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¸IPv6 OS וֹףּ
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クライアントOSのIPv6対応状況
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2009 OS

¸ OS IPv6 Ready!
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OS Ready？ 備考

Windows XP Yes
IPv6 注

DNS

Windows Vista Yes Windows IPv6 ṇ

Windows 7 RC Yes Vista

Mac OS X Yes
Jaguarּפ ṇ
FreeBSD 5 IPv6

Linux Yes Kernel -2.2 פּ ṇ

*BSD* Yes KAME

Solaris Yes Solaris 8 פּ ṇ

Windows XP ipv6

IPv6

GUI

netsh

netsh interface ipv6 install
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Windows Vista

¸ ṇ OSּצIPv6

·IPv6ּצ

·GUI IPv6

·IPv4/IPv6 אל APIךּ

¸ Windows ṇ IPv6צּ

·IPv6 only IPv4 onlyצּ

¸

·IPv6
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IPv6対応OSにおける挙動整理
①DNSリゾルバの実装
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DNS IPv6

¸DNS IPv6 צּ

·RRṕ ṇ ṇ Ṗ IPv6

ÉAAAA RR קּ

Éip6.arpa ךּ PTR RR קּ

· ṇ IPv6

ÉDNS IPv6

¸IPv6ṕ Ṗ

·A RR AAAA RR ︣

É ךּ ṕלּ צּ Ṗ

É A ṧAAAA

·

ÉAAAA IPv4
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DNS

¸A ︣ צּ

·AAAA ︣

·A AAAA
ṕFreeBSDḯVista Ṗ

¸AAAA ṕWindows Vista Ṗ

·A NXDOMAIN AAAA

· ṇ IPv6 ẑּצ אל ךּ AAAA
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① AAAAレコードの問い合わせを無視 ② NXDOMAIN（RCODE=3）を返す

③ NXDOMAIN以外の不正なRCODEを返す ④ 壊れた返答/IPv4アドレスを返す

⑤ Lame Delegationになる

ẑ ךּ︡ NOERRORṕRCODE=0Ṗ צּ

Ẋ ṕRFC4707Ṗ

ẑ Teredo שּ ṇ IPv6
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OS DNS

¸ OS

·AAAA ︣ OS

ÉWindows XP ḯLinux

·A ︣ OS

ÉWindows Vista ḯWindows 7 RC ḯFreeBSDḯMac OS X

¸

·IPv6 ︣ OS

ÉWindows Vista ḯWindows 7 RC

·IPv4ּ︡פ קּ OSךּ

ÉWindows XP

· ︣ OSṕ/etc/resolv.conf Ṗ

ÉFreeBSDḯLinux
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ṕּף ṖDNSוֹ

¸DNS ṇ ễ

·RA ṕRDNSS Ṗ RFC5006ṕExperimental Ṗ

·DHCPv6 RFC3315 טּ

·Well -known Anycast Address

É ṇ ṕXPḯVista צּ ךּ Ṗ

¸DHCPv6 צּ

·RA O M DHCPv6

É ︡RFC4862 אל

·Windows Vista

ÉO ṇ DHCPv6ּצ

×DNS ṇ ṇ ṇ

ÉM ṇ DHCPv6ּצ

×IPv6 DHCPv6
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IPv6対応OSにおける挙動整理
②アドレス選択機構の実装
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ṕRFC3484Ṗ

¸IPv6 ךּ וֹ טּצּ

· ṇ ṇ

·IPv4 IPv6

¸ ṇ ṇ

· ︣

· Ḳ אל ךּ

· Ḳ / אל ︣

¸

·RFC3484 ︣ OS

· ṇ ṇ צּ טּ

ÉLinux kernel 2.6.25 ṕ iproute2 -2.6.25 Ṗּפ
צּ

Copyright Ø 2009 Y. Kitaguchi & Intec NetCore, Inc. All Rights Reserved.2009/06/12 11 /25



ṇ ṇ ṕ1Ṗ

¸Windows Vista

· netsh interface ipv6 show prefixpolicies

·RFC3484 וֹףּ ṧTeredo

Copyright Ø 2009 Y. Kitaguchi & Intec NetCore, Inc. All Rights Reserved.2009/06/12

C:>netsh interface ipv6 show prefixpolicies
▪◒♥▫Ⱪ ╩ ⇔≡™╕∆...

ꜝⱬꜟ ⱪ꜠ⱨ▫♇◒☻
---------- ----- --------------------------------

50      0  ::1/128
40      1  ::/0
30      2  2002::/16
20      3  ::/96
10      4  ::ffff:0:0/96
5      5  2001::/32

C:¥Windows¥system32>

IPv6
6to4

IPv4
Teredo

12 /25



ṇ ṇ ṕ2Ṗ

¸Linuxṕkernel 2.6.25 Ṗ

· ip addrlabel show ṕiproute2 -2.6.25 Ṗ

·Linux ULA אל ךּ

· /etc/ gai.conf
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$ ip addrlabel show
prefix ::1/128 label 0
prefix ::/96 label 3
prefix ::ffff:0.0.0.0/96 label 4
prefix 2001::/32 label 6
prefix 2002::/16 label 2
prefix fc00::/7 label 5
prefix ::/0 label 1

ULA

$ cat /etc/gai.conf
Ν
#precedence ::1/128 50
#precedence ::/0 40
#precedence 2002::/16 30
#precedence ::/96 20
#precedence ::ffff:0:0/96 10
Ν

ẑ / usr /share/doc/glibc -common -2.*/ gai.conf
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ṇ ṇ ṕ3Ṗ

¸FreeBSD

· ip6addrctl show

·RFC3484
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% ip6addrctl show
Prefix                          Prec Label      Use
::1/128                           50     0        0
::/0                              40     1       10
2002::/16                         30     2        0
::/96                             20     3        0
::ffff:0.0.0.0/96                 10     4        0

ẑ6.2 RELEASE, 7.0 RELEASE

/etc/ rc.conf

ip6addrctl_enable="YES“

צּ
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ṇ ṇ

¸IPv4

· ṇ ṇ IPv6 צּ ךּ

IPv4 ¬::ffff:0:0/96 º ︣שּ OK
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C:>netsh interface ipv6 set prefixpolicies ::ffff:0:0/96 45 4
C:>netsh interface ipv6 add prefixpolicies ::1/128 50 0
C:>netsh interface ipv6 add prefixpolicies ::/0 40 1
C:>netsh interface ipv6 add prefixpolicies 2002::/16 30 2
C:>netsh interface ipv6 add prefixpolicies ::/96 20 3
C:>netsh interface ipv6 add prefixpolicies 2001::/32 5 5

# vi /etc/gai.conf
Ν
precedence ::ffff:0:0/96 45
Ν

ẊWindows Vista ṊXP

ẑ צּ נּ צּ

Windows XP add setשּ

ẊLinux

ẑ/etc/ gai.conf

::/0 40 ︡

# /etc/rc.d/ip6addrctl prefer_ipv4

ẊFreeBSD

ẑ נּ טּצּ
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IPv6対応OSにおける挙動整理
③自動トンネリングの実装
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¸6to4 ṕRFC3056Ṗ

· IPv6

·IPv4 ṇ ︡ IPv6

¸Teredo ṕRFC4380Ṗ

·NAT ṇ IPv6 ︣

·NAT פּ IPv6 צּ
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・/48のアドレス空間が割り当てられる

6to4
IPv4 ID

ṇ ID

16 16 64

6to4 TLA
2002

32

◆6to4のアドレス形式

・/128のアドレスが一つ割り当てられる

Teredo ṇ
IPv4

︡ NAT
IPv4

32 16 32

Teredo
2001:0000

32

◆Teredoのアドレス形式

︡
ṇ

16
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6to4 ἳIPv6
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2001:db8::1

6to4端末

IPv6端末

6to4リレールータ

2002:0200:0001::1

6to4ネットワーク

IPv4ネットワーク

IPv6ネットワーク

6to4ルータ

6to4リレールータ
192.88.99.1192.88.99.1

2.0.0.1

192.88.99/24

2002::/16

①

②

ẇ6to4 ṇ

ṕ192.88.99/24 Ṗ
IPv4 ṇ

ẇIPv4 ךּ
6to4 ṇ
ṕ Ṗ

ẇ6to4
ṕ2002::/16 Ṗ IPv6

ṇ

ẇIPv6 ךּ
6to4 ṇ
ṕ Ṗ

往復の経路は基本的に
異なる

トラブルシュートが困難

ẑ6to4 ṇ ṇ צּ
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6to4

¸Windows Vista

·IPv4 ṇ צּ אל 6to4
ṇ ︣

¸ אל IPv6 ṇ ṇ

· ṇ ṇ IPv6צּ

· ṇ ︡

É צּ ︣ IPv4 צּ 6to4 ךּ
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C:>ipconfig
Ν
Tunnel adapter ꜡כ◌ꜟ ◄ꜞ▪ * 20:

─ DNS ◘ⱨ▫♇◒☻ . . . :
IPv6 ▪♪꜠☻ . . . . . . . . . . . : 2002:dxxx:xxx2::dxxx:xxx2
♦ⱨ◊ꜟ♩ ▬▼►♩כ◕ . . . . . : 2002:c058:6301::c058:6301

Ν

ẑ6to4 ṇ ṇ ︡ 6to4.ipv6.microsoft.comṕ192.99.88.1 Ṗ צּ
אל ךּ
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ṕּף Ṗ6to4וֹ

¸ ṇ 6to4 ︣

·IPv6 6to4 ךּ

· netsh interface ipv6 set prefixpolicies 2002::/16 30 1
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C:>netsh interface ipv6 show prefixpolicies
▪◒♥▫Ⱪ ╩ ⇔≡™╕∆...

ꜝⱬꜟ ⱪ꜠ⱨ▫♇◒☻
---------- ----- --------------------------------

50      0  ::1/128
40      1 ::/0
30      1 2002::/16
20      3  ::/96
10      4  ::ffff:0:0/96
5      5  2001::/32

C:¥Windows¥system32>

ẑ צּ נּ צּ
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Teredo ἳIPv6
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2001:db8::1

Teredo端末

IPv6端末

Teredoリレー

2001:0:0102:0304:…

IPv4プライベート

IPv6ネットワーク

NATルータ

Teredoサーバ

ẇIPv6
︣ Teredo ṇ

︣ Teredo
ṇ Ping
ṕ Ṗ

ẇTeredo
ṕ2001::/32 Ṗ IPv6

ṇ

ẇIPv6 ךּ
Teredo ṇ

IPv6端末に近いTeredo
リレーを経由して通信
（②）

IPv4ネットワーク

1.2.3.4

2001::/32

②

①

ẑTereso ṇ Teredo ṇ צּ
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Teredo

¸Windows Vista

·NAT ṇ IPv4 ṇ צּ אל
Teredo ṇ
︣ ṕWindows Firewall צּ טּ Ṗ

¸Teredo IPv6 אל ךּ

·AAAA ︡ ךּ אל ךּ

ÉIPv6 ︣ לּ

· פּ ︡ ךּ פּ וֹ וֹ ךּ
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C:>ipconfig
Ν
Tunnel adapter ꜡כ◌ꜟ ◄ꜞ▪ * 6:

─ DNS ◘ⱨ▫♇◒☻ . . . :
IPv6 ▪♪꜠☻ . . . . . . . . . . . : 2001:0:cf2e:3096:247d:XXXX:XXXX:YYYY
ꜞfi◒꜡כ◌ꜟ IPv6 ▪♪꜠☻. . . . : fe80::247d:XXXX:86fd:XXXX%10
♦ⱨ◊ꜟ♩ ▬▼►♩כ◕ . . . . . :

Ν

ẑTeredo ṇ ︡ teredo.ipv6.microsoft.comּצ אל ךּ
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Teredo

¸ ṇ ṕiDCṖ ṇ

·Teredo ṇ ṇ ︣ ḰḰḰ
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iDC

IPv6ネットワーク IPv6サーバ
Teredo端末

IPv4ネットワーク

IPv4プライベート

NATルータ

Teredoリレー

Teredoサーバ

IPv6ルータ

2001::/32

Teredoリレー

2001::/32

ẇ ṇ IPv6 ךּ º צּ ︣ º Teredo
ṇ אל ṕ Ṗ

①

ẇ ︣ Teredo ṇ ︣ כֿ ︣ Teredo
ṇ ṇ קּ ṕ Ṗ

②
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TeredoによるIPv6通信をIPv4ネットワーク主体で利用可能



まとめ

Copyright Ø 2009 Y. Kitaguchi & Intec NetCore, Inc. All Rights Reserved.2009/06/12 24 /25



¸ IPv6 Ready ḵ

·IPv6ּצ ︡ ךּ צּ

ÉIPv4 ṇ IPv6 צּ

ÉIPv4 ︡ IPv6 נּ ךּ

· ṇ Ṋ ṇ IPv6

¸IPv6 Ready Ṭ

·IPv4 צּ

É כֿ ︡ שּףּ טּצּ

· IPv6 צּ
ṇ צּ

É ṇ ṇ צּ
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