Crloac

Apache Arrow,
Red Arrow,
Red Data Tools

AR

#HAsH o UPI—K

IR T — ST - HlE5t8E 0 —223 v 7
2023-03-29




AHHT

v kou
v 2004FEHD\V5Ruby DT v H —

v 20175
Apache Arron® I I v &5 —

v 20174E(CRed Data ToolsBats 1
v 2022 DApache Arrow®DPMCF = 7 —




SBD5E

V BREELEBHRUbYy TT—INEBTED LS
[CTRAICEDDATEK! | ]

vV Do DT —HMBRROCLERDIC
(&Apache ArrowndD C &> TH < LWL
NoEARZEHRIFAT S0 !




Ruby TF— 0B, 2023

v HBEZD ST PythonE HRIFZ T TEFRLY
v TH, TSR LIFBATLDS




T&dCL
v ZBRITHUEBCHDERE : Numo: :NArray
vV T—=H527 U—ALATODHALIE : RedAmber b
v afR1k : Chartyfth
vV =51ty MDPOUER : Red Datasets
VEBRBT—H T+ Y NDZRAEE
vi...




BETE3eHhBITVNION

FZzE#NL TS
) NE5Y3)
ALYIISH




FEEMLTVIALS

v Red Data Tools

v/ Ruby Numo cuwnericat modute)
v SciRuby

v BioRuby

v ankane

V...

]



BIFTEDNTIHINECL

R B & —#8IC
FeHnN g |




A S ol

Red Data Tools/Rl) 3/ —
RubyDZIaZ5 4 —ZBATHNIITSD
JEHITDICEKIVBFZENIT CEHNKE

—@RODOBREEHIIENSSTHELLDT

WHe(CFENT D CEDKSE
REF[RCTOREAR B TEEL
BNAED S DIEEFXIC LRV
EL<P33 !

https://red-data-tools.github.io/ja/



https://red-data-tools.github.io/ja/

SE B

Apache Arrow®RaF




Apache Arrow

=1 ) —
IR0
.ﬁ}z

STEN
KR
@mx

\
/







HETUEGDPDIHE?

vV Iic<ThHd !
v SLEFPythonAICESNTULEK D GHPD5
v A I TICPython[CI DIV RFLANGZIH\5
vVIFAhTHEBLIZWLWD ?
v PythonAATHBLEW | (xovz7mnsz0i 1 2)

vV REH JavaZ H\ | 372 & Rust !
RubyBfbREICANT! | |




CClearCode

Rubytr-&&&ﬂ !

ao—7

A—H—HDixy

JZaZF4—HuhEw l—bl FRENDZL l—\‘
R — U D7

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2



CORDNV—-TETEBBICER? -

EEFEE !

v A=Y —DDix0 L EFY IV Eig T ?
vV OZI a5 q4—hHUNSL: QA—F—18°7
VEHEREELY DI T4 —ZTKRKELTD?
v AERY —IVDDIEW  BAREBZIEDT?




Code

DIF\\BARE CERIY — IV ERDT

ao—7

BRENDEL |—>| BRI — DTN

EQ—T

»
BREsEL |——-| ERIY—IAB

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2



ZCThApache Arrow g k! 1 1

v HEERTHE |
v RubyBHED LDV |
v DEBEDOALE L HERR TED
v RubyBAREN D THERY —ILEE DTS




LD CETPHOTLD

v 2017 H 5 Apache Arrownd I w5 —

v 201742 (CRed Data ToolsBte
V1. RubyDZIaZ574—ZBATHRNTS

v 20225 MDApache Arrow®DPMCF = 7 —

( arCode.
/



SR A ClearCodey

v Red Arrow
v Apache Arrow®Ruby/NA VT 4 24

v/ RedAmber
v Red ArronN—RADF—H T L —A

v Red Parquet
v Apache ParquetDFHZHEE

Red Arrow, Red Data Tools Powered by Rabbit 3.0.2



Apache Arrowh\i2ft9d 56D
V BRABSENT KRN T—H T 4=V vV

vV M &EEDURRPCO L—LD—D

v 1 &iED L TDBEERARE

vV EBTF—H T x—<T v N DOHEEER
vV EEHNTSKEVWAEY—-LAPD N
v 1 Z&FENLUIERVGE

V...

("\ arCode.
/



Je

TTKRVNF—9T74—Ty

Apache ArrowZ #—<v b &
FHEVDH

ARRIHE

B o U PI—K

db tech showcase ONLINE 2020
2020-12-08

https://slide.rabbit-shocker.org/authors/kou/db-tech-showcase-online-2020/

Red Arrow, Red Data Tools Powered by Rabbit 3.0.2


https://slide.rabbit-shocker.org/authors/kou/db-tech-showcase-online-2020/

Apache Arrow2 #—<v b

VITI=97*r—=Xvhk

v BERXA Y AEU—AO@A
v READOT—5H

vV =F=8527U—LEADT—-5H
v R |




(‘F\pm'?ﬁﬂﬂﬂ

=L ’

v T—H3THHNRL !
vV T MEHEN !

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2



T — 5 3HHLELN |

Apache ArrowZ x—< v MNCT B EZR1L !

o SV

T—HJ—2R T — 5018




Apache Arrow, Red Arr

FIFAEH : Apache Spark

pickle

Spark

PySpark mmm

=Rk

Spark

» arrow

PySpark

Apache Arrow logo is licensed under Apache License 2.0 © 2016-2020 The Apache Software Foundation
Data at https://arron.apache.org/blog/2017/07/26/spark-arron/

ZE;
iTH
taVELED

ow, Red Data Tools

Powered by Rabbit 3.0.2



A=A : Amazon Athena

CSvV
S3 Athena
AT —KUY)
=R
S3 e Athena |

ARROW » ARROW i)

Apache Arrow logo is licensed under Apache License 2.0 © 2016-2020 The Apache Software Foundation GaLErER)
Data at https://github. con/awslabs/ans-athena-query-federation/ tree/master/athena-federation-sdképer formance

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2




O LTEVND?

v YUPSA XX MHYEL
vI<IRENB L5153

VTV UPSAZXIRMYEL
VBB F—5ETSICHEAZLSICED




U754 XNE

AT -5 ERA=

. AT =TT —ITDODZEIEIS
VT —HENILEVH SR !
v IRICE LIV ODIRE |




—SEMITHH : ISON

0x01 0x02 (8bitFUEDEZF!)
2
"[1,2]" (JSON)
0x01->0x49 (BYE->ASCIIDNX = : '"1")
0x02->0x50 (BUE~>ASCIIDX = : '2')




RTF—9ZDHDEES L

v BHRIIB(CCPUZEED RS TKRLY
v8::{

vV BREROT—IRD AT —HEREO
v REBAEU—RREIR MIEL
v —EDFERGEEVBT LA LES TEL
8




TIOVPSA XNE

ANTF—=H%EIN—R

. AT ERICTTT—IERUYLET
VIEF—9EZFDEEFEIINSEL |

VIRICEH LEVOHRE |




RF—YETICETH : ISON -

"[1,2]" (JSON)

v
0x01 0x02 (8bit¥UBDEFI)
0x49->0x01 (ASCIIDZF @ '1' >¥E)
0x50->0x02 (ASCIIDZ : '2' ~>#E)




T —YemUEtd L -
v MR (CCPUEED RS TR

8
vV RIROT—IRDAE)—HEREO
VITEHRZT—FEZOERESOTEOIE-
8
V ARy ITTEERT —YEEAD
VFA RO LEDAEY—LULDTF -5 %RZZ

( arCode.
/



(FIVUPSAZXIRE

v Apache ArrowZ #—< v b
VI REAYTF—HDN—RIR KT

vV ZNLUADZLL DT +—<3 v b
v F—YZZHRNIE (CPU)
VAIEERA T —HERNE (AE)-)




T — 5 3HHLELN |

Apache ArrowZ x—< v MNCT B EZR1L !

o SV

T—HJ—2R T — 5018




T4 X(&?

vV (PU- AEDU—=ICPELLTEVWATZR ]
v Upd, 77— A4 XFEDTD?
VRKEVWERYRND—=D - IOBNRBNIVRY D
V KRDT—HNIBERKRRI) Y —RZFELTZL
vV F=IZER NUVR Y 21U TFEL




F—YAX
v ASINS < TxLY
VBT =Y ZDERIXGFEDTT—HE(CIHU TIEN

v Istandard - LZATOEMBETR— b
v POIE—TRELFEB3HNT A X(F#HH D1
v [EfE - BERDNWMEB->TTT—IZFDHDEFEZ T

vV (PU - AEDU—BFREEENDH
Xy D=0 - 1087153 THSB

VRY RD=D < IR MVR Y D [C1E3E53<




Feather V2 (L24)
Feather V2 (28D, 1)
Parquet (Uncompressed)
Parquet (SNAPPY)

RDS (Uncompressed)
RDS (GZIP)

csv

st (Uncompressed)
51(ZSTD, 50)

File size (GB)

arrow Table

Feather V2 (Uncompressed)
Feather V2 (LZ4)

Feather V2 (ZSTD, 1)
Parquet (Uncompressed)
Parquet (SNAPPY)

pandas

Feather V2 (Uncompressed)
Feather V2 (LZ4)

Feather V2 (ZSTD, 1)
Parquet (Uncompressed)
Parquet (SNAPPY)

2 8 10
Time to read (s)

https //ursalabs org/blog/2020-feather-v2/

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2


https://ursalabs.org/blog/2020-feather-v2/

F—ITMIEN | OFLS

v {, TP SA XHREL
VITT — T DERFED D TUREN DR
vV (PU- AEU—=(CPHPELLY

v EBBHYR— b
VRYRND—=0 < I0DVRNIVRX Y DTEBECN

V (PU - AE—8BHEEHBN
F—ITHRDRNIVRY D EBETEDDD

N



LT —5 DI

vV T=I9HET—HIRIEF U 7R
v F— SR LTHORBE BEXEL
vV T—I0BHR LGN |
v F—SNBEE T BICET - IBENAS

C arCode.
/



BEMBOODT—SME

v BERAE
v BET ST —5EiE<ICES
vV 8
VIPUF+Ya1IRERHDST
v SIMDZERATES




T—IAMBOREET —5

vV SIFEEAS LT EDNENZLY
V%~ SRS DR

vV RBUNSLDT—HZEELICEL
VASLF—Tx—3v b




(.(“\pqrs:"':mdﬁ'

HSLF—T#—=3vYh :
3l Apache | RDBMS Al
(allpl[c] Arrow a b ¢
MIGEIETE M@ @ @
MV EIYE w2 @ B &
3 ||fe]| 1) | 3] @ 1@ 18
SlCr | [BOEEBA Fcr
5  EEGP O R 7

Powered by Rabbit 3.0.2



vV EET ST &< ICES
vV BRI TP IO ERATEDLIICES

vV SIMDTEDLDICES
VPSAUTD

PSA2 T DRRECADBHEDICHIZD

vV REDKRER<ST




BAE - - HEOT—YDECE CCRarcodgy

BEET —SHOTEEL CRE
58w bl [, 2, 3]
0x01 0x00 0x00 0x00 0x02 0x00 0x00 0x00 0x03 ...




TEE| « INA MBI . F—HDORE -

KT —5 /7 LI+ RIESICEE

UTF_Sjiﬁu:["HellO", "", "!"]

£ — ’5’/\’1’|\§U "Hellol"

KRIES [0, 6]

1%@@%5 EEEE?U[HH RIEA[1]

1%@@7—’5"

K= N1 RAIRSEI[L]. . KRIEII[1+1]]

E §§—>T NoRd->57— 55 CTEL &
EHRETIEBIC 77 ODUEITELL)




null & &5 18

vV nulldeorZ 70—F .
v nullU@& : Julia: missing, R: NA
v BIEEY NY v J &R : Apache Arrow

vV EY MY TEED EREDRER<ED



https://cran.r-project.org/doc/manuals/r-release/R-lang.html#NA-handling
https://docs.julialang.org/en/v1/manual/missing/

ILERBDEESID

[1, null, 3]+ [null, 2, 5]

null | 101 011
data | 1 X 3_”."? ...... “X 25

P RIS " -y
nutl{ 00 1 Xl <
data | X X 8§ |+

[null, null, 8]




nullZ 538 & SIMD

case = No nulls
Naive no nulls -J—

Vectorized no nulls -
Naive Sentine| - —

Vectorized Sentinel J_—
Naive bitmap IEEEEE_—

Vectorized bitmap

case = 10% nulls
Naive no nulls - —
Vectorized no nulls S
Naive Sentine! - EEG_— type
Vectorized Sentine| - — = double
Naive bitmap - EE— - inted
Vectorized bitmap -

case = 50% nulls
Naive no nulls -—
Vectorized no nulls S
Naive Sentinel - —
Vectorized Sentine!
Naive bitmap
Vectorized bitmap -
0 10000 20000 30000 40000
Average time (microseconds)

https://wesmckinney.com/blog/bitmaps-vs-sentinel-values/

Apache Arrow, Red Arrow, Red Data Tools Powered by Rabbit 3.0.2


https://wesmckinney.com/blog/bitmaps-vs-sentinel-values/

BRFT—SWBDILH

vV SRGET—HYNEB(ICIET—HIESHER
V F=ISICENAS LF—T 57y MHNEY)
vV BB TP I EROEGRT—YDEE

v SIMDICPELWTF—H2DHEFEA
VP3S4 -nullBDEY b v S

rCoc /



FEH ! Apache Arrow2 #*—+¥ \yrF""‘°/

v Apache ArrowZ #—< v k
VIBER A VAE—ADTF—HT7+—Y v b
v ®REXDT—5H

v Apache Arrow” #—<v MR
vV T— I ZTHHGEL)
v F—SMEEL
VITI—OZMUTISICERUIBTESD 74—V v b




FLO  BEF—STRFEL\DD

VIET =T TDERFPYEYUTEDIHHS
v LT UPSAXDIRHYEL
vV CPU - AEU—=[CPELL)

vV XY ND—=2 - 100BRIZTFIFZULY
v Istandard - LZ4(C KB [EHB

vV (PU - AEU—87E ENDH
Xy D=2 - 10FFETHD




Fr o BEF—SRBHEOD

vV RElbENET— 9188
VASLF—T#—3vhk
vV SIMDZERBZ DT —IDRFEA
v Rk /zEE
v SAERBALTULEN! |
v pandas 2.0.0[3CNZ&fE> TERICED K !




Red Arrow

v Apache Arrow@Ruby/N\A 25 4 2
v Apache Arrow®DH&gEZRuby S L LIAPIT

v red-parquet/red-adbc’k & BllgemlC 538 U 72 HERE
v BEfEgemDApache ArrowXdi[EBgemT

v red-arrow-activerecord: Active Record®Z T
|) —#ER%Red ArrowA TV 10 MCEHR

v red-arrow-duckdb: DuckDBAD AtEFI%Red ArrowZ
JI1ORKT

Red Arrow, Red Data Tools



H 1Tz ERed Arrow

vV K<EDTZADHRE -
v Arrow: :Table.load(path) : L\ U [C5RAIAT
v Arrow: :Table#save(path): LWWRAUICEEEHT

v BEECSNH! FELZD
v {ERAFlT - C(++/G0bject Introspection/Ruby (w0)




Red Data Tools

Ruby T~ — & S0L1E

TE&dEKDIC
g RITHD
J0vx 0k




Red Data Tools7O% 2

v Red Arrow

v Charty : oJ#81k

v Red Datasets : ¥—%twv b
v RedAmber : 7—&5 2L — LA
vi...

CClearCode
/



» 1Tz Red Data Tools

v EDS

v HRICST 3
v 4. BESTONESAREIREETEAHRL
VB BLDPBS !

vV Fry MIHWT!
v https://gitter.im/red-data-tools/ja



https://gitter.im/red-data-tools/ja

&5z Red Data Tools 7O HY -

v Red Arrow : #LZS

v Charty : WMF3HD\E ?
v Red Datasets : K&ZFD
v RedAmber : K&Z5

V oo (FryhTLEZ5BTOII MNE—HICEZBE!) o oo




