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Abstract

In the case of execution of very large-scale numerical simulations, even if the newest high-grade PC with single CPU is introduced, a
performance limit is existed. Then many restrictions of high performance computations will be presented as for the processing speed
and the narrow accessible memory area . However, this problem is conquerable by connecting large number of PCs within a high-
speed network, and constructing PC cluster systematizations. Furthermore, if a computational problem of engineering simulation
encounts complicated structure and requires high-resolution analysis, even a single cluster will also have a performance limitation.
In this case, if two or more clusters and network combinations are prepared, thus this system can be carried out and formed into a
meta-cluster, then, an executing environment of super-large-scale numerical simulation will build up. This is the basic concept of
grid computing. Therefore, the concept was introduced and the practical meta-PC cluster was built by VPN (Virtual Private Network)
connection of the PC clusters distributed on three or more remote places through the local backbone network with IX(Internet
eXchange) apparatus in this study. Finally, the computational experiment of large-scale numerical simulation based on the finite
element method, and evaluation of the data-communication characteristics and verifications of validity of meta-PC cluster were

performed.
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M, WEEMLECEREMICESER- TEEGIRELERT
515t ¥s2LT, 2k —20BLAY VY-S
AL RREDLIZTHRAY b T— 7 HEEHEN VPN T
29 b5A, 2EMOBBREEICRS T IEMULICE
SERBEIZONETE S,
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F L LTRAMENZDDTH S, LEL, BEDS V& —
Fv PREICBVLTIE, TTIZERSNTWS IPv4 774
EROEILH VIRIROBEIFEZ ONT, F /2 IPve &I
ERFELLEICEETHI2Z, »RVOERHME2ETS L
Bbnsizd, KT, IPva OFBEEEIIRE L CHIZEHESE
2[5,

Security
Gateway S

3 VPN o#t&H

2.3.1 IP7ERLUARICDWWT

A5 =2y MVBOTF— Y BEOETHLIPT FLAD
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IR ETET 5 EICHEEMTIIRE O ER IX (Internet
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LTHELIERTHE, ZORPLTHPE LI, EEAY
MEHOTFT— Y ZEBICET LY L—SAHICN IXEER
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Ty TEFNEEMICERB SIS, BT, AI3EFEHHED
57.0ms 125 L Cf% 3 HFHMEDS 5.7ms 55T, 1ZIT101E0H
HLAR AL RT I EDPHEETE, REEPOFET —
YBEIZKELFESL, Yy FarvVa—-F4 YTV A5
WIFETHAHZ LIZEBETH 5,

Regional [X

the Okayama Information
Highway

Regional ISP

X5 i IX #&HY 5885 S AEE0HER

Regional [SP

( N
c:¥>tracert 210.167. 70. xx

Tracing route to bfletsOxx. harenet. ne. jp [210.167. 70. xx]
over a maximum of 30 hops:

1 2ms 1ms 1ms 210. 153. 207. 243
2 Sms 6ms 3ms nas932. ckayama. nttpc. ne. jp [210. 165. 247. 134]
3 Sms 6ms 4ms  210. 165. 247. 129
4 6ms 3ms 6ms 210. 153. 248. 249
5 34ms 35ms 36ms  210. 153. 241. 81
6  34ms 36ms 35ms  xgd-0-n-otemachi-core2. sphere. ad. jp {202.239
14.218]
7 38ms 35ms 35ms 210.173.176.63
8 * * * Request timed out.

9 5ims  56ms  54ms as7664.dix.sakura.ad. jp [61.211.233.28]
10 56ms 55ms 55ms fletsntt. harenet. ne. jp [210. 167. 64. 134]
11 55ms  6lms  57ms fletsntt2. harenet.ne. jp [210.167.69.3]
12 58ms  56ms  57ms bfletsOxx. harenet. ne. jp [210.167. 70. xx1

B

Trace complete.

[ %

(a) KIGRy MR

4 N
c:¥>tracert 210. 167. 70. xx

Tracing route to bfletsOxx. harenet. ne. jp [210.167. 70. xx]
over a maximum of 30 hops:

1 2ms ms ims 210.167. 70. 67
2 dms 3ms 3ms fletsntt2. harenet. ne. jp [210. 167. 69. 3]
3 5ms 6ms 6ms bfletsOxx. harenet. ne. jp [210.167. 70. xx]

Trace complete.
[ R
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AEFFETIE, peCLEZMILETOBTRE OB =B
T3 MBI EBELE L7e & pecCL WiE, 4 @ nPC D HHE
CPU & L T, KIntel % Celeron 7Tt v % (1.7GHz) ,
FEEFEA T 1024MB £ EB L 2F—H%0 PC £ 4 14
BTE0%, BEAAL vF U INT %N LT Gigabit Ethernet
##t (LT, GethrCN. & %KFL) 2° Fast Ethernet ##t (LUF,
FethrCN. & £5) OFE ANz ERIW IR IOND L)
W L7z BMEE LICNTTB 7Ly VEREOET 7 4N
TEEREAL, WiES (2.38) TEEZ L/ VPN REE@EAL,
SEAECE L7z 3D peCL T MpeCL AL % K- 72,

Fio—F, BE—OWFEMATLE 3D pcCL % GethrCN.
B & U FethrCN. TH# LAN #4 L 72 MpcCL 2 X B 5HE%E
BRLED, MY AT AHREOERDOLE, %6 CICHEIERE
WKESCRERO 7 Fu Y —EICET 2 E#T— 5 2R, B
HRERICEREZMR 12

3.2 XBRERISIHEFECDONT
FEEDONPCIZBIT S EHEARRHBERPMO nPC DIE
HBRIHEELSRLET L L) RUFIEE LRV ELITHE
Aiid, LRMIZE aPCHICBIT A F— Y BEFSHEICR
T2, 29 LIEHEETEO 7O ABBREFEE LTI,
Socket #BET A 75 #EALTTCP® UDP 71 b a L% &
BALAL R, MPI (Message Passing Interface) 7 &0 3EF|
WEALERT A 7oV BS2EATL I L THLTE S,
AEFETIE, BEAPIL LTHBOERNERETH S
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MPICH ® %3 L, AL AT ZHME2ET S EHRIC
DWTKREET 5. D712, EHEAEOBHERIMTIZHE) 4
BRESEEY I 2L —va YEFNMIER S ARBEARE
FEICES CKEEET FRAOKMFICO &, XERAEE (CG
% : Conjugate Gradient Method) " % 4% L 72 K{EEt&EIC
$B%r—ADHEER YT/ E2EFEEFIEOKKET
HY, KFEFIESVTCENORBET FEXEZHEC Z LT,
HRETDHEFREOEERTABOEMBRE L KD 5,
PEOFIEZ D 57200208, AHBELZETFERNAx = b
DOKRBEEL, CORBEKBEO—D2TH HHXWEEDOT
VT AL M DTFOR (D~ (7) TRYZEHTE S,

(1) pe=ro=b — Axo

(2) ox= (px, ) / (pr,Apw)

(3) Xuri =Xk + Oxps

(4) rei=r1e — aApx

(5) Bc=— (rxe1,Api) / (p,Apx)
(6) prr=1kn + Pupx

(7) goto2

7275, EF A, xi, b, v, p 1354 REATE, TN Z PL,
EHIENZ MV BRENRY MV, BEFANY MVEET, B
Lost&ERX (1)~ (7) 2FFRE L ICEEG % 7e v hvME
PTFICEET 2 FTHYET, 2O LatEARETIE, o
& (2)~(6) ¥ CORBEBILSNEHFHMORLLLET S &
Rads, 2hTHR (2) FOITF] - X7 FVIEETE Ape 3
SostEaks W SRRICE B0, ZOBSICRIENL:
BFLE 7T 7 5 ABREEIT) LEDVD D,

£2 FEFIEOME

1| ANDHER AT R A B RREDERIZHEIL, £HIR
LEERBIIESE O D,
2| T—EDAS HRERE, ERWAR, MEIOEDEE &

E&M ERE F2525,
ANT — 5 ESE R EREBERANES

3| ERMIME< Y2

A DAERK BREERT 5,
4| 2FREE< Y 2 | FERAM< DY 7 ZAEFTEDIT LFIA
ADIRHILT U= R LTt rRR e T 5.

5| BERGMGOLE RO EGMEOER & R AR
DOHVAEAIAL e,

AR E AL,

6| YR
HE

4. FHERBRBLURAER

MEOSETF IR > T, EBF D MpcCL 5T THEM
OFN AN T— 5 &t (UTF, ANTFT—FEFNV,DETNVE
Wit) AN L TE 7 — ADOBMERHEERY AT L7 BiZZ
ZTIE, BTE (3.2 81) MRS L - R A EEICHED CBER
BEEARALZ 7075 0%, FORHE (3.18) IRLE

VAT ARBOE peCLICESE Lz, I T, Ihbefks
KEEHES I 2 L -y OFEFTREEL LT, AFROHZEE
L4 %5 MpecCL YV AT ADRYFAr—VEFNVERRL, %
r— ADOHEFTEER T To T\wb,

Z® MpcCL #FIH$ A5 HEEBRTIE, FpeCLH, BT
ZpcCLHDZ nPCH Ay 77— 2 EaMeEE RIRWICERE
L, 216 OBEREERFESFTELERE (LT, TaL &%
L) I RIZTEELH ARG, 2o&BERENDIC, L
TTid, % pcCL N4 nPC B O EHR & peCL B D& &
KD EVIBADS, MEOBAMNILE [HEHE /4
A OERTETZ LIz, #T T, FethrCN. — Fast,
GethrCN. — Giga ® & 9 IZB&FL L, WAN #&12 VPN & @M
L7842, Fast/VPN, Giga//VPN, F7:-HE—BfFRHNT
pcCL [ % FethrCN. 3 L < iZ GethrCN. (2 L7z v AT ARRE
&M Tld, %& 4 Fast//Fast, Giga//Fast, Giga//Giga ® 3L
LT, @5 MOERRTHEGIT,

4.1 AHBT—HETIL
RKHOBMBEAEERIZHVWADT -5 ETNVIE, 2ED
RKIDE) RBEREREIIESL I HEBVROEZDEH%ES
HLTEHLAZDIDTH L, KETHRAHMK D=62 TIZH 75
FEHEOREEET HRROKMBEITI Z &Ik b, RET
X, COEIDIHODEFVEANL, KEELZHMEFE
FEBRFEA I CHEBE T OER L, TawFOFE/E ROV T,
BoNENT— 5 OFHELRAL TV,

%3 AhF—%E7N

F—s4 FisyER EiRED feska (B HE
D=14 14 (15%) 10125 (=3x159
D=54 54 (553) 499125 (=3x559)
D=62 62 (633) 750141 (=3x63%)

4.2 HEHFTERSRE Tau ORISR

ZZTIE, #EME L7 MpeCL AL R v b — 7 iEERER %
BN LI ICSHMICEEL, LOESICRLET—FET NV
FAN L CHESTEER 2 To e ETOREERIIOX, £
peCL D nPC % Ne 75¥%127% % £ 9 12 Ne=14, # nPC #
(LT, N &EEED) N=42 T THRKEME ¥, MpcCL AD N #
b Tan B4 L OBBRERN,

INODOFEERICLDERESL NS ERUMEIEL, TarB X
0% nPC #® CPU B H 2 ERICEELE IZ 5F SN ER
OREBFERME (LT, Teuv &MEC) THY, HD ETNVE
WAL BEEREY, ZhENE T ~K 9 IR

INLDBERIS, T D=14 DA, FFEHESEO
24X 0 L EAMIINE S TRELEIER DL 10 DA
ORBEREB TR T T 5720, N=3 ~ 42 OLBIIB VT, W15
MBOHRELZDMOBEENHI LSS, VPN EZRALK
WAN #A128E ) BEINREOZEIRFIEE I IELNTT—
S EREFS S,
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HROENIBICHRL, T/-DENDLIEEU EORBEBEEZHET
HIL, Taw DEIX, XY P T OBEHRERP I AT LRE
M OMIKTE S, KBS, BHUEHICRLZLNWZ S,

A Fast//Fast A Fast//VPN
O Giga//Fast ® Giga//VPN
1 Giga//Giga

4.3 HEHEPTEISE Taw OBREET
Z I T, D=b4, D=62 DEHRHATIZBTHAY FT—2
3 5 %0 i BEREEEEOBZELFLIFARSLADIC, Tar 75 Tov %
Numbers of NodePG /N ZLFIVERIZIZT - 5 BELEICET 5K Teom, 7%
LKA (a), (b)) TEBTELZ DERZ L,

(e CPUtime )

Processing time T /sec
N
R =3

7 NEE Taw OB (D=14)
TaL = Teru + Teom + Tete (a)

4000 Ta = Teru + Teom ) (b)
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O QGiga//Fast @ Giga//VPN
O Giga//Giga - - WA = . e

(o oPUtm ) 2D Teom % ERTEEMG T ORBEERM L EXL, MHOR

8, X9 DERETFT— ¥ FHEH L EENE 410, K11 TH 5,
INLDOERIZE D E, Teom i NEUCILH L CEREMT 2 2
EPHLPT, O TeomBIZERINT Taw 25RESL LI %
B Bheb, £/, NEOBEMIIEE Tepy 2584 L,
2 Teom X EEINMEM 2 /R T A%, 5% Teom DB EDTHIE Toru
DENE ERS & % NBSFEBII % 2 & Taw SHEIICEL 2,
bbAHA, FOBEBRIL Taw DE/PMMEZ—FKT 5. 72, A

Processing time T /sec

F— 5 EFIVOERIIHT S5 %
Numbers of NodePG /N HFE=FEFNVOEBIZHNT LHEE, Thbb DENOKE
2 (D=
M8 N#& Tuw OB (D 54) A Fast//Fast A Fast//VPN
o 3000 Q Giga//Fast @ Giga//VPN \
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N4 © CPUtime ) W
- -£ 1500 4
g 2
£ g
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£
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3
[=]
a o 1
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K9 N#& Tauw DBFR (D=62)
5000 + A Fast//Fast A Fast//VPN
O Giga//Fast ® Giga//VPN
Gij Gi
—%, D=54 O&ERIE D=14 D ZNICE~B L Z 100 D 3 2 Cx -
~ e ime
Ta BIZ R B 720, EFETF— 5 OBBRUENELE LOWED [ -
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TiI N=6~ 9T, %72 Giga//VPN Tl N=12 Ri#k T&/MEIZ 2 %00 1
[73
%ho 3
—%, Giga//Fast, Giga//Giga & @ Taw 1% N=18 Fi #% £
THR/MEIZR ), D=62 D& Tid D=54 DFNIZH~H 1.8 1%
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- 3 15 30 42
Z 724 ksl 3 VAT LAAD B
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HIZOoWTIE, NEOLE TD=54 & D=62 D& RIF &L I
HOFMEIC 2 5%, B NBIZBIT S Ty DIKBEIL D=54 &
Db D=62DHAEDENEE . o T, DENFLYKE 2T
FEFNVEFENRICTHIIEEFMERENETY, ZF0
T FEAMAREAIMEREEINT, Tar PRMEZRT NED,
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ZEAL, KK () 0 &5 LEMELDXTERL, TOBRE
4R L7
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L&, BEREIEC VPN EHOBKEIZIE, peCL B o #@E
A% peCL IS THR BIC % D IEE R 720, 208
fE M & T MpcCL 2K D Teom 2 K& { BAL X ¥
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B, BT -V AEBTAIET, SHORKY AT LHEE
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DRELHAN—FTEICIEIRIZZ VD, EHETHILLE
B BIE SHEOEHEN Ny A EHHE @@ 2y
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4 © e WFRHH 1.8~ 2.4Gbps L\ ) BELBHEED
ML FRIC U2 BWETEIC D AR A TH B &
Riedd, 2070, EMTHRAPOBRELCRERORE
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MY L, EREOMEEE CHEARKICEAEE xS - 7
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(1) http//www.pref.okayama.jp/kikaku/joho/joho.htm

(2) http//web.pref.hyogo.jp/ehw/index.htm

(8) http://www.pref.tottori.jp/jouhowhighway/top.htm

(4) http//www.pref.kochi.jp/~jkiban/highway/highway.html

(5) http://www.mjh21.net
(6) http:/finfo.pref.fukui.jp/jouhou/fish/
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