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Inefficiency — FERXMDTAREFEZIVPNFHFTEPE , MAEZKZPEE(,G)IH(S , G) P HEKES
AREEMFERANE,

- #&fE A FERRMDTAS B I E 4R 2| — EVRF R 89 Fr B PE,

- R T ERATEPEMBEER.

- BERBERT , ceBEERmAERE,

- FTEPIMEZEFIREMERFERE. HIW(*.C)RENS , G)RE.
- ERTEBMIZH,

- ARAABATEE |, SEASHAREER

ERERESHPIM

SOURCE
10.1.0.2

PIM IN OVERLAY P800 00000000 CO0O0OCRCRCOQ O

PIM IN CORE 20/0

Il

C-PIM
W2h 600000000000 CRC00R0QCQ OO @

1.1.141
PE1

2222

10 PO ETO O
e0/0
|

LR

PIM IN OVERLAY

RECEIVER 2 RECEIVER 3
22.22.22.22 33.33.33.32

hE



SOURCE
10.1.0.2
CE1

11.11.11.11

2222 3333

10.2.0.0/24

10.3.0.0/24

RECEIVER 3

RECEIVER 2 33.33.33.33

22.22.22.22

T4 52

1. EFFE S S ERURBEBEA,

2. ZEFMENEHPRAPIMBERER

3. FABRAVRFEEEIZMDT,

4. £/ HEthernet0/x L Bt EVRF,

5. #VRF LA #EER A,

6. ORI E BB P EEPIM SSM Default,
7. ECEEi® P EEBSR RP,

8. FEEE :

VRF m-GRE
mBGP: it 1t & 5|VPNv4
VRF % B @A i E

E

1. EFTEER L RA AR B

gﬂg

(config)# ip nulticast-routing

2 EFMBNEFRAPIMBERER.



(config)# interface ethernet0/x

(config-if)#ip pimsparse-node

(config)# interface | oopbackO

(config-if)#ip pimsparse-node

SHRERFEMNVRF , BEFERMDT,

(config)#ip vrf mCRE

(config-vrf)# mdt default 232.1.1.1
4. S EEthernet0/x LB EVRF,

£PE1, PE2FIPE3 L,

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

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

5.1EVRF - BB B,

£PE1. PE2FIPE3 L,

(config)# ip nulticast-routing vrf m GRE

6. R RIBREB K OEERP,

#£PE1, PE2, PE3FIRR-PEIZ: L,

(config)# ip pimrp-address 11.11.11.11

7.7ECEHERE: ( #WER ) FECEBSR RP,

£ Receiver2 L,

(config)# ip pimbsr-candi date | oopback0

(config)# ip pimrp-candi date | oopbackO

B
ERABHRE K BRENEEREEEERE,
EH1 Y EER

- BEMBERNNEREA "UP,



E#52: 507 ik R 5IVPNvAE &

. BRBEFMER BT BAF VPNVAEERAH TBGP , EBGP#EA "UP,
. #52BGP VPNVAEEXREEMERFFH.
F#%3:REFRIIHAERE,

- BMEPIMBERBER.

- BB ERIRIIRE T HEBAREE,

. ERPE1, PE2FMIPE3 LHImRIBI&E

. (S, G)mFIBRE , ER B ERBEEFIEE,
- BERICMPERBRABNRCEZRECE,

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 wvrf m-GRE)

*>i 22.22.22.22/32 2.2.2.2 0 100 020 1
*>1 33.33.33.33/32 3 P By 0 100 0 30 i
*> 111.111.111.111/32

10.1.0.2 0 010 i

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

BT RRE ST E A
B RIS RMHERP:
RPERAEKLHZHER. BEYNHEREEO,



@) Tunnel Interface ’

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) : 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).

eli2

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

11.11.11.11
3333

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

e0/0 200

L CE2 c

: RECEIVER 2 RECEIVER 3

22222222 33.33.33.32

PIM(O): EEBRP 111111 1M B EFae HERERE L,
PIM(0):RP 11.11.11. 11 ¥) s X R E B L K Mo

PIM(O): ¥ 8 EZes HEBEEES(1.1.1.1, 23211 1)WERENE , LI EHESERIENEES
1k

*5A9H17:34:56.155:PIM(0):#RP 11.11.11. 118 A (*, 232.1.1.1),

PIM(0): %18 & 1783 F 2£F2 8 (Tunnel0)EH(1.1.1.1, 232.1.1. 1) ER /N H,

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
MDTRSER Y :

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

BOHHIMRIBEIL :



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

ABFRBEMRPZE

SOURCE
10.1.0.2
—

PIM(l): Received v2 Bootstrap on Ethernet0/2 from 10.2.0.2 cl
pim_add prm:: 224.0.0.0/240.0.0.0, rp=22.22.22.22, repl = 0, 8010
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 ol

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 to up

1144

Tunneld

11411111

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

E2
RECEIVER 2
222203 -

) F1™ Register Tunnel

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

RECEIVER 3
33.33.33.33

*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

up

BUBENHRATEHEFRPEH.,

PIM(1): EfE8RP 22.22.22 22 BB B 17 S0 £ £ R IE R 17 .
©reAMRPEMEEmMEWRZE.

HRBEXRNBHEEXRP , BV —EEMHERBE. EREEARPAS L, 8 —E#FH

ERRENERZBREFMERS,
PIM#ERIH :



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.

*ee
*ee

PIM Nelghbor over Tunnel

PIM Neighbeor in core

2222

RECEIVER 2

SOURCE
10.1.0.2

3333

RECEIVER 3
33.33.33.33

n2nn
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

HaERE:
BRI rEERSRD

SRET o

1. BWE B,



2. REREBRE,
EREWSREREBIRER

QDI(I):

Received vZ Join/Prune on Ethernet0/0 from 10.3.0.2,

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

1. B ABE  mPE3BEPIMMA(YG).

2. PE3#&SPIMMIA(*,G)HEEGREERBH |
mroute vrf m-GREM AN ERE.

26.584402 3.3.3.3 224.

42

PIM(1) : Add Ethernet0/0/10.3.0.2 to (%, 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)

SOURCE

L 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

WiBBPEE2 ( MDTRZE ) &% , P2E #show ip

0.0.13 PIMv2 92 Join/Prune

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
0010 = 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, J - Join SPT, M- MSDP c

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,
reated 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. PE2W IR ik 5£3.3.3.3B Bt £232.1.1.1HGREERE , AR BIFEOILEHE R T
MVRF m-GRE,

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

KGREH SMMREE  WHRPEEPIMIIA,

B#EE : RPF Neighbor22.2.2.2 , RAPIMiN AR B b 2RPib#E |, BB KRPT,

MI&E : WCIHMRPTAL : BH(*,G)IREEES DREEIMLEF/MEREE | HEFEEHHRPH L
UREBRAF M (WCH ) MIRPEL ( RPTL ) X EA1. WCRREMIFERILALE |, anR
TEIEE , BIRBIEEES ; rpt-bit R RIGEFE BB L ARPHEE LEE, BHUEEATE, E
RPTHEREA1R , ERNEFELARPHEERE K Rit€RRPEERES/EIEEE, B
WCH TR EA1E , R AUt ERP , B T HEREERSERL (L ABIKE &% ) BEER
REFFE RN,

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. GREH &M &R I EZEIRPE PE1,

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 - Multicast 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)ZI3EECE,

3.0, REEEG TREBNERVRENEFN , REMKEEIIRPE PE1,

4. 7£/RPE PE1:

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
FEPE2(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

PCAPHERBPE1WHEBER T, EMDTHRBEFEE, SKAGREHE,
5. TE#Z W ERPE PE3 , INEIE RS,

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, Forward/ 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

AR WEIRBEPEIRVEEERZR , RPFBEEEN. EFNMRAEPE2(EARPFEE. I
IE—EEBERCR  CEERRPFAERESPTAL

BIBFEFEMDTRRENRE :

. MDTEWERFEHGRE , CERaRAPER A,
. P-Packet S address = PERYBGP¥ Zith 11t
G address = MDT-Group address ( FEERHER )
. C-Packet IP TOSH##E R FIP-Packet,
MPLSEEFREROLHRER , ERARAHERE,

HaRE:

1. CEHaRERE TVRFHPENE , mVRFHEERE B, HCRIITEHRRPFHRE,
C-PacketftOILHFMI M EER E L, W | ERR—VRFFHPENTE,

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)

MROILBEMTI, RICEREHERPERNT, MRECANMKEBRLIRTE "y, &, BB
DATA-MDTH , BRI &Default MDT4E, JREPE BGPHF8ibut , B EEMDTE ML,

2. PEXERREREBEBPHERER,
ﬁﬂ@gﬁéiﬁﬁﬁﬁo FRE| AMDTHER £ (S |, G)(*,G)fRE . BPIR (PEXER ) H1TH
HRPFRE,

3. BPERBROILFNNEER, 1t , ER2EEmroute R PHIP/PE,

4. R 7, EFRE , EXSKEHERBFE B RCERE, HMDTHEREN B EmVRFHE
ANHERHEREMN B E,
mVRF A B C-PacketfIRPFHESE K , mVRFARIC Packet@ & HOIL,

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: JT2
Incom ng interface: Ethernet0/3, RPF nbr 10.0.3.2

Qutgoing interface |list: MVRF m-GRE, Forward/ Sparse, 1d0lh/stopped

5. XECER BERWRIENE,
HaHE#:



L (86) (8,6)
G-PAGKET  ° SRC:10.1.02 > SRG:1.1.44
DST- 224444 ~ DST: 232114

c PE1 liiiii!!!iiiiiiII--------1iiii!!!5iiil

(8.6)
C-PACKET » 8RC:10.1.0.2

© DET:224.4.44

ERMDT:

+BERData MDT?

CRAZEN, TREREEIN , CARBEBES, O)FE., ERFMANIOS®OF | RENWRES
01 # Tinfinite, » BESE—EERAEEVRFE , ERIMDTRE¥MKBIL , MBEEKR |, BIZKETR
SEIVERMDT , REAALTERMDTE I E, Data MDTIHKREKRSE , EfARTEREARE
- ERIMDTERM(S , G)RE,

EEMPMSI:

SOURCE
10.1.0.2

e0/0 MULTICAST
TRAFFIC

11.11.11.11

2222 3333
PE
e0/2
PIM JOIN
SELECTIVE PMSI
DATA MDT e0/0
. N
‘" RECEIVER 2 RECEIVER 3 I
22222222 33.33.33.33

- ERUEN. TREFEYWN , WAHEES. G)RE.
- BEF —EAENIIEVRFE , ERMDTRERL , IREEX , BIETEMENMDT , &
ERUFERMDTE A BE.



. Data MDTHR#E ZZWSE , eMARTEE T MRE. ERMDTERAR(S , G)RE,
- PIMCSEE#B#C-(S, G)FP-Group,
tn{a[ % 37 DATA MDT:

SOURCE
10.1.0.2

Once the threshold cross, Selective PMSI
(Data MDT) triggered.
mdt data 232.2.2.0 0.0.0.255
threshold 1
- mdt data threshold 1

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

oﬂa‘!{ll: Set the y-flag fer (10.1.0.2,224.1.1.1)
PIM(1l): MDT next hop change from: 232.1.1.1 to
232.2.2.0 for (10.1.0.2, 224.1.1.1) Tunnel2

ol e0r3
e‘np: revd 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 ‘FEZ
1
=

(Tunnel2) , ( udp: 24), ttl:
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 RECEIVER 3
22222222 33.33.33.33

1. EEBEREEAVRFUMREBRREDRMER. EXMDTERE,
2 MDTER S H & RN B £323209UDPH ., WEEGBREBNERE,

252 23.188432 1.1.1.1 224.9.0.13 uDpP 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:00:30:20 (aa:bb:cc:00:30:20), Dst: IPv4mcast_©1:01:01 (01:00:5e:01:01:01)
- Internet Protocol Versionm 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. UDPE R B EXGBEBWIZWAE , BE "y, BFEAMDT next_hopE R AFHIMDTHE ith
ik,

#RPE 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)

FisE : OIL T —BkE R AH232.2.2.0,

2. %£PE3 , E W EIHEEUDP SRCE3232FDSTIE3232H HIMDTE R B K,

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

ttl: 1

S-PMSIASEE 2 B Z#iit BALL-PIM-ROUTERS(224.0.0.13) B B 1218 53232 UDPH 8 2.,

S-PMSINMAEEEBENTET : EREIIPRREN B EABRAVEBITR. ETUARTARES, O

o MEBEINREPRBRENEAIMR, AT REITEUTEANGBILRM



MDTERPEETWARERE :

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
- MROILBERENHE , AIEAGREHNKRERS , REAMPERHERAVBCPHF i , BERE
MDT#E b1t

. i#iZData-MDTHAAREIRAMVRFFH(S , G)fE LRERE T yEHR.
MBS, G, G)FRBRRE TZER |, AliER EBGMHEMVRFiDefault — = Data-MDT,

- BABHPER IR RCER S,



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

- HRSEABHNIMVRFHRERE—EMTI , EltData-MDTHDefault-MDTHEHE FREME
FERAIBRIES T

- YIWEFREZSEBRMDTREMERMDTREM LT , WERET FHABHKBKE FHERY
MDT-Data#fl , ¥ 5|FA@&(S. G. Data-MDT)¥ R AZPR,

RER AR

B el EE AR EEN BRI ET.
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