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Parallel Algorithm and Implementation for Molecular Dynamics Simulation Based on GPU
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Abstract Molecular Dynamics Simulation is an important method for acquiring liquid and solid atoms’ properties. This
method has been widely used in the fields of chemistry, physics, biology, medicine and materials. The complexity and ac-
curacy demand causes enormous workloads, Parallel computing is a feasible way to speedup large-scale molecular dy-
namics stmulation, With hundreds of GFlops or even TFlops performance, GPU can speed up computing-intensive appli-
cations, This paper presented a parallel algorithm named o ApT-AD, and we implemented it on GPU under OpenCL and
CUDA Framework. The experiment results show that the oApT-AD algorithm can achieve 120 speedup on GPU Tesla
C1060 under OpenCL Framework, compared to that on CPU. And we also implemented the oApT-AD algorithm on
GPU under CUDA Framework. The implement under OpenCL Framework provides almost the same performance as the
implement under CUDA Framework. Moreover, our algorithm can be extended to two or more GPUs, with good scala-
bility.

Keywords Molecular dynamics, GPU, OpenCL,CUDA, Atom decomposition

Vol. 38 No. 9

1 3|8

SrF BB, RAE X T IR TR B T Bri L i 1k
G, At EVUERURFBRRE SR, AT RIITE RGN
St P8R ERERE R FEAE
TERENZBREGERT REFEREH . 2 Fah%
BUEE R B BE B S TR % TR TR E R

P HH:2010-10-02 K45 H#H.2010-12-25
B R H (20092X01036-001-002) ¥ Bh .

Tl OE EH B BBR EWFERETELGF. 4T
B AR R B 4 T 033 3R SH e E R S it
Pl B IR R IR, R BRSO R . (BRARKTHERE
N—ERHAXTERR LRSS . 4F3h 12808
FERF[/ERITBEREX, S EXMREAEER LT A
EY  —RREE R TR/ FREE L 34T 4TG0
KRR BB SR —RN T SR TRIESHRE,

AICFEK 863 H-RIW EH (2006AA01A125,2009AA01A129,2009AA01A134) , B R E R EH

B WA985—), B LA, FEMSEH A TR 5 4754, E-mail: feihui. ustc@gmail. com; ¥ F 8 (1973—) , FF5E R, B4 50, 32
BRI ) B BE T BT A ST MR TR SRR E, T W981—), 4, BIBF R, BB F 3

O WTER (1967—), B, S TR, TEFE 5 M EILMLE .

« 275



BOREGHUR I (]2 B R G E A, X mh 7 BB TR L B A 5
KA BRRE R aE SR . A HRBT R, #1754 T30
iRt , 249 9096 LA b syt RIZE R AE HH R A F 4R
£, '

DTSR T R R T BT R
B IRT ORI IR [ M 3 M X 3 M
B ERERXAETEMINIHFTES BRISH AR R4
fRERME AR T IS ST PR 50 1 R R E R
T3 1 B R LA — 5 B B T IR R4y BRI G 5 R IO 0 R 4
Y X AT RIS

EXRE T —METRTOMEER GPUHTEE—
oApT-AD, 333 %t 77 B S 4 B9 A7 4% A 1l LA B 3¢ GPU 3%
Trtas B9A BRI A B R R R A A R R WP R TP R 18
HEE, LRERRY, ZEERE THREKMERSR, B
RAERGHWY R, &30 2 WARSFIHIEERIAT
TP RIFAR TS 3 FABRAVR L LT 30 1 # RO
TR E—OoApT-AD Wit 538 4 TN ALBRER,
FEXFGERBEAT T BE X 2 CHATBE .

2 BXIHE

2.1 SFRHERMERRE

FEAFI RS, REF S FRRE B2
4 4E S BRE BN B RIS e R R,
AIUAE R TR RS Y. B RAARESERRE
BEHR. FRAEEEUTILAN . Verlet H3:, Velocity-
Verlet B ¥, Leap-frog B 7, Gear B £, Beeman & B, Rah-
man Bk,

AICK F B 4 Leap-frog B ¥k, Leap-frog H L2
Verlet B )—Ma4k, 5 Verlet EEEMLL, HTEER /N B
BEHMNBEMREN O, HBRAE G L. ST h
EEM PG . EERMBEARFANR DR B
7R,

r(t+8£)=r(t)+v(t+%8t)& M

v(t—’—%—&):v(t-%é‘t)—f—a(ﬁ& @

TEF 3 SRR 2 F | R S - Tk
F(L-] #FOUIFR, R 3 PR,

U(ry)=4ela(Z)2—b(Z)8] (3)
Yy ri

K e HEFSEE 0 MERABFERKE —BAIFTFER);
ry AT B EEES; B .6 FRF MG S A AR
KN, —BAEO a=b=1, L, F i B2LF; BERAH
F X (O FR .

Fy=—vU(r) @

HFHZHHBERRE MW UEF > FREEMMNE
ER, W4 FRE s BT S . aFah s, 4 F
BEEEATLE EEE, R G iR,

m %=;F,, + Pt (5)

2.2 SFHhBFERFTUHRTHR
1999 £4E,IBM A4 F S BE 31 T Blue Genel I
B35 T KBV ARG RS EHERFR. 2005 4,BG/L &
¢« 276 o

GRS R G H 65536 IR A R, T Ak A IBM
PowerPC 440 4 FE3SH , R A& WS T B 15 % 360 teraflops,
SCERCOISEB T 4 F 3h 1 2 B4 NAMD, B 78 KA
AT ENL LR KA Fi R, Hiiat Charm-++ L8
TEERBYE, BB RES Y BEIRE T ERT M
#/ Li217. NAMD R ECA ST 58 Bk VMDD

SCERL1LTFIAH GPU BRI B R kLM T 2+ Fah 1%
B, R B TR RS R H R EF R, il 12]%
REF oD, LB T 4 Fai 138 R7E CUDA 228 F #97m
. XHER[2]IR A MPI+GPU-MD Y317 R, & F 2 H 4
RERERREPIA T Fah ¥ ERMmE. CANX
AH GPUBRMER S MERFE KA EHAEE
RMASEED . BREXEEEHBREETEHWEGT
B WERSFIA GPU & 3Hif RNt B2 a5,
BEFE GPU W& B vh 38 T SRR B R, =2
BRETRE,

3 oApT-AD HiZ R LI

3.1 SFHAFRRBITEE
SFEIERE CPU ES A — R BB s 1 57
Re
3% 1(CPU 1785
L ERSFRSER, REREMSHG
2) HELS FHMBRERE

3) For all time steps do;
O FRAKNOEFFIESFHLBER;
5 HAXGARWHEAFRNEZENBR, FEAX@OAKXGIE
B FREEFR

6) End for

Bk 1k ASCERI6], #R T # CPU L L34 F3h 1%
MR, EREENE, £ LREED, ATRFZEN
VEREMEWN, BE F;=—F; K% F; #REF; SEF
iR B R E T XEET S WERCh . TRITENE
BEHY T L=ART =ANER, BNRHET Fy, Fi
RATEERRHTET . I rit B E AT LIgh—2%,
3.2 oApT-AD# %

BT E T4 @A GPU L BT — MBI 1%
B, BEFomE8 T GPUNA, RAAE 3N HE: DR
SHBETES FRHBRMEE AR AFELREFEL &
& F cluster, RiF-& GPU BATINGE ; TR T 01 53k, AL 4%
ZIEREAR LR, FEAHEESWRAE, AEAES
GPU i . 2)F)FJE F 2 3k 7] DLk BI8iF 9 S BP0
WY B, 3)GPU KR ERHEN, okt Bt
BB TRERENGEH, BN AR EEE MR,

7 GPU BB BRI v, 4R 78 1Y 30 75 18 BE AN P AT AT LA SE
% GPU R RIEX M &, RIMNA—EBRLEE 2
F.32 # oApT-AD(one Atom per Thread based Atom De-
composition) HATE L , A B i AR B ¥ 2 PFiow,

#3% 2(0ApT-AD TR )
D RS FREGER REEUSE
2) HAS TFHMEREER
3) ) CPU W # N4 FI5 88 GPU B4



4) For all time steps do;
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