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ip vrf aqua
rd 100:1
route-target export 1:1
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route-target inport 1:1

|
i nterface LoopbackO

i p address 10.2. 2.2 255.255. 255. 255

no i p directed-broadcast

|
interface Ethernet2/0/1

ip vrf forwarding aqua

i p address 10.1.1.2 255.255.255.0

no i p directed-broadcast

ip route-cache distributed
The VPN Routing and Forwarding (VRF) interface !--- --- !
toward the customer edge (CE) router. interface
Et hernet2/0/2 ip address 10.7.7.2 255.255.255.0 no ip
direct ed- broadcast ip route-cache distributed tag-
switching ip ! router ospf 1 |og-adjacency-changes
network 0.0.0.0 255.255.255.255 area 0 ! router bgp 1
bgp | 0og- nei ghbor - changes nei ghbor 10.5.5.5 renonte-as 1
nei ghbor 10.5.5.5 updat e-source Loopback0 no auto-
sumuary ! address-family vpnv4 neighbor 10.5.5.5
activate neighbor 10.5.5.5 send-conmunity extended exit-
address-fanily ! address-fanmily ipv4 neighbor 10.5.5.5
activate no auto-summary no synchroni zation exit-
address-fanmily ! address-fanmily ipv4 vrf aqua
redi stribute connected no auto-sunmmary no
synchroni zation exit-address-famly

P az90 (1955

i nterface LoopbackO

ip address 10.7.7.7 255.255. 255. 255
no i p directed-broadcast

|
interface Ethernet2/0

i p address 10.8.8.7 255.255.255.0
no i p directed-broadcast
tag-switching ip

|
interface Ethernet2/1

i p address 10.7.7.7 255.255.255.0
no i p directed-broadcast
tag-switching ip

|
router ospf 1

| og- adj acency- changes

network 0.0.0.0 255.255. 255. 255 area 0

.BGP is not run on this router ---!

PE2 a>90 (1955

ip vrf aqua

rd 100: 1

route-target export 1:1
route-target inport 1:1

1
i nterface LoopbackO

i p address 10.5.5.5 255.255.255.0
no ip directed-broadcast

1
interface Ethernet0/0

ip vrf forwarding aqua

i p address 10. 10.10.5 255. 255. 255. 0




no ip directed-broadcast
The VRF interface toward the CE router. ! interface ---!
Et hernet0/3 ip address 10.8.8.5 255.255.255.0 no ip
direct ed- broadcast tag-switching ip ! router ospf 1 |og-
adj acency-changes network 0.0.0.0 255.255.255.255 area 0
! router rip version 2 ! address-fanmily ipv4 vrf aqua
version 2 network 10.0.0.0 no auto-summary exit-address-
famly ! router bgp 1 bgp | og-nei ghbor-changes nei ghbor
10.2.2.2 renote-as 1 neighbor 10.2.2.2 update-source
LoopbackO no auto-sumary ! address-famly vpnv4
nei ghbor 10.2.2.2 activate nei ghbor 10.2.2.2 send-
community extended exit-address-famly ! address-famly
i pv4 neighbor 10.2.2.2 activate no auto-sunmary no
synchroni zation exit-address-famly ! address-famly
i pv4d vrf aqua redistribute connected redistribute rip no
aut o- summary no synchroni zati on exit-address-fanily

CE2 a>90 ;195

i nterface LoopbackO

ip address 192.168. 1. 196 255. 255. 255. 192
no i p directed-broadcast

1
interface Ethernetl

i p address 10.10.10. 6 255.255.255.0

no i p directed-broadcast

1
router rip

version 2

network 10.0.0.0

network 192.168.1.0

no aut o-sunmary
Routing Information Protocol (RIP) is used for the ---!

advertisement !--- of routes between the CE and the
provider edge (PE) router. ! ip route 0.0.0.0 0.0.0.0
10. 10.10.5
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CEl#pi ng 192. 168. 1. 196

. Type escape sequence to abort
: Sending 5, 100-byte | CMP Echos to 192.168.1.196, timeout is 2 seconds

(Success rate is 0 percent (0/5

I Jliall 3 pioge o8 oS Ligzsll 0ig) pllo aes JBa] e CET soiny «ll3 go

CEl#show ip route 0.0.0.0
Routing entry for 0.0.0.0/0, supernet
Known via "static", distance 1, netric 0, candidate default path
Redi stributing via ospf 100
: Routing Descriptor Bl ocks
10.1.1.2 *



Route netric is 0, traffic share count is 1
dlioYl puogi VPN MPLS &Suisy aol3l logleall o 3axill liSay (CET o (9 ,a)l PE a>g0) PE1 9
.03® VPN aSuid VRF J9a> (9 39290 dg>all JI buzuo Lluws ol all

PEl#show ip route vrf agqua 192.168.1.196
Routing entry for 192.168.1.192/26
Known via "bgp 1", distance 200, netric 1, type internal
Last update from 10.5.5.5 00: 09: 52 ago
: Routing Descriptor Bl ocks
Defaul t-1P-Routing-Table), from10.5.5.5, 00:09:52 ago) 10.5.5.5 *
Route metric is 1, traffic share count is 1
AS Hops 0, BGP network version O

PEl#show tag-switching forwarding-table vrf agqua 192.168.1.196 detail

Local Qutgoing Prefi x Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel Id swi t ched interface
None 16 192.168.1.192/26 O Et 2/ 0/ 2 10.7.7.7

{MAC/ Encaps=14/22, MIrU=1496, Tag Stack{16 32
00603E2B02410060835887428847 0001000000020000
No out put feature configured

PEl#show ip bgp vpnv4 vrf agqua 192.168.1.192
BGP routing table entry for 100:1:192.168. 1. 192/ 26, version 43
(Paths: (1 available, best #1, table aqua
Not advertised to any peer
Local
(rmetric 21) from10.5.5.5 (10.5.5.5) 10.5.5.5
Oigin inconplete, netric 1, |local pref 100, valid, internal, best
Ext ended Conmunity: RT:1:1

PEl#show tag-switching forwarding-table 10.5.5.5 detail

Local Qutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel I|d swi t ched interface
Et 2/ 0/ 2 10.7.7.7 0 10.5.5.5/ 32 16 18

{MAC/ Encaps=14/ 18, Mru=1500, Tag Stack{16
00603E2B02410060835887428847 00010000
No out put feature configured

Per - packet | oad-sharing, slots: 0123456789 10 11 12 13 14 15

asall glial plasiwl, BGP aJl sglasll jlus e PET sz ¥ Jliall 13D (5 ping0 o8 laS

PE1#

PEl#show ip route 10.5.5.5 255.255.255.0

Subnet not in table %

PEl#show ip route 10.5.5.5 255.255.255.255

Routing entry for 10.5.5.5/32
Known via "ospf 1", distance 110, nmetric 21, type intra area
Last update from 10.7.7.7 on Ethernet2/0/2, 00:38:55 ago
:Routing Descriptor Bl ocks
from 10.5.5.5, 00:38:55 ago, via Ethernet2/0/2 ,10.7.7.7 *

Route netric is 21, traffic share count is 1

99 LaS P a0 (0 030 BGP &l skl I Joosl) PET lgorsiwn Ll IGP amgs clogles il ai
&sWl oig) Hlwo apa) udy PE2 g2 iwY guno e Lelid Loyl a>gall 13D glay (JUWI Jlall 5 riogo
aenall glall plaiiml

P#show ip route 10.5.5.5

Routing entry for 10.5.5.5/32
Known via "ospf 1", distance 110, netric 11, type intra area
Last update from 10.8.8.5 on Ethernet2/0, 00:47:48 ago



: Routing Descriptor Bl ocks
from 10.5.5.5, 00:47:48 ago, via Ethernet2/0 ,10.8.8.5 *
Route netric is 11, traffic share count is 1

P#show i p route 10.5.5.5 255.255.255.0
Subnet not in table %
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P#show tag-switching forwarding-table 10.5.5.5 detail

Local Qutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel Id swi t ched interface
Unt agged 10.5.5.5/ 32 5339 Et2/0 10.8.8.5 16

{} MAC/ Encaps=0/0, Mru=1504, Tag Stack
No out put feature configured
Per - packet | oad-sharing, slots: 0123456789 10 11 12 13 14 15

oy, o€ nas =, (PE2 (tsr: 10.8.8.5:0 ul P a>ga) dsawidl loy, J9a> el «( JWI Jloll (5 zuingo 98 LS
oSJ9 (PE1 (tsr: 10.2.2.2:0 9 P a>g0 dlawlg, 32/ 5luall dsouss o,¢ oMYl piy .24/ glid g0 10.5.5.5 J
9 o 2295 M8 Loyl aic el sl Luall gillay ¥ PE2 daulg, aic oleall seill oY 1haig PE2 Lud
g9l 03® JI o2l azgi 65l P a>gall o0 LFIB

P#show tag-switching tdp bindings detail

(tib entry: 10.5.5.0/24, rev 67(no route
remote binding: tsr: 10.8.8.5:0, tag: inp-null
tib entry: 10.5.5.5/32, rev 62
| ocal binding: tag: 16
:Advertised to
10.8.8.5:0 10.2.2.2:0
remote binding: tsr: 10.2.2.2:0, tag: 18

a>gill J9az 9 PE2 dauwls, lgic oleall damdl Jaylg,9 aeill ol oy OVl cuw dasVo (S,

Jid o 138 plasiwl pis el 24/ £8 6 ilo Juiall ¢ iwYl g, azgall lig) cloMall lay, J9a9
a>gall L6 (OSPF) Yol zeicall bVl Luall pasiuws &aidl 03 oY Ll dsamadl by, elis] L5 a>goll

I Jliall U3 paingo 6 laS 32/ £lid plaziwl dg>loll 03® e ey

PE2#show ip route 10.5.5.5
Routing entry for 10.5.5.0/24
(Known via "connected", distance 0, netric 0 (connected, via interface
: Routing Descriptor Bl ocks
directly connected, via Loopback0 *
Route nmetric is 0, traffic share count is 1

PE2#show tag-switching tdp bindings detail

tib entry: 10.5.5.0/24, rev 142
| ocal binding: tag: inp-null
:Advertised to
10.7.7.7:0
tib entry: 10.5.5.5/32, rev 148



remote binding: tsr: 10.7.7.7:0, tag: 16

PE2#show ip ospf interface loopback 0

LoopbackO is up, line protocol is up
Internet Address 10.5.5.5/24, Area O
Process ID 1, Router ID 10.5.5.5, Network Type LOOPBACK, Cost: 1
Loopback interface is treated as a stub Host

. (OSPF advertises all interfaces of Network Type LOOPBACK as host !--- routes (/32 ---1!

aojlall dadly £l uw aic oleall jluall Gy Bl pac ey OIS PE1 9 P azgo cu LSP Jisd oY |l
aic oley sl gliall go §9lgi) gl awYl gld uss 6@ abluy LisYI JxJI Gl PET dawls, D3Lis| a5 il
Yl g65 oo < Suidl grax) OSPF dlawls,

PE2 _lc d.c,all aSuill gbd uss 11 S

PE2#configure terminal
.Enter configuration conmands, one per line. End with CNTL/Z
PE2(config)#int 1o O
PE2(config-if)#ip add 10.5.5.5 255. 255. 255. 255
PE2(config-if)#end

PE2#
Jlall 9 2090 68 LaS LSP Juisd &y > oyl 9 6392901 lguuss & PE1 Jg> wlogleall ol 9y
Ll
PEl#show tag-switching forwarding-table vrf agqua 192.168.1.196 detail
Local Qutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel Id swi t ched interface
None 16 192.168.1.192/26 O Et2/0/2 10.7.7.7

{ MAC/ Encaps=14/22, MIU=1496, Tag Stack{16 32

00603E2B02410060835887428847 0001000000020000
No out put feature configured

PEl#show tag-switching forwarding-table 10.5.5.5 detail

Local Qutgoing Prefix Bytes tag Qutgoing Next Hop

tag tag or VC or Tunnel Id swi t ched interface

Et 2/ 0/ 2 10.7.7.7 0 10.5.5.5/32 16 18
{MAC/ Encaps=14/ 18, Mru=1500, Tag St ack{ 16

00603E2B02410060835887428847 00010000
No output feature configured
Per - packet | oad-sharing, slots: 0123456789 10 11 12 13 14 15

13 .91 doMe VI (@ 65kall dyamill 639200 25 o) LSP Jisd (9 camsi Ll oV Gl P azgo sgla,
il Sy oyl Ol e s gbuuall jlizy bl ol lay o)lay W3 a2y BGP JI J eVl plgiall ol Lisy
(untagged )l a2 o) lay)Jl) duous VPN U

32/ ,Lusall (PE2 (tsr: 10.8.8.5:0 dlawlg; aic oMe¥l axy (imp-null) guals oloMall by, J9a> auos,

P#show tag-switching forwarding-table 10.5.5.5 detail

Local Qutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel Id swi t ched interface
Pop tag 10.5.5.5/32 3493 Et2/0 10.8.8.5 16

{} MAC/ Encaps=14/ 14, Mru=1504, Tag St ack
006009E08B0300603E2B02408847
No output feature configured



Per - packet |oad-sharing, slots: 0123456789 10 11 12 13 14 15
P#show tag-switching tdp bindings detail
tib entry: 10.5.5.5/32, rev 71

| ocal binding: tag: 16
:Advertised to

10.8.8.5:0 10.2.2.2:0
remote binding: tsr: 10.2.2.2:0, tag: 18
remote binding: tsr: 10.8.8.5:0, tag: inmp-null

OSPF Syt g5 yuss 22 JI

I PE2 £l il dgzlg) OSPF dSuiv £05 i uic £ iwYl dg>lo) OSPF s o puss 9 Ll |
05Ul p5 53l duaidll bayy Of Lisy 130 .32/ g plasiwls Llals diles £ Yl &5l ass ol cibass | dlass
£ld o soi) by Loll amoill Jsaz b 6 il dluiall due all aSaidll I 6,LoYl xic [PE2 dlawls,
iSeio £ld _LC (i) PE2 oo il oo (i)l P azgall e OSPF jlus ol (24/ J duc,d i
(@sWl oig 24/ J ac 9

2090 98 LS PE2 gl> ] dg>ly e éSuidl go5 s ip ospf network point-to-point LoVl plasiw| oy
Sl Jal 8

PE2#configure terminal

.Enter configuration conmands, one per line. End with CNTL/Z

PE2( confi g) #i nterface | oopback 0O

PE2(confi g-if)#ip ospf network point-to-point

#(PE2(config-if

2o 39ls5 _illy BGP &l alaaill Jis] e PET e cloMell azgi 6le] J9a> ey cobsl puings o8 LoS
13D azeidl 63le] JBsb o isall OSPF jlue ol azgill J9az Lgla, PE2 e gl>iwVl dg=lo) leall glall
Loyl a0

PEl#show tag-switching forwarding-table 10.5.5.5 detail

Local Qutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel Id swi t ched interface
Et2/0/ 2 10.7.7.7 0 10.5.5.0/ 24 17 22

{MAC/ Encaps=14/18, Mru=1500, Tag Stack{17
00603E2B02410060835887428847 00011000
No out put feature configured

Per - packet | oad-sharing, slots: 0123456789 10 11 12 13 14 15

PEl#show ip route 10.5.5.5
Routing entry for 10.5.5.0/24
Known via "ospf 1", distance 110, nmetric 21, type intra area
Last update from 10.7.7.7 on Ethernet2/0/2, 00:36:53 ago
:Routing Descriptor Bl ocks
from 10.5.5.5, 00:36:53 ago, via Ethernet2/0/2 ,10.7.7.7 *
Route netric is 21, traffic share count is 1

o8 LS o doMsS 65kall dodall P azgas doll juaill dole apgi 63lel JBol gl (JWI Jliall (S
kil gl Lle BGP JsSsi9,4) alldl sglaxl) Llell drami] apuis pisw (5,31 6509 . JWI Jliall (S 2050
oyl Loyl a9, LSP JgS959, sty )9 awldl VPN aSuis dpouiy blais Yl piww U9 cazgoll lig) o=l

2axall dc o)l aSuill glS sela, S

P#show tag-switching forwarding-table 10.5.5.5 detail

Local CQutgoing Prefix Bytes tag Qutgoing Next Hop
tag tag or VC or Tunnel I|d swi t ched interface

Pop tag 10.5.5.0/ 24 4261 Et2/0 10.8.8.5 17



{} MAC/ Encaps=14/ 14, Mru=1504, Tag Stack
006009E08B0300603E2B02408847
No out put feature configured

Per - packet | oad-sharing, slots: 0123456789 10 11 12 13 14 15

P#show tag-switching tdp bindings detail

tib entry: 10.5.5.0/24, rev 68
| ocal binding: tag: 17
:Advertised to
10.8.8.5:0 10.2.2.2:0
remote binding: tsr: 10.8.8.5:0, tag: inp-nul
remote binding: tsr: 10.2.2.2:0, tag: 22

CE1 o Jols Jlasl Ldgi, .alass _JI o o aSuid] £95 uss o5 il Lol 13D 21,31 58, obsl ziogo 8 oS
CE2 J gl>,uw)l dg>lg JI

PE2#show ip ospf interface loopback 0
LoopbackO is up, line protocol is up
Internet Address 10.5.5.5/24, Area O
Process 1D 1, Router ID 10.5.5.5, Network Type PO NT_TO PO NT, Cost: 1
,Transmt Delay is 1 sec, State PO NT_TO PO NT
Tinmer intervals configured, Hello 10, Dead 40, Wait 40, Retransnmit 5
Index 3/3, flood queue length O
(Next 0x0(0)/0x0(0
Last flood scan length is 0, maximumis 0O
Last flood scan tine is O nsec, naxinmumis O nsec
Nei ghbor Count is 0, Adjacent neighbor count is O
(Suppress hello for 0 neighbor(s

CEl#ping 192.168.1.196

. Type escape sequence to abort

:Sending 5, 100-byte | CWP Echos to 192.168.1.196, tineout is 2 seconds
Success rate is 100 percent (5/5), round-trip mn/avg/max = 4/4/4 ns
. CE1
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