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4.4.3 /etc/sysconfig/network-scripts/ifcfg-[ethO,eth1]
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4.5 TEST
5. Diskless otJ|

5.1 Diskless&t?
b2 E TZ7)H
5.3 etherboot &&
5.4
DHCP(Dynamic Host Configuration Protocol)& & ol2|

kernel &It
5.5

5.6

5.7 IPHEGDI

5.8 Slave Node & &S|
/tftpboot/node2/etc/fstab

tftp& &

5.8.1



5.8.

5.9
6.

6.1
6.2

6.2.
6.2.
6.2.
6.2.
6.2.

6.3
7.
8.

2 etC/S)/SCOﬂfIg/netWOI'k ............................................................................................................ ‘]4
—E—X‘HE% .......................................................................................................................................... 14
software RA'D .................................................................................................................................. 16
RA'D(Level O) E|—') ........................................................................................................................ ‘]6
/é-igtg-t‘g .......................................................................................................................................... 16
1 Kerne| %lﬂl.% ............................................................................................................................ 16
2 EE]% /é_'il ............................................................................................................................ ‘]6
3 raldtabﬂ}%% &Fg .................................................................................................................. 16
4 fdlsk ............................................................................................................................................ 17
5 Rald Dlsk lal—%jl ...................................................................................................................... ‘]7
gg TEST ........................................................................................................................................ 17
Benchmark .......................................................................................................................................... 18
Dd% .................................................................................................................................................... ‘]9
él_‘?’_ 1 ................................................................................................................................................ 21
FIEL D (BLE T B BFEF 5) cooreeoreessioeeisiseiss it o7
HS 3 (Linux@lork 20018 1125 - C1A3 gli=(diskless) 2HAH QHET[) e 29

2 4 (Linuxlork 20018 93 - 2lSA SEAH/HEXYIIAE) o, 43



Vo=
MM5(Fifth generation Mesoscale Model)= PSU/NCAR(Pennsylvania State University -

National Center for Atmospheric Research)OllAl JHEE =SR2 J]a =X 22, 19704

F

ol

r
Ao
(=)
2
x
g
it
d
o
g
o
0
in
iy
s
fm
g

U e Ol==2 B2 BHalE HAME &M O

o
0z
i
10
4
Pall

0

10
2
[0
1
i
rr
=
>
0z
=
02
[
4
0%
=
r
==
D
2
=
=
(&3]
rr
1
Hy
N
A
10
S)
QO

<

Unix 882 HM3diFz= SSHAML Linuxe JHE=Z PC2t €2 MIt AIABUHAE OlE2E
= A ERYACH deflt @ PC AIARCOZ MMSE 01E8 =Xl 22/ oIl 23 A2

=)
>
[
>
=2
N
[w)
i
o
0
=)

&ol EMetlh. Oldder HES E&tg = Us 8 YE2e=2
AN =2 M2 AABS AIESE =2 JAAXE, &8l &8 MAE2Z 2F a4 20t
2tget) e PC SHAHEY =0 B0 22Xl tHetoICt.
W5= 19984 2.8H&ESE IBM SP, Cray T3E, Fujitsu VPP, PC(E£= SRAAHIOIA)
Beowulf ZAHSRE OE Z=2AMA2 24& 022 2dAHY &2 =24 HZc

rr

(Distributed Memory — DM) &€ AEZHE XotD JUCH. MM5S =24 BIZ2el JIs2

i
=}
oo 3H
%

SZACH. ol0 MOt Dss EE AAEHQ

MP| (Message Passing Interface) -
cI=SAE 0|20t 828 ANA8ZE 2FRGIF L, &M 852 HAE ol EULCH.



2.

System 7+ € AZER

2.1 System #&&

2 SE¥EZ St CPUE IRl BFEHEEZ 4HE FHOIACE. Master NodeOl= 402
Ethernet CardE JtAIL) U, LIHAI Slave NodeOll= 2 3JH2l Ethernet CardE JHXl L]
UCH. 342l 8Port Switching HIBE AtEotH UHIERZD @SS LS =ACH. Master Node
Ol= SCSI HOD, IDE HDD, CD-ROM, Graphic Cards Z2& EXIJt JUXEH Slave Nodell=
HOD, CO-ROMSE M HSHALCE. (Fig 1)(Fig 2)(Fig3)

2.2 ANAE A

Al %2 108101 AAKXS, =2 HEIH (Pentium) 420+ Foit 452 Lot
= AMD OH=E(Athlon) 1.45 ALEGIRUCE. =& CPU= HIEIY 400 HIoH MESE I3t
HS FHOL H s8S B0HF0 JA0 63D, 0Hel2E(MainBoard)= ASUS A7V133
= G EGHRUCH. SCSI Controller= Adaptec 7892AE, HOD= [BM 10000rpm 18GByteot=2
SESIR 20, Slave Node2t &M 8 IDE SHECIAE= AIHOIE Hiet=CH(Seagate
Barracuda) ATA IVE FotALCH. 2 It=(Lan Card)= 3Com 10/100MbpsE 202 CIHUE
©2, Intel Express 10/100MbpsE LIS NFSE22Z, Realtek 8139 10/100Mbps 22H& S
Hat2o=2 ALZSHACH. (Fig 4)

>

2.3 A28 ATEH
0/S(Operation System)= RedHat 7.12 & XI5t D, =A&l HEQ 2.4.132 AZ2olULCt.

AL A (Compiler)= Gnu Compiler® PGl {7721, MPICHES AI25HLCH. MMS=
MMSV3E AI26IHE SO, DisklessES Lol A etherbootS AF2oEUCH. (Fig 5)

Fig 1 System /#4& Fig 2 Slave Node LHZ



eth0:192.168.0.31

E E
| ——— | [
== | [OSTNAME : node3,node3b —

bond0(eth1+2):192.168.0.32

HOSTNAME : node4,node4db
eth0:192.168.0.41
bond0(eth142):192.168.0.42

Ethernet

Ethernet

SR . 9 E-l bﬂ ................................. >
INE=R=S
e~
|
HOSTNAME : node?2,nodeZb HOSTNAME : hydra.knu.ac.kr,nodel,nodelb
eth0:192.168.0.21 eth 0:155.230.156.227
bond0(eth1+2):192.168.0.22 eth 1:192.168.0.11
bond0(eth243):192.168.0. 12

Fig 3 System &%

Master Node

Slave Node

CPU AMD Athlon(Thunderbird) 1.33@1.4Ghz

AMD Athlon(Thunderbird) 1.4Ghz

Memory  (756MB(PC133 SDRAM)

512MB(PC133 SDRAM)

19GB SCS|
HOD 40GB IDE X 3
(40GB X 2=Software RAID)

3Com 10/100Mbps X 1

Intel 10/100Mbps X 1

LAN Intel 10/100Mbps X 1
Realtek 10/100 X 2
Realtek 10/100Mbps X 2
HUB ReeNet 10/100Mbps Switching 8Port X 3

Fig 4 2 NodeZ System AF2F

Software Web Site
RedHat 7.1
0/S (Kernel : 2.4.13) www. redhat . com

Gnu compiler 2.95.3 |bbs.hancom.com/databbs/pds15_files/gcc—2.95.3.tar.gz

Compiler |PGI Workstation 3.2 WWW. pgroup..com

MPICH 1.2.2.2 www—unix.mcs.anl .gov/mpi/mpich/
MM5 MM5V3 + MMP MM5 Www . mmm. ucar . edu/mm5/mm5—home . html
Diskless |etherboot-5.0.4 etherboot .sourceforge.net/doc/html /userman.html

Fig 5 AL& Software




3. MM5 EXI
3.1 Linux &Xl ¥ &3&H
3.1.1 Linux X2
Linux &Xl Al J|2&0 22 )8= 4Xlotld, nfs, rsh, rlogin, Kernel Development,
GCC 23 Z=2 3% &H AXIGHHOF &L,
Network2 Master NodeOlA eth0= 25 QHUE ethillle WS egYs A2
eth12 WIERZT SZS OteHet 201 E&StCt.
IP : 192.168.0.1
SUBNET : 255.255.255.0
HES3A : 192.168.0.0
BZEHAE 1 192.168.0.255

b1,

OII

3.1.2 GCC &XI
RedHat 7.10ll= GCC ver2.6HH& 0l SO UL, ver2.962 GCC Z4l HEO| Ot HAE H
S22 MPICH testAlOll Oledor ZMSHCH, MetAd 2HE BAel 2.95.322 CHAl & XIoHH
OF StCH.

MM http://bbs.hancom.com/databbs/pds15_files/gcc-2.95.3.tar.gz(St210 ZFH )0 A
GCC2t 2H0IEdCIIH 8l S0HU= Z20dE U2 g=0.

rpom —Uvh ——nodep —force [Package_Name]SZ ZItelet clolEeielES A XIS,

o

A

3.1.3 rsh, rlogin &3

/etc/xinetd.d/rsh IS 20 disable = yesE disable = no& HZEoID, &2 YUYo
2 /etc/xinetd.d/rlogin Y2 S0 disable = yesE disable = no2 B1Z&CH. &

= /etc/rc.d/initd.d/xinetd restartdtOi xinetd Gl22 ChAl A& SHCE.
/etc/hosts IS S 2 “ESS S5l EC.

example) /etc/hosts

127.0.0. 1 hydra.knu.ac.kr hydra localhost. localdomain localhost
155.230. 156. 227 hydra.knu.ac.kr hydra

192.168.0. 1 noae

192.168.0.2 noageZ2

192. 168.0.3 node3

192.168.0.4 noae4

/etc/hosts.equiv LS S 2 “ES0H rsha &% & 4= U

o
Q


http://bbs.hancom.com/databbs/pds15_files/gcc-2.95.3.tar.gz

examp/le) /etc/hosts.equiv
hydra
node
node2
node3
node4

3.2 PGl Workstation(Trail Version) &XI

MEX shel|& csh2 HZSHCE.

ftp://ftp.pgroup.com/x86/ | inux86-HPF-CC.tar.gz0l A PGl Workstation2 Ct22& &1,
/tmpLt JIEF CIZERIOl |inux86-HPF-CC.tar.gzIt Yo &=g ZECt.

instal |1I}Y S Aot Z213s AXISHC.

&Xl =2 : /usr/local/pgi

ZXI=, license.dat LS EHES ot 2&HoIE=F stlt.

/etc/csh.cshretil B2E FOtstCh.

setenv PGl /usr/local/pg/

set path = ( $PGI/1inux86/bin $path )

CtAI 20215t LE, S pathUl ?12 B2E =Itoll =Ct.

HA

3.3 MPICH &XI
http://www-unix.mcs.anl.gov/mpi/mpich/index.htmlOIA mpich-1.2.2.2& U2 &1,
mpich.tar.gzIt o Y== & = mpich-1.2.2.201AEL|2 SO 2tCt.
setenv FC /usr/local/bgi/ | inux86/bin/paf77
setenv FLINKER /usr/local/pgi/ ! inux86/bin/pbaf77
./configure —prefix=/usr/local/mpich-1.2.2.2

=2
=

o
[l

& & Makefile®l NOFF77=0Q1X| &QI5t10, 00 OtLIY <« MEES CtAl &EQldh =Ct.
make

make testing —> Ol WMEOUIA Ot Li=Xl & &eIoHoF SHCH. (GCC compilerE 2.962
ANE 58 OIIM Olleiot ZASHCE)

make install PREFIX=/usr/local/mpich-1.2.2.2

/etc/csh.cshrelll 22 E FIISHC.

set path = ( susr/local/mpich-1.2.2.2 $path )


ftp://ftp.pgroup.com/x86/linux86-HPF-CC.tar.gz
http://www-unix.mcs.anl.gov/mpi/mpich/index.html

/usr/local /mpich-1.2.2.2/share/machines.LINUXIIZE Z0, 2 = EE9 0|
Ct.
example) /usr/local/mpich-1.2.2.2/share/machines. L INUX

o
o
m°
Je
o

hydra
node2
noae3
node4

3.4 MM5-MPP& X|
http://www.mmm.ucar .edu/mm5/ Al MM5V32H MPPE CI2ZE &

ot

rr

Ct.

i

Hh
o
Al
[wl

MM5. tar gzt 2
MPP.tar.gzItZ = W5/CIE2&Eel 20l ZCF.
configure.user= configure.user.unix& HHSGH, configure.user.|inuxE

configure.user= Y1AHSHC}H.

configure.user.unix0lAd ©7. MPP options s =1 "7g. Linux PCs. Need Portland
Group pgf77 and MPICH. ; =& =AtoM configure.user@ " 6. Physics options  Ct
S B0 FOetCt.

configure.user2 T 7g. ... J0A

LOCAL_LIBRARIES = —L$(LINUX_MPIHOME)/bui Id/LINUX/ch_p4/lib —Ifmpich —Impich £

LOCAL_L IBRARIES = —L$(L INUX MPIHOME)/ib —Ifmpich —Impich & #=&3dt1,

CFLAGS = -DMPI —1/usr/local/mpi/include £

CFLAGS = -OMP/ —1/usr/local/mpich/include 2 =& &tC}.

/home/mm5/MM5/MPP/RSL/RSL/ 2 01 &,

makefileOlA CtS 201 =& &tCt.
linux :
B(MAKE) —f makefile. linux LINUX_MPIHOME=$(L INUX_MPIHOVE) $(MAKE_OPTS) all £
linux :
S(WKE) ~f makefile.|inux LINK MPIHOME=/usr/local/moich $(WKE_OPTS) all 2 =3
StCH.

M5 XA CIEE2lZ 0S8 TS make mopE o0 Run/mm5.mpps MASHLD, make

FOd mm5.deckS MASHE, ./mwb. decks A &SI mmb.decksS =S AIZ2ICH.

=
5
o
o
@
o
x
0]
Ol


http://www.mmm.ucar.edu/mm5/

24 xJ| X2 (MM5 HomePageOllA Cte 2= test KAFE - input2mm5.tar.gz)S Run/ ClE
E2I2 |I|L} &3 AI2ICH.

3.5 Test
~mm5/MM5/Run Ol A
mpirun —np 1 mm5.mpp & MMAE HIAE

AN2tE =doll 242,

i = = UCH.

ol

W
02

time sh —c 'mpirun -np 1 Mm5.mpp' 2 HIAE ol & = UL,
example) $ time sh —c¢ ‘moirun -no 1 mmb.moo’
hydra.knu.ac.kr —— rs/_nproc_all 1, rs/_myproc 0

619.870u 2.680s 10:53.27 95.2% 0+0k 0+0i0 47280 F+0w

*E ARA2ZE 102 5830110, BZH2Z 95.2%2 CPUE AHEoIRUL.

3.6 Slave Node & &
3.6.1 Linux2l&2 &X
Slave NodeOl= kernel Development2t GCC Z It ed=

2 BFEAl ZSAIHOF &tCE.

ue!

QX #XBH, nfs, rsh, rlogin

3.6.1.1 rsh, rlogin

Master Node2t 20| &&&HCt.

/etc/hosts, /etc/hosts.equivit2 S SotAH StHCE.

mmSHE 22 202160 rsh node22t 201 28 =ES0H rsh2 &¥£0] Jts8tAl, 2ol
Ct.

r

ro

3.6.1.2 NFS
otJl oAM= Master NodeOllA /etc/exports IS 20 28 “=S0AH

nfsz OI2E & =+ W St

nfsE€ &X

example) /etc/exports

/home node2(rw, no_root_squash, no_al l_squash)
/home node3(rw, no_root_squash, no_al |_squash)
/home node4(rw, no_root_squash, no_al |_squash)
Jusr/local node2(rw, no_root_squash, no_al l_squash)
/usr/local node3(rw, no_root_squash, no_al |_squash)
/usr/local node4(rw, no_root_squash, no_al |_squash)



Slave NodeOld= /etc/fstabT2 Ol Master Node2l /home /usr/local CIZE2IS OF
2C St

example) /etc/fstab

192. 168.0. 1: /home /home nts hard, intr,rw

192.168.0. 1:/usr/local /usr/local nts hard, intr,rw

3.6.2 A&

Master Node2l mm5HIE Ut Salve node2l HAELl UIDQL GIDI &2X &Qlgt, J|=2
SHELLS <Al csh& B1&ot1, /etc/csh.cshres S2otH CHECH

3.7 TEST
Master NodeOllA nfsGl22 CHAl A85tD, Slave Node= /homelt /usr/localE OIRE
otAL 2lEg StCt.

Master NodeOll A ~mm5/MM5/Rundil A

mpirun —np 4 mm5.mpp

example) $ time sh —c¢ 'moirun -no 4 mm5.moo’
[mmbhydra Runl$ time ‘moirun -npo 4 mmb5.mop "
hydra.knu.ac.kr — rsl_nproc_all 4, rs/_myproc 0
node3 —— rsi/_nproc_all 4, rs/_myproc 2

node? —— rsl_nproc_all 4, rsi_myproc 1

node4 — rs/_nproc_all 4, rs/_myproc 3

208.500u 7.350s 4:38.59 77.4%  0+0k 0+0io 94100f+0w

*T AR A2 42 380112, BDH2Z 77.4%°2 CPUE ALSolRIC.



4.

Channel Bonding dl2JI
4.1 Channel BondingOlgt?
21 0|49 EthernetS otUZ SO UWERKZAS HEE

mio
ur
o
rr
0Z
1
=
[

4.2 Lan card &XIGtH)|

QIHUIO HZE |MItEES eth022, bondingS Lan2 ethill eth22 &H&FSIALE.
*A7V1332l B ZE BIIEE 20 EFGH AGP=R0 It ZRH SN CIAISHCH. O
£ S0 AGPE=0l JIFE Z0l 3Com 2HIF=JF 1 CHSOll Realtek LanOl QUCHH, 3Com &f
IHEE eth02 2 Realtek AHILEE eth1ixz QUAISHLE,

HUBE 2Ji AtE3t0 HUB10l= Master Nodell eth1dt Slave Nodell eth0S A& 3oL, HUB2

Ol= Master Node2| eth21t Slave Node2| ethi=2 HZ oL,

m@

4.3 Kernel B
Channel BondingE otJ| foldE HES WY ook SHCH.
Network device support ——>

<*> Bonding driver support

4.4 SEGH

HAN iputil RPM Packagedt &XIEI0 U=AK SIS,
4.4.1 Jetc/sysconfig/network

lE 482 Otz &1,

GATEWAYDEV=bond0

£ FOI&HC.

4.4.2 Jetc/sysconfig/network-scripts/ifcfg-bond0
JIES ifcfgeth02 €&= S AXIotEHA
DEVICE=ethOE DEVICE=bond0Z B4 Z&&tC}h.
example) /etc/sysconfig/network-=scripts/ifcfg-bonadod
DEVICE=bond0
USERCTL=n0o
ONBOOT=yes
BOOTPROT0=none
BROADCAST=192. 168. 0. 255



NETWORR=192. 165. 0.0
NETMASK=255.255.255. 0
IPADDR=192. 168.0. 12

4.4.3 /etc/sysconfig/network-scripts/ifcfg-[eth0,ethi]
DEVICE=[eth0,eth1] —> Master Noage = ethl, Slave Node = ethO
USERCTL=no

ONBOOT=yes

MASTER=bond0

SLAVE=yes

BOOTPROTO=none

4.4.4 [etc/sysconfig/network-scripts/ifcfg-[ethl,eth2]
DEVICE=[ethl,eth2] —> Master Node = eth2, Slave Node = ethl
USERCTL=no

ONBOOT=yes

MASTER=bond0

SLAVE=yes

BOOTPROTO=none

4.5 TEST

Channel Bonding= otJ| MO0l networkbl2S EXIAIZRLH, networkbl== CHAl Al&GHH
S, DX $oW eIRESECH (OE Y-HE UH.)

Master Node2 Salve Node 25 Channel BondingOl &0 A=K =HCISHCY.

ifconfige A &St bond0Jt A=Al &5, Slave?t ftps= 0l Eoll Al

1=
o
nio
[m]
H0
HU

c gor2Ch.

FTPZ It AM&sh 2t

Channel Bonding & : 1.1e+03 Kbytes/sec
Channel Bonding & : 2.2e+03 Kbytes/sec

_10_



5. Diskless o]
5.1 Disklessgt?

Slave NodeOll CIAZE X 21D, NetworksS 0|26t 24 o= AS LS.

b2 ER Z=z )

JIEN NFS, DHCP, tftpdt EXIE0 U=K =QISHCEH.

etherboot, mknbi (http://http://etherboot.sourceforge.net/)

*kerne| B L BOZ DisklessE & & = UKL, Lan Card2l EPPRONES AIEE B2
EPPROMS!  SHAHIQI 512K0l HYE 2AJIE XLHOF oIl W0l MEALEO0l CH WetA

etherboot= 0|0l L.

5.3 etherboot &3

http://sourceforge.net/projects/etherboot i A etherboot 2t mknbiS Ct2Et=Ct.
etherbootl 2= =1, mknbi= RPM2Z2 & XISHCH.

cd etherboot/src

make

make bin/bootla.bin

Floppy DiskE <1,

cat bin/bootla.bin bin32/eepro100. |zrom > /dev/fd0 #FloppyDiskl OIOIXl A&
*eeprol00. Izrom& INTEL Ethernet Pro 100 - 82559 Chip= <8t OI0IXICH
*realtek81392] &< rt18139.1zrome & StCt.

5.4 kernel 2O
JlE&el ™ M

Networking options
- |P:kernel level autoconfiguration
- [P:DHCP suppor t
=> [P:BOOTP support
= |P:RARP support
Network device support
~> Ethernet (10 or 100Mbit)
> ANEOIE HIER T FI=EE HEEICH. (Slave Node= BFEAl F1E 0] E&6010F &Y. )

File systems

_11_


http://
http://etherboot.sourceforge.net/
http://sourceforge.net/projects/etherboot

> Network File System
> NSO 2eiE 25 J/52 ME
HY ZUY = bzimageE S& CHECIZ SASLH (0IIM = /tftpboot/)
mknbi E A3 kernel Ol Al root CIE&EC|DL nfsete HE Y=L,
mknbi=1inux bzlmage ——output=vm! inuz_node2.nb —ip=192.166.0.2:192. 168.0. 1:192. 168.0. 1:255.255. 255. 0:node?

*—{p=Client IP:NFS-Server |P:gateway|P:Netmask:Cl ientHostname

5.5 DHCP(Dynamic Host Configuration Protocol)& &atD|
/etc/dhepd.confited S SO EHESHCEH.
example) /etc/dhcod. conf
option broaagcast-aaaress 192. 168.0.255; #Broaacast
option domain-name-servers 192.168.0.11; #ONS
option routers 192.168.0.11,
subnet 192. 168.0.0 netmask 255.255.255.0 {

host node? { #node2dy HaF & &
haraware ethernet 00:03:47:7a:XX:XX, #node20i 2= LANS MAC
fixed-address 192. 168.0.21; #node2S/ |P

ootion root-path "/tftoboot/node2”; — #noae22 root directory
filename "vmlinuz_noge2.nb"; #node2S kernel 0] Q& FA/
/
host noae3 {
haraware ethernet 00:03:47:7a XX XX:
fixed-aadress 192.168.0.31;
option root-path "/tftpboot/node3";
filename "vmlinuz_noge3.nb";
/
host noae4 {
haraware ethernet 00:03:47:7a XX XX:
fixed-aadress 192.168.0.41;
option root-path "/tftpboot/node4”;

filename "vmlinuz_node4.nb";

_12_



subnet 155.230. 156.0 netmask 255.255.252.0 {
}
*node=2| MAC addressE & J| oAM= node=0| diskE JtXLD JACH ping HAEE

-aS OHE™ MAC addressE & % U1, disklessctH A0 M etherbootE 0l

ro

= ar
o Bt= floppy diskE & otH MAC addressE & %= RULE.

dhepdGl2S CHAI AIEFEHCE.

©

0R)

5.6 tftp&dd
/etc/xinetd.d/tftpOll A
disable=yesE disable=noZ P& St = xinetddl== CtAl AI&SHLCEH.

root(/)CIZECI0l /tftpbootCIZERIE ©ED, 2 LEQ 0|52=2 LHAELE YHEL,

example) Is —al /tftpboot

drwxr-xr-x 17 root root 4096 118 5 171:15 noge?
arwxr-xr-x 17 root root 4096 112 3 12:01 node3
arwxr-xr-x 17 root root 4096 118 3 12:07 node4

ro

/tftpboot/nodeX/0l Master Nodell 2E MYS AEH(Permission)dt SHH = AFSHCH.
co Ro / /tftoboot/nodeX
x/homet /usrS2 Mot SAtHE =CH. LIE0W CHAl nfs |0 E =0, & 1ink&

HAZotdH Slave=0l 8 = QIAGHA Zetlt.

5.7 IPHZAGH|

Master NodeOil= 4JH2| Lan Card, Slave NodeOil= 2f 3JH2l Lan CardJt EEECH 242
Lan Card= Channel BondingS ot22 Master Nodelil= 2% IPE ZE&GH 3012 Pt
Slave Nodell= 2 2942l [PJt ZR05tCH. DisklessE dtJl &0l= 192.168.0.1,
192.168.0.2, 192.168.0.3, 192.168.0.42 =X, 2F 2042 AtE IPE FJ| 2o Fig

6 ot 20l IPE BHEotULE.
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Node HEN HE= 0l =
155.230.156.227 |etht 1565.230.156.227 |hydra 28 el ul
Master (nodet) eth2 [192.168.0.11 node1 NFS-ROOT
192.168.0.1
bond0 [192.168.0.12 nodelb |MM5
eth0 |192.168.0.21 node2  |NFS
node?2 192.168.0.2
bond0 |192.168.0.22 node2b |MM5
ethO 1192.168.0.31 node3d NFS
node3 192.168.0.3
bond0 |192.168.0.32 node3b |MM5
eth0 |192.168.0.41 node4  |NFS
node4 192.168.0.4
bond0 |192.168.0.42 nodedb  |MM5

Fig 6 IP B9& Table
5.8 Slave Node & &t
AOIA AYst 240 20| Slave Nodell root ClI2&E2|= Master Node2l /tftpboot/nodeX

OICt.

I XI
=

o

r
rol

/tftpboot/nodeX/etc Lol U= MUS Ct.
exportsit2 = ArAISHCEH.

5.8.1 /tftpboot/node2/etc/fstab

rootE HIEGIA® /usr, /home CIHECIE OIRE

example) /tftoboot/node2/fstab

o
O

192.168.0. 11:/t ftoboot/node2 / nrs defaults 00
192. 168.0. 11:/usr /usr nts defaults 00
192.168.0. 11:/usr/local susr/local nfs defaults 00
192. 168.0. 11: /home /home nts defaults 00
none /broc proc  defaults 00

5.8.2 etc/sysconfig/network

2t NodeOil S LIER N 2eE S22 B OMs 210 U=2C0H

?I2t 20l Channel Bondingdt DisklessE ot ZHIJt ZAEHCE.

Qrtor, 22 Lan CardE 30HE AtEol®H, Fig 72 Slave Nodell PCI 40i U= Lan CardE JI
292 5t0] etherboot It Master NodeE #J| 120 2& oAl R&HCH. W2tA PCI 30 CHE
EF(HIIM= Intel)2 Lan Card2 BHAGH, etherbootOIA Floppy DiskZ OIOIXlI 2+= [H

OHE T = Lan Card2l O|0IXIE E2™, |olk= Lan CardE 0/&old 2= & %= UL
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SLOT Device Lan SLOT Device Lan

AGP VGA AGP VGA

PCI 1 |SCSI PCI 1

PCI 2 |3Com Lan eth0 PCI 2

PCI 3 |Intel Lan eth1 e ——— @ =PCl 3 [Intel Lan ethO
2 —

PCl 4 |Realtek Lan |channe ||eth f=-s-—" """ PCl 4 |Realtek Lan |ethl

PCI 5 |Realtek Lan (Bonding |eth3 PCI 5 |Realtek Lan |eth2

Master Node2| SLOT=& Slave Nodell SLOT=4&

Fig 7 3042l Lans 4ot UEtHLI= EHII*

@
@ :
®

rr

A

P(@)0l

e

rr

=

Bonding2

deln

: Slave NodeJt

: Slave NodeJl Master

1) Channel Bonding=
20l mknbi-linuxOI A AFS
9| dhepd2t Slave NodeOil Al

A ﬂ},

2 =0l

ipE

St
=

ot

=
[

_I_ UAMI|DI.

PURZS B

=

A EotE

, eth2%t eth3=

o XI&otALt.

S2E 0 DHCPAHHE =
Master NodeJ} DHCPAEE

M &

(tetAl OlH2S oHZE
/etc/rc.d/init.d/route.shet= shell

off Ml ot SKAAlIZ

Ot2tCh.

K
o

Ct. (91

A ™S Lan card2 fAXIE =2lollOF SHCt.
ot= CIHHOIAE eth0(@)OICEH.
= 43F== Master Node<

M2tA Slave NodeOll A Master NodeOl /U= KernelS JIHS

A

dhcpdE

scripts

= dhepdE

—

=

TT =2

example) /etc/rc.d/init.d/route. sh
/etc/sysconfig/network-scripts/setOrgNetwork. sh
/etc/sysconfig/network=scripts/i faown eth?
/etc/sysconfig/network=scripts/ i faown eth3
Jetc/re.d/init.d/dhcod restart
/etc/sysconfig/network=scripts/setBonding. sh

route
route
route
route
route
route

add 192.168.0.21 ethi
aad 192.168.0.22 bond0
aad 192.168.0.31 ethi
add 192. 168.0. 32 bond0
add 192.168.0.41 ethi
aad 192. 168.0.42 bond0

#192.168.0.21=F Jt=
#192. 168.0.222 JtE=
#192.168.0.31=F J}l&
#192. 168.0.32F Jt=
#192.168.0.41=F Jl=
#192.168.0. 422 J}&
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orS 9!

ZHOZ eth29 &

=
Nodell eth20l HIAM kernel2 202

=
=

4

Ch.)
Ct.

K

Fig 70lA £

ot XI8F, Master Node

[P= Channel Bonding® Devicell

X &ot)l <loh M

A
e

UCH®@). &

g M WERZD CB0lA = JtE B84 U2
26H)1 2o A

==
LS

& 2l= Channel Bonding

1 = UWESR3IZ Channel

= routed@EZ2 ALEZDH

#Channe/Bonding WAl script
#oth? &/

#oth3 &/

#ahcpd T Al S
#Channe/BondingE &&

L0/ EHE
L0/ &
L0l =
L0l E
L0/ EHE
LIolE =

eth1Z 7t ¥ &
bond0= It 7 &t
eth1Z 7t X &
bondD= It H &
eth1Z2 7t ¥ &
bond0 = I} &t




6. software RAID

6.1 RAID(Level 0) &7
StLtol OIOIEHE JIEE I 6 otE CIA0N SANHES SB2ZM fHiE &= Ot
OtAHl StCh.

i

6.2 Z23LHE

6.2.1 Kernel ZII

Kernel ZItY Al RAIDR 2t E 2is SEioh =0

CONF | G_BLK_MD=y #Raid &= {8t HEIZ ClEtolA K&
CONF | G_AUTODETECT_RA I D=y #Raid Atz 214

CONF | G_MD_L INEAR=y #Raid MEXQl == CHolA E2 2E
CONF | G_MD_STR | PED=y #Raid 0

CONF | G_MD_MIRROR ING=y #Raid 1

CONF | G_MD_RAD5=y #Raid 5

g AW = 2|24 oifoF StCt.

6.2.2 Z=z )y &X

raidtools RPM packageE &0t & XISHCE.

6.2.3 raidtabll2=s &4
/usr/share/doc/raidtools-0.90/0l 2+ Level €2 Ol Lm0l ULk,

example) /etc/raidtab
ralddev /aev/ma0
raia-level 0  # it's not obvious but this *must+ be
# right after raiadev
persistent-superblock 1 # set this to 1 /f you want autostart,
# BUT SETTING 70 1 WILL DESTROY PREVIOUS
# CONTENTS /f this is a RAIDO array created
# by older raidtools (0.40-0.51) or mdtools!

chunk-size 4
nr-raid-aisks 2
nr-spare-disks 0
device /dev/hae !
rajia-disk 0
device /dev/hag !
rala—disk 7

_16_
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6.2.4 fdisk

fdiskE 0|8ot0! 838 GI=CIAIE TOIES raid2 MASHC.
example) fdisk /daev/hde

Command (m for help): n

Partition number (1-8): 1

First cylinder (0-1965): O

Last cylinder or +size or +sizeM or +sizeK (0-1965, default 1965): 1965
Command (m for help): p

Device Flag Start End  Blocks /d System

/dev/hae! 0 1965 13536200 83 Linux native
Command (m for help): t

Partition number (1-8): 1

Hex code (type L to list codes): fd

Command (m for help): w

2t gtS ot=0AZS Sl XA &Es &tht.
2M(E= 1 014)2 GtECIATY 22 20| 20tE ZH, EF £& et .

uin

6.2.5 Raid Disk Bt=7|
Raid IIEIE 2z A&E ot CIAZ0 File System& Ct=CLC.
mkraid /dev/ma0

mkfs /dev/mo0

RaidM &0l 22 AL

mount /dev/ma0 /MODEL

6.3 &= TEST

2t ds= HIAE ofJ| fIohA 2f 26byteE &2 It

fujo

S Ao EXLCH (Fig 8)

Source Disk Target Disk Time
SCS| HDD IDE RAID 18234.510=
SCS| HDD |DE HOD 1219.301=
IDE RAID IDE RAID 1234.034=
|DE HOD |DE HOD 2=55.269%
SCS| HDD SCS| HDD 3=19.867=%

Fig 8 HID &5 HIAE
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7. Benchmark

t= TESTCIOIE O] 2t& =

=
=
o
=2
x
=
0d
[e]]

Channel BondingOlLt DisklessE a&lJ| &9 2=
200 JACH. kX2 0] TestUIOIHZ L2 2= &AM SEE HRA(Fig 9)E WWs0l &=

AE s HAHAIZIO 22 XOIJF }D, O 20 FAl &Fs X0IE 2QICt. stgte

ot

(Fig 9) GIOIEHE 2 &5tH Channel BondingS &==2| HAMAIZH0l= & XHOIJF AU KIS,
TestOIOIEHE AI20I0 HALS 63 AI2H0] 20%EE O ZRCH. 0l 2XMes GOIEHE X0
=

Ol Slolf A HIAEOILE A& A0 &2 X0 Rle X2

Hah &8 2 AL 35 &1
30Km 25N~45N 106E~143E Fig 11
10Km 32N~44N 118E~133E Fig 12

Fig 9 &&= OOoIe 8

A2 A2t
Master Node2t &!2H oF 18AIZ2+ 102
2Node Ol M & &4 o 9AIZt 152
4Node 2SF0IA &4 o 5AIZt 122

Fig 10 =5 Ji=2 & A2t

B [ B .
10 20 30 40 50 B FO G0 60 100 110 1%0

Fig 11 ZXtHel 30Km Fig 12 ZAtHEl 10Km
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[
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—
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Ct. 4Node

£

o

DisklessZ2

OF& Network CHE=Z= 100MbpsE E Xl 2

NodeJt
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-
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1. Master Node
@/etc/hosts
127.0.0.1

hydra.knu.ac.kr hydra localhost.localdomain localhost

1565.230.156.227 hydra.knu.ac.kr hydra

192.
192.
192.
192.
192.
192.
192.
192.

168.0. 11
168.0.12
168.0.21
168.0.22
168.0.31
168.0.32
168.0.41
168.0.42
©/etc/exports
/tftpboot/node2
/tftpboot/node3
/tftpboot/node4
Jusr

/usr/local

/home

node1
node1b
node?2
node2b
node3
node3b
node4

node4b

©/etc/hosts.equiv

hydra
node1
node1b
node2
nodezb
node3
node3b
node4

node4b

©/etc/dnepd. conf
option broadcast—-address 192.168.0.255;

node2(rw,
node3(rw,
node4(rw,
node*(rw,
nodex(rw,

nodex(rw,

no_root_squash,
no_root_squash,
no_root_squash,
no_root_squash,
no_root_squash,

no_root_squash,
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no_al |_squash)
no_al |_squash)
no_al |_squash)
no_al | _squash)
no_al |_squash)

no_al |_squash)



option domain-name—servers 192.168.0.11;

option routers 192.168.0.11;

subnet 192.168.0.0 netmask 255.255.255.0 {
host node2 {

hardware ethernet 00:03:47:7a:eb:f8;

fixed—-address 192.168.0.21;

option root-path "/tftpboot/node2";

filename "vmlinuz_node2.nb";

}
host node3 {

hardware ethernet 00:03:47:7a:ec:57;

fixed—-address 192.168.0.31;

option root-path "/tftpboot/node3";

filename "vmlinuz_node3.nb";

}
host node4 {

hardware ethernet 00:03:47:7a:ea:fc;

fixed—-address 192.168.0.41;

option root-path "/tftpboot/node4";

filename "vmlinuz_node4.nb";

I3
}
subnet 155.230.156.0 netmask 255.255.252.0 {
}

©/etc/sysconfig/network

NETWORK ING=yes

#HOSTNAME=hydra.knu.ac.kr

HOSTNAME=node 1b

GATEWAY=bond0

GATEWAY=155.230.156.5
©/etc/sysconfig/network-scripts/ifcfg-bond0
DEVICE=bond0

USERCTL=no
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ONBOOT=yes

BOOTPROTO=none

BROADCAST=192. 168.0.255
NETWORK=192.168.0.0

NETMASK=255.255.255.0

|PADDR=192.168.0.12
©/etc/sysconfig/network-scripts/ifcfg-ethO
DEVICE=eth0

BOOTPROTO=static

BROADCAST=155.230. 156.255

|PADDR=155.230. 156.227
NETMASK=255.255.252.0
NETWORK=155.230.156.0

ONBOOT=yes
©/etc/sysconfig/network-scripts/ifcfg-ethi
DEVICE=eth1

BROADCAST=192.168.0.255

|PADDR=192.168.0. 11

NETMASK=255.255.255.0

NETWORK=192.168.0.0

ONBOOT=yes

BOOTPROTO=static
©/etc/sysconfig/network-scripts/ifcfg-eth2
DEVICE=eth?2

USERCTL=no

ONBOOT=yes

MASTER=bondO

SLAVE=yes

BOOTPROTO=none
©/etc/sysconfig/network-scripts/ifcfg-eth3
DEVICE=eth3

USERCTL=no

ONBOOT=yes
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MASTER=bond0

SLAVE=yes

BOOTPROTO=none
©/etc/sysconfig/network-scripts/setBonding.sh
/etc/rc.d/init.d/network stop

cd /etc/sysconfig

rm —f network

In —s network_bonding network

cd /etc/sysconfig/network-scripts

rm —-f ifcfg—eth2

rm —f ifcfg-eth3

In -s ifcfg-bondO_bonding ifcfg-bond0

In —=s ifcfg—eth?2_bonding ifcfg-eth?

In —s ifcfg-eth3_bonding ifcfg-eth3
/etc/rc.d/init.d/network start

echo "if you run manually "setBonding.sh", you must run "/etc/rc.d/init.d/route.sh""
©/etc/sysconfig/network-scripts/setOrgNetwork.sh
/etc/rc.d/init.d/network stop

cd /etc/sysconfig

rm —f network

In -s network_org network

cd /etc/sysconfig/network-scripts

rm —f ifcfg-bond0

rm —f ifcfg-eth2

rm —-f ifcfg—eth3

In —s ifcfg-eth?_org ifcfg-eth?

In -s ifcfg-eth3_org ifcfg-eth3
/etc/rc.d/init.d/network start
©/etc/rc.d/init.d/route.sh
/etc/sysconfig/network-scripts/setOrgNetwork.sh
/etc/sysconfig/network—scripts/ifdown eth2
/etc/sysconfig/network-scripts/ifdown eth3

/etc/rc.d/init.d/dhcpd restart
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/etc/sysconfig/network—scripts/setBonding.sh

route add node? etht
route add node2b bond0
route add node3 eth1
route add node3b bond0
route add node4 ethi
route add nodedb bond0

2. Slave Node (node2)
©/tftpboot/node2/etc/hosts
Master Node2t 23S
©/tftpboot/node2/etc/hosts.equiv
Master Node2t 23S

©/tftpboot /node2/etc/fstab
192.168.0.11:/tftpboot /node2 /

192.168.0.11: /usr /usr
192.168.0.11:/usr/local /usr/local
192.168.0.11:/home /home
none /proc

©/tftpboot/node2/etc/sysconfig/network
NETWORK ING=yes

HOSTNAME=node2b

GATEWAY=192.168.0. 11

GATEWAY=bondO

nfs
nfs
nfs
nfs

proc

defaults
defaults
defaults
defaults

defaults

©/tftpboot/node2/etc/sysconfig/network-scripts/ifcfg—bond0

DEVICE=bond0

USERCTL=no

ONBOOT=yes
BOOTPROTO=none
BROADCAST=192. 168.0.255
NETWORK=192.168.0.0
NETMASK=255.255.255.0
IPADDR=192.168.0.22
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©/tftpboot/node2/etc/sysconfig/network-scripts/ifcfg-eth0
DEVICE=ethO

BOOTPROTO=static

BROADCAST=192.168.0.255

|PADDR=192.168.0.21

NETMASK=255.255.255.0

NETWORK=192.168.0.0

ONBOOT=yes
©/tftpboot/node2/etc/sysconfig/network-scripts/ifcfg-ethi
DEVICE=eth1

USERCTL=no

ONBOOT=yes

MASTER=bond0

SLAVE=yes

BOOTPROTO=no
©/tftpboot/node2/etc/sysconfig/network-scripts/ifcfg-eth2
DEVICE=eth2

USERCTL=no

ONBOOT=yes

MASTER=bond0

SLAVE=yes

BOOTPROTO=no

O/t ftpboot/node2/etc/rc.2/init.d/route.sh

route add nodel ethO

route add nodelb bond0

route add node3 eth0

route add node3b bondO

route add node4 ethO

route add nodedb bond0
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5 2 (2001E 12& 4 Node =Jt)

Master Node Slave Node
CPU AMD Athlon MP 1600+ (1.4Ghz) X 2 AMD Athlon XP 1600+ (1.4Ghz)
M/B TYAN S2460 (Thunder K7) SUMA SUPERIOR 8KHA+
Memory [1GB(PC2100 DDR RAM) 512MB(PC2100 DDR RAM)
19GB SCS|
HOD
80GB IDE X 1
3Com 10/100Mbps X 1
Intel 10/100Mbps X 1
LAN Intel 10/100Mbps X 1
Realtek 10/100 X 2
Realtek 10/100Mbps X 2
HUB NETGEAR 10/100Mbps Switching 8Port X 1 (HA)

Fig 1 =JI=l Node=2l System AFZ

Master Node= Fig 10l 250l Dual Athlon MPZ B1AHGIY LD, FIJIZl= 3 Node= Athlon

XPZ GOFRULE.

2001 128 102 X 100%& X0t 24t 222 OtLIXIEH, Slave NodeS2 25 HAE

OICt.

S
02
==
_>,:
o|-

Z0lH ReeNet HBE NFSE2 2 AEotH, FIHE Slave Nodes=2 FE
U ACHDHCPE 0126t IP= JIMQXICH, Kernel2 JIAX 28tHLH).
([t2kA NFSE HUBE NETGEAR 10/100Mbps Switching HUBE B1Hol0d ol ZotSiCt.

SHeXeE & = AU2LE, MainBoardet HUBZtSl S=0Ictd el &3 & &+ 8l

(CPU, RAM, MainboardE M2 BiJtE & UE HHl= 25 JIE Node2t S5IC
el S ReeNet HIBE HAE2Z0H AFEGHAIRH O HAl 2REUH RS EX

U= E, FF NodeOIAZ HBS LINKBZI S02=s s 522 X3t 2HotUs=
C

Las YXle 2FUCHOEH =2EH  MainBoard2 ML X T

=
=)

MainBoardES AIE2ot= NodeOlAE 2HMIE SRACH) . CHE20l NodeS =DItotI| A5 HUB
£ FeotHL L= OE ClusterE AEE Ml ds0l= 0lA0 SOt SIHE H-

S HEFES HBE AEdH0F & W22 MAECHAEM AHME2Z AZdHI= &6

2. Node 20 Al 20 HEE 22

NodeE =Dl [ hosts, hosts.equiv, exportssS RedHatll J|=2&Ql HAIOIY 0!

LI2t, Master Node®t 2 Nodell /etc/rc.d/init.d/route.shee &l =0 0F SHCY.
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example) ¥ 3 H Master Node<] /etc/rc.d/init.d/route.sh
route add nodeZ ethO
route add nodeZb bond0
route add node3 ethO
route add node3b bond0
route add node4 ethQ
route add node4b bond0
route add nodeb ethO
route add nodebb bond0
route add node6 ethO
route add node6b bond0
route add node7 ethQ
route add node7b bond0
route add node8 ethO
route add node8b bond0

3. Dual Athlon MP 1600+ oA} Testdt A3}

Arke Exeh=d 7A17F 128 AT

2 Nodeol A= 9AIZF 15890 28 & Aol Hl&] 2417 3% w2 Aijo|r},

He CPU AF80] oF 96%° o2& 5 209 HAFHE dAdss= 2 B we Ay
£ RoFth &2 CPUS RAME “bcﬂ P AE YA, AAPA AET Fol
el 235 BoFedt). g9, 1CPU NodeE 8t 443} Cluster® 1A= A
2CPU NodeE 4t A73te] Clusters A3k A2 o= o] w=viy F43
AATE A H=ETL Qoopnt oF = Ql& Ao R A7E FTh

O!
r

O

o

4. HomePage

http://hanl.knu.ac.kr/~mmb5

wfd 044], 164 with A&gk MMb6S] AaE 9 Fdllo]A|o] AATe =z BojFEr
(Design & Program : 493, Aej+F)

5. 8Node Benchmark 23}

(Dual Athlon System$ AF&38}A] &1, 7]& Master NodeAl£)

8 NodeZ E5F Alg3dle] MM5 EES 2dshd 3A17F 1550 At}

e AFe AN F 4 ogloy, 7 Noded AHE3EY MM5S RES S2AIZ1 Ao}
oF 1417+ 1584 %= 2Fo]7} v}, ela W CPU A4& =d oF 5~10%4% tf 4
S5 AoRE AZtEY 2, 4, 8, 16, ... 2" 2 AR ES W Aso] v FEHE A
o8 Azt @k

v o 2 ol whrd] A7t S wj(AAE AT $HE] HFES 8 Noded 491+
23 S wf) 1 Nodeol vk A4 dS w) 18417 10#0] A28 5%, o] A|ZHE tha
3] 82 Ud 137Fo] "t} o] A7FS AAl 8 Node® AAFeA S wfe] A 7HEAIY

154) 3 vlustA ZNoded Ht 7FsE2 oF 70%7F ).
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