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JavaScript - Portability

2



/ 46Update-Tolerant JavaScript Static Analysis for Frequently Released ECMAScript

JavaScript - Popularity
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https://madnight.github.io/githut/#/pull_requests/2019/3

https://w3techs.com/technologies/details/cp-javascript

https://madnight.github.io/githut/#/pull_requests/2019/3
https://w3techs.com/technologies/details/cp-javascript
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JavaScript - Complex Semantics
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function f(x) { return x == !x; }

Always return false?

NO!!
f([]) -> [] == ![] 
      -> [] == false 
      -> +[] == +false 
      -> 0 == 0 
      -> true

https://github.com/denysdovhan/wtfjs#-examples
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ECMAScript
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https://developer.mozilla.org/en-US/docs/Web/JavaScript

https://developer.mozilla.org/en-US/docs/Web/JavaScript
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Read Define

Abstract

Static Analysis for JavaScript
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ECMAScript Release Timeline
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1996   1998   2000   2002   2004   2008   2010   2012   2014   2016   2018   2020

1997 - ES1 
First edition

1998 - ES2 
Editorial 
changes

1999 - ES3 
RegEx, String, 
Try/catch, etc

2009 - ES5 
getters/setters,

strict mode,

exceptions, etc

2011 - ES5.1 
Editorial 
Changes

2015 - ES6 
classes, modules, etc

2016 - ES7 
Await

2017 - ES8

2018 - ES9

ES.Next

2019 - ES10

Annual Releases
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Update-Tolerant JavaScript Static Analysis for 

Frequently Released ECMAScript

Automatic Semantics Extraction 
via IRES (Intermediate Rep. for ES)

Symbolic Heap Abstraction 
for Scalability

Future 
Work
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Abstract
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JavaScript 
Program

JSAVER
<latexit sha1_base64="vq3RI6KogkUpYvUmqmq144TwWu8="></latexit>

Program 
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JISET: JavaScript IR-based Semantics Extraction Toolchain  
(Submitted to ICSE’20)
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IR-based Semantics Extraction
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IR-based Semantics Extraction
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x.__proto__ = 
  Array.prototype; 
x.length = 0;

The                            production in ECMAScript 2020ArrayLiteral
<latexit sha1_base64="Ojjk6PJoe4HzbnjexX+XjyPiTgY="></latexit>

The semantics of the first alternative for ArrayLiteral
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11/2/2019 ECMAScript® 2020 Language Specification

https://tc39.es/ecma262/#prod-ArrayLiteral 283/1071

has been modified in a manner that would preclude the creation of new
own properties using [[Set]].

ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).
2. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and 0.

b. ReturnIfAbrupt(len).
3. Return array.

ArrayLiteral : [ ElementList ]

1. Let array be ! ArrayCreate(0).
2. Let len be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(len).
4. Return array.

ArrayLiteral : [ ElementList , Elision ]

1. Let array be ! ArrayCreate(0).
2. Let nextIndex be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(nextIndex).
4. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and nextIndex.

b. ReturnIfAbrupt(len).
5. Return array.

NOTE 1 An object initializer is an expression describing the initialization of an
Object, written in a form resembling a literal. It is a list of zero or more
pairs of property keys and associated values, enclosed in curly brackets.

12.2.5.2 Runtime Semantics: Evaluation

12.2.6 Object Initializer
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11/2/2019 ECMAScript® 2020 Language Specification

https://tc39.es/ecma262/#prod-ArrayLiteral 283/1071

has been modified in a manner that would preclude the creation of new
own properties using [[Set]].

ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).
2. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and 0.

b. ReturnIfAbrupt(len).
3. Return array.

ArrayLiteral : [ ElementList ]

1. Let array be ! ArrayCreate(0).
2. Let len be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(len).
4. Return array.

ArrayLiteral : [ ElementList , Elision ]

1. Let array be ! ArrayCreate(0).
2. Let nextIndex be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(nextIndex).
4. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and nextIndex.

b. ReturnIfAbrupt(len).
5. Return array.

NOTE 1 An object initializer is an expression describing the initialization of an
Object, written in a form resembling a literal. It is a list of zero or more
pairs of property keys and associated values, enclosed in curly brackets.

12.2.5.2 Runtime Semantics: Evaluation

12.2.6 Object Initializer
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let array = 
 ! (ArrayCreate 0) 
...

Core Idea
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The semantics of the first alternative for ArrayLiteral
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has been modified in a manner that would preclude the creation of new
own properties using [[Set]].

ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).
2. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and 0.

b. ReturnIfAbrupt(len).
3. Return array.

ArrayLiteral : [ ElementList ]

1. Let array be ! ArrayCreate(0).
2. Let len be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(len).
4. Return array.

ArrayLiteral : [ ElementList , Elision ]

1. Let array be ! ArrayCreate(0).
2. Let nextIndex be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(nextIndex).
4. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and nextIndex.

b. ReturnIfAbrupt(len).
5. Return array.

NOTE 1 An object initializer is an expression describing the initialization of an
Object, written in a form resembling a literal. It is a list of zero or more
pairs of property keys and associated values, enclosed in curly brackets.

12.2.5.2 Runtime Semantics: Evaluation

12.2.6 Object Initializer
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Overall Structure of JISET

14

IRES
JavaScript 

Parser

Algorithm 
Compiler

JS Parser 
Generator

JavaScript 
Program

AST-IRES 
Translator

JS AST

Algorithms

IRES 

Functions

�
<latexit sha1_base64="WUqYpOUqC3vDwpPsTXxORIYVrtc="></latexit>�

<latexit sha1_base64="WUqYpOUqC3vDwpPsTXxORIYVrtc="></latexit>�
<latexit sha1_base64="WUqYpOUqC3vDwpPsTXxORIYVrtc="></latexit>

ECMAScript 
Spec

Spec 
Extractor

Compile 
Rules

Global 
Setting

manual

JISET
<latexit sha1_base64="ysgxRi5QlRO1/7Bf3PUWihIgy1M="></latexit>

BNFES

A ::=B |C
<latexit sha1_base64="GLMXsP5/U3ZwfL4AED45+I3FVgA="></latexit>

Semantics

Syntax
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JS Parser Synthesis
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JavaScript 
Parser

Parser 
Generator

BNFES

A ::=B |C
<latexit sha1_base64="GLMXsP5/U3ZwfL4AED45+I3FVgA="></latexit>

type P[T] = List[Boolean] => LAParser[T] 
lazy val ArrayLiteral: P[ArrayLiteral] = memo { 
  case List(Yield, Await) => 
  "[" ~ opt(Elision) ~ "]" 
      ^^ ArrayLiteral0 | 
  "[" ~ ElementList(Yield, Await) ~ "]" 
      ^^ ArrayLiteral1 | 
  "[" ~ ElementList(Yield, Await) 
      ~ "," ~ opt(Elision) ~ "]" 
      ^^ ArrayLiteral2 
}

The                            production in ECMAScript 2020ArrayLiteral
<latexit sha1_base64="Ojjk6PJoe4HzbnjexX+XjyPiTgY="></latexit>

The generated parser for ArrayLiteral
<latexit sha1_base64="Ojjk6PJoe4HzbnjexX+XjyPiTgY="></latexit>
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BNFES - BNF for ECMAScript
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Productions

Conditions

Symbols

c ::= pi | !pi
<latexit sha1_base64="gkTUj5Z/f4dPuWH+F9QHpar1Wog="></latexit>

A(p1, · · · , pk) ::= (c1 ))?↵1 | · · · | (cn ))?↵n

where pi is a boolean parameter.
<latexit sha1_base64="qO6ArVnmTHtbf+3Tl5+Vso/tPJQ="></latexit>

Symbol s Description
✏ empty sequnce
a terminal

A(a1, · · · , ak) non-terminal
s? optional symbol
+s positive lookahead
�s negative lookahead
s \ s0 exclusion
h¬LTi no line-terminator

<latexit sha1_base64="xAIW0msXb7LIAol4kT7ShCluZLs="></latexit>

JavaScript 
Parser

Parser 
Generator

BNFES

A ::=B |C
<latexit sha1_base64="GLMXsP5/U3ZwfL4AED45+I3FVgA="></latexit>
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Parser 
Generator

Parser Generator

17

(POPL'04) Bryan Ford, "Parsing Expression Grammars: A Recognition-based Syntactic Foundation"

Parsing Expression Grammar (PEG)

JavaScript 
Parser

BNFES

A ::=B |C
<latexit sha1_base64="GLMXsP5/U3ZwfL4AED45+I3FVgA="></latexit>

+ Human-Readable Parsers

+ Easy to Support BNFES Features

+ Linear Parsing Time

- Different with BNF (∵ Ordered Choices)

(ICFP’02) Bryan Ford, "Packrat parsing: simple, powerful, lazy, linear time, functional pearl"

Lookahead Parsing
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+<latexit sha1_base64="L2D6O47x1ABLeZxIJr3Lh+8+9dU="></latexit>

;
<latexit sha1_base64="qp/c//uqmsUIJYyYSfBYEtwyLYY="></latexit>B

<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

Parsing Expression Grammar
• Recursive Descendent Parser with Backtracking

18

;
<latexit sha1_base64="qp/c//uqmsUIJYyYSfBYEtwyLYY="></latexit>B

<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

x
<latexit sha1_base64="ATEyj11d3nehwdF3IrwB0AMnHp4="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

x
<latexit sha1_base64="ATEyj11d3nehwdF3IrwB0AMnHp4="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

x
<latexit sha1_base64="ATEyj11d3nehwdF3IrwB0AMnHp4="></latexit>

Input : x+x;
<latexit sha1_base64="CmtLW69yJRUzDMH/MR76YH9NdWQ="></latexit>

A ::= B; / B + B;
B ::= x / xy

<latexit sha1_base64="c4U3yUTVgtg33/szOsnlGxm2EaI="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

: non-terminal

x : terminal

: match

: mismatch
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A ::= B; / B + B;
B ::= x / xy

<latexit sha1_base64="c4U3yUTVgtg33/szOsnlGxm2EaI="></latexit>

+<latexit sha1_base64="L2D6O47x1ABLeZxIJr3Lh+8+9dU="></latexit>

;
<latexit sha1_base64="qp/c//uqmsUIJYyYSfBYEtwyLYY="></latexit>B

<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

Parsing Expression Grammar

19

Input :

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

;
<latexit sha1_base64="qp/c//uqmsUIJYyYSfBYEtwyLYY="></latexit>B

<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

x
<latexit sha1_base64="ATEyj11d3nehwdF3IrwB0AMnHp4="></latexit>

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

xy;
<latexit sha1_base64="FCNufKMkETA3LgH70ZZbLvTBRCI="></latexit>

B
<latexit sha1_base64="RZJ6oNqgFQAmKQowW3MOwd2s1M0="></latexit>

x
<latexit sha1_base64="ATEyj11d3nehwdF3IrwB0AMnHp4="></latexit>

Always ignored
Unable to parse

• Ordered Choices

A
<latexit sha1_base64="9/kbhyDWB7TmCc0AT4NYA+FN+p8="></latexit>

: non-terminal

x : terminal

: match

: mismatch
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B[;]
<latexit sha1_base64="+yHqzoZVmfOcc7cXOsMEFvYprOs="></latexit>

;[�]
<latexit sha1_base64="F2syU8r0umrpREjVr4NIjo+qfPQ="></latexit>

A[�]
<latexit sha1_base64="N1bvdwAFJ3IIhKNJDGd5FyH7hA0="></latexit>

x[;]
<latexit sha1_base64="TlCCZplmPT53lc3h/YrWNZYaYPY="></latexit>

Lookahead Parsing

20

Input : xy;
<latexit sha1_base64="FCNufKMkETA3LgH70ZZbLvTBRCI="></latexit>

A[�]
<latexit sha1_base64="N1bvdwAFJ3IIhKNJDGd5FyH7hA0="></latexit>

x[y]
<latexit sha1_base64="zeyAyLe2Vrqo9LUIfwqTqnjFYD0="></latexit>

y[;]
<latexit sha1_base64="Fg8ixyc3N+nsoIuA4/nL7y0v4bY="></latexit>

: non-terminal

: terminal

: match

: mismatch

A[x⇤]

x[x⇤]

�<latexit sha1_base64="ud9WyH/lqgTGyyF/q7haolLu7mU="></latexit> : end of input

Lookahead

A ::= B; / B + B;
B ::= x / xy

<latexit sha1_base64="c4U3yUTVgtg33/szOsnlGxm2EaI="></latexit>



/ 46Update-Tolerant JavaScript Static Analysis for Frequently Released ECMAScript

Lookahead Parsing

21
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3 PARSER GENERATOR
In this section, we explain how to automatically generate JavaScript
parsers from a given ECMAScript speci�cation.

3.1 BNFES: Grammar for ECMAScript
The ECMAScript speci�cation describes the JavaScript syntax using
an extension of the BNF notation. We formally de�ne the notation
and dub it BNFES. It consists of a number of productions with the
following form:

A(p1, · · · ,pk ) ::= (c1 ))?�1 | · · · | (cn ))?�n
The left-hand side of ::= represents a parametric non-terminal A
with multiple boolean parameters p1, · · · ,pk . If a non-terminal
takes no parameter, parentheses are omitted for brevity. A produc-
tion has multiple alternatives separated by | with optional condi-
tions. A condition c is either a boolean parameter p or its negation
!p. An alternative � is a sequence of symbols, where a symbol s is
one of the following:
• � : the empty sequence, which passes without any conditions
• a: a terminal, which is any token
• A(a1, · · · ,ak ): a non-terminal, which takes multiple arguments
where each argument ai is either a boolean value #t or #f, or a
parameter pi

• s?: option, which is the same with s | �
• +s (�s) : positive (negative) lookahead, which checks whether
s succeeds (fails) and never consumes any input

• srs 0: exclusion, which �rst checks whether s succeeds and then
checks whether the parsing result does not correspond to s 0

• h¬LTi: no line-terminator, which is a special symbol that re-
stricts the white spaces between two di�erent symbols

For example, consider the following production:

A(p) ::= p ) a | !p ) b | c
Then, A(#t) means a | c and A(#f) means b | c.

3.2 Lookahead Parsers
To support BNFES correctly, we propose a recursive descent parser
generator that handles both backtracking and lookahead tokens.

Approach. Our goal is to automatically generate a JavaScript
parser from a given ECMAScript grammarwritten in BNFES. Among
various parser generators, we chose Scala parser combinators de-
�ned in Parsing Expression Grammar (PEG) [13]. PEG is a top-down
(LL-style) recursive descent parser with backtracking. It visits each
alternative of a production in order and backtracks to its previous
production when parsing fails. We chose Scala parser combinators
because of the following reasons:
• Context-sensitive tokens: ECMAScript tokens are context-
sensitive because of JavaScript regular expressions and template
strings. For example, /x/g could be a single regular expression
token or four tokens that represent division by variables x

and g depending on enclosing contexts. Thus, lexers should be
evaluated during parsing not before parsing. Since Scala parser
combinators also treat lexers as parsers, we can use appropriate
lexers depending on parsing contexts.

• BNFES symbols: PEG can represent BNFES symbols intuitively
as we explain in Section 3.3.

�rst� (s1 · · · sn ) = �rsts (s1) :+ �rsts (s2 · · · sn )

where x :+ � =
⇢
x [ � if � 2 x
x otherwise

�rsts (� ) = {�}
�rsts (a) = {a}
�rsts (A(a1, · · · , ak )) = �rst� (�1) [ · · · [ �rst� (�n )

where A(a1, · · · , ak ) = �1 | · · · | �n
�rsts (s?) = �rsts (s) [ {�}
�rsts (+s) = �rsts (s)
�rsts (�s) = {�}
�rsts (srs0) = �rsts (s)
�rsts (h¬LTi) = {�}

Figure 5: Over-approximated �rst tokens of BNFES symbols

• Multiple starting non-terminals: Since ECMAScript 6, both
scripts and modules serve as starting points of parsers. Scala
parser combinators allow to use any non-terminals as parsers.

• Parsing at run-time: JavaScript supports the eval function
that parses a given JavaScript string value to code and evaluates
it. Moreover, syntax-directed abstract algorithms use special
phrases like “the N that is covered by P ,” which means that a
generalized parser parses the syntax tree P because �nding a
speci�c parser to correctly parse it requires its evaluation con-
text. When a JavaScript interpreter encounters such a phrase, it
decides a speci�c parser to N and parses the given syntax tree
P with the non-terminal N again at run time.

Problem: Prioritized Choices.While PEG provides all the fea-
tures we discussed so far, it has one fundamental problem: priori-
tized choices. In PEG, the pipe | operator denotes a prioritized choice;
even when multiple alternatives are applicable, PEG always picks
the �rst success alternative. However, some non-terminals of the
ECMAScript grammar accept multiple alternatives for given input
strings. For example, consider the following simpli�ed grammar of
the JavaScript expressions:

A ::= T; | A + T;

T ::= a | a(b)
The non-terminal T should accept both alternatives for a(b);, but
PEG-based parsers fail to parse it because the �rst alternative a suc-
ceeds �rst and the second alternative a(b) is not reachable. A simple
solution is to change the order of alternatives likeT ::= a(b) | a, but
ensuring correct order is not trivial because it requires calculation
of their inclusion relationship. Moreover, simple reordering does
not work for some productions:

A ::= B b

B ::= a | a b

The non-terminal A should successfully parse two strings ab and
abb, but it accepts only ab, and it accepts only abb if B ::= a b | a.
Hence, we should re-structure the above rules to accept both strings
in traditional PEG grammars.

Solution: Lookahead Tokens. To alleviate the problem, we
propose lookahead parsers, which are recursive descent parsers
extended with backtracking and lookahead tokens. They keep track
of the next possible tokens by statically calculating �rst tokens
of each symbol using the algorithm in Figure 5. For example, the
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(s1 · · · sn )[L] = s1[�rsts (s2 · · · sn ) :+ L] (s1 · · · sn )[L]
� [L] = +gets (L)
a[L] = a + gets (L)
A(a1, · · · , ak )[L] = �1[L] | · · · | �n [L]

where A(a1, · · · , ak ) = �1 | · · · | �n
s?[L] = s[L] | � [L]
(±s)[L] = ±(s[L])
(srs0)[L] = s[L]rs0
h¬LTi = h¬LTi + gets (L)

Figure 6: Formal semantics of lookahead parsers

following steps explain how to utilize lookahead tokens during
parsing with the input a(b);:

Each node s⇤[L] denotes a sequence of symbols s⇤ with a set of
lookahead tokens L. The parsing process follows a pre-order tra-
versal. It starts from the starting non-terminal A with the special
lookahead �, which denotes the end of inputs. Then, it visits the
�rst alternativeT; with the same lookahead. Each symbol is visited
with its corresponding lookahead, which is the �rst tokens of the
right next symbol. For example, for the symbol T , the next symbol
is ; and its �rst token is itself. Thus, the parser visits T with the
lookahead ;. The most important point here is the �rst alternative a
of the non-terminalT . The parser visits it with the lookahead ; but
the next token of the input string a(b); is ( rather than ;. Hence,
it fails to parse the input string even though the current token is
the same with the terminal a. Therefore, the parser can visit the
next alternative a(b) and successfully parses the input a(b);.

We formally de�ne the semantics of lookahead parsers in Fig-
ure 6. The helper function gets (L) generates a parser by combining
all tokens in the lookahead L using prioritized choices. In this case,
the order does not change the semantics of lookahead parsers be-
cause gets (L) just checks the existence of a given token.

3.3 Implementation
We implemented lookahead parsers by extending Scala parser com-
binators with two functions corresponding to Figure 5 and Figure 6.

AST Generation.We �rst automatically generate ASTs as Scala
case classes from a given BNFES grammar. Because lexical gram-
mars do not a�ect the ECMAScript semantics, we represent them
as string values. For parser grammars, we automatically synthe-
size a Scala �le that has classes of syntax trees. For each produc-
tion A(p1, · · · ,pk ) ::= (c1 ))?�1 | · · · | (cn ))?�n , the AST
generator de�nes the A trait and multiple subclasses Ai of A for
0  i  n � 1 that represents its alternatives. Each class Ai has
non-terminals in its corresponding alternative as its �elds. For in-
stance, the Arra�Literal production in Figure 3 gets automatically
translated to the following Scala classes:

trait ArrayLiteral extends AST
case class ArrayLiteral0(x1: Option[Elision])
case class ArrayLiteral1(x1: ElementList)
case class ArrayLiteral2(x1: ElementList, x3: Option[Elision])

Parser Generation. The next step is to automatically extract
parsers from the given BNFES grammar. The conversion fromBNFES
symbols into Scala code is as follows:

� ) MATCH

a ) "a"

A(a1, · · · , an ) ) A(a1, .. , an)

s? ) opt(s)

±s ) ±s
srs0 ) s\s’

h¬LTi ) NoLineTerminator

where MATCH denotes the empty sequence of lookahead parsers.
Each string literal gets implicitly converted to a lookahead parser
via Scala implicit conversion. The opt(s) function is the same with
s | MATCH. We also de�ne the \ operator between parsers to sup-
port exclusive parsers. Finally, we provide the NoLineTerminator

parser, which uses the white space parsers to check the existence of
line terminators. Our approach can support such a parser because
we also automatically generate lexers not only parsers of the EC-
MAScript syntax. Then, the automatically synthesized parser from
the production ArrayLiteral in Figure 3(a) is the one in Figure 3(b).

We support the automatic semicolon insertion algorithm, which
is the most distinctive parsing feature in ECMAScript. We extended
our parser implementation to keep track of the right-most position
that fails to be parsed in a given input. In ECMAScript, the token
at that position is de�ned as an o�ending token and the automatic
semicolon insertion algorithm is de�ned with such tokens. The
algorithm is simple whenwe already have the positions of o�ending
tokens. Thus, we just manually supported them by following the
rules in ECMAScript 2020. In addition, the rules rarely change; since
ECMAScript 5.1 written in 2011, only one sub-rule was added.

Discussion. While implementing lookahead parsers in Scala,
we resolved two issues.

First, one of the critical weak points of recursive descent parsing
with backtracking is its performance. To support backtracking, it
requires exponential time relative to the input size. Luckily, Ford et
al [12] proposed Packrat parsing that provides linear time complex-
ity using memoization. By treating each parser as a function from
the current input position to a parsing result, it just memoizes each
parser using input positions, which dramatically reduces redundant
parsing trials. In a similar way, we treat each lookahead parser as a
function from a pair of lookahead tokens and input positions to a
parsing result.

The second issue is that recursive descent parsers do not support
left recursion in grammars. If a grammar has a left recursion, its
parser falls into an in�nite loop. To resolve this problem, Warth
et al [24] proposed a mechanism to support not only direct left
recursion but also indirect one in Packrat parsing. While we can
adopt the mechanism, we found that the ECMAScript 2020 syntax
does not use indirect left recursion. Thus, we decided to just remove
direct left recursion by de�ning sub productions.
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type P[T] = List[Boolean] => LAParser[T] 
lazy val ArrayLiteral: P[ArrayLiteral] = memo { 
  case List(Yield, Await) => 
  "[" ~ opt(Elision) ~ "]" 
      ^^ ArrayLiteral0 | 
  "[" ~ ElementList(Yield, Await) ~ "]" 
      ^^ ArrayLiteral1 | 
  "[" ~ ElementList(Yield, Await) 
      ~ "," ~ opt(Elision) ~ "]" 
      ^^ ArrayLiteral2 
}

The                            production in ECMAScript 2020ArrayLiteral
<latexit sha1_base64="Ojjk6PJoe4HzbnjexX+XjyPiTgY="></latexit>

The generated parser for ArrayLiteral
<latexit sha1_base64="Ojjk6PJoe4HzbnjexX+XjyPiTgY="></latexit>

Scala 
Parser Combinators

JavaScript 
Parser

Parser 
Generator

BNFES

A ::=B |C
<latexit sha1_base64="GLMXsP5/U3ZwfL4AED45+I3FVgA="></latexit>
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Table 2: Number of productions in speci�cations, from all
of which JISET automatically generated parsers

Version 2016 2017 2018 2019 2020 avg.

# Lexical prod. 78 78 78 81 81 79.2
# Syntactic prod. 157 167 167 174 175 168

Old version 2016 2017 2018 2019 avg.New version 2017 2018 2019 2020

� # Lexical prod. 3 5 6 0 4.7
� # Syntactic prod. 140 15 8 2 55

(a) Results for existing versions

(b) Results for di�erences between adjacent versions

Figure 8: Number of abstract algorithm steps in speci�ca-
tions, from which JISET generated the JavaScript semantics

6.1 E�ectiveness
We evaluate the e�ectiveness of JISET by applying it to the most
recent �ve versions of the ECMAScript speci�cations, ECMAScript
2016 to 2020.Wemeasured for howmany grammar productions and
steps in abstract algorithms JISET automatically generates parsers
and semantics, respectively, in two respects: 1) in each version and
2) in each di�erence between adjacent versions.

For syntax, JISET automatically generated parsers for all the
productions. As Table 2 shows, the average numbers of lexical and
syntactic productions are 79.2 and 168, respectively. Also, the aver-
age numbers of annually updated lexical and syntactic productions
between adjacent versions are 4.7 and 55, respectively.

Table 3: Testing results of Test262 for ECMAScript 2020

All Test262 Tests 36,794

Annexes/Internationalization 1,774
In-progress features 5,895

ECMAScript 2020 Tests 29,125

Non-strict mode tests 1,136
Module tests 918
Early error tests 1,316
Inessential built-in object tests 6,473

Applicable Tests 19,282

Passed tests 19,220
Failed tests 62

For semantics, Figure 8 shows that JISET automatically extracted
semantics with the 91.60% success rate on average for existing spec-
i�cations, and 90.43% for updates. We found that algorithm steps in
built-in libraries have lower success rates (86.98% for speci�cations
and 86.09% for updates) than core language semantics (95.35% for
speci�cations and 95.25% for updates) because of diverse writing
styles in describing their own speci�c functionalities.

This results show that JISET e�ectively reduces the e�orts to ex-
tract the syntax and semantics of JavaScript not only for developing
them from scratch, but also for updating existing ones.

6.2 Correctness
To evaluate the correctness of JISET, we developed a JavaScript
interpreter based on the extracted syntax and semantics from EC-
MAScript 2020. Among 9,657 steps in ECMAScript 2020, 8,926 steps
are automatically compiled via Algorithm Compiler. Among the
remaining 731 steps, we selected 381 steps that are essential to
the core semantics and manually implemented their corresponding
IRES functions via the Fault Localizer introduced in Section 4.4.
Moreover, we implement the Global Se�ing except the excluded
language features discussed in Section 5.1.

We tested the interpreter using Test262, the o�cial conformance
test suite provided by TC39, as of August 6, 2019. Because Test262
contains tests for extensions and in-progress features, we excluded
them to focus on the semantics of ECMAScript 2020. As Table 3
shows, Test262 consists of 36,794 tests and we excluded 7,669 tests
for extensions and in-progress features. We also �ltered out tests for
excluded features described in Section 5. Finally, we tested 19,282
applicable tests and only 62 tests failed. Among them, 54 tests
utilize implementation-dependent features, three are timeout with
20 minutes due to enormous computation, and �ve are wrong tests.
Thus, we believe that all the semantics extracted from JISET are
correct.

6.3 Adaptability
We show the adaptability of JISET with one case study: applying it
to an incomplete feature proposal. Because ECMAScript is an open
standard language, various proposals are available with their own
speci�cation changes and tests. A separate repository [5] main-
tains such proposals with six di�erent stages: Stage 0 to Stage 3,
Finished, and Inactive. Each proposal starts with Stage 0, and the
TC39 committee regularly examines Stage 3 proposals to decide
their next stages. If a proposal is con�rmed, the committee changes
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of which JISET automatically generated parsers

Version 2016 2017 2018 2019 2020 avg.

# Lexical prod. 78 78 78 81 81 79.2
# Syntactic prod. 157 167 167 174 175 168

Old version 2016 2017 2018 2019 avg.New version 2017 2018 2019 2020

� # Lexical prod. 3 5 6 0 4.7
� # Syntactic prod. 140 15 8 2 55

(a) Results for existing versions

(b) Results for di�erences between adjacent versions

Figure 8: Number of abstract algorithm steps in speci�ca-
tions, from which JISET generated the JavaScript semantics

6.1 E�ectiveness
We evaluate the e�ectiveness of JISET by applying it to the most
recent �ve versions of the ECMAScript speci�cations, ECMAScript
2016 to 2020.Wemeasured for howmany grammar productions and
steps in abstract algorithms JISET automatically generates parsers
and semantics, respectively, in two respects: 1) in each version and
2) in each di�erence between adjacent versions.

For syntax, JISET automatically generated parsers for all the
productions. As Table 2 shows, the average numbers of lexical and
syntactic productions are 79.2 and 168, respectively. Also, the aver-
age numbers of annually updated lexical and syntactic productions
between adjacent versions are 4.7 and 55, respectively.

Table 3: Testing results of Test262 for ECMAScript 2020

All Test262 Tests 36,794

Annexes/Internationalization 1,774
In-progress features 5,895

ECMAScript 2020 Tests 29,125

Non-strict mode tests 1,136
Module tests 918
Early error tests 1,316
Inessential built-in object tests 6,473

Applicable Tests 19,282

Passed tests 19,220
Failed tests 62

For semantics, Figure 8 shows that JISET automatically extracted
semantics with the 91.60% success rate on average for existing spec-
i�cations, and 90.43% for updates. We found that algorithm steps in
built-in libraries have lower success rates (86.98% for speci�cations
and 86.09% for updates) than core language semantics (95.35% for
speci�cations and 95.25% for updates) because of diverse writing
styles in describing their own speci�c functionalities.

This results show that JISET e�ectively reduces the e�orts to ex-
tract the syntax and semantics of JavaScript not only for developing
them from scratch, but also for updating existing ones.

6.2 Correctness
To evaluate the correctness of JISET, we developed a JavaScript
interpreter based on the extracted syntax and semantics from EC-
MAScript 2020. Among 9,657 steps in ECMAScript 2020, 8,926 steps
are automatically compiled via Algorithm Compiler. Among the
remaining 731 steps, we selected 381 steps that are essential to
the core semantics and manually implemented their corresponding
IRES functions via the Fault Localizer introduced in Section 4.4.
Moreover, we implement the Global Se�ing except the excluded
language features discussed in Section 5.1.

We tested the interpreter using Test262, the o�cial conformance
test suite provided by TC39, as of August 6, 2019. Because Test262
contains tests for extensions and in-progress features, we excluded
them to focus on the semantics of ECMAScript 2020. As Table 3
shows, Test262 consists of 36,794 tests and we excluded 7,669 tests
for extensions and in-progress features. We also �ltered out tests for
excluded features described in Section 5. Finally, we tested 19,282
applicable tests and only 62 tests failed. Among them, 54 tests
utilize implementation-dependent features, three are timeout with
20 minutes due to enormous computation, and �ve are wrong tests.
Thus, we believe that all the semantics extracted from JISET are
correct.

6.3 Adaptability
We show the adaptability of JISET with one case study: applying it
to an incomplete feature proposal. Because ECMAScript is an open
standard language, various proposals are available with their own
speci�cation changes and tests. A separate repository [5] main-
tains such proposals with six di�erent stages: Stage 0 to Stage 3,
Finished, and Inactive. Each proposal starts with Stage 0, and the
TC39 committee regularly examines Stage 3 proposals to decide
their next stages. If a proposal is con�rmed, the committee changes
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"ArrayLiteral0.Evaluation" (Elision) => { 
  let array = ! (ArrayCreate 0) 
  if (! (= Elision absent)) { 
    let len = (Elision.ArrayAccumulation array 0) 
    ? len 
  } 
  return array 
}
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has been modified in a manner that would preclude the creation of new
own properties using [[Set]].

ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).
2. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and 0.

b. ReturnIfAbrupt(len).
3. Return array.

ArrayLiteral : [ ElementList ]

1. Let array be ! ArrayCreate(0).
2. Let len be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(len).
4. Return array.

ArrayLiteral : [ ElementList , Elision ]

1. Let array be ! ArrayCreate(0).
2. Let nextIndex be the result of performing ArrayAccumulation for ElementList with

arguments array and 0.
3. ReturnIfAbrupt(nextIndex).
4. If Elision is present, then

a. Let len be the result of performing ArrayAccumulation for Elision with
arguments array and nextIndex.

b. ReturnIfAbrupt(len).
5. Return array.

NOTE 1 An object initializer is an expression describing the initialization of an
Object, written in a form resembling a literal. It is a list of zero or more
pairs of property keys and associated values, enclosed in curly brackets.

12.2.5.2 Runtime Semantics: Evaluation

12.2.6 Object Initializer
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Table 1: Compile rules in ECMAScript 2020

Name Stmt Expr Cond Value Ty Ref SecNo Total

# Rules 17 16 8 11 33 7 21 113

5 IMPLEMENTATION
We describe the implementation detail of our open-source tool,
JISET4, which targets ECMAScript 2020 [4].

5.1 Excluded Language Features
We decided not to support the following ECMAScript 2020 features:

Non-Strict Mode. Since ECMAScript 5, JavaScript introduced
strict mode to provide di�erent semantics. It providesmore stable se-
mantics by preventing unsafe actions or throwing originally ignored
errors. However, the ECMAScript speci�cation states that “Strict
mode does not restrict or modify any aspect of the ECMAScript
semantics that must operate consistently across multiple source
text units.” Thus, we decided to support only strict mode.

Modules. Moreover, we do not support modules that were intro-
duced since ES6. With the import keyword, a JavaScript program
can import other JavaScript components. To support modules in
our automatically generated semantics, we should model the func-
tionality to communicate with �le systems to access JavaScript
module �les. Because modules do not a�ect the overall JavaScript
semantics critically, we decided not to support modules.

Early Errors. ECMAScript speci�cations use Early Error Rules
to preclude invalid code before evaluation. For example, an Early
Error Rule checks whether functions have duplicated parameters
in strict mode. Because they are written in di�erent styles from
abstract algorithms, we do not support Early Error Rules.

Inessential Built-in Objects. JavaScript provides various standard
built-in objects but some of them are not essential to core JavaScript
but support extra functionalities such as RegExp and JSON. Thus,
we decided not to support such libraries following the tradition of
KJS [20], which is a complete formal semantics of JavaScript.

5.2 Compile Rules for ECMAScript
As we discussed in Section 4, Algorithm Compiler requires compile
rules to compile given abstract algorithms to IRES functions. In
order to cover the entire ECMAScript 2020 speci�cation, we de-
�ned compile rules for only seven kinds as summarized in Table 1.
The compile rule for statements, Stmt, contains 17 compile rules
and generates IRES instructions. The Expr, Cond, and Value compile
rules denote expressions, conditions, and values, respectively.While
all of them generate IRES expressions, they represent di�erent con-
texts in the ECMAScript speci�cation. For example, Expr represents
a context where any expression can appear, Cond denotes a context
where any boolean-valued expression can appear, and Value repre-
sents a context where a fully evaluated value can appear. The Ty

compile rule denotes type names and generates string primitives in
IRES. The Ref represents references such as identi�er lookup and
member accesses of map-like structures. It generates IRES reference
expressions. Finally, the SecNo compile rule denotes section num-
bers like 9.5.12, and it converts such numbers to corresponding
name strings like "ProxyExoticObject.Call".

4The URL of the tool is anonymized due to a double-blind review process.

5.3 Global Setting
We manually implemented Global Se�ing for ECMAScript 2020,
which has two parts: ECMAScript data types and built-in objects.

ECMAScript Data Types. In ECMAScript 2020, Section 6 EC-
MAScript Data Types and Values describes data types used in the
speci�cation. It describes not only data types explicitly exposed for
JavaScript evaluation, but also all the internal data types used in
the speci�cation. For example, the Environment Records are record
types from identi�ers to bindings for values. They are not explicitly
accessible in JavaScript programs but de�ned and used internally
in the speci�cation.

Each ECMAScript data type has several �elds to store their rel-
evant values. We should implement such structures in order to
correctly evaluate JavaScript programs, but �elds of ECMAScript
data types could be abstract algorithms. We call them method-like
abstract algorithms because they implicitly get their receiver ob-
jects as arguments at callsites. To mimic such implicit behavior, we
added a special variable this as the �rst parameter of a method-
like abstract algorithm, and passed a receiver object at its callsite
by modifying Algorithm Compiler. For example, an Environment
Record has the DeleteBinding (N) abstract algorithm as one of its
�elds. Then, it gets two parameters, the special parameter this and
normal one N. Thus, the following algorithm step:

is compiled into the following IRES instruction:

return DclRec.DeleteBinding(DclRec, N)

Built-in Objects. In ECMAScript, built-in objects are pre-de�ned
functions with several built-in functions. For example, Array is the
constructor of array objects, and its prototype Array.prototype has
built-in functions for array objects. For instance, [1,2,3].flat()
calls the Array.prototype.flat built-in function with the array
[1,2,3]. Because built-in functions are also abstract algorithms,
each of them is automatically converted to an IRES function. How-
ever, the structures of built-in objects should be manually imple-
mented. Thus, we implemented built-in objects in Scala and con-
nected their properties with the extracted IRES functions. Some
built-in objects that are explicitly referenced in abstract algorithms
are intrinsic objects, which have their own aliased names summa-
rized in Table 7 of Section 6.1.7.4Well-Known Intrinsic Objects. We
extracted the alias intoGlobal Se�ing to utilize it during evaluation.

6 EVALUATION
We evaluate JISET based on the following four research questions:

• RQ1. E�ectiveness: Does JISET e�ectively reduce manual ef-
forts in extracting the syntax and semantics from existing EC-
MAScript speci�cations?
• RQ2.Correctness:Do the extracted syntax and semantics from
ECMAScript 2020 behave correctly?
• RQ3. Adaptability: Is JISET applicable to incomplete feature
proposals?
• RQ4. Usefulness: Does JISET detect any speci�cation errors?

8
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Evaluation - Semantics
• Test262 - Official ECMAScript test suite
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Table 2: Number of productions in speci�cations, from all
of which JISET automatically generated parsers

Version 2016 2017 2018 2019 2020 avg.

# Lexical prod. 78 78 78 81 81 79.2
# Syntactic prod. 157 167 167 174 175 168

Old version 2016 2017 2018 2019 avg.New version 2017 2018 2019 2020

� # Lexical prod. 3 5 6 0 4.7
� # Syntactic prod. 140 15 8 2 55

(a) Results for existing versions

(b) Results for di�erences between adjacent versions

Figure 8: Number of abstract algorithm steps in speci�ca-
tions, from which JISET generated the JavaScript semantics

6.1 E�ectiveness
We evaluate the e�ectiveness of JISET by applying it to the most
recent �ve versions of the ECMAScript speci�cations, ECMAScript
2016 to 2020.Wemeasured for howmany grammar productions and
steps in abstract algorithms JISET automatically generates parsers
and semantics, respectively, in two respects: 1) in each version and
2) in each di�erence between adjacent versions.

For syntax, JISET automatically generated parsers for all the
productions. As Table 2 shows, the average numbers of lexical and
syntactic productions are 79.2 and 168, respectively. Also, the aver-
age numbers of annually updated lexical and syntactic productions
between adjacent versions are 4.7 and 55, respectively.

Table 3: Testing results of Test262 for ECMAScript 2020

All Test262 Tests 36,794

Annexes/Internationalization 1,774
In-progress features 5,895

ECMAScript 2020 Tests 29,125

Non-strict mode tests 1,136
Module tests 918
Early error tests 1,316
Inessential built-in object tests 6,473

Applicable Tests 19,282

Passed tests 19,220
Failed tests 62

For semantics, Figure 8 shows that JISET automatically extracted
semantics with the 91.60% success rate on average for existing spec-
i�cations, and 90.43% for updates. We found that algorithm steps in
built-in libraries have lower success rates (86.98% for speci�cations
and 86.09% for updates) than core language semantics (95.35% for
speci�cations and 95.25% for updates) because of diverse writing
styles in describing their own speci�c functionalities.

This results show that JISET e�ectively reduces the e�orts to ex-
tract the syntax and semantics of JavaScript not only for developing
them from scratch, but also for updating existing ones.

6.2 Correctness
To evaluate the correctness of JISET, we developed a JavaScript
interpreter based on the extracted syntax and semantics from EC-
MAScript 2020. Among 9,657 steps in ECMAScript 2020, 8,926 steps
are automatically compiled via Algorithm Compiler. Among the
remaining 731 steps, we selected 381 steps that are essential to
the core semantics and manually implemented their corresponding
IRES functions via the Fault Localizer introduced in Section 4.4.
Moreover, we implement the Global Se�ing except the excluded
language features discussed in Section 5.1.

We tested the interpreter using Test262, the o�cial conformance
test suite provided by TC39, as of August 6, 2019. Because Test262
contains tests for extensions and in-progress features, we excluded
them to focus on the semantics of ECMAScript 2020. As Table 3
shows, Test262 consists of 36,794 tests and we excluded 7,669 tests
for extensions and in-progress features. We also �ltered out tests for
excluded features described in Section 5. Finally, we tested 19,282
applicable tests and only 62 tests failed. Among them, 54 tests
utilize implementation-dependent features, three are timeout with
20 minutes due to enormous computation, and �ve are wrong tests.
Thus, we believe that all the semantics extracted from JISET are
correct.

6.3 Adaptability
We show the adaptability of JISET with one case study: applying it
to an incomplete feature proposal. Because ECMAScript is an open
standard language, various proposals are available with their own
speci�cation changes and tests. A separate repository [5] main-
tains such proposals with six di�erent stages: Stage 0 to Stage 3,
Finished, and Inactive. Each proposal starts with Stage 0, and the
TC39 committee regularly examines Stage 3 proposals to decide
their next stages. If a proposal is con�rmed, the committee changes

9

https://github.com/tc39/test262

5 Wrong

54 Impl. Dep
3 Timeout (20 min.)

https://github.com/tc39/test262
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JavaScript 
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JSAVER
<latexit sha1_base64="hTs0dKZaocYd9lwBWXViL7nvzcA="></latexit>
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ECMAScript 
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Semantics

IRES
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1. Automatic Semantics Extraction

2. Symbolic Heap Abstraction 
    (Future Work)
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JSAVER
• JavaScript Static Analyzer Via ECMAScript Representations
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Usability of JSAVER
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Analysis of JavaScript Web Applications Using SAFE 2.0  
(Published in ICSE’17 Demonstrations Track)

Pluggability Extensibility Debuggability

[a, b]

{x}

(.*)pre-

-post

+ | � | 0

{x}

(.*)pre-

-post

+ | � | 0 [a, b]



/ 45Update-Tolerant JavaScript Static Analysis for Frequently Released ECMAScript

Scalability of JSAVER
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x = {}; 
x.__proto__ = 
  Array.prototype; 
x.length = 0;

"ArrayCreate" (length, proto) => { ... } 
"Elision.ArrayAccumulation" () => { ... } 
"OrdinaryDefineOwnProperty" (O, P, Desc) => { ... } 
"IsExtensible" (O) => { ... } 
... 

"ArrayLiteral0.Evaluation" (Elision) => { 
  let array = ! (ArrayCreate 0) 
  if (! (= Elision absent)) { 
    let len = (Elision.ArrayAccumulation array 0) 
    ? len 
  } 
  return array 
}

[];

Hand-written

Compiler

Synthesized

Compiler

IRES
<latexit sha1_base64="R/0b8ZQoW8Lni9OuZNe/KIPqUYs="></latexit>

IR
<latexit sha1_base64="a1AtzcdvOkVxpC3SyeYAQVx/3CE="></latexit>

|| IR || << || IRES ||
<latexit sha1_base64="pETKJ6CoAW3QnqBzuNymQ5O69bo="></latexit>
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Dynamic Features in JavaScript

• Open objects


• First-class functions


• First-class property names 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let o = { p: 1 }; 
o.q = 2; delete o.p;

let f = (g) => g(42); 
f(x => x+1); f(x => x*2);

let o = { x7: 42 }; 
o['x' + (3 + 4)];

Heap 
Abstraction
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Allocation-Site Abstraction
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Only Weak Updates

function f(n) { 
  return {p: n + 7}; // a0 
} 
let x = f(0); 
let y = f(1); 
let z = f(2); 
z.p = 42;

An example code

Global abstract heap

x -> a0 
y -> a0 
z -> a0

a0 -> {p: 7,8,9,42}

n   -> {0,1,2} 
RET -> a0

a0 -> {p: 7,8,9}
Abstract heap for f

H
]

<latexit sha1_base64="M4RD+ulZFBedPjbmzFa5GQBB2z8="></latexit>

E]
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Recency Abstraction
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Strong Updates for Recent Objects

An example code

Global abstract heap

x -> a0:o 
y -> a0:o 
z -> a0:r

a0:o -> {p: 7,8,9} 
a0:r -> {p: 42}

n   -> {0,1,2} 
RET -> a0:r

a0:o -> {p: 7,8,9} 
a0:r -> {p: 7,8,9}

Abstract heap for f

H
]
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function f(n) { 
  return {p: n + 7}; // a0 
} 
let x = f(0); 
let y = f(1); 
let z = f(2); 
z.p = 42;
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Recency Abstraction
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Revisiting Recency Abstraction for JavaScript: 
Towards an Intuitive, Compositional, and Efficient Heap Abstraction 

(Published in SOAP’17)
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Symbolic Heap Abstraction
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function f(n) { 
  return {p: n + 7}; // a0 
} 
let x = f(0); // c0 
let y = f(1); // c1 
let z = f(2); // c2 
z.p = 42;

An example code

Global abstract heap

x -> a0:c0 
y -> a0:c1 
z -> a0:c2

a0:c0 -> {p: 7} 
a0:c1 -> {p: 8} 
a0:c2 -> {p: 42}

n   -> ωn 
RET -> a0:⊥

a0:⊥ -> {p: ωn + 7}
Abstract heap for f

ωn -> {0,1,2}⌦
<latexit sha1_base64="RLXnSaRS8ky9yP0cdtEqYIMJaPc="></latexit>

H
]

<latexit sha1_base64="M4RD+ulZFBedPjbmzFa5GQBB2z8="></latexit>

E]
<latexit sha1_base64="G3w9UGJqghGwDZkIUFjNZAYwTws="></latexit>

H
]

<latexit sha1_base64="M4RD+ulZFBedPjbmzFa5GQBB2z8="></latexit>

E]
<latexit sha1_base64="G3w9UGJqghGwDZkIUFjNZAYwTws="></latexit>



/ 45Update-Tolerant JavaScript Static Analysis for Frequently Released ECMAScript

Abstract

45

JavaScript 
Program

JSAVER
<latexit sha1_base64="vq3RI6KogkUpYvUmqmq144TwWu8="></latexit>

Program 
Analysis

ECMAScript 
Specification Formal 

Semantics

IRES
<latexit sha1_base64="MU0zteZcY81uYufJ1Rk11FK4190="></latexit>JISET

<latexit sha1_base64="zGi1QbdUDUs/33xCKIKkVG8Re+U="></latexit>

1. Automatic Semantics Extraction

2. Symbolic Heap Abstraction 
    (Future Work)
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Size of ECMAScript Spec.
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Edition Date # Pages

1 1997/06 110

2 1998/06 117

3 1999/12 188

5 2009/12 252

5.1 2011/06 258

6 2015/06 566

7 2016/06 586

8 2017/06 885

9 2018/06 805

10 2019/06 764
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• Re-orderings are not always solutions
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Parsing Expression Grammar
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Timeout Test in Test262
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var x = [0, 1, 2]; 
x[4294967294] = 4294967294; 
x.length = 2; 

alert(x[0] === 0); 
alert(x[1] === 1); 
alert(x[2] === undefined); 
alert(x[4294967294] === undefined);

test262/test/built-ins/Array/length/S15.4.5.2_A3_T4.js


