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Apache Arrow and You

Your data size is
F— Bt A X

v smal | :
INELY

v You don't need Apache Arrow
Apache ArrowZ{ESHE(F7RLY
v large:
REW

v Apache Arrow will help you!
Apache ArrowZ{ES & LMWK !
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How does Apache Arrow help you?

'S5 U TApache ArrowZzfES & L\W\D ?

Improves data interchange performance
F—HTWDIND + —7 VANE
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Data processor
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Data source

Data processor
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Why does Apache Arrow focus on

data interchange?
&S U TApache ArrowldF—43ZIC;ENLTWVNSD ?

Because it's a
bott|eneck

RNVRY DEDS

...Real ly?
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Don’t Hold My Data Hostage —
A Case For Client Protocol Redesign

tark Raasveldt Hannes Mihleisen

Gentrum Wiskunde & Informaiica Centrum Wiskunde & Informatca

‘Amsierdam, The Netherlands “Amsterdam, The Netherlands.
m raasveldi@cwi.nl hannes@cwi.nl
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Figure 1: Wall clock time for retrieving the lineitem
table (SF10) over a loopback connection. The
dashed line is the wall clock time for netcat to trans-

fer a CSV of the data. Figure 2:

data transfer case
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Communjcation between a client and a

https://hannes. meghd eisen. org/p8b2-muehleisen. pdf
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Use case: Apache Spark

Spark

Improve

pickle

Spark

PySpark

performance

» arrow

PySpark

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

53

Faster than

53

Use case: Amazon Athena

CSV

Athena

native query

Federated
Query

ARROW

Athena

> ARROW

Apache Arrow logo is licensed under Apache License 2.0 © 2016-2020 The Apache Software Foundation
Data at https://github.con/awslabs/aws-athena-query-federation/tree/master/athena-federation-sdk#per formance
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Throughput in billion rows/s
(Longer is faster)
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Why is Apache Arrow fast?
'S5 U TApache ArrowldiZR\\0D ?

Apache Arrow

A cross-language development platform
for in-memory data

Kouhei Sutou

ClearCode Inc.

SciPy Japan Conference 2019
2019-04-23

https://slide. rabbit-shocker. org/authors/kou/scipy-japan-2019/
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Wow! Awesome!
TLWCdA!

Should | always use
Apache Arrow?

L\ DHApache ArrowafESNE?

SO
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Apache Arrow is des i&ned for
Apache Arrow®i&EtAi

v In-memory analytics
AEU—RTOHHT

v/ Cross-language

v/ Can be used from all languages
JOJSIVISECRELTICEIICL

v Large data
KBET—4

v Fast data transfer

BT — S
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In-memory anal%jics
AEDY—RTDH

v For in-memory: not for storage
AEU—RA  FEATEZL

v For storage: Apache Parquet,
REAIC[FApache Parquet’zELV\BL\383

v For analytics: not for transaction
SR NSO 3 VRATIEEWD

v Not for OLTP use
OLTPAAC 3750

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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In-memory (x&1—m)
v Apache Arrow format means:
Apache Arrow 27 #—< v hF | WS &
v File format: *.arrow files Or4wos—<v k)

v Memory layout (x£U—to7—somEsE)
v With Apache Parquet (for storage):
(IREHR®D) Apache ParquetX —f#EICfESIBS :

v Reading Apache Parquet data (file format)
Apache ParquetT—% (7747 #—< v N) Z&EHT

v as Apache Arrow data (memory layout)
SATET —% IApache ArrowsT—% (AE—LEDEE) (CTD

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Apache Parquet and Apache Arrow

Read 0000

LTI}

Created by Philip Sheffield
fromthe Noun Project

» Arrow

Apache Arrow logo Apache Parquet logo are licensed under Apache License 2.0
© 2016-2020 The Apache Software Foundation

Created by Muhammad Yafinuha
fromthe Noun Project
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Analytics
S

v/ Column based operations are important
NS LBRDRENER

V’Aggregate, sort filter,
. RUIAH
v For fast column based operations
BRGNS LARMOBIEICHERHD
v Columnar layout (hsocriczrz-rzEks)

v Contiguous data for vectorization
REMUEBICESE L TREB LT —%

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Columnar layout
ASASEICEEEST-BE

v Type per column
WAL ZICENGD

v Data frame is suitable
F—45 7 L —AlLEY)

v Mixed type column data aren't suitable
ASLATENEELTWLWBRTF—H IO E
v Like data in MongoDB (iongodBlc A -T2 L5757 —4)

v Union can be used for it but ...
unionZEfE> TRV TEHL FELREZSFE

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



(‘F\pm'?ﬁﬂﬂﬂ

Cross-language

v Al'l your modules use only NumPy
INTDEY 2—)UTNumPy UHME > TULVFELMES

v NumPy format is enough (uwpy>+—<v kct+45)
v Your system uses multiple languages

EHOTOYIS IV HISEEE->T\IES

v Apache Arrow will be useful (pache Arrownig)

v Apache Spark, Python and R,

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Use case: RAPIDS !

RAPIDS

End-to-End GPU Accelerated Data Science

Data Preparation — Model Train — Visualization

cuDF culO CcuML cuGraph
Analytics Machine Learning Graph Analytics
Apache
>> A GPU Memory

https://docs. rapids. ai/overview/RAP1DS%200. 15%20Re | ease%20Deck. pdfipage=3

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1


https://docs.rapids.ai/overview/RAPIDS%200.15%20Release%20Deck.pdf#page=3

CClearCode

Use case: RAPIDS

Data Processing Evolution

Faster Data Access, Less Data Movement

RAPIDS 50-100x Improvement
Same Code

Language Flexible
M Primarily on GPU
Train

https://docs. rapids. ai/overview/RAP1DS%200. 15%20Re | ease%20Deck. pdfipage=8
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Data size
F—HH4X

v |f you have only small data
INSTZT—HDIFE

v Any format will work well
FICEB>THLL

v We need something to process large data
KRBT —HZNBYT B (ICIFITERANE

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Large data with Apache Arrow
Apache Arrow CKREST—4

v Memory mapping xeu—<v

v/ can process large data without loading all

data on memory at once
KRBT — Y E—ELTRTAEY —LCH L TDNETES

v/ Record batch (va—r/iv5)

v/ can process large data with batches
KPET—HENYFCHEL TREBETES

v/ can process large data as stream
KiEF—HEZAN)— AL LTREBTED

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Memory mapplng
AEY—TvT

L
03¢

Not loaded R

Created by Phlp Sheftield
fromthe Noun Project

Created by Muhﬂmlmd Yafinuha
fromthe Noun Proje

» ArrRow

Apache Arrow logo is licensed under Apache License 2.0 © 2016-2020 The Apache Software Foundation
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Record batch
LIO—RKNyF

Record batches
0000 gooo 0ooo

[ITTYETTTIT) o o o [ITTYETITIT) Qo))

Cosedtyewpstes  come oy Py et

M arrow >§K:;Row >>ﬁm;ﬁz;ow

Apache Arrow logo is licensed under Apache License 2.8 © 2016-2020 The Apache Software Foundation
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Fast data transfer
BES— Sk

v Enough network bandwidth case:
THFERY ND—0FEBNH D56

v Fast {,de}serialize improves performance
BRI PS4 AR Ca R o A
v Network bottleneck case:
Ry RD—OEEHEAR MUR Y D CEB T — R

v Other small size format may be better
KUH A ZHNINSLERIRD T +—< v ROBHBNLDE

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Network bottleneck
Xy NO=OBEHNRMVRY D

v The Amazon Athena use case:
B DAmazon AthenaD B4

v/ Apache Parquet is faster than Apache Arrow
Apache Arrowdk UApache ParquetDAHEE

v/ Because run-length encoding works wel |
SULYIREBNT LT VENS

v/ Apache Arrow supports compression
Apache ArrowldEfBEYAR— KL TULD

v/ Maybe, the Amazon Athena use case doesn't use it
Tz A AEHR DAnazon AthenaZe il T(34E > TLVELY

CClearCode

]

Apache Arrow 1.0 - A cross-language development platformfor in-memory data

Powered by Rabbit 3.0.1



CClea

pache Arrow and compression

Feather V1 (Uncompressed)

Feather V2 (Uncompressed)
Feather V2 (L24)

Feather V2 (2STD, 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 (L24)

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

pandas

Feather V2 (Uncompressed)
Feather V2 (L24)

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

8 10

Time to read (s)

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

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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When should | use Apache Arrow
LVDApache ArrowZzfE A (E &KL VH

v In- memory analytics
AEU—RTOLH

v Not for storage wzzm<cidmLy

v Not for transaction (~rS %2> s ETEEL
v Columnar layout data

ASACLLFEEE>T2F—5

v Not for data in document DB
K 2 %> MEBIDBICAS TV &S HF— 2 [FELVTULVERL

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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When should | use Apache Arrow
LVDApache ArrowZzfE A (E &KL VH

v Cross—language system
BHOTOISIVIEBEFEI VAT A

v Many data analytics system use multiple

| anguages
ZLDF—IPFVRTAIERDTOIS IV IEEEFE>TVS

v Large data suse=—s)

v Fast data transfer @=s—ss2

v Compression may resolve network bottleneck
Ry ND—OBENR MUR Y 20753 £ EEERT 2 V0D

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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&
Future



Apache Arrow 1.0.0

2020-07-24

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



What does 1.0.0 m rl

1.0.0[CE>TcEWVNWS CElRES WS

Start following
Semantic Versioning

TY T4y ION—T3 VBB
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Semantic Versioning
e TFavION—-I3Y
v Backward compatible sz
v In the same major version (#¥+—/\— 3 hHiE L)
v Newer can be used with older
HFULN—Y 3 UEFBN—Y s D r— R ERS
v Forward compatible @szm

v In the same major.minor version
AV p— 9L F—N—T 3 VHEILRK

v 0lder can be used with newer w/o new features
FUN—U 3 VEHHAEE BDRVESH LWWAN—Y 3 Y E—#ICER D

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Versions in Apache Arrow
Apache Arrow®D/\N—3/3 >

v Apache Arrow format pache arrovzx—<v 1)
v File format (or+qos—<vh)
v Memory layout (x=U—rconF—s0@RESE)

v Apache Arrow libraries such pyarrow

pyarrown® K S ZxApache Arrow>S A 7 351)—

v Read/write Apache Arrow file format
Apache Arrown 7 7 A IV 7 #—< v NERAHES

v Process Apache Arrow memory layout data
AEJ—RDApache Arrows—4 DILIE

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Release cycle
YY—2H4 )b

Per 3-4 months

-4y BCZ




Release and version
DYy—R&/N—3I3
v Apache Arrow format's version

v |It's bumped only when needed
WEBREERFN—Ja Py

v Apache Arrow libraries' version

v Major version is always bumped
BICAYv—N—Vs3oPVvT

v 2020-07: 1.0.0
v 2020-10: 2.0.0

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Major version up
AT p—=N—=I3PvT

|t may break
compatibility

B]NTE<Z30E LNEL




CClearCode

You should pin pyarrow version
pyarron®/\— 3 V(EBEET INE

requirements. txt:

pyarrow~=1.0.*

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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You may not use pyarrow directly
BiEpyarrowEEDELHE LIVEL

v Your dependencies may use pyarrow

internally instead
KEZELUTWAREY 12— IUHASRTE> TLBIHD

v pandas uses pyarrow to read Apache Parquet
pandas(EApache ParquetZ s AL Tz (CpyarrowZzfE> TLVD

v PySpark uses pyarrow to communicate Spark
PySpark(dSpark & 18159 B 76D (CpyarrowZE{E> TLVD

v Modules use pyarrow will be increased
pyarronz{ESEV 2 —I)VFEZ T (T

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Ecosystem
TIVRTA

v The more many modules support Arrow,

the more we can improve performance
Apache ArrowXdiSEY 2 —IVHEZ B (FEMREP v T

v Because we don't need to convert to Arrow
Apache ArrowZ #—< v NCEIRTINENGZSZEIHS
v Many modules start supporting Arrow!
Z< DEY 2 —)UHApache ArrowdD3FEZEIEH TS |

v Because 1.0.0 was released
1.0. 00 J—2EN7H5

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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BigQuery Storage API

from google.cloud import bigquery_storage_v1

client = bigquery_storage_v1.BigQueryReadClient()

é%?eam = client.read rows(...)
arrow_table = stream.to_arrow(...)

See also: https //medlum com/google cloud/announcing-google-cloud-bigquery-

P
V(%I’SIOh‘1 ==t 2852474
Apach . o iN-TETOTY data Ponered by Rabbit 3.0. 1



https://medium.com/google-cloud/announcing-google-cloud-bigquery-version-1-17-0-1fc428512171

(‘F\pm'?ﬁﬂﬂﬂ

pandas, Dask and Vaex

v Use pyarrow to RW Apache Parquet
Apache Parquet7 #—< v NERAEZ=T B8 (Cpyarronz{EA
v Not use Apache Arrow for internal

memory |ayout
RERD T —4 DIFHE A [FApache Arrow TIERLY

v/ cuDF does but not use pyarrow to process data
cuDF(EApache ArrowT—4% & L TH > TL\BDipyarrow TIFALIE L TLVELY

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Current pyarrow use cases
R T Dpyar rownDF)AH

v Apache Parquet reader/writer

v/ Apache Arrow data representation
Apache Arrowr—% DXRIR

v Not used for internal memory layout
REPDFT—H R\ L TIHEHNTLEL

v/ NumPy's memory layout is used for numeric

v/ Apache Arrow's memory layout is compatible with NumPy's one

v Why? (*5Lt?)

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1



Apache Arrow native

data processing
Apache ArrowsT—4 DOER

Work In Progress

REP
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Data processing
F—50B
v Current: @m
v Gandiva and compute functions

https://arrow. apache. org/docs/cpp/api/compute. html
ety B R R

o 1JV00 )

v Missing some features such as sort related
V— NEBERE E AN R UL
v Future: wn

v/ Apache Arrow native data frame
Apache Arrowr—~RBTF—4%27 L —A

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Apache Arrow native data frame
Apache ArrowTr—%HB5>—52 L —A

v File system module s+ uovz5ne92-1)

v Read/write files with the same API
BICAPI T 7 1 JViRIE

v Current: Local, HDFS and S3

v Dataset module -5y reva—1)

v Read/write semantic datasets stored in

different locations and formats
BRIFISHT - 74—< Y NDTF— 9 EHBHET—Sty N LTHAIES

v/ Current: Apache Arrow, Apache Parquet and CSV

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Apache Arrow native data frame
Apache ArrowTr—%HB5>—52 L —A
v Query engine module sru—1ovvEsa—)

v Process query against dataset
F—Hty MCHULTHIIU—247

v Current: Not started @ : =%

v Data frame module z—s>5L—rev2—1)

v Provide higher level APl for these modules
CNSDEIA-IVEBSZLAIVDAPI

v Current: Not started @i : =)

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Wrap u
ag&) P

v Apache Arrow 1.0.0 was released!
Apache Arrow 1.0.00) 1) —XREhiz |

v Semantic versioning (zv> s+ von—3Y)

v You will use Apache Arrow implicitly
057 L\D 5(CApache ArrowaE > CENIEZ 33T
v You can't use pyarrow for data

processing yet
pyarron T —ANIB%E T 3 [CIIXTZHERRE

v But | want to use ASAP!
TH, TN

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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Join us!
BLWT&K
v The Apache Arrow project welcomes all!

https://arrow. apache. org/community/

v You can get features what you want

quickly if you join developing them
BRICSNTDIERUVEENRIUBSFICAD L !

v Community in Japanese: Red Data Tools
https://gitter. im/red-data-tools/ja
T = S\

o [

v ClearCode Inc. supports it:
https://wwwmclear-codq.com/ser%jges/gpachg—arrow.html
o ~U UV o~

Apache Arrow 1.0 - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.1
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