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IANA: Internet Assigned Numbers Authority
RIR: Regional Internet Registry

ARIN: American Registry for Internet Numbers APNIC: Asia Pacific Network Information Center

RIPE NCC: Resource IP Europeans Network Coordination Centre JPNIC: Japan Network Information Center

LACNIC: Latin American and Caribbean Internet Address Registry KRNIC: Korea Network Information Center

AfriNIC: African Network Information Centre CNNIC: China Internet Network Information Center 4
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IPVA7 L RtE &5t (1)

o IPVAZ L AMDIBELR | IPERE
— BEATRFLRABRAIZKYTO—NILTRLR ZBEMEH
— ARIN (2{4-A038;%) . RIPE NCC [ 1TH,

— APNIC T% 201042 A &Y 1TRAIA
« JPNIC(EMR) (L. 2009511 B MIPNIC Open Policy Meeting [ZT.

OVt ANELN, FEITICEIT TERB,
o IPVAT7 L RREAREIT (IpvaiEss
— KIFIENAT ZFHL A LSN. DS-Lite 7L EB D AKX AN IETF
TERNTWLWD, VT O—NILTRLRADEES
9 52 EAVALY,
— ZMOMIZ behave WG IZTh S AL—A2HiTI 2B SR ET
HIThNn TS,
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IPVA7 L Rt Ext %R (2)

o IPV6MDE A | EAxE

— IPVATRL AT EMNIEEREREFT UV TET, IPve ~DEAEFH
=EH-TLVS

— RYRT—OBER P T ELY—/N\0S, (RRROS [2THI1T5
IPv6 Xt [EE4aSE TLTULNS A, 7T Ur—a BRAd
& FE TODIPv6 FILHEBNTULNVSDHEIK,

— EINTIX.NTT-NGN IZE[TBTILFITL IO AEED
ERAEE SN TN, KUARZATES,

o NTTEFIL 2009F58 ZIPv6 £ 23—y MEGHESREXIRIL T 5
= DGR EREDRAIBEEITo1=, 2011F4 A LARFIZIE
IPv6A 23—y MERHT—E ADBFRIRESN S RIAH,

o« EINMDLK ISP, CATV. iDCEXFEICHITHAY—EREFTIELIBEST
AV

© Task Force on IPv4 Address Exhaustion, Japan ALL RIGHT RESERVED.



BIPVA  hersvsmnonse

EXHAUSTION

IiPveJ Oa)L B BEEN



& | Pva PV6ARL—SEHT 0TS

IPv6 D FFE (1)

e 7L RZERED VLR

— IPv4 (32bit) = #943{EE

— IPv6 (128bit) = #9340;&&E
¢« BL<E<R<E<H<EE<H

- HREDODAOZ100EANELIZEE.

IANET=Y 34X 1002 ED T L AZE| B TH EE
« EHEE. I—FE. MU —RVNRE., VU FIZE
F| U CEREARB KA T KL R 2R

« FERBIETRLRREE
— PRGN —IEE, IL—3ZFDNIB A FTERE
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IPv6e D 4FH (2)

* Plug&Play [CKDBZILETFLAERTE

- FHRREDER

e Multicast MDIEHEEIE

- BELBREDRE

« BEIRRE~ADBRE

— Mobile IP [Z& 5

=

EREBERO—LLRME
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IPVeEARANYHF (1)

e IPv6 TIXEARAINLZLI —ILE (T DERS)

— IPv6 TlEAYA K[EE (40byte)
e |HL (Internet Header Length) ~&

— IPv6 TIXIL—RFED R/ —FIXTST AL
* |dentification. Flag. Fragmentation Offset f~2&
« IVR/—=FD TSI AU MEIHRERA YA TH G

— IPv6 TIX IPBTIIXFv Y LEE. EHzELEL
e Header Checksum F~E&

IPv4 Header
0 | | | 31,
Version| IHL | Type of Service Total Length
Identification Flag Fragmentation Offset
Time To Live Protocol Header Checksum

Source Address

Destination Address
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IPV6E AR YA (2)
— )LFBFRDEFLLE ( DER 7

— Type of Service - Traffic Class
— Total Length - Payload Length
— Time To Live = Hop Limit

— Protocol - Next Header
40byte
10 | IP|V4 | 3, 0 | IPY6 |
Version| IHL [ Type of Service Total Length Version| Traffic Class Flow Label
Identification Flag Fragmentation Offset Payload Length Next Header Hop Limit
Time To Live Protocol Header Checksum

Source Address

— — Source Address —
Destination Address

20byte

j_ 703/ 3 ‘\/ E’*] 7‘;*%% ﬁE li : Destination Address :
Hhak Ny A TXI I | ek~

_________________________________________________________________
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IPv6iLaR A\ YA

ETH/—FTUREBITRELDE, IR/ —FTRE
TH5LDEDEE

o PLERANVI DHERIERFXRFO>TLVD, HIRIETHIE
cNnd,

IPV6EE RN YA Routing header

IPv6ILEBE A YA Fragment header
Authentication header

LL]

LL]

Hop-by-Hop Options header

Destination Options header (*1)

Encapsulating Security Payload header
Destination Options header (*2)

Upper-layer header

Payload
*1 Routing header [ZV) AREN 1=/ —FH LR
*Q TR/ —FIZTUE
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Path MTU Discovery

o IPv6 TIIH#E/ —FTIZTAVRLGWNBRR/—FHESE)
— IPv4 TIRIL—RZF DR/ —E TSI A ETE
— FEIE/NTYMIXT B ICMPV6 Error Message ZZ{EFR. MTUZZH
o AID)IDMTU WA EIHAE
 ICMPv6 Packet Too Big Message Z{ERF. R /—R TIST AL TEHE
— IPv6ER/IMMTU [, 1280byte
 Path MTU Discovery MEEHAELLV/—F (X 1280byte ElTE

QT —%4%1500Byte [ 1352Byte | | [ _1500Byte | | [ 1500Byte | | @
DINTYRZHE >
[ 1500Byte [ | @ ICMPv6 Packet Too Big
[ 1500Byte [ | <
I 4352Byte [ | @D
[ 1352Byte [ | >
Ethernet
& , (=< | I
; FDDI Ring U MTU=1500 <
EETT MTU=4352 5E5E 14
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IPv6 7L AFRED

o 128bit & 16bit BIZ 8N EE. & IT1—ILFF 16 EHFKRECICL T,
“.7(aAay) TRYS,

00100000000000010000110110111000000000000000000000000000000000000000001000000110001010011111111111111110000111100100100000101110

v
2001:0db8:0000:0000:0206:29ff:fele:482e

o FITIH0IIEHEBRAIEE, L, B IT1—ILRIZIZDEEL 1DDHUE
ZEU &,
2001:0db8:0000:0000:0206:29ff:fele:482¢
J,

2001:db8:0:0:206:29ff:fele:482e

o 16bit M 0 F7=IL. 16bit D 0 KNEHLERT 52 71—ILEZE 1B FTDH.
7" AT HSAEE,

2001:db8:0:0:206:29ff:fele:482e

J
2001:db8::206:29ff:fele:482e
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(B&)IPvV6 PRL AREZD T 8L

e IPV67FLAMAERBEKIIXMHIBTITGEN A,
BERLTHLLWL., BEELGCTH KLY,

— RFC4291 (IP Version 6 Addressing Architecture)
~- RO R T LEITHARE IPV6TRL AR BFTE,

« IPV67FL AR, O O, REFHMOEER. 1—FHod
FeERTE, ZLDEETHBEGYEZD,

e BREDFELEZRBOT =-OIZRTRMGREEHFEN
IETF ) 6man WG TigificAL TLVD,

— A Recommendation for IPv6 Address Text Representation
[draft-ietf-6man-text-addr-representation-04] (work in progress)

e |ETF Last Call B8 T . IESG [C&ABLEa1—r,
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IPV6ZPRLRBATERO—T

Address type

Binary prefix

IPv6 notation

Link-Local unicast
Site-Local unicast
Global unicast

1111111010  fe80::/10
1111111011  fec0::/10 <uum = [RFC3879]

Deprecating

(everything else)

Site Local Addresses

P

The Internet [Global]

N

/ 4% [Site-Local] \
/Host [Link-LocaI]\ / [Link-LocaI]\
= #H#E  [Site-Local]
| =<
; -
| Router L
T T >
|| [ ] #B#%  [Site-Locall
k Host // L

>/
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IPV6A L —2B/MRIT A T

IPV6e 7KL RBAA T LiE{ERHE

TELRBAT | (FEXRE GAERIEZE
Unicast Interface 1:1
Anycast Service 1:1 %

Multicast Group 1:n

KAYRT—IMICREOENT1DZER

© Task Force on
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EXHAUSTION

Unicast Address (1)

« /—FDTKLR

128 bits

Node Address

o HIRYNTLIqYIREAATT—RID

n bits 128-n bits

Subnet Prefix Interface ID

19
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EXHAUSTION

Unicast Address(2)

e yoO—AJILF7KFL X (fe80::/10)
— [R—1)>OETOHBIERIGE(L—2F A HBIEITTELELY)
— NDPIEEDEEBINS D4y I THEHAINS

10 bits 54 bits 64 bits

1111111010 0000....0000 Interface ID

e HA/O—AHJLT7 KL X (fec0::/10)
— E—Y M FATHDAHBIEFRE(JL—FFHZ TRIETES)
- MO EERE. NAT I RGEDRRBIZKYBELESNT-,

* Deprecating Site Local Addresses [RFC3879]
10 bits 54 bits 64 bits

1111 111011 0000....0000 Interface ID
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— PRLRIA—< vk
- fc00::/7
- A—HIILBEIZKBEIYT

e Prefix
e L=1

e GlobalID :

Unicast Address (3)

e 1=—/0O—AhJL7FLUAX[ULA] (fc00::/7)

— BAFA—HILTELRAOREBETRFLRAELTEE/LSINT-
* Unique Local IPv6 Unicast Addresses [RFC4193]

— L=0 . FFEDAEIZFL, (RIR/LRIZEKHEEFXEE,)

U5 LA (L=1AVHEIE)

— trunc(SHA1(NTP current time + EUI-64) , 40bit)
— ULA Generator http://www.kame.net/~suz/gen-ula.html

— AU E3—RYMMERNETE YA FRRERRTHI AR EE

o JO—/\)LRO—T D ISPIRRTFLETRLRAELSTLNAA
AVBR—RIIANEETHEIFTEIESN TS

7 bits 1bit 40 bits

16 bits

64 bits

Prefix

L

Global ID

Subnet ID

Interface ID
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Unicast Address (4)

e JO—N)LAZFYRMTRLR
— ESERIRRRRICEKY ., TRTE(X 2000::/3 DT RL RZEfE%{F A+
e RFC3587 (IPv6 Global Unicast Address Format)
— Global Routing Prefix
e RRBHLLLIENIR, LR KYEYHTOEND
— Subnet ID
o HARRDY VA {EF

s YITRYNADALATT—RBHNIZ{FEH

— FYETIRRIE, LU CTHERER EE
e [IANA->RIR] http://www.iana.org/assignments/ipv6-unicast-address-assignments
e [IPv6 DFP visibility] http://www.sixxs.net/tools/grh/dfp/

n bits 64-n bits 64 bits
Global Routing Prefix Subnet ID Interface ID

22
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Unicast Address(5)

e RITETFLX(:)
— IPv4 @) 0.0.0.0 [ZFB 4

128 bits

0000....0000

o JL—T/N\VIFTKRLRA(::1)
— IPv4 @) 127.0.0.1 |24

128 bits

0000....0001

23
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Unicast Address (6)

e IPvaBE#2IPv6 7L X (IPv4-Compatible IPv6 Address )
— Automatic Tunneling FBi&, IRTEITIEHRETFL X,

— {51 ::192.168.1.1

96 bits 32 bits
0000....0000 IPv4 Address

o IPvAETEZ IPv6 7 KL X ( IPv4-Mapped IPv6 Address )
— IPVATZRFLADAEST S/ —FZ IPv6e PRLATRIELET7RLU R,
IPVED A XS L=-T7 ) r—ar ORNENEIELE TRLWLNS,
o X ATATR—ILIZELIEWESBEULET I AFEAANE,
— 5] ::ffff:192.168.1.1

80 bits 16 bits 32 bits
0000....0000 FFFF IPv4 Address
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EXHAUSTION

Anycast Address

o 7RLAXABIKIL. Unicast Address M EQFE

o DA A TT—RIZ[E—D Unicast Address &
£l 24 TS EAnycast Address (2755
e T4 Tk BEEN/ETI—RIZERESND
« E{&4pl
— Subnet Router Anycast Address [RFC4291]
— Mobile IPv6 Home-Agents anycast [RFC2526]

— 6to4 Relay Router [RFC3068]

— Root Server %2 JP DNS(a.dns.jp , d.dns.jp, e.dns.jp)
o XPEEMADDSHEDHENELEDHMT,
NEEBEINF-Y—/N\THEHIN TS

25
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EXHAUSTION

Multicast Address(1)

o IXNnBEZITOIESICERINDS
— BEBEOSATRELGE . BFEDT IL—TIZAITTEESNDS
— IPv6 Tl NDP(Neighbor Discovery Protocol ) [ZEULYTH
BRBRICERSN TS
* Scope
e Scope=1 : Interface-local
e Scope=2 : Link-local
* Scope=4 : Admin-local
e Scope=5 : Site-local
e Scope=8 : Organization-local
e Scope=e : Global scope

8 bits 4 bits 4 bits 112 bits

1111 1111 flags | scope Group 1D

26
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EXHAUSTION

Multicast Address(2)

. %ﬁ"']:ﬁﬂd)Multlcast Address

— ff02::1 All nodes
— ff02::2 All routers
— ff02::5 All OSPF routers
— ff02::6 All OSPF Designated Routers
— ff02::9 All RIP routers
— ff02::1:2 All DHCP Agents (Relay Agents & Servers)
— ff02::1:3 LLMNR

(Link-Local Multicast Name Resolution)
— ff02::1:ff : Solicited-Node address

— FOEN B TRRITLLT THEERA]

e http://www.iana.org/assicnments/ipv6- multlcast—addresses

27
© Task Force on IPv4 Address Exhaustion, Japan ALL RIGHT RESERVED.



& | Pva PV6ARL—SEHT 0TS

EXHAUSTION

Multicast Address (3)

e Solicited Node Multicast Address (ff02::1:ff/104)
- BE/—FIILFXFYRALTELR
— Link Layer Address &R BF(Z{5E FH (IPv4 M ARPAEZ)
— TA—FX v REASDKYBZNEWNFED T IL—T 58

104 bits 24 bits

ff02::1:ff Unicast M T 1{i3byte

(Multicast Address & Ethernet Address® BS1{%)

ff02::1:ff18:19b1
ff02::1:ff18:19b1 *

(MAC Address)  33:33:ff:18:19:b1

$%“33:33”[ZMulticast D T iLdbyteZEfE
28
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EXHAUSTION

/—FXRIL—EDhMFESIPVv6 TR L R
e IPv6 Tl&.IPv4 KUBLZLDTRLANEREINS

o« /—FHEDSIPVETRL R
— JL—TI\YITKLX (::1/128)
— &/—FTILFEXvANTRL X (ffox::1)
— BE/—FIILFXFVYAMTRL X (ff02::1:ff/104)
— AVRAT—REIT1DD)o8—hILT7ERL X (fe80::/10)
— AT —REBIT1DFIFERODI=F Y XNTPRLX
— BHOARET AU IL—TDOTILFEXYARTRLA

o JL—EDMED IPV6eT LR
— /—FHMES IPv67RL R
— BIIL—FTILFIXNYARTFL X (ffox::2)
— HITRYMIL—EI_4F v A FKL X (Subnet Prefix LL4}LAIl 0)
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ICMPv6 (1)

* Internet Control Message Protocol for IPv6 [RFC4443]

o FUMT—VREICEAT DAV

L

o IPv4 D ICMP + o D#ERE
— a[#%$E % (Neighbor Discovery)

— TYIFXXRANINW—TEE
e IPv4 D IGMP (Internet Group Management Protocol) 82

— Mobile IPv6 H7R—Fk
e Home Agent 7L RIFERLGE

30
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ICMPv6 (2)

e ICMPV6ILT—XAvytz—

— BoFEAREE Destination Unreachable Message (Type =1)
— INSyRBK Packet Too Big Message (Type = 2)
— BAREREER Time Exceeded Message (Type = 3)
— INSA—AEE Parameter Problem Message (Type = 4)
e IO—EX-ILBFAVE—Y
_ IO—E3k Echo Request Message (Type = 128)
— IO—R% Echo Reply Message (Type = 129)

o VILFFrAFEEAYE—T (MLDV1, MLDV2TER)
— VILFFY AR F—HBEE  Multicast Listener Query (Type = 130)
— VILFEXYRAR)RF—EE Multicast Listener Report  (Type = 131)
— TWILFFwRANM)RF—4#T  Multicast Listener Done (Type = 132)

— VWILFFXYRARM)RF—EE Version 2 Multicast Listener Report (Type = 143)
Version 2

31
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ICMPv6 (3)

o WIMERAVYE— (NDPTHER)

— JL—3EEE(RS) Router Solicitation Massage (Type = 133)
e /—FhBIL—E~AIEH,

— JL—ALE (RA) Router Advertisement Message (Type = 134)
o JL—EAMNL/—k~BA

— RS (NS) Neighbor Solicitation Message (Type = 135)
o E[F/—FD D/ —FAEEE

— B EN (NA) Neighbor Advertisement Message (Type = 136)
o I[F/—FH DR/ —R @A

— JEALUk Redirect Message (Type = 137)
o WG DIETR

32
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EXHAUSTION
NDP

 Neighbor Discovery Protocol [RFC4861]
— EREEER
e« PPRLADEERE
— DAD : Duplicate Address Detection

Vo OLANTRELADBER

— Ethernet THMNIEX. MACT L ADERR (IPv4 0D ARPFE )
o L—EER
« RORNRYTER
s TLI4IIRAER
o« INTA—HZHR

— 1) MTU %5 Hop Limit &

o MR/ —FDEEREER
— NUD : Neighbor Unreachability Detection

« YFAL UK
— ERIEF IR D @A

33
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EXHAUSTION

TELABENIERE (1)

e SLAAC(Stateless Address Autoconfiguration) [RFC4862]

— PRLRZEE T 55—/ \ [T
e RAIZTHUS T BPrefixiE#R. /—F BB DMACTRLRAEZFRALT
TELAD BBV E B EITED,

e DHCPv6 (Dynamic Host Configuration Protocol for Pv6) [RFC3315]
— Stateful Address Autoconfiguration

— IPv4 ) DHCP & EAMIIZIZRFL
* Default Gateway AVBRISNEWVEEDEWNDLH S EITER

34
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EXHAUSTION

TELABEIERTE (2)

e IPv4 & IPv6 CELGSIEHEHTE

IPv4 IPv6
DHCPV4 RA DHCPv6
@ @
IP Address 2EBH | prefixiEHE B O

Default Gateway O O oS
Server Address

® A ®
(DNS, SIP, etc) P2

X1 ZEEEINTULVEL
M2 RFC5006 TIEEE{LEIN TLVSH Experimental DELE D+

35
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SLAAC(1)

e EUI-64 Format

— |EEE [IZ&k-THEZEE/ L EINT- 64bit KD ID

e GUIDELINES FOR 64-BIT GLOBAL IDENTIFIER (EUI-64)
REGISTRATION AUTHORITY
http://standards.ieee.org/regauth/oui/tutorials/EUI64.html

e IPv6 M Interface-ID I . Modified EUI-64 Z{# FH [RFC4291]
— HRPT—ELQHNFZE R T EE

MACT7 KL Z(48bit) | 00 | 00 | 4c | b7 | fc | af

Universal(1)/Local(0) bit ;K &x

“fife ” A

EUI-64(64bit) | 02 | 00 | 4c | ff fe | b7 | fc af

36
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SLAAC(2)

e DAD (Duplicate Address Detection)

— ERRICIPV6 7L RZEERAT SANCEBR/RANEITO

— NS(Neighbor Solicitation) Z&') > LIZiX{E
e EHXTRKLR = ZHEF/—KFTILFFvRAL(ff02::1:ff/104)
e FEFTTRFLR = KEBETFFLAR(:)
— L7 RLRIEFELEEELTOVEWIENHERINTULVELD T,
EETTRLRIZHESTEMNTELZLY
« XRT7RLR = HRLEROTELR

- BERELTVVEINIEZDTRLRIEERREE LS
o RTRLANEEZLTWIGE. TRLRZRELTLS/—KIE
NA (Neighbor Advertisement) IC&YEEZ L E 5
— BEELTUW=EE. —BMIZIEFEICEI2BRENDELLS

37
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SLAAC(3)

1. EUI-64[ZT. Link Local Address({® )% 4 fX

(MAC Address) 0006.291e.482e

(Link-Local Address) fe80::206:29ff:.fele:482e
fe80::206:29ff:fele:482e

=5 fe80::206ﬂff:fe1e:482e

| I i | |
> FEEHZERTE

2. NS Zi£1E

SEFET LRI, EiEMulticast f02::1:ff1e:482e
EETTRURIE, REETFLR =
HERTELRIE, e80::206:29ff:fele:482e

CDEEMDEthernet Address [, 33:33:ff:1e:48:2¢
2’ NAZEE xs#HL-Ba0OH

<
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|Pv4

IPv6ARL—2E KR TRT 5L
EXHAUSTION

SLAAC(4)

0006.291e.482e
(Link-Local Address) fe80::206:29ff:.fele:482e

(Global Address) 2001:db8::206:29ff:fele:482e

(MAC Address)

(Link-Local Address) fe80::200:4cff:feb7:fcaf
(Global Address) 2001:db8::200:4cff.feb7:fcaf

D @ Router
3. RS Zi%1E
>

| fe80::206:29ff:fele:482e | ff02:2 |

Source Destination

Address Address

4. RA Z1E1E

<

| fe80::206:29ff:fele:482e |

fe80::200:4cff:feb7:fcaf | 2001:db8::/64 |
Destination Source prefix
Address Address
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EXHAUSTION

Privacy Extensions for SLAAC(1)

e SLAAC(Stateless Address Autoconfiguration) @D
75473 —4L5R [RFC4941]

— EUI-64 TERLI=AM2AT7T—XID Tl MACZRKL A%
BECHMAENTETCLESRIBEDRERE

— Temporary Address > Anonymous Address EFE[EN 5

o SR LIGHEEZ MD5 T/\wialL T, A2 7x—RID
ZHERL. —ERFRIATHENMETS AR
- —EHETTRLANE D=0, —/A\TOH AIZIEBEEAL

e |Pv6 Node Requirements [RFC4294] TIX.
“SHOULD” MK VNETEDTLNVD
— Windows XP/Vista/7 Tl&. T 24 ILETEIEEINTULS
— Windows Vista/7 TIXEFELUNIHBDT7RLANEREINS
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EXHAUSTION

Privacy Extensions for SLAAC(2)

e Privacy Extensions for SLAAC [RFC4941]

— HWERADHRE : 24 BRE
— X RXEZHEARE : 7 HE (BAREEAT])

e EUI-64 TERRMLE7FLX
— HERFDEARE : 7 B
— B REZHHIE : 30 B (BIRERT)

e Windows Vista/7 WEKT AHBEDTRFL X
— WREEMHE . 7 B
— ANEER : 30 BE (HREETR)
- BEFHBRTEHETZRFLRIIZEDHSALY
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Pv4 PV6A L —4E R TO5 S L

EXHAUSTION

IPv6 7KL X @ State & Lifetime

Tentative address

— AVRATI—RIZHFH5EINTULVELMR (DADHET) DT RL X,
Preferred address

— AVRATI—RIFHEN, PTRLAN—ETRIERELTRL X,
Deprecated address

— BNETERLREDN, FIFRBEADERANHREINGZLVTRL R,
Valid address

— BARETERL X, Preferred address & Deprecated address Z7R 9,
Invalid address

— Valid Lifetime WNEBBEL-ELETRFL X,

Valid address Invalid address

> >

Preferred address Deprecated address T1 : Preferred Lifetime (HESZ B HEAMRE)

1 T T2 : Valid Lifetime (B KB ZhEARR)
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EXHAUSTION

DHCPv6

43

© Task Force on IPv4 Address Exhaustion, Japan ALL RIGHT RESERVED.



& | Pva PV6ARL—SEHT 0TS

DHCPv6

e Stateful DHCPv6
— DHCP for IPv6 [RFC3315]
— DHCPv4 EERHIIZREIL
o Default Gateway [EERIFBEHISNELND T RA [IZTHUS
e Stateless DHCPv6
— Stateless DHCP Service for IPv6 [RFC3736]
— DNSH—/\EHREEDIPVeTEL AN D IEERZE EAD
« DHCPv6H—/\[L/—FDIKEELZE LA
e DHCPv6-PD
— IPv6 Prefix Options for DHCPv6 [RFC3633]

— FIZHGW D LANIT{ER T 5 Prefix @ %19 45 H B THEH
o Prefix #EN18 L= HGW [&. RA F£1=(& DHCPve Z{FE AL CTHEEH
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Stateful DHCPv6

Host DHCP Server
Router
0 s §
RS >
| —RAM-Flag ON) — DHCP Server [CTIPPRLRED
Host1R ¥R & EE AV Al BE
Solicit >
Advertise — Host [, RA D M-Flag Z{8IZ&KY).
< DHCPV6 Client HAE{E
Request >
< Reply — Rapid Commit Option MBI LFIEZ S .
Advertise. Request [Z & BRSNS
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Stateless DHCPv6

Host DHCP Server
Router
O e f{
RS >
«—RAlOFiagON — DHCP Server [EHostlE#Zx S LAY
(IP7FLRIEHR., J—REEGRE)

Information-Request

> — Host &, RA M O-Flag 2152 KY.
DHCPv6 Client A EN4E

Reply
<

— DNSH—/\, S|P47L—/il NTPH—/\&E
DE ¥ it
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DHCPv6-PD

Host DHCP Server
Router 3
; E
Solicit(IA_PD) >

< Advertise(lA_PD Preifx) _ %—GDTF\I/Z—C“(j:f;(\ Preﬁx 751{'_5_

Request(lIA_PD Prefix)
= >
Z Ho 48|

Reply(IA_PD Prefix) — Prefix GFIX'I?L/T: HGW%G)Router
47 ~ .

2001.db8.1-/43 (DHCPv6-PD Client) [&. RA > DHCP %
< = o EALCEER

| 2001:db8:1:1::/64 |

5. /48%EN1F. JLEED /644 RATHE A
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EXHAUSTION
Default Router

e RA O Router Lifetime & 0 ISV DIETEIE T NIE
R AK@ Default Router List (21BN S

o D RAZTZIELI=-HRAMIERSIN BN
Ex1E 7% Router Z1EIRT S EMAIHE
— Default Router Preferences and More-Specific Routes
[RFC4191]

e Default Router Preference (&,
High / Medium(Default) / Low Z @ %1 R BETH S

e Route Information Option IZ&Y ., &Y EFHALFEIRZE
BEENAEETH S
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EXHAUSTION
RIPng

* RIPng(next generation) [RFC2080]

e RIPV2 EDLEER
— EEFTXTTRLRIE. UooO0—hILTRLR $EFEEREGE 1XFRL)
— UDP521&ER—Fr={EH
e RIPv1/RIPv2 Tl&. UDP 520&R—rZ{E A
— PRSI DNy IA—T YN ERELE
 IPv6 TlX. AH %OESP THRE A Al RE
— Next Hop Field D FE1E
o EFAMRTE(Routing Table Entry) Z {3 FH
— Metric Field = Oxff A% Next Hop &R
— Next Hop RTE M1 I1Z#:< RTE AAxfFR 155
— Next Hop RTE W #ELME S EEITTT7FL XA Next Hop &£%5

RIPng Header Next Hop RTE RTE 1 RTE 2 Next Hop RTE RTE3 | ... RTE n
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OSPFv3

e OSPF version 3 [RFC5340]

* OSPFv2 &M ELER
— EFEXTFLXRIE, U8 —AILTEFL X (Virtual Link [&ER<)
FRELFAD/INT YR I+ — VI EBELE
e IPv6 Tl&. AH *°ESP THRE X Al &t
— B—=U O EIZEBDIL—T42 T FAL %R TE I HE
o BA2RATT—X[Z Instance ID Z{FTE5ET 5
— Router ID. Area ID [&. 32bit DEFE
o IP7RLRERAT T TERETT HFIEIEPOYIZLLAEoT =
e DR(Designated Router) . BDR (Backup Designated Router) @D

FEHHFIZ IP Address D5 Router ID /A EMNTELELND T
BRI ETOSDELNDHD
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BGP4+

 Multiprotocol Extensions for BGP-4 [RFC4760]

— Open Message @) Option Parameter [Z T,
Multiprotocol $55& (BGP Capability) Z @ %

 AFI (Address Family Identifier) [Z 0x0002 Z$E§7E€ 9 H_&T
IPv6 ZHR—h

— http://www.iana.org/assignments/address-family-numbers/
— IPv6 FRERIFERIL. Path Attribute Z{E L T:@EXN
* MP_REACH_NLRI
— AR @EN
e MP_UNREACH_NLRI
— ESNERDE
— BGP v ar BRI, IPv4/IPve DEBLTREIILTHLL
o BEMEHRILTHICIL, IPv6 THEILT HDHAEFELLY
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EXHAUSTION

TRl

83
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& | Pva PV6ARL—SEHT 0TS

EXHAUSTION
BATEAT
o TaATILARZYY

— IPv6 /—K_IPva /—KF DA EB{E T RE

Dual Stack
|
—— Q P
| 44 V] ||
IPv6 IPv4

o koYY
— IPv6 /—RFEIEY A FETIPVA YD —D0%BHL TEIE

= — 1
= &=
IPv6 IPv4 IPv6
¢« FSURL—4
— IPv4 /—F & IPve /—RREIDEEICHITHTORa/LEH#
P> IPv4 IPv6 B
[ ] )@ [ §& > B
Translator 54
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PVd4.

EXHAUSTION

IPV6ARL—2B IO L

Configured Tunnel

1w & &= |
, v > ,
IPv6 IPv4 IPv6
IPv4 Header | IPv6 Header IPv6 Payload
Protocol = 41

 IPV6 /N7 YRE IPVA ANYE THT L1
— IPv4 A~ YA D Protocol Field (X, 41 (IPv6) &78%
* 6to4 X0 ISATAP £,[EIL
FoORILDMEHRD IPVAT L REFEITEHRTET D
FoRILEAEMT HEEEBEENKRELGSD
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6to4 (1)

IPv6 — 6to4 Relay Router
€T [ el
-—

6to4 Host IPv4 IPv6

(Ff1=IZRouter)
3 bits 13 bits 32 bits } 16 bits 64 bits
FP TLA IPv4 Address SLA-ID Interface ID
001  0x0002 SCFPTLA,SLA-ID O Format E7E-TLVADIE,

Global Routing Prefix [RFC3587] &7i A LLRITIZ 6tod M2 SN T=4

e Connection of IPv6 Domains via IPv4 Clouds [RFC3056]

e 6tod O Prefix [&. 2002:[IPv4 Address]::/48

 |Pv4 Anycast Address O F|FH

— 6tod tRAM(FT=FIL—3) M 6tod Y L—IL—3ZFFFEZHTE
LA<T&RULNEDIZ, 192.88.99.1 MEZSMNTL VS [RFC3068]

— EAD6toa!) L—IL—24 (http://www.tokyo6to4d.net/)
56
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6to4 (2)

¢ 6to4 KA (FKITIL—A)
— 4 0—/\)L IPvd TRL X% Prefix RIZIB&HIAH .
IPvd THTt)LIEZE{TLY, 6tod YL —)L—ARIZEEXT B
— JA—N\ILIPvA TRLAZELTWAILENH S
— 6tod IL—EDIGE . BT D IPv6 RAME(Z(X 6tod [FFE

e 6todJL—JL—4
— Native IPv6 2YRD—IONDEGEEIRET S

— &TO6tod 'JL—IL—AIL. IPv6 ZYRT—DIZXL T,
2002::/16 ZILET 5
e IPv6 R YT —IMi51E Anycast Address E4EBHD T
BEHIELY 6tod JL—IL—RIZERE SN S
— 6tod FRAM(FEF=IFIL—R)ED FO—/\)L IPva TRL R IE.
SEFE L5 D IPV6 Prefix IMLEIBZEMNTES
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EXHAUSTION
6RD

6RD Border
IPve — Relay Router
ST e [ N
Cuir® -
6RD Customer®, IPv4 IPv6
Edge Router
n bits o bits , m bits 128-n-0-m bits
6rd prefix IPv4 Address Subnet ID Interface ID

6rd delegated prefix

e |Pv6 Rapid Deployment on IPv4 Infrastructures (6rd) [RFC5569]
e draft-ietf-softwire-ipv6-6rd-04 (work in progress)
o JY—RMBIRETESI-ODEE
e 6tod BfTEAN—RIZISPETLYFELGHE
— ISP MIRE T 5 IPv6 Prefix HME AR EE. Private Address & EGE
— Free Telecom TE#&EHY
— Comcast I 2010FEIZ 6rd DA 7 IILEER -
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ISATAP (1)

ISATAP Router

IPv6 ] i
‘ﬁ/. &3 m =
ISATAP Host ™., IPv4 IPvo
64 bits e 32 bits "« 32 bits
Prefix 00005efe IPv4 Address

00-00-5e |& IANA-OUI. fe (% IPv4 1BIAHETRT
IPv4 Global MIZE (L. U/L EEL T 02005efe &% 5

* Intra-Site Automatic Tunnel Addressing Protocol [RFC5214]

o ISATAP @) Prefix [Zl& Global Unicast. 6to4 ZHEZX {5
AJRETHY . Prefix| B8 B HIFR (L%4k LN

o ISATAP JL—4Z —ISATAP 7R A E I Link Layer D &KHI(Z
whHnsd

— RS/RAIZ&Y Prefix ZH1E 59
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EXHAUSTION

ISATAP (2)
» BISSEAE— Prefix DIHE . ISATAP L—FZEBHET
ISEHEOBIELED

e |Pv4 Address |&. Global / Private D&EBBHTHELLY
— AR YRRIZIILLT= IPve FRRRAY IPv6 % FI| FH AT RE

o ISATAP JL—A® IPv4a 7L XI[E,
FFfJ. DHCP (vendor-specific option) . FQODNZF T%14%
_EMTES
— 5. isatap.example.com Z5|LVNT ISATAP JL—3DIPvA 7RL X
s YA
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Teredo (1)

Teredo Server

Router / Firewall /etc + Teredo Relay
IPv6 _—— [— - —
e o e &=
Teredo Private IPv4 Global IPv4 IPv6
Client
32 bits 32 bits 16 bits 16 bits 32 bits

Teredo Prefix | Server Address | Flags Port | Client Address

2001::/32 Teredo Server 0 N [Si S -41 EBAddress
S LA 3ffe:831f::/32 NAT Type [Ei#&INf-4+EB UDP Port

e Teredo: Tunneling IPv6 over UDP through NATs [RFC4380]

e Teredo VA7 >k
— IPv6 /Ny % UDP THZ7 /L1t 9 % (UDP Port 3544)

e Teredo HY—/\
— Teredo 547> bD NAT B4 TH|FEZIEAS. Teredo Prefix M

/—‘

BERIZITD
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Teredo(2)

e Teredo!)L—

— Teredo 754 7> M Z Native IPv6 YT —OADIEfGZIZHL TS

— IPv6 YT —2IZx LT 2001::/32 ZI6ET 5
o NATEZT D IPv4 TS5AR—KFRL XM H| F Al EE

— TA—RN\URIL—F0T7AT I4A—ILEE T D IPve FRAHNFI| FH AT BE
e Windows Vista IZH T 5EHEEDHE

— Windows XP TXJ It TE7E M o7= Symmetric NAT [ZXF it
o NAT ZATHITEDAIZ EED Teredo H—/ % F|
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EXHAUSTION
~ =+ »
MoRIVERRT—EX
Rit=1t H—EXZ R At | 5 Prefix
FreeBit FB Feel6 DTCP /48
HEXAGO Freenet6 TSP /48
Hurricane Electric Free IPv6 Tunnel Broker | IPinIP /64
NTT Communications | OCN IPv6 L2TP /64
11J IPve{R 7 Ut X PPTP /64

e List of IPv6 tunnel brokers
— http://en.wikipedia.org/wiki/List of IPv6 tunnel brokers

e OCN.IlJ. KDDIEEMNSZEARITrF O RIVEFEY—EXHY
— IPinIP A
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NUAL—4S

NAT-PT A=
— IPLAYTIPV4/IPv6 TRLRAB LKUANY T HFZE A
— RAO—F[ZEHAFENF=TFL RO ([LTE%LY
— RFC2766 THEZELINT=HY, RFC4966 T Historic Status [Z
HoTLVS
— |ETF behave WG IZT, IL—LT—IU0KBEBEB D BREETM
THhnThsg
Transport Relay A=
— An IPv6-to-IPv4 Transport Relay Translator [RFC3142]
— Transport Layer T TCP/UDP Z#imL . #11-7& session Z 4k
e Proxy AT (ALG : Application Level Gateway)
— HTTP O FTPREDT IV r—a BRI TEREITD
— BEMLGTI)r—a LS OER IR
64
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EXHAUSTION

DNS

&8
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DNS®D IPv6XT it

e RR(Resource Record) M IPv6 Xt i

— DNS Extensions to Support IP Version 6 [RFC3596]

o IF5IZE(E. AAAA(UTYRA)ZERT S

o WiG|ERASL I, ip6.arpa ZEHT S

— 2001:db8::1 @ PTRRR I&.
1.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.8.b.d.0.1.0.0.2.ip6.arpa.

o« FSURIR—EDIPVEXT it
e DNS/\vhDERETORI)LELTIPVeE{EH
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EXHAUSTION

DNSUUN JL/SDFEE (1)

« DNSOZZII|ERF
— AAAA TV h4%E

e Windows XP. Linux

— ADITYhSE
e Windows Vista, Windows 7. FreeBSD. Mac OS X

— A DILERFRBINDAAMADZA LT I RFEZERET
[Windows Vista, Windows 7. FreeBSD7i &

— NXDOMAIN (RCODE=3) AV iR >7=5, AAAAY TV (LT 750N,
[Windows Vista, Windows 7]

— IPv6 O—/\N LT EL R (TeredoZ &) AT E SN TULNSIEE D H
AAAAD )% 4TS, [Windows Vista. Windows 7]
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EXHAUSTION

DNSUN JL/INDFEE(2)

o FMSURKR—FDIELIEF
— IPv6 Z B 5

e Windows Vista, Windows7

— %7 (Jetc/resolv.conf) [Z{KTF
* FreeBSD. Linux

— IPv4 I+ ZXT it
e Windows XP

68
© Task Force on IPv4 Address Exhaustion, Japan ALL RIGHT RESERVED.



@ l PV4 IPV6A L —2B MB8T5 L4

EXHAUSTION

FRURERETILFIL T4y 0 AR E



& | Pva PV6ARL—SEHT 0TS

EXHAUSTION

Default Address Selection

e IPv6 TIXAVATI—RIZEHDTRLANFTETES
—- BHOEERXTRFLADHRNEDTRLRERBEIZERT HH
EIRTHA-ODEENVE
—- BHOBBETELADENSEDTRLRSIZEET HHER
ITE-ODEENNE
* DNSH\o BHDIBAETFLREHIGEHE
e Default Address Selection for IPv6 [RFC3484]
— IRANMZBFETIAIEDTRLRAERIL—ILEEE

o EETRLAEBRT7ILOVALTIE, TaATILAAYIIREBIZHEITS
IPv4 / IPv6 EBIRIZDWLWTHEE

— IPv6 Node Requirements [RFC4294] Tl&. “MUST” D KxLY
- RERR

e Windows XP. Windows Vista. Windows 7

e BSDZUNIX. Linux
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EXHAUSTION

BHRTFLREIRIL—IL

 Rulel: ZF|EFRLGEFERATEGLVTRFLAZEITS

e Rule2: RO—THWRILTRLRAMMEL

e Rule3: Deprecated Address(FEH#ZRT LX) ZFEElT+5

e Rule4: Home Address hME S (E/\NAJLIP)

e Rule5: Policy Table [CBEWWTEIETLTFL R E Label BAREIC T FL XA AMESE
e Rule6: Policy Table IZEULYT Precedence BAEWLVFRL R BT

e Rule7: Native Transport HME %

e Rule8: KY/PNESNWRO—THEL

e Rule9: EEFTT7FLXIZH LT, Longest Match Prefix HME 5t
 Rule10: VRFDIEFZANEBZRT EICHLITRLRAMNMESL
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EXHAUSTION

FIETTRFLAREIRIL—IL

e Rulel: FEETFLRAERBLTZRLADESE

* Rule2: 3EETFLRIZHT HBELNGERAI—T DT L AMMESE

e Rule3: Deprecated Address (FEH#ZRT7 LX) ZFEET+5

e Rule4: Home Address hME S (E/\NAJLIP)

e Rule5: EEXAFITI—RIZFEIN=TRLAIEL

e Rule6: Policy Table [CBULVNTIEET KL A& Label AARIC T FL ADMESE
e Rule7: Temporary Address &Y% Public Address h\E 5

e Rule8: FEELETFLRIZXLT. Longest Match Prefix HV\ &5t
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EXHAUSTION

Longest Match Prefix (Rule8)
IZH T HXETT L R ZER B

=
Destln;g(c));:js::;e::s; o 4 Destination Address
R @ 2001:db8:a(hex) - 1010(bin)
& TR, Source Address
( N @ 2001:db8:b(hex) > 1011(b.|n)
K ® 2001:db8:c(hex) - 1100(bin)

- Source Address &L T
@ 2001:db8:2000:b::1 Z&ER

-

]
]
)
| ]
L]
a
L]
]
n

e ‘ 3
Source Address
@ 2001:db8:b::1

@ 2001:db8:c::1
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EXHAUSTION

Default Policy Table (1)

Prefix Precedence Label
1/128 50 0 loopback Address
::/0 40 1 IPv6 Address
2002::/16 30 2 6to4 Address
::/96 20 3 IPv4 Compatible Address
.ffff:0:0/96 10 4 IPv4 Mapped Address
(IPv4 Address)

¢ FEETFLR
— FEERTFLREFRNILAEILTELAAMESE (Rule 5)
— Precedence DEWLVTFL XHMESE (Rule 6)

« EETXTFLAR
— BWETRLRAESNILARLETRLRALMESL (Rule 6)
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EXHAUSTION

Default Policy Table(2)

e Windows XP SP3 @) Policy Table

& Teredo Address [RFC4380]

& Teredo Address [RFC4380]
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EXHAUSTION

EETTTFL XD HIEE

(FEYETRFLAZERODZIE) (1)

2001:db8:3000/32 -—\\

- & Destination Address
(r = y ) 2001:db8:3000::1
2 Oy B Destination Address

@ 2001:db8:3(hex) - 0011(bin)

URPF % Source Address Validation
THEINSAIEEENT LY Source Address

— @ 2001:db8:1(hex) > 0001(bin)
,(f/ - B ® 2001:db8:2(hex) - 0010(bin)
G T
2001:db8: 1000732\ 2001:db8:2000/32 - Longest Match Prefix [ZdY).

Source Address &L T
@ 2001:db8:2000:2222::1 Z&1R

.
.
\J
’

. @ 2001:db8:1000:1111::1 (ISP-A)
o @ 2001:db8:2000:2222::1 (ISP-B)
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EXHAUSTION

EETTTFL XD HIEE

(A EVET L RAERDZ

1F) (2)

Prefix Precedence Label
::1/128 50 0 loopback Address
::/0 40 1 @ IPv6 Address
2002::/16 30 2 6to4 Address

::/96 20 3 IPv4 Compatible Address
..ffff:0:0/96 10 4 IPv4 Mapped Address

(IPv4 Address)

2001:db8:1000::/32 45 10 © ISP-A Address
2001:db8:3000::/32 45 10 O ISP-C Address

e« BIEIHETLVEIETTIEIL Prefix Z[E Llabel 295

CETHEYGETRLRAZERZRR
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o FEICIFISEIRDRIRE

— Default Router Preferences and More-Specific Routes [RFC4191] D15 FH

\

 Default Address Selection for IPv6 [RFC3484] D B & 5T

— Host 4> Router ITEYILG7RFL R BIRBEENNHE
e RFC3484 IZHITHRIEREEMEHDEIE

» Problem Statement for Default Address Selection in Multi-Prefix
Environments: Operational Issues of RFC 3484 Default Rules [RFC5220]

» Requirements for Address Selection Mechanisms [RFC5221]
* RFC3484 [ZHITHMRER DERRICOWNTEMAF
» Solution approaches for address-selection problems
[draft-ietf-6man-addr-select-sol-02] (work in progress)

» Considerations for IPv6 Address Selection Policy Changes
[draft-ietf-6man-addr-select-considerations-00] (work in progress)
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TCPA— )L\ RRE (1)

o |Pv6 Internet ~DEEEMLLY IPVEEAE D IRIE NS
IPv6XT i — /I NAND T IR IZERIA M- TLEORIRE
— TULYYRYRRYNEDIPVeEAEME. XN TO ULA FRLE

— IPVEERIEIBI I IN TS IPVEIR RN DS Internet EIZTRET S
IPv6 Xt IEWWWH—NE(Z7 A LSEICHKE

e www.kame.net

e www.kokatsu.jp

* WWW.V6PC.|P

* WWW.OCNIpPV6.jp

e www.iij.ad.jp

* efc
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o

&

IPv4/1Pv6
WWW Server

'y

IPv4 Internet

MDWWWH—/ D DNSFHER
(@A RREAAAA RRHIVGRIEESN D

K'\y/m_/ IPv6IZ L BHTCPHE T
M IPv6 Internet~D EZE M (AL L

\ // @IPVAIZ K ATCPEERRIZTA—ILINY D
@

; XM L@D~NDTA— L\ OB/ L.
Windows XP / Vista DiF & . $921#HhH 5

IPv4/IPV6 (B ERIFE 330+ 650+ 1280 =215)

TaATILAZYIPC .
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e ICMPv6 Typel (Destination Unreachable)
Code 0(no route to destination) £L<IZE
Code 3 (address unreachable) Zi1R 9"

— OSIZZED FirewallBEBEIZ K> THEINTLEIEEHY

— BEINGEINSIEETHICMPTS—/N\VRYV T £,
soft error EL TR, £y av(ddiEIhiiiy
e Requirements for Internet Hosts -- Communication Layers [RFC1122]
[CTEZERINTULVS (IPVARTEE)

o RRIZTA—ILIN\YIT BEDLH
TCP‘s Reaction to Soft Errors [RFC5461]
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TCPOA—IL/ N\ BIREfERE (2)
e IPVAIBIEZIEITRLT S

— Default Address Selection for IPv6 [RFC3484] @) Policy Table
=EHT 5
o |Pv4 (::ffff:0:0/96) 0D Precedence =<9 5
e IVFIA—HIZHRESELDITHEH

e |Pv6 Default Route ZZ@E1L ALY

— Default Router Preferences and More-Specific Routes [RFC4191]
=R 5

e RA CIFEEERN DR DA T F 2 AL, Default Route &
T ALELY

e Windows Vista. Windows 7 Tl& More-Specific Routes [Z%F it
L TULVA AN, Windows XP (3R Xt s

e Router [ZHITHEEHZLLL
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« FRMOTITAO—F
— FAEHEANTTCP RST 22T 5
- ERY—ILOAARM—IL
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 NDPILHEEETHS (Ff=f=L. IPvaL[EIE)

— AIERARDADZERALI-MEAD XK
e SEND (SEcure Neighbor Discover) [RFC3971] & & L TL AR

e |Pv6 RA-Guard [draft-ietf-vbops-ra-guard-04] (work in progress)
— L2SW D L2 Device [CT FIE RAZFHEE

e Router. FireWall TDI71I)LARYH

- BERWEEZAILIPvA ERC TR ELBIEZITEEFT
« L. ICMPV6 [FBEZELAGZ LN &
— Path MTU Discovery h gL 7% <75
e EDNSO %2 TCP Port 53 HIEELALN &
— IPv6 %° DNSSEC D& K TONSIHE X KELLED

e RHO(Type O Routing Header) [JRET H_ L
— Deprecation of Type 0 Routing Headers in IPv6 [RFC5096]
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Special-Use IPv6 Addresses

e Special-Use IPv6 Addresses [RFC5156]

— Special-Use IPv4 Addresses [RFC5735] @ IPv6hR
* Node-scoped Unicast (::1/128, ::/128)
e |Pv4-Mapped Addresses (::FFFF:ipv4-address/96)
* |Pv4-compatible Addresses (::ipv4-address/96)
 Link-scoped Unicast (fe80::/10)
e Unique-Local (fc00::/7)
 Documentation Prefix (2001:db8::/32)
e 6to4 (2002::/16)
e Teredo (2001::/32)
e 6bone (5f00::/8, 3ffe::/16)

* elc
88
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Documentation Prefix

e |Pv6 Address Prefix Reserved for Documentation

[RFC3849]

o XEFRL

115 @) IPv6 Prefix

o YZaATIINROOVITTHUTIVETDFEREETE
 Prefix [X. 2001:db8::/32

« HEFHMETLEIETE

- EFDBEIZFEALTIEIGELAEL
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