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000000000

ggooobogoood

Globus Z#RAL = Grid L TOHFIHENE & £ D MHERETE

® B A ® i - ANNVINE: S

WA, RIC S SN R P OFREREZHE—AICH® > Grid &MEZh 5 ERBEACHIESH, B
REBPEDHNTNDE. AR TIE, LAN EOPC 75 2%% Grid IZRMT, Za—\Larya—
TAVITDITZ N T=2T AT TANGI I FXICRHBEL SNDRA REREHNE2RUET 2V — A HTHD
Globus toolkit #7 7 2% RizFE#E L. EBR T Globus 2 VW TEESh/z MPICH OLETH
% MPICH-G2 #{#f LT Linpack N> F~<—2F5 & 1T\, Grid EToOWFIEFHICB T B HEEZ,
Globus Rz EE SN EFREEHEBREZ K X7~ MPICH-G2 Li#@&E» MPICH 0@#oxy hU—2 T
OB L VI Lz, ERHD, 470 BEERIED 2R T, MEISIER%SREEEZ R T 0
o,

Parallel Numerical Computing on the Grid using the Globus Toolkit
and its Performance Evaluation

YASUSHI TAKEDA , AKIRA NISHIDAT and YOSHIO OYANAGIt

In recent years, the Grid technology that uses collections of geographically distributed in-
formation resources in the world is actively studied and developed. In this study, we have
regarded a PC cluster on a local area network as a Grid, and implemented the Globus Toolkit
on the cluster. The Globus provides various elements of technology for software infrastructure
on global computing. In a set of experiments, we have used MPICH-G2, an extended MPICH
implementation of MPI on services provided by the Globus, and evaluated the performance
of the Grid technology by comparing MPICH with MPICH-G2, which implements functions
for resource management for parallel computing on the Globus, with the Linpack benchmark
tests on two networks. The two implementations have shown almost the same performance
on the higher speed network.

TEENTZHDTHS.

sa—r"narta—7 4o ZIcELTL, BIEEA
R7aVzy FREDLNLTVWAR, 205 bEbEHE
£7bDL LT, Globus 7uv=7 F23 552 &
BT&5. Globus uv=7 FTIX, Ju—r Loy
Va—T7 4 U7 %2RBRTHDICHEL END Globus

1. FLC &I

WA, TRIRIC /B S o R o fEE IR % Hi—ric
#5 Grid &MEEN D EMSEA RS, BRSTE
LN TW5S. Grid HFIFHEEE2ERT 5720 0H
LWEESTH D, BAMERT “Grid” LW FEICEK

DIND LI, BRI HFHABERIC, H—HIC, F
TRERDOEMIZT 7B ATEDL O THZ L EEE
LLTW3. Zu—rsrarvba—F4 07 2hb
DT AN /3 L T BT AMEREE 2 (A e — oD
EERREH R & R T, M HOEFIHAE 1T 5 72 O
ThHdH. AVF—FY "REDRY NU—7 RICHERS
TV BEEKIT, Z0EREFECERFAL TS
DIF IR, Fe—rLarta—5 ¢ 7O,
SR LT ERRBOH RS ERER AT S22 T, 3t E
WWHEE INHEH, 2 A MRHIR T Z & HBE L

T HORRERERERE LERFAR 2 v B o — FBHZEK
Department of Computer Science, the University of
Tokyo

Toolkit £MEEND Y 7 v =TY— L EHELTE
Y, Grid OV —ERERHET 27 DOEHEN R I FL
=T LRV Oo0HB. ZOMIZEH Ninf R Netsolve
R DTV FTHEBED LN TS, K
B9ETig, Globus iz &7 MPICH OHLETH
% MPICH-G2 #fH L <, Grid EToOWFIFHEICE
5 MEER, MPICH & OLERIC L 0 3 L7z,

2. Grid Hfit

2.1 Globus Toolkit

Globus Toolkit I%, €% =V 7 1, BIFEE, BIRE
H,BEREOEARNR Grid V- A2 REL—
HOIR—FX MZEIOVHERENTNS., 22Tk
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Globus Toolkit DBEEIZOWTIRARB L &b, E4
F—E ROV THHATS.

BHEOT IV r—var®s/ns/ I IV SET L
Y HR— b7 5728, Globus Toolkit TiX, BI%T 7V
r—3a rDIEOIEIRAR Y — B X ZBIRFTREZR “bag
of services” EF MZESWTERENTWS. bag of
services 7 7’ 1 —F Tk, Globus Toolkit & fthDE:HF
EHMAEDEDZ LI2E Y, Grid OFEEREHETERT
577V r—va e, MB® Grid HEOIERERS
129 %. Globus Toolkit 23#8#3 5 Z D & 5 2 ZEAH
RY—CRE[HES Z LKV, kEiTik~% MPICH-G
DESRR, TV VLNV DOENY—NVERETHZENT
5. & 112 Globus OEBERI—ERERT.

Metacomputing Directory Service (MDS)

Grid TIIRBERSBRED S & TRIRDOREDE)
M b T 5728, toolkit =V R—FR v b, Furs5 3
VITI—=N, TV =T a v DENENR, VAT A
& LRBOEITIS U TE OB &S S &2 BLER
& 5. Globus MDS %, Globus Grid ZE#DIREEIZEE
ToHHEEINFERY— R ER/METHLicky, 2
DX RBIGEFREICT D L HFFFSh T3S, MDS
WEY, T—FXT7 0 F % AT, AXV—FT 4 VTV R
T b, AEY, Ry NT— 7 HIRE & BEELE, FIA TR
RBETSe han, IP 7 RLREXRy RT—Z D
vy B IR EOFERPEMEENS. MDS X, BEH
2% Grid OffE L RBIZBET 2 FHERA, AR L, ¥
eZnbILT 7 8AT DDV — VR API #ThH
5. MDS #— vt 21X Lightweight Directory Access
Protocol (LDAP) IZE-3\WTEY, Grid v R—3%
MBI B HHCONC, H—MTHREROH £ &
#’T 5.

AHrsE cEA L7z Globus 1.1.4 Tix, MDS & L
T Grid Resource Information Service (GRIS), Grid
Index Information Service (GIIS) @ 2 DY —¥
ABREEINTVWS. GRIS i, FrREOCEFICET 5/
WEb¥E%E, 7V v F&JFE ED Globus ¥—E 2 D—%
LLTEESNTVRERT v A A FIZIEETDHZ L
WEDRET DD 0nBERF—EATH L. GRIS
P—ERTIE, AR PO—FHER CPU oF| AR E
OfEHE#RAT 5. GRIS iX, Globus Toolkit 234 > &
P/ ENBHRA MIUTTRTEEINS. —F, GIIS
%, Globus 7'V v F&#BRT 2T XTORKICET S
FERMT 2HREFE DO MDS $—_ThH5b. T
TAN P TRIDOY—ERERES RV, 4 FA
O GIIS MIFICERR M &R — MCET L EREEET D
ZEMBTED.

Grid Security Infrastructure (GSI)

GSIT I AR S ICE SV TR Rt 5. =—
P1x, Globus Grid IZFGE S NTZFEE TTRTORIKIC
*t L CEHAMEREZAMALE S, ZULO0EFEERIATE
5E5C7Bb. ZORFEY AT A THE, Secure Sockets

Layer (SSL) m3#&izE-3v /= General Security Ser-
vice API 8 H LTW5. BE{kicik RSA 7A=Y
ALEHALTEY, NHE, MERONGTHFIASh
5.

Generic Security Service API T, X.509 FiE 7
nEABRFAIND. =—FiF, X.509 FEHEZ R — A
FALZ FVICEBLZLICEY, VAT A LCREE
1THZENTES. X509 FEHEIIX, FTOHERH
fil, RSA ZABR%E, K URBAEHEES (Certificate Authority,
CA) OB ICETHHERBPEENTRBY, CA OADFE
HEZRITTHZ &N TE 5. Globus Grid 0EHH
1, Globus v v 777 A NV EREND =V N =y
ZHFT5. = bY < v 7% Globus O&JF4 Z 11—
B =R AT A i

“/0O=Grid/O=Globus/OU=is.s.u-tokyo.ac.jp
/CN=TAKEDA Yasushi” ytakeda
“/O=Grid/O=Globus/OU=is.s.u-tokyo.ac.jp
/CN=familyname firstname” foo

%2 Globus v 777 A VOF]

Globus Resource Allocation Maneger

(GRAM)

GRAM %, BIHEY, Yo 24K, REEHR, RO
FHY—E22#EHTSH. GRAM IZHd 59— RHE
Kix, Va T ROVa TEITICHERER TR T S
7= D EFETdH % Resource Specification Language
(RSL) it ko TITO, B —ANRATV2—F LEHE
Blicxtd oy Feey P& s, GRAM ~Dz—
WA ¥ T o — R X, gatekeeper &IFRIEN ST —F
TFrtRXThHDS. GRAM IZHT 5% —ERAERITH L
T, gatekeeper i GSI #HTZ F4 7 b & DA
FEZEATVY, jobmanager % B L TER Iz —ER
ZETTD.

2.2 MPICH-G2

MPICH-G2 i%, Globus #—t 2 _Eiz MPI %5
L7z MPICH OHEETHD. ik, MPI 77
r—varvkEBiol7—%7 7 F ¥ ETEHESES
ZENTREE 2B, MPICH-G2 1%, E#SEOHE#O
MTROEINDIAyE—VHOT—FE2EHL, v~
DA v E—VRH#HITIE TCP %, ¥~ v AD A Y
T ORI F RO MPI % HE8INIERT 5
ZiiEy, e F T FarBEEYR— TS,

MPICH-G2 2 £ 3T/ av A I TFO®EY TH
5. ¥£7, mpirun A~ RRT7 U r—a U EiEE)
THEHDREREND. 77V r—va v &#iEEhds
IZi, 1) RSL 22 V7 M &7l L, mpirun I[CEHEZN
ZETHIE L, 2) MPICH E1TR L RO 5% A
Tompirun #FEAT2HEO2HWENH L. BHFEDOH
&, RSL 27 V7 MIB#BWICEREND. WTho
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BIREY L 7 ot A

unicast, multicast #fFH¥— =2

Grid O, RIECET2HR~OHBET 7 2
BAEREDEF =Y T 4 P —ER

AT KOREYE

AVE—T =2 AERTOY E— bT I ER
FAT7 7 A NVOWEE, Fv v 7 ROFRRE

P—E R £ F e
B GRAM

EfE Nexus

[ MDS

X2 UT 4 GSI

RuEEE HBM
VE—FF—FT IR GASS

%1 Globus OEARF—E R

%Ba b, RSL 227 U 7 M % globusrun IZET Z LI
X9 MPICH-G2 Y= 7H 28 &h 5. MPLInit i1,
Dynamically-Updated Request Online Coallocator
(DUROC) ZHWEANYTIZEY, §_XTCO2 T
nE2ABRun—FEh, ETEHRMTIETHETS. @
87477 ViZik Nexus BFIAENS.

3. & Bt EF

ABF % TIiX, Globus Toolkit &' MPICH-G2 %
B—ANFy U= D PC 7 7 AZICEEL, 15
R Linpack Xy F<—2 5475 ) Ths HPL %/
W MPICH, MPICH-G2 ORI 21T - 72.

3.1 RTRE

ERTANWZI FRAE VAT ADN—RY =TT —F
TIFx Y7 MU= THRRITROEYD TH 5.

o N—RU=TT7—X%FT7F%

— CPU : 4x dual Intel Xeon Processor 2GHz

— M : 4 x 1GB (256MB x 4) PC800
RDRAM (Rambus)

— i860 chipset

— 3Com 3C920 (10/100BASE-T)

— Broadcom Gigabit Ethernet (1000BASE-
T)

o V7 MU =THER

— OS : Red Hat Linux 7.1.2 (Kernel 2.4.7)

— C = /"A1 7 : gee version 2.96

— MPI: MPICH 1.2.2.3 (MPICH-G2 %&1p)

— BLAS : ATLAS (Version 3.2.1)

— Globus Toolkit Version 1.1.4

BLAS (Basic Linear Algebra Subprograms) I, X
7 Mov, fTRIEAE O D OFEHRE “building block”
N—F 2 Thb. Level 1 BLAS TII~XZ b -7 b
NVERF, Level 2 TIHTH - X7 PABEE, $£72 Level 3
TIHTHI - 1TFIHAER FEE SN D, ATLAS (Automati-
callly Tuned Linear Algebra Software) i, B D A
EVMRBL AL T T eSSz =y FeROoT
oy YAz, fEfk & iz BLAS @ C, Fortran 77
AVET2—RAERERTDH. ERTIE, gcc TaA
LTz ATLAS % HPL THW.

3.2 PHER

9, Ry hU—27 ETON— R =7 OMEREZ T~
572, MEEFEAL Y — /v mpptest (& W MPICH &
MPICH-G2 ®X v b U —7 #ERB% 3G L 7z.

B 1, ®2 ic, 100BASE-T %% 10000BASE-T %
NO—F ETO/ T uy X riEEREERT.
100BASE-T ETIEEEEE BB 28, Nexus OFH
W2 X BBEEEOFEIT/NS VA, 1000BASE-T %>
FU—7 ETi%, MPICH-G2 025 MPICH & b
ML TIETLTWDZ ERNohd.

Comm Perf for MPI (out0) type nonblocking
1000

MPICH
MPICH-G2 ------

800

600

time (us)

400

200

o \ \ \ \ \ i i i
0 1000 2000 3000 4000 5000 6000 7000 8000
Size (bytes)

1 100BASE-T Xy hU—Z7 ETOJ 7 uyXr Ji@EtkeE

Comm Perf for MP (out0) type nonblocking

MPICH
200 | MPICH-G2 -------

200
180 |
160 [
140 |

120 |-

time (us)

100 fo”

80

60

40 |

20

° i i \ \ i i \ \
0 1000 2000 3000 4000 5000 6000 7000 8000
Size (bytes)

2 1000BASE-T %y hU—2 ETOH /T uyFx J@EMeE

3.3 Linpack

Linpack I%, BLAS Z AW EBEEIC X 2N —K
FRAHEDOIA T TV THY, HEEFMMOZD DT X
R F2—2 L LTHRBAS AL TS, HPL
1%, MPI CEh» iz ok A € U BNFIEEE T o R —
& 7 )V7z Linpack RV F<—7 BETHY, PBEAEY
USRI b C n IROT ORI B BLEUR BRI %

Ax=b (1)
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<.

Linpack TI%, ¥4 X n x (n + 1) O £&%%K4751
[Ab] = [[L,U]y] \ext L CITHM o iX il & A v iz
LU 53f#%475 Z L2 &0, MEREMLS. HFOER
TLM»OICEAENEDT, ff z T =A%

Uz =y (2)
EHIBETHSZ LICE VRO BNS.

WFIFEE ETOTF—F DT o— FF ¥ 2 MiE£<
DFEREZ LD, HPL TiX 6 20O 7A=Y XA
BABSNTVS. = 2T, MPICH, MPICH-G2
TENENBEKRMERENE DLz increasing-ring 74 =
Y XA, long TATY XBZOWTHETS.

e increasing-ring

BLEMARTAITY AT, Pk X3RO S0
BRIZERA v -V EES.
e long

ZOTNAY RALTHE, ETICAVWbhLTDS
e ADMTRMEZES. PxQ MOELITFIE L
TREENTEZT o RZBNWT, AvE—I1% Q
EONFIERE SN, ZhFh Q BT 2R
EOND. RBENTEA Y-V, BET L0
TARLOBRFEICLY, Q-1 AT v TE2RTTT
OTaVRZELND. INTEFERETDH LT,
HAORLRFM A ST,

3.4 MR

Ry NI—ITAA ZAEHTRHICKEET 254,
MPICH CiZ P4 procgroup 7 7 A V%, 7= MPICH-
G2 Tix Globus RSL 7 7 A VEAERT D MNERH 5.

P4 procgroup 7 7 A VT, ut vk, FET77 7
AN, ROERAT Ry NI—I TR AEHETDHZ
LB TES. X 31T pdprocgroup 7 7 A LOFEIRIE
NY.

# example of 4 processes on 1000Base-T

192.168.0.1 0 /home/ytakeda/hpl/bin/xhpl
192.168.0.2 1 /home/ytakeda/hpl/bin/xhpl
192.168.0.3 1 /home/ytakeda/hpl/bin/xhpl
192.168.0.4 1 /home/ytakeda/hpl/bin/xhpl

3 MPICH-G2 ET 1000BASE-T *v b7 —7 % HT 24
& ® P4 procgroup 7 7 A VEEIRA

Globus RSL 7 7 A v Tix, TCP Ny 77 ¥4 X%
EETDHZENARETHSH. 1000BASE-T Xy hU—
7EFALTCTn 2 &2&HT58HE50 RSL 77 AL
DOFERFI %K 4 12T

DUBEOEBRTIIERBA— NN—~y F2MX D79,
TOP Ny 77 %4 X% 256KB i L7 As, e
137 74V MED 32KB & i L TR & RikfEO L E
RO oTo., & 3 ICHEY A X 10000, 7 2¥ X
# 8 ¢ HPL #ZF{TLHED TCP Ny 77 H A X
PERE L DR E R,

HPL TiX, AHhT—% 77 AN HPL.dat I2&->T

Performance
4KB 7.191Gflops
8KB 8.647Gflops

16KB 9.152Gflops

32KB 9.276Gflops
64KB 9.257Gflops

buffer size

128KB 9.295Gflops
256KB 9.303Gflops
%3 TCP Ny 77 ¥ AEBEREE OME (N=10000, np=8

Ba)

NRIGA—FEERETERLITR>TWE. AT 7
AT, BEORE S, vV Uk, TAZY XAD
M ONWTORBERETRRT 52 LB TE, EITEX
Ol rEVERENS, K9, 10 &, FEY
A4 X N=10000, 71 2% np=8 DHA&iz MPICH,
MPICH-G2 ETCEARMAEZ LS L72EE® HPL.dat @
REMETRT. K 4 1% np HIIKHET S P, Q DfETH
BH*.

[ np ] 2] 2] 8] 4] 5] 6] 7] 8|

| PxQ || 1x1 | 1x2 | 1x3 [ 2x2 | 1x5 | 2x3 | 1x7 | 2x4

£4 15,5 8FETO np EIZXIET S P, Q O

100BASE-T v kJ—% L TOMEELE

512, 158 T np EE X -5E&® MPICH,
MPICH-G2 ETOMEELBFERZRT. ZORE
5, bo L bW et vy F TRy FU— 7 PEAE
EoTREESND EHRIEShD. K 6 1%, 2000 75
20000 ¥ CHIEY A X N 2E 274D MPICH &
MPICH-G2 ECot®#ER%EZ <3, 100BASE-T ET
i%, MPICH-G2 X MPICH & Lk L CH4y ZptERERS
BEohBhotz.

Performance result N=10000 in Solving Ax=b

MPICH ——
MPICH-G2 —x—

I'S

Performance (Gflops)
©

N
T

0

1 2 3 4 5 6 7 8
Number of Processes

B5 N=10000 »#&® 100BASE-T Ry h7—2 ETOMAEE

1000BASE-T #v 77— ETCOMRELLE:
ZZT,1CPUx2 /— K, 2CPUx1 /— RTETLE
BAICOWT, 1CPUx1 / — R&EEHEL UizthiEm E=

K5 A= L EFINBTADY XADHMICoWTIES) 25
Banizuv.
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+

(count=1)
(label="subjob 0”)

)

(count=1)
(label="subjob 1”)

)

( &(resourceManagerContact="out0.is.s.u-tokyo.ac.jp”)

(environment=(GLOBUS_DUROC_SUBJOB_INDEX 0)
(MPICH_GLOBUS2_TCP_BUFFER_SIZE 262144)
(MPICH_GLOBUS2_.USE_.NETWORK_INTERFACE 192.168.0.1))

(directory="/home/ytakeda/hpl/bin”)

(executable="/home/ytakeda/hpl/bin/xhpl”)

( &(resourceManagerContact="outl.is.s.u-tokyo.ac.jp”)

(environment=(GLOBUS_DUROC_SUBJOB_INDEX 1)
(MPICH_GLOBUS2_TCP_BUFFER_SIZE 262144)
(MPICH_GLOBUS2_.USE_.NETWORK_INTERFACE 192.168.0.2))

(directory="/home/ytakeda/hpl/bin”)

(executable="/home/ytakeda/hpl/bin/xhpl”)

B4 MPICH-G2 LT 1000Base-T Xy b7 —27 %FIHT 254D Globus RSL 7 7 A AR

Performance result np=8 in Solving Ax=b

MPICH —— |
MPICH-G2 ~--x-—-

Performance (Gflops)
PO
.

w
T

~
T

X

0
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Size N of matrix A

E6 np=8 OHA®D 100BASE-T % v hU—2 LTOMRE

R 5ITRT. ZORENS, A—D /) — FETAZ%E
HHETHZLICLVETRESEESMETTEZ000, 2
DOT kv IREEHIEDLILTNDZ EBTH5.

MPICH MPICH-G2
1CPU x 1node 1.598Gflops(100) | 1.601Gflops(100)
1CPUx2nodes | 2.945Gflops(184) | 2.934Gflops(183)
2CPUsx1node | 2.843Gflops(178) | 2.821Gflops(176)

®5 1/—FLEC27utyFEMViERaOMERER L

X 712,155 8FET np EEEXHED MPICH
& MPICH-G2 ECToM BB RZ 7T, X 8 i,
2000 235 20000 E CHIEY A X N 2E 2 2HE Ok
BRERTHD. THHOREND, N BREVWGFEIC
X, TV XA LEFHETHZ LItk o>T MPICH &
MPICH-G2 TIEIZR &R AR O ND Z L B30 5.
P ER TITBERIEIC X > T 1000BASE-T %v h
U—7 ET®» MPICH-G2 OMERMETLTWAZ &
2o, N O A ZHR/NSWEEIE MPICH-G2 OMEREA
MPICH XV {EF LT aERKIX, Nexus IZ X 5iEE
BIEICHD EZLLND. T7bL, ZOLIIEFRY b
U — 7 OHARIE SR E WFAICIE, BIERIEE M
RTTNAY X LE®ATHZ Lick Y, MPICH-G2

£TH MPICH O%& L RIFOMHEEZEBRTE 5D
LEZLND.

Performance result N=10000 in Solving Ax=b

MPICH ~——
MPICH-G2 ----

Performance (Gflops)

L

0

1 2 3 4 5 6 7 8
Number of Processes

7 N=10000 OHAED 1000BASE-T Xy U —2 ETOMARE

Performance result np=8 in Solving Ax=b

MPICH —— |
MPICH-G2 -

Performance (Gflops)

0
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Size N of matrix A

8 np=8 NHFE® 1000BASE-T Xy hU—27 ETOMAE

4. Bl
AFETIE, Grid y— 2 &2 T 5 Y —LFy T

g1iro
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% Globus W T, 7 7 2% LiZ Globus Tookit
KO Globus MiF MPICH #z3ECTéH 5 MPICH-G2 %
RIETHZLIE Y, Grid £ TOWRFIEELNE O TR
WDV THREE L7z

PEREMEREY — /L mpptest IZ XV, WBEMEEZT A L
72#ER, 100BASE-T *y hU—7 ECOMRBE R L
T, 1000BASE-T Xy hU—27 ETiX, A vE—I%A
RIS WEAIC MPICH 12%F4 5 MPICH-G2 ok
RIKTALVEECTHD Z LM ah oz, £z, Linpack
Ry Fv—7 OWHFEETHSH HPL % T MPICH
& MPICH-G2 OM:RE% bl L7258, 1000BASE-T
Xy N —7 ECIIRERNRT A —F2REZLICLY,
MPICH & MPICH-G2 ot:gEMISIERI%E 252 &
Boyinote. ZiuE, MPICH-G2 b CiiE long 7
A=Y XATHEE MPICH 084 &Y BEREEN 2L,
Xy N =V BIEDRER/ NIV LIZEDbDTHD
B, ZOZ LI, HahBERRIEOH HRE T, BE
FIEEMZI-TAIY XLERATIZEICED, Xy
N — 7 BIEOREE RN TEDZ L ERLT
W35, SEIOERIZ LAN ETiTo72bDTHY, EB
Wik WAN B2y U723 B2 REE T L Y B3
REHMEALETH DN, IR E ECOREENHAED
AREMEZRB L T A b0 L Bbhs.

2 & X W

1) I. Foster and Carl Kesselman. The
GRID:Blueprint for a New Computing Infras-
tructure. Morgan Kaufmann Publishers.,1998.

2) The Globus Project. http://www.globus.org/

3) MPICH-G2. http://www3.niu.edu/mpi/

4) William Gropp and Ewing Lusk. User’s Guide
for mpich, a Portable Implementation of MPI
Version 1.2.2. Mathematics and Computer
Science Division, Argonne National L abora-
tory.,1996

5) Automatically Tuned Linear Algebra Software
(ATLAS). http://math-atlas.sourceforge.net/

6) HPL - A Portable Implementation of the
High-Performance Linpa ck Benchmark for
Distributed-Memory Computers.
http://www.netlib.org/benchmark /hpl/

7) Globus Toolkit 1.1.8 System Administration
Guide. The Globus Project.,2000

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out output file name(if any)

6 device out(6=stdout,7=stderr,file)

1 # of problems sizes (N)

10000 Ns

1 # of NBs

72 NBs

1 # of process grids (P x Q)

2 Ps

4 Qs

16.0 threshold

1 # of panel fact

1 PFACTSs (0O=left, 1=Crout, 2=Right)

1 # of recursive stopping criterium

2 NBMINs (>= 1)

1 # of panels in recursion

2 NDIVs

1 # of recursive panel fact

2 RFACTSs (0=left, 1=Crout, 2=Right)

1 # of broadcast

0 BCASTs (0=1rg, 1=1rM, 2=2rg, 3=2rM, 4=Lng,
5=LnM)

1 # of lookahead depth

1 DEPTHs (>=0)

2 SWAP (0O=bin-exch,1=long,2=mix)

64 swapping threshold

0 L1 in (O=transposed,l=no-transposed) form
0 U in (O=transposed,l=no-transposed) form
1 Equilibration (0O=no,1=yes)

8 memory alignment in double (> 0)

9 MPICH ECOEFICAHVWEALZ 7 AL

HPLinpack benchmark input file
Innovative Computing Laboratory, University of Tennessee

HPL.out output file name(if any)

6 device out(6=stdout,7=stderr,file)

1 # of problems sizes (N)

10000 Ns

1 # of NBs

72 NBs

1 # of process grids (P x Q)

2 Ps

4 Qs

16.0 threshold

1 # of panel fact

1 PFACTSs (0O=left, 1=Crout, 2=Right)

1 # of recursive stopping criterium

2 NBMINS (>= 1)

1 # of panels in recursion

2 NDIVs

1 # of recursive panel fact

0 RFACTs (O=left, 1=Crout, 2=Right)

1 # of broadcast

5 BCASTs (0=1rg, 1=1rM, 2=2rg, 3=2rM, 4=Lng,
5=LnM)

1 # of lookahead depth

0 DEPTHs (>=0)

2 SWAP (0=bin-exch,1=long,2=mix)

64 swapping threshold

0 L1 in (O=transposed,l=no-transposed) form
0 U in (O=transposed,l=no-transposed) form
1 Equilibration (O=no,l1=yes)

8 memory alignment in double (> 0)

10 MPICH-G2 ETOETICHWEZALTZ 74V
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