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Internet: Global and Ubiquitous Infrastructure for Communication

Communication Technology
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ATM
Optical Fiber
Copper Cable
WDM/SDH

ISDN

Internet Technology

CATV
Cable Modem

Society

TCP/IP   TCP/IP   

インターネットシステム成長インターネットシステム成長
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インターネットの普及インターネットの普及
（９３年１月）（９３年１月）

インターネット普及インターネット普及
（９７年６月）（９７年６月）
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インターネット技術インターネット技術((TCP/IP)TCP/IP)の特徴の特徴

(1) “End-to-end principle”
==> “End-node has intelligent, network

should be as simple as possible”
(2) Connectionless & Best Effort 

==> Low Cost System
(3) “IP over everything”

==> “Connectivity is own reward”
(4) “Everything over IP”

Speed, Cost, FlexibilitySpeed, Cost, Flexibility

Where the Internet Goes ? Where the Internet Goes ? 

(1) Scalability (6) Integrate layer 2 and 3
(2) High speed large capacity (7) Intranet/Extranet (=VPN) 
(3) Reliability/Robustness (8) Mobile and Roaming 
(4) Easy Operation (9) Security
(5) QoS/CoS (10) New Services 

(e.g., Multicast) 

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP
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Where the Internet Goes ?Where the Internet Goes ?

Quantitative Scalability 
until Massive Scalability 

Qualitative Scalability 
Heterogeneity
(e.g., Bandwidth, QoS/CoS, Media, etc.,)

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP

““ IP is for Everyone IP is for Everyone ““

１０ Reasons（1-5）

11: : Keep End to End Internet ModelKeep End to End Internet Model
2: Network Administrator/Provider does 2: Network Administrator/Provider does 

not have special authoritynot have special authority
3: ISP never manage nor control users, 3: ISP never manage nor control users, 

IPS only  provide simple service. IPS only  provide simple service. 
4: Every site has independent from ISP4: Every site has independent from ISP
5: Expandable packet format5: Expandable packet format
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6:6:Simple IP headerSimple IP header
7: Multicast aware designing7: Multicast aware designing
8:Security aware designing8:Security aware designing
9:Mobility aware designing9:Mobility aware designing
1010：：Provision of an identification to Provision of an identification to 

handle flow handle flow 
番外：番外：It IS fun involving from the It IS fun involving from the 

beginning !!! :beginning !!! :--) ) 

１０ Reasons（5-10）

インターネット新大陸インターネット新大陸
-- News only just in a day (Nov.11,1999) News only just in a day (Nov.11,1999) --
uu Ｊ―フォン東海（旧東海デジタルホン）は１０日、電子メールなどの文字メッセＪ―フォン東海（旧東海デジタルホン）は１０日、電子メールなどの文字メッセ
ージの１日平均の発信回数が８月から、通常の通話回数を上回っているこージの１日平均の発信回数が８月から、通常の通話回数を上回っているこ
とを明らかにした。文字サービスで他社に先行し、若者を中心としたメールとを明らかにした。文字サービスで他社に先行し、若者を中心としたメール
ブームに乗った形だ。業績好調の同社は、今年３月末に１６９億円あった累ブームに乗った形だ。業績好調の同社は、今年３月末に１６９億円あった累
損を９月中間決算で一掃した。全国のＪ―フォングループ９社の中で累損の損を９月中間決算で一掃した。全国のＪ―フォングループ９社の中で累損の
一掃は初めて。同社によると、「通話」と「文字」の発信回数の割合は、今年一掃は初めて。同社によると、「通話」と「文字」の発信回数の割合は、今年
１月は６３％対３７％だったが、８月に４９％対５１％と逆転。９月は４７％（２１月は６３％対３７％だったが、８月に４９％対５１％と逆転。９月は４７％（２
６３万回）と５３％（３０２万回）と差が開いた。６３万回）と５３％（３０２万回）と差が開いた。

Source : 1999Source : 1999年年1111月月1010日日 http://www.http://www.asahiasahi.com.com

uu Sun MicrosystemsSun Microsystems社と社とSONYSONYが、家電のインターネット接続技術で協調が、家電のインターネット接続技術で協調

""This cooperation between Sun and Sony leverages the mutual strenThis cooperation between Sun and Sony leverages the mutual strengths of two gths of two 
visionary companies," said Michaelvisionary companies," said Michael VitelliVitelli, executive vice president of Sony , executive vice president of Sony 
Electronics' Broadcast and Professional Company. "Sun's proven eElectronics' Broadcast and Professional Company. "Sun's proven expertise in xpertise in 
building endbuilding end--toto--end digital network solutions, combined with Sony's vast knowledend digital network solutions, combined with Sony's vast knowledge ge 
of the broadcast video market, will help ensure the development of the broadcast video market, will help ensure the development of superior network of superior network 
solutions for the broadcast industry." solutions for the broadcast industry." 

Source Source ：：Sun Microsystems and Sony Deliver Flexibility at NAB '99Sun Microsystems and Sony Deliver Flexibility at NAB '99



7

インターネットアーキテクチャインターネットアーキテクチャ
uu IP (Internet ProtocolIP (Internet Protocol) ) 

ØØ IPIPアドレスによるホストの識別とパケット転送アドレスによるホストの識別とパケット転送

uu TCP (Transmission Control Protocol) TCP (Transmission Control Protocol) 

ØØ EndEnd--toto--EndEndアーキテクチャアーキテクチャ

uu DNSDNSシステムシステム

ØØ 論理ノード・サービス名論理ノード・サービス名←→←→ IPIPアドレスアドレス

Physical

Network
Interface

IP

TCP

Application

IP IP

TCP

Application

Physical

Network
Interface

Physical

Network
Interface

インターネットアーキテクチャインターネットアーキテクチャ
uu IP (Internet ProtocolIP (Internet Protocol) ) アドレスアドレス

ØØ IPIPｖ４ｖ４: 32 : 32 bits  bits  ≒≒ 4x104x1099 (40(40億億)  )  

((世界の人口世界の人口≒≒ 60 60 億人億人))

uu 電話番号アドレス電話番号アドレス
ØØ 国際国際：：13 13 Digits Digits ≒≒ 1 1 兆兆

ØØ 国内国内：：10 10 Digits Digits ＝＝ 10 10 億億

有線有線 9 9 Digits Digits ＝＝ 11億億 ((有線有線) ) 

携帯携帯 22x8 Digits x8 Digits ＝＝ 2,0002,000万万 ……既にアドレス変更既にアドレス変更……
ØØ 北米北米：：10 10 Digits Digits ＝＝ 1010億億 ……..既に不足している既に不足している……

We Need Further Addresses
人口 x N (N=?)

We Need Further Addresses
人口 x N (N=?)

電話≒人口
インターネット>> 人口
電話≒人口
インターネット>> 人口
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新しい適用分野，新しい要求新しい適用分野，新しい要求

uu プラグ＆プレイプラグ＆プレイ ：：IPv6IPv6

uu モバイルモバイル ：：Mobile IPMobile IP

uu セキュリティセキュリティ ：：IPSecIPSec

uu リアルタイムリアルタイム ：：DiffDiff--ServServ, RSVP, RSVP

uu スケーラビリティスケーラビリティ：：DWDM, IPv6DWDM, IPv6

uu マルチホームマルチホーム ：：IPv6IPv6

uu マルチキャストマルチキャスト ：：PIM, MBGPPIM, MBGP

uu 信頼性・運用性信頼性・運用性：：MPLSMPLS

Internet for Everyone 
-研究目的→産業活動基盤、生活基盤
- B to B, B to C, C to C → toward End-to-End

Internet for Everyone 
-研究目的→産業活動基盤、生活基盤
- B to B, B to C, C to C → toward End-to-End

IPv6 (IP version 6) 

広がりすぎたインターネット広がりすぎたインターネット

利用者数・ホスト数の増加利用者数・ホスト数の増加((世界人口世界人口5555億人億人))
IPv4(32 bits) = IPv4(32 bits) = 約約4343億億

経路制御情報の増加経路制御情報の増加((現在現在40,00040,000～～50,000)50,000)

非効率なクラス･多数の小規模ネットワーク非効率なクラス･多数の小規模ネットワーク

エンドエンドセキュリティーエンドエンドセキュリティー

小型化・高性能化・廉価化小型化・高性能化・廉価化

移動性移動性

ビジネス活動の迅速な展開ビジネス活動の迅速な展開

マルチホーム、マルチパーティマルチホーム、マルチパーティ

「成功による犠牲者」
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インターネットのモデル

1. 研究開発、ビジネス展開
- Challenge First, Rule Later

2. アーキテクチャモデル
- End-to-Endモデル
-賢いエンドとシンプルなインフラ

3. インターネット新領域

製品開発 (企業 )

従来の研究開発&ビジネスモデル

基礎研究 (大学 , 企業 等)

社会・ビジネス

Direct FeedbackDirect Feedback Direct FeedbackDirect Feedback

研究成果 (論文,技術標準など)研究成果 (論文,技術標準など)
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インターネットにおける研究開発&ビジネス展開

社会・ビジネス

Direct FeedbackDirect Feedback

基礎研究
(大学など)

製品開発
(企業など)

Direct ContributionDirect Contribution

Research OutputResearch Output

インターネットの基本原則インターネットの基本原則

uu EndEnd--toto--End End アーキテクチャモデルアーキテクチャモデル

uu 自由な開発自由な開発((development)development)・・展開展開
((Deployment) Deployment) 

ØØ ApplicationsApplications

ØØ Business modelBusiness model

ØØ NOBODY KNOWS WHAT WILL NOBODY KNOWS WHAT WILL 
HAPPEN!HAPPEN!

uu 展開展開((Deployment)Deployment)

ØØ Running CodeRunning Codeとと迅速性迅速性
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End system End system

InternetInternet
““endend--toto--end modelend model””

Internet

Routers in the 
middle

What happen if ..
End system End system?

Intermediate nodes
•Proxy server
•Firewall
•Protocol translator
•Dial-up

Internet

Internet ?
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End system
End system

Internet

Private Closed 
Network

Enclosure by 
the intermediate nodes

守るべきもの守るべきもの

uu NAT, Proxy NAT, Proxy は、は、Ad HocAd Hocなな解決解決

uu グローバルアドレスの使用グローバルアドレスの使用
→→ IP Version 6 (128 bits IP Version 6 (128 bits アドレスアドレス))

uu Intermediate ProxyIntermediate Proxyはは新ビジネスを阻害する新ビジネスを阻害する

uu Transparent firewall Transparent firewall ととエンドホストでのセキエンドホストでのセキ
ュリティー機能の実現ュリティー機能の実現
→→セキュリティーは結局エンドエンドセキュリティーは結局エンドエンド
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インターネット新大陸インターネット新大陸

uu New Object Hooked to the InternetNew Object Hooked to the Internet
ØØ 移動体移動体

ØØ 携帯端末携帯端末

ØØ 家電機器家電機器

uu New Topological Regions Hooked to the Internet    New Topological Regions Hooked to the Internet    
ØØ アジアアジア

ØØ アフリカアフリカ

ØØ 南米南米

インターネットインターネット カーカー
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Number of automobilesNumber of automobiles
EuroMotorEuroMotor Reports "Reports "DatabookDatabook""

1 9 9 0 2 0 0 0 2 0 1 0

P a n P a c i f i c 2 7 5 , 0 8 0 3 2 4 , 7 0 3 3 6 1 , 9 3 1
A U ,  C A ,  J P ,

N Z ,  U S

Europe 2 0 5 , 0 8 6 2 6 7 , 8 2 9 3 3 0 , 6 1 0
S .  Ame r i c a s 3 7 , 4 9 1 5 3 , 3 6 3 7 5 , 2 5 1
Af r i ca 1 3 , 2 6 7 1 8 , 1 7 8 2 4 , 3 0 9
As ia 3 7 , 4 0 7 7 3 , 1 1 1 1 2 6 , 8 9 6
To t a l 5 6 8 , 3 3 1 7 3 7 , 1 8 4 9 1 8 , 9 9 7

インターネット家電インターネット家電

uu How many TV sets?How many TV sets?

uu How many Fridges?How many Fridges?

uu How many CD How many CD 
players?players?

uu How many game How many game 
playersplayers

uu How many people?How many people?

uu IP connected Control IP connected Control 
BOX? BOX? 
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Text information from Internet

Titles of Music

Everything on Everything on 
IP networksIP networks

 I P  Mainte
nance  

Synch  G u i d e  K n o w l e
dge  

Sales  

T V √ √ √ √ √ √ 

Refrigera
tor 

√ √ √ √ √ √ 

Microwav
e Oven 

√ √ √ √ √ √ 

Washing 
Machine 

√ √ √ √ √ √ 
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M o v e
i n s i d e
o f f i c e

Mobile 
Client

Mobile System

PSTN/ISDNPSTN/ISDN

ISP  NetworkISP  Network

Dynamic VPN
over
Internet

Remote Site NetworkRemote Site Network

CorporateCorporate
NetworkNetwork

Mobile
Client Move on

business trip

Access
with
Mobile IP 

Telecommuters
at Home office

M o b i l e  
C l i e n t

Dialup
access 

M o v e  b e t w e e n
A c c e s s  P o i n t s Mobile 

Client

Internet 2000Internet 2000
uu EveryoneEveryone

ØØ 6 billion people/Accessibility6 billion people/Accessibility

uu AAAAAA

ØØ Authentication, authorization and accountingAuthentication, authorization and accounting

uu EverythingEverything

ØØ IPv6 will connect everything everywhereIPv6 will connect everything everywhere

uu EverywhereEverywhere

ØØ Cell phone/PDA, satellite for the InternetCell phone/PDA, satellite for the Internet

uu New way of CommunicationNew way of Communication

ØØ VoIPVoIP,  Reliable Multicast, ,  Reliable Multicast, MovieCastMovieCast, , AudioCastAudioCast
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2. 2. How the Deployment GoesHow the Deployment Goes

2. 2. How the Deployment GoesHow the Deployment Goes

[1]  Standardization  
[2]  Development 

(i) End Host
(ii) Routers
(iii) Transition  
(iv) Interoperability Test 

[3]  Deployment  
(i) Address Allocation 
(ii) DNS Update 
(iii) Operating IPv6 Network 
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[1] [1] Standardization Standardization 

・IETF(Internet Engineering Task Force) 
- IPNG (IP Next Generation) WG

5  Draft Standard RFC 
24  Proposed Standard RFC 

5  Informational RFC
2  Experimental RFC
1  BCP

- NGTRANS WG 
6 Proposed Standard RFC
6 Informational RFC 
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IPv4 Network

IPv6 Network

IPv6 Network

API (BSD socket)

IPv6 packet

ヘッダヘッダ 拡張ヘッダ拡張ヘッダ PayloadPayload

IPv6
アドレス

IPv6
アドレス

RFC1833

RFC1884

RFC2133

コンパクト表現： RFC1924
IPv6アドレス： RFC1887/2073

IPトンネリング
- IPv6 in IPv4 (現在の運用形態 )
- IPv4 in IPv6 

(*) IPv4からIPv6への移行： RFC1933
(i) Tunneling 
(ii) NAT 
(iii) Dual-Stack 

[1] [1] StandardizationStandardization
-- What has been Standardized  What has been Standardized  --

[2] [2] Development Development 
-- End Stations End Stations --

uu UNIXUNIXシステムシステム

ØØ BSDI, BSDI, LynuxLynux, , FreeBSDFreeBSD,, NetBSDNetBSD

ØØ SolarisSolaris

uu MacOS MacOS 

ØØ MacOS MacOS IX (Client)IX (Client)

ØØ MacOS MacOS X (Server)X (Server)

uu MicroSoft MicroSoft 

ØØ Windows2000Windows2000

ØØ WindowsNTWindowsNT/95/98  /95/98  
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[2] [2] Development Development 
-- RouterRouter--

uu ＰＣルータＰＣルータ

ØØ KAMEKAMEのの普及普及

uu Commercial RouterCommercial Router

ØØ ハイエンドルータハイエンドルータ ：：YesYes

ØØ 中規模ルータ中規模ルータ ：：YesYes

ØØ アクセスルータアクセスルータ ：：?  ?  

ØØ ダイアルアップルータダイアルアップルータ ：：Yes ? Yes ? 

KAME ProjectKAME Project

uu A single effortA single effort

ØØ 8 core members from 7 Japanese companies8 core members from 7 Japanese companies

ØØ Fujitsu, Hitachi, IIJ, NEC, Toshiba, YDC, YokogawaFujitsu, Hitachi, IIJ, NEC, Toshiba, YDC, Yokogawa

uu TwoTwo--years joint projectyears joint project

ØØ April 1998 April 1998 -- March 2000March 2000

ØØ The core members work for IPv6 three days a The core members work for IPv6 three days a 
weekweek

uu KAMEKAME

ØØ A short word ofA short word of KArigoMEKArigoME, where our office , where our office 
locateslocates

ØØ TurtlesTurtles
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KAME Project StatusKAME Project Status
uu The basic spec has been implementedThe basic spec has been implemented

ØØ IPv6, DNS, BGP4+,IPv6, DNS, BGP4+, RIPngRIPng, translator, laptop , translator, laptop 
computer supportcomputer support
ØØ IPsecIPsec, IKE, IKE

ØØ IPCompIPComp, IPv4 NAT, ECN, ATM, ALTQ, IPv4 NAT, ECN, ATM, ALTQ

ØØ Many applicationsMany applications

ØØ SMTP, POP, HTTP, FTP, TELNET, SSH, X11,...SMTP, POP, HTTP, FTP, TELNET, SSH, X11,...

uu Used in the worldwide 6boneUsed in the worldwide 6bone

ØØ More than 20 countries, 200 peopleMore than 20 countries, 200 people

ØØ Both as routers and hostsBoth as routers and hosts

uu Reference codeReference code

ØØ Merged:Merged: NetBSDNetBSD

ØØ Will be merged: BSD/OS,Will be merged: BSD/OS, FreeBSDFreeBSD, , OpenBSDOpenBSD

[2] [2] Development Development 
-- Transition Transition --

uu 要求要求

ØØ IPv6IPv6ノードへのアップグレードは現存ノードへのアップグレードは現存
するするIPv4IPv4ノードとは独立に行えるノードとは独立に行える

ØØ IPv4IPv4ととIPvIPv66の混在環境の混在環境

ØØ 現存する現存するIPv4IPv4アドレスは，アドレスは，IPv6IPv6でも利でも利
用可能用可能

技術開発は、ほぼ完了した。
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IPv4IPv4からからIPv6IPv6への移行への移行

uu 検討項目検討項目((Not Technical Issues)Not Technical Issues)

ØØ IPv4 IPv4 とと IPv6 IPv6 アドレスの割り当ての方法アドレスの割り当ての方法

ØØ ホストやルータのアップグレードや展開ホストやルータのアップグレードや展開

ØØ IPv6 IPv6 アドレスレコードタイプのサポートアドレスレコードタイプのサポート

ØØ DNS DNS サーバの展開の方法サーバの展開の方法

ØØ 個々のインタネットサイトの個々のインタネットサイトの IPv6 IPv6 への移への移
行のためのオペレーション計画行のためのオペレーション計画

ØØ Internet Internet 全体の全体の IPv6 IPv6 への移行のためのへの移行のための
オペレーション計画オペレーション計画

IPv6IPv6ネットによるネットによるIPv4IPv4相互接続相互接続

uu IPv6IPv6バックボーンバックボーン((IPv6/IPv4 DualIPv6/IPv4 Dual--Stack)Stack)
ががIPv4IPv4パケットを転送パケットを転送

IPv4 IPv6 IPv4R R IPv4
Host

IPv4
Host

Routing： <only IPv4> <IPv4/IPv6> <only IPv4>

IP
v4

D
at

a

IP
v4

D
at

a

IP
v4

D
at

a

1. Native IPv4 Packet
2. IPv4 組込み
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Windows(R)

95/98/
NT4.0

IPv6

Hitachi v6 stack for Hitachi v6 stack for 
Win98/95/NTWin98/95/NT

IPv4 application
(Telnet, Ftp, Mail, Web…..)

TCP/IPv4 

Network Card

Network Card Driver

IPv4

NDIS mini port driver

IPv4IPT

IPv6

D
N
S

*IPT: IP Translator

:No need to
change!!

[2] [2] DevelopmentDevelopment
-- Interoperability Interoperability --

uu UNH(University of New UNH(University of New HampsherHampsher))

ØØ Experimental Interoperability Test Event  Experimental Interoperability Test Event  

uu TAHI Project (http://www.TAHI Project (http://www.tahitahi.org) .org) 
ØØ Production Quality Interoperability Software Production Quality Interoperability Software 
SuiteSuite

ØØ Making our tools freely available.Making our tools freely available.
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Test Event: Test Event: 
Where and WhenWhere and When

uu Tokyo, JapanTokyo, Japan

uu 1999/09/26 1999/09/26 -- 10/110/1

uu 1515 Groups / Groups / 1818 ImplementationsImplementations
from Denmark, France, Japan, Korea, from Denmark, France, Japan, Korea, 
U.S.U.S.

uu InteropInterop. test (ad. test (ad--hoc network based)hoc network based)

ØØ Configuring 4 network topologiesConfiguring 4 network topologies

ØØ RIPngRIPng and/or BGP4+and/or BGP4+

ØØ 14 routers and 10 hosts14 routers and 10 hosts

Test Event: Ad-hoc network topology

Tunne

l

BGP4+ IBGP Topology for ROUTER

(3ffe:501:481d:ff01::/64)

(3ffe:501:481d:f011::/64)

(3ffe:501:481d:ff03::/64)

AS200

0

AS300

0

AS100
0

(3ffe:501:481d:f001::/64)

(3ffe:501:481d:f002::/64)
(3ffe:501:481d:f003::/64)

(3ffe:501:481d:f012::/64)

(3ffe:501:481d:f021::/64)
ATM

ATM

(3ffe:501:481d:ff02::/64)

IBGP

RIPng

EBGP

Tunnel
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Test Event: The Test Room #1

Test Event: The Test Room #2
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uu pTLApTLA (pseudo TLA) (pseudo TLA) ：：6bone6boneによるテスト環境によるテスト環境
ØØ 4242ヶ国が参加ヶ国が参加

uu sTLAsTLA (sub TLA)  (sub TLA)  ：：商用商用((Production Quality)Production Quality)環境環境
ØØ RIPE RIPE ：：欧州欧州

ØØ APNIC APNIC ：：アジア太平洋アジア太平洋

ØØ ARIN ARIN ：：北米、その他北米、その他

[3] [3] DeploymentDeployment
-- Address Allocations Address Allocations --

uu APNIC IPv6 Address ArchitectureAPNIC IPv6 Address Architecture

ØØ NLA space isNLA space is divieddivied into NLA1 andNLA2.into NLA1 andNLA2.

ØØ NLA1(/41) ; for ISPs that want to allocate NLA1(/41) ; for ISPs that want to allocate 
IPv6 address to other organizations.IPv6 address to other organizations.

ØØ NLA2(/48) ; for leaf sites (Companies, NLA2(/48) ; for leaf sites (Companies, 
Academics, Research Institutes).Academics, Research Institutes).

e.g., e.g., ＷＩＤＥＷＩＤＥｂａｃｋｂｏｎｅｂａｃｋｂｏｎｅ

20012001:200:0::/48 (:200:0::/48 (NLA1 == 0, NLA2 == 0) NLA1 == 0, NLA2 == 0) 

[3] [3] DeploymentDeployment
-- Address Allocations Address Allocations --

/35  /41   /48       /64
+---------+----+-----+---------+---------+
|sTLA     |NLA1|NLA2 |SLA      |I/F ID   |
+---------+----+-----+---------+---------+
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IPv6 address allocationIPv6 address allocation

uu ICANNICANN

ØØ Working with IANA, RIR not to slow down the Working with IANA, RIR not to slow down the 
processprocess

uu APNICAPNIC

ØØ 2001:200::/35  WIDE Project2001:200::/35  WIDE Project

ØØ 2001:208::/35  National University of Singapore2001:208::/35  National University of Singapore

ØØ 2001:210::/35  CONNECT AT2001:210::/35  CONNECT AT

ØØ 2001:218::/35  OCN (NTT)2001:218::/35  OCN (NTT)

uu JPNICJPNIC

ØØ Started working with APNICStarted working with APNIC

66bonebone--JP Registry JP Registry 
SystemSystem

• Web based IPv6 registry 
system from 1997

• easy to  update and view 

• uses PGP public-key for 
authentication of 
maintainer

• can apply for  IPv6 address 
via the Web

http://v6.sfc.wide.ad.jp/6bone/
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uu APNIC (whois.APNIC (whois.apnicapnic.net) s.net) s--TLATLA取得組織取得組織

ØØ APNICAPNIC--APAP--SUBTLAS       SUBTLAS       2001:200::/23                  2001:200::/23                  

ØØ CONNECTCONNECT--AUAU--19990916        19990916        2001:210::/35                      2001:210::/35                      

ØØ WIDEWIDE--JPJP--19990813               19990813               2001:200::/35                      2001:200::/35                      

ØØ NUSNUS--SGSG--19990827                19990827                2001:208::/35                      2001:208::/35                      

ØØ NTTNTT--JPJP--19990922                19990922                2001:218::/35                      2001:218::/35                      

ØØ KIXKIX--KRKR--19991006                19991006                2001:220::/35                      2001:220::/35                      

ØØ JENSJENS--JPJP--19991027               19991027               2001:228::/35                      2001:228::/35                      

[3] [3] DeploymentDeployment
-- Address Allocations Address Allocations --

uu FUJITSUFUJITSU--LABLAB

uu FUJITSUFUJITSU--LTDLTD

uu HITACHIHITACHI--LTDLTD

uu IIJ: Internet Initiative JapanIIJ: Internet Initiative Japan

uu IMASYIMASY

uu ITOJUNITOJUN--ORGORG

uu JAISTJAIST

uu KEIOKEIO--UNIVUNIV--SFCSFC

uu KEKKEK

uu KYOTOKYOTO--UNIVUNIV

uu MGCSMGCS

uu NAISTNAIST

[3] [3] DeploymentDeployment
-- Address Allocations Address Allocations --

AS2497 - AS2528 (JNIC-ASN)
uu NECNEC--CORPCORP

uu NTTNTT--SOFTWARESOFTWARE--LABLAB

uu SOUMSOUM--CORPCORP

uu SUMITOMOSUMITOMO--JPJP

uu TDITDI

uu TITECHTITECH

uu TOSHIBATOSHIBA--CORPCORP

uu UU--TOKYOTOKYO

uu WIDEWIDE--PROJECTPROJECT
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uu ARIN (whois.ARIN (whois.arinarin.net).net)
ØØ ESNETESNET--V6                   V6                   2001:0400::/35                     2001:0400::/35                     

ØØ ARINARIN--001                     001                     2001:0400::/23                     2001:0400::/23                     

ØØ VBNSVBNS--IPV6                  IPV6                  2001:0408::/35                     2001:0408::/35                     

uu RIPE (whois.ripe.net)RIPE (whois.ripe.net)
ØØ DEDE--SPACESPACE--19990812     19990812     2001:0608::/35                     2001:0608::/35                     

ØØ EUEU--UUNETUUNET--19990810     19990810     2001:0600::/35                     2001:0600::/35                     

ØØ UKUK--BTBT--19990903           19990903           2001:0618::/35                     2001:0618::/35                     

ØØ CHCH--SWITCHSWITCH--19990903    19990903    2001:0620::/35                     2001:0620::/35                     

ØØ ATAT--ACONETACONET--19990920  19990920  2001:0628::/35                     2001:0628::/35                     

ØØ UKUK--JANETJANET--19991019      19991019      2001:0630::/35                     2001:0630::/35                     

ØØ DEDE--DFNDFN--19991102          19991102          2001:0638::/35                     2001:0638::/35                     

ØØ NLNL--SURFNETSURFNET--19990819 19990819 2001:0610::/35 2001:0610::/35 

[3] [3] DeploymentDeployment
-- Address Allocations Address Allocations --

uu 正引き正引き

ØØ AAAA AAAA レコードレコード

ØØ $$ORIGIN mew.org.ORIGIN mew.org.

ØØ ftp  AAAA  3ffe:501:8:1234:260:97ff:ftp  AAAA  3ffe:501:8:1234:260:97ff:fefe40:40:efabefab

uu 逆引き逆引き

ØØ PTR PTR レコードレコード

ØØ $$ORIGIN 4.3.2.1.8.0.0.0.1.0.5.0.e.f.f.3.IP6.INT.ORIGIN 4.3.2.1.8.0.0.0.1.0.5.0.e.f.f.3.IP6.INT.

ØØ b.a.f.e.0.4.e.f.f.f.7.9.0.6.2.0  PTR  ftp.mew.org.b.a.f.e.0.4.e.f.f.f.7.9.0.6.2.0  PTR  ftp.mew.org.

uu 配送は配送は IPv4 IPv4 またはまたは IPv6IPv6

[3] [3] DeploymentDeployment
-- DNS System Update DNS System Update --
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[3] [3] DeploymentDeployment
-- 6Bone Network 6Bone Network --
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Operating IPv6 Network (1)Operating IPv6 Network (1)
uu 北米北米

ØØ USA USA 

ØØ Internet2 Internet2 ：：Abilene, Abilene, vBNSvBNS, CAIRN, CAIRN

ØØ ESnet  ESnet  

ØØ IX IX ：：STARTAP 6TAP, etc  STARTAP 6TAP, etc  

vBNS Backbone Topology

Operating IPv6 Network (2)Operating IPv6 Network (2)
uu 北米北米

ØØ CANADACANADA

ØØ CANARIE CANARIE ：：CA*Net2, CA*net3 CA*Net2, CA*net3 
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uu 欧州欧州

ØØ DANTE (DANTE (欧州：欧州：TENTEN--155)155)

ØØ NODUNET (NODUNET (北欧諸国北欧諸国))

ØØ SURFNET (SURFNET (NetherlandNetherland))

ØØ JANET (BK)JANET (BK)

ØØ DFNET (Germany)DFNET (Germany)

Operating IPv6 Network (3)Operating IPv6 Network (3)

uu アジアアジア

ØØ APAN, AIIIAPAN, AIII

ØØ 日本日本

ØØ 66BoneBone--JP, WIDE/JBJP, WIDE/JBネットネット

ØØ 韓国韓国

ØØ ETRI/KAISTETRI/KAIST

ØØ 中国中国

ØØ CERNETCERNET

ØØ シンガポールシンガポール

ØØ SingARENSingAREN

ØØ 台湾台湾

ØØ TANETTANET

Operating IPv6 Network (4)Operating IPv6 Network (4)
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Hitachi

kame.net

Toshiba

Fujitsu

Fujitsu Lab.

Keio SFC Keio ST

SOUM Corp.

NAIST

Osaka Univ.

Univ. Tokyo

ATT Lab Europe 

Cisco

MERIT

NUS-IRDU

DEC

JAIST

T1
Ether
64K

ISDN
Tunnel

128K

ATM

hiroshima-cushudo-u

hiroshima-u

SES Inc.

Kyoto Univ.

TDI

Titech

Komatsu

KAME

Aomi

Otemachi

KyotoNara

Fujisawa

TokyoNezu

Hiroshima

itojun.org

NEC
MGCS Sony

Nihon Univ.

IRI Inc. NTT Software Lab.

IIJLAB

IMASY

INTEC

6bone event team

Kyushu Univ.

KEK

pana.net

DTI

YDC

YOKOGAWA

Kyoto

Komatsu

Nezu

ATT Lab Europe 

Cisco

DEC

IRI Inc.

NTT Software Lab.

World 6bone 6bone JP

WIDE
6bone

MERIT

Fujisawa

KAME

Aomi

INTEC

IMASY

IIJLAB

Tokyo

NUS-IRDU

Nara

Hiroshima

Otemachi

6bone event team

LA,USA
vBNS

APAN

AI3

Global relations of the Global relations of the 
6bone6bone--JPJP

ESNET



34

2. 2. How the Deployment GoesHow the Deployment Goes

[1]  Standardization  
[2]  Development 

(i) End Host
(ii) Routers
(iii) Transition  
(iv) Interoperability Test 

[3]  Deployment  
(i) Address Allocation 
(ii) DNS Update 
(iii) Operating IPv6 Network

IPv6 on ProductionIPv6 on Production

uu JBJB

ØØ WIDE backboneWIDE backbone
ØØ IPv6,IPv6, DiffserveDiffserve, Multicast, Multicast

ØØ # of IPv6 over IPv4 tunnel is being decreased# of IPv6 over IPv4 tunnel is being decreased

uu Remote classRemote class

ØØ University of WisconsinUniversity of Wisconsin
ØØ Introduction to Computer NetworksIntroduction to Computer Networks

ØØ Professor Lawrence Professor Lawrence LandweberLandweber

ØØ Digital Video via 6TAPDigital Video via 6TAP

ØØ CreditsCredits
ØØ Keio UniversityKeio University

ØØ Nara Institute of Science and TechnologyNara Institute of Science and Technology
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KEIO SFC

Hitachi

SONY-CSL

Toshiba
CRL

MEX

Univ.  Tokyo
NTT/KDDTo: Osaka

To: JAIST

To: Kyoto

Tohoku
To: Tohoku

JAIST

Kyoto
Osaka

Kurashiki

Hitoshima

Kyushu

JB: Network Topology
and organization map

Connected site

Data-link line

NAIST

(*) Mixture of SDH, ATM, Sattelite
with 64Kbps to 1Gbps Trans-Pac (70Mbps) 

(to STARTAP)

to Asia

100K

10M

100M

1G

100K

10M

1M

1M 100M 1G

UPLINK

DOWNLINK

ISDN・leased line
Cable, Satelite、xDSL

ATM
WDM

Satellite

Residential

SOHO

Backbone

Offices/Campus/SOHO

SOI : School on the Internet 
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STARTAP
6TAP

Univ. of Wisconsin, 
Madison

KEIO Univ. 
SFC

NAIST

TransPac

“CS640 Introduction to Computer Networks”
by 3 Universities, 1999.9 – 2000.1

Interactive classes using 
DV multicast over IPv6

+
On-demand classes using 

SOI archives on the Internet

Prof. Murai Prof. Landweber
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Internet is the distributed intelligence
People are connected on the Internet

Main frame Era’s 
Network

Computer Network

Internet today
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How Internet WorksHow Internet Works
Discussion & Agreement 

⇒ Plan/Regulation   ⇒ Execution 

Challenges & Trials 
⇒ Contribution to individuals and to the societies 
⇒ Evaluation 
⇒ Rules ? 

TOO SLOW

インターネットのモデル

1. 研究開発、ビジネス展開
- Challenge First 

2. アーキテクチャモデル
- End-to-Endモデル
-賢いエンドとシンプルなインフラ

3. Everything on the Internet
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Where the Internet Goes ?Where the Internet Goes ?

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP

・Internet for Everything → Everything over IP 
・Internet for Everyone → Everyone with IP 
・Internet Everywhere/Anytime/Anyhow 

→ Everywhere and Anyhow to IP

““ Internet  is  for  Everyone Internet  is  for  Everyone ““


