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| emscripten




12

10

[lekoanposaHue
Tanna

nEpCHHI' JOMaHbIX

MNapcuHr
MHOTOYro/1IbHUKOB

CymmapHbIA NapCUHT
JIOMaHBbIX W

MHOIoyro/ieHMKOE



YcKopeHune otaenbHbIX onepaumm — 3x

YckopeHune Bcen pabotbl — 20-25%



MuHycCbI

» [lapannenbHaga kogoBas baza Ha C++
 [lapannenbHbin pa3padboTynk Ha C++

* [lapannenbHble barn Ha C++

* CunbHO yBeENMYMBAETCH pa3mep dbaHana

e He nogxoauTt AN BCEro NpuUioXeHusa: MHOro AOMNONMHUTENbHOIO Koaa U
HaKnagHbIX pacxogoB

[Toka Mbl TaK U HE peLUNnChb NMOSTHOCTbLIO NEPEBECTU YacTb Koda Ha
WebAssembly

19



[ToppoOHee

Kak Mbl BHeapanu WebAssembly B AHgekc.KapTax 1 no4emMy OCTaBUIU
JavaScript

Moscow JS Geo Meetup. Kak Mbl peHOepuUM BEKTOPHbIe AHOeKc.KapThl Ha
Bebe



https://habr.com/ru/company/yandex/blog/475382/
https://www.youtube.com/watch?v=ymKJn-XBvtw

Mbl ckadanun emscripten.

Hanncanu kog Ha C++.

4TO-TO TaM CKOMMUIINPOBAIOChb.

Ha BbIxo4e Nony4mnncya Kakon-to OMHapHUK.
OH KaK-TO 3anycKkaeTtcsi B bpayaepe.
[Touemy-TO paboTaeT ObICTpPO.

21
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YUTOo Takoe WebAssemDbDly?



UTO 3TO Takoe

» Portable, size- and load-time-efficient binary format

« Compilation target

» Can be executed at native speed by taking advantage of common hardware
capabilities

* Roughly the same functionality as asm.|s

* Primarily aimed at C/C++

* Design to execute within and integrate well with the existing Web platform

* Maintain the versionless, feature-tested and backwards-compatible
evolution story of the Web

https://webassembly.org/docs/high-level-goals/ 24



https://webassembly.org/docs/high-level-goals/

25



Asm.js
W Silverlight




3auem?

.net jvm flash |s

x86/arm/... nacl

AOcTparnpoBaH oOT na na HET

KOHKpeTHOro xenesa?

YpoBeHb abcTpaKkuun BbICOKUIA cpeaHunmn HyneBoOW

CKopoCTb HMU3Kas cpegHsas BbICOKas

Cuctema TMnoB CI1OXXHas MUHUMaINMCTUYHas

CTPYKTYpPUPOBaAHHOCTb A3 na kalua n3 banTos

Onga KoMmaHg 1 AaHHbIX

CnoxHocCTb CJTOXKHO HEe O4YEeHb CNOXHO .

CE 6e3 0bA3aTenbLHOU
opkKa Mycopa na HEeT CTPYKTYPb!

IJononHutenbHbIN cOT Oa HET

27



Kak ycTpoeH WebAssembly?



Moaoynb

module

code
code
code
code
code
code

29



Tvnbl AaHHbIX

e 32, f64 — yncna c nnaBakwLwen 3anaTou

« |[EEE754
* [lo-cyTn, TO Xe, uyTo float/double B C++, number B JavaScript

e 132, 164 — Uenble Yncna
* OTpuuaTtenbHble Yncna NpeacTaBnAaAloTCs Yepes AOoNONMHUTENbHbIN KOA

« BbonblUue HN4Yero HeT
e BmecTo boolean—-—0un 1

30



Tvnbl AaHHbIX

module

132 164 132 164

31



MHCTPYKUUN

module

code
code
code
code
code
code

132 164 132 164
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MHCTPYKUUN

type.operation

OOblyHaga matemartuka: add, sub, mul, div, ..

ButoBble onepauun: and (&), or (|), xor (»), shl/shr (>>/<<), ..

Onepauun cpaBHeHua: eq (==), eqz (==0), gt/1lt (>/<), ..

33



CTtekoBas malwliuHa

132.const 100
100

N

whatever

100
whatever

34



CTtekoBas malwliuHa

drop
100

100 /

whatever

whatever

35



CTtekoBas malwliuHa

132.add
42 + 100 = 142

14020 Q \- 142

whatever whatever



UHTerpauuns

module

code
code
code
code
code
code

132 164 132 164

37



[NamaTb m
‘*//////////*'memOw'

JS

module

code
code
code
code
code
code

132 164 132 164

38



IlamMaTtb

auto memory = new char[n * 65536];

 MOXHO ynutaThb
o iXX.load - ((intXX_t*)memory)[index]
o« fXX.load - ((float*)memory)|[index]
 MOXHO nucaTtb
e iXX.store - ((intXX t*)memory)[index] = data
o fXX.store - ((float*)memory)[index] = data

e [lamaTtsb - little endian
e OXxaabbccdd => dd cc bb aa

39




JS

Control tflow m
/ TR

module

code

If (X) {} else {}
while (y) { break }
code

132 164 132 164

40



PYHKLNU m
‘*//////////J'memOW'

JS

module

fn foo(a: 132): 132 {
If (X) { code }
while (y) { code }

;

132 164 132 164

41



PYHKLNU m
/ T

bar + locals

«— foo + locals

cool caller + locals

JS

module

fn foo(a: 132): 132 {
If (X) { code }
while (y) { code }
bar()

}
fn bar(b: f32): 64 {}

132 164 132 164

42



)m)' B

bar + locals

«— foo + locals

cool caller + locals

MMnNopTbl U SKCNOPThLI

JS

module

fn foo(a: 132): 132 {
If (X) { code }
while (y) { code }
bar()

}
fn bar(b: f32): 64 {}

132 164 132 164

e

foo(a: 132): 132

log(a: 132)

43



A

Taobnuubi m memory

A

/ e
bar + locals

JS

module
fn foo(a: 132): 132 {

If (X) { code } «——"  foo+locals
while (y) { code } cool_caller + locals
bar()

}
fn bar(b: f32): 64 {}

132 164 132 164

MM cxports

foo(a: 132): 132

log(a: 132)

44






Kak aToro xpartaert?



C++ = wasm

import <qgt>

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}

47



C++ = wasm

import <qgt>

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}

48



C++ = wasm

import <qt> // QPushButton: :QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}

49



C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}

50



C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}
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C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}
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C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []() -> void {
std::cout << "Clicked!\n";

})s

return button;

}
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C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, []|() -> void {
std::cout << "Clicked!\n";

})s

return button;

}

54



C++ = wasm

import <qt> // QPushButton::QPushButton, connect, QWidget

static auto lambda(bool checked) -> void {
std::cout << "Clicked!\n";

}

export auto createButton(const QString& name) -> QWidget* {
auto button = new QPushButton(name, this);
connect(button, &QPushButton::clicked, lambda);
return button;

}

55
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[lporpammMmupyem Ha
WebAssembly



Bbl ckopee Bcero He byaete
nucatb WebAssembly pykamu



[lpocTON Moaynb

(module
(export "foo" (func $foo))
(func $foo (result i32)
132.const 42

)
)



UHTerpauma c JS

const src = 'src.wat’;
const data = fs.readFileSync(src, 'utf8');

// Compile wat -> wasm
const wasm = wabt.parseWat(src, data);
const {buffer} = wasm.toBinary({});

// Run
const {instance} = await WebAssembly.instantiate(buffer);
const e = 1nstance.exports;

console.log(e.foo()); // 42

61



[TapameTpbl PYHKUUN

(module
(export "foo" (func $foo0))
(func $foo (param i32) (param 1i32) (result 132)

o o N\ /N @ N\ /N 1

) )

;3 https://webassembly.github.10o/spec/core/exec/instructions.html#fexec-1local-get
local.get 0 ;; [] => [1lhs]

local.get 1 ;; [lhs] => [lhs, rhs]

;5 https://webassembly.github.io/spec/core/exec/instructions.html#fexec-binop
i32.add ;5 [1hs, rhs] => [lhs + rhs]

console.log(e.foo(1, 2)); // 3
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MMeHOBaHHbIe NapaMeTpbl

(module
(export "foo" (func $foo0))
(func $foo (param $lhs 132) (param $rhs i32) (result 1i32)

;; NNNN @ NNNN 1

;5 https://webassembly.github.io/spec/core/exec/instructions.html#fexec-local-get
;5 foo(l, 2)

local.get $1lhs

local.get $rhs

;3 https://webassembly.github.io/spec/core/exec/instructions.html#exec-binop
132.add

console.log(e.foo(1, 2)); // 3
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IHonnapbl — caxapok

(module

(export "foo" (func 0))

(func (param i32) (param i32) (result i32)
) "o ~l
;5 https://webassembly.github.io/spec/core/exec/instructions.html#fexec-local-get
;5 foo(l, 2)
local.get ©
local.get 1

;3 https://webassembly.github.io/spec/core/exec/instructions.html#exec-binop
132.add

console.log(e.foo(1, 2)); // 3
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(module
(export "foo" (func $foo0))
(func $foo (param $lhs 132) (param $rhs i32) (result 1i32)

;; NANNN @ NANNN 1

;3 https://webassembly.github.10o/spec/core/exec/instructions.html#fexec-1local-get
;5 foo(l, 2)

local.get $1lhs

local.get $rhs

;3 https://webassembly.github.io/spec/core/exec/instructions.html#exec-binop
132.add

console.log(e.foo(1, 2)); // 3
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S-Expressions

(module
(export "foo" (func $foo0))

(func $foo (param $lhs 132) (param $rhs i32) (result 1i32)
;3 https://webassembly.github.io/spec/core/text/instructions.html#folded-instructions

(i32.add ;5 3. [1hs, rhs] => [1lhs + rhs]
(local.get $1lhs) ;; 1. [] => [1lhs]
(local.get $rhs) ;; 2. [lhs] => [lhs, rhs]

)

)
)

console.log(e.foo(1, 2)); // 3
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S-Expressions — caxapok

(module

(export "foo" (func $foo0))

(func $foo (param $lhs i32) (param $rhs i32) (result 132)
;3 https://webassembly.github.io/spec/core/text/instructions.html#folded-instructions

(AAAAA
BBBBB
ccccc

)
BBBBB
CCCCC

AAAAA
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S-Expressions

(module
(export "foo" (func $foo0))
(func $foo (param $lhs i32) (param $rhs i32) (result 132)
;3 https://webassembly.github.io/spec/core/text/instructions.html#folded-instructions
(i32.add
(i32.add (local.get $rhs) (local.get $1hs))
(i32.const 100)

)
)
)

console.log(e.foo(1, 2)); // 103
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JlokanbHbIe NepeMeHHbIe

(module
(export "foo" (func $foo0))
(func $foo (param $lhs i32) (param $rhs i32) (result 132)

° o NNANAN NNNN

(local $x 132)
55 AN 2
(local.set $x
(i32.add
(i32.add (local.get $rhs) (local.get $1hs))
(i32.const 100)))
local.get $x

)

)
console.log(e.foo(1, 2)); // 103
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BeTBreHue

(module
(export "foo" (func $foo0))
(func $foo (param $cond i32) (result i32)
(local $x 132)

;3 https://webassembly.github.io/spec/core/text/instructions.html#folded-instructions
(if (i32.gt s (local.get $cond) (i32.const 50))

(then (local.set $x (i32.const 1)))
(else (local.set $x (i32.const 0)))

)

local.get $x

)

)
console.log(e.foo(50)); // 1

console.log(e.foo(-10)); // ©
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BeTBreHue

(module
(export "foo" (func $foo0))
(func $foo (param $cond i32) (result i32)
(local $x 132)

(i32.gt s (local.get $cond) (i32.const 50)) ;; [] => [0/1]

if

(local.set $x (i32.const 1))
else

(local.set $x (i32.const 9))
end

local.get $x

)

)
console.log(e.foo(50)); // 1

console.log(e.foo(-10)); // ©

) J

[0/1] => []

/1



BeTBreHue

(module
(export "foo" (func $foo0))
(func $foo (param $cond i32) (result i32)
(local $x 132)

(i32.gt s (local.get $cond) (i32.const 50)) ;; [] => [0/1]
if ;5 [0/1] => []
(local.set $x (i32.const 1))
else ;5 X86
(local.set $x (i32.const 0)) M cmp
end 5 s jXX else
;5 then:
local.get $x s e
) 5 jmp end
) ;3 else:

) J

console.log(e.foo(50)); // 1 .+ end:

console.log(e.foo(-10)); // ©

) J



Llnknbl

(module
(export "fib" (func $fib))
(func $fib (param $n i32) (result i32)

;; e o o

;3 https://webassembly.github.io/spec/core/exec/instructions.html#fexec-block

(block (loop
35 1 0
(br _if 1 (i32.eqz (local.get $n)))

local.get $curr
(local.set $curr (i32.add (local.get $prev) (local.get $curr)))

local.set $prev
(local.set $n (i32.sub (local.get $n) (i32.const 1)))

(br 0)

))

)
console.log(e.fib(10)); // 55
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LIVIKHI:I ;5 X86
;3 start of block:

(module 5 jmp start of block ;; continue
(export "fib" (func $fib)) 5 jmp end of block ;3 break
(func $fib (param $n i32) (result i32) ;3 end of block:

;3 https://webassembly.github.io/spec/core/exec/instructions.html#fexec-block
(block (loop
55 1 7

(br_if 1 (i32.eqz (local.get $n)))

local.get $curr
(local.set $curr (i32.add (local.get $prev) (local.get $curr)))

local.set $prev
(local.set $n (i32.sub (local.get $n) (i32.const 1)))

(br 0)

))

)
console.log(e.fib(10)); // 55 4



Bbi30B (DyHKLUI

(module
(export "fib" (func $fib))
(func $fib (param $n i32) (result 1i32)
(if (1i32.eq (local.get $n) (i32.const 0)) (then (return (i32.const 0))))
(if (i132.eq (local.get $n) (i32.const 1)) (then (return (i32.const 1))))

(i32.add
(call $fib
(i32.sub (local.get $n) (i32.const 2)))
(call $fib
(i32.sub (local.get $n) (i32.const 1)))

)
)

)
console.log(e.fib(10)); // 55
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Bbi3oB MMNOPTUPOBaAHHbLIX (PYHKLUN

(module
(import "env" "log i32" (func $log i32 (param i32)))
(export "foo" (func $foo0))

(func $foo (param $n i32)
(call $log i32 (local.get $n))
(call $log i32 (i32.add (local.get $i) (i32.const 1)))

)
)

const {instance} = await WebAssembly.instantiate(buffer, {
env: { log 132: console.log }

})s

const e = 1nstance.exports;
console.log(e.foo(10)); // => undefined; 10 11

76



IlamMaTtb

(module
(memory $memory 1) ;; 1 x 64 KiB
(data (i32.const 0) "cppusrgrp") ;; offset ©
(export "memory" (memory $memory))
(export "capitalize" (func $capitalize))
(func $capitalize (param $offset i32) (param $len i32)
(local $char i32) (local $addr 132)
(block (loop
(br_if 1 (i32.eqz (local.get %$1len)))
(local.set $len (i32.sub (local.get $len) (i32.const 1)))
(local.set $addr (i32.add (local.get $offset) (local.get $len)))

(local.set $char (i32.1o0ad8 u (local.get $addr)))
(i32.store8 (local.get $addr)

(i32.and (local.get $char) (i32.const 0xdf)))
(br 0)
))))
e.capitalize();

console.log(new TextDecoder().decode(new Uint8Array(e.memory.buffer, 0, 6))) // CPUSRGRP
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IlamMaTtb

(module
(memory $memory 1) ;; 1 x 64 KiB
(data (i32.const 0) "cppusrgrp") ;; offset ©
(export "memory" (memory $memory))
(export "capitalize" (func $capitalize))
(func $capitalize (param $offset i32) (param $len i32)
(local $char i32) (local $addr 132)
(block (loop
(br_if 1 (i32.eqz (local.get %$1len)))
(local.set $len (i32.sub (local.get $len) (i32.const 1)))
(local.set $addr (i32.add (local.get $offset) (local.get $len)))

(local.set $char (i32.load8 u (local.get $addr)))
(i32.store8 (local.get $addr)

(i32.and (local.get $char) (i32.const 0xdf)))
(br 0)
))))
e.capitalize();

console.log(new TextDecoder().decode(new Uint8Array(e.memory.buffer, 0, 6))) // CPUSRGRP
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IlamMaTtb

(module
(memory $memory 1) ;; 1 x 64 KiB
(data (i32.const 0) "cppusrgrp") ;; offset ©
(export "memory" (memory $memory))
(export "capitalize" (func $capitalize))
(func $capitalize (param $offset i32) (param $len i32)
(local $char i32) (local $addr 132)
(block (loop
(br_if 1 (i32.eqz (local.get %$1len)))
(local.set $len (i32.sub (local.get $len) (i32.const 1)))
(local.set $addr (i32.add (local.get $offset) (local.get $len)))

(local.set $char (i32.1o0ad8 u (local.get $addr)))
(i32.store8 (local.get $addr)

(i32.and (local.get $char) (i32.const 0xdf)))
(br 0)
))))
e.capitalize();

console.log(new TextDecoder().decode(new Uint8Array(e.memory.buffer, 0, 6))) // CPUSRGRP
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He NPpUMUTUBHbLIE TUNDI

module

code

offset: 20 code offset: 42

length: 9 code length: 9
' S code
code

code
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He NPpUMUTUBHbLIE TUNDI

module

code
code
code
code
code
code

JS JS

obj Id ob]

HTMLElement

4 | HTMLElement
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KocBeHHbIe BbI3OBbI

(module

(table $table 128 funcref)

(type $signature (func (param i32)))

(export "table" (table $table))

(export "foo" (func $foo))

(func $foo

(call indirect (type $signature) ;; table[index](42)

(i32.const 42)
(local.get $offset) ;; index

)))

e.table.set(0, someModule.qux);
e.foo(); // someModule.qux(42)



[lpon3BoAUTENBLHOCTDL

local.set, local.get
132.1load, 132.store, ..
132.add, 132.sub, ..
i32.eq, i32.1t, i32.gt, ..
1f, else, end

block, loop, br, br if
call

mov, push, pop
mov, push, pop
add, sub, ..
test, cmp, ..

jz, jnz, jl, jle, ..

jmp, Jz, Jnz, Jjl, Jle, .

call

83



BbuHapHbIu chbopmaT

if (result i32)
Ox04 Ox/F

132.const 42
Ox41 Ox2A

132.const 255
Ox41 Ox01 Oxftf

132.add
OX6A

end
OxXOB

https://webassembly.github.io/spec/core/binary/instructions.html
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https://webassembly.github.io/spec/core/binary/instructions.html

BbuHapHbIu chbopmaT

(module ;; "\@asm" version
OX00 Ox61 OXx/3 Ox6D OX01 OX00 OX00 0OXx006

;3 type section length = 5 bytes
Ox01 Ox05

(type $typed (func (param i32) )
0X02 OxX60 Ox01 Ox/F 0©0x00

;5 1lmport section length = 13 bytes
0x02 9xaD

)

https://webassembly.qgithub.io/spec/core/binary/modules.html
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https://webassembly.github.io/spec/core/binary/modules.html




BepcnoHupoBaHue

 WebAssembly 1.0

* PaclwunpeHunsa n feature-detection
 try { compile(); supports = run() === expected; }
catch { supports = false; }
* Bo3moXxHO OyaeT B camMoM wasm panne WebAssembly/design#1173

37


https://github.com/WebAssembly/design/issues/1173

Interface types (anyref)

JS

STR

OBJ

DOM

whatever

https://hacks.mozilla.org/2019/08/webassembly-interface-types/

https://github.com/\WebAssembly/reference-types
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https://hacks.mozilla.org/2019/08/webassembly-interface-types/
https://github.com/WebAssembly/reference-types

SIMD
Scalar Operation

-
[

X

e

SIMD Operation

https://medium.com/wasmer/webassembly-and-simd-13badb9bfla8

https://github.com/WebAssembly/simd/blob/master/proposals/simd/SIMD.md



https://medium.com/wasmer/webassembly-and-simd-13badb9bf1a8
https://github.com/WebAssembly/simd/blob/master/proposals/simd/SIMD.md

Multiple memories

memory

https://github.com/WebAssembly/multi-memory

memory

>
memory
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https://github.com/WebAssembly/multi-memory

A 31O eLlle He Bce

» EXxceptions WebAssembly/exception-handling

» Bulk operations (memset, memcpy) WebAssembly/bulk-memory-operations
* Threads (shared memory, atomics) WebAssembly/threads

» Garbage Collection WebAssembly/gc

* W ewe kyya Bcero WebAssembly/proposals

91


https://github.com/WebAssembly/exception-handling/blob/master/proposals/Exceptions.md
https://github.com/webassembly/bulk-memory-operations
https://github.com/webassembly/threads/blob/master/proposals/threads/Overview.md
https://github.com/webassembly/gc/blob/master/proposals/gc/Overview.md
https://github.com/WebAssembly/proposals

Bytecode Alliance

The Bytecode Alllance Is an open source community dedicated to creating
secure new software foundations, building on standards such
as WebAssembly and WebAssembly System Interface (WASI).

fastly

& RedHat

https://hacks.mozilla.org/2019/11/announcing-the-bytecode-alliance/
https://bytecodealliance.org/
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https://hacks.mozilla.org/2019/11/announcing-the-bytecode-alliance/
https://bytecodealliance.org/
https://webassembly.org/
https://wasi.dev/

FAQ



[1po BCsAKOe

* Y MeHa |IE1], ecTb nonudunn?

* MoxHO ckoMmnmnmpoBaTb JavaScript B wasm un cgenartb cauTt bbicTpee?
 MOXXHO BHYTpPKM wasm ckoMmnunumpoBaTb wasm u cagenatb JIT?

* EcCTb nun string pool, kew moayneun un ewle 4to-HMbyab 13 jvm/.net?
 YT0 Cc oTnagkoun?

94



MS_WebcheckMonitor: explorer.exe - Application Error et

[lpo 6e3onacHOCTbL

- The instruction at 0x59a783ff referenced memory at 0x00000000. The

memory could not be read.

Click on OK to terminate the program

« MoxHo nu caenatb SEGFAULT?

OK

* MOXXHO N nepesanucartb agpec Bo3Bpara?
 MoxHO nn nepesanucaTb Kog?

 MOXHO N Nony4YnTb AOCTYN K dpannoBon cUCTemMe Unn cetn?
* Aaaaa, blazor rpy3ut dll — 310 HOBBLIN activex!
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[lpo Oe3onacHOCTL

Xyallee 3o, KOTopoe Bbl
MOXETE MPUYNHUTb, — HArpeTb
KOMHAaTy CBOUM HE3MMPEKTUKBbLIM
KOOOM.
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[1pO A3LIKU

« C/C++: emscripten, LLVM

» Rust: rustc + bindgen, LLVM
» C#: Mono, Blazor

+ GO

* AssemblyScript

HauynHaa ¢ LLVM 8.0 wasm nepecTtan obiTb experimental target.

https://github.com/appcypher/awesome-wasm-langs 97



https://github.com/appcypher/awesome-wasm-langs

He TonbKo web



TeKkywume peanunsauuu

bpay3epHble OBUXKW:
¢ V8

» SpiderMonkey

» ChakraCore

« JavaScriptCore

CamMocToAaTeNbHbIE OBUXKA:

* Dbinaryen (interpreter + |s polyfill + tools)
e wasmer (+wasi)

» wasmtime (wasm meetup #2)

* wasma3
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https://youtu.be/EaJHp-c_HVk?t=4175
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s,net,events syscall 3
S| oL
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3aKkn4yeHue




[Ae Bbl MOXeTe NPUMEeHUTb 3TO Yy cebA

» [lopTupoBatb OUBNMOTEKY N COPT

* Yncnoapobunku: doTto/Buaeo pegaktopbl, Urpbl

* lcnonb3oBaTtb 0gMH Ko Ha B3ke n ppoHTE

» [lepeHoc akcnepTnsbl Balunx Konner na cocegHen obnactu (blazor)

» Jlerkasa BupTyanbHasa MalwinHa Ons pasnuyHbiX Uenen, Hanpumep, ans
bnok4yenHoB (wasm meetup #1)

* Figma genana s nnarnHel cobupas Duktape 1 QuickJS B wasm
https://www.figma.com/blog/how-we-bulilt-the-figma-plugin-system/

» https://webassembly.org/docs/use-cases/
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https://www.youtube.com/watch?v=4DWQ_JNJUMc&list=PLkeWIIPeZ876Wa6R9-5XApRLUWhj9jGG0&index=2
https://www.figma.com/blog/how-we-built-the-figma-plugin-system/
https://webassembly.org/docs/use-cases/

[lone3Hble UHCTPYMEHTDI

 WasmEXxplorer
 WasmpFiddle
 WasmCodeExplorer
 WebAssembly Studio

104


https://mbebenita.github.io/WasmExplorer/
https://wasdk.github.io/WasmFiddle/
https://wasdk.github.io/wasmcodeexplorer/
https://webassembly.studio/

UTOo noumTtaTthb

» https://webassembly.github.io/spec/core/index.html
» https://hacks.mozilla.org/category/webassembly/

* WebAssembly — pycckoroBopsiLiee coobLecTBO
https://t.me/\WebAssembly ru
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https://webassembly.github.io/spec/core/index.html
https://hacks.mozilla.org/category/webassembly/
https://t.me/WebAssembly_ru
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https://flapenguin.me/talks/wasm-uncut-cxxusrgrp/
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