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0.1 JavaScript 5%

HE T TS EA MU, HAEM IS R EER KM R EEE,
JavaScript 1 5 BN BLC T A, S Bl 25 ) Y2 1 H BT 1] tH . JavaScript 15 & & Brendan
Eich M5 (Netscape) A A FIXI WA W HIIAIE S, WEUHTE RAE T 10 KA E
WA N TSN R ETES Java AKX, XIDHNE S #ar48 JavaScript. H5E
Java 15 5 Ml JavaScript 175 5 A% S T B AR I —FECA AT A R R

JavaScript 15 5 MHEA FFAA A2 M R 7 sl AL B 38 5 BBk, 18 AT bl 4
g, ERRAEAERENAHPICASE . SR HIX LW S WA —E M B UHE R
JavaScript IB1THISLIE M, 15EF MALE™EN RN, EREEREZ S0E S AR
VE R

{HJEF] T 2005 4, Ajax (Asynchronous JavaScript and XML) J7ykA25 H i, JavaScript
LTI K IR PETE Jesse James Garrett KB 73X ARV A 8CH I & AT ) Google Maps
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JATES ! AEIRZ 5 TR CEM C/ICHIEFE— M EY (fE NS, JavaScript
Et Python ZEHR 10~100 f5EHE £ ).

JavaScript 4T T2 Ajax fl V8 W RHEs, /5 H 2 Gl A . 2009 4, Ryan Dahl
BI%E Node.js Wi H, JavaScript F UG ZE AR 55 #5453 . 2013 4F, Facebook A &) & i React
IiH, 2015 %k Aii React Native i H . HHIl JavaScript i 5 D& 4R E1% 10S F! Android
EFH AR

(] o RS AN I WX 52 AR ) R R DI RE, AT LUK IIAE Web &R DI FE A H B 45 A 8 RE B
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HA B AU

JavaScript & 5 # J7 Rikh HEA Ea RARAR N, SR A EH LR ER. ek
RIFAIFEAT B A

o TWHEGH, AHLTTHEHA LMEH.

o BT RGN ILARE, MEH—Mik JavaScript B R B2 — PR

o 'BXHi HTML #5ifE, UGTE Ajax. WebSocket. WebGL. WebWorker. SIMD.js %5 Hif
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KN Web J& —MFBAER, B LR — N ORI ™ 833 8 i A 20 /T, XHTML
e —MMEAEAEN BN . EBRAHE A Web BIRWATHI— b5, JavaScript
Wi 2 4% T R ARSI R I AR e T 1B S A S WA E R T . RN, Ajax.
WebSocket. WebGL. WebWorker A5 fE [ HE A= 11 JavaScript AL 1 5 7 [ (1) 87 FH 43k
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var x = 9527;

var i = a | 0; // int32
var u = a >>> 0; // uint32

var £ = +a; // float64

PLERISF a0 Bom— N, 1a >>> 0 Bmn—PLEFSEBE, +a B NF
A BIMEASZHE asm.js 51 2 mT D2 AR IER A 45 5 .
RIS ArrayBuf fer KRB E IER AL

var buffer = new ArrayBuffer (1024*1024*8);
var HEAP8 = new Int8Array(buffer);

55T HEAPS B N A7, #inT DR R C 5 & KIS TH R 2/ R K. 11 C iE
F ARG « i 2t EAUA R & ER R, X2 CiEsMHAAR
PERERI A . R E asm.js LI strlen BREL:

function strlen(s) {
var p = s|0;
while (HEAP8[p] |0 != 0) {
p = (pt+l) 10
}
return (p-s)10;

)
FITAT 1) asm.js AU R 4L 1) — i e

function MyasmModule (stdlib, foreign, heap) {

"use asm";
var HEAP8 = new Int8Array (heap):;

function strlen(s) {

/]

return {
strlen: strlen,
}i
}

asm.js BEHUE stdlib #H4E T EREARARMERE, BT foreign LML ANAMNEE X
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IEHIZAT -
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5 C/CHTIT R B AE 1 K B g 3 4l JavaScript /G5, R AHIEE T JavaScript 4 [X f{)4:
Ao asmjs W ZHEARMVTERNVEATELHRIT T, BB EE 7] LS e I ST .
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2. H 1995 G B +E Netscape Plugin API (NPAPD) £ IR 2 J144 T H AHZETT % .
TR 22w TE D0 0 2 2 28 W] U E R IR NGB AT A HARRD Y ActiveX #2514 [FIFE, A A A
£ 2010 FBIF R 7 — Tl Native Clients $AR (fafk NaCL) . SR EEEARHAR L R 2%
BRI AR R, EATRAH AR SNAT IR HE .

Pl EHE AT A RIS IX 260 2 Ak, WA HARN BTG R R E, WHHAES
PPN JavaScript JEI81T, 2006 4, #5H0A FHEH Google Web Toolkit (GWT) i H,
FHLKs Java F1ERY JavaScript I DNRE, JHAI 74 HARE 5 74 JavaScript 56T . 2 J5 1Y
CoffeeScript. Dart. TypeScript 5515 & #B 2 LAt JavaScript #2/7 N 2% B bx.

TEA % N JavaScript $2IE I F AR S, Emscripten /& 5 A FI—4. EFIH LLVM %
PEA T B C/CHARES, A LLVM F5A 57 & (813 5 AR, R4 LLVM
P& A E S RS #3EN JavaScript [ asm.js T8, X R EIZELE B2, C/CHEF
23 Y B S5 AN AT E IH ) JavaScript 51 % _F IERIZAT, [ 0] AL A WML 286 2 )5
HIiEAT.

2015 4 6 FHER A FIAE asmjs FIFER AT T WebAssembly T H , B J5 2 8K TR
SEREL R BV AR R K SIFF. WebAssembly AMUAMA L asm.js B @ AT
Rewe, MHEHTAER 7 I gmiS5E — RINER, WebAssembly 95 FIBLHUARA T /N H.
FERTHREE . HATAMY C/CHHEF S S HIRER 7T L4y WebAssembly HEbk, T H.
Go. Kotlin. Rust ZEHr M MFEIE 5 AT X WebAssembly $&4E%FE. 2018 4 7 A,
WebAssembly 1.0 brifE IER AT, XK FFRE Web F A RHT 400!
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ul

WebAssembly RiEA’]

WebAssembly, — K% 5 3| &Liz 4T,
——yjhmelody

ARFAGPOHE R TUAS M, BT WebAssembly T2 — N REIENR, HiE—1L
AWM. ERSENTETRESRGE . WA & NEORG.

2.1 #EF5 1A%

CTEREEE, LRI EERIFG AT, TR LT WebAssembly [
BT LL S WebAssembly SCANKE A F e T H4E

2.1.1 WebAssembly &4

LS TH AR YE 4% & Node.js % WebAssembly $FVE R SZREEHLUIZR 2-1 fiw, KA
(A7 2 W AR RA
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% 21

WebAssembly $1% Chrome Edge Firefox IE Opera Safari  Node.js
FEASCHF 57 16 52 ANSCHF 44 11 8.0.0
CompileError 57 16 52 A SFF 44 11 8.0.0
Global ACFE ASHF 62 2 &S S & S Y & - O &
Instance 57 16 52 AR 44 11 8.0.0
LinkError 57 16 52 AR 44 11 8.0.0
Memory 57 16 52 AR 44 11 8.0.0
Module 57 16 52 AR 44 11 8.0.0
RuntimeError 57 16 52 AR 44 11 8.0.0
Table 57 16 52 ANSLHF 44 11 8.0.0
compile 57 16 52 ANSLHF 44 11 8.0.0
compileStreaming 61 16 58 AR 47 AF A
instantiate 57 16 52 ANSLHF 44 11 8.0.0
instantiateStreaming 61 16 58 AN 47 AFE AEHF
validate 57 16 52 AN 44 11 8.0.0

W WA ENI (Android % i0S) 3 5 28 %} WebAssembly 43514 1) S Hr L N4 2-2 i,
T B 7R 7m0 SRR A .

*2-2
WebAssembly 414 Webview Chrome  Edge  Firefox Opera Safari Slﬁtrgf:gtg
FEAR S 57 57 XHF 52 PN 11 7.0
CompileError 57 57 XHF 52 A 11 7.0
Global AFE A R 62 KE1 - AFE A
Instance 57 57 &5 52 50 11 7.0
LinkError 57 57 &5 52 50 11 7.0
Memory 57 57 &5 52 50 11 7.0
Module 57 57 &5 52 50 11 7.0
RuntimeError 57 57 &5 52 50 11 7.0
Table 57 57 &5 52 50 11 7.0
compile 57 57 CHF 52 KA 11 7.0
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gk
WebAssembly 451E Webview Chrome Edge  Firefox Opera Safari Slﬁ*zgf:gtg
compileStreaming 61 61 N 58 RET AR OALE
instantiate 57 57 & 52 KA 11 7.0
instantiateStreaming 61 61 AT H 58 R AL AT
validate 57 57 & 52 KA 11 7.0

ALK 22 BIAR ) B 8% B0 2 S B WebAssembly, ] PLTE 51 38 Wi AT 3%k — Fh 5
WebAssembly [t Y 28 >Kiz A7 MR A T I IFE -

40 48 5 ] WebAssembly AU, 23847 I H [RIIR A /b @ 56 22 45k mg . Rl A $S
") WebAssembly FIFE£F5# IS hitp W IUKAT G alie17. ARGIFEE P H M4 R
“py_simple_server.bat” FILALIE A, %3O T7E Windows #1E R4 T python
W40 H kAN http IRkRS% s 98 AT DU A Nginx. 1IS. Apache AR = —Fh 5t A ) T
BRI -

2.1.2 WebAssembly XA 5 wabt TE&

— kL, WSS IFIZ4T 1) WebAssembly F2F7 & A% WebAssembly
g, SO R 4408 N . wasmo  FH T 2Bl SO DA 122w 4, WebAssembly $2 11t
T MEET SRR A, Y R AEE y.wate T IHIE > WebAssembly T
AH I 5

(module
(import "console™ "log" (func $log (param 132)))
(func $add (param 132 132)
get local 0O
get local 1
i32.add
call $log
)
(export "add" (func $add)
)

LT E LT =N Nsadd BFIREL, ZRECKE A 132 KM ASEAE N,
FEALEH 418 JavaScript AR Log BRECKH & R . /5% add RS, DLgksh
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#B JavaScript M35 1H F

WebAssembly CAHE I (.wat) 5 WebAssembly JL4uk% st (.wasm) 56 KRBT %
EGmARRS SHLER S C R Wnfal.asm SCIF AL SR 4% 46 75 B4 F nasm IXAE 40 1 T A
—FF, .wat SCIF A . wasm SCAFI AL 7R B R B wabt T HAE, 1% THARME [ .wat 5.wasm
AH BG4 K G P45 S5 T BE

wabt THAER M GitHub F FEIRE. % 80 TTH 30 T 8154 3518 wat2wasm
. 24T T AT

wat2wasm input.wat -o output.wasm

BITK WebAssembly SCAAGZSCAE input.wat 4aid N WebAssembly 1 g i 3 3014

output.wasmo.
i -v LD H wat2wasm ] LEFIC G, B 008 5rid AR CRA7N test.wat
FEHAT

wat2wasm test.wat -v

Zomr & 2-1 s o

E¥ Windows PowerShell - o X
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5 5 FEAN WebAssembly — i il 20 45 H R GRS B8 ZdkdI 55, Btk
Z A AR FE T WebAssembly ARSI DISCAME L Cowat) $RAE DLE T Bil 52

2.2 HABIRE

RZIE S N THFEHS UG T “Hello, World!” 2, {HA&X}T WebAssembly K1,
—ANFEHEI “Hello, World!” #2188 T8 2%, BRIk, FRATTHEE A — A7 B )9 1 T 46
AT R FE 4 8 ShowMeTheAnswer, L H' WebAssembly X% . T show me the
answer.wat 1, UIR:

(module
(func (export "showMeTheAnswer") (result i32)

i32.const 42

)

AR E LT —NREMEN 42 (32 (A BERED MR, I 1% R
showMeTheAnswer A% FH, it JavaScript .
JavaScript {447 T show me the answer.html H', UIF:

<!doctype html>

<html>
<head>
<meta charset="utf-8">
<title>Show me the answer</title>
</head>
<body>

<script>

fetch('show me the answer.wasm').then(response =>
response.arrayBuffer ()

) .then (bytes =>
WebAssembly.instantiate (bytes)

) .then (result =>
console.log(result.instance.exports.showMeTheAnswer ()) //42

) i

</script>
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</body>
</html>

RS B el fetch () BEUIREL WebAssembly - ZmACHS SO, K HF N
ArrayBuffer 5ffi ] WebAssembly.instantiate () BT HIEAT 90 1F KW 1B SE
], fJa R ZSER) S B BT showMeTheAnswer () FFTEISE &,

P BIFE B kA fa, @ikl Y2875 W) show me the answer.html, Y5 #2592 & 5 5
HEiR 42, Wkl 2-2 fios.

: . e - O X
[% Show me the answer X |
& C | ® localhost:8000/show_me_the_answer.html ¥
[w ﬂ Elements  Console  Sources Network Performance Memory  Application  » HE 4
Page Filesystem » : [ show_me_the_answerhtml X F m
v O top 1 » Wat:
2
-2000 C
v localhost:3000 3| <htm1> ¥ Cal
M show_me_the_answerhtml 4 Jot p
5 <head> o
» (O wasm
S [ <meta charset="utf-8"> ¥ Scop
* B wasm-6d7abbde 7 <titlexShow me the answer</title>
3 </head> ot pal
10 <body > ¥ Brea
11 <script> o
12 fetch('show_me_the_answer.wasm').then(response =» -
13 response. arrayBuffer() » XHR
14 }-then({bytes =>
15 WebAssembly.instantiate(bytes) » DO
16 }.then{result =» » Glob)
17 conscle.log{result.instance.exports.showMeThednswer (
18 ) 1 ¥ Even|
19 </script>
20 </body>
21 -
22 L4
{} Line 1, Column1 »
Conscle x
M ® | top ¥ | Filter Default levels ¥ # Group similar o
42 show me the answer.html:17 -
»

K 2-2
2.3 'WebAssembly i

JavaScript {05217 7E JavaScript SEFUAL L, FAXSHL, WebAssembly fAA% iz 47 7E H
FRAR BN L. 2821 N, KEB o i a4t 7 WebAssembly R,
SR WebAssembly XS FFIE R GEAE NI W48 Hi21T, Node.js 8.0 ZJ5 MIRAHEEIZ T
WebAssembly; 5t — K1t , WebAssembly Kz AL 22 0] LA & JavaScript P53 1) SCKF
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AN IEWMIH A, WebAssembly HIETHHI R ZIE1T T M T2 H,  [RIEAR S48 5 7 P 2545
& ISR UL R R T o

2.3.1 WebAssembly /189X 5L

FEIRN WebAssembly N EBIZATHLEIZ AT, RATVER G HLEE—NBE, XN BER
Bl — e F Bk 5 AN A ——1 F] WebAssembly ] JavaScript 4 TUFE - 25 31722 L,
ZEFEAT DL RN AT LA S .

1. Ak

BEHE O g B 0 T PAT AL S I Z3E I 5, BidnT DL kb 5 34 R g A
WA PATFE 34T 5, RTIRER (IEW Windows [.exe U2 TIRESHD . MLZ
HH WebAssembly it fillJL4mfChY (wasm) ik K.

2. A

{E WebAssembly {UASHE K, WAEZE —BOESNZ N, ALMEH load. store S5
PRSI 5 H A EEE (N0 d WebAssembly VL4015 & & — FREES),
TEM TIAES T, WebAssembly P47 JavaScript 1) ArrayBuffer X ZSLHF], X
BEIRE, S WebAssembly [ A7ZE [EX] JavaScript >Rt A 56 4 A WL, JavaScript #il
WebAssembly 7] DL N A7 A £ 45

3. kA&

C/CH21E UK T BR 335 Er, WebAssembly 4 fRAS1E A EA RIS 3 H br,
IRAEA N S H . 2 PR T WebAssembly JEIALEE /4 F1 22 )% €, WebAssembly
FIN T RGNS G TAAERE T, 525 TR RS R AT 4 41 .

4. %P

P HATRR 7 5 HERE I 6 R AT L, #E WebAssembly 1, 5245 F T-48 AR —AMEHR
LEIBAT MBI, BN RIFUL SN R, o B  GOt R TR
AT R T B SE B E R AR OR SE A . AR SR 2 Jn A RER Il —IX 5
CH++/Java HH I JLSL B R o0 28 R SRALLAY o
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TN/ F R GRS F R G5, BN BRI WebAssembly ARG ] LA
i SN B A 5N B B0 285 JavaScript SR 575, S R RS R B
FRALLE AN JavaScript PAEE A FH IH: 1 o

IR H AT, — S AR — NN RUA K — DRGSR A RA
RAEAT RAR AT L@ AN/ T X R 2 AL, X ERE 21 WebAssembly #5HtA]
PALL. A1 B A5 4 2 s U 7] A o

2.3.2 WebAssembly 2 4 4 E A

WebAssembly /5 WK Fi8 47 T 52 o oRER] L2 AR LB B

(1) ffH WebAssembly XA ELHARIE F (C++. Go. Rust %) w527, L
% B B LB 89w 15 WebAssembly J1 gt = . wasm 1.

(2) fEMTTH{ER fetchs XMLHttpRequest SESRE wasm SO CZRERID

(3) F.wasm Ja AL, FiFIREH AT AR A

(4) Stk . WIGE ARG, QAR BRI S

(5) PATLGI T H R A, S8 R A .

AR 2-3 fiw
~
f \ wat2wasm ExportObj |
wat ‘
A
A KA i
Emscripten fetch I t t t

-

Go File Go Build ImportObj
L J :

K 2-3

% 2 R 5 )80y WebAssembly F27 HIZ AT B, 1B Bl JavaScript P45 % JIAH
K, 5B 3 B RGN AR R
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2.3.3 WebAssembly E KR L

WebAssembly BHAEIZ AT B LA JLER 70 2k, Wil 2-4 Pos.

(D —MRFRRUHA. SREZES AR, 7£ WebAssembly H “ M7 451 IFE4L
PR, MRS, R E LT REN SNBSS HE AR AR, AR
LR BB ) T (B WA E) FROAER R

(2) =P EREREBEH, HAREN TIrE R RE, RS R E LSS N e
NXHTREL, A REE R B R TRy SR80k 5 .

(3) —MEREEHRH, HPEN TN ERTE—aFEISANERZED K
BN EGE LR E, BN RTEEsRTERATH TIHRRALEEZ X5,

(4) —NERERESR, B —N8E, HhfEm roos (HinRBER R
NERED WIS, ENTRERR TR T E R

(5) —PMERNENR.

(6) —MIBITIHR.

(7)) FREAATE AT LT [ — AN R AR 4, A9 7 A R d s, 3t
NIRRT R AT TR BT E LS.

Pop
ey (ED s
[
i 0#| (..)—(..) 0# Func [ —
[ E
E 1#| (..)—(.) PU—— 1# Func (e 4
: |

K 2-4

£ WebAssembly 1, #HAERABARPII R (A1 5 HA 2 /AR R/ /AR R
AR RN RS RN LA, AR CRE7 #E 32 AR

2.4 {R4f, WebAssembly

AR A L) HelloWorld $IFE. JHIRZ AIEBATSe I — T 75 225 IR LE DI RE .
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(1) BRECF N . WebAssembly HEAUNLA & BASEHEFTEN R £, KL TR EH JavaScript
oA R e Th R B B NI T 7 SN WebAssembly H L FAT A .

(2) WIEWANAE, FHENF P EAT NI 717 R .

(3) REFH, RASMTIHAAD,

2.4.1 WebAssembly #34%

£ WebAssembly #7, B 5e¥ K H JavaScript i §s.print X RSN ANEE, Hdn
%N 3s print:
;+hello.wat
(module
;7import js:print as js_print():

(import "js" "print" (func $js_print (param 132 1i32)))

A A S AL, RO 32 B, 28— N SO BTN 545 SR AR A A7
FRIT L, A SEOV TR IRE (FITED.

87" WebAssembly X AKX W, R45 ;7 A7z fAEshEzsk, EFRAEMT
JavaScript P8 RAHAL “/ /7

FERRH K H JavaScript [ §s.mem X R BN NN AF:
(import "js" "mem" (memory 1)) ;;import js:mem as memory

memory 5 1 RARNAERRIGKEE 2D 1 TT (7 WebAssembly 1, 1 71=64 KB=
65 536 711D,

BRI data BEREFAFER "REF, wasM" BT WAE, EiaihAN 0

(data (i32.const 0) "REF, WASM")

=) \ (=N N
wlaE X T SHEE hello ()
(func (export "hello")
i32.const 0 ;;pass offset 0 to js print
i32.const 13 ;;pass length 13 to js print

call $js _print
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B% hello () efGfEAR BN T FAFH ML 0 LA FRFBEMFHKE 13
CREANDLF P A b U UTF-8 4fidh 5 3 2719, ARG S AR Js_print () R8T
B o

2.4.2 JavaScript Z85

7t JavaScript #7;, H BB NAN R wasmMem, PILHKE N 1 T:

//hello.html

var wasmMem = new WebAssembly.Memory ({initial:1});
P ORE U TATEIE TR )77 printstr ()

function printStr (offset, length) {
var bytes = new Uint8Array(wasmMem.buffer, offset, length);
var string = new TextDecoder ('utf8') .decode (bytes) ;
console.log(string);

}

XFRTowat F5HE S, ZITVEBIPIANSEU ) R AR N AR TR I AR Rk &
WKE . MAAFAFSRIFE G, FH TextDecoder W H AR AZFF 5 HfiH .

IR IR Memory X% wasmMem. printStr () HEAHE KN importoby,
NI

var importObj = { js: { print: printStr, mem: wasmMem } };

fetch('hello.wasm') .then (response =>
response.arrayBuffer ()

) .then (bytes =>
WebAssembly.instantiate (bytes, importObj)

) .then (result =>
result.instance.exports.hello ()

)

i Ja A B 3 R hello (), EIZEHIG L “IREF, WASM”, Wl 2-5
FoR
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(=] — [m] x
[ #EF. WASM X
& C | © localhost:8000/hello.html r
[ 0] | Elements  Console Sources  Metwork  Performance  Memory  Application  Security  Audits HI
Page Filesystem » { [[ hellohtml X Bl
v top 1 » Wt
2
¢ localhost:8000 3 <himl> ¥ Cal
B hello.html 4 lot
. 5 <head>
v wasm o 3 <meta charset="utf-8": ¥ Scof
4 wasm-55e17082 7 <title>ffF, WASMc/titles
8 </head> ot
10 ~ Bres
1 o by
12 2w WebAssemoly . Memory({initial:1}); o
13 set, length) { » XHR,
14 Uint8Array(wasmMem.buffer, offset, length);
15 v TextDecoder('ut£8') . decode(bytes); » DOl
1: ‘csnscle‘lcg[strlrg); + Glob)
18 » Even|
19 var importObj = { js: { print: printStr, mem: wasmMem } };
20
21 fetch('hello.wasm').then(response =»
22 response.arrayBuffer()
3 }.then =
24 kiebAs: .instantiste(bytes, importObi)
).then(res = -
{} Line 1, Column 1 D
i Conscle x
M ® | tep * | Filter Default levels ¥ ¥ Group similar E o]
FREE WASH hello.html:16
>

K 2-5

2.5 WebAssembly i S U g oAb

1E N 3 E ) WebAssembly 1217 & , Wil Ui 25 5 8 $2 44t T WebAssembly A5,
UL _E L E WebAssembly BB, 7] DL R R A& RO Hag 737 K.

& 2-6 ZAE Chrome "8 F12 i H T & AR i Gl RE e (0, JRATT AT BLAE
WebAssembly [ &£ A T, BFRHALR/2RALRMME, 2B ET R

WebAssembly CAME A (wat) SCHFAT LA FARA SCAR G 4E 484048, X T Windows
P JATHERAEFH VSCode, Jf%23¢ WebAssembly ffiff, 411 2-7 fros.

AT BR . wat U R I IEVE R L 2 A, EERIE SR AT o wasm U R
2-8 LB SF AT T 2.4 11 hello.wasm U HIEE .
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29

I Elements  Console  Sources  Network  Peformance  Memory  Application  Security  Audits HE
Y Apy Y
Page Filesystem  » i [E sumhtml  wesm-efdeBd86-0 X [CAFCE T SN N - ]
v top 1| func (param i32 i32) (result i32) “ @ Debugger paused o
v 1270018000 2| (1ocal i32 i32)
0.0.1: B » Watch
B sumhtmi 2l P
5 ¥ Call Sta
* & wasm N
[, ¢ # <WASM UNNAMED> wasm-efdedds
‘wasm-efde8d86-0 8 (ananymous) sum.he
N Promise.then (async)
get_local @ (anonymaus)
get_local 2 v Scope
» Global opject
get_local 3
get_local 8
132.10ad offset=0 align=4
32.add
set_local 3
get_local @
i32.const 4
i32.add
set_local @
o 1: 4
=nd b this: global
get_local 3 ¥ Breakpoints
@ sumhtmi30
console.log(instance.exports.sum(®, 32)); //496
@) wasm-efdeBdg6-021
.| i32.const 4
T [Pl G » XHR/fetch Breakpoints
ine 21, Column >
i Console  What's New X
10 v | Filter Default levels ¥ ) Group similar
p p
>

K 2-6

WebAssembly deer
Dmitriy Tsvettsikh | &> 3,243
‘WebAssembly Toolkit for VSCode

[ i v |

Details Contributions Changelog

vscode-wasm

Webassembly Toolkit for vSCode.
Features

* Syntax highlight for WebAssembly textual representation.
& Preview WebAssembly Binary files in 2 clicks.
& Fast convertation between text and binary view.

| Hededekdk | Repository

License

K 2-7

hellowasm %

1
2
3
3
5
6
7
8
9

(module
(type $t@ (func (param 132 i32)))
(type $t1 (func))
(import "js" "print” (func $js.print (type $te)))
(import "js" "mem” (memory $js.mem 1)}
(func $hello (type $t1)
i32.const @
i32.const 13
call $js.print)
(export "hello" (func $hello))
(data (i32.const @) "\e4\bd\a@\e5\a5\bd\ef\bc\BcWASH"))

K 2-8
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=35

JavaScript 81 WebAssembly
IR

WebAssembly #9 %) 5k, 1% & #] B AR FE T
—Ending

FEW AR, WebAssembly 271217 7£ WebAssembly MLz |, TUifin] LLid
it —41 JavaScript X 51T WebAssembly B gmiE. HA . HE. WHSERE. A%
Fa A 4HIX L JavaScript X G4 7k

3.1 WebAssembly X% %4

78 2.3 1, RAINEH T WebAssembly HHTJUANCBEME S BB, A, RAGDLAK
. FHsL b, AWM SE JavaScript FEHAE N RS2 — — XM, S HA
WebAssembly.Module « WebAssembly.Memory - WebAssembly.Table DL X
WebAssembly.Instances

[ 5 WebAssembly tHICHIThRE, #JE T 2R R WwebAssembly. FRFIA$EHIH
X R2ZHN, WebAssembly XWRHFLEE T —HefFvE, M= HIMHT
AT B WebAssembly.instantiate () o
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HEFERNE, SIRZ2RMN% (W bate) AfH, WebAssembly A& — iR
#, M — MR, X5 Math S SAHI——43RATE A WebAssembly #HC DI RERT,
HHH webAssembly . XXX (), LAl (WARE) FHZRLT pate () B K E.

Ja SR BARA 4 WebAssembly #H IR G fd G 1+, BE& T —%% wasm JT
Yatd, ARFEARNIC BN E . WebAssembly V415 5 M /E2H 4 44,

3.2 4wk

AN AR R WebAssembly 142/ 777%, XA FEEH T WebAssembly
BRI g PR S AR A

3.2.1 WebAssembly.compile ()

12715 T WebAssembly — @il 48AY (.wasm) %% N WebAssembly.Moduleo
AN

Promise<WebAssembly.Module>WebAssembly.compile (bufferSource);

E X4

e bufferSource: B WebAssembly —##il{8i5 (.wasm) [ TypedArray X
ArrayBuffer,

B A

e Promise X%, ZMiFIFHIEHNT%, AN WwebAssembly.Moduleo

HHw

o WHRMEANK bufferSource AJ& TypedArray B ArrayBuffer, i
TypeError.
o R IFELRIM, KM WwebAssembly.CompileError.

15

fetch('show me the answer.wasm').then(response =>

response.arrayBuffer ()
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) . then (bytes =>
WebAssembly.compile (bytes)
) .then (module =>
console.log (module.toString()) //"object WebAssembly.Module"

3.2.2 WebAssembly.instantiate ()

ST ERIER . M T WebAssembly —#EHICHD R R, 61
AW, BN

Promise<ResultObject>WebAssembly.instantiate (bufferSource, importObject);
H¥

e bufferSource: 7 WebAssembly —##l{8hS (.wasm) [ TypedArray
ArrayBuffers

e importObject: Ak, FH - AMTEIEE IS H B &, B ] DAL F JavaScript
J71:. WebAssembly.Memory Al WebAssembly.Tables

R uIFf:

e Promise X H, ZXNZEEFWHAENE.
o module: FiFMFMIBERNTSR, AN WwebAssembly.Modules
¢ instance: Fifmodule FIEE—ASLH, KN WebAssembly. Instances

T

o WHRMEANK bufferSource A J& TypedArray 5 ArrayBuffer, FiH
TypeError.

o IIRBAERMG WA R AR EE, Promise &l Tl 3 MR L —:
WebAssembly.CompileError. WebAssembly.LinkError Al WebAssembly.
RuntimeError,.

2.2 AR BA T 8 22 Ak Yo IR B 5

fetch('show me the answer.wasm').then(response =>
response.arrayBuffer ()

) . then (bytes =>
WebAssembly.instantiate (bytes)
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) .then (result =>
console.log(result.instance.exports.showMeTheAnswer ()) //42
) i
WebAssembly.instantiate () )7 —FEBJEAH T T ORI B H a1
S, TR

Promise<WebAssembly.Instance>WebAssembly.instantiate (module, importObject);

X4

e module: CHIFHFIIBIITER, FKAH WwebAssembly.Modules
e importObject: Ak, 4T B G SLH] XS %o

1B e A

e Promise X%, HEMEH], I N WebAssembly. Instance.

Fw

o WMRSBE LALLM, I TypeError.
o IRIRAERM, MRIERMAIAFIRA, W Tk 3 MRFEZ—: WebAssembly.
CompileError. WebAssembly.LinkError fl WebAssembly.RuntimeError.
FE T Z— MR B 2 AN S, A I = B 3R] LA 25 2 U PR AR AR O
. I

fetch('show me the answer.wasm').then(response =>
response.arrayBuffer ()
) . then (bytes =>
WebAssembly.compile (bytes)
) .then (mod => {
WebAssembly.instantiate (mod) .then (result =>
console.log('Instance0O:"', result.exports.showMeTheAnswer()));
WebAssembly.instantiate (mod) .then (result =>

console.log('Instancel:"', result.exports.showMeTheAnswer()));

3.2.3 WebAssembly.validate ()

1ZJ71EH FAES: WebAssembly il & B &1k, EEN:
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var valid = WebAssembly.validate (bufferSource);

P

e bufferSource: 7 WebAssembly —##{LiS (.wasm) HJ TypedArray 5
ArrayBuffer,

1B e E

o fi/RTY, EVEIRE| true, HMIRE falses

o WHRMLEANN bufferSource A/& TypedArray B{ ArrayBuffer, J4#iH
TypeError,

3.2.4 WebAssembly.compileStreaming ()

%7125 WebAssembly . compile () L, HIF WebAssembly — i3 il ACAD 1) 4 15,
X IAE T AR 07 7245 i =R B VR E N«

Promise<WebAssembly.Module>WebAssembly.compileStreaming (source) ;
ZH source B & fetch () ILIRFIH Response X%, #lU:

WebAssembly.compileStreaming (fetch ('show _me the answer.wasm')) .
then (module => console.log(module.toString()) //"object WebAssembly.Module"
)

AIFERIR FHE R 5 WebAssembly . compile () AHIA

3.2.5 WebAssembly.instantiateStreaming()

%7155 WebAssembly.instantiate () B —fE L KM, HT ¥
WebAssembly —BEHIACHGZm AR, FROIEIEE — AL, XORIFE T AT EE AR
JRJEIEAE A -

Promise<ResultObject>WebAssembly.instantiateStreaming (source, importObject);

ZH source WH & fetch () 7R [H ) Response X5, #iln:
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WebAssembly.instantiateStreaming (fetch('show me the answer.wasm')).
then (result =>

console.log(result.instance.exports.showMeTheAnswer ()) //42
)i
AT IR FME IR H 5 WwebAssembly. instantiate () B —FE L XAMFA

27" WebAssembly.compileStreaming () /WebAssembly.instantiate-
Streaming () 5 H IR XIRG FARKAAL, BRPBEAGFH L, 12T 3w i E 0
ZRE G (BT Safari A AR L), B, BABFHRENL, REBUEA X —F R4,

3.3 WebAssembly.Module X%

ST B H JavaScript X %N WebAssembly.Module, ER&TIREH, W LI#E
Z LB

# WebAssembly AR (.wasm) Zid AREEL TR EEFEA S KT SRR,
BRIk 2 B — R R B 720 U7 7% WebAssembly.compile () A
WebAssembly.instantiate ().

3.3.1 WebAssembly.Module ()

WebAssembly.Module HIH4IE #8772 T [F 20 Hi g 19k . wasm A5t

var module = new WebAssembly.Module (bufferSource);

i

e bufferSource: 7 WebAssembly —##|{8hS (.wasm) HJ TypedArray B
ArrayBuffer,

A=A

o G IIBRHUT G
Skl

o MBI ANN bufferSource A& TypedArray B{ ArrayBuffer, ¥#iH
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TypeError.
o IR IFELRIM, KM WwebAssembly.CompileError.

7~

//constructor.html
fetch('hello.wasm') .then(response =>
response.arrayBuffer ()
) .then (bytes => {
var module = new WebAssembly.Module (bytes);
console.log(module.toString()); //"object WebAssembly.Module"

3.3.2 WebAssembly.Module.exports ()

IR T RS 3 R E R, 1N

var exports = WebAssembly.Module.exports (module) ;
PE 4

e module: WebAssembly.Module X%,

1A B A

e module K FH X %15 B4,

H

o % module A& WebAssembly.Module, #li TypeError.

=~

//exports.html
fetch('hello.wasm') .then (response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.compile (bytes)
) .then (module =>{

var exports = WebAssembly.Module.exports (module) ;



38 % 3% JavaScript £ A9 WebAssembly 3%

for (var e in exports) {

console.log (exports([e]);

) i
AT S, EHl a5

{name: "hello", kind: "function"}

3.3.3 WebAssembly.Module.imports ()

EINER TR ZANGE R, EEN:

var imports = WebAssembly.Module.imports (module) ;
i

e module: WebAssembly.Module Xf %,

B A

e module KA G5 B HIEA.

HHw

e R module A& WebAssembly.Module, #lf TypeError.

T 15

//imports.html
fetch('hello.wasm') .then (response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.compile (bytes)
) .then (module =>{
var imports = WebAssembly.Module.imports (module) ;
for (var i in imports) {

console.log (imports[il]);
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PATIE, 16 G5

{module: "js", name: "print", kind: "function"}

js", name: "

{module: mem", kind: "memory"}

3.3.4 WebAssembly.Module.customSections ()

TR TR ) B B (section) HI%HE . WebAssembly AR H— &R
HILL S-ZRIE XA IR BLR B A, 75 WebAssembly 1 —HEfiHvE A, V& 47
HE B dmikds vl LA IX —FRit:, 7E42 A WebAssembly k% (.wasm) it
FE AT /5 S S DL T8 1T B, 82 H BT WebAssembly A =
Cwat) FEASCRFH E LB

var sections = WebAssembly.Module.customSections (module, secName) ;
BH

e module : WebAssembly.Module X %.
e secName: ACRHUHIH & LB F .

1A B A

o A, HPHEESHAEXLTS secName MIFIMHEE B, BB
ArrayBuffer,

ikl

o ¥ module A& WebAssembly.Module, #IH TypeError.

7~

//custom_sections.html
fetch('hello.wasm') .then(response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.compile (bytes)
) .then (module =>{
var sections = WebAssembly.Module.customSections (module, "name");

for (var i in sections) {
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console.log(sections[i]);

) i

PATIE, SR s 3-1 fros.

custom sections.html:19
¥ ArrayBuffer(2

b

4) [1, 11, 1, e, &, 1@, 115, 95, 112, 114, 185, 116, 116, 2, 9, 2, @, 2, @, @, 1, 6, 1, @]
) [2817, 1, 27144, 24435, 209296, 28265, 628, 521, 512, @, 1, 1]
[68353, 1601399394, 1852484336, 34144384, 512, £3537]
4) 1, 11, 1, @, 8, 186, 115, 95, 112, 114, 185, 118, 116, 2, 9, 2, @, 2, @, 8, 1, @, 1, 8]

vy v w

K 3-1

3.3.5 Z£1F Module

TEFR A 2% (U Firefox) ", Module AJPA% Blob —Fif%E N IndexedDB %%
7, AT AEZ A Worker [BMES, FIH PIH] T B~ 1T XA 7% (Chrome/Safari A2 F5):

//worker.html
var sub_worker = new Worker ("worker.js");
sub_worker.onmessage = function (event) {

console.log(event.data) ;

fetch('show me the answer.wasm').then(response =>
response.arrayBuffer ()

) .then (bytes =>
WebAssembly.compile (bytes)

) .then (module =>
sub worker.postMessage (module)

) i

//worker.js
onmessage = function (event) {
WebAssembly.instantiate (event.data) .then(instance =>
postMessage ('' + instance.exports.showMeTheAnswer ())
) i
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3.4 WebAssembly.Instance X%

5 5% B[ JavaScript X %N WebAssembly. Instance, FREUSZEIR) 322 72
& 3.2 AN ALK webAssembly. instantiate () k.

3.4.1 WebAssembly.Instance ()

K IR IE S T 1%, IR T [FD R AR R B S, TR IR
var instance = new WebAssembly.Instance (module, importObject);
ol

e module: HTaIESLFIRIHIEL,
e importObject: A&, HFrESLEIMIFAN SR, B LA JavaScript 7772,
WebAssembly.Memory.WebAssembly.Table Al WebAssembly 4= /528 & X 4 .

1B e A

o HTEIERISLH

Fw

o WRALNSHIREANIER, KIH TypeError,

o UNREEERI, B webAssembly.LinkError.

EAERRE, WHR Module A T ZARXR, Joid Wb RR 7% 847 SLp 46
[WebAssembly.Instance () WebAssembly.instantiate () Al WebAssembly.
instantiateStreaming ()], #ABUAZFRHETERAFIFAX R Hlan, FRAE “REF,
WASM” 17 1f] WebAssembly fARGH A T 2 NINAE K print () BREL, = 7ESEBIMLES
ARBEFZARI R, W BIRE R

//linkerror.html
fetch('hello.wasm') .then(response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.compile (bytes)

) .then (module =>
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WebAssembly.instantiate (module) ;
//TypeError: Imports argument must be present and must be an object

) i

HMEAE SIS BE T AN R, HAEE, flan, RSN, MAFA js.print
Jiiks SRR = R

//linkerror.html
var wasmMem = new WebAssembly.Memory ({initial:1});

var importObj = { js: { /*print: printStr, */mem: wasmMem } };

fetch('hello.wasm') .then(response =>
response.arrayBuffer ()

) .then (bytes =>
WebAssembly.compile (bytes)

) .then (module =>
WebAssembly.instantiate (module, importObj)

) i

] & 4 R

Uncaught (in promise) LinkError: Import #0 module="js" function="print" error:

function import requires a callable

3.4.2 WebAssembly.Instance.prototype.exports

WebAssembly.Instance HIREEEM exports W& TEBIFITE SH K%, B
S LSS JavaScript 27 A A4 O . Flhn, FRATE X — WebAssembly BEH U1 :

;itest.wat
(module
(func (export "add") (param $il 132) (param $i2 i32) (result 132)
get local $il
get local $i2
i32.add
)
(func (export "inc") (param $il 132) (result i32)
get local $il
i32.const 1

i32.add
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ESH TPANRE add () LA inc (), - BATINECLAMN 1 #:4E. $04T JavaScript
T

//exports.html
fetch('test.wasm') .then (response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.compile (bytes)
) .then (module =>
WebAssembly.instantiate (module)
) .then (instance =>{

console.log(instance.exports) ;

console.log(instance.exports.add (21, 21)); //42
console.log(instance.exports.inc(12)); //13
}
) i

2 N

P 6 R -

{add: f, inc: f}

42

13

3.4.3 fl# WebAssembly.Instance BIEGHE

BTSN FEF, fetch () compile () FHESET HI, FATE X —
/> fetchAndInstantiate () FVEWIF:

function fetchAndInstantiate (url, importObject) {
return fetch(url) .then(response =>
response.arrayBuffer ()
) .then (bytes =>
WebAssembly.instantiate (bytes, importObject)
) .then (results =>
results.instance
)i
}

KR A AT R AT S8 Bl i B, Bildn .

fetchAndInstantiate ('test.wasm', importObject) .then(function (instance) {
//do sth. with instance...
})
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EREEAT A, AT RS, @R, BATEMEHX— k.
3.5 WebAssembly.Memory pa

5 WebAssembly P A75%F M ] JavaScript Xf %N WebAssembly .Memory, &M T7E
WebAssembly 2 /7 H A7 fi 11T 585 . 18 M JavaScript B, &2 WebAssembly ]
M, WAR R EARE—A—4E$2H, JavaScript Fll WebAssembly AJ DLt P 47 AH
HARBEE . BN WHHE: 7 JavaScript FEIE NN FR (ZHEEET —1
ArrayBuffer, AT LA —4E%5dH), #seplfbrt g HETFANEZEA
WebAssembly H'o —ANHAERRAT LR AN Z AL, X1 2 A0 ] Dos g L —A4>
WAFRT BRI T AT e B 85

3.5.1 WebAssembly.Memory ()

WebAssembly W A7EX R IESR 75, THIEN:
var memory = new WebAssembly.Memory (memDesc) ;
Ex 3

e memDesc: FIAENMAHSE, O&TREME.
¢ initial: WAEMIWIEEZAE, DADUNSAL (1 51=64 KB=65 536 1),
¢ maximum: Ak, WAERIERKEE, PATUNHRAL,

H

o WAL NSHIREUANIER, KIH TypeError.
o WMEALANZHAY maximum EME, HEHME/DT initial B, Bt

RangeError,

3.5.2 WebAssembly.Memory.prototype.buffer

buffer EYEH TV 0 NN R ArrayBuffer.
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il

//sum.html
var memory = new WebAssembly.Memory ({initial:1, maximum:10});
fetchAndInstantiate ('sum.wasm', {js:{mem:memory}}) .then
function (instance) {
var 132 = new Uint32Array (memory.buffer);
for (var i = 0; 1 < 32; i++) {
i32[1i] = 1i;
}

console.log (instance.exports.sum(0, 32)); //496

)

EIRACHI B THIIR R EDY | TS GO AL, ARG AT AR 1K IR

T 324 32 LR, ARSI TSR ) sum () T

;;sum.wat
(module

(import "js" "mem" (memory 1))

(func (export "sum") (param $offset i132) (param S$count 132) (result 132)

(local Send i32) (local Sre i32)
get_local Soffset
get_local Scount
i32.const 4
i32.mul
i32.add
set local $end
block
loop
get local Soffset
get local $end
i32.eq
br if 1
get local S$Sre
get local Soffset
i32.1oad ;;Load i32 from memory:offset
i32.add
set local $re
get local Soffset
i32.const 4
i32.add
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set local $offset
br 0
end
end

get local Sre

)

sum () IZMIANSE, AR RIEL B A%, TH R A AIRR E .
¥ fEIR T AE JavaScript AT N AE T WebAssembly (17775, SR, KA/
1B, WEi2it, & WebAssembly H A N7, T F| JavaScript, 2T, #l4n0:

;iexport mem.wat

(module
(memory Smem 1) ;;define $mem, initSize = lpage
(export "memory" (memory S$mem)) ;;Sexport $Smem as "memory"
(func (export "fibonacci") (param S$count i32)

(local $i 132) (local $a 1i32) (local $b 1i32)
i32.const 0

i32.const 1

FATE WebAssembly H13E X T VG &N | WEINAE, HEBEHELSH; ANSH T4
N fibonacci () M5k, H TR SN B8 B R AR i 38 i 2245091

//export mem.htm
fetchAndInstantiate ('export mem.wasm') .then(
function (instance) {
console.log(instance.exports); //{memory: Memory, fibonacci: f}
console.log(instance.exports.memory); //Memory {}
console.log (instance.exports.memory.buffer.bytelength); //65536
instance.exports.fibonacci (10) ;
var 132 = new Uint32Array(instance.exports.memory.buffer);
var s = "";
for (var 1 = 0; i < 10; i++) {
s += 1i32[i] + " '
}
console.log(s); //1 1 2 35 8 13 21 34 55

) i

A& JavaScript {51217 5, #EHGHRIB AT
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{memory: Memory, fibonacci: f}
Memory {}

65536

112358 13 21 34 55

"] WL, 7E WebAssembly &GN NAFH T S, A fibonacci () GENLE
ERENOINE & e eIV Al R

EFFEREMZ, R WebAssembly WHBAIE T W17, (HETESLHIMLE L FAN T WAF
XTR, H2 WebAssembly 218 F W GBI I N AE, TIAZINT S AR AAE. Flu:

var memory = new WebAssembly.Memory ({initial:1, maximum:10}) ;
fetchAndInstantiate ('export mem.wasm', {js:{mem:memory}}).then(
function (instance) {

instance.exports.fibonacci (10) ;

var 132 = new Uint32Array(instance.exports.memory.buffer);

var s = "Internal mem:";

for (var i = 0; 1 < 10; i++) {

s += 1i32[1i] + ' '
}

console.log(s); //1 1 2 35 8 13 21 34 55
var 132 = new Uint32Array(memory.buffer);
s = "Imported mem:";

for (var i = 0; 1 < 10; i++) {
s += 1i32[i] + " !
}
console.log(s) ; //0 0 0000O0O0O0O

) i
FIRACRE AT JE RS SR

Internal mem:1 1 2 3 5 8 13 21 34 55
Imported mem:0 0 0 0 0 0 O 0 O O

AL AT UL, WebAssembly 105615 I A #B B ) AL A7

3.5.3 WebAssembly.Memory.prototype.grow ()

MY KA RN AR, 55N

var pre size = memory.grow (number);
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Ex 3

o number: WAEHRT KR, LITUAHLL.

B

o ATERTERYKHTIIAR, LITUAHAL.

FF

o WRNIEXGHERIEE T RAAE, AEY EHNAE

number) OISR E N HRAAERE, WHIH RangeError.

CRp K75 2=

WAEXTRY K, Hy KRR R g 2 219 K5 1) buffer 1, HI40:

//grow.html

fetchAndInstantiate ('export mem.wasm') .then (
function (instance) {

instance.exports.fibonacci (10);

var 132 = new Uint32Array(instance.exports.memory.buffer);
console.log("mem size before grow():",
instance.exports.memory.buffer.byteLength); //65536
var s = "mem content before grow():";
for (var i = 0; 1 < 10; i++) {
s += 132[i] + ' '
}
console.log(s); //1 1 2 3 5 8 13 21 34 55
instance.exports.memory.grow(99) ;
132 = new Uint32Array(instance.exports.memory.buffer);
console.log("mem size after grow():",
instance.exports.memory.buffer.byteLength); //6553600
var s = "mem content after grow():";
for (var i = 0; 1 < 10; i++) {

s += 132[1i] + " '
}
console.log(s); //still 1 1 2 3 5 8 13 21 34 55

) i

ERFEFPAT)E, JE6] SR -
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mem size before grow(): 65536
mem content before grow():1 1 2 3 5 8 13 21 34 55
mem size after grow(): 6553600
mem content after grow():1 1 2 3 5 8 13 21 34 55

A WLYE JavaScript BHK, HHEHAKER; 7 WebAssembly B R —FF:

//grow2.html
var memory = new WebAssembly.Memory ({initial:1, maximum:10}) ;
fetchAndInstantiate ('sum.wasm', {Jjs:{mem:memory}}).then(
function (instance) {

var 132 = new Uint32Array (memory.buffer);

for (var i = 0; 1 < 32; i++) {
i32[1i] = 1i;
}
console.log("mem size before grow():",

memory.buffer.byteLength); //65536

console.log("sum:", instance.exports.sum(0, 32)); //496

memory.grow(9) ;
console.log("mem size before grow():",
memory.buffer.byteLength); //655360

console.log("sum:", instance.exports.sum(0, 32)); //still 496

) i

ERARSIEAT )R, R G g

mem size before grow(): 65536
sum: 496
mem size before grow(): 655360
sum: 496

Al WL/E WebAssembly B>K, grow () WASE R . (HEMRFEERZ, grow()

BARESI K NN R E ArrayBuffer AL, MM SEEIHEM Typedarray KiK.
il tn .

//grow3.html
fetchAndInstantiate ('export mem.wasm') .then(
function (instance) {
instance.exports.fibonacci (10) ;

var 132 = new Uint32Array(instance.exports.memory.buffer);
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var s = "i32 content before grow():";
for (var i = 0; 1 < 10; i++) {
s += 132[1i] + " '
}
console.log(s); //1 1 2 3 5 8 13 21 34 55

instance.exports.memory.grow(99) ;

//132 = new Uint32Array(instance.exports.memory.buffer);

var s = "i32 content after grow() :";
for (var 1 = 0; i < 10; i++) {

s += 1i32[1i] + ' '
}

console.log(s); //undefined...

)i
FIRARAD R R 758 4% 132 = new Uint32Array (instance.exports.memory.
buffer);, HT grow() Ji Memory.buffer H/HN, SFEZATEIER 132 K3, #
H G AT
i32 content before grow():1 1 2 3 5 8 13 21 34 55

132 content after grow () :undefined undefined undefined undefined undefined

undefined undefined undefined undefined undefined

XEREREY TypedArray Bt5 Memory.buffer B, WAZiFEHEEGIZ.
R WA RN TR T RAHFERE, WEH grow () ¥ AN AR R KA &
. B, TFHARILEE IR grow () BPEHHlH RangeError:

var memory = new WebAssembly.Memory ({initial:1, maximum:10});

VA
memory.grow(9); //ok, current size = 10 pages
memory.grow(1l); //RangeError

3.6 WebAssembly.Table X%

AT A ERATAMERIL, 7 WebAssembly FI& 1 EAEH, SHATIEFEFSCH)
RS BUMRSETCR 5 WA SE A0 B 1Y, IR 530 A A 25 ) o AR B/ e B/ M AR A Al Ak
TGk A A2 B B DLE A, BREOIAEXT WebAssembly 2 /7 Kb ArT WL,
IR H VR R —FEALs . BE LU T SR R BR A IR 2 mn 205 5 R 2 4
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ANEID R, Rl CH R R BRI T8 o R X — T R R, e AT
LA RIEXT R

B RARAF TR RGN —4E202H . BRI DRAEAE RIS P e R 45 A —
PR, BEFE WebAssembly HIKJE, #ReliFAH 2R MATER (W DOM X R) G
AN, HBEHRTIE, ATRLS RS B vk Bde s AR . B AT S A e S —
Mg, PIAH G WebAssembly 52 B & IR ER X R84 24 1T SEABIIHA R e — 8%
kA WAL E], =38 R A BAMS .

R S HARA I AT A2 EETE (R REH) EBIFFPATHR I £
WebAssembly H', H—NEREHFANELE TG, IAEE EAERK RS GZREHE
kg A E, BCE A T SRIFAE, Xt SCEl 7 &840 Thae, KA
b F R F R BR B AR AR L, TR B R T IR ] .

WebAssembly [ {i FH X Ff 5 25 44 A 1 07 2ok S s e 8t 2 s ZE I SR K2 N 1
G, AT BRI ek B S b R R, T84 WebAssembly AURS RIHAT Y FELKE AN 1]
7, B, AR S B A, EE T HERER R AT, MAE
WebAssembly 41 B THHELL T, CRAFLE A% T 1K) R £l il X WebAssembly A ANA] I
ToiFEN, Rl R R, FHIE T ARSI HARTFENTEXN G H, H
A4 T WebAssembly AARGER AT IR RE, SORPEER TS OUAN T AL AT Rrb ™
A — HER R R T O .

5 WebAssembly 4% X} W 1] JavaScript X} %N WebAssembly.Table.

3.6.1 WebAssembly.Table ()

RIIMIE SR ITE, BRI

var table = new WebAssembly.Table (tableDesc) ;
£ X i

o tableDesc: HIAERKKSH, W& TREE.
¢ element: fFAREPHITERIIER, HHTABEN anyfunc, HIRHIGIM.
o initial: RIEMVIEEE.
¢ maximum: A[IE, REFRANHFE.
CRIBBRKNER” RRB AR BRI (AR, X5NENER
A & LLTON A AN F], R IX ).



52 % 3% JavaScript £ A9 WebAssembly 3%

T

o UWHRALNSHIRBUANIER, KIH TypeError,
o WMEMAENKIZSHAET maximum B, HEHEE/NT initial B, BiH

RangeErroro.

3.6.2 WebAssembly.Table.prototype.get ()

R T R s R RS BB, 1B
var funcRef = table.get (index) ;

Ex 3

o index: HCHRHUIIEHGIHMZRTI.

B EE

e  WebAssembly pRELI15] H .

Fw

o IR index KTEHET R UMIMNAEE, M RangeError,
=~

//import_table.html
var table = new WebAssembly.Table({element:'anyfunc', initial:2});
console.log(table);
console.log(table.get (0));
console.log(table.get (1)),
fetchAndInstantiate ('import table.wasm', {js:{table:table}}).then(
function (instance) {
console.log(table.get (0));
console.log(table.get (1)) ;

;7import table.wat

(module
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(import "js" "table" (table 2 anyfunc))
(elem (i32.const 0) S$funcl $func0) ;;set $funcO,S$funcl to table
(func $funcO0 (result i32)
i32.const 13
)
(func $funcl (result 132)
i32.const 42

)

FAAE JavaScript AN T HIMRAEREA 2 FIREIH AL F ALY, /£ WebAssembly
1] elem B funcl. funcO AARMH (ZIEBE VT . FREFHATEES G
AR

Table {}

null

null

f 1() { [native code] }
f 0() { [native code] }

table.get () KIREMERM Y Instance SHEIRELE —FEH, XEWERAIA]
PLRAE . ¥ LR F1& B

//import table2.html
var table = new WebAssembly.Table ({element:'anyfunc', initial:2});
fetchAndInstantiate ('import table.wasm', {js:{table:table}}).then(
function (instance) {
var £0 = table.get (0);
console.log (f0());
console.log (table.get (1) ())

)
cAT I S

42
13

Br ELE—ABFF, funcO #= funcl FR-F i, mE L AEANELMKE, JavaScript
1R R FT Al it R A TR
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3.6.3 WebAssembly.Table.prototype.length

length JEEH T IRBER S I AT A & .
S5 WNES R, RAEEET PALE JTavaScript 654 S N\ WebAssembly, 7RAJ7E
WebAssembly H 41 % J5 T 2] JavaScript, F HARSGAHE F RS P95 G0 E Rk o 540

;;export table.wat

(module
(table $tab 2 anyfunc) ;;define $tab, initSize = 2
(export "table" (table S$tab)) ;;export $tab as "table
(elem (i32.const 0) S$funcl $funcO) ;;set $funcO, $funcl to table

(func $funcO (result 132)
i32.const 13

)

(func S$funcl (result i32)
i32.const 42

)
//export table.html
var table = new WebAssembly.Table ({element:'anyfunc', initial:1});
fetchAndInstantiate ('export table.wasm', {js:{table:table}}).then(
function (instance) {

console.log (table.get (0)); //null

console.log(instance.exports) ;
console.log('instance.exports.table.length:'
+ instance.exports.table.length);
for (var i = 0; 1 < instance.exports.table.length; i++) {
console.log (instance.exports.table.get (i));

console.log(instance.exports.table.get (i) ());

) i
FEFF AT Ja 120 & K 4t -

null
{table: Table}

instance.exports.table.length:2
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f 1() { [native code] }
42
f 0() { [native code] }
13

3.6.4 7& WebAssembly A ER{E &%

T PRI 91 PR s FAD 2 ek P R R 4. JavaScript A, SR TGS B 5 B 15 G 2
i WebAssembly W, fitn:

;;call by index.wat
(module
(import "js" "table" (table 2 anyfunc))
(elem (i32.const 0) $plusl3 $plusd?2) ;iset $plusl3,$plusd42 to table
(type Stype O (func (param i32) (result 1i32))) ;7define func Signatures
(func $plusl3 (param $i 132) (result i32)
i32.const 13
get local $i
i32.add
)
(func $plus42 (param $i 132) (result i32)
i32.const 42
get local $i
i32.add
)

(func (export "call by index") (param $id i32) (param $input i32) (result i32)

get local S$input ; ;push param into stack
get local $id ;;push id into stack
call indirect (type Stype 0) ;;call table:id

)

WebAssembly fi35E LT A REL, B plus13 () LK plusd2 (), FFEEH R
NEHEI) 0 A1 AL

(type $type O (func (param i32) (result i32))) & X I HERIHAHM
BRI 25 44 CHIY R B 28081 3R MR [RME R AR —— AR A B TN LI 4714 , WebAssembly
FEAT SR BOH I, AT S8 T E AR LR 4 B A A LA, i

WebAssembly.RuntimeError,.
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B/~  WebAssembly IL4i& 2 09t X WK ESH 4 FHE@MNL.

SHEH call by index () WARMTHIESid MRBOERE.
¥& 5 J55AE JavaScript il H )5 -

//call by index.html
var table = new WebAssembly.Table ({element:'anyfunc', initial:2});
fetchAndInstantiate('call by index.wasm', {Js:{table:table}}).then(
function (instance) {
console.log(instance.exports.call by index(0, 10));

console.log(instance.exports.call by index(1l, 10));

) i
PEl &R -

23
52

£ WebAssembly i H call indirect B, 4 F ik Kl H 2 510 ik kg 25 &
HIeR %, B webAssembly.RuntimeError, WIFE Bk T, REFIEEN 2,
R IRATIAT T 51 HRAE

var table = new WebAssembly.Table({element:'anyfunc', initial:2});
fetchAndInstantiate('call by index.wasm', {js:{table:table}}).then(
function(instance) {

instance.exports.call by index (2, 10); //WebAssembly.RuntimeError

)i

EH 5 3-2 Fros.

{8 | . ¢ P Pre Py

Console x
r ® top b Filter Default levels ¥ ¥ Group similar ¢
© »Uncaught (in promise) RuntimeError: invalid index inte function table wasm-568116ca-2:4

at wasm-function[2]:5
at http://127.0.8.1:8080/call by index.html:25:28

K 3-2
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3.6.5 ZANLHIBIHEZERERAFNELTE

HWARREEL, —ADRAK AT LI A S AL T2 A LT 3T,
FATEA—DHIR B2 BB TR e os 2 A el L 2 AF ARAR W A A . AR AN,
FATREBAPI LR IF % B G — AL, Hh—ASREAE A7 b AR R A8 ) R
B B MRIEAHETE, HREEGIRIH T .

THEEAE P B R RGN T -

;7 fibonacii.wat
(module
(import "js" "mem" (memory 1)
(import "js" "table" (table 1 anyfunc))
(elem (i32.const 0) S$fibonacci) ;;set S$fibonacci to table:0
(func $fibonacci (param $count 132)
(local $i 132) (local $a 132) (local S$b 132)
i32.const 0
i32.const 1
i32.store
i32.const 4
i32.const 1
i32.store
i32.const 1
set local $a
i32.const 1
set local $b
i32.const 8
set local $i
get local S$count
i32.const 4
i32.mul
set local $count
block
loop
get local $i
get local S$count
i32.ge_s
br if 1
get_local $Sa
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get local $b
i32.add
set local $b
get local $b
get local Sa
i32.sub
set local $a
get local $i
get local $b
i32.store
get local $i
i32.const 4
i32.add
set local $i
br 0

end

end

)

EIRARRY E T A R S (R EL fibonacci (), IS HFEANERT
#5404t
SRAREERUN T »

;isumfib.wat
(module
(import "js" "mem" (memory 1))
(import "js" "table" (table 1 anyfunc))
(type Stype 0 (func (param i32))) ;;define func Signatures
(func (export "sumfib") (param $count 132) (result i32)
(local Soffset i32) (local Send 1i32) (local S$re 132)
;;call table:element O:
(call indirect (type Stype 0) (get local Scount) (i32.const 0))
i32.const 0
set local $offset
get local S$count
i32.const 4
i32.mul
set local S$end
block
loop
get local Soffset
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get local S$end
i32.eq
br if 1
get local Sre
get local Soffset
i32.1oad ;;Load i32 from memory:offset
i32.add
set local S$Sre
get local Soffset
i32.const 4
i32.add
set local $offset
br 0
end
end

get local Sre

)

(call indirect (type $Stype 0) (get local Scount) (i32.const 0))
IR EE L S H Scount A TH, AJFHIE call indirect WH 7 ER&EH R
0 ek %L, JE 2k i AR TR I ] 1 2 i A

//sum_fibonacci.html
var memory = new WebAssembly.Memory ({initial:1, maximum:10});
var table = new WebAssembly.Table({element:'anyfunc', initial:2});
Promise.all ([
fetchAndInstantiate ('sumfib.wasm', {js:{table:table, mem:memory}}),
fetchAndInstantiate ('fibonacci.wasm', {Jjs:{table:table, mem:memory}})
1) .then (function (results) {
console.log(results[0].exports.sumfib (10)) ;

}) i

AHEAS, FIRFEFFIZIEIRA IR (JavaScript->sumfib.wasm.sumfib->table:0->
fibonacci.wasm.fibonacci->sumfib.wasm.sumfib->return) 1E#AHRAT, Ffm 7 2By b 325
BIHT 10 DA A

143

NIA 1]+ # Z4E WebAssembly HHEMEEMS, L b, EB47HRATIE AT LALE
JavaScript FEEE
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3.6.6 WebAssembly.Table.prototype.set ()

ZINEHTH—A WebAssembly B& AU 51 FHAF AR HIFE E R TI4L, THIEN:

table.set (index, value);
Hd

e index: FHEIl.
o value: HEGIH, HREIRMZ I T H 1) R EERAEE RS 1R

HH

o A index KTET RS UATHIA =, M RangeError.
o MR value Nnull, MESLEIERREGIH, #H TypeError.
DA P 2 U B2 H81 SR 1B B L

;s fibonacci2.wat
(module
(import "js" "mem" (memory 1)
(import "js" "table" (table 1 anyfunc))

(func (export "fibonacci") (param S$count i32)

//sum_fibonacci2.html
var memory = new WebAssembly.Memory ({initial:1, maximum:10}) ;
var table = new WebAssembly.Table ({element:'anyfunc', initial:2});
Promise.all ([
fetchAndInstantiate ('sumfib.wasm', {js:{table:table, mem:memory}}),
fetchAndInstantiate ('fibonacci2.wasm', {js:{table:table, mem:memory}})
1) .then (function (results) {
console.log(results[1l].exports);
table.set (0, results[l].exports.fibonacci);
console.log(results[0] .exports.sumfib (10)) ;

)i

Wi, fibonacci () EERLE JavaScript HEIES AR .. BFETE, 4
TRAKIR
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{fibonacci: f}

143

RIEAAALIEE LI, I ERIEAEIBITI AT 4E, i WebAssembly AJ LASEHLARH
ORMIBN SR

3.6.7 WebAssembly.Table.prototype.grow ()

EONER T KRR, N

preSize = table.grow (number) ;

A

o number: FHF K.

B EMA

o TR KHTIIR .

]

o WIRFMIEMTEE T RARE, HEY B AR (Y KHTINA R nunber)
TR Rk A&, MYLH RangeError.

SWAAREL FIXE grow () THEARZRY FATKIESE . T RIS IE AN
Bl 5N, ERAEHES.

3.7 /hah R iAo

B 7 H K TypeError Ml RangeError, 5 WebAssembly 275 I0H 5 4b 3
F, Bl WwebAssembly.CompileError. WebAssembly.LinkError fll WebAssembly.
RuntimeError. 1X 3 FiH IEL XS, WebAssembly F2F72E A FI AR 3 NEL, B4
R (LB FisAT.

Ym PRI B T EAT 55 2% WebAssembly - 3EHIACHD gn PR AR EL Canfa] 4 A5 B ok T 58
FANLSEE . RSk #Erp, 3 WebAssembly —HEHI A B Ay Tovimid /e Ay, W
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WebAssembly.CompileError,

TEREEIY B, OIS, e RN/ FHO R FEUXH B webAssembly.
LinkError FHHMAEIZEZANRATE, SANRPERK TR A K K
. WABERMN . 74h, fEREIRIIRILIT, TTRESHAT W AZ/AR RS IATAR1L, T 2.4 5K
BlF A data BEHILEAL AT

(data (i32.const 0) "#RIF, WASM")

LUK 3.6 iK1 P e lem BUWIAA LR -

;;import table.wat
(module
(import "js" "table" (table 2 anyfunc))
(elem (i32.const 0) S$funcl $funcO) ;;set $funcO,$funcl to table

)

MR, HNA/RIEIEES USRI EE/ KL, e R
WebAssembly.LinkErrors,

AT WwebAssembly . RuntimeError MIHMEZ, W WK EEHA LT LA

(D WIS . XSS I N A7 102 & Bk = ]

(2> A RE, W T S8R T2 4 AL .

(3) kg WEHHABSCR T T RIEEEN R IR EL.

TEIBAT I P2 AR () S R — PP L TR e = . BT JavaScript [ Number 2841
ToIE T RIA 64 ALBERIE . X E RS IR WebAssembly SCHF 164 KMRIZH, (HE
Y5 JavaScript S[R3 H KB RRIEH 164 RAUWENSHEGREME, — HAE JavaScript
HRI 2 3E0R IE 2R A 164 [ WebAssembly BR%, Kt TypeError.

T T R 6T . WebAssembly ARSI :

; ;exceptions.wat

(module
(import "js" "mem" (memory 1))
(import "js" "table" (table 2 anyfunc))
(elem (i32.const 0) $f0 $f1)
(type Stype 0 (func (result 1i32)))
(func $f0 (param 1i32) (result 1i32)

i32.const 13
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(func $f1 (result 1i32)
i32.const 65540
i32.1load

)

(func (export "call by index") (param $index 1i32) (result 132)
get local $index
call indirect (type $type 0)

)

(func (export "return i64") (result 1i64)
i64.const 0

)

(func (export "param 164") (param i64))

)

JavaScript {41 T

//exceptions.html
var table = new WebAssembly.Table ({element:'anyfunc', initial:3});
var memory = new WebAssembly.Memory ({initial:1});
fetchAndInstantiate ('exceptions.wasm', {js:{table:table, mem:memory}}) .then(
function (instance) {
try{
instance.exports.call by index(0)
}
catch (err) {
console.log(err);
}
try{
instance.exports.call by index(1)
}
catch (err) {
console.log(err);
}
try{
instance.exports.call by index(2)
}
catch (err) {
console.log(err);
}
try{

instance.exports.call by index(3)
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catch (err) {
console.log(err) ;

}

try{

instance.exports.return i64 ()

}

catch (err) {
console.log (err) ;

}

try{

instance.exports.param 164 (0)

}
catch (err) {

console.log(err);

BT a, Wik wmE 3-3 fis.

OV T, 7 U T TR TR

i Console
¥ ® | top ¥ | Filter

RuntimeError: function signature mismatch
at wasm-function[2]:3

at http://127.08.0.1:8888/exceptions.himl:27:

Default levels ¥

38

RuntimeError: memory access out of bounds
at wasm-function[1]:5
at wasm-function[2]:3

at http://127.8.9.1:8088/exceptions.html: 33

38

RuntimeError: function signature mismatch
at wasm-function[2]:3

at http://127.8.8.1:8888/exceptions.html:39:

38

RuntimeError: invalid index into function table
at wasm-function[2]:3

at http://127.8.9.1:8888/exceptions.html:45:

38

at exceptions.html:51

at exceptions.html:57

TypeError: wasm function signature contains illegal type

TypeError: wasm function signature contains illegal type

|+

Group similar

exceptions

exceptions

exceptions

exceptions

exceptions

exceptions

Lhiml:

Lhiml:

Lhiml:

Lhiml:

Lhiml:

Lhiml:

42

48
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