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JavaScript is Dominating
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JavaScript Complex Semantics

function f(x) { return x == !x3; }

Always return false?
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JavaScript Complex Semantics

function f(x) { return x == !x; }
Always return false?

NO!!

f(Ll) — [1 == !'[]
[ ]

—> == false
-> +[] == +false
—_> @ p——

-> True
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ECMAScript: JavaScript Specification
secma

The standards for JavaScript are the[ECMAScript Language Spedification]
(ECMA-262) and the ECMAScript Internationalization API specification &2 (ECMA-
402). The JavaScript documentation throughout MDN is based on the latest draft

versions of ECMA-262 and ECMA-402. And in cases where some proposals for
new ECMAScript features @ have already been implemented in browsers,

documentation and examples in MDN articles may use some of those new features.

https://developer.mozilla.org/en-US/docs/Web/JavaScript
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Fast Evolving JavaScript

1996 1998 2000 2002 2004 2008 2010 2012 20

2015 - ES6
_ classes, modules, etc.

1997 - ES1 2011 - ES5.1

First edition L 2017 - ES8
Editorial . . .
ch object manipulation, etc.

;99?5' ESS? anges 2019 - ES10
SgEX, String, 2021 - ES12

Try/catch, etc

1998 - ES2
Editorial
changes

ECMAScript 2021 (ES12) - 884 pages

Prograaming Language g
Research Group ~

4 2016 2018 2020 2022

2009 - ES5 _; ES.Next
getters/setters, | 2020 - ES11
strict mode, | 2018 - ES9
exceptions, etc | 2016 - ES7

: destructuring patterns, etc.
{ Annual Releases
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JavaScript Specification and Tools

Prograaming Language g
Research Group ~

Parser Engine
Longisge Specinication Sym bOIiC
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ECMAScript Tools
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JavaScript Specification and Tools

Prograaming Language g
Research Group ~
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Co-evolution of JavaScript Spec. and Tools

JavaScript Type Analysis JavaScript
Debugger for Specification Static Analysis
S 3 T S )
' JSDebug  — JSTAR ' JSAVER
Ongoing Work Type Info. On Review Ongoing Work
Mechanized Spec. Conformance Test
emj Extraction ez Synthesis ™
— o </>
— JISET i JEST —>
. Mechanized .
Distinguished Paper
Award!!
ECMAScript
Automatic Update i i
» JSUPER 1
S ’ Execution
Ongoing Work Traces
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Co-evolution of JavaScript Spec. and Tools

Mechanized Spec. Conformance Test
,ecmaj Extraction secma Synthesis v
o </>
— JISET i | ——]  JEST —>
. Mechanized .
Distinguished Paper
Award!!
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Co-evolution of JavaScript Spec. and Tools

Mechanized Spec. Conformance Test
,ecmab‘ Extraction setma Synthesis v
o </>
e JISET o2 | —— |  JEST —
. Mechanized .
Distinguished Paper
Award!!
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JISET: JavaScript IR-based Semantics
Extraction Toolchain
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|IR-based Semantics Extraction

eCma

ECMAScript

JavaScript
Program

JavaScript

Parser

Prograaming Language g
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|IR-based Semantics Extraction

12.2.5.3 Runtime Semantics: Evaluation
ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).
2. Let pad be the ElisionWidth of Elision; if Elision is not
ArrayLiteral (Yield, Await] : present, use the numeric value zero.
3. Perform Set(array, "length", ToUint32(pad), false).
4. NOTE: The above Set cannot fail because of the nature of
the object returned by ArrayCreate.

[ Elisiongpe ]

[ ElementUSt[?Yield, ?Await]

[ ElementList[ 2Yield, ?Await] * I;"lisionopt ] 5. Return array.
The production of ArraylLiteral in ES10 The Evaluation algorithm for the first alternative of ArrayLiteral in ES10
1 ’
| - A
MANUAL Implementation ;_
1 ’
: x = {};
[ ] ] JavaScript AST-IR X._ _proto__ =
, "
Parser JavaScript Translator ?F l’ayr-] DEO’C?’EYDG ;
AST X. length = 0;
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12.2.5.3 Runtime Semantics: Evaluation

O u r Ap p rO aC h ArrayLiteral : [ Elision |

1. Let array be ! ArrayCreate(0).
2. Let pad be the ElisionWidth of Elision; if Elision is not

ArrayLiteral ;vic14q, await] ° present, use the numeric value zero. " ea
[ Elisiong . | 3. Perform Set(array, "length", ToUint32(pad), false). A .
[ ElementList : 4. NOTE: The above Set cannot fail because of the nature of
| [?¥ield, 7Await] o the object returned by ArrayCreate.
[ ElementList;oyic1d, 2await) ¢ Elisiong . ] 5. Return array.
The production of ArraylLiteral in ES10 The Evaluation algorithm for the first alternative of ArrayLiteral in ES10 #
]
4
4

| IRes

t (Intermediate ¢
I Representation }
{ for ECMAScript) |

JISET

JavaScript IR-based Semantics Extraction Toolchain

74
let array =
[1: JavaScript AST-IR ArrayCreate(0)
’ Parser JavaScript Translator let pad = ...
AST
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Syntax - Parser Synthesis

Prograaming Language g
Ressarch Group ~

A:=B|C

BNFEes

Parser
Generator

JavaScript
Parser

ArrayLiteml[Yield, Await ]
[ Elisiongpe ]
[ ElementLiSt[?Yield, ?Await] ]

[ ElementList;>yie14, 2await) ¢ Elsiongge 1]

The production of ArrayLiteral in ES10

Parsing Expression

Grammar (PEG) ‘

type P[T] = List[Boolean] => LAParser|[T]
lazy val ArrayLiteral: P[ArrayLiteral]l = memo {
case List(Yield, Await) =>
"[" ~ opt(Elision) ~ "]"
~ ArraylLiteral@
"[" ~ ElementList(Yield, Await) ~ "]"
~ ArraylLiterall
"[" ~ ElementList(Yield, Await)
~ ", " ~ opt(Elision) ~ "]"
~ ArraylLiteral?

The generated parser for ArrayLiteral in ES10
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Syntax - Parser Synthesis

ArrayLiteral | y;c14, await)

A:=B|C [ Elisiongp: ]

[ ElementLiSt[?Yield, ?Await] ]
BNFes

[ ElementList;;yic14, »await] ¢ EliSiOngne ]

The production of ArrayLiteral in ES10

P Parsing Expression N Lookahead
arser Grammar (PEG) Parsing

Generator

type P[T] = List[Boolean] => LAParser|[T]
lazy val ArrayLiteral: P[ArrayLiteral]l = memo {
case List(Yield, Await) =>
"[" ~ opt(Elision) ~ "]"
. ~ ArraylLiteral@
JavaScript - mmmmee==a [" ~ ElementList(Yield, Await) ~ "]"
Parser ~~ ArraylLiterall
"[" ~ ElementList(Yield, Await)
~ " " ~ opt(Elision) ~ "]"
~ ArraylLiteral?

The generated parser for ArrayLiteral in ES10
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Syntax - Lookahead Parsing

first, (s1---sn) = firsts(sy) :+ firstg(sy - - - s5,)

O .
Wherex:+y:{ xUy dfocx

X otherwise
firsts(e) = {o}
firsts(a) = {a}
firstg(A(aq, - - -, ag)) = first, (1) U - - - U first, (ay,)
where A(ay, ---,ar)=0o1 | - | an
firsts(s?) = firsts(s) U {o} Algorithm for
firsts(+s) = first;(s) lookahead parsing
firsts(—s) = {o}
firsts(s\s’) = first(s)
firsts((-LT)) = {o} (s1- - sn)[L] = syfirsts(sz - - - sp) =+ L] (s1- - - sp)[L]
e|L] = +get_(L)
_ a[L] =a +get (L)
Algorithm for Alay, -, a)[L1=oq[L] | - | an[L]
first tokens of BNFEgs where A(ay, - -, a)=a1 | - | an
s?[L] =s[L] | e[L]
(£s)[L] = =(s[L])
(s\s")[L] = s[L]\s’
<—ILT> = <—ILT> +getS(L)
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Syntax - Evaluation

Version ES7 | ES8 | ES9 | ES10 | Average
Lexical productions 78 78 78 81 78.75
Syntactic productions | 157 | 167 | 167 174 166.25
Old version ES7 | ES8 | ES9 Average
New version ES8 | ES9 | ES10 5
A # Lexical productions 3 5 6 4.67
A # Syntactic productions | 140 15 8 54.33
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Syntax - Evaluation

Version ES7 | ES8 | ES9

78 78 78
157 | 167 | 167

Pass all parsing tests

Lexical productions

Syntactic productions

in Test262
Old version ES7 | ES8 | ES9 Average
New version ESS | ES9 | ES10 5
A # Lexical productions 3 5 6 4.67
A # Syntactic productions | 140 15 8 54.33
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Semantics - Algorithm Compilation

12.2.5.3 Runtime Semantics: Evaluation
ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).

2. Let pad be the ElisionWidth of Elision; if Elision is not
present, use the numeric value zero.

3. Perform Set(array, "length", ToUint32(pad), false).

4. NOTE: The above Set cannot fail because of the nature of
the object returned by ArrayCreate.

5. Return array.

The Evaluation algorithm for the first alternative of ArraylLiteral in ES10

Prograaming Language g
Ressarch Group ~

¥

"ArraylLiteral®@.Evaluation" (Elision) => {
let array = ! (ArrayCreate 0)
if (= Elision absent) let pad = 0
else let pad = Elision.ElisionWidth
(Set array "length" (ToUint32 pad) false)
return array

}

The IRes function of the first alternative of ArrayLiteral in ES10

Algorithms

Algorithm
Compiler

IREs
Functions

AST-IR
Translator

4

manual

4

G

Compile
Rules

e
Global
Setting
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Semantics - Algorithm Compilation

12.2.5.3 Runtime Semantics: Evaluation
ArrayLiteral : [ Elision ]

1. Let array be ! ArrayCreate(0).

2. Let pad be the ElisionWidth of Elision; if Elision is not - Algorithms . manu al
present, use the numeric value zero. .' S T m mmm = -
3. Perform Set(array, "length", ToUint32(pad), false). \ ', — 1
4. NOTE: The above Set cannot fail because of the nature of ! (‘} 4 :
the object returned by ArrayCreate. £ Algorithm l’ T,
5. Return array. : £
y i| Compiler . | compile |t
The Evaluation algorithm for the first alternative of ArrayLiteral in ES10 3 I Rules ¢!
| . b
X ' i |
' I ao I
Z _ I .
"ArrayLiteral@.Evaluation" (Elision) => { L am =T IREs b Global I
let array = ! (ArrayCreate 0) == ¥ Functions i Setting I
if (= Elision absent) let pad = 0 f — & N
else let pad = Elision.ElisionWidth N — --
(Set array "length" (ToUint32 pad) false)
return array
} AST-IR

Translator

The IRes function of the first alternative of ArrayLiteral in ES10
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Parsing rules Conversion Rules

S = // statements
Let ~V ~ be ~E ~ . ™ Ilet

E = // expressions

I E ~ EAbruptCheck |
str ~ ( ~ E ~ ) A ECall |
num A L.toDouble

Simplified compile rules

Let array be | ArrayCreate ( 0 ) .

PLRG@ PS Lab Seminar - Towards Co-evolution of JavaScript Specification and Tools 19/ 35
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Parsing rules Conversion Rules

Is = // statements :

. Let ~V ~ be ~E ~ .}™ IlLet
FE = // expressions
¢y | E

str ~ ( ~E ~ )
num

EAA EAbruptCheck |
1~ ECall |
{~"~ _.toDouble

Simplified compile rules

Let array be | ArrayCreate ( 0 ) .
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Parsing rules Conversion Rules

}s = // statements

let ~ VW ~ be ~ E ~ .1~ ILet

FE = // expressions
r | E

str ~ ( ~ E ~ )
num

éAA EAbruptCheck |
i~~ ECall |
{~~ _.toDouble

Simplified compile rules

| str , V , str , ! , str , (, num, ) ,

ArrayCreate ( 0 ) .

@ —mllh = m m

Let arﬁzy be
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Parsing rules Conversion Rules

IS = // statements

FE = // expressions
it ' E

str ~ ( ~ E ~ )
num

L WAV

ILet

EAbruptCheck |
ECall |
_.toDouble

Let

PLRG{ PS Lab Seminar - Towards Co-evolution of JavaScript Specification and Tools

Simplified compile rules

V , str ,
array  be

@ ——ummg - e o ]

, str ,

ArrayCreate
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Parsing rules Conversion Rules

S = // statements i
Let ~V ~ be ~E ~ . ™{IlLet

E = // expressions ; f
I E *YEAbruptCheck | &
str ~ ( ~E ~ ) ~MEECall ]
num ~y

Simplified compile ules

[ str , V , str , ! , str , (, num, ) , . |

@ ——ummg - oo

Let array be ArrayCreate ( 0 )
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Parsing rules Conversion Rules

S = // statements i
Let ~V ~ be ~E ~ . ™}

ILet

E = // expressions ; f
I E *YEAbruptCheck | &
str ~ ( ~E ~ ) ~EECall | §
num ~i _.toDouble |

ILet(array, EAbruptCheck(
ECall("ArrayCreate", 0)))

Simplified compile ules

[ str , V , str, ! , str , (, num, ) , . |

Let array be | ArrayCreate ( 0 )
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Parsing rules Conversion Rules

let array = ! (ArrayCreate 0)

t

ILet(array, EAbruptCheck(
ECall("ArrayCreate", 0)))

S = // statements i
Let ~V ~ be ~E ~ . ™}

ILet

E = // expressions ; f
I E *YEAbruptCheck | &
str ~ ( ~E ~ ) ~EECall | §
num ~ni_.toDouble |

Simplified compile ules

[ str , V , str, ! , str , (, num, ) , . |

Let array be | ArrayCreate ( 0 )
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Semantics - Evaluation

The number of compile rules

B auto
L: Core Language Semantics B: Built-in Libraries

B manual

8456 / 8915 (94.85%)
4815 / 5001 (96.28%)

3641 / 3914 (93.03%)

9113 / 9636 (94.57%)
4997 / 5159 (96.86%)

4116 / 4477 (91.94%)

9467 / 9930 (95.34%)
5335 / 5472 (97.50%)

4132 / 4458 (92.69%)

9627 / 10101 (95.31%)
5407 / 5544 (97.53%)

4220 / 4557 (92.60%)

T: Total

Name # Rules
T
ES7 |

Statment

B
Expression T
ES8 |
Condition B
T
Value ESS L
B
Type T
ES10 |
Reference B
T
Total Average
B

QS

<on 30 %
000 000 000

J
Op 0

Prograaming Language g
Research Group ~

PS Lab Seminar - Towards Co-evolution of JavaScript Specification and Tools

9165.8 / 9645.5 (95.03%)
5138.5 / 5294 (97.06%)

4027.3 / 4351.5 (92.55%)
N)

6, 2, 85 9, Ip 15 > 1
“Q0p *90p %05 *%0p %09 % 09, %05, 00, > 0,

# Steps
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Semantics - Evaluation

The number of compile rules B auto B manual ‘
T: Total L: Core Language Semantics B: Built-in Libraries
Name # Rules
T 8456 / 8915 (94.85%)
Statment ES7 L 4815 / 5001 (96.28%)
B 3641 / 3914 (93.03%)
Expression T 9113 / 9636 (94.57%)
ESS L 4997 / 5159 (96.86%)
Condition B 4116 / 4477 (91.94%)
T 9467 / 9930 (95.34%)
Value ESY L 5335 / 5472 (97.50%)
B 4132 / 4458 (92.69%)
Type T 9627 / 10101 (95.31%)
ES10 | 5407 / 5544 (97.53%)
Reference B 4220 / 4557 (92.60%)
T 9165.8 / 9645.5 (95.03%)
Total Average | 5138.5 / 5294 (97.06%)
B 4027.3 / 4351.5 (92.55%)
0 Lo, <0n305.%0,.505 %0, %05 S0, 20, %0, 42, 12, <3
00 P00 %00 *%0p 09 %0 *%0p %09 *%0p *0p,* 00, ~ 00,00,
# Steps
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Semantics - Evaluation
* Test262 - Official ECMAScript test suite

16,355 / 18,064
(90.54%)

292 / 303 (96.37 %)

Prograaming Language g
Ressarch Group ~

Name Feature Description Known Created Resolved  Existed # Fails
. Missing the async-iterate case in the assertion of
ES10-1 Iteration ForIn/OfHeadEvaluation X 2018-02-16 | 2020-03-25 768 days | 1,116
ES10-2 Condition Ambiguous grammar production for the dangling else problem in X 2015-06-01 TBD TBD :
IfStatement
ES10-3 String Wrong use of the = operator in StringGetOwnProperty X 2015-06-01 | 2020-05-07 | 1,802 days 7
ES10-4 | Completion | Unhandling abrupt completion in Abstract Equality Comparison X 2015-06-01 | 2020-04-28 | 1,793 days 9
ES10-5 | Completion | Unhandling abrupt completion in Evaluation of EqualityExpression O 2015-06-01 | 2019-05-02 | 1,431 days 2
ES10-6 Await Passmg a value of wrong type to the second parameter of o 2019-02-27 | 2019-04-13 45 days | 1,204
PromiseResolve
ES10-7 Function No semantics of IsFunctionDefinition for function(...){...} O 2015-10-30 | 2020-01-18 | 1,541 days 306
ES10-8 Function No semantics of ExpectedArgumentCount for the base case of o 2016-11-02 | 2020-02-20 | 1,205 days 81
FormalParameters
ES10-9 | Iteration | L0 Semantics of VarScopedDeclarations for O | 2018-02-16 | 2019-10-11 | 602 days 0
for await(var x of e){...}
Name Feature Description Known Created Resolved  Existed # Fails
Using th iable oldvalue instead of oldValue i
Biglnt-1 | Expression | . b ¢ Wrong vatiabie 01avatue instead of 01avatie m X | 2019-09-27 | 2020-04-23 | 209 days | 533
Evaluation of UpdateExpression
: Using ToInt32 instead of ToUint32 in
-2 -09-2 2020-04-2 2 2
Biglnt Number Number::unsignedRightShift X 2019-09-27 020-04-23 09 days
Biglnt-3 Number Unhandling BigInt values in the Number constructor O 2019-09-27 | 2019-11-19 53 days 1
PS Lab Seminar - Towards Co-evolution of JavaScript Specification and Tools 22 / 35



Semantics - Evaluation
* Test262 - Official ECMAScript test suite

Name Feature Description Known Created Resolved  Existed # Fails
16,355/ 18,064 B Missing the async-iterate in th tion of
ES10-1 | Iteration 1SSIIE the asyne-1 case 1 the assertion o X | 2018-02-16 | 2020-03-25 | 768 days | 1,116
(90.54 0/0) ForIn/OfHeadEvaluation ’
U F———— ES10-2 Condition 3;?::5:12;1: grammar production for the dangling else problem in X 2015-06-01 TBD TBD )
.'5 9 bugS in ES10 ; ES10-3 String Wrong use of the = operator in StringGetOwnProperty X 2015-06-01 | 2020-05-07 | 1,802 days 7
SEmemnhthniun  EEEGEEE—— ES10-4 | Completion | Unhandling abrupt completion in Abstract Equality Comparison X 2015-06-01 | 2020-04-28 | 1,793 days 9
ES10-5 | Completion | Unhandling abrupt completion in Evaluation of EqualityExpression O 2015-06-01 | 2019-05-02 | 1,431 days 2
, Passing a value of wrong type to the second parameter of
18,064 / 18,064 ES10-6 Await PromiseResolve O 2019-02-27 | 2019-04-13 45 days | 1,294
(1 00 000 A) ) ES10-7 Function No semantics of IsFunctionDefinition for function(...){...} O 2015-10-30 | 2020-01-18 | 1,541 days 306
ES10-8 Function No semantics of ExpectedArgumentCount for the base case of o 2016-11-02 | 2020-02-20 | 1,205 days 81
FormalParameters
ES10-9 | Iteration | L0 Semantics of VarScopedDeclarations for O | 2018-02-16 | 2019-10-11 | 602 days 0
for await(var x of e){...}
202 / 303 (96 37 0/0) Name Feature Description Known Created Resolved  Existed # Fails
] , , Using the wrong variable oldvalue instead of oldValue in
BigInt-1 | Expression Evaluation of UpdateExpression X 2019-09-27 | 2020-04-23 209 days 533
: Using ToInt32 instead of ToUint32 in

-2 -09-2 2020-04-2 2

Biglnt Number Number::unsignedRightShift X 2019-09-27 020-04-23 209 days
Biglnt-3 Number Unhandling BigInt values in the Number constructor O 2019-09-27 | 2019-11-19 53 days 1
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Semantics - Evaluation
* Test262 - Official ECMAScript test suite

Name Feature Description Known Created Resolved  Existed # Fails
16,355 / 18,064 B Missing the async-iterate in th tion of
ES10-1 | Iteration 1SSINE t1e asy case 1 HHE assertion o X | 2018-02-16 | 2020-03-25 | 768 days | 1,116
(90.54 0/0) ForIn/OfHeadEvaluation ’
U F———— ES10-2 Condition 3;?::5:12;1: grammar production for the dangling else problem in X 2015-06-01 TBD TBD )
.'5 9 bugS in ES10 ; ES10-3 String Wrong use of the = operator in StringGetOwnProperty X 2015-06-01 | 2020-05-07 | 1,802 days 7
Guamesireainisy ISR ES10-4 | Completion | Unhandling abrupt completion in Abstract Equality Comparison X 2015-06-01 | 2020-04-28 | 1,793 days 9
ES10-5 | Completion | Unhandling abrupt completion in Evaluation of EqualityExpression O 2015-06-01 | 2019-05-02 | 1,431 days 2
, Passing a value of wrong type to the second parameter of
18,064 / 18,064 ES10-6 Await PromiseResolve O 2019-02-27 | 2019-04-13 45 days | 1,294
(1 00 000 A) ) ES10-7 Function No semantics of IsFunctionDefinition for function(...){...} O 2015-10-30 | 2020-01-18 | 1,541 days 306
ES10-8 Function No semantics of ExpectedArgumentCount for the base case of o 2016-11-02 | 2020-02-20 | 1,205 days 81
FormalParameters
ES10-9 | Iteration | L0 Semantics of VarScopedDeclarations for O | 2018-02-16 | 2019-10-11 | 602 days 0
for await(var x of e){...}
202 / 303 (96_37 0/0) Name Feature . — o&is:{':l;gmt A— Known Created Resolved  Existed # Fails
! , , sing the wrong variable instead o in

R —— i Biglnt-1 Expression Evaluation of UpdateExpression X 2019-09-27 | 2020-04-23 209 days 233

3 buas in ES.Next | —_ Using ToInt32 instead of ToUint32 in o "
S ,‘. ORISR Biglnt-2 Number Number::unsignedRightShift X 2019-09-27" | 2020-04-23 209 days 2
{___ Biglnt-3 Number Unhandling BigInt values in the Number constructor O 2019-09-27 | 2019-11-19 53 days 1

303 / 303 (100.00%)
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Semantics - Evaluation
* Test262 - Official ECMAScript test suite

Existed

"ails

Name Feature Description Known Created Resolved
16,355 / 18,064 Missing the async-iterate in th tion of
ES10-1 | Iteration 1SSt the asy Case I TAE assertion o X | 2018-02-16 | 2020-03-25 | 768 days | 1,116
(90.54 0/0) ForIn/OfHeadEvaluation ’
N R ES10-2 Condition 3;1;:;5:122: grammar production for the dangling else problem in X 2015-06-01 TBD TBD :
.'5 9 bugS in ES10 ; ES10-3 String Wrong use of the = operator in StringGetOwnProperty X 2015-06-01 | 2020-05-07 | 1,802 days 7
SEmemnhthniun  EEEGEEEE— ES10-4 | Completion | Unhandling abrupt completion in Abstract Equality Comparison X 2015-06-01 | 2020-04-28 | 1,793 days 9
ES10-5 | Completion | Unhandling abrupt completion in Evaluation of EqualityExpression O 2015-06-01 | 2019-05-02 | 1,431 days 2
, Passing a value of wrong type to the second parameter of
18,064 / 18,064 ES10-6 Await PromiseResolve O | 2019-02-27 | 2019-04-13 45 days | 1,294
(1 00 000 A) ) ES10-7 Function No semantics of IsFunctionDefinition for function(...){...} O 2015-10-30 | 2020-01-18 | 1,541 days 306
ES10-8 Function No semantics of ExpectedArgumentCount for the base case of o 2016-11-02 | 2020-02-20 | 1,205 days 81
FormalParameters
ES10-9 | Iteration | L0 Semantics of VarScopedDeclarations for O | 2018-02-16 | 2019-10-11 | 602 days 0
for await(var x of e){...}
202 / 303 (96_37 0/0) Name Feature . — oais:{:jitplt A— Known Created  Resolved  Existed # Fails
! , , sing the wrong variable instead o in
R —— i Biglnt-1 Expression Evaluation of UpdateExpression X 2019-09-27 | 2020-04-23 209 days 233
3 buas in ES.Next | —_ Using ToInt32 instead of ToUint32 in o "
} © D SInES.vexty | BigInt-2 | Number Number:unsignedRightShift X | 2019-09-27 | 2020-04-23 | 209 days 2
{___ Biglnt-3 Number Unhandling BigInt values in the Number constructor O 2019-09-27 | 2019-11-19 53 days 1
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JEST: JavaScript Engine and
Specification Tester
[ICSE'21]



Test262: JavaScript Conformance Tests
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Test262: JavaScript Conformance Tests
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Evaluation

* JavaScript Specification

- ECMAScript 2020 (ES11) - released in June 2020
* JavaScript Engines

- V8 -v8.3 by Google

- GraaldS - v20.1.0 by Oracle

— QuickdS - 2020-04-12 by Fabrice Bellard

- Moddable XS - v10.3.0 by Moddable Tech Inc.
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RQ1: Coverage of Synthesized Tests

x original o fixed Test262

£ 25,000 - * 1,700 Synthesized Tests in 100 hours

g 20,000 - * Syntax Coverage: 97.79% (397 / 4006)

g 15,00  Semantics Coverage

T e e o o o o - Statement: 86.67% (21,230 / 24,495)
- Branch: 77.95% (7,480 / 9,596)

time (hours)

(a) Statement coverage

Test262

x original o fixed
$ 9,000 -
o -
§8,000
& 7,000 -
@ 6,000 -
v
§5,000
“ 4,000
* 3,000 A . . . l . . . . . .
O 10 20 30 40 50 60 70 80 90 100

time (hours)

B OQUFW . GIRRR O OBy PIRFWOOR Ox TKx X

(b) Branch coverage
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RQ2: Bug Detection in JavaScript Engines

TABLE II: The number of engine bugs detected by JEST

Engines | Exc | Abort | Var | Obj | Desc | Key | In | Total
V8 0 0 0 0 0 210 2
GraalJS 6 0 0 0 2 10| 16
QuickJS 3 0 1 0 0 210 6
Moddable XS | 12 0 0 0 3 5|10 20

Total | 21| O] 1| 0] 5| 17]0] 44
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RQ2: Bug Detection in JavaScript Engines

TABLE II: The number of engine bugs detected by JEST

Engines | Exc | Abort | Var | Obj | Desc | Key | In | Total

V8 0 0| O 0 0 210 2
GraalJS 6 0| O 0 2 |10 16
Quick]JS 3 0 1 0 0 2 10 6
Moddable XS | 12 0| O 0 3 5101 20
Total | 21 0 1 0 51 17 |0 | 44
function f (... { X =x }) { return x; } var y = f();

QuickdJS initializes 'x' with ‘'undefined' instead of throwing a 'ReferenceError!
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RQ2: Bug Detection in JavaScript Engines

TABLE II: The number of engine bugs detected by JEST

Engines | Exc | Abort | Var | Obj | Desc | Key | In | Total

V8 0 0| O 0 0 210 2
GraalJS 6 0| O 0 2 |10 16
Quick]JS 3 0 1 0 0 2 10 6
Moddable XS | 12 0| O 0 3 5101 20
Total | 21 0 1 0 51 17 |0 | 44
function f (... { X =x }) { return x; } var y = f();

QuickdJS initializes 'x' with ‘'undefined' instead of throwing a 'ReferenceError!

try { ++undefined; } catch(e) { }

GraalJS crashes with an exception 'java. lang.IllegalStateException'
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RQ3: Bug Detection in ECMAScript

Prograaming Language g
Ressarch Group ~

TABLE III: Specification bugs in ECMAScript 2020 (ES11) detected by JEST

Name \ Feature # Assertion Known Created Resolved  Existed

ES11-1 | Function |12 Key O 2019-02-07 | 2020-04-11 | 429 days
ES11-2 | Function 8 Key O 2015-06-01 | 2020-04-11 | 1,776 days
ES11-3 Loop 1 Exc O 2017-10-17 | 2020-04-30 | 926 days
ES11-4 | Expression | 4 | Abort O |2019-09-27 | 2020-04-23 | 209 days
ES11-5| Expression | 1 Exc O 2015-06-01 | 2020-04-28 | 1,793 days
ES11-6 Object 1 Exc X 2019-02-07 | 2020-11-05 | 637 days

@@ -12789,7 +12789,7 @@ <hl>Runtime Semantics: PropertyDefinitionEvaluation</hl>

1. Let _propKey_ be the result of evaluating |PropertyName].

1. ReturnIfAbrupt(_propKey_).

1. If IsAnonymousFunctionDefinition(|AssignmentExpression|) is *xtruex, then

1. Let _propValue_ be NamedEvaluation of |AssignmentExpression| with argument _propKey_.
1. Let _propValue_ be ? NamedEvaluation of |AssignmentExpression| with argument _propKey._.

1. Else,
1. Let _exprValueRef_ be the result of evaluating |AssignmentExpression].

1. Let _propValue_ be ? GetValue(_exprValueRef_).

https://github.com/tc39/ecma262/pull/2130/files

PS Lab Seminar - Towards Co-evolution of JavaScript Specification and Tools
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https://github.com/tc39/ecma262/pull/2130/files

RQ4: Accuracy of Bug Localization

* 64 out of 71 bugs are semantics bugs

30 -
)5 avg.:3.19, stdev.: 3.57
o e | I » <5 (53/64, 82,8%)
315 - | ——————- » < 10 (60/64, 93.8%)
** | | - » < 15 (63/64, 98.4%)
d | | |
5 - | | |
I I |
O 1 1 !.T-I I 1 ! I | 1 1 I-I | I 1 I
123456 7 8 91011121314151617 18192021 22232425
rank
Fig. 5: Ranks of algorithms that caused the bugs detected by
JEST
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