Hoa4 5 20
201443 H

X % ® L K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 54, No. 2
Mar. 2 0 1 4

XEHES: 1000-8608(2014)02-0204-06

KT GPU IATSEIR WK 2 0 B R N B LR o W

A e R

E I A

(LLAHZEIAY BREMABEIRERELAZRE, AT K&
2. kEBFERY XAGHEFR, 1T K#E

X’J‘ H@ }%17

x| gk E, #B oA AR, AR EOaE!

116024 ;
116026 )

WE: nAEEMORABEIAGHERENELBE T SHNA. A RERE S, 2
TEHAVNEATEUBERBTHEERX —F A LT GPU S EmEM#k It L& K, & CUDA 7
KFPETRHHATEER HLELEMAREN ZEAs HER. 5A A GTX460 B+ F1 £ B AL
WL E R ER RN ERFUTAFENTRT . EEEAT N ER HEA AR BN FH L
BT U RERG N R B R ES N AT A EER A A BT,

KW : GPU; & M b B As s K gh A
MERFRIRED A

FE 4 %S . TP391. 75

doi:10. 7511/dllgxb201402008

0o 9

TR K B SRR e S, — 5 TR SR SR A
7] 3 71 5 2R A 5 i H i G- TR - A A A A Y
it Ko O B R XN R 5 55 — I T 0 B
0 DX AN ) RS ) BB 5 B ORG  AR HL , axX R
Jr F8 P A% A /0N X 5T ) Rl SR FH AR 45 4 4k
DR e A5 UL T 53 R 3 ] ¥ 3 %) K Bl 7 A AR ol Sy — b
A (L R 28 R R B X3 3 ROK S B0
BB AT T 43 DE K A I A B EHIL A AR AR AL
TR R Z RGO L B AL ) 2o 4, X L AE
BT [ N AR TSRS R A — i B BRI T
A 25 44 Ak W A% 7K Bl g 55 B AR T AR 40l b A 12 .

GPU (graphic processing unit, & AL Bl £8)
5 CPU¢Ccentral processing unit, {3t 4 B 2%) )
TR RE T 0 22 01 IR T I AR R T,
— fi i) A B F A RT3 5 T R i PR T
3 AR AL AL, FE CPU i, 42 i 8150 FAF fiff 51 5C
H AR R, GPU i A 2 EEiE R
oo, H LAY T CPU, GPU 4 F 5k 77 Bz
BRE . AR A GTX460 &K K], H 4
£ 336 ASULAL FEER B0 700 MHz, A7
N 1 GB. s e 11k #) 0. 961 TFLOPS,

I GPU AU I K 58 iU EDE 4b 38 T4

KW BEH. 2013-10-15; fE&EBH . 2014-01-08.

HBEEF AR B PEA  XF GPU 4 7T 2 2 1k 18 o, H:
e o &Mt T IRERIFIIEE, Rk,
P Ab B 25 B 2 7K SF- 15 2] =5 1 & Rt T 2 T
R K SRR T AT IR AR I 0 B 38 AR 4
. Bl GPU &40 T n-body B4l B2 CT
BIMGE H TS0 AR 12 5 F 3 D1 2 4l
THE AT /AR 5 J7 T 2003 4F Li 550 F H
APL IR BE S0 T A% F 3% /R 252 7 i GPU B
AL 2011 4F Aaron 8 GPU I JHAE F) JH K i 45
0Lt e B T 25 4 b 09 A% 19 3 U 1] R L, 3 T Y
CPU /& AMD Phenom 2. 6 GHz VU4 &b 3 %% , 7
Linux x64 #1E R G 217, LB 18 H E 7
715 fE A . 2011 AFER/NAAY SE BT BT
GPU FH-A7 I3 R 75 A D 1R 5 957 ) AL, o ekt
fie 1 i 2 = 2 26 .

Sk, B AT T GPU Wikt 5, £ %
FHRL T2 R i B0A% B H R B N-S 5 B L i 6 TR
fift B 7 N-S 7 8, G R AR S R A% R, R
GPU fif Yo A4 3l g 2 (] B i WF 52 AR A & X DL |
[ 8, A SCR ]l CUDA 42 B 8, 5T GPU 4244
AT T ARG H AL A 7K Bl Ty B, I Xof iy 4
MR TR ROR 5 SERERLIY T BB HET T XT L AT

CUDA & fifi i A &4 a3 e i brife C I

EETWH: AXHARBFEEEIMTE (51221961 ; QB UF 78 BEAR} 25 & W BHIH (5122196 D).
TEZE B A BB A (1986-) . 3 1+ 4, E-mail : zhaoxvdong@dlut. edu. cn; #4555 * (1972-) , 4, Bl ##% . E-mail : sxliang@dlut. edu. cn.



%2

RAEFRE: BT GPUFRMTHEW K h #F A 2 T RERE M 205

RiEE, LGl CIEFRE AR RIS BT
(2 P, CUDA 4 2 455 5 vp o CPU 1B Sy 32 4L
(Host) »#§ GPU 1 4y Pp b #1 25 535 £ (Device)™
T LR UM 52 R SRR . Horp, Host i 7 3%
PATH AT 43 B R . Device % 1 53 IF 47 3K 43
Device ¥ B2 X FR N “kernel”. GPU $47 B 19
H/NFA S thread, CUDA 2244 0] LU A ¥ & Y
thread, ¢ 5 i & KRB EAE -7 5.

GPU JHATIFE A FAE 5 CPU A LLF L
AP A - AR A G AR */I\jﬁiéﬁ‘%:m}?l’ﬂm\*%,
HEAMEREIL R T TFLOPS, M1 24 T — 4w v g it
BB RGE  HA Y R, Tuz/\ GPU th
AT TG SCRF AR AR (45 R R 7 m] LA4R
AL L BA RE R AT B8 0 A R AT R
Vi) T DA 2 17 A 20 50 0 A7 AT B 2 NAE I 10 %
ey v] DA AR S B s AR B L S AT
DA Y S 5N I A7 Bk i CPU B KAL)
AT AR I 7 5 B2 10 YL N & TE BRHL Y
CUDA X —2K 1 GPU Jf{r g i . Jf A7 2 M
LY X T CPU Z i HiF £,

1 A& R AL IR oK 3 Jy B8

1.1 Ry

MON-S J5 B R BRI K R R T 4R R T
VAR L A R L DL SRk T R R SR T R o
i K Bl 7 BB BT 1 4 1 Oy AR

%‘ %:o (D

aTL; g:+ Ju — fe :7g%7(15,4prz‘lu)+

VGJLH;;ZJ )

Wb u o2y = g 22 Tam)
t dx dy dy o

vl(g;él—Fg;?) (3
oK FW K (W € (11,25) B, @ B0
5544
(tos7y) = (0.4940.065|W|) X 10 (W, ,W,)

4
JEE BT E)

(T sThy) = Cq Vu' + 0 (uyv) (5)
Co=5%=—~& (6

P My
J A A

du/In = 0 (7D
Hot Cusv) Rk, (oo, 7,) A 3R TH KN
I35 Coysy) RIRERBTUIN. Iy, £ ARHR T R4y
SRR AR M R T RELC A R AR
Smagorinsky %6 S B0k, KP4 50T DL
TR ER

Pu , u J
V'(afz N ayzj Iz

9A H 3”j+

Ju du
A, H(@+ﬂj] (8)

dou
@)*

(‘7” a”) (9
A, =0.5C0" J(%‘) +0. 5(3”+2”j +(z""j
gy gy

(10

x
VR
QL
o &
o8]
o]
N—
ES
l—| 7/ N /™ /ﬁ\
Do
>

1.2 W&ok

AR SCAEFH A A AL 3 AR 45 4 4k = R B A%
S A R AAC B ks 1 A7 BAO(R R e 7 SR e ik 2 v e
BN BE T D) 4 A BN S Y AR S5 R 1k
=ML M K 1 FTR.

m

e
W1l HBEREBHNEEHC=AFNBEFTER

Fig. 1 TIllustration of numerically solving the discretized

unstructured triangular grid
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Fig. 2 The contrast of elevation and current speed duration curve result in the verified points
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Foundation and analysis of computational efficiency for hydrodynamic

model based on GPU parallel algorithm

ZHAO Xu-dong'.
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REN Xi-feng'

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
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Abstract: Unstructured grid has been widely used to establish hydrodynamic models. To rapidly get

the calculation results without a cluster when the number of computational grids is too large, a high-

performance computing technology which is based on GPU (graphic processing unit), is adopted to

design a parallel algorithm and establish a 2D unstructured grid hydrodynamic model on CUDA

(compute unified device architecture) development platform.

Through the comparisons to the

computational efficiency of a cluster and the Graphic Card of GTX460, the advantages of GPU method

are confirmed: the speedup ratio can reach more than 10 times and maintain a high growth as the

increase of the number of computational grids. It is suitable for the numerical simulation of large-

domain hydrodynamic models.

Key words: graphic processing unit (GPU) ; unstructured grid; hydrodynamic model



