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e.g. WASMIZA—=F /)L THEIK

e 4—37)LTWebAssembly®D7 045 .LERITAHE
o PRI wasmtime ELNVSATURTRITTES

> wasmtime --invoke fib ./fib.wasm 20 2>/dev/null

6765
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https://wasmtime.dev/
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Rust. Go. compile!
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o WASM&EOSOBEE(T7AMIZEHRS. BEIZEERD ...)%&
BRCHEEHEWASI (WebAssembly System Interface)
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e ruby.wasm T3 &t

Ruby meets WebAssembly
/ \ f~ WebAssembly (Wasm) is a binary format for programs written in any language, designed to
. A ; & Yuta Saito eventually run everywhere without changes, mainly inside Web browsers. Wasm is now used

@kateinoigakukun beyond the Web, from edge computing to smart contracts in blockchain.

A newbie committer to Ruby, Swift,
and LLVM, especially working on

" & WebAssembly support for the non-web environments with WASI.
3 \ ” languages. Also an undergraduate
u y l CS student at Waseda University. This talk will give you how we got there, techniques, and its use cases.

Presentation Material

Now CRuby can be compiled to WebAssembly, which can be run in web browsers and many

https:/ruby.qgithub.io/ruby.wasm/
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Wardite

e @udzura OEKHILHIZFF
e RubyTEL\/-
WebAssembly5> 24 L

1 README Vi

Wardite

A pure-ruby webassembly runtime.

Fully typed by RBS (with the aid of rbs-inline)
WASI (p1) support

Supported Instructions

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

Control Instructions

Parametric Instructions

Variable Instructions

Table Instructions

Memory Instructions (except data.drop )
Numeric Instructions ( 0x41 ... @xC4)
Numeric Instructions ( @xFC Operations)
Reference Instructions

Vector Instructions

end 0x@B

https://qithub.com/udzura/wardite
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Wardite is ... ?

e RubyTEL‘\f-WebAssemblyS> 244 &l&, DFY
o WebAssembly® /3 F1)TRJT S LERINT =D
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e Wardite is 5224 L DA Z#Ruby TELN=ELVIEE
o BALEETEL\:- WASMTOSS.LERITTED

Warditel&
ZCh
RC\ C+C: ) . Pure Ruby
LS (€19, compile!
Moonbit... ’.
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mruby/edge

X IEFEIZIE... mec (mruby/edge compiler) &LV Y—ILE
AMZH>TENTNAFEES>TLNET

e Ruby®DRHYF+%E WASM/SALF1)IZE S 0SS Project

e RubyKaigi 2024 TEELT-

o TOEMLERLE
#MEEBML TS

Schedule

EN

An mruby for WebAssembly

The author is developing "mruby/edge’, a specialized Ruby runtime for WebAssembly

Uchio KONDO (wasm).
2 eudzura One of the reasons the author started to build a new runtime is that he aimed to create a
A Rubyist from Fukuoka. An smaller wasm binary than CRuby's, which is 18 MB (observed from 3.3.0 build). A reduction in

Infrastructure Engineer at Mirrativ,
Inc.(a live-streaming platform in
Japan). Loves Ruby, mruby, Rust,
©BPF, WASM, LLVM, MP4 Media File
Format and other binaries. A functions. This is in contrast to the implementations of Ruby.wasm and mruby-wasmized-

binary size addresses the diverse use cases of WASM.

Additionally, mruby/edge associates Ruby methods with corresponding WASM-exported

https://qithub.com/udzura/mrubyedge
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https://github.com/udzura/mrubyedge

mruby/edge is ... WASM/\{7F1)% RubyT !

e RubyRYTr — WASM/SLFUIZa /8L )L TEDELS
[Z{E>T=DHS mruby/edge

mruby/edge T Ruby%
EEWASMIZ

compile! WASM
54 L
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o TJ—KA:
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https://en.wikipedia.org/wiki/Wardite#/media/File:Wardite.ipg
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Wardite D%

e Pure Ruby &
o BMEFMNIATI)LNZBIELDIEEFLL
e Fully RBS annotated (Thanks to rbs-inline)
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Wardite HAZERKL TS &

Supported Instructions

e WASM Core DEFKLL . T
ref: https://webassembly.github.io/spec/core/binary/instructions.html
AN w ﬁ Control Instructions
ﬁi T éx ; Parametric Instructions

Variable Instructions

[ WASM Core — WASMG) Table Instructions

Memory Instructions (except data.drop )

Numeric Instructions ( 0x41 ... 0xC4)

E* Mﬁﬁﬁ&ﬁ Numeric Instructions ( @xFC Operations)

Reference Instructions
Vector Instructions

e WASI preview 1 {3tk (F 7€) end 0:00
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e technohippy/wasmrb

o https:/github.com/technohippy/wasmrb
o Referecial’3€%%, BLGI—FEHE., 4FERIBRERH

m 1. WASHZR RS

m 2. WASMO#BE#S. RAGOBRAECESHS
o &ELWSZET WarditeZHELT=LVT- ...
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7' Ruby TWebAssembly5> %24 L%k ?

o CorRustCEMI=5314LEHESELTED
o Wasmtime, WasmEdge, Wasmer, ... 2 EN$H S

o #hEkgemMiH S bytecodealliance/wasmtime-rb % &
o EEMMLCLEMNFFTIEIHBYES
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e bundleinstallLTCOAvE—UHHEEBOSRED.
WX TETH

Building native extensions. This could take a while...

o CHRIZL&EAVAM—ILDSFRILGRMNHS
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o AVARP=IL-tYbTPYTHEE
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HBE: GoDEH

o GoDCHiTE#AAADHLEHA ( cgo) HiEHEmE ...
e Pure Go M WebAssembly 5>54 L. wazero h#H 5
o GolXav/MIVEEETEHE. WebAssembly + wazero T
BNETS7 1 BBEEBILI-YLTIS

o https://qgithub.com/knqyf263/go-plugin
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Just For Fun...

o BARDEONMTIKIMRBMIIGANERES]
o EoTHIL, Bolz&kUbpALBKDT

o BAFEOTHIL!

o RELTIEHMEAEST
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WASMD 7O S LEEDTHED

o SHDWH: CTCIARFTYFRERDHBEYMTY
e WASM O70J5LB&E CTELDIT—ER

int fib(int n) {
if (n <= 1) return n;

return fib(n - 1) + fib(n - 2);

}

(5)SmartHR
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—f%ZzWebAssemblylZa /1)L

o HIZIX, clangEL V5 CaV/ 15 TEND
e fib.wasm &LVDWASM/NAF)ZYERL

> clang --target=wasm32 \
--no-standard-libraries \

-Wl, --export-all -Wl,--no-entry \
-0 fib.wasm \
fabme
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T3P TREIIZIE:

WebAssembly.instantiateStreaming(
fetch('./fib.wasm')
).then(obj => {

const value = obj.instance.exports.fib(20)
alert( fib(20) = ${value} );

r);
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® ® @ 127.0.0.1:8000/fib.html x v

¢ > G O 127.0.0.1:8000/fib.html * O 0@ ®mwexT i

127.0.0.1:8000 DA
fib(20) = 6765
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Warditeav > RE#ESIZIE?

o gemlCLTWWADT, <AV AM—ILTES !

> gem install wardite
Successfully installed wardite-0.6.1
Parsing documentation for wardite-0.6.1

Done installing documentation for wardite after @ seconds
1 gem installed

(5)SmartHR
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Warditea<v > R ER

o wardite gem E—#E[CaTURRAURM—ILENET

SOoTEoT=

fib.wasm

> file ./fib.wasm

./fib.wasm: WebAssembly (wasm) binary module version 0x1 (MVP)
> wardite ./fib.wasm fib 20

warning: unimplemented section: 0x00

return value: 1I32(6765)

ELC
fib(20) = 6765
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o ITUSTADI RustCWasm RuntimeZ#RET 5 |#HEI-=E
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https://zenn.dev/skanehira/books/writing-wasm-runtime-in-rust

00 61 73 6d | ion 1 (Module)

01 00 00 00

01 06 | ty ection

01 | 1 count

group 0 (implicit) ---

60 01 7f 01 | [type O] SubType { is_final:

< . false } }
EAGIEE? :
L 0x10 03 02 func section

0x12 01 1 count

Ox13 [func 0] type O

0x14 export section

0x16 1 count

0x17 export Export { name: "fib",

o BARLIIHIT—HEEZIEE
o ref: Wasm (T DEHEE glcak vy

local_get local_index:0

i32_const value:3
i32_1t_s
¢ fj— ° -U- i if blockty:Empty
. l\ IJl\ iﬁ < i32_const value:1l
return
end

o MREVMZERLS X BHRIEAA—DTF

o MAZETREO>TERETSH( 190 ELSBLY)
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https://zenn.dev/skanehira/books/writing-wasm-runtime-in-rust/viewer/04_wasm_binary_structure#wasm%E3%83%90%E3%82%A4%E3%83%8A%E3%83%AA%E3%81%AE%E5%85%A8%E4%BD%93%E5%83%8F

HHDIELEEEA LY ...

o HMAEDHTLWTHIZAIX ZS5LS5FH M

let (input, code) = le_u8(input);

let (input, size) = [@¥§128_u32(input

section code (E1/\A FEERD T le_u8() ZfE> T3,
section size [FLEB128[1 T Y I— Ra&hic u32 RO T, EZHHINBEEE lebl28_u32() ZfESHE
hH 3,

e > ~section sizel¥LEB128[1]TI>a—Kahi= u32~
e LEBT 28&'1 ?? X WASM/ 1 F1 [FLDh Do aviz

SHNTNG,
ZFOI—RETHNEOHETOXE
SmartHR X AXIZHBFIEL->MYFELES



https://zenn.dev/skanehira/books/writing-wasm-runtime-in-rust/viewer/06_decode_function_1

LEB128 (Little Endian Base 128) &l {a]Ah

o BEDIA—F4TDEXD—D, IEREA
o WASM/AALF)DMFT CEIFTHIKRELERE

[0b10101010, 0b01101101]

(0b10101010 & 0b01111111) | (0b01101101) << 7
=> 13994

(5)SmartHR
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Ruby CEEELT-#I

def to_i_by uleb128(bytes)

dest = 0

bytes.each_with_index do |b, level]
upper, lower = (b >> 7), (b & (1 << 7) - 1)
dest |= lower << (7 * level)
if upper ==

return dest

end

aise "unreachable"

to_i_by uleb128 "\xAA\x6D".unpack("Cx")

(5)SmartHR
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o FHMZ1 byte 1 byteERBELIZLT=, Z5LV5a—F

def self.preamble
asm = @buf.read 4
r e LoadError, "buffer too short" if lasm

LoadError, "invalid preamble" asm != "\u@0@@asm"
vstr = @buf.read(4)
version = vstr.to_enum(:c

.with_index
.inject(@) {|dest, (c, i)| dest | (c.ord << ix8) }
e LoadError, "unsupported ver: #{version}" if version != 1

version
end

(5)SmartHR
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e Runtime Structure Z&M, L TD L5095 R%EE-1-

e

(&

SO—/N)L
TR RE
REFT5

995X

Call(Frame)
Stack

- function, memory, global...
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https://webassembly.github.io/spec/core/exec/runtime.html

VMO i FR1THERS

def execute!
_ e loop do
() E*H‘]'s ’Jﬂlﬁbf cur_frame = self.call_stack.last
if lcur_frame

1T V=TI BHETF break

end
A < cur_frame.pc += 1
® ﬁiT-' lj: case I-C insn = cur_frame.body[cur_frame.pc]
if linsn
ﬁﬂ&j’é break

end
eval_insn(cur_frame, insn)
end

(8)SmartHR
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HFOMEBMNRELN 32064, f32¢164)

. HEOTMH
BSOS

e GeneratorT
FEHT
ESKSICLI=

when :i37Z

right, left = runtime.stack.pop, runtime.stack.pop
if !right.is_a?(I32) || !left.is_a?(I32)

r > EvalError, "maybe empty or invalid stack"
end

runtime.stack.push(I32(left.value + right.value))

right, left = runtime.stack.pop, runtime.stack.pop
if !'right.is_a?(164) || !left.is_a?(I64)

raise EvalError, "maybe empty or invalid stack"
end
runtime.stack.push(I64(left.value + right.value))
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Uchio Kondo3& 70E—vavdz e
@udzura
#Wardite % & 1.0BEMDVTRELTRVDEDREIFE
table: pengowray.github.io/wasm-ops/
BETARBENERFRE>TLAWL

) a 2 3 4 s - 5 5 s A ] S o = e
o
wreghh :/ bock  loop ./ yé W ahvow ot el br brif  br_table %n
e
call call  Soretun ol ref s return deiegates catch_a _d)(p :y:x elect t y.table
indirect " ca X llsef
2 e/ s ocal, | globaly gl
e 5X \‘7 gs/ 9

o
[
6
ge rem
- 2 2 o, ot ot 64 64 64,
xor shr cz  popent  add sub mul div
& 164 6. [ 64 164 64 64, 64, 132 [ 132 132
and or xor shi shr shr rotl fotr abs neg ceil floor  thnc
o 2 2 2 2 2 2 o4 o4, o4, 64 64 o4
sub mul div min max  copysign  abs neg cel floor  tunc  nearest
A 64 64 o4, 64 2 2 i a2 [ o, o o
div min max  copysign wrap | tunc  tunc  tunc  tunc  extend  extend  trunc c
ot f2s  fa2u fods 640 ms 2w f2s
L3 2 2 2 2 64 64 o4 o4, o4, 2 64 2
promote _rei terpret
32,0 645 64 o4 2.5 2.0 645 T fi2 fo 2 Y
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Uchio Kondo 3¢
@udzura

o f;&b\lﬁﬁﬁ l: #Wardite % & 1.0BEMDVTRELTRVDEDREIFE

table: pengowray.github.io/wasm-ops/
BETARNBEWVWERFS>TWAWL
unlr;zd\ L‘?/ block loop / yé ry atc thre thre throw_ref o br brif  br_table %n

Bka—KF&H-ob o :
ars - - e S -

L\—C%tf. YRy YV S VI Y

— e | e e o, 2 o — % e e o
logd8 load8 Jaadl loada: vt 'store. store store store8 store16. store’ SIOreTe.

< K £ 5

L meby @2 o4 2 o4 2 2 2 32 2 2 @2 2 2 w2 2.
ar const  const  const  const  eqz eq ne It 3 at at le le e oe
5 64 64 4 64 o4 ot ot o o 6 iot, [ 2 2 [ 122
it ot le le g g eq ne It ot le
u s u s u s u
6 fod 5 fod, 2, 2 2 82 32 2
ot ge add sub mul div div rem
- 2 o, ot ot 64 64 64,
shr oz popent  add sub mul div
& 6. 64, 64 164 64 64, 64, 132 [ 132 132
or xor shi shr shr rotl fotr abs neg ceil floor  thnc
o 2 2 2 2 2 64, o4, o4, 64 64 o4
mul div min max  copysign  abs neg cel floor  tunc  nearest
A 64 64, 64 2 2 i a2 [ o, o o
min max  copysign wrap | tunc  tunc  tunc  tunc  extend  extend  trunc c
ot f2s  fa2u fods 649 ms 2w f2s
L3 2 2 2 64 64 o4 o4, 64 2 64 2
i convert  convert promote rei terpret
645 64 o4 2.5 2.0 Jo4s T fi2 fo 2 Y
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F548: Ruby T WebAssembly &LVE (R

e ruby.wasm T3 &t

Ruby meets WebAssembly
WebAssembly (Wasm) is a binary format for programs written in any language, designed to

. c d ;h Yuta Saito eventually run everywhere without changes, mainly inside Web browsers. Wasm is now used

@kateinoigakukun beyond the Web, from edge computing to smart contracts in blockchain.

BRETE eI o iy S, Now CRuby can be compiled to WebAssembly, which can be run in web browsers and many
and LLVM, especially working on

WebAssembly support for the non-web environments with WASI.

languages. Also an undergraduate

CS student at Waseda University. This talk will give you how we got there, techniques, and its use cases.

Presentation Material

https:/ruby.qgithub.io/ruby.wasm/
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ruby.wasm ZRuby CEBIHDL7=0>Y...

e ruby.wasm ZEINEB&SZTHDONTAILR—
o BEHFDWASMTOTSLEBHLI-L

= *
O ~ [] = =

o FDT=®HIZIF WASI preview 1D A HE
o Wardite ® TS5 WASIES#H Ruby TEC(GHE

(&) SmartHR




WASIDEa % o i

e 4l: random_get()

o OSHARLEIEBZMYHIT-HDEIHK
o CHE&(Linux)® getrandom(2)

o JOJSLTHEICELBEMLLEEMES
(BATZNITIVXLERELGLVED)
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WASID B #ERIET HIZIE

class WasiSnapshotPreviewl

o & D Ruby®
O—KFTELE

def random_get(store, args)

- buf, buflen = args[0].value, args[1l].value
E*&j randoms = SecureRandom.random_bytes (buflen)
store.memories[0].data[buf...(buf+buflen)] = randoms
0
end
end

o SLWORELOBAHZE IVECOLVAERTNIETET ...

(5)SmartHR




T. ruby.wasm(ZIBiL =D ?

e TEZLFEY!

e Live ruby.wasm bootstrap challenge!!!!
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Pure RubyTWASMS >34 LfEoT=

o HIREMEST-MBATFRST-DTHEIEEYVRAENTS
e ruby.wasm H.8j............. 11?22

o HBk#HD7A. Contribution I TY !

(&) SmartHR




SROYWNIEGE

o TAMEZMM
o WASM Core speczbpALif=L= ! EFL V=L
o MM ? DTAMIEBRITTETHDTHIIL
o — WebAssembly specification, reference interpreter, and test suite

o HEIFX/NTH—TU AR LED
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https://github.com/WebAssembly/spec/tree/wg-1.0/test

