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A Transparent Storage Relocation Mechanism
for Wide-area Live Migration of Virtual Machines

TAKAHIRO HirorucHL ! HIROTAKA OGAwA,f!
HiDEMOTO NAKADA, ! SaTosur Iton'!
and SATOSHI SEKIGUCHI'!

Live migration of virtual machines is one of the important features provided
by virtual machine monitors, which enables users to move a virtual machine
to another physical computer without stopping its operating system. It is very
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useful for hardware maintenance and load balancing of hosting nodes. The
practical use of this feature, however, is limited in LAN environments. In
WAN environments, network latencies cause inevitable performance degrada-
tion of storage devices shared between source and destination host nodes, which
are required to continue storage access of VMs before/after live migration. We
propose a transparent, relocatable I/O mechanism for VM migration, which
enables VM disk images to be completely migrated to remote nodes without
any modification of virtual machine monitors. It works as a target and proxy
server of a block-level I/O protocol, and transparently copies virtual disk blocks
among source and destination sites. Experiments showed the proposed system
achieved feasible I/O performance for applications. Although its on-demand
remote block fetch mechanism involves I/O latencies including RTT of WAN
environments, this drawback is alleviated by its background block copy mech-
anism; it prefetches not-yet-cached blocks in an efficient manner by exploiting
an available WAN bandwidth.
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Fig.1 Architecture overview.
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Fig.4 Evaluation environment.
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Table 1 Sequential I/O performance (KBytes/s).

Read Write
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Table 2 Random seek performance (ops/s).

Random
local 7,6440 1%0
remote 1590 0%0
proxy precached | 7,1980 1%0
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03 O00OO0O00O0O0ODops/sO
Table 3 File operation performance (ops/s).

Create Access Delete
local 6990 1%0 3,8560 1%0 4260 1%0
remote 150 0%0 650 0%0 210 0%0O
proxy precached | 6740 1%0 4,1070 1%0 4250 1%0
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Table 4 File operation performance via I/O proxy (ops/s).

Access

proxy bgcopy off 44.6
proxy bgcopy seq 145.2
proxy bgcopy ext3 537.8

proxy  precached 1,963.6
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05 WANOOOOOOOOOOO
Table 5 Transferred Blocks over WAN.

Transferred Blocks
proxy bgcopy off 310,972
proxy bgcopy seq 999,944
proxy bgcopy ext3 384,666
proxy  precached 0

06 00000O0DDDOO%O
Table 6 Cache Hit Ratio (%).

Hit Ratio
proxy bgcopy off 27.3
proxy bgcopy seq 97.1
proxy bgcopy ext3 98.1
proxy  precached 100.0
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07 Lnx0O0OOOOOODDOOOOOsO
Table 7 Linux kernel compilation time (s).

Elapsed Time
remote 6,572
proxy bgcopy off 5,393
proxy bgcopy ext3 5,012
proxy  precached 4,958
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