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Outline

×The Driving Force for Transforming the 

Network Architecture 

ÁConsidering the "Genes" of the Success of the 

Internet

×Software Defined Networking (SDN)

ÁSDN Has Attracted High Attention from the 

International Academic Society

ÁWhat's SDNК

ÁSDN Standards

ÁSDNResearch Overview
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Why Internet is so successful ?
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Network Architecture

×Network Architecture is about Design

ÁComputer Science is quite different than other subjects in nature 

science

ɗUhihu wr Suri1 Ol{ld ]kdqjɏv Rslqlrq

ÁA design must satisfy the goals

ɗTo satisfy 1 -2 main goals

ɗLeaves other goals as Best Efforts

ÁDifferent design goals leads to different 

network architecture design

×David Clark, Design Philosophy of the DARPA Internet 

Protocols, SIGCOMM1988 ᾑ

ÁThe design goals 

ÁHow they designed the Internet to satisfy those goals 4



Lixia Zhangôs keynote at AsiaFI 2012 

summer school
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Internet Design Philosophy

×Mandatory Goal σConnect existing networks **
Á problem statement is very important

×2nd Level Goal: 
Á ḕ╗ớSurvivability **

Á Support multiple types of services (TCP ‎ώӗᴵ Ὸח,UDPώӗјᴵ
￼Ὸחζ*

Á Must accommodate a variety of networks **

Á Allow distributed management 

Á Be cost effective

Á Allow host attachment with a low level of effort

Á Allow resource accountability

Á Now looking back, we can see that many requirements, such 

as mobility, security, and scalability, were not taken into 

account at that time

ÁWhy you think Internet is not good enough in QoS, Security, 

etc. , because those goals were not the main goals)
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 Application  Application

PortPort
The transport layer provides logical 

communication channels between applications.

IP layer

Host A Host B

Router 1 Router 2

Application scope of 

the IP protocol

Appliation scope of transport protocols of TCP and UDP

Hourglass Model (Technical Factorfor the Success of the 

Internet)

email  WWW  phone...

SMTP  HTTP  RTP...

TCP  UDPé

IP

ethernet   PPPé

CSMA  async  sonet...

copper  fiber  radio...

The Internet is successful due to the OTT. 

The Success of OTT Depends on the Openness of the 

Internet in the Application Layer



Hourglass Model (Technical Factorfor the Success of 

the Internet)

× Network interconnection through IP (IP over Everything)

Á Uniform platform provided for innovation of network applications

Á Simple network interconnection, end system (network applications) innovation

× Lower layers being transparent to applications (Everything over IP)

× The network provides minimal functions for interconnection (Narrow Waist), with 

the upper layers providing functions.

Technology

Applications
email  WWW  phone...

SMTP  HTTP  RTP...

TCP  UDPé

IP

ethernet   PPPé

CSMA  async  sonet...

copper  fiber  radio...

Á The Internet was born in time, adapting to the 

development of the PC era. Internet applications are 

created by all (PC programmers), and they drive the 

success of the Internet.

Á Network applications do not need global deployment 

or international standards, and are independent of 

device vendors.

Á It is easy to implement innovation and competition for 

network applications.

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.



Hourglass Model (Technical ChallengesFaced by the 

Internet)

× 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.

× In the Internet Plus era, innovation is also required

for the network core layer.

Technology

Applications
email  WWW  phone...

SMTP  HTTP  RTP...

TCP  UDPé

IP

ethernet   PPPé

CSMA  async  sonet...

copper  fiber  radio...



Challenges Faced Today

ÅThe network core layer has disadvantages in the following 

aspects due to its design limitations:

Å Scale and scalability

Å Small network -> Internet of Everything

Å Security and reliability

Å Users know each other -> Secure and trusted 

Å QoS

Å Simple services -> Differentiated services 

Å PC era -> Could Computing, Mobile Computing era

Å Mobility, high performance, and enhanced management, control, and 

customization***

Å Fast service provisioning (Apple-alike model) and new economic 

model for networks



Challenges Faced Today

Å Those are the new requirements. What if the requirements change again?

Å Revolution (non-IP)? Evolution (SDN)?

Å Evolution capability (smooth innovation of the network core layer)***

Å 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.



Retrospective Review and Progress of the International 

Research on the Future Internet Architecture

× NewArch (2000-2003)

× FIND (2005-2009) -> NeTS long term FIND-like project

× NeTSSpecialFIA (2010-2013)

× NeTSSpecial New Edition FIA-NP (2013-2015)

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

Á Whether the future Internet architecture inherits the "gene" of innovation of 

the Internet

Á Whether the Internet is thrown away and started all over again, or whether the 

Internet is being inherited
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Two main approaches to evolve Internet

ÅApproach1:Growing a new Narrow Waist

ÅApproach2:Growing an open networking

architecture/ecosystem (to support multiple new narrow

waists)

ÅñFat-Waistò
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Approach# 1

ÅGrowing a new narrow waist
ïAlways 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 ñoverlay networkò (upper layer 

than todayôs narrow waist layer) as a ñriderò with ñlower performanceò

3. If market accepts it, then every node installs it eventuallyïwhich 

means new ñnarrow waistò replaces existing narrow waist, with 

ñnative supportò and ñhigher performanceò

ïExamples: how IP replaced phone network, IPv6ô plan

ïPotentials

ÅNew ñICN naming layerò for content-centric requirement



FIA -NDN Project

×Where -> What

× Internetworking -> Named Data Networking (NDN)
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Approach# 2

ÅAlternative approach: growing an ñopenònetworking

architecture
ïGrowing an ecosystem that many narrow waists can co-exist and 

compete (enabling diversity then species evolve)

ïIP is 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)

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

ÅTo support different core functions of IP layer and also for

ILNP, NDNé.(Goal of ChinaôsFINE project)

ÅMulti-requirements can be satisfied simultaneously



Software-Defined Networking

East-west Bound

North Bound

South Bound



ÅPersonal opinions 
Å Core requirement 1: customization of network architecture or core functions

Å Varied network core technologies required by different users

Å For example, security is highly required by some, whereas QoS by others.

Å Construct an ecological environment (non-zero-sum) with support for creativity

Å The network architecture is easy to design, develop, and deploy, just like 

network applications.

Å Core requirement 2: smooth evolution capability

Å Capable to satisfy future requirements

Å If I was able to re-design the network architecture, I believe these two requirements must 

be satisfied. The core to implement such an architecture is the ability to abstract network 

functions.

Å It is exactly SDN that supports the most important cut-through points and benefits for 

the future network!

Å SDN will also usher in a new epoch when network programmers will create a history! 

Network Architecture Innovation



Outline

×Software Defined Networking (SDN)

ÁSDN is Hot!

ÁWhat's SDNК

ÁFour Important Relations about SDN

ÁSDN Standards

ÁSDNResearch Overview
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SDN Attracted High Attention 

from the Industry and Academia

× Ethane(07) ->OpenFlow(08 sigcomm08,09 best demo)->SDN(09/10)

× Industrial Circle

Á In 2011, the Open Networking Foundation (ONF) was established (watershed).

Á Since 2011, the Open Networking Summit (ONS) has been held, and other 

similar conferences have been held in Europe and Asia.

Á IRTF established the SDNRG in Oct, 2012.

Á In 2012, China SDN Commission (ChinaSDN) was established. It has set up 

strategic cooperation relationship with ONF.

Á In April, 2013, Open Daylight Project (OPD) was established, and most 

members were from equipment vendors.

× Academic Circle

Á In 2012, SIGCOMM established the HotSDN Workshop.

Á Since 2013, SDN has been added as a topic in reputable International 

academic conferences.

Á In 2013, about 1/5 topics in the academic conferences of SIGCOMM were 

about SDN.
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Gartner 2014



Gartner 2013

2013

2014

disappeared

jump up

stuck



Outline

×Software Defined Networking (SDN)

ÁSDN is Hot!

ÁWhat's SDNК

ÁFour Important Relations about SDN

ÁSDN Standards

ÁSDNResearch Overview
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What Is SDN?

× About SDN, Various Opinions

Á The standard constitutors saw OpenFlow interfaces.

Á The equipment vendors saw separation of data plane and control 

plane.

ÁNetwork operation and maintenance personnel saw centralized 

control.

ÁApplication providers saw virtualized separation of network 

infrastructure and functions.

Á Investors saw the change of game rules
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×There are a thousand Hamlets in a thousand 

peopleós eyes

What Is SDN?


