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Large-scale Distributed System Test Bed
by Using Process-level Virtualization

YosHikl NISHIKAWA, T Yosamiro Oyamaf?
and AKINORI YONEZAWAT!

High-speed networks are getting more popular in recent years, and many
large-scale distributed systems are developed. However, developing them is not
straightforward because they must manage a great number of machines that
frequently communicate with each other. In particular, it requires much effort
to build a testing environment (test bed) for examining whether many machines
cooperate correctly. In this work, we propose middleware using process-level
virtualization that enables to test large-scale distributed systems by creating
hundreds or thousands of virtual environments on one or several computers.
The middleware supports the development of distributed systems with various
components including network emulation facility, automatic execution of tests,
debugging support, a GUI monitor that shows network states, and a component
for analyzing test results. We generated 6,000 virtual environments on a 20-
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node cluster and confirmed that various P2P systems including Gtk-Gnutella
worked well on the virtual environments.
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Fig.1 Composition of our middleware.
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Fig.2 Gtk-Gnutella on virtual environment.
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Fig.3 Mutella on virtual environment.
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Fig.4 Specifications of the description language.
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master:compute0[176.11.15.158]{

for(i;1;200;1){

node@i{
type = /usr/local/bin/mutella
IP = [auto]
file = [/home/.mutella/] [/home/m@i/.mutella]
file = [/home/mutella/] [/home/m@i/mutella]
group = compute0
latency = node3[1] .node150[1]
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Fig.5 Example of specification.
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Fig.6 GUI monitor that shows states of virtual environment.
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DSTB)gdb_start#nodel.nodel150

DSTB)

node150_gdb_out:

Using host libthread.db library "/lib/tls/libthread._db.
so.1".

Attaching to program: /home/ds/sample, process 8532
Failed to read a valid object file image from memory.
Reading symbols from /lib/tls/libc.so.6...done.

Loaded symbols for /lib/tls/libc.so.6

Reading symbols from /lib/ld-linux.so.2...done.

Loaded symbols for /lib/ld-linux.so.2

0xb7£2495e in write () from /lib/tls/libc.so.6

(gdb)

DSTB)

nodel_gdb_out:

Using host libthread.db library "/lib/tls/libthread._db.
so.1".

0xb7f6c8de in read () from /lib/tls/libc.so.6
(gdb)

DSTB)bt#nodel.node150

DSTB)

nodel_gdb_out:

#0 0xb7f6c8de in read () from /lib/tls/libc.so.6
#1 0x080485a8 in main () at sample.c:21

(gdb)

DSTB)

node150_gdb_out:

#0 Oxb7f2495e in write () from /lib/tls/libc.so.6
#1 0x08048588 in main () at sample.c:20

(gdb)

07 0000O0O0DO0OOOOD
Fig.7 Example of utilizing the debugging support mechanism.
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Fig.8 Change of communication frequency with passage of time.
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Fig.9 Transition for the number of connections with passage of time.
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Fig.10 Ranking for the number of connections within the group.
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Fig.11 Ranking of communication frequency with groups.
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0 1 ApacheBench 0000000000
Table 1 Performance results with ApacheBench.

oo oooooo
goooooooooo 3.83 17.99
oooooooo/a 2,611.67 558.81

ApacheBench 00000000000 100000 10000000000000000O
000000000000 000000000D00O00 30KBOOOOODOO Apache
ApacheBench OO0 000000 OO0OOOOOOODOOOOO
gobooobcol1b0000ooooboobOoobo0oooOoOoooOboOobOoobDboOoDo
ooooooooOooooboooOoODbOO0O0O00OooObOOOO04700000000DOOO
goooooooooooooboooooooboobooooooooocoOooooobooboo
goooobooooooooooooooooooooooooooobooboboooooDooboo
gooooboooooooooooooboooooooobooooooboooooDooDboboo
goooooooooooooooooboooooobooooooobooooooDoOboo
oooTCPO0000O0O0O0O0O0O0O0O0OO0O0OOOOOOOOOOO0OO0O0O0O0O0O0O0O0
goboooboooooop2pbooooboooboOoobboOobOo0oboDoOoOoDO
goboooooooooboooooboooobobooooooboooooboo
5.2 OO00OO0O0OO0OOOOOO
gobooooooooooooooooooboobbooooo p2pODOOODO
goboooobooooboooooooboooboooobobooooo p2pO0DOOOOO
gbobobolooobdobooooobdooooooobooboobocooobooooobOobo
0000000000000 0000000000005 00 Dual Core AMD Opteron
22GHz0000 2GBO0O0O0O0ODOO0O0O00O0O0O0O0O0OO00O0O0O00O0OODOO Gigabit
goboodoooooo
gobooboooboobooobodooobil1000boouobOoooboOoOooOobooOoDo
gboobooooooooooboooooboobobOooDOOobOoOoOOobOoOooOoDOo
goboooooooooooooobooooooboosbobobooOooOo 1o000OO0DOO
gboboobooodobooooooooboooy9boooooooooooboooobodorlo
gbooobooooooobooooboobooooboobooboooobOooDo
gobooooooooboo 100000b0b00oOO01000000D0000DOOOOOOO
goooooo0oooooooo oMBOOOOOOOOOOOOOOOOOOOOOO

000000000 0O0ooO0O0oDOoOooOooOogd Vol No.2 144-156 (Aug. 2008)

02 0000OO0O0OO0OO0ODOOOOoOooon
Table 2 Execution time of the test program.
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