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Abstract: Reduction algorithm has a wide range of applications in areas such as scientific computing and image
processing. This paper systematically studies the reduction algorithm optimization on the GPU’s cross-platform
performance optimization based on the OpenCL framework. Previous research has generally focused on a single
hardware architecture, however, this paper based on the OpenCL, studies various kinds of optimization methods,
such as using vector, on-chip memory bank conflict, threads organization, instruction selection and so on. The
research takes the minMax function for example, dilatationed each optimization method for develep the
performance, and detailed the reason. The study tests the algorithm both on AMD GPU and NVIDIA GPU platforms.
The test results show that the optimized algorithm on both platforms has achieved good performance. In the AMD
ATI Radeon HD 5850 platform, Int and Float types of data bandwidth utilization up to 89%. In the NVIDIA GPU
Tesla C2050 platform, the performance has reached 1.3 to 1.9 times compare to appropriate function version of
CUDA.
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Fig.3 The effect of using Buffer object or Image object for basic memory to minMax function
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Fig.4 MinMax function performance used vector
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Table 1  Percentage of bank conflict time in total time (%)
F 1 AR SEIR S IR E] LA (%)

Ji K B 2 Uchar Char Ushort Short Int
4 0 0 3.89 3.62 10.11
8 2.78 2.38 8.62 8.03 17.69
16 7.06 5.92 13.04 12.45 33.75

Table 2 Device parameters for ATl Radeon HD 5850 and NVIDIA Tesla C2050
% 2 ATI Radeon HD 5850 1 NVIDIA Tesla C2050 1) ¥ % 2 %

. Local memory Memory band | Memory speed Single precision floating
OpenCL device Ccu Cores limit (K) width (GB/s) (GHZ) point performance (Tflops)
HD 5850 18 | 288x5 32 128 1 2.09
Tesla C2050 14 488 48 144 1.5 1.03
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Fig.5 MinMax function performance reduced bank conflict
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36, LAEZH K /NAy 256, i< B2 2 8,LL Buffer X % AF 4 2k A A7 it 77 2RAE 9 Fdl 175 ATI Radeon HD 5850 [ ff)
g 2 VE g I 1AL 5245 FH 1Y) /2 OpenCL AE S £ 1L 1y I i 42 11 5% 4. ATI Radeon HD 5850 i A7 i F i 41 5 W {2

128GB/s, L4 3.(H 3 4 A LA I, B ATTI £ () 155 73 8 2 (1 v 56 M) Sl et 1 2

e,

XA i

SRAE 92 DDRS [ A 17, DDR5 A A7 ¥ S B TAE S 1] LA i T B0 4 O Hi 4l AMD SDK [ 75 (9 45 5 i
A H R AT 1% 80 8 R Sz bry 56 06 (5 4 164GB/s, R I 7E 541 K oy 2560x2560 i, 5% I 1K) Int A1 Float

S [0 4 55 0 4 2 ) T 9 A 5

] 88.8%%0 88.7%.

Table 3 Time cost optimized minMax function on ATl Radeon HD 5850 (ms)
#3 24k R minMax 7 ATI Radeon HD 5850 b ({IFEHT (D)

B K B\ K s 2 R Uchar Char Ushort Short Int Float Double
1280x1280 30.49 30.58 31.47 32.45 46.77 46.43 102.67
1280x2560 46.77 49.65 54.56 56.27 90.91 91.58 199.89
2560x2560 74.84 86.84 95.30 98.37 167.59 167.65 372.44

Table 4 Bandwidth cost optimized minMax function on ATI Radeon HD 5850 (GB/s)
R4 ALK minMax ££ ATI Radeon HD 5850 _F )71 %5 4 JT] £ (GB/s)

o] K B e 25 A Uchar Char Ushort Short Int Float Double
1280x1280 50.04 49.89 96.97 94.04 130.50 131.46 118.89
1280x2560 65.25 61.47 110.87 108.47 134.28 133.29 122.13
25602560 81.55 70.28 128.09 124.09 145.67 145.62 131.10

4.2 NVIDIAT&MiXLER

£ NVIDIA Tesla C2050 L FIIlk, F AT £ 7 I H LA 212 OpenCV Hi ) CUDA A minMax b5 %1

A A 0f IR E AL K Dl 2560%2560, LA Buffer s G AF: Jh S A7 fif 77 AN 18 610 1) B S 8(double 6% i)
RN 4), 83 TAEH B N 28, TAEH /NN 512,00 Image 18 A4 7 X E 30 TR0 28,
AR RN 512045 R W3 5 Rk 6.
Table 5 Time cost optimized minMax function on NVIDIA Tesla C2050 (ms)

£5 ZMAL5E 1 minMax & NVIDIA Tesla C2050 _F () FEIN (1000
WA TN K s 2 Y Uchar Char Ushort Short Int Float Double
L Buffer % A Ay FEAAE fifs 77 X 199.67 199.96 200.99 201.34 313.18 314.81 607.36
Bl Image %%k b FEA TR 7 2 126.65 126.62 192.67 194.68 380.23 381.10 R
CUDA 242.14 24256 269.98 278.88 405.37 404.52 627.98
Table 6 Bandwidth cost optimized minMax function on NVIDIA Tesla C2050 (GB/s)

£ 6 Ll b)E K minMax 7£ NVIDIA Tesla C2050 _L [ 5 i Fi] 7 (GB/s)
WA TN K s 2 7Y Uchar Char Ushort Short Int Float Double
L Buffer %f A Ay FEA A fits 77 X 30.56 30.52 60.73 60.62 77.96 77.55 80.39
LA Image % G by 2 A A% 77 50 48.19 48.20 63.36 60.70 64.21 64.06 R
CUDA 25.20 25.16 45.21 43.77 60.22 60.35 77.75
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MF 5 R 6 o] LLE tH, BIELE Nvidia (7 & b BATH M GE R e 2 T CUDAILH L Image X 4 4FE 4
FEARAEi# T7 20 Uchar 28B4 I fige FE I U CUDA 1) 52%, 1 fig & CUDA 1) 1.9 5 /4. BA Buffer X G 4E b 4
AA7AE 7 AE Int FT Float 7Y 1y i, FE T 43931 A AT CUDA 1 77%R1 78%, I fig /& CUDA 11 1.3 £5.

IR ST 3 B T DA T 3L A 9 £ R %, FR AT 1ZE Sum A1 CountNonZero(H 5 504 h AE E 5 ZAN )X I
bR B TP ST A ST A 5 VR O AR BEAR. Sum BRBEE ATI 6 B B K 2560x2560, 24 %4 2588 4 Uchar,
Char [N, 15 i) K HELE 60ms 245 ;24 %4 25784 2 Short,Ushort I, I 1) A HEZE 90ms 264 24 304 2575 34 Int,Float I,
IS5 160ms 2245, ¥I0% B T- minMax.

5 LRiE

AL minMax B3k 61, PEATAUE T 76 OpenCL HESL T, 2 B S A4 Ak S, I B 283K 15 7 AR % Lr o ok
fie 78 ATl GPU 5850 V-4 b A S 80346 5 FH I Int F1 Float Y _E 5 56 1 FH 28548 21 7 Sl 35 5 1 899% 4- 47, Bl
AF AT ek, = B A K. AE NVIDIA Tesla C2050 V& b PEREHIERE] T OpenCV B HFET minMax &)
1.3~1.9 £,

FE SR AR P AR BB — AL, W 2448 Image Xt 5 A g A7 1% 7 NI I 8 AT F & 3 257
XTI (] (5% i AN B 2 fHAE Nvidia “F & b B A S0 8 R = 1 500 2, < RBUN R T8 R K 2 T DL L
XFELG, 1] gt BT AT A0 Nvidia K Image X% (8 SEBL5 iR [R50 B ARG I8 5 R 98 A S0 = 3
Ve SR (9 DA s R R IR U 2, S b BRI AR mT DA 2 T A, 40 VU 439 A5 5 SOk HEAT H 4, X B T LA K
Hbv 9/ 7] 25 AE I H 1 D BRI, B AT I 8 AT S5 AR SR FRATT A5 S o A ST I 3 1) S 90 E 1Al OpenCL
P&, CPU,APU,Cell 55 4b 385 b iEAT IR, 2k — 20 B0 UF A 5L 1R P e
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