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OfC|0Lt A} = JavaScript
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TS

https://github.blog/news—insights/octoverse/octoverse-2024/
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TypeError

JS

otX|2t, E&fet JavaScript
.............. JS
TR W
JS JS
o e e
[1,2] + 3 4 + 2n
(PL1+01) [+11] + // "
(PL1+01) [+!+111] + // "a"
(CYDTT+00 000D [+ + 01+ [+1111 + // "i"
(PIT+01) DY +1T+1+1011 // "
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AN Z4 (Static Analysis)
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AN Z4 (Static Analysis)

function f(x) {

//X::T

if (x == 0) {
//X==® e o o 42
return 0;

// [RETURN] 0

} else if (x < @) {
// X == —
return -x;
// [RETURN] +

} else {
//X==+
return X;
// [RETURN] +

}
}// [RETURN] 0+
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JavaScript ¢10{2| A & {3

o0
& 3°
eclha
terser
Minify
st £
ECMA-262 Others

(RHIATEE EA)

Static/Dynamic Analyzers,
Program Synthesizer, etc.

JavaScript 7131%]|
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=X - lE2AH| G&st= JavaScript

ES1

1995 2000 2005 2010

ES2 ESS
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=X - lE2AH| G&st= JavaScript

ES1 'ES2015
ES3

Annual Releases

ES2017
ES2019

ES2021
ES2023

2010 2015 2020

ESS.1

JS

2000 2005

1995

. ES2024
: ES2022

. ES2020

: ES2018

]

ES2 ESS ES2016
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ECMA-262
(JS EA)
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ECMA-262
(JS EA)
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ECMA-262 7| Alst HA|
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[ASE'20] J. Park, et al. "JISET: JavaScript IR-based Semantics Extraction Toolchain"



AdditiveExpression [Yield, Await]

Language Specification

MultiplicativeExpression|>vie1d, 2await]

AdditiveExpression [ vie1d, 2await] + MultiplicativeExpressionsyic1d, 2await]

ecmad

AdditiveExpression [ ,vie1d, 2await] —f MultiplicativeExpressionsyic1d, 2await ]

AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(

AdditiveExpression, +, MultiplicativeExpression).

ECMA-262
(JavaScript Spec.)
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TypeError

10 + 2n

JS

AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Return ?;EValuateStringOrNumericBinaryExpression(

vmﬂm

AdditiveExpression, +, MultiplicativeExpression).

EvaluateStringOrNumericBinaryExpression (

leftOperand

opText rzghtOpemndg)

1. Let Iref be ? Evaluation of leftOperand.
*2. Let [val be ? GetValue(/ref).

3. Let rref be ? Evaluation of rightOperand.
4. Let rval be ? GetValue(rref).

Evaluate Left (1lval = true)

Evaluate Right (rval = 2n)

5. Return ? ApplyStringOrNumeriCBinar;Operala, p, roal).

Boolean true | +

Conversion to Primitive
(lprim = true and rprim =

Conversion to Numeric
(lnum = 1 and rnum = 2n)

ApplyStringOrNumericBinaryOperator (!lva l :ﬁop Text!! roal

If opText is +, then

a. Let Iprim be ? ToPrimitive(lval).

2n ) b. Let rprim be ? ToPrimitive(rval)]

c. If Iprim is a String or rprim is a String, then .
d. Set [val to [prim.
e. Set roval to rprim.
2. NOTE: At this point, it must be a numerj
3. Let [num be ? ToNumeric(lval).
4. Let rnum be ? ToNumeric(rval).

5. Ifs Type(lnum)fis notj Type(rnum)jthrow ajTypeError exception.




JISET - Al Z112|5 £ T

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 next/index.
4. Return array.
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JISET - ECMA-262Z 2|5t H|E} 210

Programs P> Pu=f"
Functions F o fu= syntax’ def x(x*) {[( :i]*}
Variables X 3 X
Labels L >/
Instructions 7 3>iu=r:=el|x:={}|x :=e(e")
| ifel [ |returne
Expressions & > e ==0oP |op(e™) |r
References R > r ==x|ele] | elel;s

Values 0eV =AWVPUT
Primitive Values 9P € VP = Vo0 & Vit W Vg & - -
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JISET

(JavaScript IR-based Semantics Extraction Toolchain)

JISET

BNFEs _
N T A4
LI — =

ECMA-262
(JS EA))

7| A=t BA
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3er®rming ArrayAccumulation

for ElementList with arguments m*my*agd 0. At sts| ¢t
3. ReturnlfAbrupt(nextindex). L § 118 7}X| o}l =l
4. If Elision is present, then A

a. Let len be the result of performing Arraykccumulation x

for Elision with arguments array and z'zexth'zdex‘

L |
b. RetumIfAbrupt(Zen). syntax def Arrayliteral[2].Evaluation(
5. Return array. this, Elemen t, Elision

> = -»(’

St ArrayAccumulation array 0)

[? nextIndex]
if (! (= Elision absent)) {

let len = (Elision.ArrayAccumulation array nextIndex)
[?7 len]

}

return array
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JISET - Evaluation

Version | # Al mauto mmanual
oralo go. T: Total L: Core Language Semantics B: Built-in Libraries
10,471 / 10,982 (95.35%)
ES7 2,105 | L 8,041 / 8,415 (95.56%)
B 2,430 / 2,567 (94.66%)
T 11,181 / 11,732 (95.30%)
ES8 2,238 | L 8,453 / 8,811 (95.94%)
B 2,728 / 2,921 (93.39%)
T 11,849 / 12,393 (95.61%)
ES9 2,370 | L 8,932 / 9,311 (95.93%)
B 2,917 / 3,082 (94.65%)
T 12,022 / 12,569 (95.65%)
ES10 2,396 | L 9,073 / 9,456 (94.95%)
B 2,949 / 3,113 (94.73%)
T 12,505 / 13,047 (94.85%)
ES11 2,521 | L 9,495 / 9,881 (96.09%)
B 3,010/ 3,166 (95.07%)
T 12,975 / 13,544 (95.80%)
ES12 2640 | L 9,717 / 10,136 (95.87%)
B 3,258 / 3,408 (95.60%)
T 11,834 / 12,378 (95.61%)
Average | 2,378 | L 8,952 / 9,335 (95.90%)
B 2,882/ 3,043 (94.71%)
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https://github.com/es-meta/esmeta

esmeta - es-meta/esmeta: ECMAScript Specification (ECM...

_ O es-meta /
_ esmeta

<> Code (%) Issues 3

§9 Pullrequests (») Actions [{] Projects

ORI

ECMAScript Specification (ECMA-262) Metalanguage

i[5 BSD-3-Clause license
v 224 stars % 17 forks < 10 watching ¥ 18 Branches 22 Tags

A~ Activity [=] Custom properties
@ Public repository

¥ main ~ ) od O

Go to file + <> Code ~

@ jhnaldo Fix typoin README 896c788 - 3 weeks ago L)

.github/workflows Ilgnore e2e tests for scalajs br... 3 weeks ago

client @ ada0804 Add Dump Phases for Debugg... last month

ecma262 @ 0b24a04 Update for ES2024 (#224) 7 months ago

ST S ———"



https://github.com/es-meta/esmeta

ECMA-262
(JS BA)

JISET f’ﬁ 7| A5 DA

A1 ™M == S

[ASE'21] J. Park, et al. "JSTAR: JavaScript Specification Type Analyzer using Refinement"



JSTAR - BAM| B =4

(JavaScript Specification Type Analyzer using Refinement)

20.3.2.28 Math.round () X : String | Boolean | Number | Object | ...

m Number | Exception
1. Letfr]be[lloNumber()]

2. If n is an integral Number, return 7.

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

4. Ifand IOl /o \umeric operators Math.round(false)

Ty '

3. If[) 0.5 and[:}> 0, return +0.

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

Math. round(true)

= o

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

JSTAR - &8 24t

59.2% 93 Errors

Detected

o ZA}CHAE: 3L SOt 8647H2| CHE ECMA-262 HT SNk

. 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 Reference | 2015-09-22 | 1,996 days
ES12-2 Try Reference | 2015-09-22 | 1,996 days
ES12-3 | Arguments Reference | 2015-09-22 | 1,996 days 14 New Bugs
ES12-4 Array Reference 2015-09-22 1,996 days In ES2021

ES12-5 Async
ES12-6 Class
ES12-7 Branch
ES12-8 | Arguments

Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Reference | 2015-09-22 | 1,996 days
Operand 2015-12-16 | 1,910 days

DO ot [ i | bt | DI | WO WO FH
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JS A0 A 34 A E BA == JHEY

esmeta typecheck - Workflow runs - tc39/ecma262

Actions esmeta typecheck Q, Filter workflow runs
esmeta-typecheck.ymi
All workflows
703 workflow runs

Build Preview
ecma-262 Event ~ Status ~ Branch ~ Actor ~
ecma-262
ecma-262 ® Meta: clarify CONTRIB... &
ecma-262 deploy esmeta typecheck #1816: Pull bakkot—-patch-1 8 hours ago ***

request #3575 synchronize by @ om 46s
ecma-262-biblio bakkot
enforce format

@ Editorial: mark...
I esmeta typecheck esmeta typecheck 5
. . eneratorstart-generatorb.. 10 hoursago ***

pages-build-deployment #1815: Pull request g 9

#3597 opened by & 2m 255
Require "Allow Edits” michaelficarra
Show more workflows...

/\ Editorial: Unify... &

Management esmeta typecheck 2 days ago

#1814: Pull request aapoalas:editorial/for-in.. @ cee

) Action

8, Caches #3595 opened by required

T —————
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JSTAR

ECMA-262

=\ 7 2

(JS BAMl)

JSET | sistan |

Z

712t BM| =&

! ACMSIGSOFT
} Distinguished Paper

[ICSE'21] J. Park, et al. "JEST: N+1-version Differential Testing of Both JavaScript Engines”
[PLDI'23] J. Park, et al. "Feature-Sensitive Coverage for Conformance Testing of Programming Language Implementations"”



JavaScript 2 x| A}

Assertion

JS
Example: 4 + 2n TypeError V

+ v II Graal

ZZZZZZZZ

s Prog ram Assertion -
QuickJS
[Eoddable
ECMA-262
(JavaScript Spec.)
JavaScript
Engines
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SR - Ux|A HAL Z2IY A5 =

0Z

Assertion

JS
Example: 4 + 2n TypeError V

i + / G raal

Program Assertion .
QuickJS
[Eoddable
ECMA-262
(JavaScript Spec.)
JavaScript
Engines
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JEST

(JavaScript Engines and Specification Tester) YA HHE|X] 7|
T2 0|

ZZ 2
#Ho| 31
TV
Z2H AUZX|M ZHAL 22 Q| A ZA}
zlst Atel7) mz
_J
Cmgomms T
°© o o let x =1 + 2;
assert(x == 3); ¢ *
let x = 42; e ST
assert(x == 42); let x = ![];
c assert(x == false);
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JEST - WM HHE|X| 7|8t T2 24 M

A

o

cnmppw:

. flnum is a Bignt, then

. Let [nnum be ? ToNumeric(lval).

. Let rnum be ? ToNumeric(rval).

JS
3 + 2 In + 2n

JS

f Type(lnum) is not Type(rnum)} trow a peErrorexceptlon

’VNPLRG URE(3T 20251 Baly| 227

4 + 2n

JS

ApplyStringOrNumericBinaryOperator ( [val, oplext, roal)
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+ + + + +

function f() {}

Y

function f() {]

4

Prototype Chain

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

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

Property Descriptor

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

F);

$assert.compare(Reflect.ownKeys(f), ['length',

’VPLRG

"name’,

Property Order

'‘prototype'l, f);
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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
Engine | GraallS v2220 | 2022.07.26 2 Bugs 11
SpiderMonkey | v107.0b4 2022.10.24 1 =HINEs 4
Total 45
Babel v7.19.1 2022.09.15 39
SWC v1.3.10 2022.10.21 47
Transpiler | Terser v5.15.1 2022.10.05 94 Bugs 19
Obfuscator v4.0.0 2022.02.15 In Transpilers 7
Total 112
Total 136 139 157
’VNPLRG URE(3T 20251 Baly| 227 35/ 42



JEST - Example in Graal

N
P v\ G, \

gy ™ 4 q SOy

4 \ Py, o

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

“Right now, we are running Test262 and the V8 and
Nashorn unit test suites in our CI for every change, it

might make sense to add your suite as well.”

- A Developer of GraalVM
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[FSE'22] J. Park, et al. "Automatically Deriving JavaScript Static Analyzers from Language Specifications"
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20K -
15K+ 9,114
(49.1%)
10K -
4,679
(25.2%)
5K -
4,763
(25,7%)
0K -
2014 2016 2018 2020
(a) Analysis results of TAJS
710
20K - (3.8%)
15K -
10,904
(58.8%)
10K -
5K -
6,942
,,,,,IIIIIIII//% (37.4%)
0K -
2014 2016 2018 2020

(d) Analysis results of TAJS with Babel

’VPLRG

20K - 20K -
15K - so13 | 15K -
(48.0%)
10K - 10K -
3,902
- (21.0%)
5K - Y | 5K
i::zzzzzg!j (80.9%)
OK - OK -
2014 2016 2018 2020 2014 2016 2018 2020
(b) Analysis results of SAFE (c) Analysis results of JSAgg -
20K 206
7 (1.1%)
15K 4 alges
(53.3%)
10K - Oerror
legend : | @unsound
5K - 8,462 m sound
(45.6%)
X-axis : creation time (year)
0K A y-axis : # tests
2014 2016 2018 2020

(e) Analysis results of SAFE with Babel
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JSAVER - 7} (RQ2: HEE / &)

TAJS TAJS SAFE SAFE JSAEgsi2 TAJS TAJS SAFE SAFE JSAEesi2
(Babel) (Babel) (Babel) (Babel)

Avg. :85.1%184.9% |89.9% |89.9% | 99.5% Avg. : [139 ms|169 ms|181 ms|199 ms|357 ms

80 - 10°-
60 -
10° -
20 = 102 - $
N
(a) The analysis precision (b) The analysis performance

’VNPLRG ZRE|3tT} 20254 =3t7| 2278 40/ 42



JISET 7| A=t BA JSAVER g8 =47]

7|1AIst BAl = =47 /k
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HAM| EIY =M In Submission FSE’25 Demo
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