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Abstract Virtualization offers data center with efficient server consolidation and flexible application
deployment, but it requires data center servers improve their I/O devices to get with the needs of
virtualization, and to make up the performance degradation brought by device virtual sharing between
virtual machines. These changes bring the redundancy of I/O devices for each server under current I/O
architecture, increase the cost of data center infrastructure and add more I/O cables between servers.
To solve these problems, we design and implement a SRIOV-based multi-root I/O resource pooling
method. Through a hardware-based PCle ID remapping and address remapping technology, virtual
functions in the same SR-IOV I/O devices can be shared among different physical servers, which
efficiently reduces the redundancy of I/O resources under virtualization environment. We also adopt a
hotplug-based virtual I/O device allocation method to dynamically adjust resources between servers for
increasing resource utilization. Experiments prove our design does can provides functions mentioned

above and maintain server I/O performance as it using directly-attached devices.
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Fig. 1  Our multi-root I/O resource pooling architecture.
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Fig. 2 System design of our architecture.
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82599 ML , I X HCTC E A AR AR 3.

sriov-platform2 ~ spci -vt
FH KK i latf 2 $1 i
-[0000:00]-+-00.0 Intel Corporation Device 0150

+-01.0-[01-03]--+-00.0 Xilinx Corporation Device 8086

\-00.1-[02-03]----00.0-[03]-
+-00.0 Intel Corporation 82599 Ethernet
Controller Virtual Function
I

+-00.1 Intel Corporation 82599 Ethernet
Controller Virtual Function
I

+-00.2 Intel Corporation 82599 Ethernet
Controller Virtual Function

\-00.3 Intel Corporation 82599 Ethernet
Controller Virtual Function

Fig. 6 PCle information tree of slave node.

6 MEARYY AL PCle BRIRALK R (F B

EFXTIIEE 20, PEIR 5 2% 2 BRAE R G U
A — K 400 R 2 A9 M, ping P9 AT 25T 0 D
ssh #EAT IO 2 4% T H] sep B2 45 DUEE tn 181 7
T T4 S 2 W JE AR T A AT LA IE A A 43 A 2 Y
Intel 82599 Mg 8L - 47 19 45 3 15 .

EEXTTIRE 3) AR MRS 4 2 P AEE FH BAE R 4% i 2

[****@sriov-platform2 ~]$ ping 169.254.9.153

PING 169.254.9.153 (169.254.9.153) 56(84) bytes of data.

64 bytes from 169.254.9.153: icmp_seq=1 ttl=64 time=0.606 ms

64 bytes from 169.254.9.153: icmp_seq=2 ttl=64 time=0.191 ms

64 bytes from 169.254.9.153: icmp_seq=3 ttl=64 time=0.196 ms

64 bytes from 169.254.9.153: icmp_seq=4 ttl=64 time=0.188 ms

64 bytes from 169.254.9.153: icmp_seq=5 ttl=64 time=0.199 ms

64 bytes from 169.254.9.153: icmp_seq=6 ttl=64 time=0.243 ms
-- 169.254.9.153 ping statistics ---

6 packets transmitted, 6 received, 0% packet loss, time 5331ms

rtt min/avg/max/mdev = ©.188/0.270/0.606/0.152 ms

[****@sriov-platform2 ~]$ ssh ****@169.254.9.153
**¥**¥@169.254.9.153"s password:

Last login: Thu Aug ** **:**:** 2913 from 169.254.6.193

[****@virtstation ~]$ scp iperf.iso ****@169.254.6.193:/home/
Ly

The authenticity of host '169.254.6.193 (169.254.6.193)' can't
be established.

RSA key fingerprint is
43:42:e8:aa:68:cf:bb:20:dd:c4:d6:7e:1b:30:99:23.

Are you sure you want to continue connecting (yes/no)? yes
Warning: Permanently added '169.254.6.193' (RSA) to the list of
known hosts.

****¥@169.254.6.193's password:

iperf.iso 100% 430KB 430.0KB/s 00:00

Fig. 7 Slave nodes use SR-I0OV virtual functions.
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HE DL B A A 22 0 BT I LI 190 5 15 e L 52
6 3 W12 i 0 2% G 1) 8 PR A $A0 2 E S8 & TE .

[root@sriov-platform2 driver]# ./hotplug_out

Hotplug_out

Finished

[root@sriov-platform2 driver]# dmesg -c

pciehp 0000:01:00.0:pcie24: Button pressed on Slot(1)

pciehp 0000:01:00.0:pcie24: PCI slot #1 - powering off due to
button press.

[root@sriov-platform2 driver]# ./hotplug_in

Hotplug_in

Finished

[root@sriov-platform2 driver]# dmesg -c

pciehp 0000:01:00.0:pcie24: Button pressed on Slot(1)

pciehp 0000:01:00.0:pcie24: PCI slot #1 - powering on due to
button press.

Fig. 8 Hot-plug of SR-I0OV virtual function in server 2.
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Fig. 9 Schematic plot of iperf testing bed.
B9 iperf MK A B E

1) B IS I 55 a4 FH S =2 19 R 1y 37 55 IR 5%
i 3AESR iperf IR 55 4%/ % 7 o, IR 55 4% 2 43 T ER
A~ SRIOV BB REVE H iperf client/server, YUl i 4%
P an &l 9 R, 5 HE AT X L i & kS 4 R
BRI RERY M 55 A% 1 VBN iperf client/server il X715 %
R €/

K10 A RS 82599 ™R A4 B R 45 w5 AE
& iperf client I} f) TCP # %5 & 9. 4 Gbps, /E N
iperf server iy 1) TCP 47 T & 9. 26 Gbps; i i 13 J5&
R R G AL ZE MR SR-IOV [ $ ) 58 19 9 B 55
#VE R iperf client By g TCP 47 %6~ 9. 39 Gbps, {E
A iperf server B TCP 7 5 4 9. 15 Gbps. JL-F 4
[F] P 7 9 1 B 2 Y, A SO AR TE AL 1/O Az
R T ARSI B Ak PR AR L (HOR BT R 9 1O PR
PR D, B8 R IRk 55 d 00 4 B S Al A Y
1/O M HE.

10
[ Before
[ After
8 L
a.
5
< 6
g
=]
2
S 4}t
g
m
2
0
Server 3 as Server 3 as
Iperf Server Iperf Client
The Role of Server 3

Fig. 10 TCP bandwidth comparison.
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Fig. 11 TCP bandwidth allocation.
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Fig. 12 TCP bandwidth allocation.
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Fig. 13 Bandwidth allocation for virtual machines.
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Fig. 14 Bandwidth allocation for virtual machines.
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Fig. 15 Bandwidth allocation for virtual machines.
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Fig. 16 Bandwidth allocation for virtual machines.
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