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SOURCE
10.1.0.2

1.1.1.1

¥Zi0°1°0°0L

11.11.11.11

2222 3.3.33

10.2.0.0/24
10.3.0.0/24

RECEIVER 3
R o 33.33.33.33
po||o I.Jodg..so
1. wpdsu wogse o ldpwess gds gpse 1Ug W90,
2. opIdsu 9uoE w6 PIM s zpse 1J9lzos.
3. p& VRF 09295 suvdJ MDT Il ss.
4. svdJo IJ VRF gds IUBLo leyose0/x.
5. 8p wupdsu wozsoe IJow IJpwess edJs VRF.
6. oJdosu IJsuoe IV e,lsos Jusgesdsd PIM SSM B zese e sled 1y ds.
7. oJ9su BSR RP W g 90 CE.
8. posl puwol:
VRF m-GRE
MBGP: pzpe9eé IJeulosy VPNV4
w9w9d9d wozse VRF
IJodosu

1. wpdsu wogso o ldpwess gds gpse 1Ug 9o,

(config)# ip nulticast-routing

2. updsu ldsuoe lJpoole, J PIM Os zese 1Uglzos.



(config)# interface ethernet0/x

(config-if)#ip pimsparse-node

(config)# interface | oopbackO

(config-if)#ip pimsparse-node

3. p€ 929> VRF LIJBed: Gp wodsse MDT IJIde, )l os.

(config)#ip vrf mCRE

(config-vrf)# mdt default 232.1.1.1
4. wIdJo I VRF gJs IUSLo le,0s00/x.

s IUb,; PE1 9 PE2 g PE3.

(config)# interface ethernet0/x
(config-if)# ip vrf forwarding m CGRE

(config-if)# ip address 10.x.0.1 255.255.255.0

5. 9p vupdsy wozsoe IJow IJpwess edJs VRE.

W IUb,; PE1 9 PE2 g PE3.

(config)# ip nulticast-routing vrf m GRE
6. oJdosu RP Juslé pj9> 1Ug>06.

B £.856 PE1 9 PE2 9 PE3 9 RR-P.

(config)# ip pimrp-address 11.11.11.11
7. oJ9su BSR RP Vs g.9>6 CE (IJpuwo§ed).
eds ldpuvodod 2.

(config)# ip pimbsr-candi date | oopback0

(config)# ip pim rp-candidate | oopbackO

lJozdd pu lJuoes

lwogse o3l ISy Jeldss gpd Iodsso wubdd Lozst.
1Jpos 1: IUczdd oo IJlouold 1Jeds

- 02d8 pu lu zese 1Uslzos 1JpcoJs "up”



lJpopd 2: IJoe9d pu lebé oo VPNVA Jpezpeged IJsulosy Ui3|->§

- 02dd pU 0pdsu w9edsd BGP Vs zese e9zole zole 1w Idizhs AF VPNV4 sz.s)lu
BGP os "UP"
C 02l pu lzosle 2a9d Iduw IJizls BGP VPNV4 eJs zose whbisle IJgpsd.
lJpopd 3: 1Joedd pu uozd 2HIé py9) Idoe IJpogss pu wolsé |Js wolss.

- W0 29 PIM.

- el pu lugile 2lds 1Joo [dpegss pu wolss |Js wolss.

- ldozdy pu beld mRIB ¢ Js PE1 9 PE2 9 PE3

- 0288 pu she bgld (S:G) mFIB 9lJz)jps Vs lels wozso IJwlpe.
- 0288 pU Iue9d 2ie ICMP oy CE |Js CE.

Verify all the connected interface are “UP”

#sh ip interface brief

Task 2: Verify Address Family VPNv4 unicast

Address Family VPNv4 unicast and BGP neighbors

# show running-config | s r bgp
# show bgp vpnv4 unicast summary all

VPNv4 unicast table has all the Customer prefixes

PEl#sh bgp vpnv4 unicast all

BGP table version is 31, local router ID is 1.1.1.1

Hetwork Next Hop Metric LocPrf Weight Path
Route Distinguisher: 100:100 (default for wvrf m-GRE)
*»i 22.22.22.22/32 2.2.2.2 0 100 020 4
*>»1 33.33.33.33/32 3.3.3.3 0 100 0 30 4
*> 111.111.111.111/32
10.1.0.2 0 010 &

Check on all the PE nodes (PE1, PE2 and PE3)



Task 3: Verify Multicast Traffic end to end
Verify that multicast state is created end to end

#sh ip mroute vrf m-GRE 230.1.1.1 verbose
IF Multicast Routing Table
Flags: T - 5PT-bit set, p - PIM Joins on routa

(10.1.0.2, 230.1.1.1), 00:00:35/00:02:24, flags: Tp
Incoming interface: Ethernetl/2, REF nbr 10.1.0.2
Cutgoing interface list:

Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/Sparse,
00:00:35/00:02:54, p

Chack on all the PE nodes (FE1. PEZ and PE3)

Verify that (5,G) mFIB entry, packet getting incremented

# sh ip mfib vrf m-GRE 230.1.1.1 verbose

Entry Flags: HE - Hegate Signalling, SP - Signal Present,
A - hccept, F - Forward, RA - MRIB Rccept, RF - MRIEB Forward,
MA - MFIB Accapt

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kbits per sacond

Other counts: Total/RFF failed/Other drops
I/0 Item Counts: FS Pkt Count/PS Pkt Count
VRF m-GRE

{10.1.0.2,230.1.1.1) Flags: K DDE
SW Forwarding: 5/0/100/0, Other: 0/0/0
Ethernat0/2 Flags: RR A MA
Tunnel2, MDT/232.1.1.1 Flags: BF F NS
CEF: Adjacency with MAC: 4500000000000000FF2FDOCAOLIO010101EB0L010100000800
Pkta: 4/1

Check PIM Neighborship at the core and vrf

PEl#ish ip pim neighbor

PIM Neighbor Table

Moda: B - Bidir Capable, DR - Daesignated Router, N - Dafault DR Priority,
P - Proxy Capable, 5 - State Refresh Capable, G - GenID Capable

Haighbor Intarface Uptime/Expires Ver DR
Address Prio/Mode
10.0.1.2 Ethernat0/1 01:34:51/00:01:25 w2 1 /DRSPG

FEl§ish ip pim vrf m-GRE neighbor

PIM Neighbor Table

Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority,
P - Proxy Capable, 5 - State Refresh Capable, G - GenlID Capable

Heighbor Interface Uptime/Expires Ver DR

Addrass Prio/Moda
10.1.0.2 Ethernet0/2 01:34:32/00:01:42 v2 1/DRBFPG
3.3.3.3 Tunnell 01:32:32/00:01:41 w2 1 /8PFPG
2.2.2.2 Tunnel? 01:32:32/00:01:36 w2 1/8FPG



Multicagt Forsarding Packets

#sh ip mfib vrf m-GRE 230.1.1.1 count
Forwarding Counts: Pkt Count/Fkts per second/Awg Pkt Size/

ew lugble glzole IJouwd 8:
louvle RP Jpgwd, IUgsple:

ol lo Buoo pedyple IURP BOs Ide. sop lugile 8§ 1Jglzoes 0.



@) Tunnel Interface ’7\

SOURCE
10.1.0.2

CE
el/0

Tunnel 0

Description: Pim Register Tunnel
(Encap) for RP 11.11.11.11

Tunnel source x.x.x.x (Loopback 0),
dastinatien 11.11.11.11

PIM(0): Initiating register encapsulation
tunnel creation for RP 11.11.11.11

PIM{0) : hddition of register encap tunnel as
forwarding interface of (1.1.1.1, 232.1.1.1)

1.1.1.1 defered until tunnel is created.
PIM(0): Adding register encap tunnel (TunnelO)
as forwarding interface of (1.1.1.1,

232.1.1.1).

"x" Node details.
Tunnel Source : Loopback interface of node "x*

2222
eli2 e0/0
(config) # ip pim rp-address 11.11.11.11
(Static RP created at RR-P)

e0/0 200

C|

RECEIVER 2 RECEIVER 3

22222222 33.33.33.32

PIM(0): woe logile 0B8 cuspso IUuved J RP 11.11.11.11.
PIM(0): 2z louble 088 1duwed IJisds J RP 11.11.11.11.

PIM(0): |uolwds ud§ Idouwesd Yslzosd lelhs wogso (1.1.1.1.232.1.1.1) p9zdd zos luile
lJowS8.

*9 plsy 17:34:56.155: PIM(0): w288 oo RP 11.11.11.11 G5 (% 232.1.1.1).

PIM(0): |_ol96 &b [Je wzsd (Tunnel0) Jslzos Jelss wozso (1.1.1.1, 232.1.1.1).

PEl#sh int tunnel 0

Tunnel 0 is up, line protocol is up
Hardware i s Tunne
Description: Pim Register Tunnel (Encap) for RP 11.11.11.11
Interface is unnunbered. Using address of Ethernet0/1 (10.0.1.1)
MIU 17912 bytes, BW 100 Kbit/sec, DLY 50000 usec,

reliability 255/255, txload 1/255, rxload 1/255

Encapsul ati on TUNNEL, | oopback not set

Keepal i ve not set



Tunnel source 10.0.1.1 (Ethernet0/1), destination 11.11.11.11 >>>>>>>>>> Tunnel Source and
destination

Tunnel Subbl ocks:
src-track:
Tunnel 0 source tracking subbl ock associ ated with Ethernet0/1

Set of tunnels with source Ethernet0/1, 1 menmber (includes iterators), on interface
<OK>

Tunnel protocol/transport PIMIPv4
Tunnel TOS/ Traffic Cass 0xCO, Tunnel TTL 255

Tunnel transport MIU 1472 bytes
louvle w8 § MDT:

MOT Tunnel
Tunnel 2 (MT Tunnel) REYS-5-COMFIG I: Configured from console by consols
Tunnel source x.x.%.% (Loopbackd) SOURCE WLINEFROTO-%-UFDOWN: Line protocol on Interface Tumnel?, changed state to up
Tunnel Subblocks: PIM(1): Check DR after interface: Tunnell came up!
[r—— 10.1.0.2 PIN({1): Changing DR for Tunnel?, from 0.0.0.0 to 1.1.1.1 (this system)
Tunnel? source tracking subblock WPIN-5-DRCHG: VRF m-GRE: DR change from medghbor 0.0.0.0 to 1.1.1.1 on
associated with Loogbackl interface Tunnell
Set of tunnels with source

i

-

Loopbask) alio
Tunnel protocol/transport multi-GRE/ID

AFIM-5-MBRCHG: VRF m-GRE: neighbor 2.2.2.2 UF cn interface Tunnel?

ali2 PIM(1): Changing DR for Tunnel?, frem 1.1.1.1 to 2.2.2.2
4PIN-5-DRCHG: VRF m-GRE: DR change from medghbor 1.1.1.1 to 2.2.2.2 on
intarface Tumnell
%PIM-5-NBRCHG: VAF m-GRE: neighbor 3.3.3.3 UP on interface Tunnel2

1.1.4.14 PIM(1): Changing DR for Tunnel?, from 2.2.2.2 to 3.3.3.3

%PIM=-5-DRCHG: VAF m-GRE: DR change from neighbor 2.2.2.2 to 3.3.3.3 on
interface TunnelZ

AL
3333
e0i2 00
00 e0in
cea ()
RECEIVER 2 RECEIVER 3 5
22.22.22.22 33.33.33.33

MDT Turninel

losile MRIB B 1JLopse:



MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
acceptad for forwazding

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
sending te Tunnel2, MDT Dacap

MFIBvd (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
Tunnael?, MDT Decap skipped in this contaxt

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
continuinrg forwarding in a slower context

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Ethernet0/1
acceapted for forwarding

MFIBv4 (0x0): Pkt (2.2.2.2,232.1.1.1) from Etharnat0/1
sant on Tunnal2, MDT Decap

(Fs)

FElfsh ip mrouts

IF Multicast Routing Table

Flags:
T - BPT-bit sat, J - Join SPT, M - MSDP cresatad antry, E - Extranat,
Z - Multicast Tummel, ® - MDT-data group sender,

Outgoing interface flags: H - Hardware switched, A - Assert winner, p - FIM
Jein

Timers: Uptise/Expizes

Interface state: Interface, Next-Hop or VOO, State/Mods

{3.3.3.3, 232.1.1.1), 02:43:08/00:02:06, flags: JTE
Incoming interface: Ethernet0/1, RFF nbr 10.0.1.2
outgodng interface list:

MVAF n-GRE, Forward/Sparse, 02:43:08/00:01:51

{2.2.2.2, 232.1.1.1), 02:43:13/00:01:47, flags: JTZ
Incoming imterface: Etharset(/l, RFF mbr 10.0.1.2
outgoing intarface liat:

MVRAF n-GRE, Forward/Sparse, 02:43:13/00:01:48

f1.1.1.1, 232.1.1.1), 0Z:44:16/00:03:15, flags: FT
Incoming interface: Loopback(, RFF nbc 0.0.0.0
outgoing interface list:

Etharnetl/l, Forward/Sparse, 02:43:13/00:02:34

A1
22232 3333
Cl
MDT Tunnel
PEl#sh ip mroute
I P Mul ticast Routing Table
Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
X - Proxy Join Timer Running, A - Candidate for MSDP Advertisenent,
U- URD, | - Received Source Specific Host Report,
Z - Multicast Tunnel, z - MDT-data group sender,
(3.3.3.3, 232.1.1.1), 00:10:13/00:01:01, flags: Jrz
Incom ng interface: EthernetO0/1, RPF nbr 10.0.1.2
Qutgoing interface list:

MVRF m GRE, For war d/ Spar se,

(2.2.2.2, 232.1.1.1),
Incom ng interface: EthernetO/1,

Qutgoing interface list:

MVRF m GRE, Forwar d/ Spar se,

00: 10: 14/ 00: 00: 57,

00: 10: 13/ 00: 01: 46

flags: Jgrz

RPF nbr 10.0.1.2

00: 10: 14/ 00: 01: 45



(1.1.1.1, 232.1.1.1), 00:10:15/00:03:20, flags: FT
I nconming interface: LoopbackO, RPF nbr 0.0.0.0
Qutgoing interface list:

Et hernet 0/ 1, Forward/ Sparse, 00: 10: 15/ 00: 03: 04
we? logble RP Jubods IJg psd:

SOURCE
10.1.0.2

PIM(l): Received v2 Bootstrap on Ethernet0/2 from 10.2.0.2
Pim add prm:: 224.0.0.0/240.0.0.0, rp=22.22.22.22, repl = 0,
ver =2, is neg =0, bidir = 0, arp = 0

prm_rp->bidir moda = 0 vs bidir = 0 (224.0.0.0/4, RP:
22.22.22.22), PIMwi

PIM(l): Initiating register encapsulation tunnel creation for
RP 22.22.22.22

PIM(1): Initial register tunnel creation succeeded for RP
22.22.22.22

FLINEPROTO-5-UPDOWN: Line protocol on Interface Tunnel3,
changed state teo up

—
Cl

o0

eli2

1144

Tunneld
Description: Pim Register Tunnel (Encap) for RF 22.22.22.22 on VRF m-GRE
Using address of Ethernet0/Z (10.2.0.1)
MTO 1751Z bytes, BW 100 xbit/sec, DLY 50000 usec,
reliability 255/255, txload 1/255, r=load 1/255
Encapsulation TUMMEL
Tunnel scurce 10.2.0.1 (Ethernet0/Z), destination 22.22.22.22

«0i0

11411111

Register tunnel created when customer RP
information flooded across the core.

' RECEIVER 2 _ RECEIVER 3
22223233 > 33.33.33.33

) F1™ Register Tunnel

*May 9 18:54:42.170: prmrp->bidir_node = 0 vs bidir = 0 (224.0.0.0/4, RP:33.33.33.33), PIMW2

*May 9 18:54:42.170: PIM1): Initiating register encapsul ation tunnel creation for RP
33.33.33.33

*May 9 18:54:42.170: PIM1): Initial register tunnel creation succeeded for RP 33.33.33.33

*May 9 18:54:43.173: %.1 NEPROTO 5- UPDOMN: Li ne protocol on Interface Tunnel 2, changed state to
u

;o,o logble 9lzos IJuwwd Jeed pedyple RP IJElL00 LlJg psd.

PIM(1): wae logile 0BG wuopse IJuved J RP 22.22.22.22.

09 1Jus 3 1U3s we luuwlse Jouwesd IJogopsy [Js RP.

Swp logile 6838 9le> Jouopsy Iduved JIJ 9uog pod, 8 RP swp ldouloe. gJs Sparse-
mode RP W wo: ool 9lzos &8 8 ildo Jouwdo 9less wp logilgel JodBs gie Iduved-

pub 86 291, PIM:



SOURCE
10.1.0.2

4 ® % PIM Neighbor over Tunnel

4 ® ¥ PIMNeighber in core

Control Plane Scalability: | 1.1.1.1
For Example:

=> PE anticipating 100 MVPH services which distributed
across 100 PEs.

=» Each PE maintains 9900 (99x100) PIM adjacencies in
additien to the adjacency.

=>» In order to preserve 9900 PIM adjacencies, the PE
would be sending approx 330 FIM adjacencies per second
(Using default 30s PIM helle timer)

=» The numbar will get worse as the number of MVFN

services or PEs increases.

2222 3333

RECEIVER 3
Pyt 33.33.3333
PE1#sh ip piminterface
Addr ess Interface Ver/ Nbr Query DR DR

Mode Count Intvl Prior
1.1.1.1 Loopback0 v2/ S 0 30 1 1.1.1.1

10.0.1.1 Et hernet 0/ 1 v2/S 1 30 1 10.0.1.2

PE1#sh ip pimvrf m GRE nei ghbor
Pl M Nei ghbor Tabl e
Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority,

P - Proxy Capable, S - State Refresh Capable, G - Genl D Capabl e

Nei ghbor Interface Upti me/ Expires Ver DR

Addr ess Pri o/ Mode
10.1.0.2 Et her net 0/ 2 03: 08: 34/ 00: 01: 43 v2 1/ DRSPG
3.3.3.3 Tunnel 1 01: 44: 24/ 00: 01: 41 v2 1/ DRSPG
2.2.2.2 Tunnel 1 01: 44: 24/ 00: 01: 38 v2 1/ SPG
w99 lJgjpo:

SUBUWe WIVBY 2ips puwes Iduede |Us issu.

1. Jpodds slos pouadl.



2. 1dpuos) uunb.
gwpl sdou ldppwo§od vubbl:

QDI(I}: Received vZ Join/Prune on Ethernet0/0 from 10.3.0.2, to us

PIM(1l) : Add Ethernet0/0/10.3.0.2 te (%, 224.1.1.1), Forward state, by PIM *G Join
PIM(1l) : Upstream mode for (*, 224.1.1.1) changed from 0 to 1

PIM(l): Adding v2 (22.22.22.22/32, 224.1.1.1), WC-bit, RPT-bit, S-bit Join

PIM(l): Send v2 join/prune to 2.2.2.2 (Tunnel2)

oﬂ!‘-h ip mroute vrf m-GRE

IP Multicast Routing Table
C - Connected, J - Join SPT,
Incoming interface: Tunnel?, RFF nbr 2.2.2.2

Outgoing interface list:
Ethernet0/0, Forward/Sparse, 00:00:22/00:03:07

Flags: D - Denss, S - Sparse, B - Bidir Group, s - SSM Group,

(*, 224.1.1.1), 00:00:22/00:02:46, RP 22.22.22.22, flags: SJC

QZI sh ip mroute vrf m-GRE

Incoming interface: Ethernet0,/2, RPF nbr 10.2.0.2
Cutgoing interface list:

01:03:26/00:02:57, p

(*, 224.1.1.1), 01:03:26/00:02:57, RP 22.22.22.22, flags: Sp

2222 m 3333
Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/Sparse, PEZ

-
=
]
=
o
=
=

10.3.0.0124

‘ RECEIVER 3
RP | 33.33.33.23

22.22.22.22

1. slos zoby IJluwevold o) IJlue,ue 9s,uvd Sluedé PIM (*.G) wey PES.

2. souopu PE3 1uope PIM (*.G) WOs gjed GRE 9syuvd pu gJIJ 1Jowd 2 (88 MDT).
9lJ3s sop Idoz 8l pwo pu lJslzoo IUsl)e JJg,ye ip mroute vif m-GRE.

42 26.584402 3.3.3.3

Generic Routing Encapsulation (IP)

4 vy vYvyvv vy

Protocol Independent Multicast
0010 .... = Version: 2
. 8011 = Type: Join/Prune (3)
Reserved byte(s): 00
Checksum: @xc@b8 [correct]
v PIM Options
Upstream-neighbor: 2.2.2.2
Reserved byte(s): 80
Num Groups: 1
Holdtime: 210
v Group @: 224.1.1.1/32
¥ Num Joins: 1
IP address: 22.22.22.22/32 (SWR)
Num Prunes: @

PE3#sh ip nroute

IP Mul ticast Routing Table

224.0.0.13 PIMv2 92 Join/Prune

Frame 42: 92 bytes on wire (736 bits), 92 bytes captured (736 bits) on interface @
Ethernet II, Src: aa:bb:cc:00:50:30 (aa:bb:cc:@0:50:30), Dst: IPv4mcast_01:01:01 (01:00:5e:01:01:01)
Internet Protocol Version 4, Src: 3.3.3.3, Dst: 232.1.1.1

Internet Protocol Version 4, Src: 3.3.3.3, Dst: 224.0.0.13

Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,

L - Local, P - Pruned, R - RP-bit set,

F - Register flag,

T - SPT-bit set, J - Join SPT, M- MSDP created entry, E — Extranet



(3.3.3.3, 232.1.1.1), 10:20:04/00:02:56, flags: FT

Incom ng interface: LoopbackO, RPF nbr 0.0.0.0
Qutgoing interface list:

Et hernet 0/ 3, Forwar d/ Sparse, 10:20: 04/ 00: 02: 40

1. &Jds PE2 2506 GRE g lJpuos, o 3.3.3.3 919206 232.1.1.1 55855 wozsool |Js MVRF
M-GRE coule g IJoBlb.

PE2#sh ip nroute
I P Mul ticast Routing Table
Fl ags:
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

Z - Miulticast Tunnel, z - MDT-data group sender,

(3.3.3.3, 232.1.1.1), 11:47:30/00:01:01, flags: JTZ

Incom ng interface: Ethernet0/3, RPF nbr 10.0.2.2

Qutgoing interface list:

MVRF m GRE, Forward/ Sparse, 11:47:30/00:00: 29
sop LilJs Jouwds 2506 GRE 9,4l PIM Join o9 RP.

odleé: 2, |18 wozso IJpuwhy IJgIuws (RPF) 09 2.2.2.2 Jivo s p w9zso "lugoele
w290999d pedyple IUogzso (PIM)' [Js guslo RP Jodsso RPT eo) IUIgwlgws.

pdlzbo: WC Bit 9 RPT Bit:Triggered by the (*.G) >9Js. s89, DR Clouyule 5 wlJé
lopele/ogidse pg g09lo RP B $lises IUluuoele 1UElL06 wo 9oess0 9226 wo ldwsd
(WC-bit) 9o Uibgy6 RP (RPT-bit) eJs 1. suivs) WC-bit [Js 1o s puos) &> sblo@ ssoe
lelbo w9zs00 9991 Jodl IJpsgd I3l Jpe s> ould wblu@: wsupl suvs) RPT-bit |Js I 03l
Iyl swp huwldo IJs yvg,yo RP |J.DJJQ.:)!.SJ6. oydo Blispo IU9uo BLgs. sudpl swpe
oessu RPT-bit eds 10 Wlwel wyivs) IUs lu Iy pyovb wuivzyo RP IJegve,Jdo
seldelds sop vy, Huwlds ldlugoelp/ldozise eds bad beyé RP. euspl swp wessu
926 wo WC gJds 1. Bluol wyivs) IJs o 1dewsls 09 RP 9swede ldpuwodedle pu lJébe
lo cuwede Tie pu zese IJpuolb) gwn punhy (Iubz)s IJpuive,Js) oll.

PE2#sh i p nroute verbose
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,

L - Local, P - Pruned, R- RP-bit set, F - Register flag,



T - SPT-bit set, J - Join SPT, M- MSDP created entry, E -

V - RD & Vector, v - Vector, p - PIMJoins on route

(2.2.2.2, 232.1.1.1), 22:48:12/00:02:04, flags: FTp
Incom ng interface: LoopbackO, RPF nbr 0.0.0.0

Qutgoing interface list:Ethernet0/3, Forward/ Sparse, 22:48:12/00:03:12, p
1. 90,09d 12506 IJpuopwé b GRE B |Je o>, PET.

PEl#sh ip nroute verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
X - Proxy Join Timer Running, A - Candidate for MSDP Advertisenent,
U- URD, | - Received Source Specific Host Report,

Z - Miulticast Tunnel, z - MDT-data group sender,

(2.2.2.2, 232.1.1.1), 22:55:50/00:02:45, flags: JTZ
Incom ng interface: Ethernet0/1, RPF nbr 10.0.1.2

Qutgoing interface |list: WRF m GRE, Forward/ Sparse, 22:55:50/00:01: 09

PIM1): Received v2 Join/Prune on Tunnel2 from2.2.2.2, to us

PIM1): Join-list: (10.1.0.2/32, 224.1.1.1), S-bit set
2. &uod 9luods PIM (S.G) JJs 1Jpe o, CE.

3. IUIu 1dpuo3) zued £ds pedsele po ldecdds Idpocesy sowsl 25398 1dea9) whuwld s
lJeo>, PET.

4. 8Os lJpuo>, PE PET:

PIM1): Add Tunnel 2/2.2.2.2 to (10.1.0.2, 224.1.1.1), Forward state, by PIM SG Join

MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Ethernet0/2 (PS) accepted for forwarding
MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) fromEthernet0/2 (PS) sending to Tunnel 2, MJT/232.1.1.1

MFI Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) fromEthernet0/2 (PS) sent on Tunnel 2, MDT/232.1.1.1



ATe2 (RP PE):

PIM1): Prune-list: (10.1.0.2/32, 224.1.1.1) RPT-bit set

PIM1): Cancel sending Join for (10.1.0.2/32, 224.1.1.1) on Tunnel 2

PE2#sh ip nroute vrf m GRE
IP Multicast Routing Table

Flags: L - Local, P - Pruned, R- RP-bit set, F - Register flag,

(10.1.0.2, 224.1.1.1), 00:03:52/00:01:29, flags: R
Incom ng interface: Ethernet0/2, RPF nbr 10.2.0.2
Qutgoing interface list:

Tunnel 2, Forward/ Sparse, 00: 00:52/00: 02: 58

lJowllb PCAP Jzjped ldoe Idpegss po PE1. W@ le,)lios J MDT. sgduwd g GRE.

5. v ldpuwoded PE PE3: swp odids 1Jz)es.

PE3#sh i p nroute verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

Z - Miulticast Tunnel, z - MDT-data group sender,

(1.1.1.1, 232.1.1.1), 23:12:51/00:02:50, flags: JTZ
Incom ng interface: Ethernet0/3, RPF nbr 10.0.3.2
Qutgoing interface list:
MVRF m GRE, Forward/ Sparse, 23:12:51/stopped
PIM1): Building Join/Prune packet for nbr 2.2.2.2
PIM1): Adding v2 (10.1.0.2/32, 224.1.1.1), RPT-bit, Sbit Prune
PIM1): Send v2 join/prune to 2.2.2.2 (Tunnel 2)
PIM1): Building Join/Prune packet for nbr 1.1.1.1
MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) accepted for forwarding

MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) sent on Ethernet0/0



MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) accepted for forwarding
MFl Bv4(0x1): Pkt (10.1.0.2,224.1.1.1) from Tunnel 2, MDT/232.1.1.1 (PS) sent on Ethernet0/0

*Jun 2 20:09:11.817: PIM1): Received v2 Join/Prune on Ethernet0/0 from 10.3.0.2, to us

PE3#sh ip nroute vrf m GRE verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,

V - RD & Vector, v - Vector, p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:00:07/00:02:52, flags: Tp
Incom ng interface: Tunnel2, RPF nbr 1.1.1.1
Qutgoing interface list:

Et hernet 0/ 0, Forwar d/ Sparse, 00: 00: 07/00:03: 22, p
RPF Change at PE3 (Receiver PE)

MRT(1): (10.1.0.2,224.1.1.1), RPF change from /2.2.2.2 to Tunnel1/1.1.1.1
MRT(1): Create (10.1.0.2 ,224.1.1.1), RPF (Tunnel2, 1.1.1.1, 200/0)

MRT(1): Set the T-flag for (10.1.0.2, 224.1.1.1)

MRT(1): WAVL Insert interface: Tunnell in (10.1.0.2,224.1.1.1) Successful
MRT(1): set min mu for (10.1.0.2, 224.1.1.1) 18010->1500

|9J 2iPd v fou&»‘ -9!u° SES !&bo 9TSo Upu»b Uedums (RPF)9~§&§u 926 o SPT.

o398 296 1Upy9) £y 098 MDT IJl el ss:

- lJogeso eJs MDT suwegsp GRE. 9ldz 06 C ououe 2jped P.
- 809U 2ipd S = gusly weuis,y BGP IJ¢lLe « PE
G guslu = guslu pzeoesd MDT (IBe)los Is wslole)
- wSwp uywg C-Packet IP TOS |Js P-Packet.
- ouwpslo MPLS g5, puwegsps B IUlguluw B@b 1o 1dpoess IUluods.
w99 IJgjpo:

1. wued IJgjped C-Packet gJs 9lzoé VRF pJd9uo PE: 9swp wg)s® MVRF Lopusl. 1Jozdd



pu lels w9zse ldpuwl) Ideduws (RPF) IJgbsé eds Ipuoo) C.
C-Packet uwio pu SLhu Vs IJudb. g0 030 IJu9bs: ywedyy o030 9lzos PE WO wwdw VRF.

PEl#sh ip mroute vrf m-GRE verbose
IP Multicast Routing Table
Fl ags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,
T - SPT-bit set, vV - Vector, p - PIM Joins on route
Qutgoing interface flags: H - Hardware switched, A - Assert winner, p - PIMJoin
Timers: Uptinme/ Expires

Interface state: Interface, Next-Hop or VCD, State/Mde

(10.1.0.2, 224.1.1.1), 00:00:03/00:02:56, flags: Tp
Incomng interface: Ethernet0/2, RPF nbr 10.1.0.2
Qutgoing interface list:

Tunnel2, GRE MDT: 232.1.1.1 (default), Forward/ Sparse, 00:00:03/00: 03:26, p (Small “p”
indicates downstream PIM join)
BlIIG 1Jise sgess eds MTL Wewsisd swp wuopsu 1Uzjes C s 2jps P. BBl ep cessu
IJeJled "y" £Js 9206 IUbgld IJpuwegspb os pzesed DATA-MDT lJl pzp9eé MDT

IJle)loss. [dpues) 09 gusly wlbs, PE BGP 9lJ9zos os gudly pgpeses MDT.

2. owp lehs w9zso 23pd P pu ¢JIJ e ds P 9@l Jdwo Idpoess Idgbs.
wuad 1Uzsed 1Us 1Uslzod IUgldess. e Idluuhs 1Js IUgld IJep9ps (SG) Iy (*.G) Jpzpeoed
MDT. IJozdd pu lehs wozse Idpuwly Ideduws (RPF) IUgbss eds puos) P (wbs, PE).

3. wp uuwe 2ied P bz 1Jslzos Ws IJudb. g0 030 IJudlbos 92> P/IPE W 239J 1Jpuwl)
lJgle.

4. 151 o edles "Z" oz 1Uzsps sop B Jouudol JILndd 1Uzje6 C. sduos MVRF [Josld
9lJslz06 191136 1Upuinc 86 oo pzpe9ed MDT 1)iuw IJpgJus.

e ldozdd pu lehs wozse ldpuwl Idgduus (RPF) Jzjpé C s MVRF: Lsupl wp luvouuwlz
lIJespesé C JJudb s mVRF.

PE3#sh ip mroute verbose

IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM G oup, C - Connected,
L - Local, P - Pruned, R- RP-bit set, F - Register flag,

T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,



Z - Multicast Tunnel, z - MDT-data group sender,

(1.1.1.1, 232.1.1.1), 1d01h/00:02:47, flags: JTZ
I ncomng interface: Ethernet0/3, RPF nbr 10.0.3.2

Qutgoing interface |ist: MVRF m-GRE, Forward/ Sparse, 1d0lh/stopped
5. ouod IJgjps Cldluodso Vs IJpuveoded 3.
wueesu lJgses:

(88 N (86)
C-PACKET  ° SRC:10.1.02 » SRC:1.44.4
7 DST-22441.11 7 DST: 232444

CPACKET
" psT2241.11

mao

MDT Jdeslule:
ol o.s Data MDTS

lwo lRoshs. sop logulyel B Idbdo: 90209s eds 2096 019, pESUS (S:G). Vs lde [uosl)
PU [0S®. wdyu IJgwwé IJos wp wdysuol eds 1Jougg "0" 9"es, pe293". gudpl wuod Up‘pé
IJlsdss |Jss VRF: s p e Data MDT. 93l ol Jlo 1dJIuelss OJu sope logule Data MDT Iosl.
souedd s 1desgs [Js Idlele s MDT Il e,lgas. MDT Idoslole o9 slisel Iduive,6
lJeoddsse Jl oyuwd s 9o o9, MDT Jdwslule Wb Jz,ds 1Je,9) (SG).

PMSI lUluo@liss:



SOURCE
10.1.0.2

MULTICAST
TRAFFIC

11.11.11.11
3.3.33

s PIM JOIN
e0/0

cel

RECEIVER 3
33.33.33.33

2222

el/2

SELECTIVE PMSI
0/0 DATA MDT

<

RECEIVER 2
22.22.22.22

oo ltoshs. sop logbldel B ldbdo. 9ozed I8 p19) pesUE (S: G).
- ewpl ouod Idzes IUlgds |Us VRF sop wosise Data MDT. g3l ol JI yolso 9]y Data MDT
Jlsop logulde: souedd erdé 1des9, 1Js IJiele bs MDT IJlb el os.
<olispl pl ooy MDT IJoslole Iduve)é 1dpod9ssc odl oyuwd Ls IJ6 o9, MDT JJoslule
S Jp,yJs 1Jpe9) (S G).
- wged ouwlde PIM IJpzeses C-(S. G) 9 P.
JsI9s6 luuvle MDT Jdoslole:



SOURCE
10.1.0.2

Once the threshold cress, Selective PMSI
(Data MDT) triggered.
mdt data 232.2.2.0 0.0.0.255
threshold 1
~ mdt data thresheold 1

Once threshold trigger cross the configured
value it generates UDP (SRC 3232; DST 3232)
SRC 1.1.1.1 DST 224.0.013

o:-m'[:u: Set the y-flag for (10.1.0.2,224.1.1.1) |
PIM(l) : MDT next_hop change from: 232.1.1.1 to
232.2.2.0 for (10.1.0.2, 224.1.1.1) Tunnel2

Q'DP: rovd sre=1.1.1.1(3232), dlt;=22'|.0.0.13{3232.
length=24

PIM(l) : Receive MDT Packet (1418) from 1.1.1.1
(Tunnel2), ( udp: 24), ttl: 1

PIM(l): TLV type: 1 length: 16 MDT Packet length:
MRT (1) : Set the ¥-flag for (10.1.0.2,224.1.1.1)

RECEIVER 2 L“‘\| RECEIVER 3 lj
22222222 33.33.33.33

1. gwspl multicast ¢ 2,96 p19) O IJ VRF 98030l 1UzyJ6 019, pe3d Sod€ 1. 909 SH9e
Slouble 2508 MDT.
2. s0p 0uopSU gjpd MDT s UDP Cluweésle Ideues) 91dozoes 3232. gL, uwldo 1Us
lJpuweo9od lJpowp.

252 23.188432 1.1.1.1 224.9.0.13 upp 82 3232 - 3232 Len=16
- Frame 252: 82 bytes on wire (656 bits), 82 bytes captured (656 bits) on interface @
+ Ethernet II, Src: aa:bb:cc:90:30:20 (aa:bb:cc:00:30:208), Dst: IPvdmcast_©1:01:01 (01:00:5e:01:01:01)
- Internet Protocol Version 4, Src: 1.1.1.1, Dst: 232.1.1.1
- Generic Routing Encapsulation (IP)
. Internet Protocol Version 4, Src: 1.1.1.1, Dst: 224.0.0.13
- User Datagram Protocol, Src Port: 3232 (3232), Dst Port: 3232 (3232)
- Data (16 bytes)

3. &> 1o $ruwd 25p8 UDP s IJpuwedod Idpgus: Sloe s edlps "y ssésy I MDT
next_hop |Js guslu pgpesed MDT gaso.

s 1Jp 03, PE PET:

MRT(1): Set the y-flag for (10.1.0.2,224.1.1.1)

PIM1): MDT next_hop change from 232.1.1.1 to 232.2.2.0 for (10.1.0.2, 224.1.1.1) Tunnel 2

PEl#sh ip nroute vrf m GRE verbose
IP Multicast Routing Table

Fl ags:



T - SPT-bit set, J - Join SPT, M- MSDP created entry, E - Extranet,
Y - Joined MDT-data group, y - Sending to MDT-data group,

p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:08:09/00:02: 46, flags: Typ
Incom ng interface: Ethernet0/2, RPF nbr 10.1.0.2
Qutgoing interface list:

Tunnel 2, GRE MDT: 232.2.2.0 (data), Forward/ Sparse, 00:08:09/00:03:27, A p (Small “p”
i ndi cat es _downstream Pl M j oi n)

pdlebd: cogs) gbys ldjse IJeldss [Js 232.2.2.0.

2. s PE3. gonpl suwede 1256 MDT IJp o peus B UDP SRC psule 3232 900095 DST
3232.

UDP: rcvd src=1.1.1.1(3232), dst=224.0.0.13(3232), |ength=24
PIM1): Receive MDT Packet (1418) from1l.1.1.1 (Tunnel2), length (ip: 44, udp: 24), ttl: 1
PIM1): TLV type: 1 length: 16 MDT Packet |ength: 16

MRT(1): Set the Y-flag for (10.1.0.2,224.1.1.1)

PE3#sh ip nroute vrf m GRE verbose
IP Multicast Routing Table
Fl ags:
T - SPT-bit set, Y - Joined MDT-data group, y - Sending to MDT-data

p - PIMJoins on route

(10.1.0.2, 224.1.1.1), 00:08:27/00:00:20, flags: TYp
Incom ng interface: Tunnell, RPF nbr 1.1.1.1, MDT:232.2.2.0/00:02:15
Qutgoing interface list:

Et hernet 0/ 0, Forward/ Sparse, 00:08:27/00:03: 21, p
Huwlds luuople S-PMSI os Huwldé pLoewé UDP gusluel Igzoé o9 all-PIM-routers (224.0.0.13)
9008 1J9z06 IJglLo wo 09 3232.

©2w9s suwlds lugople S-PMSI gds 030 Idpedspele: PEHD .Jo)_géj IJoo Ipogas Ideess 1dss
WwSwp swbo LIJu Y P. 9spdu wposd o3l Jj9z (S.G). perd IJuSE P ldpesu Idss uvsep
oo 1U>8 8 wo. 03l 1Jpg 8 09 28J posId swuopew 030 Idpedsple:



w99 Yo py9) I IJpegss Vs vy wslule MDT:

After threshold reach,

Source PE sends UDP packet (MDT DATA) and set the y-flag
in mroute table.

PEl#sh ip mroute vrf m-GRE verbose
IP Multicast Routing Table
Flags:
T - SPT-bit sat, J - Join SPT, M - MSDP created antry,
¥ - Joined MDT-data group, y - Sending to MDT-data group,
p - PIM Joins on route

(10.1.0.2, 224.1.1.1), 00:08:09/00:02:46, flags: Typ
Incoming interface: Ethernet0/2, RPF nbr 10.1.0.2
Outgoing interface list:

Tunnel2, GRE MDT: 232.2.2.0 (data),
Forward/Sparse, 00:08:09/00:03:27, A, p

QEﬂhlh ip mroute vrf m-GRE verbose

IP Multicast Routing Table
Flags:

T - SPT-bit set, ¥ - Joined MDT-data group, y -
Sending to MDT-data group,

p - PIM Jeoins on route

(10.1.0.2, 224.1.1.1), 00:08:27/00:00:20, flags: TYp
Incoming interface: Tunnell, RPF nbr 1.1.1.1, MDT:
232.2.2.0/00:02:15
Outgoing interface list:
Ethernet0/0, Forward/Sparse, 00:08:27/00:03:21, p

RECEIVER 2 RECEIVER 3
22222222 33.33.33.33
PEl1#sh ip pi mndt send
MDT-data send list for VRF: mGRE
(source, group) MDT-dat a group/ num ref_count
(10.1.0.2, 224.1.1.1) 232.2.2.0 1

PE3#sh ip pi mndt receive

Joi ned MDT-data [group/nmdt nunber : source] wuptime/expires for VRF: m GRE

[232.2.2.0 : 1.1.1.1] 00:00:41/00:02:18
- BlYIG 1o szess £Js 91206 0@ wed 3JY swp wuopsu IUgjed wluwedsle GRE: pe
J9u IJpuos) 09 euslu wbs) BGP IJgluo wedze PE IJpzds 91d9z06 os guslu pzeses MDT.

- SEwpd Gy wedsd peesso Data-MDT gds ol 3l Jlupe gdles Lo peswo gds el (S G) Ws
MVREF.

LIl 1Bl (S: G) Is (*: G) s2wos £Js peeses edlple Zo Bosl o9 Default-ly Data-MDT p¢
mVRF rO_)CJ\._JJD.

- Sew IJEle ouppsu 1Jees P JYJvdd Idz)ps C.



Flag Name Description

Z Multicast Tunnel Indicates that this entry is an IP multicast group that belongs to the
Default or Data MDT tunnel. All packets received for this IP multicast
state are sent to the MDT tunnel for decapsulation .
Set on receiving PE.
Global mulitcast routing table

Y Joined MDT-data group Indicates that the traffic was received through a Data MDT tunnel
that was set up specifically for this source and group.
MVRF multicast routing table

7 MDT-data group sender Set on sending PE.
Global mulitcast routing table

y Sending to MDT-data group Indicates that the traffic was sent through a Data MDT tunnel that
was set up specifically for this source and group.
MVRF multicast routing table

vV RD & Vector

v Vecor

E Extranet source mroute entry | Indicates that a (*, G) or (S, G) entry in the VRF routing table is a
source Multicast VRF (MVRF) entry and has extranet receiver
MVRF entries linked to it

- o)l J9z9s MTl 9lz> B3 s MVRF JJJ peld wo pogssc suveise JJ pu Data-MDT 9
Default-MDT oByw 9lz06 IJobdd Jzrds 9, IJges.

s o edlele YIY 019,86 Jopsss ds ea9) welule MDT IJIWe,)luoss pu 2538 )9,
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