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Scalability (users, things, data, traffic)

. Heterogeneity and diversity

. Reliability and resilience

1

2

3

4. Security and privacy
5. Mobility management
6

. High performance
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/. Energy and Environment
8. Societal needs
9. Compatibility (with today’s Internet)

10. Extensibility (for the unforeseen and
unexpected)
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A logical and structural framework of
the network

O Z7akaj
A set of rules that enable
communications between two computers
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a TCP/IP Suite: V. Cerf and R. Kahn (1974)
Implemented in ARPANET (1983)
- Internet Protocol (IP)
~oundation protocol of the internet
Provides only connectionless service
- Transmission Control Protocol (TCP)
~0r connection-oriented services

d  Other commonly used protocols
- File Transfer Protocol (FTP)
- Hypertext Transfer Protocol (HTTP)
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ARPANET carried its first packet: UCLA and SRI

TCP/IP paper published: Vinton Cerf and Robert Kahn

NCP (Network Control Program) protocol replaced by TCP/IP
NSFNet replaced ARPANET. 56 kbps

NSFNet upgraded to 1.5 Mbps

PSINet, 15t ISP (Internet Service Provider) founded

World Wide Web: Tim Berners-Lee

NSFNet upgraded to 45 Mbps

New Internet architecture with commercial ISPs connected at
NAPs (Network Access Points)

IPv6 proposed

Amazon.com online retailer

eBay online auction and shopping

Internet 2 Consortium founded

Google Search

Wikipedia, the free encyclopedia

Skype Internet voice calls
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ITunes Store

LinkedIn business networking
Myspace social networking site
Facebook social networking site
YouTube video sharing

Google Earth virtual globe
Twitter micro-blogging

Wiki Leaks

Kindle, e-book reader

Google Street View
Amazon Elastic Compute Cloud (EC2)
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Diagram : Paul Wilson, Asia Pacific Network Information Center
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TCP/IP based Internet IVCIé')

(TCP + Apps) L IS

Dumb

(IP)
Simple,
Lightweight
Diverse
Cheap
Open

Diagram : Paul Wilson, Asia Pacific Network Information Center
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 |P provides basic packet delivery service
(called datagram or connectionless service)
« TCP provides a connection-oriented service.

Diagram : Paul Wilson, Asia Pacific Network Information Center
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 Every service Is an end-to-end application.
» New applications can be deployed by anyone.

Diagram : Paul Wilson, Asia Pacific Network Information Center




- wastes network resources e.g.,
bandwidths.

d Make the network slow
- unnecessary retransmissions when
errors occur in e.g., radio links

J Make the network insecure

- A dumb network cannot handle attacks.

J
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- Logical representation of a given physical

resource, when the resource is shared by
multiple users.

0 RE{EHTDH
R A E1) (e.g., Atlas machine, UK,1960)
R~ > (e.g., IBMVM/370, 1972)

)
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1 Choose a subset of a collection of
physical resources (routers, end users,
links,etc.) and functionalities (routing,
switching, transport) of one or multiple real
networks and form a logical network .

d Provide a testbed for the future network
architecture and its protocols.

Y
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Physical Network

(a) Isolated Virtual Networks

Physical Network

(b) Overlaid Virtual Networks

Physical Network

Diagram: Akihiro Nakao )
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J Cross-layer optimization
d ID/locator split architecture
d Virtualization

d Optical packet & circuit integration
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Application

Use IP address as ID

Host

Application

Link Router Link

Diagram : Ved Kafle

J




%8 ID/Locator Split Architecture ”C’ﬁ)

Map ID to Locator Application
Use Locator

Link Border Router ~ —"K

Diagram : Ved Kafle j
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4 In U.S. the National Science Foundation (NSF) has
launched

FIND (Future Internet Network Design)

GENI (Global Environment for Network Innovations) cf JGN-X

FIA (Future Internet Architecture), cf AKARI

NetSE (Network Science and Engineering)

US Ignite Initiative
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Q PlanetLab (7'1) Y X b 2 K%)
d ProtoGENI (42 XZ):

d ORCA (T7a1—% K=& RENCI-
Renaissance Computing Institute).

d ORBIT (T FH—RKE)
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NSF Future Internet Architecture A )
(FIA) Program NIy

d MobilityFirst (Rutgers and 7 other univ.)

d Named Data Networking (NDN: UCLA and 10
others)

 eXpressive Internet Architecture (XIA: CMU
and 2 others)

d NEBULA (U. of Penn and 11 others)
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d In Europe

- Seventh Framework Programme (FP7)

- Future Internet Assembly (FIA) :

a European collaboration among FP7projects on
Future Internet research.

- FI-PPP (Future Internet Private-Public Partnership)
Initiative was launched in May 2011, as a fourth PPI
cf.

“Factory of the Future,
“Green Cars”

P11

Energy-efficient Buildings,”




G-Lab, etc. NICT

d German Lab (G-Lab): A nation-wide effort funded by
BMBF (Bundesministerium fur Bildung und Forschung:
Federal Ministryof Education and Research)

O South Korea
- Already claims the world’s fastest Internet connections—
fastest globally by far.
- Plans to connect every home to the Internet at 1 Gigabits
per sec by the end of 2012.
- Has “Future Internet Program” in place.
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a

1 Active role in the international standardization

J

J

Number of researchers and students in networking
research
- NSF’s FIA supports 4 architecture projects

- NSF’s GENI supports 4 control plane projects

Stimulate and nurture next generation networking
talents
- Inject “new blood” continuously into our system

Innovative applications are more important
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http://en.wikipedia.org/wiki/File:NeXT_logo.svg
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For further Information IVCIé')

For copies of my slides and text,

Send email to Hisashi@Princeton.EDU

or

See my blog www.HisashiKobayashi.com where
the slides and text will be uploaded.

Thanks for your attention!!
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