
JOURNAL OF INTEGRATION TECHNOLOGY

Vol. 5 No.  1

Jan. 2016

2015-09-11 2015-11-19

( ) E-mail wangzhan@ncic.ac.cn

I/O

( 100190)

I/O

I/O

I/O

I/O

I/O I/O I/O

I/O I/O I/O

(Field-Programmable Gate Array)

I/O

I/O

TP 3341 A

I/O Resource Pooling for Cloud Datacenter

WANG Zhan AN Xuejun

( Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China )

Abstract The emergence of cloud computing brought datacenter to new application environments and new 

requirements. Server virtualization, as the main enabling technology for cloud services, needed datacenter to 

increase the number, performance and variety of I/O devices to support more virtual machines, for which the 

traditional server I/O architecture could result in waste of resources, increasing of server density and rise of 

wiring complexity. I/O resource pooling was a promising architecture to solve these problems, by separating 

devices and servers and enabling elastic on-demand provisioning of I/O resources to servers. We designed 

and implemented a single root I/O virtualization based multi-root I/O resource pooling architecture. By 

using a hardware-based peripheral component interface express identifier re-mapping, different physical 

servers can share the same physical devices, and through a hot-plug based allocation method, virtual I/O 

device could be dynamically reallocated between servers. The correctness and performance of our pooling 

architecture was proved by a Field-Programmable Gate Array prototype in this paper.
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Fig. 2 Multi-server I/O resource pooling architecture

I/O

 1  2

…… … ...

… ...

 I/O 

 I/O 

(a) (b)  I/O 



 I/O 

I/O

I/O

I/O

(2) I/O

(Horizontal

Scaling)
[36]

Galante
[37]

(Vertical Scaling)

I/O I/O

I/O

I/O

2.2 I/O

I/O

(1) I/O

PCIe I/O

PCIe

I/O

I/O

I/O

I/O I/O

(2) I/O

I/O

PCIe ID

I/O

I/O

(3)I/O

I/O

I/O

“

”

3 I/O

3.1  PCIe 

I/O

( In niband)

PCIe

I/O

I/O

PCIe

PCIe 3



(Upstream

Port UP) (Downstream Port

DP) PCIe ( P2P)

(Crossbar) PCIe

PCIe PCIe

PCIe

……
UP UP UP

DP DP DP……

……
P2P
P2P
P2P

P2P
P2P
P2P

P2P
P2P
P2P

P2P P2P P2P

CROSSBAR

3 PCIe

Fig. 3 Multi-root PCIe switch architecture

I/O

PCIe

I/O

PCIe

PCIe (1)

PCIe

(2) PCIe

PCIe ID

(1) PCIe

PCIe

PCI-PCI

PCIe

(2)

PCI-PCI

PCIe

3.2  I/O 

PCIe I/O

BIOS (

PCIe )

(Device

Enumeration) I/O

4

PCIe I/O

PCIe ID

I/O ID I/

O Owner User

PCIe

Owner User

5 Owner PCIe

Owner I/O

Owner PCIe ID

User PCIe



 I/O 7

User User

PCIe ID

PCIe

ID

Owner User User

Owner

User

Owner

ID & 

User

ID & 

5 PCIe Owner User

Fig. 5 Division of transaction packets between owner and

user domain

PCIe ID 6

ID ID PCIe

User Owner ID

ID User

PCIe

I/O User

PCIe ID ID PCIe

Owner User ID

ID User

User

PCIe Owner

PCIe ID ID

PCIe ID

User PCIe

User

User

7

User

I/O

(Content

Addressed Memory CAM)

4

Fig. 4 The con ict happens when two hosts enumerate the same device

CPU

 0

 2  0 

 1 

 3  4 

 5 

CPU

 0 

 3 

 1 

 4  5 

 2

5 : 0 :0 1 : 0 :0

A B



8

8

Fig. 8 Downstream address mapping structure
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Fig. 7 Con gure space emulation structure
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Fig. 11 Testbed for our prototype
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[****@Owner ~]$ lspci -vt

-[0000:00]-+-00.0 Intel Corpora on Sandy Bridge DRAM Controller

+-01.0-[01-04]--+-00.0 Xilinx Corpora on Device 8086

| \-00.1-[02-04]----00.0-[03-04]--+-[0000:04]-+-10.0 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-10.2 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-10.4 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-10.6 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-11.0 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-11.2 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-11.4 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| | +-11.6 Intel Corpora on 82599 Ethernet Controller Virtual Func on
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Fig. 12 The PCIe tree in Owner server
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Fig. 13 The PCIe tree in User server

[****@User ~]$ lspci -vt

-[0000:00]-+-00.0 Intel Corpora on Sandy Bridge DRAM Controller

+-01.0-[01-04]--+-00.0 Xilinx Corpora on Device 8086

| \-00.1-[02-03]----00.0-[03]--+-00.0 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| +-00.1 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| +-00.2 Intel Corpora on 82599 Ethernet Controller Virtual Func on

| \-00.3 Intel Corpora on 82599 Ethernet Controller Virtual Func on

+-02.0 Intel Corpora on Integrated Graphics Controller

+-19.0 …

+-1a.0 …

+-…
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[****@User ~]$ 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 = 0.188/0.270/0.606/0.152 ms

[****@User ~]$ ssh ****@169.254.9.153

****@169.254.9.153's password :

Last login : Thu Aug ** **:**:** 2013 from 169.254.6.193

[****@Server3 ~]$ scp iperf .iso ****@169.254.6.193:/home/****/

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

(a) User ping 3

(b) User ssh 3

14 User

Fig. 14 Network operation result in User server
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