstatusbe the result of @rforming Property DefinitionEvaluation of PropertyDefinitionListwith
argumenbbj.
3. ReturnIfAbruptétatug.
4. Returnobj.
PropertyDefinition: IdentifierName
1. Return StringValue ofdentifierName
PropertyDefiniton : PropertyName AssignmentExpression
1. Returnthe result of evaluatingropertyName
LiteralPropertyNameldentifierName
1. Return StringValue ofdentifierName
LiteralPropertyName StringLiteral
1. Returna String value whose characters are $heof the StringLiteral

LiteralPropertyName NumericLiteral

1. Letnbr be the result of forming the value of theimericLiteral
2. Return ToStringgbr).
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Compute®ropertyName [ AssignmentExpressidn

Let exprValuebe the result of evaluatingssignmentExpression
Let propNamebe GetValue¢xprValug.
ReturnifAbruptpropNamg.

ReturnToPropertyKeypropName.

Eal ol N

Runtime Semantics: Property Definition Evaluation
With parameter objectand optional parameter functionPrototype
PropertyDefinitionList PropertyDefinitionlist, PropertyDefinition

1. Letstatusbe the result of @rforming Property DefinitionEvaluationof PropertyDefinitionListwith
argumentbbject

2. ReturnlfAbruptétatug.

3. Return the result ofgrforming Property DefinitionEvaluationof PropertyDefinitionwith argumenbbject.

PropertyDefinition: IdentifierName

Let propNamebe StringValueof IdentifierName

Let exprValuebe the result operforming Identifier Resolution as specified8r8.1usingldentifierName
Let propValuebe GetValueéxprValug.

ReturnlfAbruptpropValug.

Let descbe the Property Descriptor{[[Value]propValue [[Writable]]: true, [[Enumerable]]itrue,
[[Configurable]]: true}

6. Return the result obefinePropert@rThrow(object propName desq.

arwNE

PropertyDefiniton : PropertyName AssignmentExpression

1. LetpropKeybethe result of evaluatingropertyName
2. ReturnlfAbruptpropKey).
3. If the source code correspondingRoopertyDefinitionis strict codeand if
isComputedPropertyName(opKey) is true, then
a. LetduplicateKeybethe result of calling the HasOwrProperty]] internal method afbject with
argumentpropKey.
b. ReturnlfAbrupt@uplicateKey.
c. If duplicateKeyis true, then throw arypeError exception.
Let exprValuebe the result of evaluatingssignmentExpression
Let propValuebe GetValueg¢xprValug.
ReturnifAbruptpropValug.
Let descbe the Property Descriptor{[[Value]propValue [[Writable]]: true, [[Enumerable]]itrue,
[[Configurable]]:true}
8. Return the result obefinePropert®rThrow(bject propKey, desg.

Noak

NOTE An alternative semantics for this production is given in B.3.1.
12.1.6 Function Defining Expressions

See 14.1 for PrimaryExpression FunctionExpression

See 14.4 for PrimaryExpression GeneratoExpression

See 14.5 for PrimaryExpression Clas€Expression
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12.1.7 Generator Comprehensions

Syntax

GeneratoComprehension
( Comprehension)

12.1.7.1 Static Semantics
Static Semantics: Early Errors
GeneratorComprehensian( Comprehension
1 Itis a Syntax Error if ComprehensioContainsYieldExpressionis true.
12.1.7.2 Runtime Semantics
Runtime Semantics: Evaluation
GeneratorComprehensian( Comprehensiof

If GeneratorComprehensida contained in strict mode-code, thendeict betrue; otherwi® letstrict befalse.

Let scopebethe LexicalEnvironment of theinningexecution context

Let parametersethe production:FormalParameters [empty].

Using Comprehensiorfrom the production that is being evaluated,bdetlybe the supplemental syntecgrammar

production:GeneratorBody Comprehension

Let closure be the result of performing th&eneratdfunctiorCreate abstract operation with argumeAtsow,

parametersbody, scope andstrict.

6. Let prototypebe the result of the abstract operatidojgdtCreatewith the intrinsic object %BeneratdPrototype% as
its argument

7. Perform the abstract operation-MakeConstructor with arguncéogsre true, andprototype

8. Letiterator be the result of calling the [[Call]] internal methodaésurewith undefined asthisArgument
anda emptyList asargumentsList

9. Returniterator.

APONE

o1

NOTE The GeneratorFunction object created..in step 5 is not observable from ECMAScript code so an
implementation may choose to avoid its allocation and initialization. In that case use other semantically equivalent means
must be used to allocate and initialise the iterator object in step 8. In either case, the prototypeobject created in step 6
must be created because.it is potentially observable as the value of the iteratoro b j e dtotétgpe]][infernal data property.

12.1.8 Regular Expression Literals

Syntax
See 11.8.4.

Static Semantics
Static Semantics: Early Errors
PrimaryExpression RegularExpressionLiteral
1 Itis a Syntax Error if BodyTextof RegularExpessionLiteralcannot be recognised using the goal symbol
Patternof the ECMAScript RegExp grammar specified in 21.2.1.

1 ltis a Syntax Error if FlagTextof RegularExpressionLiteratontains any character other than "g" , ,
"m","u",or"y", orifit contains the same character more than once.

Runtime Semantics
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Runtime Semantics: Evaluation

PrimaryExpression RegularExpressionLiteral

1. |Aregular 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 in two steps: first, the characters comprising the regular
expression's RegularExpressionBodyand RegularExpressionFlagproduction 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

12.1.9 Template Literals

Syntax

Templatéiteral :
NoSubstitutionTemplate
Templatélead ExpressioriLexical goal InputElementTemplateTail Templat&pans

TemplateSpans
TemplateTail
TemplateMiddleList[Lexical goal InputHementTemplateT4iTemplatd ail

TemplatdiddleList:

Templatdliddle Expression

TemplatdliddleList [Lexical goal InputElemeritemplatdail] Templatdliddle Expression
Static Semantics
Static Semantics: TemplateStrings

With parameter raw.
Templatéiteral : NoSubstitutionTemplate
1. If rawis false, then
a. Letstring be theTV of NoSubstitutionTemplate

2. Else,

a.” Letstring be theTRV of NoSubstitutionTemplate
3. Returna List containing the single elemestring.

Templatéiteral : TemplatéleadExpressioriLexical goal InputElementemplat@ail] Templat&pans

1. If rawis false, then
a. Letheadbe theTV of Templatélead
2. Else,
a. Letheadbe theTRV of Templatélead
3. Lettail be TemplateString®f Templat&panswith argumentaw.
4. Returna List containingheadfollowed bythe element, in order ofail.

TemplateSpans TemplateTail
1. If rawis false, then
a. Lettail be the TV ofTemplateTail
2. Else,
a. Lettail be the TRV ofTemplateTail
3. Returna List containing theingle elementtail.

TemplatSpans TemplatdiddleList [Lexical goal InputElemeritemplatdail] Templatd ail
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1. Letmiddlebe TemplateStrings ofemplateMiddleListvith argumentaw.
2. If rawis false, then
a. Lettail be theTV of Templatdail.
3. Else,
a. Lettail be theTRV of Templatdail.
4. Returna List containing theslemens, in order, ofmiddle followed by tail.

TemplatdiddleList: Templatdliddle Expression

1. |If rawis false, then

a. Letstring be theTV of Templatéiddle.
2. Else,

a. Letstring be theTRV of Templatéiddle.
3. Returna List containing the single elemestring.

TemplatdiddleList: TemplatdliddleList[Lexical goal InputElemeritemplatdail] Templatéliddle Expression

1. Letfront be TemplateString®f TemplatdiddleListwith argumentaw.
2. If rawis false, then
a. Letlastbe theTV of Templatdiddle.
3. Else,
a. Letlastbe theTRV of TenplateMiddle.
4. Appendlastas the last eleemt of the Listfront.
5. Returnfront.

Runtime Semantics
Runtime Semantics: ArgumentListEvaluation
Templatéiteral : NoSubstitutionTemplate

1. LetsiteObjbe the result of the abstract operation BahplateCallSite pasimg this Templatéiteral
production as the argument.
2. Returna List containing th@ne element which isiteObj

Templatéiteral : TemplatéleadExpression[Lexical goal InputElemeritemplat&ail] Templat&pans

1. LetsiteObjbe the result of the abstract opgoa GefTemplate€CallSite passing thiSemplaté.iteral
production as the argument.

Let firstSubbe the result of evaluatingxpression

ReturnlfAbruptfirstSub.

Let restSubbe SubstitutionEvaluation afemplat&pans

ReturnlfAbruptfestSub.

Assert,restSubis a List.

Returna List whose first element siteObj whose second elementsfisstSul and whose subsequent
elements are the elementsrestSubin order.restSubmay contain no elements.

NogokrwnN

Runtime Semantics: GetTemplateCallSite Abstract Operatio n

The abstract operation GefTemplate€€allSite is called with a grammar production, templatditeral, as an
argument. It performs the following steps:

1. If a call site object for the source code correspondintgnaplaté.iteral has already been created by a
previous call to this abstract operation, then
a. Return that call site object.
Let cookedStringbe TemplateString®f templatd.iteral with argumenfalse.
Let rawStringsbe TemplateStringof templaté.iteral with argumentrue.
Let countbe the number of eleemts in the ListookedStrings
Let siteObjbe the result of the abstract operation ArrayCreate with arguooemtt
Let rawObj be the result of the abstract operation ArrayCreate with arguoemtt

ok wN
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7. Letindexbe 0.
8. Repeat whilandex< count
a. LetpropbeToStringindex).
b. LetcookedValude the string value at-Based positiofndexof the ListcookedStrings
c. Callthe [[DefineOwnProperty]] internal method siteObjwith argumentprop andProperty
Descriptor{[[Value]]: cookedValug[[Enumerable]l:true, [[Writable]]: false, [[Configurable]]:
false}.
d. LetrawValuebe the string valuat O-based positioindexof the ListrawStrings
e. Call the [[DefineOwnProperty]] internal method mwODbjwith argumentprop andProperty
Descriptor{[[Value]]: rawValue [[Enumerable]]:true, [[Writable]]: false, [[Configurable]]:false}.
f. Letindexbeindex1.
9. Perform SetIntegrityLevetawObj, "frozen *).
10. Call the [[DefineOwnProperty]] internal method siteObjwith arguments raw " andProperty Deskptor
{[[Value]]: rawObj, [[Writable]]: false, [[Enumerable]]false, [[Configurable]]:false}.
11. Perform SetlntegrityLeve$iteObj, "frozen ").
12. Remember an association between the source code correspontémgplatd.iteral andsiteObjsuch that
siteObjcan be retrieve in subsequendtlls to this abstract operation.
13. ReturnsiteObj

NOTE 1  The creation of a call site object cannot result in an abrupt completion.

NOTE 2  Each Templatéiteral in the program code is associated with a unique Template call site object that is used in
the evaluation of tagged Templates (12.2.6.1). The same call site object is used each time a specific tagged Template is
evaluated. Whether call site objects are created lazily upon first evaluation of the Templat&iteral or eagerly prior to first
evaluation is an implementation choice that is not observable to ECMAScript code.

Runtime Semantics: SubstitutionEvaluation

TemplateSpansTemplateTail

1. Return an empty List.

TemplateSpansTemplateMiddleLisfLexical goal InputElemeritemplatérail] TemplateTail

1. Return the result.of SubstitutionEvaluationTafmplateMiddleList

TemplatdliddleList: Templatdiddle Expression

1. Letsubbe the result of evaluatingxpression

2. ReturnlfAbruptsub.

3. Returna List containing onlysuh

TemplatdiddleList: TemplatdliddleList[Lexical goal InputElemeritemplat&ail] Templatdliddle Expression

Let preceedingoe the result of SubstitutionEvaluation BémplatéiddleList.

ReturnifAbruptpreceeding.

Let next be the result'of evaluatingxpression

ReturnlfAbrupt(nex).

Appendnextas thelastelement of the Lispreceeding
Returnpreceeding

oupwneE

Runtime Semantics: Evaluation

Templatéiteral : NoSubstitutionTemplate

1. Returnthe stringvaluewhoseelementsare theTV of NoSubstitutionTemplates defined ir.1.8.6
Templatéiteral : TemplatéleadExpressioriLexical goal InputElemeritemplat@ail] Templat&pans

1. LetheadbetheTV of Templatéleadas defined in1.8.6
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Let subbe the result of evaluatirgxpression

Let middlebe ToString(sub.

ReturnIfAbruptmiddle).

Let tail be the result of evaluatinBemplateSpans

ReturnIfAbrupt¢ail).

Returnthe stringvaluewhoseelementsare thecode units of headfollowed by thecode unitsof tail.

Nookwn

TemplateSpas: TemplateTail

1. Lettail be the TV ofTemplateTails defined irL1.8.6
2. Returnthe string whose elements are the code unitsibf

TemplatSpars: TemplatdliddleList [Lexical goal InputElemeritemplat&ail] Templatd ail

1. Letheadbe the result of evaluatinfemplatdliddleList

2. ReturnIfAbrupthead.

3. Lettail be theTV of Templat8ail as defined irn.1.8.6

4. Returnthe string whoselementsare theelementsof headfollowed by theelementsof tail.

TemplatdiddleList: Templatdliddle Expression

Let headbe theTV of Templatdliddle as defined in1.8.6

Let subbe the result of evaluatingxpression

Let middlebeToString(sub.

ReturnIfAbruptniddle).

Returnthe sequere of characters consisting of tkede unitsof headfollowed by theelementsf middle

arwNE

TemplatdiddleList: TemplatdiddleList[Lexical goal InputElemeritemplat&ail] Templatdiddle Expression

Let restbe the result of evaluatinBemplatéiddleList.

ReturnifAbrupt(rest).

Let middle be theTV of Templatéliddle as defined ir.1.8.6

Let subbe the result of evaluatingxpression

Let lastbe ToStringGub.

ReturnlfAbrupt(ast).

Returnthe sequence of characters consistinghefelementsf restfollowed by thecode unitsof middle
followed by theelementsof last

Noo,rwh e

12.1.10 The Grouping Operator
Static Semantics: Early Errors
PrimaryExpression CoverParenthesedExpressionAndArrowParameterList
1 ltisa Syntax Error if the lexical token sequence matched by
CoverParenthesedExpressionAndArrowParameterLesinnot be parsed with no tokens left over using
ParenthesiedExpressioms the goal symbol.
1 All Early Errars rules for ParenthesiedExpressiorand its derived productions also apply to the
CoveredParenthesedExpressionf CoverParenthesedExpressionAndArrowParameterList
Static Semantics:  IsValidSimpleAssignmentTarget

PrimaryExpression CoverParenthesedExpressionAndArrowParameterList

1. Letexprbe CoveedParenthesedExpressionf CoverParenthesedExpressionAndArrowParameterList
2. ReturnlsValidSimpleAssignmentTargef expr.

ParenthesiedExpression ( Expression)
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1. ReturnisValidSimpleAssignmentTargef Expression
Runtime Semantics: Evaluation
PrimaryExpression CoverParerftessedExpressionAndArrowParameterList

1. Letexprbe CoverdParenthesedExpressiomf CoverParenthesedExpressionAndArrowParameterList
2. Returnthe result of evaluatingxpr.

ParenthesedExpression ( Expression)

1. Return the result of evaluatirxpresson. 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.

12.2 Left-Hand-Side Expressions

Syntax

MemberExpression
[Lexical goal InputElementRegEXfPrimaryExpression
MemberExpressioh Expressior]
MemberExpression IdentifierName
MemberExpressiomemplatéiteral
super [ Expression
super . ldentifierName
new super  ArgumenSopt
new MemberExpressionPArguments

NewExpression
MemberExpression
new NewExpression

CallExpression
MemberExpressioPArguments
super Arguments
CallExpression Arguments
CallExpressior] Expressior]
CallExpression ldentifierName
CallExpressionTempétel.iteral

Arguments
( ArgumentList)
ArgumentList
AssignmentExpression
AssignmentExpression
ArgumentList AssignmentExpression
ArgumentList ...  AssignmentExpression
LeftHandSideExpressian
NewEXxpression
CallExpression

Static Semantics

Static Semantics: Contains
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With parameter symbol

MemberExpressionMemberExpression IdentifierName

1.
2.
3

4.

If MemberExpressiofontainssymbolis true, returntrue.

If symbolis aReservedWordreturnfalse.

If symbolis anldentifier and StringValue ofymiwl is the same value as the StringValuddéntifierName
returntrue;

Returnfalse.

MemberExpressionsuper . IdentifierName

1.
2.
3.

4.

If symbolis theReservedWorduper , returntrue.

If symbolis aReservedWordreturnfalse.

If symbolis anldentifier and SringValue ofsymbolis the same value-as the StringValuddéntifierName
returntrue;

Returnfalse.

CallExpression CallExpression IdentifierName

1.
2.
3.

4.

If CallExpressionContainssymbolis true, returntrue.

If symbolis aReservedWordreturnfalse.

If symbolis anldentifier and StringValue ofymbolis the same value as the StringValuddagntifierName
returntrue;

Returnfalse.

MemberExpressionnew super

1.
2.
3.

If symbolis theReservedWorduper , returntrue.
If symbolis theReservedWordiew, returntrue.
Returnfalse.

MemberExpressionnew super Arguments

1.
2.
3.

If symbolis theReservedWorduper , returntrue.
If symbolis theReservedWordew, returntrue.
Returnthe result ofArgumentsContainssymbol

Static Semantics:  IsValidSimpleAssignmentTa rget

CallExpression

CallExpressiorf Expressior]
CallExpression IdentifierName

MemberExpression

1.

MemberExpressiop Expressior]
MemberExpression IdentifierName
super[ Expression

super. IdentifierName

Returntrue.

CallExpression

MemberExpresion Arguments
super Arguments
CallExpression Arguments |

CallExpressionTemplateLiteral
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NewExpression new NewExpression

MemberExpression
new super Argumentsy
new MemberExpressioPArguments

1. Returnfalse.

12.2.1 Property Accessors

Properties are accessed by name, using either the dot notation:
MemberExpression IdentifierName
CallExpression ldentifierName

or the bracket notation:

MemberExpressioph Expression
CallExpressior] Expressior]

The dot notation is explained by the following syntactic conversion:
MemberExpression IdentifierName
is identical in its behaviour to
MemberExpressiop <identifier-namestring> |
and similarly
CallExpression ldentifierName
is identical in its behaviour to
CallExpressior] <identifier-namestring> ]

where <identifier-namestring> is a string literal containing the same sequence of characters after processing
of Unicode escape sequences as the IdentifierName

Runtime Semantics: Evaluation
MemberExpressionMemberExpressiop Expressior]

Let baseReferenclee the esult of evaluatindlemberExpression

Let baseValuebe GetValuelfaseReferenge

ReturnIfAbruptpaseValug

Let propertyNameReferendse the result of evaluatingxpression

Let propertyNameValube GetValugfropertyNameReferenge

ReturnlfAbruptpropertyNaneValug.

Let bv be CheckObjectCoercibldaseValug

ReturnIfAbruptpv).

Let propertyNameStrindpe ToStringpropertyNameValue

0. If the code matched by thgyntactic production that is being evaluated is strict mode codstrlet be true,
else letstrict befalse.

11. Return a value of type Reference whose base valbe and whose referenced namepi®pertyNameString

and whose stricteferenceflag is strict.

BOoo~NoOMwWNE

CallExpression CallExpressior] Expressior]

Is evaluated in exactly the same manner as MembeExpression: MemberExpressiofi Expression] except that
the contained CallExpressioris evaluated in step 1.
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12.2.2 The new Operator
Runtime Semantics: Evaluation
NewEXxpression new NewExpression

Let ref be the result of evaluatingewExpression

Let construcor be GetValueref).

ReturnIfAbrupt€onstructoy.

If IsConstructafconstructo) is false, throw aTypeError exception.

Return the result of calling the [[Construct]] internal methodconstructorwith an emptyList as the
argument

arONE

MemberExpressionnew MemberExpressioArguments

Let ref be the result of evaluatingemberExpression

Let constructorbe GetValue(ef).

ReturnIfAbruptgonstructoy.

LetargList be the result of evaluatirgrguments producing an interndlist of argument valuesl@.2.5.
ReturnIfAbruptérgList).

If IsConstructor(constructo} is false, throw aTypeError exception.

Return the result of calling the [[Construct]] internal methodconstructor passingargList as the
argument.

NogokrwnpE

12.2.3 [Function Calls|

Runtim e Semantics: Evaluation

CallExpression MemberExpressioArguments

1. Letref be the result of evaluatingemberExpressian

2. |If this CallExpressiornis in a tail position 14.6) then lettailCall be true, otherwise letailCall be false.
3. Return the result of the abstract operation Esi@Call with argumentsef, ArgumentsandtailCall.
CallExpression CallExpressiomPArguments

1. Letref be the result of evaluatin@allExpression

2. |If this CallExpressioris in a tail position {4.6 then lettailCall betrue, otherwise letailCall be false.
3. Return the result of the abstract operation Esi@Gall with argumentsef, ArgumentsandtailCall.

Runtime Semantics: EvaluateCall Abstract Operation

The abstracbperation EvalateCall takes as argumentyalueref, and a syntactic grammar production
arguments and a Boolean argumetailPosition. It performs the following steps:

1. If Type(ref) is Reference, then
a. If IsPropertyReference¢f) is true, then

i Return he result of the abstract operation EvaluateMethodCall with argumefnts

argumentsandtailPosition|

b. Else, the base ak&fis an Environment Record
i Let thisValuebe the result of calling th&/ithBaseObjectoncrete method of GetBasef).
ii. If thisValueis notundefined, then
1. LetnewRetea value of type Reference whose base valubi#/alueand whose
referenced name iGetReferencedNameHf), and whose striateferenceflag is
IsStrictReferenceéf).
2. Return the result of the abstract operatibralugeMethodCallwith arguments
newRefargumentsandtail Position
2. Else Type(ef) is not Reference,
a. LetthisValuebe undefined.
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Assert: This is a direct function call rather than a method call.

Let funcbe GetValuefef).

ReturnIfAbruptfunc).

LetargList be the result operforming ArgumentListEvaluation @rguments

ReturnIfAbrupt@rgList).

If Type(func) is not Object, throw &ypeError exception.

If IsCallablefunc) is false, throw aTypeError exception.

0. If tailPositionis true, then perform thé’repareBrTailCall abstract operation.

1. Let resultbethe result of calling the [[Call]] internal method éumnc, passinghisValueas thethisArgument
andargList as theargumentsList

12. Assert: IftailPositionis true, the above call will not return here, but insteevaluation will continue with

the resumption ofeafCallerContexts the running execution context.
13. Assert:If resultis not an abrupt completion thérype(esulf) is an ECMAScript language type
14. Returnresult

RBoxo~NO GO A~

Runtime Semantics: Evaluate Method Call Abstr act Operation

The abstract operation EvaluateMethodCall takes as arguments ar@fluend a syntactic grammar production
arguments and a Boolean argumetailPosition. It performs the following steps:

1. Assert:Type(ef) is ReferencaandlsPropertyRefeencefef) is true
2. Letbasebe the result of calling GetBasef).
3. |f HasPrimitiveBasefef) is true, then
a. Assert: In this casehasewill never benull or undefined.
b. Letbase be ToObjectpasg.|

Let argList be the result operforming ArgumentListEvaluatn ofarguments
ReturnIfAbrupt@rgList).Let thisValuebe GeThisValugref).

Let keybe GetReferencédameref).

If tailPositionis true, thenperform thePrepareForTailCal&bstract operation.

Let resultbethe result of calling th{ﬁ[lnvoke]] internal.mehod onbase passindkey, arglList, and

O N O A

thisvalue
9. Assert: IftailPositionis true, the abovd[Invoke]] will not return here, but instead evaluation will continue
with the resumption ofeafCallerContexis the running execution context.
10. Assert:If resuk is not'an abrupt completion th@type(esulf) is an ECMAScript language type
11. Returnresult
12.2.4 The super Keyword
Static Semantics
Static Semantics: Early Errors
MemberExpression
super [. Expressior]
super. ldentifierName
new s uper Argumentsy

CallExpression: super Arguments
1 Itis a Syntax Error if the source code parsed with this production is global code that is not eval code.
1 Itis a Syntax Error if the source code parsed with this production is eval code and the source code is
not being processed by a direct call to eval that is contained in function code.
Runtime Semantics: Evaluation

MemberExpressionsuper [ Expressior]

1. LetpropertyNameReferend® the result of evaluatingxpression
2. LetpropertyNameValube GetValugfropertyNameReferenge
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3. Let propertyKey be TdPropertyKeypropertyNameValue

4. If the code matched by thgyntactic production that is being evaluated is strict mode codstrlet be true,
else letstrict befalse.

5. Returnthe result of MakeSuperReferenpegpertyKey strict).

MemlerExpression super . IdentifierName

1. LetpropertyKeybe StringValue ofldentifierName

2. If the code matched by thgyntactic production that is being evaluated is strict mode codstrlet be true,
else letstrict be false.

3. Returnthe result of MakeSwgrReferencgiropertyKey strict).

MemberExpressionnew super Argumentsy

1. If the code matched by theyntactic production that is being evaluated is strict mode codstrlet be true,
else letstrict befalse.
Let ref be the result of MakeSuperReéarce(indefined, strict).
Let constructorbe GetValue(ef).
ReturnIfAbrupt€onstructoy.
If Argumentss present, then
a. LetargListbe the result of evaluatilgrgumentsproducing an.interndlist of argument values
(12.2.5.
b. ReturnlfAbrupt(argList).
6. Else,
a. Letarglistbe a new empty List.
7. If IsConstructoi(constructoj is false, throw aTypeError exception.
8. Return the result of calling the [[Construct]] internal methodtonstructor passingargList as the
argument.

arwnN

CallExpres®on : super Arguments

1. If the code matched by th&yntactic production that is being evaluated is strict mode codstrlet be true,
else letstrict befalse.

Let ref be the result'of MakeSuperReferenoedefined, strict).

ReturnIfAbruptgef).

If this CallExpressionis in a tail position (13:7).then leailCall betrue, otherwise letailCall be false.
Return the result of the abstract operation Ea@gMethodCall with argumentsef, ArgumentsandtailCall.

arwN

Runtime Semantics: Abstract Operation MakeSup erReference(propertyKey, strict)

Let envbe the result of performing the GetThisEnvironment abstract operation
If the result of calling the HasSuperBinding concrete methoehneis false, then throw &ReferenceError
exception.
Let actualThisbe theresut of calling theGetThisBinding concrete method anv.
Let baseValuée the result of calling the GetSuperBase concrete methedwf
Let bv be CheckObjectCoercibldaseValug
ReturnIfAbruptpv).
If propertyKeyis undefined, then
a. LetpropertyKeybetheresult of calling the GetMethodName concrete methodmf
8. Return a value of type Referent®at is a Super Refereneenhose base value s/, whose referenced name is
propertyKey, whose thisValues actualThis and whose stricteferenceflag is strict.

N

No ok

12.2.5 Argument Lists

The evaluation of an argument list produces a List of values (see 6.2.2).
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12.2.5.1 Runtime Semantics

Runtime Semantics: ArgumentListEvaluation

Arguments ()

1. Return an empty List.

ArgumentList AssignmentExpression

Eal i N

Let ref be the result of evaluatingssignmentExpression
Let arg be GetValuesef).

ReturnIfAbrupt@rg).

Return a List whose sole itemasg.

ArgumentList ...  AssignmentExpression

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

Letlist be an empty List.

Let spreadRebe the result of evaluatiryssgnmentExpressian
Let spreadValuehe GetValuegpreadRéf

Let spreadObjbe ToObject¢preadValug
ReturnIfAbruptépreadOby.

LetlenValbe the result of calling G&tpreadObj" length *).
Let spreadLerbe ToUint32(enVal).

ReturnIfAbruptépreadLei.

Letn=0.

0. Repeat, whilen < spreadLen
a.
b.
c.
d.

Let nextArgbe the result of calling G&tpreadObjToStringfn)).
ReturnifAbruptfiextArg.

AppendnextArgas the last element &bt.

Letn=n+1.

11. Returnlist.

ArgumentList ArgumentList, AssignmentExpression

ognpwnNnE

Let precedngArgsbe the result-of evaluatingrgumentList
ReturnIfAbruptprecedingArgs

Let ref be_the result of evaluatingssignmentExpression
Let arg-be GetValuesef).

ReturnlfAbrupté@rg).

Return a List whose length is one greater than the lengphezfedingArgsand whose items are the items of
precedingArgsin order, followed at the end targ which is the last item of the new list.

ArgumentList ArgumentList, ... AssignmentExpression

BOXNOOMONE
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Let precedingArgde an empty List.

Let spreadRebe the result of ealuatingAssignmentExpression
Let spreadValuehe GetValuegpreadReft

Let spreadObjbe ToObject§preadValug
ReturnIfAbruptépreadOby.

LetlenValbe the result of calling G&tpreadObj" length ").
Let spreadLerbe ToUint32(enVal).

ReturnIfAbruptépreallLen).

Letn=0.

b.
c.
d

. Repeat, whilen < spreadLen
a.

Let nextArgbe the result of calling GétpreadObj ToString()).
ReturnIfAbruptfiextArg.

AppendnextArgas the last element pfecedingArgs
Letn=n+1.

© Ecma International 2013

Commented [AW62]:  Note that the value the spread
operator is applied to is coerced to an Object.

Commented [AW63]:  Note that the value the spread
operator is applied to is coerced to an Object.



secma

11. ReturnprecedingArgs

12.2.6 Tagged Templates

12.2.6.1 Runtime Semantics

Runtime Semantics: Evaluation
MemberExpressionMemberExpressiofiemplatéiteral

1. LettagRefbe the result of evaluatingemberExpressian

2. If this MembeEXxpressions in a tail position (13.7) then l¢ailCall betrue, otherwise letailCall befalse.

3. Return the result of the abstract operation EvaluateCall with argurtegfsf, Template.iteral, and
tailCall.

CallExpression CallExpressioriTemplatéiteral

1. LettagRefbe the result of evaluatin@allExpression

2. |If this CallExpressionis in a tail pogion (13.7) then letailCall betrue, otherwise letailCall be false.

3. Return the result of the abstract operation EvaluateCall with argurtegfsf, Templatéiteral, and
tailCall.

12.3 Postfix Expressions

Syntax

PostfixExpression
LeftHandSideExpression
LeftHandSideExpressiofino LineTerminatothere] ++
LeftHandSideExpressiommo LineTerminatothere] -

Static Semantics
Static Semantics:  Early Errors
PostfixExpression

LeftHandSideExpressioino LineTerminatothere] ++
LeftHandSideExpressiofmo LineTermhatorhere] -

1 ltis an early Reference Error if IsValidSimpleAssignmentTargetf LeftHandSideExpressids false.

Static Semantics:  IsValidSimpleAssignmentTarget
PostfixExpression

LeftHandSideExpressioino LineTerminatotere] ++

LeftHandSideExpresgio [no LineTerminatorhere] --
1. Returnfalse.
12.3.1 Postfix Increment Operator
Runtime Semantics: Evaluation
PostfixExpression LeftHandSideExpressiolho LineTerminatoihere] ++
1. Letlhs be the result of evaluatingeftHandSideExpression

2. LetoldValuebe ToNumbe(GetValue(hs)).
3. ReturnlfAbruptpldValug.
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4. LetnewValuebe the result of adding the valdeto oldValue using the same rules as for th@perator (see
12.6.3.

5. Let statusbe PutValue(hs, newValug.

6. ReturnlfAbruptétatug.

7. ReturnoldValue

12.3.2 Postfix Decrement Operator
Runtime Semantics: Evaluation
PostfixExpression LeftHandSideExpressioimo LineTerminatothere] --

1. Letlhsbe the result of evaluatingeftHandSideExpression

2. LetoldValuebe ToNumber(GetValudé(s)).

3. LetnewValebe the result of subtracting the vallidrom oldValue using the same rules as for the
operator (2.6.3.

4. Let statusbe PutValue(hs, newValug.

5. ReturnlfAbruptétatug.

6. ReturnoldVvalue

12.4 Unary Operators

Syntax

UnaryExpres®n :
PostfixExpression
delete  UnaryExpression
void UnaryExpression
typeof  UnaryExpression
++ UnaryExpression
-- UnaryExpression
+ UnaryExpression
- UnaryExpression
~ UnaryExpression
! UnaryExpression

Static Semantics
Static Semantics:  Early Errors

UnaryExpression
++ UnaryExpression
-- UnaryExpression

1 Itis an early Reference Error if IsValidSimpleAssignmentTargetf UnaryExpressioris false.
Static Semantics:  IsValidSimpleAssignmentTarget

UnaryExpression

delete  UnaryExpression
void UnaryExpression
ty peof UnaryExpression
++ UnaryExpression

-- UnaryExpression

+ UnaryExpression

- UnaryExpression

~ UnaryExpression

I UnaryExpression
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1. Returnfalse.

12.4.1 The delete Operator

Static Semantics: Early Errors
UnaryExpression delete  UnaryExpression

9 Itis a Syntax Error if the UnaryExpressioris contained in strict code and the derived UnaryExpressioris
PrimaryExpression Identifier.
9 Itis a Syntax Error if the derived UnaryExpressionris
PrimaryExpression CoverParenthesedExpressionAndArrowParameterList
and derives a production that, if used in place of UnaryExpressionwould produce a Syntax Error
according to these rules. This rule is recursively applied.

NOTE The last rule means that expressions such as
delete (((foo)))
produce early errors because of recursive application of the first-rule.

Runtime Semantics: Evaluation
UnaryExpression delete  UnaryExpression

Let ref be the result of evaluatingnaryExpression
ReturnIfAbruptgef).
If Type(ref) is not Reference, retuttnue.
If IsUnresolvableRedrencefef) is true, then,
a. |If IsStrictReferenceff) is true, thenthrow aSyntaxError exception.
b. Returntrue.
5. If IsPropertyReferenceéf) is true, then
a. If IsSuperReference¢f), then throw &ReferenceError exception.
b. LetdeleteStatubethe result of calhg the [[Delete]] internal method on ToObject(GetBasgy,
providing GetReferencedNanref) as the argument.
c. ReturnifAbrupt@eleteStatus
d. If deleteStatuss false and|sStrictReferenceéf) is true, thenthrow aTypeError exception.
e. Return deleteStata
6. Elserefis a Reference to an Environment Record binding,
a. Letbindingsbe GetBasegf).
b. -Return the result of calling the DeleteBinding concrete methdarafings providing
GetReferencedNamegf) as the argument.

pONPE

NOTE When a delete operator occurs within strict mode code, a SyntaxError exception is thrown if its
UnaryExpressioris a direct reference to a variable, function argument, or function name. In addition, if a delete operator
occurs within strict mode code and the property to be deleted has the attribute { [[Configurable]]: false }, a TypeError
exception is thrown.

12.4.2 The void Operator

Runtime Semantics: Evaluation

UnaryExpression void UnaryExpression

1. Letexprbe the result of evaluatindnaryExpression

2. Let statusbe GetValuegxpr).

3. ReturnlfAbryt(statug.

4. Returnundefined.

NOTE GetValue must be called even though its value is not used because it may have observable side-effects.

© Ecma International 2013 145



secmd

12.4.3 The typeof Operator
Runtime Semantics: Evaluation
UnaryExpression typeof UnaryExpression

1. Letval be the result ofwaluatingUnaryExpression

2. If Type(val) is Reference, then
a. If IsUnresolvableReferencedl) istrue, return"undefined"
b. Letval be GetValueyal).

3. ReturnlfAbruptgal).

4. Return a String determined by Typa({) accordingto Table31.

Table 31 8 typeof Operator Results

Type of val Result
Undefined "undefined"
Null "object"
Boolean "boolean’
Number "number*
String "string"
Object (ordinary and does "object”

not implement [[Call]])
Object (is a Symbol exatic "s ymbol "
object)
Object (standard exotic "object"

other than Symbol and
does not implement [[Call]])

Object (implements [[Call]]) | “function”

Object (non-standard exotic | Implementation-defined. May not be
and does not implement | "undefi ned", "boolean”

[[Call]]) "number ", s ymbol ", or
“string".
NOTE Implementations are discouraged from defining new typeof result values for non-standard exotic objects. If

possible "object”  should be used for such objects.
12.4.4 Prefix Increment Operator

Runtime Semantics : Evaluation
UnaryExpression ++ UnaryExpression

Let exprbe the result of evaluatindnaryExpression

Let oldValuebe ToNumber(GetValuekpr)).

ReturnIfAbruptpldValug.

Let newValuebe the result of adding the valdeto oldValue using the same ruless for thet operator (see
12.6.3.

Let statusbe PutValueéxpr, newValué.

ReturnIfAbruptétatug.

ReturnnewValue

Eal ol N

Nown
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12.4.5 Prefix Decrement Operator
Runtime Semantics: Evaluation

UnaryExpression --  UnaryExpression

1. Letexprbe theresult of evaluating/naryExpression

2. LetoldValuebe ToNumber(GetValueipr)).

3. ReturnlfAbruptpldValud.

4. LetnewValuebe the result of subtractirtge valuel from oldValue using the same rules as for the
operator (sed2.6.3.

5. Let statusbe PutValueéxpr, newValug.

6. ReturnifAbruptétatus.

7. ReturnnewValue

12.4.6 Unary + Operator

NOTE  The unary + operator converts its operand to Number type.
Runtime Semantics: Evaluation

UnaryExpression + UnaryExpiession

1. Letexprbe the resulbf evaluatingunaryExpression
2. Return ToNumber(GetValuegpn)).

12.4.7 Unary - Operator

NOTE  The unary - operator converts its operand to Number type and then negates it. Negating +0 produces - 0, and
negating - 0 produces +0.

Runtime Semantics: Evaluation
UnaryBEspression: - UnaryExpression

Let exprbe the result of evaluatingnaryExpression

Let oldValuebe ToNumber(GetValuekpr)).

ReturnlfAbruptpldValug.

If oldValueis NaN, returnNaN.

Return the result of negatirddValue that is, compute a Number witheé same magnitude but opposite
sign.

arONE

12.4.8 Bitwise NOT Operator ( ~)

Runtime Semantics: Evaluation

UnaryExpression ~ UnaryExpression

Let exprbe the result of evaluatingnaryExpression
Let oldValuebe Tolnt32(GetValuefxpm)).

ReturnlfAbruptpldValug.
Retun the result of applying bitwise complementaiaValue The result is a signed 34t integer.

rPODNPE

12.4.9 Logical NOT Operator (! )
Runtime Semantics: Evaluation

UnaryExpression ! UnaryExpression
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Let exprbe the result of evaluatingnaryExpression
Let oldValue be ToBoolean(GetValuekpr)).
ReturnIfAbruptpldValug.

If oldValueis true, returnfalse.

Returntrue.

arwNE

12.5 Multiplicative Operators

Syntax

MultiplicativeExpression
UnaryExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressio®eUnaryExpression

Static Semantics:  IsValidSimpleAssignmentTarget

MultiplicativeExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressio®oUnaryExpressin

1. Returnfalse
Runtime Semantics: Evaluation

The production MultiplicativeExpression MultiplicativeExpression@ UnaryExpressionwhere @ stands for one
of the operators in the above definitions, is evaluated as follows:

Let left be the result of evaltimg MultiplicativeExpression
Let leftValuebe GetValuelgft).

ReturnifAbrupt(eftValué.

Let right be the result of evaluatindnaryExpression

Let rightValuebe GetValuefght).

Let Inumbe ToNumbeigeftValué:

ReturnIfAbrupt{num).

Let rnumbe ToNumbefrightValue).

ReturnlfAbrupténum).

0. Return the result of applying the specified operation (*, /, or %htion andrnum. See the Notes below
12:5.112.5.212.5.3

PONOGOALONE

12.5.1 Applying the * Operator

The * operator performs multiplication, producing the product of its operands. Multiplication is commutative.
Multiplication is not always associative in ECMAScript, because of finite precision.

The result of a floating-point multiplication is governed by the rules of IEEE 754 binary double-precision
arithmetic:
9 If either operand is NaN, the result is NaN.
1 The sign of the result is positive if both operands have the same sign, negative if the
operands have different signs.
9 Multiplication of an infinity by a zero results in NaN.
1 Multiplication of an infinity by an infinity results in an infinity. The sign is determined by the
rule already stated above.

1 Multiplication of an infinity by a finite nonzero value results in a signed infinity. The sign is
determined by the rule already stated above.
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1 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.

12.5.2 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:

9 If either operand is NaN, the result is NaN.

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

1 Division of an infinity by an infinity results in NaN.

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

1 Division of an infinity by a nonzero finite value results in a signed infinity. The sign is
determined by the rule already stated above:

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

1 Division of a zero by a zero results in NaN; division of zero by any other finite value results
in zero, with the sign determined by the rule already stated above.

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

1 In the remaining cases, where neither an infinity, nor a zero, nor NaN is involved, 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 represent, 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.

12.5.3 Applying the %Operator

The %operator yields the remainder of its operands from an implied division; the left operand is the dividend
and the right operand is the divisor.

NOTE In C and C++, the remainder operator accepts only integral operands; in ECMAScript, it also accepts floating-
point operands.

The result of a floating-point remainder operation as computed by the % operator is not the same as the
firemai ndero operation defined by | EEE 754. The |

from a rounding division, not‘a truncating division, and so its behaviour is not analogous to that of the usual
integer remainder operator. Instead the ECMAScript language defines % on floating-point operations to
behave in a manner analogous to that of the Java integer remainder operator; this may be compared with the
C library function fmod.

The result of an ECMAScript floating-point remainder operation is determined by the rules of IEEE arithmetic:
9 If either operand is NaN, the result is NaN.

The sign of the result equals the sign of the dividend.

If the dividend is an infinity, or the divisor is a zero, or both, the result is NaN.

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

If the dividend is a zero and the divisor is nonzero and finite, the result is the same as the

dividend.

1 In the remaining cases, where neither an infinity, nor a zero, nor NaN is involved, the
floating-point remainder r from a dividend n and a divisor d is defined by the mathematical

f
f
f
f
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relation r = n - (d 3 qg) where g is an integer that is negative only if n/d is negative and
positive only if n/d is positive, and whose magnitude is as large as possible without
exceeding the magnitude of the true mathematical quotient of n and d. r is computed and
rounded to the nearest representable value using IEEE 754 round-to-nearest mode.

12.6 Additive Operators

Syntax

AdditiveExpression
MultiplicativeExpression
AdditiveExpressior MultiplicativeExpression
AdditiveExpression MultiplicativeExpression

Static Seman tics: IsValidSimpleAssignmentTarget

AdditiveExpression
AdditiveExpressior MultiplicativeExpression
AdditiveExpression MultiplicativeExpression

1. Returnfalse

12.6.1 The Addition operator ( +)

NOTE The addition operator either performs string concatenation or numeric addition.
Runtime Semantics: Evaluation

AdditiveExpression AdditiveExpressior MultiplicativeExpression

Let Iref be the result of evaluatingdditiveExpression
Let Ival be GetValuelfef).
ReturnifAbrupt{val).
Let rref be the result'of evahtingMultiplicativeExpression
Let rval be GetValue(ref).
ReturnIfAbruptfval).
Let Iprim be ToPrimitive(val).
ReturnIfAbrupt{prim).
Let rprim be ToPrimitive(val).
0. ReturnlfAbruptfprim).
1. If Type(lprim) is String or Typefprim) is String, then
a. Returnthe String that is the result of concatenating ToSttpri) followed by ToStringfprim)
12. Return the result of applying the addition operation to ToNunifpeng) and ToNumberfrim). See the
Note below12.6.3

RBoo~Noa,rwNE

NOTE 1  No hint.is provided in the calls to ToPrimitive in steps 7 and 9. All standard ECMAScript objects except Date
objects handle the absence of a hint as if the hint Number were given; Date objects handle the absence of a hint as if the
hint String were given. Exotic objects may handle the absence of a hint in some other manner.

NOTE 2  Step 11 differs from step 5 of the Abstract Relational Comparison algorithm (7.2.8), by using the logical-or
operation instead of the logical-and operation.

12.6.2 The Subtraction Operator (- )
Runtime Semantics: Evaluation
AdditiveExpression AdditiveExpression MultiplicativeExpression

1. Letlref be the result of evaluatifydditiveExpression
2. Letlval be GetValudfef).
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ReturnIfAbrupt(val).

Let rref be the resit of evaluatingMultiplicativeExpression

Let rval be GetValue(ref).

ReturnIfAbruptfval).

Let Inumbe ToNumbeifal).

ReturnIfAbrupt(num).

. Letrnumbe ToNumben(val).

10. ReturnIfAbruptfnum).

11. Return the result of applying the subtraction operatiolmtan andrnum. See the note belo®2.6.3

©oONO UMW

12.6.3 Applying the Additive Operators to Numbers

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

operands. The - operator performs subtraction, producing the difference of two numeric operands.
Addition is a commutative operation, but not always associative.

The result of an addition is determined using the rules of IEEE 754 binary double-precision arithmetic:
9 If either operand is NaN, the result is NaN.

1 The sum of two infinities of opposite sign is NaN.

1 The sum of two infinities of the same sign is the infinity of that sign.

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

 The sum of two negative zeroes is - 0. The sum of two positive zeroes, or of two zeroes of
opposite sign, is +0.

9 The sum of a zero and a nonzero finite value is equal to the nonzero operand.

9 The sum of two nonzero finite values of the same magnitude and opposite sign is +0.

1 In the remaining cases, where neither an infinity, nor a zero, nor NaN is involved, and the

NOTE

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

The - operator performs subtraction when applied to two operands of numeric type, producing the difference

of its operands; the left operand is the-minuend and the right operand is the subtrahend. Given numeric operands a and b,
it is always the case that ai b produces the same result as a+( i b) .

12.7 Bitwise Shift Operators

Syntax

ShiftExpression
AdditiveExpression

ShiftExpressiorx< AdditiveExpression
ShiftExpressior»> AdditiveExpression
ShiftExpressior>> AdditiveExpression

Static Semantics:  IsValidSimpleAssignmentTarget
ShiftExpression
ShiftExpressiorx< AdditiveExprasion
ShiftExpressior»> AdditiveExpression
ShiftExpressior»>> AdditiveExpression

1. Returnfalse.
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12.7.1 The Left Shift Operator ( <<)

NOTE Performs a bitwise left shift operation on the left operand by the amount specified by the right operand.
Runtime Semantics : Evaluation

ShiftExpression ShiftExpressior< AdditiveExpression

LetIref be the result of evaluatinghiftExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt{val).

Let rref be the result of evaluatingdditiveExpression

Let rval be GetValuefref).

ReturnifAbruptgval).

LetInumbe Tolnt32(val).

ReturnIfAbrupt{num).

Let rnumbe ToUint32¢val).

0. ReturnlfAbrupt¢num).

1. Let shiftCountbe the result of masking out all but the least significant 5 bitewin, that.is, computenum
& Ox1F.

12. Return the esult of left shiftinginum by shiftCountbits: The result is a.signed 32t integer.

RBoo~NoOrwNE

12.7.2 The Signed Right Shift Operator ( >>)

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

Runti me Semantics: Evaluation
ShiftExpression ShiftExpressior»> AdditiveExpression

LetIref be the result of evaluatinghiftExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt{val):

Let rref be the result of evaluatingdditiveExpression

Let rval be GetValuegref).

ReturnifAbruptgval).

LetInumbe Tolnt32(val).

ReturnifAbrupt{num).

Let rnumbe ToUint32¢val).

0. ReturnlfAbruptfnum).

1. Let shiftCountbe the result of masking out all but the least significant 5 bitewin, that is, computenum
& Ox1F.

12. Return the result of performing a sigixtending right shift ofnum by shiftCountbits. The most significant

bit is propagated. The result is a signed3Rinteger.

RBpoo~NoOrwNE

12.7.3 The Unsigned Right Shift Operator ( >>>)

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

Runtime Semantics: Evaluation

ShiftExpression ShiftExpressiorr>> AdditiveExpression
LetIref be the result of evaluatinghiftExpression
Let Ival be GetValuelfef).

ReturnifAbrupt(lval).
Let rref be the result of evaluatingdditiveExpression

PN
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Let rval be GetValuefref).

ReturnIfAbruptfval).

Let Inumbe ToUint32(val).

ReturnIfAbrupt{num).

Let rnumbe ToUint32¢val).

0. ReturnIfAbruptfnum).

1. Let shiftCountbe the result of neking out all but the least significant 5 bitsralum, that is, computenum
& Ox1F.

12. Return the result of performing a zefitling right shift of Inumby shiftCountbits. Vacated bits are filled

with zero. The result is an unsigned-Bi2 integer.

BRPOONO O

12.8 Relational Operators

NOTE The result of evaluating a relational operator is always of type Boolean; reflecting whether the relationship
named by the operator holds between its two operands.

Syntax

RelationalExpression
ShiftExpression
RelationalExpressior ShiftExpression
RelationalExpressiom ShiftExpression
RelationalExpressior= ShiftExpression
RelationalExpressior= ShiftExpression
RelationalExpressiomstanceof  ShiftExpression
RelationalExpressioin  ShiftExpression

Static Semantics: IsValidSimpleAssi gnmentTarget

RelationalExpression
RelationalExpressior ShiftExpression
RelationalExpressior ShiftExpression
RelationalExpressios= ShiftExpression
RelationalExpressior= ShiftExpression
RelationalExpressiomstanceof . ShiftExpression
RelationalExpessionin . ShiftExpression

1. Returnfalse

12.8.1 Runtime Semantics

Runtime Semantics: Evaluation

RelationalExpression RelationalExpressior ShiftExpression

Let Iref be the result of evaluatin@elationalExpression

Let Ival be GetValuglfef).

ReturnifAbrupt(val).

Let rref be the result of evaluatinghiftExpression

Let rval be GetValue(ref).

Letr be the result of performingbstractRelationalComparisonval < rval. (see7.2.9
ReturnIfAbrupt().

If r is undefined, returnfalse. Otherwise, returm.

ONOOTAWNE

RelationalExpression RelationalExpressios ShiftExpression
1. Letlref be the result of evaluatingelationalExpression

2. Letlval be GetValudfef).
3. ReturnIfAbrupt{val).
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Let rref be the result of evaluatinghiftExpression

Let rval be GetValuefref).

Let r be the result of performingbstractRelationalComparisorrval < lval with LeftFirst equal tofalse.
ReturnIfAbruptf).

If r is undefined, returnfalse. Otherwise, returm.

O N oA

RelationalExpression RelationalExpressior= ShiftExpgession

LetIref be the result of evaluatingelationalExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt{val).

Let rref be the result of evaluatinghiftExpression

Let rval be GetValuefref).

Letr be the result of performingbstractRelationalComparisonrval < Ival with LeftFirstequal tofalse.
ReturnlfAbrupt¢).

If r istrue or undefined, returnfalse. Otherwise, returtrue.

ONoOGAWONE

RelationalExpression RelationalExpressior= ShiftExpression

LetIref be the result of evaluatingelationalExpressin.

Let Ival be GetValuelef).

ReturnIfAbrupt{val).

Let rref be the result of evaluatinghiftExpression

Let rval be GetValuefref).

Letr be the result of performingbstractRelationalComparisorival < rval.
ReturnlfAbrupt¢).

If r istrue or undefined, returnfalse. Otherwise, returtrue.

ONoOAWNE

RelationalExpression RelationalExpressiomstanceof  ShiftExpression

LetIref be the result of evaluatin@elationalExpression
Let Ival be GetValuelfef):

ReturnifAbrupt{val).

Let rref be the result of evaltiamg ShiftExpression

Let rval be GetValueffref).

ReturnIfAbruptfval).

Return the result ahstancefOperato(lval, rval).

Nog,wnE

The abstract operation instancefOperato(O, C) implements the generic algorithm for determining if an object
O inherits from the inheritance path defined by constructor C. This abstract operation performs the following
steps:

If Type(C) is not Object, throw &ypeError exception.
LetinstOMHandlerbe the result of GetMetho@(@ @haslInstance
ReturnIfAbrupt{nstOHandler).
If instOMHandler is notundefined, then
a. Letresultbethe result of calling the [[Call]] internal method mfstOMHandler passingC as
thisArgumentanda new List containin@® asargumentsList
b. Return ToBooleanésulf).
5. If IsCallable(C) is false, thenthrow aTypeErr or exception.
6. Return the result o®rdinaryHaslInstancgC, O).

pPwnPE

NOTE Steps 5 and 6 provide compatibility with previous editions of ECMAScript that did not use a @ @haslInstance
method to define the in stanceof operator semantics. If a function object does not define or inherit @ @haslInstance it
uses the default instanceof ~ semantics.

RelationalExpression RelationalExpressioim ShiftExpression

1. Letlref be the result of evaluatir@elationalExpression
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Let Ival be GetValuelfef).

ReturnlfAbrupt(val).

Let rref be the result of evaluatinghiftExpression

Let rval be GetValuefref).

ReturnIfAbruptfval).

If Type(rval) is not Object, throw &ypeError exception.
Return the resulof HasPropertyfval, ToPropertyKeylval)).

PN~ WD

12.9 Equality Operators

NOTE The result of evaluating an equality operator is always of type Boolean, reflecting whether the relationship
named by the operator holds between its two operands.

Syntax

EqualityExpression
RelationalExpression
EqualityExpression==RelationalExpression
EqualityExpression! = RelationalExpression
EqualityExpression===RelationalExpression
EqualityExpression!==RelationalExpression

Static Semantics:  IsValidSimpleAssignmentTarget

EqualityExpression
EqualityExpression==RelationalExpression
EqualityExpression!= RelationaExpression
EqualityExpression===RelationalExpression
EqualityExpression!== RelationalExpression

1. Returnfalse.

12.9.1 Runtime Semantics

Runtime Semantics: Evaluation

EqualityExpression EqualityExpressior= RelationalExpression

Let Iref be the resuit of evaktingEqualityExpression

Letlval be GetValuelfef).

ReturnlfAbrupt(val).

Let rref be the result of evaluatir@elationalExpression

Letrval be GetValue(ref).

ReturnlfAbruptgval).

Return the result of performingbstractEquality Comparisorrval == lval.

Nogop,rwnhE

EqualityExpression EqualityExpressiori= RelationalExpression

Let Iref be the result of evaluatingqualityExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt(val).

Let rref be the result of evaluatir@elationalExpression

Letrval be GetVale(rref).

ReturnlfAbruptfval).

Letr be the result of performingbstractEquality Comparisorrval == lval.
If ris true, returnfalse. Otherwise, returtrue.

ONOUTAMWONE

EqualityExpression EqualityExpressiorr== RelationalExpression

© Ecma International 2013 155



secma

LetIref be the result of evaating EqualityExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt{val)

Let rref be the result of evaluatir@elationalExpression

Let rval be GetValuefref).

ReturnifAbruptgval).

Return the result of performingrict Equality Comparisorrval === lval.

Noga,rwNE

EqualityExpression EqualityExpressiori== RelationalExpression

Let Iref be the result of evaluatirgqualityExpression

Let Ival be GetValuelfef).

ReturnIfAbrupt{val).

Let rref be the result of evaluatir@elationalExpression

Let rval be GetVale(rref).

ReturnIfAbruptgval).

Let r be the result of performin§trict Equality Comparisorrval === Ival.
If r is true, returnfalse. Otherwise, returtrue.

ONOUAWNE

NOTE 1  Given the above definition of equality:
9 String comparison can be forced by:
1 Numeric comparison can be forced by: +a == +b .
1 Boolean comparison can be forced by: la == b

+a=="" +b.

NOTE 2  The equality operators maintain the following invariants:
Al= Bis equivalentto (A ==B).
1 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 objects, each
representing the same String value; each String object would be considered equal to the String value by the == operator,
but the two String objects would not be equal to each other. For Example:

1 new String("a") =="3a" and "a" == new String("a") are both true.

1 new String("a") == new String("a") is false.

NOTE4  Comparison of Strings uses a simple equality test on sequences of code unit values. There is no attempt to
use the more complex, semantically oriented definitions of character or string equality and collating order defined 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.

12.10 Binary Bitwise Operators

Syntax

BitwiseANDEXpression
EqualityExpression
BitwiseANDEXpressio& EqualityExpression

Bitwise XORERression:

BitwiseANDEXxpression

BitwiseXORExpressioh BitwiseANDEXxpression
BitwiseORExpression

BitwiseXORExpression

BitwiseORExpressioh BitwiseXOREXxpression

Static Semantics:  IsValidSimpleAssignmentTarget
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BitwiseANDEXxpressionBitwiseANDEXxpressiof EqualityExpression
Bitwise XORExpressionBitwise XORExpressioh BitwiseANDEXxpression
BitwiseOREXxpressionBitwiseORExpressioh Bitwise XORExpression

1. Returnfalse.
Runtime Semantics: Evaluation

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

Let Iref be the result of evaluating.
Let Ival be GetValuelfef).
ReturnIfAbrupt(val).

Let rref be the result of evaluating.
Let rval be GetValue(ref).
ReturnIfAbruptfval).

Let Inumbe Tolnt3Zlval).
ReturnIfAbrupt(num).

. Letrnumbe Tolnt32¢val).

10. ReturnlfAbruptfnum).

11. Return the result of applying the bitwise operator @itamandrnum: The result is a signed 32 bit integer.

©CONoOTRWNE

12.11 Binary Logical Operators

Syntax

LogicalANDExpression
BitwiseORExpession
LogicalANDEXxpressio.& BitwiseORExpression

LogicalORExpression
LogicalANDEXxpression
LogicalORExpressioff LogicalANDExpression

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.

Static Semantics:  IsValidSimpleAssignmentTarget

LogicalANDExpression LogicalANDEXxpressio&& BitwiseOREXxpression
LogicalORExpression LogicalORExpressioff LogicalANDExpression

1. Returnfalse.
Runtime Sem antics: Evaluation
LogicalANDExpression LogicalANDExpressioi&& BitwiseORExpression

Let Iref be the result of evaluatingogical ANDExpression
Let Ival be GetValuelfef).

Let Ibool be ToBoolean(val).

ReturnlfAbrupt(bool).

If Ibool is false, returnlval.

Let rref be the result of evaluatingitwiseORExpressian
Return GetValuatef).

NogokwnpE

LogicalORExpression LogicalORExpressioff LogicalANDExpression
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LetIref be the result of evaluatingogical ORExpression
Let Ival be GetValuelfef).

LetIbool be ToBoolean{val).

ReturnifAbrupt(bool).

If Iboolis true, returnlval.

Let rref be the result of evaluatingogical ANDExpression
Return GetValuetef).

Noga,rwNE

12.12 Conditional Operator ( ?:)

Syntax

ConditionalExpression
LogicalORExpression
LogicalORExpression? AssignnentExpression AssignmentExpression

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

Static Semantics:  IsValidSimpleAssignmentTarget

ConditionalExpression Logical ORExpression? AssignmentExpressianAssignmentExpression
1. Returnfalse

Runtime Semantics: Evaluation

ConditionalExpression LogicalORExpressioff AssighmentExpressianAssignnentExpression

LetIref be the result of evaluatinigpgical OREXxpression
Let Ival be ToBoolean(GetValu&éf)).
ReturnIfAbrupt{val).
If lval is true, then

a. LettrueRefbe the result of evaluatintpe firstAssignmentExpression
b. Return GetValugfueRej.
5. Else
a. LetfalseRete the result of evaluatiripe secondssignmentExpression
b. ~Return GetValudalseReY.

PwunpE

12.13 Assignment Operators

Syntax

AssignmentExpressian
ConditionalExpression
YieldExpression
ArrowFunction
LeftHandSideExpression AssignmentExpression
LeftHandSideExpression AssignmentOperator AssignmentExpression

AssignmentOperatarone of
*= /= %= += -= <<= >>= >>>= &= A= |=

12.13.1 Static Semantics

Static Semantics:  Early Errors
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AssignmentExpressiarLeftHandSideExpressior AssignmentExpression

T Itis a Syntax Error if LeftHandSideExpressiois either an ObjectLiteral or an ArrayLiteral and if the
lexical token sequence matched by LeftHandSideExpressiorannot be parsed with no tokens left over
using AssignmentPatteras the goal symbol.

1 If LeftHandSideExgssionis either an ObjectLiteralor an ArrayLiteral and if the lexical token sequence
matched by LeftHandSideExpressiotan be parsed with no tokens left over using AssignmentPatteras
the goal symbol then the following rules are not applied. Instead, the Early Error rules for
AssignmentPatterare used.

1 Itis a Syntax Error if LeftHandSideExpressidm an Identifier that can be statically determined to always
resolve to a declarative environment record binding and the resolved binding is an immutable binding.

1 Itis an early Reference Error if LeftHandSideExpressiois neither an ObjectLiteral nor an ArrayLiteral
and IsValidSimpleAssignmentTargef LeftHandSideExpressias false.

AssignmentExpressiarLeftHandSideExpressioAssignmentOperator AssigemtExpression

T It is a Syntax Error if the LeftHandSideExpressiois an Identifier that can be statically determined to
always resolve to a declarative environment record binding and the resolved binding is an immutable
binding.

1 ltis an early Reference Error if IsValidSimpleAssignmentTargeif LeftHandSideExpressias false.

Static Semantics:  IsValidSimpleAssignmentTarget

AssignmentExpressian
YieldExpression
ArrowFunction
LeftHandSideExpressionAssignmentExpression
LeftHandSideExpression Assignmepé@ator AssignmentExpression

1. Returnfalse.

12.13.2 Runtime Semantics

Runtime Semantics: Evaluation
AssignmentExpressiarLeftHandSideExpression AssignmentExpression

1. If LeftHandSideExpressios neither arDbjectLiteralnor anArrayLiteral then
LetIref be the result of evaluatingeftHandSideExpression
ReturnifAbrupt(ref).
Let rref be the result of evaluatingssignmentExpression
Let rval be GetValue(ref).
Let statusbe PutValue(ref, rval).
ReturnIfAbrupt&tatus.
g. Returnrval.
Let AssignmentPatterbe the parse of the source code correspondinigeftHandSideExmsson using
AssignmentPatteras the goal symbol.
Let rref be the result of evaluatingssignmentExpression
Let rval be GetValue(ref).
ReturnifAbruptfval).
If Type(rval) is not Object, thenhrow aTypeError exception.
Let statusbe the result of @forming Destructuring Assignment Evaluation AsignmentPatterasingrval
as theargument
ReturnifAbrupt6tatuy.
Returnrval.

~oaoop

N

No ok,

© ©

AssignmentExpressiarLeftHandSideExpressioAssignmentOperatokssignmentExpression
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LetIref be the result of evaluatingeftHandSideExpression
Let Ival be GetValuelfef).

ReturnIfAbrupt{val).

Let rref be the result of evaluatingssignmentExpression
Let rval be GetValuefref).

ReturnifAbruptgval).

Let operatorbe the @whereAssignmentOperatas @=
Letr be the result of applying operator @Ival andrval.

. Let statusbe PutValue(ref, r).

10. ReturnIfAbruptétatug.

11. Returnr.

OO NoOOA~WNE

NOTE When an assignment occurs within strict mode code, it is an runtime error if Iref in step 1.e of the first
algorithm or step 9 of the second algorithm it is an unresolvable reference. If it is, a ReferenceError exception is thrown.
The LeftHandSidealso may not be a reference to a data property with the attribute value {[[Writable]]: false}, to an accessor
property with the attribute value {[[Set]]:undefined}, nor to a non-existent property of an object for which the IsExtensible
predicate returns the value false. In these cases a TypeError exception is thrown.

12.13.3 Destructuring Assignment

Supplem ental Syntax

In certain circumstances when processing the production AssignmentExpression LeftHandSideExpression
AssignmentExpressidhe following grammar is used to refine the interpretation of LeftHandSideExpression

AssignmentPattern
ObjectAssigmentPattern
ArrayAssignmentPattern

ObjectAssignmentPattern
{}
{ AssignmentPropertyLis}
{ AssignmentPropertyList }

ArrayAssignmentPattern
[ Elisionspt AssignmentRestElemeni
[ AssignmentElementLigt
[ AssignmentElementList <Elision,,: AssgnmentRestElemept]

AssignmentPropertyList
AssignmentProperty
AssignmentPropertyList AssignmentProperty

AssignmentElementList
Elisiongpt. AssignmentElement
AssignmentElementListElisiono,: AssignmentElement

AssignmentProperty
Identifier Initialiseropt
PropertyName: “AssignmentElement

AssignmentElement
DestructuringAssignmentTargktitialiseropt

AssignmentRestElement
DestructuringAssignmentTarget

DestructuringAssignmerftarget:
LeftHandSideExpression
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12.13.3.1 Static Semantics
Static Sema ntics: Early Errors
AssignmentPropertyldentifier Initialiserop

1 Itis a Syntax Error if Identifieris the Identifiereval or the Identifierarguments .
1 Itis a Syntax Error if Identifier does not statically resolve to a declarative environment record binding
or if the resolved binding is an immutable binding.

AssignmentRestElement. DestructuringAssignmentTarget
9 Itis a Syntax Error if IsValidSimpleAssignmentTargef DestructuringAssignmentTargistfalse
DestructurindAssignmerfarget: LeftHardSideExpression

T It is a Syntax Error if LeftHandSideExpressiois either<an ObijectLiteral or an ArrayLiteral and if the
lexical token sequence matched by LeftHandSideExpressiorannot be parsed with no tokens left over
using AssignmentPatteras the goal symbol.

M It is a Syntax Error if LeftHandSideExpressiors neither an ObijectLiteral nor an ArrayLiteral and
IsValidSimpleAssignmentTargef LeftHandSideExpressias false

1 ltis a Syntax Error if LeftHandSideExpressiae an Identifierthat can be statically determined to always

resolve to a declarative environment record binding and the resolved binding is an immutable binding.

Itis a Syntax Error if LeftHandSideExpressias the Identifier eval - or the Identifierarguments .

Itis a Syntax Error if LeftHandSideExpressiois

CoverParenthesedExpressionAndArrowParameterLigt Expression)

and Expressiorderives a production that would produce a Syntax Error according to these rules if that

production is substituted for LeftHandSideExpmsion This rule'is recursively applied.

= =

NOTE The last rule means that the other rules are applied even if multiple levels of nested parenthesises surround
Expression

12.13.3.2 Runtime Semantics

Runtime Semantics: Destructuring Assignment — Evaluation
with parameter obj

ObjectAssignmentPatterry }

and

ArrayAssignmentPattern

[ Elision]

1. ReturnNormalCompetion(empty).

AssignmentPropertyListAssignmentPropertyList AssignmentProperty

1. Let statusbe the result of performinDestructuring Assignment Evaluatidor AssignmentPropertyList
usingobj as theargument

2. ReturnlfAbruptétatug.

3. Return the result of performin@estructuring Assignment Evaluatidor AssignmentPropertysingobj as
theargument

AssignmentPropertyldentifier Initialiseropt

1. LetP be Stringvalue ofldentifier.
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Letv be the result of calling Géibj, P).

ReturnIfAbrupt().

If Initialiseroptis presentendv is undefined, then
a. LetdefaultValuebe the result of evaluatingitialiser.
b. Letv be ToObjectGetValuefefaultvValug).

5. ReturnlfAbruptf).

6. Letlref be the result of performing Identifier Resoluti8r§.1) with the IdentifierNamecorresponding to
Identifier.

7. ReturnPutValue(ref,v).

Eal ol

AssignmentProperty PropertyName AssignmentElement

1. Letnamebe the result oevaluatingPropertyName

2. ReturnlfAbrupthamse.

3. Return the result of performin§eyedDestructuring Assignment Evaluation AssignmentElementvith obj
andnameas thearguments

ArrayAssignmentPattern[ Elisione: AssignmentRestElemént

1. Letskipbe theElision Width ofElision; if Elision is not present, use the numeric value zero.
2. Return the result of performingdexed Destructuring /Assignment EvaluationAslsignmentRestElement
with obj andskip as thearguments

ArrayAssignmentPattern[ AssignmentiementList ]

1. Return the result of performing Indexed Destructuring Assignment EvaluatidssifnmentElementList
usingobj and 0 as tharguments

ArrayAssignmentPattern[ AssignmentElementList Elisiony,: AssignmentRestElemegni

1. Letlastindexbe the result ofperforming Indexed Destructuring Assignment Evaluation of
AssignmentElementListsingobj and O as tharguments

2. ReturnlfAbrupt(astindey.

3. Let skip be theElision Width ofElision; if Elision is not present, use the numeric value zero.

4. If AssgnmentRestElemei present, thereturn the result of performinigndexed Destructuring Assignment
Evaluation ofAssignmentRestElementith obj andlastindex+skip as thearguments

5. Returnlastindex

Runtime Semantics:  Indexed Destructuring Assignment  Evaluation
with parameters obj and index
AssignmentElementLisElisionspr AssignmentElement

1. Let skip be theElision Width ofElision; if Elision is not present, use the numeric value zero.

2. Letnamebe ToString{ndex+skip).

3. Let statusbe the result of pédorming KeyedDestructuring Assignment Evaluation AssignmentElement
with obj andnameas thearguments

4. ReturnlfAbruptétatug.

5. Returnindextskip+1.

AssignmentElementListAssignmentElementListElision,: AssignmentElement

1. LetlistNextbe the resulof performing Indexed Destructuring Assignment Evaluation of
AssignmentElemehist usingobj as theobj parameter anthdexas theindexparameter

2. Let skip be theElision Width ofElision; if Elision is not present, use the numeric value zero.

3. ReturnlfAbrupt(listNex).

4. Letnamebe ToStringlistNext+skip).
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5. Let statusbe the result of performingeyedDestructuring Assignment Evaluation AésignmentElement
with obj and name as thearguments

6. ReturnifAbruptétatus.

7. ReturnlistNext+skip+1.

AssignmentRest&inent ... DestructuringAssignmentTarget

Let Iref be the result of evaluatin@estructuringAssignmentTarget
ReturnIfAbrupt(ref).
LetlenValbe the result of Gébbj, " length ™).
Letlen be ToUint32(enVal).
ReturnifAbrupt{en).
Let A bethe result of thebstract operation ArrayCreate with argument O
Letn=0;
Repeat, whilendex< len
a. LetP be ToStringindex).
b. Letexistsbe the result oHasPropertyg§bj, P).
c. ReturnlfAbruptexistg.
d. |If existsistrue, then
i. Letvbe the result of Gébbj, ToStringindex)):
ii.  ReturnlfAbrupt(en).
iii.  Call the [[DefineOwnProperty]] internal ‘method Afwith arguments ToString) andProperty
Descriptor {[[Value]]: v, [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
e. Letn=n+1.
f. Letindex=index+1.
9. ReturnPutValudlref,A).

ONOUMWNE

Runtime Semantics: Keyed Destructuring Assignment  Evaluation
with parameters obj and propertyName
AssignmentElementDestructuringAssignmentTargénitialiserop:

1. Letexistsbe the result of HasPropebfj, propertyNamg.
2. ReturnIfAbruptexistg.
3. |If existsis false, then
a. |If Initialiseroptis not present then throw arypeError exception.
b. Else;letv be undefined.
4. Else,
a. Letv be the result of Gébbj, propertyNamé.
b.  ReturnlfAbrupt).
5. [If Initialiseroptis present@andy is undefined, then
a. LetdefaultValuebe the result of evaluatingitialiser.
b.. Letvbe GetValuedefaultvalug
c. ReturnifAbrupt{).
6. If DestructuringAssignmentTargit anObjectLiteralor anArrayLiteral then
a. Let AssignmentPatterbe the parse of the source code corresponding to
DestruduringAssignmentTargatsingAssignmentPatteras the goal symbol
b. If Type(v) is not Object, then throw BypeError exception.
c. Return the result oberformingDestructuring Assignment Evaluation AssignmentPatterwith v
as theargument
7. Letlref be the esult of evaluatindestructuringAssignmentTarget
8. ReturnPutValue(ref,v).
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12.14 Comma Operator ( , )

Syntax
Expression
AssignmentExpression
Expression AssignmentExpression
Static Semantics:  IsValidSimpleAssignmentTarget
Expression Expression AssignmetExpression
1. Returnfalse

Runtime Semantics: Evaluation

Expression Expression AssignmentExpression

1. Letlref be the result of evaluatingxpression

2. ReturnlfAbruptGetValue(ref))

3. Letrref be the result of evaluatingssignmentExpression

4. Return GetVale(ref).

NOTE GetValue must be called even though its value is not used because it may have observable side-effects.

13 ECMAScript Language: Statements.and Declarations

Syntax

Statement
BlockStatement
VariableStatement
EmptyStatement
ExpressionStatement
IfStatement
Breakabl&tatement
ContinueStatement
BreakStatement
ReturnStatement
WithStatement
LabelledStatement
ThrowStatement
TryStatement
DebuggerStatement

Declaration:
FunctionDeclaration
GeneratorDeclaration
ClassDeclaration
LexicaDeclaration

Breakabl&tatement
IterationStatement
SwitchStatement

Static Semantics

Static Semantics:  VarDeclaredNames
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Statement
EmptyStatement
ExpressionStatement
ContinueStatement
BreakStatement
ReturnStatement
ThrowStatement
DebuggerStatement

1. Return a new empty List.
Runtime Semantics
Runtime Semantics: Labelled Evaluation
With argument labelSet
BreakableStatement IterationStatement
1. LetstmtResulbe the resulof performing Labelled Evaluation dferationStatementith argumentabelSet
2. If stmtResul{[type]] is break andstmtResul{[target]] iSempty, then
a. If stmtResulf[value]] is empty, thenlet stmtResulbe NormalCompletion(ndefined).
b. Else, etstmtResulbe NormalCompletiorgtmtResul{[value]])
3. ReturnstmtResult
BreakableStatement SwitchStatement
1. LetstmtResulbe the result of evaluatingwitchStatement
2. If stmtResulf[type]] is break andstmtResulf[target]] isempty, then
a. If stmtResulf[value]] is empty, thenlet stmtResulbe NormalCompletion(ndefined).
b. Else, et stmtResulbe:NormalCompletin(stmtResul{[value]])
3. ReturnstmtResult
NOTE A BreakableStatemeig one that can be exited via an unlabelled BreakStatement
Runtime Semantics: Evaluation
BreakableStatement
IterationStatement
SwitchStatement

1. LetnewLabelSetbe a new empty List.
2. Return the result operforming Labelled Evaluation of thBreakableStatementith argumennhewLabelSet

13.1 Block

Syntax
BlockStatement
Block

Block:
{ StatementLis: }

StatementList

Statemerttistitem
StatementList Stateméititem
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StatementListitem

Statement

Declaration
13.1.1 Static Semantics
Static Semantics:  Early Errors

Block: { StatementLis}

1 Itis a Syntax Error if the LexicallyDeclaredNames of StatementListontains any duplicate entries.
1 Itis a Syntax Error if any element of the LexicallyDeclaredNames of StatementListlso occurs in the
VarDeclaredNames of StatementList
Static Semantics: LexicalDeclarations
StatementList StatementList StatementListitem
1. Letdeclarationsbe LexicalDeclarations dbtatementList
2. Append todeclarationsthe elements of the LexicalDeclarations $fatementListitem
3. Returndeclarations
StatementListltemStatement
1. Return a new empty List.
StatementListitemDeclaration
1. Return a new List containinDeclaration
Static Semantics:  LexicallyDeclaredNames
Block: { }
1. Return a new empty List.
StatementList StatementList StatementListitem
1. Letnamesbe LexicallyDeclaredNames &ftatementList
2. Append tonameshe elements of the LexicallyDeclaredNamesStdtementListitem
3. Returnnames
StatementListlitemStaement
1. Return a new empty List.
StatementListitemDeclaration
1. Return the BoundNames Bfeclaration
Static Semantics: TopLevel LexicallyDeclaredNames
StatementList StatementList StatementListitem
1. LetnamesbeTopLevelLexicallyDeclaredNames dBtatematList.
2. Append tonameshe elements of th€opLeveLexicallyDeclaredNames ddtatementListitem

3. Returnnames

StatementListlitemStatement
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1. Return a new empty List.
StatementListitemDeclaration

1. |If Declarationis Declaration: FunctionDeclaration then returna new empty List
2. Return the BoundNames Bfeclaration

NOTE At the top level of a function, or script, function declarations are treated like var declarations rather than like
lexical declarations.

Static Semantics:  TopLevel Lexical lyScoped Declarations

StatementList StatementList StatementListitem

1. Letdeclarationsbe TopLeveLexicallyScopedeclarations ofStatementList

2. Append todeclarationsthe elements of th€opLevelLexicallyScopedeclarations ofStatementListitem
3. Returndeclarations

SatementListitem Statement

1. Return a new empty List.

StatementListitemDeclaration

1. |If Declarationis Declaration: FunctionDeclaration then returra new empty List
2. Return a new List containin@eclaration

Static Semantics: TopLevel VarDeclaredNames

StatementList StatementList StatementListitem

1. LetnamesbeTopLeveNarDeclaredNames ddtatementList

2. Append tonameshe elements of th€opLeveNVarDeclaredNames dtatementListitem

3. Returnnames

StatementListitemDeclaration

1. |If Declarationis Dedaration : FunctionDeclaration then return the LexicallyDeclaredNames of
Declaration

2. Return a new empty List.

StatementListitemStatement

1. ReturnVarDeclaredNamesf Statement

NOTE At the top level of a function or script, inner function declarations are treated like var declarations.

Static Semantics:  TopLevel VarScoped Declarations

StatementList StatementList StatementListitem

1. Letdeclarationsbe TopLevelVarScopeDeclarations oStatementList

2. Append todeclarationsthe elements of th&opLevelVaScopedeclarations oStatementListitem

3. Returndeclarations

StatementListitemStatement

1. If Statemenis Statement VariableStatementhen returra newList containingVariableStatement
2. Return a new empty List.
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StatementListitemDeclaration

1. If Declaration is Declaration: FunctionDeclaration then returranew List containindeclaration
2. Return anew empty List

Static Semantics: VarDeclaredNames

Block: { }

1. Return a new empty List.

StatementList StatementList StatementListitem

1. LetnamesbeVarDeclaredNames dtatementList
2. Append tonameshe elements of the VarDeclaredNamesStditementListlitem
3. Returnnames

StatementListitemDeclaration

1. Return a new empty List.

13.1.2 Runtime Semantics

Runtime Semantics: Evaluation

Block: { }

1. ReturnNormalCompletior{undefined).|

Block: { StatementLis}

LetoldEnvbe therunninge x e cuti on contextods Lexical Environment
Let blockEnvbe the result of calling NewDeclarativeEnvironment passilgnvas the argument.
Perform Block Declaration Instantiation ngji StatementLisandblockEnv
Set therunninge x e cuti on context o <lodkEnxi cal Envi ronment to
Let blockValuebethe result of evaluatingtatementList
Set therunninge x ecution context 6oldkne xi cal Envi ronment to
If blockValue[[type]] is normal andblockValue[[value]] isempty, then

a. ~Return NormalCompletidiundefined).
8. ReturnblockValue

Nogo,rwhE

NOTE No matter how control leaves the Block the LexicalEnvironment is always restored to its former state.
StatementList StatementList Stateméidtitem

Let sl be the result of evaluatingtatementList

ReturnIfAbruptél).

Let s be the result of evaluatingtatemeritistitem

If s.[[type]] is throw, returns.

If s.[[valud] is empty, letV = sl.[[valu€], otherwise leV = s.[[valud].
ReturnCompletion {[typel]: s.[[typell, [[valud]: V, [[targel]: s.[[targel]} .

onkhwhE

NOTE Steps 5 and 6 of the above algorithm ensure that the value of a StatementLists the value of the last value
producing Statement in the StatementList For example, the following calls to the eval function all return the value 1:

eval("1:{}") ]

eval("1;var a;")

168 © Ecma International 2013

Commented [AWB1365]: Breaking change: completion
reform

Commented [AWB1366]:  TODO, need to verify that under
ompletion reform empty blocks evaluate to undefined.

Commented [AWB1367]: Breaking change: completion
| reform

Commented [AWB1368]: ISSUE: above changes to
completion reform will means this evaluates to undefined
rather than 1 is




secma

13.1.2.1 Block Declaration Instantiation|

NOTE When a Block or CaseBlockproduction is evaluated a new Declarative Environment Record is created and
bindings for each block scoped variable, constant, or function declarated in the block are instantiated in the environment
record.

Block Declaration Instantiation is performed as follows using arguments codeand env. codeis the grammar
production corresponding to the body of the block. envis the declarative environment record in which
bindings are to be created.

1. Letdeclarationsbe the LexicalDeclarations ebde
2. LetfunctionsTolnitialisebe an emptyist.
3. For each element in declarationsdo
a. For each elementn of the BoundName ofd do
i. If IsConstantDeclaration afis true, then

Commented [AWB769]:  Jan 19 meeting nortes: Current
tentative decision is to support let, const, and local functions in
nonstrict ES5 in the same way as in strict ES6. Fallback to
either specifying limited cases or doing the ES5 nonstrict
status quo (i.e. syntax error + Clause 16) if experiments show
this to not be viable. We won't resolve this discussion without
running some experiments.

1. Callends Createl mmut abl eBindidnaptheagumenet e met hod passing

ii. Else,
1. Letstatusbe the result of callingns Cr eat eMut abl eBi ndi rdg
andfalse as the arguments.
2. Assert:statusis never an abrupt completion.
b. If dis aGeneratorDeclaratiorproductionor aFunctionDeclarationproduction then
i.  Appendd to functionsTolnitiaise.
4. For eachproductionf in functionsTolnitiaise, in list order do
a. Letfn be the sole elemewf the BoundNames df
b. Letfo be the result operforming Instantiate FunctioObject for f with argumentnv.
c. Callenw fnitialiseBindingconcrete method passifiig, andfo as the arguments.

13.2 Declarations and the Variable Statement
13.2.1 Let and Const Declarations

NOTE A let and const _declarations define variables that are scoped to the running executi on
LexicalEnvironment. The variables are created when their containing Lexical Environment is instantiated but may not be
accessed in any way until the v ar i alexicaBirsling is evaluated. A variable defined by a LexicaBinding with an
Initialiser is assigned the value of its Initialiserd #\ssignmentExpressiomhen the LexicalBinding is evaluated, not when the
variable is created. If a LexicaBindingin-a let declaration does not have an Initialiser the variable is assigned the value
undefined when the LexicalBindingis evaluated.

Syntax

LexicalDeclaration:
LetOrConstBindingList;

LetOrConst:
let
const

BindingList:
LexicaBinding
BindingList, LexcalBinding

LexicaBinding:
Bindingldentifier Initialisegpt
BindingPattern Initialiser

Bindingldentifier :
Identifier
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13.2.1.1 Static Semantics
Static Semantics:  Early Errors
LexicalBinding: Bindingldentifier

1 Itis a Syntax Error if IsConstantDeclaration of the LexicalDeclarationcontaining this production is true.

|Binding|dentifier: Identifier\ Commented [AWB870]:  Consider disallowing undefined as
a binding identifier in all new declaration forms.

T Itis a Syntax Error if the Bindingldentifieris contained in strict code and if the Identifier is eval or
arguments .

Static Semantics: BoundNames
LexicaDeclaraion : LetOrConst BindingList

1. Returnthe BoundName®f BindingList
BindingList: BindingList, LexicaBinding

1. Letnameshethe BoundNames ofBindingList
2. Append tonameshe elementsf the BoundName®f LexicalBinding.
3. Returnnames

LexicaBinding: Bindingldentifier Initialisespt

1. Return theBoundNamef Bindingldentifiet
LexicaBinding: BindingPattern Initialiser

1. Return theBoundName®f BindingPattern
Bindingldentifier: Identifier

1. Return a new List containing ti&tringValue ofldentifier.
Static Semantics: IsConstant Declaration
LexicaDeclaration: LetOrConst BindingList

1. ReturnlsConstantDeclaration dfetOrConst
LetOrConst let

1. Returnfalse

LetOrConst const

1. Returntrue.

13.2.1.2 Runtime Semantics

Runtime Semantics: Binding Initialisation

With arguments valueand environment
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NOTE undefined is passed for environmentto indicate that a PutValue operation should be used to assign the
initialisation value. This is the case for var statements formal parameter lists of non-strict functions. In those cases a
lexical binding is hosted and preinitialised prior to evaluation of its initialiser.

Bindingldentifier: Identifier

1. If environmenis notundefined, then
a. Letnamebe StringValueof Identifier.
b. Letenvbe the environment record componeniealironment
c. Call thelnitialiseBindingconcrete method oenvpassingnameandvalueas the arguments.
d. Return NormaCompletiorfundefined).

a. Letlhsbe the result of evaluatingentifier as described in2.1.2
b. ReturnPutvalue(hs, value).

Runtime Semantics: Evaluation
LexicaDeclaration: LetOrConstBindingList;

1. Letnextbe the result of evaluatinBindingList
2. ReturnIfAbruptfiex).
3. ReturnNormalCompletionémpty).

BindingList: BindingList, LexicaBinding

1. Letnextbethe result of evaluatingindingList
2. ReturnlfAbruptfiexy.
3. Return the result of evaluatirigexicalBinding.

LexicaBinding: Bindingldentifier

1. Letenvbe therunninge xecuti on contextods Lexical Environment.
2. Return the result ofgrforming Binding Initiali sationfor Bindingldentifierpassingundefined andenvas the
arguments.

NOTE A static semantics rule ensures that this form of LexicaBindingnever occurs in a const declaration.
LexicaBinding: Bindingldentifier Initialiser

Let rhs be the result of ealuatinglnitialiser.
Letvaluebe GetValueths).
ReturnifAbruptfalue).

Letenvbe therunninge x e cut i on contextdds Lexical Environment.
Return the result of grforming Binding Initialisation for Bindingldentifier passingvalue and env as the
arguments.

agrwNE

LexcalBinding : BindingPattern Initialiser

Let rhs be the result of evaluatingitialiser.

Let valuebe GetValueths).

ReturnIfAbruptgalue).

If Type(value) is not Object, then throw BypeError exception.

Letenvbe therunninge x e cut i on c oEmdirenménts Lexi cal

Return the result of grforming Binding Initialisation for BindingPattern using value and env as the
arguments

onrwNE
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13.2.2 Variable Statement

NOTE A var statement declares variables that are scoped to the runninge x ecuti on contextds

Var variables are created when their containing Lexical Environment is instantiated and are initialised to undefined when

created. Within the scope of any VariableEnvironemnt a common Identifier may appear in more than one

VariableDeclarationbut those declarations collective define only one variable. A variable defined by a VariableDeclaration
with an Initialiser is assigned the value of its Initialiserd AssignmentExpressiomhen the VariableDeclarationis executed, not

when the variable is created.

Syntax

VariableStatement
var VariableDeclarationList

VariableDeclarationList

VariableDeclaration

VariableDeclarationList VariableDeclaration
VariableDeclaration:

Bindingldentifier Initialisegpt

BindingPattern Initialiser
13.2.2.1 Static Semantics
Static Sema ntics: BoundNames
VariableDeclarationList VariableDeclarationList VariableDeclaration
1. Letnamesbe BoundNames dfariableDeclarationList
2. Append tonameshe elements of BoundNames \¢ériableDeclaration.
3. Returnnames
VariableDeclaration: Bindingldentifier Initialiseropt
1. Return the BoundNames 8fndingldentifier
VariableDeclaration: BindingPatternInitialiser
1. Return the BoundNames 8findingPattern
13.2.2.2° Runtime Semantics
Runtime Semantics: Binding Initialisation

With arguments valueand environment

NOTE undefined is passed for environmentto indicate that a PutValue operation should be used to assign the
initialisation value. This is the case for var statements formal parameter lists of non-strict functions. In those cases a
lexical binding is hosted and preinitialised prior to evaluation of its initialiser.

VariableDeclaration: Bindingldentifier

1. Return the result ofgrforming Binding Initialisation for Bindingldentifierpassingvalue and undefined as
the arguments.

VariableDeclaration: Bindingldentifier Initialiser

1. Return the result ofgrforming Binding Initialisation for Bindingldentifierpassingvalue and undefined as
the arguments.
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VariableDeclaration: BindingPattern Initialiser

1. Return the result ofgrforming Binding Initialisation for BindingPatternpassingvalueandundefined as the
arguments.

Runtime Semantics: Evaluation

VariableStatementvar VariableDeclarationList

1. Letnextbe the result of evaluatingariableDeclarationList

2. ReturnIfAbruptfiex.

3. ReturnNormalCompletionempty).

VariableDeclarationList VariableDeclarationList, VariableDeclaration
1. Letnextbe the result of evaluatingariableDeclarationList

2. ReturnIfAbruptfiex.

3. Return the result of evaluatingariableDeclaration
VariableDeclaration: Bindingldentifier

1. ReturnNormalCompletionémpty).

VariableDeclaration: Bindingldentifier Initialiser

1. Letrhsbe the result of evaluatingitialiser.

2. Letvaluebe GetValueths).

3. ReturnlfAbrupt{alue).

4. Return the result of grforming Binding Initialisation for Bindingldentfier passingvalue and undefined as
the arguments.

NOTE If a VariableDeclarationis nested within a with statement and the Identifier in the VariableDeclarationis the

same as a property name of the binding otbecordsthen stdp 3wihassigwi t h st at ement 6s object enviro
value to the property instead of to the VariableEnvironment binding of the Identifier.

VariableDeclaration: BindingPattern Initialiser

Let rhs be the result of evaluatingitialiser.

Let rval be GetValuerhs).

ReturnlfAbrupt(rval).

If Type(rval) is not Object, then throw @ypeError exception.

Return the result of grforming Binding Initialisation for BindingPatternpassingrval and undefined as
arguments

AN E

13.2.3 Destructuring Binding Patterns

Syntax

BindingPattern:
ObjectBindngPattern
ArrayBindingPattern

ObjectBindingPattern
{}

{ BindingPropertyList}
{ BindingPropertyList, }
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ArrayBindingPattern
[ Elisiony BindingRestElemeg]
[ BindingElementList]
[ BindingElementList, Elisiono,: BindingRestElemeg]

BindingPropertyList:
BindingProperty
BindingPropertyList BindingProperty

BindingElementList
Elisionspe BindingElement
BindingElementList Elisiony,: BindingElement

BindingProperty:
SingleNameBinding

PropertyName!: BindingElement Commented [AWB1671]:  Note that this may be a
computed property name

BindingElement
SindeNameBinding
BindingPatterninitialiseropt

SingleNameBinding
Bindingdentifier Initialiserop

BindingRestElement
Bindingldentifier

13.2.3.1 Static Semantics
Static Semantics: Early Errors
BindingPattern: ObjectBindingPattern

1 Itis a Syntax Error if the BoundNames of ObjectBindingPatterrcontains the string feval oor the string
farguments a

BindingPattern: ArrayBindingPattern

1 Itis a Syntax Error if the BoundNames of ArrayBindingPatterncontains the string feval oor the string
farguments a

Static S emantics: BoundNames
ObjectBindingPattern { }

1. Return an empty List:

ArrayBindingPatterrt [ Elisionopt ]

1. Return an empty List.

ArrayBindingPatternt [ Elisiono,: BindingRestElemerit
1. Return the BoundNames 8findingResElement
ArrayBindingPatternt [ BindingElementList Elisionopt ]

1. Return the BoundNames 8findingElementList
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ArrayBindingPatternt [ BindingElementList Elisiony,; BindingRestElemerit

1. Letnamesbe BoundNames ddindingElementList
2. Append tonameshe elements of BoundNames BihdingRestElement.

3. Returnnames

BindingPropertyList BindingPropertyList BindingProperty

1. Letnamesbe BoundNames ddindingPropertyList
2. Append tonameshe elements of BoundNames BindingProperty.

3. Returnnames
BindingElementList Elision: BindingElement

1. Return BoundNames d@indingElement

BindingElementList BindingElementList Elisiono,: BindingElement

1. Letnamesbe BoundNames ddindingElementList
2. Append tonameshe elements of BoundNames BindingElement.

3. Returnnames

BindingPropery : PropertyName BindingElement
1. Return the BoundNames 8findingElement
SingleNameBinding Bindingldentifiernitialiseropt
1. Return the BoundNames 8fndingldentifier
BindingElement BindingPatterninitialiseropt

1. Return the BoundNames 8findingPétern.
Static Semantics:  Haslnitialiser
BindingElement BindingPattern

1. Returnfalse

BindingElement BindingPatterninitialiser

1. Returntrue.

SingleNameBinding Bindingldentifier

1. Returnfalse.

SingleNameBinding BindingldentifierInitialiser
1. Returntrue.

13.2.3.2 Runtime Semantics

Runtime Semantics: Binding Initialisation

With parameters valueand environment
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NOTE  When undefined is passed for environmenit indicates that a PutValue operation should be used to assign the

initialisation value. This is the case for formal parameter lists of non-strict functions. In that case the formal parameter

bindings are preinitialised in order to deal with the possibility of multiple parameters with the same name.

BindingPattern: ObjectBindingPattern

1. Assert: Typeyalue) is Object

2. Return the result of grforming Binding Initialisation for ObjectBindingPattern using value and
environmenfs arguments

BindingPattern: ArrayBindingPattern

1. Assert: Typeyalue) is Objed

2. Return the result of grforming IndexedBinding Initialisation for ArrayBindingPatternusingvalue 0, and
environmenfs arguments

ObjectBindingPattern { }

1. ReturnNormalCompletionémpty).

BindingPropertyList BindingPropertyList BindingProperty

1. Letstatusbe the result operformingBinding Initialisationfor BindingPropertylist usingvalueand
environments arguments

2. ReturnIfAbrupttatug.

3. Return the result ofgrforming Binding Initialisation for BindingProperty usingvalueandenvironmengs
arguments

BindingProperty: SingleNameBinding

1. Let namebe thestringthat is-the only element of BoundNamesSafigleNameBinding

2. Return the result ofgrforming Keyed Bindinglnitialisation for SingleNameBindingsing value,
environmentandnameas the arguments.

BindingProperty: PropertyName BindingElement

1. Let P be theresult of evaluating’ropertyName
2. ReturnIfAbrupt@).
3. Return.the result ofgrformng Keyed Bindinglnitialisationfor BindingElementisingvalue environment
andP asarguments
Runtime Semantics: Indexed Binding Initialisation
With parameters array, nextindexand environment
NOTE  When undefined is passed for environmenit indicates that a PutValue operation should be used to assign the
initialisation value. This.is the case for formal parameter lists of non-strict functions. In that case the formal parameter
bindings are preinitialised in order to deal with the possibility of multiple parameters with the same name.
ArrayBindingPattern [ Elisiongp ]
1. ReturnNormalCompletionémpty).
ArrayBindingPattern[ Elisiony BindingRestElemen{
1. Letnextindexbe theElision Width ofElision; if Elision is not present, use the numeric value zero.

2. Return the result ofgrforming Indexed Bindingnitialisation for BindingRestElementisingarray,
nextlndexandenvironmentasarguments
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ArrayBindingPattern|[ BindingElementList]

1. Return the result ofgrforming Indexed Bindingdnitialisation for BindingElementListisingarray,
nextindexandenvironmer asarguments

ArrayBindingPattern[ BindingElementList Elisiongy]

1. Return theresult of grforming Indexed Bindingnitialisation for BindingElementListisingarray,
nextindexandenvironmert asarguments

ArrayBindingPattern[ BindingElementList Elisiony: BindingRestElemerit

1. Letnextbe the result operforming Indexed Biding Initialisation for BindingElementListisingarray ,
nextindexandenvironmert asarguments

2. ReturnlfAbruptfiex).

3. Let skip be theElision Width ofElision; if Elision is not present, use the numeric value zero.

4. Return the result ofgrforming IndexedBinding Initialisation for BindingRestElementisingarray,
nextrskip, andenvironmen asarguments

BindingElementList Elisiony,,: BindingElement

1. Let skip be theElision Width ofElision; if Elision is not present, use the numeric value zero.

2. Letstatusbe the result operformingindexedBinding Initialisationfor BindingElementusingarray,
nextindexskip, andenvironmen asarguments

3. ReturnlfAbruptitatug.

4. Returnnextindex+skip+1.

BindingElementList BindingElementLisf Elisioney: BindingElenent

1. LetlistNextbe the result operforming Indexed Bindingnitialisationfor BindingElementListising array,
nextindexandenvironmentasarguments.

2. ReturnlfAbrupt(istNex).

3. Let skip be theElision Width ofElision; if Elisionis not present, usehie numeric value zero.

4. Let statusbe the result operforminglndexedBindingnitialisation for BindingElemenusingarray,
listNextskip, andenvironmert asarguments

5. ReturnlfAbruptitatug.

6. ReturnlistNext+skip+1.

BindingElement SingleNameBinding

1. Return the result ofgrforming Keyed Bindinglnitialisationfor SingleNameBindingsing array,
environmentandToStringpextindeXas the arguments.

BindingElement BindingPatterninitialiseropt

Let P be ToStringtextinde¥.
Let existsbe the resulbf HasPropetygbj, P).
ReturnIfAbruptexistg.
If existsis false, then
a. If Initialiseropt is not present then throw arypeError exception.
b. Else,letv beundefined.
5. Else,
a. Letv be the result of Géarray, P).
b. ReturnIfAbruptg).
6. If Initialiseroptis pregntandyv is undefined, then
a. LetdefaultValuebe the result of evaluatingitialiser.
b. Letv be GetValue@efaultvValug.
c. ReturnlfAbruptg).
2. If Type(v) is not Object, then throw BypeError exception.

pPODNPE
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7. Return the result of grforming Binding Initialisation for BindingPattern passingv and environmentas
arguments.

BindingRestElement...  Bindingldentifier

1. LetA bethe result of the abstract operation ArrayCreate with argument 0
2. LetlenValbe the result of Géarray, "length ") .
3. LetarrayLengthbe Td.engthllenVa).
4. ReturnlfAbrupt@rrayLength.
5. Letn=0.
6. Letindex= nextindex
7. Repeat, whiléndex< arrayLength
a. Let P be ToStringindey.
b. Let existsbe the result oHasPropertydrray, P).
c. ReturnIfAbruptexists.
d If existsis true, then
i. Letv be the result of Géarray, P).
ii. ReturnIfAbrupt).
iil. Call the [[DefineOwnProperty]] internal method Afwith arguments ToString) and
Property Descriptor {[[Value]]v, [[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:true}.
e. Letn=n+1.
f. Letindex=indext1.
8. Return he result of prforming Binding Initialisation for Bindingldentifer usingA andenvironments
arguments

Runtime Semantics: Keyed Binding Initialisation
With parameters obj, environmentand propertyName

NOTE  When undefined is passed for environmentt indicates that a PutValue operation should be used to assign the
initialisation value. This is the casefor formal parameter lists of non-strict functions. In that case the formal parameter
bindings are preinitialised in order to deal with the possibility of multiple parameters with the same name.

BindingElement BindingPattern Initialiseropt

1. Letexistsbe the result of HasPropebyftj, propertyNamg.
2. ReturnlfAbruptexists.
3. If existsis false, then
a. <If Initialiseropt is not present then throw arypeError exception.
b. Else,letv beundefined.
4. Else,
a. Letv be the result of Gébbj, propertyNamg.
b. ReturnIfAbrupt{).
5. |If Initialiseroptis presenandv is undefined, then
a. LetdefaultValuebe the result of evaluatinaitialiser.
b. Letv be GetValue@efaultvValug.
c. ReturnlfAbrupt).
6. If Type(v) is not Object, then throw &ypeError exception.
7. Return the result ofgrforming Binding Initialisation for BindingPatternpassingv andenvironmengs
arguments.

SingleNameBinding BindingldentifierInitialiseropt

1. Letexstsbe the result of HasPropebfj, propertyNamg

2. ReturnIfAbruptexistg.

3. If existsis false, then
a. If Initialiseroptis not present then throw arypeError exception.
b. Else,letv beundefined.

4. Else,
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a. Letv be the result of Géobj, propertyNamég.
b. ReturdfAbrupt(v).
5. If Initialiseroptis presentandyv is undefined, then
a. LetdefaultValuebe the result of evaluatingitialiser.
b. Letvbe GetValuedefaultvValug.
c. ReturnlfAbruptg).
6. Return the result ofgrforming Binding Initialisation for Bindingldentifer passingv andenvironmengs
arguments

13.3 Empty Statement

Syntax
EmptyStatement

13.3.1 Runtime Semantics

Runtime Semantics: Evaluation
EmptyStatement;

1. ReturnNormalCompletionémpty).
13.4 Expression Statement

Syntax
ExpressionStatement
[lookahead T {{ , function , class }] Expression

NOTE An ExpressionStatemengénnot start with an opening curly brace because that might make it ambiguous with a
Block Also, an ExpressionStatemermannot start with the function  or class keywords because that would make it
ambiguous with a FunctionDeclarationa Generatobeclaration or a Clasdeclaration

13.4.1 Runtime Semantics

Runtime Semantics: Evaluation
ExpressionStatemenflookahead 1 {{, function , class }] Expression
Let exprRefbe the result of evaluatingxpression

Let value be GetValueéxprRey.

ReturnifAbruptgalue).
ReturnNormalCompletiongalue).

pPONPE

13.5 Theif Statement

Syntax

IfStatement
if ( Expressior) Statementelse Statement
if ( Expressior) Statement

Each else for which the choice of associated if is ambiguous shall be associated with the nearest possible
if that would otherwise have no corresponding else .

Static Semantics:  VarDeclaredNames

IfStatement if ( Expressior) Statemenglse Statement
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1. Letnamesbe VarDeclaredNames of the firStatement
2. Append tonameshe elements of the VarDeclaredNames of$heondStatement
3. Returnnames

IfStatement if ( Expression) Statement

1. Return the VarDeclaredNames $fatement

13.5.1 Runtime Semantics

Runtime Semantics: Evaluation

IfStatement if ( Expression) Statemenelse Statement

Let exprRefbe the result of evaluatingxpression
Let exprValuebe ToBoolean(GetValuexprRey).
ReturnIfAbruptexprValug.
If exprValueis true, then

a. LetstmtValuebethe result of evaluating the firStatement
Else,

a. LetstmtValuebethe result of evaluating the secoistatement
6. [If stmWValue[[type]] is normal and stmtValue[[value]] is empty, then

a. Return NormalCompletiondefined). |

7. Returnstmivalue

Eal ol N

o

IfStatement if ( Expression) Statement

Let exprRefbe the result of evaluatingxpression
Let exprValuebe ToBoolean(GetValuexprReJ).
ReturnIfAbruptexprValug.
If exprValueis false, then
a. ReturnNormalCompletiongndefined).
Else,
a. LetstmtValuebethe result of evaluatingtatement
6. [If stmWValue[[type]] is normal and stmtValue[[value]] isempty, then
a. Return NormalCompIetiom(ndefined).|
7. Returnstmivalue

Eal ol N

o

13.6 Iteration Statements

Syntax

IterationStatement
do Statementwhile ( Expression ; opt
while. ( Expressior) Statement
for ( Expressiog,; Expressiosn; Expressiopy) Staement
for ( var VariableDeclarationList Expressiogy; Expressiog,) Statement
for ( LexicaDeclarationy Expressiog.; Expressiop,) Statement
for ( LeftHandSideExpressidn Expressior) Statement
for ( var ForBindingin Expressior) Statement
f or ( ForDeclaration in Expressior) Statement
for ( LeftHandSideExpressianf Assignmerxpressior) Statement
for ( var ForBindingof AssignmentExpressignStatement
for ( ForDeclaration of Assignmeriixpressior) Statement

ForDeclaration:
LetOrConst ForBinding

NOTE1  ForBindingis defined in 12.1.4.2.
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NOTE 2 A semicolon is not required after a do- while statement.
Runtime Semantics

Runtime Semantics: LoopContinues Abstract Operation

The abstract operation LoopContinuesvith arguments completionand labelSets defined by the following step:

If completion[[type]] is normal, thenreturntrue.

If completion[[type]] is notcontinue, thenreturnfalse.

If completion[[target]] is empty, thenreturntrue.

If completion[[target]] is an element dfbelSet thenreturntrue.
Returnfalse.

agrwNE

NOTE Within the Statemenpart of an IterationStatemera ContinueStatememhay be used to begin a new iteration.
13.6.1 The do-while Statement
Static Semantics:  VarDeclaredNames
IterationStatemett do Statementvhile ( Expression); opt
1. Return the VarDeclaredNames $fatement
13.6.1.1 Runtime Semantics
Runtime Semantics: Labelled Evaluation
With argument labelSet
IterationStatementdo Statemenwhile (. Expression); opt

1. LetV =undefined.
2. Repeat
Let stmtbe the result of evaluatingtatement
If stmt[[valu€]] is.notempty, letV = stmt[[valu€].
If stmtis an abrupt completioandLoopContinuegstmtlabelSe} is false, returnstmt
LetexprRefbe the result of evaluatingxpression
Let exprValue be ToBoolean(GetValuaxprRey).
If exprValueis false, ReturnNormalCompletiony).
Else ifexprValueis nottrue, then
i Assert:exprValueis an abrupt completion.
ii. If LoopContinuegexprValuelabelSe} is false, returnexpr\value.

@mooooTe

13.6.2 The while. Statement
Static Semantics:  VarDeclaredNames
IterationStatementwhile ( Expressior) Statement
1. Return the VarDeclaredNames $fatement
13.6.2.1 Runtime Semantics
Runtime Semantics: Labelled Evaluation

With argument labelSet

IterationStatementwhile ( Expression) Satement
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1. LetV =undefined.
2. Repeat
a. LetexprRefbe the result of evaluatingxpression
b. LetexprValuebe ToBoolean(GetValuegxprRey).
c. If exprValueis false, returnNormalCompletionY).
d. If exprValueis nottrue, then
i. Assert:exprValueis an abrupt compléain.
ii. If LoopContinuegexprValuelabelSe} is false, returnexprValue.
e. Letstmtbe the result of evaluatingtatement
f. If stmt[[valud] is notempty, letV = stmt[[valu€].
g. If LoopContinuegstmtlabelSe} is false, returnstmt

13.6.3 The for Statement|
13.6.3.1 Static Semantics
Static Semantics: VarDeclaredNames
IterationStatementfor ( Expressios, ; Expression,; Expressiogy) Statement
1. Return the VarDeclaredNames $fatement
IterationStatement for ( var VariableDeclarationList Expressiospt; EXpressnet) Statement
1. Letnameshe BoundNames dfariableDeclarationList
2. Append tonameshe elements of the VarDeclaredNamesStditement
3. Returnnames
IterationStatementfor ( LexicalDeclaration Expressios,; Expressiog,) Statement
1. Return the VabeclaredNames dtatement
13.6.3.2 Runtime Semantics
Runtime Semantics: ‘Labelled Evaluation
With argument labelSet
IterationStatementfor ( Expressiogy; Expressiogy; Expressiogy) Statement
1. If-Expressions present, then
a. LetexprRefbe the result of evahtingExpression
b. LetexprValuebe GetValueéxprRey.
c. If LoopContinuegexprValuelabelSe} is false, returnexpr\alue.
2. Return the result of perforimg For Body Evaluatiorwith the firstExpressioras thetesExprargument, the
secondExpressionas theincrementExpargument Statemenas thestmtargumentandwith labelSet
IterationStatement for ( var VariableDeclarationList Expressiosy; Expressiosyt) Statement
1. LetvarDcl be the result of evaluatingariableDeclarationList
2. If LoopContinuegvarDcl,labelSe} is false, returnvarDcl.
3. Return the result of perforimg For Body Evaluatiorwith the firstExpressioras thetesExprargument, the
secondExpressiomas theincrementExpargument Statemenas thestmtargumentand withlabelSet
IterationStatement for ( LexicaDeclaration; Expressiospt; Expressiosy) Statement
1. LetoldEnvbe therunninge x ecut i on contextds Lexical Environment

2. Let loopEnvbe the result of calling NewDeclarativeEnvironment passiligenvas the argument.
3. LetisConstbe the result of performing IsConstantDeclaratioh@ficaDeclaration
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4. For each elemerdn of the BoundNames dfexicaDeclarationdo
a. If isConstis true, then
i CallloopEnds Creat el mmut abl eBi ndidnastheargumentet e met hod passing
b. Else,
i CallloopEnds Cr eat eMut abl eBi ndi rgandfalseasthet e met hod passing
arguments.
ii. Assert:The above call to CreateMutableBindingil never an return an abrupt completion.
Set therunningexecutionc ont ext 6 s Lexi W@EnEnvi ronment to
Let forDcl be the result oévaluatingLexicaDeclaration
If LoopContinuegorDcl,labelSe} is false, then
a. Settherunningexecutioncont ext 6 s Lexi olédEhEnvi ronment t o
b. ReturnforDcl.
8. Let bodyResulbe the result of performing For Body Evaluation with thetfEgpressioras thetesExpr
argument, the secorfeixpressionas theincrementExprargument Statemenas thestmtargumentand with
labelSet
9. Set therunningexecutionc ont ext 6 s Lexi olégEhEnvi r onment t o
10. Return bodyResult

Nowx

Runtime Semantics: For Body Evaluation Abstract Operation

The abstract operation For Body Evaluation with arguments testExpr incrementExpr stm{ and labelSetis
performed as follows:

1. LetV =undefined. Commented [AWB683]:  ES5 breaking change: Completion
2. Repeat reform
a. If testExpris not[empty], then

Let testExprRebe the result of evahtingtestExpr

ii. Let testExprValuebe ToBoolean(GetValuaéstExprRef)

iii. If testExprValueis false, returnNormalCompletionY).

iv. Else if LoopContinuestéstExprValuelabelSe} is false, returntestExprValue
Let resultbe the result of evaluatingtmt
If resut.[[valu€]] is notempty, letV = result[[valug].
If LoopContinuesresultlabelSe} is false, returnresult
If incrementEXpis not [empty], then

i LetincExprRefbe the result of evaluatinigcrementExpr
ii. LetincExpValuebe GetValue(ncExprRey.
iii. If LoopContinueSncExprValuelabelSe} is false, returnincExprValue

PoooT

13.6.4 Thefor -in and for -of Statements
13.6.4.1 Static Semantics
Static Semantics: Early Errors

IterationStatemertt
for ( LeftHandSideExpressiom Expressiorn) Statement
for ( LeftHandSideExpressionf Assignmeriixpression) Statement

1 Itis a Syntax Error if LeftHandSideExpressiois either an ObjectLiteral or an ArrayLiteral and if the
lexical token sequence matched by LeftHandSideExpressiorannot be parsed with no tokens left over
using AssignmerRatternas the goal symbol.

1 If LeftHandSideExpressios either an ObjectLiteralor an ArrayLiteral and if the lexical token sequence
matched by LeftHandSideExpressiotan be parsed with no tokens left over using AssignmentPatteras
the goal symbol then the following rules are not applied. Instead, the Early Error rules for
AssignmentPatterare used.

1 Itis a Syntax Error if LeftHandSideExpressias an ldentifier that can be statically determined to always
resolve to a declarative environment record binding and the resolved binding is an immutable binding.

1 It is a Syntax Error if LeftHandSideExpressiois neither an ObjectLiteral nor an ArrayLiteral and
IsValidSimpleAssignmentTargef LeftHandSideExpressias false.
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1 Itis a Syntax Error if the LeftHand®leExpressions
CoverParenthesedExpressionAndArrowParameterLigt Expression)
and Expressiorderives a production that would produce a Syntax Error according to these rules if that
production is substituted for LeftHandSideExpressio This rule is recursively applied.

NOTE The last rule means that the other rules are applied even if multiple levels of nested parenthesises surround
Expression

IterationStatement

for ( ForDeclarationin Expression) Statement
for ( ForDeclarationof Assignmeriixpression) Statement

1 It is a Syntax Error if any element of the BoundNames of ForDeclaration also occurs in the
VarDeclaredNames of Statement

Static Semantics: BoundNames

ForDeclaration: LetOrConst ForBinding

1. Returnthe BoundName®f ForBinding.

Static Semantics:  VarDeclaredNames

IterationStatementfor ( LeftHandSideExpressidn Expression) Statement
1. Return thevarDeclaredNamesf Statement

IterationStatementfor ( var ForBindingin Expression) Statement

1. Letnamesbethe BoundName of ForBinding.

2. Append tonameshe elements of the¥arDeclaredNamesf Statement

3. Returnnames

IterationStatementfor (° ForDeclarationin Expression) Statement

1. Return thevVarDeclaredNamesf Statement

IterationStatementfor.. ( LeftHandSideExpressicof Assignmerixpression) Statement
1. Return thevarDeclaredNamesf Statement

IterationStatementfor ( var ForBindingof Assignmeriixpressiorn) Statement
1. Letnamesbethe BoundName®f ForBinding.

2. Append tonameshe elements of thearDeclaredNamesf Statement

3. Returnnames

IterationStatementfor ( ForDeclarationof Assignmerixpression) Statement
1. Return thevarDeclaredNamesf Statement

13.6.4.2 Runtime Semantics

Runtime Semantics: Binding Instantiation

With arguments valueand environment

ForDeclaraton: LetOrConst ForBinding
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1. For each elementameof the BoundName®f ForBindingdo
a. If IsConstantDeclaration dfetOrConstis false, then

i Callenvironmend s Cr eat eMut abl e Bi withargumenhamecr et e
ii. Assert:The above call to CreateMutableling will never an return an abrupt completion.

b. Else,

met hod

i Callenvironmend s Cr eat el mmut abl e Bivithdrgumgnnanencr et e met hod

2. Return the result of performinginding Initialisation for ForBinding passingvalueandenvironmengs the

arguments.
Runtime Semantics: Labelled Evaluation
With argument labelSet
IterationStatementfor ( LeftHandSideExpressian Expressiorn) Statement

1. LetkeyResulbe the result operforming For In/Of Expression Evation with Expressionenumerate,
andlabelSet

2. ReturnlfAbrupt(keyResuljt

3. Returnthe result ofperforming For In/Of Body Evalation with LeftHandSideExpressioStatement
keyResult assignment, andlabelSet

IterationStatementfor ( var ForBinding in Expressior) Statement

1. LetkeyResulbe the resit of performing For In/Of Expression Ewation with Expressionenumerate,
andlabelSet

2. ReturnlfAbruptkeyResult

3. Returnthe result ofperforming For In/Of Body Evaiation with ForBinding, StatementkeyResult
varBinding, andlabelSet

IterationStaement for ( ForDeclarationin Expression) Statement

1. LetkeyResulbe the result operforming For In/Of Expression Ewation with Expressionenumerate,
andlabelSet

2. ReturnifAbruptkeyResult

3. Returnthe result ofperforming For In/Of Body Evalationwith ForDeclaration, StatementkeyResult
lexicalBinding, andlabelSet

IterationStatementfor. ( LeftHandSideExpressianf Assignmeriixpression) Statement

1. LetkeyResulbe the result operforming For In/Of Expression Ewation with AssignmerExpression
iterate, andlabelSet

2. ReturnIfAbruptkeyResult

3. Returnthe result ofperforming For In/Of Body Evailation with LeftHandSideExpressigi$tatement
keyResult assignment, andlabelSet

IterationStatementfor ( var ForBinding of Assignmeriixpression) Statement

1. LetkeyResulbe the result operforming For In/Of Expression Evadtion with AssignmerExpression
iterate, andlabelSet

2. ReturnIfAbruptkeyResult

3. Returnthe result ofperforming For In/Of Body Evaiation with ForBinding, StatementkeyResult
varBinding, andlabelSet

IterationStatementfor ( ForDeclarationof Assignmerixpression) Statement
1. LetkeyResulbe the result operforming For In/Of Expression Euation with AssignmerExpression

iterate, andlabelSet
2. ReturnlfAbruptkeyResult
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3.

Returnthe result ofperforming For In/Of Body Evalation with ForDeclaration StatementkeyResult
lexicalBinding, andlabelSet

Runtime Semantics: For In/Of Expression Evaluation  Abstract Operation

The abstract operation For In/Of Expression Evaluation is called with arguments expr, iterationKind, and
labelSet The value of iterationKindis either enumerate or iterate.

1.
2.
3

9.

Let exprRefbe the result of evaluating thgoduction that iexpr)

Let exprValuebe GetValue¢xprRef.
If exprValueis an abrupt completign
a. If LoopContinuegexprValuelabelSe} is false, then eturnexprValue
b. Else,returnCompletion{[[typ€]]: break, [[valu€]]: empty, [[targel]: empty}.
If exprValue[[value]]is null or undefined, returnCompletion{[[type]]: break, [[valu€]]: empty, [[targel]:
empty}.
Let obj be ToObjectéxprValug.
If iterationKind is enumerate, then
a. Letkeysbe the result of calling the [[Enumerate]] internal methodfwith no arguments
Else,
a. AssertiterationKindis iterate.
b. Letiterator be the result of performing Invoke with argumeiotlsj, @ @iterator and an empty List.
c. Letkeysbe ToObjectigerator).
If keysis an abrupt completigrthen
a. If LoopContinuegexprValuelabelSe} is false, then eturnexprValue
b. Assat: keys[[typ€]] is continue
c. ReturnCompletion{[[type]]: break, [[valud]: empty, [[targel]: empty}.
Returnkeys

Runtime Semantics: For In/Of Body Evaluation . Abstract Operation

The abstract operation For In/Of Body Evaluation is called with arguments lhs, stmt keys,lhsKind, and labelSet

The value of IhsKindis either assignment, varBinding or lexicalBinding.

1.
2.
3.

LetoldEnvbe therunninge x e cut i on contextés Lexical Environment

Let V = undefined.

Commented [AWB1584]: NOTE that if this is a for-let, this
places the evaluation of the AssignmentExpression outside
the scope of the bindings. Perhaps in should be within that
scope and subject to TDZ checks on the bond values.

Commented [AWB685]:  Note a continue in the initializer
expression is just like a break

Commented [AWB686]:  Break/continue in the expression
works normally (future for do {} or block lamda expressions)

Commented [AWB687]:  Note a continue in the initializer
expression is just like a break

Commented [AWB688]:  Completion value reform

Repeat
a. LetnextResulbe the result ofteratorNextkeys.
b. ReturnlfAbruptfiextResu)t
c. -Letdonebe IteratorCompletegexResuly.
d.  ReturnlfAbrupt@iong.
e. If doneistrue, then returnNormalCompletiofV).
f. LetnextValuebe the result of IteratorValueéxtResu)t
0. ReturnlfAbruptfextValug.
h. If IhsKind is assignment, then
i Assert:lhsis aLeftHandSideExpressian
ii. If Insisneither arDbjectLiteralnor anArrayLiteral then
1. LetlhsRefbe the result of evaluatings ( it may be evaluated repeatedly).
2. Let statusbe the result of performinButValue(hsRef nextValug.
iii. Else
1. LetAssignmentPatterbethe parse of the source code correspondinfsasing
AssignmentPatteras the goal symbol.
Let rval be ToObjectijextValug,
3. [If rval is an abrupt completion, then Istatusbe rval.
4. Else, ktstatusbe the result of performinBestructuring Assignmerivaluationof
AssignmentPatternsingrval as theargument
i. Else iflhsKind is varBinding, then
i. Assert:lhsis aForBinding.
ii. Let statusbe the result of performinBinding Initialisation for Ihs passingnextValueand
undefined as the arguments
j. Else
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Commented [AWB1589]: Recent destructuring assign
changes probably mean that this turns into a throw if
nextValue is not an Object.

Commented [AWB690]:  ToDo, update this to return a
completion value
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i Assert IhsKindis lexicalBinding.
ii. Assert:lhsis aForDeclaration
iii. Let iterationEnv be the result of calling NewDeclarativeEnvironment passilitEnvas the

argument.
iv. Perform Binding Instantiation fdhs passingnextValueanditerationEnvas arguments.
V. [Let statusbe NormalCompIetiom(mpty)] Commented [AWB1191]:  Need to understand why result of
Vi. Set therunningexecutionc ont e xt 6 s Le x i iteaatioBEnw i r on me nt t ofprevious stepisignored. See bug 811

k. If status[[type]] is normal, then
i Let statusbe the resultof evaluatingstmt
ii. If status[[type]] is normal andstatus[[valu€]] is notempty, then
1. LetV = status[[valud].
. Settherunningexecutionc ont ext 6 s Lexi olédEhEnvi.ronment t o
m. If statusis an abrupt completion andoopContinueéstatuslabelSelis false, thenreturnstatus
13.7 The continue Statement

Syntax
ContinueStatement

continue ;

continue  [no LineTerminatohere] ldentifier;
13.7.1 Static Semantics

Static Semantics: Early Errors

ContinueStatementcontinue ;

9 Itis a Syntax Error if this production is not nested, directly or indirectly (but not crossing
function boundaries), within an IterationStatement

ContinueStatementcontinue < [no LineTerminatomere] Identifier;

1 Itis a Syntax Error if Identifier does not appear in the CurrentLabelSebf an enclosing (but
not crossing function boundaries) IterationStatement

13.7.2 Runtime Semantics

Runtime Semantics: Evaluation

ContinueStatementcontinue ;

1. ReturnCompletion {[[type]]: continue, [[value]]: empty, [[target]]: empty}.
ContinueStatementcontinue . [no LineTerminatomere] ldentifier;

1. ReturnCompletion {[[type]]: continue, [[value]]: empty, [[target]]: Identifier}.
13.8 The break Statement

Syntax

BreakStatement

break ;

break [no LineTerminatomere] Identifier ;
13.8.1 Static Semantics

Static Semantics: Early Errors
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BreakStatementbreak ;
1 Itis a Syntax Error if this production is not nested, directly or indirectly (but not crossing
function boundaries), within an IterationStatemenotr a SwitchStatement
BreakStatementbreak [no LineTerminatomere] ldentifier,

1 Itis a Syntax Error if Identifier does not appear in the CurrentLabelSebf an enclosing (but
not crossing function boundaries) Statement

13.8.2 Runtime Semantics

Runtime Semantics: Evaluation

BreakStatementbreak ;

1. ReturnCompletion {[[type]]: break, [[value]]: empty, [[target]]: empty}.
BreakStatementbreak [no LineTerminatomere] Identifier;

1. ReturnCompletion {[[type]l: break, [[value]]: empty, [[target]]: Identifier}.
13.9 Thereturn Statement

Syntax

ReturnStatement
return ;
return [no LineTerminatothere] Expression

NOTE A return statement causes a function to cease execution and return a value to the caller. If Expressionis
omitted, the return value is undefined. Otherwise, the return value is the value of Expression

13.9.1 Static Semantics
Static Semantics: Early Errors
1 Itis a Syntax Error if areturn  statement is not within a FunctionBodyor a GeneratorBody
13.9.2 Runtime Semantics
Runtime Semantics: Evaluation
ReturnStatement return
1. ReturnCompletion {[[type]]: return, [[value]]: undefined, [[target]]: empty}.
ReturnStatementreturn < [no LineTerminatothere] Expression
Let exprRefbe the result of evaluatingxpression
Let exprValuebe GetValueexprRe¥.

ReturnIfAbruptexprValug.
ReturnCompletion {[[type]l: return, [[value]]: exprValue [[target]]: empty}.

PONE

13.10 The with Statement

Syntax

WithStatement
with ( Expressior) Statement
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Commented [AWB992]:  TODO If exprRef is a Reference
that invokes a getter we probably should find a way to specify
that the get call is handled as a tail call.



secma

NOTE The with statement adds an object environment record for a computed object to the lexical environment of the
running execution context. It then executes a statement using this augmented lexical environment. Finally, it restores the

original lexical environment.
13.10.1 Static Semantics
Static Semantics: Early Errors

WithStatementwith ( Expressior) Statement

1 Itis a Syntax Error if the code that matches this production is contained in strict code.

Static Semantics: VarDeclaredNames
WithStatementwith ( Expressior) Statement

1. Return the VarDeclaredNames $fatement
13.10.2 Runtime Semantics

Runtime Semantics: Evaluation
WithStatementwith ( Expressior) Statement
Let val be the result of evaluatingxpression
Let obj be ToObject(GetValueg@l)).

ReturnlfAbrupt(obj).
Let oldEnvbe therunninge x e c ut i on

ReturnifAbruptplackListArray).
If Type(blackListArray) is Object, then

CONOUTAWNE

contextods

a. Letblacklistbe CreateListFromArraylackListArray).

b. ReturnlfAbruptblackListArray).

Lexi

c. SetwithEnvironmenbf newEnw¥ environmel record toblackListArray

cal

Envi

ronment .
Let newEnvbe the result of calling NewObjectEnvironment passibgandoldEnvas the arguments.
Set thewithEnvironmenflag of newEn¥ environment recordo true.
Let blackListArraybe the result of Getpj, @ @unscopables).

10. Set therunninge x ecuti on context O0<xewErvxi cal Environment to
11. Let C be the result of evaluatingtatement

12. Set thefunninge x ec ut i on cont ext 0soldEmuxi cal Environment to
13. ReturnC.

NOTE No matter how control leaves the embedded Statementwhether normally or by some form of abrupt

completion or exception, the LexicalEnvironment is always restored to its former state.

13.11 Theswitch Statement

Syntax

SwitchStatement
switch ( Expressior) CaseBlock

CaseBlock
{ CaseClausesp: }
{ CaseClausegp: DefaultClause CaseClausgs}

CaseClauses

CaseClause
CaseClauses CaseClause
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CaseClause
case Expression StatementLigh:

DefaultClause
default : StatementLight

13.11.1 Static Semantics
Static Semantics: Early Errors
CaseBlock { Ca®Clauseg
1 Itis a Syntax Error if the LexicallyDeclaredNames of CaseClausesontains any duplicate entries.
1 Itis a Syntax Error if any element of the LexicallyDeclaredNames . of CaseClauseslso occurs in the
VarDeclaredNames of CaseClauses
Static Seman tics: LexicalDeclarations
CaseBlock { }
1. Return a new empty List.
CaseBlock { CaseClauseg: DefaultClause CaseClausgs}
If the first CaseClausess present, letdeclarationsbe the LexicalDeclarations of the fir€aseClauses
Else letdeclaratimsbe a new empty List.
Append todeclarationsthe elements of theexicalDeclaration®of the DefaultClause
If the secondCaseClausess not present, returdeclarations

Else return the result of appand to declarationsthe elements of the Lexidakclaationsof the second
CaseClauses

arwNE

CaseClausesCaseClauses CaseClause

1. Letdeclarationsbe LexicalDeclarations afaseClauses

2. Append todeclarationsthe elements of the LexicalDeclarations@dseClause
3. Returndeclarations

CaseClause case Expression StatementLisp:

1. If the StatementLisis present, return the LexicalDeclarationsStatementList
2. Else return a new empty List.

DefaultClause default : StatementLig:

1. If the StatementLisis present, return the LexicalDeclarationsSthtementLis
2. Else return'a new empty List.

Static Semantics: LexicallyDeclaredNames

CaseBlock { }

1. Return a new empty List.

CaseBlock { CaseClauseg: DefaultClause CaseClausgs}

If the first CaseClausets present, lehamesbe the LexicallyDeclaredNames$ the first CaseClauses
Else lethameshe a new empty List.

Append tonameshe elemers of the LexicallyDeclaredNames of tBefaultClause
If the secondCaseClausess not present, returnames

PONPE
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5. Else return the result of appeind to nameshe elementsf the LexicallyDeclaredNames of the second
CaseClauses

CaseClausesCaseClauses CaseClause

1. Letnamesbe LexicallyDeclaredNames @aseClauses

2. Append tonameshe elements of the LexicallyDeclaredNameCafseClause
3. Returnnames

CaseClause case Expression: StatementLight

1. If the StatementLisis present, return the LexicallyDeclaredNameStdtementList
2. Else return a new empty List.

DefaultClause default : StatementLis:

1. If the StatementLisis present, return the LexicallyDeclaredNameStitementList
2. Else return a new empty List.

Static Semantics: VarDeclaredNames

SwitchStatementswitch  ( Expressior) CaseBlock

1. Return the VarDeclaredNames GaseBlock

CaseBlock { }

1. Return a new empty List.

CaseBlock { CaseClauseg: DefaultClause CaseClausgs}

If the first CaseClausess present, lehamesbe the VarDeclaredNames of the fiGaseClauses
Else lethameshe a new empty List.

Append tonameshe elements of the VarDeclaredNames of BrefaultClause

If the secondCaseClausess not present, returnames

Else return the result of append to nameshe elements of the VarDeclaredNames of theosd
CaseClauses

arwONE

CaseClausesCaseClauses CaseClause

1. Letnamesbe VarDeclaredNames @aseClauses

2. Append tonameghe elements ofite VarDeclaredNames @aseClause
3. Returnnames

CaseClause case Expression’ StatementLight

1. If the StatementLisis present, return the VarDeclaredNameStdtementList
2. Else return a new empty List.

DefaultClause default : StatementLight

1. |If the StatementLisis present, return the VarDeclaredNameStdtementList
2. Else return a new empty List.

13.11.2 Runtime Semantics
Runtime Semantics: Case Block Evaluation

With argument input
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CaseBlock { CaseClausep: }

1. LetV=undefined. Commented [AWB693]:
2. LetAbe the list ofCaseClauséems in source text order. reform
3. Letsearchingbetrue.
4. Repeat, whilsearchingis true
a. LetC be the nexCaseClausén A. If there is no sucaseClausereturnNormalCompletioV).
b. LetclauseSelectobe the result o€ase Selector Evaluation 6f
c. ReturnlfAbruptclauseSelectgr
d. Letmatchedbe the result of performingtrict Equality Comparisoimput === clauseSelector
e. If matchedstrue, then
i Setsearchingto false.
ii. If C has aStatementListhen
1. EvaluateCo StatementLisand letV be the restl
2. ReturnlfAbrupty).
5. Repeat
a. LetC be the nexCaseClausén A. If there is no sucaseClausgreturnNormalCompletio(V).
b. If Chas aStatementListhen
i EvaluateCo StatementLisand letR be the result.
ii. If R[[valud] is notempty, then letv = R.[[vaue]].
iii. If Ris an abrupt completion, then retu@ompletion{[[type]]: R.[[typ€l], [[value]]: V, [[target]]:
R[[targel]} .
CaseBlock { CaseClauseg: DefaultClause CaseClausgs}
LetV = undefined. Commented [AWB694]:
Let A be the list ofCaseClauséems in the firsCaseClausesn source text order. reform

Let foundbe false.
Repeat lettingC be in order eacaseClausén A
a. If foundisfalse then
i. Let clauseSelectoe the result o€ase Selector Evaluation 6f
ii. If clauseSelectois an abrupt completiorihen
1. 7If clause®lector[[value]] is empty, then return Completion {[[type]]:
clauseSelectof{ type]], [[value]]: undefined, [[target]]: clauseSelectof{targei]}.
2. Else,returnclauseSelector
iii. Let foundbe the result of performingtrict Equality Comparisoimput === clauseSelector
b. If foundistrue, then
I EvaluateCaseClaus€ and letR be the result.
ii. If Ri[[valud] is notempty, then letv = R[[valud].
iii. If Ris an abrupt completion, then retu@ompletion{[[type]]: R.[[typel], [[valuel]: V, [[target]]:
R[[targel]}.
5. LetfoundinBbefalse
6. If foundis false then
a. LetB bea newList containingthe CaseClauséems in the secon@aseClausesn source text order.
b. 'Repeatletting C be in order eacfaseClausén B
i If foundInBis false, then
1. LetclauseSelectadbe theresult ofCase Selector Evaluation 6f
2. If clauseSelectois an abrupt completiorthen
a If clauseSelectoffvalue]] is empty, thenreturn Completion{[[type]]:
clauseSelectof{type]], [[value]]: undefined, [[target]]:
clauseSelectofftargei]}.
b Else,returnclauseSelector
3. LetfoundInBbe the result of performingtrict Equality Comparisomput===
clauseSelector
iil If foundInBis true, then
1. EvaluateCaseClaus€ and letR be the result.
2. If R[[valud] is notempty, then letv = R[[valud].
3. If Ris anabrupt completion, then retu@ompletion{[[type]l: R.[[typ€]], [[value]]: V,
[[target]]: R[[targel]}.
7. If foundInBis true, thenreturnNormalCompletio(V).

pONPE
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8. EvaluateDefaultClauseand letR be the result.
9. If R[[valud] is notempty, then letV = R[[valud].
10. If Ris an abrupt completion, then ret@ompletion{[[type]]: R.[[type]], [[value]]: V, [[target]]: R.[[targei]}.
11. Let B bea newList containingthe CaseClausé&ems in the secon@aseClausesn source text order.
12. Repeatletting C be in oretr eachCaseClausén B (NOTE this is another complete iteration of the secGadeClauses
a. EvaluateCaseClaus€ and letR be the resul
b. If R[[valu€] is notempty, then letV = R[[valu€].
c. If Ris an abrupt completion, theeturnCompletion{[[type]]: R.[[typel], [[valuel]: V, [[target]]:
R [[targel]} .
13. ReturnNormalCompletioV).

Runtime Semantics: Case Selector Evaluation
CaseClause case Expression StatementLight

1. LetexprRefbe the result of evaluatingxpression
2. Return GetValuexprRefy.

NOTE Case Selector Evaluation does not execute the associated StatementListit simply evaluates the Expressiorand
returns the value, which the CaseBloclkalgorithm uses to determine which StatementListo start executing.

Runtime Semantics: Evaluation

SwithStatementswitch ( Expressior) CaseBlock

1. LetexprRefbe the result of evaluatingxpression

2. LetswitchValuebe GetValuegxprRef.

3. ReturnIfAbruptéwitchValug.

4. LetoldEnvbe therunninge x ecut i on context od6ds Lexical Environment .
5. LetblockEnvbe the resit of calling NewDeclarativeEnvironment passiagiEnvas the argument.

6. Perform Block Declaration Instantiation usi@gseBlockandblockEnv

7. LetR be the result operforming Casélock Evaluationof CaseBlockwith argumentswitchValue

8. Settherunningexe cut i on context o0s oldenxi cal Environment to

9. ReturnR.

NOTE No matter how control leaves the SwitchStatemerhe LexicalEnvironment is always restored to its former state.

CaseClause case Expression

1. ReturnNormalCompletion¢émpty).
CaseClause case Expression StatementList

1. Return the result of evaluatirfatementList
DefaulClause: default

1. ReturnNormalCompletionémpty).
DefaulClause: default ~: StatementList

1. Return the result of evaluatir@fatementList
13.12 Labelled Statements

Syntax

LabelledStatement
Identifier: Statement

© Ecma International 2013 193



secmd

NOTE A Statementmay be prefixed by a label. Labelled statements are only used in conjunction with labelled break

and continue  statements. ECMAScript has no goto statement. A Statementan be part of a LabelledStatementvhich

itself can be part of a LabelledStatementand so on. The labels introduced this way are collectively referred to as the

ficurrent | abel setd when descr i bi nglLabelledStatsnmertss nd sencastic mdaning ndi vi dual statements. A
other than the introduction of a label to a label set. The label set of an lterationStatemenbr a SwitchStatemeniitially

contains the single element empty. The label set of any other statement is initially empty.

13.12.1 Static Semantics
Static Semantics: Early Error s

1 Itis a Syntax Error if a LabelledStatemeri$ enclosed by a LabelledStatemenwith the same Identifier as
the enclosed LabelledStatemenT his does not apply to a LabelledStatemergppearing within the body of
a FunctionDeclaration and a LabelledStaterme that encloses, directly or indirectly the
FunctionDeclaration.

Static Semantics: VarDeclaredNames

LabelledStatementidentifier: Statemeh

1. Return the VarDeclaredNames $fatement

13.12.2 Runtime Semantics

Runtime Semantics: Labelled Evaluation
With argument labelSet

LabelledStatementidentifier: Statemeh

1. Letlabel be the StringValue ofdentifier.
2. LetnewLabelSetbe'a new List containindabel and the elements ofabd Set
3. If Statemenis eitherLabelledStatemerdr Breakabl&tatementthen
a. Let stntResult be the result ofperforming Labelled Evaluation oStatementwith argument
newLabelSet
4. Else,
a. Let stmtResulbe the result of evaluatingtatement
5. If stmtResul{[type]]is break and stmtResul{[target]] is the same value &sbel, then
a. Letresult be NormalCompletiorgtmtResul{[value]]).
6. Else,
a. Letresultbe stmtResult
7. Returnresult

Runtime Semantics: Evaluation
LabelledStatementidentifier: Statemen

1. LetnewlLabelSetbe a new empty List.
2. Returnthe result ofperforming Labelled Evaluatioof this LabelledStatemenwith argumennewLabelSet

13.13 The throw Statement

Syntax

ThrowStatement
throw [no LineTerminatohere] Expression
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Runtime Semantics: Evaluation

The production ThrowStatementthrow [no LineTerminatothere] Expression is evaluated as follows:

Let exprRefbe the result of evaluatingxpression
Let exprValuebe GetValueg¢xprRey.
ReturnIfAbruptexprVvalug.

PP

13.14 Thetry Statement

Syntax

TryStatement
try Block Catch
try Block Finally
try Block Catch Finally

Catch:
catch ( CatchParameter) Block

Finally :
finally Block

CatchParameter
Bindingldentifier
BindingPattern

ReturnCompletion {[[type]]: throw, [[value]]: exprValue [[target]]: empty}.

NOTE 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 CatchParameteis bound.to that exception.
13.14.1 Static Semantics
Static Semantics: Early Errors

Catch: catch ( CatchParamete) Block

M It is'a Syntax Error if any element of the BoundNames of CatchParameteralso occurs in the

LexicallyDeclaredNames of Block

1 <It is a Syntax Error if any element of the BoundNames of CatchParameteralso occurs in the

VarDeclaredNames of Block
Static Semantics: VarDeclaredNames
TryStatement try Block Catch
1. Letnamesbe VarDeclaredNames &lock
2. Append tonameshe elements of the VarDeclaredName<Cattch
3. Returnnames
TryStatemeni try BlockFinally
1. Letnamesbe VarDeclardNames oBlock
2. Append tonameshe elements of the VarDeclaredNamed-afally.

3. Returnnames

TryStatemeni try Block CatchFinally
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Let namesbe VarDeclaredNames &flock

Append tonameshe elements of the VarDeclaredName<Catfich
Append tonamesghe elements of the VarDeclaredNamed-ofally.
Returnnames

pPwnbPE

Catch: catch ( CatchParameter) Block
1. Return the VarDeclaredNames Bfock
13.14.2 Runtime Semantics
Runtime Semantics: Binding Initialisation
With arguments valueand environment
NOTE undefined is passed for environmentto indicate that a PutValue operation should be used to assign the
initialisation value. This is the case for var statements formal parameter lists of non-strict functions. In those cases a
lexical binding is hosted and preinitialised prior to evaluation of its initialiser.

CatchParameter BindingPattern

1. |LetexceptionObpe ToObjectyalug).
2. ReturnIfAbruptexceptionOt)j.\

3. Return the result of performindinding Initialisation for BindingPattern passing exceptionObjand
environmenfsthe arguments.

Runtime Semantics: Catch Clause Evaluation
with parameter thrownValue

Catch: catch ( CatchParameter) Block

LetoldEnvbe therunninge x ecut i on contextoés Lexical Environment

1.
2. LetcatchEnvbe theresult of calling NewDeclarativeEnvironmeassingldEnvas the argument.
3. For each elemerdgrgNameof the BoundNames dtatchParameterdo
a. Call the CreateMutableBinding concrete methodafchEnvpassingargNameas the argument.
b. Assert:The abovecall to CreateMutableBindingill never an retun an abrupt completion.

4. Let statusbe the result of performinginding Initialisation for CatchParametempassingthrownValueand
catchEnvas arguments.

5. ReturnlfAbruptitatug.

6. Settherunninge x ecut i on context 60 <xatdhEenxi cal Envi ronment t

7. LetB be the result of evaluatinglock

8. Settherunninge x ecuti on context 0oldEne xi cal Environment t

9. ReturnB.

NOTE No matter how control leaves the Block the LexicalEnvironment is always restored to its former state.

Runtime Semantics: Evaluation

TryStatement try Block Catch

1. LetB be the result of evaluatinglock

2. If B.[[type]] is notthrow, returnB.

3. Return the result gberforming Catch Clause Evaluation @atchwith parameteB.[[valu€].

TryStatement try BlockFinally

1. LetB be the result of evaluatg Block
2. LetF be the result of evaluatinginally.
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3. If F.[[typ€]] is normal, returnB.
4. ReturnF.

TryStatemeni try Block CatchFinally

1. LetB be the result of evaluatinglock
2. If B.[[type]] is throw, then
a. Let C be the result operforming Catch Clausev&luation ofCatchwith parameteB.value.
3. ElseB.[[type]] is notthrow,
a. LetCbeB.
4. LetF be the result of evaluatinginally.
5. If F.[[type]] is normal, returnC.
6. ReturnF.

13.15 The debugger statement

Syntax

DebuggerStatement
debugger ;

Runtime Semantics: Evaluation

NOTE  Evaluating the DebuggerStatemergroduction 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 DebuggerStatementdebugge t; is evaluated as follows:

1. If an implementation defined debugging facility is available and enabled, then
a. Perform an implementation defined debugging action.
b. Letresultbe an implementation defined Completion value.

2. Else
a. Letresultbe NormalCompletion¢émpty).

3. Returnresult

14 ECMAScript Language: Functions-and Classes
14.1 Function Definitions

Syntax

FunctionDeclaration
function  Bindinddentifier ( FormalParametes) { FunctionBody}

FunctionExpression
function  Bindingdentifier,: ( FormalParametes) { FunctionBody}

StrictFormalParametes:
FormalParameters

FormalParametes:
[empty] )
FormalParameterList

FormalParameterList
FunctiorRestParameter
FormalsList
FormalsList FunctiorRestParameter
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FormalsList:
FormalParameter
FormalsList, FormalParameter

FunctionRestParameter
Bindinddentifier

FormalParameter.
BindingElement

FunctionBody.
FunctiorStatementList

FunctiorStatementList
StatementLight

Supplemental Syntax

The following productions are used as an aid in specifying the semantics of certain ECMAScript language
features. They are not used when parsing ECMAScript source code.

FunctionBody:
ThrowTypeError

ThrowTypeError.
[empty]

14.1.1.1 Static Semantics
Static Semantics:  Early Errors

FunctionDeclaration function _Bindingldentifier( FormalParametes) { FunctionBody}
and
FunctionExpression function  Bindingldentifieg,: ( FormalParametes) { FunctionBody}

1 Itis a Syntax Errorif FunctionBodyContainsYieldExpressionis true.

1 If the source code matching this production is strict code, the Early Error rules for
StrictFormalParameters FormalParametersre applied.
It is_a Syntax Error if IsSimpleParameterList of FormalParametes is false and any element of the
BoundName®f FormalParametes also occurs in the VarDeclaredNamesef FunctionBaly.

1 It is a Syntax Error if any element of the BoundNamesof FormalParametes also occurs in the
LexicallyDeclaredNamesf FunctionBody

NOTE The LexicallyDeclaredNamesf a FunctionBodydoes not include identifiers bound using var or function
declarations. Simple parameter lists bind identifiers as VarDeclaredNames. Parameter lists that contain destructuring
patterns, default value initialisers, or a rest parameter bind identifiers as LexicallyDeclaredNames.

StrictFormalParameters FormalParameters

1 Itis a Syntax Error if BoundNames oFormalParametes contains any duplicate elements.
T Itis a Syntax Error if BoundNames oFormalParametes contains either ngval njor narguments nj

FormalParameters FormalParametelrist

1 Itis a Syntax Error if FormalParameter€ontainsYieldExpressions true.

1 It is a Syntax Error if IsSimpleParameterList of FormalParameterListis false and BoundNames of
FormalParametekist contains any duplicate elements.

1 It is a Syntax Error if IsSimpleParameterList of FormalParameterListis false and BoundNames of
FormalParameterListontains either ngval njor narguments nj
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9 It is a Syntax Error if the source code matching this production is strict code and BoundNames of
FormalParametetList contains any duplicate elements.

NOTE Multiple occurrences of the same Identifier in a FormalParamterListis only allowed for non-strict functions and
generator functions that have simple parameter lists.

FunctionStatementList StatementList
T Itis a Syntax Error if the LexicallyDeclaredNames of StatementListontains any duplicate entries.
1 Itis a Syntax Error if any element of the LexicallyDeclaredNames of StatementLisalso occurs in the
VarDeclaredNames of StatementList
FormalParameter BindingElement
1 Itis a Syntax Error if BindingElement ContainsYieldExpression.
Static Semantics: BoundNames
FunctionDeclaration function  Bindingldentifier( FormalParametes) { FunctionBody}
1. Return the BoundNamex Bindingldentifier
FormalParametes: [empty]
1. Return an empty List.
FormalParameterList FormalsList, FunctiorRestParameter
1. Letnamesbe BoundNames dformalsList
2. Append tonameshe BoundNames oFunctionRestParameter
3. Returnnames
FormalsList: FormalsList, FormalParameter
1. Letnamesbe BoundNames dformalsList
2. Append tonameshe elements of BoundNames feérmalParameter.
3. Returnnames
Static Semantics:  Contains
With parameter symbol
FunctionDeclaration function ' Bindingldentifier( FormalPaametes) { FunctionBody}
1. Returnfalse.
FunctiorExpression function  Bindingldentifiegy ( FormalParametes) { FunctionBody}
1. Returnfalse.
NOTE Static semantic rules that depend upon substructure generally do not look into function definitions.
Static Semantics: ExpectedArgumentCount
FormalParametes: [empty]

1. Return 0.

© Ecma International 2013 199



secmd

FormalParameterList FunctiorRestParameter
1. Return O.
FormalParameterList FormalsList, FunctiorRestParameter

1. Return the ExpectedArgumentCountfdrmalsList

NOTE The ExpectedArgurantCountof a FormalParameterLists the number of FormalParametergo the left of either the
rest parameter or the first FormalParametewith an Initialiser. A FormalParametewithout an initialiser is allowed after the
first parameter with an initialiser but such parameters are considered to be optional with undefined as their default value.

FormalsList: FormalParameter

1. If Haslnitialiser ofFormalParameteris false return 0
2. Return 1.

FormalsList: FormalsList FormalParameter

1. Letcountbe the Expe&dArgumentCount oFormalsList.

2. If Haslnitialiser ofFormalsListis true or Haslnitialiser-ofFormalParameteis true, then returrcount
3. Returncountl.

Static Semantics:  Haslnitialiser

FormalsList: FormalsList, FormalParameter

1. If Haslnitialiser ofFormalsListis true, then returrtrue.
2. Return Haslnitialiser oFormalParameter

Static Semantics: IsConstantDeclaration
FunctionDeclaration function  Bindingldentifier( FormalParametes) { FunctionBody}
1. Returnfalse

Static Semantics:  IsSimple ParameterList
FormalParametes: [empty]

1. Returntrue.

FormalParameterList FunctiorRestParameter

1. Returnfalse

FormalParameterList. FormalsList, FunctiorRestParameter
1. Returnfalse

FormalsList: FormalsList, FormalParameter

1. If IsSimpleParametdrist of FormalsListis false, returnfalse.
2. ReturnlsSimpleParametdrist of FormalParameter

FormalParameter BindingElement

1. If Haslnitialiser ofBindingElements true, returnfalse.
2. If FormalParameterContainsBindingPatternis true, returnfalse.
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3. Returntrue.
Static Semantics: IsStrict
FunctiorStatementList StatementLig:

1. |f this FunctiorStatementLisis contained in strict code or §itatementListis strict codethenreturntrue.

Otherwise returnfalse) [ Commented [AWB1097]:

Need a better definition

Static Semantics:  LexicallyDeclaredNames
FunctiorDeclaration: function  Bindingldentifier( FormalParametes) { FunctionBody}
1. Return the BoundNames 8findingldentifier
FunctiorStatementList [empty]
1. Return an empty List.
FunctiorStatementList StatementList
1. ReturnTopLevelLexicallyDeclaredNamesf StatementList
Static Semantics: VarDeclaredNames
FunctionDeclaration function  Bindingldentifier(- FormalParametes) { FunctionBody}
1. Return an empty List.
FunctionBody. [empty]
1. Return an empty List.
FunctionBody. StatementList
1. ReturnTopLevelVarDeclaredNames @tatementList
14.1.1.2 Runtime Semantics
Runtime Semantics: Binding Initialisation
With parameters valueand environment
NOTE  When undefined is passed for environmentt indicates that a PutValue operation should be used to assign the
initialisation value.. This is the case for formal parameter lists of non-strict functions. In that case the formal parameter
bindings are preinitialised in order to deal with the possibility of multiple parameters with the same name.
FormalParametes : [empty]
1. Return NormalCompletionémpty).
FormalParameterList FunctiorRestParameter

1. Return the result of performinigdexedBinding Initialisation for FunctionRestParametarsingvalue, 0,
andenvironments thearguments
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FormalParameterList FormalsList

1. Return tke result of performingndexedBinding Initialisation for FormalsListusingvalue 0, and
environments the arguments.

FormalParameterList FormalsList, FunctiorRestParameter

1. Letrestindexbe the result of performintdexedBinding Initialisation for FormalsListusingvalue 0, and
environments the arguments.

2. ReturnlfAbruptfestindey.

3. Return the result of performingdexedBinding Initialisation for FunctionRestParametarsingvalue
restindex andenvironmentas the arguments.

Runtime Semantics : Evaluate Body
With parameter functionObject
FunctionBody. FunctiorStatementLig:

1. The code of thisunctionBodyis strict mode code if it is contained in strict mode code or if the Directive Prologue
(15.9 of its FunctiorStaementListcontains a Use Strict Directive or if any of the conditionsQrl.1apply. If the
code of thisFunctionBodyis strict mode codefunctiorStatementLists evaluated in the following steps as strict
mode code. Otheiise, StatementLisis evaluated in the following steps as reirict mode code.

If FunctiorStatementLiss not presentthenreturnNormalCompletiofundefined).

Let resultbe theresult of evaluatingrunctiorStatementList

If result[[type]] is return then return NormalCompletiorgsult[[value]])

ReturnIfAbruptfesulf).

ReturnNormalCompletiofundefined).

oOghwdN

FunctionBody. ThrowTypeError

1. Throw aTypeError exception

Runtime Semantics: Indexed Binding /Initialisation
With parameters array, nextindexand environment

FormalsList : FormalParameter

1. Letstatusbe the result of performinimdexedBinding Initialisation for FormalParametewusingarray,
nextindex andenvironments the arguments.

2. ReturnlfAbruptétatug.

3. Returnnextindex+ 1.

FormalsList : FormalsList, FormalParameter

1. Letlastindexbe the result of performinipdexedBinding Initialisation for FormalsListusingarray,
nextindexandenvironmenas the arguments.

2. ReturnIfAbrupt(astindey.

3. Let statusbe the result of performintpdexedBinding Initialisation for FormalParameteusingarray,
lastindex andenvironments the arguments.

4. ReturnlfAbruptétatuy.

5. Returnlastindex+ 1.

FunctionRestParameter... Bindingdentifier

1. Assat: array is a well formed arguments object and hence it has a vatéger valued length

property.
2. Letstatusbe the result of Géarray, " length ").
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Let argumentsLengthe status[[value]].

Let A bethe result of the abstract operation ArrayCreate with argument 0

Letn=0;

Repeat, whilenextindex< argumentsLength

a. Let P be ToStringfextindex.

b. Assert:array is a well formed arguments obje¢enceit must have a property.

c. Letv be the result of Géarray, P).

d. Call the [[DefineOwnProperty]] internal method Afwith arguments ToString) andProperty
Descriptor {[[Value]]: v.[[value]], [[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:true}.

e. Letn=n+l.

f. Letnextindex= nextindex+1.

Return the result of performinBinding Initialisation for Bindingdentifier usingA andenvironments

arguments

Runtime Sema ntics: InstantiateFunctionObject

With parameter scope

FunctionDeclarationt function  Bindingldentifier( FormalParametes) { FunctionBody}

1.

2.

3,
4,

If the FunctiorDeclarationis contained in strict code or if ifSunctionBodyis strict code then letstrict be true.
Otherwise lestrict befalse.

Let F be the result of performing the FunctionCreate abstract operation with argudoemtal, FormalParametes,
FunctionBody scope andstrict.

Perform the abstract operation MakeConstructor with argument

ReturnF.

Runtime Semantics: Evaluation

FunctionDeclaration function  Bindinddentifier ( FormalParametes) { FunctionBody}

1.

ReturnNormalCompletionémpty)

FunctionExpressionfunction  ( FormalParametes) { FunctionBody}

1.

If the FunctionExpressions containedn strict code or if itsFunctionBodyis strict code then letstrict be true.
Otherwise lestrict befalse,

Let scopebethe LexicalEnvironment of theinningexecution context

Let closure be the result ofperforming the FunctionCreate abstract operat with argumentsNormal,
FormalParametes, FunctionBody scope andstrict.

Perform the abstract operation MakeConstructor with arguniesiire

Returnclosure

FunctionExpression function | Bindingldentifier ( FormalParametes) { FunctionBody}

1.

N

ook w

© o~

If the FunctionExpressions contained in strict code or if iBunctionBodyis strict code then letstrict be true.
Otherwise lestrict befalse

Let funcEnvbe the result of calling NewDeclarativeEnvironment passingiheinge x ecut i on cont ext 6s
Environment as the argument

LetenvRedef u n c Emvivodngent record.

Let namebe StringValue oBindingldentifier

Call the CreatelmmutableBinding concrete methodmfRegassinghameas the argument.

Let closure be the result of performing the Funci@reate abstract operation with argumenhtsrmal,
FormalParametes, FunctionBodyfuncEny andstrict.

Perform the abstract operation MakeConstructor with arguniesiire

Call the InitialseBinding concrete method ehvRe@assingnameandclosureas the arguments.
ReturnNormalCompletiorfclosurg.

© Ecma International 2013 203

Lexi

cal



secmd

NOTE1 The Bindingdentifier in a FunctionExpressioncan be referenced from inside the FunctionExpression's
FunctionBodyto allow the function to call itself recursively. However, unlike in a FunctionDeclaratbn, the Bindingdentifier in
a FunctionExpressio cannot be referenced from and does not affect the scope enclosing the FunctionExpression

NOTE2 A prototype  property is automatically created for every function defined using a FunctionDeclarationor
FuncionExpressionto allow for the possibility that the function will be used as a constructor.

14.2 Arrow Function Definitions

Syntax
ArrowFunction:
ArrowParameters=> Concis@&ody

ArrowParameters:
Bindingdentifier
CoverParenthesedExpressionAndArrowParamelést

ConciseBody
[lookahead T {{ }] AssignmertExpression
{ FunctionBody}

Supplemental Syntax

When processing the production ArrowParameters : CoverParenthesedExpressionAndArrowParameterLitte
following grammar is used to refine the interpretation of CoverParenthesedExpressionAndArrowParameterList

ArrowFormalParametes :
( StrictFormalParametes )

14.2.1.1 Static Semantics
Static Semantics: Early Errors
ArrowFunction: ArrowParameters=> ConciseBody
1 It is a Syntax Error if any element of the BoundNames of ArrowParametes also occurs in the
VarDeclaredNamesf ConciseBody
1 It is a-Syntax Error if any element of the BoundNamesof ArrowParametes also occurs in the
LexicallyDeclaredNames of ConciseBody

ArrowParameters Bindingldentifier

1 Itis a Syntax Error if the StringValueof the sole element of the BoundNamesf Bindingldentifieris eval
or arguments .

ArrowParameters CoverParenthesedExpressionAndArrowParameterList
1 Itis a Syntax Error if the lexical token sequence matched by
CoverParenthasedExpressionAndArrowParameterLestnnot be parsed with no tokens left over using
ArrowFormalParametesas the goal symbol.
1 Itis a Syntax Error if any early errors are present for CoveredFormalsList of
CoverParenthesedExpressionAndArrowParameterList

ConciseBody [lookahead T {{ }] AssignmentExpression

1 Itis a Syntax Error if AssignmentExpressid@ontainsYieldExpression
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Static Semantics: BoundNames
ArrowParameters CoverParenthesedExpressionAndArrowParameterList

1. Letformalsbe CoveredFormalskt of CoverParenthesedExpressionAndArrowParameterList
2. Return theBoundName®f formals

Static Semantics:  Contains
With parameter symbol
ArrowFunction: ArrowParameters=> ConciseBody
1. If symbolis neithersuper orthis , then returrfalse
2. If ArrowParametersContainssymbolis true, returntrue;

3. ReturnConciseBodyContainssymbol.

NOTE Normally, Containsdoes not look inside most function forms_<However, Containsis used to detect this
super usage within an ArrowFunction

ArrowParameters CovelParenthesiedExpressionAndArrowParameterList

1. Letformalsbe CoveredFormalsList @@overParenthesedExpressionAndArrowParameterList
2. ReturnformalsContainssymbol

Static Semantics: CoveredFormalsList
ArrowParameters Bindingldentifier
1. ReturnBindingldentifier.
CoverParenthesedExpressionAndArrowParamelést :
( Expression
()
( ... Identifier)
( Expression ... ldentifier)

1. Return theresult ofparsng thelexical token strearmatched by

and

CoverParenthesedExpressionAndArrowParametést usingArrowFormalParametes as the goal symbol

Static Semantics:  ExpectedArgumentCount

ArrowParameters Bindingldentifier

1. Returnl.

ArrowParameters CoverParenthesedExpressionAndArrowParameterList

1. Letformalsbe CoveredFormalsList @overParenthesedExpessionAndArrowParameterList
2. Return the ExpectedArgumentCountfofmals

Static Semantics:  IsSimpleParameterList

ArrowParameters Bindingldentifier

1. Returntrue.

ArrowParameters CoverParenthesedExpressionAndArrowParameterList

1. Letformalsbe CovereFormalsList ofCoverParenthesedExpressionAndArrowParameterList
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2. Return thelsSimpleParameterLigif formals
Static Semantics:  LexicallyDeclaredNames
ConciseBody [lookahead T {{ }] AssignmeriExpression
1. Return an empty List.
14.2.1.2 Runtime Semantics
Runtime Semantics: Binding Initialisation
With parameters valueand environment
NOTE  When undefined is passed for environmentt indicates that a PutValue operation should be used to assign the
initialisation value. This is the case for formal parameter lists of non-strict functions. In that case the formal parameter
bindings are preinitialised in order to deal with the possibility of multiple parameters with the same name.
ArrowParameters Bindingldentifier

1. Return the result of performing Binding Initiaktion forBindingldentifierusingvalueandenvironments
the arguments.

ArrowParameters CoverParenthesedExpressionAndArrowParameterList

1. Letformalsbe CoveredFormalsList d@overParenthesedExpressionAndArrowParameterList
2. Return theresult of peforming Binding I nitialisation of formalswith argumentvalueandenvironment

Runtime Semantics : Evaluate Body
With parameter functionObject

ConciseBody [lookahead T {{'}] AssignmerExpression

1. [The code of thioncis@odyis strict mode code if s contained in strict mode code if any of the conditions in
10.1.1 apply. If the code of thisConcis®ody is strict mode codeAssignmentExpressiois evaluated in the
following steps as strict mode code. OtherwigssignmentExpressioiis evaluated in the following steps as non
strict mode codg.

2. LetexprRefbethe result of evaluatingssignmentExpression

3. LetexprValuebe GetValueexprRej.

4. If exprValue[[type]] isreturn then returnNormalCompletiofexprValue[[valud]).

5. ReturnIfAbruptexprVvalug.

6. ReturnNormalCompletiongéxprVvalug.

NOTE In'the absence of extensions to this specification, the test is step 4 will never be true.

Runtime Semantics:  Evaluation

ArrowFunction :  ArrowParameters=> ConciseBody

pPONPE

5.

Let strict betrue |

Let scopebethe LexicalEnvironment of theinningexecution context

Let parametersde CoveredFormalsList cArrowParametes.

Let closurebe the result of performing the FunctionCreate abstract operation with arguimesws parameters
Concis®ody, scope andstrict.

Returnclosure

NOTE Even though an ArrowFunction may contain references to super , the FunctionCreatecall in step 3 is not
passed the optional homeObjecand methodNamg@arameters. An ArrowFunctionthat references super is always contained
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within a non-ArrowFunctionand the necessary state to implement super is accessible via the scopethat is captured by the
function object of the ArrowFunction

14.3 Method Definitions

Syntax

MethodDefinition:
PropertyName( StrictFormalParametes) { FunctionBody}
GeneratorMethod
get PropertyName() { FunctionBody}
set PropertyName( PropertySetParameterLis} { FunctionBody}

PropertySetParameterList
Bindingldentifier
BindingPattern

NOTE The single element of a PropertySetParameterLishay not have a default value Initialiser because set accessor
are always called with an implicitly provided argument.

14.3.1.1 Static Semantics
Static Semantics:  Early Errors
MethodDefinition: PropertyNameg StrictFormalParametes ) { FunctionBody}

9 It is a Syntax Error if any element ‘of the BoundNamesof StrictFormalParametes also occurs in the
VarDeclaredNamesf FunctionBody

T It is a Syntax Error if any element of the BoundNamesof StrictFormalParametes also occurs in the
LexicallyDeclaredNamesf FunctionBaly.

MethodDefinition: set PropertyName PropertySetParameterLisj { FunctionBody}

9 Itis a Syntax Error if IsSimpleParameterList of PropertySetParameterLisis false and any element of
the BoundName®f PropertySetParameterLisalso occurs in the VarDeclaredNamesf FunctionBody
T Itis a Syntax Error if IsSimpleParameterList of PropertySetParameterLists false and BoundNames of
PropertySetParameterListontains any duplicate elements.
9 Itis a Syntax Error if IsSimpleParameterList of PropertySetParametList is false and BoundNames of
PropertySetParameterListontains either ngval njor narguments nj
1 Itis a Syntax Error if BoundNames oPropertySetParameterLisontains any duplicate elements.
1.« ltis a Syntax Error if any element of the BoundNames of PropatySetParameterListalso occurs in the
LexicallyDeclaredNames of FunctiorBody:
T Itis a Syntax Error if PropertySetParameterLis€ontainsYieldExpression
Static Semantics:  ExpectedArgumentCount
PropertySetParameterListBindingldentifier
1. Return 1.
PropatySetParameterList BindingPattern
1. Return 1.
Static Semantics:  IsSimpleParameterList

PropertySetParameterListBindingldentifier

1. Returntrue.
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PropertySetParameterListBindingPattern
1. Returnfalse.
Static Semantics: PropName
MethodDefinition:
PropetyName ( FormalParametes) { FunctionBody}
get PropertyName() { FunctionBody}
set PropertyName( PropertySetParameterLisj { FunctionBody}
1. Return PropNamef PropertyName
Static Semantics: ReferencesSuper

MethodDefinition: PropertyName( FormalParametes) { FunctionBody}

1. If FormalParametes Containssuper istrue, then returrtrue.
2. ReturnFunctionBodyContainssuper .

MethodDefinition: get PropertyName() { FunctionBody}
1. ReturnFunctionBodyContainssuper .
MethodDefinition: set PropertyName ( PropertySetParameterLisy { FunctionBody}

1. If PropertySetParameterListontainssuper istrue;then returrtrue.
2. ReturnFunctionBodyContainssuper .

Static Semantics:  SpecialMethod
MethodDefinition: PropertyName{ StrictFormalParametes ) { FunctiorBody }

1. Returnfalse

MethodDefinition:
GeneratorMethod
get PropertyName() { FunctionBody}
set < PropertyName( PropertySetParameterLis} { FunctionBody}

1. Returntrue.
14.3.1.2° Runtime Semantics
Runtime Semantics: Property Definition Evaluation
With parameter objectand optional parameter functionPrototype
MethodDefinition: PropertyName StrictFormalParametes ) { FunctiorBody }

Let propKey bethe result of evaluatingropertyName
ReturnlfAbruptpropKey).
Let strict besStrict of FunctionBody
Let scopebe the runningexecution context kexicalEnvironment
If isComputedPropertyNampfopKey) is true, then
a. LetduplicateKeybethe result of calling the HasOwrProperty]] internal method afbject with
argumentpropKey.
b. ReturnlfAbrupt@uplicateKey.
c. If duplicateKeyis true, then throw arypeError exception.

agprwdE
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8.

9.

10.
11.

If ReferencesSuper dMethodDefinitionis true, then
a. Let closurebe the result of performing the FunctionCreate abstract operation with arguihethisd,
StrictFormalParametes, FunctiorBody, scope and strict and with object as thehomeObjectoptional
argument andoropKey as the methodNare optional argumentlf functionPrototypewas passed as a
parameter then also pass its value adithetionPrototypeptional argument of FunctionCreate.
Else
a. Let closurebe the result of performing the FunctionCreate abstract operation with arguihethisd,
StrictFormalParametes, FunctiorBody, scope andstrict. If functionPrototypevas passed as a parameter
then also pass its value as thactionPrototypeptional argument of FunctionCreate.
Let descbe the Property Descriptoriffalue]]: closure [[Writable]]: true, [[Enumerable]]:krue], [[Configurable]]:
true}.
Let statusbethe result of DefinePrope®rThrow(bject propKey desg.
ReturnIfAbruptétatug.
NormalCompletiong¢losure.

MethodDefinition: GeneratorMethod

See 14.4.

MethodDefinition: get PropertyNamg ) { FunctiorBody }

ouhwnNE

9.
10.
11.

12.

Let propKey bethe result of evaluatinropertyName
ReturnIfAbruptpropKey.
Let strict beIsStrict ofFunctionBody
Let scopebe the runningexecution context kexicalEnvironment
Let formalParameterListbe the productiorFormalParametes: [empty]
If isComputedPropertyNamp(opKey) is true, then
a. LetduplicateKeybethe result of calling thf HasOwrProperty]] internal method afbject with
argumentpropKey.
b. ReturnlfAbrupt@uplicateKey.
c. If duplicateKeyis true; then throw arypeError exception.
If ReferencesSuper dfethodDefinitionis true, then
a. Let closurebe the result of performing the fetionCreate abstract operation with argumeviethod,
formalParameterListFunctiorBody, scope andstrict and withobjectas thehomeObjecbptional argument
andpropKeyas themethodNaraoptional argument
Else
a. Let closurebe the result of performinché FunctionCreate abstract operation with argumbtethod,
formalParameterListFunctiorBody, scope andstrict.
Let descbe the Property Descriptf Gefl]: closure [[Enumerable]]true, [[Configurable]]:true}
Let statusbe the result oDefinePropeOrThrow(bject propKey desg.
ReturnlfAbruptétatus.
ReturnNormalCompletionlosure.

MethodDefinition: set PropertyName PropertySetParameterLis} { FunctiorBody }

arwONE

Let propKeybethe result of evaluatingropertyName
ReturnlfAbruptpropKey).
Let strict belsStrict of FunctionBody
Let scopebe the runningexecution context kexicalEnvironment
If isComputedPropertyNampfopKey) is true, then
a. LetduplicateKeybethe result of calling the HasOwrProperty]] internal method afbject with
argumentropKey.
b. ReturnifAbrupt@uplicateKey.
c. If duplicateKeyis true, then throw arypeError exception.
If ReferencesSuper dethodDefinitionis true, then
a. Let closurebe the result of performing the FunctionCreate abstract operation with argulhethisd,
PropertySeParameterList FunctiorBody, scope and strict and with object as thehomeObjectoptional
argument angropKeyas themethodNaraoptional argument
Else
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a. Let closurebe the result of performing the FunctionCreate abstract operation with argukhethisd,
PropertySeParameterList FunctiorBody, scope andstrict.
8. Letdesche the Property Descript@f{ Sef]: closure [[Enumerable]]true, [[Configurable]]:true}
9. Letstatusbethe result of DefinePrope®r Throw(bject propKey desg.
10. ReturnIfAbruptétatus.
11. ReturnNormalCompletionlosure.

14.4 Generator Function Definitions

Syntax
GeneratorMethod
* PropertyName( StrictFormalParameteds { FunctiorBody}

Generatobeclaration:
function * Bindingldentifier( FormalParametes) { FunctiorBody}

GeneratoExpression
function * Bindingldentifiegy ( FormalParametes) { FunctiorBody}

YieldExpression
yield  YieldDelegatog: [Lexical goal InputElementRegExpASSIgnmentExpression

YieldDelegator.
*

Supplemental Syntax

The following productions are used as an aid in specifying the semantics of certain ECMAScript language
features. They are not used when parsing ECMAScript source code.

GeneratorBody
FunctionBody
Comprehension

14.4.1.1 Static Semantics
Static Semantics: Early Errors
GeneratorMethod * PropettyName( StrictFormalParametery { FunctiorBody}

1. It is a Syntax Error if. any element of the BoundNamesof StrictFormalParametes also occurs in the
VarDeclaredNamesf FunctiorBody:

T It is a Syntax Error if any element of the BoundNamesof StrictFormalParametes also occurs in the
LexicallyDeclaredNamesf FunctionBody

Generatobeclaration: function ~ * Bindingldentifier( FormalParametes) { FunctiorBody}
and
GeneratoExpressiorn function * Bindingldentifiepy ( FormalParametes) { FunctiorBody}

1 If the source code matching this production is strict code, the Early Error rules for
StrictFormalParameters FormalParametersire applied.

1 It is a Syntax Error if IsSimpleParameterList of FormalParametes is false and any element of the
BoundName®f FormalParametes also occurs in the VarDeclaredNamesf FunctiorBody:

1 It is a Syntax Error if any element of the BoundNamesof FormalParametes also occurs in the
LexicallyDeclaredNamesf FunctiorBody:

Static Semantics: BoundNames

Generatobeclaration: functi on * Bindingldentifier( FormalParametes) { FunctiorBody}
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1. Return the BoundNames 8findingldentifier
Static Semantics:  Contains
With parameter symbol
Generatobeclaration: function  * Bindingldentifier( FormalParametes) { FunctiorBody}
1. Returnfalse.
GeneratoExpression function  * Bindingldentifiesy ( FormalParametes) { FunctiorBody}
1. Returnfalse.
NOTE Static semantic rules that depend upon substructure generally do not look into function definitions.
Static Semantics:  IsConstantDeclaration
Generatobeclaration: function * Bindingldentifier( FormalParametes) { FunctiorBody}
1. Returnfalse.
Static Semantics:  LexicallyDeclaredNames
Generatobeclaration: function * Bindingldentifier( FormalParametes) { FunctiorBody}
1. Return the BoundNaes ofBindingldentifier
Static Semantics: PropName
GeneratorMethod: * PropertyNamg FormalParameters) { FunctiorBody}
1. Return PropNamef PropertyName
Static Semantics: ReferencesSuper
GeneratorMethod * PropertyName( FormalParametes) { FuncionBody}

1. If FormalParameterContainssuper istrue, then returrtrue.
2. ReturnFunctiorBodyContainssuper. .

Static Semantics:  VarDeclaredNames
GeneratoPeclaration: function * Bindingldentifier( FormalParametes) { FunctiorBody}
1. Return an empty List.
14.4.1.2 Runtime Semantics
NOTE: Abstract operations relating to generator objects are defined in 25.4.3.
Runtime Semantics : Evaluate Body
With parameter functionObject
GeneratoBody: FunctionBody

1. Assert: A Function Environment Rebcontaining a this binding has already been activated as the current
environment.
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Let envbe the result of the GetThisEnvironment abstract operation.
Let G be theresult of calling theGetThiBinding concrete method adnv.
If Type(G) is not Object or ifType(G) is Object ands does not have a [[GeneratorState]] internal data
propertyor if Type(G) is Object ands has a [[GeneratorState]] internal data property and the val@6os
[[GeneratorState]] internal data property is modefined, then

a. LetnewG bethe result of callingdrdinaryCreateFromConstructfrnctionObject

" 9Generator Prototype% ", ([[GeneratorStal [[GeneratorContext]]).

b. ReturnifAbruptfiewG).

c. LetGbenewG.
5. Returnthe result ofGeneratorStafG, FunctionBody.

Eal ol

GeneratoBody: Compréiension

Let G bethe result of ObjectCreate¥Generator Prototype% ", ( [[GeneratorStatk, [[GeneratorContext]]).
ReturnIfAbruptG).

Assertithe value ofGd fGeneratorStatelinternal data property isndefined..

Let startStatusethe result of GenetarStartG, Comprehension

ReturnlfAbruptétartStatuy

ReturnG.

[REGENCEN

Runtime Semantics: InstantiateFunctionObject
With parameter scope
Generatobeclaration: function  * Bindingldentifier( FormalParametes) { FunctiorBody}

1. If the GeneratoDeclarationis contained in strict code or if itSunctiorBody s strict code then letstrict be true.
Otherwise lestrict befalse

2. Using FunctiorBody from the production that is being evaluated;detly be the supplemental syntactic grammar
production:GeneratorBody FunctiorBody.

3. Let F be the result of performing th&eneratdfunctionCreate abstract operation with argumeMtsmal,
FormalParametes, body, scope andstrict.

4. Letprototypebe the result of the abstract operation ObjectCreitethe intrinsic object6GeneratdPrototype% as
its argument

5. Perform the abstract operation MakeConstructor with argwsemtue, andprototype

6. ReturnF.

Runtime Semantics: . Property Definition Evaluation
With‘parameter objectand optional parameter functionPrototype
GenerabrMethod: * PropertyName StrictFormalParametes ) { FunctiorBody}

Let propKeybethe result of evaluatingropertyName

ReturnIfAbruptpropKey).

Let strict belsStrict of FunctiorBody:.

Let scopebe therunningexecution context kexicalEnvironment

If isComputedPropertyNampfopKey) is true, then
a. LetduplicateKeybethe result of calling the HasOwrProperty]] internal method afbject with

argumentpropKey.

b. ReturnlfAbrupt@uplicateKey.
c. If duplicateKeyis true, then throw arypeError exception.

6. Using FunctiorBody from the production that is being evaluated, Hetly be the supplemental syntactic grammar
production:GeneratorBody FunctiorBody.

7. If ReferencesSuper GeneratorMethods true, then

a. Let closurebe the result of performing the GeneratmEtionCreate abstract operation with arguments
Method, StrictFormalParametes, body, scope and strict and with object as thehomeObjectoptional
argument angropKeyas themethodNaraoptional argument

arwNE

8. Else
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a. Let closurebe the result of performing theeGeratorFunctionCreate abstract operation with arguments
Method, StrictFormalParametes, body, scope andstrict.
9. Let prototypebe the result of the abstract operation ObjectCreitethe intrinsic object %eneratdPrototype% as
its argument
10. Perform theabstract operation MakeConstructor with argumeltsure true, andprototype
11. Let descbe the Property Descriptorfffalue]]: closure [[Writabl€]]: true, [[Enumerable]]itrue, [[Configurable]]:
true}.
12. Letstatusbethe result of DefinePrope®rThrow(hect, propKey desg.
13. ReturnlfAbruptétatus.
14. Return NormalCompletior(osure.

Runtime Semantics: Evaluation

Generatobeclaration: function  * Bindingldentifier( FormalParametes) { FunctiorBody}
1. ReturnNormalCompletionémpty)

GeneratoExpression fun ction * ( FormalParametes) { FunctiorBody}

1. If the GeneratoExpressionis contained in strict code or if ifSunctiorBodyis strict code then letstrict be true.
Otherwise lestrict befalse.

2. Using FunctiorBody from the production that is being evated, letbodybe the supplemental syntactic grammar
production:GeneratorBody FunctiorBody.

3. Letscopebethe LexicalEnvironment of theinningexecution context

4. Let closurebe the result of performing th8eneratdfunctiorCreateabstract operation withrgumentsNormal,
FormalParametes, body, scope andstrict.

5. Let prototypebe the result of the abstract operation ObjectCreitethe intrinsic object %eneratdPrototype% as
its argument

6. Perform the abstract operation MakeConstructor with arguncrstsre true, andprototype

Returnclosure

~

GeneratoExpression function< * Bindingldentifier( FormalParametes) { FunctiorBody}

1. If the GeneratoExpressionis contained in strict code or if ifsunctiorBodyis strict code then letstrict be true.
Otherwise letstrict befalse.
2. Using FunctiorBody from the production that is being evaluated,Hetly be the supplemental syntactic grammar
production:GeneratorBody FunctiorBody.
Let funcEnvbe the result of calling NewDeclarativeEnvironment passingtdheinge x ecut i on context s Lexical
Environment as the argument
LetenvRedef u n ¢ Emvivodngent record.
Let namebe StringValue oBindingldentifier
Call the CreatelmmutableBinding concrete methodmfRegassinghameas the argument.
Let closure be the result of performing th&eneratdfunctiorCreateabstract operation with argumeritormal,
FormalParametes, body, funcEny andstrict.
8. Let prototypebe the resultof the abstract operation ObjectCreitethe intrinsic object %eneratdPrototype% a
its argument
9. Perform the abstract.operation MakeConstructor with arguncéogare true, andprototype
10. Call thelnitialiseBindingconcrete method @nvRe@assingnameandclosureas the arguments.
11. ReturnNormalCompletionflosure.

w

No ok

NOTE1 The Bindinddentifier in a GeneratoExpressioncan be referenced from inside the GeneratoExpression's
FunctionBodyto allow the generator code to call itself recursively. However, unlike in a GeneratoDeclaration the
Bindingdentifier in a GeneratoExpressio cannot be referenced from and does not affect the scope enclosing the
GeneratoExpression

YieldExpression yield  YieldDelegatos,: AssignmentExpression

1. LetexpmRefbe the result of evaluatirdyssignmerExpression
2. Letvaluebe GetValueéxpRej.
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3. ReturnlfAbrupt(value).
4. If YieldDelegatoiis present, then
a. Letiterator be the result oBetlteratorgalug.
b. ReturnlfAbrupt{terator).
c. Letreceivedbeundefined.
d. Repeat
i LetinnerResultbetheresult oflteratorNextiterator, received.
ii. ReturnIfAbrupt{nnerResul}.
iii. Let donebe IteratorCompletéfnerResulk
iv. ReturnIfAbrupt@iong.
V. If doneis true, then
1. LetinnerValuebe the result ofteratorValue(innerResult
2. ReturninnerValue

Vi. LetyieldCompletionbe the result of GeneratorYigldnerResult
Vii. Let receivedbeyieldGompletion[[value]].
Viii. If yieldCompletior{[type]] is throw, then

1. If HasPropertyi¢erator, " throw ") istrue, then
a LetinnemResulthe the result of Invokégrator, " throw *, (receiveq).
b ReturnlfAbrupt{nnerResulk
2. ReturnyieldCompletion.
5. Returnthe result bGeneratorYieldCreateltResulObjectf/alue false)).

14.5 Class Definitions

Syntax

ClassDeclaration
class Bindingldentifier ClassTalil

Clas€Expression
class Bindingldentifiep, ClassTail

ClassTail:
ClassHeritagey { ClasBodyp }

ClassHeritage
extends AssignmentExpression

ClassBody
ClassElementList

ClassElementList

ClassElement

ClassElementList ClassElement
ClassElement

MethodDefinition

static  MethodDefinition

NOTE A ClassBodyis always strict code.
14.5.1.1 Static Semantics

Static Semantics:  Early Errors
ClassBody. ClassElementList

1 It is a Syntax Error if PrototypdropertiNameList of ClassElemertiist contains any duplicate entries,
unless the following condition is true for each duplicate entry: The duplicated entry occurs exactly
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twice in the list and one occurrence was obtained from a get accessor MethodDefinitionand the other
occurrence was obtained from a set accessor MethodDefinition
M Itis a Syntax Error if StaticPropertjameListof ClassElemertiist contains any duplicate entries, unless
the following condition is true for each duplicate entry: The duplicated entry occurs exactly twice in
the list and one occurrence was obtained from a get accessor MethodDefinitionand the other
occurrence was obtained from a set accessor MethodDefiition.
ClassElement MethodDefinition

T It is a Syntax Error if PropNameof MethodDefinition is ngonstru ctor nj and SpecialMethodof
MethodDefinitionis true.

ClassElement static MethodDefinition
9 Itis a Syntax Error if PropNameof MethodDefinition is nprototype < nj
Static Semantics: BoundNames
Clas®eclaration class Bindingldentifier ClassTail
1. Return the BoundNames 8findingldentifier
Static Semantics:  Constructor Method
ClassElementList: ClassElement
If ClassElemenis the productiorClassElement ; then.returnempty.
If IsStatic ofClassElemenis true, returnempty.

If PropName ofClassElemenis notngonstructor  nj.returnempty.
ReturnClassElement

pPONE

ClassElementList: ClassElementLisClassElement

Let headbe ConstructorMethoaf ClassElementList

If headis notempty, returnhead

If ClassElemenis the productiorClassElement ; then returnempty.
If IsStatic ofClassElemenis true, returnempty.

If PropName ofClassElemenis notngonstructor  nj returnempty.
ReturnClassElenent

ok wNE

NOTE Early Error rules ensure that there is only one method definition named ngonstru ctor njand that it isnot
accessor property or generator definition.

Static Semantics: Contains
With parameter symbol
ClassTail: ClassHeritagegy, { ClasBody}
1. If symbolis ClasBody, returntrue.
2. If ClassHeritagds not presentreturnfalse.
3. If symbolis ClassHeritagereturntrue.
4. Returnthe result of Contains fo€lassHeritagewith argumentsymbol

NOTE Static semantic rules that depend upon substructure generally do not look into class bodies.

Static Semantics:  IsConstantDeclaration
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Clas®Declaration class Bindingldentifier ClassTail

1. Returnfalse.

Static Semantics:  IsStatic

ClassElement MethodDefinition

1. Returnfalse

ClassElement static Methodefinition

1. Returntrue.

ClassElement: ;

1. Returnfalse

Static Semantics: LexicallyDeclaredNames

Clas®Declaration class Bindingldentifier ClassTail

1. Return the BoundNames 8fndingldentifier

Static Semantics:  Prototype Method Definition s
ClassElemetList : ClassElement

If ClassElemenis the productiorClassElement ; then return anew empty List.
If IsStatic ofClassElemenis true, return anew empty List.

If PropName ofClassElemenis ngonstructor ' njreturn anew empty List.
Return aList containingClassElement

© N ;o

ClassElementList: ClassElementLisClassElement

Let list be PrototypéMethodDdinitions of ClassElenentList

If ClassElemenis the productiorClassElement; then returnlist.

. If IsStatic-of ClassElemenis true, returnlist.

0. If PropName ofClassElemenis ngonstructor  nj returnlist. Append ClassElemento the end ofist.
1. Returnlist.

=P © o

Static Semantics:  Prototype Property NameList
ClassElementList: ClassElement

1. If PropName ofClassElemenis empty, return anew empty List.
2. |If IsStatic of ClassElemenis true, return anew empty List.
3. Return aList containing PropName dtlassElement

ClassElementList: ClassElementLisClassElement

Let list be PrototypdropertyNaneList of ClassElementList
If PropName ofClassElemenis empty, returnlist.

If IsStatic of ClassElemenis true, returnlist.

Append PropName dflassElemento the end ofist.
Returnlist.

arwNE

Static Semantics: PropName
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ClassElement: ;

1. Returnempty.

Static Semantics:  Static Property NamelList
ClassElementList: ClassElement

1. If PropNameof ClassElemenis empty, return anewempty List.
2. If IsStatic ofClassElemenis false, return anew empty List.
3. Return aList containing PropName dlassElement

ClassElementList: ClassElementLisClassElement

Let list be StatidPropertiNameList of ClassElenentList.
If PropName ofClassElemenis empty, returnlist.

If IsStatic of ClassElemenis false, returnlist.

Append PropName dflassElemento the endof list.
Returnlist.

arwONE

Static Semantics:  Static Method Definition s

ClassElementList: ClassElement

1. If ClassElemenis the productiorClassElement ; then return anew empty List.

2. If IsStatic ofClassElemenis false, return-anew. empty List.
3. Return aList containingClassElement

ClassElementList: ClassElementLisClassElement

Let list be StaticMethodDefinitionsof ClassElementList

If ClassElemenis the productiorClassElement; then returnlist.
If IsStatic of ClassElemenis false, returnlist.

Append ClassElemento the end ofist.

Returnlist.

arwNE

Static Semantics:  VarDeclaredNames

Clas®Declaration class Bindingldentifier ClassTail

1. Return an empty List.

14.5.1.2 Runtime Semantics

Runtime Semantics: ClassDefinitionEvaluation

With parameter classNane

ClassTail: ClassHeritaggy { ClassBody}

1. If ClassHeritage is not present, then
a. letprotoParentbethe intrinsic objecoObjectPrototype%.

b. LetconstructorParenbethe intrinsic objec#FunctionPrototype%.

2. Else
a. Letsuperclasde the result ofwaluatingClassHeritage
b. ReturnifAbruptéuperclask
c. |If superclasss null, then

i LetprotoParentbenull.
ii. Let constructorParenbethe intrinsic objecfoFunctionPrototype%.
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d. Else iflsConstructoguperclaskis false, thenthrow aTypeError exception.
e. Else
i Let protoParentbethe result of G€superclass" prototype ").
ii. ReturnlfAbruptprotoParen}.
iii. If Type(protoParen} is neither Object or Null, throw &ypeError exception.
iv. Let constructorParenbe superclass
Let proto bethe result of the abstract operati@bjectCreate with argumeptotoParent
Letlex bethe LexicalEnvironment of theinningexecution context
If classNamés notundefined, then
a. Letscopebe the result of calling NewDeclarativeEnvironment paskirgs the argument
b. LetenvRedescop® environment record.
c. Call the CreatelmmutableBinding concrete methodmfRegassingclassNames the argument.
d. Settherunninge x ecuti on context 6ssopd exi-cal Environment
6. Letconstructorbe ConstructorMethod oflassBody
7. If constructoris empty, then
a. |If ClassHeritagey is present, then
i Let constructor be the result of parsing the Strifigconstructor( ...args ){ super
(...args); }" using the syntactic grammar with the goal synmdethodDefinition

o s w

b. Else,
i Let constructorbe the result of parsing the Bt " constructor( ){ }
grammar with the goal symbMethodDefinition
8. Letstrict betrue.
9. Let F be thefesultlof performing Property Definition Evaluation  forconstructor with argumentproto and

using the syntactic

constructorParenas the optionaunctionPrototypeargument
10. Perform the abstract operation MakeConstructor with argureand false as the optionalwritablePrototype
argument angroto as the optiongbrototypeargument
11. If classNamés notundefined, then
a. Call the InitialiseBinding cormete methodf envRegassing-lassNameandF as the argumesit
12. Letdescbe the Property DescriptdfEnumerable]]false, [[Writable]]: true, [[Configurable]]:true}.
13. Callthe [[DefineOwnProperty]] internal method pfoto with arguments$ constructor " and desc
14. LetprotoMethods be PrototypévethodDefinitions ofClassBody
15. For eactMethodDefinitionmin order fromprotoMethods
a. Perform Property Definition Evaluation forwith argumenproto.
16. Let staticMethods be StaticMethodDefinitions dElassBody
17. For eat MethodDefinitionsin order fromstaticMethods
a. Perform Property Definition Evaluation femith argument.
18. Settherunninge x ecution contextolex Lexical Environment to
19. ReturnF.

Runtime Semantics: Evaluation

Clas®eclaration class Bindingldentifier ClassTail

1. Letvaluebe the result o€lassDefinitionEvaluation o€lassTailwith argumenundefined.
2. ReturnifAbruptfalue).
3. Letenvbe therunningexecuti on contextods Lexical Environment.
4. Let statusbe the result of grforming Binding Initialisation for Bindingldentifier passingvalue and env as
the arguments.
5. ReturnlfAbruptétatug.
6. ReturnNormalCompletionémpty).
NOTE The argument to ClassDefinitionEvaluation controls whether or not the class that is defined with a

Bindingldentifier has a local binding to the identifier. Only a ClassExpressiomets a local name binding of its name. A
ClassDeclaratiomever has such a binding. This maintains the parallel with FunctionExpressioand FunctionDeclaration

ClassExpressiarclass  Bindingldentifieg,: ClassTil

1. If Bindingldentifieeptis not present, then letassNamebe undefined.
2. Else, letclassNamée StringValue oBindingldentifier
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3. Letvaluebe the result o€lassDefinitionEvaluation o€lassTailwith argumentlassName
4. ReturnlfAbruptfalue).
5. ReturnNormalCompletior{value).

14.6 [Tail Position Calls Commented [AWB9105]:  TODO: Need to define tail
positions.

The wiki proposal has a preliminary attempt at defining tail position. See )
http://wiki.ecmascript.org/doku.php?id=harmony:proper_tail calls . | Field Code Changed

This material still needs to be reviewed and updated for incorporation here.

14.6.1 Runtime Semantics
Runtime Semantics: PrepareForTailCall
The abstract operatiofrepareForTailCalperforms the following steps:

1. LetleafContextbe the runningxecution context.

2. SuspendeafContext

3. PopleafContexfrom the execution context context stadle execution context now on the top of the stack
becomes the running execution context, however it remains in its suspended state.

4. Assert:leafContexthas no futher use. It will never be activated as the running execution context.

A tail position call must either release any transient internal resources associated with the currently executing
function execution context before invoking the target function or reuse those resources in support of the target

function.

NOTE1 For exampl e, a tail position call should only grow an i mplementationds activic
that the size of the target functionbésiagtifwactoonésecacdi eatieedsr eberdi zef ofheéhe c
target functiondés activation record is smaller, then the total size of the stack sho

15 ECMAScript Language: Scripts and Modules
15.1 Script

Syntax

Script:
ScripBodyspt

ScripBody:
OuterStatementList

OuteiStatementList
Outelltem
OuteiStatementLisiOuterdtem

Outedtem:
ModuleDeclaration
ImportDeclaration
StatementListem

15.1.1 Static Semantics

Static Semantics: Early Errors

ScripBody: OutelStatementList
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1
1

NOTE

Itis a Syntax Error if the LexicallyDeclaredNames of OuteiStatementListontains any duplicate entries.
It is a Syntax Error if any element of the LexicallyDeclaredNamesf OutefStatementListalso occurs in
the VarDeclaredNamesf OuterStatemehfst.

Itis a Syntax Error if OuterSatementLisContainsRetunStatement

Itis a Syntax Error if OuterSatementLisContainssuper .

Itis a Syntax Error if OuterSatementLisContainsYieldExpression

Additional error conditions relating to conflicting or duplicate declarations are checked during module linking

prior to evaluation of a Script If any such errors are detected the Scriptis not evaluated.

Static Semantics:  IsStrict

ScripBody: OuteiStatementList

1. |f this ScripBodyis contained in strict code or @uterStatementListis strict codethen retrntrue.
Otherwise, returialse] ( commented (AwB10106]:

Need a better definition

Static Semantics:  LexicallyDeclaredNames

OuterSatementList OuterSatementListOuteritem

1. Letnamesbe LexicallyDeclaredNames @iuterSatementList
2. Append tonamesghe elements of the LexicallyDeclaredName uofterltem.
3. Returnnames

Outerltem: ModuleDeclaration

1. Return the BoundNames doduleDeclaration

Outerltem: ImportDeclaration

1. Return the BoundNames @hportDeclaration

Outerltem: StatementListitem

1. ReturnTopLevelLexicallyDeclaredNames &tatementListem.

NOTE

At the top level of ‘a Script function declarations are treated like var declarations rather than like lexical

declarations.

Static Semantics: Lexical lyScoped Declarations

OuterSatementList OuterSatementListOuterltem

1. Letdeclarationsbe LexcallyScopedeclarations oDuter3atementList
2. Append todeclarationsthe elements of the LexidgScopedeclarations oOutedtem
3. Returndeclarations

Outerltem: ModuleDeclaration

1. Returna new List containind/loduleDeclaration

Outerltem: ImportDeclaation

1. Returna new List containingmportDeclaration

Outerltem: StatementListitem

1. ReturnTopLevellLexicallyScopedeclarationsof StatementLigtem.

220
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Static Semantics: VarDeclaredNames

OuterSatementList OuterSatementListOuterltem

1.

Let namesbe VarDedaredNames oOuterSatementList

2. Append tonameshe elements of thearDeclaredNames dDutedtem.
3. Returnnames

QOuterltem: ModuleDeclaration

1.

Return an empty List.

Outerltem: ImportDeclaration

1.

Return an empty List.

Quterltem: StatementListitem

1.

ReturnTopLevelVarDeclaredNames &tatementListem.

Static Semantics:  VarScoped Declarations

OuterSatementList OuterSatementListOuteritem

1.
2.
3.

Let declarationsbe VarScope@eclarations ofOuterSatementList
Append todeclarationsthe elements of th€arScopeDeclarations oOuterdtem.
Returndeclarations

Outerltem: ModuleDeclaration

1.

Returna new empty List

Outerltem: ImportDeclaration

1.

Returna new empty List

Outerltem: StatementListitem

1.

Returnthe TopLevelVarScopeDeclarationof StatementListem.

15.1.2 Runtime Semantics

Runtime Semantics: Script  Evaluation

With argument realmanddeletableBindings

Script : ScripBodyspt

1.

pODN

oNo O

The code of thiScriptis strict mode code if the Directive Prologui5(2 of its ScripBodycontains a We
Strict Directive or if any of the conditions @D.1.1apply. If the code of thiScriptis strict mode code,
ScriptBodyis evaluated in the following steps as strict mode code. Othe®adsptBodyis evaluated in the
following steps as nestrict mode code.

If ScriptBodyis not present, returNormalCompletionémpty).

Let globalEnvbe realm.[[globalEny].

Let statusbe the result operformng Global Declarationinstantiation as described Ir5.1.2.1using
ScriptBody globalEny anddeletableBindingsis arguments

ReturnIfAbruptétatug.

Let progCxtbe a newECMAScript codeexecution context.

Set theprogCxb Realm to realm

Set theprogCx®d ¥ariableEnvironment tglobalEnv
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9. Set theprogCxts LexicalEnvironment talobalEnv

10. If there is a currently running execution context, suspend it.

11. PushprogCxton to the execution context stagikogCxtis now the runningxecution context.

12. Let resultbe the result of evaluatin@criptBody

13. SuspengrogCxtand remove it from the execution context stack.

14. If the execution context stack is not emptgsume the context that is now on the top of the execution
context stack as the running execution context. Otherwlhsexecution contexstack is now emptand
there is no running execution context

15. Returnresult

\NOTE The processes for initiating the evaluation of a Scriptand for dealing with the result of such an evaluation are

defined by an ECMAScript implementation and not by this specification.] Commented [AWB11107]:

need to update.

Not strictly true any longer. Will

Runtime Semantics: Evaluation
OuterSatementList OuterSatementListOutedtem

Let sl be the result of evaluatinQuterSatementList

ReturnIfAbrupt@l).

Let s be the result of evaluatinQuterltem

If s.[[type]] is throw, returns.

If s.[[valud] is empty, letV = sl.[[valu€], otherwisedeV = s.[[valud]:
ReturnCompletion {[[type]l: s[[typel], [[value]]: V, [[target]]: s.[[targel]} .

onhwhE

NOTE See the 13.1.2 NOTE regarding evaluation of StatementList StatementList Statemérgtitem
15.1.2.1 Global Declaration Instantiation

NOTE  When an execution context is established for evaluating scripts, declarations are instantiated in the current
global environment. Each global binding declarated in the code is'instantiated.

Global Declaration Instantiation is performed as follows using arguments script, eny, and deletableBindings
script is the ScriptBody that for which the execution context is being established. env is the global
environment record in which bindings are to be created. deletableBindingsis true if the bindings that are
created should be deletable.

Let strict be IsStrict ofscript.
LetlexNamese the LexicallyDeclaredNames s€ript.
Let varNamesbe the VVarDeclaredNames sé€ript.
For eachnamein lexNamesdo
a. |If the resultof callinge n vHas/arDeclaratiomoncrete method passimgmeas the argumens
true, throw aSyntaxError exception.
b. . If the result of callinge n vHasl exicalDeclaratiooncrete method passimgmeas the argument
istrue, throw aSyntaxError exceptia.
5. For eaclhhamein varNamesdo
a. If the result of callinge n vHasl exicalDeclaratiomoncrete method passimgmeas the argument
is true, throw@aSyntaxError exception.
Let varDeclarationsbe theVarScope®eclarations ofcript.
Let functionsTolnitialisebe an emptyist.
Let declaredFunctionNamese an empty List.
For eachd in varDeclarations in reverse list order do
a. If dis aFunctionDeclarationthen
i NOTE If there are multiple FunctionDeclarationdor the same name, the last declaration
is used.
ii. Letfn be the sole element of the BoundNamesl.of
iii. If fnis not an element odeclaredFunctionNameshen
1. LetfnDefinablebe the result of calling n vCarsDeclareGlobalFunctioconcrete
method passin{n as the argument.
2. If fnDefinableis false, throw TypeError exception.
3. Appendfn to declaredFunctionNames

Eal ol N

©o~No
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4. Appendd to functionsTolnitialise
10. Let declared/arNameshbe an empty List.
11. For eachd in varDeclarations do
a. If dis aVariableStatementhen
i For eachStringvn in the BoundNames ofl, do
1. If vnis not an éement ofdeclaredFunctionNameshen
a LetvnDefinablebe the result of calling n vCarDeclareGlobalVar
concrete method passing anddeletableBindingsis the argumeast
b If vnDefinableis false, throw TypeError exception.
c If vnis not an element oflechredvarNames then
i Appendvn to declared/arNames
12. NOTE: No abnormal terminations occur after this algorithm step.
13. For eachFunctionDeclarationf in functionsTolnitialise do
a. Letfn be the sole element of the BoundName$. of
b. Letfo be the result operfoming Instantiate FunctinObject for f with-argumentenv.
c. Letstatusbe the result of callingnw €reateGlobalFunctionBindingoncrete method passirfig,
fo, anddeletableBindingss the arguments.
d. ReturnifAbruptétatug.
14. For each Stringnin declared/arNames in list order do
a. Letstatusbe the result of calling n vGdeateSlobalVarBindingconcrete method passivg and
deletableBindingss the argument.
b. ReturnlfAbruptétatug.
15. Let lexDeclarationsbe the LexicallyScopedDeclarations sifript.
16. For each edmentd in lexDeclarationsdo
a. NOTE Except for generator function declarations, lexically declarated names are only
instantiated here but not initialised.
b. For each elementn of the BoundNames. af do
i If IsConstantDeclaration af is true, then

1. Letstatuisbe the result of callingnww s Cr eat el mmut abl eBi ndi

passingdn as the argument.

ii. Else,

1. Letstatusbe the result of callingnws Cr eat eMut abl eBi ndi

passingdnandfalse as the arguments.

iii. Assertstatusis never an abruptompletion for lexically declared names.

c. If dis aGeneratorDeclaratiorproduction, then
i Letfn be the sole‘element of the BoundNamesl.of
ii. Let fo be the result operforming Instantiate FunctioObject for d with argumenienv.
iii. Let statusbe the result o€allingenw SetMutableBindingconcrete method passifig, fo,
andfalse as the arguments.
iv. ReturnIfAbruptétatug.
17. Return NormalCompletiommpty)

NOTE Early errors specified in 15.1.1 prevent name conflicts between function/var declarations and
let/const/class/module declarations as well as redeclaration of let/const/class/module bindings for declaration contained
within a single Script However, such conflicts and redeclarations that span more than one Scriptare detected as runtime
errors during Global Declaration Instantiation. If any such errors are detected, no bindings are instantiated for the script.

Unlike explicit var or function declarations, properties that are directly created on the global object result in global bindings
that may be shadowed by let, const, class, and module declarations.

15.2 Directive Prologues and the Use Strict Directive

A Directive Prologue is the longest sequence of ExpressionStatemergroductions occurring as the initial
[StatementListlterrproductions of a ScripBody or FunctionBodyjand where each ExpressionStatemerih the
sequence consists entirely of a StringLiteral token followed by a semicolon. The semicolon may appear
explicitly or may be inserted by automatic semicolon insertion. A Directive Prologue may be an empty
sequence.
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A Use Strict Directive is an ExpressionStatemeit a Directive Prologue whose StringLiteralis either the exact
character sequences "use strict" or 'use strict' . A Use Strict Directive may not contain an
EscapeSequepror LineContinuation

A Directive Prologue may contain more than one Use Strict Directive. However, an implementation may issue
a warning if this occurs.

NOTE The ExpressionStatemeptroductions of a Directive Prologue are evaluated normally during evaluation of the
containing production. Implementations may define implementation specific meanings for ExpressionStatemeptoductions
which are not a Use Strict Directive and which occur in a Directive Prologue. If an appropriate notification mechanism
exists, an implementation should issue a warning if it encounters in a Directive Prologue an ExpressionStatemettiat is not
a Use Strict Directive or which does not have a meaning defined by the implementation.

15.3 Modules

15.3.1 Module Declaration Instantiation|

16 Error Handling and Language Extensions

An implementation must report most errors at the time the relevant' ECMAScript language construct is
evaluated. An early error is an error that can be detected and reported prior to the evaluation of any construct
in the Sciipt containing the error. An implementation must report early errors in a Script prior to the first
evaluation of that Script Early errors in eval code are reported at the time eval is called but prior to
evaluation of any construct within the eval code. All.errors that are not early errors are runtime errors.

An implementation must treat as an early error any instance of-an early error that is specified in a static

An implementation shall not treat other kinds of errors as early errors even if the compiler can prove that a
construct cannot execute without error. under any circumstances. An implementation may issue an early
warning in such a case, but itshould not report the error until the relevant construct is actually executed.

An implementation shallreport all errors ‘as specified, except for the following:

1 An implementation may extend script syntax and regular expression pattern or flag syntax.
To permit this, all operations (such as calling eval , using a regular expression literal, or
using the Function or RegExp constructor) that are allowed to throw SyntaxError are
permitted to exhibit implementation-defined behaviour instead of throwing SyntaxError
when they encounter an implementation-defined extension to the script syntax or regular
expression pattern or flag syntax.

1 - An implementation may provide additional types, values, objects, properties, and functions
beyond those described in this specification. This may cause constructs (such as looking up
a variable in the global scope) to have implementation-defined behaviour instead of
throwing an error (such as ReferenceError).

1 An implementation may define behaviour other than throwing RangeError for toFixed ,
toExponential , and toPrecision when the fractionDigits or precision argument is
outside the specified range.
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17 Standard Built-in ECMAScript Objects

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

Unless specified otherwise, a built-in object that is callable as a function is a Build-in Function object with the
characteristics described in 9.2.7. Unless specified otherwise, the [[Extensible]] internal data property of a
built-in object initially has the value true.

Many built-in objects are functions: they can be invoked with arguments. Some of them furthermore are
constructors: they are functions intended for use with the new operator. For each built-in function, this
specification 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 prototype object of that
constructor and properties of specific object instances returned. by a new expression that invokes that
constructor.

Unless otherwise specified in the description 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
behave exactly as if it had been given sufficient additional arguments, each such argument being the
undefined value.

Unless otherwise specified in the description of a particular function, if a function or constructor described in
this clause is given more arguments than the function.is specified to allow, the extra arguments are evaluated
by the call and then ignored by the function. However, an implementation may define implementation specific
behaviour 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 new functions rather than adding new parameters to existing functions.

Unless otherwise specified very built-in function and every built-in constructor has the Function prototype
object, which is the initial value of the expression Function.prototype (19.2.3), as the value of its
[[Prototype]] internal data property.

Unless otherwise specified every built-in prototype object has the Object prototype object, which is the initial
value of the expression Object.prototype (19.1.4), as the value of its [[Prototype]] internal data 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. The
behaviour specified in this clause for each built-in function is the specification of the [[Call]] internal method
behaviour for that function with the [[Call]] thisArgumenfproviding the this value and the [[Call]] argumensList

providing the named parameters for each built-in function. When a built-in constructor is called as part of a Commented [AW110]:  https:/bugs.ecmascript.org/show_b
new expression the argumensList parameter of the invoked [[Construct]] internal method provides the values ug.cgi?id=155

forthe builti n construct or 6s Nona ofé¢hd bupt-tnfuaatiomg 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
when it is fAcall edewaxppassi oho.a The fcalled as a functiono behaviour corresp.
innocation of the constructorés [[Call]] internal met hod and the ficall ed as ¢
corresponds to the invocation of the constructordés [[Construct]] internal me

Every built-in Function object, F, described in this claused whether as a constructor, an ordinary function, or
bothd has the properties that are defined by performing the following step when the function object is created:

1. Perform the AddRestrictedFunctionProperti@<(16.9 abstracbperatiorwith argument.
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Every built-in Function object described in this claused whether as a constructor, an ordinary function, or
bothd has a length  property whose value is an integer. Unless otherwise specified, this value is equal to the
largest number of named arguments shown in the subclause headings for the function description, including
optional parameters.

NOTE For example, the Function object that is the initial value of the slice  property of the String prototype object is

described underthesubc |l ause heading AString.prototype.slice (start,

and end; therefore the value of the length  property of that Function object is 2.

In every case, the length  property of a built-in Function object described in this clause has the attributes
{ [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

Every other data property described in this clause has the attributes { [[Writable]]: true, [[Enumerable]]: false,
[[Configurable]]: true } unless otherwise specified.

Every accessor property described in this clause has the attributes {[[Enumerable]]: false, [[Configurable]]:
true } unless otherwise specified. If only a get accessor function is described, the set accessor function is the

default value, undefined. If only a set accessor is function is described the get accessor.is the default value,
undefined.

18 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 {[[Writable]]:
true, [[Enumerable]]: false, [[Configurable]]: true}.

The global object does not have a [[Construct]] internal method,; it is not possible to use the global object as a
constructor with the new operator.

The global object does not have a [[Call]] internal method; it is not possible to invoke the global object as a
function.

The value of the [[Prototype]] internal data property of the global object is implementation-dependent.

In addition to'the properties defined in this specification the global object may have additional host defined
properties: This may include a property whose value is the global object itself; for example, in the HTML
document object model the window property of the global object is the global object itself.

18.1 Value Properties of the Global Object

18.1.1 Infinity

The value of Infinity is +8 (see 6.1.5). This property has the attributes { [[Writable]]: false, [[Enumerable]]:
false, [[Configurable]]: false }.

18.1.2 NaN

The value of NaNis NaN (see 6.1.5). This property has the attributes { [[Writable]]: false, [[Enumerable]]: false,
[[Configurable]]: false }.

18.1.3 undefined

The value of undefined is undefined (see 6.1.1). This property has the attributes { [[Writable]]: false,
[[Enumerable]]: false, [[Configurable]]: false }.

226 © Ecma International 2013

end) o

whi ch

shows

t

he

t

wo

nai



)

ecmad

18.2 Function Properties of the Global Object

18.2.1 eval (x)

When the eval function is called with one argument X, the following steps are taken:

1.

ook w

~

10.

11

12.

13.

14.

If Type() is not String, returm.
Let script be the ECMAScript code that is the result of parsingterpreted as UT#6 encoded Unicode terss
described inclause 10, for the goal symbolScript If the parse failsor any eay errors are detectedhrow a
SyntaxError exception (but see also clause 16).
If script ContainsScriptBodyis false, returnundefined.
Let strictScriptbe IsStrict ofscript.
If this is a direct call to evgl18.2.1.), letdirect betrue, otherwise ledirectbefalse.
If directis true and the code thahade thedirect call to eval is strict code, then ktictCaller betrue.
Otherwise, lestrictCaller befalse.
Let ctx be the running execution context.directis true ctx will be the execution context that performed
thedirect eval. Ifdirectis falsectx will be the execution context for the invocation of the eval function.
LetevalRealmbec t XRéatm.
If directis false andstrictScriptis false, then

a. Return the esult of Script Evaluation foscript with argumens evalRealmandtrue.
If directis true, strictScriptis false, strictCaller is false, andc t X éxigalEnvironment is the same as
evalRealni[globalEnv]], then

a. Return the result of Script Evaluation fsaript with argumentevalRealmandtrue.

. If directis true, then

a. If the code that mée the direct call to evas function codeandValidinFunction|of scriptis false,
then throw aSyntaxError exception.
b. If the code that mge the direct call to evalisiodule codeandValidinModulef scriptis false,
then throw aSyntaxError exception.
If directis true, then
a. LetlexEnvbec t »xéxigalEnvironment.
b. LetvarEnvbec t »/arigbleEnvironment.
Else,
a. LetlexEnvbeevalRealnf[globalEnv]].
b. LetvarEnvbeevalRealm[[globalEnv]].
If strictScriptis true or if directis true andstrictCalleris true , then
a. LetstrictvarEnvbe the result of calling NewDeclarativeEnvironmepaissingexEnvas the
argument.
b. LetlexEnvbe strictVarEnv
c. letvarEnvbestrictVarEnv

. Let statusbe the result operforming Eval Declaration Instantiation as describedli®.2.1.2with script,

varEny, andlexEnv

. ReturnIfAbrupttatug.

. LetevalCxt be a newECMAScript codeexecution context.

. Set theevalCxtd ®ealm toevalRealm

. Set theevalCxtd ¥ariableEnvironment toarEnv.

. Set theevalCxté &exicalEnvironment tdexEnv

. If there is a currently running execution context, suspend it.

. PushevalCxt on to the execution context stadyalCxtis now the running@xecution context.
. Letresultbe the result of evaluatirsgript

. SuspencevalCxt and remove it from the execution context stack.

. Resume the context that is now on the top of the execution context stack as the running execution context.
. Returnresult

NOTE  The eval code cannot instantiate variable or function bindings in the variable environment of the calling context
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.
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18.2.1.1 Direct Call to Eval

A direct call to the eval function is one that is expressed as a CallExpressionthat meets all of the following
conditions:

1 The Reference that is the result of evaluating the MemberExpressiornin the CallExpressionhas an
environment record as its base value and its reference name is " eval ".

1 If the base value of the Reference has true as its withEnvironmentvalue, then its binding object is an
object that uses the ordinary definition of the [[Invoke]] internal method (9.1.11)

1 The result of calling the abstract operation GetValue with that Reference as the argument is the
standard built-in function defined in 18.2.1.

18.2.1.2 Eval Declaration Instantiation

18.2.2 isFinite (number)

Returns false if the argument coerces to NaN, +&, or - @, and otherwise returns true.
Let numbe ToNumbenfumbej.

ReturnIfAbruptfium).

If numis NaN, +&a, or-ga, returnfalse.
Otherwise, returrtrue.

18.2.3 isNaN (number)

Eal N

Returns true if the argument coerces to NaN, and otherwise returns false.

Let numbe ToNumbenjumbe}.
ReturnIfAbruptfium).

If numis NaN, returntrue.
Otherwise, returrialse.

Eal o N

NOTE A reliable way for ECMAScript code to test if @ value X is a NaN is an expression of the form X |==X . The
result will be true if and only if X is a NaN.

18.2.4 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 pars eFloat function is called, the following steps are taken:

1. LetinputStringbe ToStringétring).
2. ReturnlfAbruptfnputString.
3.

Let trimmedString be a/ substring ofinputString consisting of the leftmost character that is not a
StrWhiteSpaceChaand all charaars to the right of that character. (In other words, remove leading white

space.) lfinputStringdoes not contain any such characterstrieimedStringbe the empty string.
4. If neither trimmedStringnor any prefix oftimmedsStringsatisfies the syntax of &trDecimalLiteral(see
7.1.3.9, returnNaN.

5. Let numberStringbe the longest prefix dfimmedString which might betrimmedStringitself, that satisfies

the syntax of &trDecimallLiteral
6. Return the Number value for the MV nfimberString

NOTE parseFloat  may interpret only a leading portion of string as a Number value; it ignores any characters that
cannot be interpreted as part of the notation of an decimal literal, and no indication is given that any such characters were
ignored.
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18.2.5 parselnt (string , radix)

The parselnt  function produces an integer value dictated by interpretation of the contents of the string
argument according to the specified radix. Leading white space in string is ignored. If radix is undefined or 0O,
itis assumed to be 10 except when the number begins with the character pairs Ox or 0X, in which case a radix
of 16 is assumed. If radix is 16, the number may also optionally begin with the character pairs 0x or OX.

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

1. LetinputStringbe ToStringétring).

2. ReturnlfAbruptétring).

3. Let S be a newly created substring afputString consisting of the first character that is not a
StrwhiteSpaceChaand all characters following that character. (In othesrds, remove leading white
space.) lfinputStringdoes not contain any such charactersSlbe the empty string.

4. Letsignbe 1.

If Sis not empty and the first character®fs a minus sign, let signbe- 1.

If Sis not empty and the first character®is a plus signt or a minus sign, then remove the first character

from S.

Let R = ToInt32fadix).

ReturnIfAbruptR).

Let stripPrefix betrue.

0.If R, O, then

a. If R<2orR> 36, then returiNaN.
b. If R, 16, letstripPrefix befalse
11. ElseR=0,
a. LetR=10.
12. If stripPrefixis true, then
a. If the length ofSis at least 2 and the first two charactersSaf rre e0xd h@®Xo ., t hen remove
the first two characters fro@and letR = 16.

13. If S contains any character that is not a raRixigit, then letZ be the substring ofS consisting of all
characters before the first.such character; otherwise, ibetS.

14. If Zis empty, returrNaN:

15. Let mathIntbe the mathematical integer value that is represented ibyradix-R notation, using the letters
A-Z and a-z for digits with values 10 through 35. (However, Rfis 10 andZ contains more than 20
significant digits, every significant digit after the 20th may be replaced Bydamit, at the option of the
implementation; and iRis not'2, 4, 8, 10, 16, or 32, themathIntmay be an implementatietlependent
approximation to the mathematical integer value that is represent&drbsadix-R notation.)

16. Let numberbe the Number value fanathint

17. Returnsign3® number

ou

B oo~

NOTE parseint  may interpret only a leading portion of string as an integer value; it ignores any characters that

cannot be interpreted as part of the notation of an integer, and no indication is given that any such characters were

ignored.

18.3 URI Handling Function Properties

Uniform Resource ldentifiers, or UR 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
support for using URIs except for functions that emcatd decode URIs as describedl$3.], 18.3.2 18.3.3and

18.3.3

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
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where the italici sed names represena, ccpompeodice rdtre ared efi ved characters

separators. 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 so are not
encoded. The encodeURIComponent and decodeURIComponent functions are intended to work with the
individual component parts of a URI; they assume that any reserved characters represent text and so must be
encoded so that they are not interpreted as reserved characters when the component is part of a complete
URL.

The following lexical grammar specifies the form of encoded URIs.

Syntax
uri
uriCharactergp

uriCharacters:::
uriCharacter uriCharacterg:

uriCharacter:::
uriReerved
uriUnescaped
uriEscaped

uriReserved:: one of
2@ &=+%,

uriUnescaped::
uriAlpha
DecimalDigit
uriMark

uriEscaped::
%HexDigit HexDigit

uriAlpha::: one of
abcdefg
F

ijklm
ABCDE K

stu
PQRSTUVWXY?Z

I_
(3

h
G

uriMark ::: oneof

Y

NOTE The above syntax is based upon RFC 2396 and does not reflect changes introduced by the more recent RFC
3986.

Runtime Seman tics

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 ofkxbhe form f
Runtime Semantics: Encode Abstract Operation

The encoding and escaping process is described by the abstract operation Encode taking two String
arguments string and unescapedSet

1. LetstrLenbe the numbeof characters istring.
2. LetR be the empty String.
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3. Letkbe 0.
4. Repeat
a.

b. Let C be the character at positi&within string.

C.

e. Increasek by 1

If k equalsstrLen, returnR.

If Cis inunescapedSethen
Let Sbe a String containing only the charac&@r

Let R be a new Strig value computed by concatenating the previous vallR afdS.
d. ElseCis notinunescapedSet
i If the code unit value o€ is not less than 0XxDCOO and not greater than OxDFFF, throw a
URIError exception.
If the code unit value o€ is less than 0xD800 agreater than OXDBFF, then

Vi.

Runtime Semantics:

1.

Else,

1.
2.
3.
4

5.

Let V be the code unit value &.

Increasek by 1.

If k equalsstrLen throw aURIError exception.
Let kCharbe the code unit value of the character at posikiathin string.
If kChar is less than 0xDCOO or greater th&xDFFF, throw aURIError

exception.

Let V be (((the code unit value @) i 0xD800)3 0x400 + KChari 0xDCO00) +

0x10000).

Let Octetsbe the array of octets resulting by applying the W Fansformation td/, and
let L be the array size.
Letj be 0.

Repeat, whilej <L

Let jOctetbe the value at positionwithin Octets

1.
2.

3.

4

LetSbe a

Stri

ng

cont aP”PeXYon gv h¥taredveo uppbreasea ct er s

hexadecimal digits encoding the valuejOttet
Let R be a new String value computed by concatenating teeipus value oR and

S
Increasq by 1.

Decode Abstract Operation

The unescaping and .decoding process is described by the abstract operation Decode taking two String
arguments string and reservedSet

pPODPE

Repeat
a.
b.
C.

d.

If k equalsstrLen, returnR.

Let C be the character at positigwithin string.
ot

IfCi s
i.

ElseCi 90486

Vii.

Hhen

Let strLenbe thenumber of characters istring.
Let R be the empty String.
Letkbe 0.

Let S be the String containing only the character

Let start bek.
If k+ 2'is greater than or equal strLen throw aURIError exception.

If the characters at positiork€1) and k + 2) within string do not represent hexadecimal
digits, throw aURIError exception.
Let B be the 8bit value represented by thea hexadecimal digits at positiok ¢ 1) and k

+ 2).

Incrementk by 2.

If the most significant bit iB is 0, then
1.
2.
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Let C be the character with code unit valBe
If Cis not inreservedSetthen

a Let Sbe the String containing only the charac@r
3. ElseCis inreservedSet
a LetSbe the substring oftring from positionstartto positionk included.
Else the most significant bit iB is 1,
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NOTE

NouohswneE

Let n be the smallest nenegative number such tha® €< n) & 0x80 is equal to 0.
If nequals 1 on is greater thad, throw aURIError exception.
Let Octetsbe an array of ®it integers of size.
PutB into Octetsat position 0.
If k+ (33 (ni 1)) is greater than or equal strLen throw aURIError exception.
Letj be 1.
Repeat, whil§ <n
a Incrementk by 1.
b If the character at positiok within string is not " %nj, throw aURIError
exception.
c If the characters at positiork (+1) and k + 2) within string do not
represent hexadecimal digits, throlJ&IError exception.
d Let B be the 8bit value represented by the twwexadecimal digits at
position K+ 1) and k + 2).
e If the two most significant bits iB are not 10, throw aJRIError
exception.
f  Incrementk by 2.
g PutBinto Octetsat positionj.
h Increment by 1.
Let V be the value obtained by applying the UBRransfamation toOctets that is,
from an array of octets into a &t value. IfOctetsdoes not contain a valid UT&
encoding of a Unicode code point throw dRIError exception.
If V <0x10000, then
a Let C be the character with code unit valve
b If Cis notin reservedSetthen
i. Let Sbe the String containing only the characgr
c ElseCisinreservedSet
i Let S be the substring o$tring from positionstart to positionk
included.

10.ElseVO 0x 11,0000

a-Let L be ((V T 0x10000) & Ox3FF) + 0xDCO00).

b LetH be ((((Vi 0x10000) >> 10) & Ox3FF) + 0xD800).

¢ Let Sbe the String containing the two characters with code unit vatues
andL.

e. LetRbe anew String value computed by concatenating the previous vaRiarafS.

f. Increasek by 1.

This syntax of Uniform Resource Identifiers is based upon RFC 2396 and does not reflect the more recent

RFC 3986 whichreplaces RFC 2396. A formal description and implementation of UTF-8 is given in RFC 3629.

In UTF-8; characters are encoded using sequences of 1 to 6 octets. The only octet of a "sequence” of one has the higher-
order hit set to 0, the remaining 7 bits being used to encode the character value. In a sequence of n octets, n>1, the initial
octet has the n higher-order bits set to 1, followed by a bit set to 0. The remaining bits of that octet contain bits from the
value of the character to be encoded. The following octets all have the higher-order bit set to 1 and the following bit set to
0, leaving 6 bits.in each to contain bits from the character to be encoded. The possible UTF-8 encodings of ECMAScript
characters are specified in Table 32.

Table 328 UTF-8 Encodings

Code Unit Value Representation 1st Octet 2d Octet 3d Octet 4t Octet
0x0000 - 0Ox007F 00000000 O0zzzzzzz 022z 2222
0x0080 - OxO7FF 00000 yyy yyzzzzzz 110yyyyy 10zzzzzz
0x0800 - OxD7FF XXXXYYYY YYyzz2z77Z 1110 Xxxx 10yyyyyy 10zzzzzz
0xD800 - OxDBFF 110110 vv VWWWWWXX
followed by followed by 11110 uuu 10uuwwww | 10xxyyyy 10zzzz zz

0xDCO00 i OxDFFF 110111 yy yyzzzzzz
0xD800 - OxDBFF

not followed by causes URIError
0xDCO0 i OxDFFF
0xDCO00 i OxDFFF causes URIError
0xEO00 - OxFFFF XXXXYYYY YYyzz7777 1110 xxxx 10yyyyyy 10zzzzzz
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Where
uuuuu =vwwwv  +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 combines 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 URIError when
encountering such invalid sequences.

18.3.1 decodeURI (encodedURI)

The decodeURI function computes a new version of a URI in which each escape sequence and UTF-8
encoding of the sort that might be introduced by the encodeURI 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 called with one argument encodedURIthe following steps are taken:

Let uriString be ToStringéncodedUR).

ReturnifAbrupt(uriString).

Let reservedURISebe a String containing.one instance of each character validReserved | u#s . fi
Return the result of calling Decodg{String, reservedURISét

pONPE

NOTE The cha#oactsernoit decoded f r.omthoaghdiapoea reservgdiURhcbaeaster.e v e n
18.3.2 decodeURIComponent (encodedURIComponent)

The decodeURIComponent ~function computes a new version of a URI in which each escape sequence 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 encodedURIComponerthe following
steps are taken:

Let componentStringpe ToStringéncodedURIComponent
ReturnlfAbruptcompnentString.

Let reservedURIComponentSet the empty String.

Return the result of calling Decod®mponentStringreservedURIComponentJet

pONPE

18.3.3 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(ri).

2. ReturnlfAbrupt@riString).

3. LetunescapedURISée a String containing one instance of each character validReservedand
uriUnescaped | u#® . A

4. Return the result of calling Encode{String, unescapedURISkgt

NOTE The cha#oacitsernoit encoded t o anough#isaopaeresened ar enescaped®Rlen t h
character.
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18.3.4 encodeURIComponent (uriComponent)

The

encodeURIComponent 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 encodeURIComponent function is called with one argument uriComponentthe following steps are

takel
1.
2.
3

4.

n:

Let componentStringpe ToStringgriComponent

ReturnifAbrupt€omponentString

Let unescapedURIQoponentSebe a String containing one instance of each character valid in
uriUnescaped

Return the result of calling Encod@mponentStringunescapedURIComponentfet

18.4 Constructor Properties of the Global Object

18.4.1 Array (...)

See

22.1.1.

18.4.2 ArrayBuffer (...)

See

24.1.2.

18.4.3 Boolean (...)

See

19.3.1.

18.4.4 DataView (...)

See

24.2.2.

18.4.5 Date (...)

See

20.3.2.

18.4.6 Error(...)

See

194.1.

18.4.7 EvalError (...)

See

19.45.1.

18.4.8 Float32Array.( . ..)

See

22.2.4.

18.4.9 Float64Array (...)

See

22.2.4.

18.4.10 Function (...)

See

234

19.2.1.
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18.4.11 Int8Array (...)
See 22.2.4.

18.4.12 Intl6Array (...)
See 22.2.4.

18.4.13 Int32Array (...)
See 22.2.4.

18.4.14 Map (...)

See 23.1.1.

18.4.15 Number (...)
See 20.1.1.

18.4.16 Object (...)

See 19.1.1.

18.4.17 RangeError (...)
See 19.4.5.2.

18.4.18 ReferenceError (...)
See 19.4.5.3.

18.4.19 RegExp (...)
See 21.2.4.

18.4.20 Set(...)

See 23.2.1.

18.421 String (...)

See 21.1.1.

18.4.22 SyntaxError (...)
See 19.4.5.4.

18.4.23 TypeError (...)
See 19.4.5.5.

18.4.24 UiInt8Array (...)

See 22.2.4.

18.4.25 UlInt8ClampedArray (. . .

See 22.2.4.
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18.4.26 Ulntl6Array (...)
See 22.2.4.

18.4.27 UInt32Array (...)
See 22.2.4.

18.4.28 URIError (...)
See 19.4.5.6.

18.4.29 WeakMap (...)
See 23.3.1.

18.4.30 WeakSet (...)
See 23.4.

18.5 Other Properties of the Global Object
18.5.1 JSON

See 24.3.

18.5.2 Math

See 20.2.

19 Fundamental Objects

19.1 Object Objects

19.1.1 The Object Constructor Called as a Function

When Object _is-called as a function rather than as a constructor, it performs a type conversion.
19.1.1.1 < Object ([value])

When the Object function is called with no arguments or with one argument value the following steps are
taken:

1. If valueis null, undefined or not supplied, returthe result of the abstract operatiGijectCreatevith the
intrinsic object %ObjectPrototype% as its argument

2. Return ToObjectfalue).

19.1.2 The Object Constructor

When Object is called as part of a new expression, it is a constructor that may create an object.

19.1.2.1 new Object ([ value])

When the Obj ect constructor is called with no arguments or with one argument value the following steps are
taken:

1. If valueis supplied, then
a. If Type(value is Object, then returmalue
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b. If Type(value) is String, return ToObject@lue).
c. If Type(value) is Boolean, rairn ToObjectyalue).
d. If Type(value) is Number, return ToObjectélue.
2. Assert: The argumenaluewas not supplied or its type was Null or Undefined.
3. Returnthe result of the abstract operation ObjectCrerta the intrinsic object %ObjectPrototype% &s i
argument

19.1.3 Properties of the Object Constructor

The value of the [[Prototype]] internal data property of the Object constructor is the standard built-in Function
prototype object.

Besides the length  property (whose value is 1), the Object constructor has the following properties:

19.1.3.1 Object.assign (target, source)

rI'ODO ] Commented [AWB11116]:  TODO need an algorithm

Because [[Get]J/[[Put]] are invoked we need to figure out
something to say about the order in which properties are
accessed.

1 Only enumerable own properties of source

1 Invoke [[Get]] on property list derived from source, for each property in list [[Put]] on target

1 private names are not copied
9 unique names are copied

9 super mechanism (rebind super)

1 Returns modified "target"

19.1.3.2 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 Objector Null throw aTypeError exception.
2. Letobjbethe result of the abstract operation ObjectCreate with argu@ent
3. If the argumenPropertiesis present and natndefined, then
a. Return the result of the abstract operation ObjectDefinePropextig&ropeties).
4. Returnobj.

19.1.3.3 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. Return the result of the abstract operation ObjectDefineProperties with argutantiProperties

Runtime Semantics: ObjectDefineProperties Abstract Operation
The abstract operation ObjectDefineProperties with arguments O and Properties performs the following steps:

If Type(O) is not Object throw dypeError exception.

Let propsbe ToObjectPropertiey.

Let namesbe an internal list containing theysof each enumerable own propertymbps
Let descriptorshe an empty internal List.

For eab element of namesn list order,

arwNE
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Let descObjbe the result of Géprops P).
ReturnIfAbrupt@descObj.
Let descbe the result of calling ToPropertyDescriptor witbscObjas the argument.
ReturnIfAbrupt@esq.
e. Append the pair (a two element List) cortaig of P anddescto the end oflescriptors

6. LetpendingExceptioie undefined.
7. For eaclpair from descriptorsin list order,
Let P be the first element gfair.
Let descbe the second element péir.
Let statusbe the result obefinePropert®rThrow(O,P, desg.
If statusis an abrupt completiothen

i. If pendingExceptios undefined, thensetpendingExceptiono status
8. ReturnlfAbruptpendingException
9. ReturnO.

coow

aoow

If an implementation 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

NOTE An exception in defining an individual property in step 7 does not terminate the process of defining other
properties. All valid property definitions are processed.

19.1.3.4 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:

If Type(O) is not Object throw &ypeError exception.

Let keybe TdPropertyKeyP).

ReturnlfAbruptkey).

Let descbe the result of calling ToPropertyDescrigisttributes.
ReturnifAbrupt@esq.

Let succesde the result obefinePropert@rThrow(O,key, de<).
ReturnIfAbruptéuccesk

ReturnO.

19.1.3.5 Object.freeze (O)

PN AWNE

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

If Type(O) is not Object throwreturnO.

Let statusbe the result oSetIntegrityLevel(©, "frozen ").
ReturnlfAbruptétatug.

If statusis false, throw aTypeError exception.

ReturnO.

19.1.3.6 Object.getOwnPropertyDescriptor (O, P)

arwNE

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

Let obj be ToObjectQ).

ReturnIfAbrupt@bj).

Let keybe TdPropertyKeyP).

ReturnIfAbruptkey).

Let descbe the result of calling the [[GetOwnProperty]] internal methodgfwith argumenkey.
ReturnlfAbrupt@lesg.

Return the result of calling FromPropertyDescripti@$q.

19.1.3.7 Object.getOwnPropertyKeys (O)

NooprwNp

When the getOwnPropertyKeys function is called with argument O, the following steps are taken:
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1. Letobjbe ToObjectD).

2. ReturnlfAbruptpbj).

3. Letkeysbe the resulof calling the [[OwnPropertyKeys]] internal method aij.
4. Returnkeys

TODO :

1 May need to say something about order of enumeration and post call property additions and deletions

19.1.3.8 Object.getOwnPropertyNames (O)
When the getOwnPropertyNames function is called, the following steps are taken:

Let obj be ToObjectD).
ReturnIfAbruptobj).
Let keysbe the resulof callingthe [[OwnPropertyKeys]] internal method obj.
ReturnlfAbruptkeys.
Let nameListbe a new empty List
Let gotAlINamesbe false.
Repeatwhile gotAlINamess false,
Let nextbe the result of IteratorNexM¢ys.
ReturnIfAbruptfex).
Let donebe IteratorCopletefiex).
ReturnlfAbrupt@iong.
If doneis true, then letgotAlINameshe true.
Else,
i Let nextKeybe IteratorValuefexy.
ii. ReturnIfAbrupthextKey.
iii. If Type(nexKey) is String, then
1. AppendnextKeyas the last element ofameList

8. ReturnCreateArrayFromLignamekLis}.

Nogo,rwnE

~oooope

19.1.3.9 Object.getPrototypeOf (O)
When the getPrototypeOf function.is called with argument O, the following steps are taken:
1. Letobjbe ToObjectQ).

2. ReturnIfAbrupt@bj).
3. Return theresultof calling the[[GetInheritancy internal methodof obj.

19.1.3:10 Object.is (valuel,value2’)

When the is function is called with arguments valueland value2the following steps are taken:
1. ReturnSameValuegaluel valued.

19.1.3.11 Object.isExtensible (O)

When the isExtensible function is called with argument O, the following steps are taken:

1. If Type(O) is not Objectreturnfalse.
2. Return theresult of I€xtensibl€O).

19.1.3.12 Object.isFrozen (O)
When the isFrozen function is called with argument O, the following steps are taken:

1. If Type(O) is not Objectreturntrue.
2. ReturnTestintegriyLevel(O, "frozen ").
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19.1.3.13 Object.isSealed (O)
When the isSealed function is called with argument O, the following steps are taken:

1. If Type(O) is not Objectreturntrue.
2. ReturnTestIntegrityLevelQ, "sealed ").

19.1.3.14 Object.keys (O)
When the keys function is called with argument O, the following steps are taken:

Let obj be ToObjectQ).
ReturnIfAbrupt@bj).
Let keysbe the resulbf calling the [[OwnPropertyKeys]] internal method aij.
ReturnIfAbruptkeys.
Let nameListbe a new empty List
Let gotAlINamede false
Repeatwhile gotAllNamess false,
Let nextbe the result of IteratorNeX¢y3.
ReturnIfAbruptfiex).
Let donebe IteratorCompletagex).
ReturnIfAbrupt¢iong.
If doneis true, then letgotAlINamesbe true.
Else,
i Let nextKeybe IteratorValuetex).
ii. ReturnlfAbrupt(nextKey.
iii. If Type(nexKey) is String, then
1. Letdescbe the result of calling the [[GetOwnProperty]] internal metho@®afith
argumenmnextKey
2. ReturnlfAbrupt@esg.
3. If descis notundefined anddesc[[Enumerabld is true, then
a AppendnextKeyas the last element ofamelList
8. ReturnCreateArrayFromListfameLis}.

Nouok,rwhpE

~oooop

If an implementation defines a specific order of enumeration for the for-in statement, the same order must be
used for the elements of the array returned.in step 7.

19.1.3.15 Object.mixin (target, source )

Donodt have TC39 concensus on including this or i tfls name.
within TC39 andones-di suss and reasonabl e use cases. Ami xj nd seems
discuss, although concerns have been raised that it might clash with some existing libraries.
TODO :

1 All non-private properties of source

1 Uses [[GetOwnProperty]]/[[DefineOwnProperty]]

9 private symbols are not copied

1 non-symbols are copied

1 super mechanism (rebind super)

1 Returns modified "target"
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19.1.3.16 Object.preventExtensions (O)
When the preventExtensions function is called, the following steps are taken:

If Type(O) is not Object throwreturnO.

Let statusbe the result of callinghe [[PreventExtensiofjkinternal methodof O.
ReturnlfAbrupttatusy.

If statusis false, throw aTypeError exception.

ReturnO.

19.1.3.17 Object.prototype

agrwNE

The initial value of Object.prototype is the standard built-in Object prototype object (19.1.4).
This property has the attributes {[[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
19.1.3.18 Object.seal (O)

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

If Type(O) is not ObjectreturnO.

Let statusbe the resulbf SetInteyrityLevel( O, "sealed ).

ReturnIfAbrupttatus.

If statusis false, throw aTypeError exception.
ReturnO.

arwNE

19.1.3.19 Object.setPrototypeOf ( O, proto)
When the setPrototypeOf function is called with arguments O-andproto, the following steps are taken:

Let O be CheckObjectCoercib(®).

ReturnIfAbruptQ).

If Type(proto) is neitherObjector Null, thenthrow aTypeError exception.

If Type(O) is not ObjectthenreturnO.

Let statusbe the result otalling the[[SetInheritanch internal methodof O with argumeniproto.
ReturnIfAbruptétatug.

If statusis false, thenthrow. aTypeError exception.

ReturnO.

19.1.4 Properties of the Object Prototype Object

ONOOTAWNE

The Object prototype object is an ordinary object.

The value of the [[Prototype]] internal data property of the Object prototype object is null and the initial value
of the [[Extensible]] internal data property is true.

19.1.4.1 Object.prototype.constructor

The initial value of Object.prototype.constructor is the standard built-in Object constructor.
19.1.4.2 Object.prototype.hasOwnProperty (V)

When the hasOwnProperty method is called with argument V, the following steps are taken:

Let P be TdPropertyKeyV).

ReturnIfAbruptP).

Let O be the result of calling ToObject passing thé value as the argument.

ReturnIfAbruptQ©).
Returnthe result of calling the HasOwrProperty]] internaimethod ofO passingP as the argument.

arONE
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NOTE The ordering of steps 1 and 3 is chosen to ensure that any exception that would have been thrown by step 1
in previous editions of this specification will continue to be thrown even if the this value is undefined or null.

19.1.4.3 Object.prototype.isPrototypeOf (V)

When the isPrototypeOf method is called with argument V, the following steps are taken:

1. If Vis not an object, returfalse.
2. LetO be the result of calling ToObject passing thes value as the argument.
3. RetunlfAbrupt(O).
4. Repeat
a. LetV be theresult of callingthe [[Getinheritancy internal methodof V.with no arguments
b. if Visnull, returnfalse
c. If SameValueQ, V) is true, thenreturntrue.
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.
19.1.4.4 Object.prototype.propertylsEnumerable (V)
When the propertylsEnumerable method is called with-argument V, the following steps are taken:

Let P be ToStringy).

ReturnIfAbrupt@).

Let O be the result of calling ToObject passing thes value as the argument.

ReturnlfAbruptQ).

Let descbe the result of calling the [[GetOwnProperty]] internal metho@®gfassingP as the argumnt.
If descis undefined, returnfalse.

Return the value odlesc[[Enumerable]].

NogokwhpE

NOTE 1  This method does not consider objects in the prototype chain.

NOTE 2  The ordering of steps 1 and 2 is chosen to ensure that any exception that would have been thrown by step 1
in previous editions of this specification will continue to be thrown even if the this value is undefined or null.

19.1.4.5 Object.prototype.toLocaleString.(.)
When the toLocaleString method is called, the following steps are taken:

1. LetO.be thethis value
2. Return the result dfnvoke (O, "toString" ).

NOTE 1 . This function is provided to give all Objects a generic toLocaleString interface, even though not all may
use it. Currently, Array , Number, and Date provide their own locale-sensitive toLocaleString methods.

NOTE 2  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.

19.1.4.6 Object.prototype.toString ()

When the toString  method is called, the following steps are taken:

=

If the this value isundefined, return"[object Undefined]" .
If the this value isnull, return"[object Null]" .Let O be the result of calling ToObject passing thes
value as the argument.

If Ois an exoticSymbd object, therreturn”[object Symbol] ".

Else, f O is an exotic Array object, then leuiltinTag be" Array ".
Else,if O is an exotic String object, then IbtiltinTag be" String "

Else, ifO is an exotic Proxy object, then IbtiltinTag be" Proxy " .
Else,if O is an exotic arguments object, then betltinTag be " Arguments

N

No UM
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8. Else,if Ois an ordinary functin object a builtin function object, or a bound function exotic objettten let
builtinTag be" Function "

9. Else, ifO has a [ErrorDatd] internal data property, then IdtuiltinTag be" Error "

10. Else, ifO has a [[BooleanData]] internal data property, therblgttinTag be" Boolean "

11. Else, ifO has a [[NumberData]] internal data property, therblgiltinTag be" Number" .

12. Else, ifO has a [[DateValudlinternal data property, then lbtiltinTag be" Date " .

13. Else, ifO has a[[RegExpMatcler]] internal data property, then IbtiltinTag be" RegExp" .

14. Else, ifO hasa [[MathTad] internal data propertythen letbuiltinTag be" Math " . {cOmmemed [AWB14117]:  Need to decide how to tag the }
15. Else, ifO hasa [[JSONTad] internal data propertythen letbuiltinTag be" JSON' . Math object
16. Else, letbuiltinTag be" Object ". {Commented [AWB14118]:  Need to decide how to tag the }
17. Let hasTagbe the result oHasPropertyD, @ @toStringTag. JSON object

18. ReturnIfAbrupthasTag.
19. If hasTaugis false, thenlet tag be builtinTag.
20. Else,

a. Lettag be the resulof Get(O, @ @toStringTap

b. If tagis an abrupt completion, léag be NormalCompletioff(???").

c. Lettagbetag.[[value]].

d. If Type(tag) is not String, letag be" ???".

e. Iftagisany of "Arguments" |, "Array" ,"Boolean" ,"Date" ,"Error* ,"Function"
"JSON", "Math" , "Number" , "RegExp" , or'String" and Sam¥alue(tag, builtinTag) is
false, then lettag be the string valué~" concatenated with-the current valuetad.

21. Return the String value that is the result of concatenating the three Stiobgsct ", tag, and "]".

NOTE Historically, this function was occasionally used to access the string value of the [[Class]] internal data
property that was used in previous editions of this specification.as a nominal type tag for various built-in objects. The
above definition of toString  preserves the ability to use it as a reliable test for those specific kinds of built-in objects but
it does not provide a reliable type testing mechanism for other kinds of built-in-or program defined objects.

19.1.4.7 Object.prototype.valueOf ()
When the valueOf method is called, the following steps are taken:

1. LetO be the result of calling ToObject passing thes value as the argument.
2. ReturnO.

19.1.5 Properties of Object Instances

Object instances have no special properties beyond those inherited from the Object prototype object.
19.2 Function Objects

19.2.1 The Function Constructor

The Function constructor is the %Function% intrinsic object and the initial value of the Function  property of
the global object. When Function is called as a function rather than as a constructor, it creates and
initialises a new Function object. Thus the function call Function( ¢é) is equivalent to the object creation
expression new Function(  é) with the same arguments. However, if the this value value passed in the call
is an Object with an [[Code]] internal data property whose value is undefined, it initialises the this value using
the argument values. This permits Function to be used both as factory method and to perform
constructor instance initialization.

Function may be subclassed and subclass constructors may perform a super invocation of the Function
constructor to initialise subclass instances. However, all syntactic forms for defining function objects create
instances of Function . There is no syntactic means to create instances of Function subclasses except for
the built-in Generator Function subclass.

© Ecma International 2013 243



secmd

19.2.1.1 Function (p1, p2, é , pn, body)

The last argument specifies the body (executable code) of a function; any preceding arguments specify formal
parameters.

When the Function  function is called with some arguments p1, p2, € , pn, body(where n might be 0, that is,
t her e por earngou niie n t s hbodyanighd alse hoebe provided), the following steps are taken:

1. LetargCountbe the total number of arguments passed to this funétivocation.
2. LetP be the empty String.
3. If argCount= 0, letbodyTextbe the empty String.
4. Else ifargCount= 1, letbodyTextbe that argument.
5. ElseargCount> 1,
a. LetfirstArg be the first argument.
b. LetP be ToStringfirstArg).
c. ReturnlfAbruptP).
d. Letkbe2.
e. Repeat, whil&k < argCount
i. Let nextArgbe thekbt h ar gument .
ii. Let nextArgStringbe ToStringGextArg.
iii. ReturnIfAbruptfiextArgString.
iv. Let P be the result of concatenating the previous valuB,dhe String'," (a comma), and
nextArdstring.
V. Increasek by 1.
f. LetbodyTextbethekdt h ar gument .
6. LetbodyTextbe ToStringbodyTex).
7. ReturnlfAbruptpodyTex}.
8. Letparametershe the result of parsing, interpreted as UTH6 encoded Unicode terss described inlause

10, usingFormalParametes as the goal symbollhrow aSyntaxError exceptionif the parse fails

9. Letbodybe the result of parsinigodyTextinterpreted-as UTH6 encoded Unicode texss described in
clause6.1.4 usingFunctionBodyas the goakymbol: Throw a&SyntaxError exception if the parse failsr if
any static semantics errors are detected

10. If body ContainsYieldExpressioris true, then throw eSyntaxError exception

11. If IsSimpleParameterList gfarameterss false andany element of theBoundName®f parametersalso
occurs in thevarDeclaredNamesf body, then throw é&yntaxError exception.

12. If any element of thdoundName®f parametersalso occurs in theexicallyDeclaredNamesf body, then throw
a SyntaxError exception

13. If bodyTextis stict mode code (se#0.1.]) then letstrict betrue, else letstrict befalse.

14. Letscopebethe Global Environment

15. Let F'be thethis value.

16. If Type(F) is not Objecbr .if F does not hava [[Codd] internal data propertyr if the value of [Codd] is
notundefined, then

a.  LetF bethe result of calling FunctionAllocateith argumentdunction Prototype %

17. If the value ofF 6[-unctionKind]] internal data property is natormal” , then throw ar'ypeError exception.

18. Perform theFurctioninitialise abstract operation with argumeftsNormal, parametersbody, scope andstrict.

19. Perform the abstract operation MakeConstructor with argufent

20. ReturnF.

A prototype  property is automatically created for every function created using the Function  constructor, to
provide for the possibility that the function will be used as a constructor.

NOTE It is permissible but not necessary to have one argument for each formal parameter to be specified. For
example, 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 a+b+c")

new Function("a,b", "c", “return a+b+c")
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19.2.1.2 new Function (... argumentsList)
When Function is called as part of a new expression, it initialises the newly created object.

1. LetF be theFunction function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryCastruct(F, argumentsLigt

If Function is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

19.2.2 Properties of the Function Constructor

The Function constructor is itself a built-in Function object. The value of the [[Prototype]] internal data property
of the Function constructor is %FunctionPrototype%, the intrinsic Function prototype object (19.2.3).

The value of the [[Extensible]] internal data property of the Function constructor is true.
The Function constructor has the following properties:
19.2.2.1 Function.length

This is a data property with a value of 1. This property has the attributes { [[Writable]]: false, [[Enumerable]]:
false, [[Configurable]]: true }.

19.2.2.2 Function.prototype

The value of Function.prototype is %FunctionPrototype%, the intrinsic Function prototype object (19.2.3).
This property has the attributes{ [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false}.

19.2.2.3 Function| @@create ] ()

The @@create method of an object F performs the following steps:

Let F be thethis value.

Let protobe the result of GetPrototypeFromConstrudtpt@4-unction Prototype %).

ReturnlfAbruptfroto).

Letobj bethe result of calling Functigkilocate with argumentproto.
Returnobj.

SN

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE The Function @ @create function is intentionally generic; it does not require that its this value be the Function
constructor object. It can be transferred to other constructor functions for use as a @ @create method. When used with
other constructors, this function will create an exotic function object whose [[Prototype]] value is obtained from the
associated constructor.

19.2.3 Properties of the Function Prototype Object

The Function prototype object is itself a Built-in Function object. When invoked, it accepts any arguments and
returns undefined.

NOTE The Function prototype object is specified to be a function object to ensure compatability with ECMAScript
code that was created prior to the 6" Edition of this specification.
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The value of the [[Prototype]] internal data property of the Function prototype object is the intrinsic
object %ObjectPrototype% (19.1.4). The initial value of the [[Extensible]] internal data property of the Function
prototype object is true.

The function prototype object does not have a prototype  property.
The length  property of the Function prototype object is 0.
19.2.3.1 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 IsCallablefunc) is false, then throw alypeError exception.

2. If argArrayis null or undefined, then

a. Return the result of calling the [[Call]] internal methodfofc, providingthisArg asthisArgumentand
an emptyList of argument@sargumentsList

LetargList bethe result ofCreateListFromArrayLikéargArray).

ReturnifAbrupt@rglList).

Return the reult of calling the [[Call]] internal method dlinc, providingthisArg asthisArgumentand

arglListasargumentsList

o s

The length  property of the apply method is 2.

NOTE The thisArg value is passed without madification as the this value. This is a change from Edition 3, 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.

19.232 Function.prototype.bind (thisArg [, argl [, 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:

1. LetTargetbe thethiswvalue.
2. If IsCallable(Targe) isfalse, throw aTypeError exception.
3. LetAbe anew (possibly empty) inteahlist consistingof all of the argument values provided afteisArg
(argl, arg2 etc), in order.
4. LetF bethe result of the abstract operation BoundFunctionCreate with arguffargst thisArg, and A.
5. [If Targethasa [[BoundTargetFunction]internaldataproperty, then
a. LettargetLenbe the result of GeTarget " length ).
b. ReturnifAbrupttargetLen).
c. LetL bethe larger of 0 and the result @rgetLenminus thenumber of elementsf A.

6. ElseletL be0] Commented [AWB15119]:  TODO This need to be

7. Call the [[DefineOwnProperty]] internal method Bfwith arguments' length " andPropertyDescriptor rethought in light of Proxy based functions and other callables
{[[ valud]; L, [[Writable]]: false, [[Enumerable]]false, [[Configurable]]:false}. ihat ey Nei be HBWllillFuae

8. Perform theAddRestrictedFunctionProperties abstract operetith argument-.

9. ReturnF.

The length  property of the bind method is 1.

NOTE Function objects created using Function.prototype.bind are exotic objects. They also do not have a
prototype  property.

19.233 Function.prototype.call (thisArg [ , argl [ , arg2, €é 1 1 )

When the call method is called on an object func with argument thisArg and optional arguments argl, arg2
etc, the following steps are taken:

1. IfIsCallablefung isfalse, then throw arypeError exception.
2. LetargListbe an empty List.
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3. If this method was called with more than one argument then in left to rigkt sterting witharg1 append
each argument as the last elemenaafList

4. Return the result of calling the [[Call]] internal methodfohc, providingthisArg asthisArgumentand
argListasargumentsList

The length  property of the call method is 1.

NOTE The thisArg value is passed without modification as the this value. This is a change from Edition 3, 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.

19.2.3.4 Function.prototype.constructor

The initial value of Function.prototype.constructor is the intrinsic object %Function%.

19.2.3.5 Function.prototype.toString ()

An implementation-dependent String source code representation of the this object is returned. This
representation has the syntax of a FunctionDeclaration FunctionExpression GeneratorDeclaration,
GeneratorExpession, ClassDeclaratioClassExpressian ArrowFunction MethodDefinition or GeneratorMethod
depending upon the actual characteristics of the objegtarticular that the use and placement of white space, line
terminators, and semicolons within the representation String is implementation-dependent.

If the object was defined using ECMAScript code and the returned string representation is in the form of a
FunctionDeclaration  FunctionExpression  GeneratorDeclaration, GeneratorExpession, ClassDeclaration
ClassExpressionor ArrowFunctionthen the representation must be such that if the string is evaluated, using
eval in alexical context that is equivalent to the lexical context used to create the original object, it will result

in a new functionally equivalent object. The returned source code must not mention freely any variables that
were not mentioned freely by téde bfighest fiexctaondamesuweeecodegi pally
scope. If the source code string does meet these criteria then it must.be a string for which eval will throw a
SyntaxError exception.

The toString  function is not generic; it throws a TypeError exception if its this value is not a does not have
a [[Call]] internal method. Therefore, it cannot be transferred to other kinds of objects for use as a method.

19.2.3.6 Function.prototype[ @@create ] ()

The @@create method of an object F performs the following steps:

1. Returntheresult of callingOrdinaryCreateFromConstrucbt " %ObjectPrototype% ).
This‘property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE This is the default @ @create method that is inherited by all ordinary constructor functions that do not explicitly
over-ride it.

19.2.3.7 Function.prototype[@@haslInstance] (V)
When the @ @hasInstance method of an object F is called with value V, the following steps are taken:

1. LetF be thethis value.
2. Return the result of OrdinaryHaslastcef, V).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE This is the default implementation of @ @haslInstance that most functions inherit. @ @haslinstance is called
by the instanceof  operator to deterimine whether a value is an instance of a specific constructor. An expression such
as

v instanceof F
evaluates as
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F[@@haslInstance](V)
A constructor function can control which objects are recoginze as its instances by instanceof by exposing a different
@@haslinstance method on the function.

This property is non-writable and non-configurable to prevent tampering that could be used to globally expose the target
function of a bound function.

19.2.4 Function Instances
Every function instance is an ordinary function object and has the internal data properties listed in Table 25.

Function instances that correspond to strict mode functions and function instances created using the
Function.prototype.bind method (19.2.3.2) have properties named caller and arguments that throw a
TypeError exception. An ECMAScript implementation must not associate any implementation specific
behaviour with accesses of these properties from strict mode function code.

The Function instances have the following properties:
19.2.4.1 length

The value of the length  property is an integer that indicates the typical number of arguments. expected by
the function. However, the language permits the functionto be invoked with some other number of arguments.
The behaviour of a function when invoked on a number of arguments other than the number specified by its
length  property depends on the function. This property has the attributes { [[Writable]]: false, [[Enumerable]]:
false, [[Configurable]]: true }.

19.2.4.2 prototype

Function instances that can be used used as a constructor have a prototype  property. Whenever such a

function instance is created another ordinary object is also created and is the initial value of thef uncti onds
prototype  property. Unless otherwise specified, the value of the prototype property is used to initialise the
[[Prototype]] internal data property of a newly created ordinay object before the Function object is invoked as a
constructor for that newly created object.

This property has the attributes { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE Function objects created using Function.prototype.bind , or by evaluating a MethodDefinition(that is not
a GeneratorMethoyl-or. an ArrowFunctiongrammar production do not have a prototype  property.

19.3 Boolean Objects
19.3.1 The Boolean Constructor

The Boolean constructor is the %Boolean% intrinsic object and the initial value of the Boolean property of
the global object. When Boolean is called as a function rather than as a constructor, it performs a type
conversion. However, if the this value passed in the call is an Object with an uninitialised [[BooleanData]]
internal data property, it'initialises the this value using the argument value. This permits Boolean to be
used both to perform type conversion and to perform constructor instance initialization.

The Boolean constructor is designed to be subclassable. It may be used as the value of an extends clause
of a class declaration. Subclass constructors that intended to inherit the specified Boolean behaviour must
include a super call to the Boolean constructor to initialise the [[BooleanData]] state of subclass instances.
19.3.1.1 Boolean (value)

When Boolean is called with argument value the following steps are taken:

1. LetO be thethisvalue.
2. Letb be ToBooleanfalue).
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3. If Type(O) is Object and has a [[BooleanData]] internal data property and the value of [[BooleanData]] is

undefined, then
a. Setthe value 00 6 [fBooleanData]] internal data property bo
b. ReturnO.
4. Returnb.

19.3.1.2 new Boolean (... argumentsList)

Boolean called as part of a new expression , it initialises a newly created object:

1. LetF be theBoolean function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] inteal method that was invoked by
the new operator.

3. Returnthe result ofOrdinaryConstruc{F, argumentsLigt

If Boolean is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

19.3.2 Properties of the Boolean Constructor

The value of the [[Prototype]] internal data property of the Boolean constructor is the Function prototype object
(19.2.3).

Besides the length  property (whose value is 1), the Boolean constructor has the following property:

19.3.2.1 Boolean.prototype

The initial value of Boolean.prototype is the Boolean prototype object (19.3.3).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false;, [[Configurable]]: false }.

19.3.2.2 Boolean[ @@create] ()

The @@create method.of an object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callingdrdinaryCreateFromConstruc{bt " ¥Boolean Prototype% ", ( [[BooleanData]]).
3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[BooleanData]] is initially assigned the value undefined as a flag to indicate that the instance has not yet been
initialised by. the Boolean constructor. This flag value is never directly exposed to ECMAScript code; hence
implementation may choose to encode the flag in some other manner.

19.3.3 Properties of the Boolean Prototype Object

The Boolean prototype object is an ordinary object. It is not a Boolean instance and does not have a
[[BooleanData]] internal data property.

The value of the [[Prototype]] internal data property of the Boolean prototype object is the standard built-in
Object prototype object (19.1.4).

The abstract operation thisBoolearvaluefvalue) performs the following steps:
1. If Type(value is Boolean, returwalue
2. If Type(value)is Object andraluehas a [[BooleanData]] internal data property, then

a. Letbbe the value of a | J[BodlsanData]] internal data property.
b. If bis notundefined, then returnb.
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3. Throw aTypeError exception

19.3.3.1 Boolean.prototype.constructor
The initial value of Boolean.prototype.constructor is the built-in Boolean constructor.

19.3.3.2 Boolean.prototype.toString ()

The following steps are taken:

1. Letb be thiBoolean\alugthis value).

2. ReturnlfAbrupt().

3. |If bistrue, then returd'true” ; else returrifalse”

19.3.3.3 Boolean.prototype.valueOf ()

The following steps are taken:

1. Return thiBooleanValugthis value)

19.3.4 Properties of Boolean Instances

Boolean instances are ordinary objects that inherit properties from.the Boolean prototype object. Boolean
instances have a [[BooleanData]] internal data property. The [[BooleanData]] internal data property is the
Boolean value represented by this Boolean object.

19.4 Error Objects

Instances of Error objects are thrown as exceptions when runtime errors occur. The Error objects may also
serve as base objects for user-defined exception classes.

19.4.1 The Error Constructor

The Error constructor is‘the %Error% intrinsic object and the initial value of the Error property of the global
object. When Error is called as a function rather than as a constructor, it creates and initialises a new Error
object. Thus the function call Error(" €) is equivalent to the object creation expression new Error( ) with
the same arguments. However, if the this value value passed in the call is an Object with an uninitialised
[[ErrorData]].internal data property, it initialises the this value using the argument value rather than creating a
new object. This permits Error " to be used both as factory method and to perform constructor instance
initialization.

The Error . constructor is designed to be subclassable. It may be used as the value of an extends clause of
a class declaration. Subclass constructors that intended to inherit the specified Erro r behaviour should
include a super . call to the Error = constructor to initialise subclass instances.

19.4.1.1 Error (message)

When the Error function is called with argument messag¢he following steps are taken:

1. Letfuncbe thisError function object.
2. LetO be thethis value.
3.

If Type(O) is not Object or Typdd) is Object andD does not have an [[ErrorData]] internal data property or
Type(O) is Object and has an [[ErrorData]] internal data property and the value of [[ErrorData]] is not

undefined, then

a. Let O betheresult of callingOrdinaryCreateFromConstruc{éunc, " %€Error Prototype%
( [[ErrorData]]) ).
b. ReturnlfAbruptQ©).
4. Assert: TypeQ) is Object.
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5. Set the value 00 6 [fErrorData]] internal data property to any value other tbadefined.
6. If messagés notundefined, then
a. Letmsgbe ToStringthessage
b. ReturnlfAbrupt(nsg.
c. LetmsdDescbe the Property Descript§ffValue]l: msg [[Writable]]: true, [[Enumerable]]false,
[[Configurable]]: true}.
d. Letstatusbethe result oDefinePropertyOrThro(®, "message ", msgDesg.
e. ReturnifAbruptétatus.
7. ReturnO.

19.4.1.2 new Error(... argumentsList)

When Error called as part of a new expression with argument list argumentsLisiit performs the following

steps:

1. LetF be theError function object on which theew operator was.applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by
thenew operator.

3. Returnthe result ofOrdinaryConstrucfF, argumentsLigt

If Error is implemented as an ordinary function object, its [[Construct]] internal method will perform the above
steps.

19.4.2 Properties of the Error Constructor

The value of the [[Prototype]] internal data property.of the Error constructor is the Function prototype object
(19.2.3).

Besides the internal properties and the length © property (whose value is 1), the Error constructor has the
following property:

19.4.2.1 Error.prototype

The initial value of Error.prototype is the Error prototype object (19.4.3).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
19.4.2.2 Error[ @@create ] ()

The @@create method of an object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callingrdinaryCreateFromConstruc{bt " %&r ror Prototype% ", ( [[ErroData]])).
3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[ErrorData]] is initially assigned the value undefined as a flag to indicate that the instance has not yet been
initialised by the Error constructor. This flag value is never directly exposed to ECMAScript code; hence implementation
may choose to encode the flag in some other manner.

19.4.3 Properties of the Error Prototype Object

The Error prototype object is an ordinary object. It is not an Error instance and does not have an [[ErrorData]
internal data property.

The value of the [[Prototype]] internal data property of the Error prototype object is the standard built-in Object
prototype object (19.1.4).
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19.4.3.1 Error.prototype.constructor

The initial value of Error.prototype.constructor is the built-in Error  constructor.
19.4.3.2 Error.prototype.message

The initial value of Error.prototype.message is the empty String.

19.4.3.3 Error.prototype.name

The initial value of Error.prototype.name is " Error
19.4.3.4 Error.prototype.toString ()
The following steps are taken:

Let O be thethis value.

If Type(O) is not Object, throw &ypeError exception.
Let namebe the result of G€D, " name").
ReturnIfAbrupthamsg.

If nameis undefined, then lethamebe" Error
Let msgbe the result of GéD, " message").
ReturnIfAbruptfnsg.

If msgis undefined, then letmsgbe the empty Stringelse letmsgbe ToStringnsg.
. If nameis the empty Stringreturnmsg

10. If msgis the empty String, retumame

11. Returnthe result of concatenatintame ":* , a single spce character, andsg

; else’letnamebe ToStringfame.

CoNDOMWNE

19.4.4 Properties of Error Instances

Error instances are ordinary objects that inherit properties from the Error prototype object and have a
[[ErrorData]] internal data property whose initial value is undefined. The only specified uses of [[ErrorData]] is
to flag whether or not an Error instance has been initialised by the Error constructor and to identify them as
Error objects within Object.prototype.toString

19.4.5 Native Error Types Used in This Standard

A new instance of one of the NativeError objects below is thrown when a runtime error is detected. All of these
objects share the same structure, as described in 19.4.6.

19.4:5.1 EvalError

This exception is not currently used within this specification. This object remains for compatibility with previous
editions of this specification.

19.45.2 |RangeError

Indicates a value that is not in the set or range of allowable values. See 15.4.2.2, 15.4.5.1, 15.7.4.2, 15.7.4.5,
15.7.4.6, 15.7.4.7, and 15.9.5.43.

19.4.5.3 ReferenceError

Indicate that an invalid reference value has been detected. See 8.9.1, 8.9.2, 10.2.1, 10.2.1.1.4, 10.2.1.2.4,
and 11.13.1.
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19.45.4 SyntaxError

Indicates that a parsing error has occurred. See 11.1.5,11.3.1, 11.3.2,11.4.1, 11.4.4, 11.4.5, 11.13.1, 11.13.2,
12.2.1, 12.10.1, 12.14.1, 13.1, 15.1.2.1, 15.3.2.1, 15.10.2.2, 15.10.2.5, 15.10.2.9, 15.10.2.15, 15.10.2.19,
15.10.4.1, and 15.12.2.

19.45.5 TypeError

Indicates the actual type of an operand is different than the expected type. See 8.6.2, 8.9.2, 8.10.5, 8.12.5,
8.12.7, 8.12.8, 8.12.9, 9.9, 9.10, 10.2.1, 10.2.1.1.3, 10.6, 11.2.2, 11.2.3, 11.4.1, 11.8.6, 11.8.7, 11.3.1, 13.2,
13.2.3, 15, 15.2.3.2, 15.2.3.3, 15.2.3.4, 15.2.3.5, 15.2.3.6, 15.2.3.7, 15.2.3.8, 15.2.3.9, 15.2.3.10, 15.2.3.11,
15.2.3.12, 15.2.3.13, 15.2.3.14, 15.2.4.3, 15.3.3.2, 15.3.3.3, 15.3.3.4, 15.3.3.5, 15.3.3.5.2, 15.3.3.5.3, 15.3.4,
15.3.4.3, 15.3.4.4, 15.4.3.3, 15.4.3.11, 15.4.3.16, 15.4.3.17, 15.4.3.18, 15.4.3.19, 15.4.3.20, 15.4.3.21,
15.4.3.22, 15.45.1, 155.4.2, 155.4.3, 15.6.4.2, 15.6.4.3, 15.7.4, 15.7.4.2, 15.7.4.4, 15.9.5, 15.9.5.44,
15.10.4.1, 15.10.6, 15.11.4.4 and 15.12.3.

19.4.5.6 URIError

Indicates that one of the global URI handling functions was used in a way that is incompatible with its
definition. See 15.1.3

19.4.6 NativeError Object Structure

When an ECMAScript implementation detects a runtime error, it throws an new instance of one of the
NativeError objects defined in 19.4.5. Each of these objects has the structure described below, differing only
in the name used as the constructor name instead of NativeError, in the name property of the prototype object,
and in the implementation-defined message property of the prototype object.

For each error object, references to NativeError in the definition should be replaced with the appropriate error
object name from 19.4.5.

19.4.6.1 NativeError Constructors

When a NativeError constructor is called as a function rather than as a constructor, it creates and initialises a
new object. A call of the object as a function is equivalent to calling it as a constructor with the same
arguments. However, if the this value value passed in the call is an Object with an uninitialised [[ErrorData]]
internal data property, it initialises the this value using the argument value. This permits a NativeError to be
used both as factory method and to perform constructor instance initialization.

The NativeError constructor.is designed to be subclassable. It may be used as the value of an extends
clause of a class declaration. Subclass. constructors that intended to inherit the specified NativeError
behaviour should include a super call to the NativeError constructor to initialise subclass instances.
19.4.6.1.1 NativeError (message)

When a NativeError function is called with argument messagé¢he following steps are taken:

1. Letfuncbe thisNativeError function object.
2. LetO be thethis value.
3

If Type(O) is not Object or Typ&d) is Object and does not havera[[ErrorData]] internal data property or
Type(O) is Object and has an [[ErrorData]] internal data property and the value of [[ErrorData]] is not

undefined, then
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b. Let msdgesche the Property Desiptor {[[Value]]: msg [[Writable]]: true, [[Enumerable]]false,
[[Configurable]]:true}.
c. Letstatusbethe result oDefinePropertyOrThro{D, "message ", msgDesk
d. ReturnlfAbruptétatug.
7. ReturnO.

The actual value of the string passed in step 3.a is either " %&valError  Prototype%
"9RangeError Prototype% ", " %ReferenceError  Prototype% ", " %SyntaxError  Prototype%

" 9@ ypeError Prototype% ", or" %JRIError Prototype% " corresponding to which NativeError constructor is
being defined.

19.4.6.1.2 new NativeError (... argumentsList )

When a NativeError constructor is called as part of a new expression with argument list argumentsListit
performs the following steps:

1. LetF be thisNativeError function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLst argument of the [[Construct]] internal method that was invoked by
thenew operator.

3. Returnthe result ofOrdinaryConstruc{F, argumentsLigt

If a NativeError constructor is implemented as an ordinary function object, its [[Construct]] internal method will
perform the above steps.

19.4.6.2 Properties of the NativeError Constructors

The value of the [[Prototype]] internal data property of a NativeError constructor is the Error constructor object
(19.4.1).

Besides the length  property (whose value is 1), each NativeError constructor has the following property:
19.4.6.2.1 NativeError.prototype

The initial value of NativeError.prototype is a NativeError prototype object (19.4.6.3). Each NativeError
constructor has a separate prototype object:

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
19.4.6.2.2° NativeError [ @@create ] ()

The @@create method of an object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callingrdinaryCreateFromConstruc{r NativeErrorPrototype( [[ErroData]])).
3. Returnobj.

The actual value passed as NativeErrorPrototypen step 2 is either " %&EvalError  Prototype%
"94RangeError Prototype% "," %ReferenceError  Prototype% ", " %ByntaxError Prototype% ",

"9dypeError Prototype% ", or"%JRIError Prototype % corresponding to which NativeError constructor
is being defined.

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[ErrorData]] is initially assigned the value undefined as a flag to indicate that the instance has not yet been
initialised by the Boolean constructor. This flag value is never directly exposed to ECMAScript code; hence
implementation may choose to encode the flag in some other manner.
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19.4.6.3 Properties of the NativeError Prototype Objects

Each NativeError prototype object is an ordinary object. It is not an Error instance and does not have an
[[ErrorData] internal data property.

The value of the [[Prototype]] internal data property of each NativeError prototype object is the standard built-
in Error prototype object (19.4.3).

19.4.6.3.1 NativeError.prototype.constructor

The initial value of the constructor property of the prototype for a given NativeError constructor is the
NativeError constructor function itself (19.4.6.1).

19.4.6.3.2  NativeError.prototype.message

The initial value of the message property of the prototype for a given NativeError constructor is the empty
String.

19.4.6.3.3  NativeError.prototype.name

The initial value of the name property of the prototype for a given NativeError constructor is a string consisting
of the name of the constructor (the name used instead of NativeError).

19.4.6.4 Properties of NativeError Instances

NativeError instances are ordinary objects that inherit properties from their NativeError prototype object and
have a [[ErrorData]] internal data property whose initial value is undefined. The only specified use of
[[ErrorData]] is to flag whether or not an Error or NativeError instance has been initialised by its constructor.

20 Numbers and Dates

20.1 Number Objects
20.1.1 The Number Constructor

The Number constructor is the %Number% intrinsic object and the initial value of the Number property of the
global object. When.Number is called as a function rather than as a constructor, it performs a type conversion.
However, if the this value value passed in the call is an Object with an uninitialised [[NumberData]] internal
data property, it initialises the this value using the argument value. This permits Number to be used both to
perform type conversion and to perform censtructor instance initialization.

The Number constructor is designed to be subclassable. It may be used as the value of an extends clause
of a class declaration. Subclass constructors that intended to inherit the specified Number behaviour must
include a super call to the Number constructor to initialise the [[NumberData]] state of subclass instances.

20.1.1.1 Number ([valuel)
When Number is called with argument number the following steps are taken:

Let O be thethis value.
If no arguments were passed to this function invocation, thembet+0.
Else, leth be ToNumbenalue).
ReturnlfAbruptf).
If Type(O) is Object and has a [[NumberData]] internal data propertyahe value of [[NumberData]] is
undefined, then
a. Setthe value 00 6 [[NumberData]] internal data property to
b. ReturnO.
6. Returnn.

agrONE
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20.1.1.2 new Number ( ...argumentsList)

Number called as part of a new expression with argument list argumentsListit performs the following steps:

1. LetF be theNumber function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by
thenew operator.

3. Returnthe result ofOrdinaryConstruc{F, argumentsLigt

If Number is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

20.1.2 Properties of the Number Constructor

The value of the [[Prototype]] internal data property of the Number constructor is the Function prototype object
(19.2.3).

Besides the length  property (whose value is 1), the Number constructor has the following properties:
20.1.2.1 Number.EPSILON

The value of Number.EPSILON is the difference between 1 and the smallest value greater than 1 that is
representable as a Number value, which is approximately 2.2204460492503130808472633361816 x 10-16.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.1.2.2 Number.isFinite (number)
When the Number.isFinite is called with one argument number the following steps are taken:

1. If Type(numbej is not Number, returfalse.
2. If numberis NaN, +a, or- &, returnfalse.
3. Otherwise, returirue.

20.1.2.3 Number.isinteger (number)
When the Number.is Integer is called with one argument number the following steps are taken:

If Type(numbej is not Number, returfalse.
If numberis NaN, +8, or- &, returnfalse.
Letintegerbe Tolntegenjumbej.
Ifintegeris not equal tawumber returnfalse.
Otherwise,returntrue.

aprwNE

20.1.2.4 Number.isNaN (number)
When the Number.isNaN is called with one argument number the following steps are taken:
1. If Type(numbej is not Number, returfalse.

2. If numberis NaN, returntrue.
3. Otherwise, returrialse.

NOTE This function differs from the global isNaN function (18.2.3) is that it does not convert its argument to a
Number before determining whether it is NaN.

20.1.2.5 Number.isSafelnteger (number)

When the Number.isSafelnteger is called with one argument number the following steps are taken:
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If Type(numbe} is not Number, returfalse.
If numberis NaN, +&, or- @, returnfalse.
Letintegerbe Tolntegenfjumbe}.

If integeris not equal taaumber returnfalse.
If abs(ntege) 28-1, then returnrue.
Otherwise, rairnfalse.

ok wWNE

20.1.2.6 Number.MAX_SAFE_INTEGER

The value of Number. MAX_SAFE_INTEGER is 9007199254740991 (253-1).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.1.2.7 Number.MAX_VALUE

The value of Number.MAX_VALUE is the largest positive finite value of the Number type, which is
approximately 1.7976931348623157 16°%

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.1.2.8 Number.NaN

The value of Number.NaN is NaN.

This property has the attributes { [[Writable]]: false, [Enumerable]]: false, [[Configurable]]: false }.
20.1.2.9 Number.NEGATIVE_INFINITY

The value of Number.NEGATIVE_INFINITY is - a.

This property has the attributes{ [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.1.2.10 Number.MIN_SAFE_INTEGER

The value of Number.MAX_SAFE_INTEGER is-9007199254740991 (- (2%-1)).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.1.2.11 Number.MIN_VALUE

Thewvalue of Number.MIN_VALUE is the smallest positive value of the Number type, which is approximately
53 10%%4

In the IEEE-764 double precision binary representation, the smallest possible value is a denormalized number.
If an implementation does not support denormalized values, the value of Number.MIN_VALUE must be the
smallest non-zero positive value that can actually be represented by the implementation.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

20.1.2.12 Number.parseFloat (string)

The value of the Number.parse Float data property is the same built-in function object that is the value of
the parse Float property of the global object defined in 18.2.4.

20.1.2.13 Number.parselnt (string, radix)

The value of the Number.parselnt data property is the same built-in function object that is the value of the
parselnt  property of the global object defined in 18.2.1.2.
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20.1.2.14 Number.POSITIVE_INFINITY

The value of Number.POSITIVE_INFINITY is +a.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

20.1.2.15 Number.prototype

The initial value of Number.prototype is the Number prototype object (20.1.3).

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

20.1.2.16 Number[ @@create] ()

The @@create method of an object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callingdrdinaryCreteFromConstructdF, "%NumberPrototype% ", ( [[NumbeData]]).

3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[NumberData]] is initially assigned the value undefinedas a flag to indicate that the instance has not yet been
initialised by the Number constructor. This flag value is never directly exposed to ECMAScript code; hence implementation
may choose to encode the flag in some other manner.

20.1.3 Properties of the Number Prototype Object

The Number prototype object is an ordinary object. It is not a Number instance and does not have a
[[NumberData]] internal data property.

The value of the [[Prototype]] internal data property of the Number prototype object is the standard built-in
Object prototype object (19.1.4).

Unless explicitly stated otherwise, the.methods of the Number prototype object defined below are not generic
and the this value passed to them must be either a Number value or an object that has a [[NumberData]]
internal data property that has been initialised to a Number value.

The abstract operation thisNumberValue(alug performs the following steps:

1. IfType(value) is Number, returivalue

2. If Type(value)is Object andraluehas a [[NumberData]] ternal data property, then
a. Letnbe the value of a | J[MuinberData]] internal data property.
b." If nis notundefined, then returm.

3. Throw aTypeError exception

The phrase fit hiwithilthersgeafication afla methind refers to the result returned by calling the
abstract operation thisNumberValuewith the this value of the method invocation passed as the argument.

20.1.3.1 Number.prototype.clz ()

When Number.prototype.clz is called with one argument number the following steps are taken:
1. Letx be thsNumbeWalugthis value)

2. Letn be TdJint32(x).

3. ReturnlfAbruptf).

4. Letp be the number of leading zero bits in thel82binary representation of.

5. Returnp.
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NOTE If nis 0, p will be 32. If the most significant bit of the 32-bit binary encoding of nis 1, p will be 0.
20.1.3.2 Number.prototype.constructor

The initial value of Number.prototype.constructor is the built-in Number constructor.
20.1.3.3 Number.prototype.toExponential (fractionDigits)

Return a String containing this Number value represented in decimal exponential notation with one digit 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 to uniquely specify the Number (just like in
ToString except that in this case the Number is always output in exponential notation). Specifically, perform
the following steps:

Let x be thisNumbeV alug(this value)
ReturnIfAbrupt).
Let f be TolntegeifractionDigits).
Assert:f is 0, whenfractionDigits is undefined.
ReturnIfAbruptf).
If x is NaN, return the StringNaN" .
Let s be the empty String.
If x< 0, then
a. Letsbhe"-".
b. Letx=7ix.
9. If x=+a, then
a. Return the concatenation of the Strirggand "Infinity"
10. If f < 0 orf > 20, throw aRangeError exception.
11. If x=0, then
a. Letmbe the String consisting é+1 occurrences of theode unit 0x0030
b. Lete=0.
12. Elsex, 0,
a. If fractionDigitsis notundefined, then

i Let e andn be integers such that 1®n < 10** and for which the exact mathematicallve
of n® 10777 xis as close to zero as possible. If there are two such setarmfn, pick the
eandn for whichn® 16 is larger.

b. ElsefractionDigits is undefined,

i. Lete, n, andfbe integers such th&e 0, 1d ¢ n < 10*%, the number valuéor n3 10° isx,
andf is as small as possible. Note that the decimal representatiohadf+1 digits,n is
not divisible by 10, and the least significant digitrois not necessarily uniquely
determined by these criteria.

c. Letmbe the String consiimg of the digits of the decimal representatiomdin order, with no
leading zeroes).
13.If f, 0, then
a. Leta be the firstelementof m, and letb be theremainingf elementsof m.
b. Letmbe the concatenation of the three Striags." , andb.
14. If e= 0, then
a. Letc="+"
b. Letd="0"
15. Else
a. Ife>0,thenletc="+".
b. ElseeO 0,
i Letc="-".
ii. Lete=ie.
c. Letd be the String consisting of the digits of the decimal representatier{inforder, with no
leading zeroes).
16. Let m be the concatenation of the fo8tringsm, "e" , ¢, andd.
17. Return the concatenation of the Strirggandm.

NN E
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The length  property of the toExponential method is 1.

If the toExponential 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 toExponential for values of fractionDigits less
than O or greater than 20. In this case toExponential would not necessarily throw RangeError for such
values.

NOTE For implementations that provide more accurate conversions than required by the rules above, it is
recommended that the following alternative version of step 9.b.i be used as a guideline:

i. Lete, n, andf be integers such th&e 0, 10 ¢ n < 16*%, the number value for H 10°7is x, andf is as smi
as possible. If there are multiple possibilitiesripchoose the value @ffor whichn 3 107 is closest in value
to x. If there are two such pdste values oh, choose the one that is even.

20.1.3.4 Number.prototype.toFixed (fractionDigits)

Note toFixed returns a String containing this Number value represented in decimal fixed-point notation with
fractionDigitsdigits after the decimal point. If fractionDigitsis undefined, 0is assumed.

The following steps are performed:

Let x be thisNumbeV alug(this value).
ReturnIfAbrupt).
Let f be TolntegefffactionDigits). (If fractionDigitsis undefined, this step produces the valQg.
ReturnIfAbrupt().
If f <0 orf> 20, throw aRangeError exception.
If x is NaN, return the StringNaN" .
Let s be the empty Strig.
If x< 0, then
a. Letsbe ™"
b. Letx=1x.
9. If x2 10?4 then
a. Letm=ToString).
10. Elsex < 107,
a. Letn be an integer for which the exact mathematical value ofl0' i x is as close to zero as
possible. If there are two such pick the largen.
b. If n=0, letm be the Strindg0" . Otherwise, lem be the String consisting of the digits of the
decimal representation of(in order, with no leading zeroes).
c. Iff, O, then
i Letk be the number ofélementsn m.
il If k Of, then
1. Letzbe the String consisting ¢#1i k occurrences of theode unit 0x0030
2. Letm be the concatenation of Stringgandm.
3. lLetk=f+1.
iii. Let abe the firstki f elementsof m, and letb be the remaining elementsof m.
iv. Let m be the concatenatn of the three Stringa, "." , andb.
11. Return the concatenation of the Strirggandm.

ONOGO A WNE

The length  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 fractionDigitsless than 0 or
greater than 20. In this case toFixed would not necessarily throw RangeError for such values.
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NOTE The output of toFixed may be more precise than toString  for some values because toString only prints
enough significant digits to distinguish the number from adjacent number values. For example,
(1000000000000000128).toString() returns "1000000000000000100"

while (1000000000000000128).toFixed(0) returns " 10000 00000000000128"

20.1.3.5 Number.prototype.toLocaleString()

Produces a String value that represents this Number value formatted according to the conventions of the host
environmentos current | oc al e -depdanttentsandfiuis pearnmissilsie, busnoti mpl ement ati on
encouraged, 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 implementations do not use this parameter position for anything else.

20.1.3.6 Number.prototype.toPrecision (precision)

Return a String containing this Number value represented either in decimal exponential notation with one digit
before the significand's decimal point and precisioni 1 digits after the significand's decimal point or in decimal
fixed notation with precision significant digits. If precision is" undefined, call ToString (7.1.8) instead.
Specifically, perform the following steps:

1. Letx be thisNumbeValugthis value)
2. ReturnlfAbruptf).
3. If precisionis undefined, return ToStringX).
4. Letp be Tolntegengrecision.
5. ReturnlfAbrupt@).
6. If xis NaN, return the StringNaN" .
7. Letsbe the empty String.
8. If x< 0, then
a. Letsbhe"-".
b. Letx=Tix

9. If x=+4&1, then
a. Return the concatenation of the Strirsyand "Infinity"

10. If p< 1lorp> 21, throw aRangeError exception.

11. If x =0, then
a. Letmbe the String consisting @foccurrences of theode unit 0x0030 (the Unicode characted.
b. Lete=0.

12. Elsex, 0,

a. <Leteandn be integers such that & ¢ n < 10 and for which the exact mathematical valuenof
10°P*17 x is as close to zero as possible. If there are two such setarafn, pick thee andn for
whichn3 10%P*is larger.

b. Letmbe the String consisting of the digits of the decimal representafiar(in order, with no
leading zeroes).

c. Ife<i6ore? p,then

i. Let a be the firstelementof m, and letb be the remainingi 1 elementsof m.
ii. Let m be the concatenation of the three Striags." , andb.
iii. If e= 0, then
1. Letc="+" andd="0" .
iv. Elsee, 0,
1. Ife>0, then
a Letc="+".

2. Elsee<0,
a Letc="-"
b Lete=ie

3. Letd be the String consisting of the digits of the decimal representatier{iof
order, with no leading zeroes).
V. Let m be the concatenation of the five Stringsn, "e" , ¢, andd.
13. If e=pi 1, then return the concatenation of the Stringsmidm.
14. If e2 0, then
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a. Letmbe the concatenation of the fist1 elemens of m, thecode unit 0x002E (Unicodeharacter
& 9, and the remainingi (e+1) elementsf m.
15. Elsee< 0,
a. Letmbe the cacatenation of the Strintp." , i (e+1) occurrences ofode unit 0x0030the
Unicodec h a r a0@,tardrthe &tringn.
16. Return the concatenation of the Strirggandm.

The length  property of the toPrecision method is 1.

If the toPrecision 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 toPrecision for values of precisionless than 1 or
greater than 21. In this case toPrecision would not necessarily throw RangeError for such values.

20.1.3.7  Number.prototype.toString ([ radix ] )

The optional radix should be an integer value in the inclusive range2to 36. If radix not present or is undefined
the Number 10 is used as the value of radix. If Tolntegeradix) 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 Tolntegertadix) is not an integer between 2 and 36 inclusive throw a RangeError exception. If
Tolntegerfadix) is an integer from 2 to 36, but not 10, the resultis 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
implementation-dependent if the radix is not 10, however the algorithm should be a generalisation of that
specified in 7.1.8.1.

The toString  function is not generic; it throws a TypeErrorexception if its this value is not a Number or a
Number object. Therefore, it cannot be transferred to other kinds of objects for use as a method.

20.1.3.8 Number.prototype.valueOf ()

1. Letx be thisNumbeV alugthis value)
2. Return x.

20.1.4 Properties of Number Instances

Number instances are ordinary objects that inherit properties from the Number prototype object. Number
instances also have a [[NumberData]] internal data property. The [[NumberData]] internal data property is the
Numbervalue represented by this Number object.

20.2 The Math Object

The Math object is a single ordinary object.

The value of the [[Prototype]] internal data property of the Math object is the standard built-in Object prototype
object (19.1.4). The Math object has a [[MathTag]] internal data property whose value is true.

The Math is not a function object. It does not have a [[Construct]] internal method; it is not possible to use the
Math object as a constructor with the new operator. The Math object also does not have a [[Call]] internal
method; it is not possible to invoke the Math object as a function.

NOTE In this specification, the phrase fthe Number value for xohas a technical meaning defined in 6.1.5.

20.2.1 Value Properties of the Math Object

20.2.1.1 Math.E

The Number value for e, the base of the natural logarithms, which is approximately 2.7182818284590452354.
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This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.2.1.2 Math.LN10

The Number value for the natural logarithm of 10, which is approximately 2.302585092994046.
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
20.2.1.3 Math.LOG10E

The Number value for the base-10 logarithm of e, the base of the natural logarithms; this value is
approximately 0.4342944819032518

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
NOTE The value of Math.LOG10E is approximately the reciprocal of the value of Math.LN10 .
20.2.1.4 Math.LN2

The Number value for the natural logarithm of 2, which is approximately 0.6931471805599453.
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false; [[Configurable]]: false }.
20.2.1.5 Math.LOG2E

The Number value for the base-2 logarithm of e, the base of the natural logarithms; this value is approximately
1.4426950408889634

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
NOTE The value of Math.LOG2E is approximately the reciprocal of the value of Math.LN2 .
20.2.1.6 Math.PI

The Number value for p, the ratio of the circumference of a circle to its diameter, which is approximately
3.1415926535897932

This property-has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

20.2.1.7° Math.SQRT1_2

The Number value for the square root of %2, which is approximately 0.7071067811865476

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

NOTE The value of Math.SQRT1_2 is approximately the reciprocal of the value of Math.SQRT2.

20.2.1.8 Math.SQRT2

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 }.

20.2.2 Function Properties of the Math Object

Each of the following Math object functions applies the ToNumber abstract operation to each of its arguments
(in left-to-right order if there is more than one). If ToNumber returns an abrupt completion, that completion

record is immediately returned. Otherwise, the function performs a computation on the resulting Number
value(s).
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In the function descriptions below, the symbols NaN, -0, +0, - & and +a refer to the Number values described
in6.1.5.

NOTE The behaviour of the functions acos , acos h, asin , asin h, atan , atan h, atan2 , cbrt , cos, cosh, exp,
hypot , log ,log 1p, log 2, log 10, pow, sin , sin h, sgrt , tan, and tan h is not precisely specified here except to
require specific results for certain argument values that represent boundary cases 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 intent 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 infdlibm , the freely distributable
mathematical library from Sun Microsystems (http://www.netlib.org/fdlibm) .

20.2.2.1 Math.abs (x)
Returns the absolute value of x; the result has the same magnitude as x but has positive sign.

1 If xis NaN, the result is NaN.
1 If xis-0, the result is +0.
1 Ifxis-&,the resultis &.

20.2.2.2 Math.acos (x)

Returns an implementation-dependent approximation to the arc cosine of x. The result is expressed in radians
and ranges from +0to +p.

§ If xis NaN, the result is NaN.

1 If xis greater than 1, the result is NaN.
1 If xis less than 1, the result.is NaN.

1 If xis exactly 1, the resultis +0.

20.2.2.3 Math.acosh(x)

Returns an implementation-dependent approximation.to the inverse hyperbolic cosine of x.
If x'is NaN, the result is NaN.

If x'is less than 1, the result is NaN.

If xis 1, the result is +0.
If x is +a, the result is +a.

= —A —a —a

20.2.2.4° Math.asin (x)

Returns an implementation-dependent approximation to the arc sine of x. The result is expressed in radians
and ranges from - p/2 to +p/2.

If xis NaN, the result is NaN.

If xis greater than 1, the result is NaN.
If x is less thaii 1, the result is NaN.

If xis +0, the result is +0.

If Xis- 0, the result is 0.

E R ]

20.2.2.5 Math.asinh(x)
Returns an implementation-dependent approximation to the inverse hyperbolic sine of x.

f Ifxis NaN, the resultis NaN.
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= =4 =8 =4

If x is +0, the result is +0.
If x is - 0, the resultis - 0.
If x is +a, the resultis +a.
If xis - @, the resultis -ao.

20.2.2.6 Math.atan (x)

Returns an implementation-dependent approximation to the arc tangent of x. The result is expressed in
radians and ranges from - p/2to +p/2.

= =4 =4 =8 =4

If xis NaN, the result is NaN.

If xis +0, the result is +0.

If xis - 0, the result is 0.

If xis +a, the result is an implementatiale pendent @proximation to /2.
If xis - @, the result is an implementatiale pendent approximation /2.

20.2.2.7 Math.atanh(x)

Returns an implementation-dependent approximation to the inverse hyperbolic tangent of X.

E I I

If x is NaN, the result is NaN.

If x is less than - 1, the result is NaN.
If x is greater than 1, the resultis NaN.
If xis - 1, the resultis -a.

If x is +1, the result is +o.

If x is +0, the result is +0.

If x is - 0, the result is - 0.

20.2.2.8 Math.atan2 (y, x)

Returns an implementation-dependent approximation to the arc tangent of the quotient y/x of the arguments 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 - p to +p.

E R I I I I R e R R B e R R ]

If eitherx ory is NaN, the result is NaN.

If y>0 andx is +0, the result is an implementatidependent approximation top/2.

If y>0 andx is - 0, the reult.is an implementatiedependent approximation top#2.

If yis +0 andx>0, the result is +0.

If yis +0 andk is +0, the result is +0.

If yis +0 andk is - 0, the result'is an implementatiole pendent approximation top+

If y is +0 andk<0, the reslt is an implementatiolepardent approximation to pt

If yis - 0 andx>0, the result is 0.

If'yis-0 andx is 40, the result isO.

If yis- 0 andxis - 0, the result is an implementatidiependent approximation top.

If yis - 0. andx<0, the results an implementaticdependent approximation top.

If y<0 andx s +0, the result is an implementatidependent approximation top/2.

If y<0 andx is - 0, the result is an implementatiole pendent approximation top/2.

If y>0 andy is finite andx is +a, the result is +0.

If y>0 andy is finite andx is - &, the result if an implementatiestependent approximation top+
If y<0 andy is finite andx is +a, the result is 0.

If y<0 andy is finite andx is - &, the result is an implementatiale pendent ggroximation to- p.
If yis +a andx s finite, the result is an implementatidiependent approximation top/2.
If yis- @ andxis finite, the result is an implementatiolependent approximation top/2.
If yis +2 andxis +2, the result is an implemetion-dependent approximain to -p/4.
If yis +a andxis - @, the result is an implementatiale pendent approximation to p/a.
If yis- o andxis +a, the result is an implementatiale pendent approximation top/4.
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1 |Ifyis-= andxis- &, the resulis an implementaticlepenént approximation to 3p/4.
20.2.2.9 Math.cbrt(x)
Returns an implementation-dependent approximation to the cube root of x.

If x is NaN, the result is NaN.
If x is +0, the result is +0.

If x is - 0, the resultis - 0.

If x is +a, the resultis +a.,
Ifxis-ga,theresultis -a.

E I ]

20.2.2.10 Math.ceil (x)

Returns 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 resultis x.

If xis NaN, the result is NaN.

If xis +0,the result is +0.

If xis- 0, the result is 0.

If xis +a, the result is =.

If xis-o, the resultisa.

If xis less than 0 but greater thdn the result is 0.

E R

The value of Math.ceil(x) is the same as the value of - Math.floor( -X) .
20.2.2.11 Math.cos (x)
Returns an implementation-dependent approximation to the cosine of x. The argument is expressed in radians.

If xis NaN, the result is NaN.
If xis +0, the resultis 1.

If xis- 0, the result is 1.

If xis +a, the result is NaN:
If xis - o, the result is NaN.

=4 =4 =4 -8 -8

20.2.2.12 Math.cosh(x)
Returns‘an implementation-dependent approximation to the hyperbolic cosine of x.

If x is NaN, the result is NaN.
If x is +0, the resultis 1.

If X is - 0, the resultis 1.

Ifx is 4o, the resultis +o.

If x is - &, the result is +o.

= =4 =4 8 8

NOTE The value of cosh(x) is the same as (exp(x) + exp(-x))/2.
20.2.2.13 Math.exp (x)

Returns an implementation-dependent approximation to the exponential function of x (e raised to the power of
X, where e is the base of the natural logarithms).

If xis NaN, the result is NaN.
If xis +0, the result is 1.

If xis - 0, the resulis 1.

If xis +, the result is &.

= = -4 -4
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1 If xis- =, the resultis +0.
20.2.2.14 Math.expm1 (x)

Returns an implementation-dependent approximation to subtracting 1 from the exponential function of x (e
raised to the power of x, where e is the base of the natural logarithms). The result is computed in a way that
is accurate even when the value of x is close 0.

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 +a, the result is +a.

If x is - &, the resultis -1.

E I ]

20.2.2.15 Math.floor (x)

Returns the greatest (closest to +a) Number value that is not greater than x and is equal to a mathematical
integer. If x is already an integer, the resultis x.

If xis NaN, the result is NaN.

If x is +0, the result is +0.

If xis- 0, the result is 0.

If xis +a, the result is = .

If xis- @, the resultis a.

If xis greater than O but less than, the result is +0.

E R E ]

NOTE The value of Math.floor(x) is the same as the value of - Math.ceil( - x) .
20.2.2.16 Math.hypot(valuel, value2, value3 =0 )

Given two or three arguments, hypot returns an implementation-dependent approximation of the square root
of the sum of squares of upto three arguments.

If any argument is +&, the result is +o.

If any argument is - o, the resultis +a:

If no argumentis +8 _or - &, and any argument is NaN, the result is NaN.
If all-arguments are either +0 or -0, the result is +0.

The implementation must avoid underlow.

The implementation must avoid overflow, where possible.

The implementation must minimise rounding errors.

= =a = =8 -8 —a e

The length property of the hypot function is 2.
20.2.2.17 Math.imul(x, y)
When the Math.imul is called with arguments x and y the following steps are taken:

Leta be TdJint32(x).

ReturnlfAbrupt@).

Let b be TdJint32(y).

ReturnifAbruptb).

Let productbe @23 b) x modulomodulo 22,

If product©2%, returnproduct- 2%, otherwise returproduct

oupONE

20.2.2.18 Math.log (x)

Returns an implementatiedependent approximation to the natural logarithm. of
9 If xis NaN, the result is NaN.
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If xis less than 0, the result is NaN.
If xis +0 or- 0, the resultisa.

If xis 1, the result is +0.

If xis +a, the result is &.

= =4 -4 A

20.2.2.19 Math.log1p (x)

Returns an implementation-dependent approximation to the natural logarithm of 1 + X. The result is computed
in a way that is accurate even when the value of x is close to zero.

If x is NaN, the result is NaN.

If x is less than -1, the result is NaN.
If xis -1, the resultis -o.

If x is +0, the result is +0.

If x is - 0, the resultis - 0.

If x is +1, the resultis +a.

E R k]

20.2.2.20 Math.log10 (x)
Returns an implementation-dependent approximation to the base 10 logarithm 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 resultis -a.

If x is - 0, the resultis -o.

If X is 1, the result is +0.

If X is +=, the resultis +a.

=a =4 =8 -4 -8 A

20.2.2.21 Math.log2 (x)
Returns an implementation-dependent approximation to the base 2 logarithm 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 resultis - .

If x'is - 0, the resultis - &,

If x is 1, the result is +0.

If x is +1, the result is +a.

e ]

20.2.2.22 Math.max ( [ valwuel [ , valwue2 [ , €é 1 1 1)

Given zero or more arguments, calls ToNumber on each of the arguments and returns the largest of the
resulting values.

1 If noarguments are given, the result s.

1 Ifany vdue is NaN, the result is NaN.

1 The compason of values to determine the largest value is done using the Abstratofé@omparison
dgorithm (7.2.8 except that &is considered to be larger thaf.

The length  property of the max method is 2.
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20.2.2.23 Math.min ([valuel[ , value2 [ , €é 1 1 1 )

Given zero or more arguments, calls ToNumber on each of the arguments and returns the smallest of the
resulting values.

1 If no arguments are given, the result is.+

1 Ifany value is NaN, the result is NaN

1 The comparison of valugs determine the smallest value is done using the Abstract Relafiongdarison
agorithm (7.2.8 except that @ is considered to be larger tha@.

The length  property of the min method is 2.
20.2.2.24 Math.pow (x,Y)
Returns an implementation-dependent approximation to the result of raising x to the power y.

If yis NaN, the result is NaN.

If yis +0, the result is 1, evemifis NaN.

If yis- 0, the result is 1, evenxfis NaN.

If xis NaN andy is nonzero, the result is NaN.

If abs(x)>1 andy is +a, the result is #.

If absf)>1 andy is - 2, the result is +0.

If absf) is 1 andy is +a, the result is NaN.

If absf) is 1 andy is - &, the result is NaN.

If absf)<1 andy is +a, the result is+0:

If absf)<1 andy is - @, the esult is+a.

If xis +a andy>0, the result is&.

If xis +a andy<0, the result is +0.

If xis - @ andy>0 andy is an odd integer, the result-is .

If xis- =& andy>0 andy is not.an odd integer; the result is +
If xis - @ andy<Q.andy is an odd intger, theresult is- 0.

If xis - @ andy<0 andy is not an odd integer, the result is +0.
If xis +0 andy=>0, the result is +0.

If xis +0 andy<0, the result is &.

If xis - 0 andy>0 andy is‘an odd integer, the result-i6.

If xis - 0 andy>0 andy is not an odl integer, the result is +0.
If X is - 0 andy<0 andy is.an odd integer, the result-is .

If X is - 0 andy<0 andy is not an odd integer, the result is +
If x<0 andx is finite andy is finite andy is not an integer, the result is NaN.

e R I I I I R R R R R R ]

20.2.2.25 Math.random ()

Returns a Number value with positive sign, greater than or equal to O but less than 1, chosen randomly or
pseudo randomly with approximately uniform distribution over that range, using an implementation-dependent
algorithm or strategy. This function takes no arguments.

20.2.2.26 Math.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 +a. If x is already an integer,
the result is x.

If xis NaN, the result is NaN.
If xis +0, the result is +0.

If xis- 0, the resultis 0.

If xis +a, the result is &.

If xis- o, the resultisa.

E R
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1 If xis greater than 0 but less than 0.5, the result is +0.
1 If xis les than O but great than or equal te.5, the result is0.

NOTE1  Math.round(3.5) returns 4, but Math.round( 1 3.5) returnsi3.

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.

20.2.2.27 Math.roundFloat32 (x )
When Math.round Float32 is called with argument x the following steps are taken:

1. If xis NaN,returnNaN.

ng

2. If If x one of+0, - 0, +a, - &, then returrx.

3. |Letx32bethe result of converting to a value in IEEEB682 005 bi nary32 format usi
ties to evend rounding mode

4. Letx64be the ECMAScript Number value corresponding3@

5. Returnx64.

20.2.2.28 Math.sign(x)
Returns the sign of the x, indicating whether x is positive, negative or zero.

If x is NaN, the result is NaN.

If x is - 0, the resultis - 0.

If X is +0, the result is +0.

If X is negative and not - 0, the resultis - 1.
If x is positive and not +0, the resultis +1.

E R E E

20.2.2.29 Math.sin (x)

Returns an implementation-dependent approximation to the sine of x. The argument is expressed in radians.

1 If xis NaN, the result is NaN.

1 If xis +0, the result is +0.

1 If xis-0, the resultis 0.

 _f xis +2 or-g, the result is NaN.

20.2.2.30 Math.sinh(x)
Returns an.implementation-dependent approximation to the hyperbolic sine of x.

If X is NaN, the resultis NaN.
If x'is +0, the resultis +0.

If x is = 0, theresult is - 0.

If x is +2, the resultis +a.

If xis - &, the resultis -a.

E ]

NOTE The value of sinh(x) is the same as (exp(x) - exp(-x))/2.

20.2.2.31 Math.sqrt (x)

Returns an implementation-dependent approximation to the square root of x.
 If xis NaN, the result is NaN.

1 If xis less than 0, the resig NaN.
 If xis +0, the result is +0.
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1 If xis- 0, the result is 0.
1 If xis +2, the result is # .

20.2.2.32 Math.tan (x)

Returns an implementation-dependent approximation to the tangent of x. The argument is expressed in
radians.

If xis NaN, the result is NaN.

If xis +0, the result is +0.

If xis- 0, the resultis 0.

If xis +a or- o, the result is NaN.

= =4 = -4

20.2.2.33 Math.tanh(x)
Returns an implementation-dependent approximation to the hyperbolic.tangent of x.

If x is NaN, the result is NaN.
If x is +0, the result is +0.
If x is - 0, the resultis - 0.
If x is +a, the result is +1.
If x is - &, the resultis -1.

e ]

NOTE The value of tanh(x) is the same as (exp(x) - exp(-x))/(exp(x) + exp(-x)).
20.2.2.34 Math.trunc(x)

Returns the integral part of the number x, removing any fractional digits. If X is already an integer, the result is
X.

If X is NaN, the result is NaN.

If x is - 0, the resultis - 0.

If x is +0, the result is +0.

If x is +a, the resultis +a.

If xis - @, the resultis - o

If xis greater than 0 but less than 1, the result is +0.
If xislessthan 0 bugreatetthan- 1, the result is 0.

E R E EE EE]

20.3 Date Objects
20.3.1 Overview of Date Objects and Definitions of Abstract Operations

The following functions are abstract operations that operate on time values (defined in 20.3.1.1). Note that, in
every case, if any argument to one of these functions is NaN, the result will be NaN.

20.3.1.1 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 integers from 19,007,199,254,740,992 to 9,007,199,254,740,992; this range suffices to
measure times to millisecond precision for any instant that is within approximately 285,616 years, either
forward or backward, from 01 January, 1970 UTC.
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The actual range of times supported by ECMAScript Date objects is slightly smaller: exactly i 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.
20.3.1.2 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 modulo msPerDay
20.3.1.3 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 precisely those which are (divisible by 4)
and ((not divisible by 100 or (divisible by 400). The number of days in year number y is therefore defined by

DaysInYeary) =365 if {f modulo4), O
=366 if y modulo 4) = 0 andy(modulo 100), 0
=365 if (y modulo 100) = 0 andy(modulo 400), 0
=366 if ( modulo 400) = 0

All non-leap years have 365days 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:

DayFromYeary) = 3653 (y- 1970) + floor(f- 1969)/4)- floor((y- 1901)/100) + floor(y- 1601)/400)
The time value of the start of a year is:

TimeFromYeary) = msPerDay DayFromYeary)
A time value determines a year by:

YearFromTime{) = the largest integar(closest to positive infinity) such that TimeFromY e t
The leap-year function is 1 for a time within a leap year and otherwise is zero:

InLeapYear() =0 if DaysInYear(YearFromTimgj = 365
=1 if DaysInYear(YearFromTin{g) = 366

20.3.1.4° Month Number

Months are identified by an integer in the range 0to 11, inclusive. The mapping MonthFromTime(t) from a time
value t to a month number.is defined by:

MonthFromTime) =0 if O ¢ DayWithinYear() < 31

=1 if 31 ¢ DayWithinYear ) < 59+InLeapYeat]

=2 if 59+InLeapYear) ¢ DayWithinYear ) < 90+InLeapYeat]

=3 if  90+InLeapYear) ¢ DayWithinYear ) < 120+InLeapYeat]
=4 if 120+InLeapYeat] ¢ DayWithinYear () < 151+InLeapYeat]
=5 if 151+InLeapYeat] ¢ DayWithinYear () < 181+InLeapYeat]
=6 if 181+InLeapYeat] ¢ DayWithinYear () < 212+InLeapYeat]
=7 if 212+InLeapYeat] ¢ DayWithinYear () < 243+InLeapYeat]
=8 if 243+InLeapYeat] ¢ DayWithinYear ) < 273+InLeapYeat}
=9 if 273+InLeapYeat] ¢ DayWithinYear ) < 304+InLeapYeat]
=10 if 304+InLeapYeat] ¢ DayWithinYear ) < 334+InLeapYeat]
=11 if 334+InLeapYeat] ¢ DayWithinYear ) < 365+InLeapYeat]
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where

DayWithinYear) = Day(t)- DayFromYear(YearFromTim8]
A month value of 0 specifies January; 1 specifies February; 2 specifies March; 3 specifies April; 4 specifies
May; 5 specifies June; 6 specifies July; 7 specifies August; 8 specifies September; 9 specifies October; 10
specifies November; and 11 specifies December. Note that MonthFromTime(0) = Pcorresponding to Thursday,
01 January, 1970.

20.3.1.5 Date Number

A date number is identified by an integer in the range 1 through 31, inclusive. The mapping DateFromTime(t)
from a time value t to a month number is defined by:

DateFromTime) = DayWithinYear)+1 if MonthFromTime¢)=0
= DayWithinYear()- 30 if MonthFromTime¢)=1
= DayWithinYearf()- 58 InLeapYear) if MonthFromTime¢)=2
= DayWithinYearf)- 8% InLeapYeart) if MonthFromTime()=3
= DayWithinYearf)- 119 InLeapYeart) if MonthFromTime()=4
= DayWithinYearf)- 150 InLeapYear) if MonthFromTime()=5
= DayWithinYearf)- 180.InLeapYear) if MonthFromTime()=6
= DayWithinYear()- 211- InLeapYean) if MonthFromTime¢)=7
= DayWithinYear()- 242 InLeapYean) if MonthFromTime()=8
= DayWithinYearf)- 272 InLeapYear() if MonthFromTime¢)=9
= DayWithinYearf)- 303 InLeapYeart) if MonthFromTime({)=10
= DayWithinYearf)- 333 InLeapYearf) if MonthFromTime(f)=11

20.3.1.6 Week Day

The weekday for a particular time value t is defined as
WeekDayf) = (Dayt) + 4) modulo 7

A weekday value of 0 specifies Sunday; 1 specifies Monday; 2 specifies Tuesday; 3 specifies Wednesday;
4 specifies Thursday; 5 specifies Friday; and 6 specifies Saturday. Note that WeekDay(0) = 4corresponding to
Thursday, 01 January, 1970.

20.3.1.7 Local Time Zone Adjustment

An implementation. of ECMAScript is expected to determine the local time zone adjustment. The local time
zone adjustment is a value LocalTZA measured in milliseconds which when added to UTC represents the
local standard time. Daylight saving time is not reflected by LocalTZA.

NOTE It is recommended that implementations use the time zone information of the IANA Time Zone Database]
20.3.1.8  Daylight Saving Time Adjustment

An implementation. of ECMAScript is expected to make its best effort to determine the local daylight saving
time adjustment. An implementation dependent algorithm using best available information on time zones to
determine the local daylight saving time adjustment DaylightSavingTA(t), measured in milliseconds.

20.3.1.9 Local Time

Conversion from UTC to local time is defined by

LocalTimet) =t + LocalTZA + DaylightSavingT Af)
Conversion from local time to UTC is defined by

UTC(t) =ti LocalTZAT DaylightSavingTA{i LocalTZA)
Note that UTC(LocalTime()) is not necessarily always equal to t.
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20.3.1.10 Hours, Minutes, Second, and Milliseconds

The following functions are useful in decomposing time values:
HourFromTime() = floor(t/ msPerHour) modulo HoursPerDay
MinFromTime¢) = floor(t/ msPerMinute) modulo MinutesPerHour
SecFromTimef] = floor(t / msPerSecond) modulo SecondsPerMinute
msFromTimef) =t modulo msPerSecond
where
HoursPerDay =24
MinutesPerHour = 60
SecondsPerMinute 60
msPerSecond = 1000
msPerMinute = 60000 = msPerSecontl SecondsPerMinute
msPerHour = 3600000 = msPerMinuté MinutesPerHour
20.3.1.11 MakeTime (hour, min, sec, ms)

The operator MakeTime calculates a number of milliseconds from its four arguments, which must be
ECMAScript Number values. This operator functions as follows:

If houris not finite orminis not finite orsecis not finite ormsis not finite, returrNaN.

Let h be Tolntegetgour).

Let m be Tolntegenfin).

Let sbe Tolntegergeg.

Let milli be Tolntegenfis.

Lett beh* msPerHour m* msPerMinutet s* msPe&Second+ milli, performing the arithmetic according
to IEEE 754 rules (that.is, as if using the ECMAScript operatoasd+).

7. Returnt.

ol wnNnE

20.3.1.12 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 yearis not finite ormonthis not finite ordateis not finite, returrNaN.

Lety be Tolntegeryean.

Let mbe Tolntegenfonth.

Letdt be Tolntegerdate).

Letymbey + floor(m/12),

Let mnbem modulo 12.

Find a valuet such that YearFromTimg(is ymand MonthFromTime] is mnand DateFromTime] is 1; but
if this is not possible (because some argument is out of range), iaNn

8. Return Dayf) +dt- 1.

Nog,wnE

20.3.1.13 MakeDate (day, time)

The operator MakeDate calculates a number of milliseconds from its two arguments, which must be
ECMAScript Number values. This operator functions as follows:

1. If dayis not finite ortimeis not finite, returrNaN.
2. Returnday® msPerDay #ime.
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20.3.1.14 TimeClip (time)

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 timeis not finite, returrNaN.
2. If abstime) > 8.64x 10, returnNaN.
3. Return Tolnteget{me) + (+0). (Adding a positive zero convertd to +0.)

NOTE The point of step 3 is that an implementation is permitted a choice of internal representations of time values,
for example as a 64-bit signed integer or as a 64-bit floating-point value. Depending on the implementation, this internal
representation may or may not distinguish - 0 and +0.

20.3.1.15 Date Time String Format

ECMAScript defines a string interchange format for date-times based upon a simplification of the 1SO 8601
Extended Format. The format is as follows: YYYY- MM DDTHH:mm:ss'sss Z

Where the fields are as follows:

YYYY is the decimal digits of the year 0000 to 9999 .in the Gregorian calendar.
- f+ 0 ( hy pppearns )iterally 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 firo  eearpliterally 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.

it 0 ( c appears)iterally twice in the string.
mm  is the number of complete minutes since the start of the hour as two decimal digits from 00 to
59.
ss is the number of complete seconds since the start of the minute as two decimal digits from 00
to 59.
. iio ( dppeaps literally in'the string.
sss is the number of complete milliseconds since the start of the second as three decimal digits.
4 is the time zone @iféebor speC€)tbioed eddhBowdd by a ti me
expression HH:mm

This format includes date-only forms:

YYYY
YYYY- MM
YYYY-MMDD

ltalsoincludes fid attieme © f or ms t hat c ons i-alyform$immediatelydolloweédibyoneebove dat e
of the following time forms with an optional time zone offset appended:

THH:mm
THH:mm:ss
THH:mm:ss.sss

All numbers must be base 10. If the MMor DDf i el ds a0l® alss aurste dii # the HHhmemowsa | u e .
fields ab® abBsestdfias the val uessahide tOB0®i. v dafiue hef tamealzoeaeret of f set
is absent, the date-time is interpreted as a local time.

lllegal values (out-of-bounds as well as syntax errors) in a format string means that the format string is not a
valid instance of this format.
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NOTE1 As every day both starts and ends with midnight, the two notations 00:00 and 24:0 0 are available to
distinguish the two midnights that can be associated with one date. This means that the following two notations refer to
exactly the same point in time: 1995 - 02- 04T24:00 and 1995- 02- 05T00:00

NOTE 2  There exists no international standard that specifies abbreviations for civil time zones like CET, EST, etc. and
sometimes the same abbreviation is even used for two very different time zones. For this reason, 1ISO 8601 and this
format specifies numeric representations of date and time.

20.3.1.15.1Extended years

ECMAScript requires the ability to specify 6 digit years (extended years); approximately 285,426years, either
forward or backward, from 01 January, 1970 UTC. To represent years before 0 or after 9999 ISO 8601
permits the expansion of the year representation, but only by prior agreement between the sender and the
receiver. In the simplified ECMAScript format such an expanded year representation shall have 2 extra year
digits and is always prefixed with a + or i 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.
-000001-01-01T00:00:00Z 2B.C.
+000000-01-01T00:00:00Z 1B.C.
+000001-01-01T00:00:00Z 1AD.
+001970-01-01T00:00:00Z 1970 A.D.
+002009-12-15T00:00:00Z 2009 A.D.
+287396-10-12T08:59:00.992Z 287396 A.D.

20.3.2 The Date Constructor

The Date constructor is the %Date% intrinsic object and the initial value of the Date property of the global
object. When Date is called as a function rather than as a constructor, it returns a String representing the
current time (UTC). However,if the this value value passed in the call is an Object with an uninitialised
[[DateValue]] internal data property, Date initialises the this object using the argument value. This permits
Date to be used both as‘a function for creating data strings and to perform constructor instance initialization.

The Date constructor is designed to be subclassable. It may be used as the value of an extends clause of a
class declaration. Subclass constructors that intended to inherit the specified Date behaviour must include a
super call to the.Date constructor to initialise the [[DateValue]] state of subclass instances.

20.3.2.1. Date (year, month [, date [, hours [, minutes [, seconds [, ms]]]1])
This description applies only if the Date constructor is called with at least two arguments.
When the Date function is called the following steps are taken:

Let numberOfArgde the number of arguments passed to this coosdr call.
Assert:numberOfArgd 2 .

Let O be thethis value.

If Type(O) is Object andd has a [[DateValue]] internal data property and the value of [[DateValue]] is
undefined, then

Lety be ToNumbenear.

ReturnIfAbruptfear).

Let m be ToNumbenfionth.

ReturnIfAbruptfnonth.

If dateis supplied then ledt be ToNumberdate); else letdt be 1.
ReturnIfAbrupt@t).

If hoursis supplied then lelt be ToNumbeffours); else leth beO.
ReturnIfAbruptf).

If minutesis supplied then lemin be ToNumbenfiinute$; else letmin beO.

PwnpE

TF@moeap o
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ReturnIfAbruptmin).

If secondss supplied then le$ be ToNumbergecondy else lets be 0.

ReturnIfAbrupté).

If msis supplied then lemilli be ToNumbenfs); else letmilli beO.

ReturnIfAbruptmilli).

If yis notNaN andO ¢ Tolntegerf) ¢ 99, then letyr be 1900+Tolntegex(); otherwise, leyr bey.
LetfinalDatebe MakeDate(MakeDay¢, m, dt), MakeTimef, min, s, milli)).

Set the [PateValue]] internaldataproperty ofO to TimeClip(UTC(inalDate)).

ReturnO.

SevOos3ITAT

5. Else,
a. Return the esult computeas if by the expressiofnew Date()).toString() whereDate is

this functionandtoString is the&tandard buiin methodDate.prototype.toString | Commented [AWB14128]:  Need to express as an intrinsic
from same realm as this function.

20.3.2.2 Date (value)
This description applies only if the Date constructor is called with exactly one argument.

When the Date function is called the following steps are taken:

1. LetnumberOfArgde the number of arguments‘passed to this constructor call.
2. Assert:numberOfArgs= 1.
3. LetO be thethis value.
4. If Type(O) is Object and has a [[DateValue]] inteml data property and the value of
[[DateValue]] isundefined, then
a. If Type(value) is Object andvaluehas a [[DateValue]] internal data property, then
i Let tv be thisTimeValuefalue).
b. Else,
i Letv be ToPrimitivegalue).
ii. If Type(v) is String, then
1. Lettv bethe result of parsing as a date, in exactly the same manner as for
theparse method @0.3.3.3. If the parse resulted in an abrupt
completion,tv is the Completion Record.
iii. Else,
1. Lettv be ToNumben).

c. ReturnlfAbruptfv):

d. Setthe [[Datevalue]] internaldataproperty ofO to TimeClipgv).

e. ReturnO.
5. Else,

a. Return the result computeas if by the expressiofmew Date()).toString() where

Date isthis functionandtoString is theﬁtandard buikin method
Date.prototype.toString ‘ Commented [AWB14129]:  Need to express as an intrinsic

from same realm as this function.

20.3.2.3" Date ()
This description applies only if the Date constructor is called with no arguments.

When the Date functionis called the following steps are taken:

1. LetnumberOfArgde the number of arguments passed to this constructor call.
2. Assert:numberOfArgs= 0.
3. LetO be thethis value.
4. If Type(O) is Object and has a [[DateValue]] internal data property and the value of [[DateValue]] is
undefined, then
a. Set the [Patevalue]] internaldataproperty ofO to the time value (UTC) identifying the current time.
b. RetunO.
5. Else,
a. Return the result computesss if by the expressiomew Date()).toString() whereDate is
this functionandtoString is theL';tandard buikin methodDate.prototype.toString ] Commented [AWB14130]:  Need to express as an intrinsic

from same realm as this function.
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20.3.2.4 new Date ( ... argumentsList)
Date called as part of a new expression with argument list argumentsListt performs the following steps:

1. LetF be theDate function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by
thenew operaor.

3. Returnthe result ofOrdinaryConstruc{F, argumentsLigt

If Date is implemented as an ordinary function object, its [[Construct]] internal method will perform the above
steps.

20.3.3 Properties of the Date Constructor

The value of the [[Prototype]] internal data property of the Date constructor is the Function prototype object
(19.2.3).

Besides the length  property (whose value is 7), the Date constructor has the following properties:
20.3.3.1 Date.now ()

The now function return a Number value that is the time value designating the UTC date and time of the
occurrence of the call to now.

20.3.3.2 Date.parse (string)

The parse function applies the ToString operator to its argument. If ToString results in an abrupt completion
the Completion Record is immediately returned. Otherwise, parse interprets the resulting String as a date
and time; it returns a Number, the UTC 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 attempts to parse the format of the String according to the rules called out in Date
Time String Format (20.3.1.45). If the String does not conform to that format the function may fall back to any
implementation-specific heuristics or implementation-specific date formats. Unrecognisable Strings or dates
containing illegal element values in the format String shall cause Date.parse  to return NaN.

If x is any Date object whose milliseconds amount is zero within a particular implementation of ECMAScript,
then all of the following expressions should produce the same numeric value in that implementation, if all the
properties referenced have their initial values:

x.valu eOf()

Date.parse(  x.toString())

Date.parse(  x.toUTCString())

Date.parse(  x.tolSOString())
However, the expression

Date.parse( x.toLocaleString())
is not required to produce the same Number value as the preceding three expressions and, in general, the
value produced by Date.parse is implementation-dependent when given any String value that does not
conform to the Date Time String Format (20.3.1.15) and that could not be produced in that implementation by
the toString  or toUTCString  method.

20.3.3.3 Date.prototype
The initial value of Date.prototype is the built-in Date prototype object (20.3.4).

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

278 © Ecma International 2013



pecma

20.3.3.4 Date.UTC (year, month [, date [, hours [, minutes [, seconds [,ms]]]11]1)

When the UTCfunction 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 secondsaind ms The following steps are taken:

Lety be ToNumbenear.

ReturnIfAbruptf).

Let m be ToNumbenfionth.

ReturnIfAbruptfn).

If dateis supplied then ledt be ToNumberdate); else letdt be 1.
ReturnIfAbrupt@t).

If hoursis supplied then lelt be ToNumbeiifours; else leth beO.
ReturnIfAbrupth).

If minutesis supplied then lemin be ToNumbenfiinute$; else letmin be0.
10. ReturnIfAbruptin).

11. If secondss supplied then les be ToNumbergemnds; else lets be 0.

12. ReturnIfAbrupt®).

13. If msis supplied then lemilli be ToNumbenhs; else letmilli' be0.

14. ReturnlfAbruptfmilli).

15. If yis notNaN andO0 ¢ Tolnteger§) ¢ 99, then letyr be 1900+Tolntegerf); otherwise, letr bey.
16. Return TimeClip(M&eDate(MakeDayyr, m, dt), MakeTimef, min, s,milli))).

CONOUTAMWNE

The length  property of the UTCfunction is 7.

NOTE The UTCfunction differs from the Date constructor in two ways: it.returns a time value as a Number, rather
than creating a Date object, and it interprets the arguments in UTC rather than as local time.

20.3.3.5 Date[ @@create] ()

The @@create method of an object F performs the following steps:

1. Letobjbethe result of callingrdinaryCreateFromConstruc(6t " ¥Date Prototype% ", ([[DateValud])).

2. ReturnlfAbupt(obj).

3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[DateValue]] is initially assigned the value undefined as a flag to indicate that the instance has not yet been
initialised by the Date constructor. This flag value is never directly exposed to ECMAScript code; hence implementation
may choose to encode the flag in some other manner.

20.3.4 Properties of the Date Prototype Object

The Date prototype object is itself an ordinary object. It is not a Date instance and does not have a
[[DateValue]] internal data property.

The value of the [[Prototype]] internal data property of the Date prototype object is the standard built-in Object
prototype object (20.3.4).

Unless explicitly defined otherwise, the methods of the Date prototype object defined below are not generic
and the this value passed to them must be an object that has a [[DateValue]] internal data property that has
been initialised to a time value.

The abstract operation thisTimeValuefvalug performs the following steps:

1. If Type(value)is Object andraluehas a [[DateValue]] internal data property, then

a. Letn be the Number that is the valuewfa | UJ[MudnberData]] internal data property.
b. If nis notundefined, then returm.
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2. Throw aTypeError exception

In following descriptions of functions that are properties of
objecto refers t othis valee foo thg irvacationtofithe functios. Thelp é r a s etiméw ehli 1se 0

within the specification of a method refers to the result returned by calling the abstract operation

thisTimeValue with the this value of the method invocation passed as the argument.

20.3.4.1 Date.prototype.constructor

The initial value of Date.prototype.constructor is the built-in Date constructor.
20.3.4.2 Date.prototype.getDate ()

1. Lett be this time value.

2. ReturnlfAbruptg).

3. If tisNaN, returnNaN.

4. Return DateFromTime(LocalTimgj.

20.3.4.3 Date.prototype.getDay ()

Lett be this time value.

ReturnlfAbrupt(t).

If tis NaN, returnNaN.
Return WeekDay(LocalTimg)).

Eal ol N

20.3.4.4 Date.prototype.getFullYear ()

1. Lett be this time value.

2. ReturnlfAbrupt().

3. If tisNaN, returnNaN.

4. Return YearFromTime(LocalTimg].

20.3.4.5 Date.prototype.getHours ()

1. Lett be this time value.

2. ReturnlfAbruptt).

3. If tisNaN, returnNaN.

4. Return HourFromTime(LocalTime)).

20.3.4.6 - Date.prototype.getMilliseconds ()

Lett be this time value.
ReturnlfAbrupt¢).

If tisNaN, returnNaN.

Return msFromTime(LocalTimg).

Eal ol N

20.3.4.7 Date.prototype.getMinutes ()

1. Lett bethis time value.

2. ReturnlfAbrupt().

3. If tisNaN, returnNaN.

4. Return MinFromTime(LocalTimey).

20.3.4.8 Date.prototype.getMonth ()

Lett be this time value.
ReturnIfAbrupt().

If tis NaN, returnNaN.

Return MonthFromTime(LocalTime)).

pPwbdE
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20.3.4.9 Date.prototype.getSeconds ()

Lett be this time value.
ReturnIfAbrupt¢).

If tis NaN, returnNaN.

Return SecFromTime(LocalTimgj.

rPODNPE

20.3.4.10 Date.prototype.getTime ()
1. Return this time value.

20.3.4.11 Date.prototype.getTimezoneOffset ()

Returns the difference between local time and UTC time in minutes.

Lett be this time value.
ReturnIfAbrupt¢).

If tis NaN, returnNaN.

Return € - LocalTimet)) / msPerMinute.

Eal el

20.3.4.12 Date.prototype.getUTCDate ()

Lett be this time value.
ReturnIfAbrupt¢).

If tis NaN, returnNaN.
Return DateFromTime).

rPONPE

20.3.4.13 Date.prototype.getUTCDay ()

Lett be this time value.
ReturnIfAbrupt¢).

If tis NaN, returnNaN.
Return WeekDayyj.

PN PE

20.3.4.14 Date.prototype.getUTCFullYear ()

Lett be this time value.
ReturnIfAbrupt().

If tis NaN, returnNaN.
Return YearFromTimey.

pPODNPE

20.34.15 Date.prototype.getUTCHours ()

Let t be this time value.
ReturnlfAbrupt¢).

If tis NaN, returnNaN.
Return HourFromTiméj.

rPODPE

20.3.4.16 Date.prototype.getUTCMilliseconds ()

Lett be this time value.
ReturnIfAbrupt¢).

If tis NaN, returnNaN.
Return msFromTima}.

pONPE

20.3.4.17 Date.prototype.getUTCMinutes ()
1. Lett be this time value.

2. ReturnlfAbrupt().
3. If tisNaN, returnNaN.
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4. Return MinFromTimet).
20.3.4.18 Date.prototype.getUTCMonth ()

1. Lett be this time value.
2. ReturnlfAbruptf).

3. If tisNaN, returnNaN.

4. Return MonthFromTimej.

20.3.4.19 Date.prototype.getUTCSeconds ()

1. Lett be this time value.
2. ReturnlfAbrupt().

3. If tisNaN, returnNaN.

4. Return SecFromTime).

20.3.4.20 Date.prototype.setDate (date)

Lett be the result of LocalTime(this time value).

Let dt be ToONumberdate).

Let newDatebe MakeDate(MakeDay(YearFromTintg(MonthFromTime(), dt), TimeWithinDay()).
Letu be TimeClip(UTCAewDatg).

Set the [PateValud] internal dataproperty of this Date objedb u.

Returnu.

onhwNE

20.3.4.21 Date.prototype.setFullYear (year [;month [, date]])
If monthis not specified, this behaves as if month were specified with the value getMonth()
If dateis not specified, this behaves as if datewere specified with the value getDate()

Lett be the result of LocalTime(this time value); but if this time valuda, lett be +0.

Lety be ToNumbenear).

If monthis not specified, then leh be MonthFromTimet); otherwise, letm be ToNumbenfionth.
If dateis not specified, then lett be DateFromTimej; otherwise, letdt be ToNumbenfate).

Let newDatebe MakeDate(MakeDay( m, dt), TimeWithinDayf)).

Let u be TimeClip(UTCAewDatg).

Set the [PateValud] internal dataproperty of this Date objec¢o u.

Returnu:.

ONOUTAWNE

The length  property of the setFullYear . method is 3.

20.3.4.22 Date.prototype.setHours (hour [, min[,sec[,ms]]])

If minis not specified, this behaves as if min were specified with the value getMinutes()

If secis not specified, this‘behaves as if secwere specified with the value getSeconds()

If msis not specified, this behaves as if mswere specified with the value getMilliseconds()

Lett be the result of LocalTime(this time value).

Let h be ToNumbetour).

If minis not specified, then leh be MinFromTimef); otherwise, lem be ToNumbenin).

If secis not specified, then letbe SecFromTiméJ; otherwise, les be ToNumbergeq.

If msis na specified, then lemilli be msFromTimey; otherwise, lemilli be ToNumbenfs.
Let datebe MakeDate(Dayj, MakeTimef, m, s, milli)).

Letu be TimeClip(UTC(@ate).

Set the [PateValud] internal dataproperty of this Date objeco u.

Returnu.

COoNoOOMWNE
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The | ength property of the setHours method is 4.
20.3.4.23 Date.prototype.setMilliseconds (ms)

Lett be the result of LocalTime(this time value).

Let time be MakeTime(HourFromTime), MinFromTimet), SecFromTime), ToNumber(ns).
Letu be TimeClip(UTC(MakeDate(Day), time))).

Set the [PateValud] internal dataproperty of this Date object to

Returnu.

agrwNE

20.3.4.24 Date.prototype.setMinutes (min [,sec[,ms]])
If secis not specified, this behaves as if secwere specified with the value getSeconds()
If msis not specified, this behaves as if mswere specified with the value getMilliseconds()

Lett be the result of LocalTime(this time value).

Let m be ToNumbenfin).

If secis not specified, then letbe SecFromTime]; otherwise, les be ToNumbergeq.

If msis not specifié, then lemilli be msFromTimey; otherwise, lemilli be ToNumbenfs.
Let datebe MakeDate(Day}, MakeTime(HourFromTime}, m, s, milli)).

Letu be TimeClip(UTC(ate)).

Set the [PateValud] internal dataproperty of this Date objec¢b u:

Returnu.

ONOOAWNE

The length  property of the setMinutes  method is 3.
20.3.4.25 Date.prototype.setMonth (month [, date ] )
If dateis not specified, this behaves as if datewere specified with the value getDate()

Lett be the result of LocalTime(this time value).

Let m be ToNumbenforth).

If dateis not specified, then lett be' DateFromTime]; otherwise, ledt be ToNumbemate).
Let newDatebe MakeDate(MakeDay(YearFromTinig(m, dt), TimeWithinDayf()).

Letu be TimeClip(UTCHewDat§).

Set the [DateValud] internaldataproperty ofthis Date objecto u.

Returnu.

Noo,wh e

The length ~ property of the setMonth method is 2.
20.3.4.26 Date.prototype.setSeconds (sec [, ms])
If msis not specified, this behaves as if mswere specified with the value getMilliseconds()

Lett be the result of LocalTime(thisme value).

Let s be ToNumbergeg.

If msis not specified, then letilli be msFromTimey; otherwise, lemilli be ToNumbenfsg.
Let datebe MakeDate(Day}, MakeTime(HourFromTime}, MinFromTime(¢), s, milli)).
Letu be TimeClip(UTC(ate).

Set the [PateValud] internal dataproperty of this Date object ta

Returnu.

Noo,rwhE

The length  property of the setSeconds method is 2.
20.3.4.27 Date.prototype.setTime (time)

1. Letv be TimeClip(ToNumbet{me)).
2. ReturnlfAbrupt{).
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3. Set the [PateValud] internal dataproperty of ths Date object tw.
4. Returnv.

20.3.4.28 Date.prototype.setUTCDate (date)

Lett be this time value.

ReturnIfAbrupt().

Let dt be ToONumberdate).

Let newDatebe MakeDate(MakeDay(YearFromTint(MonthFromTime(), dt), TimeWithinDay()).
Letv be TimeClippewDatg.

Se the [[DateValud] internal dataproperty of this Date object ta

Returnv.

Nogo,rwhE

20.3.4.29 Date.prototype.setUTCFullYear (year [, month [, date]])
If monthis not specified, this behaves as if monthwere specified with the value getUTCMonth()
If dateis not specified, this behaves as if datewere specified with the value getUTCDate()

Lett be this time value; but if this time value N&aN, lett be +0.

ReturnIfAbrupt().

Lety be ToNumberean.

If monthis not specified, then leh be MonthFromTimet); otherwise et m be ToNumbenfionth.
If dateis not specified, then latt be DateFromTime]; otherwise, letit be ToNumberdate).

Let newDatebe MakeDate(MakeDay( m, dt), TimeWithinDay()).

Letv be TimeClippewDatg.

Set the [PateValud] internal datapropertyof this Date object to.

Returnv.

©COeNoOGO~WNE

The length  property of the setUTCFullYear  method is 3.

20.3.4.30 Date.prototype.setUTCHours (hour [, min[,sec[,ms]]])

If min is not specified, this behaves as if min were specified with the value getUTCMinutes()

If secis not specified, this behaves as if secwere specified with the value getUTCSeconds()

If msis not specified, this behaves as if mswere specified with the value getUTCMilliseconds()

1. Lett be this time value.

2. ReturnifAbrupt().

3. Lethbe ToNumbetgour).

4. 1f minis not specified, then leh be MinFromTimef); otherwise, lem be ToNumbenin).
5. If secis not specified, then letbe SecFromTimey); otherwise, les be ToNumbergeq.

6. If msis not specified, then lanilli be msFromTimey; otherwise, lemilli be ToNumbenfhs.
7. LetnewDatebe MakeDate(Day}, MakeTimef, m, s, milli)).

8. Letvbe TimeClipaewDatg.

9. Set the [PateValud] internal dataproperty of this Date object ta

10. Returnv.

The length  property of the setUTCHours method is 4.
20.3.4.31 Date.prototype.setUTCMilliseconds (ms)

Lett be this time value.

ReturnIfAbrupt¢).

Let time be MakeTime(HourFromTime), MinFromTime(), SecFromTimet), ToNumberng).
Letv be TimeClip(MakeDate(Day), time)).

Set the [PateValud] internal dataproperty of this Date obg tov.

apwnNeE
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6. Returnv.
20.3.4.32 Date.prototype.setUTCMinutes (min [, sec [,ms]])
If secis not specified, this behaves as if secwere specified with the value getUTCSeconds()

If ms is not specified, this function behaves as if ms were specified with the value return by
getUTCMilliseconds()

Lett be this time value.

ReturnIfAbrupt¢).

Let m be ToNumbenfin).

If secis not specified, then letbe SecFromTime]; otherwise, les be ToNumbergeq.

If msis not specified, then lenilli be msFromTimey; otherwise, ¢t milli.be ToNumbenfsg.
Let datebe MakeDate(Day}, MakeTime(HourFromTime}, m, s, milli)).

Letv be TimeClip¢ate).

Set the [PateValud] internal dataproperty of this Date object ta

Returnv.

©CONOTAWNE

The length  property of the setUTCMinutes method is 3.
20.3.4.33 Date.prototype.setUTCMonth (month [, date] )
If dateis not specified, this behaves as if datewere specified with the value getUTCDate()

Lett be this time value.

ReturnIfAbrupt¢).

Let m be ToNumbenfionth.

If dateis not specified, then lett be DatéromTime(); otherwise, letlt be ToNumbemate).
Let newDatebe MakeDate(MakeDay(YearFromTint(m, dt), TimeWithinDay()).

Letv be TimeClipoewDatg:

Set the [PateValud] internal dataproperty of this Date object ta

Returnv.

ONoOTAMONE

The length  property of the setUTCMonth method is 2.
20.3.4.34 Date.prototype.setUTCSeconds (sec [,ms])
If msis not.specified, this behaves as if mswere specified with the value getUTCMilliseconds()

Lett be this time value.

ReturnIfAbrupt¢).

Let sbe ToNumbergeg.

If msis not pecified, then lemilli be msFromTimey; otherwise, lemilli be ToNumbenfs.
Let datebe MakeDate(Dayj, MakeTime(HourFromTime}, MinFromTime(¢), s, milli)).
Letv be TimeClip¢ate).

Set the [PateValugd] internal dataproperty of this Date object ta

Returnv.

ONOOTAWNE

The length  property of the setUTCSeconds method is 2.
20.3.4.35 Date.prototype.toDateString ()
This function returns a String value. The contents of the String are implementation-dependent, but are

intended to represent t mé¢he dudeatttireedzonp io a convenient,dhidmart-readabl® at e
form.
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20.3.4.36 Date.prototype.tolSOString ()

This function returns a String value representing the instance in time corresponding to this time value. The
format of the String is the Date Time string format defined in 20.3.1.15. All fields are present in the String. The
time zone is always UTC, denoted by the suffix Z. If this time value is not a finite Number a RangeError
exception is thrown.

20.3.4.37 Date.prototype.toJSON ( key )
This function provides a String representation of a Date object for use by JSON.stringify (24.3.3).
When the toJSON method is called with argument key, the following steps are taken:

Let O be the result of calling ToObject, giving lethis value as its argument.

Lettv be ToPrimitiveQ, hint Number).

If tvis a Number and is not finite, returull.

LettolSObe the result of GéD, " tolSOString ").

ReturnIfAbrupt¢olSO).

If IsCallabletolSO) is false, throw aTypeError exception.

Return the result of calling the [[Call]] internal methodt@iSOwith O asthisArgumentand an empty.ist
asargumentsList

Nogo,rwnpe

NOTE1  The argument is ignored.

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
tolSOString  method. An object is free to use the argument keyto filter its stringification.

20.3.4.38 Date.prototype.toLocaleDateString ()

This function returns a String value. The contents of the String are implementation-dependent, but are

intended to represent the fidateo portion of trbadabl®ate in the current time zone |
form that correspondstot the conventi ons of the host environmentds current | ocale.
NOTE 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.

20.3.4.39 Date.prototype.toLocaleString ()

This function returns a String value. The contents of the String are implementation-dependent, but are

intended to represent the Date in the current time zone in a convenient, human-readable form that

corresponds totheconven t i ons of the host environmentodés current | ocale.

NOTE 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.

20.3.4.40 Date.prototype.toLocaleTimeString ()

This function returns a String value. The contents of the String are implementation-dependent, but are

intended to represent the fAtimed portion of treadabl®ate in the current time zone |
form thatcorresponds t o the conventions of the host environmentdéds current | ocale.
NOTE 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.
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20.3.4.41 Date.prototype.toString ()

This function returns a String value. If this time value is NaN, the String value is "Invalid Date" , otherwise
the contents of the 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 20.3.3.2.

20.3.4.42 Date.prototype.toTimeString ()

This function returns a String value. The contents of the String are implementation-dependent, but are
intended to r epr es e tndDate né¢he dutrentrineedzong ia @& donvenient, ifiman-readable
form.

20.3.4.43 Date.prototype.toUTCString ()

This function returns a String value. The contents of the String are implementation-dependent, but are
intended to represent this time value 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
20.3.1.15. It is not essential that the chosen format be unambiguous or easily'machine parsable. If an implementation
does not have a preferred human-readable format it is recommended. to use the format defined in 20.3.1.15 but with a
space rathlerusddnta@a $ieparate the date and time el ements.

20.3.4.44 Date.prototype.valueOf ()
The valueOf function returns a Number, which is this time value.
20.3.4.45 Date.prototype [ @@ToPrimitive ] (hint)

This function is called by ECMAScript language operators to convert an object to a primitive value. The
allowed values for hint are "default ", "number"”, and "string ". Date objects, are unique among built-in
ECMAScript object in that they treat "default " as being equivalent to "string ", All other built-in
ECMAScript objects treat "default " as being equivalent to "number ".

When the @@ToPrimitive method is called with argument hint, the following steps are taken:

1. LetO.be thethis value

2. If Type(O) is not Object, then throw &ypeError exception.

3. If hintis the string valuéstring " orthe string valué'default ", then
a. LettryFirst be"string "

4. Elseifhintis the string valu¢'number ", then
a. LettryFirst be "number".

5. Else, throw alypeError-exception.

6. Return the result of OrdinaryToPrimitiv@(tryFirst).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
20.3.5 Properties of Date Instances
Date instances are ordinary objects that inherit properties from the Date prototype object. Date instances also

have a [[DateValue]] internal data property. The [[DateValue]] internal data property is the time value
represented by this Date object.
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21 Text Processing

21.1 String Objects

21.1.1 The String Constructor

The String constructor is the %String% intrinsic object and the initial value of the String property of the
global object. When String s called as a function rather than as a constructor, it performs a type conversion.
However, if the this value value passed in the call is an Object with an uninitialised [[StringData]] internal data
property, it initialises the this value using the argument value. This permits String to be used both to

perform type conversion and to perform constructor instance initialization.

The String constructor is designed to be subclassable. It may be used as the value of an extends clause
of a class declaration. Subclass constructors that intended to inherit the specified String  behaviour must
include a super call to the String  constructor to initialise the [[StringData]] state of subclass instances.

21.1.1.1 String ( [value])

Returns a String value (not a String object) computed by ToString{alué. If valueis not supplied, the empty
String "™ is returned.

When String s called with argument valug the following steps are taken:

1. LetO be thethis value.
2. If no arguments were passed to this function invocation, thesidet" .
3. Else, letsbe ToString(alue).
4. ReturnlfAbruptg).
5. If Type(O) is Object and has a [[StringData]] internal data propertydathe value of [[StringData]] is
undefined, then
a. Letlengthbe the number of code unit elementssin
b. Let statusbe the result of DefinePropertyOrThrow(" length ", Property Descriptdi[Value]]:
length [[Writable]]: false, [[Enumerable]]ifalse, [[Configurable]]:false}).
c. ReturnIfAbruptétatug.
d. Set the value 00 6 [fStringData]] internal data property ®©
e. ReturnO.
6. Returns.

21.1.1.2 new String (.... argumentsList)

String < called as part of a new expression , it initialises a newly created exotic String object:

1. LetF be theString function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by
thenew operator.

3. Returnthe result ofOrdinaryConstruc{F, argumentsist).

If String is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

21.1.2 Properties of the String Constructor

The value of the [[Prototype]] internal data property of the String constructor is the standard built-in Function
prototype object (19.2.3).

Besides the length  property (whose value is 1), the String constructor has the following properties:
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21.1.2.1 String.fromCharCode ( ...codeUnits)

The String. fromCharCode function may be called with a variable number of arguments which form the
rest parameter codeUnits The following steps are taken:

Assert:codeUnitsis a weltformed rest parameter object.
Let lengthbe the result oGefcodeUnits "length” ).
Letelementde a new List.
Let nextindexbe 0.
Repeat whilenextindex< length
a. Letnextbe the result of GetpdeUnits ToStringfiextindey).
b. LetnextCUbe ToUintl16qex).
c. ReturnlfAbruptfiextCU.
d. AppendnextCUto the end otlements
e. Letnextindexbenextindext+ 1.
6. Return the Stringyalue whose elements are, in order, the elements in theelestentsIf lengthis 0, the
empty string is returned.

agrpODE

The length  property of the fromCharCode function is 1.
21.1.2.2 String.fromCodePoint ( ...codePoints)

The String. from CodePoint function may be called with a variable number of arguments which form the
rest parameter codePointsThe following steps are taken:

Assert:codePointsis a wellformed rest parameter object.
Let lengthbe the result oGefcodePoints"length" ).
Letelementde a new List.
Letnextindexbe 0.
Repeat whilenextindex< length
a. Letnextbe the result of GetpdePoints ToStringhextinde).
b. Letnext@ be ToNumbenfex).
c. ReturnifAbruptfiext@P).
d. If SameValuefextCR TolntegerextCB) isfalsethen throw e&RangeError exception.
e
f.

arwNE

If nextCP< 0 ornextCP>0x10FFFF, then throw RangeError exception.
Append the elements of the U6 Encoding (clause 6) afext@ to the end oklements
. Let nextindexbenextindex+ 1.
6. Return the String value whose elements are, in order, the elemethis ListelementsIf lengthis 0, the
empty.string is returned.

The length  property of the fromCode Point function is 0.

21.1.2.3 String.prototype

The initial value of String.prototype is the standard built-in String prototype object (21.1.3).
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
21.1.2.4 String.raw ( callSite, ...substitutions)

The String.raw  function may be called with a variable number of arguments. The first argument is callSite
and the remainder of the arguments form the rest parameter substitutionsThe following steps are taken:

Assert:substitutionss a welkformed rest parameter object.
Let cookedbe ToObject¢allSite).

ReturnIfAbruptcooked.

Let rawValuebe the esult of Get€ooked " raw" ).

Let raw be ToObjectiawValug.

ReturnIfAbruptfaw).

o ArWONE
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7. Letlen be the result oGGefraw, "length” ).

8. LetliteralSegmentde ToLengthien).

9. ReturnlfAbrupt(iteralSegments

10. If literalSegment® 0, t hen return the empty string.
11. Let stringElementsbe a new List.

12. Let nextindexbe 0.

13. Repeat
a. LetnextKeybe ToStringfiextindey.
b. Letnextbe the result of Get@w, nextKey.
c. LetnexSegbe ToStringfiex).
d. ReturnlfAbruptfexsSeg.
e. Append in order the code unit elementsekiSegto the end bstringElements
f. If nextindex+ 1 =literalSegmentsthen

i Return the string value whose elements are, in order, the elements in the List
stringBlements If lengthis 0, the empty string is returned.
Let nextbe the result of GestibstitutionsnextKey.
LetnexSubbe ToStringfiex).
ReturnIfAbruptfexsSub).
Append in order the code unit elementsekiSubto.the end oftringElements
Let nextindexbe nextindex+ 1.

~——Fa

The length  property of the raw function is 1.

NOTE String.raw is intended for use as a tag function of a Tagged Template String (12.2.6). When called as such
the first argument will be a well formed template call site object and the rest parameter will contain the substitution values.

21.1.2.5 String[ @@create] ()
The @@create method of an object F performs the following steps:

Let F be thethis value.

Let proto be the result of GetPrototypeFromConstrudtpt@&String Prototype  %).
ReturnIfAbruptfroto).

Let obj bethe result of callingtringCreateproto).

Returnobj.

apwNE

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE [[StringData]] is initially assigned the value undefined as a flag to indicate that the instance has not yet been
initialised by the String constructor. This flag value is never directly exposed to ECMAScript code; hence implementation
may choose to encode the flag in some other manner.

21.1.3 Properties of the String Prototype Object

The String prototype object is itself an ordinary object. It is not a String instance and does not have a
[[StringData]] internal data property.

The value of the [[Prototype]] internal data property of the String prototype object is the standard built-in
Object prototype object (19.1.4).

Unless explicitly stated otherwise, the methods of the String prototype object defined below are not generic
and the this value passed to them must be either a String value or an object that has a [[StringData]] internal
data property that has been initialised to a String value.

The abstract operation thisStringvalue(valug performs the following steps:

1. If Type(valug is String, returnvalue

2. If Type(value)is Object andraluehas a [[StringData]] internal data property, then
a. Letsbe the value of a | J[®tidngDaa]] internal data property.
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b. If sis notundefined, then returrs.
3. Throw aTypeError exception

The phr astenga lh wihia the specification of a method refers to the result returned by calling the
abstract operation thisStringvalue with the this value of the method invocation passed as the argument.

21.1.3.1 String.prototype.charAt (pos)

NOTE Returns a single element String containing the code unit at element position posin the String value resulting
from converting this object to a String. If there is no element at that position, the result is the empty String. The result is a
String value, not a String object.

If posis a value of Number type that is an integer, then the result of x.charAt( <pog is equal to the result of
x.substring( pos postl) .

When the charAt method is called with one argument pos the following steps are taken:

Let O be CheckObjectCoerciblghis valug).

Let Sbe ToStringO).

ReturnIfAbruptg).

Let positionbe Tolntegenfos.

ReturnIfAbruptosition).

Let sizebe the number oflementsin S.

If position< 0 orpositionOsize return the empty String.

Return a String of length 1, containing ooede unitfrom S, namely thecode unitat positionposition,
where the first (leftmostyode unitin Sis considered to be at position O, thext one at position 1, and so
on.

ONoOOAWNE

NOTE The charAt function is intentionally generic; it does not.require that its this value be a String object.
Therefore, it can be transferred to other kinds of objects for use as‘a method.

21.1.3.2 String.prototype.charCodeAt (pos)

NOTE Returns a Number (a nonnegative integer less than 219 that is the code unit value of the string element at
position posin the String resulting from converting this object to a String. If there is no element at that position, the result is
NaN.

When the charCodeAt method is called with one argument pos the following steps are taken:

Let O be CheckObjectCoerciblghis value).

LetSbe ToStringO).

ReturnIfAbruptg).

Let positionbe Tolntegenjos.

ReturnlfAbruptposition).

Let sizebe the numbeof elementsn S.

If position< 0 orpositionOsize returnNaN.

Return a value of Number type, whose value is the code unit value efeheentat positionpositionin the

ONOUTAMWONE

String S, where the first (leftmost@lementin Sis 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.

21.1.3.3 String.prototype.codePointAt (pos)

NOTE Returns a Number (a nonnegative integer less than 1114113 that is the UTF-16 encoded code point value
starting at the string element at position posin the String resulting from converting this object to a String. If there is no
element at that position, the result is NaN. If a valid UTF-16 surrogate pair does not begin at pos the result is the code unit
at pos
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When the codePoint At method is called with one argument pos the following steps are taken:

Let O be CheckObjectCoerciblghis value).

Let Sbe ToStringO).

ReturnIfAbupt(S).

Let positionbe Tolntegen§oy.

ReturnIfAbruptposition).

Let sizebe the number oélementsn S.

If position< 0 orpositionOsize returnundefined.

Let first be the code unit valuef theelementatindexpositionin the StringS.
If first < 0xD800 orfirst > OXDBFF orposition+1 =size then returrfirst.

10 Let secondbe the code unit valuef theelementatindexpositiont1in the StringS.
11. If second< 0xDCOO orsecond> OXDFFF, then returfirst.

12. Return((first 7 0xD800) x 1024) +gecondi 0xDC00) + 0x10000

COoNoOTMONE

NOTE The codePoint At 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.

21.1.3.4 String.prototype.concat ( ...args )

NOTE When the concat method is called with zero or more arguments, it returns a String consisting of the string
elements of this object (converted to a String) followed by the string elements of each of the arguments converted to a
String. The result is a String value, not a String object.

The following steps are taken:

Assert:argsis a wellformed rest parameter object.
Let O be CheckObjectCoeible(this valug).
Let S be ToStringO).
ReturnlfAbrupt@).
Letargsbe an internal list that.is a copy of the argument list passed to this function.
LetRbeS.
Repeat, whileargsis not empty
a. Remove the first element froargs and letnextbe the valuef that element.
b. LetnextStringbe ToStringgex)
c. ReturnlfAbruptfextString.
d. LetR be the String value consisting of thging elementsn the previous value dR followed by the
string element®f nexiString.
8. ReturnR:

Nog,rwnE

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

21.1.3.5 String.prototype.constructor

The initial value of Str ing.prototype.constructor is the built-in String  constructor.

21.1.3.6 String.prototype.contains (searchString, position =0 )

The contains method takes two arguments, searchString and position, and performs the following steps:

Let O be CheckObjectCoerciblétis value)

Let S be ToStringO).

ReturnlfAbrupt@).

Let searchStibe ToStringéearchString.

ReturnIfAbruptéearchSty.

Let posbe Tolntegengosition). (If positionis undefined, this step produces the valQg
ReturnifAbruptpos.

Nogok,rwnhpE
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8. Letlen be the number oflementsin S.

9. Let startbe min(maxpos 0), len).

10. Let searchLerbe the number oélementsn searchStr

11. If there exists any integdrnot smaller tharstart such thak + searchLeris not greater thalen, and for all
nonnegative integefsless tharseardiLen the character at positidej of Sis the same as the character at
positionj of searchStrreturntrue; but if there is no such integky returnfalse.

The length property of the contains method is 1.

NOTE 1 If searchString appears as a substring of the result of converting this object to a String, at one or more
positions that are greater than or equal to position, then return true; otherwise, returns false. If position is undefined, 0 is
assumed, so as to search all of the String.

NOTE 2 The contains function is intentionally generic; it does not require thatts this value be a String object.
Therefore, it can be transferred to other kinds of objects for use as a method.

21.1.3.7 String.prototype.endsWith (searchString [, endPosition].)
The following steps are taken:

Let O be CheckObjectCoercibléfis value)

Let Sbe ToStringO).

ReturnlfAbruptg).

Let searchStbe ToStringéearchString.

ReturnIfAbrupt&earchSty.

Letlen be the number oflementsn S.

If endPositionis undefined, let posbelen, else leé. posbe Tolntege®ndPosition.

ReturnIfAbruptpos.

Let endbe min(maxpos 0), len).

10. Let searchLengttbe the number ofélementsn searchStr

11. Let start beend- searchLength

12. If startis less thar, returnfalse.

13. If the searchLengtlsequence of elemmés of S starting atstartis the same athe full element sequenazf
searchStr returntrue.

14. Otherwise, returifialse.

©CONOTAMWNE

The length property of the endsWith method is 1.

NOTE1 Returns true if the sequence of elements of searchString converted to a String is the same as the
corresponding elements of this object (converted to a String) starting at endPosition T length(this). Otherwise returns
false.

NOTE 2 . The endsWith 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.

21.1.3.8 String.prototype.indexOf (searchString, position)

If searchStringappears as a substring of the result of converting this object to a String, at one or more positions
that are greater than or equal to position then the index of the smallest such position is returned;
otherwise, - 1 is returned. If positionis undefined, 0 is assumed, so as to search all of the String.

The indexOf method takes two arguments, searchStringand position and performs the following steps:

Let O be CheckObjectCoerciblghis value).

Let Sbe ToStringO).

ReturnIfAbrupt@).

Let searchStibe ToStringéearchString.

ReturnIfAbrupt&earchString.

Let posbe Tolntegenfosition). (If positionis undefined, this step produces the valQg.
ReturnIfAbruptpos.

Nouo,rwnpE
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8. Letlenbe the number oélementsn S.

9. Let start be min(maxpos 0), len).

10. Let searchLerbe the number oélemens insearchStr

11. Return the smallest possible intedgemot smaller tharstart suchthatk+ searchLens not greater thaten,
and for all nonnegative integej$ess tharsearchLenthecode unitat positionk+j of Sis the same as the
code unitat positionj of searchSty but if there is no such integky then return the valuel.

The length  property of the indexOf method is 1.

NOTE The indexOf 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.

21.1.3.9 String.prototype.lastindexOf (searchString, position)

If searchStringappears 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 positionis undefined, the length of the String value is assumed, so as to search
all of the String.

The lastindexOf  method takes two arguments, searchStringand position, and performs the following steps:

Let O be CheckObjectCoaible(this valug).
Let Sbe ToStringO).
ReturnIfAbrupt®).
Let searchStibe ToStringéearchString.
ReturnIfAbruptéearchString.
Let numPosbe ToNumbengosition). (If positionis undefined, this step. produces the valliaN).
ReturnIfAbrupthumPo3.
If numPosis NaN, letposbe +8; otherwise, leposbe TolntegenfumPo$.
Letlen be the number oélemens inS.
. Let start be min(max@os 0);len).
. Let searchLerbe the number oflementsn searchStr
. Return the largest possible nonnegative intdgeot lamger thanstart such thak+ searchLens not greater
thanlen, and for all.nonnegative integejress tharsearchLenthe code unitat positionk+j of Sis the same
as thecode unitat‘positionj of searchSty but if there is no such integé&r then retun the value 1.

©COXNoOTMWNE

e
N O

The length  property of the lastindexOf method is 1.

NOTE The lastindexOf 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.

21.1.3.10 String.prototype.localeCompare (that)

When the localeCompare  method is called with one argument that, it returns a Number other than NaN that
represents the result of a locale-sensitive String comparison of the this value (converted to a String) with that
(converted to a String). The two Strings are Sand That The two Strings are compared in an implementation-
defined fashion. The result is intended to order String values in the sort order specified by the system default
locale, and will be negative, zero, or positive, depending on whether Scomes before Thatin the sort order, the
Strings are equal, or Scomes after Thatin the sort order, respectively.

Before perform the comparisons the following steps are performed to prepare the Strings:

Let O be CheckObjectCoerciblghis valug).
Let Sbe ToStringO).

ReturnlfAbrupt®).

Let Thatbe ToStringthat).
ReturnifAbrupt(Thay).

aprwnNE
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The localeCompare  method, if considered as a function of two arguments this and that, is a consistent
comparison function (as defined in 22.1.3.24) on the set of all Strings.

The actual return values are implementation-defined to permit implementers to encode additional information
in the value, but the function is required to define a total ordering on all Strings and to return 0 when
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 perform a
bitwise comparison.

NOTE1 The localeCompare method itself is not directly suitable as an argument to Array.prototype.sort
because the latter requires a function of two arguments.

NOTE 2  This function is intended to rely on whatever language-sensitive comparison functionality is available to the

ECMAScript environment from the host envi ronment, and to compare according to the
current locale. It is strongly recommended that this function treat Strings that are canonically equivalent according to the

Unicode standard as identical (in other words, compare the Strings as if they had both been converted to Normalised

Form C or D first). It is also recommended that this function not honour Unicode compatibility equivalences or

decompositions.

NOTE3 The second 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.

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.

21.1.3.11 String.prototype.match (regexp)
When the match method is called with argument regexp the following steps are taken:

Let O be ChedkObjectCoercibléthis value).

Let Sbe ToStringO).

ReturnIfAbrupt@).

If Type(regexp is Object andHasPropertylegexp @ @isRegExp) isrue, then letrx beregexp
Else, letrx bethe result of the abstract operatiRegExpCreate1.2.3.3 with argumentsegexpand
undefined.

ReturnIfAbrupt(x).

7. Returnthe result of Invoket; " match ", (S)). .

agrONE

o

NOTE The match 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.

21.1.3.12 String.prototype.normalize (form =" NFC' )
When the normalize  method is called with one argument form, the following steps are taken:

Let O be CheckObjectCoerciblghis value).

Let Sbe ToStringO):

ReturnIfAbruptg).

If formis not provided oundefined let form be" NFC'.

Letf be TdStringform).

ReturnIfAbruptf).

If fis not one of NFC', " NFD', " NFKC', or" NFKD', then throw é&RangeError Exception

Let nsbe the String value is the result of naiizing S into the normalization form named s specified

©ONoAWNE

in http://www.unicale.org/reports/tr15/tr1:29.html \,Field Code Changed

9. Returnns

NOTE The normalize  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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21.1.3.13 String.prototype.repeat (count)
The following steps are taken:

Let O be CheckObjectCoerciblétis value)

Let S be ToStringO).

ReturnlfAbrupt@).

Let n be the result of calling Tlategefcouny.

ReturnlfAbruptf).

If n < 0, then throw &angeError exception.

If nis +o, then throw éRangeError exception.

Let T be a String value that is made frantopies ofS appended togethelf nis'0, T is the empty String.
ReturnT.

COoONOUOMWNE

NOTE 1 This method creates a String consisting of the string elements of this object (converted to String) repeated
counttime.

NOTE 2  The repeat 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.

21.1.3.14 String.prototype.replace (searchValue, replaceValue)

When the replace method is called with arguments searchValueand replaceValuethe following steps are
taken:

1. Let O beCheckObjectCoerciblghis value):

2. Letstring be ToStringO).

3. ReturnlfAbruptétring).

4. If Type(searchValugis Object andHasPropertygearchValue@ @isRegExp) isrue, then

a. Returnthe result of InvokegearchValue " replace ", (string, replaceValug).

5. LetsearchStringoe ToStringsearchValug

6. ReturnlfAbrupt&earchString.

7. Searchstring for the first occurrence adearchStringandlet posbe the index position withistring of the
first code unit of the‘matched substring andnettchedbe searchStringIf no occurrences ao$earchString
were found, retunistring.

8. If IsCallablefeplaceValugis true, then

a. LetreplValuebe the reult of calling the [[Call]] internal method a&placeValuepassing
undefined as thethis value and a List containingmatchedpos andstring as the argument list.

b. LetreplStrbe ToStringteplValug.

¢ ReturnlfAbruptfeplStr).

a. Letcapturesbe an empt List.
b. . Let replStrbe the result of the abstract operation GetReplaceSubstitotédobied string, pos
captures.
10. LettailPosbe pos+ the number of code units matched
11. Let newStringbe the String formed by concatenating the fpescode units oftring, replStr, and the
trailing substring oftring starting at indexailPos. If posis 0, the first element of the concatenation will be
the empty String.
12. Return newString

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 objects for use as a method.

Runtime Semantics: GetReplaceSubstitution Abstract Operation
The abstract operation GetReplaceSubstitution(matched string, postion, captures) performs the following steps:
1. Assert: Typefnatched is String.

2. LetmatchLengthbe the number of codenitsin matched
3. Assert: Typestring) is String.
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Let stringLengthbe the number of code units $tring.

Assert:positionis a nonnegative integer.

Assert:positionOstringLength

Assert:capturesis a possibly empty List of Strings.

Let tailPos be position+ matchLength

Let m be the number of elements ¢aptures

0. Letresultbe a String value derived fromnatchedby replacingcode unit elements matchedby
replacement text as specifiedTiable 33. These$ replacements are done lafi-right, and, once such a
replacement is performed, the new replacement text is not subject to further replacements.

11. Returnresult

BOoo~No O

Table 333 Replacement Text Symbol Substitutions

Code unit Unicode Characters|Replacement text
0x0024,0x0024 $$ 5
0x0024,0x00% $& matched

0x0024,0x0060 s If positionis 0, the replacement is the empty String. Otherwibe
replacemat is thesubstring ofstring that starts at index 0 and wh
last code point is at indeposition-1.

If tailPos O stringLength the replacement is the. empty Str
Otherwise the replacement is thubstring ofstring that starts ainde

tailPosandcontinues to the.end sfring.

0x0024,0x0027 3

0x0024,N Where‘ $n where Then™ element oftaptures, wheren is a single digit in the range 1 tq
0x0031 O |nisoneofl23 |[If ntm andthe nth element ofcaptures is undefined, use the emp|
456789 and|String.insteadlf n>m, the result is implementatiedefined.

in is not followed by,
a decimal digit
0x0024,N, N where [$nn where
0x0030 O pisoneof012
3456789

Thenn® elemet ofcaptures, wherenn is a twodigit decimal number
the range 01<to 99. IAin¢tm-and thenn®™ element ofcaptures i
undefined, use the empty String instedlﬂnn is 00 ornn>m, the resu
is implementatiordefined.

0x0024

i in any context th
does not match on
)the above.

21.1.3.15 String.prototype.search'(regexp)

When the search method is called with argument regexp the following steps are taken:

Let O be CheckObjectCoerciblghis value).
Let string be ToStringO).
ReturnIfAbruptétring).
If Type(regexp is Object andHasPropertylegexp @ @sRegExp) igrue , then
a. Letrx beregexp
Else,
a. Letrx bethe result of the abstract operatiBegExpCreate21.2.3.3 with argumentsegexpand
undefined.
6. ReturnifAbruptfx).
7. Returnthe result of Invokef, "search ", (string)).

NOTE The search 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.

rPONPE

o1

21.1.3.16 String.prototype.slice (start, end)

The slice method takes two arguments, startand end and returns a substring of the result of converting this
object to a String, starting from element position start and running to, but not including, element position end
(or through the end of the String if endis undefined). If start is negative, it is treated as sourcelLengthstart
where sourcelLengthis the length of the String. If end is negative, it is treated as sourcelLengtihend where
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sourcelLengttis the length of the String. The result is a String value, not a String object. The following steps are
taken:

Let O be CheckObjectCoerciblghis valug).

Let Sbe ToStringO).

ReturnIfAbrupt@).

Letlen be the number oélementsn S.

LetintStartbe Tolntegergtart).

If endis undefined, letintEndbelen; else letintEnd be Tolnte@r(end).

If intStartis negative, lefrom be max(en + intStart0); else lefrom be min{ntStart, len).
If intEndis negative, leto be max(en + intEnd,0); else leto be min{ntEnd, len).

Let spanbe max{o i from,0).

0. Return a Stringzalue containingspanconsecutiveelementsrom S beginning with theelementat position
from.

BOooNoarwNE

The length  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 be transferred to other kinds of objects for use as a method.

21.1.3.17 String.prototype.split (separator, limit)

Returns an Array object into which substrings of the result of converting this object to a String have been
stored. The substrings are determined by searching from left to-right for occurrences of separator these
occurrences are not part of any substring in the returned array, but serve to divide up the String value. The
value of separatormay be a String of any length or.it may be a RegExp object.

The value of separatormay be an empty String, an empty regular expression, or a regular expression that can
match an empty String. In this case, separatordoes not match the empty substring at the beginning or end of
the input String, nor does it match the empty substringat the end of the previous separator match. (For
example, if separatoris the empty-String, the String is split up into individual code unit elements; the length of
the result array equals the length of the String, and each substring contains one code unit.) If separatoris a
regular expression, only the first match at a given position of the this String is considered, even if
backtracking could yield.@a 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) the empty String, the result depends on whether separatorcan match the
empty String. If it can, the result array contains no elements. Otherwise, the result array contains one element,
which is the‘empty String:

If separatoris a regular expression that contains capturing parentheses, then each time separatoris 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(/<( \ N?(["<>]+)>/)
evaluates to the array
["A", undefined, "B", "bold", "/*, "B", "and", undefined,
"CODE", "coded", "/", "CODE", "

If separatoris undefined, then the result array contains just one String, which is the this value (converted to a
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. LetO beCheckObjectCoercibl¢his value).
2. ReturnlfAbruptQ©).

3. If Type(separato} is Object andHasPropertygeparator @ @isRegExp) isrue , then
a. Returnthe result of Invokegeparator "split ", (O, limit))
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4. LetSbe ToStringO).

5. ReturnlfAbrupt§).

6. Let A bethe result of the abstract operation ArrayCreate with argument 0

7. LetlengthAbe 0.

8. If limit is undefined, letlim = 2°% 1; else letim = ToUint32(imit).

9. Letsbe the number oélementsn S.

10. Letp =0.

11. LetR be ToStringceparatoj.

12. ReturnlfAbrup(R).

13. If lim = 0, returnA.

14. If separatoris undefined, then

a. Letstatusbetheresult of calling thg[DefineOwnProperty]] internal method &f with arguments
" 0" andProperty Descriptor {[[Value]]S, [[Writable]]: true, [[Enumerable]]:true,
[[Configurabld]: true}.
b. Assert:statusis notan abrupt completion.
c. ReturnA.
15. If s=0, then
a. Letzbe the result oSplitMatchS, 0, R).
b. If zis notfalse, returnA.
c. Letstatusbetheresult of calling thg[DefineOwnProperty]] internal method @ with arguments
" 0" and Property Descriptor {[[Value]]S, [[Writable]]: true, [[Enumerable]]:true,
[[Configurable]]: true}.
d. Assert:statusis notan abrupt completion.
e. ReturnA.
16. Letg=p.
17. Repeat, whiley , s
a. Lete be the result oBplitMatchS, q, B.
b. If eisfalse, then le g = g+1.
c. Else eis an integer index int&,
i If e=p, then letqg = gq+1.
ii. Elsee, p,

1. LetT be a String value equal to the substrindSafonsisting of theeode unitsat

positionsp (inclusive) throughy (exclusive).

2. Letstatusbetheresult ofcalling the [[DefineOwnProperty]] internal method &
with arguments ToStringgngthA andProperty Descriptor {[[Value]]T,
[[Writable]]: true, [[Enumerable]]true, [[Configurable]]: true}.
Assert:statusis notan abrupt completion.

IncrementengthAby 1.

If lengthA= lim, returnA.

Letp=e.

. Letg=p.

18. Let T be a String value equal to the substrindSafonsisting of thecode unitsat positionsp (inclusive)
throughs (exclusive).

19. Let statusbe the result ofcalling the[[DefineOwnProperty]] internal methodf & with arguments
ToString(engthA andProperty Descriptor {[[Value]]T, [[Writable]]: true, [[Enumerable]]:itrue,
[[Configurable]]: true}.

20. statusis notan abrupt completion.

21. ReturnA.

No ok w

Runtime Semantics: SplitMatch Abstract Operation

The abstract operation SplitMatch takes three parameters, a String S, an integer g, and a String R, and
performs the following in order to return either false or the end index of a match:

Type([R) must be String. Let be the number ofode unitsn R.

Let s be the number ofode unitsn S.

If g+r > sthen returrfalse.

If there exists an integerbetween 0 (inclusive) and(exclusive) such that theode unitat positiong+i of S
is different from thecode unitat positioni of R, then returrfalse.

pPODNPE
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5. Returng+r.
The length  property of the split  method is 2.

NOTE The split  function is intentionally generic; it does not require that its this value be a String object. Therefore,
it can be transferred to other kinds of objects for use as a method.

21.1.3.18 String.prototype.startsWith (searchString [, position ] )
The following steps are taken:

Let O be CheckObjectCoerciblétis value)

Let Sbe ToStringO).

ReturnlfAbrupt®).

Let searchStibe ToStringéearchString.

ReturnIfAbruptéearchSty.

Let posbe Tolntegenfosition). (If positionis undefined, this step produces the val0g

ReturnIfAbruptpos.

Letlen be the number oélementsn S.

Let start be min(maxpos 0), len).

10. Let searchLengttbe the number oélementsn searchStr

11. If searchLength+staris greater thaten, returnfalse.

12. If the searchLengttsequence of elements S starting atstart is the'same as the full element sequeofce
searchSty returntrue.

13. Otherwise, returrialse.

CoNoOOTMONE

The length property of the startsWith method is 1.

NOTE 1  This method returns true if the sequence of elements of searchString converted to a String is the same as the
corresponding elements of this object (converted to a String) starting at position.. Otherwise returns false.

NOTE 2  The startsWith 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.

21.1.3.19 String.prototype.substring (start, end)

The substring method takes two arguments, start and end and returns a substring of the result of converting
this object to a String, starting from element position start and running to, but not including, element position
endof the String (or through the end of the String is endis undefined). The result is a String value, not a String
object.

If either argument is NaN or negative, itis replaced with zero; if either argument is larger than the length of the
String, itis replaced with the length of the String.

If startis larger than end they are swapped.
The following steps are taken:

Let O be CheckObjectCoerciblghis value).

Let Sbe ToStringO).

ReturnIfAbrupt®).

Letlen be the number ofélementsn S.

LetintStartbe Tolntegergtart).

If endis undefined, letintEnd belen; else letintEnd be Tolntege®nd).

Let finalStartbe min(maxintStart, 0), len).

Let finalEnd be min(max{ntEnd, 0), len).

Let from be minfinalStart, finalEnd).

0. Letto be maxfinalStart finalEnd).

1. Return a String whose lengthtis - from, containingcode unitsfrom S, namely thecode unitswith indices
fromthroughto - 1, in ascending order.

RBpoo~Noa,rwNE
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The length  property of the substring  method is 2.

NOTE The substring  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.

21.1.3.20 String.prototype.toLocaleLowerCase ()

This function interprets a string value as a sequence of code points, as described in 6.1.4.

This function works exactly the same as toLowerCase except that its result is intended to yield the correct
result for the host envir onme n tifdependentrresudt.nherelwil ontylbeg
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.

NOTE 2  The toLocaleLowerCase  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.

21.1.3.21 String.prototype.toLocaleUpperCase ()

This function interprets a string value as a sequence of code points, as‘described in 6.1.4.

This function works exactly the same as toUpperCase except that its result is intended to yield the correct
result for the host _envir onme n tifdspendentrresudt.nherelwil ondylbea
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.

NOTE 2  The toLocaleUpperCase  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.

21.1.3.22 String.prototype.toLowerCase ()

This function interprets a string value as a sequence of code points, as described in 6.1.4. The following steps
are taken:

1. LetO be CheckObjectCogible(this value).

2. Let Sbe ToStringO).

3. ReturnlfAbrupt®).

4. LetcpListbe a List containing in order the code points as defnédindof S, starting at the first element of
S.

5. For each code poirtin cpList if the Unicode ®aracter Database provides a language insensitive lower
case equivalent af then replace in cpListwith that equivalent code point(s).

6. LetcuListbe a new List.

7. For each code poirtin cplList, in order, append touList the elements of the UTE6 Enmding (clause 6)
of c.

8. LetL be a Stringvhose elements are, in order, the elementsugist.

9. ReturnL.

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).

NOTE1 The case mapping of some code points may produce multiple code points . In this case the result String may
not be the same length as the source String. Because both toUpperCase and toLow erCase have context-sensitive
behaviour, the functions are not symmetrical. In other words, s.toUpperCase().toLowerCase() is not necessarily
equal to s.toLowerCase()
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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.

21.1.3.23 String.prototype.toString ()
When the toString  method is called, the following steps are taken:

1. Letsbe thisStringValugthis value)
2. Returns.

NOTE For a String object, the toString  method happens to return the same thing as the valueOf method.
21.1.3.24 String.prototype.toUpperCase ()
This function interprets a string value as a sequence of code points, as describedin 6.1.4.

This function behaves in exactly the same way as String.prototype.toLowerCase , except that code
points are mapped to their uppercaseequivalents as specified in the 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.

21.1.3.25 String.prototype.trim ()
This function interprets a string value as a sequence of code points, as described in 6.1.4.
The following steps are taken:

Let O be CheckObjectCoerciblghis valug).

Let S be ToStringO).

ReturnIfAbrupt@).

Let T be a String value that is a copy ®fvith both leading and trailing white space removed. The definition

of white space is the union d¥hiteSpace@ndLineTerminator When determining whetherldnicode

character-is in Unicode general c at eldgTé-L6yencidedode code unit sequences are inte
point sequences as specifieddri.4

5. ReturnT.

pPwnPE

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.

21.1.3.26 String.prototype.valueOf ()
When the valueO f method is called, the following steps are taken:

1. Letsbe thisStringValugthis value)
2. Returns.

21.1.4 Properties of String Instances

String instances are String exotic objects and have the internal methods specified for such objects. String
instances inherit properties from the String prototype object. String instances also have a [[StringData]]
internal data property.

String instances have a length  property, and a set of enumerable properties with integer indexed names.

21.1.4.1 length

The number of elements in the String value represented by this String object.
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Once a String object is initialised, this property is unchanging. It has the attributes { [[Writable]]: false,
[[Enumerable]]: false, [[Configurable]]: false }.

21.2 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.

21.2.1 Patterns

The RegExp constructor applies the following grammar to the input pattern String. An error occurs 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::

Disjunction)
! Disjunction)

—~ e~ - —
oV
|

Quantifier::
QuantifierPrefix
QuantifierPrefix ?

QuantifierPrefix::
*

+
?

{ DecimalDigits}

{ DecimalDigits, }

{ DecimalDigits, DecimalDigits}

Atom::
PattenCharacter

\ AtomEscape
CharacterClass

( Disjunction)

( ?: Disjunction)
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PatternCharacter:
SourceCharactebut not one of
N

Vo2 ()T (Y

AtomEscape:
DecimalEscape
CharacterEscape
CharacterClassEscape

CharacterEscape
ControlEscape
c ControlLetter
HexEscapeSequence
UnicodeEscapeSequence
IdentityEscape

ControlEscape: one of
fnrtv

ControlLetter:: one of
abcdefghijklmnopgrstuvwxyz

ABCDEFGHIJ KLMNOPQRSTUVWXYZ
IdentityEscape:

SourceCharactebut not IdentifierPart

<ZWJ>

<ZWNJ>

DecimalEscape:
DecimallntegerLiteral lookahead T DecimalDigif|

CharacterClassEscape one of
dDsSwW

CharacterClass::
[ [lookaheadl {*}] ClassRangeg
[~ ClassRangeq

ClassRanges
[empty]
NonemptyClassRanges

NonemptyClassRanges
ClassAtom
ClassAtom NonemptyClassRangesNoDash
ClassAtom- ClassAtom ClassRanges

NonemptyClassRangesNoDash
ClassAtom
ClassAtomNoDash NonetgglassRangesNoDash
ClassAtomNoDash ClassAtom ClassRanges

ClassAtom:

ClassAtomNoDash
ClassAtomNoDash

SourceCharacterbut not one of \ or] or -
\ ClassEscape
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ClassEscape:
DecimalEscape
b

CharacterEscape
CharacterClassEscape

21.2.2 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 procedureis used as the val ue [[RedExpMatciied]g E x p

internal data property.

21.2.2.1 Notation

The descriptions below use the following variables:

1

1

Inputis the String being matched by the regular expression pattern. The notation inpufn] means
the n" character of input, where n can range between 0 (inclusive) and InputLength(exclusive).
InputLengthis the number of characters in the Input String.

NcapturingParenss the total number of left capturing parentheses (i.e. the total number of times
the Atom:: ( 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.
IgnoreCaseis true if the RegExp object's [[OriginalFlags]] internal data property contains "i " and
otherwise is false.

Multiline is true if the Re g E x p  o[[jignalRlagsy] internal data property contains " ni' and
otherwise is false.

Furthermore, the descriptions below use the following internal data structures:

A CharSetis a mathematical set of characters.

A Stateis an ordered pair (endIindexcapture$ where endindexs an integer and capturesis a List of
NcapturingParensvalues. States are used to represent partial match states in the regular
expression matching algorithms..The endindexis one plus the index of the last input character
matched so far by the pattern, while capturesholds the results of capturing parentheses. The n
element of capturesis either a String that represents the value obtained by the n™ set of capturing
parentheses or undefined ifthen"s et of capturing parentheses
backtracking, many Statesnay be in use at any time during the matching process.

A MatchResults either a Stateor the special token failure that indicates that the match failed.

A Continuationprocedure is an internal closure (i.e. an internal procedure with some arguments
already bound to values) that takes one Stateargument and returns a MatchResultresult. 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 Stateargument. If
the match succeeds, the Continuationreturns the final Statethat it reached; if the match fails, the
Continuationreturns failure.

A Matcherprocedure is an internal closure that takes two arguments -- a Stateand a Continuation--
and returns a MatchResultresult. A Matcherattempts 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 Stateargument. The Continuationargument should be a closure that
matches the rest of the pattern. After matching the subpattern of a pattern to obtain a new State
the Matcherthen calls Continuatian on that new Stateto test if the rest of the pattern can match as
well. If it can, the Matcher returns the Statereturned by Continuation if not, the Matchermay try
different choices at its choice points, repeatedly calling Continuationuntil it either succeeds or all
possibilities have been exhausted.
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1 An AssertionTesteprocedure is an internal closure that takes a Stateargument 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.

1 An EscapeValueis either a character or an integer. An EscapeValueis used to denote the
interpretation of a DecimalEscapeescape sequence: a character ch means that the escape
sequence is interpreted as the character ch, while an integer n means that the escape sequence
is interpreted as a backreference to the n'" set of capturing parentheses.

21.2.2.2 Pattern
The production Pattern:: Disjunctionevaluates as follows:

1. EvaluateDisjunctionto obtain a Matchem.
2. Return an internal closure that takes two arguments, a Sttiremmd an integeindex and performs the

following:

1. LetInputbe the given Stringtr. This variable will be used throughout the aligoms in
21.2.2

2. LetInputLengthbe the length ofnput This‘variable will be used throughout the algorithms
in21.2.2

3. Letc be a Continuation that always returns its State’argument as a sutdéasfhResult.

4. Letcapbe aList of NcapturingParensundefined values, indexed 1 through
NcapturingParens

5. Letx be the Stateiidex cap).

6. Call m(x, c) and return its result.

NOTE A Pattern evaluates ("compiles”) to an internal procedure value. RegExp.pr ototype.exec can then apply

this procedure to a String and an offset within the String to determine whether the pattern would match starting at exactly
that offset within the String, and, if it does match, what the values of the capturing parentheses would be. The algorithms
in 21.2.2 are designed so that compiling a pattern may throw-a SyntaxError exception; on the other hand, once the
pattern 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).

21.2.2.3 Disjunction

The production Disjunction :: Alternative evaluates by evaluating Alternativeto obtain a Matcherand returning
that Matcher.

The production Disjunction:: Alternative| Disjunctionevaluates as follows:

1. EvaluateAlternativeto obtain a Matcheml1.
2. EvaluateDisjunctionto obtain a Matchem2.
3. Return an internal Matcher closure that takes two arguments, ax&atka Continationc, and performs
the following:
1.Call m1(x, ¢) and letr be its result.
2.If r isn'tfailure, returnr.
3.Callm2(x, c) 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
the regular expression). If the left Alternative the right Disjunction and the sequel all have choice points, all choices in the
sequel are tried before moving on to the next choice in the left Alternative If choices in the left Alternativeare exhausted,
the right Disjunctionis 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,

/((a)l(ab))((c)|(bc))/.exec("abc)

returns the array
["abc", "a", "a", undefined, "bc", undefined, "bc"]
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and not
["abc", "ab", undefined, "ab", "c", "c", undefined]

21.2.2.4 Alternative

The production Alternative:: [empty] evaluates by returning a Matcher that takes two arguments, a State x and a
Continuation ¢, and returns the result of calling ¢(x).

The production Alternative:: AlternativeTermevaluates as follows:

1. EvaluateAlternativeto obtain a Matchem1
2. EvaluateTermto obtain a Matchem2.
3. Return an internal Matcher closure that takes two arguments, axSatka Continuatioe, and performs
the following:
1.Create a Continuatiod that takes a State argumenand. returns the result of callimg2(y, c).
2.Call m1(x, d) and return its result.

NOTE Consecutive Termstry 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 poaints, all choices in the sequel are tried before
moving on to the next choice in the right Term and all choices in the right Termare tried before moving on to the next
choice in the left Alternative

21.2.25 Term

The production Term:: Assertionevaluates by returning an internal Matcher closure that takes two arguments,
a State x and a Continuation c, and performs the following:

EvaluateAssertionto obtain an AssertionTestéer
Call t(x) and letr be the resulting Boolean value.
If r is false, returnfailure.

Call c(x) and return its result.

pPODNPE

The production Term:: Atomevaluates by evaluating Atomto obtain a Matcher and returning that Matcher.
The production Term:: AtomQuantifier evaluates as follows:

EvaluateAtomto obtain a Matchem.

EvaluateQuantifierto obtain the three results: an integein, an integer (or) max and Booleamreedy

If maxis finite and.less thamin, then throw éSyntaxError exception.

Let parenindexbe thenumber of left capturing parentheses in the entire regular expression that occur to the

left-of this production expansioni®rm This is the total number of times ti¢om:: ( Disjunction)

production is expanded prior to this productiohé&ymplus thetotal number ofAtom:: ( Disjunction)

productions enclosing thiserm

5. LetparenCounte the number of left capturing parentheses in the expansion of this produstiomsT his
is the total number otom:: ( Disjunction) productions enclosed by thpsoduction'sAtom

6. Return aninternal Matcher closure that takes two arguments, axSatea Continuatioo, and performs

the following:

1.Call RepeatMatchenf, min, max greedy x, c, parenindexparenCoun} and return its result.

PN

Runtime Semantics: RepeatMatcher Abstract Operation

The abstract operation RepeatMatchetakes eight parameters, a Matcher m, an integer min, an integer (or &)
max a Boolean greedy a State x, a Continuation ¢, an integer parenindex and an integer parenCount and
performs the following:

1. If maxis zero, then calt(x) and return its result.
2. Create an internal Continuation closur¢hat takes one State argumegrdand performs the following:

1.If minis zero and/'sendindexs equal tax's endindexthen returrfailure.
2.1f minis zero then lemin2 be zero; otherwise lehin2 be mini 1.
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3.If maxis &, then letmax2be = ; otherwise lemax2bemax 1.
4.Call RepeatMatchenf, min2, max2 greedyy, c, parenindexparenCoun} and return its
result.

Let capbe a fresh copy of's capturesList.
For every integek that satisfieparenindex< k andk ¢ parenindexparenCountsetcap(k] to undefined.
Let e bex'sendIndex
Let xr be the Stateg, cap).
If minis not zero, then cath(xr, d) and return its result.
If greedyis false, then
a. Callc(x) and letz be its result.
b. If zis notfailure, returnz.
c. Call m(xr, d) and return its result.
9. Call m(xr, d) and letz be its result.
10. If zis notfailure, returnz.
11. Call c(x) and return its result.

N oA W

NOTE1  An Atomfollowed by a Quantifieris repeated the number of times‘specified by the Quantifier. A Quantifier can
be non-greedy, in which case the Atom pattern is repeated as few times as possible while still matching the sequel, or it
can be greedy, in which case the Atompattern is repeated as many times as possible while still matching the sequel. The
Atompattern is repeated rather than the input String that it matches, so different repetitions of the Atomcan match different
input substrings.

NOTE 2  If the Atomand the sequel of the regular expression all have choice points, the Atomis first matched as many
(or as few, if non-greedy) times as possible. All choices in the sequel are tried before moving on to the next choice in the
last repetition of Atom All choices in the last (n'") repetition of Atomare tried before moving on to the next choice in the
next-to-last (ni 1) repetition of Aton at which point it may turn out that more or fewer repetitions of Atomare now possible;
these are exhausted (again, starting with either as few-or as many as possible) before moving on to the next choice in the
(n-1)% repetition of Atomand so on.

Compare

lala - z]{2,4}/.exec("abcdefghi")
which returns "abcde" with

lala - z]{2,4}?/.exec("abcdefghi")
which returns "abc" .

Consider also

/(aalaabaac|bal|bjc)*/.exec("aabaa c")
which, by the choice point ordering above, returns the array

['aaba", "ba"]
and not any of:

['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 ged in unary notation "aaaaa" .

NOTE 3  Step 4 of the RepeatMatcher clears Atonis captures each time Atomis repeated. We can see its behaviour in
the regular expression

/(z)((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.
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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 considered for further repetitions. This
prevents the regular expression engine from falling into an infinite loop on patterns such as:

/(a*)*/.exec("b")
or the slightly more complicated:

/(a*)b \ 1+/.exec("baaaac")
which returns the array

b, ]
21.2.2.6 Assertion

The production Assertion:: ~ evaluates by returning an internal AssertionTester closure that takes a State
argument x and performs the following:

Let e bex'sendIndex

If eis zero, returrtrue.

If Multiline is false, returnfalse.

If the charactetnputei 1] is one ofLineTerminator returntrue«
Returnfalse.

arwONE

The production Assertion:: $ evaluates by returning an internal AssertionTester closure that takes a State
argument x and performs the following:

Let e be x'sendIndex

If eis equal tdnputLength returntrue.

If Multiline is false, returnfalse.

If the charactenpute] is one ofLineTerminator returntrue.
Returnfalse.

arwNE

The production Assertion:: \ b evaluates by returning an internal AssertionTester closure that takes a State
argument x and performs the following:

Let e bex'sendIndex

Call IswordChatei 1) and leta be the Boolean result.
Call IsWordCha¢e) and letb be the Boolean result.

If aistrue andbis false, returntrue.

If aisfalseandb istrue, returntrue.

Returnfalse.

onprwNE

The production Assertion:: \. B evaluates by returning an internal AssertionTester closure that takes a State
argument x and performs the following:

Letebex'sendIndex

Call IsWordChatei 1) and leta be the Boolean result.
Call IsWordChate) and letb be the Boolean result.

If aistrue andb is false, returnfalse.

If ais falseandb s true, returnfalse.

Returntrue.

ohwnE

The production Assertion:: (? =  Disjunction ) evaluates as follows:

1. EvaluateDisjunctionto obtain a Matchem.
2. Return an internal Matcher closure that takes two arguments, ax&atka Continuatioe, and performs
the following steps:

1.Letd be a Continuation that always returns its Setgument as a successful MatchResult.
2.Call m(x, d) and letr be its result.

3.If r is failure, returnfailure.

4.Lety ber's State.

5.Let capbey's capturesList.
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6.Let xe be x'sendIndex
7.Let z be the Statexg, cap).
8.Call ¢(2) and return its result.

The production Assertion:: ( ?! Disjunction ) evaluates as follows:

1. EvaluateDisjunctionto obtain a Matchem.
2. Return an internal Matcher closure that takes two arguments, axSatka Continuatios, and performs
the following steps:
1.Letd be a Continuationhiat always returns its State argument as a successful MatchResult.
2.Call m(x, d) and letr be its result.
3.1f risn'tfailure, returnfailure.
4.Call c(x) and return its result.

Runtime Semantics: IsWordChar Abstract Operation
The abstract operation IsWordChar takes an integer parameter e and performs the following:
1. If eisi1 ore islInputLength returnfalse.

2. Letc be the charactdnpute].
3. If cis one of the sixtythree characters below, retutmue.

abcdef ghi j kl mnopqgqr st uvwxyz
ABCDEFGHI JKLMNOPQRSTUVWXYZ
01234567829

4. Returnfalse.
21.2.2.7 Quantifier
The production Quantifier:: QuantifierPrefixevaluates as follows:

1. EvaluateQuantifierPrefixto obtain the two results: an integain and aninteger (ora) max
2. Return the three resultsin, max andtrue.

The production Quantifier:: QuantifierPrefix ? evaluates as follows:

1. EvaluateQuantifierPrefixto obtain the two results: an integain and an integer (or) max
2. Return the three resultsin, max andfalse.

The production QuantifierPrefix:: * evaluates by returning the two results 0 and @
The production QuantifierPrefix:: + evaluates by returning the two results 1 and @.
The production QuantifierPrefix:: ? evaluates by returning the two results 0 and 1.
The production QuantifierPrefix:: { DecimalDigits } evaluates as follows:

1. Leti be the MV ofDecimalDigits(seel1.8.3.
2. Return the two resultisandi.

The production QuantifierPrefix:: { DecimalDigits ,} evaluates as follows:

1. Leti be the MV ofDecimalDigits
2. Return the two resultsanda .

The production QuantifierPrefix:: { DecimalDigits , DecimalDigits } evaluates as follows:

1. Leti be the MV of the firsDecimalDigits
2. Letj be the MV of the seconBecimalDigits.
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3. Return the two resultisandj.

21.2.2.8 Atom
The production Atom:: PatternCharacteevaluates as follows:

1. Letchbe the character representedatternCharacter
2. LetA be a oneelement CharSet containing the character
3. Call CharacterSetMatchgk, false) and return its Matcher result.

The production Atom:: . evaluates as follows:

1. LetA be the set of all characters excéfteTerminator
2. Call CharacterSetMatchgk, false) and return its Matcher result.

The production Atom:: \ AtomEscapevaluates by evaluating AtomEscapéo obtain a Matcher and returning
that Matcher.

The production Atom:: CharacterClas®valuates as follows:

1. EvaluateCharacterClasgo obtain a CharSeA and a Booleatnvert.
2. Call CharacterSetMatchgk, invert) and return its Mater result.

The production Atom:: ( Disjunction ) evaluates as follows:

1. EvaluateDisjunctionto obtain a Matchem.
2. Letparenindexbe the number of left capturing parentheses in the entire regular expression that occur to the
left of this production expagion's initial left parenthesis: This is the total number of times the
Atom:: ( Disjunction) production is expanded prior to this productioAtemplus the total number of
Atom:: ( Disjunction) productions enclosing thistom
3. Return an internal Matahr closure that takes two arguments, a Staed a Continuatioe, and performs
the following steps:

1.Create_an internal Continuation closur¢hat takes one State argumegrand performs the
following steps:

Let capbe a fresh copy of's capturesList.

Let xe bex'sendIndex

Letye bey'sendindex

Let sbe a fresh String whose characters are the characténpwifat

positionsxe (inclusive) througtye (exclusive).

Setcapparenindex1] tos.

Let z be the Stateye cap).

. Calle(2) and return its radt.

2.Call m(x, d) and return its result.

S N =

Noo

The production Atom :: (?: Disjunction ) evaluates by evaluating Disjunction to obtain a Matcher and
returning that Matcher.

Runtime Semantics: CharacterSetMatcher Abstract Operation

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, axSatka Continuation, and performs
the following steps:

1.Letebex'sendIindex

2.1f eis InputLength returnfailure .
3.Let ch be the charactdnpufe].

4.Let cc be the result o€anonicalizéch).
5.If invertis false, then
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a |If there does not exist a membeof setA such thatCanonicalizéa) is cc, return
failure.
6.Elseinvertis true,
a If thereexists a membea of setA such thatCanonicalizéa) is cc, returnfailure.
7.Let capbex's capturesList.
8.Lety be the Stateeit+1, cap).
9.Call ¢(y) and return its result.

Runtime Semantics: Canonicalize Abstract Operation
The abstract operation Canonicalize takes a character parameter ch and performs the following steps:

1. If IgnoreCases false, returnch.

2. Letu bechconverted to upper case as if by calling the standard-buittethod
String.prototype.toUpperCase on the onecharacter Stringh.

3. If udoes noconsist of a single character, retwim

4. Letcubeu's character.

5. If ch's code unit value is greater than or equal to decimal 12&8ualsdode unit value is less than decimal
128, then returmch.

6. Returncu.

NOTE1  Parentheses of the form ( Disjunction ) serve both to group the components of the Disjunction pattern
together and to save the result of the match. The result can be used either in_a backreference (\ followed by a nonzero
decimal number), referenced in a replace String, or 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 2  The form (?= Disjunction ) specifies a zero-width positive lookahead. In order for it to succeed, the pattern
inside Disjunctionmust match at the current position, but the current position is not.advanced before matching the sequel.
If Disjunctioncan 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 Disjunctioncontains capturing parentheses and the sequel of the pattern contains backreferences to those captures.

For example,
/(?=(a+))l.exec("baaabac")

matches the empty String immediately after the first b and therefore returns the array:
[, "aaa’]

To illustrate the lack of backtracking into the lookahead, consider:
1(?=(a+))a*b \ 1/.exec("baaabac")

This expression returns

[*aba", "a"]
and not:

['aaaba", "a"]

NOTE3 Theform (?! 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
Disjunctionitself. 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(?!(a+)b \ 2¢) \ 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
ac. 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 "B" (\ UOODF) into "SS" ), then the character is left as-is instead. The character is also left as-is if it is not an
ASCII character but converting it to upper case would make it into an ASCII character. This prevents Unicode characters

312 © Ecma International 2013



secma

such as \ u0131 and \ u017F from matching regular expressions such as /[a - z]/i , which are only intended to match
ASCII letters. Furthermore, if these conversions were allowed, then /[* \ W]/i would match each of a, b, é&,,but not i
ors.

21.2.2.9 AtomEscape
The production AtomEscape: DecimalEscap&valuates as follows:

1. EvaluateDecimalEscap¢o obtain arEscapeValué.
2. If Eis a character, then
a. LetchbeE's character.
b. LetA be a oneelement CharSet containing the character
c. Call CharacterSetMatchgh, false) and return its Matcher result.
E must be an integer. Letbe that integer.
If n=0 orn>NcapturingParensthen throw a&SyntaxError exception.
Return an internal Matcher closure that takes two arguments, axSatka Continuation, and performs
the following:

1.Let capbex's capturesList.

2.Let sbecap[n].

3.If sis undefined, then callc(x) and retrn its result.

4.Let e bex'sendindex

5.Letlen bes's length.

6.Letf beetlen.

7.1f f>InputLength returnfailure .

8.If there exists an integeretween 0 (inclusive) anlén (exclusive) such that
Canonicalizéd[i]) is not the same character @anonicalizélnput [e+i]), then return
failure.

9.Lety be the Statef(cap).

10. Call c(y) and return its result.

o s

The production AtomEscape: CharacterEscapevaluates as follows:

1. EvaluateCharacterEscap¢o obtain a charactesh,
2. LetA be a oneelement CharSet containinge charactech.
3. Call CharacterSetMatchgk, false) and return its Matcher result.

The production AtomEscape: CharacterClassEscapevaluates as follows:

1. EvaluateCharacterClassEscapi® obtain a CharSeA.
2. Call CharacterSetMatchgk, false) and return 6 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 21.2.2.11). 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.

21.2.2.10 CharacterEscape

The production CharacterEscape: ControlEscaje evaluates by returning the character according to Table 34.

Table 34 8 ControlEscape Character Values

ControlEscape Code Unit Name Symbol
t \ u0009 horizontal tab <HT>
n \ UOOOA line feed (new line) | <LF>
v \ u000B vertical tab <VT>
f \ uoooC form feed <FF>
r \ u000D carriage return <CR>
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The production CharacterEscape: ¢ ControlLetterevaluates as follows:

1. Letch be the character represented@gyntrolLetter
2. Leti bech's code unit value.

3. Letj be the remainder of dividing by 32.

4. Return the character whose code unit valug is

The production CharacterEscape :: HexEscapeSequencevaluates by evaluating the CV of the
HexEscapeSequen(see 11.8.4) and returning its character result.

The production CharacterEscape:: UnicodeEscapeSequencevaluates by evaluating the CV of the
UnicodeEscapeSequen@ee 11.8.4) and returning its character result.

The production CharacterEscape:: IdentityEscapeevaluates by returning’ the character represented by
IdentityEscape

21.2.2.11 DecimalEscape

The production DecimalEscape: DecimallntegerLiterallookahead i< DecimalDigif evaluates as follows:

1. Leti be the MV ofDecimallntegerLiteral

2. Ifiis zero, return the Escafalue consisting of a <NUL> character (Unicode value 0000).

3. Return the EscapeValue consisting of the integer

The definition of fthe MV of DecimallintegerLiteradis in 11.8.3.

NOTE If\ is followed by a decimal number n'whose first.digit is not 0, then the escape sequence is considered to be
a backreference. It is an error if n is greater than the total number of left capturing parentheses in the entire regular
expression. \ 0 represents the <NUL> character and cannot be followed by a decimal digit.

21.2.2.12 CharacterClassEscape

The production CharacterClassEscape d evaluates by returning the ten-element set of characters containing
the characters 0 through9 inclusive.

The production CharacterClassEscape D evaluates by returning the set of all characters not included in the set
returned by CharacterClassEscape d.

The production CharacterClassEscape: s evaluates by returning the set of characters containing the
characters that are on the right-hand side of the WhiteSpacg¢11.2) or LineTerminator(11.3) productions.

The production CharacterClassEscape S evaluates by returning the set of all characters not included in the set
returned by CharacterClassEscape s.

The production CharacterClassEscape w evaluates by returning the set of characters containing the sixty-
three characters:

abcdef ghi j k!l mnopqgrstuvwxyz
ABCDEFGHI JKLMNOPQRSTUVWXYZ
01234567829

The production CharacterClassEscape Wevaluates by returning the set of all characters not included in the set
returned by CharacterClassEscape w.

21.2.2.13 CharacterClass

The production CharacterClass:: [ [lookahead T {#}] ClassRanges|] evaluates by evaluating ClassRangeso
obtain a CharSet and returning that CharSet and the Boolean false.
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The production CharacterClass:: [* ClassRangeg evaluates by evaluating ClassRanget obtain a CharSet
and returning that CharSet and the Boolean true.

21.2.2.14 ClassRanges
The production ClassRanges: [empty] evaluates by returning the empty CharSet.

The production ClassRanges: NonemptyClassRangewvaluates by evaluating NonemptyClassRangés obtain a
CharSet and returning that CharSet.

21.2.2.15 NonemptyClassRanges

The production NonemptyClassRanges ClassAtomevaluates by evaluating ClassAtomto obtain a CharSet and
returning that CharSet.

The production NonemptyClassRangesClassAtonNonemptyClassRangesNoDasltaluates as follows:

1. EvaluateClassAtonto obtain a CharSe&.
2. EvaluateNonemptyClassRangesNoDashobtain a CharSe.
3. Return the union of CharSetsandB.

The production NonemptyClassRangesClassAtom- ClassAtontClassRangesvaluates as follows:

Evaluate the firs€lassAtonto obtain a CharSek.

Evaluate he secondClassAtonto obtain a CharSe8.
EvaluateClassRangeto obtain a CharSeg.

Call CharacterRandé, B) and letD be the resulting CharSet.
Return the union of CharSelBsandC.

arwNE

Runtime Semantics: CharacterRange Abstract Operation
The abstract operation CharacterRange takes two CharSet parameters A and B and performs the following:

1. If A does not contain exactly one characteBatoes not contain exactly one character then throw a
SyntaxError exception.

Let a be the one character in Char®et

Let b be the one character.in Char®&t

Leti be the code unit value of character

Letj be the code unit value of character

If i >j then throw aSyntaxError exception.

Return the set containing all characters numbetddoughj, inclusive.

Nogokwn

21.2.2.16 NonemptyClassRangesNoDash

The production NonemptyClassRangesNoDash ClassAtomevaluates by evaluating ClassAtomto obtain a
CharSet and returning that CharSet.

The production NonemptyClassRangesNoDash ClassAtomNoDasiNonemptyClassRangesNoDashaluates as
follows:

1. EvaluateClassAtomNoDaslto obtain a CharSei.
2. EvaluateNonemptyClassRangesNoDashobtain a CharSe.
3. Return the union of CharSe#sandB.

The production NonemptyClassRangesNoDash ClassAtomNoDash- ClassAtom ClassRangesevaluates as
follows:

1. EvaluateClassAtomNoDasto obtain a CharSeA.
2. EvaluateClassAtonto obtain a CharSeB.
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EvaluateClassRangefo obtain a CharSeg.
Call CharacterRand@, B) and letD be the resulting CharSet.
Return the union of CharSelsandC.

ahw

NOTE1 ClassRangesan expand into single ClassAtomsand/or ranges of two ClassAtomseparated by dashes. In the
latter case the ClassRangesncludes all characters between the first ClassAtomand the second ClassAtom inclusive; an
error occurs if either ClassAtondoes not represent a single character (for example, if one is \ w) or if the first ClassAtom's
code unit value is greater than the second ClassAtom'sode unit value.

NOTE 2  Even if the pattern ignores case, the case of the two ends of a range is significant in determining which
characters belong to the range. Thus, for example, the pattern /[E - F]/i matches only the letters E, F, e, and f , while the
pattern /[E -fl/i  matches all upper and lower-case ASCI! letters as well as the symbols [, \,],”, _,and "

NOTE 3 A - character can be treated literally or it can denote a range. It is treated literally if it is the first or last character
of ClassRangeshe beginning or end limit of a range specification, or immediately follows a range specification.

21.2.2.17 ClassAtom
The production ClassAtom: - evaluates by returning the CharSet.containing the one character - .

The production ClassAtom: ClassAtomNoDaslevaluates by evaluating ClassAtomNoDasko obtain a CharSet
and returning that CharSet.

21.2.2.18 ClassAtomNoDash

The production ClassAtorfNoDash:: SourceCharactebut not one of \ or ] or - evaluates by returning a one-
element CharSet containing the character represented by SourceCharacter

The production ClassAtomNoDash: \ ClassEscapevaluates by evaluating ClassEscapéo obtain a CharSet
and returning that CharSet.

21.2.2.19 ClassEscape

The production ClassEscape: DecimalEscapevaluates as follows:
EvaluateDecimalEscapeo obtain an EscapeValue

If E is not a character then throwSyntaxError exception.

Let ch beE's character.
Return theone-element CharSet containing the character

Eal ol N

The production ClassEscape: b evaluates by returning the CharSet containing the one character <BS>
(Unicode value 0008).

The production ClassEscape: CharacterEscapevaluates by evaluating CharacterEscap to obtain a character
and returning a one-element CharSet containing that character.

The production ClassEscape: CharacterClassEscapevaluates by evaluating CharacterClassEscap® obtain a
CharSet and returning that CharSet.

NOTE A ClassAtomcan use any of the escape sequences that are allowed in the rest of the regular expression
except for \' b, \ B, and backreferences. Inside a CharacterClass\ b means the backspace character, while \ B and
backreferences raise errors. Using a backreference inside a ClassAtontauses an error.

21.2.3 The RegExp Constructor

The RegExp constructor is the %RegExp% intrinsic object and the initial value of the RegExp property of the
global object. When RegExp is called as a function rather than as a constructor, it creates and initialises a
new RegExp object. Thus the function call RegExp(€é) is equivalent to the object creation expression
new RegExp(é) with the same arguments. However, if the this value value passed in the call is an Object
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with an [[RegExpMatcher]] internal data property whose value is undefined, it initialises the this value using
the argument values. This permits RegExp to be used both as factory method and to perform constructor
instance initialization.

The RegExp constructor is designed to be subclassable. It may be used as the value of an extends clause
of a class declaration. Subclass constructors that intended to inherit the specified RegExp behaviour must
include a super call to the RegExp constructor to initialise subclass instances.

21.2.3.1 RegExp(pattern, flags)
The following steps are taken:

1. Letfuncbe thisRegExp function object.

2. LetO be thethis value.

3. If Type(O) is not Object or Typed) is Object andD does not have a [[RegExpMatcher]] internal data
property or TypeQ) is Object and has a [[RegExpMatchfrinternal data property and the value of
[[RegExpMatcher]] is notindefined, then

a. If Type(patterr) is Object and has a [[RegExpMatcher]] internal data property dadsis
undefined, then
i Returnpattern
b. LetO be the result of calling the abstragiesation RegExpAlloc with argumefunc.
c. ReturnifAbruptQ).
4. If Type(pattern) is Object angatternhas a [[RegExpMatcher]] internal data property, then
a. Ifthe value ofp a t t §RegEXpMatcher]] internal data propertyusdefined, then throw a
TypeError exception.
b. If flagsis notundefined, then throw arypeError exception.
c. LetPbethevalue gb a t t [gQrigin@lSourc§ internal data property
d. LetF bethe value b a t t [gQrigin@lBlagd] internal data property.
5. Else,
a. LetP bepattern
b. LetF beflags
6. Return the result of the abstract operation RegExplnitialise with argur@emsandF .

NOTE If pattern is supplied using a StringLiteral, the usual escape sequence substitutions are performed before the

String is processed by RegExp. If pattern must contain an escape sequence to be recognised by RegExp, any backslash

\ characters must be escaped within the StringLiteral to prevent them being removed when the contents of the StringLiteral

are formed.

21.2.3.2 new RegExp(...argumentsList)

RegExp called as part of a new expression with argument list argumentsListt performs the following steps:

1. LetF be theRegExp function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that wasoked by
the new operator.

3. Returnthe result ofOrdinaryConstruc{F, argumentsLigt

If RegExp is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

21.2.3.3 Abstract Operations for the RegExp Constructor

Runtime Semantics: RegExp Alloc Abstract Operation

When the abstract operation RegExpAlloc with argument constructoris called, the following steps are taken:
1. Assert:constructoris an object that has a [[Construct]] internal method.

2. Let obj be the result of calling OrdinaryCreateFromConstrucfoonstructor "%RegExpPrototype% ",
( [[RegExpMatcher]], [[OriginalSource]], [[OriginalFlags)]
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3. Let statusbe the result of DefinePropertyOrThrassf, "lastindex ", PropertyDescriptor {[[Writable]]true,
[[Enumberake]]: false [[Configurable]]:false}).

4. ReturnlfAbruptétatug.

5. Returnobj.

NOTE [[RegExpMatcher]] is initially assigned the value undefined as a flag to indicate that the instance has not yet
been initialised by the RegExp constructor. This flag value is never directly exposed to ECMAScript code; hence
implementation may choose to encode the flag in some other manner.

Runtime Semantics: RegExp Initialise Abstract Operation

When the abstract operation RegExplnitialise with arguments obj, pattern, and flags is called, the following
steps are taken:

If patternis undefined, then letP bethe empty String
Else, letP be ToStringpatterr).

ReturnlfAbruptP).

If flagsis undefined, then letF bethe empty String
Else, letF be ToStringflags).

ReturnlfAbruptf).

NooA~wWwNE

than once, then throw &yntaxError exception.

8. ParseP interpreted as UTHA6 encoded Unicode charactersing the grammars ial1.2.1for the goal symbol
Pattern Throw aSyntaxError exception ifP did not conform to'the grammar if all characters oP where
not matched by the parse.

9. Seto b j[[BegExpMatcher]] internal data property the internal procedurebtainedby evaluating
("compiling”) thestep3 $ parse of and applying the semantics provided21.2.2

10. Set the value adbj6 fOriginalSourcd internal data propertio P.

11. Set the value abbjo fOriginalFlagd] internal data popertyto F.

12. LetputStatude the result of Pubpj, " lastindex ", 0,true).

13. ReturnlfAbruptputStatus

14. Returnobj.

Runtime Semantics: RegExp Create Abstract Operation
When the abstract operation RegExpCreate with arguments P and F is called, the following steps are taken:

1. Letobjbe the result of calling the abstract operation RegExpAlloc with argument %RegExp%.
2. ReturnlfAbrupt@bj):
3. Return the result of the abstract operation RegExplnitialise with argurobptB, andF .

Runtime Semantics: EscapeRegExpPatt ern Abstract Operation
When the abstract operation EscapeRegExpPattern with arguments P and F is called, the following occurs:

Let Sbe a String in the form of a Patternequivalent to P interpreted as UTF-16 encoded Unicode characters, in
which certain characters are escaped as described below. S may or may not be identical to P or pattern
however, the internal procedure that would result from evaluating S as a Patternmust behave identically to the
internal procedure given by the constructed object's [[RegExpMatcher]] internal data property. Separate calls
to this abstract operation using the same values for P and F must produce identical results.

The characters / occurring in the pattern shall be escaped in S as necessary to ensure that the String value
formed by concatenating the Strings "/" , S, "/" , and F can be parsed (in an appropriate lexical context) as a
RegularExpressionLiterathat behaves identically to the constructed regular expression. [For example, if P is
"/" , then Scould be "\ /* or "\ u00O2F" , among other possibilities\, but not "/* , because ///  followed by F

If F contains any character other that , "i" ,"m","u", or"y" or if it contains the same character more

would be parsed as a SingleLineCommentather than a RegularExpressionLiteralf P is the empty String, this
specification can be met by letting Sbe "(?:)"

Return S.
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21.2.4 Properties of the RegExp Constructor

The value of the [[Prototype]] internal data property of the RegExp constructor is the standard built-in Function
prototype object (19.2.3).

Besides the length  property (whose value is 2), the RegExp constructor has the following properties:
21.2.4.1 RegExp.prototype

The initial value of RegExp.prototype is the RegExp prototype object (21.2.5).

This property shall have the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
21.2.4.2 RegExp[ @@create] ()

The @@create method of an object F performs the following:

1. Returnthe result of calling the abstract operation RegExpAllocwith argufent

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

21.2.5 Properties of the RegExp Prototype Object

The RegExp prototype object is an ordinary object. It is not a RegExp instance and does not have a
[[RegExpMatcher]] internal data property or any of the other internal data properties of RegExp instance

objects.

The value of the [[Prototype]] internal data property of the RegExp prototype object is the standard built-in
Object prototype object (19.1.4).

The RegExp prototype object does not have a valueOf property of its own; however, it inherits the valueOf
property from the Object prototype object.

21.2.5.1 RegExp.prototype.constructor
The initial value of RegEXxp.prototype.constructor is the standard built-in RegExp constructor.
21.2.5.2 RegExp.prototype.exec(string)

Performs a regular expression match of string against the regular expression and returns an Array object
containing the results of the match, or null if string did not match.

The String ToString@tring) is searched for an occurrence of the regular expression pattern as follows:

Let R be thethis value.

If Type(R) is not Object, then throw BypeError exception.

If R does not have a [[RegExpMatcher]] intermiaita property, then throw®BypeError exception.
If the value ofR 0 [fRegExpMatcher]] internatlata propest is undefined, then throw arypeError
exception.

Let Sbe the value of ToString{ring)

ReturnIfAbruptg).

Return the result of the RegExpExec abstract operation with arguiRemds.

rPODNPE

Nowu

Runtime Semantics: RegExpExec Abstract Operation

The abstract operation RegExpExec with arguments R (an object) and S (a string) performs the following
steps:

1. Assert:Ris an initialised RegExp instance.
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Letlengthbe the length oS§.
Let lastindexbe the result of GéR,"lastindex ").
Leti be the value of Tolntegdgstindey).
ReturnIfAbrupt().
Let global be the result oToBooleanGet(R, "global ")) .
ReturnIfAbrupt@lobal).
If globalis false, then leti = 0.
Let matcherbe the value oR 6 [fRegExpMatcher]] internatlata property.
. Let matchSucceedék false.
. Repeat, whié¢ matchSucceeded false
a. Ifi<0ori>length then
i. Let putStatusbe the result oPuf(R, "lastindex ", 0,true).
iil ReturnIfAbruptputStatus.
iii. Returnnull.
b. Letr be the result of callinghatcherwith argumentsS andi.
c. If risfailure, then
i Leti =i+1.
d. else
i Assert:r is aState.
ii. SetmatchSucceedet true.
12. Lete ber'sendindexvalue.
13. If globalis true,
a. LetputStatusbe the result oPuf(R, "lastindex = ", e, true).
b. ReturnlfAbruptputStatus.
14. Let n be the length of's capturesList. (This is the same valu@s21.2.2.1s NcapturingParens)
15. Let A bethe result of the abstract operation ArrayCreate with argument 0
16. Let matchindexbei.
17. Assert: The following [DefineOwnProperty]] calls will not result in-an abrupt completion.
18. Call the [[DefineOwnProperty]] internal method éfwith argumentsifhidex " andProperty Descriptor
{[[Value]]: matchindex[[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true}.
19. Call the [[DefineOwnProperty]] internal method Afwith argumentsitiput " andProperty Descriptor
{[[Value]]: S, [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true}.
20. Call the [[DefineOwnProperty]] internal method Afwith argumentsléngth
{[[Value]]: n+ 1}.
21. Let matchedSubstbe the mathed substring (i.e. the portion 8fbetween offset inclusive and offsee
exclusive).
22. Call the [[DefineOwnProperty]] internal method Afwith arguments 0" andProperty Descriptor
{[[Value]]:-matchedSubst{[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
23. For each integeirsuch thai > 0 andi ¢ n
a. Letcapturelbeit” element ofr's capturesList.
b. Call the [[DefineOwnProperty]] internal method Afwith arguments ToString( andProperty
Descriptor {[[Value]]: capturel, [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
24. ReturnA.

RBoo~NoOM®N
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andProperty Descriptor

21.2.5.3 get RegExp.prototype.global

RegExp.prototype. global is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let R be thethis value.

If Type(R) is not Object, then throw BypeError exception.

If R does not have a [[OriginalFlags]] intermddta property throw &ypeError exception.
Let flagsbe the value oR6 FOriginalFlagg] internal data property

If flagsis undefined, then throw aTypeError exception.

If flagscontains the charactég", then returrtrue.

Returnfalse.

Nogok,rwhpE
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21.2.5.4 get RegExp.prototype.ignoreCase

RegExp.prototype. ignoreCase is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Noo,rwneE

Let R be thethis value.

If Type(R) is not Object, then throw &ypeError exception.

If Rdoes not have a [[OriginalFlags]] interngdta property throw &ypeError exception.
Let flagsbe the value oR6 FOriginalFlagd] internal data property

If flagsis undefined, then throw al'ypeError exception.

If flagscontains the charactéi ", then returrtrue.

Returnfalse.

21.25.5 RegExp.prototype.match (string)

When the match method is called with argument string, the following steps are taken:

pONPE
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Let rx be thethis value.
If Type(rx) is not Object, then throw &ypeError exception.
If rx does not have a [[RegExpMatcher]] intermiata property, then throw BypeError exception.
If the value ofrxd6 §RegExpMatcher]] internatlata property isindefined, then throw arypeError
exception.
Let Sbe the value of ToString{ring)
ReturnIfAbrupt®).
Let global be the result oT oBooleanGef(rx, "global" )).
ReturnIfAbruptglobal).
If globalis nottrue, then
a. Return the result of calling thebstractoperation RegExpExesee21.2.5.2 with argumentsx and
S,

10. Elseglobalis true,

Let putStatusbe the result oPut(rx, "lastindex"” , 0, true).
ReturnIfAbruptputStatu}.
Let A be the result of the abstract operation ArrayCeeaith argument 0
Let previousLastindeke 0.
Letn be 0.
Let lastMatchbetrue.
Repeat, whildastMatchis true
i. Let resultbe the result of thabstract operation RegExpExetith argumentsx andS.
ii. ReturnIfAbruptgesulf).
Tii. If resultis null, then setastMatchto false.
iv. Elseresultis notnull,
1. Letthisindex be the result oT olntegerGef(rx, "lastindex" ).
2. ReturnifAbruptthisindey.
3. |If thisIndex= previousLastindethen
a LetputStatusbe the result oPuf(rx, "lastindex" , thisindex1, true).
b ReturnifAbryt(putStatu}.
¢ SetpreviousLastindexo thisindex-1.
4. Else,
a SetpreviousLastindexo thisindex
5. Let matchStrbe the result of Gétesult "0" ).
6. LetdefineStatube the result obDefinePropert@rThrow(A, ToStringfn), Property
Descriptor {[[Value]]: matchStr [[Writable]]: true, [[Enumerable]]:true,
[[configurable]]:true}).
7. ReturnifAbrupt@efineStatuys
8. Incrementn.
h. If n= 0, then returmull.
i. ReturnA.

@rooooTsy
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21.25.6 get RegExp.prototype.multiline

RegExp.prototype. multiline is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let R be thethis value.

If Type(R) is not Object, then throw &ypeError exception.

If R does not have a [[OriginalFlags]] intermddta property throw &ypeError exception.
Let flagsbe the value oR6 FOriginalFlagd] internal data property

If flagsis undefined, then throw alypeError exception.

If flagscontains the charactémi', then returrtrue.

Returnfalse.

Nouohlwne

21.2.5.7 RegExp.prototype.replace (S, replaceValue)

When the replace  method is called with arguments Sand replaceValughe following steps are taken:

TODO: need tol finish this and have it make use of GetReplaceSubstitution operation in 21.1.3.14

Let rx be thethis value.

If Type(rx) is not Olect, then throw &ypeError exception.

If rx does not have a [[RegExpMatcher]] intermialta property, then throw BypeError exception.

If the value ofrx6 fRegExpMatcher]] internatlata property isindefined, then throw arypeError

exception.

Let string be ToStringS).

ReturnIfAbruptétring).

If searchValueglobal isfalse, then searcistring for the first match of the regular expressisgarchValuelf

searchValugglobal istrue, then searclstring for all matches of the regular expressggarchValueDo the

search in the same manner aRRiegExp.prototype.match , including the update of

searchValudastindex . Letm be the number of left capturing parenthesesdarchValugusing

NcapturingParenss specified ir21.2.2.).

8. If replaceValuds a function, then

a. For each matched substring, call the function with the following 3 arguments. Argument 1 is the
substring that matched. searchValués a regular expression, the newtarguments are all of the
captures in the MahResult (se®1.2.2.). Argumentm + 2 is the offset withirstring where the
match occurred, and argument+ 3 isstring. The result is a String value derived from the original
input by replacing each matched substring wita torresponding return value of the function call,
converted to a String if need be.

pPwnPE
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9. Else,
a. Letnewstringdenote the result of convertimgplaceValugo a String. The result is a String value
derived from the original input String by replacing each madcéebstring with a String derived
from newstringby replacingelementsn newstringby replacement text as specified.ithese$
replacements are done léati-right, and, once such a replacement is performed, the new replacement

text is not subject to ftiner replacements. For examp!81,$2".replace(/( \ $(\ d))/g,
"$$1 - $1$2") returns"$l - $11,$1 - $22" . A $ in newstringthat does not match any of the
forms below is left as ib. Commented [AWB7139]:

completion record checks.

Needs an real algorithm and also

21.2.5.8 RegExp.prototype.search (S)
When the search method is called with argument S, the following steps are taken:

1. Letrx be thethis value.
2. If Type(rx) is not Object, then throw &ypeError exception.
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3. If rx does not have a [[RegExpMatcher]] intermi@lta property, then throw BypeError exception.
4. |If the value ofrxd §RegExpMatcher]] intemal data property isindefined, then throw arypeError
exception.

5. Letstring be ToStringS).
6. ReturnIfAbruptétring).
7. [Search the valustring from its beginning for an occurrence of the regular expression pattetret result
be a Number indicating the fskt withinstring where the pattern matched, iat if there was no matchf an
abrupt completion occurs during the seam@sultis that Completion Record’helastindex  and
global properties ofegexpare ignored when performing the search. TdsInd ex property ofregexp
is left unchanged. Commented [AWB7140];
8. Returnresult langauge

TODO: Needs better spec

21.2.5.9 get RegExp.prototype.source

RegExp.prototype. source is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let R be thethis value.

If Type(R) is not Object, then throw &ypeError exception.

If R does not have a [[OriginalSource]] interrddta property throw @&ypeError exception.
If R does not have a [[OriginalFlags]] interngdta property throw &ypeError exception.
Let src be he value oR0 FOriginalSourcd internal data property

Let flagsbe the value oR6 BOriginalFlagd] internal data property

If either src or flagsis undefined, then throw arypeError exception.

Returnthe result of the abstract operatiBscapeRegkpPatternwith argumentsrc andflags

ONOOTAWNE

21.2.5.10 RegExp.prototype.split (string, limit)

Returns an Array object into which substrings of the result of converting string to a String have been stored.
The substrings are determined by searching from left to right for matches of the this value regular expression;
these occurrences are not part of any substring in the returned array, but serve to divide up the String value.

The this value may be an empty regular expression or a regular expression that can match an empty String.
In this case, regular expression does not match the empty substring at the beginning or end of the input String,
nor does it match the empty substring at the end of the previous separator match. (For example, if the regular
expression matches the empty String, the String.is split up into individual code unit elements; the length of the
result array equals the length of the String, and each substring contains one code unit.) Only the first match at
a given position of the this String is considered, even if backtracking could yield a non-empty-substring match
at that position. (For. example,. /a*?/.split("ab") evaluates to the array ['a","b"] , while
la* [.split("ab") evaluates to the array["","b"] )

If the string is (or converts to) the empty String, the result depends on whether the regular expression can
match the empty String. If it can, the result array contains no elements. Otherwise, the result array contains
one element, which is the empty String.

If the regular expression that contains capturing parentheses, then each time separatoris matched the results

(including any undefined results) of the capturing parentheses are spliced into the output array. For example,
1<( \ N)?(["<>]+)>/.split("A<B>bold</B>and<CODE>coded</CODE>")

evaluates to the array

[ "A", undefined, "B", "bold", "/", "B", "and", undefined,
"CODE", "coded' "CODE", "

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. Letrx be thethis value.

2. If Type(rx) is not Object, then throw BypeError exception.
3. If rx does not have a [[RegExpMatcher]] intermi@ta property, then throw BypeError exception.
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4. |If the value ofrxd §RegExpMatcher]] internatiata propest is undefined, then throw arypeError

exception.

Let matcherbe the value ofx6 §RegExpMatcher]] internatiata property.

Let Sbe ToStringstring).

ReturnIfAbrupt®).

Let A bethe result of the abstract operation ArrayCreate with argument 0

9. ReturnlfAbrupt(A).

10. LetlengthAbe 0.

11. If limit is undefined, letlim = 2%% 1; else letim = ToLengtKlimit).

12. Let sbe the number oflementsn S.

13. Letp=0.

14. If lim = 0, returnA.

15. If s=0, then

a. Letzbe the result of callinthe matcherwith argumentsSandO.
b. RetunlfAbrupt(2).
c. If zis notfailure, returnA.
d. Letstatusbetheresult of calling thg[DefineOwnProperty]] internal method & with arguments
" 0" andProperty Descriptor {[[Value]]S, [[Writable]l:true, [[Enumerable]j:true,
[[Configurable]]:true}.
e. Assert:statusis notan abrupt completion.
f.  ReturnA.
16. Letg=p.
17. Repeat, whileg , s
a. Letzbe the result of callinthe matcherwith argumentsSandq
b. ReturnlfAbrupt@).
c. If zisfailure, then letq = gq+1.
d. Else zis notfailure,
i zmust be a State. Letbe ZsendIndexand letcap be Zs capturesList.
ii. If e=p, then letq = g+1.
iii. Elsee, p,

1. Let T-bea String value equal to the substrindSafonsisting of theelementsat

positionsp (inclusive) throughy (exclusive).

2. <Let statusbethe result of calling thd[DefineOwnProperty]] internal method &
with arguments ToStringgngthA andProperty Descriptor {[[Value]]T,
[[Writable]]: true, [[Enumerable]]:true, [[Configurable]]: true}.
Assert:statusis not-an.abrupt completion.

IncrementengthAby 1.

If lengthA = lim, returnA.

Letp=e.

Leti = 0.

Repeat, whilé is not equal to the number of elementsap.

a Leti=i+l.

b Let statusbe the result of calling thg[DefineOwnProperty]] internal
method ofA with arguments ToStringg¢ngthA andProperty Descripr
{[[Value]]: capil, [[Writable]]: true, [[Enumerable]]:true,
[[Configurable]]:true}.

c Assert:statusis not an abrupt completion.

d IncrementiengthAby 1.

e If lengthA=lim, returnA.

9. Letg=p.

18. Let T be a String value equal to the substrindSafonsising of theelementsat positions (inclusive)
throughs (exclusive).

19. Let statusbe the result of calling thg[DefineOwnProperty]] internal method & with arguments
ToString(engthA andProperty Descriptor {[[Value]]T, [[Writable]]: true, [[Enumerab¢]]: true,
[[Configurable]]:true}.

20. Assert:statusis not an abrupt completion.

21. ReturnA.

RN S 01~ B

The length  property of the split  method is 2.
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NOTE1 Thesplit method ignores the value of the global property of this RegExp object.
21.2.5.11 get RegExp.prototype.sticky

RegExp.prototype  .sticky is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let R be thethis value.

If Type(R) is not Object, then throw BypeError exception.

If R does not have a [[OrigalFlags]] internabata property throw &ypeError exception.
Let flagsbe the value oR6 EOriginalFlagd] internal data property

If flagsis undefined, then throw arypeError exception.

If flagscontains the charactéy", then returrtrue.

Returnfalse.

Nogn,rwnNhpE

21.2.5.12 RegExp.prototype.test(string)
The following steps are taken:

Let R be thethis value.

If Type(R) is not Object, then throw BypeError exception.

If R does not have a [[RegExpMatcher]] interniaita property, then throwBypeError exception.
If the value ofR 6 [fRegExpMatcher]] internatlata property.isindefined, then throw arypeError
exception.

Let Sbe the value of ToString{ring)

ReturnIfAbruptg).

Let matchbe the result othe RegExpExec abstract operation with arguméhendsS.
ReturnIfAbrupt(match.

If matchis notnull, then returrtrue; else returrfalse.

pONPE
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21.2.5.13 RegExp.prototype.toString()

Let R be thethis value.

If Type(R) is not Object, then throw BypeError exception.

If R does not have a [[RegExpMatcher]] interniaita property, then throaTypeError exception.
If the value ofR 6[fRegExpMatcher]] internatiata property isindefined, then throw arypeError
exception.

5. Letpatternbe the result of ToString(GdR(" source ")).

6. ReturnifAbruptpattern).
7

8

pONPE

Let resultbe theString value formed bgoncatenating/ ", pattern and"/".
. Letglobal be the result of ToBoolean(G&(" global ")).
9. ReturnlfAbruptglobal).
10. If globalis true, then appentig" as the last character odsult
11. LetignoreCasebe the result of ToBoolean(G&(" ignoreCase ")).
12. RetunIfAbrupt(ignoreCasg.
13. If ignoreCaseds true, then appendli " as the last character césult
14. Let multiline be the result of ToBoolean(G&(" multiline  ")).
15. ReturnlfAbruptfnultiline).
16. If multilineis true, then append ' as the last character césult
17. Letunicodebe the result of ToBoolean(G&(" unicode ")).
18. ReturnlfAbrupt{inicode.
19. If unicodeis true, then appendu" as the last character odsult
20. Let sticky be the result of ToBoolean(G&(" sticky ")).
21. ReturnlfAbruptticky).
22. If stickyis true, then append' y" as the last character odsult
23. Returnresult

NOTE The returned String has the form of a RegularExpressionLiterahat evaluates to another RegExp object with
the same behaviour as this object.
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21.2.5.14 get RegExp.prototype.unicode

RegExp.prototype . unicode is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let R be thethis value.

If Type(R) is not Object, then throw &ypeError exception.

If R does not have a [[OriginalFlagsiternaldata property throw &ypeError exception.
Let flagsbe the value oR6 fOriginalFlagd] internal data property

If flagsis undefined, then throw alypeError exception.

If flagscontains the charactéu™, then returrtrue.

Returnfalse.

Nouohlwne

21.2.5.15 RegExp.prototype [ @@isRegExp ]

The initial value of the @ @isRegEXxp property is true.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

21.2.6 Properties of RegExp Instances

RegExp instances are ordinary objects that inherit properties from the RegExp prototype object. RegExp
instances have internal data properties [[RegExpMatcher]], [[OriginalSource]], and [[OriginalFlags]]. The value
of the [[RegExpMatcher]] internal data property is an implementation dependent representation of the Pattern

of the RegExp object.

NOTE Prior to the 6™ Edition, RegExp instances were specified as having the own data properties source , global
ignoreCase , and multiline . Those properties are now specified as accessor properties of RegExp.prototype.

RegExp instances also have the following properties.

21.2.6.1 lastindex

The value of the lastindex property, specifies the String position at which to start the next match. It is
coerced to an integer when used (see 21.2.5.2). This property shall have the attributes { [[Writable]]: true,

[[Enumerable]]: false, [[Configurable]]: false }.

NOTE Unlike the other standard built-in properties of RegExp instances, lastindex is writable.
22 Indexed Collections

22.1 Array Objects

Array objects are exotic objects that give special treatment to a certain class of property names. See 9.2.2 for
a definition of this special treatment.

%n Array object, O, is said to be sparse if the following algorithm returns true:
1. Letlen be the result of Gé®, "length" ).

2. For each integeirin the range Gi<ToUint32(en)
a. Let elem be the result of calling the [[GetOwnProperty]] internal methodOofwith argument

ToString().
b. If elemis undefined, returntrue.
3. Returnfalse] Commented [AWB11141]:  TODO: see if this algorithm is

really needed
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22.1.1 The Array Constructor

The Array constructor is the %Array% intrinsic object and the initial value of the Array property of the global
object. When Array is called as a function rather than as a constructor, it creates and initialises a new Array
object. Thus the function call Array( €é) is equivalent to the object creation expression new Array( €) with
the same arguments. However, if the this value value passed in the call is an Object with an
[[ArraylInitialisationState]] internal data property whose value is undefined, it initialises the this value using the
argument values. This permits Array to be used both as factory method and to perform constructor
instance initialization.

The Array constructor is designed to be subclassable. It may be used as the value of an extends clause of
a class declaration. Subclass constructors that intended to inherit the specified Array = behaviour must include
a super call to the Array constructor to initialise subclass instances.

22.1.1.1 Array ([iteml[,item2[,é 1]1])

This description applies if and only if the Array constructor is called with no arguments or at least two
arguments.

When the Array function is called the following steps are taken:

Let numberOfArgse the number of arguments passed to this constructor call.
Assert:numberOfArgd 1 .
Let O be thethis value.
If Type(O) is Object and has a [RArrayinitiali sationState]] internal data property and the value of
[[ArraylnitialisationState]] ifalse, then
a. Set the value oD 6 [fArraylnitiali sationState]].internal data property tae.
b. Letarray beO.
5. Else,
a. LetF be this function.
b. Letproto be the reglt of GetPrototypeFromConstructbr(" %Array Prototype 9%).
c. ReturnlfAbruptfroto).
d. Letarray be the result ofhe abstract operatioArrayCreate with argumeanumberOfArgsand
proto.
ReturnIfAbrupt@rray).
Letk be 0.
Letitemsbe a zereorigined List comaining the argument items in order.
Repeat, whil&k < numberOfArgs
a. Let Pkbe ToStringk).
b. LetitemKbek!" element ofitems
c. LetdefineStatusbe the result obefinePropert@rThrow(rray, Pk, Property Descriptor {[[Value]]:
itemK, [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true}).
d. ReturnlfAbrupt@efineStatus
e. Increasek by 1.
10. Let putStatusbe the result oPutarray, "length ", numberOfArgstrue).
11. ReturnlfAbruptputStatuy.
12. Return array.

pPONPE
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22.1.1.2 Array (len)
This description applies if and only if the Array constructor is called with exactly one argument.

Let numberOfArgse the number of arguments passed to this constructor call.
Assert:numberOfArgs= 1.
Let O be thethis value.
If Type(O) is Object and has a [[Arraylnitiali sationState]] intenal data property and the value of
[[ArraylnitialisationState]] ifalse, then

a. Set the value oD 6 [fArraylnitialisationState]] internal data property tae.

b. Letarray beO.

pPONPE
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5. Else,
a. LetF be this function.
b. Letproto be the result of GetPrototypeFromCoustor(F, " %Array Prototype 9%).
c. ReturnlfAbruptproto).
d. Letarray be the result oArrayCreaté0, proto).
6. ReturnlfAbrupt@rray).
7. If Type(len) is not Number, then
a. LetdefineStatusbe the result obefinePropert@rThrow(rray, " 0", Property Descriptor
{[[Value]]: len, [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true}).
b. ReturnifAbrupt@efineStatus.
c. LetintLenbe 1.
8. Else,
a. LetintLenbe ToUint32(en).
b. If intLeni len, then throw &RangeError exception.
9. LetputStatusbe the result oPut(array, "length ", intLen, true).
10. ReturnIfAbruptputStatu}.
11. Return array.

22.1.1.3 new Array (... argumentsList)
When Array is called as part of a new expression, it initialises a newly created object.

1. LetF be theArray function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstruc{F;argumentsLigt

If Array is implemented as an ordinary function object, its [[Construct]] internal method will perform the above
steps.

22.1.2 Properties of the Array.Constructor

The value of the [[Prototype]] internal data property of the Array constructor is the Function prototype object
(19.2.3).

Besides the length  property (whose value is 1), the Array constructor has the following properties:
22.1.2.1 Array.from (arrayLike ,mapfn=undefined, thisArg=undefined )

When the from method is called with ~argument arrayLike and optional arguments mapfnand thisArg the
following steps are taken:

Let C be thethis value.
Letitemsbe ToObjectérrayLike).
ReturnIfAbrupt{tems.
If mapfnis undefined, then let mappingbe false.
else
a. If IsCallablefmapfn) is false, throw aTypeError exception.
b. If thisArgwas supplied, leT bethisArg; else letT be undefined.
c. Let mappingbetrue
Let usinglteratorbe the result oHasPropertyitems @ @Iterator)
ReturnIfAbrupt@isinglterato).
If usinglteratoris true, then
a. Letiterator be the result of performing Getlteratitefns.
b. ReturnIfAbrupt{terator).
c. If IsConstructorC) istrue, then
i. Let newObjbe the result of calling the [[Construct]] internal methodmhvith an empty
argument list.

arpwONE
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d. Else,
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true}).
Xii. ReturnIfAbrupt@efineStatug.
Xiii. Increasek by 1.
9. Assertiitemsis not an Iterator so assume it.is Arrhlye.
10. LetlenValue be the result of Gétems "length" ).
11. Letlen be Tdntege(lenValug.
12. ReturnlfAbrupt{en).If IsConstructorC) is true, then
a. LetnewObijbethe result of calling the [[Construct]] internal method@fvith an argument list
containing the single itemen.}
b. LetA be ToObjectfewOb).
13. Else,
a. LetA bethe result 6the abstract operation ArrayCreate with argunlent
14. ReturnIfAbrupt®)«
15. Letk be 0.
16. Repeat, whilék < len
a. LetPkbe ToStringk).
b. LetkPresente the result oHasPropertyifems Pk).
¢ ReturnifAbruptkPreseny.
d. If kPresentistrue, then
i Let kValuebe theresult of Gefitems Pk).
ii. ReturnIfAbruptkValue.
iii. If mappingis true, then
1. LetmappedValude the result of calling the [[Call]] internal methodra&pfnwith
T asthisArgumentandaList containingkValue k, anditemsasargumentsList
2 ReturnlfAbruptfnappedValué.
iv. Else, letmappedValudekValue
V. Let defineStatusbe the result oDefinePropert@rThrow(A, Pk Property Descriptor
{[[Value]]: mappedValug[[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:
true}).
Vi. ReturnlfAbrupt@efineStatusg.
e. Increagkby 1.
17. Let putStatuse the result oPut(A, " length ", len, true).
18. ReturnlfAbruptputStatu}.
19. ReturnA.
NOTE The from function is an intentionally generic factory method; it does not require that its this value be the Array

constructor. Therefore it can be transferred to or inherited by any other constructors that may be called with a single

ecmad

i Let A bethe resul of the abstract operation ArrayCreate with argunent
e. ReturnlfAbrupt@).
f. Letkbe O.
g. Repeat
i Let Pk be ToStringk).
ii. Let nextbe the result of IteratorNestérator).
iii. ReturnIfAbruptfiex).
iv. Let donebe IteratorCompletegx).
v.  ReturnifAbrupt@iong.
Vi. If doneis true, then
1. LetputStatuse the result oPut(A, " length ", Kk, true).
2. ReturnlfAbruptputStatu}.

3. ReturnA.
Vii. Let nextValuebe IteratorValuegex).
Viii. ReturnIfAbrupthextValug.
iX. If mappingis true, then

1. LetmappedValude the result of calling the [[Call]] ternal method ofmapfnwith
T asthisArgumentanda List containingnextValueasargumentsList
2. ReturnlfAbruptfnappedValup
X. Else, letmappedValude nextValue
Xi. Let defineStatusbe the result oDefinePropert@rThrow(A, Pk, Property Descriptor
{[[Value]]: mappedValug[[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:

numeric argument.
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22.1.2.2 Array.isArray (arg)
The isArray  function takes one argument arg, and performs the following:

1. If Type(arg) is not Object, returfialse.
2. If argis an exotic Array objectthen returrtrue.
3. Returnfalse.

22.1.2.3 Array.of (...items)
When the of method is called with any number of arguments, the following steps are taken:

LetlenValue be the result of Gétems "length" ).
Letlen be Tdntege(lenValug.
Let C be thethis value.
If IsConstructorC) is true, then
a. LetnewObjbethe result of calling the [[Construct]] internal method(bbvith an argument list
containing the single iterten.]

PN PR

5. Else,
a. Let A bethe result of thebstract operatioArrayCreate withargumenten.
ReturnIfAbrupt@).
Letk be 0.
Repeat, whilk < len
a. LetPkbe ToStringk).
b. LetkValuebe the result of Géitems Pk).
c. LetdefineStatusbe the resulbf DefinePropert@rThrow(A,Pk, Property Descriptor {[[Value]]:
kValue[[value]], [[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:true}).
d. ReturnlfAbrupt@efineStatus.
e. Increasek by 1.
9. Let putStatuse the result oPut(A, "length ", len, true).
10. ReturnIfAbruptputStatu}.
11. ReturnA.

o N

The length  property of the of method is 0.

NOTE 1 The itemsargument is assumed to be a well-formed rest argument value.

NOTE 2  The of function is an intentionally generic factory method; it does not require that its this value be the Array
constructor. Therefore it.can be transferred to or inherited by other constructors that may be called with a single numeric
argument.

22.1.2:4 Array.prototype

The value of Array.prototype is %ArrayPrototype%, the intrinsic Array prototype object (22.1.3).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

22.1.2.5 Array[ @@create] ()

The @@create method of an object F performs the following steps:

Let F be thethis value.

Let proto be the result of GetPrototypeFromConstrudtpt@Array Prototype %).

ReturrfAbrupt(proto).

Let obj bethe result of calling Arra@reatewith argumentsundefined andproto.
Returnobj.

grwONE

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
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NOTE1 Passing undefined as the first argument to ArrayCreatecauses the [[ArraylnitialisationStatd] internal data
property of the array to be initially assigned the value false This is a flag used to indicate that the instance has not yet
been initialised by the Array constructor. This flag value is never directly exposed to ECMAScript code; hence
implementation may choose to encode the flag in any unobservable manner.

NOTE2 The Array @@create function is intentionally generic; it does not require that its this value be the Array
constructor object. It can be transferred to other constructor functions for use as a @@create method. When used with
other constructors, this function will create an exotic Array object whose [[Prototype]] value is obtained from the associated
constructor.

22.1.3 Properties of the Array Prototype Object

The value of the [[Prototype]] internal data property of the Array prototype object is the intrinsic
object %ObjectPrototype%.

The Array prototype object is itself an ordinary object. It is not an Array instance and does not have a length
property .

NOTE The Array prototype object does not have a valueOf property of its own; however, it inherits the valueOf
property from the standard built-in Object prototype Object.

22131 Array.prototype.concat ( [ iteml [ , item2 [

When the concat method is called with zero or more arguments iteml, item2 etc., it returns an array
containing the array elements of the object followed by the array elements of each argument in order.

The following steps are taken:

Let O be the result of ding ToObject passing thehis value as the argument.
ReturnIfAbruptQ).
Let A be undefined.
If Ois an exotic Array object, then
a. LetCbeGefO, " constructor = ").
b. ReturnlfAbruptC).
c. IfIsConstructor(C) istrue, then
i Let A be the result of OrdinaryConstri(c, (0)).
5. If Ais undefined, then
a. LetA bethe result of the abstract operation ArrayCreate with arguient
ReturnlfAbrupt@).
Letn be 0.
Letitemsbe an internal List whose first elementdsand whose subsequent elements are, in left to right
order, he arguments that were passed to this function invocation.
9. Repeat, whilétemsis not empty
a. Remove the first element froitemsand letE be the value of the element.
b. Letspreadablebe the result of IsConcatSpreadalde(
c. ReturnlfAbruptspreadablg.
d. |If spreadableis true, then
i Letk be 0.
ii. LetlenVal be the result of G¢E, "length” ).
iii. Letlen be ToLengtHlenVal).
iv. ReturnIfAbrupt(en).
V. Repeat, whil&k < len
1. LetP be ToStringk).
2. Letexistsbe the result oHasProperty, P).
3. ReturnlfAbruptgexistg.
4. If existsis true, then
a LetsubElemenbe the result of GéE, P).
b Call the [[DefineOwnProperty]] internal method Afwith arguments
ToString() andProperty Descriptor {[[Value]]subElement[[Writable]]:
true, [[Enumerable]]itrue, [[Configurable]]:true}.

pONPE
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5. Increasen by 1.
6. Increasek by 1.
e. ElseE is added as a single item rather than spread
i Call the [[DefineOwnProperty]] internal method Afwith arguments ToString) and
Property Descriptor {[[Value]]E, [[Writable]]: true, [[Enumerable]]:true,
[[Configurabld]: true}.
ii. Increasen by 1.
10. Let putStatuse the result oPut(A, " length ", n, true).
11. ReturnlfAbruptputStatu}.
12. ReturnA.

The length  property of the concat method is 1.

NOTE 1 The explicit setting of the length property in step 9 is necessary to‘ensure that its value is correct in
situations where the trailing elements of the result Array are not present.

NOTE 2  The concat 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 concat function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.1.1 IsConcatSpreadable (O ) Abstract Operation
The abstract operation IsConcatSpreadable with argument O performs.the following steps:

ReturnlfAbruptQ).

If Type(O) is not Object, then throw &ypeError exception.

Let spreadablebe Get(O, @ @isConcatSpreadable
ReturnIfAbruptépreadablg.

If spreadablds notundefined, then return ToBooleasprealable).
If Ois an exotic Array object, then retutrue.

Returnfalse.

NooprwNE

22.1.3.2 Array.prototype:constructor
The initial value of Array.prototype.constructor is the standard built-in Array constructor.
22.1.3.3 Array.prototype.copyWith (target, start, end = this.length)

The copyWith method takes up to three arguments target start and end The end argument is optional with
the length of the this object as its default value. If tagrgetis negative, it is treated as length+targetwhere length
is the length of the array. If start is negative, it is treated as lengthtstart If endis negative, it is treated as
lengthtend The following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.

ReturnIfAbruptQ©).

LetlenValbe the result of G¢€O, "length" ).

Letlen be ToLengtHlenVal).

ReturnlfAbrupt(en).

Let len be max(en, 0).

Let relativeTargetbe Tolntegerarge).

If relativeTargetis negative, leto be max((en + relativeStar},0); else leto be min¢elativeStart len).
ReturnIfAbruptrelativeTarge}.

10. Let relativeStartbe Tolntegergtart).

11. ReturnlfAbruptfelativeStar}.

12. If relativeStartis negative, lefrom be max((en + relativeStar},0); else lefrom be mingelativeStart len).
13. If endis undefined, let relativeEndbelen; else letrelativeEndbe Tolntegend).

14. ReturnlfAbruptfelativeEngd.

15. If relativeEndis negative, lefinal be max(len + relativeEnd,0); else lefinal be mingelativeEnd len).
16. Let countbe minfinal-from, len-to).

COoNoOOMWNE
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17. If from<to andto<from+count
a. Letdirection=-1.
b. Letfrom=from+ count-1.
c. Letto=to+ count-1.
18. Else,
a. Letdirection=1.
19. Repeat, whilecount> 0
a. LetfromKeybe ToStringfrom).
b. LettoKeybe ToString{o).
c. LetfromPresenbe the result oHasPropertyD, fromKey).
d. ReturnifAbruptfromPresent
e. If fromPresents true, then
i Let fromValbe the result of GéD, fromKey).
ii. ReturnIfAbruptfromVal).
iii. Let putStatuse the result oPufO, toKey, fromVal true).
iv. ReturnIfAbruptputStatu}.
f. ElsefromPresenis false,
i Let deleteéStatusbe the result obeletePropertyOT hrow(O, toKey).
ii. ReturnIfAbrupt@eleteStatus
g. Letfrombefrom + direction.
h. Letto beto + direction.
i. Letcountbecount- 1.
20. ReturnO.

The length  property of the fill  method is 2.

NOTE1 The copyWith 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 copyWith function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.4 Array.prototype.entries(.)
The following steps are taken:

1. LetO be theresult'of calling ToObject with thehis valueas its argument

2. ReturnlfAbruptQ©).

3. Return the result of calling the CreateArraylterator abstract operation with argu@®anis
"key+value ".

22.1.3.5.< 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 callbackfnonce for each element present in the array, in ascending
order, until it finds one where callbackfnreturns false. If such an element is found, every immediately returns
false. Otherwise, if callbackfnreturned true for all elements, every will return true. callbackfnis 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.

callbackfnis 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 range of elements processed by every is set before the first call to callbackfn Elements which are

appended to the array after the call to every 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 every visits them;
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elements that are deleted after the call to every begins and before being visited are not visited. every acts
like the "for all" quantifier in mathematics. In particular, for an empty array, it returns true.

When the every method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.
ReturnlfAbruptQ).
LetlenValue be the result of G¢D, "length" )
Letlen be ToLengtilenValwe).
ReturnIfAbrupt(en).
If IsCallableallbackfn) is false, throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Letk be 0.
Repeat, whilk < len
a. LetPkbe ToStringk).
b. LetkPresentbe the result oHasPropertfO, Pk).
c. ReturnIfAbruptkPreseny.
d. If kPresents true, then
i. Let kValuebe the result of GéD, PK).
ii. ReturnIfAbruptkValue.
iii. Let testResulbe the result of calling.the [[Call]] internal methoda#lIbackfnwith T as
thisArgumentanda List containingkValue, k, andO asargumentsList
iv. ReturnIfAbrupttestResult
A If ToBooleanfestResult)s false, returnfalse.
e. Increasek by 1.
10. Returntrue.

©COoNOOMWNE

Thelength property of theevery method isl.

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 other kinds of objects for use as a‘method. Whether the every function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.6 Array.prototypedfill (value, start = 0, end = this.length)

The fill method takes up to three arguments value startand end The start and end arguments are optional
with default values of O and the length of the this object. If startis negative, it is treated as lengh+start where
lengthis the length of the array. If endis negative, itis treated as length+end The following steps are taken:

Let O be the result of calling ToObject passing this value as the argument.
ReturnlfAbruptQ©).
LetlenValbe the result oGetO, "length" ).
Letlen be ToLengtklenVal).
ReturnlfAbrupt(en).
Letlen be max(en, 0).
Let relativeStartbe Tolntegergtart).
ReturnIfAbrupt¢elativeStar).
If relativeStartis negative, lek be max((en + relativeStar},0); else lek be minfelativeStart len).
10. If endis undefined, letrelativeEndbelen; else letrelativeEndbe Tolntegend).
11. ReturnIfAbrupttelativeEng.
12. If relativeEndis negative, lefinal be max({en + relativeEng,0); else lefinal be mingelativeEnd len).
13. Repeat, whilek < final
a. LetPkbe ToStringk).
b. LetputStatuse the result oPutO, Pk, value, true).
c. ReturnlfAbruptputStatu}.
d. Increasek by 1.
14. ReturnO.

COoNoOOMWNE

The length  property of the fill  method is 1.
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NOTE1 Thefill  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 fill  function can be applied successfully
to an exotic object that is not an Array is implementation-dependent.

22.1.3.7 Array.prototype.filter ( callbackfn [, thisArg])

callbackfnshould be a function that accepts three arguments and returns a value that is coercible to the
Boolean value true or false. filter calls callbackfnonce for each element in the array, in ascending order,
and constructs a new array of all the values for which callbackfnreturns true. callbackfnis 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.

callbackfnis called with three arguments: the value of the element, the index of the element, and the 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 callbackfnwill be the value at the time filter visits them;
elements that are deleted after the call to filter begins and before being visited are not visited.

When the filter method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.
ReturnIfAbruptQ©).
LetlenValue be the result of GO, "length” " ).
Letlenbe ToLengtHlenValug.
ReturnIfAbrupt(en).
If IsCallableallbackfr) is false, throw aTypeErraor exception.
If thisArgwas supplied, |eT bethisArg; else letT beundefined.
Let A be undefined.
If Ois an exotic Array object,.then
a. Let CbeGefO,"constructor ").
b. ReturnlfAbruptC).
c.. If IsConstructor(C) is true; then
i Let newObjbe the result of calling the [[Construct]] internal methodmhvith an argument
list containing the single iterﬁ.]
10. If Alisundefined, then
a. LetA bethe result of the abstracperation ArrayCreate with argume@t
11. ReturnlfAbrupt@).
12. Letk be 0.
13. Letto be 0.
14. Repeat, whil&k < len
a. LetPkbe ToStringk).
b. LetkPresente the result oHasProperty®, Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresenistrue, then
i Let kValuebe the result o5ef(O, PK).
i ReturnIfAbruptkValue).
iii. Let selectedbe the result of calling the [[Call]] internal methodazllbackfnwith T as
thisArgumentandaList containingkValue k, andO asargumentsList
iv. ReturnifAbrupt&electedl.
V. If ToBooleangelectedl is true, then

©CONOT A WNE
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1. Call the [[DefineOwnProperty]] internal method Afwith arguments ToStringg)
andProperty Descriptor {[[Value]]kValue [[Writable]]: true, [[Enumerable]]:
true, [[Configurable]]:true}.

2. Increaseo by 1.

e. Increasek by 1.
15. ReturnA.

Thelength property of thefilter method isl.

NOTE The filter 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 filter function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.8 Array.prototype.find ( predicate , thisArg = undefined )

predicateshould be a function that accepts three arguments and returns a value that is coercible to the
Boolean value true or false. find calls predicateonce for each element present in the array, in ascending
order, until it finds one where predicatereturns true. If such an elementis found, find immediately returns that
element value. Otherwise, find returns undefined. predicateis 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 predicate If it is not
provided, undefinedis used instead.

predicateis called with three arguments: the value of the element; the index of the element, and the object
being traversed.

find does not directly mutate the object on which'it is called but the object may be mutated by the calls to
predicate

The range of elements processed by find is set before the first call to callbackfn Elements that are appended
to the array after the call to find~ begins will not be visited by callbackfn If existing elements of the array are
changed, their value as passed to predicatewill be the value at the time that find visits them; elements that
are deleted after the call to find begins and before being visited are not visited.

When the find method is called with-one or two.arguments, the following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.
ReturnIfAbrupt©).
LetlenValue be the result of GéD, "length” ).
Letlen be Td_ength(lenValug.
ReturnifAbrupt(en).
If IsCallablepredicatg isfalse throw aTypeError exception.
If thisArgwas supplied, |eT bethisArg; else letT be undefined.
Letk be 0.
Repeat, whilék < len
a. LetPkbe ToStringk).
b. LetkPresentbe the result oHasProperty®, Pk).
c. ReturnifAbruptkPreseny.
d. If kPresents true, then
i. Let kValuebe the result of GéD, Pk).
ii. ReturnIfAbruptkValue.
iii. Let testResulbe the result of calling the [[Call]] internal methodprkedicatewith T as
thisArgumentanda List containingkValue k, andO asargumentsList
iv. ReturnIfAbrupttestResuy).
A If ToBooleanfestResult)s true, returnkValue
e. Increasek by 1.
10. Returnundefined.

COoNOOMWNE

Thelength property of thefind method isl.
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NOTE The find 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 find function can be applied successfully
to an exotic object that is not an Array is implementation-dependent.

22.1.3.9 Array.prototype.findindex ( predicate , thisArg = undefined )

predicate should be a function that accepts three arguments and returns a value that is coercible to the
Boolean value true or false. findindex calls predicateonce for each element present in the array, in
ascending order, until it finds one where predicatereturns true. If such an element is found, findindex
immediately returns the index of that element value. Otherwise, findindex  returns -1. predicateis 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 predicate If it is not
provided, undefined is used instead.

predicateis called with three arguments: the value of the element, the‘index of the element, and the object
being traversed.

findindex  does not directly mutate the object on which it is‘called but the object may be mutated by the
calls to predicate

The range of elements processed by findindex is set before the first call to callbackfn Elements that are
appended to the array after the call to findindex  begins will net bevisited by callbackfn If existing elements
of the array are changed, their value as passed to predicatewill be the value at the time that findindex  visits
them; elements that are deleted after the call to.findindex  begins and before being visited are not visited.

When the findindex = method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thes value as the argumeé.
ReturnIfAbruptQ©).
LetlenValue be the result-of G€®, “length” ).
Letlen be Td_ength(lenValug.
ReturnIfAbrupt(en).
If IsCallablefredicatg is false, throw aTypeError exception.
If thisArgwas supplied, |eT bethisArg; else letT be undefined.
Letk be 0.
Repeat, whil&k < len
a. LetPkbe ToStringk).
b LetkPresentbe the result oHasPropertyD, Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresents true, then
i Let kValuebe the result of G¢O, PK).
ii. ReturnIfAbruptkValue.
iil. Let testResulbe the result ofaling the [[Call]] internal method ofredicatewith T as
thisArgumentanda List containingkValue k, andO asargumentsList
iv. ReturnlfAbrupttestResult
V. If ToBoolean(estResult)s true, returnk.
e. Increasek by 1.
10. Return-1.

Thelength property of thefindindex  method isl.

©CONOT A WNE

NOTE The findindex  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 findindex  function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.
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22.1.3.10 Array.prototype.forEach ( callbackfn [, thisArg])

callbackfnshould be a function that accepts three arguments. forEach calls callbackfnonce for each element
present in the array, in ascending order. callbackfnis called only for elements of the array which actually exist;
itis 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.

callbackfnis called with three arguments: the value of the element, the index of the element, and the object
being traversed.

forEach does not directly mutate the object on which it is called but the objectmay be mutated by the calls to
callbackfn

The range of elements processed by forEach is set before the first.call to callbackin Elements which are
appended to the array after the call to forEach begins will not be visited by callbackfn If existing elements of
the array are changed, their value as passed to callback will be.the value at the time forEach visits them;
elements that are deleted after the call to forEach begins and before being visited are not visited.

When the forEach method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.
ReturnIfAbruptQ©).
LetlenValue be the result of G¢D, "length*. )
Letlen be ToLengtilenValug.
ReturnIfAbrupt(len).
If IsCallablecallbackfr) is false, throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Letk be 0.
Repeat, whil&k < len
a. Let Pkbe ToStringk).
b. LetkPresentbe the result oHasProperty®, Pk).
c. RetunlfAbrupt(kPreseny.
d. If kPresentstrue, then
i Let kValuebe the result of GéD, PK).
ii. ReturnifAbruptkValue.
iii. LetfuncResulbe theresult of calling thg[Call]] internal method otallbackfnwith T as
thisArgumentanda List containingkValue k, andO asargumentsList
iv. ReturnIfAbruptfuncResul
e. Increasek by 1.
10. Returnundefined.

CoNoOOMWNE

Thelength  property of theforEach method isl.

NOTE The forEach 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 forEach function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.11 Array.prototype.indexOf ( searchElement [, fromindex ] )

index Of compares searchElemento the elements of the array, in ascending order, using the Strict Equality
Comparison algorithm (7.2.10), and if found at one or more positions, returns the index of the first such
position; otherwise, -1 is returned.

The optional second argument fromindexdefaults to O (i.e. the whole array is searched). If it is 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 used as
the offset from the end of the array to compute fromIndex If the computed index is less than 0, the whole array
will be searched.
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When the indexOf method is called with one or two arguments, the following steps are taken:

1. LetO be the result of calling ToObj passing théhis value as the argument.
2. ReturnlfAbruptQ©).
3. LetlenValue be the result of GéD, "length" )
4. LetlenbeToLengtHlenValug.
5. ReturnlfAbrupt(en).
6. If lenis O, return-1.
7. If argumentfromindexwas passed lat be Tolntegerffomindey; else &tn be 0.
8. ReturnlfAbruptf).
9. If nOlen, return-1.
10.1fnO 0, then
a. Letkben.
11. Elsen<0,
a. Letkbelen-absf).
b. If k<0, then letk be 0.
12. Repeat, whilék<len
a. LetkPresente the result oHasProperty®, ToStringk)).
b. ReturnlfAbruptkPreseny.
c. If kPresenistrue, then
i Let elementKbe theresult of GetO, ToString)).
i ReturnIfAbruptelementR.
iii. Let samebe the result operformingStrict Equality ComparisosearchElement==

elementK
iv. If sameistrue, returnk.
d. Increasek by 1.

13. Return-1.
The length  property 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.
Therefore it can be transferred to-other kinds of objects for use as a method. Whether the indexOf function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.12 Array.prototype.join (separator)

The elements of the array are converted to Strings, and these Strings are then concatenated, separated by
occurrences of the separator If no separator is provided, a single comma is used as the separator.

The join ~method takes one argument, separator and performs the following steps:

Let O be the result of calling ToObject passing this value as the argument.

ReturnIfAbruptQ©).

LetlenValbe the result of GéD, "length" ).

Letlen be ToLengtHlenVal).

ReturnifAbrupt(en).

If separatoris undefined, let separatorbe the singlecharacter String,"

Let sepbe ToStringéeparato).

If lenis zero, return the empty String.

Let elemente the result of GéD, "0" ).

10. If elementGs undefined or null, letR be the empty String; otherwiskst R be ToStringélement).

11. ReturnIfAbruptR).

12. Letk bel.

13. Repeat, whilé < len

a. LetShbe the String value produced by concatenaRrandsep

b. Letelemente the result of GéD, ToString(k)).

c. If elemenis undefined or null, then ktnextbe the empty String; otherwise, ieéxtbe
ToStringelement.

d. ReturnifAbruptfiex).

e. LetRbe a String value produced by concatenaSmandnext

©CONOUTAWNE
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f. Increasek by 1.
14. ReturnR.

The length  property of the join  method is 1.

NOTE The join 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 join function can be applied successfully
to an exotic object that is not an Array is implementation-dependent.

22.1.3.13 Array.prototype.keys ()
The following steps are taken:

1. LetO be theresult of calling ToObject with thehis valueas its argument
2. ReturnlfAbruptQ).
3. Return the result of calig the CreateArraylterator abstract operation with argumeraad"” key " .

22.1.3.14 Array.prototype.lastindexOf ( searchElement [, fromIndex ] )

lastindexOf compares searchElemento the elements of the array in descending order using the Strict
Equality Comparison algorithm (7.2.10), and if found at one or more positions, returns the index of the last
such position; otherwise, -1 is returned.

The optional second argument fromindexdefaults 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.

When the lastindexOf method is called with one or two arguments, the following steps are taken:

1. LetO be the result of calling ToObject passing the value as the argument.
2. ReturnlfAbrupt©).
3. LetlenValue be the result of G¢O, "length" )
4. LetlenbeTolLengti{lenValug.
5. ReturnlfAbrupt(en).
6. If lenis 0, return-1.
7. If argumentfromindexwas passed let be Tolntegerfromindey; else letn belen-1.
8. ReturnIfAbruptf):
9. If n 00, then letk be minf, leni 1).
10. Else n<0,
a. Letkbelen - absf).
11. Repeat, whil&kO0
a. LetkPresentbe the result oHasProperty®, ToStringk)).
b. ReturnIfAbruptikPreseny.
c. If kPresents true, then
i Let elementkbe the result of GéD, ToStringK)).
ii. ReturnlfAbrupt(elementR.
iil. Let samebe the result operformingStrict Equality Comparison
searchElement== elementK
iv. If sameis true, returnk.
d. Decreas& by 1.
12. Return-1.

Thelength property of thdastindexOf method isl.

NOTE The lastindexOf 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 lastindexOf  function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.
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22.1.3.15 Array.prototype.map ( callbackfn [, thisArg])

callbackfnshould be a function that accepts three arguments. map calls callbackfnonce for each element in the
array, in ascending order, and constructs a new Array from the results. callbackfnis 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.

callbackfnis called with three arguments: the value of the element, the index of the element, and the object
being traversed.

map 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 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 callbackfnwill 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 thé value as the argument.
ReturnIfAbruptQ©).
LetlenValue be the result of G¢D, "length*. )
Letlen be ToLengtilenValug.
ReturnIfAbrupt(en).
If IsCallable(allbackfn) is false, throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Let A be undefined.
If Ois an exotic Array object, then
a. LetCbeGefO," constructor = ").
b. ReturnifAbruptC).
c. IfIsConstructorC) istrue, then
i Let newObjbe the result of .calling the [[Construct]] internal method(bh?vith an argument
list containing the single iterien)
10. If Aiis undefined, then
a. LetA bethe result of the abstract operation ArrayCreate with arguheent
11. ReturnlfAbrupt@).
12. Letk be 0.
13. Repeatwhile k < len
a.. Let Pkbe ToStringk).
b. LetkPresente the result oHasProperty®, Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresenistrue, then
i Let kValuebe the result of GéD, Pk).
ii. ReturnlfAbruptkValue.
iii. Let mappedValuée the result of calling the [[Ca]l]nternal method otallbackfnwith T as
thisArgumentandaList containingkValue k, andO asargumentsList
iv. ReturnIfAbruptfnappedValug
V. Call the [[DefineOwnProperty]] internal method Afwith argumentdk andProperty
Descriptor {[[Value]]: mappedVale, [[Writable]]: true, [[Enumerable]]:itrue,
[[Configurable]]:true}.
e. Increasek by 1.
14. ReturnA.

CONOUTAWNE

Thelength property of themap method isl.
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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 for use as a method. Whether the map function can be applied successfully to
an exotic object that is not an Array is implementation-dependent.

22.1.3.16 Array.prototype.pop ()
The last element of the array is removed from the array and returned.

Let O be the result of calling ToObject passing thés value as the argument.
ReturnIfAbruptQ©).
LetlenValbe the result oGet(O, "length" ).
Letlen be ToLengtHlenVal).
ReturnIfAbrupt{en).
If lenis zero,
a. LetputStausbe the result oPut(O, " length ", O, true).
b. ReturnlfAbruptputStatu}.
c. Returnundefined.
7. Elselen>0,
Let newLenbeleni 1.
Letindx be ToStringtewLen.
Let elementbe the result of G¢D, indx).
ReturnIfAbruptelemeny.
Let deleteStatusbe the resulof DeletePropertdrThrow(O,indXx).
ReturnIfAbrupt@eleteStatus
Let putStatuse the result oPufO, " length ", newlen, true).
ReturnIfAbruptputStatu}.
Returnelement

o, wNE

TF@moa0 o

NOTE The pop 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 pop function can be applied successfully to
an exotic object that is not an Array is-implementation-dependent.

22.1.3.17 Array.prototypepush ([itemd[ , item2 [ , é ] 1 1 )

The arguments are appended to the end of the array, in the order in which they appear. The 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., the following steps are taken:

Let O'be the result of calling ToObject passing thés value as the argument.
ReturnlfAbruptQ©).
LetlenValbe the result 06Get(O, "length" ).
Letn be ToLength{lenVal).
ReturnlfAbruptf).
Letitemsbe an internal List whse elements are, in left to right order, the arguments that were passed to this
function invocation.
Repeat, whildtemsis‘not empty
a. Remove the first element froitemsand letE be the value of the element.
b. LetputStatuse the result oPutO, ToStringn), E, true).
c. ReturnlfAbruptputStatu}.
d. Increasen by 1.
8. LetputStatuse the result oPutO, " length ", n, true).
9. ReturnlfAbruptputStatu}.
10. Returnn.

ouhwNE
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The length  property of the push method is 1.
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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 objects for use as a method. Whether the push function can be applied successfully
to an exotic object that is not an Array is implementation-dependent.

22.1.3.18 Array.prototype.reduce ( callbackfn [, initialValue])

callbackfnshould be a function that takes four arguments. reduce calls the callback, as a function, once for
each element present in the array, in ascending order.

callbackfnis called with four arguments: the previousValue (or value from the previous call to callbackfr), the
currentValue (value of the current element), the currentindex, and the object being traversed. The first time
that callback is called, the previousValue and currentValue can be one of two values. If an initialValue was
provided in the call to reduce , then previousValue will be equal to initialValue and currentValue will be equal
to the first 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 initialValue is not provided.

reduce 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 reduce is set before the first call to callbackin Elements that are
appended to the array after the call to reduce begins will not be visited by callbackfn If existing elements of
the array are changed, their value as passed to callbackfnwill 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:

1. LetO be the result of calling ToObject passing thes value as the argument.
2. ReturnlfAbruptQ©).

3. LetlenValue be the result of G¢D, "length" ).

4. Letlen beToLengtHlenValug.

5. ReturnIfAbrupt(en).

6. If IsCallableallbackh) isfalse, throw aTypeError exception.
7. If lenis 0 andinitialValue is not present, throw &ypeError exception.
8. Letkbe 0.
9. If initialValueis present, then
a. Setaccumulatorto initialValue.
10. ElseinitialValueis-not present,
a.” LetkPresentbefalse.
b. Repea while kPresents false and k < len
i Let Pk be ToStringk).
ii. Let kPresentbe the result oHasPropertyQ, Pk).
iii. ReturnifAbruptkPreseny.
iv. If kPresents true, then
1. Letaccumulatorbe the result of GéD, PK).
2. ReturnlfAbrupt@ccumulatoy.
V. Increasek by 1.
c. If kPresenisfalse, throw aTypeError exception.
11. Repeat, whilé < len
a. LetPkbe ToStringk).
b. LetkPresentbe the result oHasProperty®, Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresenis true, then
i Let kValuebe the result of GéD, Pk).

ii. ReturnIfAbruptkValue).

iii. Let accumulatorbe the result of calling the [[Call]] internal methodazflibackfnwith
undefined asthisArgumentanda List containingaccumulator kValue k, andO as
argumentsList

iv. ReturnIfAbrupt@ccumulatoy.
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e. Increasek by 1.
12. Returnaccumulator

Thelength property of theeeduce method isl.

NOTE The reduce 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 reduc e function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.19 Array.prototype.reduceRight ( callbackfn [, initialValue ])

callbackfnshould be a function that takes four arguments. reduceRight calls the callback, as a function,
once for each element present in the array, in descending order.

callbackfnis called with four arguments: the previousValue(or value from the previous call to callbackfr, the
currentValue(value of the current element), the currentindex and the object being traversed. The first time the
function is called, the previousValueand currentValuecan be one of two-values. If an. initialValue was provided
in the call to reduceRight , then previousValuewill be equal to initialValue and currentValuewill be equal to the
last value in the array. If no initialValue was provided, then previousValuewill be equal to the last value in the
array and currentValuewill be equal to the second-to-last value. It is a TypeError if the array contains no
elements and initialValue is not provided.

reduceRight  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 reduceRight is set before the first call to callbackn. Elements that are
appended to the array after the call to reduceRight begins will not be visited by callbackfn If existing
elements of the array are changed by callbackfn their value as passed to. callbackfnwill be the value at the
time reduceRight  visits them; elements that are deleted after the call to reduceRight  begins and before
being visited are not visited.

When the reduceRight ~ method is called with one ortwo arguments, the following steps are taken:

Let O be the result of calling ToObject gsing thethis value as the argument.
ReturnIfAbruptQ).
LetlenValue be the result of G¢®, "length” ).
Letlen be ToLengtl{lenValug.
ReturnIfAbrupt{en).
If IsCallableallbackfn) is false, throw aTypeError exception.
If lenis 0 andinitialValue is not present, throw &ypeError exception.
Letk belen-1.
If initialValue is present, then
a.. Setaccumulatorto initialValue.
10. ElseinitialValue is not present,
a. LetkPresentbefalse
b. Repeat, whilekPresents falseand kO 0
i Let Pkbe ToStringk).
ii. Let kKPresentbe the result oHasPropertyQ, Pk).
iii. ReturnIfAbruptkPresent.
iv. If KPresents true, then
1. Letaccumulatorbe the resulof GefO, PK).
2. ReturnlfAbrupt@ccumulatoy.
V. Decrease by 1.
c. If kPresents false, throw aTypeError exception.
11. Repeat, whilk O 0
a. Let Pkbe ToStringk).
b. LetkPresente the result oHasPropertyQ, Pk).
c. ReturnlfAbruptikPresen}.
d. If kPresentis true, then
i. Let kValuebe the result of GéD, PK).

©COoNoOO,WNE
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e.

ii. ReturnIfAbruptkValue.

iii. Let accumulatorbe the result bcalling the [[Call]] internal method aofallbackfnwith
undefined asthisArgumentanda List containingaccumulator kValue k, andO as

argumentsList
iv. ReturnIfAbrupt@ccumulatoy.
Decrease by 1.

12. Returnaccumulator

Thelength property of theeduceRig ht method isl.

NOTE

Therefore it can be transferred to other kinds of objects for use as a method. Whether the reduceRight

The reduceRight  function is intentionally generic; it does not require that its this value be an Array object.

applied successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.20 Array.prototype.reverse ()

function can be

The elements of the array are rearranged so as to reverse their order. The object is returned as the result of

the call.

NGO~ WNE
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0.

p.

Let O be the result bcalling ToObject passing this value-as the argument.
ReturnIfAbruptQ©).

LetlenValbe the result 0Get(O, "length" ).

Letlen be ToLengtHlenVal).

ReturnIfAbrupt(en).

Let middlebe floor(en/2).

Let lower beO.

Repeat, whildower, middle

Letuppe belen- lower- 1.
Let upperPbe ToStringgppe.
Let lowerP be ToStringlower).
Let lowerValuebe the result of GéD, lowerP).
ReturnifAbrupt{owerValug.
Let upperValuebe the result of GéD, uppel).
ReturnifAbruptipperValug.
Let lowerExistsbe theresult ofHasProperty®, lowerP).
ReturnIfAbrupt{owerExist3.
Let upperExistsbe the result oHasProperty®, upperp.
ReturnIfAbrupt(pperExists.
If lowerExistsis true andupperExistss true, then
i. Let putStatusbe the result oPut{O, lowerP, upperVdue, true).
ii. ReturnifAbruptputStatu}.
iii. Let putStatuse the result oPut{O, upperP, lowerValue true).
iv. ReturnIfAbruptputStatu}.
Else iflowerExistsis false andupperExistds true, then
i Let putStatusbe the result oPut{O, lowerP, upperValuetrue).
ii. ReturnlfAbruptputStatu}.

ifi. Let deleteStatusbe the result obeletePropertyYOrThrow (O, upperB.

iv. ReturnlfAbrupt@eleteStatus
Else iflowerExistsis true andupperExistds false, then

i Let deleteStatusbe the result obeletePropertyYOrThrow (O, lowerP).

ii. ReturnlfAbrupt(deleteStatus
iii. Let putStatuse the result oPut(O, upperP, lowerValug true).
iv. ReturnIfAbruptputStatu}.
Else botHowerExistsandupperExistsarefalse,
i No action is required.
Increasdower by 1.

9. ReturnO.

NOTE

Therefore, it can be transferred to other kinds of objects for use as a method. Whether the reverse

The reverse function is intentionally generic; it does not require that its this value be an Array object.

applied successfully to an exotic object that is not an Array is implementation-dependent.
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22.1.3.21 Array.prototype.shift ()
The first element of the array is removed from the array and returned.

Let O be the result of calling ToObject passing thes value as the argument.
ReturnlfAbruptQ).
LetlenValbe the result oGet(O, "length" ).
Letlen be ToLengtilenVal).
ReturnlfAbrupt(en).
If lenis zero, then
a. LetputStatuse the result oPuf(O, " length ", 0, true).
b. ReturnlfAbruptputStatuy.
c. Returnundefined.
Let first be the result of GéD, " 0").
ReturnIfAbrupt(irst).
Letk be 1.
0. Repeat, whil&k < len
Let from be ToStringk).
Let to be ToStringki 1).
Let fromPresenbe the result oHasPropertyD, from).
ReturnIfAbruptfromPresenk
If fromPresents true, then
i Let fromValbe the result of G¢D, from).
ii. ReturnIfAbruptfromVal).
iii. Let putStatuse the result oPut(O, to, fromVal, true).
iv. ReturnifAbruptputStatu.
f. ElsefromPresenis false,
i Let deleteStatusbe the result obeletePropertyOrThrowQ, to).
ii. ReturnIfAbrupt@eleteStatus
g. Increasek by 1.
11. Let deleteStatusbe the reslt.of DeletePropertyOrT hrowD, ToString(eni 1)).
12. ReturnlfAbrupt@eleteStatus
13. Let putStatusbe the result oPut(O, " length ", leni 1, true).
14. ReturnlfAbruptputStatu}.
15. Returnfirst.

oM wNE
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NOTE The shift  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 shift  function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.22 Array.prototype.slice (start, end)

The slice - 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 lengthtstart where lengthis the length of the array. If endis
negative, it is treated as lengthtendwhere lengthis the length of the array. The following steps are taken:

Let O be the result of calling ToObject passing thes value as the argument.
ReturnIfAbruptQ).

Let A bethe result of theabstract operatioArrayCreate with argument. 0

LetlenValbe the result oGetO, "length" ).

Letlen be ToLengtHlenVal).

ReturnIfAbrupt(en).

Let relativeStartbe Tolntegergtart).

RewrnlfAbrupt(relativeStarj.

If relativeStartis negative, lek be max((en + relativeStar},0); else lek be mingelativeStart len).
10 If endis undefined, let relativeEndbelen; else letrelativeEndbe Tolntegem®nd.

11. ReturnlfAbruptfelativeEngd.

12. If relativeEndis negative, lefinal be max({en + relativeEng,0); else lefinal be minfelativeEnd len).

COoNoOOPWNE
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13. Let countbefinal i k.
14. Let A be undefined.
15. If Ois an exotic Array object, then
a. LetC be the result of GéD, " constructor ).
b. ReturnlfAbruptC).
c. IfIsConstructorC) istrue, then
i.  LetA bethe result of OrdinaryConstru( (coun})]
16. If Aiis undefined, then
a. LetA bethe result of the abstract operation ArrayCreate with argumeunt
17. ReturnIfAbrupt@).
18. Letn be 0.
19. Repeat, whilé < final
a. LetPkbe ToSting(k).
b. LetkPresente the result oHasPropertyD, Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresentstrue, then
i Let kValuebe the result of GéD, Pk).
ii. ReturnIfAbruptkValue.
iii. Let statusbe the result of CreateOwnDataPropefty{oString(), kValue).
iv. RetumIfAbrupt(statug.
V. If statusis false, throw aTypeError exception.
e. Increasek by 1.
f. Increasen by 1.
20. Let putStatuse the result oPut(A, " length ", n, true).
21. ReturnIfAbruptputStatu}.
22. ReturnA.

The length  property of the slice method is 2.

NOTE 1 The explicit setting of the length  property of the result Array in step 15 is necessary to ensure that its value
is correct in situations where the trailing elements of the result Array are not present.

NOTE 2 Theslice functionis 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 slice function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.23 Array.prototype.some ( callbackfn [, thisArg ])

callbackfnshould be a function that accepts three arguments and returns a value that is coercible to the
Boolean value true or false. some calls callbackfnonce for each element present in the array, in ascending
order, until it finds one where callbackfnreturns true. If such an element is found, some immediately returns
true: Otherwise, some returns false. callbackfnis 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.

callbackfnis called with three arguments: the value of the element, the index of the element, and the object
being traversed.

some 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 some is set before the first call to callbackfn Elements that are appended
to the array after the call to some begins will not be visited by callbackfn If existing elements of the array are
changed, their value as passed to callbackfnwill be the value at the time that some visits them; elements that
are deleted after the call to some begins and before being visited are not visited. some acts like the "exists"
quantifier in mathematics. In particular, for an empty array, it returns false.
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When the some method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thés value as the argument.
ReturnIfAbruptQ©).
LetlenValue be the result oGet(O, "length" ).
Letlen be ToLengthienValug.
ReturnIfAbrupt(en).
If IsCallableallbackfn) is false throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Letk be 0.
Repeat, while < len
a. Let Pkbe ToStringk).
b. LetkPresentbe the result of HasProper®(Pk).
c. ReturnlfAbruptkPreseny.
d. If kPresentis true, then
i Let kValuebe the result of Ge®, PK).
ii. ReturnIfAbruptkValug.
iii. Let testResulbe the result of calling the [[Call]] internal methodazllbackfnwith T as
thisArgumenend a List containingValue k; andO asargumentsList
iv. ReturnIfAbrupttestReslt).
V. If ToBooleanfestResult)s true, returntrue.
e. Increasek by 1.
10. Returnfalse.

©COXNOGO A WNE

Thelength property of thesome method isl.

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 an exotic object that is not an Array is implementation-dependent:

22.1.3.24 Array.prototype.sort (comparefn)

The elements of this array are sorted. The sort is not necessarily stable (that is, elements that compare equal
do not necessarily remain_in their original order). If comparefnis not undefined, it should be a function that
accepts two arguments xand y and returns a negative value if x <y, zero if x =y, or a positive value if x >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 Get(obj, "length" ).|

If comparefnis not undefined and is not a consistent comparison function for the elements of this array (see
below), the behaviour of sort is implementation-defined.

Let proto be the result of calling the [[Getinheritance]] internal method of obj. If proto is not null and there
exists an integer | such that all of the conditions below are satisfied then the behaviour of sort is
implementation-defined:

1 objis sparse (22:1)
T O¢j<len
1 The result of HasProperty(proto, ToString()) is true.

The behaviour of sort is also implementation defined if objis sparse and any of the following conditions are
true:

1 The result of the predicate IsExtensible(obj) is false.

1 Any array index property of obj whose name is a nonnegative integer less than lenis a data property
whose [[Configurable]] attribute is false.
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The behaviour of sort is also implementation defined if any array index property of obj whose name is a
nonnegative integer less than lenis an accessor property or is a data property whose [[Writable]] attribute is
false.

Otherwise, the following steps are taken.

1. Perform an implementatiedependent sequence of calls to the [[Gatjfi[[Sef] internal method®f obj, to
the DeletePropertyOrThrow abstract operatiowith obj as the first argumengnd to SortCompare (described
below), where theproperty keyargument for each call to [[Get]], $f], or DeletePropert@rThrowis the
string representation @& nonnegative integer less thiem and where the arguments for calls to
SortCompare are results of previous calls to the [[Get][rir@emethod. [fobjis not sparse then
DeletePropertyOrThrow must not be calledf any [[Set]] call return$alse a TypeError exception is

thrown. Ifan abrupt completion is returned from any of these operations; it is immediately returned as the

value ofthis function.
2. Returnobj.

The returned object must have the following two properties.

1 There must be some mathematical permutation p of the .nonnegative integers less than len, such that
for every nonnegative integer j less than len, if property old[j] existed, then newfp(j)] is exactly the
same value as old[j],. But if property old[j] did not exist, then new[p(j)] does not exist.

1 Then for all nonnegative integers j and k, each less than len, if SotComparg(k) < 0 (see SortCompare
below), then p(j) <p(K).

Here the notation old[j] is used to refer to the hypothetical result of calling the [[Get]] internal method of obj
with argument j before this function is executed; and the notation newfj] to refer to the hypothetical result of
calling the [[Get]] internal method of objwith argument j after this function has been executed.

A function comparefnis a consistent comparison function for a set.of values Sif all of the requirements below
are met for all values a, b, and c (possibly the same value) in the set S. The notation a<crb means
comparefifa,b) < 0; a =cr b means.comparefia,b) = 0 (of either sign); and a >cr b means comparefifa,b) > 0.

9 Calling comparefifa;b) always returns the same valuehen given a specific pair of valuasandb as its two
arguments. Furthermore, Type) is Number, and'is not NaN. Note that this implies that exactly one etr b,
a =cr b, anda >cr b will be true for a given pair af andb.

Calling comparefifa,b) does not modifpbj.

a=cra (reflexivity)

If a =ceb; thenb =cra (Symmetry)

If a=cebandb=crc, thena=crc (transitivity of =r)

If @ <cr b andb <cr ¢, thena <cr ¢ (transitivity of <cr)

If a >cr b andb >cr ¢, thena >cr ¢ (transitivity of >r)

= =& = -4 —a —a

NOTE The above conditions are necessary and sufficient to ensure that comparefrdivides the set Sinto equivalence
classes and that these equivalence classes are totally ordered.

Runtime Semantics: SortCompare Abstract Operation
When the SortCompare abstract operation is called with two arguments j and k, the following steps are taken:

1. LetjString be ToStringj).

2. LetkStringbe ToStringk).

3. Lethasjbe the result oHasPropertygbj, jString).
4. ReturnlfAbruptpas).

5. Lethaskbe the result oHasPropertygbj, kString).
6. ReturnlfAbrupthask.

7. If hasjandhaskarebothfalse, then return+0.

8. If hasjisfalse, then return 1.

9. If haskis false, then returri 1.

10. Let x be the result of Gébbj,jString).
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11. ReturnIfAbrupt).
12. Lety be the result of Gébbj, kString).
13. ReturnIfAbruptg).
14. If x andy are bothundefined, return+0.
15. If x is undefined, return 1.
16. If y is undefined, return- 1.
17. If the argumentomparefnis notundefined, then
a. If IsCallablecomparefi is false, throw aTypeError exception.
b. Return the result of calling the [[Call]] internal methodooimparefnpassingundefined as
thisArgumentand witha List contaiing the values ok andy as theargumentsList
18. Let xStringbe ToStringk).
19. ReturnlfAbrupt&String).
20. Let yStringbe ToStringy).
21. ReturnlfAbruptf/String).
22. If xString< yString return- 1.
23. If xString> yString, return 1.
24. Return+0.

NOTE1 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 resuilt,
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 an exotic object that is not an Array is implementation-dependent.

221325 Array.prototype.splice (start, deleteCount [
When the splice  method is called with two or more arguments start, deleteCounand (optionally) item3, item2

etc., the deleteCounelements of the array starting at integer index start are replaced by the arguments item1,
item2 etc. An Array object containing the deleted elements (if any) is returned. The following steps are taken:

1. LetO be tte result of calling ToObject passing ttiés value as the argument.

2. ReturnlfAbruptQ).

3. LetlenValbe Ge{O,"length" )

4. LetlenbeTolLengti{lenVal.

5. ReturnlfAbrupt(en).

6. LetrelativeStartbe Tolnteger§tart).

7. ReturnifAbruptgelativeStarj.

8. If relativeStartis negative, lehictualStartbe max({en + relativeStar},0); else leactualStartbe
min(relativeStart len).

9. If-deleteCounts not present, then

a. LetactualDeleteCounbelen- actualStart
10. Else,

a. LetdcbeTolnteger@eleteCount

b. ReturnIfAbrupt@c).

c. LetactualDeleteCounbe min(max€c,0),leni actualStar).
11. Let countbefinal i ki
12. Let A be undefined.
13. If O is an exotic Array object, then

a. LetC be the result of GO, " constructor  ").

b. ReturnifAbruptC).

c. IfIsConstructorC) istrue, then

i. Let A bethe result 6 OrdinaryConstructC, (actualDeIeteCoun{)).‘

14. If Ais undefined, then

a. Let A bethe result of the abstract operation ArrayCreate with argumetotalDeleteCount
15. ReturnIfAbrupt@®).
16. Letk be 0.
17. Repeat, whil&k < actualDeleteCount

a. Letfrombe ToStringéctualSart+k).
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b. LetfromPresenbe the result oHasPropertyQ, from).
c. ReturnlfAbruptfromPresent
d. If fromPresenis true, then

i Let fromValuebe the result of GéD, from).

i ReturnIfAbruptfromValug.

iii. Call the [[DefineOwnProperty]] internal method Afwith argunents ToStringf) and
Property Descriptor {[[Value]]fromValue [[Writable]]: true, [[Enumerable]]:true,
[[Configurable]]:true}.

e. Incrementk by 1.

. Let putStatuse the result of P@A, " length ", actualDeleteCounttrue).
. ReturnIfAbruptputStatu}.
. Letitemsbe an internal List whose elements are, in left to right order, the portion of the actual argument list

starting withitem1 The list will be empty if no such items are present.

. LetitemCountbe the number of elementsitems
. If itemCount< actualDekteCountthen

a. LetkbeactualStart
b. Repeat, whil&k < (leni actualDeleteCount
i Let from be ToStringk+actualDeleteCount
ii. Let to be ToStringk+itemCoun}.
iii. Let fromPresenbe the result oHasProperty®, from).
iv. ReturnIfAbruptfromPresen.
V. If fromPresents true, then
1. LetfromValuebe the result of GO, from).
2. ReturnIfAbruptfromValug.
3. LetputStatuse the result oPuf(O, to, fromValue true).
4. ReturnlfAbruptputStatu}.
Vi. ElsefromPresents false,
1. LetdeleteStatube the result obeletePropertyOrThroO, to).
2. ReturnifAbrupt@eleteStatus
Vii. Increasek by 1.
c. Letkbelen.
d. Repeat, whilé&k > (leni actualDeleteCount itemCoun}
i Let deleteStatube the result oDeletePropertyOrThrowQ, ToStringKi 1)).
ii. ReturnlfAbrupt@eleteStatus
iii. Decreas& by 1.
Else ifitemCount> actualDeleteCountthen
a. Letkbe (eni actualDeleteCount
b. Repeat, whil&k >actualStart
i. Letfrom be ToStringk + actualDeleteCount 1).
ii. Letto be ToStringk + itemCount 1)
iii. Let fromPresenbe the result oHasPropertyQ, from).
iv. ReturnlfAbrpt(fromPresen.
V. If fromPresents true, then
1. LetfromValuebe the result of GO, from).
2. ReturnIfAbruptfromValug.
3. LetputStatuse the result oPuf(O, to, fromValue true).
4. ReturnlfAbruptputStatu}.
Vi. ElsefromPresents false,
1. LetdeleteStatube theresult ofDeletePropertyOrThrowQ, to).
2. ReturnifAbrupt@eleteStatus
Vii. Decrease by 1.
Let k be actualStart
Repeat, whildtemsis not empty
a. Remove the first element froitemsand letE be the value of that element.
b. LetputStatuse the result oPut(O, ToStringk), E, true).
c. ReturnIfAbruptputStatu}.
d. Increasek by 1.
Let putStatusbe the result oPuf(O, " length ", leni actualDeleteCount itemCounttrue).

ReturnA.
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The length  property of the splice method is 2.

NOTE 1  The explicit setting of the length  property of the result Array in step 13 is necessary to ensure that its value
is correct in situations where its trailing elements are not present.

NOTE 2 The splice 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 splice  function can be applied
successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.26 Array.prototype.toLocaleString ()

The elements of the array are converted to Strings using their toLocaleString methods, and these Strings
are then concatenated, separated by occurrences of a separator String that has been derived in an
implementation-defined locale-specific way. The result of calling this function is intended to be analogous to
the result of toString  , except that the result of this function is intended to be locale-specific.

The result is calculated as follows:

Let array be the result of calling ToObjegpiassing thehis value as the argument.
ReturnifAbrupt@rray).
LetarrayLenbe the result of Géarray, "length" ).
Letlen be ToLengtHarrayLen).
ReturnIfAbrupt(en).
Let separatorbe the String value for the listeparator String appropriate forthe hesh vi r onment 6 s
locale (this is derived in an implementatidefined way).
If lenis zero, return the empty String.
Let firstElementbe the result of Géarray, "0" ).
ReturnIfAbruptfirstElemen}.
0. If firstElementis undefined or null, then
a. LetRbe the empty String.

11. Else

a. LetRbe the result ofnvoke(firstElement“to Locale String" ).

b. LetRbe ToStringR)|

c. ReturnlfAbruptR).
12. Letk be 1.
13. Repeat, whil&k < len

a. LetSbe a String value produced by concatenafwndseparator

b. LetnextElemenbe the reslt of Gef(array, ToStringk)).

c. <ReturnlfAbruptfextElement

d. If nextElemenis undefinedor null, then

i. Let R be the empty String.
e. Else
i Let R be the result ofnvoke(hextElement'to Locale String" ).
ii. LetRbe ToStringR).
iii. ReturnIfAbruptR).

f. LetRbe a Stringvalue produced by concatenatiB@ndR.

g. Increasek by 1.
14. ReturnR.

oM wNE

B©oN

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.

NOTE 2 The toLocaleString 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 toLocaleString function can
be applied successfully to an exotic object that is not an Array is implementation-dependent.

22.1.3.27 Array.prototype.toString ()

When the toString  method is called, the following steps are taken:

352 © Ecma International 2013

current

Commented [AWB7150]:

ES<=5.1

This step was missing in

Commented [AWB7151]:

ES<=5.1

This step was missing in




secma

1. Letarray be the result of calling ToObject on tHas value.

2. ReturnlfAbupt(array).

3. Letfuncbe the result of Géarray, "join" ).

4. ReturnlfAbruptfunc).

5. |If IsCallablefunc) is false, then letfuncbe the standard builh method Object.prototype.toStringq.1.4.6.

6. Return the result of calling tHgCall]] internal method ofuncprovidingarray asthisArgumentand an
emptyList asargumentsList

NOTE The toString  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 toString  function can be
applied successfully to an exotic object that is not an Array is implementation-dependent.

221328 Array.prototype.unshift ( [ iteml [ , item2 [ ,

The arguments are prepended to the start of the array, such that their order within the array is the same as the
order in which they appear in the argument list.

When the unshift  method is called with zero or more arguments item1, item2 etc., the following steps are
taken:

Let O be theresult of calling ToObject passing thieis value as the argument.
ReturnIfAbruptQ©).
Let lenValbe the result of GéD, "length" )
Letlen be ToLengtllenVal).
ReturnIfAbrupt(en).
Let argCountbe the number of actual arguments.
Letk belen.
Repeat, whil&k > 0,
a. Letfrombe ToStringki 1).

ONOUTAWNE

b. Letto be ToStringk+argCounti 1).
c. LetfromPresenbe the result oHasPropertyQ, from).
d. ReturnlfAbruptfromPresenkt
e. If fromPresenis true, then
i Let fromValuebe the result of Gé®, from).
ii. ReturnIfAbruptfromValug.
iii. Let putStatusbe the result oPuf(O, to, fromValue true).
iv. ReturnlfAbruptputStatu}.
f. ElsefromPresents false,
i. Let deleteStatube the result obeletePropertyOrThrowQ, to).
ii. ReturnifAbrupt@eleteStatus
g. Decreas& by 1.
9. Letjbe 0.
10. Letitemsbe an inérnal List whose elements are, in left to right order, the arguments that were passed to this
function invocation.
11. Repeat, whildtemsis not empty
a. Remove the first element froitemsand letE be the value of that element.
b. Let putStatusbe the result oPut(O, ToString(), E, true).
c. ReturnlfAbruptputStatu}.
d. Increasg by 1.
12. Let putStatusbe the result oPufO, " length ", len+argCount true).
13. ReturnIfAbruptputStatu}.
14. Returnlent+argCount

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 an exotic object that is not an Array is implementation-dependent.
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22.1.3.29 Array.prototype.values ( )|
The following steps are taken:

1. LetO be theresult of calling ToObject with thehis valueas its argument
2. ReturnlfAbruptQ).
3. Return the result of calling th@reateArraylteratoabstract operation with argumen@sand” value

22.1.3.30 Array.prototype [ @@iterator] ( )

The initial value of the @@iterator property is the same function object as. the initial value of the
Array.prototype.values property.

22.1.3.31 Array.prototype [ @@unscopables ]
The initial value of the @@unscopables data property is an object created by the following steps:

Let blackListbe theresult of calling ArrayCreat& %ArrayPrototype%)
Call CreateOwnDataPropertylacklist " 0", " find ").

Call CreateOwnDataPropertylackligt, " 1", " findiIndex.« ").

Call CreateOwnDataPropertylacklist " 2", "fill ")

Call CreateOwnDataPropertylacklist " 3", " copyWithin . ").

Call CreateOwnDataPropertylacklist " 4", " entries ").

Call CreateOwnDataPropertyl@acklist " 5", " keys ").

Call CreateOwnDatPropertyblacklist " 6", “values ").
ReturnplackList

©CoNOOA~WNE

This property has the attributes { [[Writable]]: falsg, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE The elements of this_-array.are property names that were not included as standard properties of
Array.prototype prior to the sixth edition of this specification. These names are ignored for with statement binding
purposes in order to preserve the behaviour of existing code that might use one of these names as a binding in an outer
scope that is shadowed by awith statement whose binding object is an Array object.

22.1.4 Properties of Array Instances

Array instances_are _exotic Array objects and have the internal methods specified for such objects. Array
instances _inherit properties from the Array prototype object. Array instances also have an
[[ArraylInitialisationState]] internal data property.

Array instances have a length  property, and a set of enumerable properties with array index names.

22.1.4.1 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 length  property initially has the attributes { [[Writable]]: true, [[Enumerable]]false [[Configurable]:false}.
NOTE Attempting to set the length property of an Array object to a value that is numerically less than or equal 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 9.2.2.1.

22.1.5 Array lterator Object Structure

An Array lterator is an object, with the structure defined below, that represents a specific iteration over some

specific Array instance object. There is not a named constructor for Array Iterator objects. Instead, Array
iterator objects are created by calling certain methods of Array instance objects.
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22.1.5.1 CreateArraylterator Abstract Operation

Several methods of Array objects return Iterator objects. The abstract operation CreateArraylterator with
arguments array and kind is used to create such iterator objects. It performs the following steps:

wh e

No ok~

Let O be theresult of calling ToObjec#rray).

ReturnIfAbruptQ©).

Letiterator be theresult of ObjectCreaf@oArraylteratorPrototype% ([[IteratedObjed,
[[ArraylteratoMNextindex]], [[ArraylterationKind]]))

Seti t e r d[ttevatedbject]] internaldataproperty toO.

Seti t e r d[ArmyltératoNextindex]] internaldata property to0.

Seti t e r d[ArmyltérationKind]] internaldatapropertyto kind.

Returniterator.

22.1.5.2 The Array Iterator Prototype

All Array lterator Objects inherit properties from a common Array Iterator Prototype object. The [[Prototype]]
internal data property of the Array Iterator Prototype is the %ObjectPrototype% intrinsic object. In addition, the
Array lterator Prototype has the following properties:

22.1.5.2.1 Array|terator.prototype.constructor|

22.1.5.2.2 Arraylterator.prototype.next()

wh e

BO®®NO O

11.

12.

13.

14.

Let O be thethis value.

If Type(O) is na Object, throw alypeError exception.

If O does not have all of the internal properties @&reay Iterator Instance22.1.5.3, throw aTypeError
exception.

Let a be the value of the [feratedObjedi internal datapropertyof O.

Letindexbe the value of the fjrraylteratorNextinde} internal dataproperty ofO.

LetitemKindbe the value of the f{rraylterationKind] internal dataproperty ofO.

Let lenValue be the result oGefa, "length" ).

Letlen be ToLengtHlenValug.

ReturnIfAbrupt(en).

0. [If itemKind contains the substringsparse ", then

a. Letfoundbefalse
b. Repeat, whildoundis false andindex< len
I Let elementKeye ToString(ndex).
ii. Let foundbe the result oHasPropertyd, elementKey.
fii. ReturnIfAbruptfound).
V. If found is false, then
1. 'Increasdndexby 1]

Commented [AWB10154]: 1.1.1.1.1.1TODO: need to
decide what to use for a constructor for these sort of
objects.

If indexOlen, then
a. Set the value of the [[ArraylteratorNextIndex]] interrtaproperty ofO to +b.
ReturnCreateltrResultObjeatihdefined, true).Set the value of the [[ArraylteratorNextindex]] interrdata
property of O to index+1
If itemKindcontains.the substringvalue ", then
a. LetelementKeye ToStringindey.
b. LetelemenVYaluebe the result of Géa, elementKey.
c. ReturnifAbruptelemenYalue).
If itemKindcontains the substrintkey+value ", then
a. Letresultbethe result of the abstract operation ArrayCreate with argument 2.
b. Assert:resultis a new, weHlformed Array object so the following operations will never fail.
c. Call the [[DefineOwnProperty]] internal method @&sultwith arguments 0" andProperty
Desciptor {[[Value]l: index [[Writable]]: true, [[Enumerable]]true, [[Configurable]]:true}.
d. Call the [[DefineOwnProperty]] internal method @&sultwith arguments 1" andProperty
Descriptor {[[Value]]: elemenYalue [[Writable]]: true, [[Enumerable]]:tr ue, [[Configurable]]:
true}.
e. ReturnCreateltrResultObjectésult false).
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15. Elself itemKindcontains the substrintgkey " then,return CreateltrResultObjedt{dex false).

16. Assert:itemKindcontains the substrintyalue”

17. ReturnCreateltrResultObjeot{emenYalue false).

22.1.5.2.3 Arraylterator.prototype.@@iterator ()

The following steps are taken:

1. Returnthethis value

22.1.5.2.4 Arraylterator.prototype.@@toStringTag

The initial value of the @@toStringTag property is the string value "Array Iterator

22.1.5.3 Properties of Array Iterator Instances

Array lterator  instances inherit  properties from the Array Iterator.  prototype  (the
intrinsic, %ArraylteratorPrototype%). Array lterator instances are initially created with the internal properties

listed in Table 35.

Table 358 Internal Data Properties of Array Iterator Instances

Internal Data Property Description
Name

[[IteratedObjedi [The object whose array elements are being iterated.
[[ArraylteratorNextinde} [The integer index of the next.array index to be examined by this
iteration.

[[ArrayiterationKind]] IA string value that identifies what is to be returned for each
element of the iteration. The possible values are: "key ", "value ",

"key+value ", "sparse :key", "spar se: value
'spar se: key+value .

22.2 TypedArray Objects

TypedArray objects present an array-like view of an underlying binary data buffer. Each element of a
TypedArray-instance has the same underlying binary scalar data type. There is a distinct TypedArray
constructor for each of tbe nine supported element types. For each constructor in Table 36 is a distinct
TypedArray constructor object with a corresponding prototype object and instances.
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Table 367 The TypedArray Constructors

Constructor Name | Element | Element | Conversion Description Equivalent C
Type Size Operation Type
Int8Array Int8 1 Tolntg) 8bit 26s c omp]| signedchar [ Commented [AWB13156]:  TODO
signed integer )
Uint8Array Uint8 1 ToUints 8-bit unsigned integer unsigned char [ commented [AWB13157:  TODO
Uint8ClampedArray | [Uint8C 1 ToUint8Clamp | 8-bit unsigned integer unsigned char i [AWB13158]  Issue: this is a made up name. |
(clamped) _ What should it be?
Int16Array Int16 2 Tolntl6 l_6-b it 206s ¢ omy Short ( Commented [AWB13159]  TODO
signed integer
Uint16Array uUint16 2 ToUint16 16-bit unsigned integer unsigned
short
Int32Array Int32 4 Tolnt32 32-bi t< 206s comylint
signed.integer
Uint32Array Uint32 4 ToUint32 32-bit unsigned integer unsigned int
Float32Array Float32 4 32-bit IEEE floating point Float
Float64Array Float64 8 64-bit IEEE floating point Double
In the definitions below, references to TypedArray should be replaced with the appropriate constructor name
from the above table. The phrase fthe el ement size in bytesod refers to the value in the
the table in the row corresponding to the constructor. The phrase fiel ement Typeo refers to the value in

Element Type column for that row.
22.2.1 The %TypedArray% Intrinsic Object

The %TypedArray% intrinsic object is a constructor-like function object that all of the TypedArray constructor
object inherit from. %TypedArray% and its corresponding prototype object provide common properties that are
inherited by all TypeArray constructors and their instances. The %TypedArray% intrinsic does not have a
global name or appear as a property of the global object.

However, if the this value value passed in the call is an Object with an [[ViewedArrayBuffer]] internal data
property whose value is undefined, it initializes the this value using the argument values. This permits super
invocation of the TypedArray. constructors by TypedArray subclasses.

The %TypedArray%.intrinsic function object is designed to act as the superclass of the various TypedArray
constructors. Those constructors use %TypedArray% to initialize their instances by invoking %TypedArray%
as if by making a super call. The %TypedArray% intrinsic function is not designed to be directly called in any
other way. If %TypedArray% is directly called or called as part of a new expression an exception is thrown.

The actual behaviour of a super call of %TypedArray% depends upon the number and kind of arguments
that are passed to it.
22.2.1.1 %TypedArray% ( length)

This description applies if and only when %TypedArray% function is called and the Type of the first argument
is not Object.

%TypedArray% called with argument length performs the following steps:

Commented [AWB13160]: Issue: we need to decide
whetherwe are going to fully ap
overload resolution rules.

1. Assert: Typelength is not Object.
2. LetO be thethis value.
3. If Type(O) is not Object or ifO does not have an [[ViewedArrayBuffer]] internal data propentyf the

value ofO 6 [fviewedArrayBuffer]] internal data propertis notundefined, then
a. Throw aTypeError exception.
4. If O does not have an [[TypedArrayName]] internal data property, then thrbyp@Error exception.
5. LetconstructorNamée the stringvalu®©ds [ [ Ty pe dAr r adatd properiy.] internal
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6. LetelementTypéethe string value of the Element Type valueTiable 36 for constructorName
7. LetnumberLengtibe ToNumbeigngth).

8. LetelementLengtle TolntegenfumberLength

9. ReturnlfAbruptelementLength

10. If numberLengtH elementLengtlor elementLength 0, then throw &angeError exception.
11. Let databethe result of callingAllocateArrayBuffe(%ArrayBufferdo).

12. ReturnlfAbrupt@ata).

13. Let elementSizée the Size Element value Trable 36 for constructorName

14. Let byteLengh be elementSize elementLength

15. Let statusbe the result of SetArrayBufferDatta, byteLength.

16. ReturnIfAbruptétatug.

17. SetO 6 [fviewedArrayBuffer]] todata

18.SetO6s [ [ Byt e L e dagatptopelty thyteteagthn a |

19.SetO6s [ [ Byt e Of dameroppriytd. nt er nal

20.SetO6s [ [ Ar r ay L edatg prdpérly telementeengtha |

21. ReturnO.

22.21.2 %TypedArray% (typedArray )

This description applies if and only if the %TypedArray% function is called with at least one argument and the
Type of the first argument is Object and that object has a [[ViewedArrayBuffer]] internal data property.

%TypedArray%called with argument typedArrayperforms the following steps:

1. LAssert: TypetypedArray is Object andypedArrayhas a [[ViewedArrayBuffer]] internal data prome.l

2. LetsrcArraybetypedArray

3. Let O be thethis value.

4. 1f Type(O) is not Object or ifO does not have an [[ViewedArrayBuffer]] internal data property, then throw a
TypeError exception.

5. If the value ofO 6 [fViewedArrayBuffer]] internal data property-isot undefined, then throw arypeError
exception.

6. If O does not have an [[TypedArrayName]] internal data property, then thrbyp@Error exception.

7. If the value ofsrcArrayd fViewedArrayBuffer]]internal data property isndefined, then throw a

TypeError exception:

8. LetconstructorNamée the stringvalu©d s [ [ Ty pe dAr r adats properiy.] internal

9. LetelementTypée the string value of the Element Type valud able 36 for constructorName

10. Let elementLengtive the value 0fr ¢ A r r[[Arsaylength]] internal data property.

11. Let srcNamebe the string valus r c A r [[Tepgd®sayName]] internatata property.

12. Let srcTypebe the string value of the Element Type valud able 36 for srcName

13. Let srcDatabe the value of r ¢ A r [[VewedAsrayBuffer]] internal data property.

14. Let srcByteOffsebe the value ofrcArrayd s [ [ Byt e Of dameroperty. i nt er nal

15. Let databethe result of callin¢:IoneArrayBuffe|1(srcData srcByteOffsetsrcType,elementType
elementLength

16. ReturnlfAbrupt@ata).

17. LetelementSizée the Size Element value irable 36 for constructorName

18. Let byteLengthbe elementSize elementLength

19. SetO 6 [fViewedArrayBuffer]] todata

20.SetO6 s [ [ By't e L e dagatptopeity thyteteagthn a |

21.SetO6s [ [ Byt e Of dameroppriytd. nt er nal

22.SetO6s [ [ Ar r ay L edatg prdpériy telementtengtha |

23. ReturnO.

222.1.3 %TypedArray% ( array )

This description applies if and only if the %TypedArray% function is called with at least one argument and the
Type of first argument is Object and that object does not have either a [[ViewedArrayBuffer]] or a
[[ArrayBufferData]] internal data property.

%TypedArray% called with argument array performs the following steps:
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Assert: Type(array) is Object ancarray does not have either a [[ViewedArrayBuffer]] or a

[[ArrayBufferData]] internal data Pmperﬂ)’- [ Commented [AWB13164]:  Issue: we need to decide
Let O be thethis value. whether we are going to full
Let srcArraybearray. | overload resolution rules.

If Type(O) is not Object or ifO does not have an [[ViewedArrayBuffer]] interndta property, then throw a
TypeError exception.
If the value ofO 6 [fViewedArrayBuffer]] internal data property is nandefined, then throw alypeError

exception.
If O does not have an [[TypedArrayName]] internal data property, then thrbyp@Error exception.
Let constructorNamde the stringvalu®d s [ [ Ty pe d Ar r adatd properiy.] internal

Let elementTypde the string value of the Element Type valn& able 36 for constructorName
Let arrayLengthbe the result of Ges(cArray, "length ).
. Let elementLengtibe ToLengthérrayLength).
. ReturnIfAbruptelementLength
. If elementLengtk 0, then throw &angeError exception.
. Let databethe result of callincAllocate ArrayBuffe(%ArrayBuffer%)
. ReturnIfAbrupt@ata).
. Let elemen8izebe the Size Element valie Table 36 for constructorName
. Let byteLengthbe elementSize elementLength
. Let statusbe the result of SetArrayBufferDatita, byteLength
. ReturnIfAbrupt&tatusg.
. Letk be 0.
. Repeat, whilék < elementLength
a. LetPkbe ToStringk).
b. LetkValuebe the result of GésrcArray, PK).
c. LetkNumberbe ToNumberValug.
d. ReturnlfAbruptkNumbey.
e. Perform SetValuelnBuffedata k x elementSizeelementTypgkNumbey.
f. Increasek by 1.
. SetO 6 [fViewedArrayBuffer]] to data
.SetO6s [ [ Byt el edajatplopefty tdbytekteagthn a |
.SetO6s [ [ Byt eOf dameroperiyt®d. nt er nal
.SetO6s [ [ Ar r.ay L edatg prdpérty telementtengtha |
. ReturnO.

2.1.4 %TypedArray% ( buffer, byteOffset=0, length=undefined )

is description applies if and only if the %TypedArray% function is called with at least one argument and the

Type of the firstargument is Object and that object has a [[ArrayBufferData]] internal data property.

%TypedArray% called with arguments buffer, byteOffset andlengthperforms the following steps:

1.
2.
3.

Assert: Typebuffer) is Object andufferhas a [[ArrayBufferData]] internal data propehy. [ Commented [AWB13165]:  Issue: we need to decide

Let O be thethis value. whet her we are going to fully
If the value ofbuffed s [ [ Ar r ay Bu f fdata pbopertpifiridefined, thenrthmos laTypeError | VIR (ST 2.

exception.

If Type(O) is not Object or ifO does not have an [[ViewedArrayBuffer]] internal data property, then throw a
TypeError exception.
If the value ofO 6 [fViewedArrayBuffer]] internal data property is nandefined, then thrav a TypeError

exception.
If O does not have an [[TypedArrayName]] internal data property, then thibyp@Error exception.
Let constructorNamde the stringvalu®d s [ [ Ty pe d Ar r adats properiy.] internal

Let elementTypde the string value of the &Ment Type valuén Table 36 for constructorName
Let elemen8izebe the Number value of the Element Size vahu&able 36 for constructorName

. Let offsetbe TolntegerfyteOffser )

. [RetumlfAbrthbffSED l Commented [AWB13166]:  Issue, the order of exceptions

. If offset< 0, then throw &angeError exception. that may be thrown during argument validation is probably not
. If offsetmoduloelementSizé 0, t h eRangeElrer exeeption. g\“gﬁ::é’i:;epsﬁgnsrﬁi{‘:g‘;“\'/‘;ﬁ’;ﬂg;%":‘jgg gf)’t"?g‘f‘;'r?j'e-r < even
. Let bufferByteLeng@hJe_the value ob u f f[[Ama§BufferByteLength]] |nte_rnaldata property. wel |l defined??). % FemBi @
. If offset+ elementSizeObufferBytelength then throw &RangeError exception. | important.

© Ecma International 2013 359



»ecind

16. If lengthis undefined, then )
a. If bufferByteLengtimoduloelementSizé¢ 0, t h eRangéEhror exeeption.
b. LetnewBytelLengtlbe bufferByteLengtli offset

17. Else,
a. LetnewLengthbe ToLengthiength).
b. ReturnlfAbruptfewLength.
c. If newLength< 0, then throw &angeError exception.
d. LetnewBytelLengtie newLengthx elementSize

e. If offsetrtnewByteLengtt» bufferByteLengththen throw &RangeError exception.
18. If the value ofO 6 [fViewedArrayBuffer]] internal data property isot undefined, then throw arypeError
exception.
19. SetO 6 [fviewedArrayBuffer]] to buffer.
20.SetO6s [ [ Byt e L e dagatpiopefty toewBye&ekengahl
21.SetO6s [ [ Byt e Of dat eroperiy taifiset e r n a l
22.SetO6s [ [ Ar r ay L edatg prdpésito newBytel ength dlementSize
23. ReturnO.

22.2.1.5 %TypedArray% ( all other argument combinations )

If the %TypedArray% function is called with arguments that do not match any of the preceeding argument
descriptions a TypeError exception is thrown.

22.2.2 Properties of the %TypedArray% Intrinsic Object

The %TypedArray% intrinsic object is a built-in function object. The value of the [[Prototype]] internal data
property of %TypedArray% is the Function prototype object (19.2.3).

The %TypedArray% intrinsic object does not have a [[TypedArrayConstructor]] internal data property.
Besides a length  property (whose value is 3), %TypedArray% has the following properties:
22.2.2.1 %TypedArray%.from ( source , mapfn=undefined, thisArg=undefined )

When the from method. is called with argument source and optional arguments mapfn and thisArg, the
following steps are taken:

Let C be thethis value.
If IsConstructor(C) is false, then throw arypeError exception
Letitemsbe ToObjectource.
ReturnlfAbrupt{tems.
If mapfnis undefined, then let mappingbe false.
else
a.  If IsCallablefmapfn is false, throw aTypeError exception.
b. If thisArgwas supplied, |eT bethisArg; else letT be undefined.
c. Let mappingbetrue
Let usinglteratorbe the result oHasPropertyitems, @ @Iterator)
ReturnifAbruptfisinglterato).
If usinglteratoris true, then
Letiterator be the result of performing Getlteratibems.
ReturnIfAbrupt{terator).
Let valuesbe a new empty List.
Let donebefalse.
Repeat, whiledoneis false
i. Let nextbethe result of IteratorNexiterator).
ii. ReturnIfAbruptfex).
iii. Let donebe IteratorCompletegx).
iv. ReturnlfAbrupt@iong.
V. If doneis false, then
1. LetnextValuebe IteratorValuegexy.
2. ReturnlfAbruptfiextValu.

ognpwnNE

© o~

pooow

360 © Ecma International 2013



oecha

3. AppendnextValueto the end of the Listalues
Letlen bethe number of elements wralues
Let newObijbe the result of OrdinaryConstru@( (len)) |
ReturnifAbruptfiewODb).
Letk be 0.
Repeat, whilé < len
i Let Pk be ToStringk).
ii. Let kValuebe thefirst element ofvaluesand remove that element frolirst.
iii. If mappingis true, then
1. LetmappedValude the result of calling the [[Call]] internal methodra&pfnwith
T asthisArgumentanda List containingkValueasargumentsList
2. ReturnlfAbruptfnappedValug
iv. Else, letmappedValudekValue
V. Let putStatuse the result of PutfewObj Pk, mappedValugtrue).
Vi. ReturnIfAbruptputStatu}.
Vi, Increasek by 1.
k. Assert:valuesis now an empty List.
. ReturnnewObj
10. Assert:itemsis not an Iterator so assume it is Arrhige.
11. LetlenValue be the result of Gétems "lengt h").
12. Letlen be Tdntege(lenValug.
13. ReturnlfAbrupt(en).
14. Let newObjbe the result of OrdinaryConstrud( (len))|
15. ReturnIfAbruptfiewOb).
16. Letk be 0.
17. Repeat, whilék < len
a. LetPkbe ToStringk).
b. LetkValuebe the result of Gétems Pk).
c. ReturnifAbruptkValug.
d. If mappingis true, then
i Let mappedValude the result of calling the [[Call]] internal methodrofpfnwith T as
thisArgumentanda List containingkValue k, anditemsasargumentsList
ii. ReturnifAbruptfnappedValug
Else, letmappedValude kValue.
Let putStatusbe the result.of PutewObj Pk, mappedValugtrue).
ReturnIfAbruptputStatu}.
h. Increasek by 1.
18. ReturnnewObj

Q"o

NOTE The from function is an intentionally generic factory method; it does not require that its this value be the Array
constructor. Therefore it can be transferred to or inherited by any other constructors that may be called with a single
numeric argument. This function uses [[Put]] to store elements into a newly created object and assume that the
constructor sets the length  property of the new object to the argument value passed to it.

22.2.2.2 %TypedArray%.of ( ...items)

When the of method is called with any number of arguments, the following steps are taken:

1. LetlenValue be the result of Gétems "length" ).
2. Letlenbe TdntegeflenValue).
3. Let C be thethis value.
4. If IsConstructorC) istrue, then
a. LetnewObjbethe result of OrdinaryConstru@( (len)).|
5. Else,
a. Throw aTypeError exception
6. ReturnlfAbruptfiewOb).
7. LetkbeO.
8. Repeat, whil&k <len

a. LetPkbe ToStringk).
b. LetkValuebe the result of Ggitems PK).
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c. LetdefineStatusbe the result of PutewODbjPk, kValue[[value]], true).
d. ReturnlfAbrupt@efineStatus.
e. Increasek by 1.

9. ReturnnewObj

The length  property of the of method is 0.
NOTE1  Theitemsargument is assumed to be a well-formed rest argument value.

NOTE2 The of function is an intentionally generic factory method; it does not require that its this value be a
TypedArray constructor. Therefore it can be transferred to or inherited by other constructors that may be called with a
single numeric argument. However, it does assume that constructor creates and initializes a length property that is
initialized to its argument value.

22.2.2.3 %TypedArray%.prototype

The initial value of % TypedArray%.prototype is the %TypedArrayPrototype% intrinsic object (22.2.3).
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false}.
22.2.2.4 %TypedArray% [ @@create ] ()

The @@create method of %TypedArray% performs the following steps:

Let F be thethis value.

If Type(F) is not Object, then throw BypeError exception.

If F does not have aTlypedArrayConstruct@kinternal data property, then throwTgpeError exception.
Let proto be the result of GetPrototypeFromConstrudtprQoypedArrayPrototype% ).
ReturnIfAbruptfroto).

Let obj bethe result of callingntegerindexedObjectCreatproto).

Add a[[ViewedArrayBuffer]] internal data property tobjand set its initial value tondefined.

Add a [[TypedArrajNamd] internal. data propertyto obj and set its initial value to the value d&f 6 s
[[TypedArrayConstructdfinternal data property

9. Add a [ByteLength] internal data property tobj and set its initial value t0.

10. Add a [ByteOffsef] internal data property tobj and set its initibvalue to0.

11. Add a [[ArrayLengtH] internal data property tobjand set its initial value t6.

12. Call the [[PreventExtensions]] internal methocbbf:

13. Returnobj.

PN~ WN PP

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
22.2.3 Properties of the %TypedArrayPrototype% Object

The value of the [[Prototype]] internal data property of the %TypedArrayPrototype% object is the standard
built-in Object prototype object (19.1.4). The %TypedArrayPrototype% object is an ordinary object. It does not
have a [[ViewedArrayBuffer]] or or any other of the internal data properties that are specific to TypedArray
instance objects.

22.2.3.1 bet ‘ %TypedArray%.prototype.buffer [ Commented [AWB13170]:  buffer needs to be an accessor |
both to comply with WebIDL requirements and to support the
%TypedArray%.prototype . buffer  is an accessor property whose set accessor function is undefined. Its Qiiciesinetennosrawnaniieqiement;

get accessor function performs the following steps:

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnIfAbruptQ©).

If O does not have a [[ViewedArrayBuffer]] inteahdata property throw aypeError exception.

Let bufferbe the value o®6 s [ [ Vi e we d Ar r adptB prdpértg.r ] ] internal
If bufferis undefined, then throw arypeError exception.

Returnbuffer.

ognpwnE
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22.2.3.2 [et|%TypedArray%.prototype.byteLength

%TypedArray%.prototy pe. byteLength is an accessor property whose set accessor function is undefined.
Its get accessor function performs the following steps:

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnIfAbruptQ©).

If O does not have aVliewedArrayBuffer]] internaldata property throw @ypeError exception.

Let bufferbe the value 006 s [ [ Vi ewe d Ar r adatBprdpértg.r ] ] i nternal
If bufferis undefined, then throw arypeError exception.

Let sizebe the value 0066 s [ [ By t e Lnaldagatptopefty. i nt er

Returnsize

Nogop,rwnhE

22.2.3.3 get|%TypedArray%.prototype.byteOffset

%TypedArray%.prototype . byteOffset  is an accessor property whose set accessor function is undefined.
Its get accessor function performs the following steps:

Let O be theresult of caling ToObject with thehis valueas'its argument

ReturnIfAbruptQ©).

If O does not have a [[ViewedArrayBuffer]] interndata property throw aypeError exception.

Let bufferbe the value o©66 s [ [ Vi e we d Ar r adntB prdpérty.r | ] internal
If bufferis undefined, then throw arypeError exception.

Let offsetbe the value 0©6s [ [ Byt e Of dameroperly. i nt er nal

Returnoffset

NogokwnpE

22.2.3.4 %TypedArray%.prototype.constructor
The initial value of %TypedArray%.prototype.constructor is the %TypedArray% intrinsic object.
22.2.3.5 %TypedArray%.prototype:copyWithin (target, start, end = this.length )

%TypedArray%.prototype. copyWithin  is a distinct function that implements the same algorithm as
Array.prototype. copyWithin  as defined in 22.1.3.3. However, the implementation of the algorithm may
be optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of thefind method is2.
22.2.3.6 < %TypedArray%.prototype.entries ()

The<initial value of the %TypedArray%.prototype.entries data property is the same built-in function
object as the Array.prototype.entries method defined in 22.1.3.4.

22.2.3.7 %TypedArray%.prototype.every ( callbackfn, thisArg = undefined )

%TypedArray%.prototype.  every is a distinct function that implements the same algorithm as
Array.prototype. every as defined in 22.1.3.5. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of theevery method isl.

22.2.3.8 %TypedArray%.prototype-fill (value, start = 0, end = this.length )

%TypedArray%.prototype. fill is a distinct function that implements the same algorithm as
Array.prototype. fill as defined in 22.1.3.6. However, the implementation of the algorithm may be

optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.
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Thelength property of thefind method isl.
22.2.3.9 %TypedArray%.prototype.filter ( callbackfn, thisArg = undefined )

The interpretation and use of the arguments of %TypedArray%.prototype. filter are the same as for
Array. prototype. filter as defined in 22.1.3.7.

When the filter method is called with one or two arguments, the following steps are taken:

Let O be the result of calling ToObject passing thés value as the argument.
ReturnIfAbruptO).
LetlenValue be the result of G¢D, "length" ).
Letlen be ToLengthlenValug.
ReturnIfAbrupt(en).
If IsCallableallbackfn) is false, throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Let C be the reslt of Gef(O, " constructor  ").
ReturnIfAbruptC).
0. If IsConstructor() is false, then
a. Throw aTypeError exception
11. Let keptbe a new empty List.
12. Letk be 0.
13. Let capturedbe 0.
14. Repeat, whil&k < len
a. Let Pkbe ToStringk).
b. LetkValuebe the result of GéD, PK).
c. ReturnlfAbruptkValue).
d. Letselectedbe the result of calling the [[Call]] internal methodaallbackfnwith T as
thisArgumentandaList containingkValue k, andO asargumentsList
e. ReturnlfAbruptielectedl.
f. If ToBooleangelectegdiistrue, then
i AppendkValueto the end okept
ii. Increasecapturedby 1.
g. Increasek by 1.

HBOoOoNoOMWNE

15. Let A bethe result'of OrdinaryConstruc( (capturetﬂ).] Commented [AWB7173]: It would be nice to have a more
16. Letn be 0. explicit way to create a collection with a pre-specified number
17. Foreachelemente of kept of elements.

a. Let statusbe the result o€reateOwnDataPropert4( ToString(), €).
b. _Assert: statusis true.
¢ Incrementn by 1.

18. ReturnA.

Thelength property of thefilter method isl.

22.2.3.10 %TypedArray%.prototype.find (predicate, thisArg = undefined)

%TypedArray%.prototype. find is a distinct function that implements the same algorithm as
Array.prototype. find® as defined in 22.1.3.8. However, the implementation of the algorithm may be

optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of thefind method isl.

22.2.3.11 %TypedArray%.prototype.findindex ( predicate, thisArg = undefined )
%TypedArray%.prototype.  findindex is a distinct function that implements the same algorithm as
Array.prototype. findIndex as defined in 22.1.3.9. However, the implementation of the algorithm may

be optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

364 © Ecma International 2013



secma

Thelength property of thefind Index method isl.
22.2.3.12 %TypedArray%.prototype.forEach ( callbackfn, thisArg = undefined )

%TypedArray%.prototype. forEach is a distinct function that implements the same algorithm as
Array.prototype. forEach as defined in 22.1.3.10. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of thforEach method isl.
22.2.3.13 %TypedArray%.prototype.indexOf (searchElement, fromindex =0)

%TypedArray%.prototype. indexOf is a distinct function that implements the same algorithm as
Array.prototype. indexOf as defined in 22.1.3.11. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

The length  property of the indexOf method is 1.
22.2.3.14 %TypedArray%.prototype.join ( separator )

%TypedArray%.prototype. join is a distinct function that implements the same algorithm as
Array.prototype. join as defined in 22.1.3.12. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

22.2.3.15 %TypedArray%.prototype.keys ()

The initial value of the %TypedArray%.prototype.  key s data property.is the same built-in function object as
the Array.prototype. key s method defined in 22.1.3:13.

22.2.3.16 %TypedArray%:prototype.lastindexOf (' searchElement, fromindex = this.length-1)

%TypedArray%.prototype. lastindexOf is a distinct function that implements the same algorithm as
Array.prototype. lastindexOf as defined in-22.1.3.14. However, the implementation of the algorithm
may be optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not'sparse.

Thelength property of thdastindexOf method isl.
22.28.17 get |%TypedArray%.prototype.length

%TypedArray%.prototype . length is an accessor property whose set accessor function is undefined. Its
get accessor function performs the following steps:

Let O be theresult ofcalling ToObject with thehis valueas its argument

ReturnIfAbruptQ©).

If O does not have a [[ViewedArrayBuffer]] interndata property throw aypeError exception.

Let bufferbe the value 006 s [ [ Vi ewe d Ar r adatBprdpértg.r ] ] i nternal
If bufferis undefined, then throw arypeError exception.

Letlengthbe the value o6 s [ [ Ar r ay L edatgprdpérty. i nt er nal
Returnlength

NogokrwnhpE

22.2.3.18 %TypedArray%.prototype.map ( callbackfn, thisArg = undefined )

The interpretation and use of the arguments of %TypedArray%.prototype. map are the same as for
Array.prototype. map as defined in 22.1.3.15.
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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 thés value as the argument.
ReturnIfAbruptQ©).
LetlenValue be the result of G¢D, "length" )
Letlen be ToLengtllenValug.
ReturnIfAbrupt(en).
If IsCallableallbackfn) is false, throw aTypeError exception.
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Let C be the result of G¢D, " constructor  ").
ReturnIfAbupt(C).
0. If IsConstructor(C) is true, then

a. LetA bethe result of OrdinaryConstrue( (len)),
11. Else,

a. Throw aTypeError exception

12. Letk be 0.
13. Repeat, whil&k < len

BOO®NOGOAWONE

a. Let Pkbe ToStringk).

b. LetkValuebe the result of GéD, PK).

c. ReturnlfAbruptkValug.

d. LetmappedValuebe the result of calling the [[Call]] internal methodazllbackfnwith T as
thisArgumentandalList containingkValue k,"andO asargumentsList

e. ReturnlfAbruptnappedValugp

f. Let statusbe the result oPut(A, Pk, mappedValugtrue ).

g. ReturnlfAbrupt(mappedValup

h. Increasek by 1.
14. ReturnA.

Thelength property of themap method isl.

22.2.3.19 %TypedArray%.prototype.reduce ( callbackfn [, initialValue] )

%TypedArray%.prototype. reduce  is. a distinct function that implements the same algorithm as
Array.proto  type. reduce as defined in 22.1.3.18. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Theleng th property of theeduce method isl.

22.2.3.20 %TypedArray%.prototype.reduceRight ( callbackfn [, initialValue] )

%TypedArray%.prototype. reduce Right is a distinct function that implements the same algorithm as
Array.prototype. reduce Right as defined in 22.1.3.19. However, the implementation of the algorithm

may be optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of theeduceRight methal is1.

22.2.3.21 %TypedArray%.prototype.reverse ()

%TypedArray%.prototype.reverse is a distinct function that implements the same algorithm as
Array.prototype.reverse as defined in 22.1.3.20. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

22.2.3.22 %TypedArray%.prototype.set(array, offset =0)

Set multiple values in this TypedArray, reading the values from the object array. The optional offset value
indicates the first element index in this TypedArray where values are written. If omitted, it is assumed to be 0.
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1. Assert:itypedArraydoes not have a [[ViewedArrayBuffer]] interndata property. If it does, the dafiion
in 22.2.3.23applies.

2. Lettargetbe theresult of calling ToObject with ththis valueas its argument

3. ReturnlfAbrupttarge?).

4. |If targetdoes not have a [[ViewedArrayBuffer]] interndata property throw @ypeError exception.

5. LettargetBufferbe the value ofargett s [ [ Vi ewe d Ar r adatBprdpértg.r ] ] i nternal

6. |If targetBufferis undefined, then throw arypeError exception.

7. LettargetLengthbe the value ofargetb s [ [ Ar r ay L edatg prdpérty. i nt er nal

8. LettargetOffsetbe TolntegeKoffse)

9. ReturnlfAbrupttargetOffse).

10. If targetOffset< 0, then throw &angeError exception.

11. LettargetNamebe the string valutargett s [ [ Ty p e d Ar r adatd properiy.] internal

12. Let targetElementSizbe theNumber value of the Eleme&ize value specified in faargetName

13. LettargetTypebe the string value of the Element Type value in tkogetName

14. LettargetByteOffsebe the value ofargett s [ [ By t e Of dataeroperty. i nt er nal

15. Let src be theresult of ToObjectrray).

16. RetunlIfAbrupt(src).

17. Let srcLenbe the result oGef(src, "length" ).

18. Let numberLengttbe ToNumbergrcLer).

19. Let srcLengthbe TolntegenfumberLength

20. ReturnlfAbruptrcLength.

21. If numberLength srcLengthor srcLength< 0, then throw &ypeError’ exception.

22. If srcLength+ targetOffset> targetLength then throw @&angeError exception.

23. LettargetBytelndedetargetOffsetx targetElementSize targetByteOffset

24. Letk be 0.

25. Letlimit betargetBytehdex+ targetElementSize min(srcLength targetLengthi targetOffse).

26. Repeat, whilgargetBytelndex limit

Let Pk be ToStringk).

Let kValuebe the result of Gésrc, PK).

Let kNumberbe ToNumberkValug.

ReturnIfAbruptkNumbey.

Perform SetValuelnBuér(targetBuffer targetBytelndextargetType kNumbe).

Setktok + 1.

. SettargetByténdexto targetByténdex+ targetElementSize

27. Returnundefined.

@mooooTy

22.2.3.23 %TypedArray%.prototype.set(typedArray, offset =0)

Set multiple values in this TypedArray, reading the values from the typedArrayargument object. The optional
offset value indicates the first element index in this TypedArray where values are written. If omitted, it is
assumed to be 0.

1. AssertitypedArrayhas a [[ViewedArrayBuffer]] internadlata property. Ift does not, the definition in
22.2.3.22applies.

2. Lettargetbe theresult of /calling ToObject with ththis valueas its argument

3. ReturnIfAbrupttargef).

4. If targetdoes not have a [[ViewedArrayBuffer]] interndata propest throw aTypeError exception.

5. LettargetBufferbe the value ofargett s [ [ Vi ewe d Ar r adatB prdpértg.r | 1] internal
6. If targetBufferis undefined, then throw arypeError exception.

7. LettargetLengthbe the value ofargetb s [ [ Ar r ay L edatgpopefty. i nt er nal

8. LettargetOffsetbe TolntegeKoffse)

9. ReturnIfAbruptftargetOffse).

10. If targetOffset< 0, then throw &angeError exception.

11. LettargetNamebe the string valutargett s [ [ Ty p e d Ar r adatd properiy.] internal

12. LettargetTypebe the string valuef the Element Type value ihable 36 for targetName

13. Let targetElementSizbe theNumber value of the Element Size value specifie@able 36 for targetName

14. Let targetByteOffsebe the value ofarget’s [[ByteOffset]] internaldata property.

15. Let srcBufferbe the value ofypedArrayp s [ [ Vi e we d Ar r adat8prdpértg.r ] ] internal
16. If srcBufferis undefined, then throw alypeError exception.

17. Let srcNamebe the string valugypedArrayp s [ [ Ty p e d Anternaldatid properiy.] i

© Ecma International 2013 367



secmd

18. Let srcTypebe the string value of the Element Type valud able 36 for srcName.

19. Let srcElementSizbe theNumber value of the Element Size value specified@able 36 for srcNane.
20. Let srcLengthbe the value ofypedArrayp s [ [ Ar r ay L edatg prdpérty. i nt er nal
21. Let srcByteOffsebe the value ofypedArrayps [ [ Byt e Of daseroperly. i nt er nal
22. If srcLength+ targetOffset> targetLength then throw &RangeError exception.

23. If SameValue6rcBuffer targetBuffe) is true, then

a. LetsrcBufferbethe result of calIinQ:IoneArrayBuffer}(schuffel; srcByteOffsetsrcType srcType \'cOmmented [AWB13176]:  TODO, see bug 1675

srcLength.
b. LetsrcBytendexbe 0.
24. Else, letsrcBytdndexbe srcByteOffset
25. LettargetBytelndedetargetOffsetx targetElementSize targetByteOffset
26. Letlimit betargetBytelndex targetElementSize min(srcLength targetLengthi targetOffse).
27. Repeat, whilgargetBytelndex limit
a. Letvaluebe the result oGetValueFromBuffe(srcBuffer srcBytdndex srcType).
b. Let statusbetheresult of SetValuelnBuffertéargetBuffer targetBytelndextargetTypevalue).
c. SetsrcBytdndexto srcBytdndex+ srcElementSiz&eturn
d. SettargetByténdexto targetByténdex+ targetElementSize
28. Returnundefined.

22.2.3.24 %TypedArray%.prototype.slice ( start, end )

The interpretation and use of the arguments of %TypedArray%.prototype. slice are the same as for
Array.prototype. slice as defined in 22.1.3.22. The following steps are taken:

Let O be the result of dang ToObject passing ththis value as the argument.
ReturnIfAbruptQ©).

LetlenValbe the result of G¢D, "length™ ).

Letlen be ToLengtilenVal).

ReturnIfAbrupt(en).

Let relativeStartbe Tolntegergtart).

ReturnIfAbrupt¢elativeStar).

If relativeStartis negative, lek be max(len + relativeStar},0); else lek be minfelativeStart len).
If endis undefined, letrelativeEndbelen; else letrelativeEndbe Tolntege®nd).

10. ReturnlfAbruptfelativeEngd.

11. If relativeEndis negative, lefinal be max((en + relativeEnd,0); else lefinal be minfelativeEnd len).
12. Let countbefinal i k.

13. Let C be the result of Gé®, " constructor ).

14. ReturnlfAbruptC).

15. If IsConstructorC) istrue, then

CONOOAMWNE

a. LetAbethe result of OrdinaryConstruci( (Counb)-‘ Commented [AWB7177]: It would be nice to have a more
16. Else, explicit way to create a collection with a pre-specified number
a. Throw aTypeError exception of elements.
17. Letn be 0.

18. Repeat, whilek < final
Let Pk be ToStringk).
LetkValuebe the result of GéD, PK).
ReturnlfAbruptkValue.
Let statusbe the result of Puf{, ToString(), kValue true ).
ReturnIfAbrupt6tatuy.
If statusis false, throw aTypeError exception.
Increasek by 1.
h. Increasen by 1.
19. ReturnA.

@meopooy

The length  property of the slice method is 2.
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22.2.3.25 %TypedArray%.prototype.some ( callbackfn, thisArg = undefined )

%TypedArray%.prototype. some is a distinct function that implements the same algorithm as
Array.prototype. some as defined in 22.1.3.23. However, the implementation of the algorithm may be
optimized to assume that the this value is an object that has a fixed length and whose integer indexed
properties are not sparse.

Thelength property of thesome method isl.
22.2.3.26 %TypedArray%.prototype.sort (comparefn )

%TypedArray%.prototype.  sort is a distinct function that implements the same requirements as those of
Array.prototype. sort as defined in 22.1.3.24. However, < the implementation of
the %TypedArray%.prototype. sort algorithm may be optimized to assume that the this value is an object
that has a fixed length and whose integer indexed properties are not sparse. The only internal methods of the
this object call that the algorithm may use are [[Get]] and [[Set]].

The following version of SortCompare is used by %TypedArray%:prototype. sort . It performs a numeric
coparison rather than the string comparsion used in 22.1.3.24.

The Typed Array SortCompare abstract operation is called‘with two arguments j and k, the following steps are
taken:

Let jString be ToStringj).
Let kStringbe ToStringk).
Let x be the result of Gébbj,jString).
ReturnIfAbrupt).
Lety be the esult of Getobj, kString).
ReturnIfAbruptg).
Assert: Both Type() and Typey) is Number.
If x andy are bothNaN, return+0.
If xis NaN, return 1.
0. If yis NaN, return- 1.
1. If the argumentomparefnis notundefined, then
a. If IsCallablecomparefi isfalse, throw aTypeError exception.
b. Return the result of calling the [[Call]].internal methodoafmparefnpassingundefined as
thisArgumentand witha List containing the values afandy as theargumentsList
12. If x < yStrin;return- 1.
13. If x>y, return 1.
14. Return +0.

NOTE1 Because NaN always compares greater than any other value, NaN property values always sort to the end of
the result.

RBOoOo~NOOMONE

22.2.3.27 %TypedArray%.prototype.subarray(begin = 0, end = this.length )]

Returns a new TypedArray object whose element types is the same as this TypedArray and whose
ArrayBuffer is the same as the ArrayBuffer of this TypedArray, referencing the elements at begin inclusive, up
to end exclusive. If either beginor endis negative, it refers to an index from the end of the array, as opposed
to from the beginning.

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnIfAbruptQ).

If O does not have a [[ViewedArrayBuffer]] interndata property throw aypeError exception.
Let bufferbe the value 006 s [ [dWriagBwfter]] internaldata property.

If bufferis undefined, then throw arypeError exception.

Let srcLengthbe the value 006 s [ [ Ar r ay L edatg prdpérty. i nt er nal
Let beginintbe Tolntegerfegin

ReturnIfAbruptpegininj.

If beginint< 0, then letbeginintbe srcLength+ beginint

©CONoOTRWNE
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10. Let beginindexbe mingrcLength max(0,beginin)).

11. If endis undefined, then letendbe srcLength

12. Letendintbe Tolnteger¢nd).

13. ReturnlfAbrupténdnt).

14. If endInt< O, then leendIntbe srcLength+ endint

15. Let endIndexbe max(0,mingrcLength endin)).

16. If endIndex< beginindexthen letendindexbe beginindex

17. Let newLengthbe endindex beginindex

18. Let constructorNamde the stringvalu®6s [ [ TypedAr r adatdproperly] i nternal

19. Let elementTypde the string valuefdhe Element Type value in fa@onstructorName

20. Let elementSizée theNumber value of the Element Size value specifiedan constructorName

21. Let srcByteOffsebe the value 006 s [ [ Byt e Of dasmeropprfy. i nt.er nal

22. Let beginByteOffsebe srcByteOfset+ beginindexx elementSize

23. Letconstructorbe theresultof Ge{(O, " constructor ~ ").

24. ReturnlfAbruptconstructo).

25. If IsConstructor¢onstructo) is false, then throw arypeError exception.

26. LetargumentsLisbe a List consisting dbuffer, beginByteOffst, andnewLength

27. Returnthe result of calling the [[Construct]] internal methodeohstructorwith argumentsLisfs the
argument

22.2.3.28 %TypedArray%.prototype.toLocaleString ()

The initial value of the %TypedArray%.prototype.toLocaleString data property is the same built-in function
object as the Array.prototype.toLocaleString method defined in 22.1.3.26.

22.2.3.29 %TypedArray%.prototype.toString ()

The initial value of the %TypedArray%.prototype.toString data property is the same built-in function object as
the Array.prototype.toString method defined in 22.1.3.27.

22.2.3.30 %TypedArray%.prototype:.values ( )

The initial value of the %TypedArray%.prototype.  value s data property is the same built-in function object
as the Array.prototype. value s method defined in 22.1.3.29.

22.2.3.31 %TypedArray%.prototype [ @@iterator] ( ')

The initial value of the @Q@iterator property is the same function object as the initial value of
the %TypedArray%.prototype.values property.

22.2.3.32 get %TypedArray%.prototype [ @@toStringTag ]

%TypedArray%.prototype [@@toStringTag] is an accessor property whose set accessor function is
undefined. Its get accessor function performs the following steps:

Let O be theresult of calling ToObjetcwith thethis valueas its argument
ReturnIfAbruptQ©).

If O does not have aTypedArrayName]] internaldata property throw @ypeError exception.
Let namebe the value 006 s TypeflArrayName]] internaldata property.

Assert:nameis a String value.

Return name

ogupwnE

This property has the attributes { [[Enumerable]]: false, [[Configurable]]: true }.
22.2.4 The TypedArray Constructors

Each of these TypedArray constructor objects has the structure described below, differing only in the name
used as the constructor name instead of TypedArray, in Table 36.
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When a TypedArray constructor is called as a function rather than as a constructor, it initialises a new
TypedArray object. The this value value passed in the call must be an Object with an [[ViewedArrayBuffer]]
internal data property whose value is undefined. The constructor function initialises the this value using the
argument values.

The TypedArray constructors are designed to be subclassable. They may be used as the value of an
extends clause of a class declaration. Subclass constructors that intended to inherit the specified
TypedArray behaviour must include a super call to the TypedArray constructor to initialise subclass
instances.

22.2.4.1 new TypedArray( ... argumentsList)

A TypedArray constructor with a list of arguments argumentsLisperforms the following steps:

1. LetF be theTypedArrayfunction object that was called.

2. letrealmFbeF6 §Realm]] internal data property.

3. Letsuperber e a | mffidsis object named %TypedArray%.

4

5

Let argumentsListbe theargumentsLisargument of the [[Call]] internal method that invokEd
Returnthe result ofcalling the [[Call]] internal method csuperwith F andargumentsLisas arguments

22.2.4.2 new TypedArray( ... argumentsList)

A TypedArray constructor called as part of a new expression performs the following steps:

1. LetF be theTypedArrayfunction object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

the new operator.
3. Returnthe result ofOrdinaryConstructf, argumentsList

22.2.5 Properties of the TypedArray Constructors

The value of the [[Prototype]] internal data property of each TypedArray constructor is the %TypedArray%
intrinsic object (22.2.1).

Each TypedArray constructor has a [[TypedArrayConstructor]] internal data property whose String value is the
constructor name in the corresponding row-in Table 36.

Besides a length  property (whose value is 3), each TypedArray constructor has the following properties:
22.25.1 TypedArray.BYTES_PER_ELEMENT

The value of TypedArray.BYTES_PER_ELEMENT is the Number value of the Element Size value specified in
for TypedArray.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

22.25.2 TypedArray.prototype

The initial value of TypedArray.prototype is the corresponding TypedArray prototype object (22.2.6).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false}.

22.2.6 Properties of TypedArray Prototype Objects

The value of the [[Prototype]] internal data property of a TypedArray prototype object is the standard built-
in %TypedArrayPrototype% object (22.2.3). A TypedArray prototype object is an ordinary object. It does not

have a [[ViewedArrayBuffer]] or or any other of the internal data properties that are specific to TypedArray
instance objects.
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22.2.6.1 TypedArray.prototype.BYTES_PER_ELEMENT

The value of TypedArray.prototype.BYTES_PER_ELEMENT is the Number value of the Element Size value
specified in for TypedArray.

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
22.2.6.2 TypedArray.prototype.constructor

The initial value of a TypedArray.prototype.constructor is the corresponding standard built-in TypedArray
constructor.

22.2.7 Properties of TypedArray Instances

TypedArray instances are Integer Indexed exotic objects. Each TypedArray instances inherits properties from
the corresponding TypedArray prototype object. Each TypedArray instances have the following internal data
properties: [[ViewedArrayBuffer]], [[TypedArrayName]], [[ByteLength]], [[ByteOffset]], and [[ArrayLength]].

23 Keyed Collection
23.1 Map Objects

Map objects are collections of key/value pairs where both the keys and values may be arbitrary ECMAScript
|l anguage values. A distinct key value may onl yDistnctccur i n one key/value pair with
key values as discriminated using the a comparision algorithm thatis selected when the Map is created.

A Map object can iterate its elements in insertion order. Map object must be implemented using either hash
tables or other mechanisms that, on average, provide access times that are sublinear on the number of
elements in the collection. The data structures used in this Map objects specification is only intended to
describe the required observable semantics of Map objects. It is not intended to be a viable implementation
model.

23.1.1 The Map Constructor

The Map constructor is the %Map%:-intrinsic-object and the initial value of the Map property of the global
object. When Map is called as a_function rather than as a constructor, it initialises its this value with the
internal state necessary to support the Map.prototype  internal methods.

The Mapconstructor is designed to be subclassable. It may be used as the value in an extends clause of a
class definition. Subclass constructors that intend to inherit the specified Map behaviour must include a super
call to Map.

23.1.1.1 Map (iterable = undefined , comparator = undefined )

When the Map function is called with optional arguments iterable and comparatorthe following steps are taken:

1. Letmapbe thethis value.
2. If Type(map is not Object then, throw BypeError exception
3. If mapdoes not have a [[MapData]] internal data property, then thr@wp&Error exception.
4. If ma p [fMapData]] internal data property is nahdefined, then throw al'ypeError exception.
5. |If iterableis not present, leiterable be undefined.
6. |If iterableis eitherundefined or null, then letiter beundefined.
7. Else,
a. Letiter be the result of Getlteratotérable).
b. ReturnIfAbrupt(ter).
c. Letadderbe the result of Getfap " set ").
d. ReturnifAbrupt@dder).
e. If IsCallable@ddey isfalse, throw aTypeError Exception.
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8. If comparatoris notundefined, then

a. If comparatoris not "is ", thenthrow aRangeError Exception.
9. Setma p[MMapData]] internal data propertg a new empty List
10. Setma p [fMapComparatd] internal data propertyo comparator
11. If iter is undefined, thenreturnmap.

12. Repeat
a. Letnextbe the result of IteratorNetér).
b. ReturnifAbruptfiex).
c. Letdonebe IteratorCompletex).
d. ReturnlfAbrupt@ong.
e. If doneistrue, thenreturnNormalCompletionap).
f. Letnextltembe lteratorValuegex).
g. ReturnlfAbrupt(nextiten).
h. If Type(nextiten) is not Object, then throw @ypeError execution.
i. Letkbe the result of Getextltem" 0").
j- ReturnIfAbruptk).
k. Letv be the result of Getextltem" 1").
I. ReturnlfAbrupt{).
m. Let statusbe the result of calling thdQall]] internal method ofidderwith mapasthisArgument

and a List whose elements dandv asargumentsList
n. ReturnIfAbruptétatus.

NOTE If the parameter iterable is present, it is expected to be an object that implements either an @ @iteratormethod
that returns an iterator object that produces two element array-like objects whose first element is a value that will be used
as an Map key and whose second element is the value to associate with that key.

23.1.1.2 new Map ( ... argumentsList)

When Mapis called as part of a new expressioniitis a constructorzit initialises a newly created object.

Map called as part of a new expression with argument list argumentsLisperforms the following steps:

1. LetF be the Map function object on which thew operator was pplied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstructf, argumentsLigt

If Map is implemented as an ordinary function object, its [[Construct]] internal method will perform the above
steps.

23.1.2 Properties of the Map Constructor

The value of the [[Prototype]] internal data property of the Map constructor is the Function prototype object
(19.2.3).

Besides the length. property (whose value is 0), the Map constructor has the following property:
23.1.2.1 Map.prototype

The initial value of Map.prototype is the Map prototype object (23.1.3).

This property has the attributes { [[Writable]]: false, [Enumerable]]: false, [[Configurable]]: false }.
23.1.2.2 Map[ @@create] ()

The @@create method of a Map function object F performs the following steps:

1. LetF be thethis value.
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2. Let obj be the result of callingOrdinaryCreateFromConstruc(b; " %MapPrototype% ", ( [[MapDag]] ,
[[MapComparator]])).
3. Returnobj.

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.1.3 Properties of the Map Prototype Object

The value of the [[Prototype]] internal data property of the Map prototype object is the standard built-in Object
prototype object (19.1.4). The Map prototype object is an ordinary object. It does not have a [[MapData]] or a
[[MapComparator]] internal data property.

23.1.3.1 Map.prototype.clear ()
The following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a [[MapData]] internal data property throlypeError exception.
If M6 §MapData]] internal data property isndefined, then thow aTypeError exception.
Let entriesbe the List thatisthe value M6 s [ [ MapDat a] ] internal data property.
Repeat for each Record {[[key]], [[value]P that is an element afntries
a. Setp.[[key]] to empty.
b. Setp.[[value]] toempty.
7. Returnundefined.

o wNE

23.1.3.2 Map.prototype.constructor

The initial value of Map.prototype.constructor is the built-in-Map constructor.
23.1.3.3 Map.prototype.delete ( key)

The following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw &ypeError-exception.
If M does not have a [[MapData]] internal data property throlypeError exception.
If M6 §MapData]] internal data property isndefined, then throw arypeError exception.
If M6 _§MapComparator]] internal data propertyusdefined, then letsamebe the abtract operation
SameValueZero.
Else, letsamebe the abstract operation SameValue.
Let entriesbe the List thatisthe value 6 s [ [ MapDat a] ] internal data property.
Repeat for each Record {[[key]], [[value]P that is an element adntries
a. If samép.[[key]], key), then

i. Setp.[[key]] to empty.

i Setp.[[value]] to empty.

iii. Returntrue.
9. Returnfalse.

apwneE

o N

NOTE The value empty is used as a specification device to indicate that an entry has been deleted. Actual
implementations may take other actions such as physically removing the entry from internal data structures.

23.1.3.4 Map.prototype.entries () [ Commented [AWB14181]:

Need to move after delete

The following steps are taken:
1. LetM be thethis value.

2. If Type(M) is not Object, then throw &ypeError exception.
3. Return the result of calling the CreateMaplterator abstvgeration with argumentd and" key+value
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23.1.3.5 Map.prototype.forEach ( callbackfn ,thisArg = undefined )

callbackfn should be a function that accepts three arguments. forEach calls callbackfn once for each
key/value pair present in the map object, in key insertion order. callbackfnis called only for keys of the map
which actually exist; it is not called for keys that have been deleted from the map.

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.

NOTE If callbackfnis an Arrow Function, this was lexically bound when the function was created so thisArg will have
no effect.

callbackfnis called with three arguments: the value of the item, the key of the item, and the Map object being
traversed.

forEach does not directly mutate the object on which it is called but the ‘object may be mutated by the calls to
callbackfn

NOTE Each key is visited only once with the value that is current at the time of the visit. If the value associated with a
key is modified after it has been visited, it is not re-visited. Keys that are deleted after the call to forEach begins and
before being visited are not visited. New keys added, after the call'to forEach begins are visited.

When the forEach method is called with one or two arguments, the following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a [[MapData]] internal data property throlyaeError exception.
If M6 §MapData]] internal data property isndefined, then throw alrypeError exception.
If IsCallable(allbackfn) is false, throw aTypeError exception:
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Let entriesbe the L&t that is-the value a6 s° [ { Ma p D a tlata]pjopeitynt er n a |
Repeat for each Record {[[key]], [[value]B that is an element a&ntries in original key insertion order
a. If e.[[key]] is notempty, then
i Let funcResulbe theresult of calling thg[Call]] internal method otallbackfnwith T as
thisArgumentandadList containinge.[[value]], e.[[key]], andM asargumentsList
ii. ReturnlfAbruptfuncResult
9. Returnundefined.

ONOUAMWONE

Thelength property of theforEach. method isl.
23.1.3.6 Map.prototype.get ( key)

The following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a[[MapData]] internddta property throw @ypeError exception.
If M6 §MapData]] internal data property isndefined, then thow aTypeError exception.
Let entriesbe the List thatis the value 6 s [ [ Ma p D a tlata]pfjopeitynt e r n a |
If M6 §MapComparator]] internal data propertyusdefined, then letsamebe the abstract operation
SameValueZero.
Else, letsamebe the abstr operation SameValue.
Repeat for each Record {[[key]], [[value]P that is an element afntries
a. If samép.[[key]], key), then returrp.[[value]]
9. Returnundefined.

onrwNE

© N

23.1.3.7 Map.prototype.has ( key)

The following steps are taken:
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Let M be thethis value.
If Type(M) is not Object, then throw &ypeError exception.
If M does not have a [[MapData]] internal data property throlypeError exception.
If M6 §MapData]] internal data property isndefined, then throw alypeError exception.
Let entriesbe the List thais the valueoMés [ [ MapDat a] ] internal dat a
If M6 §MapComparator]] internal data propertyusdefined, then letsamebe the abstract operation
SameValueZero.
Else, letsamebe the abstract operation SameValue.
Repeat for each Record {[[k&y [[value]]} p that is an element antries
a. If samép.[[key]], key), then returrtrue.
9. Returnfalse.

onhwNE

© N

23.1.3.8 Map.prototype.keys ()
The following steps are taken:

1. LetM be thethis value.
2. If Type(M) is not Object, then throw BypeError exception.
3. Return the esult of calling the CreateMaplterator abstract'operation with argunveatsd" key " .

23.1.3.9 Map.prototype.set ( key , value)
The following steps are taken:

Let M bethethis value.
If Type(M) is not Object, then throw BypeError_exception.
If M does not have EMapDatal]] internaldata property throw aypeError exception.
If M6 §MapData]] internal data property isndefined, then throw arypeError exception.
Let entriesbe the List that is the value M6's = [ [ Ma p D a tasa]pfopeitynt er nal
If M6 §MapComparator]] internal data property isndefined, then letsamebe the abstract operation
SameValueZero.
Else, letsamebe the abstract operation SameValue.
Repeat for each Record {[[key]], [[value]P that is an element antries
a. If samép.[[key]], key), then
i Setp.[[value]] tovalue
ii. ReturnM.
9. Letp be the Record {[[keyllkey; [[value]]: valug
10. Appendp as the last element ehtries
11. ReturnM.

o rwWNE

© N

23.1.3:10 get Map.prototype.size

Map.prototype.size is an accessor property whose set accessor function is undefined. Its get accessor
function performs the following steps:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a [[MapData]] interndhta property throw &ypeError exception.
If M6 §MapData]] internal datgroperty isundefined, then throw arypeError exception.
Let entriesbe the List thatisthevalue M6 s [ [ MapDat a] ] internal dat a
Let countbe 0.
For each Record {[[key]], [[value]]}p that is an element a&ntries

a. |If p.[[key]] is notempty then

i Setcountto count+1.

8. Returncount

NogokwhpE

23.1.3.11 Map.prototype.values ( )

The following steps are taken:
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Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
Return the result of calling the CreateMaplterator abstract operatioravgtimentdM and" value "

wh e

23.1.3.12 Map.prototypel@@iterator ()

The initial value of the @ @iterator property is the same function object as the initial value of the entries
property.|

23.1.3.13 Map.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value "Map'.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.1.4 Properties of Map Instances

Map instances are ordinary objects that inherit properties from the Map prototype. Map instances also have a
[[MapData]] internal data property and a [[MapComparator]] internal data property.

23.1.5 Map Iterator Object Structure

A Map lterator is an object, with the structure defined below, that represents a specific iteration over some
specific Map instance object. There is not a named constructor for Map Iterator objects. Instead, map iterator
objects are created by calling certain methods of Map instance objects.

23.1.5.1 CreateMaplterator Abstract Operation

Several methods of Map objects return lterator objects: The abstract operation CreateMaplterator with
arguments mapand kind is used to create such iterator objects. It performs the following steps:

1. LetM be theresult of calling ToObjectfap).

2. ReturnlfAbrupt).

3. If M does not have a [[MapData]] internal dgiroperty throw &ypeError exception.

4. Letentriesbe the List that is thevalue®é.s [ [ MapDatal]] internal dat a

5. Letiterator be the result of ObjectCreate(%MaplteratorPrototype%, ([[Map]], [[MapNextindex]],
[[MaplterationKind]])).

6. Setiterator ¢[[Map]] internal data property t¥.

7. Seti t er d[MapNeatkrdex]] internal data property to 0.

8. Seti t e r d[MapltetasonKind]] internal data property tand.

9. Returniterator.

23.1.5.2° The Map lIterator Prototype

All Map Iterator Objects inherit properties from a common Map lterator Prototype object. The [[Prototype]]
internal data property of the Map Iterator Prototype is the %ObjectPrototype% intrinsic object. In addition, the
Map lterator Prototype has the following properties:

23.1.5.2.1 Maplterator.prototype.constructor|

23.1.5.2.2 Maplterator.prototype.next()

1. LetO be thethis value.

2. If Type(O) is not Object, throw dypeError exception.

3. If O does not have all of the internal properties of a Map Iterator Inst&%&&.6.3, throw aTypeError
exception.

4. Letmbe the value of the [[Map]] internal data propertyf

5. Letindexbe the value of the [[MapNextindex]] internal data propertpof

6. LetitemKindbe the value of the [[MaplterationKind]] internal data propertyoof
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7. Assert:mhas a [[Map@ta]] internal data property amd has been initialised so the value of [[MapData]] is
notundefined.
8. Letentriesbe the List that is the value of the [[MapData]] internal data propefrty.
9. Repeat whildndexis less than the total number of elementewfries The number of elements must be
redetermined each time this method is evaluated.
a. Letebe the Record {[[key]], [[value]]} at Gorigined insertion positiomdexof entries
b. Setindextoindex+1;
c. Set the [[MapNextIndex]] internal data property®@to index
d. If e[[key]] is notempty, then
i. If itemKindis "key " then, letresultbee.[[key]].
ii. Else ifitemKindis "value " then, letresultbee.[[value]].
iii. Else,
1. Assert:iitemKindis "key+ value
2. Letresultbe the result of the abstract operation ArrayCeeaith argument 2.
3. Assert:resultis a new, welformed Array object so the following operations will
never fail.
4. Call CreateOwnDataPropertgsult " 0", e.[[key]]) .
5. Call CreateOwnDataProperigsult " 1", e.[[value]]).
iv. Return CreateltrResultObjecgsult, false).
10. ReturnCreateltrResultObjeathdefined, true).

23.1.5.2.3 Maplterator.prototype [ @@iterator ] ( )

The following steps are taken:

1. Returnthethis value

23.1.5.2.4 Maplterator.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value "Map Iterator "

23.1.5.3 Properties of Map Iterator Instances

Map lterator instances are ordinary objects that inherit properties from the Map Iterator prototype (the
intrinsic, %MaplteratorPrototype%).-Map ' Iterator. instances are initially created with the internal properties

described in Table 37.

Table 376 Internal Data Properties of Map Iterator Instances

Internal Data Property Description
Name

[[Map]] [The Map object that is being iterated.

[[MapNextindex]] IThe integer index of the next Map data element to be examined b
this iteration.

[[MaplterationKind]] A" string value that identifies what is to be returned for each|
element of the iteration. The possible values are: "key ", "value ",
"key+value "

23.2 Set Objects

Set objects are collections of ECMAScript language values. A distinct value may only occur once as an
el ement of a ®istincdwlues aré diseriminated msing a comparision algorithm that is selected
when the Set is created.
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A Set object can iterate its elements in insertion order. Set objects must be implemented using either hash
tables or other mechanisms that, on average, provide access times that are sublinear on the number of
elements in the collection. The data structures used in this Set objects specification is only intended to
describe the required observable semantics of Set objects. It is not intended to be a viable implementation
model.

23.2.1 The Set Constructor

The Set constructor is the %Set% intrinsic object and the initial value of the Set property of the global object.
When Set is called as a function rather than as a constructor, it initialises its this value with the internal state
necessary to support the Set .prototype internal methods.

The Set constructor is designed to be subclassable. It may be used as the value in an extends clause of a
class definition. Subclass constructors that intend to inherit the specified Set‘behaviour must include a super
call to Set .

23.2.1.1 Set (iterable = undefined, comparator = undefined )
When the Set function is called with optional arguments iterableand comparatorthe following steps are taken:

Let setbe thethis value.

If Type(se) is not Object then, throw BypeError exception

If setdoes not have a [[SetData]] internal data propeittgnt throw arypeError exception.

If s e t[[BesData]] internal data property is nendefined, then throw arypeError exception.
If iterableis not present, leterable be undefined.

If iterableis eitherundefined or null, then letiter be undefined.

Else,

NogoprwNE

a. Letiter be the result of Getlteratotérable).
b. ReturnlfAbrupt(ter).
c. Letadderbe the result of Geset " add" ).
d. ReturnifAbruptadder.
e. IfIsCallable@ddey is false, throw aTypeError Exception.
8. If comparatoris not present, lecomparatorbe undefined.
9. If comparatoris notundefined, then
a. If comparatorisnot "is ", thenthrow.aRangeError Exception.
10. Setsets [[SeData]] internal data propertg a new empty List
11. Setsets [[ SetComparatd}f internal data propertyo comparator
12. If iter is.undefined, thenreturnset
13. Repeat
Let nextbe the result of IteratorNesitér).
ReturnIfAbruptfiex).
Let donebe IteratorCompletegx).
ReturnlfAbrupt@iong.
If doneis true, thenreturnset
Let nextValuebe lteratorValuegexy.
ReturnlfAbruptfiextValug.
Let statusbe the result of calling the [[Call]] internal methodadderwith setasthisArgumentand
a List whose sole element nextValueasargumentsList
i.  ReturnlfAbruptétatug.

se~oaooT

23.2.1.2 new Set (... argumentsList)
When Set is called as part of a new expression it is a constructor: it initialises a newly created object.
Set called as part of a new expression with argument list argumentsLisperforms the following steps:

1. LetF be the Set function object on which thew operator was applied.
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2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstructt, argumentsLigt

If Set is implemented as an ordinary function object, its [[Construct]] internal method will perform the above
steps.

23.2.2 Properties of the Set Constructor

The value of the [[Prototype]] internal data property of the Set constructor is the Function prototype object
(19.2.3).

Besides the length  property (whose value is 0), the Set constructor has the following property:

23.2.2.1 Set.prototype

The initial value of Set .prototype is the intrinsic %SetPrototype% object (23.2.3).

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.

23.2.2.2 Set[ @@create] ()

The @@create method of a Set function object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callingrdinaryCreateFromConstruc{br " %8et Prototype% ", ( [[SetDatd] ,
[[SetComgrator]])).

3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

23.2.3 Properties of the Set-Prototype Object

The value of the [[Prototype]] internal data property of the Set prototype object is the standard built-in Object
prototype object (19.1:4). The Set prototype object is an ordinary object. It does not have a [[SetData]] or a
[[SetComparator]] internal data property.

23.2.3.1 Set.prototype.add (value)

The following steps are taken:

1. Let Sbe thethis value
2. If Type(S)is not Object, then throw BypeError exception.
3. If Sdoes not have a [[SetData]] internal data property throy@eError exception.
4. If S §[[SetData]] internal data property isdefined, then throw arypeError exception.
5. Letentriesbe the List thatisthevalue 8 s [ [ Set D adatagrdperty.nt er nal
6. If S o[[SetComparator]] internal data propertyusdefined, then letsamebe the abstract operation
SameValueZero.
7. Else, letsamebe the abstract operati SameValue.
8. Repeat for each that is an element @antries in original insertion order
a. If eis notempty andsamge, valug is true, then
i ReturnS.
9. Appendvalueas the last element ehtries
10. ReturnS.

23.2.3.2 Set.prototype.clear ()

The following steps are taken:
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Let S bethis value.
If Type(S)is not Object, then throw @ypeError exception.
If Sdoes not have a [[SetData]] interrddta property throw @ypeError exception.
If S 6[[SetData]] internal data property isidefined, then throw alrypeError excepion.
Let entriesbe the List thatisthevalue 8 s [ [ Set D adatagrdperty.nt er nal
Repeat for each that is an element antries
a. Replace the element ehtrieswhose value i® with an element whose value émpty.
7. Returnundefined.

onrwNE

23.2.3.3 Set.prototype.constructor
The initial value of Set .prototype.constructor is the built-in Set constructor:
23.2.3.4 Set.prototype.delete (value)

The following steps are taken:

1. LetSbe thethis value.

2. If Type(S)is not Object, then throw @ypeError exception.

3. If Sdoes not hve a [[SetData]] internal data property throwypeError exception.

4. If S o[[SetData]] internal data property isxdefined, then throw arypeError exception.

5. Letentriesbe the Listthatisthevalue86 s [ ['Set Dat a] ] internal dat a

6. If S 6[[SetComparator]] internal data propertyusdefined, then letsamebe the abstract operation
SameValueZero.

7. Else, letsamebe the abstract operation SameValue.

8. Repeat for eacle that is an element @ntries.in original insertion order

a. If eis notempty and samée, valug istrue; then
i Replace the element ehtrieswhose value i® with an element whose value empty.
ii. Returntrue.
9. Returnfalse.

NOTE The value empty is‘used as a specification device to indicate that an entry has been deleted. Actual
implementations may take other actions such as physically removing the entry from internal data structures.

23.2.3.5 Set.prototype.entries ()
The following steps are taken:
1. Let Sbe thethis value.

2. If Type(S)is not Object, then throw @ypeError exception.
3. Return the esult of calling the CreateSetlterator abstract operation with argurBems" key+value

NOTE For iteration purposes, a Set appears similar to a Map where each entry has the same value for its key and
value.

23.2.3.6 Set.prototype.forEach ( callbackfn , thisArg = undefined )
callbackfnshould be a function that accepts three arguments. forEach calls callbackfnonce for each value
present in the set object, in value insertion order. callbackfnis called only for values of the Set which actually

exist; it is not called for keys that have been deleted from the set.

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.

NOTE 1  If callbackfnis an Arrow Function, this was lexically bound when the function was created so thisArg will have
no effect.

callbackfnis called with three arguments: the first two arguments are a value contained in the Set. The same
value of passed for both arguments. The Set object being traversed is passed as the third argument.
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NOTE 2  The callbackfnis called with three arguments to be consistent with the call back functions used by forEach
methods for Map and Array. For Sets, each item value is considered to be both the key and the value.

forEach does not directly mutate the object on which it is called but the object may be mutated by the calls to
callbackfn

NOTE 3  Each value is normally visited only once. However, a value will be revisited if it is deleted after it has been
visited and then re-added before the to forEach call completes. Values that are deleted after the call to forEach begins
and before being visited are not visited unless the value is added again before the to forEach call completes. New values
added, after the call to forEach begins are visited.

When the forEach method is called with one or two arguments, the following steps are taken:

PN rWNE

9.

Let S be thethis value
If Type(S)is not Object, then throw &ypeError exception.
If Sdoes not have a [[SetData]] interrddta prgerty throw aTypeError exception.
If S §[[SetData]] internal data property ismxdefined, then throw arypeError exception.
If IsCallableallbackfn) is false, throw aTypeError exception:
If thisArgwas supplied, leT bethisArg; else letT be undefined.
Let entriesbe the List thatisthevalue 8 s [ [ Set Dat a] ] internal data property.
Repeat for each that is an element afntries in original insertion order
a. If eis notempty, then
i Let funcResulbe theresult of calling thg[Call]] internal methal of callbackfnwith T as
thisArgumentandaList containinge, e, andS asargumentsList
ii. ReturnIfAbruptfuncResult
Returnundefined.

Thelength property of theforEach method isi.

23.2.3.7 Set.prototype.has (value)

The following steps are taken:

o wNE

© N

9.

Let S be tfe this value.
If Type(S)is not Object, then throw &ypeError exception.
If Sdoes not have a [[SetData]].internal-data property thraw@eError exception.
If S 6[[SetData]] internal data property ismdefined, then throw alypeError exception.
Letenties be the List thatisthe value 8 s [ [ Set Dat a] ] internal data property.
If S o[[SetComparator]] internal data propertyusdefined, then letsamebe the abstract operation
SameValueZero.
Else, letsamebe the abstract operation SameValue.
Repeat fo eache that is an element @ntries
a.. If eis notempty andsamée, valug), then returrtrue.
Returnfalse.

23.2.3.8 Set.prototype.keys ()

frhe initial value of the keys property is the same function object as the initial value of the values property.} Commented [AWB10187]:
sort of method sharing.

NOTE For iteration purposes, a Set appears similar to a Map where each entry has the same value for its key and

value.
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23.2.3.9 get Set.prototype.size

Set.prototype.size is an accessor property whose set accessor function is undefined. Its get accessor
function performs the following steps:

1.
2.
3.

382

Let S be thethis value.
If Type(S)is not Object, then throw &ypeError exception.
If Sdoes not have a [[SetData]] internal data property throy@eError exception.
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If S o[[SetData]] internal data property isdefined, then throw arypeError exception.
Let entriesbe the List thatisthevalue 8 s [ [ Set Dadatagrdperty.nt er nal
Let countbe 0.
For eache that is an element antries
a. |If eis notempty then
i Setcountto count-1.
8. Returncount

No ok~

23.2.3.10 Set.prototype.values ( )
The following steps are taken:

1. Let Sbe thethis value.
2. If Type(S)is not Object, then throw @ypeError exception.
3. Return the result of calling the CreateSetlterator abstract operation with argBmedt value .

23.2.3.11 Set.prototype [@@iterator ] ( )

The initial value of the @ @iterator property is the same function object as the initial value of the values
property.

23.2.3.12 Set.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value “Set ".

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.2.4 Properties of Set Instances

Set instances are ordinary objects that inherit properties from the Set prototype. After initialisation by the Set
constructor, Set instances also-have a [[SetData]] internal data property and a [[SetComparator]] internal data
property.

23.2.5 Set Iterator Object Structure

A Set Iterator is an ordinary object; with the structure defined below, that represents a specific iteration over
some specific Set instance object. There is not a named constructor for Set Iterator objects. Instead, set
iterator objects are created by calling certain methods of Set instance objects.

23.25.1 CreateSetlterator Abstract Operation

Several methods of Set objects return Iterator objects. The abstract operation CreateSetlterator with
arguments setand kindis used to create such iterator objects. It performs the following steps:

Let S be theresult of calling ToObjecte?.

ReturnIfAbrupt®).

If Sdoes not have a [[SetData]] interrddta property throw aypeError exception.

If S 6[[SetData]] internal data property isdefined, then throw alypeError exception.

Let entriesbe the List thatisthevalue86 s [ [ Set Dat a] ] internal dat a
Letiterator be the result of ObjectCreate(%Setlterator®tgpe%, ([[IteratedSet]], [[SetNextIndex]],
[[SetlterationKind]])).

Seti t e r {[litecatedSst]] internal data property &

Seti t e r 4[$etNexilsdex]] internal data property to 0.

. Seti t er d[$edterdtisnKind]] internal data property tond.

0. Returniterator.

onhwNE
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23.2.5.2 The Set Iterator Prototype

All Set lterator Objects inherit properties from a common Set lterator Prototype object. The [[Prototype]]
internal data property of the Set Iterator Prototype is the %ObjectPrototype% intrinsic object. In addition, the
Set Iterator Prototype has the following properties:

23.25.2.1 Set[lterator.prototype.constructor\ Commented [AWB10188]:  TODO: need to decide what to
use for a constructor for these sort of objects.

23.2.5.2.2 Setlterator.prototype.next()

1. LetO be thethis value.

2. If Type(O) is not Object, throw d&ypeError exception.

3. If O does not have all of the internal propestief a Set Iterator Instanc23.2.5.3, throw aTypeError
exception.

4. Letsbe the value of the [[IteratedSet]] interrddta property 0.

5. Letindexbe the value of the [[SetNextIndex]] internal data propert@of

6. LetitemKind be the value of the [[SetlterationKind]] internal data propertpof

7. Assert:shas a [[SetData]] internalata propertyands has been initialised so the value of [[SetData]] is not
undefined.

8. Letentriesbe the List that is the value of the [[SetDatalfernal data propertyf s.

9. Repeat whilandexis less than the total number of element®ifries The number of elements must be

redetermined each time this method is evaluated.
a. Letebe the element at-Origined insertion positioindexof entries
b. Setindexto index+1;
c. Set the [[SetNextIndex]] internalata property 0O toindex
d. If eis notempty, then
i. If itemKindis " key+value " then;
1. Letresultbe the result of the abstract operation ArrayCreate with argument 2.
2. Assertiresultis a new, weklformed Array object so the following operations will
never fail.
3. Call CreateOwnDataPropertgsult "0", €) .
4. Call CreateOwnDataPropertgsult "1", e).
5. < Return CreateltrResultObjecésult, false).
ii. Return CreateltrResultObjeet(false).
10. ReturnCreateltrResuDbjectundefined, true).

23.2.5.2.3 Setlterator.prototype.@@iterator ( )
The following steps are taken:

1. Returnthethis value

23.25.2.4  Setlterator.prototype.@@toStringTag

The initial value of the @ @toStringTag property is the string value " Set lterator
23.2.5.3 Properties of Set Iterator Instances

Set Iterator instances inherit properties from the Set Iterator prototype (the intrinsic, %SetlteratorPrototype%).
Set Iterator instances are initially created with the internal properties specified Table 38.

Table 38 & Internal Data Properties of Set Iterator Instances

Internal Data Property Description
Name
[[IteratedSd} The Set object that is being iterated.
[[SetNextindex]] The integer index of the next Set data element to be examined by
this iteration.
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[[SetlterationKind]] /A string value that identifies what is to be returned for each

element of the iteration. The possible values are: "key ", "value "
"key+value "."key" and "value " have the same meaning.

23.3 WeakMap Objects

WeakMap objects are collections of key/value pairs where the keys are ECMAScript objects and values may
be arbitrary ECMAScript language values. A WeakMap may be queried to see if it contains an key/value pair
with a specific key, but no mechanisms is provided for enumerating the objects it holds as keys. If an object
that is being used as the key of a WeakMap key/value pair is only reachable by following a chain of references
that start within that WeakMap, then that key/value pair is inaccessible and is automatically removed from the
WeakMap. WeakMap implementations must detect and remove such key/value pairs and any associated
resources.

An implementation may impose an arbitrarily determined latency between the time a key/value pair of a
WeakMap becomes inaccessible and the time when the key/value pair is removed from the WeakMap. If this
latency was observable to ECMAScript program, it would be a source of indeterminacy that could impact
program execution. For that reason, an ECMAScript implementation must not provide any means to observe
a key of a WeakMap that does not require the observer to present the observed key.

WeakMap objects must be implemented using either hash tables or other mechanisms that, on average,
provide access times that are sublinear on the number of key/value pairs in the collection. The data structure
used in this WeakMap objects specification are only intended to describe the required observable semantics
of WeakMap objects. It is not intended to be a viable implementation model.

NOTE WeakMap and WeakSets are intended to provide mechanisms for dynamically associating state with an object
in a manner that does not fleako memory resources if, in the absence
became inaccessible and. subj ect to resource reclamation by the implementationos

Achieving this characteristic requires coordination between the WeakMap or WeakSet implementation and the garbage
collector. The following references describe mechanism that may be useful to implementations of WeakMap and
WeakSets:

Barry Hayes. 1997. Ephemerons: a new finalization mechanism. In Proceedings of the 12th ACM SIGPLAN
conference on Object-oriented programming, systems, languages, and applications (OOPSLA '97), A. Michael
Berman (Ed.). ACM, New York, NY, USA, 176-183. http://doi.acm.org/10.1145/263698.263733.

Alexandra Barros, Roberto lerusalimschy, Eliminating Cycles in Weak Tables. Journal of Universal Computer
Science - J.UCS, vol. 14, no. 21, pp. 3481-3497, 2008. http://www.jucs.org/jucs 14 21/eliminating cycles in weak

23.3.1 The WeakMap Constructor

The WeakMap constructor is the %W eakMap% intrinsic object and the initial value of the WeakMp property
of the global object. When WeakMap is called as a function rather than as a constructor, it initialises its this
value with the internal state necessary to support the WeakMapprototy =~ pe methods.

The WeakMapconstructor is designed to be subclassable. It may be used as the value in an extends clause
of a class definition. Subclass constructors that intend to inherit the specified WeakMap behaviour must
include a super call to WeakMap

23.3.1.1 WeakMap (iterable = undefined )

When the WeakMapfunction is called with optional argument iterable the following steps are taken:
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Let mapbe thethis value.

If Type(map) is not Object then, throw BypeError exception

If mapdoes not have a [[WeakMapD#iténternal data property, then throwTgpeError exception.

If ma p [WeakMapData]] internal data property is natdefined, then throw arypeError exception.
If iterableis not present, leiterable be undefined.

If iterableis eitherundefined or null, then letiter be undefined.

Else,

Noga,rwNE

Letiter be the result of Getlterataorérable).
ReturnIfAbrupt(ter).
Let adderbe the result of Getfap " set ").
ReturnifAbrupt@dder).

e. |If IsCallable@ddey isfalse, throw aTypeError Exception.
8. Setma p[PNeakMapDda]] internal data propertyp a new empty List
9. If iter is undefined, thenreturnmap
10. Repeat

aoop

Let nextbe the result of IteratorNextér).

ReturnIfAbruptfex).

Let donebe IteratorCompletagex).

ReturnlfAbrupt@iong.

If doneis true, thenreturnNormalCompletion(agp).

Let nextValuebe IteratorValuagex).

ReturnIfAbruptfiextValug.

If Type(nextValug is not Object, then throw BypeError execution.

Letk be the result of GetextValue" 0").

ReturnIfAbruptk).

Letv be the result of GetextValug™1").

I. ReturnIfAbrupt{).

m. Let statusbe the result of calling the [[Call]] internal methodadderwith mapasthisArgument
and a List whose elements drandv asargumentsList

n. ReturnifAbruptétatug.

AT TSaemooooy

NOTE If the parameter iterable is present, it is expected to be an object that implements an @ @iteratormethod that
returns an iterator object that produces two element array-like objects whose first element is a value that will be used as a
WeakMap key and whose second element is the value to associate with that key.

23.3.1.2 new WeakMap (... argumentsList’)
When WeakMapis called as part of a new expression it is a constructor: it initialises a newly created object.
WeakMapcalled as part of a new expression with argument list argumentsLisperforms the following steps:

1. LetF be the WeakMap function object on which thew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstrucff, argumentsLi§.

If WeakMap is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

23.3.2 Properties of the WeakMap Constructor

The value of the [[Prototype]] internal data property of the WeakMap constructor is the Function prototype
object (19.2.3).

Besides the length  property (whose value is 0), the WeakMap constructor has the following property:
23.3.2.1 WeakMap.prototype

The initial value of WeakMapprototype is the WeakMap prototype object (23.3.3).
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This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
23.3.2.2 WeakMap[ @@create] ()
The @@create method of a WeakMap object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of callinddrdinaryCreateFromConstructbt " %WVeakMapPrototype% "
( [[WeakviapData]] ).

3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.3.3 Properties of the WeakMap Prototype Object

The value of the [[Prototype]] internal data property of the WeakMap prototype object is the standard built-in
Object prototype object (19.1.4). The WeakMap prototype object is an ordinary object. It does not have a
[[WeakMapData]] internal data property.

23.3.3.1 WeakMap.prototype.clear ()
The following steps are taken:

Let M be thethis value.

If Type(M) is not Object, then throw BypeError exception.

If M does not have a [[WeakMapData]]iinternal data propertytadypeError exception.

If M6 §WeakMapData]] internal data propertyusidefined, then throw arypeError exception.
Setthe value oM6 s [ [ We a k Ma p Dlata paojpédrty to a nee enmpty List.
Returnundefined.

oulhwnE

23.3.3.2 WeakMap.prototype.constructor

The initial value of WeakMapprototype.constructor is the built-in WeakMapconstructor.
23.3.3.3 WeakMap.prototype.delete ( key )

The following steps are taken:

Let M be thethis value.
If Type(M) is not Object; then throw BypeError exception.
I1f'M does not have a [[WedkapData]] internadata property throw aypeError exception.
Let entriesbe the List thatis the value 6 s [ [ We a k Ma p Dlata mdpdrty.i nt er nal
If entriesis undefined, then throw arypeError exception.
If Type(key) is not Object, then throw &ypeError exception.
Repeat for each Record{[[key]], [[value]P that is an element afntries
a. |If p.[[key]] andkeyare the same object, then
i Setp.[[key]] to empty.

ii. Setp.[[value]] to empty.

iii. Returntrue.
8. Returnfalse.

NookwnpE

NOTE The value empty is used as a specification device to indicate that an entry has been deleted. Actual
implementations may take other actions such as physically removing the entry from internal data structures.

23.3.3.4 WeakMap.prototype.get ( key )
The following steps are taken:

1. LetM be thethis value.
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If Type(M) is not Object, then throw &ypeError exception.
If M does not have a [[WeakMapDatal]] intermi#ta property throw aypeError exception.
Let entriesbe the List that is the value M6 s [ [ We a k Ma p Dlata mopdrty.i nt er nal
If entriesis undefined, then throw alypeError exception.
If Type(key) is not Object, then throw BypeError exception.
Repeat for each Record {[[key]], [[value]P that is an element afntries
a. |If p.[[key]] andkeyare the same object, then retyxfivalue]]
8. Retun undefined.

Nook,wn

23.3.3.5 WeakMap.prototype.has ( key )
The following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a [[WeakMapData]] intermi#ta property throw. @ypeError exception.
Let enties be the List that is the value M6 s [ [ We a k Ma p Dlata @mopédrty.i nt er nal
If entriesis undefined, then throw alypeError exception.
If Type(key) is not Object, then throw BypeError exception.
Repeat for each Record {[[key]], [[value]P that isan element oéntries
a. If p.[[key]] andkeyare the same object, then retiroe.
8. Returnfalse.

NogopwnE

23.3.3.6 WeakMap.prototype.set ( key , value)
The following steps are taken:

Let M be thethis value.
If Type(M) is not Object, then throw BypeError exception.
If M does not have a [[WeakMapData]] internal data property thrdwpeError exception.
Let entriesbe the List that is the value M6 s [ [ We a k Ma p Dlata mopdrty.i nt er nal
If entriesis undefined, then throw arypeError ‘exception.
If Type(key) is not Obgct, then throw &ypeError exception.
Repeat for each Record {[[key]], [[value]P that is an element adntries
a. If p.[[key]l'andkeyare the same object, then
i. Setp.[[value]] tovalue
ii. ReturnM.
8. Letp be the Record {[[keyllkey, [[value]]: value}
9. Appendp as the last element ehtries
10. ReturnM.

Nog,pwnE

23.38.7 WeakMap.prototype [ @@toStringTag ]

The initial value of the @ @toStringTag property is the string value "WeakMap'.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.3.4 Properties of WeakMap Instances

WeakMap instances are ordinary objects that inherit properties from the WeakMap prototype. WeakMap
instances also have a [[WeakMapData]] internal data property.

23.4 WeakSet Objects
WeakSet objects are collections of ECMAScript objects. A distinct object may only occur once as an element
of a WeakSet AsWeak®et mayché iqueried to see if it contains a specific object, but no

mechanisms is provided for enumerating the objects it holds. If an object that is contain by a W eakSet is only
reachable by following a chain of references that start within that WeakSet, then that object is inaccessible
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and is automatically removed from the WeakSet. W eakSet implementations must detect and remove such
objects and any associated resources.

An implementation may impose an arbitrarily determined latency between the time an object contained in a
WeakSet becomes inaccessible and the time when the object is removed from the WeakSet. If this latency
was observable to ECMAScript program, it would be a source of indeterminacy that could impact program
execution. For that reason, an ECMAScript implementation must not provide any means to determine if a
WeakSet contains a particular object that does not require the observer to present the observed object.

WeakSet objects must be implemented using either hash tables or other mechanisms that, on average,
provide access times that are sublinear on the number of elements in the collection. The data structure used
in this WeakSet objects specification is only intended to describe the required observable semantics of
WeakSet objects. It is notintended to be a viable implementation model.

NOTE See the NOTE in 23.3.
23.4.1 The WeakSet Constructor

The WeakSet constructor is the %W eakSet% intrinsic object and the initial value of the WeakSet property of
the global object. When WeakSet is called as a function rather than as a constructor, it initialises its this value
with the internal state necessary to support the WeakSet .prototype internal methods.

The WeakSet constructor is designed to be subclassable. It may be used as the value in an extends clause
of a class definition. Subclass constructors that intend to inherit the specified WeakSet behaviour must
include a super call to WeakSet.

23.4.1.1 WeakSet (iterable = undefined)
When the WeakSet function is called with optional argument iterable the following steps are taken:

Let setbe thethis value.
If Type(se) is not Object then, throw BypeError exception
If setdoes not have [[WeakSetData]] internal data property, then throwypeError exception.
If s e t{[WeakSetData]] internal data property is nmdefined, then throw arypeError exception.
If iterableis not present, leiterable beundefined.
If iterableis eitherundefined or null, then letiter beundefined.
Else,
a. Letiter be the result oGetlterato(iterable).
b.~ ReturnlfAbrupt(ter).
c. Letadderbe the result of Geset " add" ).
d. ReturnifAbrupt@dde).
e. If IsCallable@dde) is false, throw aTypeError Exception.
8. Setsetts [[WealkSeData]] internal data propertp a new empty List
9. If iter isundefined, thenreturnset
10. Repeat

Nogo,rwnE

Let nextbe the result ofteratorNexfiter).

ReturnifAbruptfiex).

Let donebe IteratorCompletegx).

ReturnlfAbrupt@iong.

If doneis true, thenreturnNormalCompletionged.

Let nextValuebe IteratorValuegexy.

ReturnifAbruptfiextValug.

Let statusbe the result of calling the [[Call]] internal methodadderwith setasthisArgumentand
a List whose sole element me@xtValueasargumentsList

i.  ReturnlfAbruptétatug.

se~ooooTe

23.4.1.2 new WeakSet ( ... argumentsList)

When WeakSet is called as part of a new expression it is a constructor: it initialises a newly created object.
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WeakSet called as part of a new expression with argument list argumentsLisperforms the following steps:

1. LetF be theWeakSet function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstrugF, argumentsLigt

If WeakSet is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

23.4.2 Properties of the WeakSet Constructor

The value of the [[Prototypel]] internal data property of the WeakSet constructor is the Function prototype
object (19.2.3).

Besides the length  property (whose value is 0), the WeakSet constructor has the following property:
23.4.2.1 WeakSet.prototype

The initial value of WeakSet .prototype is the intrinsic %W eakSetPrototype% object (23.4.3).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false; [[Configurable]]: false }.
23.4.2.2 WeakSet [ @@create] ()

The @@create method of a WeakSet function object F performs the following steps:

1. LetF be thethis value.

2. Letobjbethe result of calling@rdinaryCreateFromConstructer " %\ eakSet Prototype%
([[WealSetDatd )).

3. Returnobj.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.4.3 Properties of the WeakSet Prototype Object

The value of the [[Prototype]] internal data property of the WeakSet prototype object is the standard built-in
Object prototype object (19.1.4). The WeakSet prototype object is an ordinary object. It does not have a
[[WeakSetData]] internal data property.

23.4.3.1 WeakSet.prototype.add (value)
The following steps are taken:

Let S be thethis value
If Type(S)is not Object, then throw &ypeError exception.
If Sdoes not have a [[@akSetData]] internal data property throWypeError exception.
If S 6[WeakSetData]] internal data propertyusdefined, then throw arypeError exception.
If Type(value) is not Object, then throw &ypeError exception.
Let entriesbe the List that ishte value oS6 s [ [ We a k Se t datatpragerty. i nt er nal
Repeat for eack that is an element @ntries in original insertion order

a. If eis notempty and SameValue( value) is true, then

i ReturnS.

8. Appendvalueas the last element ehtries
9. ReturnS.

Nogok,rwnhpE

23.4.3.2 WeakSet.prototype.clear ()

The following steps are taken:
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Let S bethis value.
If Type(S)is not Object, then throw @ypeError exception.
If Sdoes not have a [[WeakSetData]] interdata property throw &ypeError exception.
If S 6[@VeakSetData]] internladata property isindefined, then throw arypeError exception.
Let entriesbe the List thatisthevalue 86 s [ [ We ak Se t datatpragerty. i nt er nal
Repeat for each that is an element antries
a. Replace the element ehtrieswhose value i with an element whose value &nmpty.
7. Returnundefined.

onrwNE

23.4.3.3 WeakSet.prototype.constructor

The initial value of WeakSet .prototype.constructor is the %W eakSet% intrinsic object.
23.4.3.4 WeakSet.prototype.delete (value)

The following steps are taken:

Let S be thethis value

If Type(S)is not Object, then throw &ypeError exception.

If Sdoes not have a\[feakSetData]] internal data property throwTgpeError exception.

If S 6[[dVeakSetData]] internal data property ismdefined, then throw alypeError exception:

If Type(value) is not Object, then throw @ypeError ‘exception.

Let entriesbe the List that is the value 86 s WdalSetData]] internal data property.

Repeat for eacte that is an element adntries in original insertion order

a. If eis notempty andSameValuée, value) is true, then

i Replace the element ehtrieswhose value i® with.an element whose value empty.
ii. Returntrue.

8. Returnfalse.

Nogoh,rwnpE

NOTE The value empty is used as a specification device to indicate that an entry has been deleted. Actual
implementations may take other actions such as physically removing the entry from internal data structures.

23.4.3.5 WeakSet.prototype.has (value)
The following steps are taken:

Let S be thethis value.
If Type(S)is not Object, then throw &ypeError exception.
If Sdoes not hag a [WealkSetData]] internal data property throwTgpeError exception.
If S 6[[@VealkSetData]] internal data property imdefined, then throw arypeError exception.
Letentriesbe the List that is the value 86 s WdalSetData]] internal data property.
Repeat for eack that is an element @ntries
a. If eis notempty andSameValuée, value), then returrtrue.
7. Returnfalse.

ouhwnE

23.4.3.6 WeakSet.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value "WeakSet ".

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
23.4.4 Properties of WeakSet Instances

WeakSet instances are ordinary objects that inherit properties from the WeakSet prototype. After initialisation
by the WeakSet constructor, WeakSet instances also have a [[WeakSetData]] internal data property.
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24 Structured Data

24.1 ArrayBuffer Objects

24.1.1 Abstract Operations For ArrayBuffer Objects
24.1.1.1 AllocateArrayBuffer(constructor)

The abstract operation AllocateArrayBuffer with argument constructoris used to create an uninitialised
ArrayBuffer object. It performs the following steps:

1. Let obj be the result of callingOrdinaryCreateFromConstrucfoonstructor " %ArrayBuffer ~ Prototype% ",
( [[ArrayBuffeDatd], [[ArrayBufferByteLengtfi) ).

2. ReturnlfAbrup{obj).

3. Setthe[[ArrayBufferByteLengtfi internal data propertgf objto O

4. Returnobj.

24.1.1.2 SetArrayBufferData(arrayBuffer, bytes)

The abstract operation SetArrayBufferData with arguments arrayBufferandbytesis used to initialise the storage
block encapsulated by an ArrayBuffer object. It performs the following steps:

Assert:arrayBufferhas an [[ArrayBufferData]] internal data property.

Assert:bytesis positive integer.

Let blockbe the result o€reateByteArrayBlocfbytes.

ReturnIfAbruptplock).

SetarrayBuffed HArrayBufferData]] to block

SetarrayBuffed s [ [ Ar r ay Buf f e r Blata peopeetyntdyttes | ] internal
ReturnarrayBuffer.

Nog,pwnE

24.1.1.3 CloneArrayBuffer(srcBuffer, srcByteOffset, srcType,cloneElementType, srcLength).

The abstract operation CloneArrayBufer 24.1.1.3takes four parameters, an ArrayBuffer srcBuffer an integer
srcByteOffseta String srcType a String cloneElementTypeand integer srcLength It creates a new ArrayBufer
containing the binary cloneElementTypeepresentation for srcLengthelements convert from the corresponding
srcTypeelements start at srcByteOffsewithin srcBufferThis operation performs the follow steps:

TODO: Write the algorithm |

24.1.1.4 GetValueFromBuffer (arrayBuffer, bytelndex, type, isLittleEndian)

The abstract operation GetValueFromBuffertakes four parameters, an ArrayBuffer arrayBuffer, an integer
bytelndex a String type and optionally a Boolean isLittleEndian If isLittleEndian is not present, its default
value is undefined. This operation performs the follow steps:

Assert: There are sufficient bytesanrayBufferstarting atbytelndexto represent a value oflueType
Assert:bytelndexs a'positive integer.

Let blockbe arrayBuffed §ArrayBufferData]] internal data property.

If blockis undefined or null, then throw arypeError exception.

Let elementSizée theNumber value of the Element Size value specified in Table 36&hreType

Let rawValuebe theelementSizéytes starting abytelndexof block

If isLittleEndianis undefined, setisLittleEndianto eithertrue orfalse. The choice is implementation

Nogoh,rwnpE

dependent and should be the alternative that is most efficient for the implementation. An implementation

must use the same value each time this step is executed and the same vahe usest for the
corresponding step in the SetValuelnBuffer abstraction operation.
8. If isLittleEndianis false, reverse the order of the bytesrafvValue
9. Iftypei s AFl oat 320 , then
a. rawValueis interpreted as a litttendian bit string encoding of an IEE®4-208 binary32 value.
b. If rawValueis an IEEE 75408 binary32 NaN value, return tti\aN Number value.
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c. Return the Number value that is encodedéyValue
10. If typei s A Fl oat 640 t hen
a. rawValueis interpreted as a litttendian bit string encoding of akEEE 754208 binary64 value.
b. If rawValueis an IEEE 75408 binary64 NaN value, return ttaN Number value.
c. Return the Number value that is encodedéwValue
11. If the first character ofypeis "U" , then
a. LetintValuebe the positive integer that is thestdt of interpretingawValueas an unsigned little
endian binary number.
12. Else
a. LetintValuebethe signed integer that is the result of interpretiagVValueas alittle-endian binary
26s compl ement neleméen¢Size¢&f bit | ength
13. ReturnintValue

24.1.1.5 SetValuelnBuffer (arrayBuffer, bytelndex, type, value, isLittleEndian)

The abstract operation SeValueinBuffer takes five parameters, an ArrayBuffer arrayBuffer an integer
bytelndex a String type a Number value, and optionally a Boolean isLittleEndian If isLittleEndianis not
present, its default value is undefined. This operation performs the follow steps:

Assert: There are sufficient bytesanrayBufferstarting atbytelndexto represent a value eilueType
Assert:bytelndexs a positive integer.
LetblockbearrayBuffeld §ArrayBufferData]] internal data property.
If blockis undefined or null, then throw arypeError exception.
Let elementSizée theNumber value of the Element Size value specifiedmthe row with Element Type
is type
Let rawValuebe theelementSizéytes starting. abytelndexof arrayBuffer
If isLittleEndianis undefined, setisLittleEndianto eithertrue or false.. The choice is implementation
dependent and should be the alternative that is most efficient for the impleimentAn implementation
must use the same value each time this step is executed and the same value must be used for the
corresponding step in the GetValueFromBuffer abstraction operation.
8. Iftypei s fAFl oat 320., then
a. SetrawValueto the 4 bytes that aredlresult of convertingalueto IEEE-868-2005 binary32
format -using fiRound t o near islitteEndianiséakse theobytesaen o roundi ng mode.
arranged in.big endian order. Otherwise, the bytes are arranged in little endian onuel$
NaN, rawValueis may be set of any implementation choosen-sigmaling NaN encoding.
9. Else,iftypei s AFloat6406 , then
a. SetrawValueto the 8 bytes that are the IEEE68-2005 binary64 format encoding wélue If
isLittleEndianis false, the bytes ararranged in big endian order. Otherwise, the bytes are arranged
in little endian order. Ifalueis NaN, rawValueis may be set to any implementation choosen-non
signaling NaN encoding.

garONE

No

10. Else,
a. Letn be the Size Element value in for the row containingvalele oftypeas its Element Type
entry.
b.  Let convOpbe the abstract operation named in the Conversion Operation column in for the row
containing the value dypeas its Element Type entry.

c. LetintValuebe the result of callingonvOpwith valueas its agument.
d. If intValueO0, then
i Let rawBytesbe then-byte binary encoding ahtValue If isLittleEndianis false, the bytes
are arranged in big endian order. Otherwise, the bytes are arranged in little endian order.
e. Else,

i Let rawBytesbe then-bytebi nary 206s ¢ o mp in®&ahweifisLitéeRrdiardi ng o f
is false, the bytes are arranged in big endian order. Otherwise, the bytes are arranged in
little endian order.
11. Store the individual bytes ahwBytesin order starting at positiobytelndexof block
12. Return NormalCompletiogundefined).
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24.1.2 The ArrayBuffer Constructor

The ArrayBuffer constructor is the %ArrayBuffer% intrinsic object and the initial value of the ArrayBuffer
property of the global object. When ArrayBuffer is called as a function rather than as a constructor, its this
value must be an Object with an [[ArrayBufferData]] internal data property whose value is undefined. The
ArrayBuffer constructor initialises the this value using the argument values.

The Array Buffer constructor is designed to be subclassable. It may be used as the value of an extends
clause of a class declaration. Subclass constructors that intended to inherit the specified Array Buffer
behaviour must include a super call to the Array Buffer constructor to initialise subclass instances.

24.1.2.1 ArrayBuffer(length)
ArrayBuffer called as function with argument length performs the following steps:

1. LetO be thethis value.
2. If Type(O) is not Object or ifO does not have an [[ArrayBufferData]] internal data propertyf the value
of O 6 [fArrayBufferData]] internal data property is nahdefined, then
a. Throw aTypeError exception.
Let numberLengttbe ToNumbergength).
Let byteLengthbe TolntegenjumberLength
ReturnIfAbruptpyteLength.
If numberLengtH byteLengthor byteLength< 0, then throw &kangeError exception.
Returnthe result of SetArrayBufferDat@( byteLength.

24.1.2.2 new ArrayBuffer( ... argumentsList)

Noosw

ArrayBuffer called as part of a new expression performs the following steps:

1. LetF be the ArrayRiffer function object on which theew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstructt, argumentsList

If ArrayBuffer is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

24.1.3 Properties of the ArrayBuffer Constructor

The value of the [[Prototype]] internal data property of the ArrayBuffer constructor is the Function prototype
object (19.2.3).

Besides its length  property (whose value is 1), the ArrayBuffer constructor has the following properties:
24.1.3.1 ArrayBuffer.isView (arg )

The isView function takes©one argument arg, and performs the following steps are taken:

If Type(arg) is not Object, returialse.

If arg has a [ViewedArrayBuffel] internal data propertythen returrtrue.

If arg has a [ViewedDataArrayBuffer]] internal data propertythen returrtrue.
Returnfalse.

Eal ol N

24.1.3.2 ArrayBuffer.prototype
The initial value of ArrayBuffer.prototype is the ArrayBuffer prototype object (24.1.4).

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
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24.1.3.3 ArrayBuffer[ @@create ] ()
The @@create method of a ArrayBuffer function object F performs the following steps:

1. LetF be thethis value.
2. Returnthe result of callindillocateArrayBuffe(F).

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
24.1.4 Properties of the ArrayBuffer Prototype Object
The value of the [[Prototype]] internal data property of the ArrayBuffer prototype object is the standard built-in

Object prototype object (19.1.4). The ArrayBuffer prototype object is an ordinary object. It does not have a
[[ArrayBufferData]] or [[ArrayBufferByteLength]] internal data property.

24.1.4.1  [get ArrayBuffer.prototype.byteLength [ Commented [AWB13192]:  byteLength needs to be an
accessor both to comply with WebIDL requirements and to
ArrayBuffer.prototype. byteLength  is an accessor property whose set accessor function is undefined. |.support the Kronos neutering strawman requirements.

Its get accessor function performs the following steps:

1. LetO be theresult of calling ToObject with thehis valueas its argument

2. ReturnlfAbruptQ©).

3. If O does not have a [[ArrayBufferData]] internddta property throw aypeError exception.

4. Ifthevalueofdds [ [ Arr ay Buf fdata ppopertriindefined dr eull, nhar throw arypeError
exception.

5. Letlengthbe the value 0©6s [ [ Ar r ay Bu f f e r Blata peopeetyn gt h ] ] internal

6. Returnlength

24.1.4.2 ArrayBuffer.prototype.constructor

The initial value of ArrayBuffer.prototype.constructor is the standard built-in ArrayBuffer constructor.
24.1.4.3 ArrayBuffer.prototype.slice ( start , end)

The following steps are taken:

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnfAbrupt(O).

If O does not have a [[ArrayBufferData]] interndéta property throw @ypeError exception.

If the value ofO6 s [ [ Arr ay B u f fdata pboaetrtynidindefined dr eull, nhar throw arypeError
exception.

5. Letlen be the value 006 s rayBéfferByteLength]] internatiata property.

6. LetrelativeStartbe Tolntegergtart).

7. ReturnlfAbruptgelativeStar).
8

9

rPODNPE

If relativeStartis negative, lefirst be max((en + relativeStar},0); else leffirst be minfelativeStart len).
. If endis undefined, letrelativeEndbelen; else letrelativeEndbe Tolntege®nd.

10. ReturnlfAbruptfelativeEnd.

11. If relativeEndis negative, lefinal be max((en + relativeEnd,0); else lefinal be ming¢elativeEnd len).

12. Let newLenbe max(final-first,0).

13. Let ctor be the resulof GetMethodQ, " constructor  ").

14. ReturnIfAbruptgtor).

15. If IsConstructor€tor) is false, then throw alypeError exception.

16. Let newbe the result of calling the [[Construct]] internal methodtctr with a new List containing the
single elemenhewlLen

17. RetunIfAbrupt(new).

18. If newdoes not have a [[ArrayBufferData]] internddta property throw &ypeError exception.

19. If the value ofnewd s [ [ Ar r ay Bu f fdata ppopertyidiridefined, thenrthroavlarypeError
exception.

20. Let fromBufbe the value 006 HArrayBufferData]] internaldata property.
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21. LettoBufbe the value ofiewd s [ ArrayBuf fdetapopertpy ] ] i nternal ) \
22. Let statusbe the result of Cod&oc ElementsfromBuf first, toBuf, 0, newLer). Commented [AWB13193]:  TODO: need to define abstract
23. ReturnIfAbrupttatug. | operations for allocting and manipulating data blocks.

24. Returnnew

24.1.4.4 ArrayBuffer.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value " ArrayBuffer
24.1.5 Properties of the ArrayBuffer Instances

ArrayBuffer instances inherit properties from the ArrayBuffer prototype object. ArrayBuffer instances each
have a [[ArrayBufferData]] internal data property and a [[ArrayBufferByteLength]] internal data property.

ArrayBuffer instances whose [[ArrayBufferData]] is null are considered to be neutered and all operators to
access or modify data contained in the ArrayBuffer instance will fail.

24.2 DataView Objects
24.2.1 Abstract Operations For DataView Objects
24.2.1.1 GetViewValue(view, requestindex, isLittleEndian, type)

The abstract operation GetViewValue with arguments view, requestindexisLittleEndian and typeis used by

functionsonDat aVi ew i nstances is to retrieve values from the viewds buffer. |t perfo
1. Letvbe ToObjectgiew)

2. ReturnlfAbrupt{).

3. If vdoes not have a [[DataArrayBuffer]] internal data property, then thr@wpeError exception.

4. Letbufferbe the value ofv ¢[[®ataArrayBuffer]] internal data property.

5. If bufferis undefined, then.throw alypeError exception.

6. Letnumbeindex be ToNumbenequestindex

7. Letgetindexbe Tolntegenfumberindekx

8. ReturnlfAbruptgetindey.

9. If numbeindex | getindexor getindex< 0, then throw &angeError exception.

10. LetisLittleEndianbe ToBooleangLittleEndiar):

11. ReturnlfAbrupt{sLittleEndian.

12. Let viewOffsetbe the value ofr o[[ByteOffset]] internal data property.

13. Let viewSizebe the value o¥ O[[B yteLength]] internal data property.

14. Let elementSizée theNumber value of the Element Size value specified in Table 36yfox
15. If getindex+elementSize viewSize then throw éRangeError exception.

16. Let buffeindexbe getindexviewOffset

17. Return the reslt of GetValueFromBuffetfuffer, buffeindex type isLittleEndiar).

24.2.1.2 SetViewValue(view, requestindex, isLittleEndian, type, value)

The abstract operation SetViewValue with arguments view, requestindexisLittleEndian type and valueis used
by functonson Dat aVi ew instances to store values into the viewds buffer. It perfor ms

1. Letv be ToObjectyiew)

2. ReturnlfAbrupt{).

3. If vdoes not have a [[DataArrayBuffer]] internal data property, then thr@wpeError exception.
4. Letbufferbe the alue ofv o[[®ataArrayBuffer]] internal data property.

5. If bufferis undefined, then throw arypeError exception.

6. Letnumbeindex be ToNumbenequestindex

7. Letgetindexbe Tolntegenjumberindek

8. ReturnlfAbrupt@etindey.

9. If numbeindex | getindexor getindex< 0, then throw &angeError exception.

10. LetisLittleEndianbe ToBooleariLittleEndiar).
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11. ReturnlfAbrupt{sLittleEndian.

12. Let viewOffsetbe the value o o[[ByteOffset]] internal data property.

13. Let viewSizebe the value o¥ O[[B yteLength]] internal data property.

14. Let elementSizée theNumber value of the Element Size value specified in Table 36yfm
15. If getindex+elementSize viewSize then throw é&RangeError exception.

16. Let buffedindexbe getindexviewOffset

17. Return the reslt of SetValuelnBufferfuffer, buffedindex type value isLittleEndian).

NOTE The algorithms for GetViewValue and SetViewValue are identical except for their final steps.
24.2.2 The DataView Constructor

When DataView is called as a function rather than as a constructor, it creates and initialises a new
DataView object. Thus the function call Dat a Vi e i8 gqbiyalent to the object creation expression new
Dat a Vi ewit ¢ same arguments. However, if the this value value‘passed in the call is an Object with
an [[DataArrayBuffer]] internal data property whose value is undefined, it initializes. the this value using the
argument values. This permits DataView to be used both as factory method and to perform constructor
instance initialization.

The DataView constructor is designed to be subclassable. It may be used as the value of an extends
clause of a class declaration. Subclass constructors that intended to inheritthe specified DataView behaviour
must include a super call to the DataView constructor to initialise subclass instances.

24.2.2.1 DataView(buffer, byteOffset=0, byteLength=undefined)
DataView called with arguments buffer, byteOffsetandlength performs the following steps:

1. LetO be thethis value.
2. If Type(O) is not Object or ifO does not have an [[DataArrayBar]] internal data propertyr if the value
of O 6 [fDataArrayBuffer]] internal data property is-nandefined, then
a. LetF be this function object.
b. LetargumentsLisbe theargumentsLisargument of the [[Call]] internal method that invoked
c. Returntheresult of callingOrdinaryConstruct F, argumentsList
If Type(buffer) is not Object, then throw BypeError exception.
If bufferdoes not have a [[ArrayBufferData]] internal data property, then thrdwpeError exception.
Let numberOffsebe ToNumberfyteOffsek
Let offsetbe TolntegenjumberOffset
ReturnIfAbruptoffse).
If numberOffsef offsetor offset< 0, then throw &angeError exception.
LetbufferByteLengtloe the value ob u f f[[Amra§BufferByteLength]] internaldata property.
0. If ‘offset> bufferByteLengththen throw éRangeError exception.
1. If byteLengthis undefined, then
a. LetviewByteLengtlibe bufferByteLengtli offset
12. Else,

RBO®®NO O A~®

Let numberLengttbe ToNumberfyteLength.
Let viewLengthbe Tolntege(numberLength).
ReturnlfAbrupt@iewLength.
If numberLengtH viewLengthor viewLength< 0, then throw &angeError exception.
Let viewByteLengttbe viewLength
f. If offsetrvienByteLength> bufferByteLengththen throw &RangeError exception.
13. If the value ofO 6 [fDataArrayBuffer]] internal data property is nandefined, then throw arypeError
exception,
14. SetO 06 [fDataArrayBuffer]] to buffer.
15.SetO6s [ [ Byt e L e dagatptopefty tviewBydet ength
16.SetO6s [ [ Byt e Of data eroperiy taiffset er n a l
17. ReturnO.

Pooop
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24.2.2.2 new DataView( ... argumentsList)
DataView called as part of a new expression it performs the following steps:

1. LetF be the function object on which tmew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstructf, argumentsLigt

If DataView is implemented as an ordinary function object, its [[Construct]] internal method will perform the
above steps.

24.2.3 Properties of the DataView Constructor

The value of the [[Prototype]] internal data property of the DataView constructor is the Function  prototype
object (19.2.3).

Besides the internal properties and the length property (whose value.is 3), the DataView constructor has the
following properties:

24.2.3.1 DataView.prototype
The initial value of DataView.prototype is the DataView prototype object (24.2.4).
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: false }.
24.2.3.2 DataView [ @@create] ()
The @@create method of a DataView function object F performs the following steps:
1. LetF be thethis value.
2. Let obj be the result of calling OrdinaryCreateFromConstructbr " %ataView Prototype%
( [[DataArrayBuffef] , [[ByteLength], [[ByteOffsed]) ).
3. Returnobj.
This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
24.2.4 Properties of the DataView Prototype Object
The value of the [[Prototype]] internal data property of the DataView prototype object is the standard built-in
Object prototype object (19.1.4). The DataView prototype object is an ordinary object. It does not have a
[[DataArrayBuffer]], [[ByteLength]], or [[ByteOffset]] internal data property.
24.2.4.1 get|DataView.prototype.buffer

DataView . prototype . buffer is an accessor property whose set accessor function is undefined. Its get
accessor function performs the following steps:

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnlfAbruptQ).

If O does not have a [[DataArrayBuffer]] interndta property throw aypeError exception.

Let bufferbe the valueo®6 s [ [ Dat a Ar r a YW&apropesty. ] ] internal
If bufferis undefined, then throw alrypeError exception.

Returnbuffer.

ounphwneE

24.2.4.2 get|DataView.prototype.byteLength

DataView .prototype . byteLength is an accessor property whose set accessor function is undefined. Its
get accessor function performs the following steps:
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1. LetO be theresult of calling ToObject with thehis valueas its argument

2. ReturnlfAbrupt(O).

3. If O does not have a [[DataArrayBuffer]] internddta property throw &ypeError exception.

4. Letbufferbe thevalueo®ds [ [ Vi ewedDat aArdataydpertf.f er ] ] i nternal

5. If bufferis undefined, then throw alypeError exception.

6. Letsizebe hevalueofO6s [ [ Byt e L e dagatptopeity. i nt er nal

7. Returnsize

24.24.3 [get]DataView.prototype.byteOffset { Commented [AWB13196]:  buffer needs to be an accessor )

both to comply with WebIDL requirements and to support the
| Kronos neutering strawman requirements.

DataView .prototype . byteOffset is an accessor property whose set accessor function is undefined. Its
get accessor function performs the following steps:

Let O be theresult of calling ToObject with thehis valueas its argument

ReturnIfAbruptQ©).

If O does not have a [[DataArrayBuffer]] interndta property throw @ypeError_exception.

Let bufferbe the valueo®6 s [ [ Dat a Ar r a ydBapoderyr ] ] i nternal
If bufferis undefined, then throw arypeError exception.

Let offsetbe the value 0©O6s [ [ Byt e Of dameropprly. i nt er nal
Returnoffset

Noo,rwhE

24.2.4.4 DataView.prototype.constructor
The initial value of DataView.prototype.constructor is the standard built-in DataView constructor.
24.2.4.5 DataView.prototype.getFloat32(byteOffset, littleEndian=false)

When the get Float32 method is called with argument byteOffsetand optional argument littleEndian the
following steps are taken:

1. Letv be thethis value.

2. If littleEndian is not present, then IdittleEndian be false.

3. Return the result of GetViewValug(byteOffsetlittleEndian, " Float32 ).
24.2.4.6 DataView.prototype.getFloat64(byteOffset, littleEndian=false)

When the get Float64 method is called with argument byteOffsetand optional argument litleEndian the
following steps are taken:

1. Letv be thethis value.

2. IfdittleEndianis not present, then ldittleEndian be false.

3. Return the result of GetViewValue(byteOffsetlittieEndian, " Float64 ").
24.2.4.7 DataView.prototype.getint8(byteOffset)

When the getInt8 method is called with argument byteOffsethe following steps are taken:

1. Letv be thethis value.
2. Return the result of GetViewValue(byteOffsetundefined, "Int8" ).

24.2.4.8 DataView.prototype.getint16(byteOffset, littleEndian=false)

When the get | nt 16 method is called with argument byteOffsetand optional argument littleEndian the
following steps are taken:

1. Letv be thethis value.

2. |If littleEndianis not present, then I¢ittleEndian be false.
3. Return the result of GetViewValue(byteOffsetlittleEndian, " 1 nt 16").
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24.2.4.9 DataView.prototype.getint32(byteOffset, littleEndian=false)

When the get I nt 32 method is called with argument byteOffsetand optional argument litleEndian the
following steps are taken:

1. Letv be thethis value.

2. If littleEndianis not present, then léittleEndian be undefined.

3. Return the result of GetViewValue(byteOffsetlittieEndian, " I nt 32").
24.2.4.10 DataView.prototype.getUint8(byteOffset)

When the get Ui nt8 method is called with argument byteOffsethe following stepsare taken:

1. Letv be thethis value.
2. Return the result of GetViewValue(byteOffsetundefined, " Ui nt8" ).

24.2.4.11 DataView.prototype.getUint16(byteOffset, littleEndian=false)

When the get Uint 16 method is called with argument byteOffsetand optional argument littleEndian the
following steps are taken:

1. Letv be thethis value.

2. |If littleEndianis not present, then léittleEndian befalse.

3. Return the result of GetViewValue(byteOffsetlittieEndian, * Uint 16" ).
24.2.4.12 DataView.prototype.getUint32(byteOffset, littleEndian=false)

When the get Uint 32 method is called with argument byteOffsetand optional argument littleEndian the
following steps are taken:

1. Letv be thethis value.

2. |If littleEndianis not present, then léittleEndian befalse.

3. Return the result of Get®¥wValuef, byteOffsetlittleEndian, " Ui nt 32" ).
24.2.4.13 DataView.prototype.setFloat32(byteOffset, value, littleEndian=false)

When the set Float32 method is called with arguments byteOffsetand value and optional argument
littteEndian the following steps are taken:

1. Letvbe thethis value.

2. If littleEndianis not present, then léittleEndian befalse.

3. Return the result of SetViewValue(byteOffsetlittleEndian, " Float32 ", value).
24.2.4.14 DataView.prototype.setFloat64(byteOffset, value, littleEndian=false)

When the set Floaté4 « method is called with arguments byteOffsetand value and optional argument
littteEndian the following steps are taken:

1. Letv be thethis value.

2. |If littleEndianis not present, then IéittleEndian befalse.

3. Return the result of SetViewValue(byteOffsetlittleEndian, " Float64 ", value).
24.2.4.15 DataView.prototype.setint8(byteOffset, value)

When the setInt8  method is called with arguments byteOffseind valuethe following steps are taken:

1. Letv be thethis value.
2. Return the result of SetViewValue(byteOffsetundefined, “Int8" , value).
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24.2.4.16 DataView.prototype.setint16(byteOffset, value, littleEndian=false)

When the set | nt 16 method is called with arguments byteOffsetand value and optional argument littleEndian
the following steps are taken:

1. Letv be thethis value.

2. |If littleEndianis not present, then ldittleEndian be false.

3. Return the result of SetViewValue(byteOffsetlittleEndian, " | nt 16", value).
24.2.4.17 DataView.prototype.setint32(byteOffset, value, littleEndian=false)

When the set | nt 32 method is called with arguments byteOffsetand value and optional argument littleEndian
the following steps are taken:

1. Letv be thethis value.

2. If littleEndianis not present, then IdittleEndian be false.

3. Return the result of SetViewValue(byteOffsetlittleEndian, " | nt 32", value).
24.2.4.18 DataView.prototype.setUint8(byteOffset, value)

When the set Uint8 method is called with arguments byteOffseaind valuethe following steps are taken:

1. Letv be thethis value.
2. Return the result of SetViewValue(byteOffsetundefined, " Ui nt8" , value).

24.2.4.19 DataView.prototype.setUint16(byteOffset, value, littleEndian=false)

When the set Ui nt 16 method is called with arguments byteOffsefind valueand optional argument littleEndian
the following steps are taken:

1. Letv be thethis value.

2. If littleEndianis not present, then ldittleEndian befalse.

3. Return the result of SetViewValue(byteOffsetlittleEndian, " Uint 16", value).
24.2.4.20 DataView.prototype.setUint32(byteOffset, value, littleEndian=false)

When the set Uint 32 method is called with arguments byteOffseand valueand optional argument littleEndian
the following steps are taken:

1. Letv be thethis value.

2. If littleEndianis not present, then léittleEndian be false.
3. Return the result of SetViewValue(byteOffsetlittleEndian, " Ui nt 32", value).

24.2.4.21 DataView.prototype[ @@toStringTag ]
The initial value of the @@toStringTag property is the string value "DataView "

24.2.5 Properties of DataView Instances

DataView instances are ordinary objects that inherit properties from the DataView prototype object. DataView
instances each have a [[DataArrayBuffer]], [[ByteLength]], and [[ByteOffset]] internal data properties.

24.3 The JSON Object
The JSON object is a single ordinary object that contains two functions, parse and stringify, that are used to
parse and construct JSON texts. The JSON Data Interchange Format is described in RFC 4627

<http://www.ietf.org/rfc/rfc4627.txt>. The JSON interchange format used in this specification is exactly that
described by RFC 4627 with two exceptions:
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1 The top level JISONTexproduction of the ECMAScript JSON grammar may consist of any JSONValue
rather than being restricted to being a JSONODbjecor a JSONArrayas specified by RFC 4627.

1 Conforming implementations of JSON.parse and JSON.stringify must support the exact interchange
format described in this specification without any deletions or extensions to the format. This differs
from RFC 4627 which permits a JSON parser to accept non-JSON forms and extensions.

The value of the [[Prototype]] internal data property of the JSON object is the standard built-in Object
prototype object (19.1.4). The JSON object has a [[JSONTag]] internal data property whose value is true . The
value of the [[Extensible]] internal data property of the JSON object is set to true.

The JSON object does not have a [[Construct]] internal method,; it is not possible to use the JSON object as a
constructor with the new operator.

The JSON object does not have a [[Call]] internal method; it is not possible to invoke the JSON object as a
function.

24.3.1 The JSON Grammar

JSON.stringify produces a String that conforms to the following JSON grammar. JSON.parse accepts a String
that conforms to the JSON grammar.

24.3.1.1 The JSON Lexical Grammar

JSON is similar to ECMAScript source text in that it consists of a sequence of Unicode characters conforming
to the rules of SourceCharacterThe JSON Lexical-Grammar defines the tokens that make up a JSON text
similar to the manner that the ECMAScript lexical grammar defines the tokens of an ECMAScript source text.
The JSON Lexical grammar only recognises the white space character specified by the production
JSONWhiteSpacdhe JSON lexical grammar shares some productions with the ECMAScript lexical grammar.

All nonterminal symbols of the grammar that do not begi n wi'th the characters

productions of the ECMAScript lexical grammar.

Syntax

JSONWhiteSpace
<TAB>
<CR>
<LF>
<SP>

JSONSItring:
" JSONStringCharactegs "

JSONStringCharacters
JSONStringCharacter JSONStringCharactgrs

JSONStringCharacter :
SourceCharactebut not one of " or\ or U+0000through U+001F
\ JSONEscapeSequence

JSONEscapeSequence
JSONEscapeCharacter
u HexDigit HexDigit HexDigit HexDigit

JSONEscapeCharacterone of
"/ '\ bfnrt

JSONNumber:
- opt DecimalintegerLiteral JSONFractiap: ExponentPady:
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JSONFraction:
. DecimalDigits

JSONNullLiteral::
NullLiteral

JSONBooleanLiteral:
BooleanLiteral

24.3.1.2 The JSON Syntactic Grammar

The JSON Syntactic Grammar defines a valid JSON text in terms of tokens defined by the JSON lexical
grammar. The goal symbol of the grammar is JISONText

Syntax

JSONText
JSONValue

JSONValue
JSONNullLiteral
JSONBooleanLiteral
JSONODbject
JSONArray
JSONString
JSONNumber

JSONObject
{}
{ JSONMemberList

JSONMember
JSONString JSONValue

JSONMemberList
JSONMember
JSONMemberList JSONMember

JSONArray.
[ JSONElementLisf

JSONElementList
JSONValue
JSONElementList JSONValue

24.3.2 JSON.parse (text [, reviver])

The parse function parses a JSON text (a JSON-formatted String) and produces an ECMAScript value. The
JSON format is a restricted form of ECMAScript literal. JSON objects are realized as ECMAScript objects.
JSON arrays are realized as ECMAScript arrays. JSON strings, numbers, booleans, and null are realized as
ECMAScript Strings, Numbers, Booleans, and null. JSON uses a more limited set of white space characters
than WhiteSpacend allows Unicode code points U+2028 and U+2029 to directly appear in JSONStrinditerals
without using an escape sequence. The process of parsing is similar to 12.1.4.1 and 12.1.5 as constrained by
the JSON grammar.

The optional reviver parameter is a function that takes two parameters, (key and value). It can filter and
transform the results. It is called with each of the key/value pairs produced by the parse, and its return value is
used instead of the original value. If it returns what it received, the structure is not modified. If it returns
undefined then the property is deleted from the result.
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Let JTextbe ToString(exi).

ReturnIfAbruptdTex).

ParseJTextinterpreted as UTHR6 encoded Unicode charactersing the grammars i24.3.1 Throw a
SyntaxError exception ifJTextdid not confam to the JSON grammar for the goal symB8IONText
Let scriptTextbe the result of concatenatifig”, JText and ") ; " .

Let completionbe the result oparsing and evaluatingcriptTextas if it was the source text of an

ECMAScriptScriptbut usingJSONStringin placeof StringLiteral Note that sincdTextconforms to the
JSON grammar this result will be either a primitive value or an object that is defined by either an
ArrayLiteral or anObjectLiteral
Let unfiltered be completion[[value]].
If IsCallable(eviver is true, then
a. Letrootbethe result of the abstract operation ObjectCrawth the intrinsic object
%ObjectPrototype% as its argument
b. Call CreateOwnDataProperty{ot, the empty Stringunfiltered).
c. Return the result of calling the abstrageration Walk, passingot and the empty String. The
abstract operation Walk is described below.
Else
a. Returnunfiltered

Runtime Semantics: Walk Abstract Operation

The abstract operation Walk is a recursive abstract operation that takes two parameters: a holder object and
the String nameof a property in that object. Walk uses the value of reviver that was originally passed to the
above parse function.

1.
2.
3

Let val be the result of Gétolder, namg.
ReturnIfAbruptgal).
If valis an object, then
a. If valis anexotic Array objecthen
i Setl to 0.
iil Letlen be the result of Gé¢al, "length" ).
iii. Assert:lenis not an abrupt completion and its value is a positive integer.
iv. Repeat whild < len,
1. LetnewElemenbe the result of calling the abstract operation Walk, ipgsgl and
ToString( )«
2. If newElements undefined, then
a.  Let statusbe the result of callinghe [[Delete]] internal method ofal with
ToString() asthe argument.
3. Else
a.  Let statusbe the result of callinghe [[DefineOwnProperty]] internal
method ofval with arguments ToString){ andProperty Descriptor
{[[Value]]: newElement[[Writable]]: true, [[Enumerable]]true,
[[Configurable]]:true}.
b. NOTE This algorithm intentionally does not throw an exception if statdialse.
4. ReturnlfAbruptitatug.
5. Add 1tol.
b. Else
i Letkeysbe an internal List of String values consisting of the names of all the own
properties ofval whose [[Enumerable]] attribute tsue. The ordering of the Strings the
same as that used by tdject.keysstandard buikin function.
ii. Foreach StrindP in keysdo,
1. LetnewElemenbe the result of calling the abstract operation Walk, passihgnd
P.
2. If newElements undefined, then
a. Let statusbe the result of callinghe [[Delete]] internal method ofal with
P asthe agument.
3. Else
a. Let statusbe the result of callinghe [[DefineOwnProperty]] internal
method ofval with argumentd® andProperty Descriptor {[[Value]]:
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newElement[[Writable]]: true, [[Enumerable]]:true, [[Configurable]]:
true}.
b. NOTE This algorithm intentionally does hthrow an exception if status false.
4. ReturnlfAbrupt@tatug.
4. Return the result of calling the [[Call]] internal methodre¥iver passingholderasthisArgumentand with a
List containingnameandval asargumentsList

It is not permitted for a conforming implementation of JSON.parse to extend the JSON grammars. If an
implementation wishes to support a modified or extended JSON interchange format it must do so by defining a
different parse function.

NOTE In the case where there are duplicate name Strings within an object, lexically preceding values for the same
key shall be overwritten.

24.3.3 JSON.stringify (value [, replacer [, space]])

The stringify function returns a String in UTF-16 encoded JSON format representing an ECMAScript
value. It can take three parameters. The value parameter is an ECMAScript value, which is usually an object
or array, although it can also be a String, Boolean, Number or null. The optional replacerparameter is either a
function that alters the way objects and arrays are stringified, or an array of Strings and Numbers that acts as
a white list for selecting the object properties that will be stringified. The optional spaceparameter.is a String or
Number that allows the result to have white space injected into it to improve human readability.

These are the steps in stringifying an object:

Let stackbe an empty List.
Letindentbe the empty String.
Let PropertyListandReplacerFunctiorbe undefined.
If Type(replace) is Object, then
a. If IsCallablefeplace) istrue, then
i Let RedacerFunctionbereplacer
b. Else ifreplaceris.an exotic Array objec¢then
i Let PropertyList be an empty internal List
ii. For each value of a property ofreplacerthat has an array index property name. The
properties are enumerated in the ascending andgx order of their names.
1. Letitembeundefined.
2. If Type(v) is String then lettembev.
3. Else if Typeg) is Number then leitem be ToStringy).
4. Else if Typey) is Object then,
a  If v has a [BtringDatd] or [[NumberData]]internaldataproperty then let
itembe ToStringy).
5. 'If itemis notundefined anditemis not currently an element &fropertyListthen,
a Appenditemto the end oPropertyList
5. If Type(space is Object then,
a. |If spacehas a [NumberDatd internal dataproperty then,
i. Let spacebe ToNumbe(spacg.
b. Else ifspacehas a [BtringDatd] internal dataproperty then,
i Let' spacebe ToStringépacse.
6. If Type(spac¢ is Number
a. Letspacebe min(10, Tolntegespacsy).
b. Setgapto a String containingpaceoccurrences of code unit 0x0020 (the Unicega® character
This will be the empty String i$paceis less than 1.
7. Else if Type6pace)is String
a. If the number oklementsn spaceis 10 or less, segapto spaceotherwise segapto a String
consisting of the first 1@lementsf space

rPODNPE

8. Else
a. Setgapto the empty String.
9. Letwrapperbethe result of the abstract operation ObjectCreta the intrinsic object
%0ObjectPrototype% as its argument
10. Call CreateOwnDataPropertytapper, theempty Stringyvalue).
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11. Return the result of calling the abstract opemaStr with the empty String andirapper
Runtime Semantics: Str Abstract Operation

The abstract operation Str(key, holder) has access to ReplacerFunctiorfrom the invocation of the stringify
method. Its algorithm is as follows:

1. Letvaluebe the result oGet(holder, key).
2. ReturnlfAbruptfalue.
3. If Type(value) is Object, then
a. LettoJSONbe the result of Gé¢alug "toJSON" ).
b. If IsCallable¢oJSON is true
i. Let valuebe the result of calling the [[Call]] internal methodtoflSONpassingvalueas
thisArgumentandaList containingkeyasargumentsList
ii. ReturnIfAbruptalue).
4. If ReplacerFunctions notundefined, then
a. Letvaluebe the result of calling the [[Call]] internal methodRéplacerFunctiorpassingholderas
thethis value and with an argument listmsisting ofkeyandvalue
b. ReturnlfAbruptfalue).
5. If Type(value) is Object then,
a. If valuehas an [NumberDatd] internal dataproperty then,
i. Let valuebe ToNumbenalue).
b. Else ifvaluehas an [BtringDatd] internal dataproperty then,
i Let valuebe ToStmg(value).
c. Else ifvaluehas an [BooleanDat§ internal dataproperty then,
i. Let valuebe the value ofithe HooleanDat§ internal dataproperty ofvalue
If valueis null then returr'null”
If valueis true then returri'true”
If valueis false thenreturn"false"
. If Type(value) is String, then return the result of calling the abstract oper&isstewith argumentvalue
0. If Type(value) is Number
a. If valueis finite then return ToString@alue).
b. Else, returd'null*
11. If Type(value) is Object, and IsCadblef/alue) is false
a. If valueis‘an exotic Array objectthen
i Return the result of calling the abstract operatidnwith argumentalue
b. Else, return the result of calling the abstract operadi©mvith argumentalue
12. Returnundefined.

Boo~NO

Runtime Semantics: Quote Abstract Operation
The abstract operation Quotgvalue wraps a String value in double quotes and escapes characters within it.

1. Letproductbecode unit 0x0022tbie Unicodedouble quote character
2. For eachcode unitC in value
a. If Cis0x0022 or 0x05C (the Unicodereverse solidusharactey
i Let productbe the concatenation pfoductand code unit 0x005C
ii. Letproductbe the concatenation pfoductandC.
b. Else ifCis backspace, formfeed, newline, carriage return, or tab
i Let productbe the concatemi@n of productand code unit 0x005Che Unicodebackslash

characte).
ii. Let abbrevbe thestring valuecorresponding to the value 6fas follows:
backspace "b"
formfeed "
newline "n"
carriage return r
tab "t

iii. Let productbe the concatenation pfodud andabbrev
c. Else ifC hasa code unit value less th&x0020 ¢he Unicodespace character
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Let productbe the concatenation pfoductand code unit 0x005Qhe Unicodebackslash
characte).

ii. Let productbe the concatenation pfoductand"u" .

iii. Let hexbethe stringresult of converting the numeric code unit valueCab a String of
four hexadecimal digits. Alphabetic hexadecimal digits are presented as lowercase
characters.

iv. Let productbe the concatenation pfoductandhex

d. Else
i Let productbe the cacatenation oproductandC.
3. Letproductbe the concatenation pfoductand code unit 0x0022He Unicodedouble quote character
4. Returnproduct

Runtime Semantics: JO Abstract Operation

The abstract operation JQ(valug serializes an object. It has access to the stack indent gap, and PropertyListof
the invocation of the stringify method.

If stackcontainsvaluethen throw arypeError exception because the structure is cyclical.
Appendvalueto stack
Let stepbackde indent
Letindentbe the concateni@n of indentandgap.
If PropertyListis notundefined, then
a. LetK bePropertyList
Else
a. LetK be an internal List of Strings consisting of tkeysof all the own properties ofaluewhose
[[Enumerable]] attribute isrue and.whose property key is a Big value The ordering of the
Stringsis the same as that used by Bbject.keysstandard buikin function.
7. Letpartial be an empty List.
8. For each elemerR of K,
a. LetstrP be the result of calling the abstract operat8inwith argumentd andvalue
b. ReturnlfAbrupt(strP).
c. If strPis notundefined
i Let membelbe the result of calling the abstract operat@umotewith argumentP.
ii. Let memberbe the concatenation aiemberand thestring" : .
iii. If gapis not the empty String
1. Let memberbe the concatenation aiemberandcode unit 0x0020the Unicode
spacecharactey.
iv. Let memberbe the concatenation aiemberandstrP.
V. Appendmemberto partial.
9. |If partial is empty, then
a. Letfinal be"{}"
10. Else
a. If gapis the empty String
i Let propertiesbe a String formed by contenating all the element Strings pértial with
each adjacent pair of Strings separated wiide unit 0x002Gthe Unicodecomma
character. A comma is not inserted either before the first String or after the last String.
il Let final be the result of contanating”{" , properties and"}" .
b. Elsegapis not the empty String
i Let separatorbe the result of concatenatirgde unit 0x002Gthe comma charactgrcode
unit 0X000A(the line feed charactgrandindent
ii. Let propertiesbe a String formed by concateirag all the element Strings @fartial with
each adjacent pair of Strings separated wé&parator TheseparatorString is not inserted
either before the first String or after the last String.
iii. Let final be the result of concatenatitiff , code unit 0x000Athe line feed charactgr
indent properties code unit 0X000Astepbackand"} ".
11. Remove the last element sfack
12. Letindentbe stepback
13. Returnfinal.

arONE

o

Runtime Semantics: JA Abstract Operation
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The abstract operation JA(valug serializes an array. It has access to the stack indent and gap of the invocation
of the stringify method. The representation of arrays includes only the elements between zero and
array.length i 1 inclusive. Properties whose keys are not array indexes are excluded from the
stringification. An array is stringified as an open left bracket, elements separated by comma, and a closing
right bracket.

If stackcontainsvaluethen throw aTypeError exception because the structure is cyclical.
Appendvalueto stack
Let stepbackbe indent
Letindentbe the concatenation @fidentandgap.
Let partial be an empty List.
Assert:valueis a standard array object and hencé'lgagth" property is a-nomegative integer.
Let lenVal be the resulof Get(valug "length” )
Letlen be ToLengthignvd).
ReturnIfAbrupt(en).
10. Letindexbe 0.
11. Repeat whildndex<len

a. LetstrP be the result of calling the abstract operatBinwith arguments ToStringgdex andvalue

b. ReturnIfAbrupt6trP).

c. If strPis undefined

i Append"null"  to partial.
d. Else
i. Append strP to partial.

e. Incrementindexby 1.
12. If partial is empty then

a. Letfinal be"[]"
13. Else
a. If gapis the empty String

i Let propertiesbe a String formed by concatenating all the element Stringaudfal with
each adjacent pair of Strings separated wite uni 0x002C(the comma characterA
comma is notinserted either before the first String or after the last String.
ii. Let final be the result of concatenatitiy , properties and"]"

©COoNoUrWNE

i. Let.separatorbe the result of concatenaticgde unit 0x002Gthe conma charactgr code
unit 0Xx000A(the line feed charactgrandindent
ii. Let propertiesbe a String formed by concatenating all the element Stringsaudial with
each adjacent pair of Strings separated wéparator TheseparatorString is not inserted
either before the first String or after the last String.
iii. Let final be the result of concatenatitiy , code unit 0x000Athe line feed charactgr
indent properties code unit 0x000Astepbackand"] ".
14. Remove the last element sfack
15. Letindentbe steplack
16. Returnfinal.

NOTE 1  JSON structures are allowed to be nested to any depth, but they must be acyclic. If valueis or contains a cyclic
structure, then the stringify function must throw a TypeError exception. This is an example of a value that cannot be
stringified:

a=[J;

al0] = a;

my_text = JSON.stringify(a); // This must throw a TypeError.

NOTE 2  Symbolic primitive values are rendered as follows:

Lii The null value is rendered in JSON text as the String null

T The undefined value is not rendered.

T The true value is rendered in JSON text as the String true .
1 The false value is rendered in JSON text as the String false

NOTE 3  String values are wrapped in double quotes. The characters " and \ are escaped with \ prefixes. Control
characters are replaced with escape sequences \ UHHHH, or with the shorter forms, \ b (backspace), \ f (formfeed), \ n
(newline), \ r (carriage return), \ t (tab).
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NOTE 4  Finite numbers are stringified as if by calling ToStringnumbe). NaN and Infinity regardless of sign are
represented as the String null

NOTE 5  Values that do not have a JSON representation (such as undefined and functions) do not produce a String.
Instead they produce the undefined value. In arrays these values are represented as the String null . In objects an
unrepresentable value causes the property to be excluded from stringification.

NOTE 6  An object is rendered as an opening left brace followed by zero or more properties, separated with commas,
closed with a right brace. A property is a quoted String representing the key or property name, a colon, and then the

stringified property value. An array is rendered as an opening left bracket followed by zero or more values, separated with
commas, closed with a right bracket.

25 The "std:iteration" Module

The "std:iteration” module defines built-in objects that support the for-of statement and similar iteration
use cases. It also defines the built-in objects that support Generator Functions.

25.1 Common lteration Interfaces
An interface is a set of object property keys whose associated values match a specific specification. Any
object that provides all the properties of ~aronformi er face in conformance to t

to that interface. An i‘nterface isnot represetyted by a single object an
implemented objects that conform to any interface. An individual object may conform to multiple interfaces.

25.1.1 The lterable Iterface

The Iterable interface includes the following property:

Property Value Requirements
@@iterator A zero_arguments function that returns an | The function returns an object that
object. conforms to the iterator interface.

25.1.2 The lterator Iterface

The lterator interface includes the following properties:

Property Value Requirements

next A function that returns an object. The function returns an object that
conforms to the ItrResult interface.

NOTE Arguments may-be passed to the next function but their interpretation and validity is dependent upon the
target Iterator. Generic use of Iterators should not pass any arguments.

25.1.3 The ItrResult Iterface

The ItrResult interface includes the following properties:

Property Value Requirements

done Either true or false This is the result status of the an iterator
next method call. If the end of the iterator
was reached done is true. If the end was
not reached done is false and a value is
available.
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value

Any ECMAScript languge value.

If done is falseg, this is the current iteration
element value. If done is true, this is the
return value of the iterator, if it supplied
one. If the iterator does not have a return
value, value is undefined. In that case, the
value property may be absent form the
conforming object if it does not inherit an
explicit value property.

25.2 "std:iteration" Exports

The "std:iteration"

|l

module exports the names:

 GeneratorFunction

 Generator

25.3 GeneratorFunction Objects

Generator Function

created by calling the GeneratorFunction

410

objects are constructor functions that are usually created by evaluating
GeneratorDeclaration GeneratorExpressignand GeneratorMethodsyntactic. productions. They may also be

constructor.
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Figure 2 (Informative) -- Generator Objects Relationships|

25.3.1 The GeneratorFunction Constructor

The GeneratorFunction constructor is the %GeneratorFunction% intrinsic object and the value of the name
Generator Function exported  from the  built-in  module  “std:teration" . When
Generator Function is called as a function rather than as a constructor, it creates and initialises a new
GeneratorFunction object. Thus the function call Generator Function (€é) is equivalent to the object
creation expression new Generator Function (é) with the same arguments. However, if the this value
value passed in the call is an Object with an [[Code]] internal data property whose value is undefined, it
initialises the this value using the argument values. This permits GeneratorFunction to be used both as
factory method and to perform constructor instance initialization.

GeneratorFunction may be subclassed and subclass constructors may perform a super invocation of the
GeneratorFunction constructor to initialise subclass instances. However, all syntactic forms for defining
generator function objects create direct instances of Generator Function . There is no syntactic means to
create instances of Generator Function subclasses.
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25.3.1.1 GeneratorFunction (p1, p2, é , pn, body)

The last argument specifies the body (executable code) of a generator function; any preceding arguments
specify formal parameters.

When the GeneratorFunction function is called with some arguments p1, p2, € , pn, body(where n might
beO, that i s, pot haerrgeu neernet srbodyafight alse hat lve @rovided), the following steps are
taken:

1. LetargCountbe the total number of arguments passed to this function invocation.

2. LetP be the empty Sing.

3. If argCount= 0, letbodyTexte the empty String.

4. Else ifargCount= 1, letbodyTextbe that argument.

5. ElseargCount> 1,

Let firstArg be the first argument.

Let P be ToStringfirstArg).

ReturnIfAbrupt®).

Letk be 2.

Repeat, whil&k < argCount

i Let nextArgbe thekbt h ar gument .
ii. Let nextArgStringbe ToStringfiextArg:.
iii. ReturnIfAbrupthextArgString.
iv. Let P be the result of concatenating the previous valuB,dhe String'," (a comma), and
nextArgstring.
A Increasek by 1.
f. LetbodyTexthe thekd t h ant:g ume

Let bodyTextbe ToStringbodyTex}.

ReturnIfAbruptpodyTex}.

Let parametersbe the result of parsin®, interpreted as UTH6 encoded Unicode texrts described i6.1.4

usingFormalParametes as the goal symbolthrow aSyntaxError exception if the parse fails.

9. LetfuncBodybe the result of parsingodyTextinterpreted as UTH6 encoded Unicode texts described in
6.1.4 usingFunctiorBodyas the goal symbol. Throw3yntaxError exception ifthe parse fail®r if any
static semantics errors are detected

10. If funcBody ContainsYieldExpressiotis false, then throw eSyntaxError exception

11. If IsSimpleParameterList gfarameterss false andanyelement of theBoundName®f parametersalso
occurs h theVarDeclaredNamesf funcBody, then throw éSyntaxError exception.

12. If any element of th®oundName®f parametersalso occurs in theexicallyDeclaredNamesf funcBody then
throw aSyntaxError exception

13. If bodyTextis strict mode code (see 10.1.hpn letstrict betrue, else letstrict befalse.

14. Let scopebethe Global Environment

15. Let F be thethis value.

16. If Type(F) is not Object or if does not have a [[Code]] internal data property or if the value of [[Code]] is
notundefined, then

a. LetF betheresult of calling FunctionAllocateith argument/4Generator %and"generator”

17. If the value of F 6 §FunctionKind]] internal data property is ndgenerator® , then throw aTypeError
exception.

18. Using funcBodyas the FunctiorBody production, letbody be the supplemental syntactic grammar production:
GeneratorBody FunctiorBody.

19. Perform the Functioninitisde abstract operation with argumesNormal, parametersbody, scope andstrict.

20. Let prototypebe the result of the abstract operation ObjectCreitethe intrinsic object %eneratdPrototype% as
its argument

21. Perform the abstract operation MakeConstructor with argunfetitise, andprototype

22. ReturnF.

pooow

o N

A prototype  property is automatically created for every function created using the Generator Funct ion
constructor, to provide for the possibility that the function will be used as a constructor.
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25.3.1.2 new GeneratorFunction ( ... argumentsList)

When GeneratorFunction is called as part of a new expression, it creates and initialises a newly created
object.

1. Let F be theGeneratorFunction function object on which thaew operator was applied.

2. LetargumentsLisbe theargumentsLisargument of the [[Construct]] internal method that was invoked by

thenew operator.
3. Returnthe result ofOrdinaryConstructF, argumentsLis).

If GeneratorFunction is implemented as an ordinary function object, its [[Construct]] internal method will
perform the above steps.

25.3.2 Properties of the GeneratorFunction Constructor

The GeneratorFunction constructor is a built-in Function object that inherits from the Function constructor. The
value of the [[Prototype]] internal data property of the GeneratorFunction constructor is the intrinsic
object %Function%.

The value of the [[Extensible]] internal data property of the GeneratorFunction constructor is true.

The GeneratorFunction constructor has the following properties:

25.3.2.1 GeneratorFunction.length

This is a data property with a value of 1. This property has the attributes { [[Writable]]: false, [[Enumerable]]:
false, [[Configurable]]: false }.

25.3.2.2 GeneratorFunction.prototype

The initial value of GeneratorFunction .prototype IS %Generator%, the standard built-in
GeneratorFunction prototype.

This property has the attributes { [[Writable]]: false, [Enumerable]]: false, [[Configurable]]: true }.
25.3.2.3 GeneratorFunction[ @@create ] ()

The @@create method of an object F performs the following steps:

LetF be thethis value.

Let proto be the result of GetPrototypeFromConstrudtot@Generator 9% ).
ReturnifAbruptfroto).

Let obj bethe result of calling Functionfdcatewith argumentproto and"generator”
Returnobj.

agrpODPE

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

NOTE The GeneratorFunction @ @create function is intentionally generic; it does not require that its this value be
the GeneratorFunction constructor object. It can be transferred to other constructor functions for use as a @@create
method. When used with other constructors, this function will create a function object whose [[Prototype]] value is obtained
from the associated constructor.

25.3.3 Properties of the GeneratorFunction Prototype Object
The GeneratorFunction prototype object is an ordinary object. It is not a function object and does not have a
[[Code]] internal data property or any other of the internal data properties listed in Table 25 or Table 39. In

addition to being the value of the prototype property of the %GeneratorFunction% intrinsic and is itself
the %Generator% intrinsic.
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The value of the [[Prototype]] internal data property of the GeneratorFunction prototype object is
the %FunctionPrototype% intrinsic object. The initial value of the [[Extensible]] internal data property of the
GeneratorFunction prototype object is true.

25.3.3.1 GeneratorFunction.prototype.constructor

The initial value of GeneratorF unction.prototype.constructor is the intrinsic
object %GeneratorFunction%.

This property has the attributes { [Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

25.3.3.2 GeneratorFunction.prototype.prototype

The value of Generator Function.prototype .prototype is the %GeneratorPrototype% intrinsic object.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

25.3.3.3 GeneratorFunction.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value " GeneratorFunction )

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false; [[Configurable]]: true }.

25.3.3.4 GeneratorFunction.prototype [ @@create ] ()

The @@create method of an object F performs the following steps:

1. LetF be thethis value.

2. Let obj be the result of calling OrdinaryCreateFromConstruc(br " %Generator Prototype%
( [[GeneratorStalk [[GeneratorContext]]).

3. Returnobj.

This property has the attributes { [[Writable]]: true, [[Enumerable]]: false, [[Configurable]]: true }.

25.3.4 GeneratorFunction Instances

Every GeneratorFunction instance is an ordinary function object and has the internal data properties listed in
Table 25. The value of the [[FunctionKind]] internal data property for all such instances is "generator ".

The GeneratorFunction instances have the following own properties:

25.3.4.1 length

The value of the length  property is an integer that indicates the typical number of arguments expected by
the GeneratorFunction. However, the language permits the function to be invoked with some other number of
arguments. The behaviour of a GeneratorFunction when invoked on a number of arguments other than the
number specified by its len gth property depends on the function.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.

25.3.4.2 prototype

Whenever a GeneratorFunction instance is created another ordinary object is also created and is the initial
valueofthegener at or prbtetype t prapertd. he value of the prototype property is used to initialise
the [[Prototype]] internal data property of a newly created Generator object before the generator function

object is invoked as a constructor for that newly created object.

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
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NOTE Unli ke function instances, the obj ect prdtotypet propertytdbes
not have a constructor property whose value is the GeneratorFunction instance.

25.4 Generator Objects

A Generator object is an instance of a generator function and conforms to both the Iterator and Iterable
interfaces.

Generator instances directly inherit properties from the object that is the value of the prototype  property of
the Generator function that created the instance. Generator instances indirectly inherit properties from the
Generator Prototype intrinsic, %GeneratorPrototype%.

25.4.1 Properties of Generator Prototype

The Generator prototype object is the %GeneratorPrototype% intrinsic: It is also the initial value of the
prototype  property of the %Generator% intrinsic (the GeneratorFrunction.prototype).

The Generator prototype is an ordinary object. It is not a Generator instance and. does not have a
[[GeneratorState]] internal data property.

The value of the [[Prototype]] internal data property of the Generator prototype object is the intrinsic
object %0ObjectPrototype% (19.1.4). The initial value of the [[Extensible]]internal data property of the Function
prototype object is true.

All Generator instances indirectly inherit properties of the Generator prototype object.

25.4.1.1 Generator.prototype.constructor

The initial value of Generator .pro totype.constructor is the intrinsic object %Generator%.
This property has the attributes{ [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true }.
254.1.2 Generator.prototype.next (value)

The next method performs the following steps:

1. Letg be thethis value.
2. Returnthe result of GeneratBesumég, value).

25.4.1.3 Generator.prototype.throw (.exception )
The throw. method performs the following steps:

Let generatorbe thethis value.
If Type(generato} is not Object, then throw BypeError exception.
If genentor does not have a [[GeneratorState]] internal data property, then thfgpe&rror exception.
Let statebe the value of e n e r BQemeratdrState]] internal data property.
Assat: generatoralso has a [[GeneratorContext]] internal data property.
If stateis neither' suspendedStart " or"suspendedYield ", thenthrow aTypeError exception.
Let E be Completion {[[type]]: throw, [[value]]: exception [[target]]: empty}.
If stateis " suspendedStart " then,
a. Setg e n e r fGeaerabosState]] internal datagpertyto " completed
b. Once a generator enters theompleted " state it never leaves it and its associa&dcution

N~ WNE

context is never resumedny execution state associated wganeator can be discard at this point.

c. ReturnE.
9. LetgenContextbe value ofg e n e r fGeoerabosContext]] internal data property.
10. Let methodContexbe the runningxecution context.
11. SuspendnethodContext
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12. Setg e n e r fGemeratdrState]] internal data propetty' executing

13. PushgenContextonto the execution context stagienContextis now the running execution context.

14. Resume the suspended evaluatiogeiContextusing E asthe result of the operation that suspended.ét result
be the value returned by the resumed compation.

15. Assert: When we return hergenContext has already been removed from the execution context stack and
methodContexs the currently running execution context.

16. Returnresult

25.4.1.4 Generator.prototype [ @@iterator ] ( )

The following steps are taken:

1. Returnthethis value

25.4.1.5 Generator.prototype [ @@toStringTag ]

The initial value of the @@toStringTag property is the string value " Generator

This property has the attributes { [[Writable]]: false, [[Enumerable]]: false, [[Configurable]]: true. }.

25.4.2 Properties of Generator Instances

Generator instances are initially created with the internal data properties described in Table 39.

Table 39 8 Internal Data Properties of Generator Instances

Internal Data Property Description
Name
[[GeneratorState]] [The current execution state of the generator: The possible values|
are: undefined, "suspendedStart ", "suspendedYield |
“executing ", and" completed
[[GeneratorContext]] [The execution context that is used when executing the code of this|
generator.

25.4.3 lteration Related Abstract Operations
254.3.1 GeneratorStart (generator, generatorBody)

Assert: The value af e n e r fGemeratorState]] internal data propeigyindefined.
Let genContexbe the running execution context.
Set the Generator componentgei Contexto generator
Set the code evaluation state ggfnContextsuch that when evaluation is resumed for that execution context the
following steps will be performed:
a. Letresultbe the result of evaluatirgeneratorBody
b. Assert: If we return here, the generator either thaevexception or performed either an implicit or explicit
return.
c. RemovegenContexfrom the execution context stack and restihre execution context that is at the
top of the execution context staek the running@xecution context.
d. Setgeneratod {GeneratorState]] internal data propetiy" completed
e. Once a generator enters theompleted " state it never leaves it and its associated execution
context is never resumed. Any execution state associatedyeit@ator can be discard at this point.
f.  ReturnfAbrupt(resulf.
g. Return CreatelResulObjectfesult true).
5. Setgeneratod fGenerato€ontexi] internal data propertto genContext
6. Setgeneratod GeneratorState]] internal data propetty’ suspendedStart
7. Return NormalCompletiogenerato}.

pONPE
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25.4.3.2 GeneratorResume ( generator, value )
The abstract operation GeneratorResume with arguments generatorandvalueperforms the following steps:

If Type(generato} is not Object, then throw BypeError exception.

If generatordoes not have a [[GeneratorState]gimial data property, then throwfgpeError exception.
Let statebe the value of e n e r BGemeratdrState]] internal data property.

Asset: generatoralso has a [[GeneratorContext]] internal data property.

If stateis neither' suspendedStart " or"suspe ndedYield ", thenthrow aTypeError exception.
If stateis " suspendedStart " andvalueis notundefined, thenthrow aTypeError exception.

Let genContextbe value ofg e n e r §GeoerabosContext]] internal data property.

Let methodContexbbe the runningxecution context.

SuspendnethodContext

10. Setg e n e r BCGemeratorState]] internal data propety' executing

11. PushgenContextonto the execution context stagjenContextis now the running execution context.
12. Resume the suspended evaluatiogariContext using NormalCompletiong@lue as the result of the operation that
suspended it. Leesultbe the value returned by the resumed catation.

CoNORFWNE

13. Assert: When we return hergenContext has already been_removed from the execution context stack and

methalContexis the currently running execution context.
14. Returnresult

25.4.3.3 GeneratorYield (itrNextObj )
The abstract operation GeneratorYield with argument itrNextObjperforms the following steps:

Assert:itrNextObjis an Object that implemented theResultinterface

Let genContexbe the running execution context.

Assert genContexis the execution context of a generator.

Let generatorbe the value of the Generator componergesfContext

Setthe value ofj e n e r fGemeratorState]] internal data propeto " suspendedYield

RemovegenContexfrom the execution context stack and resttre execution context that is at the top of

the execution context sta@s the runningxecution context.

Set the code evaluation state génContextsuch that when ewvahition is resumed with a Completion

resumptionValughe following steps will be performed:
a. ReturnresumptionValue
b. NOTE: Thisreturns to the evaluation of théeldExpressioproduction that originally called this abstr@peration.

8. Resume the suspendedaluation ofgenContextusing NormalCompletion@lue as the result of the operation that
suspendedit: Leesultbe the value returned by the resumed computation.

9. Assert::When we return hergenContexthas already been removed from the executiontext stack and the
currently running execution conteistthe context that most recently resumed executigenérator

10. ReturnNormalCompletioni¢rNextObj).

11. NOTE: Thisreturns to the evaluation of the operatibat had most previously resumed evabmtfgenContext

oA WONE

~

25.4.3.4 CreateltrResultObject (value, done)

The abstract operation CreateltrResultObject with arguments valueand donecreates an object that supports
the ItrResult interface by-performing the following steps:

Assert: Typedong is Boolean.

Let obj be theresult of performing ObjectCredgéObjectPrototype%o
Perform CreateOwnDataPropeny, " value ", valug.

Perform CreateOwnDataPropeny, " done ", dong.

Returnobj.

agpwNE

25.4.3.5 Getlterator (obj)
The abstract operation Getlterator with argument obj performs the following steps:

1. Letiterator be the result of performing Invoke with argumeol @ @iterator and an empty List.
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2. ReturnlfAbruptiterator).
3. If Type(iterator) is notObject then throw alypeError exception.
4. Returniterator.

25.4.3.6 IteratorNext ( iterator, value)

The abstract operation IteratorNext with argument iterator and optional argument value performs the following
steps:

If valuewas not passed, lgaluebe undefined.

Let resultbe the result of Invoké&grator, " next ", (valug).
ReturnIfAbrupt¢esul.

If Type(resul)) is not Object, then throw BypeError exception.
Returnresult

arwNE

25.4.3.7 IteratorComplete (itrResult)

The abstract operation IteratorComplete with argument itrResultperforms the following steps:
1. Assert: TypeifrResul) is Object.

2. Letdonebe the result of Get(Result " done™").

3. Return ToBoolear{ong.

25.4.3.8 lteratorValue (itrResult)

The abstract operation lteratorValue with argument itrResultperforming the following steps:

1. Assert: TypeifrResul) is Object.
2. Return the result of Get{Result " value ).

25.4.3.9 CreateEmptylterator ()

The abstract operation CreateEmptylterator with no arguments creates an Iterator object whose next method
always reports that the iterator is done. It performs the following steps:

Let obj be the result of performing GégjtCreat€%ObjectPrototype%o

Let emptyNe&tMethodbe theresult of CreateBuiltinFunctionsing thesteps defined below
Perform CreateOwnDataPropeuy, " next ", emptyNextMethgd

Returnobj.

APWNPE

An emptyN&tMethodmethod performs the following steps:

1. Letreaultbe the result of performing CreateltrResultObjectdefined, true).
2. Returnresult

26 The Reflect Module
26.1 Exported Function Properties Reflecting the Essentional Internal Methods
26.1.1 Reflect.defineProperty(target, propertyKey, attributes)

When the defineProp erty function is called with arguments target propertyKey and attributesthe following
steps are taken:

Let obj be ToObjectiargey.
ReturnlfAbrupt@byj).

Let keybe ToPropertyKeyfropertyKey.
ReturnlfAbruptkey).

Ea Sl o
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Let descbe the result of calling ToPreptyDescriptor withattributesas the argument.
ReturnlfAbrupt@lesg.
Return the result of calling the [[DefineOwnProperty]] internal methazbpiith argumentkey, anddesc

Nou

26.1.2 Reflect.deleteProperty (target, propertyKey)

When the deleteProperty function is called with arguments targetandpropertyKey the following steps are
taken:

Let obj be ToObjectiargey.

ReturnlfAbruptebj).

Let keybe ToPropertyKeyi{ropertyKey.

ReturnlfAbruptkey).

Return the result of calling the [[Delete]] internal methodbjfwith argumenkey:

arONE

26.1.3 Reflect.enumerate (target)
When the enumerate function is called with argument targetthe following steps are taken:

Let obj be ToObjectiarge).

ReturnlfAbruptebj).

Letiterator be the result of calling the [[Enumerate]] internal noethofobj.
Returniterator.

pONPE

26.1.4 Reflect.get (target, propertyKey, receiver=target)
When the get function is called with arguments target, propertyKey and receiverthe following steps are taken:

Let obj be ToObjectiarge).
ReturnlfAbruptebj).
Let keybe ToPopertyKeypropertyKey.
ReturnlfAbruptkey).
If receiveris not present, then
a. Letreceiverbetarget
6. Return the result of calling the [[Get]] internal methobjwith argumentkey, andreceiver

agrONE

26.1.5 Reflect.getOwnPropertyDescriptor(target, propertyKey)

When the getOwnPropertyDescriptor function is called with arguments target and propertyKey the
following steps are taken:

Let obj be ToObjecti@grgey.

ReturnifAbruptebyj).

Let keybe ToPropertyKeyfropertyKey.

ReturnIfAbruptkey).

Let descbe the resulof calling the [[GetOwnProperty]] internal methodaidj with argumenkey.
ReturnlfAbrupt@esg.

Return the result of callingromPropertyDescriptadesg.

Nogo,whE

26.1.6 Reflect.getPrototypeOf (target)
When the getPrototypeOf function is called with argument targetthe following steps are taken:
1. Letobjbe ToObjectarge).

2. ReturnlfAbruptobj).
3. Return the result of calling the [[Getlnheritance]] internal methodhyf

26.1.7 Reflect.has (target, propertyKey)

When the hasOwn function is called with arguments targetandpropertykey, the following steps are taken:
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Let obj be ToObjectiargey.

ReturnlfAbruptebyj).

Let keybe ToPropertyKeyfropertyKey.

ReturnlfAbruptkey).

Return the result of calling the [[HasProperty]] internal methaobpfvith argumenkey.

arwNE

26.1.8 Reflect.hasOwn (target, propertyKey)
When the hasOwn function is called with arguments targetandpropertyKey the following steps are taken:

Let obj be ToObjectiarge).

ReturnIfAbruptebyj).

Let keybe ToPropertyKeyfropertyKey.

ReturnIfAbruptkey).

Return the result of dahg the [[HasOwnProperty]] internal methodalfj with argumenkey:

SN o

26.1.9 Reflect.isExtensible (target)
When the isExtensible function is called with argument targetthe following steps are taken:

1. Letobjbe ToObjectiargey.
2. ReturnlfAbruptpbj).
3. Return the result of calling the [[IsExtensible]] internal' method ).

26.1.10 Reflect.invoke (target, propertyKey, argumentsList, receiver=target)

When the invoke function is called with' arguments target propertyKey argumentsList and receiver the
following steps are taken:

Let obj be ToObjectiargey.
ReturnIfAbruptobyj).
Let keybe ToPropertyKeyfropertyKey.
ReturnIfAbruptkey).
If receiveris not present, then
a. Letreceiverbetarget
LetargList bethe result ofCreateListFromArrayLikéargumentsList
ReturnIfAbruptargList).
Return the result of calling the [[Invoke]] internal methodbjwith argumentkey; argList, andreceiver

arONE

© N

26.1.11 Reflect.ownKeys (target)
When the ownKeys function is called with argument targetthe following steps are taken:
1. Letobjbe ToObjectarge).

2. ReturnlfAbruptpbj).
3. Letkeysbe the result of calling the [[OwnPropertyKeys]] internal methodhf

26.1.12 Reflect.preventExtensions (target)

When the preventExtensions function is called with argument target, the following steps are taken:
1. LetobjbeToObjecttarge).

2. ReturnIfAbruptpbj).

3. Return the result of calling the [{@ventExtensiorifinternal method obbj.

26.1.13 Reflect.set (target, propertyKey, V, receiver=target)

When the set function is called with arguments target V, propertyKey and receiverthe following steps are
taken:

420 © Ecma International 2013



pecma

Let obj be ToObjectiarge).
ReturnlfAbruptebj).
Let keybe ToPropertyKey{ropertyKey.
ReturnlfAbruptkey).
If receiveris not present, then
a. Letreceiverbetarget
6. Return the result of calling the [[Set]] internal mettadabj with argumentskey, V, andreceiver

arwONE

26.1.14 Reflect.setPrototypeOf (target, proto)

When the setPrototypeOf function is called with arguments targetandpropertyKey the following steps are
taken:

Let obj be ToObjectiarge).

ReturnlfAbruptobj).

If Type(proto) is not Object angrotois notnull, then throw aypeError-exception
Return the result of calling the [[Setinheritance]] internal methazbpivith argumenproto.

pPOD P

26.2 Proxy Objects
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Annex A
(informative)

Grammar Summary

TODO: The Grammars in the Annex have not yet been updated for ES6. For now,
see the grammars in the main body of the specification.

A.1 Lexical Grammar

SourceCharacter: See clause 6
any Unicode code unit

InputElementDiv: See clause 7
WhiteSpace
LineTerminator
Comment
Token
DivPunctuator

InputElementRegExp See clause 7
WhiteSpace
LineTerminator
Comment
Token
RegularExpressionLiteral

WhiteSpace: See 7.2

<TAB>

<VT>

<FF>

<SP>

<NBSP>

<BOM>

<UsP>

LineTerminator:: See 7.3
<LF>
<CR>
<LS>
<pPS>
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LineTerminatorSequence
<LF>
<CR>[lookahead 1 <LF>]
<LS>
<PS>
<CR><LF>

Comment:
MultiLineComment
SingleLineComment

MultiLineComment:
/* MultiLlineCommentChasg: */

MultiLineCommentChars
MultiLineNotAsteriskChar MultiLineCommentChays
* PostAsteriskComméChars:

PostAsteriskCommentChars
MultiLineNotForwardSlashOrAsteriskChar MultiLineCommentChars
* PostAsteriskCommentChags

MultiLineNotAsteriskChar:
SourceCharactebut not *

MultiLineNotForwardSlashOrAsteriskChar
SourceCharactebut not.one of / or *

SingleLineComment
/I SingleLineCommentChags

SingleLineCommentChars
SingleLineCommentChar SingleLineCommentChars

SingleLineCommentChar
SourceCharactebut not LineTerminator

Token::
IdentifierName
Punctuator
NumericLiteral
StringLiteral

Identifier::
IdentifierNamebut not ReservedWord

IdentifierName:
IdentifierStart
IdentifierName IdentifierPart
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See 7.3

See 7.4

See 7.4

See 7.4

See 7.4

See 7.4

See 7.4

See 7.4

See 7.4

See 7.4

See 7.5

See 7.6

See 7.6
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IdentifierStart:: See 7.6
UnicodeLetter

v UnicodeEscapeSequence

IdentifierPart:: See 7.6
IdentifierStart
UnicodeCombiningMark
UnicodeDigit
UnicodeConnectorPunctuation
<ZWNJ>
<ZWJ>
UnicodelLetter: See 7.6
any character in the Unicode categories AUppercase |l etter (Lu)o, AfLowercase
(LI )o,aseTiltelteacer (Lt)o, AModi fier l'etter (Lm)o, AOt her letter (Lo) o, or L
number ( NI)o.
UnicodeCombiningMark: See 7.6
any character in the -Unacciordge martke goMn)ed dirNomCombi ni ng
spacing mark (Mc)o
UnicodeDigit:: See 7.6
any characterin t he Uni code category fiDeci mal number (Nd)o
UnicodeConnectorPunctuatian See 7.6
any character in the Unicode category fiConnector punctuation (Pc)o
ReservedWord See 7.6.1
Keyword
FutureReservedWord
NullLiteral

BooleanLiteral

Keyword:: one of See 7.6.1.1
break do instanceof typeof
case else new var
catch finally return void
continue for switch while
debugger function this with
default if throw
delete in try
FutureReservedWord one of See 7.6.1.2
class enum extends super
const export import

The following tokens are also considered to be FutureReservedWordshen parsing strict mode
code (see 10.1.1).

implements let private public
interface package protected static
yield
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Punctuator:: one of

{ } ( )

’ il <
>= == 1= ===
+ - * %
<< >> >>> &

! ~ && [
= += -= *=
>>= >>>= &= |=

DivPunctuator:: one of
/ /=

Literal ::
NullLiteral
BooleanLiteral
NumericLiteral
StringLiteral
RegularExpressionLiteral

NullLiteral ::
null

BooleanLiteral::
true
false

NumericLiteral::
DecimalLiteral
HexIntegerLiteral

DecimallLiteral::
DecimallntegerLiteral - DecimalDigitsp: ExponentPag
. DecimalDigits ExponentPag:
DecimalintgyerLiteral ExponentPaght

DecimalintegerLiteralt:
0

NonZeroDigit DecimalDigits:

DecimalDigits::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit:: one of
0123456789
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See 7.7

See 7.7

See 7.8

See 7.8.1

See 7.8.2

See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.3
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NonZeroDigit:: one of
123456789

ExponentPart:
Exponentindicator Signedinteger

Exponentindicator: one of
e E

Signedinteger:
DecimalDigits
+ DecimalDigits
- DecimalDigits

HexIntegerLiteral:
Ox HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit:: one of
0123456789abcdefABCDEF

StringLiteral::
" DoubleStringCharactegg; "
' SingleStringCharactess: '

DoubleStringCharacters
DoubleStringCharacter DduleStringCharacterg:

SingleStringCharacters
SingleStringCharacter.SingleStringCharactgrs

DoubleStringCharacter:
SourceCharactebut not one of * or.\ or LineTerminator
\ EscapeSequence
LineContinuation

SingleStringCharacter.
SourceCharactebut not one of * or\ or LineTerminator
\ EscapeSequence
LineContinuation

LineContinuation :
\ LineTerminatorSequence

EscapeSequence
CharacterEscapeSequence
O [lookahead T DecimalDigif
HexEscapeSequence
UnicodeEscapeSequence

CharacterEscapeSequence
SingleEscapeCharacter
NonEscapeCharacter

SingleEscapeCharacter one of
t \' bfnrtv
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See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.3

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4
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NonEscapeCharacter
SourceCharactebut not one of EscapeCharacteor LineTerminator

EscapeCharacter.
SingleEscapeCharacter
DecimalDigit
X

u

HexEscapeSequence
x HexDigit HexDigit

UnicodeEscapeSequence
u HexDigit HexDigit HexDigit HexDigit

RegularExpressionLiterat
| RegularExpessionBody RegularExpressionFlags

RegularExpressionBody
RegularExpressionFirstChar RegularExpressionChars

RegularExpressionChars
[empty] ) :
RegularExpressionChars RegularExpressionChar

RegularExpressionFirstChar
RegilarExpressionNonTerminatdrut not one of * or\ or/ or [
RegularExpressionBackslashSequence
RegularExpressionClass

RegularExpressionChar
RegularExpressionNonTerminatout not \ or/. or [
RegularExpressionBackslashSequence
RegularExpressioClass

RegularExpressionBackslashSequence
\ RegularExpressionNonTerminator

RegularExpressionNonTerminator
SourceCharactebut not LineTerminator

RegularExpressionClass
[ RegularExpressionClassChais

RegularExpresionClassChars::
[empty]
RegularExpressionClassChaRegularExpressionClassChar

RegularExpressionClassChar
RegularExpressionNonTerminatout not ] or\
RegularExpressionBackslashSequence
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See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.4

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5

See 7.8.5
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RegularExpressionFlags
[empty] ] -
RegularExpressionFlags IdentifierPart

A.2 Number Conversions

StringNumericLiterat::
StrwhiteSpacg:
StrWhiteSpacg: StrNumericLiteral StrWhiteSpage

StrWhiteSpace:
StrwWhiteSpaceChar StrWhiteSpaee

StrWhiteSpaceChar:
WhiteSpace
LineTerminator

StrNumericLiterat::
StrDecimalLiteral
HexIntegerLiteral

StrDecimallLiteral:::
StrUnsignedDecimalLiteral
+ StrUnsignedDecimalLiteral
- StrUnsignedDecimalLiteral

StrUnsignedDecimalLiterat:
Infinity
DecimalDigits. DecimalDigitsp: ExponentPag:
. DecimalDigits ExponentPag
DecimalDigits ExponentPayi:

DecimalDigits:::
DecimalDigit
DecimalDigits DecimalDigit

DecimalDigit::: one of
012345 6789

ExponentPart::
Exponentindicator Signedinteger

Exponentindicator:: one of
e E

Signedinteger::
DecimalDigits
+ DecimalDigits
- DecimalDigits
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See 7.8.5

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1

See 9.1.3.1
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HexIntegerLiteral::
0x HexDigit
0X HexDigit
HexIntegerLiteral HexDigit

HexDigit::: one of
0123456789abcdefABCDEF

A.3 Expressions

PrimaryExpression
this
Identifier
Literal
ArraylLiteral
ObjectLiteral
( Expression

ArrayLiteral :
[ Elisionop ]
[ ElementList]
[ ElementList Elisionop: ]

ElementList
Elisiongpt AssignmentExpression
ElementList Elisionyp: AssignmentExpression

Elision:

Elision,

ObjectLiteral:
{}
{ PropertyDefinitionList}
{ PropertyDefintionList , }

PropertyDefinitionList
PropertyDefinition
PropertyDefinitionList, 'PropertyDefinition

PropertyDefinition:
PropertyName AssignmentExpression
get PropertyName( ) { FunctionBody }
set PropertyName( PropertySetParaeterList ) {

PropertyName
IdentifierName
StringLiteral
NumericLiteral

PropertySetParameterList
Identifier
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FunctionBody }

See 9.1.3.1

See 9.1.3.1

See 11.1

See 11.1.4

See 11.1.4

See 11.1.4

See 11.1.5

See 11.1.5

See 11.1.5

See 11.1.5

See 11.1.5
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MemberExpression See 11.2
PrimaryExpression
FunctionExpression
MemberExpressioph Expressior]
MemberExpresion. ldentifierName
new MemberExpressioPArguments

NewExpression See 11.2
MemberExpression
new NewExpression

CallExpression See 11.2
MemberExpressioPArguments
CallExpression Arguments
CallExpressiorf Expressior]
CallExpression ldentifierName

Arguments See 11.2
()
( ArgumentList)

ArgumentList See 11.2
AssignmentExpression
ArgumentList AssignmentExpression

LeftHandSideExpressian See 11.2
NewExpression
CallExpression

PostfixExpression See 11.3
LeftHandSideExpression
LeftHandSidekpression [no LineTerminatothere] ++
LeftHandSideExpressioimo LineTerminatothere] --

UnaryExpression See 11.4
PostfixExpression
delete  UnaryExpression
void UnaryExpression
typeof  UnaryExpression
++ UnaryExpression
-- UnaryExpression
+ UnaryExpressia
- UnaryExpression
~ UnaryExpression
I UnaryExpression

MultiplicativeExpression See 11.5
UnaryExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressiort UnaryExpression
MultiplicativeExpressio®UnaryExpression
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AdditiveExpressio :
MultiplicativeExpression
AdditiveExpressior MultiplicativeExpression
AdditiveExpression MultiplicativeExpression

ShiftExpression
AdditiveExpression
ShiftExpressior< AdditiveExpression
ShiftExpressiorr> AdditiveExpression
ShitExpressior>>> AdditiveExpression

RelationalExpression
ShiftExpression
RelationalExpressior ShiftExpression
RelationalExpressior ShiftExpression
RelationalExpressior= ShiftExpression
RelationalExpressior= ShiftExpression
RelationalExpessioninstanceof  ShiftExpression
RelationalExpressiom ShiftExpression

EqualityExpression
RelationalExpression
EqualityExpressior= RelationalExpression
EqualityExpressiori= RelationalExpression
EqualityExpressior== RelationalExpression
EqualityExpressiot== RelationalExpression

BitwiseANDEXxpression
EqualityExpression
BitwiseANDEXxpressio& EqualityExpression

Bitwise XOREXxpression
BitwiseANDEXpression
Bitwise XORExpressioh BitwiseANDEXxpression

BitwiseOREXprssion:
BitwiseXORExpression
Bitwise ORExpressioh Bitwise XOREXxpression

LogicalANDExpression
BitwiseOREXxpression
LogicalANDEXxpressio&& BitwiseORExpression

LogicalORExpression
LogicalANDEXxpression
LogicalORExpressiop| LogicalANDExpression
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See 11.6

See 11.7

See 11.8

See 11.9

See 11.10

See 11.10

See 11.10

See 11.11

See 11.11
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ConditionalExpression
LogicalORExpression
LogicalORExpression? AssignmentExpressianAssignmentExpression

AssignmentExpressian
ConditionalExpression
LeftHandSideExpressior AssignmentExpression
LeftHardSideExpression AssignmentOperator AssignmentExpression

AssignmentOperatarone of
*= /= %= += -= <<= >>= >>>= &= N=

Expression
AssignmentExpression
Expression AssignmentExpression

A.4 Statements

Statement
Block
VariableStatement
EmptyStatement
ExpressionStatement
IfStatement
IterationStatement
ContinueStatement
BreakStatement
ReturnStatement
WithStatement
LabelledStatement
SwitchStatement
ThrowStatement
TryStatement
DebuggerStatement

Block:
{ Statementlsiop }

StatementList
Statement
StatementList Statement

VariableStatement
var VariableDeclarationList

VariableDeclarationList
VariableDeclaration
VariableDeclarationList VariableDeclaration

VariableDeclaration:
Identifier Initialiserpt

432

See 11.12

See 11.13

See 11.13

See 11.14

See clause 12

See 12.1

See 12.1

See 12.2

See 12.2

See 12.2
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Initialiser :
= AssignmentExpression

EmptyStatement

ExpressionStatement
[lookahead T {{, function }] Expression

IfStatement
if ( Expressior) Statementelse Statement
if ( Expression) Statement

IterationStatemertt
do Statementwhile ( Expression);
while ( Expressior) Statement
for ( Expressiogy; Expressiosn; Expressiogy) Statement
for ( var VariableDeclarationList Expressiog, ; Expressiog,:) Statemen
for ( LeftHandSideExpressidn Expressior) Statement
for ( var VariableDeclarationin Expressior) Statement

ContinueStatement
continue ;
continue  [no LineTerminatothere] ldentifier ;

BreakStatement
break ;
break [no LineTermirator here] Identifier;

ReturnStatement
return ;
return [no LineTerminatothere] Expression

WithStatement
with ( Expression) Statement

SwitchStatement
switch ~ ( Expressior) CaseBlock

CaseBlock
{ CaseClaisesp }
{ CaseClausegp: DefaultClause CaseClausgs}

CaseClauses
CaseClause
CaseClauses CaseClause

CaseClause
case Expression StatementLigh
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See 12.2

See 12.3

See 12.4

See 12.5

See 12.6

See 12.7

See 12.8

See 12.9

See 12.10

See 12.11

See 12.11

See 12.11

See 12.11
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DefaultClause

default : StatementLight

LabelledStatement
Identifier: Statement

ThrowStatement

throw  [no LineTerminatomere] EXpI‘eSSiOﬂ

TryStatement
try Block Catch
try Block Finally
try Block Catch Finally

Catch:
catch ( Identifier) Block

Finally :
final ly Block

DebuggerStatement
debugger ;

A.5 Functions and Scripts

FunctionDeclaration

function  Identifier (_FormalParameterLish: ) { FunctionBody}

FunctionExpression

function  Identifierp ( FormalParameterList:) { FunctionBody}

FormalParameterList
Identifier
FormalParameterList Identifier

FunctionBody.
SourceElemenss

Program:
SourceElemenss

SourceElements
SourceElement
SourceElements SaeElement

SourceElement
Statement
FunctionDeclaration
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See 12.11

See 12.12

See 12.13

See 12.14

See 12.14

See 12.14

See 12.15

See clause 13

See clause 13

See clause 13

See clause 13

See clause 14

See clause 14

See clause 14
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A.6 Universal Resource Identifier Character Classes

uri i
uriCharactergp

uriCharacters:::
uriCharacter uriCharactergy

uriCharacter:::
uriReserved
uriUnescaped
uriEscaped

uriReserved:: one of
1?2 @ &=+%,

uriUnescaped::
uriAlpha
DecimalDigit
uriMark

uriEscaped::
%HexDigit HexDigit

1]

uriAlpha::: one of
c h
GHIJKLMNDO

abcdefg
ABCDEF

uriMark ::: one of

=)
A.7 Regular Expressions

Pattern::
Disjunction

Disjunction::
Alternative
Alternative| Disjunction

Alternative::
[empty]
Alternative Term

Term::
Assertion
Atom
Atom Quantifier

© Ecma International 2013

k
p

m
Q

n.o
R S

par
TUV

st
W

u
X

\2
Y

w
z

Xyz

See 15.1.3

See 15.1.3

See 15.1.3

See 15.1.3

See 15.1.3

See 15.1.3

See 15.1.3

See 15.1.3

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1
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Assertion::
N

$

\' b

\' B

( ? = Disjunction)

( ?! Disjunction)

Quantifier::
QuantifierPrefix
QuantifierPrefix ?

QuantifierPrefix::
*

+
?

{ DecimalDigits}

{ DecimalDigits, }

{ DecimalDigits, DecimalDigits}

Atom::
PatternCharacter

\ AtomEscape
CharacterClass
( Disjunction)

( ?: Disjunction)

PatternCharacter:
SourceCharactebut not one of-
N AE2(O)ITL}
AtomEscape:
DecimalEscape
CharacterEscape

CharacterClassEscape

CharacterEscape:
ControlEscape
¢ ControlLetter
HexEscapeSpience
UnicodeEscapeSequence
IdentityEscape

ControlEscape: one of
fnrtv

ControlLetter:: one of
abcdefghijkl

mnopgq
ABCDEFGHIJKLMNDO

436

rstuvwxyz
P

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

QRSTUVWXYZ
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IdentityEscape:
SourceCharactebut not IdentifierPart
<ZWJ>
<ZWNJ>

DecimalEscape:
DecimallntegerLiteral [lookahead T DecimalDigif

CharacterClassEscape one of
dDsSwWwW

CharacterClass::
[ [ookaheadi {*}] ClassRangeq
[~ ClassRanged

ClassRanges
[empty]
NonemptyClassRanges

NonemptyClassRanges
ClassAtom
ClassAtom NonemptyClassRangesNoDash
ClassAtomi ClassAtom ClassRanges

NonemptyClassRangesNoDash
ClassAtom
ClassAtomNoDash NonemptyClassRangesNoDash
ClassAtomNoDasH « ClassAtom ClassRanges

ClassAtom:

ClassAtomNoDash

ClassAtomNoDash
SourceCharactebut not one of \"or] or -
\" ClassEscape

ClassEscape:
DecimalEscape
b

CharacterEscape
CharacterClassEscape

A.8 JSON
A.8.1 JSON Lexical Grammar

JSONWhiteSpace
<TAB>
<CR>
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See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.10.1

See 15.12.1.1
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<LF>
<SP>

JSONString: See 15.12.1.1
" JSONStringCharactegs "

JSONStringCharacters See 15.12.1.1

JSONStringCharacter JSONStringCharactgrs

JSONStringCharacter. See 15.12.1.1
SourceCharactebut not one of " or\ or U+0000through U+001F
\ JSONEscapeSequence

JSONEscapeSequence See 15.12.1.1
JSONEscapeCharacter
UnicodeEscape&juence

JSONEscapeCharacter one of See 15.12.1.1

"/ \ bfnrt

JSONNumber: See 15.12.1.1
- opt DecimalintegerLiteral JSONFractigp ExponentPag

JSONFraction: See 15.12.1.1
. DecimalDigits

JSONNullLiteral:: See 15.12.1.1
NullLiteral

JSONBooleanLiteral: See 15.12.1.1

BooleanLiteral
A.8.2 JSON Syntactic Grammar

JSONText See 15.12.1.2
JSONValue

JSONValue See 15.12.1.2
JSONNullLiteral
JSONBooleanLiteral
JSONODbject
JSONArray
JSONString
JSONNumber

JSONObject See 15.12.1.2
{}
{ JSONMemberList

JSONMember See 15.12.1.2
JSONString JSONValue

JSONMemberList See 15.12.1.2
JSONMember
JSONMemberList JSONMember

JSONArray. See 15.12.1.2
[1

[ JSONElementLisf
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JSONElementList See 15.12.1.2
JSONValue
JSONElementList JSO\Value
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Annex B
(normative)

Additional ECMAScript Features for Web Browsers

The ECMAScript language syntax and semantics defined in this annex are required when the ECMAScript
host is a web browser. The content of this annex is normative but optional if the ECMAScript host is not a web
browser.

B.1 Additional Syntax
B.1.1 Numeric Literals

The syntax and semantics of 11.8.3 is extended as follows except that this extension is not allowed for strict
mode code:

Syntax

NumericLiteral::
DecimallLteral
BinaryintegerLiteral
OctalintegerLiteral
HexIntegerLiteral
LegacyOctallntegerLiteral

LegacyOctalintegerLiteral::
0 OctalDigit
LegacyOctallntegerLiteral OctalDigit

Static Semantics

1 The MV of Legacyctallntegerkiteral:: 0 OctalDigitis the MV of OctalDigit.

1 The MV of LegacyctallintegerLiteral :: "LegacyctalintegerLiteral OctalDigit is (the MV of
LegacyOctalintegerLiteraltimes 8) plus the MV of OctalDigit.

B.1.2 String Literals

The syntax and semantics of 11.8.4 is extended as follows except that this extension is not allowed for strict
mode code:

Syntax

EscapeSequence
CharacterEscapeSequence
OctalEscapeSequence
HexEscapeSequence
UnicodeEscapeSequence

OctalEscapeSequence
OctalDigit [lookahead T DecimalDigif
ZeroToThree QalDigit [lookahead T DecimalDigif
FourToSeven OctalDigit
ZeroToThree OctalDigit OctalDigit

ZeroToThree: one of
0123

© Ecma International 2013 441

Commented [AW199]:  Need to add new material that is not
in previous verions of annex B



secmd

FourToSeven: one of

4567

Static Semantics

1
1

1
1
1

1
1
1
1
1
1
1
1
B.

The CV of EscapeSequenceOctalEscapeSequentethe CV of the OctalEscapeSence
The CV of OctalEscapeSequence OctalDigit [lookahead 1 DecimalDigif is the character whose code unit
value is the MV of the OctalDigit.

The CV of OctalEscapeSequence ZeroToThreeOctalDigit [lookahead I DecimalDigif is the character whose
code unit value is (8 times the MV of the ZeroToThregplus the MV of the OctalDigit.

The CV of OctalEscapeSequence FourToSeverOctalDigit is the character whose code unit value is (8
times the MV of the FourToSevenplus the MV of the OctalDigit.

The CV of OctalEscapeSequence ZeroToThreeOctalDigit OctalDigit is the character whose code unit
value is (64 (that is, 82) times the MV of the ZeroToThreg plus (8 times the MV of the first OctalDigit)
plus the MV of the second OctalDigit.

The MV of ZeroToThree: 0 is 0.
The MV of ZeroToThree: 1is 1.
The MV of ZeroToThree: 2 is 2.
The MV of ZeroToThree: 3 is 3.
The MV of FourToSeven: 4 is 4.
The MV of FourToSeven: 5 is 5.
The MV of FourToSeven: 6 is 6.
The MV of FourToSeven: 7 is 7.

1.3 HTML-like Comments

TODO See http://javascript.spec.whatwg.org/#comment-syntax

\,Field Code Changed

B.2 Additional Properties

When the ECMAScript host is a web browser the following additional properties of the standard built-in
objects are defined.

B.2.1 Additional Properties of the Global Object

B.2.1.1 escape(string)

The escape function is a property of the global object. It computes a new version of a String value in which
certain characters have been replaced by a hexadecimal escape sequence.

For those characters being replaced whose code unit value is OxFF or less, a two-digit escape sequence of
the form %xx is.used. For those characters being replaced whose code unit value is greater than OxFF, a four-
digit escape sequence of the form %uwxxx is used.

When the escape function is called with one argument string, the following steps are taken:

ognpwNnE
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Let string be ToString(string).

ReturnIfAbruptétring).

Letlengthbethe number otode unitsn string.

Let R be the empty string.

Letk be 0.

Repeat, whilek < length

a. Letcharbethecode unit(represented as a 46t unsigned integer) at positidnwithin string.

b.

If charis the code point obne of the 69 nonblank characters
NABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopqrstuvwxyz0123456789@*_+ - ./ nj
then

i. LetShbe a String containing the single characthar.
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c. Else if char> 256,
i. LetShbe a String containing six charactef#uvxyanjwherewxyzare four hexadecimal digits
encodingthe value ofchar.
d. Else,char< 256
i. LetShbe a String containing three charactapéynjwherexy are two hexadecimal digits encoding
the value ofthar.
e. LetRbe anew String value computed by concatenating the previous vaRiarafS.
f. Increasek by 1.
7. ReturnR.

NOTE The encoding is partly based on the encoding described in RFC 1738, but the entire encoding specified in this
standard is described above without regard to the contents of RFC 1738. This encoding does not reflect changes to RFC
1738 made by RFC 3986.

B.2.1.2 unescape (string)

The unescape function is a property of the global object. It computes @ new version of a String value in which
each escape sequence of the sort that might be introduced by the escape function is replaced with the
character that it represents.

When the unescape function is called with one argument string, the following steps are taken:

1. Letstring be ToString(string).
2. ReturnlfAbruptétring).
3. Letlengthbethe number otode unitsn string.
4. LetR be the empty String.
5. Letkbe 0.
6. Repeat, whilek I length
a. Letc be thecode unitat positionk within string.
b. Ifcis%
i. If k Olength 6 andthecode unitat positionk+1 within stringis u andthe fourcode unitsat
positionsk+2, k+3;k+4, andk+5 within string are all hexadecimal digitshen
1. Letc be thecode unitwhose value is the integer represented by the four hexadecimal digits at
positionsk+2, k+3, k+4, andk+5 within string.
2. Increasek by 5.
ii. Else if k Olength-3 andthe twocode unis-at positionk+1 andk+2 within string are both
hexadecimkdigits, then
1. Letcbe thecode unitwhose value is the integer represented by two zeroes plus the two
hexadecimal digits at positiorks-1 andk+2 within string.
2. Increasek by 2.
c.. LetRbe a new String value computed by concatenating the previous vaRiarafc.
d. Increasek by 1.
7. ReturnR.

B.2.2 Additional Properties of the Object.prototype Object
B.2.2.1 Object.prototype._ proto___

Object.prototype.__proto__ is an accessor property with attributes { [[Enumerable]]: false, [[Configurable]]:
true }. The [[Get]] and [[Set]] attributes are defined as follows

B.2.2.1.1 get Object.prototype.__proto__

The value of the [[Get]] attribute is a built-in function that requires no arguments. It performs the following
steps:

1. LetO be the result of calling ToObject passing thes value as th argument.

2. ReturnlfAbruptQ©).
3. Return theresultof calling the[[ GetInheritancy internal methodof O.
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B.2.2.1.2 set Object.prototype.__proto___

The value of the [[Set]] attribute is a built-in function that takes an argument proto. It performs the following
steps:

1. Let O beCheckObjectCoerciblghis value).

2. ReturnlfAbrupt©).If Type(proto) is neitherObjector Null, thenreturnproto.

3. If Type(O) is not Object, theneturnproto.

4. Let statusbe the result otalling the[[ SetInheritanch internal methodof O with argumentproto.
5. ReturnlfAbruptétatug.

6. If statusis false, thenthrow aTypeError exception.

7. Returnproto.

B.

2.3 Additional Properties of the String.prototype Object
B.2.3.1 String.prototype.substr (start, length)

The substr method takes two arguments, start and length and returns a substring of the result of converting
the this object to a String, starting from character position start.and running for length characters (or through
the end of the String if length is undefined). If start is negative, it is treated as (soucelLengthstarf) where
sourceLengths the length of the String. The result is a String value, not a String object. The following steps are
taken:

Let O be CheckObjectCoerciblghis value).

Let Sbe ToStringO).

LetintStartbe Tolntegerétart).

ReturnIfAbrupt(intStarf).

If lengthis undefined, let endbe +o ; otherwiselet endbe Tolnteger{ength).

ReturnIfAbruptend).

Let sizebe the number of characters §

If intStartis negative then letintStart be max(ize+ intStart0).

Let resultLengthbe min(maXend0), sizei intStarf).

0. If resultLength¢ O, return the empty Strin§ .

1. Return a String containingsultLengthconsecutive characters frofbeginning with the character at
positionintStart

RHBooNoOrMwNE

The length  property of the substr< method is 2.

NOTE The substr 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.

B.2.3.2 String.prototype.anchor ( name)
When the anchor method is called with argument name the following steps are taken:

1. LetSbe thethis value.
2. Returnthe result of performing the abstramterationCreateHTML with argumentS, " a", " name" and
name

The abstract operation CreateHTMLis called with arguments string, tag, attribute, and value The arguments tag
and attributemust be string values. The following steps are taken:

Let str be CheckObjectCoerciblstring).
Let Sbe ToStringstr).
ReturnlfAbrupt®).
Let pl be the string value that is the concatenatiofi of andtag.
If attributeis not the empty String, then
a. LetV be the result operformingToStringvalue).
b. ReturnifAbrupt{).

apODE
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c. Letescaped\be the string value that is the sansVaexcept that each occurrence of the charatter
(code unit value Ox(2R) in V has been replacewith the six character sequenté&quot; ".
d. Letpl be the string value that is the concatenatiotheffollowing string values:
Tp1
1 a single spaceode unit 0x0020
1 attribute
qr=
T NINj
1 escapedV
T NI Nj
Let p2 be the string value that is the concatenatiopbéand” >" .
Let p3 be the string value that is the concatenatiop2andS.
Let p4 be the string value that is the concatenatiopaf' </ ", tag, and" >" .
Returnp4.

© oNOo

B.2.3.3 String.prototype.big ()
When the big method is called with no arguments, the following steps are taken:

1. Let Sbe thethis value.
2. Returnthe result of performing the abstramperationCreateHTML with argumentS, " big ", "™ and"" .

B.2.3.4 String.prototype.blink ()
When the blink method is called with no arguments, the following steps are taken:

1. Let Sbe tte this value.
2. Returnthe result of performing the abstramperationCreateHTML with argumentS, " bli nk", "™ and

B.2.3.5 String.prototype.bold ()
When the bold method is called with no arguments, the following steps are taken:

1. LetSbe thethis value.
2. Returnthe result of performing the abstramperationCreateHTML with argumentS, " b", "™ and"™ .

B.2.3.6 String.prototype.fixed ()
When the fixed method is called with no arguments, the following steps are taken:

1. LetSbe thethis value.
2. Returnthe result of performig the abstracoperationCreateHTML with argumentS, "tt ", "™ and" .

B.2.3.7 String.prototype:fontcolor ( color)

When the fontcolor method is called with argument color, the following steps are taken:

1. LetSbe thethis value.

2. Returnthe result of performing thabstractoperationCreateHTML with arguments, " font ", " color "
andcolor.

B.2.3.8 String.prototype.fontsize ( size)

When the fontsize method is called with argument size the following steps are taken:

1. Let Sbe thethis value.
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2. Returnthe result of performing #habstract operation CreateHTML with argumegtsfont ", " size "
andsize

B.2.3.9 String.prototype.italics ()
When the italics method is called with no arguments, the following steps are taken:

1. LetShbe thethis value.
2. Returnthe result of performing the abstramperation CreateHTML with argumengs"i ", "™ and"™ .

B.2.3.10 String.prototype.link (url)

When the link method is called with argument url, the following steps are taken:

1. LetSbe thethis value.

2. Returnthe result of performing the abstract operation CreateHWith argumentss, " a", " href " and
url.

B.2.3.11 String.prototype.small ()

When the small method is called with no arguments, the following steps are taken:

1. LetSbe thethis value.
2. Returnthe result of performing the abstract operation CreateHTML with argun8htsmall ", "™ and

B.2.3.12 String.prototype.strike ()
When the strike method is called with no arguments, the following steps are taken:

1. Let Sbe thethis value.
2. Returnthe result of performing the abstract operation CreateHTML with argun&htstrike ","™ and

B.2.3.13 String.prototype.sub ()
When the sub method is called with no arguments, the following steps are taken:

1. LetS be thethis value.
2. Returnthe result of performing the abstract operation CreateHTML with argung&fitsub ", "™ and"" .

B.2.3.14 String.prototype.sup ()
When the sup method is called with no arguments, the following steps are taken:

1. LetSbe thethis value:
2. Returnthe result of performing the abstract operation CreateHTML with argun®&fsup ", "™ and"" .

B.2.4 Additional Properties of the Date.prototype Object

B.2.4.1 Date.prototype.getYear ()

NOTE The getFullYear met hod is preferred for nearly all purposes, because it avoids the
When the getYear method is called with no arguments, the following steps are taken:

1. Lett be this time value.

2. ReturnlfAbrupt(t).
3. If tisNaN, returnNaN.
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4. Return YearFromTime(LocalTimg] - 1900.

B.2.4.2 Date.prototype.setYear (year)

NOTE The setFullYear met hod is preferred for nearly all purposes,

When the setYear method is called with one argument year, the following steps are taken:

Lett be the result of LocalTime(this time value); but if this time valuNa, lett be +0.

Lety be ToNumbergear).

If y is NaN, set the [Datevalue]] internal dataproperty ofthis Date objecto NaN and returnNaN.

If yis notNaN and 0¢ Tolntegerf) ¢ 99 thenlet yyyy be Tolntegerf) + 1900. Otherwiselet yyyy bey.
Letd be MakeDayfyyy, MonthFromTime(), Date FromTimet)).

Let datebe UTC(MakeDated, TimeWithinDayt))).

Set the [PateValue]] i nternaldataproperty ofthis Date objecto TimeClipdate).

Return the value of the [fateValue]] internal dataproperty ofthis Date object

ONoOUAMWNE

B.2.4.3 Date.prototype.toGMTString ()

NOTE The property toUTCString  is preferred. The toGMTString  property is provided principally for compatibility
with old code. It is recommended that the toUTCString  property be used in new ECMAScript code.

The Function object that is the initial value of Date.prototype.toGMTString is the same Function object
that is the initial value of Date.prototype.toUTCString

B.2.5 Additional Properties of the RegEXp.prototype Object
B.2.5.1 RegExp.prototype.compile (pattern, flags )
When the compile method is called with arguments patternand flags the following steps are taken:

1. LetO be thethis value.
2. If Type(O) is not Object or Typed) is Object andD does not have a [[RegExpMatcher]] internal data
property, then
a. Throw aTypeError exception.
Let extensiblebe the result of calling the [[IsExtensible]] internal methodof
If extensibleis false, then throw alypeError exception.
If Type(pattern) is. Object angatternhas a [[RegExpMatcher]] internal data property, then
a.  If the value ofp a t t f§RegEXpMatcher]] internal data propertyusdefined, then throw a
TypeError exception.
b. If flagsis notundefined, then throw arypeError exception.
C. LetPbethevalue gb at t [gQriginalSourcd internal data property
d. LetFbethevaluegb at t [gQriginalBlagd] internal data property
6. Else,
a. letPbepattern
b. letF beflags
7. Return the result of the abstramperation RegExplnitigde with argument<, P, andF.

akrw

NOTE The compile ~ method completely reinitialised the this object RegExp with a new pattern and flags. An
implementaton may interpret use of this method as an assertion that the resulting RegExp object will be used multiple
times and hence is a candidate for extra optimization.

B.3 Other Additional Features
B.3.1 _ proto___ Property Names in Object Initialisers

In 12.1.5 the Property Definition Evaluation algorithm for the production PropertyDefinition: PropertyName:
AssignmentExpressiois replaced with the following:
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PropertyDefinition: PropertyName AssignmentExpression

Let propKeybethe result of evaluatin§ropertyName
ReturnIfAbruptpropKey).
Let exprValuebe the result bevaluatingAssignmentExpression
Let propValuebe GetValue¢xprValug.
ReturnIfAbruptpropValug.
If propKeyis the string valué¢__proto__' and ifisComputedPropertyNamg(opKey) is false, then
a. If Type(v) is either Object or Null, then
i Return the reduof calling the [[Setinheritance]] internahethod ofobjectwith argument
propValue
b. Retrun NormalCompletiommpty).
7. If the source code correspondingRoopertyDefinitionis strict codeand if
isComputedPropertyNamgf(opKey) is true, then
a. LetduplicatKeybethe result of calling the HasOwrProperty]] internal method afbject with
argumentpropKey.
b. ReturnifAbrupt@uplicateKey.
c. If duplicateKeyis true, then throw arypeError exception.
8. Letdescbe the Property Descriptor{[[Value]propValue [[Writable]]: true, [[Enumerable]]itrue,
[[Configurable]]:true}
9. Return the result obefinePropert@rThrow(bject propKey, desg.

oupwne

B.3.2 Web Legacy Compatibility for Block-Level Function Declarations

Prior to the Sixth Edition, the ECMAScript specification did not define the occurrence of a FunctionDeclaration
as an element of a Blocks t a t e nBtatemehtkistHowever, support for that form of FunctionDeclarationwas

an allowable extension and most browser-hosted ECMAScript implementations permitted them. However, the

semantics of such declarations differ among those implementations. Because of these semantic differences,

existing web ECMAScript code that uses Block level function declarations is only portable among browser

implementation if the usage only depends upon the semantic intersection of all of the browser

implementations for such declarations. The following are the use cases that fall within that intersection

semantics:

1. Afunction is declared and only referenced within a single block
1 A function declaration with the name f is declared exactly once within the function code of an
enclosing function g and that declaration.is nested within a Block
1 No other declaration of f that is not a var declaration occurs within the function code of g
1 Allreferences to f occur within the StatementLisbf the Block containing the declaration of f.

2. A function is declared and possibly used within a single Block but also referenced by an inner function
definition that is not contained within that same Block

9 A function declaration with the name f is declared exactly once within the function code of an
enclosing function g and that declaration is nested within a Block

1 No other declaration of f that is not a var declaration occurs within the function code of g

1 References to f may occur within the StatementLisbf the Blockcontaining the declaration of f.

1 References tof occur within the function code of g that lexically follows the Block containing the
declaration of f.

3. A function is declared and possibly used within a single block but also referenced within subsequent
blocks.

1 A function declaration with the name f is declared exactly once within the function code of an
enclosing function g and that declaration is nested within a Block

1 No other declaration of f that is not a var declaration occurs within the function code of g

1 References to f may occur within the StatementLisdf the Blockcontaining the declaration of f.

1 References to f occur within another function h that is nested within g and no other declaration of f
shadows the references to f from within h.

9 Allinvocations of h occur after the declaration of f has been evaluated.
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The first use case is interoperable with the inclusion of Block level function declarations in the sixth edition.
Any pre-existing ECMAScript code that employees that use case will operate using the Block level function
declarations semantics defined by clauses 10 and 13 of this specification.

Sixth edition interoperability for the second and third use cases requires the following extensions to the
clauses 10 and 14 semantics. These extensions are applied to a non-strict mode functions g if the above pre-
conditions of use cases 2 and 3 above exist at the time of static semantic analysis of g. However, the last pre-
condition of use case 3 is not included in this determination and the determination is not applied to any
function declaration that is nested within syntactic constructs that are specified in the Fifth edition of this
specification.

1. Let B be environment record for the construct withithat introduces a new environment contour and which most
closely encloses the declarationfoéll function code references fioand the definitions of all nested functions that
contain unshadowed references.tdr his syntactic construct may be theidiibn of g itself, in which casd® is the
function environment record faoy.
2. As part of the instantiationof, it s CreateMutabl eBinding concrete method is called with ar:q
name of the function) anfdise This creates an umitialised binding for the namie Any reference that resolves to
that binding prior to step 3 below will throwReferenceError exception.
3.  When thelnitialiseBindingconcrete method is used to initialise the binding for the function declafalsa invoke
InitialiseBind onB using the same arguments.

If an ECMAScript implication has a mechanism that produces diagnostic warning messages, a warning should be
produced for each functianfor which the above steps are performed.
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Annex C
(informative)

The Strict Mode of ECMAScript

The strict mode restriction and exceptions

450

1

The identifiers "implements ", "interface ", "let ", "package ", "private ", "pr otected “,
"public ", "static , and "yield " are classified as FutureReservedWordokens within strict
mode code. (11.6.1.2).

A conforming implementation, when processing strict mode code, may not extend the syntax
of NumericLiteral(11.8.3) to include LegacyOctallntegerLiteralas described in B.1.1.

A conforming implementation, when processing strict mode code (see 10.1.1), may not
extend the syntax of EscapeSequenc® include LegacyctalEscapeSequencas described in
B.1.2.

Assignment to an undeclared identifier or otherwise unresolvable reference does not create a
property in the global object. When a simple assignment 'occurs within strict mode code, its
LeftHandSidemust not evaluate to an unresolvable Reference. If it does a ReferenceError
exception is thrown (6.2.4.2). The LeftHandSidealso may not be a reference to a data property
with the attribute value {[[Writable]]:false}, to an accessor property with the attribute value
{[[Set]]:undefined}, nor to a non-existent property of an object whose [[Extensible]] internal
dataproperty has the value false. In these cases a TypeError. exception is thrown (12.13).

The identifier eval or arguments. may not appear as the LeftHandSideExpressionf an
Assignment operator (12.13) or of a PostfixExpression(12.13) or as the UnaryExpression
operated upon by a Prefix Increment (12.4:4) or a Prefix Decrement (12.4.5) operator.

Arguments objects for strict mode functions define non-configurable accessor properties
named "caller " and "callee " which throw a TypeError exception on access (9.1.16.9).

Arguments objects for strict mode functions do not dynamically share their array indexed
property values with the corresponding formal parameter bindings of their functions. (9.2.5.1).

For strict. mode functions, if an arguments object is created the binding of the local identifier
arguments to the arguments object is immutable and hence may not be the target of an
assignment expression. (9.1.16.11).

It is a SyntaxError if strict mode code contains an ObjectLiteralwith more than one definition
of any data property (12.1.5).

It is.a SyntaxError if the Identifier "eval" or the Identifier "arguments"  occurs as the
Identifierin a PropertySetParameterLisof a PropertyDefinitionthat is contained in strict code or
if its FunctionBodyis strict code (12.1.5).

Strict mode eval code cannot instantiate variables or functions in the variable environment of
the caller to eval. Instead, a new variable environment is created and that environment is
used for declaration binding instantiation for the eval code (18.2.1).

If this is evaluated within strict mode code, then the this value is not coerced to an object. A
this value of null or undefined is not converted to the global object and primitive values are
not converted to wrapper objects. The this value passed via a function call (including calls
made using Function.prototype.apply and Function.prototype.call ) do not
coerce the passed this value to an object (8.3.2, 12.1.1, 19.2.3.3, 19.2.3.1).

When a delete operator occurs within strict mode code, a SyntaxError is thrown if its
UnaryExpressionis a direct reference to a variable, function argument, or function
name(11.4.1).
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T When a delete operator occurs within strict mode code, a TypeError is thrown if the
property to be deleted has the attribute { [[Configurable]]:false } (12.4.1).

M Itis a SyntaxError if a VariableDeclarationoccurs within strict code and its Identifier is eval
or arguments (13.2.2).

M Strict mode code may not include a WithStatementThe occurrence of a WithStatemenin such
a context is an SyntaxError (13.10).

T Itis a SyntaxError if a TryStatementvith a Catch occurs within strict code and the Identifier of the
Catchproduction is eval or arguments (13.14)

1 ltis a SyntaxError if the identifier eval or arguments appears within‘the FormalParametes of a
strict mode FunctionDeclarationor FunctionExpressioif14.1)

9 A strict mode function may not have two or more formal parameters that have the same
name. An attempt to create such a function using a FunctionDeclaration FunctionExpressionor
Function constructor is a SyntaxError (14.1, 19.2.1).

1 An implementation may not extend, beyond that defined in this specification, the meanings
within strict mode functions of properties named caller or arguments of function
instances. ECMAScript code may not create or modify properties with these names on
function objects that correspond to strict mode functions (9.1.16.3, 9.1.16.4, 9.2.5).

T Itis a SyntaxError to use within strict mode code the identifiers eval or arguments as the
Identifier of a FunctionDeclarationor FunctionExpressiomr as a formal parameter name (14.1).
Attempting to dynamically define such a strict mode function using the Function constructor
(19.2.1) will throw a SyntaxError_exception.
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Annex D
(informative)
Corrections and Clarifications with Possible Compatibility Impact

In Edition 6

15.9.1.14: Previous editions permitted the TimeClip abstract operation to return either +0 or -0 as the
representation of a O time value. The 6% Edition specifies that +0 always returned. This means that for the 6
Edition the time value of a Date object is never observably - 0 and methods that return time values never
return - 0.

15.9.1.15: If a time zone offset is not present, the local time zone is used. Edition 5.1 incorrectly stated that a

mi ssing time zone shamuld be interpreted as

15.9.5.2: Previous editions did not specify the value returned by Date.prototype.toString when this time value
is NaN. The 6% Edition specifies the result to be the String value is "Invalid Date"

In Edition 5.1
Clause references in this list refer to the clause number using in Edition 5.1.

7.8.4: CV definitions added for DoubleStringCharacter:: LineContinuation and SingleStringCharacter::
LineContinuation

10.2.1.1.3: The argument S is not ignored. It controls whether an exception is thrown when attempting to set
an immutable binding.

10.2.1.2.2: In algorithm step 5, true is passed as the last argument to [[DefineOwnProperty]].

10.5: Former algorithm step 5.e is now 5.f and a new step 5.e was added to restore compatibility with 3rd
Edition when redefining global functions.

11.5.3: In the final bullet item, use of IEEE 754 round-to-nearest mode is specified.
12.6.3: Missing ToBoolean restored in step 3.a.ii of both algorithms.

12.6.4: Additional final sentences in each of the last two paragraphs clarify certain property enumeration
requirements.

12.7, 12.8, 12.9: BNF modified to clarify that a continue  or break statement without an Identifieror a
return statement without an Expressiormay have a LineTerminaor before the semi-colon.

12.14: Step 3 of algorithm 1 and step 2.a of algorithm 3 are corrected such that the valuefield of B is passed
as a parameter rather than B itself.

15.1.2.2: In step 2 of algorithm, clarify that Smay be the empty string.

15.1.2.3: In step 2 of algorithm clarify that trimmedStringmay be the empty string.

15. 1. 3: Added notes clarifying that ECMAScriptos
RFC 3986. In the algorithm for Decode, a step was removed that immediately preceded the current step

4.d.vii.10.a because it tested for a condition that cannot occur.

15.2.3.7: Corrected use of variable P in steps 5 and 6 of algorithm.
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15.2.4.2: Edition 5 handling of undefined and null as this value caused existing code to fail. Specification
modified to maintain compatibility with such code. New steps 1 and 2 added to the algorithm.

15.3.3.3: Steps 5 and 7 of Edition 5 algorithm have been deleted because they imposed requirements upon
the argArray argument that are inconsistent with other uses of generic array-like objects.

15.4.3.12: In step 9.a, incorrect reference to relativeStart was replaced with a reference to actualStart.
15.4.3.15: Clarified that the default value for fromindexis the length minus 1 of the array.

15.4.3.18: In step 10 (corresponding to step 8 in 5.1) of the algorithm, undefinedis now the specified return
value.

15.4.3.22: In step 11.d.iii (corresponding to 9.c.ii in 5.1) the first argument to the [[Call]] internal method has
been changed to undefined for consistency with the definition of Array.prototype.reduce

15.4.5.1: In Algorithm steps 3.l.ii and 3.L.iii the variable name was inverted resulting in an incorrectly inverted
test.

15.5.4.9: Normative requirement concerning canonically equivalent strings deleted from paragraph following
algorithm because itis listed as a recommendation in NOTE 2.

15.5.4.14: In split  algorithm step 11.a and 13.a, the positional order of the arguments to SplitMatchwas
corrected to match the actual parameter signature of SplitMatch. Instep 13.a.iii.7.d, lengthAreplaces Alength .

15.5.5. 2: In first paragraph, removed the implication that the individual ct
indexd semantics. Modified algorithm stagps nBexmdr®2quiuckememat they do not enf
15.9.1.15: Specified Il egal ~val ue rang-esal forf o6irmhtds. t Bpecl Ackdd them. EI i mine
default values for all optional fields.

15.10.2.2: The step numbers of the algorithm for the internal closure produced by step 2 were incorrectly
numbered in a manner that implied that they were steps of the outer algorithm.

15.10.2.6: In the abstract operation IsWordChart he f i rst charactead irmtthe. Iltiham ifin step 3 is 0
15.10.2.8: In the algorithm for the closure returned by the abstract operation CharacterSetMatcher, the

variable defined by step 3 and passed as an argument in step 4 was renamed to chin order to avoid a name

conflict with a formal parameter of the closure.

15.10.6.2: Step 9.e was deleted because It performed an extra increment of i.

15.11.1.1: Removed requirement that the message own property is set to the empty String when the message

argument is undefined.

15.11.1.2: Removed requirement that the message own property is set to the empty String when the message

argument is undefined.

15.11.4.4: Steps 6-10 modified/added to correctly deal with missing or empty message property value.

15.11.1.2: Removed requirement that the message own property is set to the empty String when the message

argument is undefined.

15.12.3: In step 10.b.iii of the JAabstractoper ati on, the | ast el elment of the concatenation is 0

B.2.1: Added to NOTE that the encoding is based upon RFC 1738 rather than the newer RFC 3986.

Annex C: An item was added corresponding to 7.6.12 regarding FutureReservedWords strict mode.
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In Edition 5

Clause references in this list refer to the clause number using in Edition 5.1.

Throughout: In the Editon 3 speci fication the meaning of phr ansvwes
Array() 6 are subject t o mi s i n5tspecificatienttexttfor allninterndl neferentes anBEdi t i on

invocations of standard built-in objects and methods has been clarified by making it explicit that the intent is
that the actual built-in object is to be used rather than the current dynamically resolved value of the
correspondingly identifier binding.

11.8.1: ECMAScript generally uses a left to right evaluation order, however the Edition 3 specification
language for the > and <= operators resulted in a partial right to left order. The specification has been
corrected for these operators such that it now specifies a full left to right evaluation order. However, this
change of order is potentially observable if side-effects occur during the evaluation process.

11.1.4: Edition 5 clarifies the fact that a trailing comma at the end of an Arraylnitialiser does not add to the
length of the array. This is not a semantic change from Edition.3 but some implementations may have
previously misinterpreted this.

11.2.3: Edition 5 reverses the order of steps 2 and 3 of the algorithm. The original order as specified in
Editions 1 through 3 was incorrectly specified such that side-effects of evaluating Argumentscould affect the
result of evaluating MemberExpressian

12.4: In Edition 3, an object is created, as if by new Object() to serve as the scope for resolving the name of
the exception parameter passed to a catch clause of a try statement. If the actual exception object is a
function and it is called from within the catch’ clause, the scope object will be passed as the this value of the
call. The body of the function can then define new properties on its this value and those property names
become visible identifiers bindings within the scope of the catch clause after the function returns. In Edition 5,
when an exception parameter is called as a function, undefined is passed as the this value.

13: In Edition 3, the algorithm for the production FunctionExpressiomvith an Identifieradds an object created as
if by new Object () to the‘scope chain to serve as a scope for looking up the name of the function. The
identifier resolution rules(10.1.4 in Edition 3) when applied to such an object will, if necessary, follow the
objectods prototype chai n wh enfiera tThie mgansi ail ghe prapertiesecs
Object.prototype are visible as identifiers-within that scope. In practice most implementations of Edition 3
have not implemented this semantics. Edition 5 changes the specified semantics by using a Declarative
Environment Record to bind the name of the function.

14: In Edition 3, the algorithm for the production SourceElementsSourceElements SourceElemeiut not correctly
propagate statement result values in the same manner as Block This could result in the eval function
producing an incorrect result when evaluating a Programtext. In practice most implementations of Edition 3
have implemented the correct propagation rather than what was specified in Edition 5.

15.10.6: RegExp.prototype is now a RegExp object rather than an instance of Object. The value of its [[Class]]

internal datapr operty which is observable using Object.prototype

AObjecto.
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Annex E
(informative)

Additions and Changes that
Introduce Incompatibilities with Prior Editions

E.1 Inthe 6" Edition
12.2.3: In Edition 6, Function calls are not allowed to return a Reference value.
13.6: In Edition 6, a terminating semi-colon is no longer required at the end of a do-while statement.

13.6: Prior to Edition 6, an initialisation expression could appear as part of the VariableDeclaration that
precedes the in keyword. The value of that expression was always discarded. In Edition 6, the ForBind in that
same position does not allow the occurance of such an initialiser.

13.14: In Edition 6, it is an early error for a Catchclause to contained a var declaration for the same Identifier
that appears as the Catch clause parameter. In previous editions, such a variable declaration would be
instantiated in the encl osi ng Vv alniiiaBsk vatue wonld be mssigneceta t
the Catchparameter.

14.3 In Edition 6, the function objects that are created as the values of the [[Get]] or [[Set]] attribute of
accessor properties in an Objectliteral are not constructor functions. In Edition 5, they were constructors.

19.1.3.2 and 19.1.3.3: In Edition 6, all property additions and changes are processed, even if one of them
throws an exception. If an exception occurs during such processing, the first such exception is thrown after all
propertie are processed. In Edition 5, processing of property additions and changes immediately terminated
when the first exception occurred.

19.1.3.5: In Edition 6, if the argument to Object. freeze is not an object it is treated as if it was a non-
extensible ordinary object with no own properties. In Edition 5, a non-object argument always causes a
TypeError to be thrown.

19.1.3.6: In Edition 6, if the argument to Object. getOwnPropertyDescriptor is not an object an attempt
is make to'coerce the argument using. ToObject. If the coerecion is successful the result is used in place of
the original argument value. In Edition 5, a non-object argument always causes a TypeError to be thrown.

19.1.3.8: In Edition 6, if the argument to Object. getOwnProperty Namesis not an object an attempt is
make to coerce the argument using ToObject. If the coerecion is successful the result is used in place of the
original argument value. In Edition 5, a non-object argument always causes a TypeError to be thrown.

19.1.3.9: In Edition 6, if the argument to Object.getPrototypeOf is not an object an attempt is make to
coerce the argument using ToObject. If the coerecion is successful the result is used in place of the original
argument value. In Edition 5, a non-object argument always causes a TypeError to be thrown.

19.1.3.11: In Edition 6, if the argument to Object. isExtensible is not an object it is treated as if it was a
non-extensible ordinary object with no own properties. In Edition 5, a non-object argument always causes a
TypeError to be thrown.

19.1.3.12: In Edition 6, if the argument to Object. isFrozen is not an object it is treated as if it was a non-

extensible ordinary object with no own properties. In Edition 5, a non-object argument always causes a
TypeError to be thrown.
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19.1.3.13: In Edition 6, if the argument to Object. isSealed is not an object it is treated as if it was a non-
extensible ordinary object with no own properties. In Edition 5, a non-object argument always causes a
TypeError to be thrown.

19.1.3.14: In Edition 6, if the argument to Object. keys is not an object an attempt is make to coerce the
argument using ToObject. If the coerecion is successful the result is used in place of the original argument
value. In Edition 5, a non-object argument always causes a TypeError to be thrown.

19.1.3.16: In Edition 6, if the argument to Object. preventExtensions is not an object it is treated as if it
was a non-extensible ordinary object with no own properties. In Edition 5, a non-object argument always
causes a TypeError to be thrown.

19.1.3.18: In Edition 6, if the argument to Object. seal is not an object it‘is treated as if it was a non-
extensible ordinary object with no own properties. In Edition 5, a non-object argument always causes a
TypeError to be thrown.

19.2.4.1: In Edition 6, the length  property of function instances is configurable. In previous editions it was
non-configurable.

19.3.3 In Edition 6, the Boolean prototype object is not a Boolean instance. In previous editions it was a
Boolean instance whose Boolean value was false.

20.1.3 In Edition 6, the Number prototype object is not a Number.instance. In previous editions it was a
Number instance whose number value was +0.

20.3.4 In Edition 6, the Date prototype object is not a Date instance.. In previous editions it was a Date
instance whose TimeValue was NaN.

22.1.3 In Edition 6, the Array prototype object is not a Array instance. In previous editions it was an Array
instance with a length property whose value was +0.

21.1.3 In Edition 6, the String prototype object is not a String instance. In previous editions it was a String
instance whose String value was the empty string.

21.2.5 In Edition 6, the RegExp prototype-object is not a RegExp instance. In previous editions it was a
RegExp instance whose pattern is the empty string.

21.2.5 In Edition 6, source , global. , ignoreCase , and multiline are accessor properties defined on the
RegExp prototype object. In previous editions they were data properties defined on RegExp instances.

22.13 In Edition 6, the Array prototype object is not a Array instance. In previous editions it was an Array
instance with a length property whose value was +0.

E.2 In the 5" Edition

Clause references in this list refer to the clause number using in Edition 5.1.

7.1: Unicode format control characters are no longer stripped from ECMAScript source text before processing.
In Edition 5, if such a character appears in a StringLiteral or RegularExpressionLiterathe character will be

incorporated into the literal where in Edition 3 the character would not be incorporated into the literal.

7.2: Unicode character <BOM> is now treated as whitespace and its presence in the middle of what appears
to be an identifier could result in a syntax error which would not have occurred in Edition 3

7.3: Line terminator characters that are preceded by an escape sequence are now allowed within a string
literal token. In Edition 3 a syntax error would have been produced.
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7.8.5: Regular expression literals now return a unique object each time the literal is evaluated. This change is
detectable by any programs that test the object identity of such literal values or that are sensitive to the shared
side effects.

7.8.5: Edition 5 requires early reporting of any possible RegExp constructor errors that would be produced
when converting a RegularExpressionLiterato a RegExp object. Prior to Edition 5 implementations were
permitted to defer the reporting of such errors until the actual execution time creation of the object.

7.8.5: In Edition 5 unescapedfi/ 6 char act er s CmamgterCapsp & ragular @xpresaion literal. In
Edition 3 such a character would have been interpreted as the final character of the literal.

10.4.2: In Edition 5, indirect calls to the eval function use the global environment as both the variable
environment and lexical environment for the eval code. In Edition 3, the variable and lexical environments of
the caller of an indirect eval was used as the environments for the eval code:

15.4.3: In Edition 5 all methods of Arr ay.prototype are intentionally generic. In Edition 3 toString  and
toLocaleString were not generic and would throw a TypeError . exception if applied to objects that were
not instances of Array.

10.6: In Edition 5 the array indexed properties of argument objects that correspond to actual formal
parameters are enumerable. In Edition 3, such properties‘were not enumerable.

10.6: In Edition 5 the value of the [[Class]] internal data property.of an arguments object is "Arguments” . In
Edition 3, it was "Object" . This is observable if toString  is called as a method of an arguments object.

12.6.4: for-in statements no longer throw a TypeError if the in expression evaluates to null or undefined.
Instead, the statement behaves as if the value of the expression was an object with no enumerable properties.

15: In Edition 5, the following new properties are defined onbuilt-in objects that exist in Edition 3:

Object.getPrototypeOf , Object.getOwnPropertyDescriptor , Object.getOwnPropertyNames ,
Object.create , Object.defineP roperty , Object.defineProperties , Object.seal
Object.freeze , Object.preventExtensions , Object.isSealed , Object.isFrozen ,
Object.isExtensible , Object.keys |, Function.prototype.bind , Array.prototype.indexOf ,
Array.prototype.lastindexOf , Array.prototype.ever y, Array.prototype.some ,
Array.prototype.forEach , Array.prototype.map , Array.prototype.filter ,
Array.prototype.reduce , Array.prototype.reduceRight , String.prototype.trim , Date.now ,

Date.prototype:tolSOString, Date.prototype.toJSON

15: Implementations are now required to ignore extra arguments to standard built-in methods unless
otherwise explicitly specified. In Edition 3 the handling of extra arguments was unspecified and
implementations were explicitly allowed to throw a TypeError exception.

15.1.1: The value properties NaN, Infinity, and undefined of the Global Object have been changed to be
read-only properties.

15.1.2.1. Implementations are no longer permitted to restrict the use of eval in ways that are not a direct call.
In addition, any invocation of eval that is not a direct call uses the global environment as its variable

environment rather than the callero6s variable environment.

15.1.2.2: The specification of the function parselnt no longer allows implementations to treat Strings
beginning with a 0 character as octal values.

15.3.3.3: In Editon 3, a TypeError is thrown if the second argument passed to
Function.prototype.apply is neither an array object nor an arguments object. In Edition 5, the second
argument may be any kind of generic array-like object that has a valid length  property.

15.3.3.3,15.3.3.4: In Editon 3 passing undefined or null as the first argument to either
Function.prototype.apply or Function.prototype.call causes the global object to be passed to

458 © Ecma International 2013



pecma

the indirectly invoked target function as the this value. If the first argument is a primitive value the result of
calling ToObject on the primitive value is passed as the this value. In Edition 5, these transformations are not
performed and the actual first argument value is passed as the this value. This difference will normally be
unobservable to existing ECMAScript Edition 3 code because a corresponding transformation takes place
upon activation of the target function. However, depending upon the implementation, this difference may be
observable by host object functions called using apply or call . In addition, invoking a standard built-in
function in this manner with null or undefined passed as the this value will in many cases cause behaviour in
Edition 5 implementations that differ from Edition 3 behaviour. In particular, in Edition 5 built-in functions that
are specified to actually use the passed this value as an object typically throw a TypeError exception if
passed null or undefined as the this value.

15.3.4.2: In Edition 5, the prototype  property of Function instances is not enumerable. In Edition 3, this
property was enumerable.

15.5.5.2: In Edition 5, the individual ¢ h ar SwingPatal may be aecesSet asiamay
indexed properties of the String object. These properties are non-writable and non-configurable and shadow
any inherited properties with the same names. In Edition 3, these properties did not exist and ECMAScript
code could dynamically add and remove writable properties with such names and could access inherited
properties with such names.

15.9.4.2: Date.parse is now required to first attempt to parse its argument as an ISO format string.
Programs that use this format but depended upon implementation specific behaviour (including failure) may
behave differently.

15.10.2.12: In Edition 5, \ s now additionally matches <BOM>.

15.10.4.1: In Edition 3, the exact form of the String value of the source property of an object created by the
RegExp constructor is implementation defined. In Edition 5, the String must conform to certain specified
requirements and hence may be different from that produced by an Edition 3 implementation.

15.10.6.4: In Edition 3, the result of RegExp.prototype:toString need not be derived from the value of
t he RegEXx pourd jpreperty.6la Edition 5 the result must be derived from the source property in a
specified manner and hence may be different from the result produced by an Edition 3 implementation.

15.11.2.1, 15.11.4.3: In Edition 5, if an-initial value for the message property of an Error object is not
specified via the Error constructor the initial value of the property is the empty String. In Edition 3, such an
initial value is implementation defined.

15.11.4.4; In Edition 3, the result of Error.prototype.toStr ing is implementation defined. In Edition 5,
the result is fully specified and hence may differ from some Edition 3 implementations.

15.12: In Edition 5, the name JSONis defined in the global environment. In Edition 3, testing for the presence
of that name will show it to be undefined unless it is defined by the program or implementation.
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Annex F
(informative)

Static Semantic Rule Cross Reference

| TODO: This Table is out of date and incomplete.

Purpose

Definitions

‘ Routine Name

BoundNames Produces a list of the Identifiers bound by a | 12.2.1,
production. Does not include Identifiers that are | 12.2.2,
bound within inner environments associated with | 12.2.4,
the production. 12.6.4,13.1,
13.2,13.5
ConstructorMethod From a Clas8Bodyreturn the first Clas€Element 135
whose PropNamds ngonstru« ctor nj Returns
empty if the ClasBodydoes not contain one:
Contains Determine if a grammar production either directly | 5.3, 13.1,
or indirectly includes a grammar symbol. 13.2,13.5
CoveredFormalsList Reparse a covered Expressionusing FormalsList| 13.2
as the goal symbol.
Ccv Deter mines the fAcharact|784
of a StringLiteral
Elision Width Determine the number of commas in an Elision. 11141

ExpectedArgumentCount

Det er mi ne-d hef fdrenagt gumn

13.1,13.2,

purpose of I'nitializing133
function object.

Haslnitialiser Determines whether the production contains an | 12.2.4, 13.1
Initialiser production.

IsConstantDeclaration Determines whether the production introduces a | 12.2, 13.1,
immutable environment record binding 135

IsinvalidAssignmentPatterrj Determines if a LeftHandSideExpressiois a valid | 11.2
assignment target. Primarily for dealing with
destructuring assignment targets.

LexicalDeclarations Return a List containing the components of a | 12.1,12.11,
production that are processed as lexical | 12.5
declarations

LexicallyDeclaredNan® Returns a list of the lexically scoped identifiers | 12.1, 13.1,
declared by a production. 13.2,13.5

PrototypdlethodDdinitions | Return a list of the non-static MethodDefinition| 13.5

productions that are part of a ClassElementList
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MV Determines the fAmathemal783
lirteral or component of a numeric literal.
PropName Determines the string value of the property name | 11.1.5.1,
referenced by a production. 13.3,135
PropNameList Returns a List of the string values of the property | 11.5.1, 13.5
names referenced by a production. The list
reflects the order of the references in the source
text. The list may contain duplicate elements.
PrototypeMethodDefinitiony Return a list of the non-static MethodDefinition| 13.5
productions that are part of a ClassElementList
ReferencesSuper Determine if a MethodDefinition contains any | 13.3
references to the ReservedWorduper .
SpecialMethod Determine if a MethodDefinition defines a | 13.3
generator method or an accessor property.
StaticMethodDefinitions Return a list of the static MethodDefinition| 13.5
productions that are part of a ClassElemstList
SV Det ermi nes t he nASdrihgliteralgr| 7.8.4
component of a StringLiteral
VarDeclaredNames Returns a list of the local top-level scoped | 12.1, 12.5,
identifiers . declared by a production. These are | 12.6.1,
identifier that are scoped as if by a var statement. | 12.6.2,
12.6.3,
12.6.4,
12.12, 13.1,
13.5
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Scrap Heap
A place to temporarily hadd on to stuff thatos been del ete
MemberExpression

MemberExpressiorn<| TriangleLiteral

TriangleLiteral:
SealedArrayLiteral
SeaédObijectLiteral
FunctionExpression
ArrowFunction
ValuelLiteral

CallExpression
CallExpression<| TriangleLiteral

b [ Formatted:

Normal

26.2.1.1 15.2.3.15 Object.isObject (O)
When the isObject function is called with argument O, the following steps are taken:

1. If Type(O) is Objectreturn true.
2. Returnfalse.

15.5.4.25 String.prototype.toArray()
The following steps are taken:

Let O be CheckObjectCoerciblétis valug).

Let Sbe ToStringO).

ReturnIfAbruptg).

Letlen be the number of characters$n

Let array be the result of the abstract operation ArrayCreaith argumenien.
Letnbe O

Repeat, whilen < len:

a.  Letc be the character at positionin S.

b.  Call the [[DefineOwnProperty]] internal method afray with arguments ToString(, the
PropertyDescriptor {[[Value]]c, [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true},
andfalse.

c. Incrementn by 1.

8. Returnarray.

Noo,rwbhE

The length property of the toArray method is 0.
NOTE 1 Returns an Array object with elements corresponding to the characters of this object (converted to a String).

NOTE 2  The toArray 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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Static Semantics: TopLevel LexicallyDeclaredNames
OuterSatementList OuterSatementListOuterltem

1. LetnameshbeTopLevelexicallyDeclaredNames dduterSatementList
2. Append tonameshe elements of th€opLevelexicallyDeclaredNames oOutedtem
3. Returnnames

Outeltem: Statemerttistitem
1. Return a new empty List.
StatementListitemDeclaration

1. If Declarationis Declaration: FunctionDeclaration then returra new.empty List
2. Return the BoundNames Bfeclaration

26.2.2 Preliminary work on Irrefutable Destructuring Binding Patterns

Syntax

BindingPattern:
Irrefutableyy: ObjectBindingPattern
Irrefutableyp: ArrayBindingPattern

Irrefutable:
?

ObjectBindingPattern
{}

{ BindingPropertyList}
{ BindingPropertyList, }

ArrayBindingPattern:
[ Elisiony: BindingRestElemeg ]
[ BindingElementList]
[ BindingElementList, . Elisionep: BindingRestElemes ]

BindingPropertyList
Irrefutabley,: BindingProperty
BindingPropertyList Irrefutabley: BindingProperty

BindingElementist :
Elisiong: BindingElement
BindingElementList Elisiono,: BindingElement

BindingProperty:
SingleNameBinding
PropertyName. BindingElement

BindingElement
SingleNameBinding
BindingPattern Initialises:

SingleNameBinding
BindingldentifierInitialiseropt

BindingRestElement
Bindingldentifier

464

Commented [AWB16201]:
computed property name

Note that this may be a
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26.2.2.1 Static Semantics
Static Semantics: Early Errors
BindingPattern: Irrefutable,y ObjectBindingPattern

1 Itis a Syntax Error if the BoundNames of ObjectBindingPatterrcontains the string feval oor the string
farguments a

BindingPattern: Irrefutable,: ArrayBindingPattern

1 Itis a Syntax Error if the BoundNames of ArrayBindingPatterncontains the string feval oor the string
farguments a

Static Semantics: BoundNames

BindingPattern: Irrefutable,x ObjectBindingPattern

1. Return the BoundNames &fbjectBindingPattern

BindingPattern: Irrefutable,,x ArrayBindingPattern

1. Return the BoundNames éfrrayBindingPattern
ObjectBindingPattern { }

1. Return an empty List.

ArrayBindingPatternt [ Elisiongp ]

1. Return an empty List.

ArrayBindingPatternt [ Elisiono,: BindingRestElement

1. Return the BoundNames 8findingResElement
ArrayBindingPattern [ BindingElementList Elisiongp: ]

1. Return the BoundNames 8findingElementList
ArrayBindingPattern [ BindingElementList' Elisiony,: BindingRestElemerit
1. Letnamesbe BoundNames d@dindingElementList

2. Append tonameshe elements of BoundNames BindingRestElement.
3. Returnnames

BindingPropertyList Irrefutable,,: BindingProperty

1. Return the Bounddmes ofBindingProperty

BindingPropertyList BindingPropertyList Irrefutabley,: BindingProperty
1. Letnamesbhe BoundNames ddindingPropertyList

2. Append tonameshe elements of BoundNames BindingProperty.
3. Returnnames

BindingElementList Elisiono,: BindingElement

1. Return BoundNames d@indingElement
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BindingElementList BindingElementLisf Elisiono,: BindingElement

1. Letnamesbe BoundNames ddindingElementList
2. Append tonamesghe elements of BoundNames BindingElement.
3. Returnnames

BindingProperty: PropertyName BindingElement
1. Return the BoundNames 8findingElement

SingleNameBinding BindingldentifierInitialiseropt

1. Return the BoundNames 8fndingldentifier
BindingElement BindingPatterninitialiseropt

1. Return the BoundNames BindingPattern

26.2.3 8.3.10 [[Eﬂu mel'ate]] (iﬂC'UdePl’OtOtype, 0n|yEnUmerab|e ) Commented [AWB6202]: This is an experiment to see if
we can use this internal method to define Object.key,
Object.getOwnPropertyNames, and perhaps some ofther

When the [[Enumerate]] internal method of O is called with Boolean arguments includePrototypeand e

onlyEnumerable the following steps are taken:

1. Return an Iterator objectdferencexxxx) whose next method iterates over all the keys of enumerable Commented [AWB6203]:  TODO
property keys oD. If includePrototypes false, then only own properties @ are included. If
onlyEnumerables false, then all properties that do not have private name keys are inclilednechanics
and order of enumerating the properties is not specHigdnust conform to the rules specified below

Enumerated properties do not include properties whose property key is a private name. Properties of the
object being enumerated may be deleted during enumeration. If a property that has not yet been visited during
enumeration is deleted, then it will not be visited. If new properties are added to the object being enumerated
during enumeration, the newly added properties are not guaranteed to be visited in the active enumeration. A
property name must not be visited more than once in any enumeration.

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

the prototype, and so on, recur s’i vel y; but a property of a prototype is not enumerated if it
because 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 a prototype object is shadowed

by a previous object on the prototype chain.

The following is an informative algorithm that conforms to these rules Commented [AWB6204]:  TODO: Finish this up, and turn it
into iterator definition include a next method

1. LetobjbeO.
2. Letprotobe the value of the [[Prototype]] interndhtaproperty ofO.
3. If includePrototypes false or proto is the valuenull, then

a. LetpropListbe a new empty List.
4. Else

a. LetpropListbe the result of calling the [[Enumerate]] internal methogmito with argumentdrue

andonlyEnumerable

5. For each stringramethat is the property key of an ewproperty ofO

a. Letdescbe the result of calling the [[GetOwnProperty]] internal metho@®atfith argumenname

b. If nameis an element opropList thenremovenameas an element gfropList

c. If onlyEnumerablés false or desc[[Enumerabld is true, thenaddnameas an element gfropList
6. Order the elements g@fropListin an implementation defined order.
7. ReturnpropList
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This follow version places function body declarations in scope of parameter initialisers

26.2.4 9.1.11 ToPositivelnteger

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

Let numberbe the result of calling ToNumber on the input argument.
ReturnIfAbruptumbej.

If numberis NaN, return+0.

If numberis +&, or- &, returnnumber

If numberOO0, return+0.

Return the result of computing floongmbej.

ok wWNE

26.2.5 10.5.3 Function Declaration Instantiation

NOTE  When an execution context is established for evaluating function code a new Declarative Environment Record is
created and bindings for each formal parameter, and each function level variable, constant, or function declarated in the
function are instantiated in the environment record. Formal parameters and functions are initialised as part of this process.
All other bindings are initialised during execution of the function code.

Function Declaration Instantiation is performed as follows using arguments func, argumentsListand env. func
is the function object that for which the execution context .is being established. env is the declarative
environment record in which bindings are to be created.

Let codebe the value of the [[Code]] internal propertyfafc
Let strict be the value of the [[Strict]] internal property fafnc.
Let formalsbe the value of the [[FormalParameterList]] internal propeftfunc.
Let parameterNamebe the BoundNames ébrmals
Let varDeclarationsbe theVarScope®eclarations otode
Let functionsTolnitialse be an.empty.ist.
Let argumentsObjectNotNeedelke false.
For eachd in varDeclarations in reverse list ordedo
a. If dis aFunctionDeclarationthen
i. NOTE If there are multiple FunctionDeclarationdor the same name, the last declaration
is used.
ii. Let fn be the sole element of the.BoundNamesl.of
iii. If fnis "arguments ", then letargumentsObjectNotNeedelke true.
iv. Let alreadyDeclaredoe the result of calling n vHasBinding concrete method passing
as the argument.
V. If alreadyDeclareds false, then
1. Let statushe the result of calling n vGieatéMutableBindingconcrete method
passingfn as the argument.
2. Assert:statusis never arsbrupt completion.
3. Appendd to functionsTolnitiaise.
9. For each StringparamNamein parameterNamesdo
a. LetalreadyDeclaredoe the result of calling n vHasBinding concrete method passimgranName
as the argument.
b. NOTE Duplicate parameter names can only occur in non-strict functions. Parameter names that are
the same as function declaration names do not get initialised to undefined.
c. If alreadyDeclareds false, then
i If paramNameis "arguments ", then letargumentsObjectNotNeedelk true.
ii. Let statusbe the result of calling n vGieateMutableBinding concrete method passing
paramNameas the argument.
iii. Assert:statusis never arabrupt completion
iv. Call enwd #nitialiseBindingconcrete method passipgranName andundefined as the

ONOUTAWONE

arguments.
10. NOTE If there is a function declaration or formal parameter with the name "arguments" then an
argument object is not created. Commented [AWB7205]: TODO: donét cre
11. If argumentsObjectNotNeedeid false, therﬁ arguments binding for arrow functions (and perhaps for

concise methods)
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a. |If strictistrue, then
i. Callends Cr e at el mmaphcete metidd passingithe Strirgduments
the argument.

as

b. Else,

i. Callends CreateMutabl eBinding coargumertse”"asthet hod passing the String

argument.
12. Let varNamesbe the VarDeclaredNames obde
13. For each StringarNamein varNamesin list order do
a. LetalreadyDeclarede the result of calling n vHasBinding concrete method passiwayNameas
the argument.
b. NOTE A VarDeclaredNames is only instantiated and initialied here if it is not also the name of a
formal parameter or a FunctionDeclaations
c. If alreadyDeclareds false, then
i Call e n vGdeateMutableBindingconcrete method passim@rNameas the argument.
14. LetlexDeclarationsbe the LexicalDeclarations abde
15. For each elemernt in lexDeclarationsdo
a. NOTE A lexically declared name cannot be the same as a function declaration, formal parameter,
or avar name. Lexically declarated names are only instantiated here but not initialised.
b. For each elementn of the BoundNames af do
i. If IsConstantDeclaration afistrue, then
1. Call enws CreatelmmutableBinding concrete method pasdimgs the argument.
il Else,
1. Callends CreateMutabl eBi ndi rdgandfaseasthet e
arguments.
16. For eachFunctionDeclarationf in functionsTolnitiaise, do
a. Letfn be the sole element ofi¢ BoundNames df
b. Letfo be the result operforming Instantiate FunctinObjectfor f with argumenenv.
c. Callenwd SetMutableMindingconcrete method passiffig, fo, andfalse as the arguments.

17. NOTE Function declaration are initialised prior to parameter-initialisation so that default value expressions
may reference them. it is not extended code. “"arguments " is not initialised until after parameter
initialization.

18. Let ao be the result ofnstantiateArgumentsObjeetith argumentrgumentsList.

19. NOTE If argumentsObjectNotNeedeis true then the value of aois not directly observable to ECMAScript
code and need not actually exist. In that case, its use in the above steps is strictly as a device for specifying
formal parameter initialisation semantics.

20. |f argumentsObjectNotNeedeid false, then

a. If strictistrue, then
i Perform the abstract operati@ompletstrictArgumentsObjecwith argumen@0.
b. Else;
i Perform the abstract operati@@ompletéMappedArgumentsObject with argume8, func,
formals andenv.
c. Callenwd #nitialiseBindingconcrete method passingrguments " andao as arguments.

21. LetformalStatushe the result of performing Binding Initialisation fformalswith ao andundefined as
arguments

22. ReturnlfAbruptformalStatu$.

23. Retun NormalCompletionémpty).

F.1.1 fThe _proto__ pseudo property

met hod passing

Commented [AWB7206]: TODO: donodt cre
arguments binding for arrow functions (and perhaps for
concise methods)

Commented [AWB207]:  The section and algorithm

F.1.1.1 Object.prototype._ proto___

The initial value of the _ proto__  property of the Object prototype object is a data property whose initial
value is null. This property initially has the attributes { [[Writable]]: true, [[Enumerable]]: false,
[[Configurable]]: true }.

Manipulations of this property as tracked by the Boolean valued primordial internal variable
UndersceeProtoEnabled The default initial value of UndersceeProtoEnableds true only if this property is initially
present on the primordial Object prototype object.

NOTE  Any modification of this property or its attributes causes UnderscoeProtoEnabledo be set to false.
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reference in this draft are based upon the ES5.1 spec. When
the corresponding sections of this document are stable, this
section will need to be updated.

[ commented [AWB8208]:  This materal is going to be made
mandatory and integrated into the main body of the spec.

Commented [AWB209]:  This is anticipating new
specification material related to Module loaders and
establishing a primoridial environment. The basic assumption
is that a module loader must be able to disable this feature.
This seems to suggest that the ability to do so must exist in
the module loader APIs even if this feature is not present in an
implementation.
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F.1.1.2 Changes To Internal Methods__

The definition of the [[Get]] internal method given in 8.12.3 is replaced with the following:

1. If Pis the string valué__proto__ andUnderscoeProtoEnableds true, then
a. Letdescbe the result of calling the [[GetProperty]] internal methodofith property nameP.]

b. If descis notundefined and was created by step 1.a to describe the property defined in B.3.1.1 then

i Return the value of the [[Prototype]] interrddta property oO.
2. Continue by executing the steps of 8.12.3 starting with step 1

The definition of the [[Put]] internal method given in 8.12.5 is replaced with the following:|

1. If Pis the string valué__proto__"  and UnderscoreProtoEnabledtige andO is not the standard built
in Object prototype object, then
a. Letdescbe the result of calling thl[s{GetProperty]]linternal nethod of® with propertynameP.

b. If descis notundefined and was created by step 1.a to describe the property defined in B.3.1.1 then

If the type ofV is neither Object or Null, return
ii. Set the value of the [[Prototype]] internal data propert{db V.
iii. Return

2. Continue by executing the steps of 8.12.5 starting-with step 1

The definition of the [[Delete]] internal method given in 8.12.7 is replaced with the following:

1. If UnderscoeProtoEnableds true andP is the string valu¢__proto_ "  andO is the sandard builin
Object prototype object, then
a. SetUnderscoeProtoEnabledo false.
2. Continue by executing the steps of 8.12.7 starting with step 1

The definition of the [[DefineOwnProperty]] internal method given in 8.12.9 is replaced with the following:

1. If UnderscoeProtoEnableds true andP is the string valu¢__proto_ "  andO is the standard bukin
Object prototype ©object, then
a. |If any attribute contained iBescis not present or has a different value from the corresponding
attribute in { [[Writable]]: true, [[Enumerable]]itrue, [[Configurable]]:true }then,
i Set UnderscoeProtoEnabledo false.
2. Continue by executing the steps of 8.12.9 starting with step 1

26.2.5.1 _15.18.1.14Reflect.freeze (target)
When the freeze. function is called with argument targetthe following steps are taken:
1. Letobjbe ToObjectargey.

2. ReturnifAbruptpbj).
3. Returnthe result of calling the [[Freeze]] internal methododj.

26.2.5.2 15.18.1.15 Reflect.seal (target)
When the seal function is called with argument targetthe following steps are taken:
1. Letobjbe ToObjectarge).

2. ReturnlfAbruptobj).
3. Returnthe result of calling the [[Seal]] internal methodaddj.
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' Commented [AWB12210]: This whole thing needs be
rewritten, and in the process we will eliminate using
| [[GetProperty]]

' Commented [AWB12211]: Need to be updated to use
| [[SetP]

( Commented [AWB12212]: This whole thing needs to be
rewritten, and in the process we will eliminate using
 [[GetProperty]]

Commented [AWB213]:  Note that
Object.defineOwnPropewrty(ob
other call of [[DefineOwnProperty]] does not modify
[[Prototype]].
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26.2.5.3 15.18.1.16 Reflect.isFrozen (target)
When the isFrozen  function is called with argument targetthe following steps are taken:

1. Letobjbe ToObjectiarge).
2. ReturnlfAbruptpbyj).
3. Returnthe result of calling the [[IsFrozen]] internal methodod.

26.2.5.4 15.18.1.17 Reflect.isSealed (target)
When the isSealed  function is called with argument targetthe following steps are taken:

1. Letobjbe ToObject(argey.
2. ReturnlfAbruptpbj).
3. Returnthe result of calling the [[IsSealed]] internal methodbf.

F.1.1.3 _proto___ Object Initialisers _
Definitions of two algorithms in 11.1.5 are replaced with the following:
The production PropertyDefinitionList PropertyDefinitionis evaluated as follows:

1. Letobjbe the result of the abstract operation ObjectCreatie the intrinsic object %ObPrototype% as
its argument.
2. Letpropldbe the result of evaluatingropertyDefinition
3. If propld.name is the stringalue”__proto__" andUnderscoeProtoEnableds true and
IsDataDescriptogfropld.descriptor) igrue, then
a. Letvbepropld.descriptorvalue.
b. If descbe propld.descriptor
c. If the type ofvis either Object or Null,
i. Setthe value of the [[Prototype]] intexhdata property obbjto v.
d. Returnobj.
4. Call the [[DefineOwnProperty]] internal method @lbj with argumentgpropld.name propld.descriptor, and
false.
5. Returnobj.

The production
PropertyDefinitionList PropertyDefinitionList, PropertyDefinition
is evaluated as follows:

1. Letobjbe the result of evaluatin@ropertyDefinitionList

2. Letpropld be the result of evaluatingropertyDefinition

3. Let previousbe the result of calling the [[GetOwnProperty]] internal methodlgfwith argument
propld.name.

4. |f previousis notundefinedthen throw aSyntaxError exception if any of the following conditions are true

a. This production is contained in strict code and IsDataDescriptev{ou9 is true and
IsDataDescriptogfropld.descriptor) igrue.

b. IsDataDescriptogfrevioug istrue and IsAccessorDescriptgnopld.descriptor) igrue.

c. IsAccessorDescriptopfevioug istrue and IsDataDescriptopfopld.descriptor) igrue.

d. IsAccessorDescriptopfevioug istrue and IsAccessorDescriptgr(opld.descriptor) igrue and
either bothpreviousandpropld.descriptor have [[Get]] fields or bogreviousandpropld.descriptor
have [[Set]] fields

5. If propld.name is the string value_proto__
IsDataDescriptogfropld.descriptor) igrue, then

a. Letvbepropld.descriptorvalue.

b. If descbe propld.descriptor

c. If the type ofvis either Object or Null,

i Set the value of the [[Prototype]] internal data propertplojfto v.

d. Returnobj.

andUnderscoeProtoEnableds true and
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6. Call the [[DefineOwnProperty]] internal method obj with argumetspropld.name propld.descriptor, and
false.
7. Returnobj.
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Table 40 & Internal Properties Only Defined for Some Objects

Internal Property Value Type Description
Domain
[[BuiltinBrand]] The BuiltinBrand A tag value used by this specification to categorize various
enumeration. kinds of ECMAScript objects defined in this specification.
[[PrimitiveValue]] primitive Internal state information associated with this object. Of the
standard built-in ECMAScript objects, only Boolean, Date,
Number, and String objects implement [[PrimitiveValue]].
[[Scopel]] Lexical A lexical environment that'is the environment in which a

Environment

Function object is executed. Of the standard built-in
ECMAScript objects,” only Function objects implement
[[Scope]].

[[FormalParameters]]

Parse Tree

A parse tree< for ECMAScript code parsed with
FormalParametes as the goal symbol. Of the standard built-
in ECMAScript objects, only Function objects implement
[[FormalParameters]].

[[Code]]

Parse Tree

A parse tree for ECMAScript code parsed with FunctionBody
as the goal symbol: Of the standard built-in ECMAScript
objects, only Function objects implement [[Code]].

[[Strict]]

Boolean

true if a Function object is a strict mode function. Of the
standard built-in ECMAScript objects, only Function objects
implement [[Strict]].

[[BoundTargetFunction]]

Object

The target function of a function object created using the
standard _built-in  Function.prototype.bind method. Only
ECMAScript objects created using Function.prototype.bind
have a [[BoundTargetFunction]] 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.

[[BoundArguments]]

List of any

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

[[RegExpMatcher]]

SpecOp(String,
index) Y
MatchResult

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

[[ParameterMap]]

Object

Provides a mapping between the properties of an arguments
object (see 10.6) and the formal parameters of the
associated function. Only objects that are arguments objects
have a [[ParameterMap]] internal property.
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26.3 Binary Data Objects

26.3.1 The BinaryData Module

26.3.2 The BinaryData.Type Object

26.3.2.1 BinaryData.ScalarType Type Instance Objects

26.3.3 The BinaryData.ArrayType Object

26.3.4 The BinaryData.StructType Object|

material in the Binary Data proposal
http://wiki.ecmascript.org/doku.php?id=harmony:binary_data

\ Formatted: Normal ‘
( Commented [AWB13215]: TODO: this is a place holder ‘

Commented [AWB10214]: This is a place holder for ‘

<

26.3.4.1 %TypedArray% ( binary data stuff )|
assuming that we may need to construct TypedArrays from

binary data objects.

TODO: this is a place holder assuming that we may need to construct TypedArrays from binary data -
objects.
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