a0k FE3IW I A - Vol. 40 No. 3
201343 A Computer Science Mar 2013

EF OpenCL HEEBBEBAXPTFEERERYHTERAUTAR

g =R REFR TEp
(FERFREGEARIHA ARG HTERFERZE  JbE 100190)!
(FEMEERGFRATENAFERELLEE I 100190)2

(PERFRAXER 3 100190)° (FPEEFAZFEENFEIRER FE 266100)*

i OE ASWRBAARNTIORESASHAETTEANREEAEZIMETAR DL AN, FEFE
AERBEATE TR EEZEREOKIESHEE. & OpenCLER T, L bitwise IR AH] , HF R Fe FIT 4 4
BERLFHEEDRELEGPU R & LT 50K, EXEGER . EREARF AR LSABRLE E A0 A
BAEFRAH GPURMS TS LRt Braz G, TATEANIRNBFSRESH, TRERAN, EXLERE
AT RT, R LE G DKL XN HHE OpenCV & ¥ 85 CPU sk A8, £ AMD HD 5850 GPU ik 8] T -F34 40
AEH MR ik s £ AMD HD 7970 GPU £ %] 7 35 90 4% 654 g he ik 36 ; £ NVIDIA Tesla C2050 GPU Lik3| 7 #
3 60 4tk B pmik bk ; B BY, B XA % A OpenCV B % 4 CUDA S 3048, 42 NVIDIA Tesla C2050 & k4,ik 3|
T L5 48 tegtmik,

%8 GPU,OpenCL, #1846, ROI

hEkS¥EE TP302 XEARIRE A

Parallelism and Research on Functions with Continuously Independent
Data and Intensive Memory Access Using OpenCL

JIANG Li-yuan'® ZHANG Yun-quan®? LONG Guo-ping' JIA Hai-peng'*

(Laboratory of Parallel Software and Computational Science, Institute of Software,Chinese Academy of Sciences, Beijing 100190, China)!
(State Key Laboratory of Computing Science, Institute of Software,Chinese Academy of Sciences, Beijing 100190, China)?
(Graduate University,Chinese Academy of Sciences, Beijing 100190, China)?

(School of Information Science and Technology, The Ocean University of China, Qingdac 266100, China)*

Abstract Continuously independent data type means when calculating the continuous elements of destination matrix,
the used elements of source matrices are also continuous and there are no relationship among them. Intensive memory
access function is the function that has less computation but a lot of data transfer operations. This paper took the bit-
wise function as the example, studied and implemented the parallel and the optimizing methods of the continuously inde-
pendent data and intensive memory access function on GPU platforms. Based on the OpenCL framework, this paper
studied and compared various optimizing methods, such as vectorizing, threads organizing, and instruction selecting,and
finally used these methods to implement the cross-platform transfer of the bitwise function among different platforms.
The study tested the function”’s execution time without data transfer both on AMD GPU and NVIDIA GPU platforms.
On the AMD Radeon HD 5850 platform, the performance has reached 40 times faster than the CPU version in OpenCV
library, 90 times faster on AMD Radeon HD 7970 platform, and 60 times faster on NVIDIA GPU Tesla C2050 plat-
form. On NVIDIA GPU Tesla C2050 platform, the speedup is 1. 5 comparing with the CUDA version in OpenCV library.
Keywords GPU, OpenCL, Vectorization, ROI
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OpenCL 3244 T 7748 U5 18] 59 P8 46 7 6 ATk S e mg, U H B X
buffer 1 image X5 FIEEIT W , WA SCHEA B & B
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GPU & L bitwise ¥ AR T HE BB M EBH
MIERERHE, bitwise BAEUR OpenCV B i (i #RAE R0,
BRI REE ST F A B A X ROT R AT BB ALE R, 3
RS RGFEHEMMN WS RERES., ZEBABREES.
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2.1 OpenCL HIZRIEHELR

OpenCL B—ARHF G H T HNRE, LRHFE
W L4 CPU,GPU AT E IR . OpenCL REBAELR
FEAHR 4 NS BT SRR AR BT R 4R
R

OpenCL BFEEERER - EHEE-IREMTE
WEWBRNY. 8MTEREXTUSER—ITHE MRS
Jt(Compute Unit, CU) , MM E LTI U B~ RE
4b B B850 (Processing Element, PE) 40 ;. OpenCL B 7248
RIS Jy EHLA OpenCL 4 B #8243, OpenCL £ L H A
T4y 4 F, B4 )5 P 7 (global memory) . % & 1 7% (con-
stant memory) | RPN FE (local memory) FIFLAA PYFE (private
memory) JEEERE b, AENE>EBNE>RERE>
2RWFE. OpenCL MPATHR BRSBTS, — RO BE
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host ¥§#) FERF, 55— B4 OpenCL &£ EIMATHI N
¥ (kernel) . OpenCL 4R H AL X BB ZIAT LS4
17, B X R 2 MBS, OpenCL #iR TR S 1E
FEAEIFATUEE AT ERS X Z 8 CPU),

2.2 GPU %4

HET, EAITE GPU W T EGQERM: AMD & T
SIMD(Single Instruction Multiple Data, B384 & #3864
B8 #; NVIDIA # F SIMT (Single Instruction Multiple
Thread, BiE & 2R IR B M. TH N4 AMD GPU
HISRH .

A AMD Radeon™ HD 5850(Cypress #2.0>) R 45 , HAG &
18 4~ SIMD 5| %, -1~ SIMD 5% 4% 16 4~ SIMD Fiab 3
Ly T4~ SIMD 43O R 5 4~ ALU, 4% SIMD iy
484k, AMD R A VLIW(Very Long Instruction Word, 8+ 35
SPOBEARBERSERNEKH VLIW 14 REFHERFH
05 & IDRERSTTIBERN 1 % VLIW #5414
— AN RBAER. GRERLRFMEE, HRE 32 MBI AF
BE, WiE L Fast Path B, i/ F 32 (BB 7
YE, M3 33 Complete Path & [8], Fast Path 3 ¥ It Com-
plete Path FRBFH 7~10 £5%

NVIDIA GPU & SIMT %244, . G80 .02 FF 4, NVIDIA
) GPU R TG —M2E 80, R HEMRIRR LB
#£ G80 GPU &8, NVIDIA ¥ ALU #7453 B E A K 1D 45
BIZE AT, LU T 128 MrBE RS, A KZH 4
HaR 1D IRBRIE4SHITIEH .

Fermi &2 NVIDIA B # 8 GPU = R &, T E 4
GTX4xx &5 F Tesla C2050, LA Tesla C2050 m 4], A 14
4~ SM (Streaming Multiprocessor) , &1~ SM & 32 4 SP
(Streaming Processor, CUDA core),

Fermi 8 #) & 1~ SM & 75 128kB K/ & 77 8% 3
(32768 A~ 32-bit KIFF48) ; L FFH (shared memory) 1 L1
Cache 37 64kB, REFERBEA LT LUERE L E /& &
48kB/16kB 5# 16kB/48kB;L2 Cache X/NF 768kB
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char) 8 RIS , Y244 uchar H#ml—A int RFEATHE, JE#H
TR 2) image MR RBHEHAKEN 4 WRE, EHFR
FIFRFNREBR BT, image X RE D REATEE TR B
BRABA KISk, (B REYGSERILZ G, 2 KT buffer Xt
SAERBEARFEE T L image X RAVENHARTERE 7 R 503
Eik, HEGN 48E A LREEFNEIER /D, images
HREABURS R, ABEE LRI EESRRAAR 4
HE A, B buffer #7258 i & 38 2 HEBOE 19 1 B 3R BUH
& TR, BB T 4 & AMD GPU B8 4 32 4 i
BESY. BTLABEREE A buffer 1R NTEXTR
3.2 ARSI

FERK# S OpenCL B4 I, HH4P R AR BUE LB RT, &
B S EBERVEETT &3, BN bitwise BB ELRBIE
To3, B AT DITEAH 4P R AR R U e 8038 . AR X uchard
B, IR R BB REE 8, W — R L 4 P2
.
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Ay Bi{E A floatd F1 float2 SR

) REME A F BRI,

O & HHALE Y RBEE IR , REMH A I (Coa-
lescing Read) 14 35 (Coalescing Write)™,

5)¥8 AMD GPU #E i R B A Fast Path™,

g1 F bitwise R WA MR REE G FEN, B
M, & SCHRF Global Memory BV FFRURIN B EBE B E(H
B

ELREERRAP, RAMBAHEFEER NS L
FRAE B E R R R BERE, X B H NTE AMD GPU £ (T, [
BT RIS 5 s VLIW T E R,

T bitwise REWER, FERBHFHTKENE R
e, ERERARRERT T ERENERSRETEBZR.
ACRBMERTRER 2,4,8,16 X 4 MrEEMAF .

AMD Zatyrhgt 5 [ 4 R FEAE A, IR 32 AL AT
B, Wit Fast Path B 5l W G R 2 /N F 32 A BB L
#EIEFH#AE, Wi# it Complete Path B [B], Fast Path [
b, Complete Path f 3 BE 4t 7 ~ 10 4%, B T {# A Fast
Path, RFARFER T T TAIX F 9 EE .

3.3 SBRAKFTANSH

SBEAAFTEHNEAEEERERBHAEH, &
work-group ) K /DR wavefront (AMD ¥ &) = # warp
(NVIDIA ¥ &) A% 81 CU LR IHRIEFT BB
H) wave-front 3 warp, A RBTFAER .

7E AMD GPU 1,28 8 B L) wavefront S 880 F7 B0 AT
#),7E HD 5850 H1, 4 wavefront pF 64 > TVEW & 347
AT, BITETATRE £~ work group E]—4> CU, it work
group X —ZHABERISIEAR CU RIMFHFTHE. BT

14 8 3% work group ¥J4y4 1 k£ wavefront, P wave-
front AT EALS E S B —4 CU KE 16 % B R
1. — A CU WA AR RIEE A wavefront BRRZS, 4R —
4~ wavefront [R5 7 W7 48 SE 0T, BB B # B T — 4 wave-
front 4REEPRAT , AT AT ATR AT b B VG FE IR .

7 AMD GPU 5850 I, R 18 4~ CU, B1F OpenCL #)
— T REEfE—4 CU Liaf7, Rt EE LB TR
L, FRBTHRE 18 N LAEE. FFLITT A% B TEH %
BEEN 18, TREK/INR 256, 7EIHEEED, Bl 3 5E
BTSRRI D) 18X 256 MRB— KT LB
SER BN,
3.4 HBEHmMAMEMHRETESTR

EREAFHELT , SR A4 R BB
REGX FRAMTET U EBAR ST ERE., Xt T
T 2Mn BBRVE, LA n kA%, R, RER
24 {7 MFEFBRHRLE .

4 £ OpenCL {EZE T3t bitwise FE 1T ML

B4 bitwise BRI 5 . 2. I F B 4 R #EELE GPU L
I SE BUAAL AL R ARAE ], BF DAAS SCH L)L 53R 4E bitwise_and
B, S BAFRIBAR R B E E ) bitwise B EIEAF GPU
FE MRS, B HRIERAE 4 HEE G R
<A C1.C2.C3 #1 C4) ) uchar(unsigned char), char, ushort
(unsigned short) , short, int, float,double 26 % ,

OpenCL P ATHERL 5 B # 4, B CPU 3Ry £ F M
GPU SREIPATIEF kernel. CPU SKMBF T EHRE
kernel $1f7 /)b F 30518 B T E % 6] NDRange; {538 S5 H ;
PAT kernel %, GPU 352 kernel /P W4T AL, Tl
243 bitwise BB LIAMEAL .

kernel SCH:Hp i FE B 1) B AL AL 3, 2568 A chard fE R 1)
BKE, WA 2=2<<2FEH, EMHE z HEBRS ENFR
B 4 15, BIAREER 4 4 char BB — AL, XABEANERTA
BIBARERERES, RAER ABRIBANITERERT
FeBRIE 4, BT A ST YL AR AR EEaUERERFThREAH
FfHe4a), EE .

bitwise ER¥Z# ROI(Region Of Interest) , ROI )& XL
RABTE—R IR, RXE A 83— B840 B8R, W) H Xtk
PRI AT A ER . XF ROI #)32 #p 24 B BAR AL R T 1R
KRG, X B R E K7 GPU ¥4 4 i 18 6 AR 3 7
#4 , T 18 A 1) B A [R] ROT e B BHE i K FB 418 00 T AR 2 e X
Fri . AEXSSFRIBEE VI R] A E B A BE RO TH 4 s B
LR T Bhik.

AMD GPU & Y4BER AR F70T , kernel Fr{# B vioad 23
M IEX FE. ERMEH vstore B [ 548 i T 1R
Complete Path i A& Fast Path, X/ & T 4. XEHE
SRR vstore 5 [EI ¥R AT, BRI 3R KN KT 32 £, P55R 1B
it Complete Path E[H. X T f# f Fast Path, NERERTF
R TACEEX FFEIMAE ., AR e BB YR B Ana
BRI ER, A 1 iR, AL chard 8 M EHE
thiE/H] # define dst_align(dst_offset & 3) B{# FH,dst_off &
7 ROIREM TR N MB R, &3 B NERERBEN
4 FHHMEH. AESREREMNEREFNRT N, ERB
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dst_align M , I BIXS ST RIET HEY.

T e
N
dst_align

A 2
dst_align
B 1 {5/ ROI i HARERE (dst) MG RE (sro) IREE

P TR E BRI dst_start Fl dst_end 3k
T AEEANTGELATATHEBEZAATUE A, BF
LB T KRB &M EER? B AE i else H)BrEH] .

bitwise ER¥E % 4 8 iH B uchar, char, ushort, short,
int, float, double 7 FHIER MK H , 7 CPU WmE R EHE
MEEFHEIRR A AN BRI KE. bitwise HEEH
HEBER scalar 1158, 7E CPU 345 kernel 71413 S50,
BEEEMY scalar (BB EERN, 7 TREBESEE, X/
BRI A FIAIEE buffer ERSHHM R, MEEEE
CPU 34§ scalar KA DI B R 4 SR XGRS
kernel, bitwise ) BHIIER T2 A KA, BT kernel
7% float #1 double B {8 F B2 char 1 short 5 R, £
float 25U fY scalar [ B ST AL BE, thin Y4 A chard
Fon float K RIAY, EEL B scalar 2K floatd, AN floatd
W% F charl6 7R, B LA TE #5338 scalar B iZ R charl6 T
A4 chard,

ZCHY bitwise R T EEMEMEIREM FHT
ZFmBEAFR. THEX CPU i kernel H1a & ALK E K
Xif 7 2% R AT T (LA—ANFE BEFT— A~ scalar #4055 B i) B3
HERBCHED K 1 BACHE CPU 555 S E 1 & S8
R AR E IR E PEFEAE-REHEITEN MO

#1 CPURMBKEMEE

. $ExA
R uchar char  ushort short int float  double
Cl 4 4 2 2 1 1 1

Xt K7 BY kernel U4 B ) BHE E IR E A0R 2 BrE.
#2 GPUMRMBEENRE

. KHEXA
RAH uchar char  ushort  short int Float  double
Cl uchard chard ushort2 short2 int chard  shortd

AMD GPU #y—4~ PE ¥ 4 AMbF BT 14~ T 4b 3
BT, FIH AMD HERWHBKESFHEAR VLIW, /T LIFE
SRARBRARBEFOPATEE. 1 bitwise BEP, BA
A uchard,short2,int I RFITTRMEBEZE.

WRHRRR N BEIB RS , 28 CPU SRIE 4 4 uchar B0
char $#2,2 4 ushort (unsigned short) B, # short #(iE,1 4
int.float B¢ double #{H— 4B . kernel S AR IME
BIi% uchard, chard, ushort2, short2, int, float, double, %
bitwise BN T KA, BT L) kernel #1435 {# i chard
F1 shortd & F7R float F] double, {8 short i A& char #
7~ double B &, X /& 38 scalar & ¥ A}, doubled & F
char32, T [6) & K BEB KK 16, Bt LA A LA A char R &R
double, T double4 FR % shortl6 BRI TR EE, AT LAFEE
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char #75% float, i —EEM# A short /R double, £ I, Bl
HateaELE R E .

5 4»R)ZE AMD GPU #1 NVIDIA GPU £ & L i#1T
TRws - A0E T

e FE 8Bt , A OpenCL 2B B9 35 OpenCV
B BT B A3 O ¥ — 3K, OpenCV " p & T
CPU JRAf B I H CUDA A SE B, 4 3c F 245t
AMD Radeon™ HD 5850 2244347 ¥ IMAAL . K TH
KRB PSR, ¥ OpenCL IR B K4 515 CPU Al CUDA
R A9 R BTN . ZE TR E WA B, OpenCV fEh CPU
MRA#1 CUDA & HREHRE 2L L RS,
Hrh CUDA JRAMSEIIEM T NVIDIA J & B & #£8E NPP

}EDS] .
5.1 FXTEAHEXER
&S EE 3 B,
£3 NRAFEHEHRESH
Peak single Peak double
. precision precision Memory
GPU Cores floating point  floating point bandwidth
performance performance
HD 5850 288 2. 09Tflops 0. 418 Tflops 128GB/sec
Tesla C2050 448 1. 03Tflops 0. 515Tflops 144GB/ sec
HD 7970 128 » 16 3. 79Tfops 0. 947Tflops 264 GB/S
BIFBITAEE 4 55,
F4 WiABFHEBETIR
Code CPU GPU GPU SDK 08
version
Intel® Xeon®  NVIDIA NVIDIA Ubunt
CUDA X5550 Tesla CUDASDK 0“‘1‘ 0“
2. 66GHz C2050 3.2.16 .
AMD AMD
OpenCL.  Phenomll  RadeonTM ASTDIEE“’S’“ U;“(;‘:“
X4940 0. 8GHz HD 5850 . :
Intel® Xeon® AMD AMD APP  windows 7
227 X5550 RadeonTM SDK v2. 6 ultimate
2. 67GHz HD 7970 windows 64 64bits

5.2 5 CPUREEKIHERERTLE

PR BRI E W0 5 bitwise bF %l # 2 scalar_mask
CHEFEAN B E, 5 F 1Y mask S50 REUR & S8 &%
B GPU Bt el Fn CPU & 6], 56 BEHLAE 2 2560 % 2560, 435
A ROLFUARH RO BRMESLL .

PR RR I FR B LR 8U, 8S, 16U, 16S, 328, 32F, 64F
4y 514X 22 unsigned char, char, unsigned short, short, int, float,
double; C1,C2,C3,C4 A HIMRFHEE .2 BIE .3 HE.4 8
. BrLiLL 8UCL g, EAAE LR B E B #) unsigned
char B 3B R, WK BB 2 R H B3 E 1Y 8U, 8S, 16U,
16S,32S,32F, 64F g,

X SE &4 AMD HD 5850, HD 7970, NVIDIA Tesla
C2050, ZEE M F & E IR bitwise ¥ CPU K @) f1 GPU
if 8], ARG TR B GPU Xt CPU RRA Ryt ia] g it PERETE
FEFIMALE R IT .

bitwise IR ER T EFHERAT R, B &H
IR SRR BRI R, 7T LA R 16 e 4 #b ) AMD GPU
W B, B R R BUBR, A DI B MR WA S






