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Goals of This Talk

¢ Introducing our (similar) research efforts
=2 GENI is cool, but we also do cool stuff ©

¢ Seeking opportunities for collaboration
= Especially on Federation etc.
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Net-Virt Infrastructure for diverse NWs
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“Network Virtualization Infrastructure “3




Network Virtualization Research in Japan
<>NV Research Lab (utokyo+NICT)

We are trying to understand “Network Virtualization” Infrastructure
?

<-Enabling net-virt via only S/W on COTS x86 machines

<>Corelab (utokyo+NicT) f

<>VNode (UTokyo+NICT+NTT+NEC+Hitachi+Fuijitsu)
<>Enabling net-virt via designing H/W based on production routers

<-Applications

<>In Network Processing
<>Non-IP Protocols



CorelLab

(UTokyo & NICT)

Enabling net-virt via only S/W on COTS x86 machines



CorelLab

& Shares DNA with PlanetlLab (w/ more Net Virt Support)
¢ Creates slices across Japan (24+ nodes)
Overlaid on multiple backbone networks
Extending to Asian regions (plus part of U.S.)
-
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CorelLab Highlights 1/2

- Host-based Virtualization (KVM)

] . Fl.eXIbl.e ] Resource Container (OpenVZ, LXC)
Virtualization

7. FIowSpace GRE-tap Tunnels between Slivers
| | t- Classify traffic from/to slices via OpenFlow
sSOoi1ation Switch

3. Switch PEMO
Emulation OpenFlow Switch In A Slice (OFIAS)

4. [\/|u|ti-HQming Support multi-homing via multiple physical

Create Slice N ICS

In

terface:

eth0
ethl
eth2

eth3 7




CorelLab Highlights 2/2

5. VLAN
Support Assign any number of VLANS to a slice
6. DCN solate bandwidth through tagged VLAN
Integration and DCN capable L2 switches

DEMO

/. GQuest-Host
upport PCI NIC Pass-Through

S
Pass-Through (both Wired and Wireless)
Dedicate 10Gbps NIC to a sliver

Create Slice



Highlight1 : Flexible Virtualization

Create Slice

You must provide a short description of the new slice as well as

against your slice and PlanetLab Operations is unable to determ

There are three possible "instantiation" states for a slice. plc-in
not-instantiated allows you to reserve a slice name; you may

NOTE: All PlanetLab users are strongly encouraged to join the
posting to this list. Site administrators often use this list to post

well.

Site:
Name:
URL:

Description:

VMImage:

VM Type:

NIC Model:

MultiHome:

Memory Size:

Allow Suspending:

P
[ Add Slice )

| CoreLab Test rev3291 Central->cl |

-
v

cl_

http://

VM Image
Arbitrary OS images registered

VM Type
KVM, LXC, OVZ, and more coming

NIC Model
Vanilla, Para-Virtualized Drivers

f10v1109plc118test ‘

ovz

kvm
Ixc

e

| rtl8139

Multihome
SINET, JGN2Plus, or both

virtio
el000

/

enabled &
disabled

256
512
1024
4096

I
« —H

Memory Size
256, 512, 1024, 4096, 8192 MB

8182

™ (What's this?)\

Suspend Feature
Suspend the slice when idol




Registering/Selecting VM Images

VMImages
VMImages
Remove ID Name OS Type Arch Description
O 1 f10v1109plc118test redhat i386 f10v1109plc118test

("select All ) ( Select None )

[ Remove vmimages )

Base URL:

Disk image torrent URL:
Disk image pattern URL:

Rootfs torrent URL:

OS Type:

Arch:

Description:

e o s w———
[ Add vmimage )

\

\ Fedoral0 (RedHat Type/ i386)

will be Base URL + "base-" + Name + ".img.gz.torrent"
will be Base URL + "base-" + Name + ".img.gz.pattern”
will be Base URL + "base-" + Name + ".tar.gz.torrent"

' redhat
debian
»windows

'i386
| x86_64

We can add arbitrary VM images to disseminate to nodes:-:
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Graphical Topology Management

« GUI for editing a slice topology
« Web-based VNC to login a slice

Topology Assignment for cl_gec | Corelab Test rev3165

« } - ¢ (55 4+ @ nhups://plcl19.nviab.org:443/db/slices/slice_topology.php?id=105 3 |~ (Q- Google

[T] portnict Clipart Online Apple Yahoo! Google Maps YouTube Wikipedia Google plc119

‘ Topology Assignment for c... 1

¢ Create Slice 275 |
e Attribute Types 250 i
® Sirius 225 |
e Admin 200 L
e Peers 175
¢ Node Downtimes 150 I
e Users
125 il
¢ My Account
e Log out of 1003 W
CoreLab Test 75 =t
rev3165 50 i
¢ VMImages 1
¢ Downloads
¢ Nodelogs | !
e About
drupal \ {3
» create content R

o my account
» administer
o log out

noddgl3




Highlight 2 : FlowSpace Isolation

CorelLab nodel CorelLab node?2

Sliver 1 Sliver 2 Sliver 1 Sliver 2

user user
""""" kernel T 77 e s i * 7 e
[ Open vSwitch } F Open vSwitch }

« Classify traffic from/to slices via OpenFlow Switch
« Sliver1 and Sliver2 (guests) may have the same IP Address as Host
* In general, we can assign “flowspace” per slice.

Port-space isolation with Open vSwitch [Tridentcom2010]
12



Highlight 3 : Switch Emulation

CorelLab nodel

CorelLab node?2

Sliver 1 Sliver 2

eth0 eth2 | fethO eth2

kernel

gtap1 gtap2 gtap1 gtap2

[ Open vSwitch ]

Sliver 1 Sliver 2

ethO eth2 | fethO eth2

gtap1|(gtap2 kernel

[ Open vSwitch ]

gtap1 gtap2

n

\

L )

« Establish L2 GRE-TAP tunnels
« Install virtual OpenFlow swiches (VOFS’s) in each sliver

13



OpenFlow In A Slice 1/2

@ Benefit

= Allow a slice to experiment with OpenFlow networking
¢ Ingredients

= Slices created on Corelab

= VOFS: Virtual OpenFlow Switch within a sliver

C P
= ag
SR B2 < -I
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Openflow In A Slice 2/2

DEMO: OpenPipes In A Slice (OPIAS)

A slice with 9 slivers

cl_x1

Jetho

NOX

node18

Virtual OpenFlow Switches

DEMO

cl_of9 cl_of10 cl_of10
Y PR JethT “eth20l 4 — — + Heth 1™ eth 203 -
o ey R
cl_of9 | cl_of9 |
e |
MODULE 1 MODULE 2
node131 node13 node19

- —{]eth1 R%IW

cl_of9

eth1
MODULE 2

node19

Packet Processing Modules

&S
wr

59
wr

node120

Chaining Packet Processing Modules Along Data Path
Virtualize the original OpenPipes demo at SIGCOMM 2009

15



OpenPipes Demo Screenshot

. .~

@nodel31 —— @nodel20

@nodel9 @nodel0 @nodel3

'y -~

[ M+O|1°° l M-@IZO l M"Ols_l (" Setup Topology )

Insert/Remove

Enable/Disable
a module

a module

16



OpenPipes Demo




Highlight 4 : Multi-homing L2 Tunnels

CorelLab node

tap00 tap0l Gtap002 Gtap012

OVS dp0
ethO

Virtual Interface ethO shares the global IP address with Physical interface ethO (SINET)
Virtual Interface eth1 shares the global IP address with Physical interface eth1 (OCN)
Virtual Interfaces eth2, eth4, eth${2n} attach to Ethernet tunnels through SINET.

Virtual interfaces eth3, eth5, eth${2n+1} attach to Ethernet tunnels through OCN. 18
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Highlight 5&6: DCN+VLAN Integration

CorelLab nodel

Sliver 1 Sliver 2

ethO eth2 | fethOf eth1feth2

CorelLab node?

[ Open vSwitch ]

Sliver 1 Sliver 2

ethO eth2 || fethO eth2

gtap1 gtap2 iz gtap1 gtap2

DCN VLAN (vlan1)
DCN VLAN (vlan2)

Best-Effort VLAN (default)

[ Open vSwitch ]

19



Creating Two DCN paths: 2Mbps/10Mbps

| oscars/iDC

mmmmm  DRAGON/VLSR

CoreLab Node]l

GS4K kashima

( ilambda .| ) _
ganei cajient Otemachi Preconfig Static
VLANSs for DCN

CO re La b N Od 62 Built circuit by

DCN

" JGN2Plus
S DC L2 Backbone DC (G
Kyusyu &5*Tsukuba
.IGN2
CorelLab Node3




Streaming Video b/w Two CorelLab slivers

Screenshots at Hakusan node through VNC :

Poor Video

9 Applications Places System &%
I} udp://:1234 - VLC media player k3l

Media Playback Audio Video Tools View Help

duping Frijul 9, 3:02 PM

hdata Codec Details | Statistics

currently playing media or stream.

C[ ID] Interval
3] 0.0-21.7 sec
cl_dcn.nodel-dcn. hal

¥ Streaming

6653
6653
26
4356
5469
B (oo m)jom] |E9) = 1t 31
udp://:1234 1.00x = 00:00/00:00
A 191306 kB
[3]1“31192165 Input bitrate 1868 kb/s
[ 10] Interval Demuxed 183294 kB
[ 3] 0.0-10.0 sec Stream bitrate 1355 kb/s
[ ID] Interval Corrupted 238
[ 3] 10.6-20.0 sec Discontinuities 0
[

Location: udp://@:1234

DCN VLAN bandwidth: 2ZMbps

Fine Video

9 Applications Places System e & 7l

A, duping Frijul 9, 2:59PM &)

hdata Codec Details | Statistics

currently playing media or stream.

1443
1443
26
“ 903
i 919
B0 [vea) m|ome| |FR|:=| MM (O 4
udp://:1234 1.00x  00:00/00:00
4 39875 kB
[ 3] local 192.168 lnput bitrate 0330 ks
[ ID] Interval Demuxed kB
[ 3] 0.0-10.0 sec Stream bitrate 8128 kb/s
[ ID] Interval Corrupted 0
[ 3] 10.0-20.0 sec Discontinuities 0

~C[ ID] Interval < Streaming
[ 3] 0.0-21.7 sec

cl dcn.nodel-den.hal | o covion, udp://@:1234

Clos¢

DCN VLAN bandwidth: 10Mbps

21



2Mbps Not Enough for Replaying Video

X! udp://:1234 - VLC media player
Audio Video

Tools

Media Playback

View Help

Fy . A

X Meaia Information

ra Metadata | Codec Details Statistics

the currently playing media or stream.

"“ “- Received bitrate limited to 2Mbps

udp://:1234 [1.00x [0

- Decoded blocks 4478
- Displayed frames
- Lost frames
~- Input

- Read at media
-« Input bitrate

[ 1870 kbjs

- Demuxed
- Stream bitrate 1671 kb/s
- Corrupted 190
- Discontinuities 0
-1 Streaming i
- Sent packets 0 =
. Cant hutac n_Lre

Location: udp:/@:1234

Close

DCN VLAN Bandwidth Limit : 2I\/Ibps22



10Mbps Achieves Fine Video Playback

N [X| udp://:1234 - VLC media player
Playback Audio Video

Media

Tools View Help

X' Media Information

ra Metadata | Codec Details Statistics

the currently playing media or stream.

« P

M (w[@m] @@= & ] e’ Received bitrate is 8Mbps

“udp:/1234 [1.00x || 00:00/00:00 | &M

- Decoded blocks 3067

- Displayed frames 3665

- Lost frames 110 ‘
=+ Input

.. Read at media 136130 KR

- Input bitrate l 8372 kb/s l

- Demuxed

- Stream bitrate 8131 kb/s

- Corrupted 100

- Discontinuities 0
-} Streaming =

- Sent packets 0 =

Cant hitac n_rRr =

Location: |udp://@:1234

Close

DCN VLAN Bandwidth Limit: 10Mbps

23



VNode Project

(UTokyo, NICT, NTT, NEC, Hitachi, Fujitsu)

Learned lessons from PlanetlLab and CorelLab
Starting over and designing a new “slice” mechanism
Enabling net-virt via H/W based on production routers

24



VNode Architecture 1/2

Node Sliver . . Node Sliver
Slice Design Link Sliver
Interface
Node Sliver
Link Sliver Link Sliver
Slice 2
N li Programmer
\ Link ST ode Sliver ﬁ
- Manage Node Slivers
Physical Link
o o
Redirector
Slice 1 ” Manage Link Slivers

Tl

¢ Separation between Connectivity and Programmability
¢ Redirector and Programmer may evolve independently




VNode Architecture 2/2

Domain Controller

Access Gateway Users
(AGW) o—2=l

[l /7
Interrie

e

VNode Architecture

VNode Manager

Redirector (R) Programmer (P)

Redirector Manager Programmer Manager
. N sEsEsHslls Slow Path
Production Tunnel Redirection N N
Router . —r e Fast Path
(10Gbps) MEG g
-
.-—C——

—
L Engines

_]DI:”]!—]HF 'Forwarding
Slice — — -
Traffic



VNode: Nuts and Bolts View
J " w Programmer Part

e ‘\\’ AT
Fast-Path
. Network Processor
OpenFlow Switch Card
: Redirector Part (AX6700+SMCx?2)
deMal _ AX6708S
e Service Module Card

gl

27



Enabling E2E AnyFormat Communication
U % Programmer
Ser AGW Redirector
Terminal ( IPsec+GRE () (IGRE VMM | OS
' i i A Net Proc
AnyF(:)rmat / AnyFormat AnyF'ormat / AnyFormat / AnyFormat /
Ether+IP+--t | Ether+IP+--+ | Ether+IP+--t Ether+IP+-:t | Ether+IP+-
GRE GRE Ether |
IP P
IPsec Ether
IP
Ether

This part could be replaced with any underlay technology by new “Redirectors”

« Enable End-to-End "AnyFormat” Communication
« Use GRE-tap but may extend this to MPLS, VLAN, and Optical Path

28



Slice Design for a Virtual Network

Slice Specification Node Sliver
VNode VNode myp]1
P1 P2
e2 L2 el
L1 vpl vp2 [r—— 1 vp2
1 2
vp3 € € vp3 L5
Al e1 *
el L3 P3 L4 A2
e2 el e2
VPl yp2
AGW AGW
VNode
Slice Specification Flow
VN PorR PorR
developer portal DC IF-DCVN | Or AGW IF—DCP( lement MS) CLlI etc. =&
IF-PODEV IF-DCPO IF-DCAG - IF-DCR

» <& » & & »
____________ < » €« » « » N »

Plain text! XML XML L . L
slice spec! Shem S5 slice spec slivers dat slice data i config.

____________

29



Slice Design XML Format

<NodeSliver>
<sliverID>Sample_Node_Sliver</sliverID>
<slicelD>100</slicelD>
<virutalPorts>
<virtualPort><name>A</name></virtualPort>
<virtualPort><name>B</name></virtualPort>
<virtualPort><name>C</name></virtualPort>
</virutalPorts>
<components>
<NodeSliverComponent>
<name>FP</name>
<type>FastPath_BareMetal</type>
<subtype>RMI</subtype>
<interfaces>
<numOfinterfaces>5</numOfinterfaces>
</interfaces>
<resource>
<cpu>1</cpu>
<cpumode>dedicated</cpumode>
<memory unit="MB">256</memory>
</resource>
<parameters>
<bootlmage>http://example.com/RMI_binary </bootimage>
<bootParams/>
</parameters>
</NodeSliverComponent>
<NodeSliverComponent>
<name>SP</name>
<type>SlowPath_VM</type>
<subtype>KVM</subtype>
<interfaces>
<numOfinterfaces>2</numOfinterfaces>
</interfaces>
<resource>
<cpu>1</cpu>
<cpumode>dedicated</cpumode>
<memory unit="B">2048</memory>
</resource>
<parameters>
<bootlmage>http://example.com/KVM_disk.img </bootimage>
<bootParams/>
</parameters>
</NodeSliverComponent>
</components>

<connectionMap>
<NodeConnection type="P-to-P">
<source>
<Virtuallnterface>
<component> VPORT_</component>
<interface>A</interface>
</Virtuallnterface>
</source>
<destination>
<Virtuallnterface>
<component>FastPath</component>
<interface>0</interface>
</Virtuallnterface>
</destination>
<bidir>TRUE</bidir>
</NodeConnection>
<NodeConnection type="P-to-P">
<source>
<Virtuallnterface>
<component> VPORT_</component>
<interface>B</interface>
</Virtuallnterface>
</source>
<destination>
<Virtuallnterface>
<component>FastPath</component>
<interface>1</interface>
</Virtuallnterface>
</destination>
<bidir>TRUE</bidir>
</NodeConnection>
<NodeConnection type="P-to-P">
<source>
<Virtuallnterface>
<component> VPORT_</component>
<interface>C</interface>
</Virtuallnterface>
</source>
<destination>
<Virtuallnterface>
<component>FastPath</component>
<interface>2</interface>
</Virtuallnterface>
</destination>
<bidir>TRUE</bidir>
</NodeConnection>

<NodeConnection type="Switch">
<Virtuallnterface>
<component>FastPath</component>
<interface>3</interface>
</Virtuallnterface>
<Virtuallnterface>
<component>FastPath</component>
<interface>4</interface>
</Virtuallnterface>
<Virtuallnterface>
<component>SlowPath</component>
<interface>0</interface>
</Virtuallnterface>
<Virtuallnterface>
<component>SlowPath</component>
<interface>1</interface>
</Virtuallnterface>
</NodeConnection>
</connectionMap>
<parameters>
<authKey>Base64_Encoded_SshKeyFile</authKey>
</parameters>
</NodeSliver>

30




——————

A Prototype System (4 VNodes

=,

—

- T
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Simplified Picture of Prototype

User Access VNodes
Terminals Gateways

DC/PT

— | AGW

SlowPath

‘5 | | SlowPath

Domain
Controller

AGW _5

FastPath

i FastPath
5_ AGW| |

3_ AGWL SlowPath
FastPath
5 — | AGW—

SlowPath

FastPath

‘g Developer
Terminals 5

J




Management/Control for VNode Platform

Get requests from developers and send control messages
to multiple VNodes to create slices dynamically

) Slice Designer
Eﬁ (a.k.a. developer)

N 1. Upload a slice spec file. s | o [
|
2. Reserve VN resources, | \
— generate sliver specs. 2z ) e B o =) 5 v
Statistics N
Net-Virt Net-Virt e — -
* 3. Conﬂgure slivers in VNSs. | | oo wszore senze R o 010 (1o K50 et o
Slice Overview ?m
\'Emm’””” | — - W::L~5:
= P NWIAUL AL — = -- |
] | \ Sy
4. A slice generated. . e
|

T =




VNode Control Plane Demo

Login

|

34




Benefit of VNode Infrastructure

(A) Accommodate Multiple Independent Networks
=> Meta Architecture

(B) Enable In-Network Processing

(C) Create App-Specific Networks

(D) Adapt Computational Resources
(E) Enable Non-IP E2E Communication

35



6 Slices Running on VNode Prototype

Which features of VNode Infra that each slice demonstrates

)
Group NW Meta In Network App Specific | Adaptive Non-IP
Archiecture Architecture| Processing Network Computing | (E2E)
Resources | Architecture
UTokyo | Packet Cache Slice 1 Packet Cache SlowPath
NICT FastPath >
NTT Flexcast Slice 2 Flexible
Multicast
Fujitsu Sensor Slice 3 Sensor Sensor
Specific Data Specific
Networking Processing Network
NEC Stream Slice 4 Stream SlowPath Non-IP
Computing Computing FastPath Ephemeral
Multicast
Hitachil | IP-Ethernet- Slice 5 IPEC IPEC
Chimera (L2/L3) (L2/L3)
(IPEC)
Hitachi2 | Data Sync for Slice 6 Data Sync
Distributed Network QoS

Data Center

36




Slice 1: Cache Oriented NW Architecture

Goal : Reduce redundant traffic in P2P and Cloud Streaming

« Utilize programmability and storage in VNode

« Confine P2P and YouTube Traffic to a slice and perform

packet caching b P

(or YouTube Server)

Y Cache & ‘

Reconstruction

I Cache & Hash

/ a -
Traffic Volume Reduced! ]

P2P Peer
(or YouTube Client)




P2P Packet Caching

AGW Access Gateway Traffic
SP  Slow Path Monitoring
VN VNode
UT User Terminal eth0
DT Developer Terminal
SP <——
eth2 | 10.6.13..
th3
e10.6.14.1\
VNO
Generate Packet
Redundant
Traffic Cache
10.6/14.2
UT10 d
‘ethl |index
10.6.4.2 o SE Eache
5 agw-f5 eth3 ethz
10.6.4.1 10.6.34.4
BitTorrent
Client ALL

o
.N Tue, 13 Apr 2010 10:39:21 +0900
(D llboo—Dacket Length
DT "q_)’ 1200 | [ ;
x|'= \ | y H‘
O 400 ‘
OC_U zozl ” f p\ v
_— > L ' ]
Time Hashed
Packet Flow Packets
Packet
Cache
10.6.13.3
etlg UTO09
SP 10.6.3.2
Cache >| —
_«3  ethl AGW | .
‘index 06343 10631 EGTHE
BitTorrent
VN2 .
Client

38



CONA Demo

? pagd o
root® »

27 271D BRRE BRVY) BEGS TvO9-28) W=D ALTH

v € 0 © |6 ntep://iocathost:8080/mml/ v | 2w

M &<MBR~Tv 0 Getting Started LJLatest Headlines v
0 http://locathos....miZofcapkt 3.php | 4P
Traffic@rp-nhO NICT_Slive_006

Thu, 03 Jun 2010 09:09:11 +0900

- Packet Length (bytes)

| localhost DEF-S5EEELTLRT ..

837 ?
888 ?
952 ?
1048 ?
1841 ?
1896 pts/)
8831 pts
8853 pts/

[1]¢+ Done

v.ko

vy

Ss
Ss
Ss
S

Ss
Ss
S1
Re

R A N L £l A0 00 SNER S Al 4 o) ag

e:
0:
e
135
0
e:
12:
e:

80 chclients -e IF METRIC=10@ -pf /var/run/dhclien
80 /usr/sbin/sshd

00 sshd: root@notty

48 ./flexcast _splitter -¢ ./flexcast _splitter.cont
00 ssha: root@pts/1

80 -bash

34 ./ro_comd

00 ps ax

rootONICT-Slice-006-NSR3-SPBO: -/nictl/ingresss kill 88%)
rootONICT-Slice-006-NS@3-SP@8:~/nict3/ingresss rmmod hcache drv

Jro_comd > /dev/null

rootONICT-S1ice-206-NS03-SPRO: ~/nicti/ingresst insmod hcache drv/heache dr

rootONICT-S1ice-006-NSO3-SPOD:~/nict3/ingresss ./ro_comd > /dev/null ﬂ l]

AR 1 STt & et s it too Bt e

IrOME BRE RBRY RO ALTH)

arning: the sha module is deprecated; use the hashlib module instead #
from sha import sha

rootOUTe9: ~/kke/bt_test? rm 48w, dat

rootOUTe9: ~/kke/bt_testd btdownloadcurses 4dm.dat. torrent --saveas 40a

.dat

/usr/1lib/python2.6/dist-packages/BitTorrent/Storage.py:4: Deprecationd

arning: the sha module is deprecated; use the hashlib module instead
from sha import sha

rootOUTe9: ~/kke/bt _tests rm 4im.dat

rootQUTeY: - /kke/bt _testd brdownloadcurses 40a.dat.torrent --saveas 4dm

.dat

fusr/Lib/python2.6/dist-packages/BitTorrent/Storage.py:4: Deprecation

arning: the sha module is deprecated; use the hashlib module instead
from sha import sha

rootOUTe9: ~/kke/bt_test? rm 40m.dat

rootQUTRY:~/kke/bt _testd btdomnloadcurses 48m.dat.torrent --saveas 4da

4]

root®NICT-Slice-006-NS02-SP00: ~/nict2/egress (=Jalx]
271D EBRE BRY RO ALTH

837 ? Ss 0:00 dhclientd e IF_METRIC«100 -pf /var/run/dhclien »
888 ? Ss 0:00 /usr/sbin/ssha
952 7 Ss 0:09 sshd: root@notty
1048 7 S 14:34 _/flexcast_splitter -¢ ./flexcast_splitter.cont
15269 ? Ss 0:09 sshd: rootlpts/)

18322 pts/1 Ss 0:09 -bash

18767 ? Ss 0:00 sshd: rootpts/@

18820 pts/® Ss 0:02 -bash

18831 pts/® Se 0:02 ssh root010.6.3.2

18869 pts/ St 13:07 ./ro_comd

19944 pts/1 Re 0:00 ps ax
root®NICT-S1ice-006-NSO2-SPRQ:~/nict2/egresss kill 18869
root@NICT-SLice-006-NSO2-SPRQ:-/nict2/egresss rmmod hcache dry

[1)+ Done Jro comd > /dev/null
root®NICT-Slice-006-NSO2-5PRQ:~/nict2/egresss insmod hcache _drv/hcache _drv
ke

root®NICT-Slice-006-NSO2-SPRQ:~/nict2/egresss ./ro_comd > /dev/null ﬂ [l
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Slice 2: Ephemeral Streaming Protocol

B Enabling ephemeral multicast streaming of videos
® Instantly deploy and shutdown traffic splitters in NW
® Flexcast: Non-IP protocol (planned)

40




Slice 3: Sensor Data In-Network Processing

Sensor Specific Network In A Slice

* Implemented NW service demo system to gather various sensor data, and distribute
1t after processing

%
R Collect [l Distribute [RES_—_G
to slices | iﬁ
> UserA

. Sensors

mixed

SRR B 7 T A
=
o
(¢}
[E—

T Slice2 m
!‘\ [ﬁnﬂ“ I ApplicationX
. e
* Issues
e Massive sensor data --> Scalability

* Add new type of sensors --> Increase development cost

» Effect of network virtualization
» Offload application processing into network

* Hide sensor specific network protocols

- Users / Applications can concentrate on service processing. 41




Slice 4: Stream Computing Platform

Chaining Computational Resources Along E2E Data Paths

Key technologies for Stream Computing Platform

Ephemeral Multicast
Efficient method for short time
and frequent Multicast

In-Network Processing

Support realtime on-the-fly
processing for various data.

On VNode, we can
* Implement a original routing protocol,
(Source Routing based on output INF)
» Use our own packet format
(Not Ethernet or IP packet format)

On VNode, we can
» Use computing resource in network,
 Select appropriate computing resource

according to the processing requirements
v’ Slow-Path (VM)

v Fast-Path (Communication Processor) 49




Stream Computing Platform (Demo)

vNode Project Demonstration

~ Stream Computing Platform ~
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Slice 5: L2/L3 Consolidation ( IPEC )

IPEC "—Non-IP Protocol that Operates on the Virtualization Nodes

* Features of IPEC

— IPEC has a group-learning function that is more scalable than Ethernet learning.
» When a VNode learns a terminal (PC) in group G, it can switch packets to all the terminals in G.
» |PEC networks are scalable because of the group-learning function — good for wide-area network.

— Group motion is efficient in IPEC.
« If terminals of a group moves to the same place, each VNode learns only once.

— |PEC works well in networks with loops.
* In contrast to Ethernet, the learning and forwarding work well even when the data path has loops.

 The address format of IPEC

— An address consists of an ID and a Group.
* ID: the identifier of each terminal — similar to MAC addresses in Ethernet networks.
 Group: the identifier of each user group — used for structured address or location indicator

0

4

Group

ID

* Packet format of IPEC (any format)
20

0

2

10

18

22

8 Bytes

* |P-Ether-Chimera

Bytes

Total
length

Dest addr

Src addr

Src group
length

Age*

Payload

* Age is used to avoid looping.
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L2/L3 Consolidation (IPEC ) Demo

flle Edt Yiew JFemnal Help

Received: 29 from x2:x22 to x100:x11
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IPEC -- Non-IP Protocol that Operates i
on the Virtualization Nodes
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[sudo] passwor
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=

VNode 2 (Ns00)
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root@UT11: fhome user/IPEC
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Received through eth3 (46 bytes)
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Slice 6: Data Sync for Distributed Data Centers

B Enables data sync between distributed data centers.
B Performs efficient data sync using various types of slices.
B Adaptive traffic control for dynamically changing sync demands. (demo)

Data Center A Application examples Data Center B
BE-commerce
BOnline trading
WW. i S BE-science grid T |
Application Application
Servers Data set/get transactions Servers

AR RS SREEEE AR AEEEE HEEEREERR il

4 / slice 1 i
R ORI

b1 Data Sync MR T -\ /T T INC| Data Sync 0
mi Platform . s Data Sync _mm Platform . mm
N \ slice 2 q
(high bandwidth,

\ high latency)

In-memory data store & sync

Part of this project is funded by National Institute of Information and Communications Technology (NICT). 45



Data Sync for Distributed Data Centers (Demo)

Priority: : App A (Slice 1)
App A > App B > App C : App B (Slice 2)
: App C (Slice 2)

No. of transactions
(tranc/

set/get transaction load

Py IS _— ;

Timelsec)

. B.andw dth(Mbps) data SynC traffi c

store data to
level-out traffic
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VNode Deployment on JGN2Plus/JGN-X

Scheduled in the end of August 2010 (4 to 6 VNodes)

48



Future Directions

¢ Optical Path Integration
¢ Cloud Computing & Networking
¢ More Applications

¢ Corelab Deployment and Integration
= NetFPGA (Switch Blade) Integration
= Multicore Network Processor Integration

¢ CorelLab & VNode Federation

¢ Federation (SFA)
z CorelLab and PlanetLab
= VNode and GENI (Cluster X)

¢ Network Operation and Business Model

49
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Conclusion

¢ Network Virtualization is one of the key
technologies for proceeding further in defining
NwGN architecture(s)

¢ We are turning this vision into reality..

Net-Virtualization Research Lab Contact:
nakao@iii.u-tokyo.ac.jp
info@nvlab.org
http://www.nvlab.org
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JGN2 An open platform for developing, deploying, and accessing planetary-scale services
Plus
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