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Abstract

Linux clusters have been potential
alternative to real supercomputer recently.
Obtaining good performance from the
cluster is a difficult issue lbecause there
are several factors to be adjusted to
obtain peak performance. HPL (High
Performance Linpack) is a benchmark
program for tfesting parallel performance
of clusters and supercomputers. This paper
describes HPL performance results and details
of procedures for performance tuning of
CRMA Linux cluster. The result of this study
shows that manually tfuning of HPL is difficult
and not definite. The problem is considered
combinatorial that, potentially, can be
automatically solved using Genetic Algo-
rithms (GAs).
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Tayaansaurfrasinunnnes  Usznau
AETNE Pentium® 4 ATUISY 3.0 GHz vt
ANUAN 512 Mbytes WAZLENTAR NUUIA 80
GBytes nn‘iwumﬁ NIC (network interface
card) 2 WULAB Gigabit Ethernet LLaZ Fast
Ethernet AIUIFY 4 ANWNOHHNITL 1000
Mbps Waz 100 Mbps ANUANAL (Mbps =
mega bits per second) rfhmmﬁam'ﬁ'a 9
fayasznindlnuninseidsunsy Netpipe 14
WU 328 Mbps T9azvinlvitiAnanuisalng
591 (aggregated bandwidth) ag’ﬁl 1.968
Gbps MHANUINII 3 Cbyfes WAZLT
#15A5 NN 480 Gbytes
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ﬂdqul’]\quwf] (Theoretical Peak Perfor-
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AB IBM eServer Blue Gene Solution'
A9z NEAWINTTL 280,600 Gflops (TARAE
Tsunsu HPL Tanuruniiemuin 131,072
nsir e AndluAntsy nEaweelngi
s oWy 2,14 Gflops Wazlan1smm au
192" NENWURY Itanium 2 Cluster 489 NECTEC
7i 32 sl LmesTiAnTL 1022 Gfiops viae
1g23nu 3.19 Gflops ABINSLE L1952

meedi 1 ussouzaastels imefuunsng g
Twaig 1ad GFLOPS
1.5 GHz [ltanium2 6
3 GHz Xeon 4.5
3 GHz P4 4
1.6 GHz Pentium M 0.2
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CRMA Cluster 19manun5s9w 11m (open
source software) Tl 'mﬁﬂm:uuﬂﬁﬁ’ﬁ
s eaulndees warlusunsudszens 7
Wsaunidunlnunazldsruulfiiang Ubunty
linux 510 iteanudnelunisdanisuazld
Suifuindnanlunisfuinshussuning

NFS (network file system) ldelalnunmuan

http://www.top500.org/system/7747
http://www.hpcc.nectec.or.th/wiki/index.php/Itanium?2

1
2
8 http://www.netlib.org/benchmark/hpl/
4

MPICH. http://www-unix.mcs.anl.gov/mpi/mpich/
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HPL (High Performance Linpack)(2)
Huldsunsu benchmark “vsuAauNIARS
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memory architecture) A8t benchmark
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PACK® TN uufiLilanss MPI (message
passing inferface)” e lilvuafuandy
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cision (64 bits) laglanz nFuLATeq
AaURAADS LU LR e AL
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fupauRmasanelsznninlig portability
ﬁuq 1un9aalnan lanEan www.netlib.
org Lﬁﬂiﬁéﬁ nsotinldne autlsr T nEnw
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PALNIMRS  IAERziin1sdndusLABLAILARS
ﬁL%ﬁqmﬁluTaﬂ 500 AUALWINEG) latazin
Hlumineg  GFLOPS (Giga Floating Point
Operations Per Second) w?mﬁlamm R_max
FufluAn  GFLOPS maqmﬁ' MUITDATUIU
Linpack 1R
Fanedaulu HPL %’mﬂumjuﬁqﬁ:
» Two-dimensional block-cyclic data
distribution
» Right-looking variant of the LU fac-
torization with row partial pivoting
featuring multiple look-ahead
depths
» Recursive panel factorization with
pivot search and column broad-
cast combined
» Various virtual panel broadcast to-
pologies
» bandwidth reducing swap-broad-
cast algorithm
» backward substitution with look-
ahead of depth 1
Tdsunsu HPL  nunsnldlunngma eu
nanlunsduanaedllsunsuifiaia Ay
QNABNBENAZIBEAYBINAANS s9uR e
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LLm'a:Lﬂ?ﬁlmﬁ?u%uagjﬁuﬂ@‘%Vwmﬂaﬁiw N
T iled sy “nanamnisiieunaszning
Tnuauds HPL Sanesauiidnenny aunsalu
AN9UEN8 (scalabiity) HuUngneA (iinsannan
parallel efficiency ﬁ?uﬁﬁmmmmmﬂ%fqm
YDINLIEAINLINABINILT LTS (per proces-
sor memory usage) TaNTLITLNALNAURY

HPL padldlausisausiuiiufa:

» MPI (Message Passing Interface
MPI 1.1 compliant)

» Basic Linear Algebra Subprograms
BLAS Taeit BLAS azldeulausi
AN Linpack

> 138 Vector Signal Image Process-

ing Library VSIPL
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NNWUGNITU  (Genetic  Algorithms) it
AumAnaesuLlsfimang o %qéﬁmmﬂfaﬁﬁ
thazifluddelusunanidleslenie)

22 n541ALST3U89 GotoBLAS

Tulsunsu HPL 3en1¥laus3 Basic Linear
Algebra System  (BLAS) %qﬁmm‘lﬁmm@ju
NetLib athalafianutlss " nanmaeq BLAS Hu
fdaunndadlunisduinie Goto@ 1flu
fufuisadsz e mues  BLAS IRt
Hiiln GotoBLAS HananaaadlLLNANLT LY
aL973989 GotoBLAS (Tlumanlunisduam
$qufft HPL Tmef Goto IvinnisulFutlganis
yinaueaiaiiuIng uaee BLAS 19y
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a>a HPL

TR BEANIAARISUNTY HPL 3190
Qiﬁmm%uhﬁ http://research.crma.ac.th
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3.1 MaU5uumsAAauilsuay HPL.dat

Tusunay HPL a2 nunsnldifuasasile
lunsdntlsr nEnm Jlivuresinnisydy
AN suns 1 Ui LALUUALAZ AN
ANBUTURIAd e nsUSuumsAnAauls
gadlisunsy HPL Fessivumsisineg 7
Faanslilisunsune avlulndde HPLdat
Asuts?t A lulnETL pelumnaned 2 41
Futlenanua 27 s Teesnulsinuan
9 i "unsafvuadiRvaLstne R
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Ns upUastlyy  WdRaTnd
#NBs | Snuiuruavasudandeya
NBs mnavasudantaya
. o a vy
#Grids | 91UUNTATEINTLITNE
Ps, Qs muﬁmmm?ﬂﬂ%ﬂ?m (row,column)

fautsiug 1Hun threshold, PFACT,
RFACT, NBMINs, NDIVs, BCASTs, DEPTHSs,
swapping threshold, L1, U, Equilibration Flumu
Feazlinaneaziaan wsAanEuLls
et

uenantiuge "nseld  *npiudile”
(Rules of Thumb)(7) LiavA1 N Az o

il
N = Sgrt ((No._of_Nodes*Memory_per_
node)/8)*0.82
= Sgrt ((6*512%1024)/8)*1024*0.82
= 16454
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Tupaun1sna aulsy nEnwuau
N19NA AULTE NENINURY  GotoBLAS N9

! Intel Fortran Compiler for Linux, http://www.intel.com/cd/software/products/asmo-na/eng/compilers/flin/219857.htm
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4.1 Wan19na aulse NENTNURd
GotoBLAS

manaaestiunsuReuFenlss “vianm
9949 BLAS WULAUALRY GofoBLAS@) 711451
neannasvg Taelsdiinissursauls
FlunMilsunsy HPL m19ad 3 u aslif
FuAler yisnmiluauield  GotoBLAS
iuilanssues BLAS fimnatiinanunann
NETLIB A18n19 M uuAAIUINAIUIL 4 Tnun
(4 CPUs) LLazLﬂ?{ﬂummmaﬁmﬂaLﬂu 3 YU
Aa A (N=30-35), B (N=100-800), ugz C
(N=200-1600)
aeel 3 Beiieinles viannae BLAS
WAz GotoBLAS muaenflu

GFLOPS)
Data set | BLAS GotoBLAS | % LNy
A 0.019 0.019 0%
B 0.607 0.942 55%
C 1.164 2.448 110%
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AR 4 Anlsr YBnmans HPL Load
ae 4 Inaur 1mad ondaendu
GFLOPS)

Block Size (NBs)
N 4 10 20 40

4,000 2.83 5.38 7.05 7.5
6,000 3.6 6.92 8.64 9.38
10,000 4.20 7.98 8.78 9.47

ANINT 4 U AeAnLlsE VBN maaY HPL
nausuuaunulaeld 4 waig 1183 wadng
e adlinfud sty lunisiuauaeg
GFLOPS fiofinnsiiivatnaaaiim () 99
ﬁqmilﬂmmmmuﬁaﬂﬁﬁaga (NBs) 8en4ls
SpnuAntss "o widleld N = 10000 uaz
NBs = 40 thufldntlss nanwiviiy 9.47/4
= 237 GFLOPS malwsi Loag
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AR 5 Alar ViBnINUee HPL Aaed AR 6 Alsr mBnmwaes HPL 15leld
wWaeuAnaes NBs 14 4 Tnsug - 6 Tnait 1wad ey
a3 munenilu GFLOPS) GFLOPS)

Block Size (NBs) Block Size (NBs)

N 10 40 80 N 40 80 120
4,000 5.38 5.64 7.45 4,000 6.60 8.46 6.82
10,000 7.98 9.47 1.7 10,000 10.2 12.68 10.25
14,000 8.54 11.72 13.09 14,000 13.47 15.53 13.05
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NPT 6 Antler VBN R Gl
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N 4 GFLOPS uazlamn R_max il
1553 GFLOPS

5.2 ¥uAEluaunAR

HANSNA AUANLSY NENINURIAE tes
w adlidiuneanuiulilslunngineg ines
uldfuaseiulsunsudszgng Sauddnnms
Usuusadaeiiaas 1iAley " nanwiis i
Sowar 62 2e¢Anlez mEnN 9 alunng
noeinsiunAeArluntsmaaneidall
nnsonlsrulEITiuns UL qm ot
HesanAnsuLlslunnstsuse HPLdat 1
SinuaunuaRunINsAANATIINY 3
Fapnnanaans  Fadindnwzaeatiymiuuy

Combinatorial  N1gagN8NaUDIIUIE U

AN 1907404

(1) g wandad, Wuln “nnama audsy mEnmaas 64-bit Linux Cluster” 219 19131013, A1913198 U

auan wsavinlamenisdszegnaldilsunsy
“MITATUIUAIEN BN NINHUFNITU” 119D
Genetic Algorithms(6) 1nldvnA i u
dad e o e e

AN @ "miued wnednaly

naanssuus:mid
AT NNe T YUANAUENATL-
Tagdiannsalin ‘uazAuRIART UL A
(NECTEC) uaziflu 'umiliuns *Tasennann
FAIUTANNIIIUINGIINING Y. LA 99.919."
HTEUIBUDLIAN 5.8.4 N via Fanaz AliA
Penranlun1sANduUlATNIT  AT.ATINN
295005 WavAUzANN NECTEC #il#nng
i yuuazliduuztinneg lunme ey
Az " nenwiueenes

< o v v v
NITANEN I’J\‘iLiﬁuuﬂﬁiﬂﬁWi:“gﬁ“VﬂMLﬂﬁ"l, 2548 WU 111-117.

2

g EC

A. Peftitet, R. C. Whaley, J. Dongarra, A. Cleary, "HPL - A Portable Implementation of the High-Performance
Linpack Benchmark for Distributed-Memory Computers”, http://www.netlib.org/benchmark/hpl, Jan.20, 2004.
TOP500 Supercomputer Sites, http://www.top500.org

GotoBLAS, iamﬁl “UFU JJmiL%\‘lLyu http://www.tacc.utexas.edu/resources/software

P. Chalermwat, T. E-Ghazawi, and J. LeMoigne, “Image Registration by Parts”, in proceedings of Image
Registration Workshop (IRW97), NASA Goddard Space Flight Center, MD, Nov. 1997.

P. Chalermwat, T. E-Ghazawi, and J. LeMoignhe, "“2-Phase GA-based Image Registration on Parallel
Clusters”, International Journal of Future Generation Computing Systems, Vol. 17, issue 4, Jan. 2001.

S. Ram, “HPL Rules of Thumb”, http://www.vpac.org/~sram/top500/hpl.html

143

¢ o o v, v
MDIANTE IUMIANE ISQLSEUHTHiﬂHWS:QGQE]NLﬂa']



