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What is Internet Architecture？ 

Network architecture is the design of a 
communications network. It is a framework 
for the specification of a network's physical 
components and their functional 
organization and configuration, its 
operational principles and procedures, as 
well as data formats used in its operation. 

The network architecture of the Internet is 
predominantly expressed by its use of the 
Internet Protocol Suite. 



Internet DNA 

TCP/IP 

Merging all of 
network and 
communication 
technology 

All applications 
developed by 
users 
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OSI Model and Internet Model 

• Format 
• Forwarding 
• Routing 

? 

Internet TCP/IP 

OSI Model 
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 Three basic elements in Network Layer  

• Format 

– Data format transmitted in end-to-end of network  

– IPv4，IPv6 

• Forwarding 

– Data forwarding methods in Network Nodes 

– Connectionless packet forwarding 

• Routing（and Addressing） 

– In the conditions of meeting multivariate for 
optimality 

– RIP, OSPF, BGP, CIDR, MPLS, VPN, SDN,…… 

 



IETF: Body for Internet architecture 

• Mission: Make the Internet work better 

• Top committee：IAB (Internet Architecture Board) 

• Documents about internet architecture： 
– RFC 1958; B. Carpenter, et. al.; Architectural Principles of 

the Internet; Jun 1996 

– RFC 3426; S. Floyd, General Architectural and Policy 
Considerations; Nov 2002 

– RFC 3439; R. Bush, D. Meyer; Some Internet Architectural 
Guidelines and Philosophy; Dec 2002 



IETF: Future Internet Arch. In 1991 



TCP/IP and OSI 

Never support single  
network technologies 

Scale ability 



OSI: The Internet That Wasn’t 



Some Words related Future Internet 

• Next Generation Internet （NGI）：1996 

– 1996，Internet2 

• Next Generation Network（NGN）：2000 

– ITU 

• Future Internet：2005 

– Future Internet 

– Internet for the Future 

– Future of the Internet 

• Future Network 



Challenges from current Internet 

• Scalability：from connecting computers to connecting 
all of electronic devices 

– 3G，Internet of things，…… 

• Security：more trustiness 

• High performance：end-end performance 

• Real time：more timely 

• Mobility：mobile communications over Internet 

– Not 3G only 

– WiFi/WiMax based mobile communication 

• Management 



Future Internet Architecture Research 
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1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 

US 
                 

EU China 

Internet2 / NLR (IPv4/v6) 

GEANT (IPv4/v6) 

Testbed 

Research 
Projects 

Technic Standard and Industry 

CNGI-CERNET2 (IPv6) CERNET (IPv4) 



Internet2 Backbone:  



US UCAN Backbone 



GÉANT backbone in 2011 

 2000-2004  GN1  

 2005-2009  GN2 

 2009-2013  GN3  

• 40 countries 
• 50,000 km network 

infrastructure 
• 12,000 km lit fibre 
• 25 PoPs, 44 routes, 18 

dark fibre routes 
• Core network 10G 
• 8000 Institutions 
• 40M Users 



CERNET：Largest NREN in China  

• Fibre network 

backbone 

100G(40λ) DWDM 

• IPv4 backbone 

100G 

• 31 provinces and 

over 200 cities 

• 38 PoPs 

• Over 2000 

universities and 

institutes  

• 30M users 
 
 



CNGI-CERNET2 IPv6 Backbone 

 
• IPv6 Backbone 

10G to 100G 

• 25 PoPs in 20 

cities 

• Over 300 IPv6 

   access   

   networks,   

   most of them    

   /48 IPv6  

   addresses 

• 5M users 
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1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 

美国 (NSF) 
                 

欧盟 中国 

                                                Internet2 / NLR (IPv4/v6) 

GENI 

GEANT (IPv4/v6) 

FIND 

Internet Architecture Projects in China 

FIRE 

FIA New Arch 

Test Bed 

Research 
Projects 

Technic Standard and Industry 

CNGI-CERNET2 (IPv6) CERNET (IPv4) 

NGI 



Future Internet Research and Project in US 

• 1996, NSF support NGI (Next Generation Internet) 

• 1999, NFS support New Arch. Project (Dave Clark) 

• 2005, NFS support FIND and GENI 
– Clear State and redesign Internet 

• From FIND to FIA 
– NDN(Named Data Networking) 

– XIA(eXpressive Internet Architecture) 

– Mobility First  

– Nebula 

• GENI and SDN 



SDN used for GENI  



Special Challenges from China  

• Same with all challenges from current Internet 

• Penetration Rates: from 30% to 70% in the future 
10 years (900+ Millions users) 
– IP addresses: only IPv6 

– New challenges from design, management and 
operation of the largest infrastructure in the world  

– Innovation capability in Internet development 

– Governance, administration and management 

– Money？ 

– Technologies？ 

– Public Services？ 



NGI and FI Development in China 

• NSFC 

– Basic Research Plan on Future Internet 

• MOST-973 

– Research Plan on Future Internet Architecture 

• MOST-863: Next Generation Internet 

– 3Tnet，Broadband Network 

– NGI，NGN and NGB 

• CNGI Project:  

– First phase：5B+ RMB 
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1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 

美国 (NSF) 
                 

欧盟 中国 

                                                Internet2 / NLR (IPv4/v6) 

GENI 

GEANT (IPv4/v6) 

FIND 

CNGI IPv6 

Internet Architecture Projects in China 

FIRE 

FIA New Arch 

SDN (IPv4/v6) 

Test Bed 

Research 
Projects 

Technic Standard and Industry 

CNGI-CERNET2 (IPv6) 

IETF IPv4/v6 Arch 

CERNET (IPv4) 

IETF IPv6-based Arch. IETF IPv4 Arch 

NGI 



CNGI Project 

• Leaded by National Reform and Development 
Committee 

• Joint with MST, MOE, CAS, MII, NSFC, CAE, … 

• First phase：2003-2008 

• Main contents 

– CNGI Backbone: nation wide, 30-40 Giga POPs and 300 

campus networks, international links 

– Network technology and applications 

– Delivery to information industry 

• All NSPs have jointed this project 

– CERNET, China Telcom，UniCom and China Mobile 



CNGI Network and Connectivity 



CNGI－CERNET2 Backbone 



CERNET2 
China 

Unicom  
China Netcom 

/ CSTnet 
China  
Mobile 

China 
Railcom 

1G-2.5G 

 V4/V6 

10G, 

V6 
1G, V6 

10G 

V4/V6 
1G 

 V4/V6 

CERNET 

CJ-IPv6 

NSFCNET 

CSTnet 

1G, V4 

1G, V6 

1G, V4/V6 

1G, V4/V6 

CNGI-6IX 

Internet2 TEIN2/GEANT2 APAN 

1G, V6 1G, V6 1G, V6 1G, V6 

China  
Telecom 

CNGI－6IX in Tsinghua University 



Some Experiences from China 

• Native IPv6 Network: the largest one in the world 

– Large scale IPv6 addressing and routing 

• Authentic IPv6 Addressing Architecture  

– SAVA: Source Address Validation Architecture 

– SAVI: a new IETF working group in 2008 

– RFC 5210，RFC 7039 

• Transition from IPv4 to IPv6：4over6 

– IPv4 over IPv6: Softwire-a new IETF working group in 2006 

– RFC 4925，RFC 5565，RFC 5747，RFC 7040 

• Transition from IPv4 to IPv6：IVI 
– IVI：RFC6052，RFC6144， RFC6145，RFC6219 

 



SAVA: Source Address Validation 
Architecture 



Transition: IPv4 Over IPv6 



Transition：IVI 



Coexistence and Transition 

CNGI-CERNET2  

IPv6 backbone 

CERNET  

IPv4 backbone 

Internet (IPv6) Internet (IPv4) 

IPv4 IPv6 

Transition 

University 
Campus Network 



Address Driven Network (ADN) 

• Address is the core element in Internet architecture 
– Format/Forwarding/Routing use IP address 

• Current Internet only use destination IP address for 
routing, but never use source IP address 

• ADN： Address Driven Network  
– Use both destination and source IP address  

– Two dimensional routing 

– Network security control 

– Network measurement 

– Network management 

– …… 
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Role of IP Address on Internet History  

1981年 

RFC791发布，
IPv4地址诞生，
地址被严格地分
成A/B/C/D/E五
类，分类路由 

2006年 

IAB在荷
兰举办首
次“路由
与地址工
作组会议” 

1993年 

无类别域间路由
（CIDR）正式地
取代了分类路由，
通过增加掩码技
术，CIDR可以重
新划分地址空间 

1990年 

IETF创建IPng工
作组，解决即将
遇到的IP地址短缺
问题，并要求研
究更多扩展功能 

1994年 

IPng工作组提
出IPv6计划，
1998年12月，
RFC2460发布，
IPv6诞生 

2011年 

尽管出现了各种技术以
应对IPv4地址的迅速耗
尽：NAT/DHCP/专网
/ID-LOCATOR分离等；
2011年IPv4地址还是消
耗殆尽了 

IPv6地址空间
巨大，如果
IPv6继续采用
原有编址和路
由技术，全球
核心路由表将
快速膨胀，不
堪重负 

目标：解决20年内100亿个活跃IP地址和
1000万个活跃多接入IP地址的新一代互联网
编址和路由的可信和收敛问题 
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ADN : Architecture 

源地址 目的地址 

二维路由 

网络管理 

流量工程 

真实地址 

地址关键技术 

路径编码 服务信息 

安全编码 …… 

新的地址属性空间 

地址一般属性 

稳定性 唯一性 安全性 

可扩展 结构性 动态性 

属主 路径 位置 优先级 

地址信息 

。。。 

• Two-dimensional routing 
• Flow control  engineering 
• Network management 



Challenges and Opportunities 

• Meet Special Challenges from China Internet 
Development 
– Another 500M Internet Users in the next 10 years 

– IPv6 based Technologies and Services 

• Meet Challenges from the current Internet to 
Cyberspace 
– Global Infrastructure in the world  

– Innovation from Technology and Application 

– IT Public Services using FI 

• Collaboration Opportunity 
–  Globally  



Evolution and/or Revolution 
1986 1969 1994 

IPv4 Internet 

2011 

  IPv6 Internet (NGI) 

Future Internet/ 

Future Network 

Computer Network → Internet 

Scalability  
Security 
High Performance 
Mobility  
Real Time 
Management 

Routing 
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NGI and Future Internet 

• Evolution：NGI or Future Internet 
– IPv4 

• NAT 

– IPv4/IPv6：Internet2, Geant2, TEIN3 
• Less use IPv6 

– IPv6：CNGI-CERNET2 
• Native IPv6: a new platform for Internet evolution 

• Revolution：Future Internet 
– GENI and FIND: Clean Slate 

– EU FIRE 

– May or may not be Internet DNA  



Internet and Some New Technologies 

TCP/IP 

Cloud Computing 
Apple Store 
…… 

Internet of 
Things 
…… 

3G，4G，5G 
WiFi，LTE 
Mobil Internet 
CPS 

Cyber 
Space 
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Conclusion 
• Internet architecture is a very important part of 

Internet technology 

• Network layer is the core of Internet architecture 

• Under relatively stable format and forwarding, 
routing will be a very important platform for 
evolution and innovation of Internet architecture 

• Future Internet (Evolution) should include IPv6 
Internet （10+ years）and new IP architecture 
（20+ years） 

•  Clear state (Revolution) still should be tried in the 
future  



Thanks！ 


