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Abstract  The OpenMP Application Programming Interface (API) is an emerging standard for
parallel programming on shared memory multiprocessors because of its ease of use and incremen-
tal approach to the parallelization of sequential programs. At present, clusters of workstations or
PCs have been becoming the mainstream platform for high performance computing. It is increas-
ingly attractive to develop OpenMP parallel applications on cluster systems. This paper presents
the design and implementation of OpenMP computing environment on clusters, which is based on
the combination of software DSM and compiler technologies. In order to improve the system per-
formance and enlarge the application range, many methods are introduced to adapt to clusters ar-
chitecture, such as OpenMP directive extension, runtime library optimization, loop scheduling al-
gorithms etc. Furthermore, eleven OpenMP programs from some standard benchmarks have been
measured on a hardware cc-NUMA machine (SGI 2100) and the OpenMP/JIAJIA system on
authors’ commodity cluster of PCs. The experimental results show that the mean speedup of the
OpenMP/JIAJIA system on seven processors is 4. 62 and that of the SGI 2100 machine is 4. 55.
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() FF A7 0 A2 X 1% pR AL

Water s — 7K 53 8 J) 2 B FR P, B 40
B> 102 SR A I 2 B e 454 o — A~ 3k
E A BB RIER T TR
PESH AL F I BT L2 1 LR AL 6 A4S T T Y
S8 . Water K parallel il 5 347, 78 5 - B [8]
B BB A AN e TS
HenFZmm/ER T b 5 3 34 parallel il
SR IFAT XA for i R A B B, R AT RE AT
nowait -l 2> AN 0 B[R] 20 F 4.

GS B—/IT8HE M A N 4 1) & 7Y 1E 38 5 /9 W
RS IR, B e A LS A m &L S
ERFA RS A maEG>D 5% ¢ A maiEsg k.
YRR IE S A #8 73 2R H parallel for il 5 I 47 $h
7. M A N 4k fa) i DL — A 48U Ak, 76 9117 X
Brp At

SOR F2 5 HI 21 24 3 U8 415 st 3% AR5 i A 0
TR B LR IC R A X AL T R U 4
MRITE AR TERIN R Z IR, 78RR % AR
oL RN B TR R M AR T R B AL R A
parallel for il I A7 LT 508 36, L BAH TR
V- 34 7 WO AE i A AL BRAL |

LAP 87 HIHE AT Lb 3% A8 120K A — 4 i 35 v
D5 R B IH A Z 4R - 34 73 B AE B A AL B |
RENAD ETE IHE A D B TR WA 4 A
TCER MV BIE A7 B B AL X T 2 L 2 3R
1R F parallel for 3474k ; #& J5 R i parallel for
reduction il F: 47 71508 IH B 2 A0 R 255 e Je (il
AT parallel for J:47 5 5 IHE 4.

LU F3 fiff B — A8 92 56 B 20 i B b = FA [ U 0
T =AW L. AR BOA R P A3 il B8 T
(5 TAT FE 0By 4. AR B UGE AR X LT R
TEAT A HE5E )5 . R parallel for il 5 547 5 5 4 /0
TCEA N A, FRE DL — A LA o RS
1) L RN U 36 B A TR Dok i £ 4
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BRI o5 T By S 2 a3 ] Horh NAS 2 7 48 09 LA
MNE R AR K S, M, A, B fil C; Tii SPEC OM-
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&1 MABRFHT
BE O OMB AT RF g A
5 [H] %5 [H]
EP Class W 24KB Water 1728 /1 1MB
MG Class A 432MB GS 4096 X4096 64MB
CG Class B 428MB LU 40964096 128MB
. . 4096 X 4096,
Swim Train 191MB  SOR AR 100 1k 128MB
- 4096 X 4096,
|~ 1~
Art Ref 552KB LAP B 100 256 MB
Equake Ref, 355MB

AR 240 K

AR e 52 Al A A0 KAl 7 ) A ) R FRATD
B EIRFEFF 23 AU, Nk 2 Fs.

x2 MRABREFESE

AR R BI % S5 ON PLE S /N
B s ] B HLI P 7 EIRER s
B 5 ) AS B IR ML R SR

(ODGHGRF. XXRFHLERIRRE DA
Gy I R IAT 0 s AR AR R D Bl an k5 R JE R DL
ARICH) EP BT, EP B )7 WA 24KB A= 8509E .
i H A AT [ 25, AR R 45 RO g 47 /b {5

(2) Gy Fe P, X7l A — S R R R
A6 BOa] DUE AR R e ) L S B i e /L 45 5 JL 501
F1 BRI T AT AT 55 [) 58 . B2 451 %5l o s A6 S 5000
M E R AN, 6 Water 72 77 #9 4t 52 23 7] H
1. IMB, {H 2 fir 45 b B3 AL S0 25 5 ) 2 52 23 6], 5 %)
—HPEE PR T RS R, A Art BT L3R

S A 0. SMB, W75 B 147 UE R (] 40 A2 .

(3) FLIN R J . 3 2 A P R4S L 2 s i kL AR
T 540 U 0] L SR ), AT DA 2o A 3 04 B4 43 A1 ok
W42 48 = &8 k. 1 SOR M1 LAP W5 1747 AR &
LR R BLOCK £ 405 73 A7 36 B AT LA i b, 52 90
WA FITE. GS LU Wit BB AR AL, GS 17
B AR LR Z G W&, LU HIR sk s
FRERE R CYCLIC %08 43 A 5 W 1T LAAR 4 b 52
PN . BT LU 898G 3
VLRS- AR BE R B GS. MG B2 19 5048
Vi ) A A B A 0 ) AE 2 0008 o0 A AN 25 5 Wb 5% L 7
A BT 75 B 432MB iy = a3 6], 1 H R AP i £

COIEFLIN AR 7, X R e e 52 B i 1t R i 2K
At 7 1) 455 A R AR X SR I 3 1 B8 4 A SR e
T B0 R BCE U IR A A AR OR. Bl CG R T
il Equake F2 /7 H#8 # K 81 — AR ) 7 15 R [ 1
] 5t 1) 3fe AR B il A e mE 23 ] 43 31 Oy 428 MB
355MB., £l U5 [l 45 XA KL

T3 T 11 AN R EZ ST I
ST E) (1 . SGI 2100 RS #8A7 — DAL BER E I8 3],
eI H B 7 A 4ab 3 A% . 78 PC Cluster |
FATMR T 8 AAb AR B A FRAT IS ], AR 3 T
LLE H, BSRTE SGI 2100 Al PC Cluster BFf V-6 I
IBAT SR A [ RAR 1 [F) — 5 L R 1 AE SR AL B ALB AT
BFPEREAH 228K, EE I K. (1) di i 28 22 5. MIP-
Spro 7. 3 i PESFI gee 2. 96 i i A K O2 ik
PR BEAR —#F BT g 8 0 H AR RS ROCR LS &
s (O RS2 5 R SGI 2100 9 R10000 Ak
TR 0 A AR, H R H— 2R — 4 Cache #BIZ K
FHLRE Y Pentium 11T 4L B 8. B T EP. CG, Swim,
Equake F1 Water 5 2 /37 B9 ML AL B ML BEAS A
SGI 2100 #b, H& 6 NMEFE T 5 #.

*3 MNABFITERE (A7 s)
W FH 1 &b BEHL 2 Jb B 4 AbBAL 7 RbHAIL 8 b AL
(352 SGI Cluster SGI Cluster SGI Cluster SGI Cluster SGI Cluster
EP 26.25 44,08 13. 30 22.06 7.51 11.02 4.06 6. 81 — 5.55
MG 57.69 55.16 38.01 39. 38 22.27 28.98 18. 16 26.23 — 25.00
CG 1475. 29 2846. 18 912. 06 1685. 60 698. 94 1133.13 554. 44 1173.12 - 1138.75
Swim 1307. 48 2226.71 837.61 1145. 74 424.62 682.68 315. 94 617.70 — 512.76
Art 23391. 61 21678.97 14470. 28 12154. 03 9471. 96 6723.93 6237.62 3990. 27 — 3488. 84
Equake 570. 68 676. 32 419. 35 653. 55 219. 06 452. 80 160. 88 322.42 - 324.96
Water 142.52 156. 88 73.03 86. 82 37. 37 47.93 21. 56 31.41 — 27.96
GS 3301. 46 1681. 90 1673. 28 880.97 851. 83 484,45 515. 65 393.07 — 369. 77
LU 1965. 36 1624. 72 994. 16 808. 44 709. 83 448. 43 574. 71 417.50 — 387. 46
SOR 194. 67 90. 05 100. 45 42.72 60. 46 23.00 34. 24 15. 22 — 13.77
LAP 326.00 277.97 199. 61 134. 98 100. 32 70.11 77.37 48.70 — 43.61
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56 1E 1 OpenMP il 24 & | J5 3 8 AF DSM & 4t
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