bovld lubble IJzsd IJolds pogss 1o sligd
IJobl§ (MLDP 1Jgle: oJd IJog s 7)

lJpzossle

vz 16 MLDP 1wl _w.sé

Uz, 6 P2MP
Lz ,6 MP2MP

9S00 00

|). wU |. ﬁJ|)|Q |JQ)|€JU
ic,9le LSP 13l 06 o MLDP

| uul DD | (W) o
1590992,
lJodgse

lJp03) Sl [3e8,§
lJo @l 1z 500 (PCAP)

lJo2 89 oo LSPVIF

lJ. 9,1,
peJ9ple do o
NFX YY)

SueWd 03l 966586 IJ MLDP gldps JLhuw!ld Idlusble slgd 1ol 1Uss o9 profile 7 JJzsJ
IJolds pu ldow Idpogss ge) VPN (MVPN). 909 suwwgse poldl sldoodss s Cisco 10S
Josoose lduvdsd.

pedple luwlyuss

- P2MP _isz,6 slgd IJobld LDP B 1Jp,ds Jl s9z> wozso C-multicast.
s spdu o odsy 26 o9, IUgpsd SM Sy G Ig SSM.

»ogp 1Je2sd Ideldps (S0 G) z9d PE.

- Jleles |Us PIM B 1Je,d5 J mLDP



busld Jlgbble slgd IJobl 9
Sop luwogsle 1U8ses IUpswps Jogsso MP LSP |Js e IP Jdoo IJpcgss.

Swp luvedly pzusslo [J8ses IJpgwps pu w39 I IJpogss.

PIM Free Core (No Native Multicast)

.‘ﬁ iﬁ. ....... -.-.::::::::-_-_TL:H____}.—%_ iﬁ

2 Trea Type: P2Mp LSP or MP2ZMP LSP Rauter Source

C-Multicast Route Signalling:
PiM, BGP

St o

IJ8sp6 IJpecpd IUpuvogspd Vs pdud IUog s ol

Swvee IJuldd gv) wi9e9ded IPv4 PIM-SSM Cluodld wyd@le PIM-SSM IJgldpsd o) eJeJJ'
029d IJouwpess poeds Idey9esdedle (MPLS). wze9s 1U8ses lJpewes eds [J9sps IJdsJso
(S: G) 1Jp9z9>6 W g39d [Jpuwl) IUglp Jpszole Ingress 9 Egress PE.

Jl o89p 1U8Sp6 lJpewps W 8b wog)sd MP LSP L vdd W,6> 9dJduol §> wgpd i@ubl
ped9ple 1U>83 (S: G) pu Jiwds IP pogsss Idoe IUbyss. Jl weolz pogole P s puwly
PE}\J Uuu.up..sé MP (LSP) IJs uanSJ Uésﬂi Urof_ufoé 9JJyol VN ISrS Y |Jé§p6 d-_éo_)u.u -_95
Ilexé vslule MP LSP Ideedsé 1Ugluos wol Jugsss Uabgo (IJgbsle) Joldssé Juuwe 2ied
IJoo IJpegss [Jsol. 9pg 3JY s8I IJp>gd PE LSP (UIL9JU IJs 1dpuo3)) 9spd wrse
5uuub§g oS> MP LSP IJezse JJ.);9.3 lJ9lys (S: G). spdy i Suweged lJpdre pe 9sped
i SyJu (S G) 596 1IgJ IJ VRF pzds I9 ouled ppy bleJs.

1. sosz LSM |guegsle puwess lelhs wozso MPLS slzs JIJ po 2,98 o9, IJwe IJlzlbes
sldou lJpwgss.

2. 55z LSM 2plsé MPLS 1092936 (£ uvosd IJeeld: Idsle MPLS (TE/RSVP) 9 MPLS
(OAM) Ipbodse luvegsleel Jesds p19) 1w Idpces.

3. s&pd w19w9d9d LSM gds wddsd wedsle IJouvesd vuvow Idogdue po lJzlzs [Us

obusd PIM B IJuieds Iluwlunss 1Ugluos ldozasd o edld edlele cpsss
lJe9wedsdle Idewgsss (MPLS).

Jbzyd MLDP IJiwl jusé

vz, P2MP



ope ldog)wd eds wulpz wuvgsd zols IJluwodold 9lJzy) wluwegsle MLDP P2MP FEC.
SEHSWY L9,80!

- euslu 1Jgw9sé 1Jgs)
- P2MP LSP -ID [32 o]

Jvzy6 MP2MP
lJodssu Idpsze sldzd swp wdssuo 98l
SEHSWV W9,8a!

- euglu 1Jeg9sd 1des,)
- MP2MP LSP -ID [32 L]

Is5p6 pELPS
suveese Jeed pedsple w38 1o IJpoess: slss Jo peus eds IJzs sldio)lé.
- (8:G) buwld luvble slgd 1dobl s
. LSPID (1w, os/uslole)
IJese 1: 1dpe,d woluubs MDLP. spe9es gdis LSP-ID Jlslyé puwles IUpg 8 J P2MP / MP2MP
LSPs.

IJuse 2: pess Jugds, 1ol MP-LDP 95 uegse J BGP-MVPN Loy ls walgd.

Lueld lusble IJesldy



@  Inband Signaling

SOURCE
@  MLOP in the core 10.1.02
L KRR R R R R R R
- e
CE-PE PIM:
SM, S5M, BI dir
A S LR EE-EEE R R R R
1.1.1.4 "'i.
MLDP LABEL MAPPING MESSAGE
ROOT NODE : PE1
TYPE : PZMP (S,G)
- G000 d
+
*
* CE-PE PIM:
MLDP in the Core ¢ SM, SSM, BI dir
*
1§¢¢¢¢¢
RECEIVER 2 EEEEI‘-'ER:’I
e R rdrrkr) 33333833

Iuole LSP 1Jgl o6 . MLDP

IJod 1Jpogss peod IJoywpessd
lewsble o 9uséd MPLS Usgp lJoe ldpogss wluwegsle IJpduodle:

- Bolisp IJozde bs 1Usue9d (LSP) oo uibs [Us €26 ullb
- vl LSP oy Multipoint |Js Multipoint

P2MP MP2MP
OPSo w9jse ldpuwe lJeuwg sldesrds
pole)d OOV Y wd9G Wy 9y IJpuwg 9ldwsd g
3 pozo 1J>ged L98s)/w9ss) Izlss
W€ 96 [Jpy9) pozo U de lJozede Bs 2dd 1Jp,9) S8b
u9g LSP e IJJos) po U918 IJesss pu 1dzd9s Jlld 1dube,

bou9Jozs!



SOURCE
10.1.0.2

5

9\1‘ 1111111

-ﬂpj‘

22232 3.3.3.3

10.2.0.0/24
10.3.0.0/24

RECEIVER 3
RECEIVER 2 . h
22222222 ) 33.33.33.33

lJodosu

IJg 96 1. opds MPLS MLDP s g 5 1Jlul usé.

s |Ub,; PE1 9 PE2 9 PE3:

ouwzsd # mpls midp

IUg 96 2. opdso huwld lusble Idobld 1UslgJs J MLDP B 1Je,ld;.
s |Ub,; PE1 9 PE2 9 PE3:

# ip ip multicast mpls midp

#ip pim mpls p0>, lJluweyele 0

IJg 96 3. wpdsu wozsoe IJoe IJpogss.



eJds zese ey
# ip ip multicast-routing

IJg¢b9o 4. wpdsy SSM Jdow Idpwess Idpuwodd go 1dwy9e999d (PIM) s Customer Edge
(CE).

eds £9> CE:

# ip pim ssm IJlW ol os

IUz1096 5. & pdse PIM SM Bs zpse 9lzole CE g9lz06 Provider Edge (PE).
eJs 9lzos CE1 9 CE2 9 CE3 9JJ CE IJws wylzo PE:

# 1Jglz06 x/x

#ip pim lJpoule, IUsoge

# lovoele 1Jglzod x/x

#ip pim lJpoule, IUsoge

pdlzbd: spisd X 5 8p 191206 1Uss seuod PE o CE sldeduw wldgdow.

IJozdd pu lduogs
IJpoes 1: 1Joedd pu lJlouold IUdeJs.

- 02dd pu oubgsd eese 1Uslzos IJpoods.
IJpops 2: 1Uczdd oo lelss o IPVA 1JElLo wpzeses eolsss BGP IJizlss

. o;&é pU wpdsu wi9e9dad Idewlo 1986 (BGP) W zpse pozole zole zole IUoe
IJIzls J AF IPV4 9zs,lo BGP @ IJogbgsd.
+ 0288 pu 10 229J BGP IPV4 209 edis zose whisle Igpdls.
lJpoped 3: w8l pu woed eJs py9) Idow IJpogss pu volss [Js wolss.

5288 pu 29 PIM o 29, PIM I e oJ.
- 0280 pu luuble 2lJs o w 1Jpwgss.
- Vs p2¢J PEMRIB gJs PE1 9 PE2 9 PE3
- 0283 U s ¢l (S: G) MFIB sldzip B lels wozso ldulee.
© O2IY pu 9e9d gie ICMP oy CE |Js CE.

l'Jr°°r°6 4. Uuadd 18] MPLS Core.



- 0z2dY pu Ju MPLS LSP.

- 0280 pu lels wogsoe IJuwgssd puess Iduyswsdedle (MPLS) slgd 1Jeyds euve
IJouopse.

- ool logold MPLS P2MP LSP J IPvVA4.

IJoedd IJoBduosds

S€pd wy9wded Idegvlhé 1UsIgJss (IGP) 9w ,9w9d9d MPLS LDP 9o ,90999d Idg w6 1Uz9>56
(BGP) wubdd 28> e ubedoul pu wolsé s wolsé.

Bs 03l Guwe: 3880 lu sz IJ corelezase Ubwds. w2dd po ldezls) seuvass IJeedp
9puwess Iduslule Jgyds 1Jp)s) vy uveds MPLS.

JJeedd po ledluss louald lzosé CE IUpedst 91w ess eus e wrasd Idogwess pogsd
IJenswsdsdle (MPLS). §p woudss Idgbsle IJesuogs Ws 1Jueg)é:

Task 1: Verify Physical Connectivity
Verify all the connected interface are “UP"

fisah ip intarface brief

Task 2: Verify Address Family VPNv4 unicast

Address Family VPNv4 unicast and BGP neighbors

# show running-config | s r© bgp
# show ip bgp all summary

Task 3: Verify Multicast Traffic end to end

Verify that multicast state is created in the VRF at Source PE

FEl#sh ip mroute 232.1.1.1 10.1.0.2 wvarbosa

IF Multicast Routing Table

Flags: = - 58M Group, C - Connected,
T - SPT-bit set, J - Join SPT, M - MSDP created entry, E - Extranet,
I - Beceived Socurce Specific Hoat Report,

(10.1.0.2, 232.1.1.1), 02:42:33/stopped, flags: sTI
Incoming interface: Ethernet(/2, RPF nbr 10.1.0.2
Cutgoing interface list:

Lspvif0, LSM ID: 1, Forward/Sparse, 02:42:33/00:02:26

On Source PFE PFE1.



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

PElfish ip mfib 232.1.1.1 10.1.0.2 wverbose
Entry Flags: K - Eeaspalive

IS0 Itam Flaga: IC - Internal Copy, NF - Hot platform awitched,
NS - Megate Signalling, SP - Signal Present,
A - Accept, F - Forward, RA - MRIB Accept, RF - MRIB Forward,
MA - MFIB Accept, AZ - Accept backup,
RAZ - MRIB Accept backup, MAZ - MFIB Accapt backup

Forwarding Counts: Pkt Count/Pkts pear second/Awvg Pkt Size/Ebits par second

Other counts: Total /RPF failed/Other drops
I/0 Item Counts: F8 Pkt Count/PS Pkt Count
Dafault

(L0.1.0.2,232.1.1.1) Flags: K
5EW Forwarding: 176/0/100,/0, Other: 0/0/0
Ethernet0/2 Flags: RA A MA
Lapvif0, LSM NBMA/1l Flags: RF F
CEF: Mid chain adjacency
Fkta: 176/0

Varify that (S,G) mFIB entry, packet gotting incremanted

FElf#ah ip mrouts 23Z.1.1.1 10.1.0.2 count
Use "ahow ip mfib count” to get batter responsas tims for a large numbar of mroutes .

IP Multicast Statistics

2 routes using 2384 bytes of meamory

2 groups, 0.50 average sources per group

Forwarding Counts: Pkt Count/Fkts par sacond/hAvg Pkt Size/Kilebita par sacond
Other counts: Total/RPF failed/Other drops (0IF-null, rate-limit ats)

Group: 232.1.1.1l; Souros count: 1, Packets forwarded: 146, Packets recsived: 146
Sourca: 10.1.0.2/32, Forwarding: 146/50/100/0, Othear: 146700
Check PIM Neighborship

FElf#iah ip pim neighbor

PIM Heighbor Table
Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority.

F - Proxy Capable, 5 - State Refresh Capable, ¢ - GenID Capable,

L - DR Load-balancing Capable
HNoighbor Interface Uptime/Expliras Vaxr DR
Address Prio/Moda
10.1.0.2 Ethernetl/2 01:49:24/00:01:34 w2 i1/ DR S PG
FEl#sh ip pim interfaces
Aoy a Intearfaca Vax /S iz Quary DR DR

Meacles Count Intwvl Prios

10.1.0.1 Ethernetd/s2 wZ/5 1 30 1 10.1.0.2
1.1.1.1 Lepwif( w2 /8 o ao 1 1.1.1.1

Ping from Source to Recelver

SOURCE1I#ping 232 .1 .1 .1 sourcs 10.1.0.2 reapsat 2
Type sscaps sagquence to abort.

Sanding 2, 100-bytsa ICHMPF Echos to 232 .1 .1.1, timsout
is Z seconds:

FPackat sant with a scurce address of 10.1.0.2
Reply to redquest 0 from 10.3.0.2, 1 ma
Reaply to ragqueast 0 from 10.2.0.2, & ms=s
Raply to redgquest 1 from 10.2.0.2, Z ma
Reply to regquest 1 from 10.3.0.2, Z ms

Task 4: Verify MPLS CORE

Verify the MPLS LSP core
MLDP Neighborship

PElfish mpls mldp neighbors

MLDF peer ID
Target Adj
Session hndl
Upstream count
Branch count
FPath count
Path(a)

Nhop count

11.11.11.11:0, uptime 00:13:51 Up
[=]

0.0.1.2 LDP Etharnat0/1

OHEHHHOMN

Check on all PE and P routers in Core.



MPLS MLDP Database

PElfish mpls mldp database
* For interface indicates MILDP recursive forwarding is enabled
* For RPF-ID indicates wildcard valua
> Indicates it is a Primary MLDF MDT Branch

L5M ID : 1 Typa: F2MP Uptima : 02:53:57

FEC Root : 1.1.1.1 (wa are thea root)
Opague dacodad : [ipwvd 10.1.0.2 232.1.1.1]
Opague length : B bytas
Opague wvalus : 03 0008 OAO1000ZEB010101
Upstream client (=)
Hone
Expires : BSA Fath Set ID : 1
Raplication elieant(s) :
Uptima : D2:853:57 Path Sat ID : Hona
Out labal (D) : 23 Intarface : Etharnet0/1l*
Local labal (U): None Haxt Hop : 10.0.1.2

Check on all the PE and P router MLDP Databass

Varify MPLS forwarding Inside the core as per design.

PEl#show mpls mldp bindings opagque type ipvd 10.1.0.2 232.1.1.1
System ID: 1

Type: FZMP, Root Node: 1.1.1.1, Opague Len: 11

Opague value: [ipw4d 10.1.0.2 232.1.1.1]

lsr: 11.11.11.11:0, remote binding[D]: 23

On Source PE PE1.

MPLS forwarding table

RAR-RFl#iah mpla forwarding-table labslas 23

Local Cutgoing FPrafix Bytes Labasl Cutgolng Naxt Hop
Labal Labal or Tunnel Id Switched interfacea
23 258 [ipv4 10.1. 0.2 232.1.1.1) L%
as4 Et0/3 10.0.2.1
26 [ipwvd 10.1.0.2 232.1.1.1] A"
354 EtO/2 10.0.3.1

MPLE Forswarding Table ot P noda.

MPLS P2MP Ping LSP

On Source PE PE1.

FEl#ping mpls mldp pZmp 1.1.1.1 ipwvd4 10.1.0.2 23Z2.1.1.1 verbosa
p2Ep Rook nods adds 1.1.1.1
Opacgue type IFvd, source 10.1.0.2, group 232.1.1.1
Bending 1, 72-byte MPLS Echos to Target FEC Stack TLV descriptor,
timmout is 2.2 seconds, send interval is 0 mesec, jitter valus is 200 meec:

Typs sscaps seagquance to abort.

Ragquesst #1

1 mize TZ, reply addr 10.0.4.1, return coda 3
L size 72, reply addr 10.0.3.1, return cods 3
1] size 72, raply addr 10.0.2.1, raturn cods 3

Round-trip minfavg/max = 33837145 ms
Racaived 3 raplies

Total Tims Elapssd 2030 ma

IV Spedud wule puwe9s wpdet



Configure the MLDP in the core.

o SOURCE §
MLDP: P2MP Wildcard label request sent to 11.11.11.11:0 success 10.1.0.2
CE1
°0/0
o072

MLDP: MPZMF Wildcard label request sent to 11.11.11.11:0 success
MLDP-MBR: 11.11.11.11:0 ask LDP for adjacencies

o INBAND SIGNALING

MLDP: Enabled IFvd on Lspvif0 unnumbered with Loopbackd [}

MIDP: Add success lsp vif: Lspvif0 address: 0.0.0.0 1441
application: MLDP vrf id: 0 ‘_FE'I
MLDP-DB: Replaying database events for opague type value: 3

SLINEPROTO-5-UPDOWN: Line protocol on Interface Lspvif0,

changed state to up

%PIM-5-DRCHG: DR change from neighbor 0.0.0.0 to 1.1.1.1 eam

interface Lspvif0

]
S MLOP Neighborship IGER cl
Ri R2 RECEIVER 3
Hote - MPLS MUDFP is not yet created as Recoiver i not online yet. ;2?_‘;_12 33333333

S2dY pU puweds [Jopded Id3s Seae Sso Byuo IJogwess gus lgls wozso pozoe PE.
loweobl s )lgw IP 9suosW wwess MPLS |Js 1Jz5es gus 5¢9doe |Js v Jo MPLS.

O logle Wy lJogupsd s89p IUpszo woradle IUgie wole eds wrd O za9d lghs
lJoszso lduwyse pw Cisco (CEF) Jdgwy,) eds IJgbys IJeldss 9luolds pedsple IJouwpso
IJeuluwed IJpg 506 Bs FIB JJ9zoes. euspl s@9e 1Jpazo woudss cudsd IJoumpss O
IJesds eds 258 MPLS. 599 IJpsze wldoze g0 229d MPLS. suwees Iegze 229J MPLS
(LFIB) o3l o0 IJpgd9ple 1092956 B z29J CEF 98les8 pedsple IUouwess (LIB).

s Idpuos) IJuoliss Jdouwessd el suvodod poze PE 2506 MPLS. 9segs Ol lghé
wogse luwoubl lds ouwpssé MPLS. 9sjsd IJouwpsd 95 uwd 2jped IP. suweéde p9ee PE LFIB
Jopass Ideuwly Jeies S o3l ldlegle. 9dpl 33,0l puwodle ogpd eduwd gpd Eluos Joiswsdsd
iIBGP gJs wwosd ledlu whsle VPNV4 godzdleol wso pozole PE. Ws ledlo PE: sguoue
BGP lJouwpesle Jobsle VPN IJos wpe ldog, edsol pedsl 9sewwol WS §lgss pedple
lebo wozso IJouwess (LFIB). gos 229d lelhé w9zso MPLS.

IJglb9s 1. sop oubd IUyywlisd 030 wg> odesy MLDP W 1Ueyd;.

MLDP-MFI: Enabled MLDP MFI client on Ethernet0/0; status = ok
MLDP-MFI: Enabled MLDP MFI client on Ethernet0/1l; status = ok
MLDP: P2MP Wildcard label request sent to 11.11.11.11:0 success
MLDP: MP2MP Wildcard label request sent to 11.11.11.11:0 success
MLDP-NBR: 11.11.11.11:0 ask LDP for adjacencies

odlebs: I uegs e # debug mpls midp all JJoz 86 oo 1Jpduwuws [Juslo@s.

PEl#sh mpls mldp neighbors

MLDP peer ID :11.11.11.11:0, uptime 00:02:05 Up,
Target Adj : No
Session hndl 1



Upstream count : O

Branch count : 0
Path count 1
Path(s) : 10.0.1.2 LDP Ethernet0/1
Nhop count : 0

IJg095 2. $p wopdso buwld Wluwble sled IJobld S 1Jpds5 1Js MLDP.
luvenzle puo3y IP PIM MPLS 0

IP Multicast MPLS MLDP

MLDP: Enabled IPv4 on Lspvif0 unnumbered with LoopbackO

MLDP-MFI: Enabled MLDP MFI client on Lspvif0O; status = ok

PIM(*): PIM subblock added to Lspvif0

MLDP: Enable pim on lsp vif: Lspvif0

MLDP: Add success lsp vif: Lspvif0 address: 0.0.0.0 application: MLDP vrf_id: 0
MLDP-DB: Replaying database events for opaque type value: 3
$LINEPROTO-5-UPDOWN: Line protocol on Interface Lspvif0, changed state to up
PIM(0): Check DR after interface: LspvifO came up!

%PIM-5-DRCHG: DR change from neighbor 0.0.0.0 to 1.1.1.1 on interface LspvifO

odlebs: I uegs e # debug mpls midp all JJoz 86 oo 1Jpdwuws [Juslo@s.

PEl#sh int 1lspvif 0
Lspvif0 is up, line protocol is up
Hardware is
Interface is unnumbered. Using address of Loopback(O (1.1.1.1)
MTU 17940 bytes, BW 8000000 Kbit/sec, DLY 5000 usec,
reliability 255/255, txload 1/255, rxload 1/255
Encapsulation LOOPBACK, loopback not set

pdlzbs: Jo sop lousle MPLS MLDP Cgs 25 1o Idpuwede Jo sep lUleuold

clJloo,ue weo.

slos Jpuroded 3 go) Uloesoe ssiumd suwlsd IJluusele 1Js PIM (S. G) [Js PES3.



o FE3 when PIM JOIN (S, G) reaches

PIM(0): Received vZ Join/Frune on Ethernet0/2 frem 10.2.0.2, to us SOURCE
PIM({0): Join-list: (10.1.0.2/32, 232.1.1.1), S-bit set 10.4.0.2
MRT (D) : Create (*,232.1.1.1), RPF (unknowa, 0.0.0.0, 2147483647/0)

MRT (0) : RPF Track start on 10.1.0.2 for (10.1.0.2, 232.1.1.1)

MRT (0) : Reset the z-flag for (10.1.0.2, 232.1.1.1}

MLDP: Enabled IPvd on Lapvifl d with L kD

MLDP-MFI: Enable lad on int failed; not registersed:

PIM(*): PIM subblock added to Lepvifl

MLDP: Enable pim on lsp vif: Lapvifl

MLDF: Add success lap wif: Lapvifl addrasas: 1.1.1.1 applicaticon: MLDP wef_id: 0
MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) update (t=0} RPF: 0.0.0.0

MLDP-MRIB-IF: (10.1.0.2,232.1.1.1/32) set xpf nbr: 0.0.0.0

MLDPF-MRIE-IF: add accepting interface: Lapvifl reot: 1.1.1.1

MLDP-MRIB-IP: changs interface from NULL to Lepwifl

SLINEPROTO-5-UPDOWN: Liné protocol on Interface Lapvifl, changed state to up
PFIM{0): Check DR after interface: Lapwvifl camas up!

%¥FIM-5-DRCHG: DR change from neighbor 0.0.0.0 to 2.2.2.2 on interface Lapvifl

= Lepvif Tunnal

o AT SOURCE PE PE1 ——

MLOP-LDF: [ipwd 10.1.0.2 232.1.1.1] label mapping from: 11.11.11.11:0 label: 33,3
23 root: 1.1.1.1 Cpague_len: 11 sess_hndl: Oxl

MLDP: LDP root 1.1.1.1 added

MLOP-DB: Added [ipwv4 10.1.0.2 232.1.1.1) DB Eatcy
DP-DB: [ipwd4 10.1.0.2 332.1.1.1] Added P2MP branch for 11.11.11.11:0 lakel 23 PIM JOIN
MLDP-MRIB-IF: [ipw4 10.1.0.2 232.1.1.1] client update: We are root ] (8, G)
MLDP-MRIB-IP: wavl insert success (10.1.0.2, 232.1.1.1)

MLDP-MRIB-IP: [ipvw4 10.1.0.2 232.1.1.1) Created: Lapvif0 for: 0.0.0.0
MLDF-MRIB: Created adjacency for LSM ID 3 es %
MLOP-MRIB-IP: [ipv4 10.1.0.2 232.1.1.1] Created adjacsncy on Lapwif0 RECENER S
MLEP: nhop 1.1.1.1 addad 33,33.33.33
MRT(0) : Set the T-flag for (10.1.0.2, 232.1.1.1)

MRT(0): (10.1.0.2,232.1.1.1), RPF install from /0.0.0.0 to

Ethernet0/2/10.1.0.2

IJpodds slos pouodl

PIM(0): Received v2 Join/Prune on Ethernet0/2 from 10.2.0.2, to us

PIM(0): Join-list: (10.1.0.2/32, 232.1.1.1), S-bit set

MRT(0): Create (*,232.1.1.1), RPF (unknown, 0.0.0.0, 2147483647/0)

MRT(0) : RPF Track start on 10.1.0.2 for (10.1.0.2, 232.1.1.1)

MRT(0) : Reset the z-flag for (10.1.0.2, 232.1.1.1)

MLDP: Enabled IPv4 on Lspvifl unnumbered with LoopbackO

MLDP-MFI: Enable 1lsd on int failed; not registered;

PIM(*): PIM subblock added to Lspvifl

MLDP: Enable pim on 1lsp vif: Lspvifl

MLDP: Add success lsp vif: Lspvifl address: 1.1.1.1 application: MLDP vrf_id: 0
MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) update (t=0) RPF: 0.0.0.0
MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) set rpf nbr: 0.0.0.0

MLDP-MRIB-IP: wavl insert success (10.1.0.2, 232.1.1.1)

MLDP-MRIB-IP: no RPF neighbor, done!

MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) update (t=1) RPF: 1.1.1.1
MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) set rpf nbr: 1.1.1.1

MLDP-MRIB-IP: Change RPF neighbor from 0.0.0.0 to 1.1.1.1

MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) update idb = Lspvifl, (£f=2,c=2)
MLDP-MRIB-IP: add accepting interface: Lspvifl root: 1.1.1.1

MLDP-MRIB-IP: change interface from NULL to Lspvifl

$LINEPROTO-5-UPDOWN: Line protocol on Interface Lspvifl, changed state to up
PIM(0): Check DR after interface: Lspvifl came up!

PIM(0): Changing DR for Lspvifl, from 0.0.0.0 to 2.2.2.2 (this system)
%$PIM-5-DRCHG: DR change from neighbor 0.0.0.0 to 2.2.2.2 on interface Lspvifl

pdlebé: iuu.:,'@,o # debug mpls midp all s# debug ip bgp ip ip ipv4 mvpn cessele wuozse
IJIgble JJozldd pu IUpduwuws IJeldss.

Sop wz9sd ls leuold po IJpuuwede (S:G) Join |Js MLDP ssee wpis) gpse Idyuwlsd 1Js
LSPVIF 1

luwegsle PIM Join (S.G) 2 o MLDP g0bis g0 w9998 Blise e IUluvedould Bluo

SY9p woule Ylgxé wslule MLDP oo ldewodod IUs Idpuoo). 03l 09 wEuosue ouwess
o>8§ J P2MP MLDP.

pdlzbos: Bs huwld Ilusble sld Idoblé. sep lousle IUslzole 1Jblo,ss JJpusl



IJpzeds IJouwess (LSPVIFs) JJJ p3gd-PE Joudss ghs wozso Idpuwls IJeduws
(RPF) U,__,ol_)po‘ Is Ww9d 2506 (S:G) Wb I3l JIuw 91,58 po PE IJuess IJposde: 9030 05
LSPVIF1 W glded. puos; PE: sep lgwesdle LSPVIF Il o,luas Jlghhs 1dwszse IJs
IJeuds. Jlgb luo Jl w9zs edles eJs 1l slzos LSPVIF. is Iy Ispvif0 Jsuw slsel 1Jslzoes
IJIG el o886 9 Ispvifl Jsuw slkisel IJglzoé per-PE. sep wiuosue 030 1dbhdle gus IUbJo

Lapvif Tunnel

FEC Root:1.1.4.4
Opague : [IFv4 10.1.0.2 232.1.1.1]

EL)”HJILJLDhJHJ-
[ Type i PZMP
] FEC | Foot: 1414
Opagque @ [IPv4 10.1.0.2 232.1.1.1] ,pr0
LABEL -
Type : PZMP
FEC Root @ 1.1.1.4
Opague ; [IPFv4 10.1.0.2 232.1.1.1]
LABEL

RECEIVER 2
et e e v S

PE3#sh ip mroute 232.1.1.1 verbose
IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group,
T - SPT-bit set, p - PIM Joins on route,
(10.1.0.2, 232.1.1.1), 00:19:28/00:02:42, flags: sTp

Incoming interface: Lspvifl, RPF nbr 1.1.1.1
Outgoing interface list:
Ethernet0/0, Forward/Sparse, 00:19:28/00:02:42, p

PE3#sh mpls mldp database

RECEIVER 2

33.33.33.33

C - Connected,

* For interface indicates MLDP recursive forwarding is enabled

* For RPF-ID indicates wildcard value
> Indicates it is a Primary MLDP MDT Branch

LSM ID : 1 Type: P2MP Uptime 00:28:02
FEC Root 1.1.1.1
Opaque decoded [ipv4d 10.1.0.2 232.1.1.1]
Opaque length 8 bytes

Opaque value 03 0008 0A010002E8010101

Upstream client (s)

11.11.11.11:0 [Activel]
Expires Never Path Set ID : 1
Out Label (U) None Interface Ethernet0/3*
Local Label (D): 24 Next Hop 10.0.3.2

Replication client(s):

MRIBv4 (0)
Uptime 00:28:02 Path Set ID None
Interface Lspvifl



RR-P #sh mpls

mldp database

* For interface indicates MLDP recursive forwarding is enabled

* For RPF-ID indicates wildcard value

> Indicates it is a Primary MLDP MDT Branch

LSM ID A
FEC Root
Opaque deco

Opaque length
Opaque value

P2MP Uptime

1.1.1.1

Type:

ded
8 bytes

00:40:52

[ipv4d 10.1.0.2 232.1.1.1]

03 0008 OA010002E8010101

Upstream client(s)
1.1.1.1:0 [Active]
Expires Never Path Set ID A
Out Label (U) None Interface Ethernet0/1%*
Local Label (D): 24 Next Hop 10.0.1.1
Replication client(s):
2.2.2.2:0
Uptime 00:40:52 Path Set ID None
Out label (D) 23 Interface Ethernet0/3*
Local label (U): None Next Hop 10.0.2.1
3.3.3.3:0
Uptime 00:40:52 Path Set ID None
Out label (D) 24 Interface Ethernet0/2*
Local label (U): None Next Hop 10.0.3.1

lJeedsple IJos wp oddsol Ws PE IJeuos) luweobl |Us wee RPF g0 1Jébgs IJeldss.

MLDP-LDP: [ipv4 10.1.0.2 232.1.1.1] label mapping from: 11.11.11.11:0 label: 23 root: 1.1.1.1
Opaque_len: 11 sess_hndl: 0x1

MLDP: LDP root 1.1.1.1 added

MLDP-DB: Added [ipv4 10.1.0.2 232.1.1.1] DB Entry

MLDP-DB: [ipv4 10.1.0.2 232.1.1.1] Changing branch 11.11.11.11:0 from Null/0.0.0.0 to
Ethernet0/1/10.0.1.2

MLDP-MFI: Could not add Path type: PKT, Label: 23, Next hop: 11.11.11.11, Interface: NULL to
set: 3, error 1

MLDP-DB: [ipv4 10.1.0.2 232.1.1.1] Added P2MP branch for 11.11.11.11:0 label 23

MLDP-MRIB-IP: [ipv4 10.1.0.2 232.1.1.1] client update:
MLDP-MRIB-IP: wavl insert success (10.1.0.2, 232.1.1.1)
MLDP-MRIB-IP: [ipv4 10.1.0.2 232.1.1.1] Created: Lspvif0O for:
MLDP-MRIB: Created adjacency for LSM ID 3

MLDP-MRIB-IP: [ipv4 10.1.0.2 232.1.1.1]

We are root

0.0.0.0

Created adjacency on Lspvif0

MLDP: nhop 1.1.1.1 added

MRT(0): Set the T-flag for (10.1.0.2, 232.1.1.1)

MRT(0): (10.1.0.2,232.1.1.1), RPF install from /0.0.0.0 to Ethernet0/2/10.1.0.2
PIM(0): Insert (10.1.0.2,232.1.1.1) join in nbr 10.1.0.2's queue

MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) update (t=1) RPF: 10.1.0.2

MLDP-MRIB-IP: (10.1.0.2,232.1.1.1/32) set rpf nbr: 10.1.0.2

MLDP-MRIB-IP: ignoring interface Ethernet0/2, no LS

pdlzbo: Iwegs e # debug mpls midp all o# debug ip bgp ip ip ip ipV4 mvpn Jezssele
JJoedd pu IJesuwuws Iduwlo$s.

PEl#sh ip mroute 232.1.1.1 verbose
IP Multicast Routing Table

Flags: D - Dense, S - Sparse, B - Bidir Group, C - Connected,
L. - Local, P - Pruned, R - RP-bit set,

T - SPT-bit set,

s - SSM Group,
F - Register flag,
I - Received Source Specific Host Report,



(10.1.0.2, 232.1.1.1), 00:25:14/stopped, flags: sTI
Incoming interface: Ethernet0/2, RPF nbr 10.1.0.2
Outgoing interface list:

Lspvif0, LSM ID: 4, Forward/Sparse, 00:25:14/00:01:45

PE1# sh mpls mldp database
* For interface indicates MLDP recursive forwarding is enabled
* For RPF-ID indicates wildcard value
> Indicates it is a Primary MLDP MDT Branch

LSM ID : 4 Type: P2MP Uptime : 00:25:25

FEC Root :1.1.1.1 (we are the root)
Opagque decoded : [ipv4d 10.1.0.2 232.1.1.1]
Opaque length : 8 bytes
Opaque value : 03 0008 OA010002E8010101
Upstream client(s)
None
Expires : N/A Path Set ID : 4

Replication client(s):
11.11.11.11:0

Uptime : 00:25:25 Path Set ID : None
Out label (D) : 24 Interface : Ethernet0/1*
Local label (U): None Next Hop : 10.0.1.2

MLDP-LDP: [id 0] Wildcard label request from: 11.11.11.11:0 label: 0 root: 6.2.0.0 Opaque_len: 0
sess_hndl: 0x1

MLDP-LDP: [ipv4 10.1.0.2 232.1.1.1] label mapping from: 11.11.11.11:0 label: 23 root: 1.1.1.1
Opaque_len: 11 sess_hndl: 0x1

Neighbor 11.11.11.11 request for the label request to PEl.

pdlebo: lUlwozlod Jbdole ogweslo ig)gé lJood Idpdeyes ldos we oddsoel pu
lJobs) go bysd lehs ouvesd $less vslule ldogwess 1Jgluos vol Jdobislo. Iuwagse
"bdulo ogweso lzyd IJosd Idedesus” wglo Iduble JbJdw lehs wuvgsd Bless
vslole ouwess IJobs,) Jdubslo.

MLDP-LDP: [ipv4 10.1.0.2 232.1.1.1] label mapping from: 11.11.11.11:0 label: 24 root: 1.1.1.1
Opaque_len: 11 sess_hndl: 0x1

MLDP: LDP root 1.1.1.1 added

MLDP-DB: Added [ipv4 10.1.0.2 232.1.1.1] DB Entry

MLDP-DB: [ipv4 10.1.0.2 232.1.1.1] Changing branch 11.11.11.11:0 from Null/0.0.0.0 to
Ethernet0/1/10.0.1.2

$MLDP-5-ADD_BRANCH: [ipv4 10.1.0.2 232.1.1.1] Root: 1.1.1.1, Add P2MP branch 11.11.11.11:0
remote label 24

debug ip mfib pak
debug ip mfib mrib

IJpuo3) swdl I8



Tratfic from Source 10.1.0.2 streaming from 232.1.1.1. Entera through sthermetD/2.

The packst got forwarded via Lepvif 0. SOUREE Lmpavit Tl
10.1.0.3

PIM{0) : Insext (10.1.0.2,232.1.1.1) join in nbr 10.1.0.2'a quaus MLOPF Packet

PIM (0]} : Building Join/Prune packet for nbr 10.1.0.2

PIM{0): Adding v2 (10.1.0.2/32, 232.1.1.1), 8-bit Join

PIM{D) : Send v2 join/prune toe 10.1.0.2 (Etheznetl/2Z)

MFIBv4 (Om0) 1 Pkt (10.1.0.2,23Z.1.1.1) from Ethernetd/2 (FS) accepted for
Forwarding

MFIBwd (Ox0) : Pkt (10.1.0.2,232.1.1.1) from Ethernatd/2 (F8) sant on Lapvifo,
LEM NBMAS4

Lapwif 1
3323 3333
At the recelver side the packet reach at the Lespvif 1. 3"“ -
MFIBvA (Ox0): Pkt (10.1.0.%,232.1.1.1) from Lepvifl (F3)"Ebo S£6k forwarding 18, )
MFIBvd {0x0): Pkt {(10.1.0.2,232.1.1.1) from Lapwifl (FS) sant Etharnatd/ 0
PIM{0) : Peceived »2 Join/Piune on Ethernetd,/ 0 fricm 10.3. ﬂ:.'h"\.. . q
PIM({0): Joln-liat: {(10.1.0.2/732, 232.1.1.1), S-bit sat RICIVIRZ RECEVER 3

PIM(0) : Update Ethernet0/0/10.3.0.2 to (10.1.0.2, 232.1.111};" Forward state, by 13.33.32.33

PIM 3G Join

Traffic from Source 10.1.0.2 streaming from 232.1.1.1. Enters through ethernet0/2.
The packet got forwarded via Lspvif O.

PIM(0): Imsert (10.1.0.2,232.1.1.1) join in nbr 10.1.0.2's queue

PIM(0): Building Join/Prune packet for nbr 10.1.0.2

PIM(0): Adding v2 (10.1.0.2/32, 232.1.1.1), S-bit Join

PIM(0): Send v2 join/prune to 10.1.0.2 (Ethernet0/2)

MFIBv4 (0x0): Pkt (10.1.0.2,232.1.1.1) from Ethernet0/2 (FS) accepted for forwarding

MFIBv4 (0x0): Pkt (10.1.0.2,232.1.1.1) from Ethernet0/2 (FS) sent on Lspvif(O, LSM NBMA/4
36 28.764034 10.1.0.2 232.1.1.1 1P 118 Echo (ping} request id=Bxbae1,

Frame 36: 11B bytes on wire (944 hits), 118 bytes captured {944 bits) on interface @
Ethernet II, Src: aa:bb:cc:@P:10:10 (aa:bb:cc:@P:10:1@), Dst: aa:bb:cc:9@:32:18 {aa:bb:cc:@d:30:10)
MultiProtocol Label Switching Header, Label: 24, Exp: @, S: 1, TTL: 254

Internet Protocol Yersion 4, Sre: 1€.1.8.2, Dst; 232.1.1.1
Internet Control Message Protocol

IJedlb 1Jzj06 (PCAP)

Swp logile Bugle Joso IUgjps W LSPVIF 0.

At the receiver Side:

At the receiver side the packet reach at the Lspvif 1.

MFIBv4 (0x0): Pkt (10.1.0.2,232.1.1.1) from Lspvifl (FS) accepted for forwarding
MFIBv4 (0x0): Pkt (10.1.0.2,232.1.1.1) from Lspvifl (FS) sent on Ethernet0/0
PIM(0) : Received v2 Join/Prune on Ethernet0/0 from 10.3.0.2, to us

PIM(0): Join-list: (10.1.0.2/32, 232.1.1.1), S-bit set

PIM(0) : Update Ethernet0/0/10.3.0.2 to (10.1.0.2, 232.1.1.1), Forward state, by PIM SG Join



FElf#sh ip mroute 232.1.1.1 verbose

IF Multicast Routing Table

Flags: s = 5ZM Group, C = Connacted,
T - SPT-bit set, J - Join SPT, M - MSDPF created antry, E - Extranat,
I - Raceived Source Spacific Host Raport,

(10.1.0.2, 232.1.1.1}, 04:37:59/stoppad, flags: aTI
Incoming intarface: Etharnetl/2, RPF nbr 10.1.0.2
Cutgoing interface list:

Lapvif0, LSM ID: 7, Forward/Sparse, 01:08:36/00:00:23

FEl#sh mpls mldp databass

lJoz 99 pu LSPVIF

eoel wuod 1Jzses 1Js 1J PET: 09 soedd pu I LSMid 1o syuwd 1Jes9s 9, Is wuwess 1o
SY,L0 Vs |J multicast )L b.

lJsub

Eg = —

2.2.2.2 1 3333

FIM JOIN PIM JOIN
(8, G)

RECEIVER 2 RECENVER 3
23222223 33.33.33.33

56152 J9 Luwhd Ioables LDP pcg 1ol (W-LDP) e 1okl ledluss o5 2595 e
crow luwetsle PIM B ) 1Je9es,.

eJs p9zo Label-Edge (LER). $p wopdso PIM Jlgweisle luslle M-LDP sl 1Jobls Jzsolo
lJo g0l Jlsdogud LER 21, PIM JJosd .

,oE_.J_9p|C; Slo LoJé



- https://tools.ietf.org/html/rfc4760
- hitps://tools.ietf.org/html/rfc4447
- https://www.cisco.com/c/en/us/td/docs/ios-xml/ios/ipmulti_Ism/configuration/15-sy/imc-lsm-15-

sy-book...
- lJog e IJo 60 | owle - Cisco Systems



https://tools.ietf.org/html/rfc4760
https://tools.ietf.org/html/rfc4447%C2%A0
/content/en/us/td/docs/ios-xml/ios/ipmulti_lsm/configuration/15-sy/imc-lsm-15-sy-book.pdf
/content/en/us/td/docs/ios-xml/ios/ipmulti_lsm/configuration/15-sy/imc-lsm-15-sy-book.pdf
https://www.cisco.com/c/ar_ae/support/index.html
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