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AWM ERER, F—BRESBBEERER(S1,60)M(S2,6)MRE, ZFZHEWESHIZE R UEI
(S2,G)HITi . A% XMDT , BGPREBE SN, #EE , BS1TAEIPEIMPE2FA, B
YR Z [RIRE D K (MLDP),

B PERHRBEEE12KBGP IPv4 mVPNERH , ZERHKRTER D XMDTHRIRIE,

PE3#show bgp ipv4 mvpn vrf one

BGP table version is 257, local router ID is 10.100.1.3

Status codes: s suppressed, d damped, h history, * valid, > best, i1 - internal,
r RIB-failure, S Stale, m multipath, b backup-path, f RT-Filter,
X best-external, a additional-pah, ¢ RIB-compressed,

Origin codes: i - IGP, e - EGP, ? - incomplete

RPKI validation codes: V valid, I invalid, N Not found

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:3 (default for vrf one)
*>1 [1]1[1:3][10.100.1.1]1/12

10.100.1.1 0 100 02
*>i [1][1:3]1[10.100.1.2]1/12
10.100.1.2 0 100 0 -
*> [1]1[1:3]1[10.100.1.31/12
0.0.0.0 32768 7
*>i [1][1:3]1([10.100.1.41/12
10.100.1.4 0 100 0 -

PESEERSINEEREE , RUPEMFEHNSIHNRPFLEE

PE3#show bgp vpnv4 unicast vrf one 10.100.1.6/32

BGP routing table entry for 1:3:10.100.1.6/32, version 16

Paths: (2 available, best #2, table one)

Advertised to update-groups:
5

Refresh Epoch 2

65001, imported path from 1:2:10.100.1.6/32 (global)

10.100.1.2 (metric 21) (via default) from 10.100.1.5 (10.100.1.5)

Origin incomplete, metric 0, localpref 100, valid, internal
Extended Community: RT:1:1 MVPN AS:1:0.0.0.0 MVPN VRF:10.100.1.2:1
Originator: 10.100.1.2, Cluster list: 10.100.1.5
mpls labels in/out nolabel/20
rx pathid: 0, tx pathid: 0

Refresh Epoch 2

65001, imported path from 1:1:10.100.1.6/32 (global)



10.100.1.1 (metric 11) (via default) from 10.100.1.5 (10.100.1.5)
Origin incomplete, metric 0, localpref 100, valid, internal, best
Extended Community: RT:1:1 MVPN AS:1:0.0.0.0 MVPN VRF:10.100.1.1:1
Originator: 10.100.1.1, Cluster list: 10.100.1.5
mpls labels in/out nolabel/29
rx pathid: 0, tx pathid: 0x0

PE3#show ip rpf vrf one 10.100.1.6
RPF information for ? (10.100.1.6)
RPF interface: Lspvif0
RPF neighbor: ? (10.100.1.1)
RPF route/mask: 10.100.1.6/32
RPF type: unicast (bgp 1)
Doing distance-preferred lookups across tables
RPF topology: ipv4 multicast base, originated from ipv4 unicast base

PE3EZFEPE1ERN(S1,G)MRPFRE , H N7 XMDTEPE1ENRIERE . PE3EFEPE2/ERN(S2,G)M
RPF&RE |, ¥ 9 XMDTESPE2ME R RiE .

PE3#show bgp vpnv4 unicast vrf one 10.100.1.7/32
BGP routing table entry for 1:3:10.100.1.7/32, version 18
Paths: (1 available, best #1, table one)
Advertised to update-groups:
6
Refresh Epoch 2
65002, imported path from 1:2:10.100.1.7/32 (global)
10.100.1.2 (metric 21) (via default) from 10.100.1.5 (10.100.1.5)
Origin incomplete, metric 0, localpref 100, valid, internal, best
Extended Community: RT:1:1 MVPN AS:1:0.0.0.0 MVPN VRF:10.100.1.2:1
Originator: 10.100.1.2, Cluster list: 10.100.1.5
mpls labels in/out nolabel/29
rx pathid: 0, tx pathid: 0x0

PE3#show ip rpf vrf one 10.100.1.7
RPF information for ? (10.100.1.7)
RPF interface: Lspvif0
RPF neighbor: ? (10.100.1.2)
RPF route/mask: 10.100.1.7/32
RPF type: unicast (bgp 1)
Doing distance-preferred lookups across tables
RPF topology: ipv4 multicast base, originated from ipv4 unicast base

PE4iZIEPE2/E7 (S1,G)MIRPF4BE , H 2 XMDTESPE1ERNRIERE,

PE4#show bgp vpnv4 unicast vrf one 10.100.1.6/32

BGP routing table entry for 1:4:10.100.1.6/32, version 138

Paths: (2 available, best #1, table one)

Advertised to update-groups:
2

Refresh Epoch 2

65001, imported path from 1:2:10.100.1.6/32 (global)

10.100.1.2 (metric 11) (via default) from 10.100.1.5 (10.100.1.5)
Origin incomplete, metric 0, localpref 100, valid, internal, best

Extended Community: RT:1:1 MVPN AS:1:0.0.0.0 MVPN VRF:10.100.1.2:1

Originator: 10.100.1.2, Cluster list: 10.100.1.5
mpls labels in/out nolabel/20
rx pathid: 0, tx pathid: 0x0

Refresh Epoch 2

65001, imported path from 1:1:10.100.1.6/32 (global)

10.100.1.1 (metric 21) (via default) from 10.100.1.5 (10.100.1.5)

Origin incomplete, metric 0, localpref 100, valid, internal
Extended Community: RT:1:1 MVPN AS:1:0.0.0.0 MVPN VRF:10.100.1.1:1



Originator: 10.100.1.1, Cluster list: 10.100.1.5
mpls labels in/out nolabel/29
rx pathid: 0, tx pathid: 0

PE4#show ip rpf vrf one 10.100.1.6
RPF information for ? (10.100.1.6)
RPF interface: Lspvif0
RPF neighbor: ? (10.100.1.2)
RPF route/mask: 10.100.1.6/32
RPF type: unicast (bgp 1)
Doing distance-preferred lookups across tables
RPF topology: ipv4 multicast base, originated from ipv4 unicast base

¥ , S1(10.100.1.6)F1S2(10.100.1.7) K RPF 1 0 #5 H LspvifO.

PE3¥#(S2,G)MIPE2 XMDTHA , PE4SF(S1,G)MIPE2% XMDTHIA . PE1INAMPE1H(S1,G)X!
P HIMDT, BN EPE1FPE2 LZWEIEE7RBGP IPv4 mVPNEEH |, BT AE EIX — =,

PEl#show bgp ipv4 mvpn vrf one

BGP table version is 302, local router ID is 10.100.1.1

Status codes: s suppressed, d damped, h history, * valid, > best, i1 - internal,
r RIB-failure, S Stale, m multipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ RIB-compressed,

Origin codes: i - IGP, e - EGP, ? - incomplete

RPKI validation codes: V valid, I invalid, N Not found

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:1 (default for vrf one)
*>1 [71[1:11([11[10.100.1.6/321[232.1.1.1/32]1/22
10.100.1.3 0 100 02

PE2#show bgp ipv4 mvpn vrf one

BGP table version is 329, local router ID is 10.100.1.2

Status codes: s suppressed, d damped, h history, * valid, > best, i1 - internal,
r RIB-failure, S Stale, m multipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ RIB-compressed,

Origin codes: i - IGP, e - EGP, ? - incomplete

RPKI validation codes: V valid, I invalid, N Not found

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:2 (default for vrf one)
*>1 [71[1:2]1([11[10.100.1.6/321[232.1.1.1/32]1/22

10.100.1.4 0 100 07
*>i [7][1:2][1]1[10.100.1.7/32]([232.1.1.1/32]/22

10.100.1.3 0 100 07
PE3MIPE4 L H4AESRA

PE3#show ip mroute vrf one 232.1.1.1

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

- SPT-bit set, J - Join SPT, M - MSDP created entry, E - Extranet,
- Proxy Join Timer Running, A - Candidate for MSDP Advertisement,
- URD, I - Received Source Specific Host Report,

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

Joined MDT-data group, vy - Sending to MDT-data group,

- Received BGP C-Mroute, g - Sent BGP C-Mroute,

- Received BGP Shared-Tree Prune, n - BGP C-Mroute suppressed,

- Received BGP S-A Route, g - Sent BGP S-A Route,

- RD & Vector, v - Vector, p - PIM Joins on route,

X <10 2 QK NG X A3H
1

- VXLAN group



Outgoing interface flags: H - Hardware switched, A - Assert winner, p - PIM Join
Timers: Uptime/Expires
Interface state: Interface, Next-Hop or VCD, State/Mode

(10.100.1.7, 232.1.1.1), 21:18:24/00:02:46, flags: sTg
Incoming interface: LspvifO, RPF nbr 10.100.1.2
Outgoing interface list:

Ethernet0/0, Forward/Sparse, 00:11:48/00:02:46

(10.100.1.6, 232.1.1.1), 21:18:27/00:03:17, flags: sTg
Incoming interface: LspvifO, RPF nbr 10.100.1.1
Outgoing interface list:

Ethernet0/0, Forward/Sparse, 00:11:48/00:03:17

PE4#show ip mroute vrf one 232.1.1.1
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Group, S - SSM Group, C - Connected,
- Local, P - Pruned, R - RP-bit set, F - Register flag,
- SPT-bit set, J - Join SPT, M - MSDP created entry, E - Extranet,
- Proxy Join Timer Running, A - Candidate for MSDP Advertisement,
- URD, I - Received Source Specific Host Report,
- Multicast Tunnel, z - MDT-data group sender,
Joined MDT-data group, y - Sending to MDT-data group,
- Received BGP C-Mroute, g - Sent BGP C-Mroute,
- Received BGP Shared-Tree Prune, n - BGP C-Mroute suppressed,
- Received BGP S-A Route, g - Sent BGP S-A Route,
- RD & Vector, v - Vector, p - PIM Joins on route,
x - VXLAN group
Outgoing interface flags: H - Hardware switched, A - Assert winner, p - PIM Join
Timers: Uptime/Expires
Interface state: Interface, Next-Hop or VCD, State/Mode

<0 2 Q<K NG X HJHe
I

(10.100.1.6, 232.1.1.1), 20:50:13/00:02:37, flags: sTg
Incoming interface: LspvifO, RPF nbr 10.100.1.2
Outgoing interface list:

Ethernet0/0, Forward/Sparse, 20:50:13/00:02:37

XERPESMARTPEIRNRIX Z R(P2MP)AY |, BAKRAR TPE28YHH :

PE3#show mpls mldp database
* Indicates MLDP recursive forwarding is enabled

LSM ID : A Type: P2MP  Uptime : 00:18:40

FEC Root : 10.100.1.1

Opaque decoded : [gid 65536 (0x00010000)]

Opaque length : 4 bytes

Opaque value : 01 0004 00010000

Upstream client(s)

10.100.1.1:0 [Active]

Expires : Never Path Set ID : A
Out Label (U) : None Interface : Ethernet5/0*
Local Label (D): 29 Next Hop : 10.1.5.1

Replication client(s):
MDT (VRF one)
Uptime : 00:18:40 Path Set ID : None
Interface : Lspvif0

LSM ID : B Type: P2MP Uptime : 00:18:40

FEC Root : 10.100.1.2

Opaque decoded : [gid 65536 (0x00010000)]
Opaque length : 4 bytes

Opaque value : 01 0004 00010000

Upstream client(s)



10.100.1.5:0 [Active]

Expires : Never Path Set ID : B
Out Label (U) : None Interface : Ethernet6/0*
Local Label (D): 30 Next Hop : 10.1.3.5

Replication client(s):
MDT (VRF one)
Uptime : 00:18:40 Path Set ID : None
Interface : Lspvif0

X ERPE4AINIARTPE2RIP2MPHY :

PE4#show mpls mldp database
* Indicates MLDP recursive forwarding is enabled

LSM ID : 3  Type: P2MP Uptime : 21:17:06

FEC Root : 10.100.1.2
Opaque decoded : [gid 65536 (0x00010000)]
Opaque value : 01 0004 00010000
Upstream client(s)
10.100.1.2:0 [Active]
Expires : Never Path Set ID : 3
Out Label (U) : None Interface : Ethernet5/0*
Local Label (D): 29 Next Hop : 10.1.6.2

Replication client(s):
MDT (VRF one)
Uptime : 21:17:06 Path Set ID : None
Interface : Lspvif0

£8232.1.1.189S1HMS2BHER , 10 pps. BRI NFEPESMPE4A LB RIR. ER , EPE3L , BWLE
2(S1,G)#9EE 720 pps.

PE3#show ip mroute vrf one 232.1.1.1 count
Use "show ip mfib count" to get better response time for a large number of mroutes.

IP Multicast Statistics

3 routes using 1692 bytes of memory

2 groups, 1.00 average sources per group

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kilobits per second
Other counts: Total/RPF failed/Other drops (0OIF-null, rate-limit etc)

Group: 232.1.1.1, Source count: 2, Packets forwarded: 1399687, Packets received:
2071455

Source: 10.100.1.7/32, Forwarding: 691517/10/28/2, Other: 691517/0/0

Source: 10.100.1.6/32, Forwarding: 708170/20/28/4, Other: 1379938/671768/0

PE4#show ip mroute vrf one 232.1.1.1 count
Use "show ip mfib count" to get better response time for a large number of mroutes.

IP Multicast Statistics

2 routes using 1246 bytes of memory

2 groups, 0.50 average sources per group

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kilobits per second
Other counts: Total/RPF failed/Other drops (0OIF-null, rate-limit etc)

Group: 232.1.1.1, Source count: 1, Packets forwarded: 688820, Packets received:
688820
Source: 10.100.1.6/32, Forwarding: 688820/10/28/2, Other: 688820/0/0

PE3#show interfaces ethernet0/0 | include rate
Queueing strategy: fifo
30 second input rate 0 bits/sec, 0 packets/sec



30 second output rate 9000 bits/sec, 30 packets/sec

BEEWR. XHESERAN(S1,G)EPE1H D XMDTHMPE2H 7 KMDT LFEMNER. F=1
MDT ( Sk BPE2 ) IPE3E# , BUIRBMR(S2,G). 1BR , A TPE4AMPE2IMA 2 XMDTLUIR S
(S1,G) , AIk(S1,G)thZEEFMPE2XI S IMDT £ Hitt , PESMEEZMN N2 XKMD TN
(S1,G).

PE3TCAX 0 MPE1RIPE2IZ K (S1,G) N EIEE. MNBIEREE ERMHORPFED LK
. LspvifO,

PE3#show ip multicast vrf one mpls vif

Interface Next-hop Application Ref-Count Table / VRF name Flags
LspvifO0 0.0.0.0 MDT N/A 1 (vrf one) 0x1

HIRQARERAPE3 LA — O LW FREAMEED, T, RE(S1,G)FRRHKES
FEPE3L#XEBFERIMPLSHRE :

PE3#show mpls forwarding-table vrf one

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface
29 [T] No Label [gid 65536 (0x00010000)1([V] \
768684 aggregate/one
30 [T] No Label [gid 65536 (0x00010000)1([V] \
1535940 aggregate/one
[T] Forwarding through a LSP tunnel.

View additional labelling info with the 'detail' option

BRIR
RS ERSEEFHWRPF, SAFKRPFN | BEELHERPFED EERMESNEE, I

RSB™IERPF  E—MWKRERBEAAZOREERPFED K MARBERAMNZIZEOLWIER
RPF4B B BIEZ,

Cisco IOSE B
LT RAEXFEHCisco IOSHIRPFHY — L EE {5 8H,

- EERNEERRPFERXBMNEERPFEREXRE , BEEE S XMDTZ N EHRTEE |, S5
FRBGP, WMRXEEstrict RPFar T , B EIAIE S —MLspvifiEOd,

- BRIAER T , Cisco 10SH & B A™#RPF,
- AR ERHEEBRIAMDTE B X #Mstrict-rpfan &

[
SR BATEPES £ 0 BE LB B M ¥ & (VRF)BL & ™ #RPF o

vrf definition one



rd 1:3
!
address-family ipv4
mdt auto-discovery mldp
mdt strict-rpf interface
mdt partitioned mldp p2mp
mdt overlay use-bgp
route-target export 1:1
route-target import 1:1
exit-address-family

RPFEECEEN :

PE3#show ip rpf vrf one 10.100.1.6
RPF information for ? (10.100.1.6)
RPF interface: Lspvif0
Strict-RPF interface: Lspvifl
RPF neighbor: ? (10.100.1.1)
RPF route/mask: 10.100.1.6/32
RPF type: unicast (bgp 1)
Doing distance-preferred lookups across tables
RPF topology: ipv4 multicast base, originated from ipv4 unicast base

PE3#show ip rpf vrf one 10.100.1.7
RPF information for ? (10.100.1.7)
RPF interface: Lspvif0
Strict-RPF interface: Lspvif2
RPF neighbor: ? (10.100.1.2)
RPF route/mask: 10.100.1.7/32
RPF type: unicast (bgp 1)
Doing distance-preferred lookups across tables
RPF topology: ipv4 multicast base, originated from ipv4 unicast base

PE3NEAMNAOPESIE T Lspvifi O, LspviffZO#E A OPE. ik Z5I(AF)RIVRF A,
10.100.1.6K9RPFIL1E & 138 O Lspvif1,10.100.1. 789 RPFHL £ & [ 32 O Lspvif2.

PE3#show ip multicast vrf one mpls vif

Interface Next-hop Application Ref-Count Table / VRF name Flags
Lspvif0 0.0.0.0 MDT N/A 1 (vrf one) 0x1
Lspvifl 10.100.1.1 MDT N/A 1 (vrf one) 0x1
Lspvif2 10.100.1.2 MDT N/A 1 (vrf one) 0x1

U7E , PETR B E(S1,G)MRPFR E R4 XN RPFEOLspvifl R ER , XEREE T EMPLSIRZ
29, REPE2MEIE S (S2,G)RPFRE R4 IRPFIE OLspvi2i EH . XLEHIEITH EMPLSHR
ZI0. MBI TREAZORAPES , EXtt AR —#EO, B2 , BFTmMLDPN\FEH
Penultimate-Hop-Popping(PHP) , E Lt ABHIED LBRAE —NEHMPLSIZE ., MPE1RIPE2E|
EWS1,G)BESNTRNMNTEN S XMDTLE , A EEFTRMMPLSHRE., Hit , PE3SATIKX %
SR BPE1HI(S1,G)FR Ak BPE2MI(S1,G)if. X , PESRAIAS BEHIES , H ARPFH LN TE
9 A OPERX 2R 1T,

PE3EMIMLDPEIEEMEE RS MNAOPEMN R [ELspvifiEA,

PE3#show mpls mldp database
* Indicates MLDP recursive forwarding is enabled

LSM ID : C Type: P2MP Uptime : 00:05:58
FEC Root : 10.100.1.1



Opaque decoded : [gid 65536 (0x00010000)]

Opaque length : 4 bytes
Opaque value : 01 0004 00010000
Upstream client(s)
10.100.1.1:0 [Active]
Expires : Never Path Set ID : C
Out Label (U) : None Interface : Ethernet5/0*
Local Label (D): 29 Next Hop : 10.1.5.1

Replication client(s):
MDT (VRF one)
Uptime : 00:05:58 Path Set ID : None
Interface : Lspvifl

LSM ID : D Type: P2MP Uptime : 00:05:58

FEC Root : 10.100.1.2
Opaque decoded : [gid 65536 (0x00010000)]
Opaque length : 4 bytes
Opaque value : 01 0004 00010000
Upstream client(s)
10.100.1.5:0 [Active]
Expires : Never Path Set ID : D
Out Label (U) : None Interface : Ethernet6/0*
Local Label (D): 30 Next Hop : 10.1.3.5

Replication client(s):
MDT (VRF one)
Uptime : 00:05:58 Path Set ID : None
Interface : Lspvif2

BNMADOPEMRRPFHRPFI{E , RNAEREAAOPERN , 8N A OPERMPLSIRERE :

PE3#show mpls forwarding-table vrf one

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface
29 [T] No Label [gid 65536 (0x00010000)1([V] \
162708 aggregate/one
30 [T] No Label [gid 65536 (0x00010000)1([V] \
162750 aggregate/one
[T] Forwarding through a LSP tunnel.

View additional labelling info with the 'detail' option
FHERPFTERVIEEARPE3 L A BEREER(S1,G). EERMAREIIAPES , EHTRPFHFE M4
E%H. RPFHFEITEEEN676255 , HLA10 ppshyiEFRIFLE - N,

PE3#show ip mroute vrf one 232.1.1.1 count
Use "show ip mfib count" to get better response time for a large number of mroutes.

IP Multicast Statistics

3 routes using 1692 bytes of memory

2 groups, 1.00 average sources per group

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kilobits per second
Other counts: Total/RPF failed/Other drops (0OIF-null, rate-limit etc)

Group: 232.1.1.1, Source count: 2, Packets forwarded: 1443260, Packets received:
2119515

Source: 10.100.1.7/32, Forwarding: 707523/10/28/2, Other: 707523/0/0

Source: 10.100.1.6/32, Forwarding: 735737/10/28/2, Other: 1411992/676255/0

PE3AY#I I IRFIE H 20 pps , BIE/NR(S1,G)F(S2,G)H10 pps:

PE3#show interfaces ethernet0/0 | include rate



Queueing strategy: fifo
30 second input rate 0 bits/sec, 0 packets/sec
30 second output rate 6000 bits/sec, 20 packets/sec

Zie
AR 5 RMD TR mVPNER B X 247 62 I P K RPF R 25,

ENEETRERA 2 EMDTHMVPNZIBE R B ERPFRE , BRtLAIsEEE | ABRMEED
EWES, BR , YREEIZSNMAOPERMASEN , EFEEENARRE, X2SBMEFITR
B, HTREXEWNES EABN AER A EE M, Hik , KR ER D XMDTHMVPNERE1E H fil
B KRPFIRE,
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