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Abstract

In order to give full play to the computing power of SMP cluster, combined with the characteristics
of SMP cluster parallel system architecture, the design and implementation of multilevel hybrid
parallel program based on SMP cluster are studied by using MPI + OpenMP hybrid parallel pro-
gramming mode. The performance test case of hybrid parallel programming is developed by using
MPI to realize the rough degree partition of tasks between nodes and OpenMP to realize the fine
degree partition of tasks in nodes. The test result shows that MPI + OpenMP hybrid programming
mode can effectively make use of the multi-level parallel mechanism of SMP cluster, and give full
play to the advantages of the two programming models and effectively improve the computing ef-
ficiency of SMP cluster.
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1. 5]
SMP SR E ymtERe T B R SN H BT R A SO iz EtERe AT TR 6 . TR B A
W] LA N AL N AE R BAE P2, MPI R OpenMP 73 i & X R IFATRE P wor P R AR R, ot H
B BN 2 AT R P TR R A B . MPL 2T ORLE I BERE R ITAT 38V S8 A% 2t S UL A2 1) 1) et
A EA EEE], R R TS A, (HIEEEBIR: OpenMP 3T Z R R 4mki 5 3717,
WAL, R BRI RIEG), SEILN A R AT R AR, AT SCIUHE RSN IOL AL, BRI R 2
[1]. ZEHFELPRIIRERI B ISR, MPI IFAT S FE PR AL JRAT SRARTH SRR/ . 35 SR N i)
R R ZE AT e, Xt T REE AR RS 0, AT T B AR B R B TR) AR R
/N, ARHERR [BIEAS BT AL 3 (] (B SN AEAN BT G 0, I8 72 B AN VBN (R o S8 S AL BN 1]
B, KA SMP EEREIE RAEMRE i, JERE 73T MPI+ OpenMP IR & FRATIRFE LI 7L, K
£ MP1 F1 OpenMP JHAT AR IO 52, S EFATIE R U, FFXS 204 77 MPIL 5 MPI + OpenMP
RERFFITERILSS, Sgh TGt ReZE R EE R .
2. FHTHREEREN
2.1. OpenMP (Open Multi-Processing)

OpenMP SZ L L FR I R MFEM C. C++. FORTRAN L FmfEIE S, /& MILZEAM T R FH4T
ZRAEFRUE, ATZE Linux. UNIX 25484 2 45t iE 4T . OpenMP % FHFRHE () Fork/Join & IEAT HAT IR . OpenMP
T AEARS N N T A AR AR I AT AL, SERRHAT IRt 2 SR E R SE . OpenMP B4
&R parallel. TAFEIL=E, master ME . (E5-55454, Hrb parallel 2544 2 AL AR FIEH),
FT ) OpenMP 25 #52 FH 21[1] [2]-

ik

2.2. MPI (Message Passing Interface)

MPI 2 Tk BUFARTBUR SR 11 S BEA AL T B AR5 1T 2R vE[ 1] . MPI SRS Hobriefb . w8
M. AP RS, BN e iE AR TR E. MPIL.0 BT 1994 Kk 4, 1998 5F MPI2.0 i K
i, 1E MPI2.0 1, HF 287 MFHE .

2.3. MPI + OpenMP

MPI + OpenMP {5 & A A5 TR 1o /517 5 9 A8 L A ALY, 49 s SRR S A% I S T ST L A
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I ) 22 AT SR . I BIALKE OpenMP A MPI BEAUE HLREL G 2 —id, @it 7850 K AE AP BIAL & 5 1)
A, TSRS S T S R A v 37 R 2 [3] [4] [5] [6]. ELASkef: 5 SANR A BALS, vk 755
5] OpenMP # I TF 845 BIVEAC EL s 47 SR AL =202 6, B b iR e, BRI T s s B
DRI A] . 2K, 2B R HABIE IR [ 1) HAT A 3 B A B S AT AR A ] 3 e % o
3. MPI + OpenMP ;R &H{T4RIZROSSIR
3.1 E3kgit

ALk R R 7 BUE AR I47 RARFZER 08T MPL + OpenMP T8 & 4 FE 1 B AR SE I o 7w B8 R it
TP ER S SOFMW, Hob B RGP, BRI IFAT SELE R BAEX i B, AR N T ITIE P
PE BB K50 BT 19 R -0 491

KA BRI SR IR R & SRR AR R, R RTH B E E AR B = AT R o
J&. BARWT:

(1) AR R S

KRR 858 XK 5y 7732, K EIX A S Kil53 A np ANNXTE] s, S =Us;,i =1,2,---,np, RS
XAy, BN FT B R R RS B R AR O B R R

(2) WARAES LIS

TERANTHE T A A OpenMP for FEATHI S5 R), 4 BT BCIE I 7 BL 6 AN [F) (R 2672, ) 75 229
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Figure 1. MPI + OPenMP hybrid parallel computation flow of z numerical
calculation
B 1. 7 {5 MPI + OpenMP B & FH1TR R ZE
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3.2.

).

LY oul

S BAR S BUE R N LT LA
(1) BELEH
R THE R CPU FLE, e ERA T R A2 s, A 24 4,
(2) IR (5 —HIFT MPI)
KISR0 770, IR 7 Boge A R R BERE (56 — ZOFAT AL ) . T s
n=N/np;/IN 9SG IREL, np NIEFEEL
for (i=myid*n;i<myid*(n+1),i=++)
{

#pragma omp parallel private(tid)

}
()T FAE S5 R (3 — 24T OpenMP)
i OpenMP for AT S4), A4 40 BB TH 50K 18] P 1 115145 4 O 48 AR R (R 4R PR (B — AT &b
WK PR :
#pragma omp parallel private(tid)
{

tid=omp_get_thread_num();

#pragma omp for

for(j=0;j<n;j++)

Si:Si+sj;

}

(4) KSR
BT ST AT S 5 U5, A MPI_REDUCE(), Hil- 54 ISR 0, RIS 5453

CEE
4. MRERRF AR
4.1 MAFFEE

ACHIF SMP AEREHFEF AT 7 IAR, 1Z S REIL 314 AN A, 5 AN 2 i Intel Xeon E5-2680 v3

12 #% CPU, SEREFRIDIA(EH5AE /) 310TFlops, Linback Silllit 5168 /) 210TFlops.
4.2. RLER

A R A Y IR 7, R IR E 2T T AU MPLL OpenMP JEATRE 1

REM, 7 AP 32 ZEH T T JE #8719 55 MPLL MP1 + OpenMP FEAT 2 Fe 4 AR .
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FLEHTER—DNE A, 20 3. 64 12 24 MEEFGEFLZEAT OpenMP. MPI 347 HH SR FF
I [R) 8 VA5 O (RS LIS 4T 10 Ik, BT SRR TR]dRe /ML, AR50 K3 N = 100,000,000,000). 151 2 235 1 XF
LRI L.

Table 1. Parallel computing time of MP1 and OpenMP parallel program
& 1. 3AM OpenMP, MPI HITIEFF 1T ERT(E

Bt s
S 3 6 12 24
S5 50 —
OpenMP 94.22 47.12 2357 11.90
MPI 94.71 47.37 24.78 13.14
HiE: L0 R — AR s iR
8 ,
—+— OpenMP
T |—=—wmpr I
6l i
0 Sr B
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3 L 4
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Figure 2. Table 1 acceleration diagram
2. F= 1 XA NEELE

M 1 AE 2 o LU H, BT AN OpenMP 5 MPI FFATREF P A — 24, 4B EAT LA i 9 F 47 hn
JELL, OpenMP JFAFE R H1-5ME RiEm -
4.2.2. ¥R EIMR

T2 WM T A1 20 4. 8. 16, 32 AN AUZEAT 7 {H MPLL. MPI + OpenMP FHAT R 7 it S Ig AT I
Al ZE 5 BL(A 20 XN = 100,000,000,000). HHr: MPIREFEEAD T miZ0BC 24 DikfE, MPI + OpenMP
TN EANEC L AL, 24 N, ST MPI+ OpenMP F25, %08 = 588 * 3145 S0 3G MPI
FEFE, o080 = BEREEL. 153 2 MR niE LE .

Table 2. Parallel computing time of MPI + OpenMP and MPI parallel program
52 2. ¥[8 MPI + OpenMP. MPI H1Ti2F i+ ERtE]

el H

U 24 48 96 192 384 768
SEITT 3

MPI + OpenMP 11.96 6.25 3.46 255 1.49 173

MPI 13.14 7.39 4.84 418 4.08 741

ik AL BT — AR s
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Figure 3. Table 2 acceleration diagram
B 3. 5% 2 XAy IR [E

MFE 2. E 4 aTLIEH, MPI + OpenMP i1 MPI F2 7 i th 24 350 B8 hn J5 i/ &34, {2 MPL +
OpenMP F& /5 (I LB THE B I I A R FRARE, Hom T MPLARFIE 4 5. Kt 5 MPIIFATHE
JPAHEL, MPI + OpenMP Jf47 8% 57 A S8 TH R0 FE AN TR 4 ) ] 7 J 42k

NT BB R IAT IR I SRR 2E IR R, X MPI + OpenMP Fil MPI 4T 2 $AT I F2 Hh
I [R] () 2 AT 58 s AT THELIS 8] 3@ A5 I (R 0 70 1B AT 4e it 2 3.4 4 sl 7 MPIL AT MPI + OpenMP
HATFEF AT RE PR AR (R A Ze iR . 1K 4. 1K 5 43BN 3 46 4 h LRI A 43 A 2

Table 3. Parallel computing distribute time of MPI parallel program
& 3. MPI #HiTi2F T ERTE) LR

it IEMM‘E - 1&*%[ 24 48 % 192 384 768
AT LR ) ,, 11.95 6.10 3.14 217 1.43 0.64
RIS I ] 1.09 1.29 1.70 2.01 2.65 6.77

&it 13.14 7.39 4.84 418 4.08 7.41

Fik: B RUR B 24 AR

M 3 FTLAE W, BEETH RGN, MPI T HAT VH SR /16 St Al B 11.95 s Jk2> 4 0.64 s,
PRI 19 £, 5 B TS TR B 23 Lh e 91.0%080/ N 8.6%; HEA% [RIIE(E VHFE IS (B 1.09 s $8hn# 6.77
s, 6.2 1%, (HEIFERIAI 9.0% 5 & 91.4%. B IEEAE JFAYIE T ATV AL 2 i 1), A
KIHIL) T FAT R &

Table 4. Parallel computing distribute time of MPI + OpenMP parallel program
& 4. MPI + OpenMP FH1T#2 71+ B ftE) 73 BL

- ﬁ;ﬁ\\\\\\ﬁ\ﬁ& 1 2 4 8 16 32
AT TR [R] 7 11.92 6.10 3.32 2.39 1.28 1.27
RIS I [) 0.04 0.15 0.14 0.16 0.21 0.46

&it 11.96 6.25 3.46 2.55 1.49 1.73

Fik: BAWRURAB) LR, 24 DT
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Figure 4. Time distribution of Table 3
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Figure 5. Time distribution of Table 4

[E 5. % 4 %t R AYETE) 3 7 E

M3 AR 4, |55 HTUUIL, BEEZEFEEHEI, MPI+ OpenMP PAFFAT4AE 7 50, R
(e BT 543 B T SN TR 35328 k)N, (H MPI + OpenMP AT 12 7 1345 T FEI ) )L 5 MPI FRATRE R 1Y
6.8%. HIULAT UL, MPI + OpenMP & I AT P AEARF Sk AR 1 PIARIFAT g FE A B2 A DL A FR [T IR, 7T LA
AR AT AR BT, W DA BRSO IT R I RCE .

5. &N IE

MPI + OpenMP Ji & g e ALE 45wl R BRI, 0 R BRI =3, oA sUre il R g
R RGN EARG S, BEREMR R MPI IFATRE 7 1k B B 0 R B i BEAIG PR e AL, ) g 3 e i
1 OpenMP FHATREFFY PR ZE I I, WA Rt A 4% SMP EEREMITHELIERE . JFATRE PP OTERESZ AT LA
REH . WIS WA B A JHMTRFII . SN R SISE 2 R R L), RAES G
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