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Built-in APIs in JavaScript

ES2025

Native Code
(e.g., C++, Java)

<126 < 2025.09 > 122

X X Vv
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Polyfil

e Polyfill is a JavaScript implementation of built-in APIs

e core-js is used by 41% of websites and = 46M downloads per week

module.exports = function isSupersetOf(other) {

var 0 = aSet(this);

var otherRec = getSetRecord(other);

if (size(0) < otherRec.size) return false;

var iterator = otherRec.getIterator();

return iterateSimple(iterator, function (e) {

if ('has(0, e)) {
return iteratorClose(iterator, 'normal', false);

}

y) == false;
}i
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Polyfil

N A module.exports = function isSupersetOf(other) {
e L ey, var 0 = aSet(this);

var otherRec = getSetRecord(other);
if (size(0) < otherRec.size) return false;

'? ~ 7 ‘g. ar iterator = otherRec.getIterator();
.11mport co re— s/ actual/ set/ 1s suerset of' ; return iterateSimple(iterator, function (e) {

: S - = if (!'has(0, e)) {

ConSt g = new Set 1; 2:;| ) ’ return iteratorClose(iterator, 'normal', false);
“JNS.W.-FEW,eg- , ; /

}) '== false;

S

21
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126 < 2025.09

\Y
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VPLRG
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ECMA-262 - JavaScript Language Specification

Built-in

Set.prototype.isSupersetOf ( other)
1. Let O be the this value.
. Perform ? RequirelnternalSlot(O, [[SetDatal]).
. Let otherRec be ? GetSetRecord(other).
. If SetDataSize(O.[[SetData]]) < otherRec.[[Size]],
return false.
. Let keyslter be ? GetlteratorFromMethod(
otherRec.[[SetObject]], otherRec.[[Keys]]).
. Let next be NOT-STARTED.
. Repeat, while next is not DONE,
a. Set next to ? IteratorStepValue(keyslter).
b. If next is not DONE, then
.. If SetDataHas(O.[[SetData]], next) is false, then
1. Perform ? lteratorClose(keyslter,
NormalCompletion(UNUSED)).
2. Return false.
8. Return true.

tc39/ecma262 TC

Status, process, and documents for ECMA-262 39

ETC

AdditiveExpression yia14, await] °

MultiplicativeExpression | ;yie1d, 2await]

AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(

AdditiveExpression, +, MultiplicativeExpression).
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Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {

Set.prototype.isSupersetOf ( other) var 0 = aSet(this);
1. Let O be the this value.
2. Perform ? RequirelnternalSlot(O, [[SetDatal]).

Manua l

}) == false;

8. Return true. 1 CO re _j S
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Problem - Fast Evolving JavaScript

ES1 JS

1995 2000 2005 2010

ES2 ESS
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Problem - Fast Evolving JavaScript

. Annual Releases

ES1 J S . ES2015

. ES2017
[
0

ES2025

1995 2000 2005 2010 2015 2020 2025

EEN E 2 2
ES2020 52026

ES2018

ES2 ESS ES2016
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Problem - Fast Evolving JavaScript

8k - 1
—— language

built-in library

~J]
w
|

/
__—

ES2016  ES2018  ES2020  ES2022  ES2024  ES2026

algorithm steps
QN
-

N
~
l
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Problem - Burden of Manual Implementation

91% commits
All Websites run on
Legacy JS Engines &k zloirock #) e 3

ﬁ /7,219 commits 1,038,797 ++ 895,516 --
400
il ||||||
m(l Il._..llllll ..l. - ()

2014 2018 2022 2026

SUOIINQLIIUO)
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Our Approach - Automatic Extraction from ECMA-262

Built-in

Set.prototype.isSupersetOf ( other)

1. Let O be the this value.

. Perform ? RequirelnternalSlot(O, [[SetDatal]).

. Let otherRec be ? GetSetRecord(other).

. If SetDataSize(O.[[SetData]]) < otherRec.[[Size]],
return false.

. Let keyslter be ? GetlteratorFromMethod(
otherRec.[[SetObject]], otherRec.[[Keys]]).

. Let next be NOT-STARTED.

. Repeat, while next is not DONE,
a. Set next to ? IteratorStepValue(keyslter).
b. If next is not DONE, then

.. If SetDataHas(O.[[SetData]], next) is false, then
1. Perform ? IteratorClose(keyslter, Extract - - :
NormalCompletion(UNUSED)). Polyfill in JavaScript

2. Return false.
8. Return true.

O ~ WD

~N O
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Challenges - Correctness and Efficiency

Built-in

Set.prototype.isSupersetOf ( other) 1) How to correctly handle internal repr. of control flows”?

1. Let O be the this value. ,

. Perform ? Requirelniess ot(O, [[SetDatal)).

. Let otherRec be§? f5etSetRecord(other).

. If SetDataSize(O.[[SetData]]) < otherRec.[[Size]],
return false.

. Let keyslter be ? GetlteratorFromMethod(
otherRec.[[SetObject]], otherRec.[[Keys]]).

. Let next be NOT-STARTED.

. Repeat, while next is not DONE,
a. Set next to ? lteratorSteZraiue(keyslter).
b. If next is not DONE~then

. IffSetDataHastO.[[SetData]], next) is false, then
1. Perform ? IteratorClose(keyslter, Extract : - :
NormalCompletion(UNUSED)). Polyfill in JavaScript

2. Return false.
8. Return true.

~ WD

O

2) How to extract algorithmically efficient polyfill?

~N O
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Challenge 1 - Correctness (Internal Repr. of Control Flow)

IS normally terminated with a value if X is a normal completion

A computation X
throws an exception If Xis a throw completion

IteratorClose ( /teratorRecord, completion )

3. Let innerResult be GetMethod(...). return completion
4. If innerResult 1Is a normal completion, then OR
a. Let return be innerRe_i [\ dlUel]. throw completion

b. If return is undefined,freturn ? completion

c. Set innerResult to Calll-). e throw CoRBLEEIoN
5. If completion is a throw completion freturn ? completions

6. If innerResult is a throw completion freturn ? innerResult}

-

throw i1nnerResult

return completion
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N
normal abrupt
7
ethod(...)§ | Completion
completion : T .
-Ormp — Completion
InnerResult :
{

JS
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Solution 1 - Completion Type Analysis s
normal abrupt
completion : -

then innerResult : normal

4.1 'lneResu/tls_a.oraloptlﬂ_
a. Let return be innerResult][Valuell. <
b. If return is undefined, '/retun com/et/on

L=

c. Set innerResult to Call(...).

if (innerResult_flag) {

JS
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Solution 1 - Completion Type Analysis s
normal abrupt
completion : N -
| then ) innerResult - r

4. | '/neResult |s_a,_oral__oplevt|”
a. Let return be innerResult.][Valuell. &4
b. If return is undefined freturn ? com,o/et/on
c. Set innerResult toall(,). o '

N
Completion

if (innerResult_flag) {

if ( return === undefined) { L
jif (completion_flag) return “comp letion;]
jelse ... wqq,<,~FhF9W~»QQM'LQt¥QU$

D

_ Al
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Solution 1 - Completion Type Analysis T
normal abrupt
- completion : | _
_Oplevtl‘_ then iInnerResult : r

4. | '/nerResult |s_a_,oral_
a. Let return be innerResuli.[[Valuell. &
b. If return is undefined, 'rétUrn' com,o/et/on
c. Set innerResult toall(,). o '

TR
innerResult : T Completion

if (innerResult_flag) {

if ( return === undefined) { L
jif (completion_flag) return “comp letion;]
jelse ... wqq,<,~FhF9W~»QQM'LQt¥QU$

D

_ Al

}
try { innerResult = Call(...); innerResult_flag = true; } catch ...

} JS
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-

Solution 1 - Completion Type Analysis s

normal abrupt
7
d
" completion : abrupt

InnerResult . abrupt

5. If completion is a throw completion, return ? completion.
6. If innerResult is a throw completion, return ? innerResult.

8. Return ? completion.

completion : normal

if (!completion_flag) throw completion;

if (!innerResult_flag) throw innerResult;
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-

Solution 1 - Completion Type Analysis s

normal abrupt
7
d
" completion : abrupt

InnerResult . abrupt

5. If completion is a throw completion, return ? completion.
6. If innerResult is a throw completion, return ? innerResult.

8. Return ? completion.

completion : normal

if (!completion_flag) throw completion;

if (!innerResult_flag) throw innerResult;

return completion;
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Solution 1 - Completion Type Analysis

function IteratorClose(iteratorRecord, completion, completion_flag) A

try { var innerResult = GetMethod(...); var innerResult_flag = true; }
catch(e) { var innerResult = e; var innerResult_flag = false; }
if (innerResult_flag) {

if ( return === undefined) {
if (completion_flag) return completion;
else throw completion;

}
try { innerResult = Call(...); innerResult_flag = true; } catch ...

}

if (!completion_flag) throw completion;
if (!innerResult_flag) throw innerResult;

return completion;

}

JS
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Challenge 2- Efficiency
O (TL) VS.

Set.prototype.add ( value ) Llnear search m

4. Foreachleent eofS [[Sett]] do Set.prototype.add

a.lfels not EMPTY and SameValue(e, value) is true, then
Set.prototype.delete

Set.prototype. delete ( value )

4§ Fo r_eac h_ele ment eofS [[‘etata]] do

Set.prototype.has
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Solution 2 - Rewrite Rules

pattern: |
1. For each element {{ elem : var }} of {{ base : ref }}, do
1. If {{ elem }} is not EMPTY and SameValue({{ elem }},
11 value : var }r}) is *xtruex, then

1. {{ body : step }}

Set.prototype.add ( value )

4. For each element e of S.[[SetData]], do
a. If e is not EMPTY and SameValue(e, value) is true, then
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Solution 2 - Rewrite Rules

pattern: |
1. For each element {{ elem : var }} of {{ base : ref }}, do
1. If {{ elem }} is not EMPTY and SameValue({{ elem }},
11 value : var }r}) is *xtruex, then

. step }r

73 I

Set.prototype.add ( value )

4. For each element e offS. [[SetData]Jf do

a. If e is not EMPTY and SameValue(e, value) is true, then
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Solution 2 - Rewrite Rules

pattern: |
1. For each element {{ elem : var }} of {{ base : ref }}, do
1. If {{ elem }} is not ~empty~ and SameValue({{ elem }},
11 value : var }r}) is *xtruex, then
1. {{ body : step }}
where:
— isSetData(base)
— { isSetData: " .[[SetDatall " }
replace:. | .
1. If{S

~ & 7

,HAQ?{{ base }};, {{ value }}) is xtruex, then

Set.prototype.add ( value ) TC function Set.prototype.add(value) {

N TA HASKS.SetData, val
4. For each element e of S.[[SetData]], do HASYS. SetData, value)

a. If e is not EMPTY and SameValue(e, value) is true, then
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MiniPoly - Overall Structure

Polyfill o Rewrite Rule-based
Developer Rules Optimizer
0‘ l
ECMA-262 Mech. Spec. Mechanized Spec-to-JS Polvfill
(JS Spec.) Extractor Specification Translator y

Completion Completion
Type Analyzer Types
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Evaluation

e Target 89 built-in APIs in ES2025
e Baselines - core—js and es—shims (final release versions of 2025)
* Research Questions

RQ1) Correctness

RQ2) Reduced Manual Effort

RQ3) Speed

RQ4) Forward Compatibility

RQ5) Real-World Usability
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RQ1 ) COrreCtneSS Inherently impossible test cases

passed by Polyfill implementation

e Tested by Test262 - official conformance tests

e (# of Fail) core-js - 172 / es-shims - 1,058 / MiniPoly - 16

core-js es-shims’ MiniPoly Minipoly-opt
Category # Built-ins Tests Pass (%) Time Pass (%) Time Pass (%) Time Pass (%) Time
Array 24 4713 4,617 (98.0) 54.3s 4,365 (95.1) 81.5s 4,713 (100.0) 49.2s 4,713 (100.0) 51.5s
String 12 6338 616 (96.6) 11.0s 612 (95.9) 12.4s 638 (100.0) 9.7s 638 (100.0) 9.5s
Set 18 748  710(94.9) 16.1s  698(93.8) 17.3s  746(99.7) 13.8s  746(99.7)  14.4s
Map 12 322 298 (92.5) 3.3S 258 (80.1) 3.4s 320(99.4) 7.58 320(99.4) 7.7s
WeakMap 5 198 168 (84.8) 3.9s — — 196 (99.0) 3.6s 196 (99.0) 3.5s
WeakSet 5 166 142 (85.5) 3.9s — — 164 (98.8) 3.8s 164 (98.8) 3.1s
Promise 13 1,264 1,154(91.3)  21.6s 0(0.0) 10.9s 1,256(99.4) 18.5s 1,256(99.4) 18.9s
Total 89 8,049 7,705(95.7) 119.5s 5,933(87.4) 130.5s 8,033(99.8) 106.1s 8,033(99.8) 108.7s

"‘ PLRG MiniPoly: Extraction of JavaScript Polyfill from Language Specification 28/ 54



RQ2) Reduced Manual Effort

Baseline MiniPoly MiniPoly-opt
Object # core-js es-shims Auto Man. Auto Man. Rules
Array 24 2,293 3,978 1,332 317
String 12 1,281 6,385 413 130
Set 18 2,313 5,880 364 190 3861 233
114 (11)
WeakSet 5 1,832 - 387 123 379 214
Map 12 1,986 3,062 756 217 747 327
81 (6)
WeakMap 5 2,034 - 446 115 436 231
3.94%
Promise 13 2,518 8,03 454 % 203
Total” 89 32,836 5,714 1,295 5,684 1,705 195(17)

14,312

’VPLRG 29/ 54
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RQ2) Reduced Manual Effort

Baseline MiniPoly MiniPoly-opt

Object # core-js es-shims Auto Man. Auto Man. Rules

Array 24 2,298 8,978 1,332 317
String 12 1,281 6,885 418 130
Set 18 2,313 5,880 864 190 861 283
114 (11)
WeakSet 5 1,882 - 387 123 379 214
Map 12 1,986 3,062 756 217 747 327
81 (6)
WeakMap 5 2,034 ~ 446 115 436 231

Promise 13 2,518 8,031 L, e

Total' 89 14,312
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RQ3) Speed

* \We measured throughput (y-axis = ops/sec) across sizes (x-axis = N)

O(N) — O(N)

Set — Iterate

O(N) — O(1)

Set — Simple
108 ET T 11T T T TTTT] T T 2
107 =& . j =
TR :
10° 1 E
105 = BRI | ||<?|||||_E
107 10° 10%

core-js

VPLRG

T T T TTTIT T T TTTIT

10° 4 E

- @ Q\ -

i e )

107 |- s S B
R BRI BRI

107 10° 10%
es-shims ¢-  MiniPoly

@

O(N?2) = O(N)

Set — Composite

T T T T T T T
"
\' e
n . - ]
¢ | ©

n ® ]
RN EREEE ERNEEEEN

10° 10° 10*
MiniPoly-opt
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RQ3) Speed

107

100

10°

Map — Simple

102 103 104

Set — Simple

e

102 103 10%

VPLRG

103

101

10*

102

Competitive with baselines in most cases

Map — Composite

Map — Iterate

105 | ¢ %

107

10°

102 103

Set — Composite

_—y

R Y

10*

Set — Iterate

108

102 103

core-js
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10* 102

es-shims

103

o

WeakMap — Simple

WeakMap — Composite

= E 1 10t -
100 E
1| || :
1 10 | -, - N
IR SR L Ll | ||||||$E Lol L Ll rril | ||||||$
10* 10° 10° 10* 10° 10° 10*
WeakSet — Simple WeakSet — Composite
T T T ETTTTT] T T TTTT] T T T 5 TTTTTT] T T TTTTT] T T TTTT]
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RQ4) Forward Compatibility

e Supports Built-in APls in ES2026 and Stage 2.7
with 100% correctness and compatible speed with manual baselines

Correctness (Pass %)

Throughput (ops/sec) — N = 5,000

Proposal Method Tests core-js es-shims  MiniPoly MiniPoly-opt core-js es-shims MiniPoly MiniPoly-opt
P y y-op y y-op
Map.prototype
Upsert .getOrlnsert 28 26(92.9) 24(85.7) 28(100.0) 28 (100.0) 13.7M / 2.0M 61.2K 107K 8.2M / 2.5M
(ES2026) .getOrInsertComputed 37 35(94.6) 33(89.2) 37(100.0) 37(100.0) 11.7M / 1.8M 40.8K 77.7K  6.5M / 1.9M
WeakMap.prototype
.getOrlnsert 34  26(76.5) —  34(100.0) 34 (100.0) 18.4M /3.1M — 104K 8.2M / 2.3M
.getOrInsertComputed 43 32(74.4) —  43(100.0) 43(100.0) 5.7M/1.2M — 73.1K  5.0M / 1.8M
T s Promise
Await Dictionary B
(Stage 2.7 allKeyed 12 — —  12(100.0)  12(100.0) — — — —
allSettledKeyed 12 =23~ =8 — 12(100.0)  12(100.0) — — — —
Total 166 §119 (83.8) 7) £113M/1.9M 500K  89.3K 6.8M/2.1M

VPLRG

MiniPoly: Extraction of JavaScript Polyfill from Language Specification
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Polyfill o Rewrite Rule-based
Developer Rules Optimizer
O‘ l
ECMA-262 Mech. Spec. Mechanized Spec-to-JS Polvfill
(JS Spec.) Extractor Specification Translator y

Completion Completion
Type Analyzer Types




ASE 2020 A ASE 2026
ECMA-262 Mech. Spec. T Mechanized Automatic Solvfill
(JS Spec.) Extractor Specification Extractor y
FSE 2022

‘ Static |
* Analyzer |
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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 ¥ Mechanized
(JS Spec.) extraction Specification
JS Program initial state IREs Analysis
P4 l restriction Analyzer ' Result of P+
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Evaluation
Manual Derived

20K - 20K

15K - 9,114 15K - se13 | 4
(49.1%) (48.0%) ; d

10K -

10K -

4,679
(25.2%)

% 3,902

%///4 | 21.0%)

e ww A TRT AT TELE

18,556

oK (100.0%)

5,741

(30.9%) i

0K - 5K

2014 2016 2018 2020 2014 2016 2018 2020

TAJS SAFE

710
20K (3.8%) 20K - _ (1.1%)

OK
2014 2016 2018 2020

Derived Analyzer

15K 15K -

9,988
(53.3%)

10K 10K -

Llerror

SK -
legend : | A unsound

B sound

& OK -
¥ 2014 2016 2018 2020 2014 2016 2018 2020

TAJS with Babel SAFE with Babel ‘ x-axis : creation time (year)
y-axis : # tests
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ASE 2021 ? Under Review

Specification Spec. Type ©  Dynamic
Type Errors Analyzer . Analyzer .

"ASE 2020 ASE 2026

ECMA-262 Mech. Spec. Mechanized Automatic Polvfill
(JS Spec.) Extractor Specification Extractor y
FSE 2022

Static
Analyzer



Specification Type Analysis

X : String | Boolean | Number | Object | ...
20.3.2.28 Math.round ([x]

I  Fiter Excoptor _
Number | Exception
1. Let[n]be[loNumber(x)]

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

3. If|x < 0.5|and return +0. Type Error:
<, >,and >=
4. Iffx <Oland|r > -0.5 return -0. are numeric operators

4

Math.round(true)
Math.round(false)

3. If|lnk 0.5 and|n > 0, return +0. i od
4. If 0 andz -0.5, return -0.

Math.round(true)
Math.round(false)

https://github.com/tc39/ecma?262/tree/575149cfd/77aebcf3al129e165bd89el4caafc3lc

"‘ PLRG MiniPoly: Extraction of JavaScript Polyfill from Language Specification 39/ 54


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

Evaluation

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

VPLRG

Checker Bug Kind Prelesmn = (# True ngs) / (# Detected Bugs)
no-refine refine A
UnknownVar 17/ 60 / -29
Reference DupiicatedVar 62 / 106  —zF7 63 /78 s
Arity MissingParam 93 Errors 4/ 4 /
Assertion Assertion 4 /31 N [ -25
NoNumber Detected Precision / -59
Operand 22 [ 44
Abrupt / -10
Total 92 /279 (33.0%) 93 /157 (59.2%) | +1/ -122 (+26.3%)

Name

Feature
Switch

#

Checker
Reference

Created
2015-09-22

Life Span
1,996 days

3
ES12-2 Try 3 | Reference | 2015-09-22 | 1,996 days
ES12-3 | Arguments | 1 | Reference | 2015-09-22 | 1,996 days
ES12-4 Array 2 | Reference | 2015-09-22 | 1,996 days
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 | 2013-09-22 | 1,996 days
ES12-8 | Arguments | 2 Operand 2015-12-16 | 1,910 days

MiniPoly: Extraction of JavaScript Polyfill from Language Specification

14 New Bugs

In ES2021
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ASE 2021 -' FSE 2025 Demo Under Review

Specification Spec. Type Spec. Visualizer Dynamic
Type Errors Analyzer & Debugger f . Analyzer .

ASE 2020 - ASE 2026
ECMA-262 Mech. Spec. Mechanized Automatic Polvfill
(JS Spec.) Extractor Specification Extractor y
FSE 2022

Static
Analyzer



‘&| ESMeta / Double Debugger Playground Opocs €)GitHub - reapy O Es2e26 1), &3

<> JavaScript Editor v — ECMAScript Specification £ State f Heap (%) Breaks $2 Callstack

1 const a = new Set
([1, 2, 3]1): Context Not Found Disabled. Start debugger to use.

2 const b = new Set

([1, 21); o
3 a.isSuperset0f(b);



U QuUIT Vv SPEC STEP

vV ASTSTEP ~OQOVER TOUT

<> JavaScript Editor v

1 const a = new Set

([1, 2, 31);
2 const b = new Set

([1, 21); o
3 a.isSuperset0f(b);

&£ ESMeta / Double Debugger Playground

> OVER

™ OUT [DCONTINUE \ SPEC BACK

— ECMAScript Specification

Set.prototype.isSupersetOf(this, ArgumentsList,

NewTarget) #

1. Let O be the this value.
2. Perform ? RequirelnternalSlot( O, [[SetDatal]]).
3. Let otherRec be ? GetSetRecord( other ).
4. If SetDataSize( O .[[SetDatal]) < otherRec .[[Size]], re-
turn false.
5. Let keyslter be ? GetlteratorFromMethod( otherRec .
[[SetObiject]], otherRec [[Keys]]).
6. Let next be not-started.
7. Repeat, while next is not done,
a. Set next to? IteratorStepValue( keyslter ).
b. If next is not done, then
i. If SetDataHas( O .[[SetDatal], rnext ) is false,
then

i. Perform ? IteratorClose( keyslter,

] Docs

exBACK OVER

() GitHub Rreay O Es2e26 (1, &

T BACK OUT < REWIND Vv JS STEP

& State @ Env &3 Heap [@) 718 £ Callstack

Breakpoints (M USING BREAKPOINTS

search by name

Name

Step EnableRemove

No breakpoints. Add Breakpoint by clicking on
steps In spec viewer or by searching name
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<> JavaScript Editor v — ECMAScript Specification £ State (e Heap ® Breaks @ Callstack
1 const a = new Set Sot of . o O =] Specification Environment
, 2, : et.proto e.1souperse (this, AreumentsList, . :
2 f:(grlmstzb i] r)wew Set Newfarget) ):;p ) g ol Ll :.LISt B
(L, 21); - 1. Let O be the this value. » NewTarget: u.ndeflned
3 a.isSuperset0f(b); e 0:Record[Object] ¥

2. Perform ? RequirelnternalSlot( O, [[SetDatal]).

3. Let otherRec be ? GetSetRecord( other ).

4. If SetDataSize( O .[[SetDatal]) < otherRec .[[Size]], re-
turn false.

5. Let keyslter be ? GetlteratorFromMethod( ot/ierRec .
[[SetObiject]], otherRec [[Keys]]).

6. Let next be not-started.

7. Repeat, while next is not done,

e other : Record[Object] &
e this : Record[Object] ¢

©»] JavaScript Environment

No environment variables.

a. Set next to? IteratorStepValue( keyslter ).

b. If next is not done, then
i. If SetDataHas( O .[[SetDatal], rnext ) is false,
then

i. Perform ? IteratorClose( keysiter,
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<> JavaScript Editor v — ECMAScript Specification £ State (e Heap ® Breaks @ Callstack
1 const a = new Set Sot of . o O =] Specification Environment
, 2, : et.proto e.1souperse (this, AreumentsList, . :
2 f:(grlmstzb i] r)wew Set Newfarget) ):;p ) g ol Ll :.LISt B
(L, 21); - 1. Let O be the this value. » NewTarget: u.ndeflned
3 a.isSuperset0f(b); e 0:Record[Object] ¥

2. Perform ? RequirelnternalSlot( O, [[SetDatal]]).

3. Let otherRec be ? GetSetRecord( otlier ).

4. If SetDataSize( O .[[SetDatal]) < otherRec .[[Size]], re-
turn false.

5. Let keyslter be ? GetlteratorFromMethod( ot/ierRec .
[[SetObiject]], otherRec [[Keys]]).

6. Let next be not-started.

7. Repeat, while next is not done,

e other : Record[Object] &
e this : Record[Object] ¢

©»] JavaScript Environment

No environment variables.

a. Set next to? IteratorStepValue( keyslter ).

b. If next is not done, then
i. If SetDataHas( O .[[SetDatal], rnext ) is false,
then

i. Perform ? IteratorClose( keysiter,
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O QuIT

Vv ASTSTEP  ~OVER

<> JavaScript Editor v

1 const a = new Set
([1, 2, 31);

2 const b = new Set
([1, 2]1);

3 a.isSuperset0f(b);

™ OoUT

v SPEC STEP § -

¥~ OUT CODCONTINUE = SPEC BACK

— ECMAScript Specification v

Set.prototype.isSupersetOf(this, ArgumentsList,

NewTarget) <

1. Let O be the this value.
2. Perform ? RequirelnternalSlot( O , [[SetDatal]).
3. Let otherRec be ? GetSetRecord( other ).
4. If SetDataSize( O .[[SetDatal]) < otherRec [[Size]], re-
turn false.
5. Let keyslter be ? GetlteratorFromMethod( ot/ierRec .
[[SetObject]], otherRec .[[Keys]]).
6. Let next be not-started.
7. Repeat, while next is not done,
a. Set next to? IteratorStepValue( keyslter ).
b. If next is not done, then
i. If SetDataHas( O .[[SetDatal], rnext ) is false,
then

i. Perform ? IteratorClose( keysiter,

E Docs

“>»BACK OVER

() GitHub Rreay O Es2e26 (1, &

T BACK OUT < REWIND Vv JS STEP

£ State f Heap (%) Breaks $2 Callstack

=| Specification Environment

e ArgumentsList : List ¢

e NewTarget : undefined

e 0:Record[Object] ¥

e other : Record[Object] &

e otherRec : Record[SetRecord] <
« this : Record[Object] &

% [©) JavaScript Environment

No environment variables.
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<> JavaScript Editor v — ECMAScript Specification £ State (e Heap @ Breaks @ Callstack
1 const a = new Set =] Specification Environment
([1, 2, 31); Set.prototype.isSupersetOf(this, ArgumentsList,

e ArgumentsList : List ¢

2 const b = new Set NewTar O
get) & . . :
L, 213 B 1. Let O be the this value kil it u.ndeflned
3 a.isSuperset0f(b); ' ' e« 0:Record[Object] ¥

2. Perform ? RequirelnternalSlot( O , [[SetDatal]).

3. Let otherRec be ? GetSetRecord( otler ).

4. If SetDataSize( O .[[SetDatal]) < otherRec [[Size]], re-
turn false.

5. Let keyslter be ? GetlteratorFromMethod( otherRec .
[[SetObject]], otherRec .[[Keys]]).

e other : Record[Object] & —
« otherRec : Record[SetRecord] 4{, L A3

e Size : 2
» Keys : Record[BuiltinFunctionObject]

6 Let nevt be not-started  Has : Record[BuiltinFunctionObject]
7. Repeat, while next is not done,
a. Set next to? IteratorStepValue( keyslter ). » SetObject : Record[Object] <
b. If next is not done, then e this : Record[Object] X
i. If SetDataHas( O .[[SetDatal], next ) is false, o] JavaScript Environment
then

: No environment variables.
i. Perform ? IteratorClose( keysiter,
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Problem - Manual Approach

7c Assertion
Example: 4 + 2n TypeError V

— Graal
JS
e i + J
|| Program Assertion .

QuickJS
Conformance Tests

= — Conformance [Eoddable
ECMA-262 o
(JavaScript Spec.) { Testog2
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Conformance Test Synthesis Specification

Coverage
- s P
Syntax-directed <y g rogram Final State-based
Program Synthesis . Mutator Assertions
¢ _ R " N L N _ R ~ )
T Mechanized | | Seed - Program . Assertion | Conformance
Specification y _ Synthesizer )L Pool )L Injector y _ Tests
Program Pool o let x = 1 + 2;
assert(x == 3); © *
let x = 42; e R
assert(x == 42); let x = '[]:
* e assert(x == false);
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Specification Coverage

VPLRG

ApplyStringOrNumericBinaryOperator ( [val, oplext, roal)

JS

MiniPoly: Extraction of JavaScript Polyfill from Language Specification

1n‘ VAL

JS

4>|<2n

JS
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Feature-Sensitive Coverage

ApplyStringOrNumericBinaryOperator ( [val, oplext, roal)

5. If Type(/nium) is not Type(rnum){throw a TypeError exception |

6. If [num is a Biglnt, then

Language K& , ™~
Features
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JS
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17 + 2n

Addition
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Subtraction 4 — 7 7n - 2n 1n — 23
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Specification Coverage

Kind

Engine

Transpiler

VPLRG

# Detected Unique Bugs

Name Version Release # New | # Confirmed | # Reported
V8 v10.8.121 | 2022.10.06 4
JSC v615.1.10 | 2022.10.26 42 Bugs 26
GraallS v22.2.0 2022.07.26 In Engines 11
SpiderMonkey | v107.0b4 2022.10.24 4
Total 45
Babel v7.19.1 2022.09.15 39
SWC v1.3.10 2022.10.21 94 Bugs 47
Terser v5.15.1 2022.10.05 In Transpilers 19
Obfuscator v4.0.0 2022.02.15 7
Total 94 95 112
Total 136 139 157

MiniPoly: Extraction of JavaScript Polyfill from Language Specification 54/ 54
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<> Cade (%) Issues 9 1% Pullrequests 3 (J) Discussions
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ECMAScript Specification (ECMA-262) Metalanguage

58 BSD-3-Clause license
¥r 166 stars ¥ 12forks <& 8 watching ¥ 12Branches O 15 Tags “v Activity
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& Public repository
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