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PE3R FE AL R FRAE , 82 11 B BRIEF #5381 Har-
ris RIS , 00 F A% A% K (KI5 I iy JEL ks T 4%
HiR 5404 . Freitas Pedro Garcia 28V T —Fb
HF CUDA R a7 MK B s, AT LR 8 B B
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2.1 OpenCL 1748

OpenCL P T EIALE T %0 BIPI T . —
A kernel FEHE EHLANEZ BT, A T ACBIEE— 5
WRIFIM NG (I<N<3) THE=E WA 1 .
A LIEHYHE —ME—K T/E4 ID, OpenCL T
VEWUE o 2R R IEERAIR A &, 84 T4E
AR XA E L4 ) 1D 8 SOk TAEIR 78 AH I 4E
RSP TARRIE— A TAR NS T —
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work-group (w, wy)
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AR EENAEN Y, E LA BE AR
TR ELA RV REEC 2 R AR . 2R, AR B AL —
PG RGP RS BRI R & RRIITH, &
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XFHIFA T B, SRR SE IR B 6.5 &
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BRI ASL SE AR, 45 B TR R TOARM I , BT LA T 15
BRI BRA NI TR

3.1 FITHEEREZR

HRYE OpenCL ZE44 H%HF 51, Bt GPU W HIE S £
2% ( Single Instruction Multiple Thread, SIMT ) 4% 72
BRAER ) 1 ASTAEHE B A b A TAETLE N 4T
YEZ5 8] NDRange W3 g3l w, = [ T/E 1A TAE4AH, B4
TR A S s Ab B — MR R I Fe 3, RIS RS R
EEIPaN AT A=

WEBARIE Y T, 4 CPU S2 3L, InALF- 31
PG B A B AT B 0 ol i Py e R R
PEATIHHRE, W E 2 20 B 2 O(T). X1, R A GPU
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JEATH A R AR R ) — A TAEDI A 5, 5 RS S
3w DA, WL R ZR IR O(T/ w).
HiE 1 SIMT AR b AL - 24 3k P45 BE Ak JF:
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BA T OEBIERIERE S cmagedaa
i R EAE M EBRGE R d. g »
Begin

In CPU;

Input color image array $, .z

In GPU.

for i =0 to w, -1 par-do

forj=0 to k-1 par-do
b getdaress <1 X b +] X3
4 itmagepasa (1) 5 etmagepasa (Dusesdtress ) X
0. 114+, pnagepasa (Busetizress 1) X 0. 587 + 8, episa *
(Durdiress +2) x0.299
end for

end for

In CPU;

Output grayscale image array d
End.
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(iv) W E AR Z I AT EARYE ). buffer 77
TR R R as P E e, RIGTEm S A
F I AT RAFAE 8% AT 55 , B S 5 B R B B =X
Hi3F 11 clCreateBuffer o4 M host 342 D1 2] % 55 ¥
WA AR5

(v) AT S A0 8. fEiR s AR — > kT
B, IR B BRAIR B ER AR R A REAE N ker-
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(vi) NN R ELBHISE
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B, e GPU b SEBLA A 393k G K AL T B
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YR TAETIFAT$47. GPU i TAEH P&k
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ERARSH(2Y -1) 65 535.65 535, THE4 P &
RITAETLE x.y .z Jla) BB RN 10241 024,
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W LAEIRTE » 75 1M F1 y J7 1) b BB 7 B AR B
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Hgpp = (hyg, +Vk - - [k,
W = (wigy +/k = 1) 2k - JE,
SIZE_t Lppurmorsice | | = Wk kY,
size_t Guupaworsie | | = 1 Hsize s Wsize | »
€ yCommandQuene > Chiernel 32 +0 5

clEngu,eweNDRangeKemel g lobalWorkSize ¥ localWorkSize 90 s

Null, & Gryeppension
a7 R) B Pk RE 2 32 BN Wl 0 TAEH A6 R
T fEBA R 2 TAEARE)S, 5T LR
warp HUH A B TR T RIR . B AR
Hp TAEMP B — Ml 64 A5 R4 Bk 4
BT, FEIACT- 23R B BOR E AT B A S HOR
(=]
k=256, W, <((2" -1) x2"),
Hy,,<((2"°-1) x2").
3.4 HEEBEMNK
GPU %844 H 25 ZHA4k , HG — 1 )2 IR X A8 H 5
SOMPERE AR AL T T e, WR K BT B
TR G M RE S BN IR, & THRES
Bn) RGAE B RIHLE], NITSEI T AR [F GPU i {4
BRI PERERSA. 2 Fh FE CPU HH B & # g
RESHR 1 BiR.
%1 AEGPUITETEAMXBEESH
AMD Radeon NVIDIA Tesla

HD6950 K20
512 x512 x64 1024 x1 024 x64

GPU

work-group />

work-group # 65 535° (2 1) x65 535°
THE R CUBE 22 13
4 CU &4k
a4 _@ ala 64 192
BT E
(3RS b2
g TF B R s12 L o4

fi%) work-item ${ &

TEPERE S BUZ B HLGI 4 2 J7 1 , F ] OpenCL
RIS 8 LSRR R R S 5
FEMTEZHON . K5, FI A OpenCL N S i 4%
AT TG PE , A5 BUAT N 0 — 3k SO s R
clGetProgramlnfo PR %% 15 F| 3 47 £k #2 $1 7 ( Parallel
Thread eXecution, PTX ) 34, 3 ¥ H A5 77 2 #f 42
F. &2 @E A clCreateProgramWithBinary B 3358
WA PTX MRE S B0 I A A . X AE, B
AERNERRSGMETR T, LB T EGKEAITT
B ¥EFE AMD Radeon HD6950 FI NVIDIA Tesla K20 2
AARE GPU V- _ERHERERSHE.

4 LWERKESH

4.1 WKIBABIRIDR

(i) BEA-FA.

SE-£ 1: CPU 2k Intel i7 7800X 3. 5GHz (75 #%
), RGN AFA 32.0 GB. GPU 24 NVIDIA Tesla
K20, & A 2 496 i CUDA # .0, HB LI RN
706 MHz, Y5 B S8 B F R 3. 52 TFLOP/s,
208 GB/s [ B 77 Hr 7, 384 bits B 7N 58,5 GB
GDDR5 B 7%.

4 2. CPU 3y Intel i7 7800X 3. 5GHz ( N ¥
D), RGN FE N 32. 0 GB. GPU 25 AMD Radeon
HD6950, 75 1 408 iy kb ¥ 5 o5, HAZ.O R Ny
810 MHz, MUl & V% /552 B3k 2. 7 TFLOP/s, GDDR
I0 #Hi# 24 5 000 MHz, 512 MB {2 1F,256 bits ¥ B 1T
i 55

(i) ZX 5. Microsoft Windows 10 64bits $4E
£ % ; Matlab R2005 ; Microsoft Visual Studio 2019 £
JRIFEE ; CUDA 3354 Toolkit 9.0, 373% OpenCL 1. 1.

R T ITEI R 2 AR IR LSRR, TR
XTI IR E G AT AL B, 2850 #R 5Y 345 BRI /N4y
B 512 x 288,640 x 4801 024 x 1 280.2 048 x
1536.3 200 x2 000.4 000 x3 000 F1 8 767 x7 842
37 HLEEE.

KIEEXN FR SHMAYY R4 FEA
KB IEAT KA 3], FOR AN 4 B 22 4 PRy
(b) \(e) ((d) F(e) 731 FI B AT R 58 . OpenMP
4i .CUDA RG:F1 OpenCL R GEIR FEALG I B,

DL AL BRI 7 WE A R /N B R #EAT A
Rk P R BEALRS LS5, 43 5 P BT CPU Y
TRG T OpenMP AT RS FE T CUDA [1JF
IRG FT OpenCL WIFAT R G HEATIEAT, JHC S
RGBT ], 2R 2K 2 Fi.

T EMH T IHAT BB A R 2R T Y
RCART L, B IR N AR R FH AR Ll 2. sk
H AR T CPU TR AT R s B [|] 5 847
BEEIEHENEZ . 2T OpenMP W ITHEEHE
B 5% T NVIDIA GPU [¥) OpenCL J 475 L I2H
I ] 22 B SC A AR AR FE 1. B5 T CUDA #y3F
IR Bz BN ] 52T NVIDIA GPU [ OpenCL Jf:
FI0 1B 5 B ) 2 L B e SO AT IR L 2.
CPU BT B SR TR M T I Tk
12 55 B] ) U O BB ER b, S5 2R INR 3 s B
F:T NVIDIA GPU [ OpenCL JIHE W EALE 53T



553 H % & T OpenCL W BUK EALFH AT EBTIE 467

OpenMP (%535 (¥ 32 52 B (] A EEoR S BRAHRT IR T CUDA (53 1y 52 53 iF [ AH BE R Sz B X h gk
b 1,25F NVIDIA GPU f OpenCL flIB B B 52 Ho2.

FE

len

(a) (b) (e) (d) (e)
I (2) BEERE, (b) BITABEKEZRR, (¢) OpenMP IR KR, (d) CUDA JREEEI, (e) OpenCL IR Z &1,
B4 FETEFAETMRNEAZEGRELESR
£2 FRATHESTHRFHEBGREXEXNEENE

H47H[A]/ms FA78¢ 18R]/ ms
R OpenCL OpenCL
k| 24 OpenMP k24 CUDA
k(24 ] A3 pen k24 ] (AMD) (NVIDIA)
512 x288 1.07 0.31 0.28 0.20 0.27
640 x 480 492.30 2.92 0.70 15.80 0.57 0.34 0.51
1024x1280 2 385.40 17.29 3.97 30.90 1.30 1.18 1.16
2048 x1 536 5724.30 30.54 6.53 51.80 2.20 1.98 1.86
3200 x2 000 48.15 9.59 3.07 2.73 2.61
4 000%x3000 19782.50 124.25 23.71 194.70 6.81 5.97 5.74
8 767 x7 842 187.65 34.43 8.40 8.07 6.94
R3 BEGKEMHFTERERELLE
TNk
) OpenCL OpenCL 1 2
EMER R OpenMP CUDA pen pen AR 1 AX I
(AMD) (NVIDIA)
512 x 288 3.45 3.82 5.35 3.96 1.15 1.04
656 x 613 4.17 5.12 8.59 5.73 1.37 1.12
1920 x1 200 4.36 13.30 14.65 14.91 3.42 1.12
2 560 x 1 600 4.68 13.88 15.42 16.42 3.51 1.18
3200 x2 000 5.02 15.68 17.64 18.45 3.67 1.18
6 580 x5 432 5.24 18.25 20. 81 21.65 4,13 1.19
8 767 x7 842 5.45 22.34 23.25 27.04 4.96 1.21
N . /4
4.2 WIFE%RGMHERMY i
D) 20 B T Ak ek
4 15 PR 40 Ok BB ) 2 AT PR R B A DT Ab (1) ZX= E AR — 2L
B, A T o PR A A (L5 LA 2 fnfE 4 R (b) () (d) Al Ce) s, = AL T

R R A T I e . Tl MR/ MEE, BEK AL BT R & Fh T
2560 x 1 600 [ JE 14 B2 % B 34T K b sk g TTREWBITERME. THRAHNZESR.
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(i) BOULZ T 25 R — .

MBORZ T &, 8 17 R A BB B E B
KEEAH S FIFAT R G B B B BOK BE(E T B
JrEFR AN S H#g (a) L (b) L (e) A1(d) BF
. B S AT, B BOR BE AL ERAT AR BN AT AL B
KGR E R —3

R AR

BEE/ X100
R R R R |

P
5 B/HTHEZREEFEILL

4.3 HFHITEEERESH

(i) ANFEIHEA T BG IR BE AR 13 58 B i) 4 A
# 3 MBI & L R RRIR /N SE 38 R R T
FGIR BEALAL R, K CPU BRATIE4T B[R] FIFE 3 Fp AR
FIFATHHE M T a7 a5t e, i 6 fi
R BEGGIER/NAR S, FEARR AT B4 L
PATHSRIFEXT CPU H 4T3 AT A 18] 25978 7R [ 4
JEVR, BP ¥ 3RAS T AR, st TARE KA
8 767 x7 842 WIEUE K AL B F iz A E] oy 187. 65 ms,
¥£ OpenMP {150 & T 12 B i) 4845 4 34. 43 ms,
TMi7E CUDA ZEA4F0 OpenCL 2844 F HIFATIHHE A
B R ) 43 K B4R VN 8. 40 ms 1 6. 94 ms.

200}
180 ¢

60t
40 i o .
20 lyf

£ 160}

2 140}

= wesigen. (P[]

= 120} wters OpenMP

5 100} #+CUDA

% sob gy OpenCL (AMD)

& ~o=~ OpenCL (NVIDIA)
jon

(=)

i
8 767X 7 842

512X 288 gme-
1024X 1280 %
2048 X 1536 Wi
3200X2 000
4 000X3 000

Image size
6 FARTEFATINENZEGRELE ZEHEN
fB X EE
FEARFENR K/, FIH OpenMP FF474L 2 )5
F R BEAC S B A T 8] HeAE SE R B AT B ks
FrEt A B B B 0. OF BRI R R AT BER

UG HAL3EK , iB 4T B Al AR AR, AT B4k
PRI K R .

LG 5 /NET, 7E 3 T OpenCL [ B 5K
BRI TR, HTFAEEENEE T/ERANR,
FEZRGLIH BE 7 T (W B TS FE AR K. A R L GPU
AT BRI RS, kernel 4b 2 ) i 18] 5 A3 4740 2 Y
B 22 5] BEE R IR IG R, B W TEEZR
WA T, 76 2R G 1A 7 TG PO PRD T RE 5 LT R HR
T GPU (W4T, ik th 3 7.

T TR AS SCHR Bk A R AR 2 B R] 5 3Gk [ 24 ]
HEATRT E. SCRR[ 24 1 2R A CUDA 5 DotNet iR & 42
FEARSCEL T K B AL . AR SC A IR A A R B
I SRR/ 640 x480.1 024 x 1 280.2 048 x
1 5367114 000 x3 000 B A4 B A T2 B 6], 3900
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The Study on Image Gray-Scale Parallel Algorithm Based on OpenCL

XTAO Han'*,GUO Baoyun®* ,LI Cailin® ,XTAO Shiyang
(1. School of Information Science and Technology, Zhengzhou Normal University ,Zhengzhou Henan 450044 , China;
2. School of Information Engineering , Zhengzhou University ,Zhengzhou Henan 450001, China;
3. School of Civil and Architectural Engineering,Shandong University of Technology,Zibo Shandong 255000, China;
4. School of Civil Engineering, Northeast Forestry University , Harbin Heilongjiang 150040, China )

Abstract . With the increase of image data amount,the computing model of the traditional single-core processor or
multi-processor structure can’t meet the real-time processing requirements of image gray-scale. In this paper, the
parallel algorithm of image gray-scale based on Open Computing Language ( OpenCL) is proposed by using the ad-
vantages of Graphic Processing Unit ( GPU) in heterogeneous parallel computing. By analyzing the parallelism of
weighted average image gray-scale algorithm data processing ,the task is decomposed hierarchically. Two levels par-
allel algorithm is designed and mapped onto the CPU + GPU heterogeneous computing platform. The experimental
results show that compared with the performance of the serial algorithm ,multi-core CPU parallel algorithm and par-
allel algorithm based on Compute Unified Device Architecture ( CUDA) ,the image gray-scale parallel algorithm ob-
tains 27. 04 times,4. 96 times and 1. 21 times speedup in the NVIDIA GPU computing platform under the OpenCL
architecture respectively. The validity and performance portability of the proposed parallel optimization method are
verified.

Key words:; image gray-scale; weighted average; Graphic Processing Unit ( GPU); Open Computing Language
( OpenCL) ;parallel algorithm
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