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NVLab Objectives

Research on more robust, more efficient
network services through overlay network and 
network virtualization

Infrastructure
ÅTest-beds Enhancement (PlanetLab/OneLab2/CORE)

ÅOverlay Infrastructure Service

ÅNetwork Virtualization as ñNetwork Architectureò 

Application of Overlays / Network Virtualization
ÅRobust Network 
ïDDoS Mitigation, Multipath Routing, Self-Organization

ÅEfficient Network
ïContent Distribution, P2P Traffic Mitigation 
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Research Topics
Infrastructure 

Test-Bed Enhancement / Federation 

OneLab2 / PanLab / PlanetLab

OS and Network Virtualization
[Hosted L2 Virtualization Performance (Ozaki, Nakao) IPSJ, 2008]

[Hosted L2 Virtualization Scalability (Ozaki, Nakao) Springer, under submission 2008]

Router / Node Consruction

Applications

Routing
[AIRONE: One-Hop Source Router (Khor, Nakao) IEEE GlobeCom 2008]

[SORA: Path Selection, (Lane, Nakao) CFI 2008 and IEEE GlobeCom 2008]

[Path Selection (Tschku, Nakao) EuroView 2008]

Robust / Efficient Communication via Net.Virt.
[Overfort (Khor, Nakao) IEEE IPDPS 2008]

[Burrows (Khor, Nakao) ACM SIGCOMM LSAD 2007]

Business Model/ Economic Incentives 4



CoE Net-Virtualization Research Lab

NAKAO Akihiro (Project Leader)

YAMAMOTO Shu (KDDI)

NAKAUCHI Kiyohide

OZAKI Ryota

NISHIDA Yuji

Joined from abroadé

Kurt TUTSCHK (Germany)

Aun HAIDER (New Zealand)

Yufeng WANG (China)

Richard Potter (U.S.)

Du Ping (China)

éinviting more researchers

Maoke Chen (China)

MURATA Masayuki (Advisory)

ATA Shingo

OHZAHATA Satoshi

KAMEI Satoshi (NTT Lab)

Eng LUA (NTT Lab)

ENOMOTO Nobuyuki (NEC)

FUJINAMI Makoto (NEC) 

NISHIKI Kenôya (Hitachi)

SATOH Hiroki (Hitachi)

MATSUI Susumu (Hitachi)

SHUDO Kazuyuki (Utagoe)

KDDI Lab people
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Before:  Analysis / Emulation Test-beds

Present: Overlay Test-beds

Future: ?

Network
Architecture

Test-bed Evolution 

Stand Alone 
Test-beds

Wide-Area 
Overlay
Test-beds

Network 
Architecture

Test-bed
Functionality

Network 
Architecture

Before Present Future?

Test-bed Functionality may ƘŀǾŜ ǘƻ ōŜ ƛƴǘŜƎǊŀǘŜŘ ƛƴ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŜΧ
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Planetary-Scale Network Virtualization

Virtual Links

Virtual Core 

Routers

Virtual End System

Substrate Link (could be any exisiting technology)

Virtual Edge 

Routers

Internet-Wide / ISP-Wide
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Planetary-Scale Network Virtualization

Virtual Links

Virtual Core 

Routers

Virtual End System

Substrate Link (could be any exisitingtechnology)

Virtual Edge 

Routers

Internet-Wide / ISP-Wide

Network
Architecture

Test-bed
Functionality

Production Use

Experimental Use

Test-bed Functionality integrated in the architecture

Network
Architecture

Internet1

Production Use

More Isolated Experiments:

Internet N
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Whatôs possible with Virtualized Internet

This will be an intense research area!

Isolation enabled by network virtualization
Control/Data plane separation

Å4D Architecture [A.Greenberg, J.Rexford et.al. ACM Sigcomm 2005]

ÅSORA [J.R.Lane and A.Nakao et.al. ACM ROADS 2007 Globecom2008]

Achieve better robustness

ÅPathSplicing [N.Feamster et.al. ACM HotNets 2007]

Can purchase and lease ñyour own Internetò

ÅCABO [N.Feamster et.al. ACM CCR2007]

DDoS Mitigation via Virtualization

ÅBurrows [S.H.Khor and A.Nakao et.al. ACM SIGCOMM LSAD 2007]

ÅOverfort [S.H.Khor and A.Nakao in IEEE IPDPS 2008 SSN]

ÅMantlet [D. Ping and A.Nakao under submission]

One-hop Path Splicing

ÅAIRONE [S.H.Khor and A.Nakao in IEEE IPDPS 2008]

ÅRouteLite [D. Ping and A.Nakao under submission]

ÅSpotLite [Y.Tomita and A.Nakao under submission]
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AIRONE: One-hop Indirection
Two Approaches

End-System One-Hop Indirection (SOSR)

Router One-Hop Indirection (AIRONE)

Core Network

Regional 

Network Regional 

Network

Access Networks

Regional Networks

Core Network
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