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CE1

interface Loopbackl

ip address 192.168.255.1 255.255.255.255
interface FastEthernet0/0

ip address 192.168.12.1 255.255.255.0

!

router eigrp 1

network 0.0.0.0

PE1

vrf definition A

rd 192.168.255.2:65000

!

address-family ipv4

route-target export 99:99
route-target import 99:99
exit-address-family

1

interface Loopbackl

ip address 192.168.255.2 255.255.255.255
ip ospf 1 area 0

1

interface FastEthernet0/0

vrf forwarding A

ip address 192.168.12.2 255.255.255.0
1

interface FastEthernetl/0

ip address 192.168.24.2 255.255.255.0

StE ISPA L ISPE %

I|gjjofMofl CHal A ErLICE.

#Customer Edge configuration.

#Provider Edge Configuration.
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ip ospf 1 area 0
mpls ip

!

router eigrp 65000
1

#EIGRP is PE-CE routing
#protocol.

address-family ipv4 vrf A autonomous-system 1
redistribute bgp 65000 metric 10000 10 255 1 1500

network 192.168.12.2 0.0.0.0
exit-address-family

!

router ospf 1

1

router bgp 65000

bgp log-neighbor-changes

no bgp default ipv4-unicast

neighbor 192.168.255.3 remote-as 65000

neighbor 192.168.255.3 update-source Loopbackl

1

address-family ipv4
exit-address-family

1

address-family vpnv4

neighbor 192.168.255.3 activate

neighbor 192.168.255.3 send-community both

exit-address-family

!

address-family ipv4 vrf A
redistribute eigrp 1
exit-address-family

P1

interface Loopbackl

ip address 192.168.255.4 255.255.255.255
ip ospf 1 area 0

1

interface FastEthernet0/0

ip address 192.168.24.4 255.255.255.0
ip ospf 1 area 0

duplex half

mpls ip

!

interface FastEthernetl/0

ip address 192.168.34.4 255.255.255.0
ip ospf 1 area 0

mpls ip

!

interface FastEthernetl/1

ip address 192.168.45.4 255.255.255.0
ip ospf 1 area 0

mpls ip

!

router ospf 1

1

RR1

interface Loopbackl
ip address 192.168.255.3 255.255.255.255

ip ospf 1 area 0
!

#Advertising vpnv4 routes
#from PE1l to RRI1.

#P router configuration.

#Route-Reflector configuration.



interface FastEthernet0/0

ip address 192.168.34.3 255.255.255.0
ip ospf 1 area 0

mpls ip

!

router ospf 1

1

router bgp 65000

bgp log-neighbor-changes

neighbor 192.168.255.2 remote-as 65000

#EBGP-Multihop vpnv4

update-source Loopbackl #peering with RRZ2.

neighbor 192.168.255.2 update-source Loopbackl
neighbor 192.168.255.7 remote-as 65001
neighbor 192.168.255.7 ebgp-multihop 255
neighbor 192.168.255.7

!

address-family vpnv4

neighbor 192.168.255.2 activate

neighbor 192.168.255.2 send-community both
neighbor 192.168.255.2 route-reflector-client
neighbor 192.168.255.7 activate

neighbor 192.168.255.7 send-community both
neighbor 192.168.255.7 next-hop-unchanged

exit-address-family
1

ASBR1

interface Loopbackl

ip address 192.168.255.5 255.255.255.255
ip ospf 1 area 0

1

interface FastEthernet0/0

ip address 192.168.45.5 255.255.255.0
ip ospf 1 area 0

mpls ip

!

interface FastEthernetl/0

ip address 192.168.115.5 255.255.255.0
mpls bgp forwarding

1

router ospf 1

#Autonomous-System boundary-
#router configuration.

redistribute bgp 65000 subnets route-map REDISTRIBUTE_IN_IGP

1
router bgp 65000
bgp log-neighbor-changes

network 192.168.255.2 mask 255.255.255.255
network 192.168.255.3 mask 255.255.255.255

neighbor 192.168.115.11 remote-as 65001

neighbor 192.168.115.11 send-label
1

#Redistributing the loopbacks of
#RR2 and PE2 in AS 65000.

ip prefix-list FOREIGN_PREFIXES seq 5 permit 192.168.255.12/32
ip prefix-list FOREIGN_PREFIXES seq 10 permit 192.168.255.7/32

route-map REDISTRIBUTE_IN_IGP permit 10

match ip address prefix-list FOREIGN_PREFIXES

ASBR2

interface Loopbackl

#Autonomous System boundary



ipv4 address 192.168.255.11 255.255.255.255 #configuration.
1

interface GigabitEthernet0/0/0/0

ipv4d address 192.168.115.11 255.255.255.0
1

interface GigabitEthernet0/0/0/1

ipv4d address 192.168.116.11 255.255.255.0
!

prefix-set FOREIGN_PREFIXES
192.168.255.2/32,

192.168.255.3/32

end-set

!

route-policy DEFAULT

pass

end-policy

1

route-policy REDISTRIBUTE_IN_IGP

if destination in FOREIGN_PREFIXES then
pass

endif

end-policy

1

router static

address-family ipv4 unicast
192.168.115.5/32 GigabitEthernet0/0/0/0

1

router ospf 1

redistribute bgp 65001 route-policy REDISTRIBUTE_IN_IGP
area 0 #Redistributing the loopback
interface Loopbackl #of RR1 and PE1l in AS 65001.
1

interface GigabitEthernet0/0/0/1

1

router bgp 65001

address-family ipv4 unicast

network 192.168.255.7/32

network 192.168.255.12/32

allocate-label all

1

neighbor 192.168.115.5

remote-as 65000

address-family ipv4 labeled-unicast
route-policy DEFAULT in

route-policy DEFAULT out

1

mpls 1ldp

address-family ipv4

1

interface GigabitEthernet0/0/0/1

RR2

interface Loopbackl #Route-Refector Configuration.
ip address 192.168.255.7 255.255.255.255

ip ospf 1 area 0

1

interface FastEthernet0/0

ip address 192.168.67.7 255.255.255.0

ip ospf 1 area 0

mpls ip

1



router ospf 1

1

router bgp 65001

bgp log-neighbor-changes

neighbor 192.168.255.3 remote-as 65000 #EBGP-Multihop vpnv4 peering
neighbor 192.168.255.3 ebgp-multihop 255 #with RR1 in AS 65000.
neighbor 192.168.255.3 update-source Loopbackl

neighbor 192.168.255.12 remote-as 65001

neighbor 192.168.255.12 update-source Loopbackl

1

address-family vpnv4

neighbor 192.168.255.3 activate

neighbor 192.168.255.3 send-community both

neighbor 192.168.255.3 next-hop-unchanged

neighbor 192.168.255.12 activate

neighbor 192.168.255.12 send-community both

neighbor 192.168.255.12 route-reflector-client
exit-address-family

P2

interface Loopbackl #P router configuration.
ip address 192.168.255.6 255.255.255.255
ip ospf 1 area 0

1

interface FastEthernet0/0

ip address 192.168.116.6 255.255.255.0
ip ospf 1 area 0

mpls ip

!

interface FastEthernetl/0

ip address 192.168.67.6 255.255.255.0
ip ospf 1 area 0

mpls ip

1

interface FastEthernetl/1

ip address 192.168.126.6 255.255.255.0
ip ospf 1 area 0

mpls ip

!

router ospf 1

1

PE2

vrf A #Provider Edge Configuration.
address-family ipv4 unicast

import route-target

99:99

!

export route-target

99:99

!

!

interface Loopbackl

ipv4d address 192.168.255.12 255.255.255.255
1

interface GigabitEthernet0/0/0/0

ipv4 address 192.168.126.12 255.255.255.0
!



interface GigabitEthernet0/0/0/1

vrf A

ipv4d address 192.168.128.2 255.255.255.0
!

router ospf 1

address-family ipv4

area 0

interface Loopbackl

!

interface GigabitEthernet0/0/0/0

!

router bgp 65001

address-family vpnv4 unicast

1

neighbor 192.168.255.7 #Advertising vpnv4 routes from
remote-as 65001 #PE2 to RR2.
update-source Loopbackl

address-family vpnv4 unicast

1

!

vrf A

rd 192.168.255.12:65001

address-family ipv4 unicast
redistribute eigrp 1

1

mpls 1ldp

address-family ipv4

1

interface GigabitEthernet0/0/0/0

!

router eigrp 65001 #EIGRP as PE-CE protocol
vrf A

address-family ipv4

autonomous-system 1

redistribute bgp 65001

interface GigabitEthernet0/0/0/1
1

CE2

interface Loopbackl #Customer-Edge Configuration.
ip address 192.168.255.8 255.255.255.255

|
interface FastEthernetl/0
ip address 192.168.128.8 255.255.255.0

1
router eigrp 1
network 0.0.0.0

A3
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Protocol)7} 7+ 5 & L|LC}.

. OSPF(Open Shortest Path First)= ISP Z042| IGP(Interior Gateway Protocol)2 At& & L|C}
2E E2I™ 39| F ISPUIM LDP(Label Distribution Protocol) + IGP7} 5 E|L|C}HLDP +
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. 42 g|Z8E RR12 PE12 AFE35t= I/0{0|H eBGP VPNv4 HE|S I 1|0{2l2 S5H PE10]
MRR2Z & E B2 E BrAFLICH

. 0| eBGP VPNv4 L3 hop I|0{&2 HIH2| ASS| 5 RR AtO|of Q& LCt.

. & RR AtO|0f| LSP(Label Switch Path)7} 2{0{0F &L |C}.

. C}2 ASO]| 9= &= RR ZH0i| LSPE Uop{H AS ZHe| EX A=2E &8l of fuct,

. ASBR1 2 ASBR2E= 7|EXMOZ PES| R X U1 Al XX ASS| R0t ZH2 EY FEE R
EELICLRE2 ASBR 7H2| HA4 X0l eBGP I|0{—RI0AM BZE H15ts YHOZE S EL
Ct.

- ASBR2 A2 RR X PE 2} RE{Q| YBATI R x| HFAE fAELCLOS2Z, +AE B2
£ IGP(OSPF here)olAM RE{ZEILICH RHEHZ = 72X o2 E31k|0of QI M, F 7He| HFAl

, & ¥4 RR & PEQ| I 81Dt RHHH Z El LIt

. BGPOIAM OSPFZ ZZE AHHHZ 5T OSPFOA MEZ & BR et Ux|stE BEE Cisco
|IOS-XROI|AM 27 CH2EH HSFAF & 2 22 A ZHn|ado|Mo chet x|Alo| 2 FhL|ct
.prefix-set= Cisco 10S 2| prefix-list2} At 5tH route-policy= route-map2t Z & LICt.

. O|A| LSP7} RR1Z} RR2 & PE12} PE2 AtO|0]] 4 &LICEH.

. eBGP VPNv4 II|01Q| next-hop-unchanged= RRO|M A& ELICHVPNv4 ZZ 2| next hopOl
LSPE HolgtCh= ol f2lsHoF B LICH O|A| dHI0|E7F PE20Y| A Al%fE|0] RR2(IBGP |04
22 MSE/E A2 next hopOl R X|E/LICIRR27I 0] H|0|EE RR10] BHPstE AL, ol
eBGP I|o{2l0|=2 2 UEIXQI A|LIZ|2 RR2E A4S AHIO|EO| CHEH CIS S22 MAStD
0|E RR10{| & ZIL|Ct. RR12 0| YO|0|EE PE10] BFPEEtLICt 2t PE12 UC0|EE A
x5t HUOO|EQ| CIS &2 RR2E EAIELICH 0|0 o128 CHE VPNv4 BERO| CHE &2
LSPE HOo|gtL|Ch.I2lA PE10| PE20] =& Sl2d™H RR27| CHS ELICHIN 2 5 7H2]
LSP7 2Lt 3tLt= PE10IM RR2Z, CHE 5tLt= RR20IA PE2E QIL|CH. Of2{8t AH|
M= ECiZo] SYst B3 E F HO| EEEX|Q 52) 8t = USH RRE EcfZ9|
ME d2o0f &Lt

. Olgq8t MA| BXME 25571 2I5H next-hop-unchanged 7} AFREILICHRR27} PE201 A 1| 0]
EE #4151 RR1Z HO0|EE HIE5= B2 YOlo|EQ| ChE &2 04T5| PE27t £
RR10| O|Z PE10] 2t35t™H PE10| PE22| CIE E2 2 YO|I0|EE Mx|EfLICE ol= PE10]
M PE2Z B LSPE Mxz|5tn ME &I RRO| g2 2Ol Lt

- Inter-AS @30 M= MPLS EE= LDP7t +&E[X| et &LICHASBR2 BGPE AHE35t04 B|0[&
2 MEMELICEXROIME IPv4 BllO|E FLIFHAE FAE S 56l oF & LICH

. Cisco I0S-XR C|H-O|A 2t & 7H eBGP 20|12 FLIFHAE 1|0{20] ASBR1(Cisco I0S)0d| A Lt
EFLIE Inter-AS 23.0{ AH5 22 "MPLS BGP forwarding"0| 7t E/LICH ASBR2Z 0|2 &
westE A2 LDP7L ofL|2t BGPE &3l O|F 0 &/LICt EEEF Cisco I0OS= MPLS &i|0|= 0|
132 Z20i| HICIE | Bl0|8 AE0| S2HIZH 3= 5 ASBR22| 2IE{H| 0| A0] ¢1ZAE
132 B2 E RIS 2 FIHELIC.

. Cisco I0S-XR over Inter-AS 23.2| A2 Cisco 10Se} 2| CtE =2|7f Y&LICHMPLS & 0]
20| /32 MEAbo] HIQIZIE| = 2 ASBR12| QIE{m|0|A0] CHE 11X /32 A2 E FAI5HoF 3L
ChO|Z A 5tX| oto™ Xjo{ HEHO| LIELLR|BF ERf =2 MY E|X| et &LCt

Cte& &elRiuic

CE10l A CE22 Ping %! Versa

=z QIE{H0|AE AAR AMRSHE CE10lA CE2Z pingl E34e C}21 &L



Rl#ping 192.168.255.8 source lol

Type escape sequence to abort.

Sending 5, 100-byte ICMP Echos to 192.168.255.8, timeout is 2 seconds:
Packet sent with a source address of 192.168.255.1

Success rate is 100 percent (5/5), round-trip min/avg/max = 104/300/420 ms

S I QIEJHO|AS AAR AR50 CE20IM CE12 2 pingdte &34 Cta1 ZraLct.

R8#ping 192.168.255.1 source lol

Type escape sequence to abort.

Sending 5, 100-byte ICMP Echos to 192.168.255.1, timeout is 2 seconds:
Packet sent with a source address of 192.168.255.8

Success rate is 100 percent (5/5), round-trip min/avg/max = 168/303/664 ms

meHEl ool E & MPLS dio|§ HdFE

- CE10{|A{ show ip route B2 CE22| FZHi10f CHet Z=2E CIE TBof M3ELICH
Rl#show ip route 192.168.255.8
Routing entry for 192.168.255.8/32
Known via "eigrp 1", distance 90, metric 156416, type internal

- CE10{lM CE22 9| B2 & (2} MPLS 2|02 0| X|Z/A K=& EafE
Z U0 CE22| RFEHM1o=2 O|SE W = 7ts€ol & ol of
CH,

- MPLS Layer 3 VPN dA|0o{MH= B0l& A|x| 2] Soil & cllo|Z 0| A=/ VPN Bo|&
O| 22 R X|ECH= M 7|ddHoF & LICtHVPN 2|0l 2 PHP(Penultimate Hop Poping) 7t
4 M5t 1 EBf=o| PEO =& 35 7Lt LSP(Label Switched Path)7} S22 [ E A|lELICt

. PE10lM CE22| R L4412 BGP VPNv4 UC|0|EE S35l && %1 VRF 214 EIGRPZ Al
ZELICHEIGRPE S35l CE12 Sl &&E FZU12 BGPE MH{Z |1 VPNv4 B2 7}

ok

4t CE19 A F
H 0170l A B &L

ol

L|Ct

R2#show bgp vpnv4 unicast all labels

Network Next Hop In label/Out label
Route Distinguisher: 192.168.255.2:65000 (&)
192.168.12.0 0.0.0.0 24 /nolabel (A)
192.168.128.0 192.168.255.12 nolabel/24000
192.168.255.1/32 192.168.12.1 25/nolabel

192.168.255.8/32 192.168.255.12 nolabel/24007

. O|™ £240i A 192.168.255.8/3201l TE8tCtT AE LR £ &LICH S, BGP VPNv4 4| O]
EE &3l 240072 & Al B|0|E 2] CE29| loopback12 &&ELICIH 0|2 fALSH A2
PE12 VPN Zi|0|& 258 S3ll CE12| FZ 0] ¢dAME 2L}
R2#show mpls forwarding-table

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface

22 20 192.168.255.12/32 0 Fal/o 192.168.24.4
25 No Label 192.168.255.1/32[V]5976 Fa0/0 192.168.12.1

. 192.168.255.8/320]l T 3lE CHS &2 192.168.255.120|H CI& &2 LSPE ZA™ELICt
MPLS Z 2|2 E|0|E2 202 192.168.255.1201 ==& 2t Al Bj|0|E 2 EA|ELICEH 2t
CE10{ M CE22| R= 8 12 &ot= EiE2 ™S BIO|=2 2 202, VPN Ei|0|EE 240072 At
S&ct

- CE19| Rx 1o 2 o= HHEh EBEC| B2 PHP X2 P10fA o|0] &l
192.168.255.1/322 CE10{l & & LICt. 192.168.255.1/322 2 &3t= EEfZ2 VPN 202 0|
2521 PE10ll =& 5t 1 O] 2]0[= 0] M7HE|1L O] THZ! 2 fa0/0 UEIHO|AZ HEELITLF,
CE10f CHEr ALt



- RR12| VPNv4 ZiO|E = SU35HAH AH&EIE Lt
R3#show bgp vpnv4 unicast all labels

Network Next Hop In label/Out label
Route Distinguisher: 192.168.255.2:65000

192.168.255.1/32 192.168.255.2 nolabel/25

Route Distinguisher: 192.168.255.12:65001

192.168.255.8/32 192.168.255.12 nolabel/24007

. P10 CE22 &5t= CE12| ECHEI2 ™S Bllo|E 2022 EA|ELICH

R4#show mpls forwarding-table

Local Outgoing Pefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface
20 22 192.168.255.12/32 5172 Fal/1l 192.168.45.5

O|N| CE2Z2 &35l= CE12] ERfEI2 ™& d|o|E0] 2221 ASBR10{| =& §FL|C}.

R5#show mpls forwarding-table

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface
22 24002 192.168.255.12/32 5928 Fal/o0 192.168.115.11

- O|X| CE22 E5t= CE12| EEfE2 TS Bll0|E 240022 ASBR201| =& &Lt

RP/0/0/CPUO:ios#show mpls forwarding

Local Outgoing Prefix Outgoing Next Hop Bytes
Label Label or ID Interface Switched
24002 19 192.168.255.12/32 Gi0/0/0/1 192.168.116.6 7092

. O|X| CE2Z #35t= CE12| Eci=E2 ™45 oilo|20| 192! P20 =& & L|Ct.

R6#show mpls forwarding-table

Local Outgoing Prefix Bytes Label Outgoing Next Hop
Label Label or Tunnel Id Switched interface
19 Pop Label 192.168.255.12/32 9928 Fal/1l 192.168.126.12

. P2 B2 E{0l M PHP 5 10| £ E|T % 3|0 0| HYUEIUSS olstLichEayTo|
PE20Y = &5 A AHEH CHE VPN 2|0|E 240070| E AJE/LICHES PE2EE VPN Bi|0|E
21240072 &3l CE22| R di1oi CHEt AAME Fnst= WS =elsofF &Lt

RP/0/0/CPU0O:ios#show mpls forwarding

Local Outgoing Prefix Outgoing Next Hop Bytes
Label Label or ID Interface Switched
24007 Unlabelled 192.168.255.8/32[V] Gi0/0/0/1 192.168.128.6 7992
24008 18 192.168.255.2/32 Gi0/0/0/0 192.168.126.6 673200

RP/0/0/CPUO:ios#show bgp vpnv4 unicast labels

Network Next Hop Rcvd Label Local Label
Route Distinguisher: 192.168.255.12:65001 (default for vrf A)
*>1192.168.255.1/32 192.168.255.2 25 nolabel
*> 192.168.255.8/32 192.168.128.8 nolabel 24007

. 037|0i X CE10lA CE22 0|S35t= EEHE0| VPN TI0|E 2 AF835t04d PE2E 240072 ELHZ,
E2iZ2 CE27} /= Gi/0/0/0/12 2 TS E|H VPN oilo|E 0| B ELICHES PE2E VPN &
0|2 240072 S5l HZAAME 192.168.255.8/322 2 Z 1stE Zdg aSLICH ol 22
HE PE10IM oM && 8 HE J&LICHOFRIIERIR, 192.168.255.1/3204 CHEH 4242 PE10]
M 25Et= VPN BI0|&2 S3all €243l 0i7|0M ST HEE & & LICHCE20IM CE12]

192.168.255.1/3201| 17351 7| 2I3 VPN tllo|E Q! 252} T4 ilo|E Q! 180| AFEEILICH S

O

=2 dlo|E 182 S 1a8E = 7| WS ULICH.
Tracerouts B S8t &0l

. BlO|E 2 tracerouteOiiM & = o MHEE A0 Hets| SUFLIC
- VPNv4 4O|0|E 2| Next hop2 Ti|0|2 A2(x| A2 & 1 At & oilo|E2 AMo{&hLCt.
. C}S0ol| EAIEl 5 traceroutsOll A LSP ™&|2| ZE F0{A VPN Bilo|£ 0| L& AEHE | K|

she 22 selg 4 eItk MS Blolge mAIELIC



. PE10| PE20{|M AIZE HOIO|EE &t&E [ CHE &2 RR == ASBRO| OfL|2F PE2RILICEH
.O|2 QI5l|l LSP7} PE20IM SEE|H, O|2 25l AS 65000014 AS 650012, 11 BtCHE = EF
LSP7} ElLIC}

CE10{lA-{ CE2Z traceroute

Rl#traceroute 192.168.255.8 source lol
Type escape sequence to abort.
Tracing the route to 192.168.255.8
VRF info:

192

192

~N o Ul W

192.

192.
192.

192.
192.

168.
.168.
168.
168.
.168.
168.
168.

(vrf in name/id, vrf out name/id)

12.2 8 msec 36 msec 16 msec

24 .4 [MPLS: Labels 20/24007 Exp 0] 828 msec 628 msec 2688 msec

45.5 [MPLS: Labels 22/24007 Exp 0] 1456 msec * 1528 msec

115.11 [MPLS: Labels 24002/24007 Exp 0] 1544 msec 2452 msec 2164 msec
116.6 [MPLS: Labels 19/24007 Exp 0] 1036 msec 908 msec 1648 msec
126.12 [MPLS: Label 24007 Exp 0] 2864 msec 1676 msec 1648 msec

128.8 2008 msec 400 msec 572 msec

VPN 2{|0|= 240072 LSP ™A|0AM Lt EdE2 | RIFLICH

CE20{ A CE122 EB0|ACIRE

R8#traceroute 192.168.255.1 source lol
Type escape sequence to abort.
Tracing the route to 192.168.255.1
VRF info:

~N oy Ul W

192.
192.
192.
192.
192.
192.
192.

168

168

168

(vrf in name/id, vrf out name/id)

.128.2 1228 msec 68 msec 152 msec
168.
168.

126.6 [MPLS: Labels 18/25 Exp 0] 1188 msec 816 msec 1316 msec
116.11 [MPLS: Labels 24007/25 Exp 0] 1384 msec 1816 msec 504 msec

.115.5 [MPLS: Labels 23/25 Exp 0] 284 msec 900 msec 972 msec
168.
168.

45.4 [MPLS: Labels 17/25 Exp 0] 436 msec 608 msec 292 msec
12.2 [MPLS: Label 25 Exp 0] 292 msec 108 msec 536 msec

.12.1 224 msec 212 msec 620 msec

VPN gi|0|Z 25= LSP TAof| M datdE R RIELCt

= e e

24&l o] Am|TgolMol A8 E + U §HE X iE 27 ei&Lict
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