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MR D&’ Apache Spark

s Apache Spark (Zaharia et al., 2012, USENIX NSDI "12)[1][2]
e HadoopMEHEF LT HREMGTUIENTE

o MMFEEZELRELI-EESATIY

o T—AMMDILLWANEFTARK

e spark-operatort>KubeflowlZXt L. Kubernetesz & T 1E

ILWNT YR TA—LIZR IS
Spark

=HGraph X FM>L1'b .
[1] Spark: Cluster Computing with Working Sets | 1 Str eam I n 9

USENIX HotCloud '10 - Usenix
https://www.usenix.org/conference/hotcloud-10/spark
-cluster-computing-working-sets

[2] Apache Spark™ - Unified Analytics Engine for Big

Data - https://spark.apache.org/



https://www.usenix.org/conference/hotcloud-10/spark-cluster-computing-working-sets
https://www.usenix.org/conference/hotcloud-10/spark-cluster-computing-working-sets
https://spark.apache.org/
http://progress_bar_id

MEOER: 98A TPz IFRRL— Ceph

m Ceph (Sage A. Weil, 2006, USENIX OSDI '06) [3]

e Linux Foundation 2 @ Ceph Foundation T RedHat %
ZHIDISERICEAENMTOA TS —TY—ZAD 5 E
AITOTHORRL—D

o N AT —AY—/N\—DBTELRADOSEA—REL. &
WRT—ZE)T4%HD

[3] Ceph: a scalable, high-performance distributed file
system, Weil, Sage A. et al. OSDI '06
DOI: 10.5555/1298455.1298485

@ ceph
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MEDER: 2E8A TP IVRRL— Ceph

m Ceph (Sage A. Weil, 2006, USENIX OSDI '06) [4]
e FAI: CERN, Yahoo & TM 10 - 100 PB#R D K#R
T—RDI&HNTEE[4][5]
o EHMRTELEICOVTFHIEESH., RookZEFIALT-
Kubernetes 75 A8 —ETHDARL—U OS5 RAA0) BEIEE
M A EE [6]

Ed

R

[4] Storage for Open Infrastructure. Dan Van Der Ster |
CERN IT Storage Group
https://indico.cern.ch/event/860733/contributions/3
625111 /attachments/1938852/3214034/2019-intro-
ceph.pdf

[5] Yahoo Cloud Object Store - Object Storage at
Exabyte Scale | Yahoo Engineering
https://vahooeng.tumblr.com/post/116391291701/
ahoo-cloud-object-store-object-storage-at

[6] Rook: Open-Source, Cloud-Native Storage for
Kubernetes - https://rook.io/

@ ceph


https://indico.cern.ch/event/860733/contributions/3625111/attachments/1938852/3214034/2019-intro-ceph.pdf
https://indico.cern.ch/event/860733/contributions/3625111/attachments/1938852/3214034/2019-intro-ceph.pdf
https://indico.cern.ch/event/860733/contributions/3625111/attachments/1938852/3214034/2019-intro-ceph.pdf
https://yahooeng.tumblr.com/post/116391291701/yahoo-cloud-object-store-object-storage-at
https://yahooeng.tumblr.com/post/116391291701/yahoo-cloud-object-store-object-storage-at
https://rook.io/
http://progress_bar_id

HEDER: Ceph DAE—Tx(R

m CephldE(C4FEFED A F—T 4 A% 12
o RETJOVIT/NAX (RBD)
e S3 Hi RESTAPI (RADOS Gateway)
e CephFS (POSIX API)
e RADOS RAT47A Tz (librados)
o LA —/IN\—ANYRNDIZL
Block S3E#

librados Device RESTAPI POSIX

54751 l | AP
< ® , I I l RADOS l
Q Cep RBD Gateway
librados CephFS
http://docs.cegh.com{docs/mimic/ar RADOS
chitecture/ Z JTIZ{ERK
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SR LR D B spark-ceph-connector® %

m Ceph®D KIREF—42%Apache Sparkh BN FRT A
ExBBIIZCephZ B NTEFRATESARMN—2OaRD A

spark-ceph-connectorz % &t-E%&L71= [7]

sk @ ceph

L) spark-ceph-connector ‘—[

[71 &% R, B BR: “98A TR ARL— Ceph D=8 ® Spark A+
L—ar 20K E [EHRANIEFS 1710 HPC IS E (HPC171),
Vol. 2019-HPC-171, No. 1, Sep. 2019.
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SRE LR D BHM: spark-ceph-connector

| ;(|~|/—~“):|;1"~7’5lspark— APACHE&
ceph-connector SpQr

m {E3k: Ceph RADOS Gateway +

34T IR~ DL !
m libradosZ EEFIAYTHILETE spark-ceph-
MAD A —/\—~ Y% [a] 5 connector
RADOS Gateway
T ZE % [A] 5
RBD | Gotoway

librados CephFS
Q %
( ) C e p I l RADOS
Object RADOS



http://progress_bar_id

AR CTIR D B 1Y WMEAATEREME D TIEL \FIE

m HER[Dspark-ceph-connector(Zxt 3 B A IAA EEZIAH
D EEERITE DFER[7]
o AIRAAMREIXIRN—RMEREIZEREZFIE
o WEAAIEREL B TIELY (< 1 MiB/s)

125w write Throughput [MiB/s] ® Read Throughput [MiB/s] 1074 1077 |2

100.6
2
an
= 75
5
g 50
%’ 241 24.6
= 25
= o1o=o14Io175 0.29% 0.475] 0.626§ 0.716] 0.78jll 0.820] 0.809] 0.80%
0
1 128 256 512 1024

Object Slze [MIB]
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RECHROBR: ABIROBMN

m EXAAMEENEBH TELREIZ DL T, Ceph-Apache Spark
Y58 DB D7 Hr - 5L

m ARL—UaRT8spark-ceph-connectorDEEZ A A TERED K
EHEDIRE

sk @ ceph

L) spark-ceph-connector ‘—[
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ERFE #@=E

m REFEOHME
1. Ceph®@replication factor&, Committer@ 7L 1) X LD
EHRIZLDWE
2. AkL—2ax4%spark-ceph-connector D RER/ Ny T 7H A
AEH|IZKBHE
3. EFAHAT—EDSpark EDIYTSAXFEDERIZLS
=

sk @ ceph

L) spark-ceph-connector ‘_T
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IREFE: replicationECommitterDEHIZ kB ThE

m CephDL T r—30 0703 —DER
e TJAIF 31
o —BFT—ANER A [0]HE
m FileOutputCommitter ®a3vhAi&
o TIAIMTIIAYRLVv]I - TFILTYXLv2
e 2[EMDrename()Z1[8]1Z3
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I’EFE: CephDreplication factor

m Ceph@DLT)H5r—L3>

o CephhIR—REFBHRADOSTIX. ATz VDL T r—
AVvHhEEIMIZETINS

o — BT —AXDEEMNEZTAAMEEICZE

Original i i
@ ceph (s — (e (e
BERELTY

r—i3y

\\\

428
=

osd #1 osd #2 osd #3 osd #4
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IREFE: FileOutputCommitteraAZIVrR TV

m 3DDIASYRRTYITMETIND
e (1) attemptTask() — write() *Vwk
o (2) commitTask() — rename() *Yvk
e (3) commitJob() - rename() * vk

write()
(1) attemptTask
rename () spark-ceph-
e
connector
(3) commitJob

rename( )

17
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IREFE: FileOutputCommitteraAZIVrR TV

m rename() AYYK
e HDFSTZEDTI7AIL AT L
SITTAIVBEER T HAIT—REEEITOER S IRE

(1) attemptTask

rename ) spark-ceph-
(2) commitTask P P
connector

rename( )

(3) commitJob
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m rename() AYYK
o CephldA TV zH/MEEET /L) XL RADOS HR—X

19

o Ceph MEZEt L. rename &Y . AT HEERDRTE
IGATDEENWIE
o »ZATOHMEARDERNFEAE

@ ceph

parent/

rename

tempdir/ pfa:regl(t/
A lHe-
fl|e X —9&@]
osd #1 osd #2 osd #3 osd #4
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m spark-ceph-connector D NER/ Ny T 7 DY A XYk
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IREFi%: FileOutputCommitter DAS YR %

1l

m 1.Spark Executor — Committer 0 L%
e Spark Executor:

o F—AREITES>TERENIT—RI/ODHHERT
E

Spark ‘
Executor
Aucweﬁ -

Soark @

Internal Buffer

spark-ceph-
connector

lll:’ Committer
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IREF%: FileOutputCommitter DASYE ik

m 2.Committer - ARV D I

H

e Committer:

o ARL—oaARVBRIKLTT 27 ELTESTAANE

Zikia

S5ENS

Internal Buffer

Wpark-ceph-
connector
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IREF%: FileOutputCommitter DASYE ik

m 3.3 > AL—DDNE
o VAN libradoszEFERALTT—ZI/ONDNEEELT
o CephVSRANZAT VI EEZTIAH

Internal Buffer

Committer spark-ceph-
connector

APACHE

Spor %
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=R Fi%: DataFrameZ ALV U754 XD FA

m DataFrameZERLE=U 754 XD F| B
o HMBLHEZTIAHAT—EINUVI)TIARFEERETR
n LUTSAX

e JSONF= ‘ orc
e Apache ORCH=
e Apache Parquetfz = %y Parquet

m Apache ORC, Apache Parquet
o T—HAMBMAMDIIERDII)ITIAXTA—VE
e Apache ORC: "High-Performance Columnar Storage for
Hadoop"
e Apache Parquet: "efficient columnar data representation
available to any project in the Hadoop ecosystem"
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TR RERRE

m Ceph V5 R3%
CPU

*E)
YT —5
AL—2
0S

Linux Kernel

Ceph

BT A%/ —FDIRIE
Intel Xeon CPU E5620 @ 2.40GHz x2
DDR3-1333 ECC 4 GB x6 (24 GB)
10 Gb Ethernet
RevoDrive 3 X2 SSD 240 GB (60GB x4)
Ubuntu 20.04 LTS
Linux 5.4.0-42-generic (x86-64)
ceph v15.2.3 (d289bbd) octopus (stable)
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F iR R—XMREDRITE

m CephlZiZ#T{HE T HRADOS BenchZ{FHL THIE
e RADOS Bench: librados Z##|FAL1=RADOS A7z 7+®D
EZEDI/OgeZAlE
m —4>2i)LRead/WriteD 14 Re%BIE
m Read/Write@#A 72z A4 X%1MiB-1,024MiB [ZZ LS
BT, RERIRIEDCephV T X 2ZHITHEBEL TSR

@ ceph
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KR - RERDFE

m Apache Sparkhvinspark-ceph-connectori& BHH TCephZ5X
RNA T O NeEZTAL EEETAIE
m AT T—2DE
o CephLtlZAITOzHMT—3%%#(H
o FTrvwiatkrexFIFL T, Apache Spark EIZEZAH
T—R%&F vy
o Iyl alit=T—4%spark-ceph-connectorf&H T Ceph
DIARABINEZTIAH
m ERLE=T—2DA TN A4 X
o 1-1,024 MiB

APACHE k-ceph-
SEakS —» | ke | _p @ ceph
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m N—X4EEE
e replication factor: 3
e FileOutputCommitter: 7JL31) X Lv1l

Throughput [MiB/s]
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replicationéCommitterDEHIZ KB WE

m replication factorMEE(ZLHHE
e replication factor: 3—1
e FileOutputCommitter: 7JL3') X L1

10 - 10+
8- 7w 8
~
o
6= = 6-
a—
=
Q
L
4 - O 4+
=
2
i
2= o v
Gl G 6A. G 0y JAE 05 88 5.9 B
e . *_*_—_““
1 2 4 8 16 32 64 128 256 5121024
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Object Size [MiB]

gl o-L-e 2"‘*‘*#-‘“

|

1 2 4 8 16 32 64 128 256 5121024
Object Size [MiB]
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replication&CommitterEH = LDHHE

Throughput [MiB/s]

m replicationE7Z LTV X LD EH(ZKDHHNE
e replicationfactor:3— 1
e FileOutputCommitter: 7J)L3') X Livl — v2
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m ANL—2aRI2AE NV T 7 DHLR
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m DataFrame®DI Y754 X
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e I AKT#HI51MiB/s

60 - 60 -
51.6
90 90
a a
g 40+ g 40+
5 5
30+ 30+
= 25.4 =
=4 =4
o 20 - o 20 -
L L
= [
104 : 104
0 0
1 2 4 8 16 32 64 128 256 5121024 1 2 4 8 16 32 64 128 256 5121024
Object Size [MiB] Object Size [MiB]

K EHI


http://progress_bar_id

40

DataFrameZz# AL PS5 Xk DHE

m DataFrame®DI Y754 X
e Apache Parquetfiz =
o N—XXMEEM$I 110 =D 66.1 MiB/s
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m ARL— a4 spark-ceph-connector &+ 4
HREMNFRIETETTLVEM T
m AWETIX

ESAH

Rz AT

e spark-ceph-connectorMEZFAATEEEHAVEL VI
e spark-ceph-connector|Zxi9 SR Z&EFH
o EZIAABDBEYNLGEU)TTARAEERET
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m 1,024MiBOAT OO A XK T HESAHTERE
e #90.6MiB/s —» Fx KT#J 66.1 MiB/s

o #Ix110 M KIBFH=E

o

n ERANGESTAHEREET

24275 EABEL AT

43


http://progress_bar_id

BEIR

e
THDB =

BELHRO
REF %

F HEB
KRR

FEH
BER R
X LEL:

©NOo AW

44


http://progress_bar_id

BE & Z2: CephFS-Hadoop 754 1Y

m CephFS-Hadoop 7549 14>

o POSIX#EH#L CephFS /28— T 1A A% F|FB
e Hadoop /N\—2 3 1.1R5HANHE

o CephFS DA —/\—A~AYKEHZ

Ceph : ceph/cephfs-hadoop: cephfs-hadoop
https://github.com/ceph/cephfs-hadoop

Using Hadoop with CephFS — Ceph Documentation
(https://docs.ceph.com/docs/master/cephfs/hadoop/)

LY

45

CephFS-
Hadoop

@ ceph

POSIX
API
RADOS
RBD Gateway
librados CephFS
RADOS



https://github.com/ceph/cephfs-hadoop%E2%9F%A9
https://docs.ceph.com/docs/master/cephfs/hadoop/
http://progress_bar_id
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BS:ERFZE: zero-rename committer

m AWSS3A T OTHRAML—UMITODSIARRL—aRTRD
= IZRAFE N =Committer

m BHIDEY. renameiZEZ2THhHEWVWESICHESIN=A TP
HRARL—MIF O Committer

Steve Loughran: A Zero-Rename Committer: Object-storage as a destination for
Apache Hadoop and Spark, (online), available from

(https://github.com/steveloughran/zero-rename-committer (2020-08-20) )
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BEME: AL—UaRY4Stocator

m zero-rename committerERIHRDREFHB D7 IO—F T
FELE-AN—DaRI4

m Amazon S3PSwift COFRIFEE SN TS D, CephllT
IZIXFFEESNTEST . Stocator AN AML—U TS5 (2 %1B
INTHETIVLENHD

Vernik, G., Factor, M., Kolodner, E. K., Michiardi, P, Ofer, E. and Pace, F.: Stocator:
Providing High Performance and Fault Tolerance for Apache Spark Over Object
Storage, 2018 18th IEEE / ACM International Symposium on Cluster, Cloud and
Grid Computing (CCGRID ), IEEE, (online), DOI: 0.1109/ccgrid.2018.00073 (2018).
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SERORE

B  NET:HMAAAEETIAHDERMGEEEZFHET 57=5
DIAVBARFI—IDH
o SKYERMLGTIT)r—iavIEWNWT—yO—FZRAL
RO FIT—0ZFERmL . ANL—2aAR 03D ERAEZETE
I A2ENDHD
m Committer DEKE
e rename LEB([ZHEDRMMNHS
e S3ARRL—IaARYZ—Mzero rename committer&[a]
FOHEETEE
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Appendix

m AL—2ax941%., GitHub E TApacheS A/ A TR
m shuuji3/spark-ceph-connector: 5 zSpark Ceph Connector:
Implementation of Hadoop Filesystem API for Ceph
https://github.com/shuuji3/spark-ceph-connector
O
AARD—H . R KRFFAERFHAR L 2—DFR LR F
70495, (Cygnus), B AR EAFTIRILF—EER
TSR REMEE (NEDO) BLUVELEMEARED LR AT DEN
BEZIT1=tDTY,

=


https://github.com/shuuji3/spark-ceph-connector
http://progress_bar_id
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m X TIX SAZFIAH (B)
o S3AIXAWS DT=HIZEAF
e RADOS Gateway &M 2FE
DT—RFEHIZKDA—/N
Ny
m RKHREMNIEZET S Ceph
AR5 ()
e librados Z#IF
e Ceph RATATDATxY
cfADTI2RELTD

Hadoop FileSystem API

Ceph
Adapter

S3A
Adapter

A

RADOS Gateway
(S8 Interface)

librados

@ ceph <—

52
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BEERE - ORI SREITR

hadoop.fs.FileSystem Z##
7 L7= CephFileSystem

Read:

e CephInputStream

e CephReadChannel
Write:

e CephOutputDataStream
e CephWriteChannel

FRERNELTIL Java @D New
10 SA4T35) & EFE

spark-ceph-connector )

53

CephFileSystem

+ open(): CephFSinputStream
+ create(): CephFSOutputStream
+ listStatus(): Array[FileStatus]

'

,

CephFSInputStream CephFSDataOutputStream
- channel: - channel:
CephReadChannel CephWriteChannel
+ read(buf) + write(buf)
CephReadChannel CephWriteChannel
+ read(buf) + write(buf)

T_l

r]

librados
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KERETFIE - ERESEDREA (1)

m J/R[E1: Apache Spark IZ&5T—2REFFDEZTIAA T E
& Ceph @ CRUSH ZJILdYXLDHEHEDES
m Spark DT—AEZFAATOER
o (1) BDEXNARIM attempt ELNSTFAILEEZAD
o (2)T—ADEZTAHDHINER. BABRIRIZEIZT74
IWORTLED—BI7AILIZ rename 95
o () ITRTDARIMNHILIz6., —FI771IL =ik
BEZIAHAIGTIZHEEIT 5161 rename Z3E1T
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