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 Brief history of Internet in China

Internet development in China

» 13 years history from 1994~2007

* Internet users in China: from 162 Millions by
June 2007

e IPv4 Addresses: 118 M

» Backbone: 2.5-10G DWDM+Router

» Total International links: 312Gbps

« Exchange Points: over 100G (BJ, SH, GZ)

e Last Miles

— Ethernet, WLAN, ADSL, Cable Modem, CDMA,
GPRS, ISDN, Dial-up




Statistic of Internet user in China
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Research Networks in China

 CERNET: China Education and Research Network
— 1994, Managed by MOE, Nation wide backbone

— 1800+Universities and institutes, over 20 Millions
users

— 2003, CNGI-CERNET?2 initiated

« CSTNET: China Science and Technology Network
— 1994, Managed by CAS, Nation wide connections
— 100+ institutes, Users over 1 Millions

« NSFCNET: a high speed test bed for researchers

Outline

» |IPv4 based CERNET




CERNET project

Sponsored by the Ministry of Education and
other government bodies

Started construction in 1994

A nation-wide Academic network connecting
to higher education institutes

3 tier structure

— backbone/regional/campus network
Total backbone bandwidth 360G

38 Gigapop in 36 cities

NOC / NIC / CCERT

Provide basic and advanced services
Multicast for e-Learning

CERNET IPv4 Backbone

“/




CERNET backbone upgrade

Compare with 1994, the backbone bandwidth has
had a dramatic upgrade.

Backiene handwidth

1994 Router, Lease-line 64K

1997 Router, Satellite bi-directional 4M

2000 Router, SDH 155M

2002 Router, DWDM 2.5G

2004 Router, DWDM 2.5G/n*2.5G

2005 Router, DWDM 2.5G/n*2.5G/10G

2007 Router, DWDM 2.5G/n*2.5G/10G/2*10G

CERNET backbone traffic trend

40Gbps

First estimation was made in the year 2003.
Now, we will see how it will go!
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Sample of Backbone monitoring

» Self-developed network management system deployed
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Packet loss

One day traffic graph in
Dec.2006
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Industry efforts for higher speed

* There are higher speed demand
» High-end router vendors support 40G POS port

e CERNET has tested 40G between 2 cities over
100KM successfully

* Internet2 announced that 100Gbps (multiple
10Gbps wavelengths) backbone has been built
by Level3 in June 2007

* |IEEE802.3 HSSG set agenda for 40/100Gbps
Ethernet

Outline

 Why we need IPv6




What is IPv6?

» Today, we use IP protocol version 4 with limited
addresses

» Developed by IETF, with much larger address space,
IPv6 will be used for Next Generation Internet

» 128bit long address, security enhanced and many other
good features

4 12 16 24 31
e &

128 bit Source Address
128 bit Destination Address

Good features of IPv6

Large numbers of address spaces

— IPv6 Addresses: 3.4X1038

— NGI will connect all of electronic devices not only
computers

Trust network: real IP address network architecture

Improved routing

— Route aggregation reduces the size of routing tables

— Simplified header reduces router processing loads
Enhanced security and QoS

— Mandatory IPsec support all fully IPvé compliant devices
Improved support for mobile IP and mobile
computing devices

Provide a platform and opportunity for a revolution
which improves today’s Internet to NGl




Why we need IPv6

» Population in China is more than 1.3billion

— Regardless on other usages, 1 IP address per
person, we need
e 77 /8 IPv4 address
» According to ICANN in March 2007, only 48 /8 left in
global pool, no sufficient IPv4 address available now
» The number of mobile phone subscribers in
China is more then 501million by July, 2007

— If connect to Internet, more than 29/8 IPv4
addresses needed

— Sensor network / industrial deployment need more
IP addresses

IPv4 address shortage warning from ICANN

e 10 more /8 of IPv4 @
address had been Status of the
allocated in 2006 ~ remaining /8s

* Run out of supply is
projected within 3~4
years

* Migrate to IPV6 is
inevitable

» Waiting or embracing?

ICANN
rana

48 /8s
available

\ @® Protocol @ Status Unclear Class E Available \

Mar 2. 2007 APNIC 23 Meeting — Bali. Indonesia
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 CNGI and CERNET2

Challenges of current Internet

* IPv4 Internet: 80% traffic of information
Infrastructure in world
* Challenges of current Internet
— Scale: from connected computers to other devices
— Security: more trustiness needed
— High performance: faster end-end performance
— Real time: VoIP and video streaming service
— Mobile: mobile communication over Internet
— QoS: people expect quality ensured services
— Economic model: how to make sustained development
— others
» Security is one of the more important challenges to
current Internet




What's Next Generation Internet?

» Scalability
— More devices connected via IPv6

High performance of end to end
Security enhanced

Mobility for both terminal and network
— WiMax, 3G and the beyond

Real time
Management
Economy side

Next Generation Internet and

IPv6 Activities in China

IPv6 Test bed in 1998

NSFCNET: 2000, First IPv6 network in China

MOU with UCAID: CERNET on March 2000,
NSFCNET and CSTNET on May 2000

Peer Connection Agreement with Abilene:
CERNET on March 2000

2003, CJ-IPv6,

2003, CNGI Project: CNGI-CERNET?2

International Connections
— 1G Internet2
— 622M TEIN2 link to EU

China-EU joint research




Some IPv6 Testbeds in China
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CNGI Project

Initiated in 2002, approved by government in 2003

Leaded by National Reform and Development
Committee, 170M USD

Joint with MST, MOE, CAS, MIl, NSFC, CAE,...

Main objective

— CNGI Backbone: nation wide, 30-40 Giga POPs and 300
campus networks, international linkage

— Network technology and advanced applications
— Transfer successful results to information industry

All NSPs have involved in this project

— CERNET, China Telecom, Unicom, Netcom/CSTNET,
China Mobile, China Railcom




I2/GEANT2/APAN Internet
IPv4/IPV6 IPv4

IPv6 IPv4

CERNET2 Backbone CERNET backbone
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CNGI—CERNET2 Backbone

EAth
T—HERRA

s
B GEANT2 N = E*‘ 2 [E] Interner2
o[ BB
8IX = TAAPAN
T KiE
=H B "’“lmj,
' ‘_Il l
A ) E R
N |
10 Gbps == ai B
2.5GbpS — s




IPv6 based Network Management
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CNGI-61X

CERNETZ2 Backbone router monitor
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CNGI-CERNET?2’s Key Technology Points

* Native IPv6 Network
» Dual stack campus network
* Multi-vender Core Routers

» Authentic IPv6 Addressing Architecture
— SAVA: Source Address Validation Architecture
— as a BoF proposal in IETF68 Meeting

* |IPv4 over IPvV6
— Softwire: an IETF working group in IETF69

» Application trials

— 6PlantLab
SIP and WLAN Communications
IPv6 IPTV Applications
P2P Model Applications
Multicast trials

Outline

» |PVv6 related research activities




Future Internet Research in the World

e Future Internet testbed have been connected
together in the world
— Internet2, GEANT2, TEIN2, CERNET2, ...

* Future Internet and IPv6 Standard Development
— IETF

» Future Internet research projects
— GENI and FIND

— FIRE and other Euro-NGlI joint research projects
— NSFCnet, CNGI in China
— APIl in Korea and Japan

Some Thinking about NG

The lower transport layer will remain “simple and
transparent”

The scale will be much larger than before
Migration is a concern for operators
People are thinking adding more signaling

Security and QoS issue will be addressed more
intensively

Overlay networks will still play important role
Economic model need more study

Current solutions still did not fit the requirement,
we are still seeking promising idea of theory and
experiment




THU IPv6 router

* Backplane: 128Ghps

» Line card capacity:
80Gbps

* 0OC-48, GE port

» Packet length: up to
32K

» Wire speed
* Power redundancy

* Control card 1+1
backup

* Main switch card
support 1+1 backup

» Support self-resilience

* Firmware online
upgrade

LUT IPVv6 test-bed

» Setup the test-bed in 2000
» connected to CERNET IPv6 network
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Qo0S-Group-Based DWFQ

o CS Dept. of PKU

— WFQ drop |—> Queue 1 )—P

WFQ drop |—> Queue 2 )—»
cheduler

v

WFQ drop |—> Queuen )—»

L3 dual stack switch by CAS




IPv6 enabled game on mobile phone

* OS:

— Symbian

IPv6

No infrastructure support
— P2P mode

Interactive
— Person to person
— Person to server

By CAS

IPv6 video-phone, CAS

SIP proxy
AAA server
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Network monitor =~ == =
Heartbeat server
Configuration management server




IPv6 VPN by NEU




PKU: IPv6 home network




IPv6 based NTP by BUP
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Softwire trial
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IPv6 Cooperation Working

IPv6 based IPTV




Large Scale IPv6 Virtual Reality

IPv6 Remote Education System
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IPv6 based Access Grid
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Computing resource
o Aggregated: 20/1Z:%
e Storage: over 200TB

CNGI-CERNET2

ChinaGrid: 22 Universities in China
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IPv6 Sensor Networks
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IPv6 Digital Home Network
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International Collaborations

» Organization
and projects
— Univ.

— EU/IFP6

— EUITIEN2
— NSF/APAN
— Internet2
- CJvb

— KOSEF

- IETF

- IEEE

) Planetiabs Homve - Frusalt Intemet Liplorer almlxd
E I T TERE TR e T R ] Fpe=m——— LI
g 4

& panemias

e B

IPV6 related research in BUPT




CNGI projects in BUPT

* Management System for Integrated Service
Platform Based on Multilevel JMX, lead by
Professor Junliang CHEN

» Study on QoS mechanism for networking and
its implementation, lead by Prof.Wendong
WANG

* Others

— Research and Test on large-scale Router and
Multicast technology base on CNGI

— IPv6 based Grid computing
— General e-Learning platform on CNGI

Mobile IPv6 trial between China and Japan
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IPv6 network management system

 Joint project with
Nokia
* Funded by: China 863
Project
(2001AA112137)
» Standards Supported
_— — SNMPvV1, v2c, v3
—ee——— — RMON, disman
ol P « Support WLAN MIBs
T =7 7. | + RFC2465-MIB-based
e Topology Discovery
« IPv4/IPv6 Dual stack

IPv4/IPv6 dual stack IDS system
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Distributed IDSv6 implementation
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DARSG6 — a solution to
Dynamic and Secure DNS

nmelipdnte client for windows [ im]. 4] ¢ DNSis important
UEETRVIY o1 Nomclipdate client for windows e | LA for IPv6
Update | change Password| Gonfig | About | ¢« DHCPvV6 dose not
i ;:: Automatical update 15 munning, you alse can update by hand support DNS
Rules domain name  [ytest. Gtest. bupt. edu. cn Dynamic Update
Ine
N pasevora v + We developed a
¥ server [E001:25011004: 110 solution by DNS
proxy server and
M:K server' s port [3495 Linux/Windows
" nax seconds betveen updates |1;(;gaoo Clients tO prOVide
DNS dynamic
local IP address update and
secured binding.
updating succesd, Exit |




A solution by using DARSvV6 Proxy
Server

m The DARSv6 - Proxy
server listen on the port, if
message received from the
valid client, then send the
DNS update to the DNS DARSV6
server, server

m The DARSv6 - Proxy N
server also provides some >
management function such
as domain names
management,

authentication and other
security control for the
DNS server.

Dual stack NTP trial service

s IPv4 http://ntp.buptnet.edu.cn
* IPv6 http://[ntp.buptnet.eu.cn]
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* Go4IT project is one of the European Union
founded 6th Framework Programme (FP6)
for IPv6 testing

» Total 13 partners in this project.

— Inno/ETSI/INRIA/CETECOM/FOKUS/ISPRAS/Jtest/BII/CAT
R /BUPT/IPT

» Go4IT project intends to provide Research
Infrastructure users with free TTCN-3 based
IPv6 testing environment including test tools,
test suites and the related services.

OQutline

e |nternational collaboration




The Global Reach of CNGI-CERNET?2
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*WAPRICOT:
Chinese-European Networking Symposiu

on Research Networks, Advanced Networks and
Broadband Solutions

BUPT with FP6/7

» There are several FP6 projects jointly
participated by researcher from EU and
BUPT
— VAS CHINA [FP6-2004-IST-3-015774]

— MING-T / PARTAKE[FP6-2004-IST-3-015857]
— Go4IT [FP6-2004-Infrastructures-6 |
— EC-GIN [FP6-2006-1ST-045256]

* More collaborations are expected




Future works

CERNT/CERNET2 Backbone upgrade
Service enhancement

Provide more applications

Promote scientific researches

Deliver difference level of trainings

Cooperation with domestic and
overseas partners

Let us create our future
together!

Thanks!




