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Application master 01

External sound card

Head tracker / Wand

Multi channel amplifier
5.1 channel speaker

Sonistrip

Right Togp

Right Battom

DISPLAY 05-08

DISPLAY 08-12

DISPLAY 01-04

i

7

DISPLAY 01~18

Tracking device / CAVELIb
AMX control

Ky

=]

Audio

DISPLAY 13~18

[2¥ 2-3] Picassod

WEY 3N T

External Network
(16)

GLORIAD
(10Gbps x 8)

Extemal Service

Network gateway

Management

Integrated network
(10Gbpsx 18)
N

DISK

Compule / Render ‘

Computing f Rendering

Tracking device

5.1 ch Audia

File server

Application Server

=

2—4] Picasso? =& FAHE=




Storage network
= Infineband 4x DDR:
= 20 Gbps

« OFED

+ 12 GBis (IOR)

mads01 : metadats server for fhome and Momebackup

mds02 : metadata server for xamp

Throughput Capacity
= jhome ;52 TB
= Mhomehackup : 52 T8
* ixtmp:215TB

Mount point
= c0dOpt - IHOMEDATA 1o /oms
» cOdip2 : [DSDATA to Momehackup
+ c1dl: IXTMPDATAT to ixtmp
= c2d0: XTMPDATAZ to ixtmp

[Z13 2-5] Picasso®] 2=ET A

©1d0 : 6 TH, lustre

o240 | 6 TH, lustre

Display 01
(position : 0.x D)

Display 03
{(position : 0 x 1080)

|y

asto st
c0d0p1 - 3 TB, lustre c0c0p1 + 3 T8, lustre
cOdip2 3 TE chatp? | 3 T8

©1d0 6 TB, lusire

€20 ; 6 TB, lustre

Display 09

st

c0c0pt ; 3 T8, lustrs
c0c0p2 ;3 T8

c1d0 26 TB, hesire

€20 : 6 TB, lustre

dEda FHE

from display08

Display 10

Display 02
(position : 2048 x 0)

Digglay 04
(position : 2048 x 1080)

(position : 3212 x 0)

DiSplay 11
(position : 3212 x 1080)

(position : 5260 x 0)

Disdlay 12
(position : 5260 x 1080)

Left eye

Display 05 Display 06
(position : 0 x 0) (position : 2048 x 0)

Display 13
(position : 3212 x 0)

Display 14
(position : 5260 x 0)

Display 07
(position : 0 x 1080)

Disglay 08
(position : 2048 x 1080)

iSplay 15 Disglay 16
(position : 3212 x 1080) | (position : 5260 x 1080)

Right eye

to display09

DVI

Framelock
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7}. On site login

Picassod] &&oA A =213 = AL oudit), ojuo= YA
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Y. Remote login

1) SSH

Picassot= @A =YY= QAFS AFEstal AT &5 id_rsa.pubs
o] &3l A7)/ E 7] dF W o w vy Adolt). id_rsa.pub
= PR 48 fe2olAE sshokeygen BHOIE © 831, MS
—Windowsol A= puttygen.exeE ©]-&afA ItdsiA W& t}.
olm] ARE-3t @)+ id_rsa.pubZ} JYTHH ZAS IR A} A=)
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$ ssh-keygen -t rsa

Generating public/private rsa key pair.

Enter file in which to save the key (/home/foobar/.ssh/id rsa):
Enter passphrase (empty for no passphrase):

Enter same passphrase again:

Your identification has been saved in /home/foobar/.ssh/id rsa.
Your public key has been saved in /home/foobar/.ssh/id rsa.pub.
The key fingerprint is:
4b:a9:6b:d1:03:31:8b:90:fb:e2:cc:8e:69:7b:6c:00 foobar@anyhost

[A2 3—1] RSA 719 A4




2) TurboVNC

VNC AH/EelAdE= o 7Hx] &FHo] &A1), o &+ 71 &
oF# % RealVNCe] 7% OpenGL o] ZgjAlo]He] xgdo] Ao w
F oF3l7] wj&ol Picassool A= TurboVNCE o]&allA 5 A&}

=1 A~
7} REE ¢ A= A

7}) TurboVNC A< A=A

Picassoi= TurboVNCE VNC Ege]AdE/AHE o] &3}, TurboVN
CE Picassod] A&& 29 master02H o2 AAHATH T 99 s~
Eof M= WstHor B5 wEdn).

TurboVNCE o] &34 Picassool] A3 HA Picassool 3|9
ARg2Ee] Al o] mEEolA glofob &t} TurboVNCE 913 A& 3=
JuES BEl= e 0o 2t} o] HAYE Bors 93 o
b o g 2Qld ) Agshs Hagsel b2 A Qs Aol v
ks

57 [johndoe:~ > /opt/TurboVNC/bin/vncpasswd

Using password file /home/johndoe/.vnc/passwd
Password:

Verify:

Would you like to enter a view-only password (y/n)? n

[2222 3-2] VNC H=9= 44

ssh& ©]&3| 4 master029] %3 & vneserverE th&3F o] A
o YelhbE 8 dA] A4 New

3t} 53] vneservers 23T

X desktop is master02:1 5-i&

73 [johndoe:~ > /opt/TurboVNC/bin/vncserver
New 'X' desktop is master02:1

Starting applications specified in /home/johndoe/.vnc/xstartup




Log file is /home/johndoe/.vnc/master02:1.1log

[ 3—3] VNC Al A3

ST ol wAAZE dEA] goks A9 EuE Al fiAle,
LS #d Xvnerb v ol AdAow dEa gl #eld
ot 53] o8 Wol TurboVNCE AH&-stal =& 7% Xvic Hh&ol
e 1(display)o]l 27 v& s ey Fofsii it

76 [johndoe:~ > ps ax | grep vnc

22113 pts/14 S 0:00 /opt/TurboVNC/bin/Xvnc :1 -desktop X -h
ttpd /opt/TurboVNC/bin/../vnc/classes -auth /home/johndoe/.Xauth
ority -dontdisconnect -geometry 1240x900 -depth 24 -rfbwait 12000
0 -rfbauth /home/johndoe/.vnc/passwd -rfbport 5901 -fp unix/:7100
—-deferupdate 1

[A2 3—4] VNC AHe 43 3l

Xvnerb A4H o AY5 Qi A% HASRA ssh AAL Bolxw

Aok 2 oE A4l A A TurboVNC Eete]AES AP sirt,
o ¢

T1R10] k.

1) OpenGL o Zg|Alo]de] A

TurboVNCE ©]-&3f4] Picassoo] H<E3S A9 OpenGL o] =] A o]
As 2 AYA7IE o Ze dlerp dAgst

1 [johndoe:~ > glxgears
X1lib: extension "GLX" missing on display ":1.0".
Error: couldn't get an RGB. Double-buffered visual

[A22s 3—=5] VNC AHZ A3t Aeo] A2 OpenGL o] =g #Ao]Ad A3




O

| EA= VirtualGLZE a2 4= gt} o] dj7]A]+= An Z9 g
A5t FEsh7] Wil ANE AREXRZE Zpale] HarEe] AXE da

SAThH(Picassod| &= o] AX =] Qit}).

rlr

3 [johndoe:~ > /opt/VirtualGL/bin/vglrun glxgears
8422 frames in 5.0 seconds = 1684.254 FPS

[222 3—6] VirtualGLE ©]83% OpenGL o] =g Alo]A 2] 213

t}h) TurboVNC &4)7]
ot vncserver Yo Sfo]AE9] Aol EyriitE Picasso
o= Xvnc7} 74]5—? 13 =31 Q). WA SEfo]AdEE ol

sk gl ool At Aol Ol EGEvs o]l Atk
A RE g3} Zo] vneserverE €3 EUE AR dolE "ot

= 1L
ATt

78 [johndoe:~ > /opt/TurboVNC/bin/vncserver -kill :1
Killing Xvnc process ID 22113

[22s 3=7] VNC AH¢ 5

[¢)

YA 1 A vncserverE A w SIFRIJdE display HEE
a2 ARESHH Hr
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AHS 3] AR 7hHs Azt
e A~w8¢, 9:00~12:00 7] SR
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a7 S VCE § FANL SFo % ALg 7}
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Agahs A9 dal A4
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KISTI od:,l_% —/‘35—% g}:t}} /\]—%X]‘Oﬂ t}‘l—_SH }‘}'% 7}’%
]
ES . /\]Z_}_‘Z’ﬂ?} %j\_g_
] — o & “
R ‘ﬂ;w - GPU AW, Wty ¢ 5§ gEw
© T Abgate Agol @s A9

[ 411 A28 elof 3




5

Fa 2XEY] AL

7b AR dWrE

1)

2)

AXEgo] Ax vy

2~ B E o] L3 = AZEYoj} RPMO R Al x
of AAwx|ut 1A ke
o]

Z]
(Hute]s =gty §)& Al9lstal= 7

fusr/local®] EE AT Eo]= AAZE Jusr/local/AXZE S o] —H A
Fejo] yEE ol HAXEX|RE o] HHHE 7tel7]|+=, Jusr/local/A
ZEogk= symbolic link7} =413t} webd AREAR= Jusr/local/
2ZEO] HeHE o] AZES 7} TS Aom JpHsta $7

< AASE YTl Y AZEe Y fawel=rt ld@ETar &
T AR dWxe] 3 AAS upix] fak A wAS ALgd
T A #Ht

lrwxrwxrwx 1 root root 13 Apr 7 13:17 PortAudio -> PortAudio-
v19/

drwxr-xr-x 4 root root 4096 Apr 7 13:16 PortAudio-v19/
lrwxrwxrwx 1 root root 10 Feb 4 21:09 POVRay -> POVRay-3.6/
drwxr-xr-x 6 root root 4096 Feb 4 21:07 POVRay-3.6/
lrwxrwxrwx 1 root root 8 Feb 3 20:04 Qt -> Qt-4.2.3/
drwxr-xr-x 12 root root 4096 Feb 3 20:01 Qt-4.2.3/

drwxr-xr-x 12 root root 4096 Feb 3 18:22 Qt-4.3.3/

lrwxrwxrwx 1 root root 10 Feb 4 23:11 QUANTA -> QUANTA-1.0/
drwxr-xr-x 8 root root 4096 Feb 4 23:19 QUANTA-1.0/
lrwxrwxrwx 1 root root 8 Apr 7 13:40 SAGE -> SAGE-3.0/

[422> 5—1] /usr/local & H 29| W& (LdF L)

64bit vs. 32bit

o] A9 64—bit golBeE7F 50 YHEHE = 1ib64, 32—
bit FolB# 7t S A= lib JEQ] o] ZEARE Jusr
/local Hol] AAFo]9e B AT EYO]Y AL 64—bit gfo] B &g




T EOE ALET yo= 64—bit BFolBE et 32—-bit T
o] Mz ¢x 5& A3 yolaA] LD_LIBRARY_PATHZ
SFH(SAGE, Torque, Gelato, VTK, CR, CUDA %).

2

T lib gE™ el EAst71 = gk wEbA Jusr/localel A H = A
°o|H
2l ok

3) LD_LIBRARY_PATH

/usr/localell AAet= AZEH = A9 wi¥iE LD_LIBRARY_PAT
HE HExz AAAA} g 2ZEYo]9 shared objectE AM&E
T AW A ALEEE WE g e tiafl A= Jete/ld.so.conf.d
o 5&3814 o] LD_LIBRARY_PATHE A 3}#] %o}% shared ob
ject® AHEE & d=EF ot 7]l CAVELib, Chromium, CUD
A, QUANTA, VTK, MVAPICH2 So] sjdHr}.

L. B x| (batch) 24 28

Picassoi= real—time o]Zg| Aol 2] A3fo THS FAW batch %+
Ae Agst = Jr=E =5 A, Picassoi= Torque(H# 2.

3.2)E batch scheduler® A}-&3hc},

1) Picassool A9 2 (job) T

Picassooll Al A dst= BE FH(job)S a3 o] &3t

» Interactive job : &% master013} displayOl~displayl6s ©]-&3}

= real—time rendering, video streaming 52 ZFgo] o 7ol 3j
[Racia=

* GPU batch job : User interaction®] $li2 = AXFS GPUR 43
Sl TRIOPEL BT o] HFd Soitl. 544 CPUE GPU
ArS Q5 AA /T8 NS F2 FYshr] uto| B

CPUE AHEshA &= d3e] 3

e CPU batch job : User interaction®] {32 F A4S CPUR 43




S EROREe BE o] W Sofgith dwmon 9t

* Rendering farm job : PicassoE rendering farm o = A8 ujoj
B yEhs #e R, Torquez SAI7F B7bed FHo] #]io]
o} (obef o)

2) Picassool A9 2] A= (submit) WH
Torque©l batch 2}S A|&=3te= WHS e FE2yH 40049
W sAdsith, 7 WA sjof & de 2y
3l Folt) ol#e] AT YEE MPIE A}
AHETL 7|4 FosfoF & H-2 mpirun®] b mpiexec

g oo,

$ cat pbs.script
#!/bin/bash

#PBS -1 nodes=90:ppn=2
#PBS -g batch

#PBS -N cpi

#PBS -0 out

#PBS -e err

cd /home/voxel/tmp
/usr/local/MPI/bin/mpiexec -n 180 ./cpi

[42 5-2] PBS 24 HE

#PBS —1 nodes=90:ppn=2 9| A nodes+ 90 =¥ < {13, ppn
< 65 dolzd 4 gtk wEbA suhe] #gle] AFSE ¢ e HU
CPUS & 54002 Agsttl, Batch 2HYS AAZ T2E ddd
st S TorqueZt @olA A gst2 2 W9 machinefile Z 23}
==

3k 71A] FoafofF s AleHE Torque 2=7Al=29 7% multi—thread

2 o] ALgete Aglel @ 1l 48 foks Aol

~AYES YT T A AZL qsub Yo

il

o] &3ttt




$ gsub pbs.script

[Z2~ 53] qsubE o] &3 2 A&

AEe 2Fdo el gstat BEAZ BT 4 Uk

[bongjulmaster02 script]$ gstat -a

scheduler:

Reg'd R
eg'd Elap
Job ID Username Queue Jobname SessID NDS TSK Me

mory Time S Time

44 .scheduler-ib bongju batch testpbs 20129 == ==
== -- E 00:00

[~ 5-4] gstatE ©]&3F 2 &<

“

o] A= T3kl EWHd qdel MRS &3k HE qdel
= = AARE ZAde] AL ok ¢ =, oluels AH k=
5 ERlEiA Ads Fofok vk 1A o A A" AR
A Eelshd "ot

$ gdel 44.scheduler-ib

[&2s 5-5] #sie) A

o S8 2H 84S A% =7

Picasso= E¢|&H dHz 758 U5 2Y ofEgAclds 48T

i ZAZE B G- FHAE @40 stes Ao




1) pdsh

of 4,
Picassooll A+ =
=l el ¥HEE
ay, rendero] thajAqt o]

|4 e wyols A3 w pdshE o]&std Az s}
master =04 o8] 9] displayy} render =
Astal  w ARgsitl duk A}8-2= displ

ol g AT},

Zb oA At “éi’éoiﬂ =3l "AA = BT AFEARe] 24
2 redirect¥] 7] AW TAE o] B9 uli] AHHE A= =t
el AFgA7F MER sortE A ajof 3o}

$ pdsh -w display[01-16] hostname | sort

$ pdsh -w

display01l:
display02:
display03:
display04:
display05:
display06:
display07:
display08:
display09:
displaylO:
displayll:
displayl2:
displayl3:
displayléd:
displayl5:
displayl6:

display02:
display03:
display04:
display05:
display06:
display07:
display08:
display09:
displaylO:
displayll:
displayl2:
displayl3:
displayléd:
displayl6:

display01l
display02
display03
display04
display05
display06
display07
display08
display09
displaylO
displayll
displayl2
displayl3
displayl4
displayl5
displayl6

display[01-16]
display01l:

display01l
display02
display03
display04
display05
display06
display07
display08
display09
displaylO
displayll
displayl2
displayl3
displayl4
displayl6

-x displayl5 hostname

sort

[A42 5-6] pdsh&

o]

14 —




2) CAVERUN
CAVELibS AFg3hs, 53] ZTaAe sl A998 A&t ol Zgl
o] 42 master01¥} display0l ~ displayl6olA E5F =<3}
o] 7bsatrh. AR wi¥ pdshE o

ok AdHA =9
| Wi HE=E A F3= caveruno|dh= AOHEE

Agke Aol
o] g5},

$ 1s -1 /usr/local/bin/caverun

—rwxr-xr-x 1 root root 236 Sep 3 11:00 caverun*

$ caverun sample
Running sample on master node ...

A AA o 1x)
Running ls on client nodes ...

A AA o 1x)
Cleaning up IPC ...

[4222 5=7] caverung ©]&3 CAVE ofZg|Alold A3

3) cleanIPC

CAVELibo & 24 et ofZejAlold & 0431 A Ad/FEsRY sha
red memory4Y semaphoreE A= wksls}x] EaA t}so CAVEL
ib 719k &g Ao] S AeYstarzl & w shared memory/semaphor

es dIHA EIv= oY wWAIA g A AdE dPHA Fe= A
$-7F Aot v F oAl A caverun 2 HE WA cleanlPCE
A7) wjitol] ol AV WAL ThsAdo] =57 AN &
As] AARGL 2T = vk webA dgo] webA AREATE A
A cleanlPCE Ad T F A=F ot




$ cleanIPC

CAVELib o]Zg| Aol A2 display =ToAE Hasrmz Fg3 7

- display =29 thsjA = clean]lPCE A 33}

$ pdsh -w display[01-16] cleanIPC

[222s 5-9] pdshE °] &8 b w==o A9 cleanlPC 43

o2
ol

Sl M AW aA;A A9 caverun 2T HE U AE cleanlPCE 2 &5}

7] wioll AFEAF7) cleanlPCE A4 Addd o= A §l& Ao

nt

A (root)7F A5 cleanIlPCE 2 &34 trackd, X—Windows & T
E oAZgAel A7t G e F JornE dAgE Az AL
2 At s

y, semaphore®] AFE3IS ddo] upotajr a3k vk 2bA|sfof

At}




6. 8 Fn9 ALSHH

7} 29 T4

Picasso? &% Hl23ax= [19
6—112 #o] A=At} Pica

ss0] AFE A xEHO 7EA

\x:‘aﬁs—::
[19 6-1] & W=z

Mastor 01 Displayd = 16 santstio Render 41-80 Rendur 0140 Management 1 Management 2
ms-mﬂdoml Mhaster 03

[ 6-2] 72 &

g

BUHe 93

e Master 01 : ©] EYEH+E master01 =29 AH AA=HJ, ~
2% ERARE Agee BE A9l AZAolT. meha shA

o 4PAL PEeE AgAE BF o RUHE AR

¢

e Display01~16 : o] EYE+ master029 =& display =E2°
HE glsle dlo] AEE 7 =] E¥S Hd3kelE W Mast
er 01 713 =9] scroll lock 7] ¥ ¥ <%
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