Bnetaem c gByx Hor B JS Ha Wasm
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Huncknenwvep

e [loknag He Ang Tex, KTO XO4YEeT nocnywartb 4To Takoe Wasm
e bynem obcyxaatb Kak ckomnunuposaTtb JS B Wasm n kakoe 3TO peLleHune
nokasblBaeT Lundpsbl



Wasm HabupaeTt obopoThl

1. B Bebe: ML, obpaboTka nsobpaxeHuin, aMmynsaTopbl, Urpbl 1 T.0.
2. B obnakax: 3anyck nosib3oBaTesnibCKOro Koga, AelleBble KOHTENHEPI
3. Kak a3blk gna pacwupeHun: nginx, libsql
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Cawmble NonNynAaApHbIE A3bIKU OJ14 WaSm
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Tekyuiee coctodHme gen ¢ JS

¥piderMonkey




ObroHaem byratTn Ha camokare: quickjs

ManeHbKnin, HanMcaH OgHUM YENOBEKOM
TonbKo nHTepnpeTaTtop

OueHb XOpOoLIO ONTUMU3NPOBAH
Komnunupyetca B wasm pasmepom B ~800Kb

LN~
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[Mpobnembl NerkoBecHoro nHTepnpeTaTopa

e OJOTO MHTEpNpeTaTop



Wasm Jit
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SpiderMonkey B kayectBe VM

1.  Yxe ymeet komnunuposatbcs B wasm (https://habr.com/ru/articles/569492/)
2. EcTb nHTEpnpeTatop HanucaHHbIM Ha C++ B otnnyme ot V8/JSC
3. KTomy e oHa nony4yaetcs HebornbLuon, okorno 5SMb



https://habr.com/ru/articles/569492/
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JIT ang Wasm

SpiderMonkey
x64

/; code
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Tenepb Tbl pellaellb, Koraa
NepeKknounTb nepenadvy




YcTaHOBKa HOBOIo Koga



SpiderMonkey.wasm
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OxunpgaHua SpiderMonkey oT HOBOW apXUTEKTYpPbI

[Mpoueccop ¢ pernctpamu
Hanwnumne cteka
CtangapTHbIn Habop onepauun Tna add, mul, div, mod, Id n T.n.

INNen6nel, jump’sl 1 call’sl

LN~
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Masm Wasm

Jlokanbl n

Peructpsbl
P rnooanbl

He agpecyembin

ecyeMbIn CTeK
Appecy cTeK

MOoXXHO BbI3bIBaTb
JTenonbl/MNpbikkn TONbKO (PYHKLMN U
Gnoku




IMyndaumsa masm Ha wasm



IMyndaums masm Ha wasm

1.  Kaxayro pyHKUMo B masm byaet KoMNunupoBaTth B OTAENbHYH PYHKLUUIO Ha
wasm

2. PerncTtpbl npeactaBum Kak rnobansi

Ctek bynet nogaoepxmeaTb B WebAssembly.memory

4. Ynoxmm masm B cfg n Hanuwem nHtepnpetatop Ha 6a3oBbIxX Briokax

W



Cxema KoMnunauum

Label done;

Register scratch = RO.scratchReg();

masm. loadScript(scratch);

masm.branchTest32(Zero, scratch, scratch, &done);

.unreachable();

.bind(&done) ;
.Push(Imm32(0));
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Label done; 3arpysuTb CKpunT B scratch
Register scratch = RO.scratchReqg();
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3arpy3nTb CKpunT B scratch

'

cpaBHuUTb scratch ¢ 0

O\

Monoxutb 0

ynacTb
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3arpysmnTb CKpunT B scratch
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loop $interpreter loop
(block
(block
block
(block
(block

i32.1load ( $pc)
br table 0 1 2 3 4

br $interpreter loop

if $pc 2
else $pc 3
br $interpreter loop

unreachable
br $interpreter loop
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)

br $interpreter loop
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(block
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block
(block
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(i32.1load (local.get $pc))
¢ br table 6 1 2 3 4

CpaBHUTb scratchc 0 br $interpreter loop
/\ g rinet

else $pc 3

MNonoxuntb 0 br $interpreter loop

ynacTb
Ha CTeK

unreachable
br $interpreter loop

br $interpreter loop
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br $interpreter loop
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(block
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br table 0 1 2 3 4

;3 Load script -> scratch

br $interpreter loop
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else $pc 3
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br $interpreter loop
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loop $interpreter loop
(block
(block
block
(block
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i32.1load ( $pc)
br table 6 1 2 3 4

br $interpreter loop

Compare scratch against 0

11 => T t $pc 2
else => local.set $pc 3
br $interpreter loop

unreachable
br $interpreter loop

br $interpreter loop
)

br $interpreter loop
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br $interpreter loop

if $pc 2
else $pc 3
br $interpreter loop

unreachable
br $interpreter loop

br $interpreter loop
)

br $interpreter loop




3arpysmnTb CKpunT B scratch

'

cpaBHuUTb scratch ¢ 0

O\

Monoxutb 0

ynacTb
Ha CTeK

N
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(block
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br $interpreter loop

br $interpreter loop

)

br $interpreter loop
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yJ'IyLILLIeHHaFl CXeMa KoMnnndauumum

1. B JavaScript HeT goto

2. Masm reHepupyeT structured control flow

3. Ecnu otcoptupoBatb rpad noTtoka yrnpasreHns, TO MOXXHO reHepupoBaTb
npsiMble nepexoabl



CopTupyem rpad

3arpy3nTb CKpUNT B scratch

'

cpaBHUTb scratch c 0
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CopTupyem rpad
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Monoxutb 0
Ha CcTekK

ynacTb

\/\

A




loop $interpreter loop
(block
(block
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(block

d ( $pc)
br table 0 1 2 3 4

br $interpreter loop

if $pc 2
else $pc 3
br $interpreter loop

unreachable
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br $interpreter loop

)
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br $interpreter loop

$pc 2
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br $interpreter loop




loop $interpreter loop
(block
(block
block
(block
(block

I ( $pc)
br table 0 1 2 3 4

(block
(block
block
(block

br $interpreter loop

)

it $pc 2 if br 2
n $pc 3 else br 3
br $interpreter loop unreachable

unreachable
br $interpreter loop

br $interpreter loop

)

br $interpreter loop




loop $interpreter loop
(block
(block
block
(block
(block

I ( $pc)
br table 0 1 2 3 4

(block
(block
block
(block

br $interpreter loop

)

it $pc 2 if br 2
n $pc 3 else br 3
br $interpreter loop unreachable

unreachable
br $interpreter loop

br $interpreter loop

)

br $interpreter loop
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Ho ecTb OAMH HHOAHC

n sum(n) {
let result
for (let 1 : § < n: ++1) {

result




Ho ecTb 0OWH HOAHC

result = 0;
i=0;
» sum(n) {
let result = 0;
for (let 1 =0; 1 < n; ++1) { _
result += i; cmp 1, n

return result;

result +=i;
++i;
goto O

return result




OTcnexnBaem UuKnbl

|

[return result




OTcnexnBaem UuKnbl

(block
block
(block

result = 0;
i=0;

cmpi, n

result +=i;
++i;
goto O

return result




c++ interpreter and baseline jit
B c++interpreter [ baseline jit

300

200

100

--no-loop-opt --loop-opt
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function add(a, b) {

return a + b;
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MHnauH KaLwu: Tekywaa peanmsaumng

function add(a, b) {

VM wrapper

return a + b; IC fallback Stub
stub

C++ runtime




HNanH K3LWN: KaK XodeTCcs

function add(a, b) {

return a + b;

IC Stub gns
Int32

IC fallback stub
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PesynsraThl
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Interpreter Baseline withno  Baseline with IC
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[Tpobnembl

1. Peructpsbl kKak rnobansl - He o4eHb Xopoluas naes okasanacb
2. Bbi3oB IC 4epes call _indirect B wasmtime reHepmpyeT O4EHb MHOIO OBEpXeaa
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[eHepaumsa NpsiMbIX BbI3OBOB U UHMANHUHT ICs

function add(a, b) {

VM wrapper

return a + b; IC fallback Stub
stub

C++ runtime

IC Stub




[eHepaumsa NpsiMbIX BbI3OBOB U UHMANHUHT ICs

e Mbl He nHcTaHuumpyem HoBbix IC cTaboB B paHTaiMe, Mbl TONbKO
OTKNaablBaeM UX Ha NOTOM
e MbI KOHTPONMPYEM BbI30BbI KOMMUNALMM



Pesynbrathl

Interpreter and Baseline with IC
B Interpreter [ Baseline with IC
500

400
300
200
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KoHBeHLWSI BbI3OBOB U NpeacTaBlieHNe PerMcTpoB

1. ,D,OCTyI'I K rmo6anam He onTNMnM3nNpyeTcAd aliJyilokatopoM permcTpoB

2. 1C BbI30BbI NCMOSIb3YKOT CBOW KAaCTOMHbIN ABI, KOTOPbIN Mbl HE MOXEM
Bblpa3nUTb B wasm

3. FloaTomy Mbl peLlininm cagenartb CBOKO KOHBEHLNIO BbISOBOB.

f: (fp: 132, RO: i64, R1: 164, ICStubReg: i64) -> i64



500

400

300
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B Interpreter

Sum(10000) in ms

B Baseline with IC

Count(10000) in ms



[lanbHeunwune waru

1. COopka Bcex NPOMEXYTOYHbIX MOAYMNEN B OOUH, T.e. Source.js ->
source.wasm.

2. Ontnmusmnpyem pasmep nosy4yaemoro source.wasm.

3. Mel Bce 3aanctpummm B mozilla kK KoHLY roga



3aknodyeHue

1. Tenepb ecTb pelueHne bbicTpee B ~9 pa3s 4em quickjs

2. Komnunaumsa B wasm 3T0 NPOCTO, HO A0OUTBLCA XOpOoLUEn
NPON3BOANTENBHOCTU CIIOXHO

3. JS Tenepb 3anyckartb B obriakax yepes wasm CTarsio eLle npuaTHee



Bonus: 4ToO genatb ecnn 1 Xouy NPUMEPHO TOXE CaMOE,
Ho ansa python/php/ruby



Bonus: 4ToO genatb ecnn 1 Xouy NPUMEPHO TOXE CaMOE,
Ho ansa python/php/ruby

{ source.js }

L Interpreter.wasm }




Bonus: 4ToO genatb ecnn 1 Xouy NPUMEPHO TOXE CaMOE,
Ho ansa python/php/ruby

{ source.js
weval

L Interpreter.wasm




Bonus: 4ToO genatb ecnn 1 Xouy NPUMEPHO TOXE CaMOE,
Ho ansa python/php/ruby

{ source.js
weval —)‘ source.wasm}

L Interpreter.wasm




Bonus: 4ToO genatb ecnn 1 Xouy NPUMEPHO TOXE CaMOE,
Ho ansa python/php/ruby

[source.js
weval 4>‘ source.wasm}

[ Interpreter.wasm

Partial evaluator Ha wasm: https://qgithub.com/cfallin/weval



https://github.com/cfallin/weval

Extra bonus: AOT gna JS

https://blogs.igalia.com/compilers/2023/05/10/compiling-bigloo-scheme-to-webass
embly/
https://www.youtube.com/watch?v=iY1EXHQG6IeQ



https://blogs.igalia.com/compilers/2023/05/10/compiling-bigloo-scheme-to-webassembly/
https://blogs.igalia.com/compilers/2023/05/10/compiling-bigloo-scheme-to-webassembly/
https://www.youtube.com/watch?v=iY1EXHQ6IeQ

Cnacunbo 3a BHMMaHue



