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Uchio KONDO
@ 2 @udzura

Rubyist, Rustacean wannabe, and
system programming novice.
Working as a product engineer at
SmartHR, Inc. Writer of "mruby
system programming (Japanese)”
and one of translators on the
Japanese edition of "Learning
eBPF." Organizer of Fukuoka.rb
"2nd season.” RubyKaigi speaker
since 2016, RubyKaigi local
organizer in 2019 (@Fukuoka).

=
Running ruby.wasm on Pure Ruby
Wasm Runtime

X @@

The speaker has developed a WebAssembly(wasm) runtime named Wardite, which is
implemented entirely in pure Ruby. Wardite implements core wasm specifications and

instructions, enabling the successful execution of ruby.wasm with basic Ruby functionalities.

This talk will explore the of impl

a wasm runtime in pure Ruby
and problems encountered during development. Key topics include the implementation of
WASI preview 1 support, performance enhancements using ruby-prof and perf, and core wasm
specification compliance testing. The talk will provide a comprehensive overview of the
progress made so far and the future directions for Wardite, highlighting its potential impact on
the Ruby and WebAssembly ecosystems. Attendees will gain insights into the current status of

Wardite, its archi taken to efficiently implement WebAssembly

, and the

PP

runtime in Ruby.
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luchio.kondo@uchio 4:14PM ~§%
uchio.kondo@uchio 4:14PM ~$ ruby script.rbl}

(5)SmartHR



RubyR V) ThERITTHEMMIEBCD ?

>( ruby script.rb ) >
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RubyR V) ThERITTHEMMIEBCD ?

[ [INTEGER(1,0)-(1,1)("1"), 2],

1 + 2 > [PLUS(1,2)-(1,3)("+"), 1],

[INTEGER(1,4)-(1,5)("2"), 2],
[EOF(1,5)-(1,5)(""), 2]]

J

!

(SCOPE@1:0-1:5

;:;;:[iil == disasm: #<ISeq:<main>@-e:1 (1,0)-(1,9)>
0000 putobject 1
body: 0002 putobject 2
Ch 0006 leave
(LIST@1:4-1:5 (INTEGER@1:4-1:5 2)
nil)))
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RubyR V) ThERITTHEMMDIERED ?

Source Code

Token
[[INTEGER(1,0)-(1,1)("1"), 2],

1 + 2 > [PLUS(1,2)-(1,3)("+"), 1],

[INTEGER(1,4)-(1,5)("2"), 2],
[@(115)'(115)("")1 2]]

J

AST \L

(SCOPE@1:0-1:5 Byte Code (ISeq)
iEhilfs
. s'[iil == disasm: #<ISeq:<main>@-e:1 (1,0)-(1,9)>
- g : 0000 putobject 1
ody: H 0002 putobject 2
(OPCALL@l:O—l:S (INTEGER@I:O—I!]. 1) 0004 opt_plus
3y 0006 leave

(LIST@1:4-1:5 (INTEGER@1l:4-1:5 2)
nil)))
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Prism.lex("1 + 2")
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Source Code Token
[ [INTEGER(1,0)-(1,1)("1"), 2],

1 + 2 > [PLUS(1,2)-(1,3)("+"), 1],
[INTEGER(1,4)-(1,5)("2"), 2],
[&(115)_(115)("“)1 2]]
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>| INTEGER(“1")

\ >| PLUS

\ >| INTEGER(“2")

EOF
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ZCFETT MOV DRNEERLTE:

b= DL EH I TBRDHIBET IV ELHD
- FDRITH Parse (= #ESCERHT)

-ER D HDHHE1E = AST (Abstract Syntax Tree)
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ASTZ{E->TH LD

IRBZEE TIHLNDO—FZEETT S

RubyVM: :AbstractSyntaxTree.parse("1 + 2")

ASTERT AV RIVRZEEND
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ASTZ{E->TH LD

1 + 2
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ASTZ{E->TH LD

(SCOPE@1:0-1:5
tbl: []
args: nil

1 + 2 body:
> (OPCALL@1:0-1:5 (INTEGER@1:0-1:1 1)

s +
(LIST@1:4-1:5 (INTEGER@1:4-1:5 2)
nil)))
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Lo

-e: -e:l: syntax errors found (SyntaxError)
>1 | +

~

unexpected end-of-input, expected a receiver for unary ~+°
unexpected end-of-input, assuming it is closing the parent top level context

A
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INTEGER(“1") INTEGER(“2")

PLUS

opcall_plus ?

| > { i CED } W ©

- i opcall_plus l | I integer ]

integer -> INTEGER(O|1]2|3|4|5|6|7]8]9)

A&l
{..}= OB L&KL
| =or
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PLUS INTEGER(“1") INTEGER(“2")

opcall_plus ? ﬁ( PLUS )

>( INTEGER("1") )

s | > { [ } e ©
(0 NG )
_ - i opcall_plus l | I integer ]
| >

RE
{...}=OEILE#DIRL
=or

e
=
@
Q
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opcall_plus ? ﬂ—>( PLUS )

> INTEGER(“1")
o | > { (e CED } s @

( ) el > ) | ]
- INTEGER(@|1]2|3|4|5|6(7]8]9)

A&l
{..}= OB L&KL
| =or
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PLUS INTEGER(“1") INTEGER(“2")

opcall_plus ? ﬁ—>( PLUS )

N> integer
block > {1 eoression | [ eeressin | @D

( ) Sl > oo | | [
-> INTEGER(@|1]2]3]4]5|6]7]8]9)

RE
{...}=OEILE#DIRL
| =or

(®SmartHR




PLUS INTEGER(“1") INTEGER(“2")

opcall_plus integer

(®SmartHR
S
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opcall_plus integer ﬂ-ﬁ( NEWLINE )
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M=o 5ZEZIFANTONELY — Error

PLUS INTEGER(“1") INTEGER(“2")

opcall_plus integer ﬁ——>( NEWLINE )
—( EOF )
-l
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PLUS INTEGER(“1") NEWLINE INTEGER(“2")
l ) % H H

U l b J

block opcall_plus integer NEWLINE integer EOF
- > <€ >

oo | > { e CED } e @

_ -> l opcall_plus ’ I l integer I

i - INTEGER(©[1]2|3]4]5/6]78]9)
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-RubyD 154 Instruction Sequence MDE&FRZEL>T ISeq &4
-Instruction Sequence = &5 M T 51 |
T4 = RubyOVMM IR G 5= DIE7R

‘RubyVM: : InstructionSequence V5 RFH TR -12ETES
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BNz I1SeqYHLA

LITF D &KS5%HRubya—RZE(TIX, av/ M JLEnT4Seq%
HMYFL(?) RRTES

iseq = RubyVM::InstructionSequence.compile("1 + 2")

puts iseqg.disasm
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B9 1Seqd H

== disasm: #<ISeq:<main>@-e:1 (1,0)-(1,9)>

0000 putobject 1

1 + 2 _>oooz putobject 2
0004 opt_plus

0006 leave
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ASTERAE-T I1SeqZESD

1 + 2

>

block

l

opcall_2 (:+)

)\

\

integer (1)

X

integer (2)

1 + 2Z/8\—AL T, IO ASTAMENF=EFEZ T2
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ASTERAE-T I1SeqZESD

block

l

opcall_2 (:+)

|

\

integer (1)

J

integer (2)
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l
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\

opt_plus

integer (1)




ASTZHRAMHOT ISegiEDNT-FER

putobject 1

putobject 2

opt_plus

leave
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BIEHIZ: KD I1SeqDFRF

00000000
00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080
00000090
000000a0
000000ac

59
00
a0
07
05
01
01
i
03
63
88

41
00
00
01
21
33
Ob
£f
00
6f
00

52
00
00
03
03
01
00
Lt
00
6d
00

42
00
00
09
01
03
ff
£t
00
70
00

03
01
6c
cl
01
03
ff
£ £
45
69
8c

00
00
08
03
01
03
ff
0b
00
6c
00

00
00
00
od
O0b
03
ff
03
00
65
00

00
00
00
01
3b
od
ff
01
00
64
00

04
03
db
01
09
03
ff
01
17l
3e
9¢c

00
00
db
03
01
01
=t
01
09
00
00

00
00
9b
03
01
03
ff
01
00
00
00

00
00
8b
05
01
O0b
01
01
00
00
00

ac
84
03
00
01
33
00
01
45
14

00
00
05
00
01
1b
Ef
03
05
05

00
00
03
00
01
09
ff
05
15
03

00
00
03
00
01
0b
ff
01
3¢c
2b

[FERER |
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[Feisie eiisatis oimatis st e |
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VM = Virtual Machine, B A EE Tl {R A8 #H
BIEAHIZ, Virtual” 1. BAREBD =T RAZEIREMIZ]
ELVWSEERET HELKULLTENHD
TR O LS IEY TR T TEN LD
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putobject 1

putobject 2

opt_plus

leave
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VM®D X2 DR EE

putobject 1

Stack putobject 2
opt_plus
leave
(©SmartHR % RubyDI—FEHTHR T HLETELRLDT, H<ETHERE



VM®D X2 DR EE

’ putobject 1

Stack putobject 2

0 opt_plus

leave
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VM®D X2 DR EE

putobject 1

Stack ’ putobject 2

leave

(®SmartHR % RubyDA— KM THERTEILIEFTELRLD T, H<ETHEXEK




VM®D X2 DR EE

putobject 1

Stack putobject 2

e ’ opt_plus

leave
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VM®D X2 DR EE

putobject 1

Stack putobject 2

opt_plus

I ’ leave
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putobject 1

StaCk ’ putobject 2

opt_plus

leave

SmartHR




(®SmartHR

L

v

AR

%
R1
R2
R3
R4

RS

Ol

LOADI R1 1
LOADI R2 2
ADD R1 R2
RETURN R1




mruby

-£5—DDEEHRUbyEE
- I\ A ;Fa—F DO E£Hk (X mruby, mruby/c, PicoRuby, mruby/edge T3 &
LRI EEH

irep 0x6000003f4000 nregs=4 nlocals=1 pools=2 syms=0 reps=0 ilen=11
file: filel.rb

000 STRING R1 L[@] ; foo

003 STRING R2 L[1] ; bar

006 ADD Rl R2
008 RETURN R1
010 STOP

(5)SmartHR
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Lua

A AH L ERFITHEONSBEEEEE
LORATL V%R, mruby$ 22 &

MW
A
K
-
ne

$ luac5.4 -1 filel. lua

main <filel.lua:0,0> (7 instructions at 0x600002dc0080)

0+ params, 2 slots, upvalue, @ locals, 2 constants, @ functions
[1] VARARGPREP
[1] LOADK
[1] LOADK

Ilfooll
Ilbarll

[1] MMBIN
[1] RETURN
[1] RETURN

; __add
s Youit
7 0 out

1
)
0
1
[1] ADD 0
1
2
1
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-Wasm®D/\AF)ZEMNT = DEH
B RIGE B EWasmD /N F) 232/ (LT nIEEK
“VMIZRBZYIT Y

return
))
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SHZJIT ERESZEREZLY

(®SmartHR




RubyRHVYTMREfFTENDTOER

= (=] =] - =
; Virtual
%%
A J

(®SmartHR




JITIK, ERRE D 1ISeqZEBINICIRET A4 A

= =) Bl -
0 .

—>| Lexer |— ——>| Compiler |[—+—> h)ll;::iar:e
A

I
I
I )
I I
I J
{ )

%
J

(®SmartHR




JITO AR A

(®SmartHR



OSSR ENHEHETS

DAV EAVNANLERRERET S

putobject 10

putobject 20

opt_plus

leave
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JIT'ed code i ;
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SmartHREAXDRails7 7V 5r—a»TYITZHEMELLELE

ZAICBIE, SmartHR 7% 7 TP =7 DB6TT,

YITHARFBRETRE LTEZ 2REBICHR>TH D, BRAGBFATYITOMREEICLTEX LT,

ZDO, [EAEEE] L FEIENBSmartHRBADRails7 7o —>a VICHYITOEA%AZET LE L, LAR
BT, ZOEABREEHELAZHBICOVWTHEBWLZLET,

BARIER

YJITEAKORuby, Railsd/N— 3 v IZUT0BY TF,

« Ruby 3.3
« Rails 7.1
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https://tech.smarthr.jp/entry/2025/03/28/123020

YITZEHLTH LD

-BHREL T YIITZE LR T BIZIFRUStD AV SIS E(IZES
‘rustc NMEZBRETE LRI NIL, BEIIITEZIDRUby(ZH S
AR VRSAVA Ty --yjit EDITTHREEIT S

[ JON ) T3 uchio.kondo — -zsh — 58x15

uchio.kondo@uchio 7:47PM ~$%

uchio.kondo@uchio 7:47PM ~$% rbenv shell 3.4.2
uchio.kondo@uchio 7:47PM ~$% ruby --yjit -v

ruby 3.4.2 (2025-02-15 revision d2930f8e7a) +YJIT +PRISM [
armed-darwin24]

uchio.kondo@uchio 7:47PM ~$%

(5)SmartHR
e —



YJlTL,'CcHésd%de’na’ N

ire 'benchmark/ips'
-benchmark-ips

def bench(a)

gemz % Lo e
T IV else
%EéSttESfffj' Talse

end
end

Benchmark.ips do |x|
x.report('rand') { bench(rand(5)) }
X.report('always_true') { bench(1) }

X.report('always_false') { bench(3) }
end

(5)SmartHR
B



YJITZAL

[(*'-"'") < ruby bench.rb

ruby 3.4.2 (2025-02-15 revision d2930f8e7a) +PRISM [arm64-darwin24]
Warming up ——-——————————

rand
always_true
always_false

1.186M i/100ms
2.579M i/100ms
3.358M 1/100ms

Calculating ——==—=—————mmm e

rand
always_true
always_ false

(&) SmartHR

11.259M (+ 2.6%) i/s
25.823M (+ 0.8%) i/s
33.042M (+ 1.3%) i/s

(88.82 ns/i) -
(38.73 ns/i) -
(30.26 ns/i) -

56.916M in
131.510M in
167.918M in

5.058918s
5.093165s
5.082869s
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[(*'-") < ruby --yjit bench.rb
ruby 3.4.2 (2025-02-15 revision d2930f8e7a) +YJIT +PRISM [arm64-darwin24]
Warming Up ==————— -

rand 1.562M i/100ms
always true 4.719M i/100ms
always false 4.315M i/100ms
Calculating ———————— -
rand 17.659M (+ 2.4%) i/s  (56.63 ns/i) - 89.032M in  5.044791s
always_ true 61.773M (* 0.1%) i/s (16.19 ns/i) - 311.473M in 5.042226s
always_false 62.022M (+ 0.1%) i/s (16.12 ns/i) - 310.708M in 5.009650s
(9 SmartHR
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YJITZdebug buildLT#H &S

cZOLNSATLarvTE LR

export CONFIGURE_OPTS="--enable-yjit=dev"

rbenv install 3.4.2

-ABRETIIZOEIILRIEZFEDHGLNIE !
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‘RubyVM: : YJIT.disasm CHERTES

def target
10 + 10
end

10000.times { target }

isec = RubyVM::InstructionSequence.of method(:target
puts RubyVM::YJIT.disasm(isec)
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[udzura@lima-yjit-test:/Users/udzura/work$ ruby --yjit /tmp/jit.rb
== disasm: #<ISeq:target@/tmp/jit.rb:1 (1,0)-(3,3)>

0000 putobject 10 ( 2)[Lica]

0002 putobject 10

0004 opt_plus <calldata!mid:+, argc:1l, ARGS_SIMPLE>[CcCr]
0006 leave ( 3)[Re]

NUM BLOCK VERSIONS: 1

TOTAL INLINE CODE SIZE: 58 bytes

== BLOCK 1/1, ISEQ RANGE [0,7), 58 bytes ===
0x753ee3ell0c6: mov esi, 0x15
0x753ee3elllOcb: mov edi, 0x15
0x753ee3el110d0: mov rax, rsi
0x753ee3el110d3: sub rax, 1
0x753ee3el10d7: add rax, rdi
0x753ee3elll0da: jo 0x753ee3el3l0a
0x753ee3elll0el: mov rsi, rax
0x753ee3ellle3: mov eax, dword ptr [rl2 + 0x20]
0x753ee3ellle8: test eax, eax
0x753ee3elllea: jne 0x753ee3el3132
0x753ee3el10f0: add rl3, 0x38
0x753ee3ell0f4: mov gword ptr [rl2 + 0x10], rl3
0x753ee3ell0f9: mov rax, rsi
0x753ee3elll0fc: jmp gword ptr [rl3 - 8]

(&) SmartHR
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[udzura@lima-yjit-test:/Users/udzura/work$ ruby --yjit /tmp/jit.rb
== disasm: #<ISeq:target@/tmp/jit.rb:1 (1,0)-(3,3)>

0000 putobject 10 ( 2)[Lica]

0002 putobject 10

0004 opt_plus <calldata!mid:+, argc:1l, ARGS_SIMPLE>[CcCr]
0006 leave ( 3)[Re]

NUM BLOCK VERSIONS: 1

TOTAL INLINE CODE SIZE: 58 bytes

== BLOCK 1/1, ISEQ 3
0x753ee3ell0ch

0x753ee3el10d
0x753ee3elllda:
0x753ee3elll0el: mov rsi, rax

0x753ee3ellle3: mov eax, dword ptr [rl2 + 0x20]
0x753ee3ellle8: test eax, eax

0x753ee3elllea: jne 0x753ee3el3132
0x753ee3el10f0: add rl3, 0x38

0x753ee3ell0f4: mov gword ptr [rl2 + 0x10], rl3
0x753ee3ell0f9: mov rax, rsi

0x753ee3elll0fc: jmp gword ptr [rl3 - 8]

(&) SmartHR
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https://speakerdeck.com/coe401_/tanosiirubynogou-wen-jie-xi-tua
https://speakerdeck.com/ydah/the-joy-of-parse-y

ISeq/VMDEERSA(R A -FiE

-:RubyVM % PHP TZE# 94 2% ~Hello World #7194 A5FE T~
-iISeqiFin EFIR
-YARV Maniacs [% 2 [A]] VM 2T A=A
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https://speakerdeck.com/memory1994/how-to-implement-rubyvm-with-php-at-phperkaigi2024
https://booth.pm/ja/items/834594
https://magazine.rubyist.net/articles/0007/0007-YarvManiacs.html
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https://github.com/ruby/ruby/blob/master/doc/yjit/yjit.md
https://www.hexdevs.com/posts/ruby-just-in-time-compiler-tenderjit/
https://qiita.com/miura1729/items/a1828849ec8fec596e74
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https://www.lambdanote.com/products/ruby-ruby
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https://book.impress.co.jp/books/1122101087
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https://tatsu-zine.com/books/ruby-under-a-microscope-ja
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https://www.ohmsha.co.jp/book/9784274133084/
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https://www.sbcr.jp/product/4797337958/
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https://www.sigbus.info/compilerbook
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FIFL 1= Ruby version

-ruby 3.4.2 (2025-02-15 revision d2930f8e7a) +YJIT +PRISM [arm64-darwin24]
JITORERREBRED A

“ruby 3.4.2 (2025-02-15 revision d2930f8e7a) +YJIT dev +PRISM [x86_64-linux]
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