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Abstract:
and OpenMP. We propose a new hybrid parallel programming methods that are aware of architecture hierarchy on SMP cluster sys-

For multi-core SMP cluster systems, this paper discusses hybrid parallel programming techniques based on MPI

tems. We design a hierarchically parallel algorithm on the N-body problem, and compared its performance with traditional hybrid
parallel algorithms on the Dawning 5000A cluster. The results indicate that our hierarchically hybrid parallel algorithm has better

scalability and speedup than others.
Key words:

1 5|8

FE N AN HETE R AT AR RS E B
MPP,COW .SMP J SMP #LHf . MPP, COW 1) 47 i S 5 T
AR AR, AT R PR, (R Ak PR 2 1] (1% 3 RO B 48
K, G PRI , L AR AR = BT B L i, SE AR
MPL,PVM 5§ . SMP /2 5 T 3 S A7 it 1, Ak 30 45 22 () 3 11
FEEHE/N, &) Foafe BT Rtk 22, 2 g ARp m 2 Ik
FAS G SLIARUESR OpenMP A1 Pthreads %[1] .

M TS5 ¥ K F , SMP HLEE ( Symmetrical Multi-Pro-
cessing Cluster) & 19 s A =2 N A7 25 44 13 5[] 23 A =X
WIFESHIR &, B4 A T MPP.COW & SMP [F4f A5,
ZRAR R R TR A G A X 2 o 4 A R
EHLATIR ) F 9
2 OpenMP #ZEF0 MPI $EY

FEATH R g AR B = Fb B R A
A2 AR RN B AR B FL A, MPL I OpenMP

Wik H 11 :2011-10-28; & 7] H 1 :2012-05-16

SMP clusters; hierarchical ; hybrid programming; performance analysis

& H BT AT B RS RUbR o AE L N AE R e v, Jk
T 5 00 47 7155 9 B2 AR E 2 OpenMP, 7E 53 A1
WAERGEr, BT B A% 38 B FFATAR /& MPLLPVM %5 .
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2.2 MPI fRIZHER

FEMLEETT R R ge b, 1 a5 a] m] DR O 8 AL 8 4
A qn MPI( message passing interface) #1 PVM( Parallel Vir-
tual Machine) R #E47 IATRE 7 ¥t MLEEIT 5 R G
SRR AT R ] B A R A e MU R
PATIHE BB FRES, 40 N-body [A] 5, DNA 5 51) Y 52 56
AL, R TR, AL, s e A a5 S)

MPI 22— JE TS %38 B AT g PR AR o, 2
H T A AT 5 R S8 Y 5 3 g R ALY IR 471
& MPI J 7] L #% FORTRAN77 . C. Fortran90 ., C + + ¥ J,
MPI FeVFREASAT 55 B, R IRAT 4R 1L T R pbERE An
ot H MPL 45 (9 R2 77 T EL4AE SMP HLEE i qT.

MPI {7 (435 53 i 22 SR B A2 5 i 5 AT 20 IR 4711
— U, T % VR AR X R M S A A A A
VEAEUE ERAT AR AT v e A 47 156 BH DT S 3035 A5 e 46
J3 4 MPT 11 5 7% 38 TROF85 K, R 920 48 3R 5 5 2R FH 488
KA L JE
3 SMP B BRI ITIER
3.1 SMP HLEHERLE

TP R CPU AR SE R4 M i H S AL R 2 2
BRI . 2, AT SR i B CPU % H Al N A7 45
SRAR PR R An AL X AR 22 Ah BELAL (SMP) 2, {H X4
CPU it H ik B A B {H, 15 SMP X 2K () 2 4k BEAL R 48
F A P (Scalability ) 28 1348 22, [ 2h CPU 5 47 1 4l
St ANFE CPU [R5k B 38 i A S0 K. i HLEE &
G B ARGT B RE A% EL AT PR IR L P g AR
J5 (6] {2 Bl SR NVIDIA Tesla HLEER: A 1 iy [ By B
K2 EBFH Y K — 5 A(Tianhe-1A), LA 2507 J7 12
UKW linpack, 75 2010 4F 6 H A& A i 5 TOPS00 1= 1 fig
HEHUHA T B E

REETERETHE T & (HPC) SR A 2R 451 1Y
SMP HLEEZR S5 S . SMP HLEE T A5, ] 5K FF 9 A 338 1 4 A
FAEAHEERE , HURE TS B BB R P L 2 A AR n 4] 1
JiR .

FT SMP HLEE 2 2 KR R 254 F5 A, T RASE B

P/C P/C = | PIC P/C P/C == | PIC
I I I I I I

Bus or Crossbar Switch
I | | |

SM 1/0 SM 1/0

Bus or Crossbar Switch

Nodel Nodel

Communication network:such as Myrinet,Ethernet or
high-performance switch
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B R, MPL 2 67 57 19 A [R] 093805, S5 B0RURE BE (1)
FHAT . OpenMP 171 57 45 55 N I AT , B FEE T 2R3 1Y
e, P REAS AR

(2)ZEZLH MPL R FH A, 37 50 ) i i P2 55 B0 B AR
TR AR 1 AR T SM Vs Ta] B /0 i2F R 4
AT ARG T 38 15 TF 4

(3) A HIF I cpu

FEHELE R F H, 4l MPLASE 30 A BRI AN BE CPU B
By 28 &, A — I UE . IR SRR A g e,
FH OpenMP Z& R AT D8/ HE R B, 1T 7890 & 4545 ik
FRARAEH .

AN, EAH T MPL 5 OpenMP R 4 4 A 84 v | 32
RN A] I MPL R P B 2 B 2 () 44 a5 0T 3 TR
{4 I 1 5 A B R R 0 OpenMP 2R FE AR,
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IRA AT T 208 MPI + 4062 OpenMP LA
MPI + HLHLE OpenMP J AP,

| [
(L2cashe) | |(L2Cashe) | | [|(L2Cashe) |

NIC NIC

| SMP Node 1 | SMP Node N

Communication network:such as Myrinet, Ethernet
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4.1 MPI + A5 fE OpenMP ;B & F1T

YRLEE OpenMP FH-ATH8 AYFE: AT R ARAIE R85 1)
HAL L IRFRIGI AT . PRI MPT + 410K OpenMP 1R A5
FATES A T 5, BIAE MPL R P9 A 46 54 F OpenMP £
LR AT NIRRT A TR 1 PR AR

# include < mpi.h >

# include < omp. h >

# define NUM_ THREADS 8

/ % Some Computation and MPI Communication * /
omp _ set _ num _ threads(NUM _ THREADS) ;
# pragma omp parallel
# pragma omp do private(i) share(n)
doi=1,n
/ * Computation * /
end do

/ * Some Computation and MPI Communication * /
MPI _ Finalize( ) ;

4.2 MPI+ 4L E OpenMP B & F1T
TERLRLFE OpenMP ¥R G T 47 831 HY, OpenMP %
SPMD( single program multiple data) g T 5 MPI 454 .

G, OpenMP 1 R8T A2 iU A2 e, A2 (2R
Ll SPMD # 2 Hb 8 — A BER ) 25407 A [ £ A0 BE, X
IS [ A A0 B A R AR T A7 BN ) R O
ALY id 5, P X ERR N BB o AT T —
RLREVR A FE T M PRS0

omp _ set _ num _ threads(8)
# pragma omp parallel private(--+) shared(n)
{
thread _ id = omp _ get _ thread _ num() ;
num _ threads = omp _ get _ num _ threads( )
begin = n * thread _ id/num _ threads;
if (thread _ id = num _ threads-1)

end=n-1;
else

end = n % (threads-num + 1)/num _ threads;
for(i = begin;i < =end; i+ + )

{

a(i)=b(i)* c(i)
!

e R I, 7E SMP AILEE MPI + OpenMP i1 54
PR BRI E OpenMP, 1] LIS RE A1 55 FHE 13
JBE . — 7 1 K 22 TSR AT AR AR A v S, AR AT Ak
HTLEEIR TR AL 8 F OpenMP 415 i) 538 231171k 5
7 T ERARTE S RURL BE DT AT A I PR RE AL T A kL T
7 8 MPLIHATH RIS L P 22 EE | 1 4k I
AR TAE RN, Ak B P BB IR AT LA T
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5.1 MiKIREE

SEOR R (3485 < BB TCS000 HLEE, LL 6 4~ CB6S J]
FoR R L, Lh— B A620r-H 1 R 5 Bl 45 B 5 A
A~ CB65 JJ 5 s A W AMD CPU, St 8 4%,
3.0Gfloads.

SCIG A AT R AE R4 SUSE Linux Enterprise
Serverl0 SP2, OpenMP i i¥ % & [l OMPi-1.4 B, gee iA<
g 4.2.4, ML TPv4 . OpenMP {8 F 1) & 3 4% OpenMP
S5 AT GCC4.2.4, MPLf# F i & MPICH2, £ 4 7%
MPI 5 OpenMP &7 B FH )52 GCCA.2.4 iifdn , i
Bﬂ‘%ﬂﬂ%ﬁ-lmpich ﬂ]-fopenmp, 1E MPICH2 3 85HhisdT.
5.2 WiXERF

TEATCH A 55 MPLY OpenMP B3R Z7E £ % N-
body %) OpenMP 447 FE 1R & 1L 719 .

N-body [R]85« £ — 52 F 9 B 45 6] 1, 43 Al A5 — RE 5L
PR, B R (B BB A 7E A AR (T B 5107,
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FEC 145 45 AT bR HRE FAL B, FEVE iy
YERT , BB — a2 B[] 25, BR8] A ek
FUHLRS XA ARSI RS AT 0 (N2) . 2 ER
B[] 25 fE 6 /NI TR R B R B, FR 1712 N-body
T AR e SR e

N-body Fi5AR 2, B (BB 20 L BE TR
PRIE A% BT FE — 41 kL X BN F A9 VR R, ]
b T R — RO L e R A L
AN BEZS (]9 33 U5 1Y) 43 A [) )2 Uk B BT A%, 7 — 4
2% (8] HLAA I\ U, — 22 (] w2 U SR

SPMD TS A% a2,

/ % mian loop * /

while( time < end) {

/% build the octree * /

O_tree(p,t, N,my_first_node, my_last _node) ;

All_ Gatherv (my _ subtree, tree) ;

/ % compute the forces * /

forces(p, t, N, my_ first _ particle, my _ last _ particle) ;

/ * compute the minimal time step * /

delt = tstep(p , N, my _ first _ particle, my _ last _ particle) ;
All_ Reduce(delt, new _ delt) ;

/ * update the positions and velocities of the particles * /
nextv(p, N, delt, my _ first _ particle, my _ last _ particle) ;
All_ Reduce(my _ particles, allparticles) ;

/ * update simulation time * /

time = time + delt;
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FIAE MPL/OpenMP {1 & T2 3 th $UAT B[] 5 4 PR 4y ¢
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