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A FAST CALCULATION METHOD FOR LARGE-SCALE SHELL
STRUCTURE BASED ON MULTIGIRD METHOD AND GPU PARALLEL
COMPUTING

CAI Yong , LI Guang-yao , WANG Hu

(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: A novel iterative solution method for implicit finite element equations based on EBE scheme,
multigrid method and GPU parallel computing method is designed to speed up the finite element analysis of a
large-scale shell structure. In this method, EBE calculation strategies disassemble a global computation to a local
element, which can reduce memory consumption and significantly increase the solution scale, more importantly it
can improve the parallelism of implicit finite element calculation. Multigrid method can accelerate the
convergence of iteration by using different mesh densities to eliminate the different frequency components of
errors. And, GPU parallel computing is a novel parallel approach to reduce the time of computation with lower
cost. The program of this method is compiled by CUDA (Compute Unified Device Architecture) and then
implemented in a personal computer with a GTX460 graphics card, the calculation results show that the method
can achieved a high computing speed-up ratio with high calculation accuracy.

Key words: finite element; multigrid method; shell element; GPU; EBE

BEE TREBRGUM ARG, I T &ME B, HFEHSHEERNAR KR, SR MZ
AT KR IRKIEE AR AR RINE IR FAFETTR . RGBT, s,

W 2012-12-12; B2 H#: 2013-05-31
FEETH: ERE ST TR BT RI973 k)T E (2010CB328005);  [H 5% [ 48R3k 4 1 5510 H (61232014)
WIER: 2 F1986—), B, WKW A, 4, WFIHATIHHE A IELEIRE CAE H R H T L (E-mail: bsforever@126.com).
fEH T 261963 —), T, WIRKIMA, 2%, 1L, MFRE CAE W5 (E-mail: gyli@hnu.edu.cn);
T OBEQ1975—), 5B, WK A, BIEdR, i, WF TR FT(E-mail: wanghuenying@hotmail.com).



T &

71 2 21

FEVH BRI, AEAEAFAEU SR 1S, FIKIE
AR I TE) a4 DA K v S5 A IR 1) 45 ) 8 . 3
*K, WFRMBEERITIHE, HTHHECLRN
Fiil

% FL MV i SR AR Al 7 5 R BB R 1 B 2
Tk — o HRAIRHAMA A BIE AR AEnE, 5
TAE A RIS T R — 7 BOE L, I Hsk
AR E, 5N IR, A&
ANHT ORI, HRT TRERUE TS A e,

TR T, ol R AR =4 B AL B 1) &
BR, B ALEEES (Graphics processing unit, GPU)#
WA — M IETI . 24, 2R,
HASRKRIFHATIH R ). WI9fE GPU ML,
fili GPU AMUH T EIEALEE, &w] LA T8 H R
% 11 8 {F %5 (General purpose computation on
graphics processing unit, GPGPU)*, 45— 52484
(Compute unified device architecture, CUDA) & Hi
NVIDIA #H (5F GPU (@ AT TR M), %
BRI LA o w8 S B i R o) L T GPU
AT IR . 24, GPU I E CA&EL PR H
SR AT bR T R RERE

ARG EBE 0% 2 B Hughes '$EH, K
A B RIS H RS ot BT, TR NS
e G5 A BR 70 v ST R v R AR ) 82 58 8 ) 4 2k 5
2, TR R RAE B T NI A S 5 A
FRICTT AR, EBE T WA RN, iHEE
WX N, THEEEAE T — R T, BARE
FIFRAT R, ATRMRBLFRIERN T GPU X 2R40KLE
FATH L, W Kiss™SEB T 2T EBE Hilg )3k
POMhEEVELE GPU TS

ZOCET UL BT FRR, B EMKIES
EBE SEBSRLG, FHEEXT GPU FRATUHE 2L 3R 47 R
B, BOHIRSEI 7T GPU AT
(5 oA R TR . %0745, EBE SEB& Y
AT UHENAE, BERG TSR RER, 2 E
PR ESR IR, T GPU JRAT TR O
FRTE T BRSO
I GPUFHTHERZA

PETHENL P B AL AL O, B AT TR B
A ERELR AN . GPU BT R R s K,
HF AL RE ) 2k 3 T RN CPU B9 10 £ LA
b, AR iR 52 CPU ) 5 £ L B,

A GPU CE RN T — M EHATH . 2.
DR ALY . IXEHI KBS GPU {EiE T
AU IR REN T RSB, FEE ST
BUEGEVE . AT R AT

CUDA [ ik 7@ v U 2] GPU E
PATIERE, KRAEFE T 1H SRR (10T R A 5
. 5ESRMIFATIIESHWM SMP. MPP AL,
CUDA IS AR A E IR g0 L= e BRilR
WA AR R B R AR T AR R B s A2k
FEMFHATHAR . CUDA R HIE4 2 & FE(SIMT)
PATIERY, CREBBA ARt 27 AT ZIR
AT R GPU Wg5ty, fEn] DLAEATTn] AL #EE F
AEFREASF . A 4N, GPU ST &1t 5
WURE A F A A BU A% Gt 47 1 S5 2844 B % FH ) 8 2
THHEHSE T E SR 2.

AT GPUBHAITHE V& L@ R 3R 2A 3
AP RR:

1) FEuEs%, £ CPU Al GPU %7 Be v 5B
5 B A AE S 1], R o BT 7 B AN CPU H % DL 2|
GPU .,

2) GPU i AT HH

3) Bt E LM GPU #£ 15| CPU .
2 ZBEMIEE

IEAR SR IRLR Ve FRALT, R ZE B4 AW
XK el mEMEI SR N TEGUERAE, &
Wy B REIRAR TR, TG 7 B g . 2 H
ER T SR 2 A Ik A, SR AERCAE RS EadEAT
A, RS B AR, SR ERUH A A,
fERE A R, B R E R E M
¥, BEAT TTRERRE ISR AR, Al 7y B 3 gl
FEHH MRS UG, R OCR [P SR8k, JEAE
RS ESRAG TSR TR . BN RRORAIE T P
AR5 2E 55 5 U Shos 2 #AN 2= PR A, AT A] BARE
PLHLAS BRSO

% BN Z M E s, ASCRA vV 7EH
BEAT 0 M. BUE o R ZES T RRIREHIR, V' N
N HREEAR, [N TRAR AR, — M
L JE MRV JERA T 4 AP IRR R -

1) BV S AAE, 7540 ks b P R dthids A Q320

Lu"=f" )
v, OBAR, A MV BsR 4R
=Ly )



22 T s

N

2) TEALMIA B LAV =0 I, SRR %
JiRE:

L2hu2h _ fzh :I;hrh 3)
el
3) BEATHI AR 2 I
VeV + [;thZh 4)

4) LLHI v NRIME, ENMRE kAR, 2,
RJEEE] 1), JFET—A VIER, BEREER—ER
W SR E N L

g, L AGRA A L2 T
Ly, (IR L2 B 1) ARG L (5%
ARG FR MRS LT, BONRBIE T 1), 2
FEAH A% LR 25 SR 2040 A% BT, FRZ N
HHE T

3 ET GPU HJJLI 2 EMIEE

3.1 #BPBRJT EBE REEAFHITIITE
X F AN A PR TR R
AN T SRR T R T 2
Au=>b 5)
B A, il b, J90 70 e W HEAR R G Tk,
KT LAKE A

O Awu=056) 6)
e=1 e=1

Ko, BT R G TR 4, A b, AT Ll
5, BARIHTYE. £ GPU LT EBE g
i, ATLASR A CUDA Z6F2 5 56— — X R 9471
H 7%, —/ CUDA ZRFEM N7 47 Bt 42 5y B A7 H sk
B — AN B 0 IR A 5 B0 T B 50 1 S e I
FE R R DL R BAT BT SR e T RAT 55 . AR SCRE
JriEid @S S Eon i HAH A ) CUDA 2672, [FIRY
(. TP HIHAT T et . SESME R
BTG, SR EBE BT HIRGIMER, &%
KEIRFELE TR R A5, e M it 5
St Gt B se s —8, TR A m & i
B, RREEA BRI AT M

EBE SRBgH, A DL TG I Uo7 6k W B R R
A DA R0 B A T A ) PR A P i, (BRI KR
BT I8, ATk i 48R R A7 1|) . Fl
F GPU IR E N BTN ARAANS
PR, NT PR BAAEHE, RSO0
A7 PR BT R R, R P A AT A0T M P o R

Hygem

AT IR, MR YOS ER
TCNIEERERE o 1255 AR N T ERITH &, H
X GPU SRR AT, PUOIHT IR RENS
R 1] 122 7508 7 B AR AR L P IS 1) PAY 5 B (PAAR S
LI T H Y E B RE AT LA 0.1s A SERR).

E
iﬁl%%ﬁ%ﬁEmﬁﬂﬁﬂﬂz&w%ig
e=1

M.
% 1 EBE %kHE&HY GPU SE3]
Table 1 The EBE strategies on GPU
BRI BRAE A
1) a7 B O A Y 2R 2
2) XWEF—AHIG, H—/MUSLE) CUDA 442
IR ¥ T NI BEAERE A, B i B
W, » IR A, F i, BTERETE
BRMILERES, DUREITHAE.
1) F CUDA ZRFEAE XS B F B8 e 40 25 18] P
Wk, = A,
1) T AE HEEIOCR, ol &
X, BB AR AR AR B x

A BN ITHURE A ]

B Lt

C HouH E AL

3.2 ZEMIEEMFHITHITE
321 Wi E

A Jacobi IEAIE W kAR T %, IES
ARt R w AR IEE AT AR W St . AR A S
N

x M= xf wb, - ) a,xh) (7)
=]

o x AR bONE R a RIERERE;
k NiEARE; i=1,2,3,--,n NEBE Fhr. ZiEN
HEBEZAMEFES PR, MESRETTEAR, &
FH-F CUDA JT#4tif) CUBLAS 5%, w] LAtRiE
() SEBLEE AN IR R GPU fbit 5. . sk
cublas<t>axpy( ) Al UL H T #£ GPU I 5 ¥ 5
Vj1= o xx[k]+ y[j1 AT 5, Hb e AREBHE L
T i 2R A

A, 1ZIERTTEE AT EBE RS . S2Prit
AT, B Ok PR e AT U S R P
BEAR, B ORI R BN H R G RR TS
o, BORIEl—FE R T A IR EM E A, A
T PRAIE [F] — P € 1) B e v] LATE [R]— B 20 34T 1B
R E L R EHEIEA B BT L ARSI E i
T EBE ##& Jacobi %% GPU HHEFEMFER 2
Fim o



T &

71 2 23

=2 ET EBE RBEHY Jacobi iR E#E GPU LRI ERTE
Table 2 EBE based Jacobi iterative method on GPU
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Fig.1 Relation between finest and coarse mesh

FREERER, AR AT S EEy LR
ESWEEE
vi =vi+vd,
V=l v 12008 09,
vE=vE+vE + 174000 +vE+vE V) . (9)
KEOMKO)H, Fhrc REMMIES, Thrf &R
SN A o
ARICFEFERH CUDA k255t MRS f——
SRR T, BN RR S B AR S T A
FIRCE R0 fidn s, FEAEMIER RN REA L.
F BN 5O B (O AH DG SO AR, SR
AL 7 T LU R 2 A7 A5 18], AR
HR . WK 2 Fis, IRAAE R B R AR
SR B AF R STR AL, B 1 s A A
WAFEZTT A 1 120 13 BUERT S s, 342
o BB AAAE 2T 5 1. 124 1/3 BUE T SAE
e 1 R AEE IR IG A E .

1 | ) :m

#4A1 (1212114114 1 |12(1/4]|1/4

%
;&gﬂz(o 1|3 5|67 )
1

B2 AR5 AIBR A 5 F) L A £

Fig.2 The compressed storage of interpolation and restriction
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Table 3 Convergence error computing based on CUBLAS
75 [ME]
// Get the ERROR

int maxID = 0;

double max;
cublasDaxpy(FELevel GPU.sdof, —1.0, x+address, 1, y, 1);
maxID = cublasldamax(FELevelGPU.sdof,y,1);
cublasGetVector(l, sizeof(double), y+maxID-1, 1, &max, 1);

N N LR W N =

error = fabs(max);
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Table 4 The overall structure of program
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}
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Table 5 Computing platform

g 5

CPU Intel Core i7 (2.8GHz)

GPU NVIDIA GTX 460
HERSR Windows 7
TR Microsoft VC++ 2010, CUDA 4.0
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Table 6 Running time and iteration number for different scale

4 AR TEFIsAT I [H)/s
Jacobi CG MG Jacobi CG MG
1536 3592 83 4 59.573 1.823 1.183
6144 10345 165 4 — 3.397 2.508
24576 — 325 6 — 17.385 10.88
98304 — 647 10 — 133.517  63.182
393216 1297 18 — 925.734  390.524
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Fig.5 Computing time and speed-up ration.
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