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Polyfil

e Polyfill is a JavaScript implementation of built-in APIs

* core-js Is used by 41% of websites and has = 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);

+
1) false:

- core-js.
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var 0 = aSet(this);
var otherRec = getSetRecord(other);

|
F O‘yfl H T e module.exports = function isSupersetOf(other) {

| 2 _ if (size(0) < otherRec.size) return false;
% " f ;1  var iterator = otherRec.getIterator();
1mport core— s/actual/set/ls suerset of' -' return iterateSimple(iterator, function (e) {
:C()ns , ' = = - if ('has(0, e)) {
’ return iteratorClose(iterator, 'normal', false);
gonst b = now Setl

2. isSuperset0f (b) ;]

1) false:
// true b
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FCMA-262 - JavaScript Language Specification

tc39/ecma262 TC

Status, process, and documents for ECMA-262 39
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FCMA-262 - JavaScript Language Specification

tc39/ecma262 TC

Status, process, and documents for ECMA-262 39

AdditiveExpression yi 14, await ]

MultiplicativeExpression | ;yie1d, 2await]

AdditiveExpression ,yie1d, 2await] + MultiplicativeExpression  ,vicia, 2await ]

AdditiveExpression  ovie14, sawait] - MultiplicativeExpression,vie14, 2await ]
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FCMA-262 - JavaScript Language Specification

tc39/ecma262

Status, process, and documents for ECMA-262

AdditiveExpression yi 14, await ]

MultzplzcatweExpresszon [?vield, ?Await]

| AddztweExpresszo_ﬁ [2¥ie 1dﬁ : ’-9 Ava 1t7] + MultlplzcatweExpresszq[ 2Vie 1, d, ?Avait] '.J

AddztweExpresszon[Yleld '?Awallt] MultzplzcatweExpresszon[9Yleld »9Awalt]

AdditiveExpression : AdditiveExpression + MultiplicativeExpression

1. Return ? EvaluateStringOrNumericBinaryExpression(
AdditiveExpression, +, MultiplicativeExpression).
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FCMA-262 - JavaScript Language Specification

Built-in

tc39/ecma262

Status, process, and documents for ECMA-262

Set.prototype.isSupersetOf ( ot/er )

1. Let sef be the this value.

2. Perform ? RequirelnternalSlot(set, [[SetData]]).
3. Let otherRecord be ? GetSetRecord(other).

4. If SetDataSize(set.[[SetDatal]) < otherRecord.||Size]], m
return false.

5. Let keysiterator be ? GetlteratorFromMethod(...). AdditiveExpression  vi c1a awaic)

6. Let next be NOT-STARTED. MultiplicativeExpression  7vie1a, zavaic)

7. Repeat, while next is not DONE, T s B A AT A B T Y 825
a. Set next to ? IteratorStep Value(keyslterator).
b. If next 1s not DONE, then

1. If SetDataHas(set [[SetData]] next) 1s false. then AdditiveExpression : AdditiveExpression + MultiplicativeExpression
y ¢ . 2

1 . Perform 7 ItCI’&tOI’ClOSG( o ) 1. Return ? EvaluateStringOrNumericBinaryExpression(
AdditiveExpression, +, MultiplicativeExpression).

AdditiveExpression  ovie14, »await] - MultiplicativeExpression,v;e14, 2await ]

2. Return false.
8. Return true.
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Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {
var 0 = aSet(this);

var otherRec = getSetRecord(other);

Set.prototype.isSupersetOf ( ot/er )
1. Let set be the this value.
2. Perform ? RequirelnternalSlot(set, [[SetData]]).
3. Let otherRecord be ? GetSetRecord(other).
4. If SetDataSize(set.[[SetDatal]) < otherRecord.||Size]],
return false.
5. Let keyslterator be ? GetlteratorFromMethod(...). function (e) £
6. Let next be NOT-STARTED. |
7. Repeat, while next 1s not DONE, if (thas(0, e)) {
a. Set next to ? IteratorStep Value(keysliterator). Manual return iteratorClose(iterator,
b. If next 1s not DONE, then
1. If SetDataHas(set.[[SetData]], next) 1s false, then
1. Perform ? IteratorClose(...).
2. Return false.

if (size(0) otherRec.size) return false;
var iterator = otherRec.getIterator();

return iterateSimple(iterator,

'normal', false);

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 6/32

8. Return true.




Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {

Set.prototype.isSupersetOf ( ot/er )
1. Let sef be the this value.
2. Perform ? RequirelnternalSlot(set, [[SetDatal]]).
3. Let otherRecord be ? GetSetRecord(other).
4. If SetDataSize(set.[[SetDatal]) < otherRecord.||Size]],
return false.
5. Let keyslterator be ? GetlteratorFromMethod(...). function (e) £
6. Let next be NOT-STARTED. |
7. Repeat, while next 1s not DONE, if (thas(0, e)) {
a. Set next to ? IteratorStep Value(keysliterator). Manual return iteratorClose(iterator,
b. If next 1s not DONE, then
1. If SetDataHas(set.[[SetData]], next) 1s false, then
1. Perform ? IteratorClose(...).
2. Return false.

var aSet(this);

var otherRec = getSetRecord(other);

if (size(0) < otherRec.size) return false;
var iterator = otherRec.getIterator();

return iterateSimple(iterator,

'normal', false);
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Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {

Set.prototype.isSupersetOf ( other ) var 0 = aSet(this);

1. Let set be the this value.
2. Perform ? RequirelnternalSlot(set, [[SetData]]).

var iterator = otherRec.getIterator();

return iterateSimple(iterator,
5. Let keysiterator be ? GetlteratorFromMethod(...).

function (e) {
6. Let next be NOT-STARTED. |
7. Repeat, while next 1s not DONE, if (thas(0, e))
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b. If next 1s not DONE, then
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'normal', false);

s
}) '== false;

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 6/32




Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {

Set.prototype.isSupersetOf ( other ) var 0 = aSet(this);

1. Let sef be the this value.
2. Perform ? RequirelnternalSlot(set, [[SetData]]).

return iterateSimple(iterator,

function (e) {

7. Repeat, while next 1s not DONE, if (thas(0, e))
a. Set next to ? IteratorStep Value(keyslterator). Manua L return iteratorClose(iterator,
b. If next 1s not DONE, then
1. If SetDataHas(set.[[SetDatal]], next) 1s false, then
1. Perform ? IteratorClose(...).
2. Return false.
8. Return true.

'normal', false);

s
}) '== false;

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 6/32




Current Approach - Manual Translation

Built-in

function isSupersetOf(other) {

Set.prototype.isSupersetOf ( other ) var 0 = aSet(this);

1. Let sef be the this value.
2. Perform ? RequirelnternalSlot(set, [[SetData]]).

if ('has(0, e)) A
VERIERE return iteratorClose(iterator,

'normal', false);

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 6/32

1. If SetDataHas(ser.[[SetData]], next) 1s false, then
1. Perform ? IteratorClose(...).

}

2. Return false. }) !'== false;

8. Return true.
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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
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ES2025
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Problem - Burden of Manual Implementation

All websites running on

legacy JS engines
A 91% of commits
s N —
zloirock #1 o0 (3

|:| @ 7,219 commits 1,038,797 ++ 895,516 --
400
iAo ||||||

2014 2018 2022 2026

sSuoIINQIIIU0)

| core-js
S

https://xkcd.com/2347/ (Original, modified with Al)
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Our Approach - Automatic Extraction from ECMA-262

Built-in

Set.prototype.isSupersetOf ( ot/ier )
1. Let sef be the this value.
2. Perform ? RequirelnternalSlot(sez, [[SetDatal]]).
3. Let otherRecord be ? GetSetRecord(other).
4. If SetDataSize(set.[[SetData]]) < otherRecord.[[Size]],
return false.
5. Let keysiterator be ? GetlteratorFromMethod(...).
6. Let next be NOT-STARTED.
7. Repeat, while next 1s not DONE,
a. Set next to ? IteratorStep Value(keyslterator).
b. If next 1s not DONE, then
1. If SetDataHas(set.[[SetData]], next) 1s false, then
1. Perform ? IteratorClose(...). Extract Polyfill In Javascript
2. Return false.
8. Return true.
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Challenges - Correctness and Efficiency
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Challenges - Correctness and Efficiency

Built-in

Set.prototype.isSupersetOf ( ot/ier )
1. Let set be the this value.

1) How to correctly handle internal repr. of control flows??

2. Perform ? Requirelnternglassmeser, etData]]).
3. Let otherRecord etSetRecord(other).
4. If SetDataSize(set.[[SetData]]) < otherRecord.[[Size]],
return false.
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Challenges - Correctness and Efficiency

Built-in

Set.prototype.isSupersetOf ( ot/ier )
1. Let set be the this value.

1) How to correctly handle internal repr. of control flows??

2. Perform ? Requirelnternglassmeser, etData]]).

3. Let otherRecord etSetRecord(other).

4. If SetDataSize(set.[[SetData]]) < otherRecord.[[Size]],

return false.

5. Let keysiterator be ? GetlteratorFromMethod(

6. Let next be NOT-STARTED.

7. Repeat, while next 1s not DONE,
a. Set next to ? IteratorStep
b. If next 1s not DONETThen

i. et Datatasyser. [SetData]], nex) is false, then
1.?teratorClose(...). Extract Polyfill In Javascript

2. Return false.

2) How to extract algorithmically efficient polyfill?

Jzekeyslterator).

8. Return true.
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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 ( iteratorRecord, completion )

3. Let innerResult be GetMethod(...).
4. If innerResult 1s a normal completion, then

b. If return 1s undefined, return ? completion.

c. Set innerResult to Call(...).
5. If completion 1s a throw completion, return ? completion.
6. If innerResult 1s a throw completion, return ? innerResult.

8. Return ? completion.
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S.JReturn ? complelion. § return completion

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 12/32



Solution 1 - Completion Type Analysis

IteratorClose ( iteratorRecord, completion )

3. Let innerResult be GetMethod(...).

;
yd N

N\ /7
Never be a J_
completion
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1
IteratorClose ( iteratorRecord, completion )

3. Let innerResult be GetMethod(...).
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

IteratorClose ( itemtarRecam’,l._)

3. Let innerResult be |
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

IteratorClose ( itemtorRecam’,l_‘)

3. Let innerResult be}GetMethod(...)}

function IteratorClose(iteratorRecord, completion,

)

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

IteratorClose ( itemtarRecam’,l_‘)

3. Let innerResult befGetMethod(...)

completion :
innerResult :

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1
4. If innerResult 1s a normal completion, then

b. If return 1s undefined, return ? completion
c. Set innerResult to Call(...).
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

b. If return 1s undefined, return ? completion
c. Set innerResult to Call(...).
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

b. If return 1s undefined, return ? completion

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

if (innerResult_flag) {

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7”7

1

completion :
InherResult : r

4411 innerResuli is a normal completion jthen

b If return 1s undefined, tuc'ampl etzOn
c. Set innerResult to Calleoye -

if (innerResult_flag) {

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7”7

1

completion :
InherResult : r

A{TE 777 sl s @ normal completion ] then

b If return 1s undetined, tucampl ethn
c. Set innerResult to Call(ey o

if (innerResult_flag) {

if ( return === undefined) 1 i
i1t (completion_tlag return comp etlon
else  _______ throw

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

completion :
InherResult : r

1

if (innerResult_flag) {

if ( return === undefined) 1 i
i1t (completion_tlag return completion;
else _____ __ throw completion;}

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt

-/
1

completion :
InherResult : r

[T Tmcr Fiesil s a normal completion] then

b If return 1s undetined, retuCOmpletzon
C. Set znnerResultt';w I(...) Vo -

if (innerResult_flag) {

if ( return === undefined) 1 i
i1t (completion_tlag return completion;
elseq%,__v,wﬁ,,__,wwthrow_mcomzlgthnﬁ
) e mserrosrmeummssansnsummeetl Lot BV &
try { innerResult = Call(...); innerResult_flag = true; } catch ...

}

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt

7

1

completion :
InherResult : r

[T Tmcr Fiesil s a normal completion] then

b It return 1s undefined, retuCOmpletzon
c. Set innerResult togCal — -2

innerResult : 1

if (innerResult_flag) {

if ( return === undefined) 1 i
i1t (completion_tlag return completion;
elseq%,__v,wﬁ,,__,wwthrow_mcomzlgthnﬁ
) e mserrosrmeummssansnsummeetl Lot BV &
try { innerResult = Call(...); innerResult_flag = true; } catch ...

}
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1
5. If completion 1s a throw completion, return ? completion.

6. If innerResult 1s a throw completion, return ? innerResult.

8. Return ? completion.
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
e
1
5. If completion 1s a throw completion, return ? completion. .
6. If innerResult 1s a throw completion, return ? innerResulf completion : abrupt
8. Return ? completion. InnerResult . abrupt
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1
5. If completion 1s a throw completion, return ? completion. .
6. If innerResult 1s a throw completion, return ? innerResulf completion : abrupt

8. Return ? completion. _ innerResult : abrupt

if (!completion_flag) throw completion;

if (!innerResult_flag) throw innerResult;

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt
7

1

completion : abrupt

y /nnerResult : abrupt

5. If completion 1s a throw completion, return ? completion.
6. If innerResult 1s a throw completion, return ? innerResuli

8. Return ? completion.

completion : normal

if (!completion_flag) throw completion;

if (!innerResult_flag) throw innerResult;

JS
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-

Solution 1 - Completion Type Analysis ah

normal abrupt

e
1
completion : abrupt

y /nnerResult : abrupt

5. If completion 1s a throw completion, return ? completion.
6. If innerResult 1s a throw completion, return ? innerResuli

8. Return ? completion.

completion : normal

if (!completion_flag) throw completion;

if (!innerResult_flag) throw innerResult;

return completion;

JS
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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

Set.prototype.add ( value )

4. For each element e of S.[[SetData]], do
a. If e 1s not EMPTY and SameValue(e, value) 1s true, then
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Challenge 2 - Efficiency

Set.prototype.add ( value ) Linear search

a:If Cisnot EMPTY and Samevalue(e, value) is true, then
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Challenge 2 - Efficiency

Set.prototype.add ( value ) Lin ear search 39 m
4.’1 'Dta] / ' | Set.prototype.add |

a. 1T ¢ 1s not EMPTY and Same value(e, value) is true, then
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Challenge 2 - Efficiency
O(TL) VS.

Set.prototype.add ( value ) Lin e ar S earch -58 m

Set.prototype.add

Set.prototype.delete
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 }}

(* simplified)

Set.prototype.add ( value ) TC
39

4. For each element e of S.[[SetDatal], do
a. If ¢ 1s not EMPTY and SameValue(e, value) 1s 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 }}) is xtruex, then
1. {{ body : step }}

where:

— 1SSETDATA (DASE ) emmrsmmemsmmmmsmmmmsmay

- 1 1sSetData: "?w}whwwﬁuwow_ﬁjwﬁuﬁﬁwé

(* simplified)

Set.prototype.add ( value ) TC
39

4. For each element e of S.[[SetDatal], do
a. If ¢ 1s not EMPTY and SameValue(e, value) 1s 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 }}

(* simplified)

Set.prototype.add ( value )

4 For each element ¢ o ’5;
a. If e is not EMPTY anc ameV Tue(e, value) is true, then

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 22/32



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.copyx " }
replace:, | . memmmmas
1. IffSET_DATAwHAS;{{ base }}, {{ value }}) is xtruex, then
1. 11 body sy e

(* simplified)

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

39

4. For each element e of S.[[SetDatal], do
a. If ¢ 1s not EMPTY and SameValue(e, value) 1s true, then
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MiniPoly - Overall Structure

Solution 2: Rewrite Rules

X
& & Polyfill

Developer

TC </A ) J S
39 ECMA-262 T Mechanized Spec-to-JS Solvfill
(JS Spec.) Specification . Translator y
Completion . Completion
Types

Type Analyzer

Solution 1: Correctness
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Evaluation

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

RQ1) Correctness

RQ2) Reduced Manual Effort

RQ3) Speed

RQ4) Forward Compatibility

RQ5) Real-World Usability
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RQ1) Correctness

e Jested by Test262 - official conformance tests

e (# of Fail) core-js - 344 / es-shims - 618 (of 6,785 supported) / 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) 26.4s 4,355(94.9) 48.5s 4,713(100.0) 25.4s 4,713(100.0) 25.6s
String 12 633 616 (96.6) 6.2s 602 (94.4) 6.6s 638 (100.0) 6.0s 638 (100.0) 6.0s
Set 18 748 710 (94.9) 3.38 682 (91.7) 9.4s 746 (99.7) 3.2S 746 (99.7) 3.4s
Map 12 322 298 (92.5) 4.8s 256 (79.5) 5.0s 320(99.4) 4.7s 320(99.4) 4.6s
WeakMap 5 198 168 (84.8) 2.3s — — 196 (99.0) 2.28 196 (99.0) 2.3s
WeakSet 5 166 142 (85.5) 2.28 — — 164 (98.8) 2.1s 164 (98.8) 2.1s
Promise 13 1,264 1,154(91.3) 9.8s 272(55.5) 19.8s 1,256(99.4) 9.6s 1,256(99.4) 9.6s
Total 89 8,049 7,705(95.7) 60.1s 6,167(90.9) 89.3s 8,033(99.8) 58.1s 8,033(99.8) 58.4s

T es-shims evaluated on supported subset, and (-) indicates unsupported built-ins.
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RQ1) Correctness

e Jested by Test262 - official conformance tests

Inherent lIimitations

shared by all polyfills
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RQ2) Reduced Manual Effort

’VPLRG

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
Promise 13 2,013 3,031 1,511 203
Total’ 89 14,312 32,836 5,714 1,295 5,684 1,705 195 (17)
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RQ2) Reduced Manual Effort

’VPLRG

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 1,231 6,385 413 130
Set 18 2,313 5,880 364 190 3861 233

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 2,013 3,031 1,511 203
Total' 89 32,836

14,312

5,714 1,295 5,684 1,705 195 (17)
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RQ2) Reduced Manual Effort
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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 2,034 115 436 231
Promise 13 2,518 L, 203
Total' 89

14,312
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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 8978 1332 317
String 12 1,281 6.885 418 130
Set 18 2313 5880 864 190 861 283

114 (11)
WeakSet 5 1,882 ~ 387 123 379 214
Map 12 1986 3,062 756 217 747 327

81 (6)

WeakMap 5 2,034 _ 446 115 436 231
Promise 13 2518 8031 1511 203 17 Manual
Totall 89 14,312 32,836 5,714 1,295 5,684 1,705 195 (17 Rules

"‘ PLRG MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 28/32



RQ2) Reduced Manual Effort

Baseline MiniPoly MiniPoly-opt

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

Array 24 2,298 8978 1332 317
String 12 1,281 6.885 418 130
Set 18 2313 5880 864 190 861 283

114 (11)
WeakSet 5 1,882 ~ 387 123 379 214
Map 12 1986 3,062 756 217 747 327

81 (6)

WeakMap 5 2,034 _ 446 115 436 231
Promise 13 2518 8031 1511 203 17 Manual
Total! 89 14,312 32,836 5,714 1,295 5,684 1,705 195 (17 Rules

13.28%
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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 1,231 6,885 418 130
Set 138 2,313 5,880 3864 190 861 233
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RQ3) Speed

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

add, delete, has, size

Set — Simple

Throughput (ops/sec)
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71 4 _
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6 | & —
a .
105 () R | ||<|>|||||_E
107 10° 10%
core-js

'VPLRG

entries, forkach, ... iIsSupersetOf, union, ...

Set — Composite

Set — Iterate

T T T TTTIT T T TTTIT

10° 4 E
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RQ3) Speed

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

add delete, has, size entries, forEaCh |sSupersetOf union,

Set — Iterate

Throughput (ops/sec)

Set—Slmple
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107 - E
10° E
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’VPLRG
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Throughput (ops/sec)

RQ3) Speed

Map — Simple
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Competitive with baselines in most cases

Map — Iterate

T T
[

"

102 103

Set — Iterate

10*

107

100

WeakMap — Simple

5

102 103 10*

WeakSet — Simple

100

10°

WeakMap — Composite

102 103 104

WeakSet — Composite

107 = = 10 10°
: RN T 10! |-
L1l | il L1l EREEEEE | il EREI R EEEE || EREI R | 1111
10° 104 10° 10° 104 10° 10° 104 10° 10° 107 10° 104
= corejs + es-shins [MEMIMPGY) [SSSIIMGRPOEGHE
MiniPoly: Automatic Extraction of Efficient JavaScript Polyfill from Language Specification 30/32



RQ4) Forward Compatibility

e Supports Built-in APlIs in ES2026 and Stage 2.7

with 100% correctness and comparable 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 )4 y-op )4 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
e e Promise
Await Dictionary B
(Stage 2.7) allKeyed 12(100.0)  12(100.0) — — — —
allSettledKeyed — 12(100.0)  12(100.0) — -~ — —
Total 166 (100.0)§11.3M / 1.9M 500K  89.3K 6.8M / 2.1M
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KOREA

UKI\R/ |E{RSEI /TA\> "‘ P L R EI Solutiz:j:—l Rewrite Rules

1. For each element {{ elem : var }} of {{ base : ref }}, do
1. If {{ elem }} is not ~empty~ and SameValue({{ elem }},

{{ value : var }}) is xtruex, then
1. {{ body : step }}

Challenge 2: Efficiency

- { isSetData: " _.[[SetDatall " }

replace:, ]
1. If§SET_DATA_HAS{{{ base }}, {{ value }}) is xtruex, then
1. {1 body

(* simplified)
Set.prototype.add ( value ) TC N ion add(value) {
39 : '

’ i (SET DATA HASYS.SetData, val
4. For each element ¢ of S.[[SetData]], do HORE a—p— etbata, value)
a. If e is not EMPTY and SameValue(e, value) is true, then ces

b

X
&4l Polyfill Rewrite Rule-based

Developer Rules Optimizer

i
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TC

39 ECMA-262 Mechanized Spec-to-JS JS

Specification Translator Polyfill

Solution 1 - Completion Type Analysis

function IteratorClose(iteratorRecord, completion, completion_flag) { Co o T Ietion CO Ietion
try { var innerResult = GetMethod(...); var innerResult_flag = true; } p p

catch (e) { var innerResult = e; var innerResult_flag = false; }

if (innerResult_flag) {

Type Analyzer Types

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

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

b
if (!'completion_flag) throw completion; n
Challenge 1: Correctness

return completion;

}
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