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Abstract - Apache Spark is one of the high performance in-memory computing frameworks for big-data processing.
Recently, to improve the performance, general-purpose computing on graphics processing unit(GPGPU) is adapted to
Apache Spark framework. Previous Spark-GPGPU frameworks focus on overcoming the difficulty of an implementation
resulting from the difference between the computation environment of GPGPU and Spark framework. In this paper, we
propose a Spark framework based on a heterogenous pipeline computing with OpenCL to further improve the performance.
The proposed framework overlaps the Java-to-Native memory copies of CPU with CPU-GPU communications(DMA) and GPU
kernel computations to hide the CPU idle time. Also, CPU-GPU communication buffers are implemented with switching dual
buffers, which reduce the mapped memory region resulting in decreasing memory mapping overhead. Experimental results
showed that the proposed Spark framework based on a heterogenous pipeline computing with OpenCL had up to 2.13 times

faster than the previous Spark framework using OpenCL.

Key Words :

1, A

it

F HAEEY AFEQIEYl & Industry 4.0 7|8t 71s9] &
AtoZ Hl-HoHE Ak 79 +Q9 o] SHE
AT} 2y ohE(Hadoop)t 22 B4AAE] Ze|g9d= -2l
FA&Map-reduce) Q4IOZ H-HOJHE Algd &= JAT U
A3 YPEHW/0) LHBIER Qe s SHAE Hola ATHII.
OlHst shgo e Hetell o1 1Ee= Aok flsf
-HEE 7EoZ A2lshe Spark ZEIYYTTE SHESIICHZ,
3]. SFAITt Spark ZPUYIH WORE s0jLt= HOHE 1158
E Aol 88l H w2 Aol 458 ¥V flel SparkINI
(4], SparkCL[5], IBMSparkGPU 3} Z0] Spark Z#¥F0]
GPGPU (General Purpose computing on Graphics Processing
Uni)E et A7 gdts] D&lwyl Ak Spark ZE|Y¢
dojA GPGPUE E8st= A2 e ofgy ERE 1go)7]
mRo] thEES 937} GPGPUE €A E&st= Zlo) £¥g
Fal ATE WebAl Spark ZE|Y9IolM GPGPUE HOH &
FoZ &8sl Hdsg FAE & U =YY Vs ¥
Tt =HQsh AFolth 2 =E2 OpenCL(Open Computing
Language)E &oll GPGPUE &€&0dl= Spark ZHYAYJIAE £4

t  Corresponding Author : Dept. of Computer Science and
Engineering, Konkuk University, Korea.
E-mail: neungsoo@konkuk.ac.kr
* Dept. of Computer Science and Engineering, Konkuk
University, Korea.
Received : January 4, 2018; Accepted : January 10, 2018

HPC, GPGPU, OpenCL, Apache spark, Parallel computing

Stal ol 7o g AA| §sg /NAstarAt sith

OpenCL 718t Spark Z#HY=0] WE 4tbHol= Java
mEe] H9ik Native M2l Y 1] FAE(CPU A2D), SAE
9} GPU Alol9] HOIE ALS(DMA Az, GPU AE ¢4t 50
zgto] Hrie]. It oz HojEel 717t AZSE Java W
e Y1t Native Mg &Y 19| AEY SAE-THIOIA
S5 QHEIE T8t AXA =t} ol WAs] Qe SAE-T
HIO|A BAIE GPU Ad Adht EFAIA 2YAIZI= miol=gt
0l 7IHE A& sit}7, 8]. GPGPU mHo]ZglQl 7[He & &6}V
fleide SAEQ}F TIHIOIATY] 41 HIHE mapped-memory
= TGOkt mapped-memorye= HEZ] miditde Sl
dAE=H GPU &2 Mo GPU A4F F£H] IPHoA] =T
QEPEQl GPGPU 914F2 GPU QA #H| IEe AR & GPU
¢Ato] O]F0IA]7] whEo] Ol AQletal &= GPU AAAIZHEE
OF &g FUISH9]. oFAITr OpenCL 719t Spark |1
3% Transformation % Action ¢4H} ZE Spark A4S
GPUOl gdstal A2lelr]l ?1si GPUE ZZEok=tl oluf GPU
At FH) g dolA Eh wWeEtAl OpenCL 718 Spark
ZH A9 [ dsg Brlel] flaiAl= GPU ¢4t &EH) it
qg ds 580 xgafor St} 71E9] OpenCL 7|Et Spark
THAY|IE GPU ¢4t v wHgol the WY ggtte 2ol
11 GPGPU mlo|Zglol 7IHE A &3PH mapped-memory 1A
7HA xSty 53] Hiie] mEEde te HE gzt
HI50] mie 3t metk dolE Z71WE HEDE mastod
Aelstz] mizol Azg HolEZt AZ+E GPGPU To]=eol
7S &&% OpenCL 7]8}t Spark ZHH|YYIQ] GPU YA &

270 Copyright © The Korean Institute of Electrical Engineers
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non—-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Hl Aol o A &7I6to] 71E0] Hisl @618 ds0] T4
4= QUCh

OpenCL 7|8t Spark ZHYYFol= Java HEHEZ] Fi}
Native HEZ] ¥A710] &S SAE(CPUZF AESiT). SAE
~THiolA 7R S4lat GPU A &2 Holle CPUZF SEAM
OF YHI7} Eri10]. wEtA] 2 =RojAls= GPGPU Tho]=g}
Ql 71O SAE-TIHIO|A 7] S411F GPU AHYO] SA| 4t
Y= Z7] CPUZE THe SAE-THIOIA 7F EAIE I8 Ho]
EIE ALsH] Q3 Java-to-Native 70 AES SHA=
715 ao|=elQl AHAFE JIHEe AQHSITE 53] Native@ ool
AE-THIO|A 7] AES HEHE o] HEZE 748" A9F
d HE 7HOZ FHst] HHE MARESIHEA] M g
e T4AIA OpenCLZ18E Spark ZE|A=9 DA Hs€
HAIZ| DA} BIT

Aorst ol71F mpoj=eiel Z|Eh Spark ZHIYYAY Hs
grisly] 915to] Spark WX ZEIHE olEsio] A
SE5Ict. ohet 9719 Hole ME=Z Afst 41 OpenCL
714t Spark Z#|QYFol GPGPU TolZeel 7|Huts & &3
ZH A= GPU AAIRIE TSI OL GPU ¢4t FHI A
Zt W9 mapped-memory AlZO] B75H0] & QIAF AJZtO] 7]
Eol Hlsl Fo 34% E7Ftrt. 2 Aol Fetet=s o7&
mo]ZelQl 7|He FEEHH Java WED] E91} Native WED)
Ao 71o] M&ES TIE DMA SA13 GPU AE b SEAIA
Asg SAZ ¢ rh Fo AEY Tt SojdsE A9
A olzHEe AV|E ZHo|lEE mED mj® gojo] Z4st
metkl 327 AEES ol&F 49 GPU ¢ih FH] AR )
58% #A5tal 71E OpenCL 71¥t Spark ZHYLIF 0| H| w5
of AA =Xz Hsol ol 21341 181 T ulo]=Zeel 7|
S HESIYUE o Hrl 284 Hl s SHEASS SOISHACH

H =Ho| e 980jAl GPGPUE &%t Spark Z| Q<
JE BA5HL, 38oAe B4 Z2iE EUZE A9F 7Y HT
7oz Feist o7|E mtol=eil HFE Z|Ho| thel Awst
Ch 4ZolKE A9 Z21E &d HhE =3 E BA51
50 EEoZ npRg] sl

i)

0% o2 9 fok S

[0 mjo

N

2. GPGPUE 2% Spark ZHYLa B4
2.1 OpenCL 718t Spark ZHYY3

Ql-mEe 7uto®E B4t Aelshs Spark Ze|¥E= tlAa
3 7bt W-giRAas Mitehs shed tHEe Helsto] oAl &
o] €851l Atk sk Melg vlole 2717 JF A”ol o
2t O =2 Az 452 Q751 o] ol 956 GPGPUE
Sparkoll HEAIZI Chrst A7 Ddw]al QI It Spark
£ JVM(Java Virtual Machine)oA S5t w20l GPUE &
3171 QdlE EFEA] INI(Java Native Interface)E =3
Native ANE Alsor Sh[11]. INIE O]8st0] GPU ZE11
g o= A2 M< ofygil SEct HEoIEE thREY o3
7} GPGPUE R gA €8dt= Zol =8& Fil Atk 55

OpenCLES &&¢t 0|7|F mo|Zalel AFEY 7|8 Spark Zai|el3

Trans. KIEE. Vol. 67, No. 2, FEB, 2018

OpenCL 7|t} Spark ZT#YYFE Spark AFEAZF GPU T2
g e Qe F7HEQl - glo] 7St st SE610 AL
g 4 E= xYekal Ak 18 12 OpenCL 7| Spark I
HYYIo Ad mElS FAISH Zo|t) Java-to-OpenCL =
A= Javadlkl INIE O|E5t0] Native OIE Aofotal
OpenCL #tolHHE] Hdg F&Sl6t0] Spark ZHAAA o]
A GPU AMEE 7IHSHA Kgols 9ghe Sith. RDDs(Resilient
Distributed Datasets)& AdASh= Transformationd} Action ¢
At GPUE Y Aoz dsg SAIZIH MapCL,
MapCLPartition, ReduceCL & GPUE Al2dl= RDDs ¢4Ats
A Estth

Create RDDs

1

Java to OpenCL

HID Transfer

Transformation " .
Kernel Execution

Operation
on GPU

(ex. map, filter, join, etc.) D2H Transfer

Action H2D Transfer
Kernel Execution

Operation
on GPU

(ex. reduce, count, etc.)

D2H Transfer

9 1 OpenCL 718t Spark ZE|Y=
Fig. 1 Spark framework based on OpenCL

2.2 OpenCL 7|4t Spark Z|YYA B4

SAl OpenCL 71¥t Spark ZHYYFO U Arhde 4
HEH SAEQ GPU Ato]9] U9] oy As 9 A 3
o AHEC}, Sparkold] GPUE &3] Qleide 71ERo7
g 29] Qe Zol & THAS o] QST GPU At &
H 18g niEl & Spark EIOJEHE GPUZE ARRE = s
Java @ MEe] GAojA Native HOF HOHE EAlsHL,
GPU 94t At SparkZt 88 = UES Java § HED ¥
oz HolHE EBABITE GPGPU (AN GPU ¢4t ZFH] 1A
€ AZ & GPU ¢4l o|FOIFLE GPU 4t FH| 182 T
HiolA miReglo] Wy 483 22 AR Aol ZgHErh o
SAE CPUSL TIHIOIA GPUZE €A Fog &+ A== ofs
mapped-memoryE & AL SAESF TJHIO|A HEZE md
(Mapping)sH= IFE0] F7FEOR ghdsit}. 81l GPUE Hlo]
HE BT AE 2e = GPU Q4 HUlg &t 1 23 g
AR dig oF & 0Rg BlAT0 Akt £EE ¢ Q) guby
OF GPU ¢4t H5E E7Ig of GPU Q4 FH] mhbge it
Mol o]RojXIEZ ol A5t & Aoz g8
grrstth, 8Lk Spark ZHIYYANA GPUE EE3E A2
9] I8 10]A] HQE=0] Transformation &L Action HAS
GPUZ Azlgith= oJnjolt}. &, OpenCL 7|¥t Spark Z#| <
& Spark EjAd HRIZ AR GAES GPUR XE|sHe 21017

271



™M7|etel=2X| 677 25 20184 2&

Computing flow non-mapped memory

GPU Prepare
Create native Allocatedevice Java to native H2D Kemel D2H Native to java
buiffer T memory region send buffer copy transfar = execution transfer recv. buffer copy
Create native Allocate device Mapping host-dev Java to native HID Kemel D2H Nativeto java i
et . - _ _ — 3 - = _ — .
buffer memery region memory region send buffer copy transfer execution transfer recv. buffer copy |
GPU Prepare
[ _____ "] s Host : : Device
Computing flow mapped memory
% 2 OpenCL 718} Spark ZUYA A4t 55
Fig. 2 Computing flow in Spark+OpenCL framework
Overlapped Computing
L e e L - R TR T T L
| Createnative | Allocate device Mapping host- | Java to native | HID Kemel D2ZH
i
. buffer ! MEmary region dev memary | send buf. copy | trans. B exe. | 7] trans.
| P SRS S S e e e
GPU Prepare H2D Kemel D2H
trans. [ 7] exe. = trans.
H2D Kemel D2H ' Native to java i
trans. | 7] exe. = trans. ) rem buf. copy |
i
Time

I3 3 HEE mEs o] OpenCL 7]¥E Spark Z#|¢

SERSE=IE

Fig. 3 Pipelining Spark+OpenCL framework using a mapped memory

E 1 GPU ¢4 FH] AR HIIL
Table 1 The comparison of GPU prepare time

Size (million) 1 5 10 20 40
Non-mapped (ms) 1.6 3.6 6.6 13.8 25.3
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