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CORFIXVRNTR, RUERIILFFYANONLFZ7ORILINRILAA Y F(MPLS)IT %
FERALTRILFFYANNTY RABBIZHECOVTHALET,

HRHH

F7#4)8MMDT-PIMC -mcast> o +0U>T

K> 7 hO—+t > & Generic Routing Encapsulation(GRE)Z #—/\N—L A4 Z7OKRJJ)LE L THEA

LET, 2FVY, IXRTOINFFY¥ARNNTY RAGREATHTEIILENhET, RAELANE
. VPNROIXTOZF7ONA A —TY D PE)L—FTIIaL—brEh, YLFFY¥ANTI—
TIZBMULET, chiF, F7FILRMNOXLFF ¥ ARNEEY)—(MDTEHENET, T7
JL N OMDTIE. Protocol Independent Multicast(PIM)hellod KT Z DL DPIMS JF+ 1) > JIZER
EhEITHN, F—ENTTAVIICEFEATIhET, EEXNKEONST 71V IZEETIH
B, T72)INOMDTZEATACERFEMNRNTHY), F—ZMDTZERTEET, T—X

MDTIZE, ERFOTIL—TOL>—NEEFEOPEETNFEENET,

Draft RosenlFBEANERICEE T, SELKEELETH. WOV DODXENHYET, XOR%E
RTHFEL&ES,

F=NN—AY RGRERINT Y MMI24)NA R DA —/N—AY RZEML X T, BESKLIF12/N(
NZEMTBIMPLSELRT DL, ENTY MZ100 A LD F—/N—AY RABME VT,

A7 ADOPIM:Draft RosenTlE, PEATF7 AL NIISMTEIUREN H D, PIMAIATHATEM
CBE2>TVWBBENHYET, T, PIMITFUTICE>TEITESNDT—AMDTEMSET
T, dA7 TCPIMASMAERAEThTVREEEF. RPEMXKETT, PIMSSMA IAT7 TEITEh TV
5548, RPEMBEHV)EFHA,

Core state:PEA S OPIMS JF V) JIC &), AT ICFREBRREIMERENET., 7 ORER
AEEBPRY NELKTRILEN HVYET,



PIMB§#BE R -PEIX M EICPIMRA/N—IZB VW ET, KREBVPNTZHOPEN EETDHEE.
ZHOPIMBSIEZERENfMMERENET, ChiZKY ., heloB RV ZFDOMEOTFIUITINKREICE
FEhn, I—20OERHIMMERLET,

AZFYARERLFEY AN : IZF Y ARNGERBMPLSZEAL, YILFF ¥ ANEIGREZ
FRALET. CNEEMETZEEBL, IZF Y AMNILFEFYANERZEBIEEXN_AL%ZE
EAITRDEZERLET, chRBEERYDI—>32TRERBYKREA

LY . 7 4L NOMDTIE. PEA*G)ELRS,C)DII—TTHEAENTVWBLY—/\%
BoTLWBAESHICEEEL, VPNRDITRTOPEIC RS 74 Y I BEELET,

.7 #)LNOMDTi. 1DOVRFRDTRNTOPELILFF+ ANEEBETH-HICERASE
nEv,

L7 NE, TRTOPEL—REEETD L EERLET,
CFT7ALRNTR, TRNTDORS T 1Y IFERENET,

CERTOPIMBII RS 74 Y 2 EF—BTL—2RS57 495, Bl (GRS TAv &
(SG)RF 7494

L ChRTLF RS NEEXRLET,

CHTERETE, BTEVU—HSZETEET,

A=N—=LA2TFI2TELTOHOPIM

SOURCE
10.1.0.2

PIM IN OVERLAY L IR AR A S R R I A A &

CE

@) P™INCORE °0/0
—

C-PImM

202 QCCOOPVOORCCOV POV OOCOC OO VOO OOOQ

1.1.1.4
PE1

2222 3333
PE3
PE2
LR R
el/2
e0/0 PIM IN OVERLAY e0/0 ﬁ

CE2 c d8H00000

RECEIVER 2 RECEIVER 3
22.22.22.22 33.33.33.32

NAROZ



SOURCE
10.1.0.2

by

vZI00 L0k

2222 3333

10.2.0.0/24
10.3.0.0/24

RECEIVER 3

RzEzczEzI:zEgzz 33.33.33.33
BB

1. IXTO/—RTIYNLFFYARNIL—FT 12T 2BFIZLET,
2. RXTCDA R —T I A ATCPIMAN—AE—REZEF#ICLET,
3.BENOVRFTTF7# )L NMDTZREL £,
4. 4 > 2 —7 I A AEthernetO/x\I_VRFZ:XEL £,
5,.VRFTCYILFFY¥ARNIL—FT 1420 2BRIZLET,
6. A7HNDITANTD./— RTPIMSSM DefaultZz8EL £9,
7.CE/—RTBSRRPZEEL X7,
8. BRI :

VRF m-GRE

MBGP: 7 RL A7 7 Z1JVPNv4

VRFIL—FT4>J 7083

1. IXTO/—RTINFFYANL—TFT AT ZHBHILET,

(config)# ip nulticast-routing

2.RTDA R —T I A ATCPIMAN—AE—REZEMICLET,



(config)# interface ethernet0/x

(config-if)#ip pimsparse-node

(config)# interface | oopbackO

(config-if)#ip pimsparse-node

B.¥TICFHETBVRFT, F7FI MMDTZHREL T,

(config)#ip vrf mCRE

(config-vrf)# mdt default 232.1.1.1
4. 4 > 2 —7 I 4 AEthernetO/xICVRFZREL £ 9,

PE1. PE2, & KT'PE3L,

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

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

5. VRFTCNLFFYARNIL—FT AT 2BMIILET,

PE1. PE2, & KT'PE3L,

(config)# ip nulticast-routing vrf m GRE

6.9—EARZTONAH—IT7 DRPZRELE T,

PE1. PE2, PE3. $KU'RR-P/—R,

(config)# ip pimrp-address 11.11.11.11
7.CE/—R (L>—/V) TBSRRPEZREL £,

Receiver2 t,

(config)# ip pimbsr-candi date | oopback0

(config)# ip pimrp-candi date | oopbackO
CCTR, RENERICHBEL TVWRAESHZBREBLET,
BAV 1 PENBEREHER TS

CERENTVWRIXRTOA D Z—TIA AN "TUP, THED 2R LET,



BAD2: PRLATZ77IUVPNvAIZF v A N DR

.AFVPNVAIZF Y ARNDINXNTOIN—ZTBGPHAEBEMICHE>THY) ., BGPERA/N—H T
UP), THALZHEFELET
.BGPVPNVAI1ZF Y ARNT—TIIZFTXTOCustomer7 L 71V IANHB & &R
7,
RAV 3 XINFFEYARNKNTTAVIOIVRY—-TI REBIELET,

-PIMRAN—29T7%2FIVILET,

CNILFFEFYANRENF T RY I RTHEREhDEZEELET,

. PE1. PE2, $LUPE3OMRIBI > k1 OFE:R

- (S,GMFIBINUNYVYTRNRIDITT72D—FT4JTHEMTD_EEBRBLET,
- ICMPINT Y RACEANSCEICEZET D &R LET,

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 wversion is 31, local router ID is 1.1.1.1

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 100:100 (default for vrf m-GRE)

*>i 22.22.22.22/32 2.2.2.2 0 100 020 1
*>1 33.33.33.33/32 3.3.3.3 0 100 030 i
#> 111.111.111.111/32

10.1.0.2 0 010 4

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/Awvg Pkt Size/S

RZILVADE—TIAANERE I & :
H—ERA7O/NA S —RPOAEE :

RPEBAIATICTSYTF1oTd&ENBE., Interface Tunnel O ERKE NE T,



= Tunnel Interface ’

SOURCE
10.1.0.2
CE
el/o
U nel_ll . . ) PIM(0): Initiating register encapsulation
e S B T O o012 tunnel creation for RP 11.11,11.11

PIM{0) : Ahddition 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).

11111111
3333
e0/0

(config) # ip pim rp-address 11.11.11.11
(Static RP created at RR-P)

(Encap) for RP 11.11.11.11
Tunnel source x.x.x.x (Loopback 0),
dastinatien 11.11.11.11

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

2222

Cc
RECEIVER 2 RECEIVER 3
22.22.22.22 33.33.33.33

PIMO)RP 111111 1MDL AR AT IR R OEREBEKBLTVET,
PIMO):RP 11.11. 1111 DMEL AR N R OERICEIILEL 1=,

PIM(0):(1.1.1.1, 23211 1)DEIEA > X —T7 T4 A& L T Dregister encap b RILOEME. b
VERILTFERENDETERENET,

*May 9 17:34:56.155:PIM(0):RP 11.11.11.11(*, 232.1.1.1)2F T Yy ¥ L £,

PIM(0):(1.1.1.1, 232.1.1.1)DEcIE A > 2 —7 T 4 A& L Tregister encap b > & JL(Tunnel0) & & il
LET,

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 tracki ng subbl ock associ ated with Ethernet0/1

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

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

Tunnel transport MIU 1472 bytes
MDT > RILDERK :

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 ] 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
e0in
cea ()
RECEIVER 2 RECEIVER 3 5
22.22.22.22 33.33.33.33

MDT Turninel

OA7 TOMRIBOER :



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),

Incom ng interface:

00: 10: 15/ 00: 03: 20, flags: FT

Loopback0, RPF nbr 0.0.0.0

Qutgoing interface list:

Et hernet 0/ 1, Forward/ Sparse, 00: 10: 15/ 00: 03: 04

BEOXRY NIT—UVRICRPZEBL LS. ROFIEZRTLET,

SOURCE
10.1.0.2
PIM(l): Received wZ Bootstrap on Ethernet0/Z from 10.2.0.2 CE1
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, crp = 0 o
prm_rp->bidir moda = 0 vs bidir = 0 (224.0.0.0/4, RP:
22.22.22.22), PIMwi
FIM{1): Initiating register encapsulation tunnel creation for eli2
RP 22.22.22.22
PIM(l): Initial register tunnel creation succeeded for RP i
22.22.22.22 1144
FLINEPROTO-5-UPDOWN: Line protocol on Interface Tunnel3, P

changed state to up

) F1™ Register Tunnel

*May 9 18:54:42.170:

*May 9 18:54:42.170:
33.33.33.33

*May 9 18:54:42.170:

*May 9 18:54:43.173:

Tunnel3
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 source 10.2.0.1 (Ethernet0/2), destination 22.22.22.22

«0i0

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

CE2
RECEIVER 2 - RECEIVER 3
222203 - 33.33.33.33

prmrp->bidir_node = 0 vs bidir = 0 (224.0.0.0/4, RP:33.33.33.33), PIM2

PIM1): Initiating register encapsul ation tunnel creation for RP

PIM1): Initial register tunnel creation succeeded for RP 33.33.33.33

% .1 NEPROTO 5- UPDOMN:  Li ne protocol on Interface Tunnel 2, changed state to

up
BEORPERZGEETDLEHIC, RORILAE—T I A ANERENETT,

PIM(1):RP 22.22.22.220 L S AR AT EIAL N XL OEREBEBRL TLVET.

chiE, RPEATEIILZBRIBDIEDICERE NN RILTT,

BHENhLERA/N—RAE—RRPZEIZ, 1DDRegisterA 7 EILIL R RN ERENET, AN
—AE—RRPE&KICE., LZRAEINT Y NEZETBIEHICERE N1 DON T EILILER S
DRNAER=TIALAANHYNVET,

o

PIMRXRA/N—=2v7



SOURCE
10.1.0.2

4 ® % PIM Neighbor over Tunnel

4 ® ¥ PIMNeighber in core

Control Plane Scalability:
For Example:

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

=» Each PE maintains 9900 (99x100) PIM adjacencies in
addition 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. 3333

RECEIVER 3

RECEIVER 2 33.33.33.33

nnnn

PE1#sh ip piminterface
Addr ess Interface Ver/ Nbr Query DR DR
Mbde 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

N7y~ 70-2RICFLET,
A RO=-L7TL—=NTYy R70-R220WMHICHEIEhhET,

1L.L=NHAZAVICBRIET,



2.Y—=ANTIOT147TY,
L—=NBTOT1TI35E

QDI(I):

PIM(1) :
PIM(1) :
PIM(1):
PIM(1) :

Upstream mode for (*, 224.1.1.1) changed from 0 to 1

Send v2 join/prune to 2.2.2.2 (Tunnel2)

oﬂ!‘ah ip mroute vrf m-GRE

IP Multicast Routing Table
Flags: D - Denss, S - Sparse, B - Bidir Group, s - SSM Group,
C - Connected, J - Join SPT,

(*, 224.1.1.1), 00:00:22/00:02:46, RP 22.22.22.22, flags: SJC
Incoming interface: Tunnel?, RFF nbr 2.2.2.2
Outgoing interface list:
Ethernet0/0, Forward/Sparse, 00:00:22/00:03:07

QZI sh ip mroute vrf m-GRE

{*, 224.1.1.1), 01:03:26/00:02:57, RP 22.22.22_22, flags: Sp
Incoming interface: Ethernet0,/2, RPF nbr 10.2.0.2
Cutgoing interface list:

Tunnel?, GRE MDT: 232.1.1.1 (default), Forward/Sparse,

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

Received vZ Join/Prune on Ethernet0/0 from 10.3.0.2, to us
Add Ethernet0/0/10.3.0.2 to (*, 224.1.1.1), Forward state, by PIM *G Join

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

SOURCE
10.1.0.2

Tunnel 2 (MDT) |
— )

el3

2222

10.2.0.0024
10.3.0.0124

RECEIVER 3
33.33.33.23

RP
22.22.22.22

1.L—=NDAZA4 125, PIMJOIN (,G)ZPE3ICE T TEELET,

2. PE3IEPIM JOIN(*,G)EGRE/NT Y R A7 EILL. RY X2 (MDTRY XL ) EALT
EELET, Zhikshowip mroute vif m-GREDEEBEA > X—T7 I/ AL SHBBEhET,

42 26.584402 3.3.3.3
Frame 42: 92 bytes on wire (736 bits), 92 bytes

Internet Protocol Version 4, Src: 3.3.3.3, Dst:
Generic Routing Encapsulation (IP)
Internet Protocol Version 4, Src: 3.3.3.3, Dst:
Protocol Independent Multicast
001@ .... = Version: 2

. 8011 = Type: Join/Prune (3)
Reserved byte(s): 00
Checksum: @xceb8 [correct]
PIM Options
Upstream-neighbor: 2.2.2.2
Reserved byte(s): 80
Num Groups: 1
Holdtime: 21@
Group @: 224.1.1.1/32
¥ Num Joins: 1

IP address: 22.22.22.22/32 (SWR)
Num Prunes: @

4 vy vYvyvv vy

PE3#sh ip nroute
IP Mul ticast Routing Table

Fl ags: D - Dense, S - Sparse, B - Bidir G oup,

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

T - SPT-bit set,

224.0.0.13

J - Join SPT, M- MSDP created entry,

PIMv2 92 Join/Prune
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)

232.1.1.1

224.9.0.13

s - SSM Group, C - Connected,

- Register flag,

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. PE2IE. #EExAH3.3.3.3, IBEN232.1.1.1OGRENT Y N ZFZEL., OILICEITVTMVRF
m-GREICERIEL £,

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

GRENT Y N A7 ILEBRE . PIMJOINARPISEFENET,

¥ RPFRA/N—1F2.222TF, Chik, PIMJoin¥ A7 %N LU TRPTZFKTHRPF R
LAETTHHLEHTT,

¥ :WCEY RERPTEY b : (GYREEIC&>TRUH—&h, DRESMUANICRPT K
LAZETJoin/PruneXy £—2 & EHRL, D4 RA—REY N (WCEY k) ERPY V)
—EYRN(RPTEY R ) B1UCBRELET—BITHL0A B VMBS, RPTEY M, C oM
ANFHBRPY D —ICEEENDEEZRLET, TIN—2UVARNEIZEOFEETYT, RPTE
Y RAMICERESNTVSRHESIE. SMARERPY U —ICEERITSNTVWSZEZRLE
T, LENDT, Join/PruneXy £—IARPY U —ICiR 2 TEIRENET, WCEY MY

MNCRRESNTVWBRHEEEF., PRLAANRPTHY, XV ARNU—=ALLS—NEZD (HE
‘/ )= )YNARZENLTIRTOY—ANSNT Y N EZETHEEZRELTVET,

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. IXETPE PE1TOGRED 7 EILIL/NT v N EIE,

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 |ist: 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. PIM JOIN(S,G)#"Y —ACETEEL £ 7.

3. ZhTiEfEmlEInentiated ReceiverD1EHRZEBL. RTT7 1Y JKIEE

ZRBLET,

4. 3%15 7TPE PE1:

JLPE PE1\ DS

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) fromEthernet0/2 (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

PE2(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
PE1ASOINLFF Y ARNTY NOPCAPF ¥ 7F ¥, MDTF7 AL KR RILTR XU
JENET, GRETHT I,

5.L—NPEPE3TE:., NTY RHZFEEINKT,

PE3#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,

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

(1.1.12.1, 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:
M/RF 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, S-bit 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 ntu for (10.1.0.2, 224.1.1.1) 18010->1500

EPEIASOINFEYARNNTY NZEENDE, RPERAN—DEEEhET, K%
Ak, ERTRAMNENBRPELTPE2T UL, RUIDNILFFYARNNTY NZEZET
&, RPFAZEEEh, SPTEY RABREENE T,

T7FILNMDTR 2 RILEORNZ 74 070

- MDTTOEEIFGREZFEAL., CNTY NEPNT Y MZBYWET,
. P-Packet S address = PE®MBGPET7 U SJF7 RL A
G7RLA=MDTIIN—TT7 RLA(F7AILRNELET—X)
. C-Packet IP TOSI&P-Packetic JE—&=hFE T,
- MPLSZARN A7 TRERAETNT, XA TA1TIIILFFYARNTOXFEAETNET,
NTYy N 70—&ZKICRLET,

1.CINTY RHVRFEREDPEA > ZA—T7 IAAICEETZE, mVRFIFEBENICEBIEhET
o CY—ANDBEDRPFFIYV Y,



C-PacketldOILD A > BZ—T I A AN SERENET., COKKT, ChIFELUVRFROPEL >
F—TIAALLBYEXT,

PEl#sh ip mroute 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, vV - Vector, p - PIM Joins on route
Qutgoing interface flags: H - Hardware switched, A - Assert winner, p - PIMJoin
Ti mers: Uptine/ 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
Incom ng 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)

OILICMTINEENTWVWBEE., CNT Y NEPNT Y NCHTEIILENET, FATHI N

UDRBEICY' T ZINBREENTVEEHESE, DATAMDTI L —THFREEThTVEVEES, F7
I MMDTIIN—THREENET, RETFPEBGPET 7 RLAT, BERIMDTIIL—TTF
RLATY,

2.PNTY RN, BEONILFFYARNIRE>TPRY ND—URBATEHEEENET,
NTY A TO-NILAVE—TIAALEBLET, ZRRENTVWAMDTY -7 070N
LS. Q)FRERZ(. G I U, PY—A(PEET ) DBEDRPFF I Y 7,

3.PNXTY NEOILDA >V BZ—T IA AL SEREhET, CORAT, ChiFFgO-N)L
mrouteT— 7 JLOP/PET T,

4. T7, 7SI BEENTVSRHEE. NTY NEHTEILBBRENTCNY Y RFRRE
NET, MDTIIL—THLSMELEZ—TY RmVRFBLRUVBEAVRX—T7IA AR, H7
tIftEhEAY A —DORETT,

MVRFTOC/NT Y NRORPFF I Y UAET L, mVRFTCAT Y RHOILICERENET,

PE3#sh ip mroute verbose
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Goup, s - SSM Goup, 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. L—N3TORAT 1 TCNTY hDEIE,
NTYy AT EIL:

. i = .
" DST.2241.44 ~ DST:232114 E 7 pst 224144
Cl PE1 i Pl!i °
T —XMDT:
F—ZMDT& i

F723>T9, BEICISUTERE N, BEDSGRNF 71 v IO REELET, RFO
[OS® ) —ATlE, RETNATVWALZEWVEIR "0 BKRY "E#ER, TT, RFIO/NTY KD
VRFIZEiEET D &, F—ZMDTHA ML h, BROBEEFETFT—XMDTRERENT, KSFT7 4
YIORFT7AINOMDTICEAET, T—EAMDTREICZEAMY ) —THY)., RSZT1vU%EEX
EIBLREHYNERA, T—EMDTRKS,GNZ 71 Y VERATT,

EIRWPMSI:



SOURCE
10.1.0.2

MULTICAST
TRAFFIC

11.11.11.11

2222 3.3.33

el/2
PIM JOIN
SELECTIVE PMSI
e0/0 DATA MDT e0/0
q =
i RECEIVER 2 RECEIVER 3 .
22.22.22.22 33.33.33.33

ATV TT, BELISUTERE N, BEDS. GRS 71v I EEELET,

- BIAONTY NAVRFICEET D &, F—A2AMDTHMH{tEh, EBROBEIET—FMDTIK
ERENT, RST714YORBF7FILMOMDTICHEARE T,

- TF—AMDTREICZEAYVI)—THY), RFTAVIRZEETDIERERHY)FEFREA, T—2&
MDTI(S, GRS 71 v VERATT,
- PIMX Y £— /(iC (S G)B RUVP-GroupZiELE T,



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

om[l): 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: roevd sre=1.1.1.1(3232), dst=224.0.0.13(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)

L L
RECEIVER 2 RECEIVER 3
22.22.22.22 33.33.33.33

1L.RLVFFYARNRTTAYIAVRFICAY, RZT74YIOL—RMFLEWMEICELLELEE,
MDTNTY RZERLET,

2.MDT/NT Y NiF, BEETEREN3I22OUDPICHTEIIILENETET, BEHEKDH D ZEHICE
ELEY,

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: 224.6.0.13
- User Datagram Protocol, Src Port: 3232 (3232), Dst Port: 3232 (3232)
- Data (16 bytes)

B.UDPNT Y RERKOL—/NIZIEFLER, "Tyy 75T %8%EL., MDT next_hopZ L W
MDTUIL—7TF7 RLAICEELET,

%18 ;TPE PE1:

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

PIM1): MT 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)

FE OILORITARKY TH2322201BEEhET,

2. AT PE3Tl&, UDP SRCR— 32328 KT'DSTAR— 3232 TH7 Z)L{LE L l=MDT/N T v
heZELET,

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
S-PMSl JoinX ¥ £—< &, %8% 7 KL AN ALL-PIM-ROUTERS(224.0.0.13) T, BEAR— KA
32320UDPA7T EILX Y £—2TF,

S-PMSI JoinX Y £—=ZIZIE, ROBHABEENE T, PRURILIENAD RENDBEDNILT
FYANARNI—LDHERFo CHIFS,CRTELTRICENTEXRT,. ANU—LHFNAY
RENDBEOPRRILOBEIF. COBBTFE, ROBHREZSCHBELT 1 —ILRTT,



MDT DATARZZLDIXLFF Y ANNZ 740 70—:

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

thh 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
COILE R RINAE—TIAANEETIhTVEHE, NTY NEGREZFERALTHT I
ftEhxd, EERGO—NIPEL—FOBGPET VI T RLA, BEGIMDTIIL—7"T
RLATY,

- Data-MDTZ IL—7" A" 8IR&E W BREE. mVRFO(S, G) I NJUICYyT7ZINBREENTVS
HESHIZEK>TERYET,

< (S. QFLER(. GO IVRNVILZ7ZIANREEATVWRHEE, ChiFRE/NTSHIZ
MVRFZFHF DT 7 AN EEZET—EMDTTY,

CCNTYRERSHICTRICE. PNTY NEATRILLBRTIBEN HYET,



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

Joined MDT-data group Indicates that the traffic was received through a Data MDT tunnel
Y
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

Sending to MDT-data group Indicates that the traffic was sent through a Data MDT tunnel that

y
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

cNLFEFYARNRXSA 2 ZEOMVRFIZE1IDOMTILAFEL A WZ&, Data-MDTE
Default-MDTOEAGABEDRZ 74 Y VICAU N RILA DV Z—T I A AZERALEXT,

- Y754, DefaulttMDTRS 7 1 v ¥ £EData-MDTRS 7 1 ¥ U &#XBIL, HARI—X
LFFY*ANN—TFTA42TITMNIFELWVMDT-DataZ L—7"ZFAL., (S. G, Data-
MDT)Y Y B> F 2 RETERBTF— T L E2SBTHLHICHETT,

NZ7L21—h

RE, COREBICHIDREORNS TN 1T 1V IBREBYEHEA,
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