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Abstract With the successful development and application of domestic tera-scale cluster
systems, the high performance computing hardware platforms of China reached another new peak
performance level; however, the sustained application performance and utilization of these
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systems need urgent improvement. In this paper, we performed NPB benchmarking on three
domestic tera-scale cluster systems, our research focused on the performance characteristics and
trends when carrying out tera-scale parallel computing on systems with thousands of processors.
We analyzed the effects of different system configurations(processor, interconnection network,
etc.) on final NPB performance, and found out that the programs in NPB suites got their best
performance on different clusters, this phenomenon indicates that domestic HPC manufacturers
begin to adopt different cluster system design and integration strategy and technologies. Users
should choose the most suitable system based on their own real HPC application performance.
Through further analysis, we found out that the scalability of NPB programs can reach hundreds
of processors, but can’t reach thousands of processors; most of NPB program can only exploit
around 10% of system peak performance, the scalability of cluster systems and real application
performance on tera-scale cluster systems need further improvement. For manufactures of
tera-scale cluster systems with thousands of processors, the performance of collective
communication and fine-grained message passing needs further improvement. For parallel
programmers, they should pay more attention on the usage of collective communication and
fine-grained message passing when designing large scale parallel program for tera-scale cluster
systems with thousands of processors. In summary, The emergence of tera-scale cluster systems
with thousands of processors become an unprecedented challenge to domestic HPC industry,
academy and users from system efficiency, scalability, parallel 1/O, parallel program design and
optimization, system maintenance and administration, system reliability, etc.

Keywords tera-scale cluster system; performance evaluation; NAS Parallel Benchmarks (NPB)

1 3%

Mt E A R s it A KB F ARG T — P ad oy F 5. F AR E R
RV, St HIL A H SRR, LEEERTAEEERTRERS,
Tk R AR X RO T ERRRE S A BT EE R, RUTEDET LRI E
BA AR E RS LK, IHERARULRFHNEN LR T mEk it LR, R
FE B B BT R A B T ACOR . T+ AGIR B B R LA AR AR BT B T E N
Al EW R AL A R LB R K, Bt R R ) 2 MR B AR AR [T, 8.

3 2 M R U SR IRAL R A R AT R IS E R L2, R R LA B LA B
. MBE LR, RARETHEAEFAT, AP EAKTE, HTRENFTEEL A E
Aok, vt b o AL B BT 2 o R P A AR O G TR, T R U B 0 Rl T LA 2 Ao
MAMEE-F, HEXET:

B, BRI EAE S R REA P TRB LM, RARI"E
ERER, ERAFTRAALREFEESREAER. TEE. TRHEST T F
TR, MERIFIA B T oA R AMI BB AGHER. THE. TEE, JFE0H e

HOR, AE R R B T AL R R BEREFEZR, B P A RGHNT it H M
b EEMRE. BT, T/ORE. RATY REFAEAE S AFRER. &
TAF AL A L B 0 8 M Al T EALBEAT M R IF U, A By T 0 R R TR P L E R e R
GEE, AP I RIATR IR B

FAT M R AT LU R ARENR AR (1,2, 3,4], 4T UREFEE DR HMNKER.
B B0 R AP E 2 A DL A £ RPN 4847 2| DL Linpack P 64 £ Z PN 4a4m 6958



M-B. EFF TOPS00[7] fnef & TOP100 [8] HEATHE At ix — 46 L AT 3| T RAFW I 1EAH . B
AR PA Linpack M 63t R ARIATIIN, H ARG Bl KA HE, EELELT, 44
B Z. Bk, AT RARE SR, DAT AT 6 R S L8 & Sk AT | AT
W RN, R —ANAEEMANE A, BERMER EEZ KA T HPC Challenge
Benchmark [15], IE7Eik B MR 4l Linpack MK AR, EAE KB R AN E LML,
E Wb EARARATR T AHHEER.

2 NPB fa 2

KA FAEN KA F (Benchmark ) xt & RIATIFNZ % FH 7%, wREAFLHEZ R
BB N T HRIGEEHRER L SN ARNREE, BEAFRE T 2N REF.
WA TN ERT ESH N . RAREEEREFTELE Linpack 7 LN
W AT T R BN RET ST ER N, RREFEAG—ALERT [3,5,6], yEFKLE
TOP500 Fo# & TOP100 HEAT45 FT K Fl. Linpack MKAE 7T A MEAEAY 50% —90% , A
RFk — L AR i B SE PR b i
NPB[9, 16] % &y 8 MN2JF K B 1H H R34 % R AU AR A, # DURIL — M AR 7
By SLPR I RE, B A T R 3 5 1F ) 0 Ak o L9 M B MK AR B . NPB 7 NASA Ames Research
Center FF 4, B & T NPB MRALF B HLIE [10], T ARYE T EIALE T & 045 A FE LR 136
B WHAT R AR 3
NPB R FEA S AR, CAEMABMER — L% (16, 17], THREZEZN
WRAF A
® IS (lInteger Sort, B ¥ /7 ), F Z MK E 4z &M 4k o & & 1 (Collective
Communication) ¥ &, xt i 15 ZER R

® EP (Embarrassingly Parallel, % %J47), #fEHRD, EEMNKBFBMNT HiE
H Ak

® MG (3-D Multigrid, =4 % B4 ), KFH % EFEH %KM =% Poisson H 12,
BRACTEBACE SR 2 R, EENEKAN (structured) By F3E L7706 7 B &
Al A5 fn 8 B B AETE

® CG (Conjugate Gradient, F#4t&i%), £ ZMRA MM (unstructured) iy 5 43
15 o B AR S

® FT (Fast Fourier Transform, & K 7% # ), | FFT KM= f o r 2, TENRKE
EEAE

AN IANEMM AR, vAIRE i ERAARS G F [17]:

® LU (Lower-Upper Triangular, *f#RA8AARE (SSOR) KARBA IR A2 20) , B R AL HE
BHE SN 2 W RIR; R 0k 3 S v ] R B R P SRR, xR
15 FE R AR GUR

® BT (Block Tridiagonal, #% 5x5 = xf Atk 724 ), ERALHEENEE MW, T 5
MR E Fo it 0P, USRS FM e A2 A KEEEEN £,

® SP (Scalar Pentadiagonal, ## fxt A% 7424 ), ZERAHEBRWEZEFHH, EEN
RBEATHAG T, NFEESFHETE AR AKHERAEANE, 5§ BT HEEHE
AARAL, {EIEAS 5L L BT &,

RSt [16], NPB B P EERMAT 5 NEAERE B ( MPI_Allreduce ,
MPI_Alltoall, MPI_Alltoallv, MP1_Barrier 2 MP1_Bcast ) fu /0 A & | &5 i@ 15 & 4L ( MP1_Send,
MPI_lIsend, MPI_Irecv 1 MPI_Recv ).

AL B BT B2 2002 45 11 F K A B9 MPIL R NPB2.4[11] 7 4% 5K OpenMP #n



HPF 5238 NPB[9, 12].
3 A EHHE

RAXHERTEAUT IANEFEHENELSE, HPHEZ 64 175, Bt 40004

TR -02, HE R - 03, MANLAUK A B A randis.
3.1 BE 4000A

FE 2004 4F 6 Fl 0 K AT & BT TOP500 L34 % 10, 2 B Ay E WIE(E 5 Bt 53 F & & i
MLZ&, 4 11.2 Tflops, 4 X bL T 144k % DAWNING4000A. E B3 7 bil w8 Fit .,
T E 640 AN, ¥ 5k 4 % 64 4 Opteron CPU, £ 3 2.2GHz, Myrinet 2000 W % % $ .
YriF % 4 pgi Cfu Fortran 4giF 2.
3.2 WM 6800 MANBEE A

2003 4£ o [E] TOP100 HE 4 % — 1 09 BX AR 6 6800, W48 7% 4 15 3% £ 14 % 5.324 Tflops,
A UL T 47 2 % Deepcomp 6800. B R # 7 A W42 BP0 BRI E R, HES
B 256 A, 4% 5 4 4 B Itanium 2 CPU, £ 1.3GHz, 3MB L3 Cache. W % 4 256 0 4% 3%
full bisection #y QsNet M %%, B <A 5 4 QM-400, elan3 3.5, 64 {i # mpich for QsNet 1.2.4,
BT F %% % %5 A1 Intel C/C++/Fortran Compiler 7.0.

3.3 WM 1800 BMANBE &

2002 4EH [E TOP100 HE4 4% — 4, 2003 41 [F TOP100 4 % — A, f# ] SSE2 mfu&1(H i3
B E k| 2. 048TF lops, A SCLL T fa] #7224 Deepcomp 1800T. H 7 %% 7 F AHBL A%
SIRTHERE SR ERE. WWHT A 256 A, % A4 2 B Xeon 2GHz CPU, Myrinet 2000
W %% 4, mpich-GM 1.2.1, GM-1.5.2.1, FfF %% GNU gee/g++ 2.96, §£4 Fortran 4
80 32 fI Intel Fortran Compiler (ifc) 6.0.

4 PR AT

NPB U *] A A B 8 % (AR ) Aol 4 B A B4 RATE NKAREH
REBEE, MAKERETE. PEHELANE, TEREZEF R A TRE S
OB 28 B VT R AL TR U Aol e TR

4.1 Ratabthi

MARGEANT R H N EEZ BRG], TEARME R LERRATF A2
BB AE AR (13, 141, BEME AT RSP mRAL]. AR EFERES X
BT E R, ERANBRENBERR L, A 64 MLILERA D K H A AR
Fr# AT, SR bl 1. XemAEF b T RS A CE BT RER, &
GEhR

500
~

2 400

wn

S

g 300 W Deepcomp 6800
200 ODeepcomp 1800T
=

o

=

0 M s A

SP EP MG CG



& 1 Deepcomp 6800 F Deepcomp 1800T L 64 AN FEE Class D JRK Xt
BRI ER Ak 1.
& 1. HAHLEEZR R NEB W Mflop/s/processor tAE

Program SP EP MG CG

Deepcomp 6800/Deepcomp 1800T 1.06 8.94 1.04 3.25

WO AR F B9 E A AT 1, 4 B Deepcomp 6800( Itanium + QsNet )i 28 &4 & 1£ T Deepcomp
1800T ( Xeon+Myrinet). #/NTF & 8t 5 B EM 4 Ar i N4 W 407 ik 2
ik 3 TR,

*2: HEFEEZHERKT

Processor Cache Memory Peak Performance
Itamium 1.3GHz | 256KB L2; 3MB L3 | 8GB 5.2Gflops
Xeon 2.0GHz 512KB L2 1GB 4.0Gflops
%3 MBHRER
Interconnection Bandwidth(point to point) Latency
Quadrics > 300MB/s <7us
Myrinet 250MB/s <10us

TEALFE BIEAE E Itanium2 94 & T Xeon, #55 & Itanium2 A3 2 4 3MB # L3 Cache,
E A E MR EE, W% L, Quadrics & 5 fuFE R 7 E AP L Myrinet W % 4 {k
e ATATNEE 114 (1 B 5k % , Deepcomp 6800 # B4k iF & i+ % b #7 M 1Z 1% T Deepcomp 1800T
BT AT ER . (2 SP o MG AN T itk th L 1, WARBAANERE, i
A g PR AESR & B A R R AR 7 e T b T BB xR Y LR AR AR R B PR R KT R AT
.

MG fo CG TEMKAE MR, CC MKMLER A, T MG MKMW b/, it
B Deepcomp 6800 FEACEEAMM EIE 7 WEH AR, 7 AIE & B 5 A b @Az 7 | L
A8 XA dm AL A HL S

EP KA X EHATIHE, #FEERD, TENKNWZLERNFAITEE S, EP IR
e LB 8. 94, A Itanium2 1.3GHz 432 2 L, Xeon 2.0GHz 4 FE 2 ¥ DL & % B 5 i3 S is
A,

DAWNING4000A F1 Deepcomp 6800 & It &t th 4K 7 1024 NALFE S, XA Class D, %
Rl 2,

700
600
500

400 MDAWNING 4000A
300 [] ODeepComp 6800

200 T
ml;
0 PP oy B o L ) N

bt cg ep ft lu mg sp

Mflop/s/processor

B 2 DAWNING 4000A $1 Deepcomp 6800 £ 1024 N4LFEE Class D AR xt b
MLEEENEFERNT & LRI L — 5 2R EF R OYLE Lk B &EH
#6. DAWNING4000A + BT #u LU #){% & % T Deepcomp 6800, i £ & /LA 7 U f& T Deepcomp



6800; LU, BT fn MG ZW AT & LA Z M b Bog iy, LA ERKALFMF 6 &
TREERF, A-—MEFEFTURTNFRTAXBOUHTE, AP FEEL
AR EFERESH DRFIFTHETG.

4.2 RAHKE

EAEBABELBTEANS ETANEAT, ZaOEGELAEKRTREE, R
o EM A E KRR, REEHF R EABE TG A E RN E R TR REENTAT
P,

H Y 24T NPB H SN2 T e K LB AT BE B M GER 2L, 72 DAWNING 40004 _E 3 A 1024
NACTR B D K E A AT B 5 R 4wl 2; 7£ Deepcomp 6800 75! i 256 />Fn
1024 NALE . Xt D K E AN E R A 3,

R
BT

=
g

800
700 =
600
500
400
300 B 1024 processors
200
100

0 1 1 I—h 1 1 1 | s

SP BT CG MG LU FT EP

0256 processors

Mflop/s/processor

B 3 Deepcomp 6800 Lt 256 ANfn 1024 NALFEE Class DMRENRER
7 Deepcomp 1800T k771 A 64 Fu 256 MALFE 28, xt C 2 8] B ALAE e M A UK 4 R
i 4,

400
350 —
300

;(5)8 064 processors

150 W 256 processors
100
50
0 1 1 1 1 1

SP BT MG LU FT EP

Mflop/s/processor

B 4 Deepcomp 1800T Lt 64 ANFu 256 NAFEEE Class CHRMNRE R
Opteron 2.2GHz CPU #yli&1{H 7 & iz 5 3% £ 4 4.4Gflops; Itanium 2 1.3GHz CPU # %
5.2Gflops; 4R f#  SSE2, Xeon 2GHz CPU #yi4{E % 4Gflops, &M% 7 # X Mk 5 4L 32
B2 UG 14 B8 19t (4o 5 4(na — non available).
4 BAER FPNRFERS ARG I (W)

SP BT CG MG LU FT EP
DAWNING4000A | 3.26 8.80 0.30 6.10 13.26 2.05 0.47
(1024 Processors)
Deepcomp 6800 3.86 5.30 0.51 6.50 7.22 2.89 0.53
(1024 Processors)




Deepcomp 1800T 4,12 441 na 6.81 4.33 4.10 0.19
(256 Processors)
7 Deepcomp 6800 b, YAFEEANEIA 256 N AnF] 1024 AR, A B0 64D A BT
TF (BT Br4b), LUL CCMRA B ZE T, A 1024 NI ZENIK, NPBH#y 7T ANRFH (F
BIEIS), LIk Ee 2 LU, AAEBEEMEEE 7.22%, Eirt iR C6 Lk
B WEAE M B HY 0. 51%.

Mflop/s/processor {8 [ 4b FE 28 HLAE 4% & 1 T~ 4 29 4[]+ 1 FLAE Deepcomp 1800T #LAE %
Sy A (LU BRAD) . B A 256 NALFEZK, NPB 8 6 MERFH (245 1S f1 CG), 5%
I B B B B2 MG, b B M BE By 6.81%, T 55 5 14 B 5 17 B EP X3k %1 14 {H 14 &k 87 0.19%.

NPB = thF2 /7 I A6 15 L6 4% RO B w0 — AR SEFR L B B P 86 1F UL, 7EHE OB 4000A LY
SR Bl 3K B (E M A B 0.30% —13.26%., Deepcomp 6800 ik Z|WE{H M 86 # 0.51%—
7.22%, Deepcomp 1800T bk 2| {8 M &k t1 0.19%—6.8%. 43 K | B hn4E Ut 5L I 4y RL | 72
FHATAR, T2 EM. ERERBRIGIET Yo AR AT R F X ik KA R S s (M
B 20%L A ESL, AAEFANTAERZARESLGREWNFAFTHTEZ AT G EFE
BIAL, SHETES LR, ¥ARMAFERGREAMETOLARS TRFEH, RAE
B, REAGH, FANRGE, BFEALRNE, F2AEFRAET TR EH0H,. 1 &
B XA B AL

43 WY EMK

HATUHERZG (BF + 8 ARFOTY BYE, ARTEXARTFANTY BMES
AEXE HATRE Bt Fofh A LA 48 5 & L

— MR P, Mflop/s/processor 5 AEBMM (N) @Sk, ZHEHE LA, &
AFEAEEXEETHR, Ty EERZNBEFLTEELALANRER. £A148E
Mflop/s/processor {8 f A Bf &t Bz #y AL TR B ANEUE X4 Pmax, BB ER AT BHENEE
Ar. Pnax Mok, RAY BUMT. BFH Prax HANBTERAXER, TURREELR —
F & T#4T. RATE Deepcomp 6800 E#F % T NPB EANEF By 7§ & M 4 642 17 Y FAE
T AT, BEoK 40004 Bl FRANKEBE EHHE, HERERAXZALE. HS $4H
R TS R C (ALFEEBE K 15| 256) Fu EP (A FAALAE D (BB E A 4 5] 1024)
B G R, B 6 F AW T H U IR B A D R 4R, LB M E A 64 2] 1024,
HUBRFENFTEAMABENE, EFLERLT, AL

30

S 25 —*\
o 20
§ 5 \ —— 1S (Class C
& N —®—EP Class D
2 10 ‘;\.\
&
= \

1 4 16 32 64 256 512 1024

p

B 5 Deepcomp 6800 F Class C IS fuClass D EP H# BMNRER
IS M EHTERET, TERAAEAHEE, XXNANAENERRYGRE., B 5+
W R C K AAL I 1S MR, Mop/s/processor {H & A2 B AR KT
B, Pmax T 1, BRFHOFT REMRE. xRN H RN, wRBEENEEESEE,



WA FER A, MM aE T PR R,

Bl 5 o EP ik 89 Mflop/s/processor {8 f & AL 32 g8 4k B B3 Au JL-F A T . 240 B
B, ETEPHRK EE T RiEH, @ERD, Mflop/s/processor ff xf 4L FF 2 AAE A HURK, EP
o7 9 o AR AT

. 800
S 700 f —o—BT Class D
¢ 600 F —=— (G Class D
§<288 ] —&—FT Class D
3 300 F ,\K s —e—LU Class D
§ 200 F Z P —*—MG Class D
£ 100 | .\.\._*' —8—SP Class D
0 1 1
64 256 512 1024
P

B 6 Deepcomp 6800 L Class D W ¥ BHARKER

SP fn BT £ EMRKBE fuit H oy Tor, MabME AR Z X E AN M. BT &y
e b P ACTE B AR Aot B, Pmax A TEET 1024, B)FAMRSETY BM; SP M
rEAEREE 64 W E| 256 Bf, ARALA; EAEBEE D 1024 B LKA TH, Pnax
A-F 256 11024 Z 8], LU EENK @A F R FLE S 5| 2 3#{5, Pmax 7& 256 ML, BFH
Y EMRE. R AEBHET 256 f5, MR TR, W RStk E HE LB A
St XA A . xT NPB S B = NN B AR T R, 7S 7 T E E R AR
BB B Btk %, Deepcomp6800 FEYF 4 B ML AN, G AR L ENAIERNAKT.

MG, CG, FT EENKE A fo i 5| FBAE RS, X =2 F MUK oy 1 Al T L 38
B o T, Pmax NT 64, BTN BREAGE. 2NERE, EEHAETREF+HE
AT &6 E, MEARBWE L, SE6EENTH EARKNS].

TRBFEIALOGTY BEEZR, GRRITEERGNTY BRUFE A, bHEENER
FER ke, HREFWANBER G EEREMER TR ARG TERE.

MNFEFRNBEZR G LW ATRF R, EABRTY BERSWITEE, REiITE
fodfEth (EEHESRARE), BOL2RARE, REHITHE.

TRAVT R, BRTE N —RIATRFOATAES AR T ANLEE, s AFHE L
BB AR D, EARU ETALIEE, AR, HRELSZETE, AREELH
A RERARBITHHEL, RIOEANEFTHERSH TS BET AL EERE, AP E
FEHRUTHAATHE, EEFERALAFT WA T RINES 4 8w Rax —Hh k.

5 HEWRARRIME

AT 3 6B ALK AL B NPB K 4R, 4T T B8 ALAHLE R Stk
R R F. AT AELRE ETAMLEERATHRARERT 47, HECENETF
BIRFAER T T R AT . AT R, B 8T NPB P B9 T R M — T LA B L+ 2 LE A
AHZ, B aA B ETANACHEE; NPB 2 7 1% 00 R SIS (E B B 2 Lo R AR 2 10%
A, MR RESHATI Y REAN AR T NS HBRNA LT EL SRS, TR
T8 ol 45 47 2 NPB R 7 B T RMEA ZBOA, T A B E A B BT AT ALRHLE K
P, MAEEREMENERGE RN IHFBFRS. ATRFRITEETLANER R L



THMTE R, BiE BRD o @ fE Aot b R 5 1. ASUENKEE R0 2640 b, #t
— SR TRERERTHES LR, FARMA P FERGRE, ¥ &%, HFT1/0, £
Fr¥citfufhife, R G447 B R G0 VT S 0 S 07 W g B RTBT R B Bk R

NPB B F E BN AN R RGN T R 2 M AR E MR, X% eI MALE R
TGy, RFERL T 1/0 ek, B8 R fe 77 07 @ A, Bt EvR s Eam i FoE
Jr A% v e BT AL AT R B9 5 07 B R . K T2 F AT A Benchmark %A AU B 414 €
ZRE T — B, H SR AT — KT R R AW B E Ak i LA MR, B
A TR A=A R &b gl i B AL R BcA SE BT B AR P e R R AR 7, K
DANEX LW, HLE NN IR R — A, P FE ST RE S AN i HAL A
Gi. ATEZ 3 — F B T0 4 3 A N T30 R G M B A o R AR AR PR, BT
Fb R AR fE AT PR REARAE, X Rt e TR P R X ALE, ARG, Gt B
%07 IR B AU BT IAR.

B MR EALA AL B AL R AR R SRR, RATH MR KGR TR S B Am
XFfoR . RAEAGERITEN FRE. B, RATHRITEFERERE . +
ﬂ%ﬁﬁmﬂ%@w¢Mﬂ%ﬁ PO HERRAFERAARFFRRAFE TRAHER
AL EE R UREAHNERFEF . R PR REFE S RAARFA R A FE TR
B K E L R W AT R A SR I Y E AR

S0k

[1] Lei Hu and lan Gorton, Performance Evaluation for Parallel Systems: A Survey, Technical
report, UNSW-CSE-TR-9707,1997

[2] Marcelo Lobosco, Vitor Santos Costa, and Claudio L. de Amorim, Performance Evaluation of
Fast Ethernet, Giganet and Myrinet on a Cluster, In Proceedings of the International
Conference on Computer Science (ICCS'2002), LNCS 2329, 296-305, Springer-Verlag,
Amsterdam, April 2002.

[3] Jack Dongarra, "Performance of Various Computers Using Standard Linear Equations
Software (Linpack Benchmark Report)”, University of Tennessee Computer Science
Technical Report, CS-89-85, October 2003.

[4] A.B. Yoo and B.R. de Supinski and F. Mueller and S.A. McKee and |. Kumar, Memory
Benchmarks for SMP-based High Performance Parallel Computers, Technical Report
Lawrence Livermore National Laboratory, UCRL-JC-146246, Nov. 2001.

[5]1 BK%E, W) 30, dKARBG AL AR, IHTHERERSN Linpack YERENIK 0 Hr, %%
5NN 2003,24(4):285-292.

(LUO Shui-Hua, YANG Guang-Wen, ZHANG Lin-Bo, SHI Wei, ZHENG Wei-Min, Linpack
performance test on parallel cluster system, Journal on Numerical Methods and Computer
Applications, ISSN :1000-3266,2003,24(4):285-292)

[6] #BaHE, SAd, XUMS, BRifi, T/, 2237, LINPACK SHLEEARZH LINPACK JIi,
TFEMLEFE, 2002,29(5):8-10,59.

(DU Zhi-Hui, WU Fu, LIU Peng, CHEN Yu, WANG Xiao-Ge, LI San-Li, LINPACK and
LINPACK Benchmark, Computer Science, ISSN :1002-137X,2002,29(5):8-10,59)

[7] TOP500, http://www.top500.0rg.

[8] TOP100, http://www.samss.org.cn.

[9] NAS Parallel Benchmarks, http://science.nas.nasa.gov/Software/NPB.



http://www.top500.org/
http://www.samss.org.cn/
http://science.nas.nasa.gov/Software/NPB

[10]D. Bailey, E. Barscz, J. Barton, D. Browning. R. Carter, L. Dagum, R. Fatoohi, S. Fineberg, .
Frederickson, T. Lasinski, R. Schreiber, H. Simon, V. Venkatakrishnan, S. Weeratunga. The
NAS Parallel Benchmarks. NAS Technical Report RNR-94-007, NASA Ames Research
Center, Moffett Field, CA, 1994.

[11]Rob F. Van der Wijngaart, NAS Parallel Benchmarks Version 2.4, NAS Technical Report
NAS-02-007, NASA Ames Research Center, Moffett field, CA , 2002.

[12]Michael Frumkin, Haogiang Jin, and Jerry Yan. Implementation of NAS parallel benchmarks
in high performance fortran. Technical Report NAS-98-009, NASA Ames Research Center,
Moffet Field, CA, September 1998.

[13]dids, IME, =57, MPI RS IEAT TR R GOl AE M R AT AT TSR RERORIT ST, /LA
R EHLARSE, 1997,18(1):13-18
(MENG Jie, SUN Tong, LI San-Li, Communication Performance and Parallel Performance
Research of Networked Parallel Computing System, Mini Micro Systems, 1997,18(1):13-18)

[LA18A0) 5, sebd, Sf6ul, SR WA UEFAT TH S RE R sem), DR TR
45, 2003,24(9):1569-1573,

(HU Ming-Chang, SHI Gang, HU Wei-Wu, TANG Zhi-Min, How Does Communication
Influence Cluster's Parallel Computing Performance, Mini-Micro Systems, ISSN : 1000-1220,
2003,24(9):1569-1573)

[15] http://icl.cs.utk.edu/hpcc/.

[16] Ahmad Faraj and Xin Yuan, "Communication Characteristics in the NAS Parallel
Benchmarks," In the proceedings of Fourteenth IASTED International Conference on Parallel
and Distributed Computing and Systems (PDCS 2002), pp.729-734, Cambridge, MA,
November 4-6, 2002.

[17]Qingda Lu, Jiesheng Wu, Dhabaleswar Panda, P. Sadayappan, Applying MPI Derived
Datatypes to the NAS Benchmarks: A Case Study, In the proceedings of 2004 International
Conference on Parallel Processing Workshops (ICPPW'04), pp. 538-545, Montreal, Quebec,
Canada, August 15 - 18, 2004,

[18] J.S. Vetter and M.O. McCracken, Statistical Scalability Analysis of Communication
Operations in Distributed Applications. In the Proceeding of ACM SIGPLAN Symposium on
Principles and Practice of Parallel Programming (PPOPP’01)., pp.123-132, Snowbird,

Utah, USA, June 20 - 22, 2001.

YEE i/

W®oOfh, 19794474, B, TR EE N, WEWESTAE, 3R BRI KR AT B
BAE FHATRER BRI TERE VP Tel: 62553023

sk IR, 19735FOH A, B, AR, 4, REIEFFLO, RN KR IR T
BAEAE . FATREP T FIPERE PR AT VF SR Tel: 62542214

INFKE, 19424E1HE, B, WL T, WIS, WEEAS0, EEERRT Rk S
RETH AR AT N F A

R, 19614E6 A4, W, WACHRERA, W90 5, BT AU KA AT U A

10


http://icl.cs.utk.edu/hpcc/

	Program
	SP

