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2.1. IPv6 =% 15./%

IPv6 2 Ap M &% & 5% IETF fi&s < ¢ o p a IETF IPv6 routing protocols
transport protocols % 84 IPv6 4p i & * (4 DNS~FTP %)% RFC(Request For Comment)
C B ITER S o "f 7 f routing protocols > & {7 i (7R84 g 3Tk » 4o RSVP »
multicast routing ~ mobile IP routing ~ RTP/SDP 2 MPLS % 4% % 7=+ IETF 4p B € & i &

TR e

B oanak b enRd 423N 4 P £ B 23 (deployment plan) ¢ 3527 IPv4 ¥ 2_ @ 3.2 7 1%
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2.3.1. IPV6 42/} w3k

IPv6 4p B+ 2 2 & & IETF ™ 2 ipngwg % ngtrans = 1 e/ 2 f F 4] 2 “,f 7 IETF
AR E S FFHR B R AR PV R 2 F 2 5 4T

2.3.1.1. 6Bone

6Bone[18]%_% 7 % Internet F &g IPv6 cri— B 2 3h {2 IPV6 BI3ET 4> P chpds i
& RF PFE A SR I P (Inter-operability) 2 & * X ?‘;# * AR BE 4 5 PR B oM 6Bone
UE TS [T AL P B R IPVE B A TR SR F R YR e v 1997 & 657
PR ANE T HAp R B % S IETF T ngtrans 1 1% - 3Ry > H_4 aﬁf ¥pd
bor ehip gk o 6Bone 1A $3 Ed ¥ § AR T @R DR BRI B F (ISP)2 7 2 R tle
S o BP0 v A - B LR P4 R o & IPV6 3¢ 35 i (tunnel) 38 0
o BRAERL o de xR BLRIE (T2 3N 5 7 & 5 % #2 B:(Backbone Site) ~ ## 4% 2L(Transit Site)
% h8L(Leaf Site) 2 gyt B4 * B2 d & BGPA+ELd 12 T 2 3 d 4 - 5 F IPv6
s B o i b 6Bone cHH nx LKt P FAF S BH o Ak F T R
B PR AR l—tdﬂz b S e dR R R F Pv6 @ﬁiﬂ (80 v - FEE A 0 VR B
P A dERE BB H - @if a2 5% (aggregatable global unicast address format)
Kz AT EFTPRE > VEDRGF i pEE o HY > oxIFFE %‘ﬁ»%‘?} %_% 6Bone Pli#
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L5Venp a2 FEATY o @ 6Bone £t H pb g T 22 40 NALL 2 NLA2 %
i X B NALL 3R> & e b 8 F 4788 > fL i pTLA (Pseudo TLA) » 4Bl - #7715 o B w0

450 R T200 5 ¥ =i+ Gbones WP 33 10 5 @ ¥ =4c » Gbone [21][22] ¥
TR~ H 2 FiFE > 3k i 3% 6Bone 2 # AR IRAY o
| . 128 bits 3 |
0x3FFE NLAL? NLA2 | SLA Interface ID
b 16 < geb>24 F—16<« > 64 —|

® 2-1. 6Bone :#* fi:l:}.#f#

2.3.1.2. IPv6 Forum
IPv6 Forum[23]>t 1999 £ 2 *» o — HEMERRF A1 2 kv eRi a2 2@ &
AL TPV it R B f TR L X 22T - BRRIRER TR IR SRR
ERHEIPVO M UIBR BT FHRELR - A8 A

i — B IPV6 B P Hjirz. O B RS HhE

> 3 IPV6 Sk msk

>3 E FrenIPvo B *

)

>4 IPv6 F iF
> E T B R A0 QoS

> i3 IPV6 % B BT chiie o

IPv6 Forum % 4] %% 2 4R2F » it § & IETF 8 %> £ 1% » 48 5§ MM T

F1 T2 & L o [Pv6 Forum Fe s 22 2 i oSG B 1L 4o 58 IPV6 cPiF B FIE 4o

»ETSI [24]

»UMTS #%38 [25]

>3GPP 2* 3][26]

> E RS AR[27]

> B S ¢ [26]
% fF 3L @ 2. 6Bone 2 6Ren’ 4c » IPv6 Forum % r}ﬁ op w2 3 AT&T-NTT-Cisco~
Sun % Microsoft & = + % BH =4 » » 4k 3 /égmﬁ*% R BT 6K

10



2.3.2. IPv6 & FIi%

A IPVO B B 3 B TE R AR FAREA & - PR T RER A

ﬁin@ﬂﬁi%ﬁﬁé%wk’E#?éM$%i’@ﬁ%¢%%L%ééﬁfﬁi

HoA TALED B APEA G o
2.3.2.1. IPv6 & d =

“ged %> G > 3Com - Ericsson/Telebit ~ Hitachi % Nortel ¢ 3& 1 & 32 IPv6 2. F 5>

@ Cisco 4 1! Beta % > I *% Juniper 5 % 7= -2 £ IPv6 o W TEH B R X MR T ik -

Cisco = # 3% 2000 & 6 * # % Statement of Direction[29][30] » #-3% = @ IPv6 A&

S R G Z BIFER 0 FIFERPFEARE B A AT o
% — FFE(2000 & # £ )1 2000 # F# F > da ) L IPv6 (1 10S =4 122 ()T

¢t I0S &~ 7 & Cisco 800, 1400, 1600, 1700, 2500, 2600, 3600, 4x00, A5x00, 7200,
7500 % Z A RE-T 5 F 3T o [0S Bk A eFt i G
® [Pv6 (RFC 2460) »
® [Pv6 =it 7 H(RFC 2373) >
® [Pv6 5= 48 1 P|(RFC 2461) »
® stateless p # fnt 3K T(RFC 2462) »
® [CMPv6 (RFC 2463) »
® MTU Path Discovery (RFC 1981) >
® RIPv6 (RFC 2080) »
® BGP4 + (RFC 2283, RFC 2545) >
® [Pv6 automatic tunnels, manually configured tunnels, 6to4 tunnels °
(

DNS client, Telnet, Ping, TraceRoute, FTP, Standard Access List % -

FZFEE(2001 & ¢ )0 A 2001 & ¢ AT [OS BB 0 M AT AL B
IPv6 =75 5y -

® NAT-PT (RFC 2766)



® [Pv6 Switching Cisco Express Forwarding (CEF)
® Integrated IS-IS routing protocol
® [Pv6 over MPLS, IPv6 MIB (RFC 2465) % -

FZFFE(2001 & ¢ )t B 2001 & ¢ LS pEFAR N T ARTH R > £ 45T
OSPFv6, Mobile IPv6, IPv6 Multicast, IPv6 stateful configuration, IPv6 Security, Voice
over IPv6 % # it ; H ¢ Voice over IPv6 % i» #-fic & 3GPP/UMTS ROO R 2 A7

§ P4 ) 3 3 9 Voice over IPV6 #c 48 o

» Ericsson Telebit

Telebit[31]8: ¢ B4t 7 ¥ * 5% IPv6 # ic > P m L 4% IPv6 9% &v 7 Native IPv6,
RIPv6, OSPFv6, BGP4+, PIM (SM & DM), RSVP, Mobile IPv6, SNMP support, LLC +
SNAP IPv6 encapsulation, Neighbor Discovery, stateless address configuration, manually
configured tunnels, automatic tunnels, Accounting, packet filtering for IPv6, ICMPv6,
IPv6 multicast, Ping, TraceRoute % -
» Nortel Networks

Nortel Networks[32] % BayRS 12.0 5= T £ 32 IPv6 4p B #% it » P 0 3% e [Pv6
# a3 IPV6 Stateless Autoconfiguration, IPv6 Neighbor Discovery, IPv6 ICMP,
manually configured tunnels, automatic tunnels, Path MTU Discovery, RIPng, IPv6 static
routes, IPv6 over PPP, IPv6 traffic filtering, IPv6 MIB % -

» Hitachi

Hitachi[32]** 2000 & 4 * & 3} GR2000 Gigabit Router IPv6 beta "~ #c8 » p w0 1%
R ARP T e
»3Com

3Com = #[33]=NET Builder Il # Path Builder S500 router p 11.0 5= it %8 T 3% &
IPv6 4p B 7% 5c » & 3%  Neighbor Discovery, static route, automatic tunnels, manually
configured tunnels, IPv6 over ATM, Ping, TraceRoute, Telnet, RIPng, BGP % -
» Zebra

Zebra & 5 % Zebra routing software’ ¥ % Linux, BSD } #4 {7+ P % Zebra routing

software # & RIPng, BFP4 +, OSPFv3 % routing protocol # it °



2.32.2. IPv6 1 %

W om PR 23 R AT LI IPV6 5 E 0 4o Sun ~ IBM 2 Trumpet @ & )
# 2 & > m KAME ~ HP ~ Microsoft ~ Compaq # Linux Community f'|4& 1! Beta 5% >
* —‘F*]f ZRHAEERY O TSI BREANLMHZ RRRE-HAE
»  Sun Microsystems

Sun Microsystems[34]** 2000 & 3 * 4& ! Customer Release Solaris 8 » #* & & %
UNIX (¥ %5 > ¥ ¢ # SPARC 2 x86 & & 5 » P ok i IPv6 J&* # iv § telnet,
rlogin, rsh, ifconfig, tftp, Inetd, sendmail, ping, snoop, route, traceroute, webstat % ;
Solaris 8 7+ & 5 NIS, NIS+, DNS % Name Service # it ; 7 IPv4 3| IPv6 #5 & 4] 0
£33 wm 0 3% RFC 1933, Dual IPv4/IPv6 stack, IPv6 in IPv4 tunnels % # 5y » oA &
B > 5 > Solaris #-pE F 3 2 IPv6 # it > 3E3520 2001 # ¥ - Fia ) BIND 2 6to4>
2001 & % = Z 42 41 IPSec 2 PPP > m Mobile IPv6 3% i» 35 2+ 2002 # %= = o
»  Microsoft

Microsoft[35]*% 2000 # 12 * & 1 7% IPv6 Technology Preview for Windows
2000 - ¢+ IPv6 technology preview = & ¥ #% i * #c§8 B % Jﬁ » B E IPve B Y fickl

BTG B A2 D] IPVO chTRE o P w1 & 97t v 3 Winsock application

programming interface, stateless address autoconfiguration, 6to4 tunneling, IPSec policies
and security association, HTTP client, FTP client, Telnet client 2 Telnet server % ; k B
7t f& & checkvd.exe #23¢ » 7 4 24 HAE B Az TPV RASAR RS R T 4
IPv6 c47 7% o R kg B 2 5 > ¥ B % IP telephony, video tele-conferencing,
QoS, Mobile IPv6, IPSec % # it °
» KAME

KAME[36]3*+ %] 8¢ WIDE[37]at ¥ @ & » 3+3|pF42p 1998 & 4 * 1 2000 & 3
Py Pt pEAR L at £ P 2002 £ 3 7 o %345 B eh [Py 4p M 308 ¥ & BSDI,
FreeBSD, NetBSD, OpenBSD % 7k 5 T i& i¥ » 3% & [Py, IPSec for IPy4 and IPys, IKE,
Mobility, ATM Advanced queuing/routing, BIND DNS % # it o
» Linux

Linux *2.1.8 %2 {23 & IPv6 beta "< 423" #§ > P #v £ 3% 997 5t 3 FTP, Telnet,
SMTP, TFTP, HTTP, POP3, NTP, LDAP, Route, DN servers » ¥ ¢t KAME 4*%t BSD #+
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2.3.3. &R IPvO % B %

TR M IPVO F E i 2R v d @ ’ﬁ"ﬁ%’ * IPv6 =yt PR H - -
AHP A SGREE Y RABELE AR A KT IPVOAP M A S 2 A o P 2 R
B IPVO T ¥ JRIFZ ISP> § 8 R A B A NTT 2 1 - i3 b 713 3 Bie » 5
JRA®Z.PER LS » B IPvA pk R e g 915k 0 @ I B RS s -1P oyt § R ehid 2 MR
IR AHF Y RAHEEEFER < A0 FigEil i3z %ﬁ'igfﬁ v [P o hbenié * J &
FA L NTEFHRE AL RRE RS

AT R EH O~ IPV6 ﬁxﬁ%@mﬁ]?\ P 14 BE Y GSTLAR » g%
NTT & Hitachi p 7% 8 IPvo ied Fh > 775 3% 5 ISP L 7 &R L =2 % IPv6
HeY NTT 2 I & R 48 IF * IPV6 PRIE > B 4 — o ",ﬁi 7 3% IPv6-over-IPv4 tunnel
=54k s NTT % I1J 77 3% & Pure IPv6 i 58 » ¥ ¢F NTT { #%& & IPv4-IPv6 translator » i
IPv4 2 457 27 IPV6 3 $S T o T30 PRFAH G P (0 B A & o e NTT 323 & &
HEIPVO FE-LHEY P o 23N AR IRIE > 5 0 MEFL A WWW-DNS -~ ftp 2 telent
FANIEP o NTT § * IPv6 Forum €37 &1 2 TV conference 2 Music Distribution
with IPSec % # iy » B 5 Bl ot ¢h > p AP w7m 5 35 5 S 4134079 > 15
4o T

» WIDE v6

WIDE (Widely Integrated Distributed Environment) [37] v6 *% 1995 B 453k 4 >t B
IPv6 cnZE 3> A & % ;13 [Pv6 HilFaw® 7 0 3

[36]f Fom H P w3 B ehd 5o 457 IPv6 e d Bz 3 #4710 08 v6 & v4 4 B
A v6 Rt FIRE X cWIDE 42 w» APNIC B~ 2001:0200::/35 e * i=ht e foo

> [Pv6 A S-cnB g Bl d 3 2+34] KAME

TR PR G Al s FOCH 2Ty 4 > 330 H 2 6Bone 2 MLE
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# 37 oK &3P A Fuyjitsu Limited ~ Hitachi, Ltd. ~ IIJ Research Laboratory ~ NEC
Corporation ~ Toshiba Corporation ~ YDC Corporation ~ Yokogawa Electric Corporation
Fofeo P o AR ERAFFETL N 0 Ful A IPv6 & [Psec 4F % > 1k ik
o R TR Y o IPv6 S m ¢ S 4] ~ IPSec ~ fip/tftp/telnet # PR F ~ DNS &
PR ~ stateful/stateless autoconfiguration %* routing daemon % #ic %8 2_ B 2
» TAHI

TAHI[38]d The University of Tokyo ~ YDC Corp. ¥ Yokogawa Electric Corp . =

B 2 antdl o AR P 445 IPve B B {rit R E - T RRE SR R
LB WA Ry e P e IPVE R ~ R ARRIBE I P ASFL T
fRIE o I & KAME 33 Bf mehfe £ 0 $h2t KAME 3315 2 A &3k B g

g 3 &
mrr.’;‘r,b_ s o
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W 2-4. BNGIX #B: 3 #
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e
| nd

e kit B 2 B PV ek 518 (7 WAL ITFT ) -

HEXTRA JOIN

JAMNET

SPRINT
MERIT

UUNET
ATHET-AT

Cheng

~CERNET

2000. 12,

W 2-5. ¥ B+ rk IPv6 i



2.3.4. IPv6 THFH > F2Z MR

50 f3AIPv4 xRt A Bri@ F 2 g p B F anF A §5 BRSO AT Raipege
Bl s T IPVO AR ) > * 1R R AR o L IPVO enE b R P ERF T 128 B~
ki dizio— BEE LRRT GEEEE > B piF i Rd IPv4 32 iz~
5P| IPV6 1128 B 5 o ek 4 gL RS g R o po 0 IPV6 5 1 H
e S fie M B R S 0 R - BATT A HL 0 e : Multi-Homing S48 T
* (plug and play) » {7 # IP(Mobile IP) » & g & { &7 sk (renumbering).... & o b i 4]
B BRI UL R AN T R L T R E s ek B
Rz B LR R T PRI A RR BT SR b
Bed ciE 2yt chrenumbering F T F B X P B o d BT R Ty
FRERERTNRY > RFITEBR IPV6 chig * soi » A FMREHRG ¢ KRONEE
PR R o T RE LR .

IPv6 2 nben> ;8 3 G > 4 &7 = 7 B 90 5% (A)Unicast (B) Multicast
(C)Anycast > & AR h T & E * F & > FIE AP T R EM > 527 At F i o IPv6 1
TG A FREAEY 2 BE  & ETF o RFC2373 [23]%% Lk chizal %
P e MR B b B bR (o] 2-6) -

Allocation Prefix Fraction of
(binary) Address Space

Reserved 0000 0000 1/256
Unassigned 0000 0001 1/256
Reserved for NSAP Allocation 0000 001 1/128
Reserved for IPX Allocation 0000 010 1/128
Unassigned 0000 011 1/128
Unassigned 0000 1 1/32
Unassigned 0001 1/16
Aggregatable Global Unicast Addresses 001 1/8
Unassigned 010 1/8
Unassigned 011 1/8
Unassigned 100 1/8




Unassigned 101 1/8

Unassigned 110 1/8
Unassigned 1110 1/16
Unassigned 11110 1/32
Unassigned 1111 10 1/64
Unassigned 1111 110 1/128
Unassigned 1111 11100 1/512
Link-Local Unicast Addresses 1111 1110 10 1/1024
Site-Local Unicast Addresses 1111 1110 11 1/1024
Multicast Addresses 1111 1111 1/256

B 2-6. %R A E

BELZAI PR > A F - BN VREBRI Fg KL L bl4o ! &
Unicast snZ 4k o5 2. T » ¥ & & Loopback Address » Aggregatable Global Unicast
Address.... % > d ¥ B> ARBITHF R LU NG E 0 T AR
FRHT o EF - BREFASELRSCERBIIATL FOL R ¥ - A
A dofr il E R 46 BN B D) ehdn %o @ ipfidg i 22 R WA 2 FEak 5
B el T Dlde D pom 2R TN d R B R TR KRR 6+ o A P
F- e A IPVO T I e A8 B A F NS 64 B G BREE 0 P
#* EUI-64 e 35 (4o B 2-7) > B &3 2 5 4o @] 2-8 #757 < 7 B Ethernet e el it ¥
A & *FL%"%“ RFC2464 [24] > % »" FDDI %522 ATM $e it » H %820 3 ml“il_#ﬂ/‘\
R A w4452 RFC2467 [25]2 RFC2492 [26]« ¥ #F RFC2472 [27]2* RFC2497 [28] Rl A

W) % 3> A4 P over PPP £ IP over ARCnet » 57 & 14 b afgilp! » < RV UFE T o

0 7I8 1516 23|24 31|

132 39]40 47)48 55|56 63|
ccccccugcCcCccccccccccccmmMmmmmm

"c" :the bits of the assigned company _id,

"u": "0" is the value of the universal/local bit to indicate global scope
1nd1v1dual/ group bit,

: the bits of the manufacturer selected extension identifier.

B 2-7. EUI-64
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0 718 1516 23|24 31

|32 39|4O 47|48 55|56 63|
cccccclgcccecCccccecllllll11111111110
mmmmmmmmmmmMmmmmmmmmmmmmmmMmmmm m

W 2-8. & & 3 [Pv6 a5t

%1 RFC 2373 T4 dni 5 B B 4E2 ¢ o F 0 (v fR[44] 904k 11 69'848" IPVG
& W £ 4 Aggregatabl Global Unicast Address 125 # 91 ¥ - &3 L & »

3

T ht 7F

H

HREP T A g 128 B AR BN 2 B & L 64 B A 64

/i‘h

i~ f % Internet Locator » 2 & & (¥ 5 $tdte pod 2 * » 2 LI 64 B i
Internet Identifier » 5 — B 23R8 - e B ufB > & S TfLeh 2R E - > T
td £ F 5 A (mobility) g K& {4 ISP A4t F (ARG P maliR
T 5 4"8+8" [Pv6 iz fﬁ']t*_ » ¥ ZF { #% Internet Locater 8 i» erfff i ¥ » @ Interface
Identifier = > ¥ 12 % & { 2T $& o2 3570 0 Internet Identifier ¥ — & Global 738 %] 75 (ID)

FT AP 88" IPv6 7 2. T B Aggregatable Global Unicast Address 7§ 3¢
(4 2-9) » & RFC 2373 2L % 4T (4-F] 2-10)

| 64 bits | 64 bits |

‘ Internet LOCator (ILOC) ‘Internet [Dentifier (IID) ‘

(a) "8+8" IPVG 1 =& 3¢

3] 29 |16 |16 |

[FP P-LOC | S-LOC | SN-LOC |
(b) ILOC 1 i+ # 3%

Where
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FP: Format Prefix for 8+8 Addresses (3 bits, to be assigned by IANA)
P-LOC: Provider LOCator (29 bits, assigned by IANA to Providers)

S-LOC: Subscriber LOCator (16 bits, assigned by a Provider to its Subscribers)
SN-LOC: SubNet LOCator (16 bits, allocated by the Subscriber itself)

W 2-9. "8+8'" IPv6 Aggregatable Global Unicast Address

13] 13 18 | 24 |16 |
64 bits |
ITLAID |RES | NLAID | SLAID

Interface ID

Where

FP Format Prefix (3 bit) for Aggregatable Global Unicast Addresses = 001
TLAID  Top-Level Aggregation Identifier

RES Reserved for future use

NLA ID Next-Level Aggregation Identifier

SLA ID Site-Level Aggregation Identifier

Interface ID Interface Identifier

W 2-10. IPv6 Aggregatable Global Unicast Address

64 BrAsE TR I3BEAHTLAY 8 Bk gINix2 24 B =<5 NLA
%2 16 B =~ SLA > @ Interface ID 7281 * 64 i~~~ » &% Jf ;1 % — B Interface ID
F Jf 7 Local scope chf= Bl ™ & vi— =k 0 e ¥ 7 33 4] 5 Global # R ™ dwi— ixpb o 3
3"8+8" IPv6 e13E 4 > M- 64 i iz~ ¢ Internet Locator 4 2] = # B = > = 3 B =1
REE TN B 4 Ep (prefix) &7 k& B 29 B =~ 0 Provider Locator> ¢ TANA
i#ﬁ ¥ Provider» &7 kX #_& B 16 = = e subscriber Locator iz %_d Provider ia‘ﬁ e
B s H_& B 16 T =~ o subNet Locator » o308 i &.d * = p {7 KW T_o

@ Interface ID (IID)&#2 ;% (4o @) 2-11) » "8+8" IPv6 #-H *» 2= 3 BIRix » % - B
Ay 6B ARs WETRTELE g0 F g=0pF 24 Unicast[ID > 4 g=1 FFR|
#* % multicast IID » izt ef3k T 7 " F &7 EUL64 R\ ehirR @ g 2R > A IID Y 7
Ay LR 24 Bl e & TR R F AP < (Country Network Information
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Center » CNIC) sz %] 75 » £ 7 % 24 B =~ 5 Subscriber's Global Unique ID » £ d p &
Bp ANIC kdpim » @ & {816 B = ~fL 5 Local Node ID » 2 d * = p T3k -

0 7/8 15]16 23|24 31|
132 39/40 47/48 55|56 63|
l cccceclOgcccccecccecccecceccecceccceccSs s s

S $ss$Ssssssssssssssiiiiiiii i1

a7/
—-
a7/

w2

where
¢ CNIC-ID: Country Network Information Center ID, Assigned by IANA to
Country NICs (CNICs) (24 bits)
s SGU-ID: Subscriber's Global Unique ID, Assigned by a CNIC to a Subscriber
(24 bits)
i LN-ID: Local Node ID, Allocated by the Subscriber itself (16 bits)
g g=0indicates unicast I[ID, g = 1 indicates multicast IID

W 2-11. Interface ID (IID) # =% 5%

& Internet Locator 338 > »P-LOC 4c + S-LOC 2 = #3} 57 Provider-Dependent-Part
(PDP) > B2 2k=% - p* » v i&d p- BA 7 e ISP JE® 2 % S-LOC> 2% -  PDP
tE37 5 ap i & Internet b e — B % 2 o e 3E 0 d PLOCHL-LOC #7if = &0 PDP
ferE R e R A ErE- - B ID e

LA A FEHP TG B IPVe TREHEY 4R M 0 RFC kSRt e g o
b g - ABIEE 5 RFC aR i o P oAk R 0 A draft PR B R A E
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3. IPv6 =it & fe R B B RTIRIR

p 1999 £ 7 7 JANA B 4B 44 e IPv6 B * =ut % ARIN-RIPE NCC-~APNIC

% RIR(Regional Internet Registries){é » izt RIR 7= B 4>4% < IPVO 78 * f=ht ¥ o i p

70 @ FT3T Unicast =kt » 3 3 * Aggregatable Global Unicast Address $%3%[3] » st 4p B
Z_fmpt A feRB]S 2 unicast hEELE R HE o LT /7&, B oah IPv6 fak A fie ek I (T
TLooF A IR NIC 2 IPV6 T # (a4 fie {0 TIT » 355 45513 W] ok 2] fi 5F3m p

w2 e R e

3.1. A& NICIPVO 7 * imnb/ fie vk IR

p 1999 £ 7 7 TANA B 43248 IPv6 J§ * i=ht & fiz & APNIC ~ ARIN ~ RIPE NCC *
RIRs {4 » APNIC~ARIN~RIPE NCC ¥ 4% £ 303 % IPvo | #* f=ptee o B IPvo

B a5 RASP BT 0 At MEEIIRIT- 4 o

% 4" IANA #r4 fez IPv6 7 * = » & 1345 Provisional IPv6 Assignment and
Allocation Policy Document”[1]- % kA fie » o pF7m & 324 H = > $30=n 2 5
Tl e Brel o dost 4 i) - it o B TANA #Ta ez IPV6 F % imhldy chal
2001::/16 » #*1>> IPv6 Unicast i * =it » 4= #F IPv6 7§ * fhb A fie 2 Hi4e @] 3-1° F %5
A oA [2] ke & 3-1

3 13 13 6 13 16 64 bits
NLA
FP | TLAID |Sub-TLA| Res D SLAID Interface ID

<«——— Public Topology ——»  Site

Topology
Interface ID

W 3-1. 48 IPv6 §§ * fmub & e 28
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% 3-1. Sub-TLA ID #pge4
Binary Value IPv6 Prefix Range Assignment

0000 000X XXXX X 2001:0000::/29 - 2001:01F8::/29 TANA

0000 001X XXXX X 2001:0200::/29 - 2001:03F8::/29  APNIC
0000 010X XXXX X 2001:0400::/29 - 2001:05F8::/29  ARIN
0000 011X XXXX X 2001:0600::/29 - 2001:07F8::/29 ~ RIPE NCC
0000 100X XXXX X 2001:0800::/29 - 2001:09F8::/29  (future)
0000 101X XXXX X 2001:0A00::/29 - 2001:0BF8::/29  (future)
0000 110X XXXX X 2001:0C00::/29 - 2001:0DF8::/29  (future)
0000 111X XXXX X 2001:0E00::/29 - 2001:0FF8::/29  (future)
0001 000X XXXX X 2001:1000::/29 - 2001:11F8::/29  (future)

1111 11X XXXX X 2001:FE00::/29 - 2001:FFF8::/29  (future)

Where "X" indicates "0" or "1".

APNIC~ARIN~RIPENCC & B~{# IPV6 Fi * =t (s> > B AnE= IPv6 i * abih? 5>

>
}\L

=

PaB-iBIPvO @ * imptenB e (i f > RRELA KL F NI NI F @

T IPVO B * mnt ¥ 3 ISPy BIE 5 NTT ~ IIJ ~ vBNS+% o

3.2. mhbA e BIR

IPv6 % Zht e 32 6 > #& 57 unicast ~ multicast 2 anycast & = f& % fo ezt »
IR ER DR R OB TH TS BE PR UEE LA Rl

% o NSRRI = B R R 2 A R R RIR R — TR
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3.2.1. Unicast =4t

Ao 8P & % 0% il 4] 3-1 2 % 4£[4] > FP(Format Prefix) 5 3 =~ » # 5 001(= i&
i) » TLA(Top Level Aggregator) = 13 ==~ » H {& 5 0x0001(-+ = i& ) o #-sub-TLA &
feib s ISP & i%g H {8 6 12 Reserved == » F|pt & 5 7 ¢ FJE 7 35 i+~ prefix
2 IPV6 2 hb Z R o gt ok g & P32 B P N 3% & native IPV6 PRFF 0 T PFat 3%
EH E’f%« RN 2ZHEr2ve B + TLA =5t % [ o i sub-TLA ¢ ;%-"F'i‘ B-H T4
+ 2 NLAID #pe i3 5w gL ¢ Y- = B2 TLA> £ 24 =~ prefix 2. =ht 7 >
2 Jk sub-TLA =xr 7 &7 3 ‘ET?L 0

UHER sub-TLA 2 iz > 3 & p Hizn HFE P A fe NLA B His ISP & 27 (7
Bl HaZREE T Cslow start” B I[4][S] 0 WA BT GEH a2 2 P F R KA
;%-'*‘ i * AT 90% kS o LAY - Bia 2 o MR R o ¥ 4% Hierarchy
BHZEHE 0 B NLA ff =8 - 5 *7 3] - £ * hierarchy 4t 7 T# 3B RBEE VI T a
A5 & (aggregation) > 1 E&d BT a2 BT HOR I & i 3] {3 2 2 Routing e
e b SR AT g il A e b el (flexibility) AT B I F LRI R Y G TR 2
BHE R RIES R A TRAF o F 20 FRE) ’)J'*uv it 1 % 4t renumbering
RELA B RAL T F K AFIUNLA AR > L Y R £ ok

aFWﬁﬁmpsWPwgmwm%Hm6&ﬂﬁwﬁﬁéﬁmﬂﬁm’%*ﬁﬁﬂ

%14 subnet 2. end-user > B ® F A fie /48 Z PR izH HE 0 @ T i by HIRE R
TR F R /48 SLA imht T B R 59 o I TR 2 RIAR 5 ISP % %ﬁ" 2o— 3Rz B
4 ISP 2. SLA =it B R A fie » FP 7 A it 48 = { £ 2 prefix B2 4 b a2
H-% 2, paidiRv Afie /642 =037 -

P4 B mhb A Fe kAL 0 A TETF #4347 0 4o 83 12/56 B~ /48 2 t=pb §
b R RIEE ) £ FE* 2 o 0 mobile phone EH - * 2 & S f LA R FRFE N

FRREEERZAF > AR IP LR .

~

3.2.2. Multicast i+ 1+

IPv6 ¥ 3% = 4+ (Multicast address)®_* & #bw| - ## & 2L(Node)riz 4t » & — B & 8
B P4 ~ % B EHEE 2 (Multicast group) > H i m T & ¥ %% [6-7] > IPV6 e i ak
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£ 4o B 3-2 41

8 4 4 112 bits

IT111111 | flags [scop group ID

W 3-2. IPv6 ##3% i=ak 258

IPv6 4§ = ph F 3V 3P 4o T
ak g F D IPV6 mhbARAnen 8 B A VIV 0 2K G IPVO HaAE b
EE(flags) i = EEF i e Bl HY 3BPF AP R ERASFF AT A

dotE ' 2707 F o B i Z & 5 T(Transient) #1% > T FF4E 2 707 FF £ o1 L 2 3% 4t
I

A [JANA(Internet Assigned Number Authority) b’“r#?, TR A P EE AT AR
SUIEE R T G - WM aEE a0 AR R FERE A T [8]Y TF AU R
hE o
> dEFE(scop)tf =t mow B K X#ﬂ THBFEAFRHTRFOBEFR > p o
T H/ArE 3-2 971 [9] 5 @ fe IPv4A e Hoie Rl B 1% TTL & K U434 Tk and
S
% 3-2. IPv6 #¥nfFFiF e

* i

vy

(s

(=]

reserved

f—

interface-local scope

link-local scope

reserved for subnet-local scope

admin-local scope

site-local scope

(unassigned)

(unassigned)

organization-local scope

(unassigned)

}@OO\]O\UI#UJI\J

(unassigned)
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(unassigned)

(unassigned)

(unassigned)

global scope

om0 |®

reserved

> Fleaku|(group ID)F = 112 B = > % kakw] IPve HigHE e o

f IPV6 ¥ 3g mht en® fL ¥ @ 3 L FE i (Pre-Defined) sk A #4= 5E[7,9] 0 # B3
22N T

(1) ®F 1 (FF00:0:0:0:0:0:0:0~ FFOF:0:0:0:0:0:0:0)
PLE R 3R 0 AT R E R e T o

Q) HEHHHEEPN rd H By
FF01:0:0:0:0:0:0:1 # 77 IPv6 #¥4%% & interface-local p 73 & gk o
FF02:0:0:0:0:0:0:1 # 7+ IPv6 ¥ 4%%F % link-local p e3%75 & B o

(3) HIEHEPN G4 pd Bip
FF01:0:0:0:0:0:0:2 # 7+ IPv6 ¥ 3% % % interface-local p 7t d B o
FF02:0:0:0:0:0:0:2 % 77 IPv6 #¥4%% ‘e link-local p 1773 g d

% o
FF05:0:0:0:0:0:0:2 % 77 IPv6 #¥1% % ' site-local p 975 id F o

Bkt IPV6 Fh hb IR A FERRANA A R 2 R [Pv4 @ K R
a0 H UK A IPVO B hk s H#pE AL TE L Y JANA o

27 @ IPV6 H 4% 0 ¥k 1 IEEE 802 MAC s » e 37 24 chiz i 2 5% [9]
4oB] 3-3 47 > mom 16 B Adem it AP o 7 - $RenEE-{E 5 group ID F
112 /2 1t & g I = 80 (& 37éngroup ID ff 232 =5 » dept % BT
32 =~igroup ID fF =& 24 — BrE—- MAC =4t o
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8 41 4 80 ‘ 32 bits
[TIT111]{lagg scop reserved must be zero‘ group ID

B 3-3. New IPv6 #3% -nt# 3¢

B2 X B AT PV F4h o hk 158 R K [9,10]P % & & IETF draft FE B > = p &2 6 © f
g (£ IPve HHPATI1]T f WIDE IPv6 ¥ 3% e it F 5 iRI3R 81 32 6 S AR U H 4R 0
prip[12] 0 d B 7 2o IPVv6 HEFAFA IPVO 5 AR B - FE R chd d o

3.2.3. Anycast ikt

% IPv6 5 T_® anycast =4t i3t unicast a7 FF # > B2 X anycast a2 &% 2 4p
M4l A= @ i IPvotREe 3 Hikg i=a 7 &> 4o subnet-Router[6] # subnet anycast
address[13] = 2 ¥ subnet anycast address ¥ > & 1 IPv6 subnet * » %% 128 Bid i = ht
ZRE e pwm e B-H P — B ixp s fe mobile IPV6 #41] > T 5 Home agent address > H 4
RIARA KRG & £ &- Hdgico X “7F anycastaddress 2 ~fie 'y Fd H - #m ey

7 LG IESG g A 2hd R * F P IR Pl T RE Y 2 a s fe kR

3.3. APNIC ¢ &4 3¢¢ 2 &7 [Pvb st & fie i B P9

90 £ 8 7 K oA [l LA & (72 APNIC 2001 & ¢ ¢ > & %d p & JPNIC %
Takashi Arano 2 APNIC chairman Paul Wilson #& 1! #7:7 [Pv6 address allocation policy’ %5
- hwmien A X R REEN - PERE o ERE g A2 A R B R R

A 5 SIG-ipv6 Mail list 345 fs » 3t T X €327 /M2 82 Bk g3dshme e o 1T
B (8 3t 2. Z R IR AT
(1) Proposed Size of Initial Allocation:

So = Shorter {eval (v4infra), x}
HY 2 x 2 E¥routing table 2. £ & 7 M e.g. X=35F 3 4.3G Z routing entries,
X=23 p¥3 1M 2z routing entries ¥ > 3 - ¥ 31,
(2) Subsequent Allocation
® (Criteria: HD (Host Density) Ratio = 0.80-0.85
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® Size: S, =shorter {S,.-1, eval2 (2-year-req)}
(3) LIR to ISP :
® No requirements
® LIR can decide the criteria and size
® But they must report sum of all /48s to RIR when they come back to RIR in
evaluation of normal HD-ratio.
(4) Assignment
® Which should be assigned, /48, /64, /128?
- It’s within the IETF boundary.
- Upper layer’s registries must not concern which size LIRs/ISPs assign to
end-users.
® Multiple /48s
- If end users use up /48 and need more, they can request an additional /48
with justification.
- This request will be processed in the RIR/NIR level.
® Definition of “site”
- ISP-connection basis, i.e. every end user can get a /48 when they get an IPv6
connection from ISP, regardless of organization, location, etc.
® Assignment to Infrastructure
- Basically up to /48 per a PoP (regarded as just one assignment)
- Office use can be regarded separately.
(5) DB Registration
® Every /48 should be registered.
® Admin-c and tech-c of home residential users can be substituted by ISP contacts.
- Privacy reason
® Details: TBD.
§ 7oA h 2 ERAT g A e S
- Minimum allocation £ ¢ /35 #%& < 1 /32
- Qualification Threshold z_% /36,

e fts - 5 FF SIG-ipv6 3iim, T H s 2 RIRP{F & & 2 X384 i T & o
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4. TPv6 IX (Internet Exchange)3i /%

IPVOIX % B P en IPVAIX T o 22 2 0 X 54 WEUOT 0 = b iE(F
BBl o Pt ISPs ~ = A 2 B4R IPVO 3% 2 3 cPRGSE o & & g5 L0 F
EFHERERMNE REREALMEIPVOIX EHIIIRGE- # 4 B[16] -

» L EE
NSPIXP6 7 — W3t i IPv6 eidBe {4 % 2 2 4 ¢ & (Internet Exchange »
IX)> T >t 1999 # 8 ' B 4piF = A =3t K » ¢ KDDI Otemachi> P # B # 35 NTT
Otemachi> Toyama % NTT West Dojima- && 2% NSPIXP6 i & &_i 2% 1 [X>
P F AR 20 R ISPs v 3o @ P v AH FE A IPv6 IX 2 - o
NSPIXP6 ch% 4] 4-1 ©

NTT Otemachi Toyama
JGN ATM Cloud
) (1)
NTT Dojima NTT Otemachi

KDD Otemachi

FastEthernet
! v
bomoeomeee >
IPv6 Summit INET’2000

® 4-1. NSPIXP6 Topology

ONGIX-KR[17]2% = ** 4 B > FF2- 2 2001 + & & 2 & PR IR > B 5 1 &
PRi% 5 native IPv6 peering © 6NGIX-KR i 2 28 f?gﬁ—g}\ LB 42 AFEREPN IR
g3~ % £ peering 9= f 7 KT(Korea Telecom) ~ ETRI~ DACOM % KOLNET %
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& ¢h 2% 95 2+ ¥ 6TAP(US) »  NSPIXP-6(JP) 2 AMX-IX(Europe):if % native

peering ; ¥ ¢t £ 12 IPv6 over IPv4 tunneling = ;% ¥ 6Bone # 6Bone-KR = if -

Native IPv6 BGP Peering

-
-

”
'
'y

»
==

KIX Backbone

— o

=
e )
—

™~ IPvs Native
Peer - KOREN, ETRI,

DACONM, HITEL,
HANARO

IP+6 Native
Peer - 6TAP, NSPILXP-5,

AMS-TX
6NGIX TPv6 Router T

Cisco720x _-" %Eh'vﬁ Tunnel TIPv5 Tunnel
IO0S 12.1 TP :

{(over TPvd) 6Bone, 6Bone-EKE

o3 )
..I;l_ - '__'L 1* EEEENamEEEn
SINGIX |
Esﬁtsgjé,m-ver NGIX Cisco Router
Tunnel Server (TPvd)
(IPvd/TPv6)

W 4-2. 6NGIX-KR Topology

> OFEFMNEE
6TAP =+t 2 R 7 4v# > §_ESnet 22 CANARIE = F & = » P e de ik IPv6
Be. 3 i > P v A & PR3 Native IPv6 link service 2 IPv6 over IPv4 tunneled link
services © B m %2 = § 5 APAN Japan, APAN Korea, Esnet, NTT-ECL, vBNS,
SingAREN(Singapore), University of Wisconsin-Madison % cESnet " # i transit traffic

5] 6Bone £Rik - 6TAP ke 2 Hih % Ll 4-3 -

¥f 2
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IPv6 IX- i & e 3% # % Foundry Biglron 4000 @ Carrier 3% i» ¥ d % = g o iF T
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# & native IPv6 peering > NY6IX < #3% % 2 & §_d FastEthernet Switch "er#ra\ )
Switch @ 12 T3 4pig » * = 4 & BI$ * 10 ¢ 100base 7 FastEthernet ¢ %-4c =8 f &

B3 STLA & pTLA ehizgt o

> OB E

AMS-IX % 2 *t 7 7 P 4% 2745 2 (Amsterdam) > .d 255 1~ ¢ = fhiF
Fenfs € 278 = o P v 547 peering <= R § J7 i % # ISPs~ B ISPs(£ ~ & ~ 4% »
“fIpE S B B R §8)2 RIPENCC /g o i B IPV6 IX(6NGIX-KR) % %%
d AMS-IX ## g i & ISPs 3 i o AMS-IX 2 & en2 3% # 5 Foundry Biglron
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10BaseT/100BaseTX % 1000BaseSX -

UK6X % = > % W i&5%c » #.4 BTexact Technologies & = &7+ 3 & ¢ p & 5 %
& Ipv6 ISPs &2 5 e 8 = ch3 i > 1032 (7 Ipv6 $irenfp B RIGE > F 0P BEE R Sk
sk FEAKH LEEH o P B PRIAELE T native IPV6 peering ~ IPV6
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5. 23

* & B4R TPV6 ikt A e 2 B2 % IPv6 Internet Exchange 2. 2 A Ho3E

;ia A S| < S Tl L
5.1. IPv6 =it A& fieiE ik

g A2 mitz mpsfehple s 53 86 8 e [14][15] %02 > & D 4e B 5-1 2

IPv6 Unicast =at &~ fie 7 H > T3 4o® o

>

FP| TLA |sub-TLA|Res [NLA1NLA2| SLA Interface ID
F—> 35 <«—5«¢>8«|> 16— 64 <«—

W 5-1. IPv6 Unicast it 4 fes® &7 #

13 =<2 NLA # sub-TLA ¥ ¥ =it »tH i=n F B 0 £ * hierarchy Tt » 7 ik
Py hE E 4 (ISP & end user)st e pe 28 it — H 1A o FIP - NLA £ 34 5 5
=z NLAl 2 8 =~z NLA2 # =AY 3 =2 =n F &4 f NLAI
(xxxx:xxxX:Xxxx::/40) 2% NLA2 (XXXX:XXXX:XXxX::/48) o I ** NLAI/NLA2 2_*» &t

] > ¥ ik & sub-TLA B =2 5 % 7 F &8 vk (E38 120 & o

% APNIC #f IPV6 i+t & flepz i = 2[1]¢ dp i ",ﬁ% g #rRF Ko F P end-user
T A fe- /ABSLA p % BB S o Flt 0 NLAL 4 & A feipizg § s o

3

e ¥ o H 0 4o ISP & Internet Gateway » i izt ISP 2 Gateway ¥ & - #
P 256 Bk E S o Ry GrH mimn § REH P2 renumbering AT 0 ¥ o
Bz AR dedpin e

% APNIC # IPv6 i=ntA fiercil ¥ 2[1]7 450y » 30 g @ T £ 414 subnet 2
end-user » B0 7 A fie /48 Z PR ih H oo F]P o NLA2 2 &R B A feib i o F
FELE n R 2 Him oo LfRAY H i mn F RIFH P2 renumbering B
o7l o A B ddp ik 2 aEiRdp ik NLA2 B4 =t e 2 g Y 3l =
(0l 31 e NE R M Ml

34



> B APNIC $ IPV6 imhk A flegc 2 2 [1]7 45 0 4 2 AR 3 ISP ZE 4+ 2 - 3%
> f&d ISP 2 SLA i=ut % B & fie » Bt 7 & et 48 =~ { & 2 prefix %25
A2 HE- % P 5 2RV AR 642 n T/ e

5.2. B IPv6 ISP = ik

% i ISP R 2. IPv6 fe e 7 @ 7 55 & f8#-5° 1.Native IPv6 BGP peering 2. Tunneled
IPv6 BGP peering.

5.2.1. Native IPv6 BGP peering
5200, 3B

Native IPv6 BGP peering €% B ISP fF & W2 2K & IPv6 # it 2. g d B > H£E R #
e gl 348 4o HDLC ~ PPP ~ Frame-Relay ~ ATM % &% T 38 e B3l 3 4af 4ot~ R jt
(Ethernet) & ® 7 i@ > I fx# BGP4+ o i 3 5 T3E = Peering Session » 12 % 4 ot
ff 2. IPv6 =kt (Address Prefix)z g&d 3 & » B g2 4o B 5-2 #777 o

1. Native IPv6 BGP

ISP 1

ISP 2

IPv6 Router

W 5-2. Native IPv6 BGP peering
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T % & * Cisco IOS Version 12.1

FRIP oA
(1) 2 @3 4R PIE
(2) BGP4+ Peering Session ip &
(3) DNS ¥fp&ipli#
(4) WWW I H R+
(5) E-mail 3 @& p)3#

52.1.2. 3 i ARELRIF

ISP1 £ ISP2 & i IPv6 B d 5

‘% El mﬁ' E—Ft\.}':b

interface Serial0/0:0.300 point-to-point
ipv6 enable
ipv6 address 2001:238:0:24::1/64

frame-relay interface-dlci 300

ISP 1

IPv6 Router

W 5-3. Tad

% ISP1 2 ISP2 §&d B¢ 4%

in Ipééfy‘ q\@ d}?xi o

Lﬁ%—-. Wﬁ/?]Fé‘ﬁi Lf”'qélP'Jpé

Z_ [ * Frame-Relay if

Bed B ekl G4 > T3 @ IPV6 46

Frame Relay

W HRARL T i

,,J s 3B

FAAEE T AP o MPRRA
PR f#{irﬁ] 5.3 A o

interface Serial0.1 point-to-point
ipv6 enable
ipv6 address 2001:238:0:24::2/64

frame-relay interface-dlci 200

IPv6 Router

e 48RRI

ik iz &7 ICMPV6 %45 4 %t
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ISP1#show interfaces Serial(0/0:0.300
Serial0/0:0.300 is up, line protocol is up
Hardware is DSX1
MTU 1500 bytes, BW 1536 Kbit, DLY 20000 usec,
reliability 255/2585, txload 1/255, rxload 1/255
Encapsulation FRAME-RELAY IETF

ISP2#show interfaces serial(.1
Serial0.1 is up, line protocol is up
Hardware is HD64570
MTU 1500 bytes, BW 1544 Kbit, DLY 20000 usec,
reliability 255/255, txload 1/255, rxload 1/255
Encapsulation FRAME-RELAY IETF

ISP1#ping ipv6 2001:238:0:24::2

Type escape sequence to abort.
Sending S, 100-byte ICMP Echos to 2001:238:0:24::2, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 4/7/8 ms

ISP2#ping ipv6 2001:238:0:24::1

Type escape sequence to abort.
Sending 5, 100-byte ICMP Echos to 2001:238:0:24::1, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 4/6/8 ms
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5.2.1.3. BPG4+ Peering Session ;P&

ISP1 % ISP2 & & IPV6 i d B A

= Peering Session > ' % 3 @ pt B IPV6 r:;h_(Address Preﬁx)\}i{ﬂ 7
Bod BRFC 3
’f#'ﬁif']%] 5-4 9751 o

APREL R P i RS
Advertise Address Prefix - Bz

L fxds BGP4+ B d i 3 %0 TaE

1p

= Peering Session » ¥

router bgp 17419
no bgp default ipv4-unicast
neighbor 2001:238:0:24::2 remote-as 17420
!
address-family ipv6
neighbor 2001:238:0:24::2 activate
neighbor 2001:238:0:24::2 prefix-list bgp-in in
neighbor 2001:238:0:24::2 prefix-list aggregate out
network 2001:238::/35

exit-address-family

router bgp 17420
no bgp default ipv4-unicast
neighbor 2001:238:0:24::2 remote-as 17419
!
address-family ipv6
neighbor 2001:238:0:24::1 activate
neighbor 2001:238:0:24::1 prefix-list bgp-in in
neighbor 2001:238:0:24::1 prefix-list aggregate out
network 2001:288::/35

exit-address-family

ISP 1

IPv6'Router

& o

IPv6 Ro

W 5-4. BGP4+ Peering Session |

= ISP1 % ISP2 g

summary 3p %

Ee L uli* show ipvo bgp ~ show ipv6 bgp
¥ ] BGP Session X F I FpaE

o
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ISP1#show bgp ipv6 2001:288::/35
BGP routing table entry for 2001:288::/35, version 10974
Paths: (1 available, best #1)
Not advertised to any peer
17420
2001:238:0:24::2 from 2001:238:0:24::2 (1.0.0.130)
Origin IGP, localpref 100, valid, external, best

ISP2#show bgp ipv6 2001:238::/35
BGP routing table entry for 2001:238::/35, version 75
Paths: (1 available, best #1)
Not advertised to any peer
17419, (received & used)
2001:238:0:24::1 from 2001:238:0:24::1 (210.242.0.97)
Origin IGP, localpref 100, valid, external, best

ISP1#show bgp ipv6 summary

BGP router identifier 210.242.0.97, local AS number 17419
BGP table version is 10971, main routing table version 10971
162 network entries and 163 paths using 31330 bytes of memory
127 BGP path attribute entries using 7620 bytes of memory

123 BGP AS-PATH entries using 3178 bytes of memory

0 BGP route-map cache entries using 0 bytes of memory

0 BGP filter-list cache entries using 0 bytes of memory

BGP activity 2297/9505 prefixes, 2507/2344 paths, scan interval 15 secs

Neighbor v AS MsgRcevd MsgSent  TblVer InQ OutQ Up/Down
State/PfxRed
2001:238:0:24::2

417420 11 138 10971 0 0 00:08:26
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ISP2#show bgp ipv6 sum

BGP router identifier 1.0.0.130, local AS number 17420

BGP table version is 163, main routing table version 163

162 network entries and 162 paths using 31266 bytes of memory
126 BGP path attribute entries using 7560 bytes of memory

124 BGP AS-PATH entries using 3362 bytes of memory

0 BGP route-map cache entries using 0 bytes of memory

0 BGP filter-list cache entries using 0 bytes of memory

BGP activity 162/54 prefixes, 162/0 paths, scan interval 15 secs

2001:238:0:24::1
417419 142 15 163 0

Neighbor A\ AS MsgRevd MsgSent TblVer InQ OutQ Up/Down State/PfxRed

0 00:03:58 162

Host A

Ping www.B.com

B 5-5.DNS $fp B3
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5.2.1.4. DNS ¥tp&ip|s#

APIEEL B P eh5 EILA ISPs 2 DNS .22 % 20 7 3 dpHe 2 10 I 518 5ot 8
# fi-(Domain Name) £ IPv6 Address 2. ¥fpt > iRI3# 7 H4o B 5-5 #7771 ©

# ISP1 % ISP2 IPv6 = §.2_ Host A ~ B 4 %] ping ipv6 www.B.com % www.A.com
te iRl DNS & F $4pt = 54 o
52.1.5. WWW ?f??‘l 2

KB R P i FEES ISP 2 B LET 223 HEFR T 0 AL H Web IR
T2 i 0 R AR A 56 4T ¢

IPv6 Router

Client A Client B
http://www.B.com/ http://www.A.com/

W 5-6. WWW i Wil
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http://www.b.com/
http://www.a.com/
http://www.a.com/

i ISP1 2 ISP2 IPv6 2. Client A » B » BB £t WWWA 2 WWW B /] Web

PRF274 Ry o

5.2.1.6. E-mail 7 i#p|&

APIFRAL R P L FEIRA ISPs 2 E-mail PIRBEE2EE 22 0 ¥ 3 @ E-mail -

PIREE Hdeo @) 5-7 #75% e

Mail Server A Mail Server B

Client A

peter@b.com John@a.com

W 5-7. E-mail 3 @ /p[3&

42



5.2.2. Tunneled IPv6 BGP peering

5220, T

Tunneled IPv6 BGP peering &_= # ISP #77 3% 2. IPv6 fe it M i i d B i F [Pv4 B
Be5ig o g AA B EEd BFZE 2 IPv6 over IPv4 2. Tunnel » X 1 fx# BGP4+ B d
i3 1% TaE = Peering Session > # 4 DNS $+p ~ www F)f ~ E-mail 3 @ p|3# - (739

Native IPv6 BGP peering 4p 07 » # 3§ 7% H 4o | 5-8 #7177 -

IPv4/v6 Dual Stack Router IPv4/v6 Dual Stack Router

® 5-8. Tunneled IPv6 BGP peering

5.2.2.2. Tunnel 4&§ jp|3&

APREALE P i BREERD BRF 2 Tunnel 42t § 3 e 222> 73 @
e o PlREGE #ﬁfn59”7’1‘ °

interface TunnelO interface TunnelO
no ip address no ip address
ipv6 enable ipv6 enable
ipv6 address 3FFE:3600::1:21/127 ipv6 address 3FFE:3600::1:20/127
tunnel source Loopback0 tunnel source Loopback0
tunnel destination 202.39.142.145 tunnel destination 210.242.0.97
tunnel mode ipv6ip tunnel mode ipv6ip

! !
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IPv4/v6 Dual Stack Router IPv4/v6 Dual Stack Router

B 5-9. Tunnel 4#§:R|:F

FEed B 1~2° & Bk Tunnel 4882 /i o % i 2 @ * ICMPvo6
’I‘ﬁ/?'] Tunnel ﬁé&x 1;—\?. d}?xﬁ' °

i
é‘

*4p

ISP1#show interfaces tunnel 0
TunnelO is up, line protocol is up
Hardware is Tunnel
MTU 1514 bytes, BW 9 Kbit, DLY 500000 usec,
reliability 255/255, txload 1/255, rxload 1/255
Encapsulation TUNNEL, loopback not set
Keepalive set (10 sec)
Tunnel source 210.242.0.97 (Loopback0), destination 202.39.142.145
Tunnel protocol/transport IPv6/IP, key disabled, sequencing disabled
Checksumming of packets disabled
Last input 00:00:09, output 00:00:09, output hang never
Last clearing of "show interface" counters never
Queueing strategy: fifo
Output queue 0/0, 1 drops; input queue 0/75, 0 drops
5 minute input rate 0 bits/sec, 0 packets/sec
5 minute output rate 0 bits/sec, 0 packets/sec
162147 packets input, 16873267 bytes, 0 no buffer
Received 0 broadcasts, 0 runts, 0 giants, 0 throttles
0 input errors, 0 CRC, 0 frame, 0 overrun, 0 ignored, 0 abort
167688 packets output, 26377704 bytes, 0 underruns
0 output errors, 0 collisions, 0 interface resets
0 output buffer failures, 0 output buffers swapped out
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ISP1#ping 202.39.142.145

Type escape sequence to abort.

ISP 1#ping ipv6 3FFE:3600::1:20

Type escape sequence to abort.

Sending 5, 100-byte ICMP Echos to 202.39.142.145, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 16/16/20 ms

Sending 5, 100-byte ICMP Echos to 3FFE:3600::1:20, timeout is 2 seconds:

APIEALE PGS Wk d BRF ¢ 2 Peering Session > * ¥ 3 4p

Advertise Address Prefix » P|3& 2 f#&r@ 5-10 #177 ©

router bgp 17419
no bgp default ipv4-unicast
neighbor 3FFE:3600::1:20 remote-as 3462
!
address-family ipv6
neighbor 3FFE:3600::1:20 activate
neighbor 3FFE:3600::1:20 prefix-list bgp-in in
neighbor 3FFE:3600::1:20 prefix-list aggregate out
network 2001:238::/35

exit-address-family

router bgp 3462
no bgp default ipv4-unicast
neighbor 3FFE:3600::1:21 remote-as 17419
!
address-family ipv6
neighbor 3FFE:3600::1:21 activate
neighbor 3FFE:3600::1:21 prefix-list bgp-in in
neighbor 3FFE:3600::1:21 prefix-list aggregate out
network 2001:288::/35

exit-address-family

v6 Dual Stack Router

IPv4/v6 Dual Stack Router

W5-10. BGP4+ peering session g

45




AR EEd B 129 &% * show ipv6 bgp ~ show ipv6 bgp summary 45 4 & i#]

BGP Session &_d it FgiE 3 o

ISP1#show bgp ipv6 summary

BGP router identifier 210.242.0.97, local AS number 17419
BGP table version is 10988, main routing table version 10988
163 network entries and 164 paths using 31523 bytes of memory
128 BGP path attribute entries using 7680 bytes of memory

124 BGP AS-PATH entries using 3202 bytes of memory

0 BGP route-map cache entries using 0 bytes of memory

0 BGP filter-list cache entries using 0 bytes of memory

BGP activity 2299/9511 prefixes, 2509/2345 paths, scan interval 15 secs

Neighbor v AS MsgRevd MsgSent  TbhlVer InQ OutQ Up/Down State/PfxRcd

2001:238:0:1:260:2FFF:FEA4:3E3D

417419 76292 97762 10988 0 0 2w4d 2
2001:238:0:20::2

417419 32949 41915 10988 0 0 2w4d 2
2001:238:0:21::2

417419 28455 35208 10988 0 0 2w4d 2
2001:238:0:22::2

417419 29180 36580 10988 0 0 2w4d 2
2001:238:0:24::2

417420 91 356 10988 0 001:12:37 1
2001:238:0:25::2

417419 28524 35208 10988 0 0 2w4d 2

3FFE:3600::1:204 3462 100299 74074 10988 0 02d00h 151
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ISP1#show bgp ipvé
BGP table version is 10988, local router ID is 210.242.0.97
Status codes: s suppressed, d damped, h history, * valid, > best, i - internal
Origin codes: i - IGP, e - EGP, ? - incomplete

Network Next Hop Metric LocPrf Weight Path
*>2001:200::/35 3FFE:3600::1:20 0 3462 6435 8002 2500 i
*>2001:208::/35 3FFE:3600::1:20 03462 7610 i
*>2001:218::/35 3FFE:3600::1:20 03462 4697 2914 i
*>2001:220::/35 3FFE:3600::1:20 03462 3748 9270 i
*>2001:228::/35 3FFE:3600::1:20 0 3462 109 4725 2713i
*>2001:230::/35 3FFE:3600::1:20 03462 3748 i
*>2001:238::/64 2001:238:0:1:260:2FFF:FEA4:3E3D 100 Oi
*>2001:238::/35 ] 32768 i
*>2001:238:0:1::/64 2001:238:0:1:260:2FFF:FEA4:3E3D 100 0i
*>2001:238::/35 ] 32768 i

> hkafg
(a) f SLIEHEE AP MK A
IPv6 IX i $L78 4= #p 23k 4 & #% Route Reflector ~ 7 #% Ether Switch ~ — % 4§
FILAE Web PIREHE S > 4o 5-11 #77 o
Route Reflector # & ISP B 2£ = [Pv6 Native Peeing Session; NMS i # 3% i [Pv6 IX
PR E Tt i s Web RPR B 4% & IPvO IX 2 7 F (Home page) ¥ #& i3 43 2 & Tk & F
oo
(b)Esd 23]
&30 40 ISP 2. Ba ol L] BB T 5|2 i
(1) & ISP 2 i@ & IPv6 =kt o IX 4, T et
(2) % %4 ISP % IX 2 Route Reflector = > BGP4+ Session ©
(3) IX & 2% Route Reflector i * 2. AS .75 5 XXXX o
z @ 4 ISP ¥ 2. Peering B #2>d ISP = % p {7 & {18 7 i@ # 3% (Bi-Lateral Peering
Agreement>’BLPA) % f {7:& ¥ in bound Route Prefix filter ¥ #/i /ja > Route Reflector i
% ISP # Route register 3= 2. Address Prefixs ¥ ¥ %
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[Pv6 IX Room

[Pv6 Route Reflector

¢ [Pv6 peering

ISP Colocate Router

DSU/CSU

e @
SUIVERS

W 5-11. IPv6 IX x3t7d
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ISP outbound route Prefix #i g ¢ 4] °

(c) W44

SRER LT R IPVe IX w3 B % Sui #2332 » Route Reflector % Ether
Switch #Z&x&E* BT /h - AW eFEXRIF2RKA4 4 FPFRR* S 2 PR BRI
T3 4p3 B3 -
(d %2532

X2 TR OIPVOIX FA 2P JPREAED "f"t = g A R vt
FEHFT P BZHFERTARLINL YRaEIX B 298> -

immﬁﬁ%%ﬁj’%%?ﬁé@ﬁiﬁkﬁﬁﬁmﬁZQ%%%“;Eﬁﬁ
ﬁmi@»;ﬁg%wAAAmmﬁﬁﬁwmﬁﬁfﬁba#mf%’ﬁ EX= AR
A2 UFER K BRET D o
IS Bl

IPv6 IX ikzz ¥ % iF = A3 c:d 0 ISP 2 ,q’f ’—F'—“ifc‘%uﬂf'% FEFZ ALY TWIX {7
Yo g g - KTy 402 A7 - EtherSwitchid R 3" f2 3 F B P57 o

5.3. FE IPVOIX i % 3%

5.3.1. =i

FRHARIPVE IX Z 5 A HER MUK E S48 % - 4P o FERP ISP IPVO
PERABLHE LA G AEHEERSE Y Layer2 Ether Switch 2 344 » ISP PR d R3]
i£3%4% * Native IPv6 BGP pearing fi-5¢ > % Bi-Lateral Peering Agreement » BLPA §f:§ =
Wik N “ﬁ%:}%fé’i—% FHERZETA AW 2ELHIRB L TR EEE A

Bf 2. T PRTE o

5.3.2. JRF*

> IPvoIX £ % » 2
Ryp IPvA F B G SRR B3N R 65% a7~ a8
FTL 35% FIrERAALSADEEARIPVE IX % - L9 w0 33P
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= IPV6 # it 2 i d E o

4
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£
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(a) ¥ pr2 Bjkrigig JRIE o

(b) 1451 E (Looking Glass)
IPv6 IX 5 4apt ISP < § g pliad 23 F L3 210
¥R V& % Looking Glass P PRE T 123k 11 Web = ;454 B i
* o

(c) Mg d PRI
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P Eb)EERE LY IR (@)~ ()T Ty » 3N Y (K o
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