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InTrigger: A Multi-Site Distributed Computing Environment
Supporting Flexible Configuration Changes

HIDEO SAITO ,t YOSHIKAZU KAMOSHIDA ,t SHOGO SAWAI ,t
KEN HIRONAKA ,# KEI TAKAHASHI ,t TAKESHI SEKIYA ,t
NAN DuN ,+ TAKESHI SHIBATA ,t DAISAKU YOKOYAMA *

and KENJIRO TAURAf

We describe InTrigger, a large-scale distributed computing environment. Our goal is to
install over 1000 cores spread out across 20 to 30 sites, and we have already installed 514
cores spread out across 6 sites. We explain how we use technologies such as PXE boot and
IPMI in order to manage such a multi-site distributed computing environment while mak-
ing flexible configuration changes. We also introduce a few of the tools that we provide to
make it easier to use distributed environments. Finally, we show that some experiments can
only be performed with an environment like InTrigger, and describe what we have learned by
performing one such experiment.
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Table 1 Specifications of each cluster

gooo oooo CPU o000 (ooo) ooo oooo gooo gooooo
(0ooo) | (@o)
chiba gooooooo Pentium M 1.86GHz 70 (70) 1GB 300GB 9TB goooo
Core2 Duo 2.13GHz 58 (116) 4GB 500GB
hongo oooo Pentium M 1.86GHz | 70 (70) 1GB 70GB 2TB oooono
Core2 Duo 2.13GHz 14 (28) 4GB 500GB

imade oooo Core2 Duo 2.13GHz 30 (60) 4GB 500GB 9TB gooooo
kyoto oooo Core2 Duo 2.13GHz 35 (70) 4GB 500GB 9TB gooooo

okubo ooooo Core2 Duo 2.13GHz 14 (28) 4GB 500GB 9TB goooo

suzuk gooooo Core2 Duo 2.13GHz 36 (72) 4GB 500GB 9TB goooo

oo 327 (514) 888GB 119TB 47TB

o 03 iperf000000000000000 (Mbps)

6\‘)) (d Table 3 The inter-cluster bandwidth measured using
> /m'g iperf (Mbps)
Q@EAFH O\’j\\r chiba | hongo | imade, | okubo | suzuk
O2007FEAFE A kyoto
“ chiba - 630 93 83 790
f ) hongo | 780 B 94 83 820
\ imade, | 33 46 - 26 51
.,J kyoto
okubo 81 92 42 - 79
suzuk 66 580 95 78 -

01 000000 20070000000000O00O0DOO
Fig.1 Locations of the clusters already installed and to
be installed in Fiscal Year 2007

02 ping000000000O00O RTT(ms)
Table 2 The inter-cluster RTT measured using ping (ms)

chiba | hongo imade, okubo suzuk
kyoto

chiba - 6.2 18 6.3 8.0
hongo - - 12 2.7 1.6
imade, | - - - 11 12
kyoto
okubo - - - - 4.3
suzuk - - - - -
2. InTrigger 0O OO0

goboooooboobendndn 20-3000 100000
goooooooooooobooooboobo 3sboon
gobooooobeDOO s140000000C00ODO0O
gi1o000000000oooooooooboobooo
oooooboooooooooooooo100000
gooooooooobooobooobooooboooobooon
goboooooooboooboooooboogo PO
cboboooooobOooooobobooooobooooo

000D0o0oo0ooooDoOoooogooooooon
O0oooIpO0000d0dO0OOOOOOOOOOg
gooooIpPOoOO0ODOOOO

020000000 RTT (Round-Trip Time) O
00000000 okuboO imaddlkyoto 0 00O RTT
O 8msOOOOO0OODOOOOOCOOODODOOOO
00000obO0o0ooooooooooooooooo
0000 3000ooooooooooooooog
SINET® 000 1Gbhps 00DO0D0OO0O0OOOOO0O
000000000 0oOoOoDoO MbpsOOO QOO
0000DO00000oo0o0o0o0ooooooooon
oood

3. 00oOooOOooooboooooon

goooooooooooboooooooooo
gbooboooooboobooboooboobooooboon
goooobooooooooobooocOouooooboobooo
gobobooOoobooooooobooooooooboon
oooO0O0o0o0oOoooooOoOo0Ob0O0oOoOoOooson
goooooooooobooboooooooboobooo
goooobooooooooooooooooobooo
gooooooooooobobooooooboboo
oooooooSoOoooooooooooood
oo



InTrigger 0000000000000 OOOODOO
oo0oO00o0o0ooo osSoooooooooooono
000000 Lucie” 000000 Lucie 0 Debian
0 FAI (Fully Automatic Installation)® 00 000
ggboodbodbodbuooobuoobooboo
goooogo
(1) O0DOoOoPpPXEOOOOOOOO
(2) OLOOOOOOOODOOUOOOOOOODOOOO

ooooooooo
(3 LOOUOOOOLOUOOOONFSOOOO
(4 ODoOOoOOOOO

00 Luwcie00OO0OOO0O0OOODOOOOOOCDODOO
00o0o0o0ooo0oo0oooooooooooooo
00o0oo0o0oo0oOo0oooooooooooooo
ggbooboobobobooobuoobobboo
0ooo0o0o0o0ooo0DoDo0ooo0onD 4)oooo
oo0ooopoooooooooooooooooog
oooooooooooooooooog
() OLOOOOOOODUCOOOOOOODOOO

oo
(6) OOO

O000oooooooooOoooooooooog
0o0o0o00ooooooooooOoooooooo
00000000000ooooooo IPMI (Intel-
ligent Platform Management Interface) 00000
ooooooooIpPMIOOOOOOOODOOOOO
0000000000000 O0IPMIO SOL (Serial
on LAN) DO0O0U0O0OO0OO0OODOOOOOOOOUODOO
ooo0oooooooooooo

00000 LucieOOO0OO ()0 OSOUODOOD
00o0o0o0ooo0oooO0oooooooooooo
0000000000 NFSOOOO0OO0O00o0ooo
000o0o0oo0ooo0o0ooooooooooo
0o00oo0ooooooooooo (6)oooood
gobooobobboooooboboboooogooo
ooooooooooooooOooOooooooo
ooooooo0oooooooooooooooo
O Subversion 0000000000000 OOO0O
ooooooOo0ooOoooooooooooooog
Subversion 0000000000000 OOOOO
Ooo0oooo0o0oooOooooooooooooo
oooooooooo

4. DO0OO0OOO0OOOOO

go0000oDo0ooo0ooooobOod InTrigger
goboooboooooobooooooooooooboo

gboooooooboobooobooboboobobooo
gboooobooobooobooooboobobogoo
O0oo00o0ob0o0ooooooonod InTrigger OO
gbe000O0O0OODOODOOOODODODOOD
ggboobooboboobuouobuoobobboo
goobooobobooobboobo
4.1 GXP
gobooboooboooboooboobooobooobooo
gboobooboboobooboobboobooo
gboooooooboboobooobobooobogo
gbooooobbooooobobooooobobogoo
000000000000 Grid eXPlorer(GXP)® O
gooooboobooooobooboboob o
gobooboobooboooboobooboobogoo
ggoboodoobbooobbuooobboono
pobooobooobooboobuooboobooboo
gboobooboboooboobobboobogoo
o0 ooooboooboobooboobooo
o000 oboooobooobooboobooo
O000O00o0oooooooooOoo GXpoooo
gboooooooooboooobbooboboooo
gooooboboooobooobooobbooboboooo
gbooboobooboooboobooboobooo
goo0o0obOooO0o0obOoooobooobooooo
gooobouodboobuooboobooboooo
goboobbooooobobooboooboooo
gooooboooboob oobooboobooboobo
goboooboooobobooobo bboobbogoob
0000 ssh000000000000 TORQUE?
O Sun Grid Engine 000 00000000000
gboobooboo oboobooboobooobooobog
GXpOOOOOODODDODOOOOOODODODOOODOO
goooooooooooboboo
GXpODOOOODDODOOOOOODODOOODODOO
goooobobooooooobbobobooooogooo
gbooboooboboobooooboooob
gboobooobogooboobooobobooboobogo
Unix 0O0O000OO0OO0OOOODOOOOOOODOO
gboboooooboobooooobooboooogoo
gboooooooboobooboooboooooon
gooooboooooobboboobboobboogoo
gboooooooboobooboobobooooo
goooooooooooboboboboboog
4.2 VGXP
goboodobooooboobooboobobo
gbooboobobooboobobobobooo



02 VGXpOOOOOOODOOO
Fig.2 A screenshot of VGXP
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# 00000000000

header

recv (8)

size = get_size(header)

# DO0O0ooooooo

while received < size:
frag = recv(size — received)
body += frag

received += len(frag)
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Fig.3 The code containing the bug
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