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BET475Y (MPI®PVM), (3)EHATUYIA, Lw)320L NV THIT, 192 &% RET 2. AEMIC
X, NetPIPE w9 &y b7—2HEAY—VERVT, (1) & (2) 23Fa—=r7F5h. RiZ, RERBTL(E
bis LINPACK ®—> ScaLAPACK %6707 LTHAL, (1) & (2) »oBohizky b7 — 78K
%B\ T, ScaLAPACK OFa— =7 %475, &I, MNERTHCASETH 2L b, REBILINIRERZ Y
b R ERTH T LA, ScaLAPACK OMEBHEICRTRTHE I EHFHHALL., Sho0HmREMATEILIZ
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Tuning and Evaluation of the Beowuf-Class Cluster ERATO-1

HirosHl G. OKUNO,:12 KoJl M. KYODA,1:t3 KAZUHIRO NAKADAI!
and HIROAKI KITANOfL1¢

Beowulf-Class cluster is a logical organization of PC clusters composed of mass-market off-the-shelf
hardware and software. The user may have problems that their implementation won’t work well in hard-
ware level or their implementation provides quite a poor performance. In this paper, we present a new
method to tune and evaluation of the Beowulf-Class cluter by focusing on three levels: (1) network level,
(2) message passing system level (e.g., MPI, PVM), and (3) application level. The first two performance
is measured by NetPIPE developed by Ames Lab. ScaLAPACK (parallel version of LINPACK) is used as
benchmarks for application programs, because it is one of the most common linear algebra subprograms
and its evaluation is beneficial for numerical computation users. ScaLAPACK is tuned by using parame-
ters determined by NetPIPE. ERATO-1 Beowulf-class cluster, 32 nodes of Pentium-II 450HHz processor
with 256MByte of memory, is tuned by the proposed method. First, a network interface card installed in
each ERATO-1 node is indentified as the cause of poor performance and finally ERATO-1 attained 6.76
GFlops with LINPACK benchmark.
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a—=F4 v FOEBTLIENTfEL L >TWA.
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UNIX PC Bicxt 35 [WREWZR2] 77 A9EBRET
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(2) 7oty yHBEEIA77) LN

(3) WH7OZI 4 (HfEFHE)

#2200V OWEREIX, KE Ames BFZEAT
Scalable Computing Af%% CHl% 5 i17: NetPIPEY
THWA, £ DI, NetPIPE T TCP LN,
BIU, W7oy TBHEEITATI)THA
MPI (Message Passing Interface)®) & PVM (Paral-
lel Virtual Machine)® LX)V CORSEIH—RIZTE
L0HTHD, THIZED, ) ELEPRVEEDOREH
ED I HEDEHFEL I FIToNSD.

BH LAV TIE, BEFEOREENLERYF—-270
—2TH HITHIEHHE D ScaLAPACK (LINPACK) %
WH B3, v nid, Beowulf 7 9 A % % 5HE#
*# (Computing Science) (Z#EHT 254, BEFTHD
BHERLR T4 771 LT LAPACK 2L {fibh 3
DT, & OHREFH P &K BILA T E L, Beowulf 7
FAYDRARER L OB L L2205 THAD,

2. Beowulf 75X %2 ERATO-1 DR

2.1 N—FRIx7IRTLHER

K THET 2 Beowulf 7 7 A% “ERATO-1” i,
32BD/ — FL1ADY - holREShTwaY, &
J— FOBRIE, TROBY THA.

e CPU: Intel Pentium-II 450MHz, 16KByte ®

Ll &$%¥rvak 512KByte L2 ¥ v v ¥ 2

e Memory: SDRAM 256MByte

e HDD: 6.4 GB IDE

e NIC: Accton Cheetah EN-2701TX

e Video Card: 2MByte, CD-ROM: 40 f5#

#—N1E, Memory %' 384MByte SDRAM T &
D, HDD 7$12.8GB, NIC 72 HKEHLTWwB L
ZRWT, /- FERUERTHL. -3, ¢
D= Rz 2774 VF—nNE, IRFAOR Y b
V=20 — btz OREERLET. bBBHA,
J=FELTHERATAZILLTES.

NIC (Network Interface Card) i, OSD/ =V 3
YRFEFAN—DON=Va RO EEEZT 5.
Beowulf A —1 ¥ 7 2 +Tit, DEC ##® Tulip
F v 7 (BF 211xx) AR SN TS, L L, Tulip
FyTREIAF L= T a v PEEERELTEY, *f
BB FIAND o), Rt ozn+aZ L
B, BfEL o), HEESHHS LoD T AR
HTHB I E0HADERTHBHL .

2.2 Ry bT—9LRFLIEBR

v b7 =212 Fast Ethernet (100 Base-TX) T
N, A4 v F > 7T i2E Cisco ®D Catalyst 5505

(48 K=+, Wo s FL—VBOAL v F o 7HEIX
3.6Gbps ) ZfER LTV,

23 VI MIZTYITLER

OS |21 Linux 2.2.5-15 kernel {23£5v 72 Red Hat
Linux release 6.0 (Hedwig) %, /— FRIO®EET 1
77 42iE MPI & PVM %fH LA, MPIit, MPI
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ZEPT CH % & 7z mpich version 1.2.0 %, PVM i
version 3.4 T& 5. Fortran 2 ¥ /%4 S, Hf D
Absoft ## Pro Fortran 5.0 ¢ EL@EAM T AF 4T
»I=71) v 7 Fortran V1.0 2H L7,

ScaLAPACK Of7%lid, A% v 7 @U@ h ¥ T5H
5. Linux T, 2—-FOFHTELR Y v 7R
1ZHIBRAH 5 DT, tesh @ unlimit 7% FCEH
FRIZLT, ARBEZITFICNT 2 MELITo 72,

3. NetPIPE (C & 2@ EMAERIE

NetPIPE iX, 752501310/ - FETEY R
YEIO@EEICL 2T, TCP, MPL, PVM LX)V TOM
BEZMETS. 3, HBLNIC 2BRTL-0IIK
DHEEIKH LT, NetPIPE TillE L7

e 71 kaji — TCP, MPI, PVM

o EHER — 2 O0RF—7VIiC kb EEEE,
AL v F 7 NT (Cisco # Catalyst 5505, 48
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CentroCOM FS708XL, 8% — ) o 3 fi.
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Il Ty I REN SRy NI =2V F Y
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B, 47— FUETIE, TUs s ar@EREL TR
PRMERT L, ZOHEETIX, MPI (TCP 24
) ¢4 PVM (UDP %fH) COEMlsns. ZO
12 NetPIPE Tl ANV—-T» b2EETSE, K
8 b) IRLAZLHICAL—T v PARUIEHIRL T 5.

ST =77 TRNOKFIE, [M9a) #5HI b)
NOEADPHLRTENS, AN—TFy VT T7LIDT
5746, MPI TREZ7TY 244 XA TCP /Ny
77 DOH A XEBAISERICEBI R v M7 — 7 DIERE
PETTE., 0k %HRIE, NFS Th&ELLIL
#% Beowulf A=V > 7 AFTCHH|ESR TS, £

—121—



5 Catalyst 5505 2 {Ef L 72HA0BERKY

AP

WEEE | s

TCP 89.75Mbps | 0.069ms 139B

MPI 82.67Mbps | 0.123ms 262B

PVM 75.67TMbps | 0.140ms 200B

Throughput (Mbps)
PR-E-E-E-N- RN

Throughput (Mbps)

E 6 CentroCOM %R L&D EIEHFME

AR )

EREEE | Ml

0
10 100 1000 10000 100000 1e+06 1e+07 le+08 le-05  0.0001 0.001 .01 o1 1 0

a) BIFHEDANV—T v +

Block Size (bytes) Transfer T}

a) REFBOL TS Y=y

TCP 89.75Mbps | 0.064ms 140B

MPI 82.76Mbps | 0.118ms 260B

PVM 75.39Mbps | 0.134ms 200B

E7 EHEEGTOBERFYE

NV RiIE EEEE | M

Throughput (Mbps)
o3 8888338583

TCP 89.76 Mbps 0.057ms 140B

160

Throughput (Mbps)
LR

MPI 82.66Mbps | 0.108ms | 280B '

PVM | 75.66Mbps | 0.123ms | 200B

7z, MLHKIE, EN2701C-TX TH{E®D Category 5
DIy bT—7 =TV ERLRICOBR SN,
NetPIPE OMREHIZETI D L) ZBREBALES
14X, #RPIZ NIC R — TV iKW T B EPEE
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4. ScaLAPACK (C & B14HERITE

4.1 [SA7OYJ3 4L (BESHE) OF1—-=27

ScaLAPACK (Scalable Linear Algebra software
PACKage for high performance MIMD distributed-
memory parallel computers) &, Oak Ridge E3Zff
KFT, 74 AK%¥, UCB, UCLA, 1)/ 1K%¥, 7
PV —RFL EOEHOBE TR THES LB
ROV 7 b= 78 TH Y. ScaLAPACK I,
LINPACK DDV 7 b7 = 7 LAPACK % 538 #
TUBRBICBHL 20D THS. ScaLAPACK i, %k
DEIBHT T ALLERINTVS,
(1) BLAS (Basic Linear Algebra Subprograms)
— WM EORBR L 22 Tu s T 4,
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BLAS 2ffio C&EhN T3,
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tion Subprograms) — MPI % PVM &\ o 2z 40kEt
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5. BLASBR#ET A 77 )121E, 7Ty 7F5a3—F=%
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W% 1260, T#RE2of6m, 2&. RT3
Fortran Y A7 A (VAFTLTGATIY) REDE—F
TIAVNRANENTVEPEHEDPDT, FRIHIET S
L9, VAT ARERTALESDD.

AR TERDL I LMAECEF 2y s Lz, Cav
734 Z1E, gee (eges-2.91.66) TH 5,
(1) Absoft Pro Fortran 5.0 — KX Ta /8
AN, X2 ¥ -t precompiled BLAS 54 75 1)
12, BB — FTixRwv. (Absoft LML)
(2) gnu G77 Fortran — f2c¢ (Fortran to C)
AT LIZHES Ly a ALV, www.beowulf-
underground.org &t O E O Yoon Ho K7 pre-
compile L7:3FEEN L A7 L %fH. BLAS 94
771 & LT, netliborg BEED LD (G77 LULFT),
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Henry IRK{ERD b D (G77-LC L) ThH 5.
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(3) Fujitsu Fortran V1.0 — T#% 1 o2&y %
E— KFTar/s4 ), BLAS 5473 Vi&, Greg
Henry KB DS D&M L7 (Fujitsu-LC LBEFC).

WEIXTFO 2 BEOFETITo 2.

(1) Wall7dv 2 — gettimeofday % /.

(2) CPUHK;H — getrusage & fEH.

MEITIE Y A7 FEEBEDI DDA — 13~y FHEE
NTWHEDT, 77 A5 OREOREILELTED, F
BORTHEERITRTWall 70y 7B & L.

4.2 BYZATLOLER

Fortran O¥fE7— % B, BRI (Sin-
gle Real LBEFT), tEWEEZE/ MR (Double Real &
WED), HABEBE (Complez LRERL) , BEHREHEE
# (Double Compler EWEFE) H5H. ThbH 4007 —
FRUZX$ 5 GEMM #% Absoft Fortran THEAT L7
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B/ NBEHEPORED KO L EEN, EROBELD
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4.3 ISRAHEDF—1N—AyYF

25 RIHEDF —IN—~y FERRDL DI, ) —
FEF 32 ICEEL, THOF A X2 E{LEET LU S
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£1 ERATO-1 OfFHEZE/ B ORAMEH

GEMM 15000 x 15000 4800 x 4800

Wall Clock Time 7.68 GFlops 5.04 GFlops
LU 4% (LINPACK) | 30000 x 30000 | 4800 x 4800
Wall Clock Time 6.76 GFlops 2.43 GFlops
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EV LN REERWT, BR570 VLNV TOM
RERFAL & AT S LA RTH 5.

(2) CPUFv7oMREmMLEIIRE s RN EEE
B A0, BER) OBENEIATRTHS.
#121X, Gigabit Ethernet, Myrinet 2*, TCP Tik
% { VIA (Virtual Interface Architecture) %, ##X
DNIC 2F % Y ANK T4y I E>TNY Figk
BLI®EDOPE, WAVALBFEIELELOND,
(3) FreeBSD @k v b7 —ZH#l#iE, Linux & Y B
ETHY, HENIVWEELNL TV, FreeBSD
T Beowulf 7 7 2 % O#%E% ERATO-1 THRAZDS
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(4) ScaLAPACK 3FIEEHBE O TT Y 5 A TH
0, BEEHAEOICH CEAB TR O MEEL VXL
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LDOFFALTH ), FBIETEMLIZIZHOLI S ELE
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(5) WHMLICL 2EER EICIMA T, KBHERITHHS
HARETEZ2L VI AHLIEHANEEICREETH 5.
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