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Design and Evaluation of a Virtual Machine Migration
Using RDMA Data Transfer Mechanism over 10 Gb Ethernet

KoHTA NAKASHIMA,Htt MITSURU SATO,! KOUICHI KUMONt
and HIDEO TANIGUCHI!

This paper describes design and evaluation of a virtual machine (VM) migration using
RDMA data transfer mechanism over 10 Gb Ethernet. In order to reduce elapsed time, we
apply RDMA data transfer mechanism and overlap data transfer processing by NIC and page
map/unmap processing by CPU. In order to reduce CPU time of VM migration, it is neces-
sary that reduction of CPU time per a page transfer and total number of transfer pages. We
apply RDMA to reduce CPU time per a page transfer. And in running application on VM,
the reduction of elapsed time reduces total number of transfer pages. By using RDMA data
transfer, the migration time of the 2 GB VM on which application was running was shorter
in 40.7% than using TCP/IP data transfer, and 6.40s (suitable to 336 MB/s) was achieved.
Moreover, CPU time of VM migration was reduced in 73.6% and the performance of appli-
cation on VM is improved 2.68 times. In addition, the migration time applied the overlap
method was shorter in 50.8% than applied only RDMA, and 3.15s (suitable to 681 MB/s)
was achieved. CPU time of VM migration was reduced in 11.7% and the performance of
application on VM is improved 6.4%.
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Table 1 Measurement environment.
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Fig.1 Performance of burst data transfer.
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Fig.2 CPU usage in burst data transfer.
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Table 2 Elapsed time of page transfer of 2GB VM
(estimation).
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Table 3 CPU time per 1 page transfer.
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Fig.3 Structure of RDMA module.
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Fig.7 Application of RDMA to page transfer.
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Table 7 Estimation of each part of elapsed time in VM

migration (overlap).
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Table 8 Parameters of DMT1 and PostgreSQL.
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Fig. 14 Pattern of VM migration.
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Table 9 Performance during application program

running.
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Table 10 Improvement ratio of performance.
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011 00000 CPUDOOO%O
Table 11 CPU usage of transfer processing.

TCP/IP RDMA  overlap
ooo 80.6 42.3 74.2
ooo 88.3 39.4 75.6

012 2000000000
Table 12 Elapsed time after 2nd times.
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overlap (ms) 70.8 111.5 184.6 325.2

013 20000000000000
Table 13 Approximation of elapsed time after 2nd times.
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Table 14 Number of dirty pages and elapsed time (calculated).
TCP/IP RDMA overlap
oo oooooso oooooo gooooso gooooog oooodsd gooood
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oooo 7 30 30
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015 000000000 CPUOOOO 100%00000
Table 15 The case that CPU usage of application is 100%.
TCP/IP RDMA overlap
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oo 19.76 547,135 7.08 196,405 3.52 110,618
oooo 30 30 30
goooooo 1,071,423 720,633 634,846
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Table 16 Performance of various value of M (estimated).
RDMA overlap ooo
M OO ooooOdsd gooood gooooso oooooo gooo goooood
1.00 x 10° 6.45 121,777 3.15 36,055 51.2% 70.4%
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4.02 x 10° 29.53 2,860,490 3.88 182,570 86.9% 93.6%
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017 15s0000000000s0
Table 17 Elapsed time of each part in 15s.

none TCP/IP RDMA  overlap

domU 14.69 4.95 10.93 11.46
(1.000)  (0.331)  (0.732)  (0.756)

oooo — 8.67 2.65 2.34
(0.579)  (0.177)  (0.145)

oo — 1.35 1.35 1.35
(0.090)  (0.090)  (0.89)

oo 14.69 14.97 14.93 15.15

018 10s0000000000OsO
Table 18 Elapsed time of each part in 10s.
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