Portable and Fast -
How to implement a
parallel test runner

Tsutomu Katsube
RubyKaigi 2026




Tsutomu Katsube

v Job: Software Engineer
v Hobby: OSS Activities
v GitHub and X: @tikkss

ot



Starting point
ZohvlF

About 2 years ago




Red Data Tools /

v A community to provide data processing

tools for Ruby
Ruby DT — 4By —)L %12 g 213227 «
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https://red-data-tools.github.io/

Red Datasets /

v" A RubyGem for easy use to common (ML)
datasets
BRZELRETLLEONET Yty NERBRICERS gem

v Iris, MNIST, CIFAR, etc.
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https://github.com/red-data-tools/red-datasets

Slow test suite 4

v~ Tests became slower as the supported

datasets grew
HIR—KEIN2T -5y hPIBRZICDONT. TAMDEBL B> TWE
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Discussion !

v How to speed up the test suite such as

parallelizing them?
TANELINETT B3 ELTERRIETERND?
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First step !

v Speed up each test
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Why? f
Processing time

CPU2 r Test2 (bottle neck @) j

v Test2 is bottleneck even with parallelization
WHkLicE LTH, BOWFTAK (Test2) NARMNILRY ZICHRZHNS
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Next step !

v Parallelize the tests ~=Today’s topic
72 N OIFIETTY
v test-unit natively adds support for parallel test

running&>
test-unit XMATT X M DAFETEHR—IF B &l U
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Why? !

v Sutou Kouhei
v Founder of Red Data Tools
v Maintainer of test-unit (as a bundled gem)

Pure Ruby

Apache Arrow

reader/writer
. y

[ a ] Sutou Kouhei
ou

Day3 11:30 - 12:00 Small Hall
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Plan J

v [x] Thread
v [X] Multiprocess ~:Today’s topic
v []Ractor
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Basics

What is a parallel test
running?

WH T A RRTERFBATLESIN?




Sequential running /

Processing time

CPU]. ( Testl J[ Test2 ][ Test3 ]
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Parallel running

Processing time

CPU1

CPU2

CPU3

a=m}

Free time!
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Why portable? /

v~ For working across environments
BRBRETEHWTIEL WS
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Why fast? !

v For faster feedback loop
EDBEWT 44— KN\ I IL—TFDfsh
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Topics !

v Issues

B

v~ Solutions

BRI

v Demo
TFE

v Future

SO &
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Issues /

v~ Portable <
v Fast
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Portable Requirements (1)

/

v Don’t depend on Unix-specific features such

as fork
fork @ & S 7% Unix BB OHEREICRTE L& L
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Launch a child process

v Kernel.#fork
v Kernel.#spawn




Portability !

v Kernel.#fork

v~ Works only on Unix-based platforms
fork (& Unix RO A TEI<

v Kernel.#spawn -

v Also works on Windows
spawn & Windows THH<
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Overhead of launching a process

Processing time

CPU1

CPU2

CPU3
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Overhead !

v Kernel.#spawn has more overhead than
Kernel.#fork

spawn (& fork KD HFA—/N\—=~\y RAKREVD T, RS IFDLEMEICES

v Because Kernel.#fork uses the COW (Copy on

Write)
fork (FAE—FA >S4 M ZFIETZ2DT
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Kernel.#fork ’

v Creates a copy of the process
fork (F7O0EXADIE—%E3

Parent pro

cess Child process

fork
\
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Kernel.#spawn

v  Creates a clean environment (similar to
Ruby: : Box)

spawn [FE > S 5RIFEZIESD (Ruby: :Box.new [T TLD)

Parent Child process

spawn
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Issues (1)

How to restore the
state of a parent
process?

HIOCRDREZESP>TETIS?




Portable Requirements (2) !

v" Don’t depend on external libraries
NEZ AT 5 VIKF LA

v Including default/bundled gems such as drb
drb DESBRT 7 AIL NIV RIL gem HED
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Multiprocess programming !

v" Network communication is required
Yy NT—VBEIRE
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How to communicate (1) !

v~ Cannot be referenced across processes
TOtERAEZBATERTERWN

Parent process Child process
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How to communicate (2) !

v~ Share data over the network
XY RNT—U%RALTT—Y%2HBEIT S

Parent process Child process
& @

\\&| Network |//
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drb (as a bundled gem) /

v" Can be referenced like an in-process
AU7OECARDLSICERTES

Parent process Child process

e
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Lately y

i

v~ Standard Library is reduced

BESATSVIRBSEINT

v~ Extract them to default/bundled gems

T7AILNINY RIL gem [CHBES N TWS

Default gems
Bundled gems
(with require)

Core features
(no require)
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Issues (2) /

v How to design network communication

protocol?
BEJONINEZESRFTTS?
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Portable Requirements (3)

v" Don’t break backward compatibility
BAHEBEZEZ G

/



Testing framework /

v" Expected to work on various environments
BRABRETE ZEMNHFINTNDS

v test-unit of Cl: CRuby 2.1 ~ head, JRuby,
TruffleRuby
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If breaks backward compatibility

v It’s unhappy for users
I—H—lcE>TFEL <R

Ruby Ruby
NS
\ @
/Testlng /{est?\g\
framework framework
\ 4.5 / 5.0 /
S~— 777/

/



Version up !

v" Users may need to change their codes and
test at once
A—Y—@FEFOI—RETANZAFICEET 2DLENH 2N LnEn
v For new Ruby and testing framework
FUWRUWY EFRT 4 VI TL—LT—DICH]IET B
v~ This makes it harder to identify the cause of

errors
I5—DRAZHET S EHEL<RD
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Issues (3) /

v How to support parallelization with

backward compatibility?
BAEMEZERFLEDS, E5P o THINETZYIR—KT57?
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Issues /

v Portable
v Fast —:
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Fast Requirements /

v Keep busy and reduce heavy fixture
BzIETIC. ELVERCEAFTERST
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Idle /

Processing time

CPUl [ Testl ] Test4
cPU2 \
cPu3 e
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Keep busy ;

Processing time

cPUL | ( Testr ) e

CcPU2
CPU3

Portable and Fast - How to implement a parallel test runner Powered by Rabbit 4.0.1



Fast Requirements !

v" Keep busy and reduce heavy fixture
Rz dlc. BElcWElREBAHITIZRST
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Fixture /

v~ Sets up/tears down the state needed to run

consistently
TANZ—BUTETI 2 HIcBGEH/PERAFTZITS
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Test level fixture v

v #setupi#teardown are called before/after

each test
T2 NRI#ZIC setup & teardown MIE(EN 2

class TestA < Test::Unit::TestCase
def setup; end
def teardown; end
def testl; end
def test2; end
def test3; end
end
# setup —> testl —-> teardown
# setup —> test2 —-> teardown
# setup —> test3 —-> teardown
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Test case level fixture

v .startup/. shutdown are called before/after
each test case
FA KN4 —X @I startup & shutdown HIEEN B

v  Tends to be heavy such as preparing database
F—HR—ZADEERE, ENEL RO NS

class TestA < Test::Unit::TestCase
class << self
def startup; end
def shutdown; end
end
def testl; end
def test2; end
def test3; end
end
# startup —> testl —> test2 —-> test3 —> shutdown
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One by one !

v Most overhead, and bad balance

Processing time

CPU1 'startup shutdown Estartu;;'f 'shutdown:

CPU2 'startup shutdown
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All at once !

v Less overhead, but bad balance

Processing time

CpPU1

CPU2
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Balance !

v More overhead, but good balance
Processing time

CPU1 {startupé ‘shutdown

CPU2 Ustartup’ shutdown;
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Issues (4) /

v How to keep busy and reduce heavy

fixtures?
ESPoTBESES I, EfcWERPERAEMITZRST ?
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Issues Summar /
1. Use spawn for=Wineews: How'to restore

state?
spawn (& Windows THEIK [T EF > S SREBEZES, REEETIT (T
&7

2. Don’t depend on drb: Communication
protocol?
drb IZEKFL AW, BEFONIIIIFESTS?

3. Keep backward compatibility: How to
support parallelism?
BABREZ MR LR SWHNETETR—NTBICE?

4. How to keep busy and reduce heavy
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Solutions



1. Use spawn for
Windows: How
to restore state?

spawn [ Windows THEIK [T EX > S SBRIEZES, K
REZBTISIcid?



test-unit’s features /

v Collect tests -
FAMEEDHS

v~ Run tests

TANERTIS

v" Report results
TANERZLR—KT3
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Collect tests (1) /

v" Example: collects tests under a test directory
Bl:test 7« LY NVBRTOTANEED S

$ tree test
test
L test-a.rb
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v test—unitgﬂluggtgﬁ§ﬁﬁe(&e under given '

base directory
test-unit [FIBESNIEAR—ZAF A LI NI THSTANZA—RDY Y —%1BET 2

$ test-unit test

test

TestA

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa



Passing to child processes !

v~ Pass given base directory to command

line arguments in spawn

?ﬁ?ghf:«“—z?« LY KU% spawn DAY Y RS A V| ¥EHETFIOER
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Append to $LOAD_PATH !
v" Users can append directories to $LOAD_PATH

J—4%—(& $LOAD_PATH [T« LU MU ZBINTE 2

v Also pass given $LOAD_PATH to command line

arguments in spawn
?5@3117‘.: $LOAD_PATH %Zspawn O IV Y R T+ VE|#RBATF O RICTE

$ test-unit test -I 1lib
or
$ test-unit test —--load-path lib
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Done: Issues (1) (&

v~ A test suite tree can be rebuild in child
processes
TARZA—=rDYV) —AFOCATHEBETE:

v Load all required files in each child process
EF7OCLRATRERT 72 IRTO—RLTWS

v~ Wasteful but likely has minimal impact on total
speed
BEDE W\ S ELBOREICRIFEALHEREES

v Because collecting tests is not a bottleneck
FANEEHBZDEFRNLR Y I TEBUAS
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2. Don’t depend
on drb:
Communication
protocol?

drb ICEZELEW, BEZ7OMINLIEBESTS?



IPC (Inter-Process Communication)-’

v Pipe -
v Portable/Faster/Local

v~ Unix domain socket
v Unix only/Fast/Local

v" TCPAP socket

v Portable/Slow/Local and Remote
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Creates a pipe !
v 10.pipe: Creates a pair of pipes

10.pipe /N1 TDRF7 Z1ERHK T %

v Pipes provide an undirectional IPC
I8 ZE—AEO IPC &EZ#T 3

Parent process Child process

fd fd
LI
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Undirectional




Bidirectional IPC /

v Needs two pipes

Parent process Child process
fd fd fd fd
@ Pipe \)

l Pipe
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Run tests /

v" Run tests by traversing a test suite tree
TARZRA—=RDY Y =% E>TTANZEETTS

test

TestA
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Run a test !

v" Know path to the leaf of a test suite tree
TANZA—bDYV Y —DEZEFTD/NRZH > TWhid

v Can find test in a test suite tree and run a test
FANERLTCETTES

v" Path to the leaf
EFTORKE
v TestA test1
v TestA test2
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Serializing !

v Test name strings
TAKNEZDXFS

v test1(TestA), test2(TestA)
v Test result object
FRMNEROA TV R

v failures, errors, summary
SB. TS5— YIU—
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Marshalling !

v Marshal.#dump

v Can serialize an object
ATV NEVUTSAXTED
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Unmarshalling !

v Marshal.#load

v  Can deserialize an object
ATV NEFV P SAXTES

v" We do not need to know the size of data&
FERADT— 5 DINA NEEHZDELR

v Blocks process until data is readable
F— I EHABIREIC D E TUEE TOY VT3
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Role !

v~ A child process named Worker

v Collects tests
FANEEDD

v Run tests
TANZEFTTS
v~ A main process named Main

v  Report results
FANERELKR—LT 3
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Single worker

v~ Also sends notify and ready signal to one

another

RITUT— BTUT— ¥, ERFETTOARBEEWCEDHS

Main

Notify signal, Test name

—

Ready signal, Test result

>

I

Worker
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v Must be cMEHRIEWOrKetfen multiple

processes

BHROTOLABTLEICTIBEEINDINEDH S

v" We cannot use Thread: : Queue because it’s not

multithread programming
NILFRLY RZOT 527 TRRVWOT Thread: :Queue ZFZ W

Notify signal, Test name™>|
]

Worker1

Ready signal, Test result

Notify signal, Test name

Main

Worker2

‘\ |
“Ready signal, Test result
\ ~

Notify signal, Test name

Ready signal, Test result
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A possible solution /

v Share pipes like Thread: : Queue

Thread: :Queue DX SRBRHEF/N\1

v" Can be exchanged safely if it is one byte writing/

reading
1A NOFHEETHNIFRLICTI]RTE S

v Run, Finish, worker id (~255)

v~ OS guarantees atomic operation
0S H'7 b2y U BREEMREL T NS
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Shared pipes

Main

Workerl

Worker2

Worker3
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Data pipes

—— : data pipe

Main

Workerl

Worker2

Worker3
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All pipes

shared pipe

data pipe

Main

Ready
S signalea.__

Workerl

Worker2

Worker3
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Pipe communication protoco

Main NotifiedPipe ReadyPipe Datapipe Workers
yy Spavn workers
[ 2
! Write ‘R*
loop (Repeat until al tests are finihed]
& Read ‘R
Wit 3 worker d
0
Read a worker id -
i d
Write 3 test name
-
gz sinme
Find ane E na test
Read F
[,
wierest ey
Read result sequential
0
Main NotifiedPipe ReadyPipe DataPipe Workers
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Real-time reporting !

v Shows test results after all tests have
finished(®)
IRTDOTRA DRSS THSTANEREZRRT S

v~ We want to show failures or errors

immediately
TARERTH, ICICERBPI I —ZRRLIW
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I0.select !

v~ Allows multiplexing by monitoring multiple
10 objects

BEOIOATIVzV N 2ERIT B LT, IO DLEEFIREICT D

v Can remove shared pipes
HE/ A TEHRTES
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A solution

data pipe

Test name 3|

Notify signal .-
v oo - Workerl

Test result
Ready signal

__________ Worker2
10. Pe-----"""
select|,
%
[N Worker3
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Pipe communication protocol (1) -’

Main DataPipe Workers

Spawn workers

loop [Repeat until all tests are distributed]

Write "ready” or "result” 2
Read (I0.select) )

alt ['ready’]

3 Write a test name.
5 Read a test name

Find am}g n a test

['result’]

Prnces@ result

Main DataPipe Workers
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Pipe communication protocol (2) -’

Main DataPipe Workers

g Write "nil*

loop [Repeat until all tests are finished]

Write “result” or "done’ 2
Read (0.select) 3

alt ['result']
Pmcesa‘ result
['done’]

8 Write a

Read "nil"

o0——

Main DataPipe Workers
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Dumping Issue !

v" Cannot dump an object includes Proc or I0
Proc® I0 Z&8A TV U MIFT Y TTERWN
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Test::Unit::TestCase object

v~ Should also write to pipe for hook point
;est: :Unit::TestCase A 7YV b6 T v IBIC/INA IAEZIADRENSH >

v Users can set any instance variables in test (&)
1Y —RFANHTEEDOA VRY Y AEHERETE D

class TestA < Test::Unit::TestCase
def testl
@input = I0.new(®)
end
end
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Customize marshal behavior '

v" Hook points for marshaling
N—Iv)LDfedDT v IRA >~

v Object#marshal_dump
v Object#marshal_load

v" Marshaling only required information
WBRBRIETZY—>v V793

v" Can now perform marshaling &)
N—=v Ui TcEDLSICHoT
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Cannot dump anonymous class -’
BRY AT VT TERL
v" Users can be grouping tests using

sub_test case
d—1—(d sub_test_case #F>TFRANEYIL—TLTES

v Like context or describe in RSpec

v sub_test_case creates an anonymous
class(®)
sub_test_case [3EZ I TR %ZED

[ 1]
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Assign a constant /

v Assign an anonymous class to a constant
BRI SACERICEIDHETS

v" No longer anonymous class &
MEISAL R AD
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Safe constant name 4

v Marshal. #load cannot restore diffrerent
class definitions
Marshal.#load (&7 S RAEHREIED EETL TR

v" Must be a unigue constant name
AZ—JREBZ U »BWNEWNFHRN

v~ Even across processes
T7O0tEXAZz8BATHREU

v Safe as a constant name
TEHAE U TRERER
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Base64 encoding

v We solved by encoding a sub-test-case name
with Base64 )

Base64 CILYO—R9 B E&THRLEE

v object_id is different across processes
A7V 14 KD RBITOEREEESEICRD

# We can't use "\n", "=", "+" and "/" in base64 as class name.
encoded_name = [sub_test_case.name].pack("m").delete("\n=+/")
const_set (:"TEST_#{encoded_name}", sub_test_case)
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Done:
Issues (2) &



3. Keep backward
compatibility:
How to support
parallelism?

BAEREZH#EULEHSHIRTEYR—MTBITE?



Overview of running test suites -’

AutoRunner

@runner_options

—run

run((snip))

Ul::TestRunner

onsole::TestRunner

festRunnerMediator

@suite
@options

#initialize(suite, options)

~run(suite, options)
#initialize(suite, options)
#start()

#run()
#run_suite(result)

—run:

Focus

TestCase

@method_name

1= internal_data

#run(result)

TestSuite

@tests

#run(result)

Portable and Fast - How to implement a parallel test runner
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Overview of running test suites
(focus)

Ul::TestRunnerMediator

J

TestCase

@method_name
/run1 @internal_data

#initialize(suite)
#run()
#run_suite(result)

—run—>

under Test::Unit module

TestSuite
@tests #run(result)
#run(result) N~

—

run,

Portable and Fast - How to implement a parallel test runner

Powered by Rabbit 4.0.1



Abstract #run from TestSuite to
TestSuiteRunner

Ul::TestRunnerMediator

TestSuite

TestSuiteRunner

TestCase

#initialize(suite)
#run()
#run_suite(result)

—run—>

@tests

e UN==3

@test_suite

—run=>

#run(result)

&~ un—|

under Test::Unit module

#initialize(test_suite)
#run(result)

@method_name
@internal_data

#run(result)

Portable and Fast - How to implement a parallel test runner
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Introduce runner switchi

TestRunContext

initialize=3 @runner_class : reader

#initialize(runner_class)

TestSuiteRunner TestCase
t i method_name
@test_suite run @. |
run_all_tests==p, @internal_data
Ul:: TestRunnerMediator .run_all_tests(result, options)
#initialize(test_suite) #run(result, run_context:)
#run(result, run_context:)
% 4 \run
#initialize(suite) \
#run() run,
#run_suite(result, run_context:) \) TestSuite
\ @tests
#run(result, run_context:)
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ot

Introduce WorkerCont>+*

TestSuiteRunner

@test_suite

run_all_t

Ul::TestRunnerMediator

.run_all_tests(result, options)
#initialize(test_suite)
#run(worker_context)

WorkerContext

#initialize(suite) initi
#run()
#run_suite(worker_context)

@id : reader
@run_context : reader
@result : reader

#initialize(id, run_context, result)

initialize=9| @runner_class : reader

#initialize(runner_class)

TestCase

~— @method_name

TUN=—
@internal_data

#run(worker_context)

run
run

TestSuite

@tests

_context)

Portable and Fast - How to implement a parallel test runner
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Introduce parallel runner oy

run_all_te

Ul::TestRunnerMediator

#initialize(suite)
#run()
#run_suite(worker_context)

.run_all_tests(result, options)
#run(worker_context)

I~ @method_name

WorkerContext

@id : reader

initi

@run_context : reader
@result : reader

#initialize(id, run_context, result)

TestProcessRunContext < TestRunContext

initialize=P| @test_names : reader

#initialize(runner_class)

TestCase

unE———

@internal_data

#run(worker_context)

TestSuite

@tests

#run(worker_context)

Portable and Fast - How to implement a parallel test runner
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Done:
Issues (3) &



4. How to keep
busy and reduce
heavy fixtures?

BESBIIc. ELWERPERMTZRSTICE?



Producer-Consumer model '

v Producer: produces tests
A7 21—V —ETRANZERT B

v Main Process (1)

v" Consumer: consumes tests
AV Ya—N—RTANEHEET D
v Worker Processes (N)

We want consumers to keep busy.
Ay ya—~N—ZRSEBRVWKSICLicW
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/ Push styl Distribute styles !

v~ Producer pushes tests to consumers
JAFa—Y—»pPAVY a1 —~NY—ICTANETYV21T D

v Pull style:

v~ Consumers pull a next test from producer
VY2 —NY—AIOF21—H—DERDTFANETILT S

push—s
Producer Consumerl
<pull—{
‘\\

pull

Consumer2
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Which leads? !
E>EHV—KRTB?
v~ Producer does not know consumers are
busy
7O07Fa2a—Y—Earya—<—rTtLLOHIFSEN
v" Consumers know own is busy
Yy a—~N—@F@EENICLVOLIHI>TWD
v So start with consumers and then keep them busy

BROT, Avya—Y—hEREEBS>TBRIE S EH I T NhIEBESE
[T TEB

We use pull style.
ERETIWRIALINZES
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Balance variable workloads y
ErElYT

v" Reduce heavy fixtures as much as possible
HWEFERBAMITIETESRITES LW

v Heavy fixtures are test case level fixtures
BrWEREERAMITIE. TRT—ZALRILDOT I ZAFv—DZ ETLRR

v However, we want to assign tests to another

idle consumer
THHDO AV Y 23—V —DIIBRLTWBEEE, ZESICTAMNEZEEDIRD fcW

Portable and Fast - How to implement a parallel test runner Powered by Rabbit 4.0.1



Pass a test one by one !

v Test case levetfixtures aréedlled multiple

times
FANT—=ALRNILDT 4 7 AF v —FEHEITOEET NS

Processing time
......... —

CPU1 :startup:: shutdown [ Testa ]

CPU2 E'startup:: shutdown:»

CPU3 startup ‘shutdown::

—: Have test case level fixtures
—: Haven't test case level fixtures
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A possible solution /

v  Pass each test case level
FANT—ZLRILTEY

Processing time
|y ]
CcPU2 IF Test4 j ( Test6 ]I

CPU3®

[—3: Have test case level fixtures
[—: Haven't test case level fixtures

Portable and Fast - How to implement a parallel test runner Powered by Rabbit 4.0.1



v Pass each test %%LHE!/%Hf test case level

fixtures exist
;Z RT—=ZALRIVDT A VRAFv—bHBBDEERET. TANT—ALNILTE

Processing time
o [, o

CPU2 [ Test4 ]

CPU3 | Test6

—: Have test case level fixtures
—: Haven't test case level fixtures
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Done:
Issues (4) &



Works fine!!! /

v" But on CI of Windows

UM L. Windows @ Cl T

v" Occurred 'Kernel#spawn': wrong file

descriptor error
T77ANT ARV ) TI—DITZ—DFELUR
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File descriptors !

v 0,1 and 2 are used by default
v 0: Standard Input
v 1: Standard Output
v 2: Standard Error Output

v Pass 3 and 4 for data pipes to child

processes
F—HBINA TDEHIC3, 4 #FFALRIELTS
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File descriptors on Windows !
v~ Cannot pass 3 and above to child processes
()
3N EZEF7OERICEE AL
v" Avoid changing stdin/stdout/stderr as much

as possible
FEANBERNNEET S —HHZEEITZ2DETEZRF U< BN

v Because tests may use them
TARDZENSZFESHE LhEWDS
We solved by using TCP/IP socket instead of
pipe if Windows

Windows DIEE. /\1 TFDK0DIC TCPAP DY T v hZ&ES I & TRERUI
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Solutions Summary /
1. State? Rebuil@za:tEst suite tree

REEZ? T ANAA—RDY ) —5EESET S

2. Communication? Use pipe, Marshal,
I0.select

BEE? /8«0 7 Marshal, I0.selectz{E>

3. Backward compatibility? Abstract runner
and switch it
BAEBREF?ETIZEIZ2EZMRIELTUDEZS

4. Fast? Use pull style. Pass a test suite if

test case level flxtures exist
— ~ —HhpbEE
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Demo !

v ——parallel=process option is available
——garallehprocess A7 3V TVILF TAEAR—RADAFETEGHIC
T3
v ——n-workers=N option is available (default: the

number of available processors)

——n-workers=N #7723 > TUINETI 2T —H—D¥ZEETES
v~ Parallel running output looks like a regular
test-unit
WHIETOHE A, BED test-unit & Rk

v~ Show the test result in real time
TAMNEREZY PILIALICEKRT S
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Ractor runner

v Now implementing!!!

v State: Already loaded, but object sharing is limited
REE: BHICO— RFEHLED, AT Y0 OB REIBEATVS

v Communication: Use Ractor: :Port
SB{E:Ractor::Port #{E>

v Backword compatibility: Switching backend
BAHERE: NI I REYDEZ S

v Pull style: Ractor. receive not Ractor.select
Pull X% )L:Ractor.select Tid7 < Ractor.receive Z{#>
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Ractor::IsolationError

v" We met a lot of
Ractor::IsolationError

%< @ Ractor::IsolationError NEE LT

v Allow reading shareable class variables from non-
main Ractors
JEXA > Ractor WS HFAEERY SRAER EHHND Z &2HFAT D

v https://bugs.ruby-lang.org/issues/21942
v Ractor @Ruby: :Box ?

Ractor & Ruby: :Box [FHEEHNE WL ?
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Conclusion
T

We can run portable
and fast parallel test
running
by test-unit!!!

test-unit > &, R—F TILTEWNILT| T M ERTTEBI
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/
 Sutou Kouﬁknowledgement

v Thank you for launching the Red Data Tools
Red Data Tools Z1I5 EIf T<NTHHHIES

v Thank you for always polite explaining
WOBTEIRHEBLTINBOHE S

v I wouldn’t be standing here today without him
BRLTIEZDFIIIDZ ElFTERM o1
v Naoto Ono

v" Thank you for working with us
—HEICHRFELTINTH DD ES

v Your honest feedback are always helpful
EERBEIC WO HEIFSNTNET
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Join us! 4

Red Data Tools
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https://github.com/red-data-tools/red-data-tools.github.io

