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Abstract: Two parallel programming models of shared-memory and message-passing are widely adopted. The
programmability of message-passing is poor, while that of shared-memory is good. The OpenMP Application
Programming Interface is an emerging standard for shared-memory. OpenMP on cluster supplies an OpenMP
computing environment on cluster of workstations or PCs, which combines the friendly programmability of
shared-memory with the fine scalability of cluster. Taking 7 well-known parallel applications on a cluster of PCs,
this paper compares the performance of OpenMP/JTIAJIA, an OpenMP system on cluster, with that of MPI, a typical
message passing system. Experimental results show that the performance of OpenMP is averagely equal to 81% of
MPI for the 7 applications running on 8-nodes, but the former is easier to use than the latter.
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%t MPI(message passing interface) 4 %), £ 57 FAY FAT AR IR 2 B 45 269 ok b & PCAUBE LRI 74N B A Hod
T = g rph. 2004 R R BA X T HrmliX ey 7 AR i E ,OpenMP JRAJE 8 A4 BEAUIE AT BT 49 -F 34 1 48 5 MPI AR
A 81% 482 K A OpenMP 442271k MPI & 4% % .

KIBIA:  OpenMP; il &A% i ;PC MUEE FHAT R ATAERL L Z A48 M A XL 5 A %

HREESES: TP311 SCERARIRED: A

Wi 5 v T DO 0% TRl b FER 2% B R TR R Je LTRSS T ARG IR PR B HH T LG v A mT 3 8 1k 4 AR DL I
WA W IEAT T & O AL 338 (1 MPI(message passing interface)!!. PVM)HIZL = ££ 4% (41 OpenMP™)
J& P ML TR 1) AT G R A TR T A Ny L S A i 1) T 4 R 1 G v R i S AT A5 2 e THLRE 2 — A BRI 20 A
AEM FR R, K T BAR AT S FE 2 1R B 2R B 200, R e v S A5 388 R G2 H BTHLEE b =3 i IR AT A 2 BE.
SRV B AR T AR, AL E A S T AR, XA AR Bt I A AR IR ARG . H
T, OpenMP 2 S HF L S A2 A IEAT G A2 (10 T AR UE, T HLAEE OpenMP RATENLEF LA2L T OpenMP i+ 85L&
G54 T HURERI AT JEPERT OpenMP ) 5 i F 0k, 512 T 732 I wF 55,

HLEE OpenMP R 4¢ = B H 4k £F DSM(distributed shared memory) £ Gt £EAURE L #4038 () R UL = A4 fik i 42,
H OpenMP P4 )7 5% e B 58 4 (1 K A DSM RE P B 7EALRF L3247 . 1 T LB OpenMP R 42 LA AT DSM &R 48
LRI BT DAHLEE L84 DSM R G PEREXT HLAEE OpenMP R 48 1 Tk A 1R RS2 ZE WL L 31T 3 4 DSM
ARG B % R G0 W i P I T AR5 22100 SR [8]H R 9 3% W 1 BTk 1) 38 4 I FH 1 5, 26 PC L
BE LA DSM RSERITERE S MPI A4 55 T HLEE OpenMP RN &, 1 T-FE 8 AR 4, JLPERE T RE &
FLE A DSM RS E 22— SR 5 7 B A% 3 RSAH L HUBE OpenMP REGTEMERE B R TAHZE £ /b & W 7E & 21
O A SO i R AU PEe ? B T ZE PC HLRE L E4T OpenMP 1591 B A% 38 28 40 1 g LU A 1) ARG R WL 3.

AL GTRTE TR 3T B S8BT LR OpenMP & 48 OpenMP/ITANIA7E— ANl H 1) PC HLEFF & 15
MPI REGAE T V40 P e LA, 42 I 2 T Lo 1 8 2 10 J8E. AR SC IR 9 4 SR AR BHL Tl 7 S Y 1
OpenMP RATE 8 AN AL BEHLIZAT I -1 ¥ P g A 3 MPI JRA K 81%. A2 1 A5/ 2/ 24 OpenMP Fr¥E. #Hl
B OpenMP &% OpenMP/JTAJIA LA J MPI #rifh. 28 2 5 A28 H 1 1 A LA i) S P AR 28 3 09 2 il 45 4 1k
REZHT. 20 4 AT S50 8 T Flik U7 (8, A% SC P A7 9% OpenMP 11l 32 Rl £ K I ARMABR .

1 #l& OpenMP &% 5 MPI

1.1 OpenMP

OpenMP A fEid i & S4Bl 5« PRI FR R R A0 BV, 45 72 7 A 48 4L T SCHF Fortran, C/CHHEFH I —
H )y R 9 K1) i J2 FEAT G5 R AN — /S SCRF S B AT 10 L A TR e v AR Y, R AR KV [ R /oKL H
Hil,OpenMP ARB K 77i [f) 43 il 3¢ KF Fortran, C/C++1 55081 B B B /& 2.0 IURRA.OpenMP RLVEHT 7 Il EE L 4
BRAT A I AT R, S g e ) 2 R AL 3 RSB IAT K CAE L= R L B PR ) 5 A0 [ 22 5. OpenM P
TR IEAT B E B parallel ) 5 K H53R, JEAT B LA SPMD 77 R AE 2 €67 LisAT. TAESL =415 F T 9047 X 8k
TSR A AR S R 2 AN RE L PAT L FE for,sections F single X 3 P 0. TAE =065 v LRI FEAN I
AT Y 52 71— A F, 4 P8 S0 7 i B00HE PRI -3 70 AT AT I P i B0 1 B P, R BB EE  threadprivate
5 N — SR B X B PRI A, W0 private,shared, default firstprivate,lastprivate,reduction K1 copyin 4].
[Fl 25415 = BT master,barrier,critical atomic flush R ordered. 3 5h,OpenMP ] J 5 R 32 TEHR- AL — LR 2k
FEFR VRN U B AR 1 142 11 R 550, AN BR B AR g — R (R X FR S 8 AT I AT A AT 2 41

OpenMP K H fork/join JAT HAT L :OpenMP #2715 5 tH Master A2 AT, HL BIRE BN 5T 1 AN IFAT S50 (Hh
parallel 544 5), W B Master 28261 2 (fork #1E)—4126F2, H Master 282 e FRAL ) L2872 B T TAEIL
TEEER AN A AR H AT HAT S R b AR O O AR e S 58 R AT 55 R 4 AT 55 AR AL P i A
ANERE 3 I PAT X5 Y 1) 1A 55, 0T A S REAE 1A e = 2 0 4 o b 75 2B X IR 20 T HLAE JFAT 45 A 1 Ak AT
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I ERAEGoin 4. JFAT 45 HI AT 56 5 Master £k 4k SE AT 7 vh AT LU 22 AN IR AT S5 440, 5T LURE P AE AT
I B AN A JF 22 U0 OpenMP Arifl HUE F P ELEIFAT 3 30,6 B SEDUAS B JF AR 208 SE815% 5 308 17 4
A T L, 5 4 el P ORAUE SR AT OpenMP 45 4 RSP TE A VL.

1.2 OpenMP/JIAJIA

OpenMP/JIAJIA & AT A S FF R 1 — A3 T 8% 1k DSM & 4 JIANA'Y () HLEF OpenMP % 4.
OpenMP/JIAJIA F|H JIAJIA TEHUEE B E2 4L 1 2L 52424 510, % OpenMP F2)/5 BUSH S840 (1 JTAJIA 2P ZE LAY
1247 .OpenMP/ITATIA = TEAU 45 2 35 Ak 38 22 G017 o U SZ4F fork/join A3 (1) JTATIA 1847 1 ) i 5 AE S8 4l

1 TR,
OpenMP program
v
| C preprocessor | v
| v Gece
OMP2JIA |
v ) JIATTA
i H library
i Performance tuner | Executable code
h 4
| S2C generator | v
|
v Cluster
DSM  program

Fig.1 Framework of OpenMP/JTAJIA system
K1 OpenMP/JIAJTA R EIHEHE

Bl 1P BB R S8 C TRALFE S . OMP2JIA ZwiFds T REALIL 85 LL & S2C Y5AD A= B s 4 i, JL i € 7
Ab PR ERFN S2C A NS B L [ SUIF T A AU OMP2JIA %488 th kA1 B O T SUIF JF&, TPk Bef fh 38 2 3
I AE Y G 36 3 AT R AR KB i 1 e (R R, H AT WA S IR Ji5 i 35 AT A Hh kT SPMID AR 1) JTAJTA o503k 1y e R A
ROUC BRI g RA AT OpenMP JHFE P 2L AR I AE DSM Y52y, 4R J 30 3o s v 4 1F 7%
(1 GNU Gee)#E#2 JTAJIA 3847 i, AR T $AT R P AEALRE 3BT,

T4 DSM R4t JIAJIA 7EHUE EAIE & — A28 NUMA BB IL 212 R 48,00 T 75 NUMA R4
ARAF P RE, T ZE0F OpenMP bRy AT 4 €. 5l £ CC-NUMA HL# SGI Origin 2000 2{5L,0penMP/JTAJIA 142
T A GRS A ST e distribute. distribute 5 3 FF Block 1 Cyclic PR B 4341 77 28, FL e 52 R H
distribute HUHE 53 A ] 543 B EHE 78 A FEHLIA (9 53415 53 78, 0penMP/ITAJIA IS H& 4 7 35T o i 1 f 5 iy e A
BIASIR IR BEASE I 45 A B0 23 A 55 R0 38 1) R AR 2, T DAFE 3 S B AT o v 43, A T B8 e e i
1.3 MPI

T AL 2 — B2 N AT g AR BT N T A B AL 3 R SERe i BE 2 1 AT BEAE B8 2 (LA Lig
AT, MPI FREAR 38 1 A AE R T BAEVF 2 R SR 0 e 5 AR AU JE AL b 2 R FUR L SR 58 N 53 3 ) e o
FHHILT T iZpr e MPI #5ifE € LT A C A1 Fortran 4 5 Y &A% 338 5 F F2 5 i FH 380 1R A% o A1 R 1) 1B AN
HLATIR 2245 05 1 26, MPL 3R AL T — AN 53 B8 Rl (10 G FE-482 0 R — A ) 5 R4 8 10, R V8 O N A2 B0 A 7 19 DL, A
VIS 8, B R B A P 58 300K, nT LUAE S50 2R 45 P WA P, BT BB A0 AN Rl AR R 45 0 1 A B 38 1B AT
T MPT $R L1142 0 5 BLAE W BAL 3 R 45 9% 11 (1 PVM,NX,Express,p4 Z5)AH 22 A8 K R 4L T 80 K i) Rk,
REfEE Z 1 & HIg47 MPL & — /Ml e A e B (R se A0y, X 45 LB ARHE IR ) Rk TR KI R
75 P, MPT B & 56 4 MPICH & — ANl 3h ) MPT S2 8, AT T7E HLRE b 43 I i )& MPICH-1.2.3 JiiA. MPT #2
BEREHRAL (¥ o8 H0 1, R BORP 2RI AN BN 2 08 T 45 g . TR A o — i 1 1 R AR 9 R e, 8 i U 213
1) 10 JUAN B I BRI A 5 LLF PVM 4R 'S IR P E H S 2.
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2 NMRAERFEN

WAMEH T 22332 R IR MERL R, 45 NPB! I rh [l 5245 £ BB TS /¥ EP,SPLASH2!U b (K 43 T
FERLFE R WATER,SPEC OMPL2001! 1 (1) i /K B5E40UFE 5 SWIM,Rice A %# OpenMP-Now i H BHR (It (1) i 57 %
AN IEAS SRR Y GS, B U kA %10 F ¥ SOR,Omni 191 H WAL (1 472 4 307 0 R sk i A5 % LAP, LA &% 36411
OS5 AR 3 LU 40 fifF5 5 MPT A 1) EP A2 BT H2 N NAS [0 5 N8, A 6 AR 19 MPT A
JE MAH B 1 S AR R P B R SRk 1) R 1) OpenMP RRA H AT T 45 WL OpenMP R EEH R
distribute 035 53 A 1 S kA% BB 53 A, 9 FLAE T 3R 3k 000 5 10 B A 08 PR O B o A B A P v B T
EP () MPI fRA J& Fortran 23, A HR & C 7.

EP(embarrassingly parallel)Fe 5™ 2 i 7 O B MLAL, 8 7194 76 0 A (0 % H L2 — A S 1) SR 0 3 T ——
SRFG SRR AR B R SR 28 e Bt o Sl A Eh AR K.

WATER & —ANK 5> T30 J1 2 A8 RFE )T WATER (1) 32 B EHE 45 4 & — A b b i i) — 4 50, A 54l
TCRILR T — Mo FRRESEARE S IR0 271 MBR 6 AN M S 8SE A f— AN 2D E
L5y F R4 F 0] 1) 4 WATER (¥ H-AT SL106 7K 40 7 5040 40 BOR [R) R /DS 1) 3% 821X B AN A ERL 67 57 S i — A
X B, E I A BEAIL DI AR R AR AE ) I S R o 35 40 1 SO B — IR U b LG & BT 6 T (R A A
O T BB 1% 5 75 KA T B R IS 6 /2 A4 1) (AR FE 0, 946 Lk S i S (R R Y K8l

SOR R FH 21 S0 1) 18 VR A st a8 AR YR MR O A5k 43 77 F2.SOR [ AT FE 7 5 41 28 9 AN B0 43 )oK /N A+ TR
(2 W2 — AT IR 7 H AR A B 51 3 0 57— B 6 R AN AR b e AR 0 S B (R (B T B 4 %5 4, 8%
Ja R LB A R F BB i TR S S ks U R KB IR GAT R A & R AR A

LAP RFHERT Lk AR SR8 — g fr % hr 7 7 R LAP 9 04T R 5507 1H 5 AN 4H 4247 2950 i) 3 ik A A4
7l (5 22 2 —AT) B 5 B, R AREAN A BHL 47 553 TH S — DR A8 9 VB AR R S8 TH S H S AL P A oG I R 4B
4 ASTUE I AF LT T B2 6 N G 3 b AR i T R0BT A A s AR 22, 1 e AT ST IR A 2k S
Jo B 7 iy G ) T AT A

SWIM s —ANRA TR g AR e, e A8 A B 22 93 )7 v SR i ¥ 7K 75 #52 4 (shallow water equations).SWIM [¥]
ARG E B 14 A YE B . SWIM AT RR P BTG B #2247 39/5) 43 A B AL BENL b AN I BEAL A7 53 7155
SrBLZy H EIAT.SWIM R £5 M4 & — AN IR AR B BT — AN ISR B SWIM 7635 E ST 150 12
SR T BN S 1 A BEATLAR AL e A0 B AT A

LU 3 i 4 — AN BB 0 B A i mie b = A B U RV = A B LAZFR P VA SR T Yy file 50323, g e 5 08 1) 55 47
FICHI A RLU (R 50 S50 2 — A e AL AR R UGB AR R X 2k 00 3 BT AEAT AR B 52 LS R AT N 2
IFAT ST 24 76 3 AT T A % H8 B 680 1 LU R A B AT L Cyolic 73020 LS b L, 454 Ak
PR ST BB Zh B CIAT G AL BRALELION A 28 70 2 T EAT KR B3 B O AT I s B kAT A

GS 22— MNHE MAS N 4 [ B (0 1E AS 3K (1 3 1. GS (K050 5 b 2 — A 43021 GS I FRATREIFAE 5 £ %
AR, B e A AL 7 A 1) i, Bl R AT SR j AN RG> S8 i AN IEA .S LU 2800,GS 275 £ 4 4%
fTLL Cyelic J5 3o He 4 A BEAL, B A A BEHL 572 S5 00 B4y 1 O IRAT 24 A B B2 EDORUAR 4 1) 170 50k B 7 B
CIA B 1) i ZE T A

3 MRBEREFG RS

AL RE AR5 8 AN S A —A> PC HLIE, R 7 IR A AT 45 2 b st UK W) HLJK, A5 A 25 5 A7 2 > PIIT
700 ALFREE . 1GB A AE LS SuperMicro 24 ] i 370 DLE M. #4313 &£ RedHat Linux 7.3 #:4F R 45, N A% AR
AH 2418 KRHM C ik A Gee 2.96,Fortran i ¥f 4% K g77 2.96. ML OpenMP R AFKATH K
OpenMP/JTAJIAMPI {1} A MPICH-1.2.3.

F 1 KT INAR N B AR S SL R AT A B BAAT I T — AR5 25, I Y B0 AT A AT N ) 82 1% Lb 3L 54T
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) R AT WA 5 FAT RBCAS OO e 5 ) AN TRD, o 4 16 8 25 18 100 T AUAT AR ) 003 AN [R), 5 1 R AT RBCAS B 4R T IS
(] 55 FCIFAT RRCA (K S LRAT I T 55 BARRR P O AH R, O F AN — s AR A BEAHE.
Table 1 Problem size and sequential-version execution time of applications

R N K AT RAS 14T I (1)

Application Problem size Sequential-Version execution time (s)
EP 25 43.96
WATER 1728 mols, 10 iterations 241.54
SOR 4096 X 4096, 100 iterations 123.83
LAP 4096 X 4096, 100 iterations 289.45
SWIM 1335 X 1335, 120 iterations 380.96
LU 2048 X 2048 286.02
GS 2048 X 2048 341.91

31 MiNEREEDHR
# 2 2T N ¥ OpenMP JiA 5 MPTRRCAS ) SEHLRT 22 HLARAT I 1) & 2 24 W 9 OpenMP fit A 55 MPI
JEAS (R 22 HLIFAT INE (O AT R 3%7R OpenMP A, M HiIT 43278 MPI JiUA). 18] 3 24 W HI ) OpenMP jii4s 5 MPI
FERAS ) 22 BN I8 B LEAR. ol T 28 T BB A ST AR JH B0 R AT WA 22 BT 1N 8] b5 B3 4T A AT I T1) £ LE AR A A
ZHUMELL.
Table 2 Execution time of applications written in OpenMP and MPI

%2 NHK OpenMP itA 55 MPI RRCA AT 1N 7]

L . Execution time (s)
Appl
pplication Version 1 node 2 nodes 4 nodes 8 nodes
EP OMP 44.08 22.06 11.02 5.55
MPI 39.59 19.86 9.93 4.98
OMP 243.67 130.94 69.96 38.75
WATER MPI 236.59 124.67 68.13 35.46
SOR OMP 130.0 70.94 36.32 20.32
MPI 141.94 71.24 36.73 19.35
LAP OMP 311.29 160.52 81.64 44.33
MPI 290.6 144.99 78.7 42.0
SWIM OMP 444.95 237.79 138.27 83.75
MPI 459.8 236.33 122.56 63.67
LU OMP 288.46 139.7 82.51 70.08
MPI 276.48 143.51 72.66 41.0
GS OMP 340.24 180.9 107.84 77.76
MPI 351.5 180.44 92.42 47.9
10 [
8
o 6
=
s}
3
o 4
)
2
0

1 2 4 8 Node

—— O-EP —&— M-EP —&— O-WATER —O— M-WATER—&— O-SOR
—#—M-SOR —X—O0O-LAP —=—M-LAP —X—O0-SWIM —¥— M-SWIM
—— O-LU —&— M-LU —=—0-GS —+—M-GS
Fig.2 Speedup of applications written in OpenMP and MPI
K2 MK OpenMP JRASFT MPT RRA ) 22 L H3E EE
w11 2 W, LT BT A T ) OpenMP RCAS (14 1 BE #18 EE MIPT 2 2 (H 9 85 1k REAH 25 AN K8 4 7 2 S A BEAL
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IBATIN, B AT Y FH 1) OpenMP WA IR~V 2 ¥ A 24 T MPI AR A1) 96.8%;4F 4 N AL FIHLIBATIN B 92.2%: 7 8 4~
AEFRHLISAT BT A 81%. 55 4, NI 3 el 5 H bl 45 AL BRI H (F38 0, T 1) OpenMP [ A< 5 MPT A (¥ 1 &
= BRAS K A T 7E 2 AN AL FRRLS AT N T R OpenMP i 4s 5 MPI R4S P BEAH ZEASER L 10%;7E 4 AN A3
BATIH R REZEHE RIS 15%;iM7E 8 ANABEHLIE AT I, 4G 28 i F AR 7 (LU, GS) M AR 25 45 KLIE B 40%.1X & #H
OpenMP/JIAJIA W] 4 @ Lk MPI 227,

1.1
x —A

e
0.9 v
0.8 \\ \.
0.7 \-

0.6 X
1 1

0.5 ) 4 8 Node
—&— EP —><—WATER —A—SOR —@®—LAP —l—SWIM —>K—LU —=—GS

Fig.3 Speedup ratio of applications written in OpenMP and MPI
K3 NHIH OpenMP JEAS L5 MPI FECAS f s L LE AR
3.2 [ FZESAN LB AN BT B FRAT I BE LLEL A S A

N THEATE AR T AN ) OpenMP JRAS S MPT RRAS (1 Pk BEFE A5 2 [ 196 2. 4 A R2F 1 8 HLm
LG AN 4 fn] K, BT S ) MPTRRCAS 1 1 BE 2 T OpenMP A ZE i %t T 3L o 1 4 AN B (EP,WATER,SOR,
LAP),OpenMP JRA (I TEREIS F] MPL FRAS T 90%LL_F A — SN HI(SWIM) ) OpenMP A REIL £ MPI A
11 76%; 1M1 A PIAN I (LU,GS), 5 OpenMP JiAS ) P i JUAH 245 MPTRRCA (1 60% /e A7k R K B, T i) 7 4
N IAE 8 AL BEHLIZAT I ,OpenMP Fi A K~ 24 V1 BEAH 4 T MPI RRCACH] 81%.

34 8 MALBIHLISAT IR, B R 3% i R ORI R N 3 thal LU Y, T ) OpenMP A A 326 FA 7
SN BRI LA G MPT AR AR 2K X 322 R OpenMP RS HH 3 ) /2 K fF DSM 2%, 1 # AF DSM R4 4
T SRR RE AT 1) AP BEAS IE T A7 A2 ) ) — B0, 75 A% 328 R 1) 7 RN T TR0 e vk 19 MPT AR, 1)
A DL A PR SRR b B e AR IR E . T LA M AN 1 JBE K, MPT RRCAS A3 AV R B0 OpenMP JRCA R 5.

10
DOMP [ MPI
8
o
=
o
8 6
[=9
w2
4
2
0

EP WATER SOR LAP SWIM LU GS  Application

Fig.4 Eight-Nodes speedup of applications written in OpenMP and MPI
Kl 4 R OpenMP JEASFT MPI A 1) 8 ML Lb
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Table 3 Message count and sum of applications running on eight-nodes

=3 S HULL NI AL B B B

o Message count Message sum (byte)

Application OMP MPI OMP MPI

EP 257 32 129740 256
WATER 13 619 1447 40394 276 19 262 144
SOR 10 025 2800 23 640 984 22 937 600
LAP 14 647 1 400 58 376 684 45 875 200
SWIM 98 301 13 074 326 155480 123 180 982
LU 75 786 14 336 178 934 684 117 383 168
GS 94 260 14 336 120 901 080 117 420 512

I AR B A R AE AN IR B AT TR N R P 4 I BU R 5 28

(1) WFRADWFR)E, i EP 45 .EP F2)¥ RAEvH R 58 L5 M — AN VA 29454 0 T 3X JE B 1T 7 ,OpenMP Wit 4%
[k A MPT RRASHEADL, F B e e g b 18] 4 vh EP 19 8 MU B B T MM il X F R T EP 1Y
MPI it A /& Fortran F2)J7, 10 347 WA J& C 2%, Fortran F2 7 1 ST 2508 35 1 — L&

(2) %5 TAF A8 20 e = 77 i 4 1) B0 AN J00) ]R3, 1 WATER 25 3% 38 T8 5 1 o S B 0K, o 4 5 a0 13 B o, 3
EA TR PR R4 OpenMP AR K% 7 B4 H A1 B & MPL WK 218 % (02 i T34 DSM R4
JIATIA "HRA T 2 Ml A5 575 S MO0 B AR, M0 FLE A5 A 5 A2 R 77 (0 B8 RS0, i LA o )3 45 % R
P BB M A K3 A S FH 1 9 A A ) e e AH ZE A8 K

(3) Vi AU 7, a1 SOR,LAP 53X HF2E 17t T Ui A2 M, 8 OpenMP 1Y distribute il 547 J& 7] LUR I
HSZHINAE & 3 5L,  OpenMP RS B A5 5 MPL A AR 22 A8 K 6 T 3X 2 8, OpenMP A F 1 g 5
MPI A ZAK.

(4) VAAE3 0 I B 32 5 R B0 di A2 26 0, 1 SWIM 253X J8 8 1K) OpenMP RRAS f W {5 125 Lk MPT R A K
1R 22, 3% 352 Kk WP DSM R 42 L 0K 8 (I 24 4K Byte)EAT 045, i T AN 2 B o v 66 o A B0 5 2 i vy
] K 3 BV 2 0 TR AR, B T AR I B 8 A AN i A 0] 1 R R W 48K, BRI OpenMP - i 1)
PERE 5 MPI JRAA — & 22851 1, SWIM (£ OpenMP FRAS (1) 8 ML Lk K45 MPI WA (¥ 76%.

(5) Vifr LB N ABA7AE U5 1) R S8 45 00, 40 GS, LU 5. X FE P AT SR A 77 8/ 22 1 9 8 1R U A7
TEAE ™ TR (8 45 7 4, B 22 AN A B ML IR B ) ) — A Ak BEHLERCECHE 6 T IX 2 T i 75, RV OpenMP iR AS [ % 2%
HRES MPT A ZE AN K AE & A8 AR FEHLE B B 00 4 8 A 22 1R K 81 1,GS F1 LU ) OpenMP hit 4
(1) 8 HLINH b AR T MPI RA ) 60% 25 A7 3X B, ) W HY OpenMP/JTAJIA ¥ ] 4 FEPE B AT MPI 4F.

4 & i

PERLARE T SR T 30 S A% 3o G R B R B0 a0 Z50KE - B34 25 0 8090 JEAT Rl 4, 5 & HEAE AT T LT A BAL V) i
A IBAG A F B 00T 27 01 22 Ak B 1) 8 A5 AR DR HE A5 ) A2 4 5 AT IT 1) W6 A Ak ML R 925 B4 i
5 .OpenMP Hr U [1) S & F2 1 4o S0l 2 42 (i 19 2 AT 1T e ) A1 AEALE FoR A OpenMP LR 1Y B 15 1 2R S 4
PR D2 IR RS ) A0 2, T HUEE b OpenMP R (1 B 500 A% 30 B AH L A7 25 B, 3% Fh 1 fig 22
FEBHAS T HLEE OpenMP RZEH) 32 v .

AT RATE IR IHLEE OpenMP R 48 OpenMP/ITATIA Fll 2 () B AL 3 R 48 MPL A )2 4l
IR AR ), 76 PC HLEE b LLER T 1X P (1 1 fie . it 4 SRR WL I A ) 7 AR H ¥ OpenMP RUASTE 8 /> Ah B
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