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Design and Implementation of the Sort Vectorizing based on OpenCL

for Heterogeneous Environment

Yoon-Cheol Hwang*

ABSTRACT

Over the past few years, the industry has come out a CPU with multiple cores, and innovative happens, resulting in the
production of electronic equipment performance more than we thought was high performance. and, Recently -electronic
devices capable of operation are mostly in a heterogeneous environment that consists of control processes and multiple
processors for the operation. In order to use more efficiently a heterogeneous environment and to improve the processing
capability, Program is needed to meet thereto parallel processing. Thus, in this paper, defined and implemented parallel
processing prototype which is improved processing efficiency by converting existing sequential sorting program into parallel
processing program. The OpenCL framework, industry standard of parallel processing program, was used for implementation.
Moreover, a result of comparing the sequential method and proposed method proved that processing efficiency was improved
30% to 50%.

Key Words : Heterogeneous, OpenCL, Vectorizing, Sort, Parallel Processing

sl A gt FAZ S A FASHE (< dolpin98@nate.com)
- AKX RHFirst Author) : 8% - WAIXXKCorrespondent Author) : &%
- F#L(2013d 108 28Y), FHU(14H: 2013 118 299), ZMEFL(2013H 12¢ 129)



WA Sk A 8 A A 6 3 2034 129

.M 2 o Al Ego] S AFAT o] TEEHYS

OpenCL Z#¢J9129) 7|2 AEVESS o] &5}

Ak 23z Aol = oy 2o E 7k CPUTt o]F ZHZEXNE BF 54F £ =2 1H}
UeE A4 Yol B, o] 2 sl BitE = 1 7129 A4 AerIHEn A 4ol dut
2% 3 ks

171719 A%S $e7 AZ9d AR 6 1 U A=A E A AR S48k 9
G =

= A B =5 i 2o FAET 2394 = B =
omm a2gn BE2AQ AFH TALLE CPUg &% HE e OpenClel tiste] ARsta, 344
GPUE 23 o|Z ZYZolgly HosA FIYH = OpenCL SR EFS AHEst] 78T A 2H 9 F8
T CPUE 20044 o] & 52 3k Aol ofyz} r2EEYS Boota, 7ERA A A 2"l A A
Aaze} Z7lg= Pz Askgch 1A A2 2 A AL AT 4gg e TEH A2 B
o] CPUAA HE 7|29 dfZeAolde Fez0o] & FUFetL, vpA Y 5Bl M= 383} 489 d3E
CPUS A S22 71tk 1 A 8] & 57} WA 2] ekgte), EfR o] =2 AES AT
aA BE R0l ZEA A 5 FE] A
AZESo]9 Afdo] HAsHA "4510} ] A, o

2 Qlste] WE AZES o7} Al g FEIA HSY II. OpenCL
2]

W d 755 (parallel computing) =& ¥ g A4k OpenCL & 20084 Khronos 15 ko4 A48 4+
FA O B ALE s A4 ot 23 & AA FZo T ATEY 0] A 2AL, AFEH A28 A
R I E P SEEEL PR ENELR-EE RS
Ho F2 A8EH, WE Afdde HE 7% 3% E% 2799 22H[5] OpenCLOpen Computing
of &, tlolE, 249 BE A ¥4 T3 2o] o Laguage) & ATha 7487 BHatd o713 W
W3 SR7F 2A8903]. 218y 712 ¥E & Ax7] BAL o8 WA Zaagn Zg o9
ZEHOIE AMAEE SAASR AT AL o)) 2, OpencL B4 w23 442 ZrE
oAelg SREEH SAAGN AR T2 AU 2 py GpU, Cell/BE, DSP 5 a7 $79) =2 A4
AEE Abolo] T84 0] glo] WEA A= & a3} o 98 TAE WH A4y AAGH TEHOE o
£ 5 QT i o] F EYFoly Y Wy 9 & 7153 A% 8742 T235E Zolth OpenCL
MEZHE AN ZREFSNAE AT F 90e 4 o AY = _1-/\33]. 1 93+ €99 7]uke] ¢lojol
ZEJ O Mto] AA3F SFHAU o]H 8FE F OpenCL C8} ZHEL Ao a Aojst7] )3 API
EANA F71 A3l e Aol OpenCL ZH )¢ F0] 2 z3siq 9}13‘31 249} 7] 9k task-based) 2 ©l 0] €]
4],

71%H(data-based) 9] ¥ & HAFH S Al 3t}
metd & EwAAE o A2AA ] A TEAN BE damolE g

ok

[¢}
Ab-g-0] 7Hg 3 OpenCL SR F

A

o r.?L
o
of\
i3
>,
i
[rt
=2
>

PEAATIEAA qya Qe Nadel d2AEE SEY o8
2 A AYHE 2B 22AFL A2 AN ag g guade ddddp, g
817) 93 T2 EEY S Aojsty TE 3] W§H AT

OpenCLe Z2A MU 0S, lxg] 743 34

- 50 -



°]7]1% 372 9% OpenCL 7]¥te] AE HEjgto]d 4A 2 7&

o] BE W AFE A28 AQBThs Ho| A
0.2 #4431, T OpenCL CHol o B0l 4 32
s AAY Coolo] BT A A Tek
AEE 5ol BA onz 47 We 4 gon,

OpenCL Al SR Fo|Hd APIE
T W e HES &2 writ 48 APIE W)

02 A4T

< Z 27} 9ithe 219 OpenCLY 714 & oh2 A4
ojtt.
Processing | i Hm

Element

Compugg Unit Computé Device

%l 1. OpenCL View
Fig 1. OpenCL View

OpenCL E%F Rd2 3h}e] 52E9} g 7) 9
3¢ OpenCL Hulo] 22 FAHH, 7 tufo] 22
<3 1A 2ol g A o] ALt FHE THA
I QA 7 AR & ) 0] PE(Processing
Element)E 7FA 3L 91T OpenCLY| A 82 TjHlo] 2
A dPE = ALY T2EAA dPHe= T2E
2233 F 7 E Ytk A9 48 E S 2ET}
4ot E9(context)] W&ol wEbd PHT
OpenCLi AGdE Adstr] A TAE7} Ewogt
=2 mg Ao Fofof gt T o= AHE S it
])\9]. )\1?%}/\]91 7.] L ﬂug /\}B_ﬂ_,‘: y_gj_;g,
743} S 2EQ Huto| 27} AEE WY T
A2 YHE AL I Blas FE TR a9
zzad AFgay REH Hedy &2
executable(exe¥}¥), build option, log, kernel 715+ &
T ARES FF A S S MRy % vpIHA
2 v Ze] A2kl F21 global memory®l $l+

229 A=} reference countE 53T} E I} FA]
of ¥ FHeEAR TEojin o] 1tE HHE
o] AU E #o|1 AT Fito|th TAEE ©f
_:_]»s& Im%eEQDLOPEiEIHZFEqPE %l—

Of

l

IIl. OpenCL 7|Bte| HE HE{2t0|d &

—

o

°ﬂ A& OpenCL ZH Y ¢ 25 Ab&-3to] &2

IS WEgto] st WY Zragoe
]’“ Ao F875& FHORE G ZEEY
«1'5‘}5’- 1 RS Ayt Jga A
73 78 Al FAR] o) A gt

2 e
1 Kl

A0 A/ - A )
l‘
ol
-
[‘IF

L
e o
r9~'

3.1 2 HEZH0[d Z=EEIY

OpenCLA Al &= Tuto] 2ol Al Astes 2
%} 32EqA FASE ZEIHE W5 —Er
th 53] tuto] 2o AP 2L AY T
2ol REG, fetA B =EME S2E Z
Z 1%L OpenCL HEFY APIE ©] &3 C= 7jds}
A1 AL T2 WL OpenCL C A= 7} L3H3 T

u%

(6l ok

OpenCL Kernel

AP OpenCL C Application

]

gl 2. z|Aefed =2 EEH
Fig 2. ToplLevel Prototype

Parallel Computing

<AYPEE=

- 51 -



BRI R B G

A8 A A6 = 2013d 12€

o] 9 4 = OpenCL APIE 3l A OpenCL Kernel®|
st HE A E oto] AL ok 22 ALt
A5 thAl OpenCL APIE %314 o] ZE] A o] A o
A gobr 2EEEE TG
A7|Me & =& 7Y A d oM ==
H&o] g 22 EE] S a3t 2ol 7l & gt
RE WGAE CPU R Adggy 73 Agvt
OpenCL tufo] 2ol A A s g,

)Y 9 2E20H 98 Y s

2) M 2g AAE Hulo] 2~ 22 W)

OpenCL APIE &3t ¥ 3, =4 1

HEe] HHEE ofFoll BE ¥ o
fulol 2~ 29 v e 2 A4et.

3 AL AY: 74L*20penCLﬂH}°liﬂl*1 Asst

B ofg] A B dAiEo] B Ao A AgHn 22

o2t
gz ds:
), 718 T

g A4

° M o

o E“
mlm Il

B R o1 2e AANLE Haster] 9
T MR E AT S MR sl MR

g HAAH ALHY T3 FHIHE AR
sl A-get datol Eud Ef mEgdd ole W

4o] 22 v R BAH,

4) Tulo] 29 S22 w2 2RE v 442
AR AE: 7do] A4S mAH tulo] 29 2 Y
s A A3 AR o] A4t ARE
OpenCL APIE %3} OpenCL tlHto] 204 E2E
o] RAMOo| Y THE A A AR 2 43T}

B =Ro) THANME 20T PO RE M
EE AAst7] 93] intdehe= HloE EFY S AFESFS
a,018 AL 479 8 AE A £ Qe ALY WEHE
A48 ¢ Sk 19w Y FU S 7 9a50] S}
o Yoz o] Fo| intd?] T WL E TS0l EA
o %k

_n_4

32 2 #Ez2told 73

OpenCL 7|Rte] A& HE o] Intel(R)
Core(TM) i5-2400 CPU%} AMD Radeon HD
7640G tjulo] 2o A Intel SDK for OpenCL*
Application 2013-& ©]-8-3to] F-& 3+ THI[10].
OpenCLZ Zo|3t 5 7] 2] AE tiulo] 2 HH
= =3 2t

Device Intel(R) Core(TM) i5—2400 CPU @ 3.10GHz
CL_DEVICE_TYPE: CL_DEVICE_TYPE_CPU
CL_DEVICE_MAX_COMPUTE_UNITS: 2
CL_DEVICE_MAX_WORK_ITEM_SIZES: 1024 / 1024
/ 1024

CL_DEVICE_MAX_WORK_GROUP_SIZE: 1024
CL_DEVICE_MAX_CLOCK_FREQUENCY: 3100 MHz
CL_DEVICE_IMAGE_SUPPORT: 0
CL_DEVICE_GLOBAL_MEM_SIZE: 1024 MByte
CL_DEVICE_LOCAL_MEM_SIZE: 32 KByte
CL_DEVICE_MAX_MEM_ALLOC_SIZE: 512 MByte
CL_DEVICE_QUEUE_PROPERTIES:
CL_QUEUE_PROFILING_ENABLE

AMD A8-4500M APU with Radeon(tm) =D
Graphics 1.90 GHz

CL_DEVICE_TYPE: CL_DEVICE_TYPE_GPU
CL_DEVICE_MAX_COMPUTE_UNITS: 2
CL_DEVICE_MAX_WORK_ITEM_SIZES: 512 / 512 /
64

CL_DEVICE_MAX_WORK_GROUP_SIZE: 512
CL_DEVICE_MAX_CLOCK_FREQUENCY: 1900 MHz
CL_DEVICE_IMAGE_SUPPORT: 2
CL_DEVICE_GLOBAL_MEM_SIZE: 255 MByte
CL_DEVICE_LOCAL_MEM_SIZE: 16 KByte
CL_DEVICE_QUEUE_PROPERTIES:
CL_QUEUE_PROFILING_ENABLE
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Table 1. Performance Comparison by data number

EBE w2 A

&= L CL A 5k CL

1000 | 0.000 | 0.002 | 0.015 | 0.001

2000 | 0.016 | 0.008 | 0.016 | 0.006

4000 | 0.078 | 0.032 | 0.031 | 0.022

8000 | 0.265 | 0.126 | 0.110 | 0.090

16000 | 1.155 | 0.504 | 0.437 | 0.483

32000 | 4.493 | 2.016 | 1.841 1.903

64000 | 17.706 | 8.064 | 7.082 | 7.713

128000 | 70.886 | 32.258 | 28.080 | 30.452
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