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Why Internet Is so successful ?



Network Architecture

x Network Architecture is about Design

A Computer Science is quite different than other subjects in nature
science
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A A design must satisfy the goals
d To satisfy 1 -2 main goals

d Leaves other goals as Best Efforts

A Different design goals leads to different
network architecture design

x David Clark, Design  Philosophy of the DARPA Internet
Protocols, SIGCOMM1988 N
A The design goals
A How they designed the Internet to satisfy those goals



Scientific Methodology

Physicists:

1. Make a hypothesis
2. Run experiments

3. Analyze data

4. Draw conclusions

o If data does not support the hypothesis, go back
to step-1 with revised hypothesis

To get one comrect conclusion the cycle often
needs to be repeated 104N fimes




Scientific Methodology

MNetwork researchers:

1. Hypothesis = Sketch a design
l.a Implement the design

2. Run experiments
3. Analyze data

4. Draw conclusions

If the results # what one expected, back to
° step-1 with revised design 99

To get a good design, the cycle often needs to
be repeated many fimes




One major difference

Between physics and networking (or
computing in general): the direct goals

o Physicists: interpret how the world works

o A newly gained understanding can then be
used to build products and solve problems
» Network researchs: design and build

artifacts that solve problems/meet a need

o scietific studies are needed to gain insights on
how to make the design right (sce 2z




Another major difference

Between physics and networking :

NMewton's Laws have not changed since
their discovery more than 300 years ago

Computing technology has seen changes
of many orders of magnitude over its short
&0-year history

o lechnology change
- Usages change
- design tradeoffs change




Internet Design  Philosophy

x Mandatory Goal o Connect existing networks o
A problem statement is very important

x 2" | evel Goal:
A & 5 & Survivability **
A Support multiple types of services (TCP [ wé&! 'On ,UDPwé j !
ron ¢ *
Must accommodate a variety of networks *x
Allow distributed management
Be cost effective
Allow host attachment with a low level of effort
Allow resource accountability

A Now looking back, we can see that many requirements, such
as mobility, security, and scalability, were not taken into
account at thattime

A Why you think Internet is not good enough in QoS, Secuirity,
etc. , because those goals were not the main goals)

v v v v D



The Internet is successful due to the OTT.
The Success of OTT Depends on the Openness of the

Internet in the Application Layer
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the Internet

The "genes" of the Internet are openness
and innovation.

What brings the success of the Internet:

The excellent network architecture allows
for

the openness and innovation of network
applications.




The innovation of network applications does not require global deployment or
international standards, and are independent of device vendors.

The innovation of the IP core layer, however, requires global deployment and
International standards, and are dependent of device vendors.

It is easy to implement innovation and competition for network applications.
It is difficult to implement innovation and competition at the IP core layer.

There is a driving force for transforming the Internet architecture

because the development of the Internet has gone

beyond the requirement of its original design. S0rEll) SO (e

\SMTP HTTP RTP...} Appllcatlons

In the Internet Plus era, innovation is also required

for the network core layer.
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Challenges Faced Today

A The network core layer has disadvantages in the following

aspects due to its design limitations:
A Scale and scalability
A Small network -> Internet of Everything
A Security and reliability
A Users know each other -> Secure and trusted
A QoS
A Simple services -> Differentiated services

A PC era -> Could Computing, Mobile Computing era

A Mobility, high performance, and enhanced management, control, and
customization***

A Fast service provisioning (Apple-alike model) and new economic
model for networks



Challenges Faced Today

A Those are the new requirements. What if the requirements change again?
A Revolution (non-1P)? Evolution (SDN)?

A Evolution capability (smooth innovation of the network core layer)***
A The network infrastructure should not be thrown away and started all over
again.

In the era of Internet of Everything and innovation by all,

higher requirements are posed on the Internet core layer.

The Internet core layer must keep pace with the times,
no longer standing still.



eview and Progress ot the Internationa

Research on the Future Internet Architecture

x  NewArch (20002003)

x FIND (20052009)-> NeTS long terntIND-like project

x NeTSSpecialFIA (2010-2013)

x NeTSSpecial New Edition FIANP (20132015)

x What standards are used to verify the future Internet architecture?

A Whether the future Internet architecture inherits the "gene" of innovation o
the Internet

A Whether the Internet is thrown away and started all over again, or whethel
Internet is being inherited



Two main approaches to evolve Internet

A Approachl:Growing a new Narrow Waist

A Approach2:Growing an open networking
architecture/ecosystem (to support multiple new narrow
waists)

AAFavai st o



E: Approach# 1

A Growing a new narrow waist

I Always moves the narrow waist up: three steps

1. Design a new narrow waist to meet a requirement (could be
evolutionary design like ILNP or clean-slate design like NDN)

2. Deploy in the current Internet with foverlay networko(upper layer
than todayos narr ow wthanlsotwelra ypeerr

3. If market accepts it, then every node installs it eventuallyi which
meansnew fAnwarstbowepl aces exi sting
Anative amiimpghteo performanceo

I Examples: how IP replaced phonenet wor k, | Pve60o pl @
I Potentials
ANew fAl CN naming -teatyceeguremerar cont



FIA-NDN Project

x Where-> What
x Internetworking-> Named Data Networking (NDN)

Interest packet
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E: Approach# 2

A Alternative approach: growing an i o p e metworking
architecture

I Growing an ecosystem that many narrow waists can co-exist and
compete (enabling diversity then species evolve)

I IP 1s doing good at an ecosystem for Application and Link layers
(diversity then evolve), but not open enough for the narrow waist
layer (even IPv6 is hard to deploy)

I SDN (or other names) is the exact case for approach 2

A To support different core functions of IP layer and also for
ILNP, NDNé .(Goal of C h i nFANE project)

A Multi-requirements can be satisfied simultaneously



Software-Defined Networking

APPLICATION LAYER

Business Applications

North Bound API

CONTROL LAYER

SDN
East-west Bound Control _
Software MNetwork Services

Control Data Plane interface

(e.g., OpenFlow)
INFRASTRUCTURE LAYER

Network Device Network Device Network Device
Network Device Network Device

South Bound




Network Architecture Innovation

A Personal opinions

A Core requirement 1: customization of network architecture or core functions
A Varied network core technologies required by different users
A For example, security is highly required by some, whereas QoS by others.
A Construct an ecological environment (non-zero-sum) with support for creativity
A The network architecture is easy to design, develop, and deploy, just like
network applications.
A Core requirement 2: smooth evolution capability
A Capable to satisfy future requirements
A If I was able to re-design the network architecture, | believe these two requirements must
be satisfied. The core to implement such an architecture is the ability to abstract network
functions.
A Itis exactly SDN_that supports the most important cut-through points and benefits for
the future network!
A SDN will also usher in a new epoch when network programmers will create a history!
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SDN Attracted High Attention

from the Indiistry and Academia
D best demo)'>SDN(09/10)
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What HotSDN'14 Is abouyt

* SDN has quickly become
- 7/38 Papers in SIGCOMM

12013
= 9/45 Papers in SIGCOMM 2014
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Gartner 2014
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X About SDN, Various Opinions
A The standard constitutors saw OpenFlow interfaces.

A The equipment vendors saw separation of data plane and control
plane.

A Network operation and maintenance personnel saw centralized
control.

A Application providers saw virtualized separation of network
Infrastructure and functions.

A Investors saw the change of game rules




X whassove

x There are a thousand Hamlets in a thousand
peopl eds eyes



