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Problem - Fast Evolving JavaScript
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[ASE 2020] J. Park et al., “JISET: JavaScript IR-based Semantics Extraction Toolchain”
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JISET - Patterns in Abstract Algorithms

JS

ArrayLiteral : [ ElemeniList, Elision . 1]

1. Let array be ! ArrayCreate(0).
2. Let nextindex be ? ArrayAccumulation of ElementList

with arguments array and 0.

3. If Elision is present, then
a. Perform ? ArrayAccumulation of Elision
with arguments array and nextindex.
4. Return array.
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JISET - Algorithm Compilers

Abstract algorithm for ArraylLiteral in ES13

ArrayLiteral : [ ElementList , Elision,,. 1]
1. Let array be ! ArrayCreate(0).

2. Let nextindex be ? ArrayAccumulation of ElementList
with arguments array and 0.

3. If Elision is present, then
a. Perform ? ArrayAccumulation of Elision
with arguments array and nextindex.
4. Return array.

JS
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JISET - Algorithm Compilers

Abstract algorithm for ArraylLiteral in ES13

Arraythera/ [ ElementList , E/’S’O”opt ]

1 Let array be 'ArrayCreate(O)

“OTTet nexiindex be @ ArravAccumulation of ElementList _
118 compile rules for

‘steps In abstract algorithms

with arguments array and 0.

3. If Elision is present, then
a. Perform ? ArrayAccumulation of EJision
with arguments array and nextinde

4. Return array. syntax def ArkayLiteral[2].Evaluation(

this, Element ist, Elision
)

a Y ‘V 12 .‘\V- ad

[ """ S ] 2 [? (ElementList.ArrayAccumulation array 0)]
il | I if (! (= Elision absent))

[? (Elision.ArrayAccumulation array nextIndex)]
return array

}

IRes function for ArraylLiteral in ES13
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[ASE 2021] J. Park et al., “dSTAR: JavaScript Specification Type Analyzer using Refinement”
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JSTAR - Specification Type Analysis

20.3.2.28 Math.round ( x)

1. Let 7 be ? ToNumber(x).

2. If n is an integral Number, return 7.
3. If x <0.5and x >0, return +0.

4. If x <0 and x =-0.5, return -0.

https://github.com/tc39/ecma262/tree/575149cfd77aebcf3al129e165bd89el14caafc31c
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JSTAR - Specification Type Analysis
20.3.2.28 Math.round ([]) < I b e

1. Let 7 be ? ToNumber(x).

2. If n is an integral Number, return .
3. If x <0.5and x >0, return +0.

4. If x <0 and x = -0.5, return -0.
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JSTAR - Specification Type Analysis
20.3.2.28 Math.round ([]) < I b e

Number | Exception

1. Let 7 be ? [loNumber(:)]

2. If n is an integral Number, return .

3. If x <0.5and x >0, return +0.

4. If x <0 and x = -0.5, return -0.
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JSTAR - Specification Type Analysis

20.3.2.28 Math.round () X : String | Boolean | Number | Object | ...
Filter Exception Number | Exception
1. Let 7 be

2. If n is an integral Number, return .

3. If x <0.5and x >0, return +0.

4. If x <0 and x = -0.5, return -0.
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JSTAR - Specification Type Analysis

20.3.2.28 Math.round () X : String | Boolean | Number | Object | ...
m l Filter Exception | Number | Exception

1. Let[]be[lToNumber()]

2. If n is an integral Number, return .

3. If and return +0. Type Error:
<, >,and >=

4. If|x <Ofand WS BIWIRIE orc numeric operators

https://github.com/tc39/ecma262/tree/575149cfd77aebcf3al129e165bd89el14caafc31c
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JSTAR - Specification Type Analysis

20.3.2.28 Math.round () X : String | Boolean | Number | Object | ...
m l Filter Exception | Number | Exception

1. Let[]be[lToNumber()]

2. If n is an integral Number, return .

3. If|x < 0.5|and return +0. Type Error: Math. round (true)
<, > and T>= ]
4. Ifand bl Il /o \umeric operators Math.round(false)

3. If[nk 0.5 and][i1}> 0, return +0. Math. round (true)

4. If 0 andz -0.5, return -0. Math.round(false)

i
=S

https://github.com/tc39/ecma262/tree/575149cfd77aebcf3al129e165bd89el14caafc31c
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https://github.com/tc39/ecma262/tree/575149cfd77aebcf3a129e165bd89e14caafc31c

JSTAR - Evaluation

* Type analysis on 864 versions of ECMA-262 in 3 years

59.2%

Precision

93 Errors
Detected

Precision = (# True Bugs) / (# Detected Bugs)

Checker | Bug Kind no-refine refine A
UnknownVar 17 /7 60 17731 / -29
Reference 5 Hiicateavar | %2/ 1% 257461/ 78 [ge7a7 ™'/ 2 74
Arity MissingParam 4/ 4 4/ 4| 4/ 4 4/ 4 / /
Assertion | Assertion 4/ 56 4 /56| 4/31 4 /31 / -25 / -25
NoNumber 2 /65 2/ 6 / -59
Operand Abrupt 22 /113 507 43 22 [ 44 50733 / -69 10
Total 92 /279 (33.0%) 93 / 157 (59.2%) | +1/-122 (+26.3%)
Name Feature # Checker Created Life Span
ES12-1 Switch 3 | Reference | 2015-09-22 | 1,996 days
ES12-2 Try 3 | Reference | 2015-09-22 | 1,996 days
ES12-3 | Arguments | 1 | Reference | 2015-09-22 | 1,996 days 14 New Bugs
ES12-4 Array 2 Reference 2015-09-22 1,996 days In ES2021
ES12-5 Async 1 | Reference | 2015-09-22 | 1,996 days
ES12-6 Class 1 | Reference | 2015-09-22 | 1,996 days
ES12-7 Branch 1 | Reference | 2015-09-22 | 1,996 days
ES12-8 | Arguments | 2 Operand 2015-12-16 | 1,910 days
’VPLRG PLSS 2025
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags )

1. Let patternlsRegExp be ? IsRegExp(pattern).

2. ..
b. If patternlsRegExp 1s true and flags 1s undefined, then

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then

a. Let P be ? Get(pattern, "source").

’VNPLRG PLSS 2025 16/ 30
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags )
® pattern: ESValue

1. Let patternlsRegExp be ? IsRegExp(pattern).

2. ..
b. If patternlsRegExp 1s true and flags 1s undefined, then

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then

a. Let P be ? Get(pattern, "source").
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags )
® pattern: ESValue

1. Let patternlsRegExp be ? IsRegExp(pattern).

2. ..
b. If patternlsRegExp 1s true and flags 1s undefined, then

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then requires Object

a. Let P be ? Get(pattern, "source").

requires Object
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags ) Normal[Boolean]
{ Normal[True] => pattern: Object}

® pattern: ESValue
1. Let patternlsRegExp be ? IsRegExp(pattern). o RETURN

2. ..
b. If patternlsRegExp 1s true and flags 1s undefined, then

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then requires Object

a. Let P be ? Get(pattern, "source").

requires Object
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags ) Normal[Boolean]
{ Normal[True] => pattern: Object}

® pattern: ESValue
1. Let patternlsRegExp be |)|IsRegExp(pattern). o RETURN

patternlsRegExp: Boolean { True => pattern: Object }

._
pattern: ESValue

2. ..
b. If patternlsRegExp 1s true and flags 1s undefined, then

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then requires Object

a. Let P be ? Get(pattern, "source").

requires Object
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags ) Normal[Boolean]
{ Normal[True] => pattern: Object}

® pattern: ESValue
1. Let patternlsRegExp be [)|IsRegExp(pattern). o RETURN

patternlsRegExp: Boolean { True => pattern: Object }

._
pattern: ESValue

2. ..
b. If patternlsRegExp|is trueland flags 1s undefined, then

patternlsRegExp: True { True => pattern: Object }

® .
pattern: ESValue = pattern: Object

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsRegExp is true, then requires Object

a. Let P be ? Get(pattern, "source").

requires Object
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JSTAR - Occurrence Typing (On Going)

22.2.4.1 RegExp ( pattern, flags ) Normal[Boolean]
{ Normal[True] => pattern: Object}

® pattern: ESValue
1. Let patternlsRegExp be [)|IsRegExp(pattern). o RETURN

patternlsRegExp: Boolean { True => pattern: Object }

._
pattern: ESValue

2. ..
b. If patternlsRegExp|is trueland flags 1s undefined, then

patternlsRegExp: True { True => pattern: Object }

® .
pattern: ESValue = pattern: Object

1. Let patternConstructor be ? Get(pattern, "constructor").

5. Else if patternlsReg Exp|is true| then requires Object

patternlsRegExp: True { True => pariern: Object }
pattern: ESValue = pattern: Object

o——

a. Let P be ? Get(pattern, "source").

requires Object
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Conformance of JavaScript Engines
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JEST
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JEST

(JavaScript Engines and Specification Tester) Specification
Coverage

Syntax-directed &

: Program Final State-based
FRLEI S ‘J EST Mutator Assertions

o _J

Ty
( )
QMechanized Seed Program Assertion Conformance
Specification Synthesizer _ Pool ) Injector Tests

Program Pool

¢ o o let x =1 + 2;
assert(x == 3); e
I-Et X _ 42; o [ ) o ([ o [ ]
assert(x == 42); let x = !'[]:
* o o assert(x == false):
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JEST - Specification Coverage

ApplyStringOrNumericBinaryOperator ( [val, opText, rval )

3. Let [num be ? ToNumeric(/val).

4. Let rnum be ? ToNumeric(roval).

5. If Type(lnum) is not Type(rnum), throw a TypeError exception.
6. If [num is a Biglnt, then

7. Else,
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JEST - Feature-Sensitive Coverage

ApplyStringOrNumericBinaryOperator ( [val, opText, rval )

3. Let [num be ? ToNumeric(/val).

4. Let rnum be ? ToNumeric(roal).

5. 1 Type(/num) is not Ty pe(un)throw a TypeError exception|
6. If [num is a Bigint, then

Language
Features
. . 1S N 3S “ 1S
Addition 3+ 2 1n + 2n 17 + 2n
Subtraction 4 — 7 2= 7n — 2n _ In - 23 2
. JS JS JS
Multiplication 2 % O On *x 3n 3n x 45

[PLDI 2023] J. Park et al., “Feature-Sensitive Coverage for Conformance Testing of Programming Language Implementations”
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JEST - Evaluation

42 Bugs 94 Bugs
In Engines In Transpilers

Kind Name Version Release # Detected Unique Bugs
# New | # Confirmed | # Reported
V8 v10.8.121 | 2022.10.06 3 3 4
JSC v615.1.10 | 2022.10.26 26 26 26
Engine GraalJS v22.2.0 2022.07.26 11 11 11
SpiderMonkey | v107.0b4 2022.10.24 2 4 4
Total 42 44 45
Babel v7.19.1 2022.09.15 37 37 39
SWC v1.3.10 2022.10.21 37 37 47
Transpiler | Terser v5.15.1 2022.10.05 19 19 19
Obfuscator v4.0.0 2022.02.15 1 2 7
Total 94 95 112
Total 136 139 157
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[FSE 2025 Demo] M. Choe et al., “JSSpecVis: A JavaScript Language Specification Visualization Tool”

f FSE 2025 Demo ¢

ASE 2021 _ »
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Specification "j ) ~" Spec. ;"’-
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," AN 4 P T A T e e S R e ST
ASE 2020
ECMA-262 echanized
(JS Spec.) JISET Specification
Mechanized Spec.
" Extraction
ICSE 2021 PLDI 2023
JavaScript | | Conformance FS/FCPS-
Engines Tests Coverage

Conformance Feature-Sensitive
Test Synthesis Coverage



JSSpecVis - Specification Visualizer

® © ® @ EcMAScript Double Debugg: X
< ¢} % es-meta.github.io/playground/ Bg & ¥ @ @ O <> W Y& = @
&) ESMeta / Double Debugger Playground O 0 @ & v O
OouIT ~OVER 71 OUT  bbCONTINUE = SPEC BACK
©\BACK OVER = 1T BACK OUT = <«REWIND |V JSSTEP =V ASTSTEP =OVER 71 OUT

<> JavaScript Editor v

function add
(left, right) {
left + right;

}

add('o, 1n);

ApplyStringOrNu
mericBinaryOpera-

1. If opText is+, then

= ECMAScript Specificatiol leap (X) Breaks £ Callstack

E] Specification Environment

e lval:true
e opText:"+"

tor(val, opText, rval) & e rval:1n

() JavaScript Environment
a. Let Iprim be?

ToPrimitive( [val ).
b. Let rprim be?
ToPrimitive( roal ).

e this : undefined
left:
Record[MutableBinding]

I Iprim i

¢ ) prim 1s'a . ¢ BoundValue : tr
String or rprim is a ue

String, then

Lt Istr be ? e mutable : true
1. Le Sir be ¢

ToString( lprim ).
ii. Let rstr be?

ToString( rprin )
e right:

Record[MutableBinding]

e initialized : t
rue

strict : false

iii. Return the

string-concate-
e BoundValue : 1n

~ wmudkakhlAa o Faoa

nation of Istr

’VNPLRG
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ECMA-262

Tests

Program Collector

RLLLLELLLLLL L L) NN NS NN EEEEEEEEEEEEEEEEE EEsssEEEEEEEENy,
*

Synthesized
Programs

Filtered
Tests

oS EEENENEEEEEEEEREEN,

.
®asssssssnnsnnnnnnns®

*
*
NN NN NN NN NN NN NN NN NN NN NN NSNS EEEEEEEEEEEEEEEEEEEEEEEEEn?

For Each Algorithm Step

JS

Program

Double
Debugger

Program
Visualizer

PLSS 2025

[ ] @ & ECMASCript® 2024 Languag: X  +

<« C % tc39.esfecma262/2024/.. Bg & ¢ )

— 5.3
ApplyStringOrNumericBinary
Operator ( lval, opText, rval )

The abstract operation
ApplyStringOrNumericBinaryOperator
takes arguments /val (an ECMAScript
language value), opText (%%, *, [, %, +, =,
<<, >3, 55>, & N, or |), and rval (an
ECMAScript language value) and returns
either a normal completion containing
either a String, a BigInt, or a Number, or
a throw completion. It performs the
following steps when called:

1.If opText is +, then
a. Let [prim be ? ToPrimitive(lval).
b. Let rprim be ? ToPrimitive(rval).
c. If lprim is a String or rprim is a
String, then
i. Let Istr be
? ToString(lprim).
ii. Let rstr be
? ToString(rprim).

A

OOl o W % ¥ @
£ ECMA Visualizer X

(| ESMeta ECMA Visualizer

<> Program

(O Start by pressing a production with Option
(Alt) + Left Click

A Test262

(O Start by pressing a production with Option
(Alt) + Left Click

£ CallStack

(O Start by pressing a function link with Left
Click
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[FSE 2022] J. Park et al., “Automatically Deriving JavaScript Static Analyzers from Specifications
using Meta-level Static Analysis”

ASE 2021 FSE 2025 Demo
Specification :
[ Type Errors J JSTAR JSSpecVis
Specification .~ Spec.
Type AnalySIs V/suallzat/on
ASEZ020 g ‘-:f  FsE2022 }
)
ECMA-262 Mechanized Static 3
{ (JS Spec.) JISET Specification JSAVER Analyzer J
“...  Mechanized Spec. j Derivation of
R Extraction t Static Analyzer )
ICSE 2021 PLDI 2023
JavaScript | | Conformance FS/FCPS-
Engines Tests Coverage

Conformance Feature-Sensitive
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Meta-Level Static Analysis

How to perform static analysis on JavaScript programs
using language specification?

ECMA-262
(JS Spec.)

JS Program
P
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Meta-Level Static Analysis

How to perform static analysis on JavaScript programs
using language specification?
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Meta-Level Static Analysis

How to perform static analysis on JavaScript programs
using language specification?

JS Interpreter
written in IRes

[ ECMA-262 W automatic % Mechanized}

(JS Spec.) J extraction Specification

JS Program
P+
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Meta-Level Static Analysis

How to perform static analysis on JavaScript programs
using language specification?

JS Interpreter
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How to perform static analysis on JavaScript programs
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Meta-Level Static Analysis

How to perform static analysis on JavaScript programs
using language specification?

JS Interpreter

Meta-level Static Analysis written in IRes

[ ECMA-262 \ automatic % MechanizedJ

(JS Spec.) J extraction Specification

JS Program W initial state IREs Analysis
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JSAVER - Evaluation
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esmeta - es-metafesmeta: ECMAScript Specifi... github.cam

Official tool used in Cl system of

ECMA-262 and Test262 = @) e 0 o @

esmeta

<> Code (%) Issues 9 i1 Pull requests 3 () Discussions

®| %

ECMAScript Specification (ECMA-262) Metalanguage

&3 BSD-3-Clause license
¥ 156 stars ¥ 12forks @ 8 watching ¥ 12Branches  15Tags - Activity

(=) Custom properties

@ Public repository

¥ main ~ F O Go to file + <> Code ~

@ jhnaldo Update version 6 months ago V)
.github/workflows Add post-submit test262 test last year
client @ 43be3c1 Update client last year
ecma262 @ d711ba9 Remove implicit wrapping/un... 2 years ago

https://github.com/es-meta/esmeta
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’VPLRG @ Korea University

* Assistant Professor @ CSE Dept. in Korea University
* Programming Language Research Group (PLRG)
e Members: 3 Master Students / 2 Undergraduate Students

* Research Areas: Programming Languages (PL) and Software Engineering (SE)

- Program Analysis

- Mechanized Language Specification ;“EEE 5
- Automated Testing 3 st bl
- Program Synthesis & Repair
* Publications: PL and SE
- PL: PLDI (2023 / 2024)

- SE: ICSE (2021) / FSE (2021, 2022, 2025-Demo), ASE (2020, 2021)
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JEST - Final State-based Assertion Injection

function f() {}

function f() {}

JS

4

$assert.equal(Object.getPrototypeOf(f), Function.prototype);

$assert.verifyProperty(f, "prototype", {

writable: true,
enumerable: false,
configurable: false,

});

$assert.compare(Reflect.ownKeys(f),

’VNPLRG

PLSS 2025

['length',

'name’,

'‘prototype'l, f);
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