Protocol Independent Multicast a
Multicast Listener Discovery
(Prakticka cast)
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1 Uvod

Ukolem této praktické Easti je seznamit Gtenafe s topologii nad kterou bude provedena analyza
skupinového vysilani v IPv6 siti.

Celd analyza je rozdélena do nékolika ¢asti. V Prvni Casti jsou zminény programy, které byly
nutné pro realizaci analyzy. Také je zde popsana zékladni konfigurace a protokol OSPFv3, nutny pro
funk¢énost PIM protokold. Jsou zde také zminény jiné skupinové protokoly, které jsou v topologii
pouzivany.

Druhé ¢ast obsahuje hlavni analyzu této analyzy. Pomoci konzole na smérovacich a programu
Wireshark je zde podrobné prozkoumén princip protokolt PIM-SM a MLDv2. K tomu je vyuZito
nekolik specificky vytvorenych skupinovych stromtl, na kterych se také overi funkénost SPT algoritmu.
Na konci této ¢asti je vyuZita skupinova adresa pro DHCPv6 smérovace (FF05::1:3) ve spojeni s PIM-
SM za ucelem DHCPv6 konfigurace od hosta ke vzdadlenému DHCP smérovaci R4.



2 Topologie

RP DHCP server
R2 2001:DB8:1111:28::/64 Rs8 2001:DB8:1111:86::/64 Ry 2001:DB3:1111:64::/64 R4
" ed/o edfo. = ed/0 edfo

ed/2 ed/2 =

2001:DBE8:1111:87:: 2001:DB8:1111f65:: 2001:DB8:1111F43::/64

2001:DB8:1111£71::/64

2001:DB8:AAAAAAAA::L1] 64

Obrazek 1 — Topologie zapojeni

2.1 Pouzité prvky

Pro sprovoznéni této topologie a analalyzovani problematiky skupinového vysilani pro toto
zapojeni byly pouzity tyto programy a operacni systémy :

* Cisco IOS Software, 3600 Software (C3640-1IK903S-M), Version 12.4(25¢), RELEASE
SOFTWARE (fc2)

*  Wireshark (Version 1.10.2 (SVN Rev 51934 from /trunk-1.10))
*  Windows 7 SP1 (32bit)



2.2 Adresy na stazeni programii

Wireshark

http://www.wireshark.org/download.html

3 Topologie a OSPFv3

Kazdy smérova¢ ma také své vlastni Loopback( rozhrani. Toto rozhrani ma vzdy IPv6 adresu
2001:DB8: XXXX:XXXX::X/128 kde "X" je ¢islo smérovace. Stejn¢ tak ma kazdy smérovac povoleno
Unicast a Multicast vysilani. Kvili pfehlednosti zapojeni a snadné orientaci bylo v této topologii
znacné plytvano adresnim prostorem IPv6.

V topologii je pro unicastove vysilani vyuzito protokolu OSPFv3. Jedna se o link-state protokol
navrzeny pro sit’ s vyuzitim IPv6. Z konfigurace je zfejmé Ze je kazdé rozhrani je soucasti OSPFv3
ve stejné oblastni (area 0). Na obrazku 2 muzete vidét routovaci tabulku pro OSPFv3 na smérovaci R1.
VSechny link-local adresy jsou nepozménény a generovany pomoci definovan¢ho prefixu a MAC
adresy smérovace(viz. RFC 4291). MAC adresy smérovacli jsou manudlné nastaveny na adresy
XX XX XX XX XX XX, kde ,,X* je cislo smérovace. Pti konfiguraci OSPFv3 je nutné kazdému
smérovaci nastavit ,,Router-ID*. To je vzdy X.X.X.X, kde je opét ,,X* Cislem smérovace.

V topologii je jedno koncové zafizeni "host", na kterém je naistalovan operacni systém
Windows 7 (32-bit verze). Ten slouzi pro generovani ,,DHCP Request-Info* zpravy pro analyzu
pii konfiguraci DHCPv6 s vyuzitim PIM-SM. Z davodu piehlednosti je koncové zatfizeni ,host™*
vypnuto a DHCPv6 neni na smérovacich R4 a R1 konfigurovano do doby, nez bude tato konfigurace
vyzadovana pro analyzu v posledni praktické Casti.


http://tools.ietf.org/html/rfc4291
http://www.wireshark.org/download.html

Obrazek 2 — R1#show ipv6 route ospf

V konfigurované topologii neni Zadny ze smérovacl ¢lenem jakékoliv ,kanalu® (Obrazek 3).
Nicméné je ¢lenem (odbératelem) nékterych skupinovych adres.

N
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1I2Cs use stateless autoconfig for resses

Obréze 4 - #sow ip interface €0/0

Jak je z obrazku 4 vidét, R2 piijma data hned z nékolika skupinovych adres:
*  FF02::1 — VSechny uzly.
*  FF02::2 — Vsechny smérovace.
*  FF02::5 — VSechny smérovace s OSPFv3.
e FF02::6 — VSechny povérené smérovace s OSPFv3.
*  FF02::D — VSechny PIM smérovace.
e FF02::16 — Vsechny MLDv2 smérovace.
*  FF02::1:FF00:2 — Vyzyvany uzel (podle unicast adresy).
*  FF02::1:FF22:2222 — Vyzyvany uzel (podle link-local adresy).

4 Aplikace PIM-SM a MLDv2

Protokol Independent Multicast — Sparse Mode je nejlpouzivanéjsi PIM protokol. Tento
protokol je podporovan v IPv6 a IPv4 sitich. Je vytvofen specidlné pro skupinové vysilani do siti,
kde se oc¢ekava nizky pocet posluchact. Praktické uziti ma napiiklad pro "video stream". PIM-SM
vyzaduje, aby na dané domén¢ existoval RP smérovac. Tento smérovac je v topologii staticky nastaven
u smérovace R6 na rozhrani Loopback 0 (2001:DB8:6666:6666::6). Konfigurace PIM-SM vyzaduje,
aby na kazdém smérovaci byl povoleno skupinové a unicastové vysilani pro Ipvo.



Rl (config)#ipv6 pim rp-address 2001:DEB:6666:6666::6

Obrazek S — Nutna konfigurace pro PIM-SM

Protokol PIM se nestard o to, zda unicastové vysilani v dané siti skute¢né funguje, nicméné
dany typ pfenosu vyzaduje. Konfigurace z obrazku 5 je nutnd pro vSechny smérovace. Dokonce
1 smérovac¢ R6 potiebuje znat adresu RP, 1 kdyz je on sam je rendevous point.

Nyni kdyZ mame nakonfigurovany PIM-SM protokol se staticky zvolenym RP smérovacem
se podivame na vypis kanald naptiklad u smeérovace R7.

Obrazek 6 — show ipv6 pim group-map FF00::/8

Pro ptehlednost je vypis z obrazku 6 vymezen jen na vypis mapy s prefixem FF00::/8. Cely
vypis obsahuje vSechny rezervované adresy, i kdyz nejsou zatim vyuzivany protokolem PIM (stejné
jako prefix FF00::/8 — zatim). Z obrazku 6 mizeme zjistit:

* Protokol, ktery je pro skupinovou adresu pouzit (SM).
* Adresu RP(2001:DB8:6666:6666::6).

* Rozhrani, pfes které se pteposild pakety ke smérovaci se aktivnim RP(Et0/0 s link-local
adresou FE80::5755:55FF:FE55:5557).

*  Zpisob, kterym byl zvolen RP(Info source: Static).
+  Cas, jak dlouho je dany kanal funkéni

* pocet kanald, které¢ jsou v dané skupinové adrese vyuzivany(Groups: 0)

4.1 MLDv2

Topologie vyuzivd Multicast Listener Discovery protokol verze 2. Jednd se o alternativu



IGMPvV3 pro IPv6 sité. Narozdil od MLDv1 pouzivéa dva misto tii typ zprav. ICMPv6 zpravy typu 130
a 143. jedna se o Multicast Listener Discovery Query a Multicast Listener Discovery Report. I pfes to,
ze zatim neexistuje zadny skupinovy strom ("kanal"), smérovace se dotazuji na seznam skupin,
které maji do dané¢ho rozhrani zasilat. Obrazek 7 zobrazuje aktualni informace o nastaveni MLDv2
pro rozhrani e0/2 na smérovaci R1. Toto nastaveni je vychozi a je stejné pro kazdé rozhrani mezi
smérovaci v celé topologi (samoziejmée vyjma link-local adres). Z vypisu mizeme zjistit interval mezi
kterym se zasilaji query dotazy (125 sec), timeout interval (Cas, za ktery se dané rozhrani nebude
povaZzovano jako rozhrani s povolenym MLD), verzi MLD, pocet pfipojeni a odpojeni ze skupinovych
adres a adresu rozhrani na které se maji maji zasilat MLD Query dotazy.

iy

Obrazek 7 — R1#show mld interface e0/2

Obrazek 8 zachycuje v ICMPv6 paket zaslany na rozhrani e0/0 smérovace R1. Jedna se o
Multicast Listener Query dotaz (typ 130). Jedna se o dotaz, kterym se zodpovédny smérovaé pta
na odebirané skupinové adresy. Jak je z obrazku vidét, tak se tento dotaz zasild na skupinovou adresu
FF02::1 — tedy na vSechny uzly. V hlavicce ICMPv6 paketu jsou nékteré informace, které maji vzdy
inicializovanou na hodnotu ,,0° (Code, Reserved, Multicast Address). Zbylé polozky maji tento
vyznam:

*  Checksum — hodonta pro kontrolni soucet (kontrola chyb).

* QRYV - Hodnota, ktera urcuje kolik paketli mlize byt ztraceno nez se bude dané rozhrani
povazovat za neaktivni pro MLD. ZvySenim této hodnoty ovSem zvySujeme odezvu
na rozhrani.

* Suppress Router-Side Processing — Pokud je nastaveny na false, umoZiiuje ostatnim
smérovaciim meénit intervaly pro MLD Query.

*  QQIC — Cas za ktery se posle dal§i obecny query dotaz

*  Number of Sources — Pocet zdrojovym address generujici dané¢ skupinové vysilani na dané
lince.



Mo.

Time Source Destinaticn Protocol  Length Info
125 139.4017010(feB0: :1311:11FF:fell: ffD2::1 ICMPVE 90 Multicast Listener query

=

Mo.

129 141, 6599880(feB0: : 7577 :77ff:fer7: ff02::16 ICMPVG 210 Multicast Listener Report Message v2

Frame 125: 90 bytes on wire (720 bits), 90 bytes captured (720 bits) on interface 0
Ethernet II, Src: 11:11:11:11:31:13 (11:11:311:11:11:13), Dst: IPvemcast_00:00:00:01 (33:33:00:00:00:01)
Internet Protocol Version 6, src: feB0::1311:11fF:fel11:1113 (feB0::1311:11ff:fel11:1113), Dst: ff02::1 (ffo2::1)
Internet Control Message Protocol vé

Type: Multicast Listener Query (130)

Code: O

checksum: 0x2262 [correct]

Maximum Response Code: 10000

Reserved: 0000

Multicast address: :: (::)
= Flags: 0x02
0... = Suppress Router-Side Processing: False

I i QRV (Querier’'s Robustness variable): 2
0000 .... = Reserved: O

QQIC {Querier’s Query Interwval Code): 125

Number of Sources: 0

Obrazek 8 —- MLDvV2 Query na smérovaci R1 — lince €0/2

Po odeslani MLD Query dotazu se ofekava odpoveéd’ z dané¢ho rozhrani. Na obrazku 7 je ¢as
na odpovéd’ nastaven pro topologii na 10 sekund (vychozi hodnota). Jako odpovéd je zaslana ICMPv6
zrpava typu 143, neboli Multicast Listener Report Message version 2. Tato zprava je zaslana
na skupinovou adresu FF02::16, coZ je adresa pro vSechny MLDv2 smérovace. Obsahuje informace
o po¢tu odebiranych skupinovych adres a jejich stavech na daném rozhrani. Ke kazdé skupinové
adrese, ktera je odesilana v ,,Reportu®, je uveden ,record type“. Ten ndm urcuje od kterych zdrojii
ma(INCLUDE) nebo nema(EXCLUDE) skupinové vysilani ptijmat. Jelikoz se jedna vylepSenou verzi
MLD protokolu, kterd umoziuje piijmat skupinové adresy pouze od danych zdroji. Z vypisu
na Obrazku 9 lze zjistit ze pro skupinovou adresu FF02::1:FF77:7779 piijmé rozhrani vysilani
ze vSech zdroji kromé prazdné mnoZziny(Number of Sources: 0). Podrobnéjsi analyza téchto zprav
bude v dalsich kapitolach.

Time Source Destination Protocol  Length  Info
125 139.4017010ifeB0: 131111 ffF:Fell:FF02::1 ICMPVE 90 Multicast Listener Query

129 141.6599880ifTeB0: 7577 :77ff:fer7 i ff02::16 ICMPVE 210 Multicast Listener Report Message v2

OEEHBE

Frame 129: 210 bytes on wire (1680 bits), 210 bytes captured (1680 bits) on interface 0
Ethernet II, Src: 77:77:77:77:77:79 (F7:77:77:77:77:79), Dst: IPvemcast_00:00:00:16 (33:33:00:00:00:186)
Internet Protocol Version 6, src: Te80::7577:77FfF:Tef7:7779 (feB80::7577:77fF:fef7:7779), Dst: ff02::16 (ff02::16)
Internet Control Message Protocol vé
Type: Multicast Listener Report Message v2 (143)
Code: 0
Checksum: 0x9led [correct]
Reserved: 0000
Number of multicast address rRecords: 7
Multicast Address Record Exclude: ff02::2
Multicast Address Record Exclude: ff02::5
Multicast Address Record Exclude: ff02::8é
Multicast Address Record Exclude: ff02::d
Multicast Address Record Exclude: ff02::16
Multicast Address Record Exclude: ff02::1:ff00:1
B Multicast Address Record Exclude: ff02::1:ff77:7779

rRecord Type: Exclude (2)

AuUX Data Len: 0

Number of Sources: 0

Multicast Address: ff02::1:ff77:7779 (ff02::1:ff77:7779)

EEEHEHER

10



Obrazek 9 — MLDv2 Report na smérovaci R1 — lince €0/2

4.2 PIM-SM

Jak jiz bylo feceno, PIM-SM je protokol, ktery se stard o zasilani skupinového vysilani
ptijemcim a odesilateli(ptipadné odesilateliim) pomoci kanali. Nejprve ovSem musi byt tato vysilani
skupinovych adres registrovany smérem k RP smérovaci. K tomu slouzi zpravy zvané PIM Register.
K ptfenosu vyuzivaji tunely, které¢ jsou automaticky vytvoreny (obrazek 10) jakmile je smérovaci
nastavena adresa RP smérovace. Existuji dva typy tuneli:

1. PIM Encap — Prfes tyto tunely jsou zasilani PIM register zprav. Kazdy smérovac, ktery
ma nastavenou adresu RP smérovace musi mit tento typ tunelu.

2. PIM Decap — Na tento tunel jsou zasilany vSechny register zpravy, které jsou nasledné
rozbaleny a zpracovany. PIM Decap tunel se nachazi pouze na RP smérovacich.

(=2 -

Obriazek 10 — R6#show ipv6 pim tunnel (na RP smérovaci)

Smérovace s nastavenym PIM-SM protokolem si mezi sebou pravidelné zasilaji informace
o konfiguraci. K tomu pouZzivaji PIMv2 Hello pakety (Obrazek 11).

11



Mao. Time Source Destinaticn Protocel Length  Info
134 248.2000170(feB0::5755:55FF:fe55:!ff02::d PIMVZ2 136 Hello

Frame 134: 136 bytes on wire (1088 bits), 136 bytes captured (1088 bits) on interface 0
Ethernet II, Src: 55:55:5%:55%:55%:55% (55:55:55%:5%:5%:55%), Dst: IPvemcast_00:00:00:0d (33:33:00:00:00:0d)
Internet Protocol version 6, src: feB0::5755:55FfF:Fe55:5555 (fe80::5755:55FF:fe55:5555), Dst: ff02::d (ff02::d)
Protocol Independent Multicast
0010 .... = version: 2
. D000 = Type: Hello (0)
rReserved byte(s): 00
Checksum: 0x47d7 [correct]
= PIM options: 7
= option 1: Hold Time: 105s
Type: 1
Length: 2
Holdtime: 1055
= option 2: LAN Prune Delay: T = 0, Propagation Delay = 100ms, Override Interval = 400ms
Type: 2
Length: 4
O0... .... =T: False
.000 0000 0110 0100 = Propagation Delay: 100
override Interwval: 400
= option 19: DR Priority: 1
Type: 19
Length: 4
DR Priority: 1
= option 20: Generation ID: 5584
Type: 20
Length: 4
Generation ID: 5584
= option 22: Bidir Capable
Type: 22
Length: O
= option 24: Aaddress List
Type: 24
Length: 18
= Address List (24)
Address: 2001:db8:1111:53::1 (2001:db&:1111:53::1)
= option 65001: Address List
Type: 65001
Length: 18
= old Address List (65001)
Address: 2001:db8:1111:53::1 (2001:db&:1111:53::1)

Obrazek 11 — PIMv2 hello packet

[
[
=

Vvznam poloZzek PIMv2 Hello paketu:

* Option 1: Doba jak dlouho musi pfijemce povazovat za dosazitelného po obdrzeni PIMv2
Hello paketu.

* Option 2: Informace o nastaveni pro PIMv2 Prune pakety. T-bit ur¢uje zda je odesilajici
smérovac schopen potlajovat ptipojeni do skupiny.

* Option 19: Prioritni ID, které se uziva pfi dynamické volbé RP smérovace.

* Option 20: Obsahuje ID rozhrani na které je PIM Hello paket zaslan.

* Option 22: Udava, ze dané rozhrani je schopno ,,Bidirectional* spojeni.

* Option 24: Obsahuje alternativni cesty k rozhrani ze kterého ptijal PIM Hello paket.

*  Option 65001: to samé¢ jako 24 ale muze byt privatné konfigurovana.

12



Nyni je ¢as na vytvoreni piijemctl a odesilatelt pro skupinové vysilani nad vytvofenou topologii
nastavyme piijemce a odesilatele pro skupinovou adresu FF08::1111. Smérovace RI,R3 a R4
se stanou piijemci skupinového vysildni a R2 se stane odesilatelem. Tato pfipojeni z divodu
piehlednéjsi analyzy protokolu budou tvofeny postupné. Pro piijem specifického vysilani pouzijeme
Loopback0 rozhrani na kazdém z téchto smérovact (viz. Obrazel 12).

Prvni pfijemce ktery bude nastaven je R3. Po konfiguraci se na termindlu pii zapnutém "debug
ipv6 pim group FF08::1111" zobrazi zpravy z obrazku 13 a obrazku 14.

Obriazek 13 — debug na pim protokol po piipojeni do skupiny

1 BT

Obrazek 14 — R3#show ipv6 mroute

Po ptipojeni do skupiny je tedy na smérovaci vytvofen zdznam o vstupu do stromu (¥,
FF08::1111/128) (viz. druhy debug fadek z obrazku 13 a popis vytvofené¢ho zdznamu z obrazku 14).
Znak ,,* znaci, ze dany strom piijma skupinové vysilani FF08::11111 z jakéhokoliv zdroje). Tento
specialni typ stromu se také nazyva sdilenym stromem.

13



Na obrazku 14 je k danému stromu uvedeno odkud ocekdava piijem skupinového vysilani a
kam mé informace pteposilat. Stejné¢ tak je zde uvedeno jak dlouho toto vysildni piijma a doba,
kdy vysilani ukonc¢i (protoZze jsme se pfipojili piikazem ipvé mld join-group tak Cas vyprSeni je
nastaven na ,,never).

4.2.1 PIM JOIN a PIM PRUNE

Po ptidani odbéru skupinového vysilani na smérovaci je zaslana zprava PIM Join (Obrazek
15). Tato zprava ma vzdy cilovou adresu FF02::D a je zasilana pouze na ptichozi rozhrani pro danou
skupinovou adresu (podle obrazku 14 se pro tento piipad pouzije rozhrani Ethernet 0/1). Protoze
se jedna o skupinové vysilani v ramci linky (FF02::D) je tato zprava zaslana pouze jednomu smérovaci.
Kazdy smérovac, ktery je tcastnikem libovolného skupinového stromu musi pravidelné zasilat PIM
Join/Prune (ve vychozim nastaveni je interval jedna minuta).

Mo. Time Source Destination Protocol  Length  Info
36 61.31528600(FeB0::3133:33Ff:fe33::Ff02::d PIMvZ2 124 Join/Prune

[+ Frame 36: 124 bytes on wire (992 bits), 124 bytes captured (992 bits) on interface 0
+ Ethernet II, src: IPvemcast_33:33:33:34 (33:33:33:33:33:34), Dst: IPvemcast_00:00:00:0d (33:33:00:00:00:0d)
# Internet Protocol Version &, Src: feB0::3133:33ffF:fe33:3334 (feB0::3133:33ffF:fe33:3334), Dst: ffoz2::d (ffoz2::d)
= Protocol Independent Multicast
0010 .... = version: 2
0011 = Type: Join/Prune (3)
reserved byte(s): 00
Checksum: 0x625e [correct]
= PIM options
upstream-neighbor: feB0::4644 1447 :Ted4:4445 (TeB0::4644:44FF :Tedd4:4445)
rReserved byte(s): 00
Num Groups: 1
Holdtime: 210s
= Group 0: ff0B::1111/128
= Num Joins: 1
IP address: 2001:db8:6666:6666::6,/128 (SWR)
Num Prunes: 0

Obrazek 15 — PIMv2 Join na smérovaci R3

Vyznam poloZek PIMv2 zpravy z obrazku 15:

e Upstream-neighbor — Link-local adresa rozhrani na RPF smérova¢ (Rendevous Point
Forwarder).

*  Num Groups — Pocet zdznami (pro kazdy strom jeden zaznam). JelikoZ jsme ptihlasili odbér
pouze jedné skupinové adresy (FF08::1111) pak je pocet skupin jedna (polozka "Group 0").

* Num Joins — Celkovy pocet odbératelli pro danou skupinovou adresu s IPv6 adresou
zodpovédného RP smérovace nebo piimo zdroje.

* Num Prunes — OdhlaSene odbéry skupinové adresy od daného zdroje (RP nebo vysilaciho

14



prvku).

Jak jiz bylo feceno, R3 po pfipojeni do kanald (*, FF08::1111) zaSle zpravu o odbér skupinové
adresy FF08::1111 ze sdilené¢ho stromu na smérova¢ R4. R4 si ndsledné vytvoti zdznam pro tento kanal
, pfida zdznam pro odesilani pfijemclim na rozhrani ze kterého PIMv2 Join zprava pfisla (Immediate
Outgoing interface) a zasSle na RPF rozhrani z4jem vstupu do stejného kanalu (Obrazek 16). Tento
proces se opakuje dokud nedorazi ke smérovaci nejblize k odesilajicimu prvku nebo k RP.

Obrazek 16 R4#show ipv6 mroute

4.2.2 PIM REGISTER a PIM REGISTER-STOP

Pii vygenerovani skupinového vysilani v topologii s protokolem PIM-SM je potieba, aby se toto
vysilani dostalo vzdy k RP (v naSem pfipadé rozhrani loopbackO (2001:DB8:6666:6666::6)
na smérovaci R6). Pro tento ucel jsou pouzity tunely, do kterych je skupinové vysilani zabaleno a
zaslano k RP. Tam jsou tyto pakety rozbaleny a odeslany dale pies skupinové stromy. Tento proces
je ovSem pomérné zdlouhavy a proto pro PIM-SM jsou zavedeny zpravy ,,Register* a ,,Register-stop*.

Tyto zpravy jsou zasilany pro registraci a potvrzeni registrace skupinového vysilani ze zdroje.
Pro ucely analyzy pro genererovani skupinového vysilani pouzit ptikaz ping na skupinovou adresu
FF08::11111. Na dané topologii také nakonfigurujeme jednoho piijemce pro toto skupinového vysilani
(naptiklad rozhrani Loopback( na R4).

Zpravy PIM Register a PIM Register-stop jsou zpravy které jsou zasilany jako ,,Unicast* zpravy
mezi RP smérovacem a nejbliz§im smérovacem u odesilatele. Jejich hlavnim ucelem je optimalizovat
ptenos skupinového vysilani tim, ze kazdy pfenos skupinového vysilani od zdroje k RP smérovaci.
Obrazek 17 ilustruje nastaveni stavu tunelll pifi zaslani piikazu PIM Register a Obrazek 18
pfi obdrzeni zpravy PIM Register-stop od RP.

Obrazek 17 PIM Reglster
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& PIM:
PIM: ) 111) 1 from Join to Hull

IPve PIM: | : 0 unneld qD = from Forward to Prune

Jakmile RP obdrzi register zpravu — okamzité zaSle Register-stop. Tato zprava krom verze
protokolu, skupinové adresy a adresy zdroje skupinového vysilani Zadnd jind data neobsahuje.
V podstaté jen potvrzuje pfijem zpravy PIM Register. Smerova¢ néasledné posle na nélezité rozhrani
zadost o vstup do skupiny (S, G), kde S je IPv6 zdroje skupinového vysilani G. Jakmile je vytvotfena
tato stromova struktura mezi RP a zdrojem ,,S%, data jiz nejsou od zdroje ,,S* zabalovana a odesilana
pies tunely, ale je k pfenosu vyuzit pravé vytvoieny strom, ktery preposilani vysilani smérem k RP. Tim
je optimalizace PIM-SM mezi zdrojem a RP dokoncena.

4.2.3 Shortest-Path Tree

Jelikoz je pouzit routovaci protokol OSPFv3 — nejkratsi cesty jsou hleddny OSPFv3 algoritmu
pro hledani nejkratSich cest (Dijkstrav algoritmus). Tento algoritmus je pouzit pro hledani nejkratSich
cest pro vSechny typy stromill.. Jinymi slovy se PIM nijak nestard o to jak jsou nejkrat$i cesty
vypocitany.

Na topologii nyni nastavime smérovace R2 a R3 jako piijemce signalu FF08::1111.
Odesilatelem signalu signdlu bude smérova¢ R1 a R2. Kazdy ze zdrojii vygenerujeme ping dotaz
na zminénou skupinovou adresu.

Jakmile dorazi prvni ,,ping* dotazy ze smérovact R1 a R2, pfijemci zaSlou dfive zminénym
zpisobem PIM join dotaz na pfipojeni do ,,Source tree“(obrazek 19). Ptiznaky ,JT indikuji,
ze se jedna o stromy nejkratSich cest. Nez je tento strom propojen se zdroji, skupinové vysilani
je ptijmano ze sdiléného stromu.
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Informace o topologii na pfipojené stromy se dd zkoumat a proto pro zjisténi celkového
rozlozeni stromu je tfeba projit informace na kazdém smeérovaci v siti. Vyslednou strukturu muzete
vidét na obrazku 20. Vypisy skupinovych smérovacich tabulek najdete v posledni kapitole

Sdileny strom (*, FE08::1111)
SPT (2001:DB38:2222:2222::2, FE08::11111)

Obrazek 20 — skupinové stromy
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5 DHCPv6 s pouzitim PIM-SM

DHCPv6 umoziiuje automatickou konfiguraci IP adresy, DNS adresy a domény pro sité¢ s [Pv6
protokolem. Tento protokol umoZiuje zasilat dotazy od koncovych zafizeni na vzdalené DHCPv6
servery pro ziskani konfiguracniho nastaveni. Tento pienos mtize byt feSen dvéma zpiisoby:

1. Pomoci DHCPv6 relays.
2. Pouzitim PIM protokolu.

Prvni zptsob zpoc¢ivd v tom, Ze DHCPv6 zasilan pies smérovace tak, ze kazdy z téchto
smérovacli ma staticky nastaveny next-hop na dalS$i smérovac. Timto splisobem nalezne cestu k
DHCPv6 serveru.

Druhym zpisob je o néco elegantnéjsi. Zpociva ve vyuziti skupinového vysilani FF05::1:3, coz
je rezerovand skupinova adresa pro vS§echny DHCPv6 servery v mistni siti. Pro vygenerovani DHCPv6
requestu je pouZito PC s opera¢nim systémem Windows 7 SP1 (32-bit verze).

Pro zporvoznéni tohoto protokolu je potfeba mit v siti funkéni PIM-SM, Bidir-PIM nebo PIM-
SSM a nakonfigurovany DHCPv6 server a DHCPv6 klienta(y). Pro demonstraci nastavime smérovac
R4 jako DHCPv6 server. Aby byly dotazy zpracovany, je nutné posledni piikaz z obrazku 20 nastavit
na fyzické rozhrani (v ptipadé, kdy bychom dhcp server nastavily na loopback rozhrani, byly by tyto
zpravy zahozeny).

Server ﬁ;—pcc;

Obrazek 20 — konfigurace pro DHCPv6 server

DHCEP klienta nastavime na rozhrani e0/0 smérovace R1.

Loopback0

Obrazek 21 — kongurace DHCPv6 klienta

Jakmile dorazi DHCPv6 zprava z rozhrani e0/0, smérova¢ pomoci "DHCP relay" zasle tento
pozadavek na skupinovou adresu FF05::1::3 na rozhrani loopback0. Vysledkem je efekt, ktery je
z hlediska pfenosu zpravy naprosto stejny jako kdyz byl zasilan ping dotaz. Je vygenerovana zprava
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se skupinovou adresou a ta je zaslana pomoci tunelu na RP. Jelikoz smérova¢ R4 je pifjemcem
této skupinové adresy, PIM-SM mu pfeposle tyto data, které nasledné zpracuje a zpétn€ poskytne
konfigura¢ni informace pro PC na rozhrani e0/0 smérovace R1.

Podrobnesti sitoveheo pripojeni @
Podrobnosti s tového pipajent:
Wastnost Hodnata
PFipona OMN5 specificka...
Popis Imtel(R) PRO1000 MT - adaptér pro stolni pocitad &2
Fyzicka adresa [8-00-27-R4-5E-BA
|[PvE adresa 2001:db8aazamasa efchfbcd 1960 36a0
Dotasng IPvE adresa 2001:dbE aazamasa 34b cedatiabaah
Mistni IPvE adresa v ra...  [eBl:e8chfBc3:1560: 36013
Wychozi brana IPvE fe@l: 131 fe 111111513
Server DMNS [PvE 2001 :db & £ 10
4 I

Obrazek 23 — Vysledna konfigurace pro IPv6 na PC
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6 Konfigurace smérovacu

Pii préaci analyze nad konfigurovanou topologii byly postupné na né€které ze smérovacl
dodatecné konfigurovany prvky, které umoZnili generovat zpravy a algoritmy, které v danych
kapitolach zkoumany. V kone¢né konfiguraci je zaclen¢na i konfigurace pro DHCPv6 — zvyraznéna
tmavé modrou barvou fontu. Pfipojeni ke konkrétnim skupinovym vysilani je v konfiguraci vynechéano.

R1

!

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R1

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3

ip admission max-nodata-conns 3
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!

ipv6 unicast-routing
ipv6 multicast-routing
!

!

!

!

!

ip tcp synwait-time 5
!

!

!

!

!

interface Loopback0
no ip address

ipv6 address 2001:DB8:1111:1111::1/128
ipv6 ospf 1 area 0

!

interface Ethernet0/0
no ip address
half-duplex
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ipv6 address 2001:DB8:AAAA:AAAA::100/64
ipv6 nd other-config-flag
ipv6 dhcp relay destination FF05::1:3 Loopback(
ipv6 ospf 1 area 0
!
interface Ethernet0/1
no ip address
shutdown
half-duplex
!
interface Ethernet0/2
no ip address
half-duplex
ipv6 address 2001:DB8:1111:71::2/64
ipv6 ospf 1 area 0
!
interface Ethernet0/3
no ip address
shutdown
half-duplex
!
no ip http server
no ip http secure-server
!
ip forward-protocol nd
!
!
ipv6 router ospf 1
router-id 10.1.1.1
log-adjacency-changes
!
ipv6 pim rp-address 2001:DB8:6666:6666::6
!



!
!
control-plane
!
!

!

!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous

line vty 0 4
login

!

!

end
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R2

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R2

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
ip admission max-nodata-conns 3
!

ipv6 unicast-routing

ipv6 multicast-routing

!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:2222:2222::2/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DB8:1111:28::2/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1
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no ip address
shutdown

half-duplex

!
interface Ethernet0/2
no ip address
shutdown

half-duplex

!
interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.2.2.2
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous
line vty 0 4
login

!

!

end
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R3

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R3

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
1p admission max-nodata-conns 3
!

1pv6 unicast-routing

ipv6 multicast-routing
!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:3333:3333::3/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DB8:1111:53::2/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1

29



no ip address
half-duplex

ipv6 address 2001:DB8:1111:43::2/64
ipv6 ospf 1 area 0

!
interface Ethernet0/2
no ip address
shutdown

half-duplex

!

interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.3.3.3
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous

line vty 0 4

login

!

!

end
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R4

!

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R4

!

boot-start-marker

boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable

!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3

ip admission max-nodata-conns 3

!

ipv6 unicast-routing

ipv6 dhcp pool R1-pool
prefix-delegation 2001:DB8:AAAA:AAAA::/64 0005000400F1A4D070D003
prefix-delegation pool R1-pool lifetime 1800 60
dns-server 2001:DB8:FFFF::10



!
ipv6 multicast-routing
!
!

!

!

!

ip tcp synwait-time 5

!

!

!

!

!

interface Loopback(

no ip address

ipv6 address 2001:DB8:4444:4444::4/128
ipv6 ospf 1 area 0

!

interface Ethernet0/0

no ip address

half-duplex

ipv6 address 2001:DB8:1111:64::2/64
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ipv6 dhcp server R1-pool
ipv6 ospf 1 area 0
!
interface Ethernet0/1
no ip address
half-duplex
ipv6 address 2001:DB8:1111:43::1/64
ipv6 ospf 1 area 0
!
interface Ethernet0/2
no ip address
shutdown
half-duplex
!
interface Ethernet0/3
no ip address
shutdown
half-duplex
!
no ip http server
no ip http secure-server
!
ip forward-protocol nd
!
!
ipv6 router ospf 1
router-id 10.4.4.4
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6

|
|

!
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control-plane
!
!

!

!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous

line vty 0 4

login

!

!

end
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RS

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R5

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
ip admission max-nodata-conns 3
!

ipv6 unicast-routing

ipv6 multicast-routing

!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:5555:5555::5/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DBS8:1111:53::1/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1
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no ip address
half-duplex

ipv6 address 2001:DB8:1111:65::2/64
ipv6 ospf 1 area 0

!
interface Ethernet0/2
no ip address
half-duplex

ipv6 address 2001:DB8:1111:75::2/64
ipv6 ospf 1 area 0

!

interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.5.5.5
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous
line vty 0 4
login

!

!

end
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R6

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R6

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
ip admission max-nodata-conns 3
!

ipv6 unicast-routing

ipv6 multicast-routing

!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:6666:6666::6/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DB8:1111:64::1/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1
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no ip address
half-duplex

ipv6 address 2001:DB8:1111:65::1/64
ipv6 ospf 1 area 0

!
interface Ethernet0/2
no ip address
half-duplex

ipv6 address 2001:DB8:1111:86::2/64
ipv6 ospf 1 area 0

!

interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.6.6.6
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous
line vty 0 4
login

!

!

end
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R7

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R7

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
ip admission max-nodata-conns 3
!

ipv6 unicast-routing

ipv6 multicast-routing

!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:7777:7777::7/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DB8:1111:75::1/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1
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no ip address
half-duplex

ipv6 address 2001:DB8:1111:87::2/64
ipv6 ospf 1 area 0

!
interface Ethernet0/2
no ip address
half-duplex

ipv6 address 2001:DB8:1111:71::1/64
ipv6 ospf 1 area 0

!

interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.7.7.7
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous
line vty 0 4
login

!

!

end
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R8

!

version 12.4

service timestamps debug datetime msec
service timestamps log datetime msec
no service password-encryption

!

hostname R8

!

boot-start-marker
boot-end-marker

!

!

no aaa new-model

memory-size iomem 5

no ip icmp rate-limit unreachable
!

!

ip cef

no ip domain lookup

!

!

ip auth-proxy max-nodata-conns 3
ip admission max-nodata-conns 3
!

ipv6 unicast-routing

ipv6 multicast-routing

!



!
!
ip tcp synwait-time 5
!
!
!
!
!
interface Loopback0
no ip address
ipv6 address 2001:DB8:8888:8888::8/128
ipv6 ospf 1 area 0
!
interface Ethernet0/0
no ip address
half-duplex
ipv6 address 2001:DB8:1111:28::1/64
ipv6 ospf 1 area 0
!

interface Ethernet0/1
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no ip address
half-duplex

ipv6 address 2001:DB8:1111:87::1/64
ipv6 ospf 1 area 0

!
interface Ethernet0/2
no ip address
half-duplex

ipv6 address 2001:DB8:1111:86::1/64
ipv6 ospf 1 area 0

!

interface Ethernet0/3
no ip address
shutdown

half-duplex

!

no ip http server

no ip http secure-server
!

ip forward-protocol nd
!

!

ipv6 router ospf 1
router-id 10.8.8.8
log-adjacency-changes
!

ipv6 pim rp-address 2001:DB8:6666:6666::6
!

!

!

control-plane

!

!
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!

!

line con 0
exec-timeout 0 0
privilege level 15
logging synchronous

line aux 0
exec-timeout 0 0
privilege level 15
logging synchronous
line vty 0 4
login

!

!

end
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7 Vypis skupinovych smérovacich tabulek na smérovacich

R1#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(2001:DBS8:1111:1111::1, FF08::1111), 00:10:21/00:00:09, flags: SFT
Incoming interface: Loopback0
RPF nbr: FE80::1311:11FF:FE11:1111
Immediate Outgoing interface list:
Ethernet0/2, Forward, 00:10:21/00:03:06

R1#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary

(2001:DBS8:1111:1111::1,FF08::1111)
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SM SPT UP: 00:10:26 JP: Join(never) Flags: KAT(00:00:03) RA
RPF: Loopback0,FE80::1311:11FF:FE11:1111*
Ethernet0/2 00:10:26 fwd Join(00:03:01)
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R2#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(*, FF08::1111), 01:16:36/never, RP 2001:DB8:6666:6666::6, flags: SCLJ
Incoming interface: Ethernet0/0
RPF nbr: FE80::8A88:88FF:FE88:8888
Immediate Outgoing interface list:
LoopbackO0, Forward, 01:16:36/never

(2001:DBS8:1111:1111::1, FF08::1111), 00:09:38/00:00:53, flags: SJT
Incoming interface: Ethernet0/0
RPF nbr: FE80::8A88:88FF:FE88:8888
Inherited Outgoing interface list:
Loopback0, Forward, 01:16:36/never

(2001:DBS8:2222:2222::2, FF08::1111), 00:10:06/00:00:25, flags: SFJT
Incoming interface: Loopback0
RPF nbr: FE80::2022:22FF:FE22:2222

R2#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info
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Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary

(*,FFO08::1111)

SM UP: 01:16:41 JP: Join(00:00:06) Flags: LH

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/0,FE80::8 A88:88FF:FE88:8888
Loopback0 01:16:41 fwd LI II LH

(2001:DBS8:1111:1111::1,FF08::1111)
SM SPT UP: 00:09:44 JP: Join(00:00:06) Flags: KAT(00:00:47) RA
RPF: Ethernet0/0,FE80::8A88:88FF:FE88:8888

No interfaces in immediate olist

(2001:DBS8:2222:2222::2, FF08::1111)
SM SPT UP: 00:10:12 JP: Join(never) Flags: KAT(00:00:19) RA
RPF: Loopback0,FE80::2022:22FF:FE22:2222*

Ethernet0/0 00:10:12 fwd Join(00:03:18)
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R3#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(*, FF08::1111), 00:32:27/never, RP 2001:DB8:6666:6666::6, flags: SCLJ
Incoming interface: Ethernet0/1
RPF nbr: FE80::4644:44FF:FE44:4445
Immediate Outgoing interface list:
LoopbackO0, Forward, 00:32:27/never

(2001:DBS8:1111:1111::1, FF08::1111), 00:00:36/00:02:55, flags: SJT
Incoming interface: Ethernet0/0
RPF nbr: FE80::5755:55FF:FE55:5555
Inherited Outgoing interface list:
LoopbackO0, Forward, 00:32:27/never

(2001:DB8:2222:2222::2, FF08::1111), 00:00:55/00:02:36, flags: SJT
Incoming interface: Ethernet0/0
RPF nbr: FE80::5755:55FF:FE55:5555
Inherited Outgoing interface list:
LoopbackO0, Forward, 00:32:27/never

R3#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
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DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary

(*,FFO08::1111)

SM UP: 00:38:41 JP: Join(00:00:03) Flags: LH

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/1,FE80::4644:44FF:FE44:4445
Loopback0 00:38:41 fwd LI II LH

(2001:DBS8:1111:1111::1,FF08::1111)
SM SPT UP: 00:06:50 JP: Join(00:00:03) Flags: KAT(00:00:13) RA
RPF: Ethernet0/0,FE80::5755:55FF:FE55:5555

No interfaces in immediate olist

(2001:DBS8:2222:2222::2,FF08::1111)
SM SPT UP: 00:07:10 JP: Join(00:00:43) Flags: KAT(00:03:25) RA
RPF: Ethernet0/0,FE80::5755:55FF:FES55:5555

No interfaces in immediate olist
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R4#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary

(*,FF08::1111)

SM UP: 00:33:58 JP: Join(now) Flags:

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/0,FE80::6466:66FF:FE66:6666
Ethernet0/1 00:33:58 fwd Join(00:03:26)

(2001:DBS8:1111:1111::1,FF08::1111)

SM RPT UP: 00:02:03 JP: Prune(never) Flags:

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/0,FE80::6466:66FF:FE66:6666
Ethernet0/1 00:02:03 off Prune(00:03:26)

(2001:DB8:2222:2222::2 FF08::1111)

SM RPT UP: 00:02:24 JP: Prune(never) Flags:

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/0,FE80::6466:66FF:FE66:6666
Ethernet0/1 00:02:24 off Prune(00:03:26)

R4#show ipv6 mroute
Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,



C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(*, FF08::1111), 00:39:27/00:02:57, RP 2001:DB8:6666:6666::6, flags: S
Incoming interface: Ethernet0/0
RPF nbr: FE80::6466:66FF:FE66:6666
Immediate Outgoing interface list:
Ethernet0/1, Forward, 00:39:27/00:02:57

(2001:DBS8:1111:1111::1, FF08::1111), 00:07:31/00:02:57, RP 2001:DB8:6666:6666::6, flags: SPR
Incoming interface: Ethernet0/0
RPF nbr: FE80::6466:66FF:FE66:6666
Immediate Outgoing interface list:
Ethernet0/1, Null, 00:07:31/00:02:57

(2001:DB8:2222:2222::2, FF08::1111), 00:07:53/00:02:57, RP 2001:DB8:6666:6666::6, flags: SPR
Incoming interface: Ethernet0/0
RPF nbr: FE80::6466:66FF:FE66:6666
Immediate Outgoing interface list:
Ethernet0/1, Null, 00:07:53/00:02:57
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RS5#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(2001:DBS8:1111:1111::1, FF08::1111), 00:01:56/00:03:17, flags: ST
Incoming interface: Ethernet0/2
RPF nbr: FE80::7577:77FF:FE77:7777
Immediate Outgoing interface list:
Ethernet0/0, Forward, 00:00:12/00:03:17

(2001:DB8:2222:2222::2, FF08::1111), 00:00:31/00:02:57, flags: ST
Incoming interface: Ethernet0/2
RPF nbr: FE80::7577:77FF:FE77:7777
Immediate Outgoing interface list:
Ethernet0/0, Forward, 00:00:31/00:02:57

R5# show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary
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(2001:DBS8:1111:1111::1,FF08::1111)

SM SPT UP: 00:09:55 JP: Join(now) Flags:

RPF: Ethernet0/2,FE80::7577:77FF:FE77:7777
Ethernet0/0 00:08:11 fwd Join(00:03:22)

(2001:DB8:2222:2222::2, FF08::1111)

SM SPT UP: 00:08:31 JP: Join(00:00:16) Flags:

RPF: Ethernet0/2,FE80::7577:77FF:FET77:7777
Ethernet0/0 00:08:31 fwd Join(00:03:02)
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Ro6#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary

(*,FF08::1111)

SM UP: 01:07:57 JP: Join(never) Flags:

RP: 2001:DB8:6666:6666::6*

RPF: Tunnel1,2001:DB8:6666:6666::6*
Ethernet0/0 01:07:43 fwd Join(00:02:46)
Ethernet0/2 01:07:57 fwd Join(00:02:32)

(2001:DBS8:1111:1111::1,FF08::1111)
SM RPT UP: 00:00:57 JP: Prune(never) Flags: KAT(00:03:28) RA DCC RR
RP: 2001:DB8:6666:6666::6*
RPF: Tunnel1,2001:DB8:6666:6666::6*
Ethernet0/0 00:00:43 off Prune(00:02:46)
Ethernet0/2 00:00:57 off Prune(00:02:32)

(2001:DBS8:1111:1111::1,FF08::1111)
SM UP: 00:01:00 JP: Null(never) Flags: KAT(00:03:28) RA DCC RR
RPF: Ethernet0/1,FE80::5755:55FF:FE55:5556

No interfaces in immediate olist

(2001:DBS8:2222:2222::2, FF08::1111)
SM RPT UP: 00:01:28 JP: Prune(never) Flags: KAT(00:02:58) RA DCC RR



RP: 2001:DB8:6666:6666::6*

RPF: Tunnel1,2001:DB8:6666:6666::6*
Ethernet0/0 00:01:26 off Prune(00:02:46)
Ethernet0/2 00:01:28 off Prune(00:02:32)

(2001:DBS8:2222:2222::2,FF08::1111)
SM UP: 00:01:28 JP: Null(never) Flags: KAT(00:02:58) RA DCC RR
RPF: Ethernet0/2,FE80::8A88:88FF:FE88:888 A

No interfaces in immediate olist

Ro6#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(*, FF08::1111), 01:08:18/00:03:25, RP 2001:DB8:6666:6666::6, flags: S
Incoming interface: Tunnell
RPF nbr: 2001:DB8:6666:6666::6
Immediate Outgoing interface list:
Ethernet0/0, Forward, 01:08:04/00:03:25
Ethernet0/2, Forward, 01:08:18/00:03:11

(2001:DBS8:1111:1111::1, FF08::1111), 00:01:17/00:03:08, RP 2001:DB8:6666:6666::6, flags: SPR
Incoming interface: Tunnell
RPF nbr: 2001:DB8:6666:6666::6
Immediate Outgoing interface list:
Ethernet0/0, Null, 00:01:04/00:03:25
Ethernet0/2, Null, 00:01:17/00:03:11
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(2001:DBS8:1111:1111::1, FF08::1111), 00:01:21/00:03:08, flags: S
Incoming interface: Ethernet0/1
RPF nbr: FE80::5755:55FF:FE55:5556
Inherited Outgoing interface list:
Ethernet0/0, Forward, 01:08:04/00:03:25
Ethernet0/2, Forward, 01:08:18/00:03:11

(2001:DB8:2222:2222::2, FF08::1111), 00:01:48/00:02:38, RP 2001:DB8:6666:6666::6, flags: SPR
Incoming interface: Tunnell
RPF nbr: 2001:DB8:6666:6666::6
Immediate Outgoing interface list:
Ethernet0/0, Null, 00:01:46/00:03:25
Ethernet0/2, Null, 00:01:48/00:03:11

(2001:DB8:2222:2222::2, FF08::1111), 00:01:48/00:02:38, flags: S
Incoming interface: Ethernet0/2
RPF nbr: FE80::8A88:88FF:FE88:888A
Inherited Outgoing interface list:
Ethernet0/0, Forward, 01:08:04/00:03:25
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R7#show ipv6 mroute

Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set,
J - Join SPT

Timers: Uptime/Expires

Interface state: Interface, State

(2001:DBS8:1111:1111::1, FF08::1111), 00:07:35/00:03:10, flags: ST
Incoming interface: Ethernet0/2
RPF nbr: FE80::1311:11FF:FE11:1113
Immediate Outgoing interface list:
Ethernet0/1, Forward, 00:01:14/00:03:10
Ethernet0/0, Forward, 00:02:58/00:02:34

(2001:DB8:2222:2222::2, FF08::1111), 00:01:33/00:02:54, flags: ST
Incoming interface: Ethernet0/1
RPF nbr: FE80::8A88:88FF:FE88:8889
Immediate Outgoing interface list:
Ethernet0/0, Forward, 00:01:33/00:02:54

R7#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,
LH - Last Hop, AS - Assert, AB - Admin Boundary
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(2001:DBS8:1111:1111::1,FF08::1111)

SM SPT UP: 00:15:57 JP: Join(now) Flags:

RPF: Ethernet0/2,FE80::1311:11FF:FE11:1113
Ethernet0/1 00:09:36 fwd Join(00:02:49)
Ethernet0/0 00:11:19 fwd Join(00:03:12)

(2001:DBS8:2222:2222::2,FF08::1111)

SM SPT UP: 00:09:55 JP: Join(now) Flags:

RPF: Ethernet0/1,FE80::8A88:88FF:FE88:8889
Ethernet0/0 00:09:55 fwd Join(00:02:32)
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R8#show ipv6 mroute
Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, L - Local, I - Received Source Specific Host Report,
P - Pruned, R - RP-bit set, F - Register flag, T - SPT-bit set, J - Join SPT
Timers: Uptime/Expires

Interface state: Interface, State

(*, FF08::1111), 01:07:24/00:03:03, RP 2001:DB8:6666:6666::6, flags: S
Incoming interface: Ethernet0/2
RPF nbr: FE80::6466:66FF:FE66:6668
Immediate Outgoing interface list:
Ethernet0/0, Forward, 01:07:24/00:03:03

(2001:DBS8:1111:1111::1, FF08::1111), 00:00:27/00:03:04, flags: ST
Incoming interface: Ethernet0/1
RPF nbr: FE80::7577:77FF:FE77:7778
Immediate Outgoing interface list:
Ethernet0/0, Forward, 00:00:27/00:03:02

(2001:DB8:2222:2222::2, FF08::1111), 00:00:55/00:03:03, RP 2001:DB8:6666:6666::6, flags: SPR
Incoming interface: Ethernet0/2
RPF nbr: FE80::6466:66FF:FE66:6668
Immediate Outgoing interface list:
Ethernet0/0, Null, 00:00:55/00:03:03

(2001:DBS8:2222:2222::2, FF08::1111), 00:00:55/00:02:34, flags: ST
Incoming interface: Ethernet0/0
RPF nbr: FE80::2022:22FF:FE22:2222
Immediate Outgoing interface list:
Ethernet0/1, Forward, 00:00:55/00:02:34
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R8#show ipv6 pim topology

IP PIM Multicast Topology Table

Entry state: (*/S,G)[RPT/SPT] Protocol Uptime Info

Entry flags: KAT - Keep Alive Timer, AA - Assume Alive, PA - Probe Alive,
RA - Really Alive, LH - Last Hop, DSS - Don't Signal Sources,
RR - Register Received, SR - Sending Registers, E - MSDP External,
DCC - Don't Check Connected

Interface state: Name, Uptime, Fwd, Info

Interface flags: LI - Local Interest, LD - Local Disinterest,
II - Internal Interest, ID - Internal Disinterest,

LH - Last Hop, AS - Assert, AB - Admin Boundary

(*,FF08::1111)

SM UP: 01:07:41 JP: Join(00:00:08) Flags:

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/2,FE80::6466:66FF:FE66:6668
Ethernet0/0 01:07:41 fwd Join(00:02:45)

(2001:DBS8:1111:1111::1,FF08::1111)
SM SPT UP: 00:00:44 JP: Join(00:00:05) Flags: KAT(00:02:47) RA
RPF: Ethernet0/1,FE80::7577:77FF:FE77:7778

Ethernet0/0 00:00:44 fwd Join(00:02:45)

(2001:DB8:2222:2222::2, FF08::1111)

SM RPT UP: 00:01:12 JP: Prune(never) Flags:

RP: 2001:DB8:6666:6666::6

RPF: Ethernet0/2,FE80::6466:66FF:FE66:6668
Ethernet0/0 00:01:12 off Prune(00:02:45)

(2001:DBS8:2222:2222::2, FF08::1111)

SM SPT UP: 00:01:12 JP: Join(00:00:38) Flags:

RPF: Ethernet0/0,FE80::2022:22FF:FE22:2222
Ethernet0/1 00:01:12 fwd Join(00:03:13)
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