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o Web Assembly(Wasm) & (&
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o IEHEWasmiEdh
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Web Assembly(Wasm) & (37 3 Helpfeel

o RATJIEVWIRTA—VIUIXTEHET B,
AVIRDRENAFTUVERODEBELRNIVE7Z7EZY T —RASE

o STR—XOTFFXFFREBE(wat) EFET Db, EARMIC(FC/C++/Rust
HEDMEZHSDOIVINTILIMEEINTULD

(module Wasm#+ &8 hvis"imported_func'a 4 > iR—bk

(func $i (import "imports" "imported func") (param 132))

(func (export "exported func") Wasm%’&llf\”exported_func”{—IOZTI'f—I~

132. t 42
Lo<.cons “imported_func’l242% 518 ELTES

call $i

“imported_func’ZMEUNH

STHAR—X DT+ X ~FKE(wat) TWasmz& g6 L /=15



https://developer.mozilla.org/ja/docs/WebAssembly
https://developer.mozilla.org/ja/docs/WebAssembly/Text_format_to_wasm

Web Assembly(Wasm) & (d? (2) 3 Helpfeel

o Wasm(FREXEY EHEINBIER (CEMIXEYETIVERD
o WasmTHIHTZSTU=57+JBIL, 132,164, T32, T64MD4Dn)
o NHMNSEZXSNZXFINEKRDIZI(TTEUTDUENNE
o AEHMSWasmDIFBIXEY (C. XFHD/N1 R EEST AT
o  WasmlI TIREI X T EDoffset&lengthZE 2 (FTEXD . HUEZNXZFD/N T LI EFZHFAD
offset:3 length:4
~ o
P e r I

o ZMDe®. WENICIFTI—I—RERFEFLY—ILOYR—NRE
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https://webassembly.github.io/spec/core/syntax/types.html

Wasm. 3A8MNtE 3 Helpfeel

from The Three Pillars of WebAssembly

TINAR BB TSVk
T+ —LIEKRTF
Portability

YURRYIREENT-RIE

Performance

X171 T I—-FISAL
RE TENMF



https://thenewstack.io/the-three-pillars-of-webassembly/

Performance J Helpfeel

o FHEHWasm(EERULDH\
o NAFUITF—VvkDeth, T IHhETUV->5FD 00— REBBOERE
o II—=XBREMHDDICTI—RIIHEBLEMR)
o ZHEIlCRBILEH

garbage decode execute

[porse re/—optimize coJIIection f [
[
X N \

compile + optimize execute compile + optimize

ISEFT/INTFSTVDT X =] WasmZEf7/317 751> D1 X—11

o ZIZ2L. WasmEUHLDA—/N\—\v RHOEETDIEH. BY(CER
TBDIEGUBIELELSD



https://postd.cc/what-makes-webassembly-fast/
https://postd.cc/what-makes-webassembly-fast/
https://postd.cc/what-makes-webassembly-fast/

Security 3 Helpfeel

e Wasm(EHY YRRy I Z{EITNTULSD
o T7TIVIXTLPRY EDT—DFEHNEVDT. BIERWASIDEEZNHNE
o TJSIHMDOMAvlocalStorage® AL\

e CFIl(Control Flow Integrity) E[EEN D EITEHOLZEHBERDIEHI NS D
o IFAHNTCEDORITELL DN OD>TEHEUVDOTAEIEBLFEI. HHNHZTLEITL
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Portability 3 Helpfeel

e Hardware-independent
o FTROLwI ENAI. BRABELET/NA AKEFEFERITCTED
e [anguage-independent
o RREDSHEICHKELEV
e Platform-independent
o JSOYEFEEBSAMI/MEZEICHMFATINIEVME UTHEE . WasmDIIERMNET XS EE
BRACEITCTED
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Hardware- Language- Platform-
independent Independent Independent

Wasm

JVM iosmirozmmmivmizzEL | XK I vava Applet..."svEEAS
LA, BE b9 R— g

NaCl LA regesTosa7rTay 8 | PG or G
AINFBNDIILETTA—F

Docker HKEAALOEHABTEB D HKweb Tz
A
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WEBLIATOWasmFRAEEATULD

e Google Meet
o CPU heavy/fLE(FH U ALIE) DE&E(E
o SWC
o IA—YDOFTTEMKTIST1rVELTORA
e Envoy
o Y—NTEMKTISTrVELTHA
e Fastly / Vercel
o (ZwINAVEa1—FTrVINERTER
e FFMPEG.wasm
o BGEBEDNR—FT1VI
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https://workspaceupdates.googleblog.com/2020/09/blur-your-background-in-google-meet.html

Wasm& PO S=V 5 EENEDOE 3 Helpfeel

e O g5= ‘Jﬁ%%’é WasmA\JIV/ 1)L T D Programming

o Ci+, Rustige Language asm
o JOUS=ZVIOESENDS VST L%EWasmlcEia Wasm
L TWasm+WASI VM ETEMEST ES Programming
o Python, Ruby’&& Language
Runtime

o WasmzZOJS=VIEBNSHUOET
o (HAR)TSTH®Node.jsIEXR-T T+ ITHIG

o wasmtimeXowasmer/&E Druntimeld &S EM(FDSDK Wasm

2REHLTVS

Programming Language
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e https://webperl.zero-g.net/
o Wasm_LtCperlZ=&iHg

Wasm in.txt

1 Foo
2 Bar

Perl 3 Quz

perl P |perl -CSD -pe 's/[aeioul/ /g' in.txt
Perl is Ready (last exit status was 0)

STDOUT
e https://github.com/perlwasm/Wasm ;5=
o WasmTperlDEI1—ILEEETETD 30 z
Perl
Wasm
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https://webperl.zero-g.net/
https://github.com/perlwasm/Wasm
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Wasml(CZ [dPerformance, Security, Portability®3DMDERRMNH D

B O & (FPortabilityDER TR D

WebBIA TEFRANEATULS
JO0SZVIEEEWasmICERRT BRI TS, TJOJS5=VTE5EN
SWasmZzHEUHITCEETED

CNESEBIRT. ZBEDODWeb7 T ([EWasmE ESBD O TUKAREN?
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@ python n‘@dc IV kI1-YAEE
FAQF— S iR/ \ v F PFUT—vavy—Ni
e HelpfeelfBiEM/I—X o View®DiRH]
o ERIERNE o APIR{H "455
o TEREREEW
o etc. O snsBERIEN:

MIEEERERT ——
HI{EZIRY — U
WMIEBER = BS

0 MOHgDDB@ Helpfeelgg;& M LintingASL 7=l !
—Node.js or 75 £ TO Helpfeel

RIEDN—ANBE

Python& JavaScript EZNEMN THelpfeelZgiE/ i —H & X V5 LTz <L)
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Polyglot/SIRiE CUME % L#E{LT D & T DiFEIRE: 9 Helpfeel

o APIH—/\

o H—NOXAVFULI<LIEL

o REBIECHUHIDTEEDNDA —/IN—NYRERICED
o _OtXREIRPC

o IS—N\VRUIDENELEDS?

o BFAMFRPCOHOTO R IILERDELE %
e \Wasm

o Portability(Language-independent & Platform-independent)&ERTE S !
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CCETHDIED

o HelpfeelldJavaScript &Python TR S NS Polyglot’d> X F L
o ZEZBICE>DTCHRIATZEZ > JoUMEBARLE/II—)ZEERELZV
o Wasm®PortabilityCERIRCESINEXTCHBIDE

] Helpfeel
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IS ttHelpfee COHWasmiERADtry
(RER)

WasmANEBEDI=a1Hr—r3 Yy
T X ~EEER

Packaging
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Helpfeel G{ED> TLIBEMD: helpfeel-parser 9 Helpfeel

HFResult, parseNotation, Stm from "@nota/helpfeel-parser"
o ( |51 00) B am h( | i
)0)3:573533%5/3_2@_ - ;:pi;filifofitl\gitH%%ﬁ)\ﬁﬁ”@ )M (BN E=) ™)
55135V :
o /I—Y(FRustTEEL. : "group",
Wasm(Z Z5 i :

e JavaScripth\5(FEEDnpm
package& UTIRD C EMT
)

" group " ,

[

"text"
"text"




WasmiERRORIRIBESOIND ATV D

M9 5558 Rust

T X EBE: Rust/Wasm/JSICR LU TENZENT X ~
WasmAEB&ED 1= 1 -5 —=/ 3 wasm-bindgen
WasmTE&E U251 7S5 DEef: wasm-pack

nede

S

@ Node.js& T SOYTI& @
npm package% Fl|F

wasm-pack npm

WasmZ%& npm package K
package(ZZifa

Wasm

.‘il Wasmer

pythonTl&Wasmer E¢
WasmZBESE 3

@ python

) Helpfeel
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WasmAZBENDI=a1 =5 -3y 3 Helpfeel

o HT 5L\ HelpfeelldJavaScript EPythonCTCE TULIS DT
FNENHSWasmERUH L)
o :RiEB
o WasmTHIATE3RIE, 132, 164, F32, f64MAD
m ZDIITIEIXFINT SFRILO) !
o PythonlCFZFEZFEWasmDS VA 1 LREQ)
o MRIRTK
o JavaScript: wasm-bindgen
m Wasm-JSEDT—S NP OED WEBREAPIOERFUHELZVVRELICLTIND

o Python: Wasmer
B TEIFILHEZEICHGLTUVBWasmDS V5T L
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https://rustwasm.github.io/wasm-bindgen/
https://wasmer.io/

Wasm-JSEINDI=1=U—>/3 2 - wasm-bindgen 3 Helpfeel

o RustilTERL NI LV Y REJSEIHN S - L C[F U IfEEZEX D

pe = "HFResult<Stmt[], HFNotationError>") ]

Rustfll S TSEITD
RIE R DT
JSfAl[Zexportd HED AUy B EIETE
¥ n(js name = otation) ] Wasm®D #ll#Z & (28 9 String2 % Z THNh b

o (notation: § r > JsNotationResult {
panic: :set hook (Box::new(console error panic hook ::hook));

let res = parse notation (notation Rustiﬂﬂd)pamc’&console.errork%#ﬁ

JsNotationResulzas: from (JsValue:: from serde(&HFResult::new(res)) .unwrap () )

JSICHEZ RS F=DIZS)TF4X

[ parseNotation } from "@nota/helpfeel- p~11 ser'; JSEIMDS [EWasmESH+ B BMICFIBETES
(packaginglZ[&#& ik Dwasm-packZ Fi F)

sed = parseNotation (" ( (BB 0)E&EMN (BN 1 E=) ) ;
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Wasm-Python@D1=a1=5—->3 > V51 LOLE J Helpfeel

o 2023/3WRT. XVFTFIUIMEREMND
PythonMbindingiMZEI 5>V 5 1 A

o Wasmtime
m Bytecode Alliancelc &K BFEZE
m H\DTEYIT7LIUIRERWEDTZM. 2022598 (Cv1.0(CEEL.
Production Ready &7E o fz
o Wasmer
m  Wasmer, Inc.(CKDEE
m SUSTLEITTHEL, NvT—IVYVR—IvDOWAPMP T J)—I—RERSTITSV
MDwasmer-pack/EE, TIIVXTFLRFTELTULS
o HBINRVUFV—IDICLDE. INTA—VIVIFEESEEFEFEFEDSKLLS LU
e helpfeel-parser CldWasmerZzER L Iz

o FTEVIEBRIIE L. HEIFEWasmtimehv1 (> THEM Tz
o SHSRERT B Swasm-pack Tl < wasmer-pack(CFE TELOVMNE UNIELUN(GRIREE)
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https://bytecodealliance.org
https://bytecodealliance.org/articles/wasmtime-1-0-fast-safe-and-production-ready

Wasm-PythonEDI=a21="5—2/3 2 - Wasmer 3 Helpfeel

e Node.js® TS IHFNDWebAssemblyE®I 1 —JUICIUZAPIE IR T D

#[no mangle]

pub extern fn sum(x: 132, y: 132) -> 132 {
X + Yy

}

from wasmer import Store, Module, Instance

import os

| = os.path.dirname(os.path.realpath( file ))

module = Module (Store(), open( dir + '/simple.wasm', 'rb').read())
instance = Instance (module)

result = instance.exports.sum(l, 2)

print (result)
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WasmZFRB LUTz= 175 MPackaging
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wasm-pack(c & B npm package D EHEhE R 9 Helpfeel

$ wasm-pack build’ Y Wasm-pack
:ifi;;i?jode o wasm-bindgenCEZ U ZRust J— FZnpm

packagell/AwT —I VT BY—)b

s o target& LT, bundler(webpack)@(F+¥°Node.js

FID—g helpfeel parser.d.ts W(THED\{E;RT“%%

|— helpfeel parser.js

|— helpfeel parser bg.wasm

|— helpfeel parser bg.wasm.d.ts
L — package.json

$ tree pkg-node

34



https://rustwasm.github.io/wasm-pack/

wasm-pack(c & B npm package D EHEhE R 9 Helpfeel

$ wasm-pack build {
-—-target nodejs "name": "@nota/helpfeel-parser",

--out-dir pkg-node "description": "parser for helpfeel notation",
"version": "0.1.2",

$ tree pkg-node "license": "TBD",
pkg-node "repository": {
— helpfeel parser.d.ts "type": "git",
F—— helpfeel parser.js "url":
F—— helpfeel parser bg.wasm },
F—— helpfeel parser bg.wasm.d. "files": |
' — package.json "helpfeel parser bg.wasm",
"helpfeel parser.js",
"helpfeel parser.d.ts"
}I
"main": "helpfeel parser.js",
"types": "helpfeel parser.d.ts"

}

"




wasm-pack(c & B npm package D EHEhE R 9 Helpfeel

$ wasm-pack build
—-—target nodejs
—-—-out-dir pkg-node

$ tree pkg-node

pkg-node
helpfeel parser.d.ts
helpfeel parser.js
helpfeel parser bg.wasm

helpfeel parser bg.wasm.d.ts
package.json

memory: WebAssembly
) parseNotation(a:

SEEELEAYIFORESE
Wasmbrsexportan TLIS AV YR BIKIEE]
#ELTnumberL M &2 T EXS ALY
(Wasm Tz 5E D Hl#9)

wbindgen malloc(a:
___wbindgen realloc(

___wbindgen free(a:

Wasm_E®DLinear MemoryZi&{E 9 2L/ S— AUk

e Wasmh SEZexportdNTULBDI XYY ROEIES
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wasm-pack(c & B npm package D EHEhE R 9 Helpfeel

$ wasm-pack build
—-—target nodejs
—-—-out-dir pkg-node

dirname, 'helpfeel parser bg.wasm');
ileSync (path) ;

y.Module (by

oly.Instan WModule, imports);

$ tree pkg-node e -
pkg-node WasmZI7 ALY AT LD SHAAALTAY
— helpfeel parser.d.ts ARV

@param
@returns

I helpfeel parser.ijs
|— helpfeel parser bg.wasm

|— helpfeel parser bg.wasm.d.ts
L — package.json

XEHNZEDWNELICWasmIZET =60
ANJLIS—AYYR

o Wasm&EEZEHBEFICHHITDIEHD. WasmEI 1—JLD1 2V RE > P
Z3l&EWasm ED X T ([CIHERT DUIERER T ND
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wasm-pack(c & B npm package D EHEhE R 9 Helpfeel

$ wasm-pack build
—-—target nodejs
—-—-out-dir pkg-node

PartialEq, Eq,

, content = "data", repzss

TypescriptDefinition|Zd Y TypeScriptd E AN H

t kg-nod
$ tree pkg-node FERIND

pkg-node

I helpfeel parser.d.ts
F—— helpfeel parser.js

F—— helpfeel parser bg.wasm
F—— helpfeel parser bg.wasm.d.ts
L— package.json export t}

port type HFResult<T,
. n

ok"; : T }
err"; : B}

. n

e typescript-definitions cratezZfHIT D E T, RustOI—RKH\5
TypeScript DEEREBEFENTED
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https://crates.io/crates/typescript-definitions

Ry o—IJ D 3 Helpfeel

e GitHub PackagesTnpm package% Edfa
o  GitHub®Personal Access Token(PAT)ICK D . EARX V/\—TZ(FTHFIHTE Sprivate’d
npm package& U CEEMI B EMTES
o HAEEREINIZfine-grained PATICEK D, SHMONELT7 I CIHIFENTET DX DICESD
LAIFIEM. 2023/03/18187. GitHub Packages(dClassic PAT U HOIG L TUVE L &

e GitHub ActionsZERIF L Tgit tagDpushZz ~J H—(C
GitHub Packages/~npm publishL CUL\3

"on": {push: {tags: ["v*.*.*"] } }

: actions/checkout@v?2
=cs: ncipollo/release-action@vl

release ]

: actions/checkout@v3

: actions/setup-node@v3
- run: wasm-pack build --scope nota --target nodejs --out-dir pkg
- run: cd pkg && npm publish

39



https://github.com/features/packages
https://github.blog/2022-10-18-introducing-fine-grained-personal-access-tokens-for-github/

T X~

e Wasm(Rust)HICHFT X ~

e wasm-packZEFEAHLUIET X~

o JSHITCOHDT X

e PythonITNHFT I (50 AL TETHLDTEE)

] Helpfeel
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F X I+ - Wasm(Rust) J Helpfeel

e Pure RustCEEINI7O0IvOFEEICRUStDT X +EZ(FIFOK

parsefE RAEAFFLIASTOREIEIC
("®EFESH".to string()) ], BoTWBAET R
("BID" .to _string())]

("F@UL\f=".to string())],
("R1=".to string())]
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7 X I+ - wasm-pack+headless browser

e wasm-packMDtest IV RZFATDE.
EJLE UeWasmIC™ U CTRBRDRUst CRELIZT X RERTTES
o IJSOTBREBEIEETES

$ wasm-pack test --node

o BREBEULINYRLRATSOYEEEITDICLETES !

$ wasm-pack test --headless --chrome —firefox

, Helpfeel
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F X I+~ - npm pakcage J Helpfeel

ult, parseNotation, Stmt } from "@nota/helpfeel-parser';

const parsed = parseNotation (" (E1E5|BID)E&mA (BN |k ") ;

wasm—pack(id:o‘CEﬁ)ZE‘JI’Lfc c es ed: HFResult<Stmt[], never> {

npm packagelc L TTF X & ' R

E(F(E, JSAFOIIL—a—R nts [

EEWflcend toenddT X +%& jﬁ ::: ;.?]2‘;%’ }j b

ETTES |

SE(FjestDT X LEZIFTZEED ; . wiextr, . nESA )

npmZFOJ T O LEER LT e erouer,
[

: "text",

: "text",

expect (parsed) .toEqual (expected) ;




] Helpfeel

Wasm package® E{ARLERGI & &R
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helpfeel-parser D#&EL 3 Helpfeel

Input Glossary

yarn workspacel(c NS monorepoﬁ}ﬂz are: ([@iHEN]IENEI{hanko})
hanko: (I3ACI/N3)

e helpfeel-parser fost: (R<i®)
o N—XRWBZETOXTVI\VT—I
e helpfeel-parser-utils
o parserhRIENARE TS TEEDAG)ICEHE
o USTBEOERETOIAVY RLE iR outpt
e react-helpfeel-parser
o utilsTER L 2DAG%Z Graphviz CRI{R{b 9 SReact
Component
e playground
o helpfeel-parser+oZ i tE 2Web 7TV
e tests
o parseraTr AT BEHIE(TOnpmTOI T ~

Input Notation

{are}%{lost} U 1= |

PlaygroundDFIfH1 X —=) 45
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wasm-pack CER U fzWasm package D#k{ZRIF 3 Helpfeel

e wasm-packlFUATDI—T v ~I(C tests
YIiG L TULD
o ES Modules .
o Node.js __Importtype helpfeel-parser-
o  Webpack import . utils
e Wasm package’iﬂﬁﬁjé%ﬁi\ :
(\:*L((..1Kﬁj gb\—? i import
ES ModulesIAD S —5 v L TlE. !
Universal’&ERM TEE0) helpfeel-parser
o ESModules¥—5'w k[CFBE. ES PreemP | mporttype | react-helpfeel-
Module& UTOERMBE(CTED (AT Wasm parser
S:11))
e helpfeel-parserCld import
o T Wasm packageB{AIC (FKkEFEH T
IN—REEDOATI IO REZITID
o EEOIKENRELZEEES Modules import
5—Hy NIKET B FIEVETELME .
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Wasm. FEERE D TIH
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PO THTCchs53nL W 3 Helpfeel

o ZEEMTCOERRMDHBILMARIETEED

o JSEMEFIAHTwasm-bindgen¥Pwasm-packN
FEAEPLODTINEDTHESE

o (CMNIFRUstDEELH. MBEXAKRDORIEICHEHIT — 5 BHER]
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PO THTCCHhlZLAA J Helpfeel

e wasmer®python bindingE ZDN X FXFEDODI(E. APIAprimitiveilBE TKRKE
o wasmerio/wasmer-pack CC MAMEERT B(EFHLDTE L2

o NRRAFT1 VTP —EXICLKDTWasmDIIIRRNEILD

e wasm-packCUniversal packageZ{ER T & (C(FES ModulesIC T 3 L AV L)

e RustOEFHEIX k..
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https://crates.io/crates/wasmer-pack

FTEH ] Helpfeel

o Helpfeel CldWasm®PortabilityZ FRUTIZ/Ii— DEER(CPEL TUL\S
e wasm-bindgent®Wasmer™dENDT IV XFLICKD . HDEEDEIEARE
MENEER TS
o ULAMURustEWasmED DI IV XFTLESHSHEOWERZKTAHD.
REIFY17r20TY
o SIITAfLTHIFTI TV !
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N—YDER 3 Helpfeel

Phase1: FHIfEHT

REETR/DBEMADXFIFA)IEIZHTE] | Text Token

(BB [RID)EmM(ELe

OpenParenthesis F

Skiz
CloseParenthesis

Token Pipe Token Token
Phase2: #3217
REILI=XFIFa)I L REEAST)E LR
Stmt
GroupExpression GroupExpression

N N

Text(£715) Text(BI®D) Text(EmhY) Text(J@L =) Text(K 1<)
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IN—Y DEIE - lexer 3 Helpfeel

o FHEEMT(lexer): logos

#[derive (Logos) ]
Token {
#[token (" (") ]
OpenParenthesis,
#[token (") ") ]
CloseParenthesis,
#[token ("[")]

Pipe,

#[regex (r" [

Text (& Str HEDEESEN DLogosDVI I ~F #5545 —
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https://github.com/maciejhirsz/logos

IN\—Y DELR - parser generator 3 Helpfeel

o &M (parser generator): lalrpop
o HelpfeelfgiEZEM /I — X E&EIFPPEMHICEDDT. KD
DICHY ITHEINHEE /I —XITBHZEBITLET

pub Term: 132 = {

<n:Num> => n,

"(" <t:Term> ")"

R LI/ — VLB I— D
TX—Z

o lalrpopD/I—HEREZBUVTHL &,
EILRRIC/SA—TREEERIND
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https://github.com/lalrpop/lalrpop

wasm-pack CER U fzWasm package D#k{ZRIF J Helpfeel

tests

import type | helpfeel-parser-

________________________

import i utils

i import
helpfeel-parser | .
eSS mportype | react-helpfeel-
SERURTDR) | — package SR N B s H S .

import publish Wasm parser

import

import P d
aygroun mport
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