Verificar o MPLS nos Switches Catalyst 9000
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Introduction

Este documento descreve como configurar e validar Multiprotocol Label Switching (MPLS) Layer 3
Virtual Private Network (VPN) nos switches da série Catalyst 9000.

Prerequisites

Requirements
A Cisco recomenda que vocé tenha conhecimento destes topicos:

- Encaminhamento de IP
- BGP (Border Gateway Protocol)



- MPLS

Componentes Utilizados
As informacgdes neste documento sao baseadas nestas versdes de software e hardware:

. C9500 no Cisco IOS® XE 16.12.4
. C9300 no Cisco I0OS® XE 16.12.4
. C3850 no Cisco I0OS® XE 16.9.6

The information in this document was created from the devices in a specific lab environment. All of
the devices used in this document started with a cleared (default) configuration. Se a rede estiver
ativa, certifique-se de que vocé entenda o impacto potencial de qualquer comando.

Informacgdes de Apoio

As VPNs de Camada 3 do MPLS (L3VPN) usam um modelo ponto-a-ponto que usa o BGP para
distribuir informacgdes relacionadas a VPN. Uma VPN MPLS consiste em um conjunto de sites
que sao interconectados por meio de uma rede central de provedor MPLS. Em cada local do
cliente, um ou mais dispositivos de borda do cliente (CE) se conectam a um ou mais dispositivos
de borda (PE).

No roteamento convencional da camada 3, a medida que um pacote atravessa a rede, cada
switch extrai todas as informacdes relevantes para encaminhar o pacote do cabecgalho da camada
3. Essas informagdes sao usadas como um indice para uma pesquisa na tabela de roteamento
para determinar o préximo salto do pacote.

No caso mais comum, o unico campo relevante no cabegalho € o campo de endereco de destino,
mas em alguns casos, outros campos de cabegalho também podem ser relevantes. Como
resultado, a analise do cabegalho deve ser feita independentemente em cada switch pelo qual o
pacote passa. Além disso, uma consulta complicada da tabela também deve ser feita em cada
switch.

Na comutacgao de rétulo, a analise do cabecalho da Camada 3 é feita apenas uma vez. O
cabecalho da Camada 3 € mapeado em um comprimento fixo, um valor nao estruturado chamado
alabel.

Muitos cabecalhos diferentes podem mapear para o mesmo rotulo, desde que esses cabecgalhos
sempre resultem na mesma escolha do préximo salto. Na verdade, um rétulo representa uma
classe de equivaléncia de encaminhamento (FEC) ou seja, um conjunto de pacotes que, por mais
diferentes que sejam, podem ser indistinguiveis pela fungdo de encaminhamento.

A escolha inicial de um rétulo nao precisa se basear exclusivamente no conteudo do cabecalho
do pacote da Camada 3; por exemplo, as decisdes de encaminhar pacotes em saltos
subsequentes também podem ser baseadas em outros fatores.

Quando um rétulo é atribuido, um cabegalho de rétulo curto é adicionado na parte frontal do
pacote da Camada 3. Esse cabecalho é transportado pela rede como parte do pacote. Em saltos
subsequentes em cada switch MPLS na rede, os rétulos sao trocados e as decisdes sdo tomadas
por meio da pesquisa da tabela de encaminhamento MPLS para o rétulo transportado no



cabecalho do pacote. Portanto, o cabegalho do pacote nao precisa ser reavaliado durante o
transito do pacote pela rede. Como o rétulo € de comprimento fixo e ndo estruturado, o processo
de pesquisa da tabela de encaminhamento MPLS é simples e rapido.

Cada roteador de switching de rétulo (LSR) na rede toma uma decisao independente e local
sobre qual valor de rétulo usar para representar uma classe de equivaléncia de encaminhamento.
Essa associacao € conhecida como associacao de rétulo. Cada LSR informa aos seus vizinhos
sobre os vinculos de rétulo que fez. Essa consciéncia das associagdes de rotulo por switches
vizinhos é facilitada por estes protocolos:

- Protocolo de Distribuicdo de Rétulo (LDP - Label Distribution Protocol) - Permite que LSRs
pares em uma rede MPLS troquem informagdes de rotulo para suportar encaminhamento
salto a salto em uma rede MPLS

- Border Gateway Protocol (BGP) - Usado para suportar VPNs (Virtual Private Networks) MPLS

Quando um pacote rotulado € enviado do LSR A ao LSR B, o valor do rétulo transportado pelo

pacote IP é o valor do rétulo que o LSR B atribuiu para representar a classe de equivaléncia de
encaminhamento do pacote. Assim, o valor do rotulo muda conforme o pacote IP atravessa a

rede.

Como usar este guia

O guia é dividido em dois cenarios e uma secao de validagéo da escala de hardware é
apresentada no final do documento:

- adjacéncia de salto unico dentro do nucleo MPLS
- Adjacéncias de multi-caminho de custo igual (ECMP) dentro do nucleo MPLS
. como verificar o uso de TCAM para problemas de escala
Cada cenario abrange a verificagao de prefixos e rotulos para cada dispositivo MPLS.

Terminology

MPLS

PE

CE

LDP

LSPA

ID da pilha
de
etiquetas

Uma tecnologia de encaminhamento de pacotes de alto desempenho que
Multi-Protocol  integra o desempenho e os recursos de gerenciamento de trafego da
Label Switching comutacdo da camada de enlace de dados (Camada 2) com a escalabilide

flexibilidade e desempenho do roteamento da camada de rede (Camada 3

Brc:)r\(lj:di? O dispositivo de borda da rede do provedor que recebe prefixos IP de um
E)SWitCh/roteador) cliente CE e os passa para a nuvem MPLS.

Borda do cliente Um dispositivo nas instalagcées do cliente conectado ao roteador de borda
(switch/roteador) provedor de uma rede IP/MPLS do provedor de servigos.

O LDP é um protocolo que gera e troca automaticamente rétulos entre
protocolo RDP roteadores. Cada roteador gera localmente rétulos para seus prefixos e de
anuncia os valores de rétulo para seus vizinhos.

O conjunto de rétulos para alcangar um destino MPLS especifico. Em um
L3VPN tipico, vocé pode ter o rotulo IGP + VPN. Se houver um tunel TE, v
tera o rotulo TE + IGP + VPN. O Catalyst 9000 pode suportar até 6 rotulos
esse conjunto de rotulos € chamado de LSPA.

Roétulo de matriz
de caminho do
switch

ID da pilhade R indice exclusivo para identificar uma pilha de rétulos (umPermite o
etiquetas compartilhamento LSPA).



Roétulo Raétulo

ID do Identificador de

prefixo prefixo

EM Correspondénci
a exata
Maior

LPM correspondéncia
de prefixo
Memoria

TCAM ternaria ’
enderecavel de
conteuido
Memoria

CAM enderecavel de
conteuido
Base de

RIB informacdes de
roteamento
Base de
Informacgdes de

FIB .
Encaminhament
o

Diretament Rota

e diretamente

conectado conectada

Conectado Rota conectada

Indiretamen . .

te indiretamente
Adjacéncia

ADJ (tabela)

EM Correspondénci
a exata
Memoria

TCAM ternaria ’
enderecavel de
conteuido
Driver do

ALIMENTA mecanismo de

DO encaminhament
0

Gerenciador de

encaminhament
FMAN-FP o - Plano de

encaminhament

o

S| IndlceNda
estacao

RI Regscrever
i ndice

DI Indice de

O rétulo MPLS usado para pesquisa. Varios rétulos formam uma pilha de
rétulos.

O Catalyst 9000 cria um recurso global para cada prefixo (ha tantas IDs de
prefixo quanto ha rotas no caso de alocagao de rotulo por prefixo).

Uma entrada na memoria Hash que € uma correspondéncia 1:1 (rota de h
host diretamente conectado).

Qualquer rota que seja /31 ou menor (as rotas /32 sao do tipo EM).

Um tipo de memdria que armazena e consulta entradas com trés entradas
diferentes: 0, 1 e X. Esse tipo de memdria deve ser usado nos casos em q
pode haver varias correspondéncias para a mesma entrada, e o Hash rest
para cada uma nao é exclusivo. Esta tabela inclui uma mascara ou um val
que lhe permite saber se corresponde ou ndo a esta entrada.

Termo geral para memoria de hardware (Hash/TCAM).

a tabela de roteamento vista em 'show ip route'

tabela simplificada com prefixos adicionados pelas tabelas RIB e ARP cornr
ponteiro para a tabela ADJ

Um prefixo de host conectado localmente (ARP adjacente)

Uma rota que passa por um proximo salto remoto para alcancar

armazena informacgdes do proximo salto usadas para reescrever pacotes

Hosts conectados, prefixos de host /32 indiretos

Prefixos indiretos /31 ou menores

A camada ASIC (hardware)

O FMAN-FP gerencia objetos de software que adicionam, excluem ou
modificam informagdes do FED

indice da estacdo = informac&o de reescrita de pacote (Rl = Rewrite Inde>
informacdes de interface de saida (DI = Destination Index)

Informacdes de regravacao de enderego MAC para encaminhamento da
camada 3 para a adjacéncia do préximo salto

indice que aponta para a interface de saida



destino

Configurar e verificar

Cenario 1. L3VPN com adjacéncia de salto unico no nucleo
MPLS

Topologia de referéncia

Para a finalidade deste exemplo, os switches Catalyst 9300 funcionam como dispositivos PE, o
Catalyst 9500 na funcao Virtual Stackwise como o dispositivo P e os switches Catalyst 3850
funcionam como dispositivos CE.

Lo0: 192.168.1,2/32 LoO: 192.168.1,3/32 Lo0: 192.168.1.4/32
Lo0: 192.168.3.1/24 Lo0: 192.168.2.1/24
. .
. VRF RED: 10.0.0.2 4 VRE RED: 10.0.0.21 "
|3 4
L \ A 1000430 f s 4 10001230 T l ——

c9300-PE-2 [NSNNNESEN (3850-CE-2

EIGRP Adjacency QSPF and LDP Adjacencies QSPF and LDP Adjacencies EIGRP Adjacency

iBGP VPNv4 Adjacency

Detalhes da configuragéo

Configuragao do C3850-CE-1

host nane C3850- CE- 1

!

interface LoopbackO

i p address 192.168.3.1 255.255.255.0
!

interface TenG gabitEthernet1/0/1
no sw tchport

i p address 10.0.0.1 255. 255. 255. 252
!

router eigrp 420

network 10.0.0.0 0.0.0.3

network 192.168.3.0 0.0.0. 255

eigrp stub connected sumary

!

ip route 0.0.0.0 0.0.0.0 10.0.0.2



Configuragao do C9300-PE-1

host nane C9300- PE- 1

!

ip vrf RED

rd 69: 69

route-target export 69:69
route-target inport 69:69

!

npls I dp explicit-nul

!

interface LoopbackO

ip address 192.168. 1.2 255. 255. 255. 255
!

interface G gabitEthernet1/0/1

no sw tchport

ip vrf forwardi ng RED

ip address 10.0.0.2 255. 255. 255. 252
!

interface G gabitEthernet1/0/2

no sw tchport

ip address 10.0. 0.5 255. 255. 255. 252
|

router eigrp 420

!

address-famly ipvd vrf RED

network 10.0.0.0 0.0.0.3

aut ononous- system 420
exit-address-famly

!

router ospf 420

network 0.0.0.0 255.255.255.255 area 0
npls I dp autoconfig

!

router bgp 69420

bgp | og- nei ghbor - changes

nei ghbor 192.168. 1.4 renote-as 69420
nei ghbor 192. 168. 1. 4 updat e- source LoopbackO
!

address-fanily vpnv4d

nei ghbor 192.168.1.4 activate

nei ghbor 192.168. 1.4 send-community extended
exit-address-famly

!

address-famly ipvd vrf RED
redistribute eigrp 420
exit-address-famly

Configuragédo do C9500-P

host name C9500- P

!

interface LoopbackO

i p address 192.168. 1.3 255. 255. 255. 255
|

interface TenG gabitEthernet1/0/1
no sw tchport

i p address 10.0.0.6 255.255. 255. 252
!

interface TenG gabitEthernet1/0/2
no sw tchport



i p address 10.0.0.13 255. 255. 255. 252

|

router ospf 420

network 0.0.0.0 255.255.255.255 area 0
npls | dp autoconfig

Configuracao do C9300-CE-2

host nane C9300- PE- 2

!

ip vrf RED

rd 69: 69

route-target export 69:69
route-target inport 69:69

!

npls I dp explicit-nul

!

interface LoopbackO

i p address 192.168. 1.4 255. 255. 255. 255
!

interface G gabitEthernet2/0/1

no sw tchport

ip vrf forwardi ng RED

i p address 10.0.0.21 255. 255. 255. 252
!

interface G gabitEthernet2/0/2

no swtchport

i p address 10.0.0.14 255. 255. 255. 252
!

router eigrp 400

!

address-famly ipv4d vrf RED

network 10.0.0.20 0.0.0.3

aut ononous- syst em 400
exit-address-famly

!

router ospf 420

network 0.0.0.0 255.255.255.255 area 0
npl s | dp autoconfig

!

router bgp 69420

bgp | og- nei ghbor - changes

nei ghbor 192.168.1.2 renote-as 69420
nei ghbor 192. 168. 1. 2 updat e- sour ce LoopbackO
!

address-fam |y vpnv4

nei ghbor 192.168.1.2 activate

nei ghbor 192.168. 1.2 send-comunity extended
exit-address-famly

!

address-famly ipv4d vrf RED

redi stribute eigrp 400
exit-address-famly

Configuragao do C3850-CE-2

host nane C3850- CE- 2

!

interface LoopbackO

i p address 192.168.2.1 255.255.255.0
!

interface TenG gabitEthernet2/0/1



no sw tchport

i p address 10.0.0.22 255. 255. 255. 252
!

router eigrp 400

network 10.0.0.20 0.0.0.3

network 192.168.2.0 0.0.0.255

eigrp stub connected sumary
!

iproute 0.0.0.0 0.0.0.0 10.0.0.21
Verificagdo basica

Antes da validagéo da programacao MPLS, ha requisitos basicos que precisam ser validados:

- A conectividade PE a PE esta presente
- Validar o caminho comutado por rétulo (LSP) entre os PEs
- Validar adjacéncia de BGPv4 entre PEs
- Validar rotulos de VPNv4 e LDP
- Validar Tabela de Encaminhamento MPLS
Validar a conectividade PE a PE

Vocé pode fazer ping no loopback PE remoto e na origem do loopback local, mas isso ndo
confirma se o LSP (Label Switched Path, caminho comutado por rétulo de MPLS) € bom, pois os
enderecos IP de loopback sdo anunciados na parte inferior.

Observagao: a adjacéncia de PE para PE MP-BGP VPNv4 é obtida através de suas
respectivas interfaces LoopbackO.

C9300- PE- 1#ping 192.168.1.4 source 192.168.1.2

Type escape sequence to abort.

Sendi ng 5, 100-byte | CMP Echos to 192.168.1.4, tineout is 2 seconds:
Packet sent with a source address of 192.168.1.2

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/1/1 ms C9300- PE- 1#show ip route
192.168.1.4

Routing entry for 192.168.1.4/32

Known vi a "ospf 420", distance 110, netric 3, type intra area

Last update from 10.0.0.10 on G gabitEthernet1/0/3, 00:55:58 ago
Routi ng Descriptor Bl ocks:

* 10.0.0.6, from 192.168.1.4, 00:55:58 ago, via G gabitEthernet1/0/2
Route netric is 3, traffic share count is 1

Validar o LSP

Vocé pode usar um traceroute MPLS do loopback PE para PE para validar o LSP e todos os
rotulos LDP MPLS ao longo do caminho.

Observagao: esse traceroute de MPLS impde apenas um rotulo, o rétulo de LDP, isso nao
demonstra que o trafego do CE é bem-sucedido, pois esse trafego € imposto com 2 rétulos,
o rotulo VPNv4 (interno) e o rotulo LDP (externo).

C9300- PE- 1#traceroute mpls ipv4 192.168.1.4/32 source 192.168.1.2
Traci ng MPLS Label Switched Path to 192.168.1.4/32, timeout is 2 seconds



Codes: '!' - success, 'Q - request not sent, '.' - tinmeout,

‘L' - labeled output interface, 'B - unlabeled output interface,

‘D - DS Map mismatch, 'F - no FEC mapping, 'f' - FEC m smatch,

‘M - nmalformed request, 'm - unsupported tlvs, 'N - no |abel entry,
P - norx intf label prot, 'p' - premature termnation of LSP,

'R - transit router, 'I' - unknown upstream index,

‘I' - Label switched with FEC change, 'd' - see DDMAP for return code,
"X - unknown return code, 'Xx' return code O

Type escape sequence to abort.
0 10.0.0.5 MRU 1500 [Labels: 17 Exp: 0]
10.0.0.6 MRU 1500 [Labels: explicit-null Exp: 0] 8 mns

L1
12 10.0.0.14 2 ns

Se vocé nao tiver acesso ao CE ou a um dispositivo atras do CE e quiser demonstrar que ha
imposigao/disposicao de rotulo VPNv4 e LDP bem-sucedida, vocé pode tentar fazer ping a partir
da interface voltada para CE no VRF em um PE para a outra interface voltada para CE no VRF no
PE remoto.

C9300- PE- 1#ping vrf RED 10.0.0.21 source 10.0.0.2

Type escape sequence to abort.

Sending 5, 100-byte |ICMP Echos to 10.0.0.21, tinmeout is 2 seconds:
Packet sent with a source address of 10.0.0.2

Success rate is 100 percent (5/5), round-trip mn/avg/max = 1/1/2 ns

Validar adjacéncia de VPNv4 de BGP entre PEs

C9300- PE- 1#show bgp vpnv4 unicast all neighbors 192.168.1.4
BGP nei ghbor is 192.168.1.4, renpte AS 69420, internal |ink
BGP version 4, renpte router |ID 192.168.1.4

BGP state = Established, up for 00:57:37

Last read 00:00:41, last wite 00:00:41, hold tinme is 180, keepalive interval is 60 seconds
Nei ghbor sessi ons:

1 active, is not nultisession capable (disabled)

Nei ghbor capabilities:

Route refresh: advertised and recei ved(new)

Four-octets ASN Capability: advertised and received

Address family |1 Pv4 Unicast: advertised and received
Address family VPNv4 Unicast: advertised and received
Enhanced Refresh Capability: advertised and received

Mul ti session Capability:

Stateful sw tchover support enabled: NO for session 1
Message statistics:

InQ depth is 0

QutQ depth is O

Sent Rcvd

Qpens: 11

Notifications: 0 O

Updates: 6 6

Keepal i ves: 62 63

Route Refresh: 0 O

Total: 69 70

Do | og nei ghbor state changes (via global configuration)
Default mnimumtine between advertisenment runs is 0 seconds
<sni p>

C9300- PE- 2#show bgp vpnv4 unicast all neighbors 192.168.1.2



BGP nei ghbor is 192.168.1.2, renpte AS 69420, internal |ink
BGP version 4, renpte router |ID 192.168.1.2

BGP state = Established, up for 01:01: 00

Last read 00:00:13, last wite 00:00:37, hold tinme is 180, keepalive interval is 60 seconds
Nei ghbor sessi ons:

1 active, is not nultisession capable (disabled)

Nei ghbor capabilities:

Route refresh: advertised and recei ved(new)

Four-octets ASN Capability: advertised and received

Address family |IPv4 Unicast: advertised and received
Address family VPNv4 Unicast: advertised and received
Enhanced Refresh Capability: advertised and received

Mul ti session Capability:

Stateful sw tchover support enabled: NO for session 1
Message statistics:

InQ depth is 0

QutQ depth is O

Sent Rcvd

Qpens: 11

Notifications: 0 O

Updates: 6 6

Keepal i ves: 67 66

Route Refresh: 0 O

Total: 74 73

Do | og nei ghbor state changes (via global configuration)
Default mnimumtine between advertisenent runs is 0 seconds

A adjacéncia remota de PE VPNv4 esta ativa e um prefixo foi recebido

C9300- PE- 1#show bgp vpnv4 unicast all summary

BGP router identifier 192.168.1.2, |local AS nunber 69420

BGP table version is 7, main routing table version 7

4 network entries using 1024 bytes of nenory

4 path entries using 544 bytes of nenory

4/ 4 BGP path/bestpath attribute entries using 1216 bytes of nenory
4 BGP extended community entries using 1000 bytes of menory

0 BGP route-nmap cache entries using 0 bytes of nmenory

0 BGP filter-list cache entries using 0 bytes of menory

BGP using 3784 total bytes of nenory

BGP activity 4/0 prefixes, 4/0 paths, scan interval 60 secs

4 networks peaked at 16:19:10 Jun 1 2021 UTC (01:32:00.716 ago)

Nei ghbor \% AS MsgRcvd MsgSent Thl Ver 1nQ QutQ Up/ Down St ate/ PfxRed
192.168.1.4 4 69420 108 108 7 0 0 01:34:52 2

C9300- PE- 2#show bgp vpnv4 unicast all summary

BGP router identifier 192.168.1.4, |local AS nunber 69420

BGP table version is 7, main routing table version 7

4 network entries using 1024 bytes of nenory

4 path entries using 544 bytes of nenory

4/ 4 BGP path/bestpath attribute entries using 1216 bytes of nenory
4 BGP extended community entries using 1000 bytes of menory

0 BGP route-nmap cache entries using 0 bytes of nmenory

0 BGP filter-list cache entries using 0 bytes of menory

BGP using 3784 total bytes of nenory

BGP activity 4/0 prefixes, 4/0 paths, scan interval 60 secs

4 networ ks peaked at 16:18:31 Jun 1 2021 UTC (01:37:30.404 ago)

Nei ghbor \% AS MsgRcvd MsgSent Thl Ver 1nQ QutQ Up/ Down St at e/ Pf xRed
192.168.1.2 4 69420 114 114 7 0 0 01:40: 22 2



Verifique quais prefixos sao trocados no VRF especifico

C9300- PE- 1#show ip bgp vpnv4 vrf RED

BGP table version is 10, local router IDis 192.168.1.2

Status codes: s suppressed, d danmped, h history, * valid, > best, i - internal,
r RIB-failure, S Stale, mmultipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ Rl B-conpressed,

t secondary path, L long-lived-stale,

i

Oigin codes: - 1GP, e - EGP, ? - inconplete
RPKI validation codes: V valid, | invalid, N Not found
Net wor k Next Hop Metric LocPrf Weight Path
Rout e Di stinguisher: 69:69 (default for vrf RED)
*> 10.0. 0.0/ 30 0.0.0.0 0 32768 ?
*>j 10.0.0.20/30 192.168.1.4 0 100 02
*> 192.168.1.0 10.0.0.1 130816 32768 ?
*>j  192.168.2.0 192.168.1.4 130816 100 02

C9300- PE- 2#show ip bgp vpnv4 vrf RED

BGP table version is 9, local router IDis 192.168.1.4

Status codes: s suppressed, d danmped, h history, * valid, > best, i - internal,
r RIB-failure, S Stale, mmultipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ Rl B-conpressed,

t secondary path, L long-lived-stale,

Oigincodes: i - IGP, e - EGP, ? - inconplete

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

Net wor k Next Hop Metric LocPrf Weight Path
Rout e Di stinguisher: 69:69 (default for vrf RED)
*>j 10.0.0.0/30 192.168.1.2 0 100 02
*> 10.0.0.20/30 0.0.0.0 0 32768 ?
*>j  192.168.1.0 192.168.1.2 130816 100 02
*> 192.168.2.0 10.0.0. 22 130816 32768 ?

Validar rétulos de VPNv4 e LDP:

Verifique o rotulo VPNv4 usado para acessar os prefixos no VRF

C9300- PE- 1#show ip bgp vpnv4 vrf RED labels

Net wor k Next Hop In | abel/CQut | abel
Rout e Di stinguisher: 69: 69 (RED)

10.0.0.0/ 30 0.0.0.0 20/ nol abel ( RED)

10. 0. 0. 20/ 30 192.168.1.4 nol abel / 20

192.168.1.0 10.0.0.1 21/ nol abel

192.168.2.1/32 192.168.1.4 nol abel / 21 <-- VPNv4 label that is imposed to reach
192.168.2.0

C9300- PE- 1#show ip route vrf RED 192.168.2.1
Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "bgp 69420", distance 200, netric 130816, type internal
Last update from 192.168.1.4 01: 31: 56 ago
Routi ng Descriptor Bl ocks:
* 192.168.1.4 (default), from 192.168.1.4, 01:31:56 ago
Route netric is 130816, traffic share count is 1
AS Hops O
MPLS | abel: 21 <-- VPNv4 label that matches the previous output
MPLS Fl ags: MPLS Required
C9300- PE- 2#show ip bgp vpnv4 vrf RED labels
Net wor k Next Hop In | abel/CQut | abel



Rout e Di stinguisher: 69: 69 (RED)

10.0.0.0/30 192.168.1.2 nol abel / 20

10. 0. 0. 20/ 30 0.0.0.0 20/ nol abel ( RED)

192.168.1.0 192.168.1.2 nol abel / 21

192. 168. 2. 0. 10.0.0. 22 21/ nol abel <-- VPNv4 label that is advertised to reach

192.168.2.0
C9300- PE- 2#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "eigrp 400", distance 90, netric 130816, precedence routine (0), type internal
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Last update from 10.0.0.22 on G gabitEthernet2/0/1, 01:34:42 ago
Routi ng Descriptor Bl ocks:
* 10.0.0.22, from10.0.0.22, 01:34:42 ago, via GgabitEthernet2/0/1 <-- CE-facing interface in
the VRF
Route netric is 130816, traffic share count is 1
Total delay is 5010 nicroseconds, mini mum bandwi dth is 1000000 Kbit
Rel i ability 255/255, m ni num MU 1500 byt es
Loadi ng 1/255, Hops 1

Verifique as etiquetas LDP utilizadas

C9300- PE- 1#show mpls forwarding-table 192.168.1.4

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
19 17 192.168.1.4/32 0 Gil/0/2 10.0.0.6 <-- 17 is the LDP label

imposed to reach PE at 192.168.1.4 through Gil/0/2

C9300- PE- 2#show mpls forwarding-table 192.168.1.2

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
17 16 192.168.1.2/32 0 Gi2/0/2 10.0.0.13 <-- 16 is the LDP

label imposed to reach PE at 192.168.1.4 through Gi2/0/2
Validar a Tabela de Encaminhamento MPLS

C9300- PE- 1#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 0 G 1/0/2 10.0.0.6
17 Pop Label 10.0.0.16/30 0 G 1/0/2 10.0.0.6
18 Pop Label 10.0.0.12/30 0 G 1/0/2 10.0.0.6
19 17 192.168.1.4/32 O G 1/0/2 10.0.0.6
20 No Label 10.0.0.0/30[ V] 1982 aggr egat e/ RED
21 No Label 192. 168. 3. 0/ 24[ V] \

0 G1/0/1 10.0.0.1

C9300- PE- 2#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop

Label Label or Tunnel Id Swi t ched interface

16 Pop Label 192.168.1.3/32 0 G 2/0/2 10.0.0. 13
Pop Label 192.168.1.3/32 0 G 2/0/3 10.0.0. 17

17 16 192.168. 1. 2/ 32 164 G 2/0/2 10.0.0. 13
16 192.168. 1. 2/ 32 1224 G 2/0/3 10.0.0. 17

18 Pop Label 10.0.0.4/30 0 G 2/0/2 10.0.0. 13
Pop Label 10.0.0.4/30 0 G 2/0/3 10.0.0. 17

20 No Label 10.0.0.20/30[V] O aggr egat e/ RED

21 No Label 192.168. 2. 0/ 24[ V] \



1440 G 2/0/1 10.0.0. 22

Confirme os rétulos internos (VPNv4) e externos (LDP) usados para acessar cada prefixo
especificado no VRF

C9300- PE- 1#show ip cef vrf RED 192.168.2.0/24 detail
192.168.2.1/32, epoch 0, flags [rib defined all |abels]
recursive via 192.168.1.4 | abel 21 <-- VPNv4 label
nexthop 10.0.0.6 G gabitEthernet1/0/2 | abel 17-(local:19) <-- 17 is the LDP label that is be
imposed to reach the remote PE,
19 is the local LDP label advertised to the P router

C9300- PE- 2#show ip cef vrf RED 192.168.3.0/24 detail
192.168.1.1/32, epoch 0, flags [rib defined all |abels]
recursive via 192.168.1.2 | abel 22 <-- VPNv4 label
next hop 10.0.0.13 G gabitEthernet2/0/2 |abel 16-(local:17) <-- 16 is the LDP label that is
be imposed to reach the remote PE,
17 is the local LDP label
advertised to the P router

Verificar Estatisticas do Object-Manager

Nos cenarios ideais, ndo ha objetos pendentes

C9300- PE- 1#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-i ssue: 0, Pendi ng-acknow edgenent: O
Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Command: Pendi ng- acknow edgenent: 0

Tot al - obj ects: 491

Stal e-objects: 0

Resol ve-objects: 0

Chi | dl ess-del ete-objects: 0

Error-objects: 0

Paused-types: 0

9500- P#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-issue: 0, Pendi ng-acknow edgenent: O
Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Command: Pendi ng- acknow edgenent: O

Tot al - obj ects: 491

Stal e-objects: 0

Resol ve-obj ects: 0

Chi | dl ess-del ete-objects: 0

Error-objects: 0

Paused-types: 0

C9300- PE- 2#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-issue: 0, Pendi ng-acknow edgenent: O
Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Command: Pendi ng- acknow edgenent: 0

Tot al - obj ects: 482

Stal e-objects: 0

Resol ve-obj ects: 0



Chi |l dl ess-del ete-objects: 0
Error-objects: 0
Paused-types: 0O

Programacéo de prefixo

A préxima secgao aborda a programacao de prefixos nos roteadores MPLS, C9300-PE-1, C9500-P
e C9300-PE-2.

Programacao de prefixo C9300-PE-1

***Software Prefix Programming***
C9300- PE- 1#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "bgp 69420", distance 200, netric 130816, type internal
Last update from 192.168. 1.4 20: 21: 40 ago
Routi ng Descriptor Bl ocks:
* 192.168.1.4 (default), from 192.168.1.4, 20:21:40 ago <-- Remote PE reachable in the global
routing table
Route netric is 130816, traffic share count is 1
AS Hops O
MPLS | abel: 21 <-- VPNv4 label
MPLS Fl ags: MPLS Required

C9300- PE- 1#show ip route 192.168.1.4

Routing entry for 192.168.1.4/32

Known vi a "ospf 420", distance 110, netric 3, type intra area

Last update from 10.0.0.6 on G gabitEthernet1/0/2, 21:27:11 ago

Routi ng Descri ptor Bl ocks:

* 10.0.0.6, from 192.168.1.4, 21:27:11 ago, Via GigabitEthernetl1/0/2 <-- Next-hop 10.0.0.6 via
Gil/0/2 to reach

Route netric is 3, traffic share count is 1

***FMAN RP Prefix Programming***
C9300- PE- 1#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPNID <-- VRF ID is important in subsequent
command
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G1/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0
Export VPN route-target comrunities
RT: 69: 69
Import VPN route-target comrunities
RT: 69: 69
No inport route-nmap
No gl obal export route-map
No export route-nmap
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix
C9300- PE- 1#show platform software ip switch active r0 cef table index 2 prefix 192.168.2.0/24 <-
- Index value is the VRF ID from previous command
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex



192.168. 2.0/ 24 OBJ_LABEL 0x14

C9300- PE- 1#show platform software mpls switch active r0 label index 0x14 <-- Utilize the Index
value from previous command

Label OCE 0x14 -> OBJ_LABEL (0x17) <-- Utilized in next command
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x15
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x3480636f b0

C9300- PE- 1#show platform software mpls switch active r0 label index 0x17 <-- Utilize the
OBJ_LABEL value from previous command

Label OCE 0x17 -> OBJ_ADJACENCY (0x46) <-- Utilized in next command
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x348062f 858

C9300- PE- 1#show platform software adjacency switch active r0 index 0x46 <-- Utilize the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 6

Adj acency id: 0x46 (70)

Interface: GigabitEthernet1/0/2, |F index: 54, Link Type: MCP_LINK_TAG <-- Egress interface

Encap: d4:ad:71:b5:dd:e4:a0:£8:49:11:d1:d6:88:47 <-- MAC ending in DDE4 is the DMAC, MAC
ending in D1D6 is SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.6 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x3480636280

***FMAN FP Prefix Programming***
C9300- PE- 1#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPNID <-- VRF ID is important in subsequent
command
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G1/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0
Export VPN route-target comrunities
RT: 69: 69
I mport VPN route-target comrunities
RT: 69: 69
No inport route-map
No gl obal export route-map
No export route-nmap
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix

C9300- PE- 1#show platform software ip switch active £0 cef table index 2 prefix 192.168.2.0/24
detail <-- Index value is the VRF ID from previous command
Forwar di ng Tabl e



192.168.2.0/24 -> OBJ_LABEL (0x14), urpf: 15 <-- Utilized in next command
Prefix Flags: unknown
aomid: 648, HWhandle: (nil) (created)

C9300- PE- 1#show platform software mpls switch active £0 label index 0x14 <-- Utilize the
OBJ_LABEL value from the previous command

Label OCE 0x14 -> OBJ_LABEL (0x17) <-- Utilized in next command
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x15
Backup flags: Pop, UHP, backup | abel 0x100001
aomid: 647, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software mpls switch active £0 label index 0x17 <-- Utilize the
OBJ_LABEL value from the previous command

Label OCE 0x17 -> OBJ_ADJACENCY (0x46) <-- Utilized in next command
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0Ox11
Backup flags: Pop, UHP, backup | abel 0x100001
aomid: 664, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software adjacency switch active f0 index 0x46 <-- Utilize the
OBJ_ADJACENCY value from the previous command
Nurmber of adj acency objects: 6

Adj acency id: 0x46 (70)

Interface: GigabitEthernet1/0/2, |F index: 54, Link Type: MCP_LINK_TAG <-- Egress interface

Encap: d4:ad:71:b5:dd:e4:a0:£8:49:11:d1:d6:88:47 <-- MAC ending in DDE4 is the DMAC, MAC
ending in D1D6 is SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.6 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 522, HWhandle: (nil) (created)

***FED Prefix Programming***
C9300- PE- 1#show platform software fed switch active ip route vrf-name RED 192.168.2.0/24

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
2 192.168. 2.0/ 24 0x7feeecal2bb8 0x0 0 0 | spa0Ox2

2021/ 06/ 14 17:13:59. 644 <-- HTM value significant for next command
FI B: prefix_hdl:0x5000002a, npls_ecr_prefix_hdl:0
========== OCE chai n =====
LABEL: objid: 20 |ink_type: MPLS | ocal _I abel : 1048577 outl abel : (21, 0) <-- VPNv4 Label
flags: Ox1: (REAL,) pdflags: 0x80: (I NSTALL_HW CK, RECI R_ADJ, ) adj_handle:0x5100003d <--
adj_handle and local_adj_hdl values must match
unsupported recursion:0 ol bl _changed 0 local _adj:1 nmodify_cnt:1
bwal k_cnt: 0 subwal k_cnt: 1 col | apsed_oce: 0
AAL: id: 1358954557 1b1:19 snac: 0000. 0000. 0000 dmac: 0000. 0000. 0000 <-- Label 19 matches the
local transport label
sub_type: 0 link_type:0 adj _flags: 0x10 | abel _type:0 rewite_type: PSH2(121)
vian_id:0 vrf_id:0 ri:Ox7feeeca9acf8, ri_id:0x46 phdl:0, ref_cnt:2 <-- ri_id and
ri_idx values must match
si : Ox7f eeecab6ab98, si _id: 0xb6, di_id: 0x5013
LABEL: obj i d: 23 Iink_type: MPLS | ocal _I| abel : 19 outl abel : (17, 0) <-- Label 19 is the local



transport label, Label 17 is the LDP label
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x50000034
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1342177332 Ibl:0 smac:a0£8.4911.d41d6 dmac:d4ad.71b5.dded4 <-- Matches the next-hop
information to reach 192.168.2.0/24
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:O0x7feeecd6d238, ri _id: 0x3e phdl: 0x9f 00004b, ref_cnt:1
si : Ox7f eeecd706d8, si _id:0x4013, di_id:0x535f <-- di_id utilized in subsequent
commands
ADJ: objid: 70 {link_type: MPLS ifnum O0x36, si:0x94000021, }

MPLS info: npls_ecr_scale_prefix_adj:0, npls_|lspa_hdl:0xab000003
AAL: LSPA: id: 2868903939 num path: 1 prefix_id:0x2 delete_hw hdl _cnt:0

cooki e[ 64] :
150000000000000000000000000000000000000000000000000000000000000046000000000000000000000000000000
00000000000000000000000000000000 st at us: ok

vpn_1bl:21 local_adj_hdl:0x5100003d hw_hdl : Ox7f eeecab2d48 ri_idx:0x46 <-- vpn_1bl
matches the VPNv4 label,adj_handle and local_adj_hdl values must match,ri_id and ri_idx values
must match

C9300- PE- 1#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7feeecal2bb8 1 <-- Utilize HTM value from previous command

Handl e: Ox7f eeecal2bb8 Res- Type: ASI C_RSC HASH TCAM Res- Swi t ch-Num 0 Asi c- Num 255 Feat ur e-

I D AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I PV4_L3_UNI CAST ref_count:1

priv_ri/priv_si Handle: (nil)Hardware |Indices/Handl es: handle [ASIC. 0]: Ox7feeeca2af28
Features sharing this resource: Cookie | ength: 12

01 02 a8 cO 00 00 02 dO 07 00 00 00

Det ai | ed Resource Information (ASIC# 0)

Nurmber of HTM Entries: 1
Entry 0: (handl e Ox7feeeca2af 28)

Absol ute I ndex: 66036

Time Stanp: 160003

KEY - vrf:2 nmtr:0 prefix:192.168.2.0 rcp_redirect_index: 0x0

MASK - vrf:0 mr:0 prefix:0.0.0.255 rcp_redirect_index: 0x0

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5

af dLabel OrDestClientld: 0 Sl: 182 destined_to_us:0 hw stats_idx:0 stats_id:0

redi rect Set Rout er Mac: 0 dgtldx: 0 dest Modl ndex: O dst Nat TypeOr VpnPrefi xPtrMsb: 0 vpnPrefi xPtr: 0x2
SRC-AD = |l earning_violation:0 need_to_learn:0 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpfLe: 0 rpfLePointer:0 rpfForcePass: 0 rpfForceFail: 0 reachabl evi aSone: 0

r pf Checkl nconpl ete: 0 def aul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpf mat chTabl e: 0
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_I abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : OXx0 group_mask: 0x0

C9300- PE- 1#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x535f 0x535f <-- Utilize the di_id from the previous command
ASI CHO:

i ndex = 0x535f

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]



ctiLoO
ctilLol
ctilLo2 =
cpu\un0
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

1
o o o

|
O O O oo

i ndex = 0x535f

pmap = 0x00000000 0x00000002 <-- Looking at 0x00000002, in binary that is 0000 0000 0000 0000
0000 0000 0000 0010 = Port 1 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol
ctilLo2 =
cpu\un0
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

1
o o

|
O O O oo

C9300- PE- 1#show plat soft fed switch active ifm mappings

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
G gabi t Et hernet 1/ 0/ 2 0x36 1 0 1 1 0 6 7 2 2 NIF Y

- Port 1 is the egress port, Gil/0/2

Programacao de prefixo C9500-P

***gSoftware Prefix Programming***
C9500- P#show ip route 192.168.1.4
Routing entry for 192.168.1.4/32

Known vi a "ospf 420", distance 110, netric 2, type intra area

Last update from 10.0.0.14 on TenG gabit Et hernet1/0/2, 1d21h ago

Routi ng Descriptor Bl ocks:

* 10.0.0.14, from 192.168. 1.4, 1d21h ago, via TenG gabitEthernetl/0/2 <-- Next-hop to reach
192.168.1.4

Route netric is 2, traffic share count is 1

C9500- P#show ip cef 192.168.1.4 detail
192. 168. 1. 4/ 32, epoch 4
dfI't local |abel info: global/17 [0x3]
nexthop 10.0.0.14 TenG gabitEthernet1/0/2 | abel explicit-null-(local:17)

***FMAN RP Prefix Programming***
C9500- P#show platform software ip switch active r0 cef prefix 192.168.1.4/32
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168.1. 4/ 32 OBJ_LABEL 0x16 <-- Value used in next command

<=

C9500- P#show platform software mpls switch active r0 label index 0x16 <-- Utilize the OBJ_LABEL

value from previous command



Label OCE 0x16 -> OBJ_ADJACENCY (0x49) <-- Value used in next command
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x34806492f 0

C9500- P#show platform software adjacency switch active r0 index 0x49 <-- Utilize OBJ_ADJACENCY
value from previous command
Nurmber of adj acency objects: 8

Adj acency id: 0x49 (73)

Interface: TenGigabitEthernetl/0/2, |F index: 66, Link Type: MCP_LINK_TAG

Encap: 70:d3:79:be:ae:71:d4:ad:71:b5:dd:d6:88:47 <-- MAC ending in AE71 is the DMAC, MAC
ending in DDD6 is the SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.14 <-- Next-hop IP

| P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x3480647760

***FMAN FP Prefix Programming***
C9500- P#show platform software ip switch active £f0 cef prefix 192.168.1.4/32 detail
Forwar di ng Tabl e

192.168.1.4/32 -> OBJ_LABEL (0x16), urpf: 21 <-- Used in subsequent command
Prefix Flags: unknown
aomid: 567, HWhandle: (nil) (created)

C9500- P#show platform software mpls switch active £0 label index 0x16 <-- Utilize the OBJ_ LABEL
value from previous command

Label OCE 0x16 -> OBJ_ADJACENCY (0x49) <-- Used in subsequent command
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 589, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software adjacency switch active £f0 index 0x49 <-- Utilize the
OBJ_ADJACENCY from previous command
Nurmber of adj acency objects: 8

Adj acency id: 0x49 (73)

Interface: TenGigabitEthernetl/0/2, |F index: 66, Link Type: MCP_LINK_TAG

Encap: 70:d3:79:be:ae:71:d4:ad:71:b5:dd:d6:88:47 <-- MAC ending in AE71 is the DMAC, MAC
ending in DDD6 is the SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.14 <-- Next-hop IP

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 535, HWhandle: (nil) (created)

**% FED Prefix Programming***
C9500- P#show platform software fed switch active ip route 192.168.1.4/32

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed



0 192.168. 1.4/ 32 0x7£790c4cf0e8 0x0 0 0
2021/ 06/ 14 22:10:54. 150 <-- HTM value significant for next command
FI B: prefix_hdl:0x6a000020, npls_ecr_prefix_hdl:0
========== OCE chai n =====
LABEL: obj i d: 22 link_type: MPLS local_label:17 outl abel: (0, 0) <-- Label 17 is the local
transport label
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0xb9000037
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:3103785015 I bl:0 smac:d4ad.71b5.4dd6 dmac:70d3.79be.ae7l <-- Matches the next-hop
information to reach 192.168.1.4/32
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id: 0 vrf_id:0 ri:O0x7f790c4cdfd8, ri_id:0x38 phdl:0x76000058, ref _cnt:1
si: Ox7f 790c4c22f 8, si_id:0x400b, 4i_id:0x2 <-- di_id utilized in subsequent commands
ADJ: objid: 73 {link_type: MPLS i fnum 0x42, si:0x2d000027, }

MPLS info: npls_ecr_scale_prefix_adj:0, npls_lspa_hdl:0

C9500- P#show platform hardware fwd-asic abstraction print-resource-handle 0x7£790c4cf0e8 1 <--
Utilize the HTM value from previous command

Handl e: Ox7f 790c4cf 0e8 Res- Type: ASI C_RSC _HASH TCAM Res- Swi t ch-Num 0 Asi c- Num 255 Feat ur e-

I D AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I PV4_L3_UNI CAST ref_count:1

priv_ri/priv_si Handle: (nil)Hardware |Indices/Handl es: handle [ASIC. 0]: Ox7f790c4cf2f8
Features sharing this resource: Cookie | ength: 12

04 01 a8 cO 00 00 00 dO 07 00 00 00

Det ai | ed Resource Information (ASIC# 0)

Nurmber of HTM Entries: 1
Entry 0: (handle Ox7f790c4cf 2f 8)

Absol ute I ndex: 126650

Time Stanp: 40

KEY - vrf:0 nmtr:0 prefix:192.168.1.4 rcp_redirect_index: 0x0

MASK - vrf:0 mr:0 prefix:0.0.0.0 rcp_redirect_index: 0x0

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5

af dLabel OrDestClientld: 0 Sl: 16395 destined_to_us:0 hw stats_idx:1 stats_id:0

redi rect Set Rout er Mac: 0 dgtldx: 0 dest Modl ndex: O dst Nat TypeOr VpnPrefi xPtrMsb: 0 vpnPrefi xPtr:0
SRC-AD = |l earning_violation:0 need_to_learn:0 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpflLe: 38 rpfLePointer:0 rpfForcePass: 0 rpfForceFail:0 reachabl evi aSone: 1

r pf Checkl nconpl ete: 0 defaul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpf mat chTabl e: 0
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_I abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : OXx0 group_mask: 0x0

C9500- P#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x2 0x2 <-- Utilize the di_id value from the previous command
ASI C#O:

i ndex = 0x2

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO =0

ctilLol 0

ctilLo2 0



cpu\unD =
cpu\unt =
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0
AS| CH1:

O O O oo

i ndex = 0x2

pmap = 0x00000000 0x00000002 <-- 0x00000002 in binary is 0000 0000 0000 0000 0000 0000 0000 =
Port 1 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol
ctiLo2
cpu\un0
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

1
o o

|
O O O oo

C9500- P#show platform software fed switch active ifm mappings

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
TenG gabi t Et hernet 1/ 0/ 2 0x42 1 0 1 1 0 10 1 2 2 NF Y <-
- Port 1 is the egress port, TenGigl/0/2

Programacao de prefixo C9300-PE-2

***gSoftware Prefix Programming***
C9300- PE- 2#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "eigrp 400", distance 90, netric 130816, precedence routine (0), type internal
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Last update from 10.0.0.22 on G gabitEthernet2/0/1, 1d21h ago
Routi ng Descriptor Bl ocks:
* 10.0.0.22, from 10.0.0.22, 1d21h ago, via G gabitEthernet2/0/1 <-- Next-hop reachable in the
VRF
Route netric is 130816, traffic share count is 1
Total delay is 5010 nicroseconds, mi ni mum bandwi dth is 1000000 Kbit
Rel i abi ity 255/255, m ni num MU 1500 byt es
Loadi ng 1/255, Hops 1

C9300- PE- 2#show ip route vrf RED 10.0.0.22

Routi ng Tabl e: RED
Routing entry for 10.0.0.20/30
Known vi a "connected", distance 0, netric O (connected, via interface)
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Routi ng Descriptor Bl ocks:
* directly connected, via G gabitEthernet2/0/1 <-- Next-hop directly connected
Route netric is 0, traffic share count is 1

C9300- PE- 2#show ip cef vrf RED 192.168.2.0/24 detail
192. 168. 2. 0/ 24, epoch 0O



QCS: Precedence routine (0)
dfl't local |abel info: other/21 [0x2]
next hop 10.0.0.22 G gabitEthernet2/0/1

***FMAN RP Prefix Programming***
C9300- PE- 2#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPNID <-- VRF ID is important in subsequent
command
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G2/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0
Export VPN route-target comrunities
RT: 69: 69
Import VPN route-target comrunities
RT: 69: 69
No inport route-map
No gl obal export route-map
No export route-map
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix

C9300- PE- 2#show platform software ip switch active r0 cef table index 2 prefix 192.168.2.0/24
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168. 2.0/ 24 OBJ_ADJACENCY 0x19

C9300- PE- 2#show platform software adjacency switch active r0 index 0x19 <-- Utilize the Index
value from previous command
Nurmber of adj acency objects: 6

Adj acency id: 0x19 (25)

Interface: G gabitEthernet2/0/1, IF index: 53, Link Type: MCP_LINK IP

Encap: 0:72:78:c8:¢c9:¢c2:70:d3:79:be:ae:42:8:0 <-- MAC ending in C9C2 is DMAC, MAC ending in
AE42 is SMAC, 0x800 is the IP ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: no-1I3-inject

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.22

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x348062f 118

***FMAN FP Prefix Programming***

C9300- PE- 2#show platform software ip switch active £0 cef table index 2 prefix 192.168.2.0/24
detail

Forwar di ng Tabl e

192.168. 2. 0/ 24 -> OBJ_ADJACENCY (0x19), urpf: 30 <-- Utilized in next command
Prefix Flags: unknown

aomid: 665, HWhandle: (nil) (created)

QPPB precedence: 0

C9300- PE- 2#show platform software adjacency switch active f£f0 index 0x19 <-- Utilize the
OBJ_ADJACENCY from previous command
Number of adj acency objects: 6

Adj acency id: 0x19 (25)
Interface: G gabitEthernet2/0/1, IF index: 53, Link Type: MCP_LINK IP



Encap: 0:72:78:c8:¢c9:c2:70:d3:79: be: ae: 42: 8: 0

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500
Fl ags: no-13-inject

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.22

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 659, HWhandle: (nil) (created)

***FED Prefix Programming***
C9300- PE- 2#show platform software fed switch active ip route vrf-name RED 192.168.2.0/24

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
2 192.168. 2.0/ 24 0x7£7fb4a25648 0x0 0 0

2021/ 06/ 14 17:04:13. 460 <-- HTM value significant for next command
FI B: prefix_hdl:0x6e00002a, npls_ecr_prefix_hdl:0
========== QOCE chain =====
ADJ: objid: 25 {link_type:IP ifnum 0x35, si:0x3300003e, |Pv4: 10.0.0.22 }

MPLS info: npls_ecr_scale_prefix_adj:0, npls_lspa_hdl:0

C9300- PE- 2#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7£f7fb4a25648 1 <-- Utilize HTM value from previous command

Handl e: Ox7f 7f b4a25648 Res- Type: ASI C_RSC_HASH TCAM Res- Swi t ch- Num 0 Asi c- Num 255 Feat ur e-

ID: AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I PV4_L3_UNI CAST ref_count:1

priv_ri/priv_si Handle: (nil)Hardware |Indices/Handles: handle [ASIC. 0]: Ox7f7fb4al0e58
Features sharing this resource: Cookie | ength: 12

01 02 a8 cO 00 00 02 dO 07 00 00 00

Det ai | ed Resource Information (ASIC# 0)

Nurmber of HTM Entries: 1
Entry 0: (handle Ox7f7fb4al0e58)

Absol ute I ndex: 66036

Time Stanp: 164911

KEY - vrf:2 mr:0 prefix:192.168.2.0 rcp_redirect_i ndex: 0x0

MASK - vrf:0 mr:0 prefix:0.0.0.255 rcp_redirect_index: 0x0

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5

af dLabel OrDestClientld: 0 Sl:182 destined_to_us:0 hw stats_idx:1 stats_id:0

redi rect Set Rout er Mac: 0 dgtldx: 0O dest Modl ndex: O dst Nat TypeOr VpnPrefi xPtrMsb: 0 vpnPrefi xPtr:0
SRC-AD = |l earning_violation:0 need_to_learn:0 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpflLe:37 rpfLePointer:0 rpfForcePass: 0 rpfForceFail:0 reachabl evi aSone: 1

r pf Checkl nconpl ete: 0 defaul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpf mat chTabl e: 0
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_I abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : Ox0 group_mask: 0x0

C9300- PE- 2#show platform software fed switch active ip adj

I PV4 Adj entries

dest if_nane dst _mac si _hdl ri _hdl pd_fl ags
adj _id Last-nodified



10.0.0. 22 G gabit Et hernet2/0/1 0072. 78c8.c9c2 0x7£7fb4a44048 Ox7f 7f b4b089d8 0xO0
0x19 2021/ 06/ 14 16:59: 43. 447 <-- si_hdl used in next command

C9300- PE- 2#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7£f7fb4ad4048 1 <-- Utilize the si_hdl value from previous command

Handl e: Ox7f 7f b4a44048 Res- Type: ASI C_RSC_SI Res-Swi t ch- Num 255 Asi c- Num 255 Feat ure-

ID: AL_FI D L3_UN CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I NVALID ref_count: 1

priv_ri/priv_si Handle: 0x7f7f b4b089d8Har dware | ndi ces/ Handl es: i ndex0: Oxb6

ntu_i ndex/ | 3u_ri _i ndex0: Ox0 index1: 0xb6 ntu_index/|3u_ri_indexl:0x0

Features sharing this resource: 66 (1)]

Cooki e | ength: 56

00 00 00 00 00 00 00 00 25 00 00 00 00 00 00 00O 00 OO OO OO 08 00 00 72 78 c8 c9 c2 00 00 00 0O
00 00 00 00 00 00 00 00O 00O 00O OO 00O OO OO 00 00O OO0 OO OO OO 00 00 00 0O

Det ai | ed Resource Information (ASIC# 0)

Station Index (SI) [O0xb6]
R = 0x2b

DI = 0x5338

stationTabl eGeneri cLabel =
stati onFdConstructi onLabel = 0x7
| ookupSki pldl ndex = 0
rcpServiceld = 0

dej aVuPr eCheckEn = 0

Replication Bitmap: CD

o

Det ai |l ed Resource Information (ASIC# 1)

Station Index (SI) [O0xb6]
R = 0x2b

DI = 0x5338

stationTabl eGeneri cLabel =
stati onFdConstructi onLabel = 0x7
| ookupSki pl dl ndex = 0
rcpServiceld = 0

dej aVuPr eCheckEn = 0

Replication Bitmap: LD

o

C9300- PE- 2#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x5338 0x5338 <-- Utilize the DI value from previous command
ASI C#O:

i ndex = 0x5338

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO = 0

ctilLol
ctiLo2
cpu\un0
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

1
o o

|
O O O oo



AS| C#1:

i ndex = 0x5338

pmap = 0x00000000 0x00000001 <-- 0x00000001 in binary is 0000 0000 0000 0000 0000 0000 0000 0001
= Port 0 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol
ctilLo2 =
cpu\un0
cpu\unt
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0

1o
I 1n o o

|
O O O oo

C9300- PE- 2#show platform software fed switch active ifm map

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
G gabit Et hernet2/0/1 0x35 1 0 1 0 0 26 6 1 97 NIF Y <-
- Port 0 is the egress port, Gi2/0/1

Programacéao de rétulo do VPNv4

A préxima segao aborda a programacao de rotulos de VPNv4 nos roteadores PE MPLS, C9300-
PE-1 e C9300-PE-2. O C9500 ndao encaminha no rétulo do VPNv4, portanto, ndo ha saida do
C9500.

Programacao de etiquetas de VPNv4 do C9300-PE-1:

Verifique o prefixo local no PE, ndo o prefixo remoto.

***gSoftware VPNv4 Label Programming***

C9300- PE- 1#show ip cef vrf RED 192.168.3.0/24 detail

192. 168. 3. 0/ 24, epoch 0O
QOCS: Precedence routine (0)
dfl't local I|abel info: other/22 [0x2] <-- VPNv4 label associated with the local prefix
nexthop 10.0.0.1 G gabitEthernet1/0/1

*** FMAN RP VPNv4 Label Programming***
C9300- PE- 1#show platform software mpls switch active r0 eos index 24 <-- Utilize the objid from
the FED command

ECS Choi ce 0x18, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject |ndex: 0,0x17
OM handl e: 0x3480631760

***FMAN FP VPNv4 Label Programming***
C9300- PE- 1#show platform software mpls switch active f£0 eos index 24 <-- Utilize the objid from
the FED command

ECS Choi ce 0x18, Nunber of paths: 2
Next Object Type: OBJ_ADJ_DROP, OBJ LABEL
Next hject |ndex: 0,0x17



aom id: 5748, CPP handl e: Oxdeadbeef (created), flags: 0 <-- Utilized in subsequent command

C9300- PE- 1#show platform software object-manager switch active £0 object 5748 <-- Utilize the
aom id from previous command
oject identifier: 5748

Description: ECS Choi ce 0x18

Status: Done, Epoch: 0, dient data: 0x63150908

C9300- PE- 1#show platform software object-manager switch active £0 object 5748 parents <--
Utilize the aom id
oject identifier: 7

Description: Special Object adj_drop

St at us: Done

oject identifier: 5746
Description: |abel 0x17
Status: Done

***FED VPNv4 Label Programming®***
C9300- PE- 1#show platform software fed switch active mpls forwarding label 22 detail
LENTRY: | abel : 22 nobj: (ECS, 24) lentry_hdl: 0x800000a
modi fy_cnt: 1 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 134217738 |bl:22
eos0: [adj _hdl : 0, hw_hdl : 0x7f a4c4d72e08]
eosl: [ adj _hdl : 0x6e00003e, hw_hdl : Ox7f a4c4d72c58]
deagg_vrf_id = 0 I spa_handl e: 0
ECS: objid:24 | ocal _| abel: 0 flags:0: () pdflags:0 <-- Utilized in previous commands
nobj 0: (ADJ SPECI AL, DROP 0), nobj 1: (LABEL, 23) nodify: 0 bwal k: 0
LABEL: objid: 23 Iink_type: 1P |ocal _| abel:22 outl abel: (1048577, 0)
flags: Oxc: (UHP, POP, ) pdflags: 0x2: (1 NSTALL_HW OK,) adj _handl e: 0x6e00003e
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 1845493822 Ibl:0 smac: aOf 8. 4911. d1le4 dmac: 0072. 78c8. 06e4
sub_type: 0 link_type:0 adj_flags: 0x2 | abel _type:1 rewrite_type: POP2l P(135)
vian_id: 0 vrf_id:0 ri:O0x7fa4c4a8laf8, ri_id:0x44 phdl: Oxf 1000024, ref _cnt:1
si : 0x7f a4c4d83da8, si _id:0x4012, di _id:0x5338
ADJ: objid: 113 {link_type:IP ifnum 0x35, si:0x2000003a, |Pv4: 10.0.0.1 }

Verifique o rotulo VPNv4 C9300-PE-2:

Verifique o prefixo local para o PE, ndo o prefixo remoto

***Software VPNv4 Label Programming***

C9300- PE- 2#show ip cef vrf RED 192.168.2.0/24 detail

192. 168. 2. 0/ 24, epoch 0O
QOCS: Precedence routine (0)
dflt local I|abel info: other/21 [0x2] <-- VPNv4 label associated with local prefix
next hop 10.0.0.22 G gabitEthernet2/0/1

**%* FMAN RP VPNv4 Label Programming***
C9300- PE- 2#show platform software mpls switch active r0 eos index 61 <-- Use the objid from the
FED command

ECS Choi ce 0x3d, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject I|ndex: 0,0x3b
OM handl e: 0x348063f 2f 8

**%* FMAN FP VPNv4 Label Programming***



C9300- PE- 2#show platform software mpls switch active £0 eos index 61 <-- Use the objid from the
FED command

ECS Choi ce 0x3d, Number of paths: 2
Next Cbhject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next Cbject |ndex: 0,0x3b
aom id: 3541, CPP handl e: Oxdeadbeef (created), flags: O <-- Utilized in subsequent command

C9300- PE- 2#show platform software object-manager switch active £0 object 3541 <-- Use the aom id
from previous command
oject identifier: 3541

Description: ECS Choi ce 0x3d

Status: Done, Epoch: 0, dient data: 0x11079188

C9300- PE- 2#show platform software object-manager switch active £0 object 3541 parents <-- Use
the aom id from previous command
oject identifier: 7

Description: Special Object adj_drop

Status: Done

oj ect identifier: 3540
Description: |abel 0x3b
Status: Done

**% FED VPNv4 Label Programming***
C9300- PE- 2#show platform software fed switch active mpls forwarding label 21 detail
LENTRY: | abel : 21 nobj: (ECS, 61) |entry_hdl: 0x69000009
nmodi fy_cnt: 3 backwal k_cnt: 0
| spa_handl e: 0
AAL: id:1761607689 |bl: 21
eos0: [adj _hdl : 0, hw_hdl : Ox7f e8f 8a71bd8]
eosl: [ adj _hdl : 0x49000040, hw_hdl : Ox7f e8f 8a72458]
deagg_vrf_id = 0 I spa_handl e: 0
ECS: objid:61 | ocal _| abel : 0 flags:0: () pdflags:0 <-- Utilized in previous commands
nobj 0: (ADJ SPECI AL, DROP 0), nobj 1: (LABEL, 59) nodify: 0 bwal k: 0
LABEL: objid:59 link_type: 1P |local _|abel:21 outl abel: (1048577, 0)
flags: Oxc: (UHP, POP, ) pdflags: 0x2: (1 NSTALL_HW OK,) adj _handl e: 0x49000040
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 1224736832 | bl:0 smac: 70d3. 79be. ae42 dmac: 0072. 78c8. c9c2
sub_type: 0 link_type:0 adj_flags: 0x2 | abel _type:1 rewite_type: POP2l P( 135)
vian_id: 0 vrf_id:0 ri:Ox7fe8f 8a8ab98, ri _i d: 0x44 phdl : Oxf 1000024, ref _cnt:1
si : Ox7f e8f 8a6ae08, si _id: 0x4006, di _id: 0x5338
ADJ: objid: 25 {link_type:|IP ifnum 0x35, si:0x800003e, |Pv4: 10.0.0.22 }

Programacao de etiqueta LDP

A préxima secgao aborda a programacao de rétulo de LDP nos roteadores MPLS, C9300-PE-1,
C9500-P e C9300-PE-2.

O rétulo LDP (externo) é o que o rétulo de rede MPLS comuta os pacotes. Valide o rétulo LDP
local anunciado ao PE remoto. Nao valide o rétulo LDP remoto.

Programacao de etiqueta LDP do C9300-PE-1:

Valide o rétulo LDP local anunciado ao PE remoto, ndo valide o rétulo LDP remoto. Verifique o
rétulo de uma perspectiva de FED e depois faca o retrocesso para FMAN RP e FMAN FP.



***Software LDP Label Programming®***
C9300- PE- 1#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 0 G 1/0/2 10.0.0.6
18 Pop Label 10.0.0.12/30 0 G 1/0/2 10.0.0.6
19 17 192.168.1. 4/ 32 0 G 1/0/2 10.0.0.6 <-- LDP Label 19 is
advertised to Remote PE 192.168.1.4, validate LDP label 19
20 No Label 10.0.0.0/30[ V] 1890 aggr egat e/ RED
22 No Label 192. 168. 3. 0/ 24[ V] \
1982 G1l/0/1 10.0.0.1

***FMAN RP LDP Label Programming***
C9300- PE- 1#show platform software mpls switch active r0 label index 59

Label OCE 0x3b -> OBJ_ADJACENCY (0x46)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x34805f 3dc8

***FMAN FP LDP Label Programming***
C9300- PE- 1#show platform software mpls switch active £0 label index 59

Label OCE 0x3b -> OBJ_ADJACENCY (0x46)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 7065, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software object-manager switch active £0 object 7065
oj ect identifier: 7065

Description: |abel 0x3b

Status: Done, Epoch: 0, dient data: 0x63152218

C9300- PE- 1#show platform software object-manager switch active £0 object 7065 parents
oject identifier: 511

Description: adj 0x46, Flags None

Status: Done

***FED LDP Label Programming***
C9300- PE- 1#show platform software fed switch active mpls forwarding label 19 detail
LENTRY: | abel : 19 nobj: (LABEL, 59) I|entry_hdl: Oxef 000007
nmodi fy_cnt: 7 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 4009754631 |bl: 19
eos0: [ adj _hdl : 0x91000056, hw_hdl : Ox7f a4c4d6cae8]
eosl: [ adj _hdl : 0x91000056, hw_hdl : Ox7f a4c4d6c8e8]
deagg_vrf_id = 0 I spa_handl e: 0
LABEL: objid:59 |ink_type: MPLS | ocal _I abel : 19 out | abel : (17, 0)
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0x91000056
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 2432696406 | bl:0 smac: aOf 8. 4911. d1d6 dnac: d4ad. 71b5. dde4
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7fad4c4d75fa8, ri _id:0x26 phdl:0x9f 00004b, ref_cnt:1
si : 0x7f a4c4d5f 6¢8, si_id: 0x4013, di _id: 0x535f
ADJ: objid: 70 {link_type: MPLS i fnum 0x36, si:0x25000021, }

Programacao de etiqueta LDP do C9500:



Valide o rétulo LDP local anunciado ao PE remoto, ndo valide o rétulo LDP remoto. Verifique o
rétulo de uma perspectiva de FED e depois faga o retrocesso para FMAN RP e FMAN FP.

***Software LDP Label Programming***
C9500- P#show mpls forwarding-table

Local Qut goi ng Prefi x Byt es Label Qut goi ng Next Hop

Label Label or Tunnel Id Swi t ched interface

16 explicit-n 192.168. 1. 2/32 23409 Tel/ 0/ 1 10.0.0.5 <-- LDP label 16 is
advertised to reach PE 192.168.1.2

17 explicit-n 192.168. 1. 4/32 23345 Tel/ 0/ 2 10.0.0. 14 <-- LDP label 17 is

advertised to reach PE 192.168.1.4

***FMAN RP LDP Label Programming***
C9500- P#show platform software mpls switch active r0 label index 23 <-- Use the obj id from the
FED command

Label OCE 0x17 -> OBJ_ADJACENCY (0x3f)
Fl ags: Real, Nunmber of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x3480645150

***FMAN FP LDP Label Programming***
C9500- P#show platform software mpls switch active £0 label index 23 <-- Use the obj id from the
FED command

Label OCE 0x17 -> OBJ_ADJACENCY (0x3f)
Fl ags: Real, Nunmber of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 654, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software object-manager switch active £0 object 654 <-- Use the aom id
from the previous command
oject identifier: 654

Description: |abel 0x17

Status: Done, Epoch: 0, Cient data: 0x4b41c08

C9500- P#show platform software object-manager switch active £0 object 654 parents <-- Use the
aom id from the previous command
oject identifier: 515

Description: adj Ox3f, Flags None

Status: Done

***FED LDP Label Programming***
C9500- P#show platform software fed switch active mpls forwarding label 16 detail
LENTRY: | abel : 16 nobj: (LABEL, 23) |entry_hdl: 0xec000004
nmodi fy_cnt: 6 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 3959422980 Ibl: 16
e0s0: [ adj _hdl : 0xc3000055, hw_hdl : Ox7f 28944bhe3c8]
eosl: [ adj _hdl : 0xc3000055, hw_hdl : Ox7f 28944belb8]
deagg_vrf_id = 0 Ispa_handle: 0
LABEL: objid:23 |ink_type: MPLS | ocal _| abel : 16 outl abel: (0, 0) <-- Utilized in previous
commands
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK,) adj _handl e: 0xc3000055
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col |l apsed_oce: 0
AAL: id: 3271557205 | bl:0 smac: ddad. 71b5. dde4 dnmc: aOf 8. 4911. d1d6
sub_type: 0 link_type:2 adj _flags:0 | abel _type:2 rewite_type: PSH1(119)



vian_id:0 vrf_id:0 ri:0x7f289449bf88, ri _id: 0x44 phdl: 0xe9000057, ref_cnt:1
si: 0x7f2894489b58, si _id: 0x4009, di _id: 0x1
ADJ: objid: 63 {link_type: MPLS ifnum 0x41, si:0x57000023, }

***Software LDP Label Programming***
C9500- P#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface

16 explicit-n 192.168.1.2/32 23409 Tel/0/1 10.0.0.5
17 explicit-n 192.168.1.4/32 23345 Tel/ 0/ 2 10.0.0. 14

***FMAN RP LDP Label Programming***
C9500- P#show platform software mpls switch active r0 label index 64 <-- Use the obj id from the
FED command

Label OCE 0x40 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x3480641d08

***FMAN FP LDP Label Programming***
C9500- P#show platform software mpls switch active £0 label index 64 <-- Use the obj id from the
FED command

Label OCE 0x40 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 657, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software object-manager switch active £0 object 657 <-- Use the aom id
value from previous command
oj ect identifier: 657

Description: |abel 0x40

Status: Done, Epoch: 0, Cient data: 0x4b523f8

C9500- P#show platform software object-manager switch active £0 object 657 parents<-- Use the aom
id value from previous command
oj ect identifier: 535

Description: adj 0x49, Flags None

Status: Done

***FED LDP Label Programming***
C9500- P#show platform software fed switch active mpls forwarding label 17 detail
LENTRY: | abel : 17 nobj: (LABEL, 64) |entry_hdl: 0x8d000005
nmodi fy_cnt: 6 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 2365587461 |Ibl:17
e0s0: [ adj _hdl : 0xcc000037, hw_hdl : Ox7f 2894480438]
eosl: [ adj _hdl : 0xcc000037, hw_hdl : Ox7f 2894480228]
deagg_vrf_id = 0 I spa_handl e: 0
LABEL: objid:64 |ink_type: MPLS | ocal _| abel : 17 outl abel : (0, 0) <-- Utilized in previous
commands
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0xcc000037
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 3422552119 |Ibl:0 smac: d4ad. 71b5. ddd6 dnac: 70d3. 79be. ae71
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7f2894498008, ri _id:0x38 phdl: 0x76000058, ref_cnt:1
si: 0x7f 2894498478, si _id: 0x400b, di _id: 0x2



ADJ: objid: 73 {link_type: MPLS i fnum 0x42, si:0x3d000027, }

Programacao de etiqueta LDP do C9300-PE-2:

Valide o rétulo LDP local anunciado ao PE remoto, ndo valide o rétulo LDP remoto. Verifique o
rétulo de uma perspectiva de FED e depois faga o retrocesso para FMAN RP e FMAN FP.

***Software LDP Label Programming***
C9300- PE- 2#show mpls forwarding-table

Local Qut goi ng Prefi x Byt es Label Qut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 0 G 2/0/2 10.0.0. 13
17 16 192.168. 1.2/ 32 630 G 2/0/2 10.0.0. 13 <-- LDP label 17 is
advertised to Remote PE 192.168.1.2
18 Pop Label 10.0.0.4/30 0 G 2/0/2 10.0.0. 13
20 No Label 10.0.0.20/30[V] 1260 aggr egat e/ RED
21 No Label 192.168. 2. 0/ 24[ V] \
2070 G 2/0/1 10. 0. 0. 22

C9300- PE- 2#show platform software mpls switch active r0 label index 82 <-- Utilize the obj id
value from the FED Command

Label OCE 0x52 -> OBJ_ADJACENCY (0x46)
Fl ags: Real, Nunmber of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x348063ad00

C9300- PE- 2#show platform software mpls switch active £0 label index 82 <-- Utilize the obj id
value from the FED Command

Label OCE 0x52 -> OBJ_ADJACENCY (0x46)
Fl ags: Real, Nunmber of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 3624, CPP handl e: Oxdeadbeef (created) <-- Used in next commands

C9300- PE- 2#show platform software object-manager switch active £0 object 3624 <-- Utilize the
aom id value
oject identifier: 3624

Description: |abel 0x52

Status: Done, Epoch: 0, dient data: 0x11071668

C9300- PE- 2#show platform software object-manager switch active £0 object 3624 parents <--
Utilize the aom id value
oject identifier: 496

Description: adj 0x46, Flags None

St atus: Done

C9300- PE- 2#show platform software fed switch active mpls forwarding label 17 detail
LENTRY: | abel : 17 nobj: (LABEL, 82) I|entry_hdl: 0x44000005
nmodi fy_cnt: 6 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 1140850693 I bl:17
e0s0: [ adj _hdl : 0x5f 000032, hw_hdl : Ox7f e8f 8a52798]
eosl: [ adj _hdl : 0x5f 000032, hw_hdl : Ox7f e8f 8a52588]



deagg_vrf_id = 0 I spa_handl e: 0
LABEL: objid:82 |ink_type: MPLS | ocal _I| abel : 17 outl abel : (16, 0) <-- Used in previous commands
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0x5f 000032
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 1593835570 I bl:0 smac: 70d3. 79be. ae71 dnac: d4ad. 71b5. ddd6
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7fe8f8a93c78, ri _id:0x3a phdl:0x9f 00004b, ref_cnt:1
si: Ox7fe8f8a91188, si _id: 0x4011, di _id: 0x535f
ADJ: objid: 70 {link_type: MPLS i fnum 0x36, si:0xaa000021, }

Cenario 2. L3VPN com ECMP entre PEs e roteadores P

Topologia de referéncia

Para o propésito deste exemplo, os switches Catalyst 3850 funcionam como dispositivos CE, os
switches Catalyst 9300 funcionam como dispositivos PE, o Catalyst 9500 na fung¢ao Virtual
Stackwise como o dispositivo P. O EIGRP é executado entre os dispositivos CE e PE, OSPF e
adjacéncias LDP no nucleo MPLS, com uma adjacéncia de VPNv4 do iBGP entre os dispositivos
PE. No nucleo do MPLS, ha ECMP entre os dispositivos PE e P.

Lo0: 192.168.1.2/32 Lo0: 192.168.1.3/32 Lo0: 192.168.1.4/32
Lo0: 192.168.3.1/24 Lo0: 192.168.2.1/24
VRF RED: 10.0.0.2 t t VRF RED: 10.0.0.21 "
b 4

c3850-CE-1 ST C9300-PE-1 c9300-PE-2 [FYNNSNRN C3350-CE-2

10.0.0.8/30 10.0.0.16/30
B — B R B
EIGRP Adjacency 0SPF and LDP Adjacencies 0SPF and LDP Adjacencies EIGRP Adjacency

iBGP VPNv4 Adjacency

Detalhes da configuragéo

Configuragao do C3850-CE-1

host nane C3850- CE- 1

|

interface LoopbackO

i p address 192.168.3.1 255.255.255.0
|

interface TenG gabitEthernet1/0/1
no sw tchport

i p address 10.0.0.1 255. 255. 255. 252
!

router eigrp 420

network 10.0.0.0 0.0.0.3



network 192.168.3.0

eigrp stub connected sumary

!

ip route 0.0.0.0 0.0.0.0 10.0.0.2

Configuracao do C9300-PE-1

host nane C9300- PE- 1

!

ip vrf RED

rd 69: 69

route-target export 69:69
route-target inport 69:69

!

npls I dp explicit-nul

!

interface LoopbackO

i p address 192.168. 1.2 255. 255. 255. 255
!

interface G gabitEthernet1/0/1

no sw tchport

ip vrf forwardi ng RED

i p address 10.0.0.2 255. 255. 255. 252
!

interface G gabitEthernet1/0/2

no swtchport

i p address 10.0.0.5 255. 255. 255. 252
!

interface G gabitEthernet1/0/3

no swtchport

i p address 10.0.0.9 255. 255. 255. 252
!

router eigrp 420

!

address-famly ipv4d vrf RED

network 10.0.0.0 0.0.0.3

aut ononous- system 420
exit-address-famly

!

router ospf 420

network 0.0.0.0 255.255.255.255 area 0
npl s | dp autoconfig

!

router bgp 69420

bgp | og- nei ghbor - changes

nei ghbor 192.168.1.4 renote-as 69420
nei ghbor 192.168. 1.4 updat e- source LoopbackO
!

address-fam |y vpnv4

nei ghbor 192.168.1.4 activate

nei ghbor 192.168. 1.4 send-comunity extended
exit-address-famly

!

address-famly ipv4d vrf RED
redistribute eigrp 420
exit-address-famly

Configuragédo do C9500-P

host name C9500- P
!

interface LoopbackO



i p address 192.168. 1.3 255. 255. 255. 255
|

interface TenG gabitEthernet1/0/1

no sw tchport

i p address 10.0.0.6 255.255. 255. 252
!

interface TenG gabitEthernet1/0/2

no sw tchport

i p address 10.0.0.13 255. 255. 255. 252
!

interface TenG gabitEthernet2/0/1

no sw tchport

i p address 10.0.0.10 255. 255. 255. 252
!

interface TenG gabitEthernet2/0/2

no sw tchport

i p address 10.0.0.17 255. 255. 255. 252
|

router ospf 420

network 0.0.0.0 255.255.255.255 area 0
npls | dp autoconfig

Configuracao do C9300-PE-2

host nane C9300- PE- 2

!

ipvrf RED

rd 69: 69

route-target export 69:69
route-target inport 69:69

!

npls I dp explicit-nul

!

interface LoopbackO

i p address 192.168. 1.4 255. 255. 255. 255
!

interface G gabitEthernet2/0/1

no sw tchport

ip vrf forwardi ng RED

i p address 10.0.0.21 255. 255. 255. 252
!

interface G gabitEthernet2/0/2

no swtchport

i p address 10.0.0.14 255. 255. 255. 252
!

interface G gabitEthernet2/0/3

no sw tchport

i p address 10.0.0.18 255. 255. 255. 252
!

router eigrp 400

!

address-famly ipv4d vrf RED

network 10.0.0.20 0.0.0.3

aut ononous- syst em 400
exit-address-famly

!

router ospf 420

passive-interface G gabitEthernet?2/0/24
network 0.0.0.0 255.255.255.255 area 0
npls | dp autoconfig

!

router bgp 69420

bgp | og- nei ghbor - changes



nei ghbor 192.168. 1.2 renote-as 69420

nei ghbor 192. 168. 1. 2 updat e- source LoopbackO
!

address-fanily vpnv4

nei ghbor 192.168.1.2 activate

nei ghbor 192.168. 1.2 send-conmunity extended
exit-address-fanmly

!

address-fanmily ipv4d vrf RED

redi stribute eigrp 400

exit-address-fanmly

Configuracao do C3850-CE-2

host nanme C3850- CE- 2
!

interface LoopbackO

i p address 192.168.2.1 255.255.255.0
!

interface TenG gabitEthernet2/0/1

no sw tchport

ip address 10.0.0. 22 255. 255. 255. 252
!

router eigrp 400

network 10.0.0.20 0.0.0.3

network 192.168.2.0

ei grp stub connected sunmmary
!

iproute 0.0.0.0 0.0.0.0 10.0.0.21

Validagao basica
Antes da validacao da programacao MPLS, ha requisitos basicos que precisam ser validados:

- A conectividade PE a PE esta presente
- Validar o caminho comutado por rétulo (LSP) entre os PEs
- Validar adjacéncia de BGPv4 entre PEs
- Validar rotulos de VPNv4 e LDP
- Validar Tabela de Encaminhamento MPLS
Validar conectividade PE a PE

Vocé pode fazer ping no loopback PE remoto e na origem do loopback local, mas isso nao
confirma se o LSP (Label Switched Path, caminho comutado por rétulo de MPLS) € bom, pois os
enderecos IP de loopback sdo anunciados na parte inferior.

Observagio: a adjacéncia de PE para PE MP-BGP VPNv4 ¢ obtida através de suas
respectivas interfaces LoopbackO.

C9300- PE- 1#ping 192.168.1.4 source 192.168.1.2

Type escape sequence to abort.

Sendi ng 5, 100-byte |ICWP Echos to 192.168.1.4, tineout is 2 seconds:
Packet sent with a source address of 192.168.1.2

Success rate is 100 percent (5/5), round-trip mn/avg/max = 1/1/1 ns

C9300- PE- 1#show ip route 192.168.1.4
Routing entry for 192.168.1.4/32



Known vi a "ospf 420", distance 110, netric 3, type intra area
Last update from 10.0.0.10 on G gabitEthernet1/0/3, 18:39:30 ago
Routi ng Descriptor Bl ocks:
10.0.0.10, from 192.168.1.4, 18:39:30 ago, via G gabitEthernet1/0/3
Route netric is 3, traffic share count is 1
* 10.0.0.6, from 192.168.1.4, 18:39:30 ago, via G gabitEthernet1/0/2
Route netric is 3, traffic share count is 1

Validar o LSP

Vocé pode usar um traceroute MPLS do loopback PE para PE para validar o LSP e todos os
rotulos LDP MPLS ao longo do caminho.

Observagao: esse traceroute de MPLS impde apenas um rétulo, o rétulo de LDP, isso néao
demonstra que o trafego do CE é bem-sucedido, pois esse trafego € imposto com 2 rétulos,
o rétulo VPNv4 (interno) e o rétulo LDP (externo).

C9300- PE- 1#traceroute mpls ipv4 192.168.1.4/32 source 192.168.1.2
Traci ng MPLS Label Switched Path to 192.168.1.4/32, timeout is 2 seconds

Codes: '!' - success, 'Q - request not sent, '.' - tinmeout,
! - labeled output interface, 'B - unlabel ed output interface,
- DS Map mismatch, 'F - no FEC mapping, 'f' - FEC m smatch,
- mal formed request, 'm - unsupported tlvs, 'N - no |abel entry,
no rx intf label prot, 'p' - premature termnation of LSP,
- transit router, 'I' - unknown upstream i ndex,
- Label switched with FEC change, 'd' - see DDVMAP for return code,
- unknown return code, 'x' - return code O

X TAWWZQr

Type escape sequence to abort.

0 10.0.0.5 MRU 1500 [Labels: 17 Exp: 0]
L 1 10.0.0.6 MRU 1500 [Labels: explicit-null Exp: 0] 7 mns
1 2 10.0.0.18 1 ns

Se vocé nao tiver acesso ao CE ou a um dispositivo atras do CE e quiser demonstrar que ha
imposicao/disposicao de rotulo VPNv4 e LDP bem-sucedida, vocé pode tentar fazer ping a partir
da interface voltada para CE no VRF em um PE para a outra interface voltada para CE no VRF no
PE remoto.

C9300- PE- 1#ping vrf RED 10.0.0.21 source 10.0.0.2

Type escape sequence to abort.

Sending 5, 100-byte |ICMP Echos to 10.0.0.21, timeout is 2 seconds:
Packet sent with a source address of 10.0.0.2

Success rate is 100 percent (5/5), round-trip mn/avg/max = 1/1/1 ns

Validar adjacéncia de VPNv4 BGP entre PEs

C9300- PE- 1#show bgp vpnv4 unicast all neighbors 192.168.1.4
BGP nei ghbor is 192.168.1.4, renpte AS 69420, internal |ink
BGP version 4, renpte router |ID 192.168.1.4
BGP state = Established, up for 18:40:49
Last read 00: 00:40, last wite 00:00:47, hold tinme is 180, keepalive interval is 60 seconds
Nei ghbor sessi ons:
1 active, is not nultisession capable (disabled)
Nei ghbor capabilities:
Route refresh: advertised and recei ved(new)



Four-octets ASN Capability: advertised and received

Address family | Pv4 Unicast:

Address family VPNv4 Uni cast:
Enhanced Refresh Capability:

Mul ti session Capability:

advertised and received
advertised and received
advertised and received

Stateful sw tchover support enabled: NO for session 1

Message statistics:
InQ depth is 0
QutQ depth is O

Sent
Opens: 1
Noti fi cati ons: 0
Updat es: 4
Keepal i ves: 1237
Rout e Refresh: 0
Tot al : 1242

Do | og nei ghbor state changes (

Revd
1
0
4
1233
0
1238
via gl obal configuration)

Default mnimumtinme between advertisenent runs is 0 seconds

<sni p>

C9300- PE- 2#show bgp vpnv4 unicast all neighbors 192.168.1.2
BGP nei ghbor is 192.168.1.2, renpte AS 69420, internal |ink
BGP version 4, renpte router |ID 192.168.1.2

BGP state = Established, up for

Last read 00:00:42, last wite 00:00:32, hold tinme is 180, keepalive interva

Nei ghbor sessi ons:

18:41: 36

1 active, is not nultisession capable (disabled)

Nei ghbor capabilities:

Route refresh: advertised and recei ved(new)
Four-octets ASN Capability: advertised and received

Address family | Pv4 Unicast:

Address famly VPNv4 Uni cast:
Enhanced Refresh Capability:

Mul ti session Capability:

advertised and received
advertised and received
advertised and received

Stateful sw tchover support enabled: NO for session 1

Message statistics:
InQ depth is 0
QutQ depth is O

Sent
Opens: 1
Noti fi cati ons: 0
Updat es: 4
Keepal i ves: 1234
Rout e Refresh: 0
Tot al : 1239

Rcvd
1
0
4
1238
0
1243

Do | og nei ghbor state changes (via global configuration)
Default mnimmtine between advertisement runs is 0 seconds

A adjacéncia remota de PE VPNv4 esta ativa e um prefixo foi recebido

C9300- PE- 1#show bgp vpnv4 unicast all summary

BGP router identifier 192.168.1.2, |ocal AS nunber 69420
BGP table version is 7, main routing table version 7

4 network entries using 1024 bytes of nenory

4 path entries using 544 bytes of

4/ 4 BGP path/bestpath attribute entries using 1216 bytes of menory

menory

4 BGP extended community entries using 1000 bytes of menory
0 BGP route-nmap cache entries using 0 bytes of menory

0 BGP filter-list
BGP using 3784 tot
BGP activity 4/0 p

cache entries using O bytes of nenory
al bytes of nenory

refixes, 4/0 paths, scan interval 60 secs

is 60 seconds



4 networ ks peaked at 18:49:56 Jun 23 2021 UTC (18:41:06.070 ago)

Nei ghbor \% AS MsgRcvd MsgSent Tbhl Ver 1nQ Qut Q Up/ Down St at e/ Pf xRed
192.168.1.4 4 69420 1240 1244 7 0 0 18:41:59 2

C9300- PE- 2#show bgp vpnv4 unicast all summary

BGP router identifier 192.168.1.4, |ocal AS nunber 69420

BGP table version is 7, main routing table version 7

4 network entries using 1024 bytes of nenory

4 path entries using 544 bytes of nenory

4/ 4 BGP path/bestpath attribute entries using 1216 bytes of menory
4 BGP extended community entries using 1000 bytes of menory

0 BGP route-nmap cache entries using 0 bytes of menory

0 BGP filter-list cache entries using O bytes of menory

BGP using 3784 total bytes of menory

BGP activity 4/0 prefixes, 4/0 paths, scan interval 60 secs

4 networ ks peaked at 18:49: 37 Jun 23 2021 UTC (18:41:06.851 ago)

Nei ghbor \% AS MsgRcvd MsgSent Tbhl Ver 1nQ QutQ Up/ Down St at e/ Pf xRed
192.168.1.2 4 69420 1244 1240 7 0 0 18:42:17 2

Verifique quais prefixos sao trocados no VRF especifico

C9300- PE- 1#show ip bgp vpnv4 vrf RED

BGP table version is 7, local router IDis 192.168.1.2

Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
r RIB-failure, S Stale, mmltipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ Rl B-conpressed,

t secondary path, L long-lived-stale,

i

Oigin codes: - 1GP, e - EGP, ? - inconplete

RPKI validation codes: V valid, | invalid, N Not found
Net wor k Next Hop Metric LocPrf Weight Path
Rout e Di stinguisher: 69:69 (default for vrf RED)
*> 10.0. 0.0/ 30 0.0.0.0 0 32768 ?
*>j 10.0.0.20/30 192.168.1.4 0 100 07
*>j  192.168.2.0 192.168.1.4 130816 100 07
*> 192.168.3.0 10.0.0.1 130816 32768 ?

C9300- PE- 2#show ip bgp vpnv4 vrf RED

BGP table version is 7, local router IDis 192.168.1.4

Status codes: s suppressed, d damped, h history, * valid, > best, i - internal,
r RIB-failure, S Stale, mmltipath, b backup-path, f RT-Filter,
X best-external, a additional-path, ¢ Rl B-conpressed,

t secondary path, L long-lived-stale,

i

Oigin codes: - 1GP, e - EGP, ? - inconplete

RPKI validation codes: V valid, | invalid, N Not found
Net wor k Next Hop Metric LocPrf Weight Path
Rout e Di stinguisher: 69:69 (default for vrf RED)
*>j 10.0.0.0/30 192.168.1.2 0 100 07
*> 10. 0. 0. 20/ 30 0.0.0.0 0 32768 ?
*> 192.168.2.0 10.0.0. 22 130816 32768 ?
*>j  192.168.3.0 192.168.1.2 130816 100 07

Validar rétulos de VPNv4 e LDP

C9300- PE- 1#show ip bgp vpnv4 vrf RED labels



Net wor k Next Hop In | abel/CQut | abel
Rout e Di stinguisher: 69: 69 (RED)

10.0.0.0/30 0.0.0.0 20/ nol abel ( RED)

10. 0. 0. 20/ 30 192.168.1. 4 nol abel / 20

192.168.2.0 192.168.1.4 nol abel / 21 <-- VPNv4 label that is be imposed to reach
192.168.20

192.168.3.0 10.0.0.1 21/ nol abel

C9300- PE- 1#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "bgp 69420", distance 200, netric 130816, type internal
Last update from 192.168.1.4 18:41: 56 ago
Routi ng Descriptor Bl ocks:
* 192.168.1.4 (default), from 192.168.1.4, 18:41:56 ago
Route netric is 130816, traffic share count is 1
AS Hops O
MPLS | abel: 21 <-- VPNv4 label that matches the previous output
MPLS Fl ags: MPLS Required

C9300- PE- 2#show ip bgp vpnv4 vrf RED labels

Net wor k Next Hop In | abel/CQut | abel
Rout e Di stinguisher: 69: 69 (RED)

10.0.0.0/ 30 192.168.1.2 nol abel / 20

10. 0. 0. 20/ 30 0.0.0.0 20/ nol abel ( RED)

192.168.2.0 10. 0. 0. 22 21/ nol abel <-- VPNv4 label that is advertised to reach
192.168.2.0

192.168.3.0 192.168.1.2 nol abel / 21

C9300- PE- 2#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "eigrp 400", distance 90, netric 130816, precedence routine (0), type internal
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Last update from 10.0.0.22 on G gabitEthernet2/0/1, 18:45:04 ago
Routi ng Descriptor Bl ocks:
* 10.0.0.22, from10.0.0.22, 18:45:04 ago, via G gabitEthernet2/0/1 <-- CE-facing interface in
the VRF
Route netric is 130816, traffic share count is 1
Total delay is 5010 nicroseconds, mi ni mum bandwi dth is 1000000 Kbit
Rel i ability 255/255, m ni num MU 1500 byt es
Loadi ng 1/255, Hops 1

Verifique as etiquetas LDP utilizadas

C9300- PE- 1#show mpls forwarding-table 192.168.1.4

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
19 17 192. 168.1. 4/ 32 0 G 1/0/2 10.0.0.6 <-- 17 is the LDP
label imposed to reach PE at 192.168.1.4 through Gil/0/2
17 192. 168.1. 4/ 32 0 G 1/0/3 10.0.0.10 <-- 17 is the LDP

label imposed to reach PE at 192.168.1.4 through Gil/0/3

C9300- PE- 2#show mpls forwarding-table 192.168.1.2

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
17 16 192.168.1.2/32 O G 2/0/2 10.0.0. 13 <-- 16 is the LDP

label imposed to reach PE at 192.168.1.2 through Gi2/0/2



16 192.168.1.2/32 0 G 2/0/3 10.0.0.17 <-- 16 is the LDP
label imposed to reach PE at 192.168.1.2 through Gi2/0/3

Validar a Tabela de Encaminhamento MPLS

C9300- PE- 1#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 O G 1/0/2 10.0.0.6
Pop Label 192.168.1.3/32 O G 1/0/3 10.0.0. 10
17 Pop Label 10.0.0.16/30 0 G 1/0/2 10.0.0.6
Pop Label 10.0.0.16/30 0 G 1/0/3 10.0.0. 10
18 Pop Label 10.0.0.12/30 0 G 1/0/2 10.0.0.6
Pop Label 10.0.0.12/30 0 G 1/0/3 10.0.0. 10
19 17 192.168.1.4/32 O G 1/0/2 10.0.0.6
17 192.168.1.4/32 O G 1/0/3 10.0.0. 10
20 No Label 10.0.0.0/30[ V] 630 aggr egat e/ RED
21 No Label 192. 168. 3. 0/ 24[ V] \
0 G1/0/1 10.0.0.1
C9300- PE- 2#show mpls forwarding-table
Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 O G 2/0/2 10.0.0. 13
Pop Label 192.168.1.3/32 O G 2/0/3 10.0.0. 17
17 16 192.168.1.2/32 O G 2/0/2 10.0.0. 13
16 192.168.1.2/32 O G 2/0/3 10.0.0. 17
18 Pop Label 10.0.0.4/30 0 G 2/0/2 10.0.0. 13
Pop Label 10.0.0.4/30 0 G 2/0/3 10.0.0. 17
19 Pop Label 10.0.0.8/30 0 G 2/0/2 10.0.0. 13
Pop Label 10.0.0.8/30 0 G 2/0/3 10.0.0. 17
20 No Label 10.0.0.20/30[V] 630 aggr egat e/ RED
21 No Label 192. 168. 2. 0/ 24[ V] \
0 G 2/0/1 10.0.0. 22

Confirme os roétulos internos (VPNv4) e externos (LDP) usados para acessar cada prefixo
especificado no VRF

C9300- PE- 1#show ip cef vrf RED 192.168.2.0/24 detail
192.168. 2.0/ 24, epoch 0, flags [rib defined all |abels]
recursive via 192.168.1.4 | abel 21 <-- VPNv4 label
nexthop 10.0.0.6 G gabitEthernet1/0/2 | abel 17-(local:19) <-- 17 is the LDP label that is
imposed to reach the remote PE, 19 is the local LDP label advertised to the P router
next hop 10.0.0.10 G gabitEthernet1/0/3 | abel 17-(local:19)<-- 17 is the LDP label that is
imposed to reach the remote PE, 19 is the local LDP label advertised to the P router

C9300- PE- 2#show ip cef vrf RED 192.168.3.0/24 detail
192. 168. 3.0/ 24, epoch 0, flags [rib defined all |abels]
recursive via 192.168.1.2 | abel 21 <-- VPNv4 label
next hop 10.0.0.13 G gabitEthernet2/0/2 |abel 16-(local:17) <-- 16 is the LDP label that is
imposed to reach the remote PE, 17 is the local LDP label advertised to the P router
next hop 10.0.0.17 G gabitEthernet2/0/3 |abel 16-(local:17) <-- 16 is the LDP label that is
imposed to reach the remote PE, 17 is the local LDP label advertised to the P router

Verificar Estatisticas do Object-Manager:

Nos cenarios ideais, nao ha objetos pendentes



C9300- PE- 1#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-issue: 0, Pendi ng-acknow edgenent: O

Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Conmand: Pendi ng- acknow edgenent: O

Tot al - obj ects: 491

Stal e-objects: 0

Resol ve-objects: 0

Chi | dl ess-del ete-objects: 0

Error-objects: 0

Paused-types: 0O

9500- P#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-issue: 0, Pendi ng-acknow edgenent: O

Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Conmand: Pendi ng- acknow edgenent: O

Tot al - obj ects: 491

Stal e-objects: 0

Resol ve-obj ects: 0O

Chi | dl ess-del ete-objects: 0

Error-objects: 0

Paused-types: 0O

C9300- PE- 2#show platform software object-manager switch active £0 statistics
Forwar di ng Manager Asynchronous Obj ect Manager Statistics

oj ect update: Pendi ng-issue: 0, Pendi ng-acknow edgenment: O

Bat ch begi n: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Bat ch end: Pendi ng-i ssue: 0, Pending-acknow edgenent: O
Conmand: Pendi ng- acknow edgenent: O

Tot al - obj ects: 482

Stal e-objects: 0

Resol ve-objects: 0

Chi | dl ess-del ete-objects: 0
Error-objects: 0
Paused-types: 0O

Programagao de prefixo

A préxima sec¢ao aborda a programacao de prefixos nos roteadores MPLS, C9300-PE-1, C9500-P
e C9300-PE-2.

Programacao de prefixo C9300-PE-1

***Software Prefix Programming***
C9300- PE- 1#show ip route vrf RED 192.168.2.1

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "bgp 69420", distance 200, netric 130816, type internal
Last update from 192.168.1.4 19:21:45 ago
Routi ng Descriptor Bl ocks:
* 192.168.1.4 (default), from 192.168.1.4, 19:21:45 ago <-- Remote PE reachable in the global
routing table
Route netric is 130816, traffic share count is 1
AS Hops O
MPLS | abel: 21 <-- VPNv4 label



MPLS Fl ags: MPLS Required

C9300- PE- 1#show ip route 192.168.1.4
Routing entry for 192.168.1.4/32
Known vi a "ospf 420", distance 110, netric 3, type intra area
Last update from 10.0.0.10 on G gabitEthernet1/0/3, 19:23:17 ago
Routi ng Descriptor Bl ocks:
10.0.0.10, from 192.168.1.4, 19:23:17 ago, Vi a GigabitEthernetl1/0/3 <-- Next-hop to reach
192.168.1.4
Route netric is 3, traffic share count is 1
* 10.0.0.6, from 192.168.1.4, 19:23:17 ago, Via GigabitEthernetl1l/0/2 <-- Next-hop to reach
192.168.1.4
Route netric is 3, traffic share count is 1

***FMAN RP Prefix Programming***
C9300- PE- 1#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPNID <-- VRF ID is important in subsequent
command
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G1/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0
Export VPN route-target comrunities
RT: 69: 69
Import VPN route-target comrunities
RT: 69: 69
No inport route-map
No gl obal export route-map
No export route-nmap
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix

C9300- PE- 1#show platform software ip switch active r0 cef table index 2 prefix 192.168.2.0/24 <-
- Index value is the VRF ID from previous command
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168. 2.0/ 24 OBJ_LABEL 0x78

C9300- PE- 1#show platform software mpls switch active r0 label index 0x78 <-- Utilize the Index
value from previous command

Label OCE 0x78 -> OBJ_LOADBALANCE (0x70) <-- Utilized in next command
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x15
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x3480644d88

C9300- PE- 1#show platform software loadinfo switch active r0 index 0x70 <-- Utilize the
OBJ_LOADBALANCE value from previous command
Nurmber of | oadinfo objects: 8

I ndex: 0x70, Flags: unknown, Hash Algorithm , Number of Paths: 2, Number of buckets: 16
Anti -pol ari sing Factor: Oxf4al9ba0
Next Object Type: OBJ_LABEL, OBJ_LABEL
Next obj handle: o0x6e, 0x6f
Hash Buckets: 0, 1, O, 1, O, 1, 0, 1, O, 1, O, 1, 0, 1, O, 1
Col or Buckets Map: O, O, O, 0, 0, 0, O, O, O, O, O, O, O, O, O, O
OM handl e: 0x3480641f b8



C9300- PE- 1#show platform software mpls switch active r0 label index Ox6e <-- Utilize the obj
handle value from previous command

Label OCE Ox6e -> OBJ_ADJACENCY ( 0x4b)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x34806420d0

C9300- PE- 1#show platform software mpls switch active r0 label index Ox6f <-- Utilize the obj
handle value from previous command

Label OCE 0x6f -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x3480642268

C9300- PE- 1#show platform software adjacency switch active r0 index 0x4b <-- Utilize the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox4b (75)

Interface: G gabitEthernetl/0/2, |IF index: 54, Link Type: MCP_LINK TAG

Encap: d4:ad:71:b5:dd:e4:a0:£8:49:11:d1:d6:88:47 <-- MAC ending in DDE4 is the DMAC, MAC
ending in D1D6 is SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.6 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x34806375f 8

C9300- PE- 1#show platform software adjacency switch active r0 index Ox4e <-- Utilize the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox4e (78)

Interface: G gabitEthernet1/0/3, |IF index: 55, Link Type: MCP_LINK TAG

Encap: d4:ad:71:b5:dd:c2:a0:£8:49:11:d1:d8:88:47 <-- MAC ending DDC2 is the DMAC, MAC ending
in D1D8 is the SMAC, 8847 is the MPLS ETPYE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.10 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x3480638200

***FMAN FP Prefix Programming***
C9300- PE- 1#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPN D
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G1l/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0



Export VPN route-target comrunities
RT: 69: 69
Import VPN route-target comrunities
RT: 69: 69
No inport route-map
No gl obal export route-map
No export route-map
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix

C9300- PE- 1#show platform software ip switch active £0 cef table index 2 prefix 192.168.2.0/24
detail <-- Index value is the VRF ID from previous command
Forwar di ng Tabl e

192.168.2.0/24 -> OBJ_LABEL (0x78), urpf: 118
Prefix Flags: unknown
aomid: 618, HWhandle: (nil) (created)

C9300- PE- 1#show platform software mpls switch active £0 label index 0x78 <-- Use the OBJ LABEL
value from previous command

Label OCE 0x78 -> OBJ_LOADBALANCE (0x70)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x15
Backup flags: Pop, UHP, backup | abel 0x100001
aomid: 617, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software object-manager switch active £0 object 617 parents <-- Use the
aom id from previous command
Ooj ect identifier: 600

Description: LB 0x70

Status: Done

C9300- PE- 1#show platform software loadinfo switch active £f0 index 0x70 <-- Use the LB value from
previous command
Nurmber of | oadinfo objects: 8

I ndex: 0x70, Flags: unknown, Hash Algorithm , Number of Paths: 2, Number of buckets: 16
Anti -pol ari sing Factor: Oxf4al9ba0
Next Object Type: OBJ_LABEL, OBJ_LABEL
Next obj handle: 0x6e, 0x6f
Hash Buckets: 0, 1, O, 1, 0, 1, 0, 1, O, 1, O, 1, 0, 1, O, 1
Col or Buckets Map: O, O, O, 0, 0, 0, O, O, O, O, O, O, O, O, O, O
aomid: 600, HWhandle: (nil)

C9300- PE- 1#show platform software mpls switch active £0 label index Ox6e <-- Use the obj handle
values from previous commands

Label OCE Ox6e -> OBJ_ADJACENCY ( 0x4b)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 598, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software mpls switch active £0 label index O0x6f <-- Use the obj handle
values from previous command

Label OCE 0x6f -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11



Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 599, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software adjacency switch active £0 index 0Ox4b <-- Use the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox4b (75)
Interface: G gabitEthernet1/0/2, |IF index: 54, Link Type: MCP_LINK TAG
Encap: d4:ad: 71: b5: dd: e4: a0: f 8: 49: 11: d1: d6: 88: 47
Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500
Fl ags: unknown
I nconpl et e behavi or type: None
Fi xup: unknown
Fi xup_Fl ags_2: unknown
Next hop addr: 10.0.0.6
I P FRR MCP_ADJ_| PFRR_NONE 0
aomid: 531, HWhandle: (nil) (created)

C9300- PE- 1#show platform software adjacency switch active f0 index 0Ox4e <-- Use the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox4e (78)
Interface: G gabitEthernet1/0/3, |IF index: 55, Link Type: MCP_LINK TAG
Encap: d4:ad: 71: b5:dd: c2: a0: f8:49: 11: d1: d8: 88: 47
Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500
Fl ags: unknown
I nconpl et e behavi or type: None
Fi xup: unknown
Fi xup_Fl ags_2: unknown
Next hop addr: 10.0.0. 10
I P FRR MCP_ADJ_| PFRR_NONE 0
aomid: 535, HWhandle: (nil) (created)

***FED Prefix Programming***
C9300- PE- 1#show platform software fed switch active ip route vrf-name RED 192.168.2.0/24

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
2 192.168. 2.0/ 24 0x7fbae8d86228 0x0 0 0 | spa0Ox2

2021/ 06/ 23 18:50:13. 079 <-- HTM value significant for next command
FI B: prefix_hdl:0x50000026, npls_ecr_prefix_hdl:0
========== OCE chai n =====
LABEL: objid: 120 link_type: 1P | ocal _| abel : 1048577 outl abel : (21, 0) <-- VPNv4 label
flags: Ox1: (REAL,) pdflags: 0x80: (I NSTALL_HW CK, RECI R_ADJ, ) adj_handle:0xcb00003c <--
adj_handle and local_adj_hdl values must match
unsupported recursion:0 ol bl _changed 0 local _adj:1 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 3405774908 |bl: 19 smac: 0000. 0000. 0000 dmac: 0000. 0000. 0000 <-- Label 19 matches the
local transport label
sub_type: 0 link_type:0 adj _flags: 0x10 | abel _type:0 rewite_type: PSH2(121)
vian_id: 0 vrf_id:0 ri:Ox7f bae8d73648, ri_id:0x46 phdl:0, ref_cnt:2 <-- ri_id and
ri_idx values must match
si : Ox7f bae8d834d8, si _id: 0xb6, di_id: 0x5013
LB: obj _id: 112 link_type: | P num choices: 2 Fl ags: 0
npl s_ecr:1 | ocal _| abel :19 path_i nhw. 2 ecr h: 0x7d000002 ol d_ecrh: 0
nodi fy_cnt: 0 bwal k_cnt:0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id:2097152002 af:0 ecr_type:0 ref:7 ecrh: Ox7f bae8a99268( 28: 2)
hwhdl : 3903427176 :: 0x7f bae8a98b98, Ox7f bae8a9ad48, Ox7f bae8a98b98, Ox7f bae8a9ad48
Sw Enh ECR scal e: objid:112 |l abel:19 eos:1 #adjs:2 m xed_adj:0
reprogram hw O ecrhdl : 0x7d000002 ecr _hwhdl : Ox7f bae8a99268



nod_cnt: 0 prev_npath: 0 pmismatch: 0 pordermatch: 0
ecr_adj: id:4278190135 is_npls_adj:1 | 3adj _fl ags: 0x100000
recirc_adj _id: 1744830509
si h: Ox7f bae8a98b98(179) di _i d: 20499 ri h: Ox7f bae8a985d8( 33)
adj _lentry [eos0: Ox7f bae8d7bf 48 eosl: Ox7f bae8d76e88]
ecr_adj: id:1392508984 is_npls_adj:1 | 3adj _flags: 0x100000
recirc_adj _id:2013265966
si h: Ox7f bae8a9ad48(180) di _i d: 20499 ri h: Ox7f bae8a9a788( 46)
adj _lentry [eos0: Ox7f bae8d7c1b8 eosl: Ox7f bae8d77158]
ecr_prefix_adj: id:2164260921 (ref:1)
si h: Ox7f bae8d7df 08(181) di _i d: 20499 ri h: Ox7f bae8d7db98( 68)
LABEL: obj i d: 110 Iink_type: MPLS | ocal _I| abel : 19 outl abel : (17, 0) <-- Label 19 is the local
transport label, Label 17 is the LDP label
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: Oxff 000037
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:4278190135 Ibl:0 smac: a0£8.4911.41d6 dmac:d4ad.71b5.dde4 <-- Matches next-hop
information to reach 192.168.2.0/24
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7fbae8d78c48, ri _id: 0x40 phdl: 0x9f 00004b, ref_cnt:1
si: Ox7f bae8d78f d8, si_id:0x4013, di_id:0x535f <-- di_id utilized in subsequent
commands
ADJ: objid: 75 {link_type: MPLS i fnum 0x36, si:0x22000023, }
LABEL: obj i d: 111 Iink_type: MPLS | ocal _I| abel : 19 outl abel : (17, 0) <-- Label 19 is the local
transport label, Label 17 is the LDP label
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0x53000038
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1392508984 Ibl:0 smac: a0£8.4911.41d8 dmac:d4ad.71b5.ddc2 <-- Matches next-hop
information to reach 192.168.2.0/24
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7fbae8d7d0a8, ri _id:0x42 phdl: 0x8400004c, ref_cnt:1
si : Ox7f bae8d7a908, si_id:0x4014, 4i_id:0x5360 <-- di_id utilized in subsequent
commands
ADJ: objid: 78 {link_type: MPLS i fnum 0x37, si:0x74000026, }

MPLS info: npls_ecr_scale_prefix_adj:0, npls_|lspa_hdl:0xa7000002
AAL: LSPA: id:2801795074 num path: 1 prefix_id:0x2 delete_hw hdl _cnt:0

cooki e[ 64] :
150000000000000000000000000000000000000000000000000000000000000046000000000000000000000000000000
00000000000000000000000000000000 st at us: ok

vpn_1bl:21 local_adj_hdl:0xcb00003c hw_hdl : Ox7f bae8d86018 ri_idx:0x46 <-- vpn_1bl
matches the VPNv4 label, adj_handle and local_adj_hdl values must match, ri_id and ri_idx must
match

C9300- PE- 1#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7fbae8d86228 1 <-- Utilize the HTM value from previous command

Handl e: 0x7f bae8d86228 Res- Type: ASI C_RSC_HASH TCAM Res- Swi t ch- Num 0 Asi c- Num 255 Feat ur e-

I D AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I PV4_L3_UNI CAST ref_count:1

priv_ri/priv_si Handle: (nil)Hardware |Indices/Handl es: handle [ASIC. 0]: Ox7fbae8d71f58

Det ai | ed Resource Information (ASIC# 0)

Nurmber of HTM Entries: 1
Entry 0: (handle Ox7fbae8d71f58)

Absol ute I ndex: 92181

Time Stanp: 1

KEY - vrf:2 nmtr:0 prefix:192.168.2.0 rcp_redirect_i ndex: 0x0

MASK - vrf:255 ntr:0 prefix:255.255.255.0 rcp_redirect_index: 0x0

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5
af dLabel OrDestClientld: 0 Sl:182 destined_to_us:0 hw stats_idx:0 stats_id:0



redi rect Set Rout er Mac: 0 dgtldx: 0O dest Modl ndex: O dst Nat TypeOr VpnPrefi xPtrMsb: 0 vpnPrefi xPtr: 0x2
SRC-AD = learning_violation:1 need_to_learn:1 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpfLe: 0 rpfLePointer:0 rpfForcePass: 0 rpfForceFail: 0 reachabl evi aSone: 0

r pf Checkl nconpl ete: 0 def aul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpf mat chTabl e: 0
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_I abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : 0Ox0 group_mask: 0x0

C9300- PE- 1#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x535f 0x535f <-- Utilize the di_id from the previous command
ASI C#O:

i ndex = 0x535f

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO = 0

ctilLol
ctilLo2 =
cpu\un0
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

o o

|
O O O oo

i ndex = 0x535f

pmap = 0x00000000 0x00000002 <-- Looking at 0x00000002, in binary that is 0000 0000 0000 0000
000 0000 0000 0010 = Port 1 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol =
ctilLo2 =
cpu\unD
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

o o

|
O O O oo

C9300- PE- 1#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x5360 0x5360 <-- Utilize the di_id from the previous command ASIC#0:
ASI CHO:

i ndex = 0x5360
pmap = 0x00000000 0x00000000

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO = 0

ctiLol =0

ctiLo2 = 0

cpu\unD



cpu\unt
cpu\un
npul ndex
stripSeg
copySeg = 0
AS| CH1:

O O O o

i ndex = 0x5360

pmap = 0x00000000 0x00000004 <-- Looking at 0x00000004, in binary that is 0000 0000 0000 0000

0000 0000 0000 0100 = Port 2 (Zero based, count right to left)
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol
ctiLo2
cpu\un0
cpu\unt
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0

1
o o

|
O O O oo

C9300- PE- 1#show pl atform software fed switch active ifm nap

Interface IF_ID Inst Asic Core Port SubPort Mac
G gabi t Et hernet 1/ 0/ 2 0x36 1 0 1 1 0 6
Port 1 is an egress port, Gil/0/2

G gabi t Et hernet 1/ 0/ 3 0x37 1 0 1 2 0 28

Port 2 is an egress port, Gil/0/3

Programacao de prefixo C9500

***gSoftware Prefix Programming***
C9500- P#show ip route 192.168.1.4
Routing entry for 192.168.1.4/32
Known vi a "ospf 420", distance 110, netric 2, type intra area

Cntx LPN GPN Type Active
7 2 2 NF Y <--

8 3 3 NNF Y <--

Last update from 10.0.0.18 on TenG gabit Et hernet 2/ 0/ 2, 20:15: 25 ago

Routi ng Descriptor Bl ocks:

10.0.0.18, from 192.168. 1.4, 20:15:25 ago, via TenG gabitEthernet2/0/2 <-- Next-hop towards

192.168.1.4
Route netric is 2, traffic share count is 1

* 10.0.0.14, from 192.168. 1.4, 20:15:25 ago, via Tend gabitEthernet1l/0/2 <-- Next-hop towards

192.168.1.4
Route netric is 2, traffic share count is 1

C9500- P#show ip cef 192.168.1.4 detail
192. 168. 1. 4/ 32, epoch 4, per-destination sharing
dfl't local |abel info: global/17 [0x3]

next hop 10.0.0. 14 TenG gabit Ethernet1/0/2 | abel explicit-null-(local:17) <-- Explicit null to

reach 192.168.1.4

next hop 10.0.0. 18 TenG gabit Et hernet2/0/2 | abel explicit-null-(local:17) <-- Explicit null to

reach 192.168.1.4

***FMAN RP Prefix Programming***

C9500- P#show platform software ip switch active r0 cef prefix 192.168.1.4/32

Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168. 1.4/ 32 OBJ_LOADBALANCE o0x6a



C9500- P#show platform software loadinfo switch active r0 index Ox6a <-- Use the OBJ_LOADBALANCE
value from previous command
Nurmber of | oadinfo objects: 4

I ndex: Ox6a, Flags: unknown, Hash Al gorithm , Number of Paths: 2, Number of buckets: 16
Anti -pol arising Factor: 0x57a70068
Next Object Type: OBJ_LABEL, OBJ_LABEL
Next obj handle: 0x68, 0x69
Hash Buckets: 0, 1, O, 1, 0, 1, 0, 1, O, 1, O, 1, 0, 1, O, 1
Col or Buckets Map: O, O, O, 0, 0, 0, O, O, O, O, O, O, O, O, O, O
OM handl e: 0x348064de58

C9500- P#show platform software mpls switch active r0 label index 0x68 <-- Use the obj handle
values from the previous command

Label OCE 0x68 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x348064df 70

C9500- P#show platform software mpls switch active r0 label index 0x69

Label OCE 0x69 -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x348064e108

C9500- P#show platform software adjacency switch active r0 index 0x49 <-- Use the OBJ_ ADJACENCY
values from previous commands
Nurmber of adj acency objects: 16

Adj acency id: 0x49 (73)

Interface: TenG gabitEthernet1l/0/2, IF index: 66, Link Type: MCP_LINK TAG

Encap: 70:d3:79:be:ae:71:d4:ad:71:b5:dd:d6:88:47 <-- MAC ending in AE71 is the DMAC, MAC
ending is B5DD is SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.14 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x3480647700

C9500- P#show platform software adjacency switch active r0 index Ox4e <-- Use the OBJ ADJACENCY
values from previous commands
Nurmber of adj acency objects: 16

Adj acency id: Ox4e (78)

Interface: TenG gabitEthernet2/0/2, IF index: 68, Link Type: MCP_LINK TAG

Encap: 70:d3:79:be:ae:61:d4:ad:71:b5:dd:£1:88:47 <-- MAC ending in AE61 is DMAC, MAC ending in
B5DD is SMAC, 8847 is MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.18 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0



OM handl e: 0x3480648f 68

***FMAN FP Prefix Programming***
C9500- P#show platform software ip switch active £0 cef prefix 192.168.1.4/32
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168. 1.4/ 32 OBJ_LOADBALANCE o0x6a

C9500- P#show platform software loadinfo switch active f£f0 index Ox6a <-- Use the OBJ_LOADBALANCE
value from previous command
Nurmber of | oadinfo objects: 4

I ndex: Ox6a, Flags: unknown, Hash Algorithm , Number of Paths: 2, Number of buckets: 16
Anti -pol arising Factor: 0x57a70068
Next Object Type: OBJ_LABEL, OBJ_LABEL
Next obj handle: 0x68, 0x69
Hash Buckets: 0, 1, O, 1, O, 1, 0, 1, O, 1, O, 1, 0, 1, O, 1
Col or Buckets Map: O, O, O, 0, 0, 0, O, O, O, O, O, O, O, O, O, O
aomid: 578, HWhandle: (nil)

C9500- P#show platform software mpls switch active £0 label index 0x68 <-- Use the obj handle
values from previous command

Label OCE 0x68 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 576, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software mpls switch active £0 label index 0x69 <-- Use the obj handle
values from previous command

Label OCE 0x69 -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 577, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software adjacency switch active f0 index 0x49 <-- Use the OBJ ADJACENCY
values from previous commands
Nurmber of adj acency objects: 16

Adj acency id: 0x49 (73)

Interface: TenG gabitEthernet1l/0/2, IF index: 66, Link Type: MCP_LINK TAG

Encap: 70:d3:79:be:ae:71:d4:ad:71:b5:dd:d6:88:47 <-- MAC ending in AE71 is the DMAC, MAC
ending in DDD6 is the SMAC, 8847 is the MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.14 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 536, HWhandle: (nil) (created)

C9500- P#show platform software adjacency switch active f0 index Ox4e <-- Use the OBJ_ ADJACENCY
values from previous commands

Nurmber of adj acency objects: 16

Adj acency id: Ox4e (78)



Interface: TenG gabitEthernet2/0/2, IF index: 68, Link Type: MCP_LINK TAG

Encap: 70:d3:79:be:ae:61:d4:ad:71:b5:dd:£1:88:47 <-- MAC ending in AE61 is the DMAC, MAC
ending in DDFl1l is the SMAC, 8847 is the MPLS ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: unknown

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.18 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 545, HWhandle: (nil) (created)

***FED Prefix Programming***
C9500- P#show platform software fed switch active ip route 192.168.1.4/32

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
0 192.168. 1.4/ 32 0x7£0b284c1118 0x0 0 0

2021/ 06/ 23 18:47:01. 761 <-- HTM value important for subsequent command
FI B: prefix_hdl:0x9b000020, npls_ecr_prefix_hdl: 0xdd00003a
========== QOCE chain =====
LB: obj _id: 106 link_type: | P num choices: 2 Fl ags: 0
npl s_ecr:1 local _| abel :17 path_i nhw. 2 ecr h: 0x44000002 ol d_ecrh: 0
nodi fy_cnt: 0 bwal k_cnt:0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id: 1140850690 af:0 ecr_type: 0 ref:2 ecrh: Ox7f 0b284a3998( 28: 2)
hwhdl : 675953048 : : 0x7f 0b284b4268, 0x7f 0b284a1d78, Ox7f 0b284b4268, Ox7f 0b284a1d78
Sw Enh ECR scal e: objid:106 |l abel:17 eos:1 #adjs:2 m xed_adj:0
reprogram hw O ecrhdl : 0x44000002 ecr _hwhdl : 0x7f 0b284a3998
nod_cnt: 0 prev_npath: 0 pmismatch: 0 pordermatch: 0
ecr_adj: id:4127195192 is_npls_adj:1 | 3adj _fl ags: 0x100000
recirc_adj _id: 1207959601
si h: 0x7f 0b284b4268(181) di _id: 23709 ri h: 0x7f 0b284b3ca8( 31)
adj _lentry [eos0: 0x7f 0b284c38e8 eosl: Ox7f 0b284cd858]
ecr_adj: id:1157627961 is_npls_adj:1 | 3adj _fl ags: 0x100000
recirc_adj _id:67108914
si h: 0x7f 0b284a1d78(182) di _id: 23709 ri h: 0x7f 0b284b47d8( 44)
adj _lentry [eos0: 0x7f 0b284c3af 8 eosl: Ox7f 0b284cdb28]
ecr_prefix_adj: id:3707764794 (ref:1)
si h: 0x7f 0b284c5028(184) di _i d: 23709 ri h: 0x7f 0b284c4c48(60)
LABEL: obj i d: 104 |ink_type: MPLS | ocal _I| abel : 17 outl abel: (0, 0) <-- Label 17 is the local
transport label, 0 is the LDP label
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: Oxf 6000038
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:4127195192 I bl:0 smac:d4ad.71b5.d4dd6 dmac:7043.79be.ae7l <-- Matches the next-
hop information to reach 192.168.1.4/32
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7f0b284ceaa8, ri _id:0x38 phdl: 0x76000058, ref_cnt:1
si : Ox7f 0b284ceeb8, si_id: 0x400b, di_id:0x2 <-- Used in subsequent commands
ADJ: objid: 73 {link_type: MPLS i fnum 0x42, si:0x1f000028, }
LABEL: obj i d: 105 Ii nk_type: MPLS | ocal _I| abel : 17 outl abel: (0, 0) <-- Label 17 is the local
transport label, 0 is the LDP label
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0x45000039
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1157627961 I bl:0 smac:d4ad.71b5.d4df1l dmac:7043.79be.ae6l <-- Matches the next-
hop information to reach 192.168.1.4/32
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7f0b284c4588, ri _id: 0x3a phdl: 0x5500005a, ref_cnt:1
si : Ox7f 0b284d0548, si _id: 0x400c, di_id:0x62 <-- Used in subsequent commands
ADJ: objid: 78 {link_type: MPLS i fnum 0x44, si:0x4900002a, }




MPLS info: npls_ecr_scal e_prefix_adj:0xdd00003a, npls_Ispa_hdl:0

C9500- P#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7£f0b284c1118 1 <-- Use the HTM value from previous command

Handl e: 0x7f 0b284c¢1118 Res- Type: ASI C_RSC _HASH TCAM Res- Swi t ch- Num 0 Asi c- Num 255 Feat ur e-

I D AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I PV4_L3_UNI CAST ref_count:1

priv_ri/priv_si Handle: (nil)Hardware |Indices/Handles: handle [ASIC. 0]: Ox7f0b284c1328
Features sharing this resource: Cookie | ength: 12

04 01 a8 cO 00 00 00 dO 07 00 00 00

Det ai | ed Resource Information (ASIC# 0)

Nunber of HTM Entries: 1
Entry 0: (handle Ox7f0b284c1328)

Absol ute I ndex: 126650

Time Stanp: 1

KEY - vrf:0 ntr:0 prefix:192.168.1.4 rcp_redirect_index: 0x0

MASK - vrf:0 nmr:0 prefix:0.0.0.0 rcp_redirect_index: 0x0

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5

af dLabel OrDestClientld: 0 Sl:184 destined_to_us:0 hw stats_idx:1 stats_id:0

redi rect Set Rout er Mac: 0 dgtldx: 0 dest Modl ndex: O dst Nat TypeOr VpnPrefi xPtrMsb: 0 vpnPrefi xPtr:0
SRC-AD = |l earning_violation:0 need_to_learn:0 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpfLe:2 rpfLePointer:0 rpfForcePass: 0 rpfForceFail: 0 reachabl evi aSone: 1

r pf Checkl nconpl ete: 0 defaul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpfmat chTabl e: 1
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_| abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : Ox0 group_mask: 0x0

C9500- P#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x2 0x2 <-- Use the di_id values from previous command
ASI CHO:

index = 0x2

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO 0

ctilLol
ctiLo2
cpu\unD
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

1
o o

|
O O O oo

index = 0x2

pmap = 0x00000000 0x00000002 <-- Looking at 0x00000002, in binary that is 0000 0000 0000 0000
0000 0000 0000 0010 = Port 1 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLo0O = 0



ctilLol =
ctilLo2 =
cpu\un0
cpu\unt
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0

I 1n o o

|
O O O oo

C9500- P#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x62 0x62
ASI C#0:

i ndex = 0x62

pmap = 0x00000000 0x00008000 <-- Looking at 0x00008000, in binary that is 0000 0000 0000 0000
1000 0000 0000 0000 = Port 15 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO = 0

ctilLol
ctiLo2
cpu\un0
cpu\unt
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0
AS| CH1:

1
o o

|
O O O oo

i ndex = 0x62

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO 0

ctilLol
ctilLo2 =
cpu\un0
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

o o

|
O O O oo

C9500- P#show platform software fed switch standby ip route 192.168.1.4/32

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
0 192.168. 1.4/ 32 0x7£57c0545938 0x0 0 0

2021/ 06/ 23 18:46: 51. 399 <-- HTM value used in subsequent command
FI B: prefix_hdl:0x29000020, npls_ecr_prefix_hdl: 0x8f 000039
========== QOCE chai n =====
LB: obj _id: 106 link_type: | P num choices: 2 Fl ags: 0
npl s_ecr:1 local _| abel :17 path_i nhw. 2 ecr h: Oxf 1000002 ol d_ecrh: 0
nodi fy_cnt: 0 bwal k_cnt:0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id:4043309058 af:0 ecr_type:0 ref:2 ecrh: Ox7f 57c04d2148( 28: 2)
hwhdl : 3226280264 : : 0x7f 57c0547538, 0x7f 57c05497d8, 0x7f 57c0547538, Ox7f 57c05497d8
Sw Enh ECR scal e: objid:106 |l abel:17 eos:1 #adjs:2 m xed_adj:0
reprogram hw O ecrhdl : Oxf 1000002 ecr _hwhdl : 0x7f 57c04d2148



nod_cnt: 0 prev_npath: 0 pmismatch: 0 pordermatch: 0
ecr_adj: id:201326647 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id: 3925868592
si h: 0x7f57¢c0547538(181) di _i d: 23717 ri h: Ox7f 57c0546f 18( 31)
adj _lentry [eo0s0: 0x7f57c04c8a08 eosl: Ox7f 57c04d07f 8]
ecr_adj: id:738197560 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id:3070230577
si h: Ox7f57¢c05497d8(182) di _i d: 23717 ri h: 0x7f57c0547838( 44)
adj _lentry [eo0s0: 0x7f57c04c8c18 eosl: Ox7f 57c04d0ac8]
ecr_prefix_adj: id:2399141945 (ref:1)
si h: Ox7f 57c04c8788(184) di _id: 23717 rih: Ox7f 57c04c8508( 60)
LABEL: obj i d: 104 |ink_type: MPLS | ocal _I| abel : 17 outl abel: (0, 0) <-- Label 17 is the local
transport label, 0 is the LDP label
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK,) adj _handl e: 0xc000037
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:201326647 I Dbl:0 smac:d4ad.71b5.ddd6 dmac:70d3.79be.ae7l <-- Matches next-hop
information to reach 192.168.1.4/32
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7f57c04d18e8, ri _id: 0x38 phdl: 0x76000058, ref_cnt:1
si: Ox7f57c04d1b18, si_id: 0x400b, di_id:0x2 <-- di_id utilized in subsequent
commands
ADJ: objid: 73 {link_type: MPLS i fnum 0x42, si:0xdf 000027, }
LABEL: obj i d: 105 Ii nk_type: MPLS | ocal _I| abel : 17 outl abel: (0, 0) <-- Label 17 is the local
transport label, 0 is the LDP label
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK,) adj _handl e: 0x2c000038
unsupported recursion:0 ol bl _changed 0 local _adj:0 nodify_cnt:0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:738197560 I bl:0 smac:d4ad.71b5.ddfl dmac:70d3.79be.ae6l <-- Matches next-hop
information to reach 192.168.1.4/32
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:0x7f57c04da418, ri _id: 0x3a phdl: 0x5500005a, ref_cnt:1
si: Ox7f57c04da838, si_id:0x400c, di_id:0x62 <-- di_id utilized in subsequent
commands
ADJ: objid: 78 {link_type: MPLS i fnum 0x44, si:0xfa000029, }

MPLS info: npls_ecr_scal e_prefix_adj:0x8f 000039, npls_Ispa_hdl:0

C9500- P#show platform hardware fed switch standby fwd-asic resource asic all destination-index
range 0x62 0x62
ASI C#O:

i ndex = 0x62

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO = 0

ctilLol
ctilLo2 =
cpu\unD
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

o o

|
O O O oo

index = 0x62

pmap = 0x00000000 0x00000002 <-- Looking at 0x000000002, in binary that is 0000 0000 0000 0000
0000 0000 0000 0010 = Port 1 (Zero based, count right to left)

cm = 0x0



rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO 0

ctilLol
ctilLo2 =
cpu\un0
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

1
o o

|
O O O oo

C9500- P#show platform hardware fed switch standby fwd-asic resource asic all destination-index
range 0x2 0x2
ASI C#0:

i ndex = 0x2

pmap = 0x00000000 0x00008000 <-- Looking at 0x00008000, in binary that is 0000 0000 0000 0000
1000 0000 0000 0000 = Port 15 (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO = 0

ctilLol
ctiLo2
cpu\un0
cpu\unt
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

1
o o

|
O O O oo

index = 0x2

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO 0

ctilLol
ctiLo2
cpu\unD
cpu\unt
cpu\un® =
npul ndex =
stripSeg =
copySeg = 0

1
o o

|
O O O oo

C9500- P#show platform software fed switch active ifm mappings

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
TenG gabi t Et hernet 1/ 0/ 2 0x42 1 0 1 1 0 10 1 2 2 NIF Y <--
Port 1 is an egres port, TenGil/0/2

TenG gabi t Et hernet 1/0/ 16 0x18 O 0 O 15 0 8 11 16 2360 NIF Y <--

Port 15 is the SVL

C9500- P#show platform software fed switch standby ifm mappings

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
TenG gabi t Et hernet 2/ 0/ 2 0x44 1 0 1 1 0 10 1 2 98 NIF Y <--
Port 1 is an egres port, TenGi2/0/2

TenG gabi t Et hernet 2/ 0/ 16 0x33 O 0 O 15 0 8 11 16 2360 NIF Y <--

Port 15 is the SVL



Verifique os prefixos C9300-PE-2

***goftware Prefix Programming***
C9300- PE- 2#show ip route vrf RED 192.168.2.0

Routi ng Tabl e: RED
Routing entry for 192.168.2.0/24
Known via "eigrp 400", distance 90, netric 130816, precedence routine (0), type internal
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Last update from 10.0.0.22 on G gabitEthernet2/0/1, 21:35:22 ago
Routi ng Descriptor Bl ocks:
* 10.0.0.22, from 10.0.0.22, 21:35:22 ago, via G gabitEthernet2/0/1 <-- Next-hop to reach
192.168.2.0/24
Route netric is 130816, traffic share count is 1
Total delay is 5010 nicroseconds, mi nimum bandwi dth is 1000000 Kbit
Rel i ability 255/255, m ni num MU 1500 byt es
Loadi ng 1/255, Hops 1

C9300- PE- 2#show ip route vrf RED 10.0.0.22

Routi ng Tabl e: RED
Routing entry for 10.0.0.20/30
Known vi a "connected", distance 0, netric O (connected, via interface)
Redi stributing via eigrp 400, bgp 69420
Advertised by bgp 69420
Routi ng Descriptor Bl ocks:
* directly connected, via G gabitEthernet2/0/1
Route netric is 0, traffic share count is 1

C9300- PE- 2#show ip cef vrf RED 192.168.2.0/24 detail
192. 168. 2. 0/ 24, epoch 0
QOCS: Precedence routine (0)
dfI't local |abel info: other/21 [0x2] <-- VPNv4 Label
next hop 10.0.0.22 G gabitEthernet2/0/1

***FMAN RP Prefix Programming***
C9300- PE- 2#show ip vrf detail
VRF RED (VRF Id = 2); default RD 69:69; default VPNID <-- VRF ID used in next command
ad CLI format, supports |IPv4 only
Fl ags: 0xC
Interfaces:
G2/0/1
Address family ipv4 unicast (Table ID = 0x2):
Fl ags: 0x0
Export VPN route-target comrunities
RT: 69: 69
Import VPN route-target comrunities
RT: 69: 69
No inport route-map
No gl obal export route-map
No export route-nmap
VRF | abel distribution protocol: not configured
VRF | abel allocation node: per-prefix

C9300- PE- 2#show platform software ip switch active r0 cef table index 2 prefix 192.168.2.0/24 <-
- Use the VRF ID from previous command
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex



192.168. 2.0/ 24 0BJ_ADJACENCY 0x3a

C9300- PE- 2#show platform software adjacency switch active r0 index 0x3a <-- Use the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox3a (58)

Interface: G gabitEthernet2/0/1, IF index: 53, Link Type: MCP_LINK IP

Encap: 0:72:78:c8:¢c9:¢c2:70:d3:79:be:ae:42:8:0 <-- MAC ending in C9C2 is the DMAC, MAC ending
in AE42 is SMAC, 0800 is IP ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: no-13-inject

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.22 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

OM handl e: 0x348062b578

***FMAN FP Prefix Programming***
C9300- PE- 2#show platform software ip switch active £0 cef table index 2 prefix 192.168.2.0/24
Forwar di ng Tabl e

Prefix/Len Next Ohj ect I ndex

192.168. 2.0/ 24 0BJ_ADJACENCY 0x3a

C9300- PE- 2#show platform software adjacency switch active f£f0 index 0x3a <-- Use the
OBJ_ADJACENCY value from previous command
Nurmber of adj acency objects: 10

Adj acency id: Ox3a (58)

Interface: G gabitEthernet2/0/1, IF index: 53, Link Type: MCP_LINK IP

Encap: 0:72:78:c8:¢c9:¢c2:70:d3:79:be:ae:42:8:0 <-- MAC ending in C9C2 is the DMAC, MAC ending
in AE42 is SMAC, 0800 is IP ETYPE

Encap Length: 14, Encap Type: MCP_ET_ARPA, MIU. 1500

Fl ags: no-13-inject

I nconpl et e behavi or type: None

Fi xup: unknown

Fi xup_Fl ags_2: unknown

Next hop addr: 10.0.0.22 <-- Next-hop IP address

I P FRR MCP_ADJ_| PFRR_NONE 0

aomid: 477, HWhandle: (nil) (created)

***FED Prefix Programming***
C9300- PE- 2#show platform hardware fed switch active ip route vrf-name RED 192.168.2.0/24

vrf dest ht m fl ags SGT DA D MPLS Last -
nodi fi ed
2 192.168. 2.0/ 24 0x7£0650a7e3e8 0x0 0 0

2021/ 06/ 23 18:46:56. 801 <-- HTM value used in subsequent command

FI B: prefix_hdl:0x38000016, npls_ecr_prefix_hdl:0

========== QCE chain =====

ADJ: objid:58 {link_type:IP ifnum 0x35, si:0x9700001b, |Pv4: 10.0.0.22 } <-- objid
relevant in subsequent command, 10.0.0.22 is the next-hop IP

MPLS info: npls_ecr_scale_prefix_adj:0, npls_lspa_hdl:0

C9300- PE- 2#show platform hardware fed switch active fwd-asic abstraction print-resource-handle
0x7£0650a7e3e8 1 <-- Use the HTM value from previous command

Handl e: 0x7f 0650a7e3e8 Res- Type: ASI C_RSC HASH TCAM Res- Swi t ch-Num 0 Asi c- Num 255 Feat ur e-

ID: AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT | PV4A_L3_UN CAST ref _count:1



priv_ri/priv_si Handle: (nil)Hardware |Indices/Handles: handle [ASIC. 0]: Ox7f0650ba4028

Det ai | ed Resource Information (ASIC# 0)

Nunber of HTM Entries: 1
Entry 0: (handle Ox7f0650ba4028)

Absol ute I ndex: 92180

Time Stanp: 1

KEY - vrf:2 nmtr:0 prefix:192.168.2.0 rcp_redirect_index: 0x0

MASK - vrf:255 ntr:0 prefix:255.255.255.0 rcp_redirect_index: 0x0

(SI value used later)

FWD- AD = afd_| abel _flag:0 icnp_redir_enable:1 | vx_snr_enabl ed: 0, dstNatType:0 priority:5

af dLabel O DestClientld: 0 sI:173 destined_to_us:0 hw stats_idx:1 stats_id:0

redi rect Set Rout er Mac: 0 dgtldx: 0 dest Modl ndex: O dst Nat TypeOr VpnPr efi xPtrMsb: 0 vpnPrefi xPtr:0
SRC-AD = learning_violation:1 need_to_learn:1 |locally_connected:0 staticentryViolation:0
rpfValid:1 rpflLe:37 rpfLePointer:0 rpfForcePass: 0 rpfForceFail:0 reachabl evi aSone: 1

r pf Checkl nconpl ete: 0 defaul t Route: 0 Chai nPtrValid: 0 Chai nPtrO PortLel ndex: 72 UseRpf mat chTabl e: 0
rpflnconmplete:0 is_src_ce:0 sgtValid:0 sgt:0 src_rloc_trusted: 0, sgt CacheControl1l = 0,

sgt CacheControl 0 = 0

port _| abel : 0x0 port_nask: 0x0 vl an_| abel : 0x0 vl an_mask: 0x0 | 3i f _I abel : Ox0 | 3i f _mask: 0x0
group_Il abel : Ox0 group_mask: 0x0

C9300- PE- 2#show platform software fed switch active ip adj

I PV4 Adj entries

dest if_nane dst _mac si _hdl ri _hdl pd_fl ags
adj _id Last-nodified

10.0.0. 22 G gabit Ethernet2/0/ 1 0072.78c8.c9c2 0x7£0650a32858 Ox7f 0650alaf 48 0x0
0x3a 2021/ 06/ 23 18: 46: 52. 956

C9300- PE- 2#show ip arp vrf RED 10.0.0.22

Pr ot ocol Addr ess Age (min) Hardware Addr Type Interface

I nt ernet 10.0.0. 22 131 0072.78c8.c9c2 ARPA G gabitEthernet2/0/1 <-- dst_mac
matches the ARP entry

C9300- PE- 2#show platform hardware fed fwd-asic abstraction print-resource-handle 0x7£0650a32858
1 <-- Use the HTM value from previous command

Handl e: 0x7f 0650a32858 Res- Type: ASI C_RSC_SI Res-Swi t ch- Num 255 Asi c- Num 255 Feat ure-

ID: AL_FI D L3_UNI CAST_I PV4 Lkp-ftr-id: LKP_FEAT_I NVALI D ref _count:1

priv_ri/priv_si Handle: 0x7f0650alaf48Hardware | ndi ces/Handl es: index0: Oxad

ntu_i ndex/ | 3u_ri _i ndex0: Ox0 index1l:0xad ntu_index/|3u_ri_indexl:0x0

Features sharing this resource: 66 (1)]

Cooki e | ength: 56

00 00 00 00 00 00 00 00 25 00 0O 00 00 OO OO OO OO OO OO OO 08 00 0O 72 78 c8 c9 c2 00 00 00 0O
00 00 00 00 00 00 00 OO OO 00 OO 00 OO OO OO OO 00 OO OO 00 OO 00 0O 00

Det ai | ed Resource Information (ASIC# 0)

Station Index (SI) [Oxad]
R = 0x18

DI = 0x5338

stationTabl eGeneri cLabel =
stati onFdConstructi onLabel = 0x7
| ookupSki pl dl ndex = 0
rcpServiceld = 0

dej aVuPr eCheckEn = 0

o



Replication Bitmap: CD

Det ai |l ed Resource Information (ASIC# 1)

Station Index (SI) [Oxad]
R = 0x18

DI = 0x5338

stationTabl eGeneri cLabel =
stati onFdConstructi onLabel = 0x7
| ookupSki pl dl ndex = 0
rcpServiceld = 0

dej aVuPr eCheckEn = 0

Replication Bitmap: LD

o

C9300- PE- 2#show platform hardware fed switch active fwd-asic resource asic all destination-index
range 0x5338 0x5338 <-- Use the DI value from previous command
ASI C#0:

i ndex = 0x5338

pmap = 0x00000000 0x00000000
cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]
ctiLoO = 0

ctilLol
ctiLo2
cpu\un0
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0
AS| CH1:

1
o o

|
O O O oo

i ndex = 0x5338

pmap = 0x00000000 0x00000001 <-- Looking at 0x00000001, in binary that is 0000 0000 0000 0000
0000 0000 0000 0001 = Port O (Zero based, count right to left)

cm = 0x0

rcp_pmap = 0x0

al _rsc_cm

CPU Map I ndex (CM) [0]

ctiLoO 0

ctilLol
ctilLo2 =
cpu\unD
cpu\unt =
cpu\un® =
npul ndex
stripSeg =
copySeg = 0

o o

|
O O O oo

C9300- PE- 2#show platform software fed switch active ifm mappings

Interface IF_ID Inst Asic Core Port SubPort Mac OCntx LPN GPN Type Active
G gabit Et hernet2/0/1 0x35 1 0 1 0 0 26 6 1 97 NIF Y <-
- Port 0 is the egress port, Gi2/0/1

Programacao de rétulo do VPNv4



A préxima segao aborda a programacao de rotulos de VPNv4 nos roteadores PE MPLS, C9300-
PE-1 e C9300-PE-2. O C9500=P nao encaminha no rétulo VPNv4, portanto ndo ha saida do
C9500-P.

Programacao de etiquetas de VPNv4 do C9300-PE-1:

Verifique o prefixo local no PE, ndo o prefixo remoto. Verifique o rétulo de uma perspectiva de
FED e depois faga o retrocesso para FMAN RP e FMAN FP.

***Software VPNv4 Label Programming***

C9300- PE- 1#show ip cef vrf RED 192.168.3.0/24 detail

192. 168. 3. 0/ 24, epoch 0O
QOS: Precedence routine (0)
dflt local I|abel info: other/21 [0x2] <-- VPNv4 label assocaited with the local prefix
nexthop 10.0.0.1 G gabitEthernet1/0/1

***FMAN RP VPNv4 Label Programming***
C9300- PE- 1#show platform software mpls switch active r0 eos index 117 <-- Utilize the objid from
the FED command

ECS Choi ce 0x75, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject |ndex: 0,0x74
OM handl e: 0x3480644470

***FMAN FP VPNv4 Label Programming***
C9300- PE- 1#show platform software mpls switch active £0 eos index 117 <-- Utilize the objid from
the FED command

ECS Choi ce 0x75, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject |ndex: 0,0x74
aom id: 612, CPP handl e: Oxdeadbeef (created), flags: O

C9300- PE- 1#show platform software object-manager switch active £0 object 612 <-- Use the aom id
from previous command
oject identifier: 612

Description: ECS Choi ce 0x75

Status: Done, Epoch: 0, dient data: 0xe05e9318

C9300- PE- 1#show platform software object-manager switch active f£0 object 612 parents <-- Use the
aom id from previous command
oject identifier: 7

Description: Special Object adj_drop

Status: Done

oject identifier: 611
Description: |abel 0x74
St atus: Done

***FED VPNv4 Label Programming®**¥*
C9300- PE- 1#show platform software fed switch active mpls forwarding label 21 detail
LENTRY: | abel : 21 nobj: (ECS, 117) |entry_hdl: 0x8b000009
nmodi fy_cnt: 0 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 2332033033 Ibl:21
eo0s0: [adj _hdl : 0, hw_hdl : 0x7f bae8d87428]
eosl: [ adj _hdl : 0x4300003b, hw_hdl : Ox7f bae8d87278]
deagg_vrf_id = 0 Ispa_handle: 0



ECS: objid:117 | ocal _| abel : 0 flags:0: () pdflags:0 <-- Utilized in previous commands
nobj 0: (ADJ SPECI AL, DROP 0), nobj 1: (LABEL, 116) nodify:0 bwal k: 0
LABEL: objid: 116 link_type: 1P |l ocal _| abel:21 outl abel : (1048577, 0)
flags: Oxc: (UHP, POP, ) pdflags: 0x2: (1 NSTALL_HW OK,) adj _handl e: 0x4300003b
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1124073531 Ibl:0 smac: aOf 8. 4911. d1e4 dnmac: 0072. 78c8. 06e4
sub_type: 0 link_type:0 adj_flags: 0x2 | abel _type:1 rewite_type: POP2l P( 135)
vian_id:0 vrf_id:0 ri:O0x7f bae8d811b8, ri _id: 0x3e phdl: Oxf 1000024, ref _cnt:1
si : Ox7f bae8d72078, si _id:0x4012, di _id:0x5338
ADJ: objid:58 {link_type:IP ifnum 0x35, si:0x1900001b, | Pv4: 10.0.0.1 }

Verificar rétulos de VPNv4 do C9300-PE-2

Verifique o prefixo local para o PE, ndo o prefixo remoto. Verifique o rétulo de uma perspectiva de
FED e depois faga o retrocesso para FMAN RP e FMAN FP.

C9300- PE- 2#show ip cef vrf RED 192.168.2.0/24 detail

192. 168. 2. 0/ 24, epoch 0O
QOCS: Precedence routine (0)
dfl't local I|abel info: other/21 [0x2] <-- VPNv4 label associated with the local prefix
next hop 10.0.0.22 G gabitEthernet2/0/1

C9300- PE- 2#show platform software mpls switch active r0 eos index 118 <-- Utilize the objid
value from the FED command

ECS Choi ce 0x76, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject I|ndex: 0,0x75
OM handl e: 0x34806402d0

C9300- PE- 2#show platform software mpls switch active f£0 eos index 118 <-- Utilize the objid
value from the FED command

ECS Choi ce 0x76, Nunber of paths: 2
Next hject Type: OBJ_ADJ_DROP, OBJ_LABEL
Next hject I|ndex: 0,0x75
aom id: 589, CPP handl e: Oxdeadbeef (created), flags: O

C9300- PE- 2#show platform software object-manager switch active £0 object 589 <-- Utilize the aom
id from the previous command
oject identifier: 589

Descripti on: ECS Choice 0x76

Status: Done, Epoch: 0, Cient data: 0x248cac8

C9300- PE- 2#show platform software object-manager switch active f£0 object 589 parents <-- Utilize
the aom id from the previous command
oject identifier: 7

Description: Special Object adj_drop

St atus: Done

oject identifier: 588
Description: |abel 0x75
St atus: Done

C9300- PE- 2#show platform software fed switch active mpls forwarding label 21 detail
LENTRY: | abel : 21 nobj: (EGCS, 118) |entry_hdl: 0x63000009
nmodi fy_cnt: 0 backwal k_cnt: 0



| spa_handl e: 0
AAL: id: 1660944393 |bl:21
eos0: [adj _hdl : 0, hw_hdl : 0x7f 0650a40408]
eosl: [ adj _hdl : 0Oxcb00003a, hw_hdl : Ox7f 0650a401f 8]
deagg_vrf_id = 0 I spa_handl e: 0
ECS: objid:118 | ocal _| abel : 0 flags:0: () pdflags:0
nobj 0: (ADJ SPECI AL, DROP 0), nobj 1: (LABEL, 117) nodify:0 bwal k: 0
LABEL: objid: 117 link_type: 1P |l ocal _| abel:21 outl abel : (1048577, 0)
flags: Oxc: (UHP, POP, ) pdfl ags: 0x2: (1 NSTALL_HW CK, ) adj _handl e: Oxcb00003a
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 3405774906 | bl:0 smac: 70d3. 79be. ae42 dmac: 0072. 78c8. c9c2
sub_type: 0 link_type:0 adj_flags: 0x2 | abel _type:1 rewrite_type: POP2l P(135)
vian_id: 0 vrf_id:0 ri:O0x7f0650a3f2a8, ri_id:0x48 phdl: Oxf 1000024, ref _cnt:1
si : Ox7f 0650a3d5e8, si _id: 0x400a, di _id: 0x5338
ADJ: objid:58 {link_type:IP ifnum0x35, si:0x9700001b, | Pv4: 10.0.0.22 }

Programacao de etiqueta LDP

A préxima secgao aborda a programacao de rétulo de LDP nos roteadores MPLS, C9300-PE-1,
C9500-P e C9300-PE-2.

O rétulo LDP (externo) é o que o rétulo de rede MPLS comuta os pacotes. Valide o rétulo LDP
local anunciado ao PE remoto. Nao valide o rétulo LDP remoto.

Programacao de etiqueta LDP do C9300-PE-1:

Valide o rétulo LDP local anunciado ao PE remoto, ndo valide o rétulo LDP remoto. Verifique o
rétulo de uma perspectiva de FED e depois faca o retrocesso para FMAN RP e FMAN FP.

***Software LDP Label Programming***
C9300- PE- 1#show mpls forwarding-table

Local Cut goi ng Prefix Byt es Label Cut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 0 G 1/0/2 10.0.0.6
Pop Label 192.168.1.3/32 0 G 1/0/3 10.0.0. 10
17 Pop Label 10.0.0.16/30 0 G 1/0/2 10.0.0.6
Pop Label 10.0.0.16/30 0 G 1/0/3 10.0.0. 10
18 Pop Label 10.0.0.12/30 0 G 1/0/2 10.0.0.6
Pop Label 10.0.0.12/30 0 G 1/0/3 10.0.0. 10
19 17 192.168.1.4/32 O G 1/0/2 10.0.0.6 <-- LDP label 19 is
advertised to reach PE 192.168.1.4
17 192.168.1.4/32 O G 1/0/3 10.0.0. 10
20 No Label 10.0.0.0/30[ V] 630 aggr egat e/ RED
21 No Label 192. 168. 3. 0/ 24[ V] \

0 G 1/0/1 10.0.0.1

***FMAN RP LDP Label Programming***
C9300- PE- 1#show platform software mpls switch active r0 label index 110 <-- Use the objid value
from the FED commands

Label OCE Ox6e -> OBJ_ADJACENCY (0x4b)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x34806420d0

C9300- PE- 1#show platform software mpls switch active r0 label index 111 <-- Use the objid value



from the FED commands

Label OCE Ox6f -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x3480642268

***FMAN FP LDP Label Programming***

C9300- PE- 1#show platform software mpls switch active £0 label index 110 <-- Use the objid value

from the FED commands

Label OCE Ox6e -> OBJ_ADJACENCY (0x4b)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup | abel 0x100001
aom id: 598, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software mpls switch active £0 label index 111 <-- Use the objid value

from the FED commands

Label OCE Ox6f -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x11
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 599, CPP handl e: Oxdeadbeef (created)

C9300- PE- 1#show platform software object-manager switch
id from previous commands
oject identifier: 598

Description: |abel Ox6e

Status: Done, Epoch: 0, Cient data: 0xe05e6d78

C9300- PE- 1#show platform software object-manager switch
the aom id from previous commands
oject identifier: 531

Description: adj Ox4b, Flags None

Status: Done

C9300- PE- 1#show platform software object-manager switch
id from previous commands
oj ect identifier: 599

Description: |abel Ox6f

Status: Done, Epoch: 0, dient data: Oxe05e6f78

C9300- PE- 1#show platform software object-manager switch
the aom id from previous commands
oj ect identifier: 535

Description: adj Ox4e, Flags None

Status: Done

active

active

active

active

£0

£0

£0

£0

object

object

object

object

598

598

599

599

C9300- PE- 1#show platform software fed switch active mpls forwarding label 19

LENTRY: | abel : 19 nobj: (LB, 112) lentry_hdl: 0x9000007

nmodi fy_cnt:1 backwal k_cnt: 0

| spa_handl e: 0

AAL: id: 150994951 |bl: 19
eo0s0: [ adj _hdl : 0x7d000002, hw_hdl : Ox7f bae8d778b8]
eosl: [ adj _hdl : 0x7d000002, hw_hdl : Ox7f bae8d776a8]
deagg_vrf_id = 0 I spa_handl e: 0

LB: obj _id: 112 link_type: | P numchoices:2 Flags:0

<-- Utilize the aom

parents <-- Utilize

<-- Utilize the aom

parents <-- Utilize

detail



mpl s_ecr:1 | ocal _| abel : 19 pat h_i nhw. 2 ecrh: 0x7d000002 ol d_ecrh: 0
nmodi fy_cnt: 0 bwal k_cnt: 0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id: 2097152002 af: 0 ecr_type:0 ref:7 ecrh: Ox7f bae8a99268( 28: 2)
hwhdl : 3903427176 ::0x7f bae8a98b98, Ox7f bae8a9ad48, Ox7f bae8a98b98, Ox7f bae8a%9ad48
Sw Enh ECR scal e: objid:112 |l abel:19 eos:1 #adjs:2 nmixed_adj:0
reprogram hw. O ecr hdl : 0x7d000002 ecr _hwhdl : Ox7f bae8a99268
nmod_cnt: 0 prev_npath: 0 pm smatch: 0 pordermatch: 0
ecr_adj: id:4278190135 is_npls_adj:1 | 3adj_fl ags: 0x100000
recirc_adj _id: 1744830509
si h: Ox7f bae8a98b98(179) di _i d: 20499 ri h: Ox7f bae8a985d8( 33)
adj _lentry [eos0: Ox7f bae8d7bf 48 eosl: Ox7f bae8d76e88]
ecr_adj: id:1392508984 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id: 2013265966
si h: Ox7f bae8a9ad48(180) di _i d: 20499 ri h: Ox7f bae8a9a788( 46)
adj _lentry [eos0: Ox7f bae8d7c1b8 eosl: Ox7f bae8d77158]
ecr_prefix_adj: id:2164260921 (ref:1)
si h: Ox7f bae8d7df 08(181) di _i d: 20499 ri h: Ox7f bae8d7db98( 68)
LABEL: objid:110 |ink_type: MPLS | ocal _| abel : 19 outl abel : (17, 0) <-- Used in previous
commands
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: Oxf f 000037
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:4278190135 Ibl:0 smac: aOf 8. 4911. d1d6 dnmac: d4ad. 71b5. dded
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:O0x7f bae8d78c48, ri _id: 0x40 phdl: 0x9f 00004b, ref _cnt:1
si : Ox7f bae8d78fd8, si _id:0x4013, di _id: 0x535f
ADJ: objid: 75 {link_type: MPLS i fnum 0x36, si:0x22000023, }
LABEL: objid:111 |ink_type: MPLS | ocal _| abel : 19 outl abel : (17, 0) <-- Used in previous
commands
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x53000038
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 1392508984 Ibl:0 smac: aOf 8.4911. d1d8 dnmac: d4ad. 71b5. ddc2
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id:0 vrf_id:0 ri:O0x7fbae8d7d0a8, ri _id:0x42 phdl: 0x8400004c, ref_cnt:1
si : Ox7f bae8d7a908, si _id: 0x4014, di _id: 0x5360
ADJ: objid: 78 {link_type: MPLS ifnum 0x37, si:0x74000026, }

Programacao de etiqueta LDP do C9500-P:

Valide o rétulo LDP local anunciado ao PE remoto, ndo valide o rétulo LDP remoto. Verifique o
rétulo de uma perspectiva de FED e depois faga o retrocesso para FMAN RP e FMAN FP.

***Software LDP Label Programming***
C9500- P#show mpls forwarding-table

Local Qut goi ng Prefi x Byt es Label Qut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 explicit-n 192.168.1.2/32 1240 Tel/ 0/ 1 10.0.0.5 <-- LDP Label 16
advertised to reach PE 192.168.1.2

explicit-n 192.168.1.2/32 226537 Te2/0/1 10.0.0.9
17 explicit-n 192.168. 1. 4/32 610 Tel/ 0/ 2 10.0.0. 14 <-- LDP LAbel 17
advertised to reach PE 192.168.1.4

explicit-n 192.168. 1. 4/32 227592 Te2/ 0/ 2 10.0.0. 18

***FMAN RP LDP Label Programming***
C9500- P#show platform software mpls switch active r0 label index 94

Label OCE Ox5e -> OBJ_ADJACENCY (0x3f)
Fl ags: Real, Nunmber of labels in the OCE 1



Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x348064c530

C9500- P#show platform software mpls switch active r0 label index 95

Label OCE 0x5f -> OBJ_ADJACENCY (0x44)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x348064c6¢c8

C9500- P#show platform software mpls switch active r0 label index 104

Label OCE 0x68 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x348064df 70

C9500- P#show platform software mpls switch active r0 label index 105

Label OCE 0x69 -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x348064e108

***FMAN FP LDP Label Programming***
C9500- P#show platform software mpls switch active £0 label index 94

Label OCE Ox5e -> OBJ_ADJACENCY (0x3f)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 564, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software mpls switch active £0 label index 95

Label OCE 0x5f -> OBJ_ADJACENCY (0x44)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 565, CPP handle: Oxdeadbeef (created)

C9500- P#show platform software mpls switch active £0 label index 104

Label OCE 0x68 -> OBJ_ADJACENCY (0x49)
Fl ags: Real, Number of labels in the OCE 1
Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 576, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software mpls switch active £0 label index 105

Label OCE 0x69 -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1



Label values: 0
Backup flags: Pop, UHP, backup |abel 0x100001
aomid: 577, CPP handl e: Oxdeadbeef (created)

C9500- P#show platform software object-manager switch active £0 object 564
oject identifier: 564

Description: |abel 0x5e

Status: Done, Epoch: 0, dient data: 0x4f 737108

C9500- P#show platform software object-manager switch active £0 object 564 parents
oj ect identifier: 515
Description: adj Ox3f, Flags None
Status: Done

C9500- P#show platform software object-manager switch active £0 object 565
oj ect identifier: 565

Description: |abel Ox5f

Status: Done, Epoch: 0, Cient data: 0Ox4f 737448

C9500- P#show platform software object-manager switch active £0 object 565 parents
oj ect identifier: 525
Description: adj 0x44, Flags None
Status: Done

C9500- P#show platform software object-manager switch active £0 object 576
oject identifier: 576

Description: |abel 0x68

Status: Done, Epoch: 0, dient data: O0Ox4f6d4bf8

C9500- P#show platform software object-manager switch active £0 object 576 parents
oject identifier: 536
Description: adj 0x49, Flags None
Status: Done

C9500- P#show platform software object-manager switch active £0 object 577
oject identifier: 577

Description: |abel 0x69

Status: Done, Epoch: 0, dient data: O0x4f737f78

C9500- P#show platform software object-manager switch active £0 object 577 parents
oject identifier: 545
Description: adj Ox4e, Flags None
Status: Done

***FED LDP Label Programming***
C9500- P#show platform software fed switch active mpls forwarding label 16 detail
LENTRY: | abel : 16 nobj: (LB, 96) |entry_hdl: 0xeb000004
nmodi fy_cnt: 2 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 3942645764 |bl: 16
eo0s0: [ adj _hdl : 0x44000002, hw_hdl : Ox7f 0b284b4d98]
eosl: [ adj _hdl : 0x44000002, hw_hdl : Ox7f 0b284b4be8]
deagg_vrf_id = 0 I spa_handl e: 0
LB: obj _id:96 link_type:lP numchoices:2 Flags:0
mpl s_ecr:1 | ocal _| abel : 16 pat h_i nhw. 2 ecrh: 0x44000002 ol d_ecrh: 0
nmodi fy_cnt: 0 bwal k_cnt: 0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id: 1140850690 af: 0 ecr_type:0 ref:2 ecrh: Ox7f 0b284a3998( 28: 2)

hwhdl : 675953048 :: 0x7f 0b284b4268, Ox7f 0b284a1d78, Ox7f 0b284b4268, Ox7f 0b284a1d78

Sw Enh ECR scale: objid:96 |label:16 eos:1 #adjs:2 mxed_adj:0



reprogram hw. O ecr hdl : 0x44000002 ecr _hwhdl : 0x7f 0b284a3998
nmod_cnt: 0 prev_npath: 0 pm smatch: 0 pordermatch: 0
ecr_adj: id:1610612787 is_npls_adj:1 | 3adj_fl ags: 0x100000
recirc_adj _id: 1207959601
si h: 0x7f 0b284b4268(181) di _id: 23709 ri h: 0x7f 0b284b3ca8(31)
adj _lentry [eos0: 0x7f 0b284a32d8 eosl: Ox7f 0b284a3cc8]
ecr_adj: id:805306420 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id:67108914
si h: 0x7f 0b284a1d78(182) di _id: 23709 ri h: 0x7f 0b284b47d8( 44)
adj _lentry [eos0: 0x7f0b284c1608 eosl: Ox7f 0b284a2138]
ecr_prefix_adj: id:3976200245 (ref: 1)
si h: 0x7f 0b284c2bf 8(183) di _id: 23709 ri h: 0x7f 0b284c2888( 50)
LABEL: objid:94 |ink_type: MPLS | ocal _I| abel : 16 outl abel : (0, 0)
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x60000033
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1610612787 Ibl:0 smac: d4ad. 71b5. dde4 dnmac: aOf 8. 4911. d1d6
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id: 0 vrf_id:0 ri:O0x7f0b284a2cd8, ri _id: 0x2e phdl: 0xe9000057, ref _cnt:1
si : 0x7f 0b284a3048, si _id: 0x4009, di _id:0x1
ADJ: objid: 63 {link_type: MPLS ifnum Ox41, si:0x2d000023, }
LABEL: objid:95 |ink_type: MPLS | ocal _I| abel : 16 outl abel : (0, 0)
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x30000034
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id: 805306420 | bl:0 smac: d4ad. 71b5. ddc2 dnac: aOf 8. 4911. d1d8
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id: 0 vrf_id:0 ri:O0x7f0b284a57c8, ri _id:0x30 phdl: 0x67000059, ref _cnt:1
si : 0x7f 0b284a6008, si _id: 0x400a, di _id:0x61
ADJ: objid: 68 {link_type: MPLS ifnum 0x43, si:O0xef000026, }

C9500- P#show platform software fed switch active mpls forwarding label 17 detail
LENTRY: | abel : 17 nobj: (LB, 106) |entry_hdl: 0xf 6000005
modi fy_cnt: 1 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 4127195141 |bl: 17
eo0s0: [ adj _hdl : 0x44000002, hw_hdl : Ox7f Ob284ce2f 8]
eosl: [ adj _hdl : 0x44000002, hw_hdl : Ox7f Ob284ce0e8]
deagg_vrf_id = 0 I spa_handl e: 0
LB: obj _id: 106 link_type:|P numchoices:2 Flags:0
mpl s_ecr:1 | ocal _| abel : 17 pat h_i nhw. 2 ecrh: 0x44000002 ol d_ecrh: 0
modi fy_cnt:0 bwal k_cnt: 0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id: 1140850690 af: 0 ecr_type:0 ref:2 ecrh: Ox7f 0b284a3998( 28: 2)
hwhdl : 675953048 : : 0x7f 0b284b4268, 0x7f 0b284a1d78, Ox7f 0b284b4268, Ox7f 0b284a1d78
Sw Enh ECR scal e: objid:106 |l abel:17 eos:1 #adjs:2 nmixed_adj:0
reprogram hw. 0 ecr hdl : 0x44000002 ecr _hwhdl : Ox7f 0b284a3998
nmod_cnt: 0 prev_npath: 0 pm smatch: 0 pordermatch: 0
ecr_adj: id:4127195192 is_npls_adj:1 | 3adj_fl ags: 0x100000
recirc_adj _id: 1207959601
si h: 0x7f 0b284b4268(181) di _id: 23709 ri h: 0x7f 0b284b3ca8(31)
adj _lentry [eos0: 0x7f0b284c38e8 eosl: Ox7f 0b284cd858]
ecr_adj: id:1157627961 is_npls_adj:1 | 3adj_fl ags: 0x100000
recirc_adj _id:67108914
si h: 0x7f 0b284a1d78(182) di _id: 23709 ri h: 0x7f 0b284b47d8( 44)
adj _lentry [eos0: 0x7f0b284c3af 8 eosl: Ox7f 0b284cdb28]
ecr_prefix_adj: id:3707764794 (ref:1)
si h: 0x7f 0b284c¢5028(184) di _id: 23709 ri h: 0x7f 0b284c4c48( 60)

LABEL: objid:104 |ink_type: MPLS | ocal _I abel : 17 out| abel : (0, 0)
flags: Ox1: (REAL,) pdflags: 0: (I NSTALL_HW OK, ) adj _handl e: Oxf 6000038
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:4127195192 I bl:0 smac: d4ad. 71b5. ddd6 dmac: 70d3. 79be. ae71

sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)



vian_id: 0 vrf_id:0 ri:O0x7f0b284ceaa8, ri _id:0x38 phdl: 0x76000058, ref _cnt:1
si : 0x7f 0b284ceeb8, si _id: 0x400b, di _id: 0x2
ADJ: objid: 73 {link_type: MPLS ifnum O0x42, si:0x1f000028, }
LABEL: objid:105 | i nk_type: MPLS | ocal _I abel : 17 out| abel : (0, 0)
flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x45000039
unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0
bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:1157627961 | bl:0 smac: d4ad. 71b5. ddf 1 dnmac: 70d3. 79be. ae61l
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)
vian_id: 0 vrf_id:0 ri:O0x7f0b284c4588, ri _id: 0x3a phdl: 0x5500005a, ref_cnt:1
si 1 0x7f 0b284d0548, si _id: 0x400c, di _id:0x62
ADJ: objid: 78 {link_type: MPLS ifnum Ox44, si:0x4900002a, }

Programacao de etiqueta LDP do C9300-PE-2:

Valide o rétulo LDP local anunciado ao PE remoto, nao valide o rétulo LDP remoto. Comece
verificando a etiqueta da perspectiva do FED e depois faga um retrocesso para FMAN RP e
FMAN FP.

***gSoftware LDP Label Programming***
C9300- PE- 2#show mpls forwarding-table

Local Qut goi ng Prefi x Byt es Label Qut goi ng Next Hop
Label Label or Tunnel Id Swi t ched interface
16 Pop Label 192.168.1.3/32 0 G 2/0/2 10.0.0. 13
Pop Label 192.168.1.3/32 0 G 2/0/3 10. 0. 0. 17
17 16 192.168.1.2/32 0 G 2/0/2 10.0.0. 13 <-- LDP Label 17 is
advertised to Remote PE 192.168.1.2
16 192.168.1.2/32 0 G 2/0/3 10. 0. 0. 17
18 Pop Label 10.0.0.4/30 0 G 2/0/2 10.0.0. 13
Pop Label 10.0.0.4/30 0 G 2/0/3 10. 0. 0. 17
19 Pop Label 10.0.0.8/30 0 G 2/0/2 10.0.0. 13
Pop Label 10.0.0.8/30 0 G 2/0/3 10. 0. 0. 17
20 No Label 10.0.0.20/30[V] 630 aggr egat e/ RED
21 No Label 192.168. 2. 0/ 24[ V] \
0 G 2/0/1 10. 0. 0. 22

***FMAN RP Label Programming***
C9300- PE- 2#show platform software mpls switch active r0 label index 106 <-- Use the objid values
from the FED commands

Label OCE Ox6a -> OBJ_ADJACENCY (0x4b)
Fl ags: Real, Nunmber of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup |abel 0x100001
OM handl e: 0x3480637358

C9300- PE- 2#show platform software mpls switch active r0 label index 107 <-- Use the objid values
from the FED commands

Label OCE 0x6b -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Nunmber of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup | abel 0x100001
OM handl e: 0x3480638c10

***FMAN FP LDP Label Programming***
C9300- PE- 2#show platform software mpls switch active £0 label index 106



Label OCE Ox6a -> OBJ_ADJACENCY (0x4b)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 548, CPP handl e: Oxdeadbeef (created)

C9300- PE- 2#show platform software mpls switch active £0 label index 107

Label OCE Ox6b -> OBJ_ADJACENCY (0x4e)
Fl ags: Real, Number of labels in the OCE 1
Label val ues: 0x10
Backup flags: Pop, UHP, backup |abel 0x100001
aom id: 549, CPP handl e: Oxdeadbeef (created)

C9300- PE- 2#show platform software object-manager switch active £0 object 548
value from the previous commands
oject identifier: 548

Description: |abel Ox6a

Status: Done, Epoch: 0, Cient data: 0x24843d8

C9300- PE- 2#show platform software object-manager switch active £0 object 548
aom id value from the previous commands
oj ect identifier: 509

Description: adj Ox4b, Flags None

Status: Done

C9300- PE- 2#show platform software object-manager switch active £0 object 549
value from the previous commands
oject identifier: 549

Description: |abel 0x6b

Status: Done, Epoch: 0, Cient data: 0x2484518

C9300- PE- 2#show platform software object-manager switch active £0 object 549
aom id value from the previous commands
oj ect identifier: 513

Description: adj Ox4e, Flags None

Status: Done

***FED LDP Label Programming***
C9300- PE- 2#show platform software fed switch active mpls forwarding label 17
LENTRY: | abel : 17 nobj: (LB, 108) | entry_hdl: 0x64000005
nmodi fy_cnt:1 backwal k_cnt: 0
| spa_handl e: 0
AAL: id: 1677721605 |bl: 17
eo0s0: [ adj _hdl : 0xa0000002, hw_hdl : Ox7f 0650a5c8e8]
eosl: [ adj _hdl : 0xa0000002, hw_hdl : Ox7f 0650a5b908]
deagg_vrf_id = 0 I spa_handl e: 0
LB: obj _id: 108 link_type:| P numchoices:2 Flags:0
mpl s_ecr:1 | ocal _| abel : 17 pat h_i nhw. 2 ecrh: 0xa0000002 ol d_ecrh: 0
nmodi fy_cnt: 0 bwal k_cnt: 0 subwal k_cnt:0 finish_cnt:0
bwal k: [req: 0 i n_prog: 0 nested: 0]
AAL: ecr:id: 2684354562 af: 0 ecr_type: 0 ref:7 ecrh: Ox7f 0650a62888( 28: 2)

<-- Use

parents

<-- Use

parents

detail

hwhdl : 1353066632 :: 0x7f 0650a60998, Ox7f 0650a630d8, Ox7f 0650260998, 0x7f 0650a630d8

Sw Enh ECR scal e: objid:108 |l abel:17 eos:1 #adjs:2 nixed_adj:0

reprogram hw. 0 ecr hdl : 0xa0000002 ecr _hwhdl : 0x7f 0650a62888

nmod_cnt: 0 prev_npath: 0 pm smatch: 0 pordermatch: 0

ecr_adj: id:436207667 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id:2113929262

si h: 0x7f 0650a60998(178) di _i d: 20507 ri h: 0x7f 0650a60378( 50)

adj _lentry [eos0: 0x7f 0650a877d8 eosl: Ox7f 0650alcf 78]

ecr_adj: id:3976200246 is_npls_adj:1 |3adj_flags: 0x100000
recirc_adj _id: 1509949487

the aom

<-- Use

the aom

<-- Use

id

the

id

the



si h: 0x7f 0650a630d8(179) di _i d: 20507 ri h: 0x7f 0650a62b18(51)
adj _lentry [eos0: 0x7f 0650a87a48 eosl: Ox7f 0650a1d188]
ecr_prefix_adj: id:2919235640 (ref:1)
si h: 0x7f 0650a87558(180) di _i d: 20507 ri h: Ox7f 0650a871d8( 68)

LABEL: objid:106 |ink_type: MPLS | ocal _| abel : 17 outl abel : (16, 0)

commands

<-- Used in previous

flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW OK, ) adj _handl e: 0x1a000033

unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0

bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0

AAL: id:436207667 | bl:0 smac: 70d3. 79be. ae71 dmac: d4ad. 71b5. ddd6

sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)

vian_id: 0 vrf_id:0 ri:0x7f0650a67d48,

si : 0x7f 0650a65408, si _id: 0x4010, di _id: 0x535f
ADJ: objid: 75 {link_type: MPLS i fnum 0x36, si:0x35000023, }
LABEL: objid:107 |ink_type: MPLS | ocal _| abel : 17 outl abel : (16, 0) <-- Used in previous

commands

ri _id: Ox3a phdl: 0x9f 00004b, ref_cnt:1

flags: Ox1: (REAL,) pdflags:0: (I NSTALL_HW K, ) adj _handl e: 0xed000036

unsupported recursion:0 ol bl _changed 0 | ocal _adj:0 nmodify_cnt: 0

bwal k_cnt: 0 subwal k_cnt: 0 col | apsed_oce: 0
AAL: id:3976200246 |bl:0 smac: 70d3. 79be. ae61 dnmac: d4ad. 71b5. ddf 1
sub_type: 0 link_type:2 adj_flags:0 | abel _type:2 rewite_type: PSH1(119)

vian_id: 0 vrf_id:0 ri:O0x7f0650a6f 4f 8,

si 1 0x7f 0650a73088, si _id: 0x4013, di _id: 0x5360
ADJ: objid: 78 {link_type: MPLS ifnum O0x37, si:0xa2000025, }

Solucionar problemas de escala de hardware

ri _id: 0x40 phdl: 0x8400004c, ref_cnt:1

Esta secéao disponibiliza informagdes para a solugao de problemas de configuracao.

Syslogs de hardware MPLS

Se vocé ficar sem um recurso especifico, como rétulos MPLS, a mensagem SYSLOG sera

gerada pelo sistema.

Pontos principais a serem lembrados

. O ROTULO MPLS é usado para a disposigao do rétulo. (Este recurso é consumido quando
os prefixos sdo aprendidos de um CE local)
- O LSPA é usado para imposigao de rétulo. (Este recurso é consumido quando os prefixos

sao aprendidos de um PE remoto)
Mensagem de registro MPLS

%FED_L3_ERRMSG-3-RSRC_ERR:

Defini¢éao

Switch 1 R0O/0: alimentado: falha ao alocar O hardware reservado para
recurso de hardware para entrada de fib prefixos IP esta sem espago

devido a exaustao do recurso de
hardware

%FED_L3_ERRMSG-3-
mpls_out_of_resource: Switch 1 R0/0:
alimentagao: Sem recurso para MPLS
LABEL ENTRY. Falha ao programar o
rétulo local:8205 (8192/8192) no
hardware

(EM ou TCAM)

Alocacéo de rétulo local: o
hardware reservado para
rétulos locais de MPLS esta
sem espaco (EM ou TCAM)

Acao de Recuperagao

Execute uma destas acoes pa
reduzir o numero de prefixos
aprendidos pelo PE local ou re
1. Resuma os prefixos em CE
2. Alterar o modo de alocagao
rétulo de per-prefix para per-vr
Execute uma destas acgdes pal
reduzir o numero de rotulos us
no PE local:

1. Resuma os prefixos no CE |
ou no PE local

2. Alterar o modo de alocagao
rétulo de per-prefix para per-vr



PE local
Execute uma destas agdes pal
reduzir o numero de rotulos us
Alocacgao de rétulo local: O no PE local:
hardware reservado paraas 1. Resuma os prefixos no CE |
etiquetas locais de MPLS esta ou no PE local
sem espacgo (EM ou TCAM) 2. Alterar o modo de alocagao
rétulo de per-prefix para per-vr
PE local
Execute uma destas acgdes pal
reduzir o numero de rotulos us

%FED_L3_ERRMSG-3-
MPLS_LENTRY_PAUSE: Switch 1 R0/O0:
alimentacao: Limite critico atingido para o
recurso MPLS LABEL ENTRY. Criagao
de entrada PAUSADA.

%FED_L3_ERRMSG-3- Alocagao remota de rétulo: o em PE remoto:

mpls_out_of_resource: Switch 1 R0/0: hardware reservado para 1. Resuma prefixos em CE rer

alimentacao: Sem recurso para LSPA rétulos remotos LSPA ficou  ou PE remoto

MPLS. Falha ao programar no hardware sem espaco 2. Alterar o modo de alocagao
rétulo de per-prefix para per-vr
PE remoto

Comandos de validagdo de hardware

O comando show platform hardware fed ative fwd-asic resource tcam use € o primeiro lugar que
vocé deseja avaliar se tem um problema de escala de hardware. Ele exibe informagdes por ASIC.

Esta se¢do mostra um prefixo de aprendizagem PE do BGP em Vrf MPLS com os parametros
descritos aqui:

- A alocacgao de rotulo por prefixo padrao € usada

- PE é C9300-48U com Cisco IOS-XE 17.3.4

- CE é Ixia como um vizinho de BGP que anuncia prefixos a uma interface em VRF MPLS

- O comprimento do prefixo usado € /28. Assim, a plataforma usa TCAM para comprimentos de
prefixo /31 ou menor

- Esta plataforma usa memodria EM para rétulos MPLS/BGP primeiro e depois transborda para
TCAM se EM ficar cheio

Topologia
Lo0: 10.0.0.1/32 Lo0: 10.0.0.5/32
CE prefix range: " .
172.16.0.0/16
VRF MPLS

i \
¥ \
/

192.168.1.2/30 MPLS Cloud .
192.168.1.1/30 [N ORS 1o 100 M =d =% L - C9500-PE-2

4 BGP VPNv4 Adjacency =

Uso de recursos da linha de base

Antes da adi¢ao de qualquer prefixo, ha uma utilizacdo basica:

- Essa linha de base foi tomada depois que os vizinhos LDP MPLS foram formados na tabela
global



- Nessa linha de base, os prefixos VPNv4 sao adicionados ao VRF MPLS
- Seus numeros de linha de base podem variar. Depende do que ja esta programado no switch

Note: Neste exemplo, os prefixos sao adicionados de um lado CE-PE, o que resulta em
recursos como LSPA alocados apenas no PE remoto que precisa usar uma pilha de rétulos
para alcancar. Em cenarios reais, o recurso seria alocado em ambos os dispositivos PE.

C9300- 48Ut#tshow version | inc IOS

Cisco | 0S XE Software, Version 17.03.04

Cisco |1 0S Software [Amsterdam], Catalyst L3 Switch Software (CAT9K | OSXE), Version 17.3.4,
RELEASE SOFTWARE (fc3)

C9300- 48Ut tshow platform hardware fed switch active fwd-asic resource tcam utilization
Codes: EM - Exact_Match, | - Ilnput, O- Qutput, 10 - Input & Qutput, NA - Not Applicable

CAM Wilization for ASIC [0]

Tabl e Subt ype Di r Max Used %Used V4 V6 MPLS
O her

Mac Address Tabl e EM | 32768 20 0. 06% 0 0 0
20

Mac Address Tabl e TCAM | 1024 21 2. 05% 0 0 0
21

L3 Multicast EM | 8192 0 0. 00% 0 0 0
0

L3 Multicast TCAM | 512 9 1.76% 3 6 0
0

L2 Multicast EM | 8192 0 0. 00% 0 0 0
0

L2 Multicast TCAM | 512 11 2.15% 3 8 0
0

IP Route Table EM I 24576 23 0.09% 14 0 9
0 <-- 23 EM (hash) base usage

IP Route Table TCAM I 8192 25 0.31% 12 10 2

1l <-- 25 TCAM base usage

C9300-48U#show platform software fed switch active mpls summary | b Resource shar
Resource sharing info:

Sl: 4/ 65536

Rl : 10/ 65536

Vel | Known | ndex: 49/2048

Tcam 21/57344

lvl_ecr: 0/64

Iv2_ecr: 0/256

| spa: 0/16385

| abel _stack_id: 2/65537

vpn_spoke_i d: 0/255

indirect_si: 0/255

RSM resource database stats:

Num of (L3+npls) ADJ entries allocated: 36/131072

Num of LABEL entries allocated: 4/8192 <-- Baseline label usage = 4 (label entries
allocated on local PE-CE side)
Num of LSPA entries allocated: 0/8192 <-- LSPA resource used when prefix learnt

from another PE, not from a local CE (The SDM template determines max value)
Num of local adjs in npls adjs: 3

Num of SI stats allocated: 6/49152

Adjs stats allocated by MPLS

Num of npls adjs: 11

Num of L3 adjs: O



Num of VPN prefix_id: O
<...snip...>

Other MPLS resource alloc error stats: <-- reported resource allocation issues
shown here

LENTRY out -of -resource errors: 0
LENTRY general errors: O

LSPA out-of-resource errors: 0
LSPA general errors: O

ADJ out-of-resource errors: 0O

SI stats alloc error: O

MPLS ADJ stats error: O

MPLS ADJ stats last error rc: O

Observagao: SI/RI/DI sdo recursos necessarios para a regravagao de pacotes, porta de
destino e assim por diante. Para solucionar problemas com SI/DI/RI, consulte o artigo
Understanding Hardware Resources on Catalyst 9000 Switches

Adicionar prefixos 1000 BGP VPNv4
Vizinho (Ixia) criado com 1000 prefixos adicionados ao VRF MPLS do CE

9300 PE local (conectado ao CE)

C9300- 48Uttshow bgp vpnv4 unicast all summary
BGP router identifier 10.0.0.1, local AS nunber 65000
<...snip...> Neighbor V AS MsgRcvd MsgSent Tbl Ver 1 nQ QutQ Up/ Down State/PfxRcd 10.0.0.5 4 65000

102 304 3001 0 0 01:28:23 0 192.168.1.2 4 65005 102 5 3001 0 0
00: 00: 58 1000 <-- PE learns 1000 prefixes from CE device

C9300- 48Uttshow bgp vpnv4 unicast all | count /28

Nurmber of |ines which match regexp = 1000 <-- All 1000 prefixes are /28

C9300- 48Uttshow platform hardware fed switch active fwd-asic resource tcam utilization

Codes: EM - Exact_Match, | - Input, O- Qutput, 10 - Input & Qutput, NA - Not Applicable

CAM Wilization for ASIC [0]

Tabl e Subt ype Dir Max Used %Jsed V4 V6 MPLS
O her

Mac Address Tabl e EM I 32768 20 0. 06% 0 0 0
20

Mac Address Tabl e TCAM I 1024 21 2.05% 0 0 0
21

L3 Ml ticast EM I 8192 0 0. 00% 0 0 0
0

L3 Ml ticast TCAM I 512 9 1.76% 3 6 0
0

L2 Mul ticast EM I 8192 0 0. 00% 0 0 0
0

L2 Multicast TCAM | 512 11 2.15% 3 8 0
0

| P Route Table EM I 24576 2023 8.23% 14 0 2009
0

IP Route Table TCAM | 8192 1025 12.51% 1012 10 2
1

<-- 25 base + 1000 /28 prefixes = 1025 TCAM entries
<-- MPLS labels are added to EM, and each MPLS label uses 2 entries (one IPv4 prefix, and one
MPLS label results in 3 entries used in hardware)

C9300- 48Uttshow platform software fed switch active mpls summary | b Resource shar
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Resource sharing info:
SI: 4/ 65536
Rl : 1010/ 65536
Wl | Known | ndex: 49/2048
Tcam 1021/57344
vl ecr: 0/64
lv2_ecr: 0/ 256
| spa: 0/16385
| abel _stack_id: 1002/ 65537
vpn_spoke_id: 0/ 255
indirect_si: 0/255

RSM r esour ce dat abase stats:
Num of (L3+npls) ADJ entries allocated: 1036/131072
Num of LABEL entries allocated: 1004/8192 <-- Increased by 1000 on local PE
Num of LSPA entries allocated: 0/8192 <-- No prefixes learnt from remote

PE, no LSPA allocated
Num of local adjs in npls adjs: 3
Num of Sl stats allocated: 1006/49152
Adjs stats allocated by MPLS:
Num of npls adjs: 1011
Num of L3 adjs: O
Num of VPN prefix id: 0
<...snip...>

Other MPLS resource alloc error stats: <-- no resource allocation issues
LENTRY out -of -resource errors: 0
LENTRY general errors: O
LSPA out-of-resource errors: 0
LSPA general errors: O
ADJ out-of-resource errors: 0O
SI stats alloc error: O
MPLS ADJ stats error: O
MPLS ADJ stats last error rc: O

<-- Resources shown in baseline outputs are now increased by 1000

PE remoto 9500H (aprendido sobre MPLS)

C9500- 24Y4C#show platform hardware fed active fwd-asic resource tcam utilization
Codes: EM - Exact_Match, | - Input, O- CQutput, 10 - Input & Qutput, NA - Not Applicable

CAM Uilization for ASIC [0]

Tabl e Subt ype Dir Max Used %Jsed V4 V6 MPLS
Q her

Mac Address Tabl e EM I 32768 19 0. 06% 0 0 0
19

Mac Address Tabl e TCAM I 768 21 2.73% 0 0 0
21

L3 Ml ticast EM I 32768 0 0. 00% 0 0 0
0

L3 Ml ticast TCAM I 768 6 0. 78% 3 3 0
0

L2 Ml ticast TCAM I 2304 7 0. 30% 3 4 0
0

IP Route Table EM/LPM I 212992 1012 0.48% 1003 0 9
0

I P Route Table TCAM I 1536 28 1.82% 23 3 2
0
CTS Cell Matrix/VPN
Label EM o 32768 992 3.03% 0 0 992

0 <-- MPLS VPN used 992 entries
CTS Cell WMatrix/ VPN



Label TCAM O 768 9 1.17%0 0 8 1

<-- 1000 /28 IPv4 prefixes learned from remote PE (On the 9500HP these /28 prefixes are be
stored in EM/LPM memory, not TCAM)
<-- Hardware shared between CTS and VPN (resource is used when prefixes learned PE-PE, label
imposition)
C9500- 24Y4Clshow platform software fed active mpls summary | b Resource shar
Resource sharing info:
SI: 4/131072
Rl : 11/98304
Wel |l Known | ndex: 48/2048
Tcam 20/ 245760
Ivl ecr: 0/64
lv2_ecr: 0/ 256
| spa: 1000/ 65536
| abel _stack_id: 2/65537
vpn_spoke_id: 0/ 255
indirect_si: 0/255
RSM resource database stats:
Num of (L3+npls) ADJ entries allocated: 37/196608

Num of LABEL entries allocated: 4/45056 <-- LABEL does not increase (no
prefixes learnt from a local CE)
Num of LSPA entries allocated: 1000/32768 <-- LSPA usage increased by 1000

(these prefixes require label stack to reach)
Num of local adjs in npls adjs: 4
Num of SI stats allocated: 6/49152
Adjs stats allocated by MPLS

Num of npls adjs: 12
Num of L3 adjs: O
Num of VPN prefix_id: 1000
AL MPLS SI/RI resource alloc stats:
Sl allocated: 1
Rl all ocated: 6
SI _STATS al l ocated: 6
Unknowns allocs: O
All oc no resource: 0
Alloc errors: 0O
Free errors: O
Invalid free: 0
Free unknown: 0
Other MPLS resource alloc error stats: <-- no resource allocation issues
LENTRY out -of -resource errors: 0
LENTRY general errors: O
LSPA out -of -resource errors: 0
LSPA general errors: O
ADJ out-of-resource errors: 0O
SI stats alloc error: O
MPLS ADJ stats error: O
MPLS ADJ stats last error rc: O

<-- Different resources are allocated to reach a local prefix (LABEL) versus a remote prefix
(LSPA)

Note: Para obter informacdes gerais sobre a TCAM do Catalyst 9000, ou detalhes sobre
como verificar a TCAM para outros recursos, consulte o artigo Understanding Hardware
Resources on Catalyst 9000 Switches.

Note: ADJ (adjacéncias) sdo um recurso compartilhado. Para solucionar problemas com o
ADJ, consulte o artigo Understand Hardware Resources on Catalyst 9000 Switches.
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Rétulo MPLS e limite de escala IPv4 e correcéo

Na maioria dos casos, quando o recurso MPLS é usado e muitos recursos de hardware sao
consumidos, uma alteragc&do na alocagao de rotulo de (padréo) por prefixo para por vrf pode
ajudar. Neste exemplo, considere a alocagao de recursos antes e depois (neste caso, 0 9500 é o
dispositivo CE-PE).

### Usage with per-prefix label allocation #i##

C9500- 24Y4C#show platform hardware fed active fwd-asic resource tcam utilization
Codes: EM - Exact_Match, | - Input, O- Qutput, 10 - Input & Qutput, NA - Not Applicable

CAM Wilization for ASIC [0]

Tabl e Subt ype Dir Max Used %Jsed V4 V6 MPLS
O her

Mac Address Tabl e EM I 32768 19 0. 06% 0 0 0
19

Mac Address Tabl e TCAM I 768 21 2.73% 0 0 0
21

L3 Mul ticast EM | 32768 0 0. 00% 0 0 0
0

L3 Mul ticast TCAM | 768 6 0.78% 3 3 0
0

L2 Multicast TCAM | 2304 7 0. 30% 3 4 0
0

IP Route Table EM/LPM I 212992 3023 1.42% 1014 0 2009
0 <-- 1 IPv4 prefix entry + 2 entries for labels (2 labels created per every 1 IPv4 prefix)

| P Route Tabl e TCAM | 1536 17 1.11% 12 3 2
0

### New usage after change to per-vrf lable allocation #i#i#

C9500- 24Y4C(confi g) #mpls label mode vrf MPLS protocol all-afs per-vrf

C9500-24Y4C#show bgp vpnv4 unicast all BGP table version is 164901, local router IDis 10.0.0.5
Net wor k Next Hop Metric LocPrf Weight Path

Status codes: s suppressed, d danmped, h history, * valid, > best, i - internal,

r RIB-failure, S Stale, mmultipath, b backup-path, f RT-Filter,

X best-external, a additional-path, ¢ Rl B-conpressed,

t secondary path, L long-lived-stale,

i

Oigin codes: - 1GP, e - EGP, ? - inconplete

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

Net wor k Next Hop Metric LocPrf Weight Path

Rout e Distinguisher: 1:1 (default for vrf MPLS) *> 172.30.0.0/24 192.168.3.2 2219

0 65100 65101 65102 65103 {65104} e
<...snip...>

C9500- 24Y4C#show bgp vpnv4 unicast all 172.30.0.0
BGP routing table entry for 1:1:172.30.0.0/24, version 163902
Paths: (1 available, best #1, table MPLS)
Advertised to update-groups:
8
Refresh Epoch 1
65100 65101 65102 65103 {65104}
192.168.3.2 (via vrf MPLS) from 192.168.3.2 (192.168. 3. 2)
Oigin EGP, netric 2219, local pref 100, valid, external, best
Ext ended Conmunity: RT:1:1
npls labels in/out |Pv4 VRF Aggr:18116/nolabel <-- Verify you see a 'VRF Aggr' label
type
rx pathid: 0, tx pathid: 0xO0
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### Usage with per-vrf label allocation #i##
Al'l ocation on both |ocal and renote PE is dramatically reduced via change to | abel allocation
node

local switch (PE-CE)
C9500- 24Y4C#show platform hardware fed active fwd-asic resource tcam utilization

Codes: EM - Exact_Match, | - lnput, O- Qutput, 10 - Input & Qutput, NA - Not Applicable

CAM Wilization for ASIC [0]

Tabl e Subt ype Dir Max Used %Jsed V4 V6 MPLS
O her

Mac Address Tabl e EM | 32768 19 0. 06% 0 0 0
19

Mac Address Tabl e TCAM | 768 21 2.73% 0 0 0
21

L3 Multicast EM | 32768 0 0. 00% 0 0 0
0

L3 Multicast TCAM | 768 6 0.78% 3 3 0
0

L2 Multicast TCAM | 2304 7 0.30% 3 4 0
0

IP Route Table EM/LPM I 212992 1025 0.48% 1014 0 11
0 <-- one local LABEL used to reach the CE learnt prefixes

| P Route Table TCAM | 1536 17 1.11% 12 3 2
0

Q0S ACL TCAM | 1024 45 4.39% 15 20 0
10

remote switch (PE-PE)
C9300- 48U#show platform hardware fed switch active fwd-asic resource tcam utilization
Codes: EM - Exact_Match, | - lnput, O- Qutput, 10 - Input & Qutput, NA - Not Applicable

CAM Wilization for ASIC [0]
Tabl e Subt ype Dir Max Used %Jsed V4 V6 MPLS
Q her

<...snip...>

| P Route Tabl e EM 24576 23 0. 09% 14 0 9
0

IP Route Table TCAM I 8192 1025 12.51% 1012 10 2
1 <-- Still 1:1 usage for IPv4 prefixes

<...snip...>

CTS Cell Matrix/VPN

Label EM o 8192 1 0.01% 0 0 1
0 <-- one remote LSPA used to reach the PE learnt prefixes

Note: O uso de recursos no resumo de mpls ativos do switch alimentado por software da
plataforma também mostra essa redugao no LABEL ou LSPA (o que for aplicavel).

Comandos para TAC

Os problemas de recursos de hardware mais comuns relacionados ao MPLS sao abordados



neste guia, com as etapas de corregao apropriadas. No entanto, caso este guia n&o resolva seu
problema, colete a lista de comandos mostrada e anexe-os a solicitagao de servigo.

show i p route sunmary

show i p bgp vpnv4 all | redirect flash:bgp_vpnv4_al

show i p bgp vpnv4 all sunmmary

show ip route vrf <vrf-nane> sumary

show npls forwardi ng-table sumary

show i p cef vrf <name> | redirect flash:sh_ip_cef_vrf_<nanme>

show i p cef vrf <nane> sumary

show platform software fed switch active ip route sunmary

show platform software npls switch <all switches> f0 forwardi ng-table

show platformsoftware npls switch <all switches> fO |abe

show platform software npls switch <all switches> fO0 eos

show pl at form sof twar e obj ect-nmanager switch <all switches> f0 error-object
show pl at form sof tware obj ect-nanager switch <all switches> fO0 pending-issue-update
show platform software fed switch <all switches> npls |abel _oce all detail
show platformsoftware fed switch <all switches> npls eos all det

show platform software fed switch <all switches> npls sunmmary

show platform software fed switch active npls forwarding all detai

show pl at form sof tware obj ect-nanager switch 1 f0O statistics

show tech-support npls | redirect flash:sh_tech_npls

show | ogging | redirect flash:sh_logging_console

show platformhard fed switch active fwd resource tcamtable sghash asic O format 0 | redirect
flash: vpn_I spa

request platformsoftware trace archive |last 30 days target flash
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