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Why do | talk at SciPy?
FHESciPyTEEL TLWB DM ?

To introduce
Apache Arrow

Apache ArrowZz#BN 9 BTz
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Apache Arrow

A cross-1language development

platform for in-memory data
AKX —F—F@RIIEZEEEBANDERE TS Y NI+ —A
[cited from "https://arrow. apache. org/"']

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



Cross-language

B

v C, C++, C#, Go, Java,
v JavaScript, MATLAB, Python,
v R, Ruby and Rust

CClearCode
/

Powered by Rabbit 3.0.0
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Development platform !
BRTISY NI +—A

Apache Arrow ..

4 g%§C|f|es standards and

v provides implementations
it

to advance cooperation by many people
ZLDADBITEDLDSIC
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Apache Arr
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For in-memory data
AIAEY—F—4

Apache Arrow focuses on | for now

Apache Arrow(3EDE CBIE | [TiEN

v sharing columnar/tensor data
WS LF—F—5 - T OVITF—HDHEF

v analyzing columnar data
NS LF—FT—I DD

v/ RPC for columnar data

NS LF—F—5 DRPC
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Apache Arrow and Python

Apache Arrow&Python

v As pickle replacement
pickleDXE

v PySpark does
PySpark(Z9 TICt>TL\D

v As dataframe library
F—=HIV—ALSATS)—

v pandas and Vaes use Apache Arrow a bit
pandas & Vaes|dApache ArrowZzE U{E> TL\D

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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Apache Arrow and me
Apache Arrow& %k

v A release manager (Ju—zvz—vv—)
v 0.11.0 and 0. 13. 0 (the Iatest release/85)1)—2)

v An active developer s mpsz
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Feature (1)
WEE (1)

Effective
serialization

HENZEIFPSAX
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th effective?
RERREZEDH

v Don't parse data

TF=HEN—RLFELHS

v Use data directly
F=REZTDEIFFESHS
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Data format: Number
F—HI7F—v b . BiE

Contiguous data (Same as C array)
BT —5 ((OEFERLD)

32bit integer: [1, 2, 3]
0x01 0x00 0x00 0x00 0x02 0x00 0x00 0x00 0x03 ...

e Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



Compare to JSON
JSON & H#:

"[1, 2, 3]"
\2
"1" > 1 (String - Number)
"2" > 2 (String - Number)
"3" > 3 (String - Number)
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Merit of direct data use
F—F% iﬁﬁi CEDAYy M

v Zero copy cost
JQE—JIRMZGELED

v Copy is costly for large data
KRERF—HTEIE—FIR RABL
v (Nearly) zero parse cost
(FF) N—ROIZAMEHLES

v Only need to parse metadata
AHF—HEN—RTBEFTEN
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Performance
REBE

List of large numpy arrays

0.4 W Pickle
— o Ray
B
2 0.3 4
o
o
Q
£ 0.2
[

E
0.1
0.0 -
serialization deserialization

Fast Python Serialization with Ray and Apache Arrow
Apache License 2.0: (c) 2016-2019 The Apache Software Foundation
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https://arrow.apache.org/blog/2017/10/15/fast-python-serialization-with-ray-and-arrow/
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Zero copy and large data
Ho0ob—rkEnr—4

v pandas can't process large data
pandas(ERKEEFET—HFZE/MAFL

v Because it needs to allocate memory
AE—ERETILENHZNG
v Apache Arrow supports memory mapping
Apache ArrowlE AT —< v EV XL

v Can use data in file directly without copy
I A IVADT—5EIE—HTICHZ S

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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Effective string representation
MR L5 RE

v pandas: Array of strings
pandas : 3XF5|DHEF

v Use discontiguous memory
EEEGE AT —EED
v Apache Arrow: Data and array of lengths
Apache Arrow : F—~ X E=DHECLS

v Use contiguous memory: Fast
BELIZ AT —%ES =L

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



Data format: String e
T—5T73—%v b XF5

Data bytes + length array

UTT-8 string: ["Hello", "", "!"]

Data bytes: "Hello!"

Length array: [0, 5, 5, 6]

i-th length: lengths[i+1] - lengths[i]
i-th data: data[lengths[i]:lengths[i+1]]

guage development platformfor in-memory data Powered by Rabbit 3.0.0



Feature(?) (2)
BEE (7) 2

Specify data format

T—HT#— v bEERE




Why do Arrow specify?
TtfArrowld iR T D DH

Effective
data exchange

MENIET —HTHRDTZ
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Effective data exchange
MRYZT— 535

v Use common format widely
HAIEHELC 7+ — Y hNEFES X

v No format conversion reduces resource usage
Ta—<v hNEBRUG TEWVES ) Y —ERBERS T3
v Use low {,de}serialize cost format
JYPSAZIARMMENT #—F v NEBS
v Fast

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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Who uses Arrow format?
Arrow?D #—<3 v NETZENDE> TL\BH

v RAPIDS: For NVIDIA GPU
v Fletcher, InAccel: For FPGA
v SSppar'f:rk: For interprocess data exchange

OtERBEDTF—FIZHRDTZHIC

e Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://rapids.ai/
https://docs.inaccel.com/latest/manager/examples/#logistic-regression-with-apache-arrow
https://github.com/johanpel/fletcher
https://spark.apache.org/
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CPU and GPU

v Can't share data on memory
AE)—LDF—HEHFTEFL

v Need to copy between CPU and GPU
CPUXGPUBI TOE—T 3WENHD

v Effective data exchange improves performance
F—HRMENRILT B TaRlL
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CPU and FPGA

v Can't share data on memory
AE)—LDF—HEHFTEFL

v Need to copy between CPU and FPGA
CPUEFPGABEI TOE—T 3WENH D

v Effective data exchange improves performance
F—HRMENRILT B TaRlL
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Spark

v Process large data
REGFT—HENIE

v Need to pass data to worker processes
D—H—T0CRICTF—IYZEITULENGD

v Effective data exchange improves performance
F—HRMENRILT B TaRlL

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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PySpark

v Worker by Python

2 —71—I(3Python

V’Use plkcle to exchange data
ZHRICpickleZx{EA

v/ Spark supports Arrow for data exchange
ArrowzEfE> T T — iR E S R—

v Disabled by default
7 4 )U N TIER

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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PySpark with Arrow

In [2]: %time pdf = df.toPandas()
CPU times: user 17.4 s, sys: 792 ms, total: 18.1 s
Wall time: 20.7 s

In [3]: spark.conf.set("spark.sql.execution.arrow.enabled", "true")
In [4]: %time pdf = df.toPandas()

CPU times: user 40 ms, sys: 32 ms, total: 72 ms
Wall time: 737 ms

Speeding up PySpark with Apache Arrow

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://arrow.apache.org/blog/2017/07/26/spark-arrow/

Feature (3)
WEE (3)

Optimized
data processing
modules

Bt NZT —HWEEI 2 -
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Optimized data processing
BBLSNT—9NBEI 21—

v Apache Arrow targets large data
Apache Arrow(lEKEGFET—HZEXIRICLTLD

v Performance is important
MaEdES

v How to get high performance...?
EOTNIERSTED0 0 0 7

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



High pe%[é%rra?nce (1)

Data locality

F—Y =Rt
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Data locality
F—5ERAIL

v Minimize cache misses
FryvIaIREFST

v Storage is very slow
AN —=YIETT<EL

v Memory is slow
AT —(2EL

v CPU cache is fast

CPUF+ v 2 aFE W

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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High performance (2)
BEt )

SIMD

Single Instruction Multi Data

—RICEHDT—HENIET DHE

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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SIMD

v Data must be contiguous and aligned
F—=H3EHELUTVWTPSA N TULELE LMIMFFRL

v Arrow format is SIMD ready
Arrow 7 #—< v NISIMDZEEZ D

v/ No condition branch
ZHEHBENTFWNC

v Use bitmap instead of "missing” for null
nul | ZRITITB7EHIC [RIEE] TRESBEREY MYy TZED
Is it time to stop using sentinel values for null / NA values?

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


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

No condition branch
E RN

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

nultl | 10 1 011
data [ 1 X 3-f-f-r=f-X 25
bitwise & g + by SIMD
t including null
nutl] @0 14 : elements
data | X X 8 |~

[null, null, 8]

Powered by Rabbit 3.0.0
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FYl: null
SEER  null

v All data types support null in Arrow

Arrow(F TN TODE Tnul | ZHR—

v Some types only support null in NumPy
NumPy (E—EFDEI Tnul | ZHR— bk
RIBIEDHIF - PythonZ Apache Arrow

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://speakerdeck.com/sinhrks/pythontoapache-arrow-eaf72479-ce30-4161-8c73-15b555cc56c7?slide=11

High performance (3)
=5 E)

Thread
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Thread

v Use multi-cores in single process
VI TORRATEHI7ZEFES

v Minimize resource conflict
DY —2DBEEEHLT L
v Locking to avoid conflict reduces performance
BAERTZEHICOYIT R MRESL
v Approaches »-o-=)

v Read only or copy (shared nothlng)
J—RAV)—CTBZHIE— (FICHEBLELY)

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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Apache Arrow and thread
Apache ArronE AL v K

v Data is read only
F—=HF)—RKF1)—

v Share data in threads without lock overhead
Ov2DA—N—Av KELTALY RETF—4&HE
v Avoid both locking and copying
Ov26HIE—HBF3

v They reduce performance
CESEHMRERILTIN5

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



High performance (4)
Bl (@)

Compute kernels

HEH—XRIV
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Compute kernels
HEH—XI

v SIMD ready primitive operations
SIDZEESTZT) 57 4 JIxid&E

v Projection, Filter, Aggregation,
e T 4 Iy —EhESFEHED

v compare, take, mean,
g e DMTRIRE D FG E H

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



High performance (5)
Bt 6

Subgraph compi ler

BIIST7INA5—
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Subgraph compiler: Gandiva
IS5 )\A4>5—: 6Gandiva

v Compile operator graphs at run-time
ETRBICEEIST7EINAI

v Operator graph: combined multiple operations
BEIST BBOErFY

v table.a + table.b < table.c && ...

v Usable for query engine backend
DIN—IVIVDNYIIVRELTEZRD

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



High performance (6)
Bt 6

Query engine

OIV)—TITI
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Query engine
HIVU—TI VY

v For single node
0./ —KE@ls

v Dataflow-style operator execution
F=IADNHEND LD ICBEEEET

v scan — project = filter — aggregate — ...
F— IG5 ST 4 VY — s>

Apache Arrow Query Engine for C++

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://docs.google.com/document/d/10RoUZmiMQRi_J1FcPeVAUAMJ6d_ZuiEbaM2Y33sNPu4/edit#
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Query engine from Python
Python\S 2T - I % ES

v With pandas @andasz#5)

v Large data — execute — to_pandas()
KEGFT—H—>EFT—to_pandas()

v With Dask @askri3)

v Dask will be able to use this as backend
DaskDN\NY O LY RTEZABINE ?

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



High performance (7)
Bl (7)

Datasets

F—Ftvh
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Datasets
F=5tvyh

v Scan data from storage/database
ANV—=Y « F=HN—-ADBTF—HHE

v File systems: local, HDFS, ...
v Formats: CSV, Parquet, ...
v Databases: MySQL, PostgreSQL, ...

Apache Arrow Ct+t+ Datasets

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://docs.google.com/document/d/1bVhzifD38qDypnSjtf8exvpP3sSB5x_Kw9m-n66FB2c/edit#heading=h.22aikbvt54fv
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Fast datasets
BRET—FEy b

v Predicate pushdown
ZEDTv 15D
v/ Scan only needed data
WEFT—5 DHEE

v Parallel scan
W5 ERE

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0



Feature (4)
WEE (4)
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RPC: Arrow Flight

v Fast RPC framework for Arrow

ArrowF D S&R7FRPC

v Based on gRPC with low-level extensions
gRPCAN—R TV DIME LNV DHERZE L TLN\D

Apache 0. 11.0 Release

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://arrow.apache.org/blog/2018/10/09/0.11.0-release/
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Wrap u
205P

v Arrow is useful for SciPy community

SciPydXaZ5 4 —I(CArrowldERA

v in not only Python but also other languages
Python/2 3 T < DS THER

v Join Apache Arrow development!
Apache ArrowDBEEICSHNLELS !

v Ask me how to start
IRICHBIBSHNIE K VHERLICEZ L TR

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0
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Next step
RD—3

v Mailing list: dev@arrow. apache. org

v Chat in Japanese:
v https://gitter. im/apache-arrow-ja/community

v Apache Arrow Tokyo Meetup 2019 :his sumer?
v See also: Apache Arrow Tokyo Meetup 2018

Apache Arrow - A cross-language development platformfor in-memory data Powered by Rabbit 3.0.0


https://lists.apache.org/list.html?dev@arrow.apache.org
https://gitter.im/apache-arrow-ja/community
https://speee.connpass.com/event/103514

