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AS 200

XR1

hostname XR1

logging console debugging

interface Loopback0

ipv4 address 10.0.1.1 255.255.255.255

!

interface GigabitEthernet0/0/0/0.12
ipv4d address 192.0.2.1 255.255.255.0
encapsulation dotlg 12

!

route-policy PASS
pass

end-policy

!

router bgp 100

bgp router-id 10.0.1.1



address-family ipv4 unicast
network 10.0.1.1/32
!
neighbor 192.0.2.7
remote-as 200
address-family ipv4 unicast
route-policy PASS in

route-policy PASS out
1

end
XR2
hostname XR2 logging console debugging vrf BLUE address-family ipv4 unicast import route-target
1:1 ! export route-target 1:1 ! ! ! interface Loopback0 ipv4 address 10.0.2.2 255.255.255.255 !

interface GigabitEthernet0/0/0/0.12 vrf BLUE ipv4 address 192.0.2.7 255.255.255.0 encapsulation
dotlg 12 ! interface GigabitEthernet0/0/0/0.23 ipv4 address 192.0.2.8 255.255.255.0
encapsulation dotlg 23 ! interface GigabitEthernet0/0/0/0.26 ipv4 address 192.0.2.9
255.255.255.0 encapsulation dotlg 26 ! route-policy PASS pass end-policy ! ! router ospf 1
segment-routing mpls segment-routing forwarding mpls segment-routing sr-prefer address-family
ipv4d area 0 mpls traffic-eng interface LoopbackO prefix-sid index 2 ! interface
GigabitEthernet0/0/0/0.23 cost 100 network point-to-point ! interface GigabitEthernet0/0/0/0.26

cost 200 network point-to-point ! ! mpls traffic-eng router-id Loopback(0 ! router bgp 100 bgp
router-id 10.0.2.2 address-family vpnv4 unicast ! neighbor 10.0.4.4 remote-as 200 update-source
Loopback0 address-family vpnv4 unicast ! ! vrf BLUE rd 1:1 address-family ipv4 unicast !
neighbor 192.0.2.10 remote-as 200 address-family ipv4 unicast route-policy PASS in route-policy
PASS out as-override ! ! ! | mpls oam ! mpls traffic-eng interface GigabitEthernet0/0/0/0.23
admin-weight 100 ! interface GigabitEthernet0/0/0/0.26 admin-weight 1 ! ! end

XR3

hostname XR3 logging console debugging interface Loopback0 ipv4 address 10.0.3.3 255.255.255.255
! | interface GigabitEthernet0/0/0/0.23 ipv4 address 192.0.2.11 255.255.255.0 encapsulation
dotlg 23 ! interface GigabitEthernet0/0/0/0.34 ipv4 address 192.0.2.12 255.255.255.0
encapsulation dotlg 34 ! router ospf 1 segment-routing mpls segment-routing forwarding mpls
segment-routing sr-prefer address-family ipv4 area 0 mpls traffic-eng interface Loopback0
prefix-sid index 3 ! interface GigabitEthernet0/0/0/0.23 cost 100 network point-to-point !
interface GigabitEthernet0/0/0/0.34 cost 100 network point-to-point ! ! mpls traffic-eng router-
id LoopbackO ! mpls ocam ! mpls traffic-eng interface GigabitEthernet0/0/0/0.23 admin-weight 100
! interface GigabitEthernet0/0/0/0.34 admin-weight 100 ! ! end

XR4

hostname XR4 logging console debugging vrf BLUE address-family ipv4 unicast import route-target
1:1 ! export route-target 1:1 ! ! ! interface Loopback0 ipv4 address 10.0.4.4 255.255.255.255 !
interface GigabitEthernet0/0/0/0.34 ipv4 address 192.0.2.13 255.255.255.0 encapsulation dotlg 34
! interface GigabitEthernet0/0/0/0.45 vrf BLUE ipv4 address 192.0.2.14 255.255.255.0
encapsulation dotlg 45 ! interface GigabitEthernet0/0/0/0.46 ipv4 address 192.0.2.15
255.255.255.0 encapsulation dotlg 46 ! route-policy PASS pass end-policy ! ! router ospf 1
segment-routing mpls segment-routing forwarding mpls segment-routing sr-prefer address-family
ipv4d area 0 mpls traffic-eng interface Loopback0 prefix-sid index 4 ! interface
GigabitEthernet0/0/0/0.34 cost 100 network point-to-point ! interface GigabitEthernet0/0/0/0.46

cost 200 network point-to-point ! ! mpls traffic-eng router-id Loopback0O ! router bgp 100 bgp
router-id 10.0.4.4 address-family vpnv4 unicast ! neighbor 10.0.2.2 remote-as 200 update-source
LoopbackO address-family vpnv4 unicast ! ! vrf BLUE rd 1:1 bgp unsafe-ebgp-policy address-family
ipv4d unicast ! neighbor 192.0.2.16 remote-as 200 address-family ipv4 unicast route-policy PASS
in route-policy PASS out as-override ! ! ! ! mpls oam ! mpls traffic-eng interface
GigabitEthernet0/0/0/0.34 admin-weight 100 ! interface GigabitEthernet0/0/0/0.46 admin-weight 1
! I end

XR5

hostname XR5
logging console debugging
interface Loopback0



description REGULAR LSP PATH ipv4 address 10.0.5.5 255.255.255.255 ! interface Loopbackl
description DELAY SENSITIVE - LOW LATENCY PATH (1:1) ipv4 address 10.0.5.55 255.255.255.255 !
interface GigabitEthernet0/0/0/0.45 ipv4 address 192.0.2.16 255.255.255.0 encapsulation dotlg 45
! route-policy PASS pass end-policy ! router bgp 100 bgp router-id 10.0.5.5 bgp unsafe-ebgp-
policy address-family ipv4 unicast network 10.0.5.5/32 network 10.0.5.55/32 ! neighbor

192.0.2.14 remote-as 200 address-family ipv4 unicast route-policy PASS in route-policy PASS out
' 1 I mpls oam ! end

XR6

hostname XR6 logging console debugging interface Loopback0 ipv4 address 10.0.6.6 255.255.255.255
! interface GigabitEthernet0/0/0/0.26 ipv4 address 192.0.2.17 255.255.255.0 encapsulation dotlg
26 ! interface GigabitEthernet0/0/0/0.46 ipv4 address 192.0.2.18 255.255.255.0 encapsulation
dotlg 46 ! router ospf 1 segment-routing mpls segment-routing forwarding mpls segment-routing
sr-prefer address-family ipv4d area 0 mpls traffic-eng interface Loopback(0 prefix-sid index 6 !
interface GigabitEthernet0/0/0/0.26 cost 200 network point-to-point ! interface

GigabitEthernet0/0/0/0.46 cost 200 network point-to-point ! ! mpls traffic-eng router-id
Loopback0 ! mpls oam ! mpls traffic-eng interface GigabitEthernet0/0/0/0.26 admin-weight 1 !
interface GigabitEthernet0/0/0/0.46 admin-weight 1 ! ! end
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RP/0/0/CPU0:XR2#ping mpls ipv4 10.0.4.4/32 fec-type generic verbose

Sending 5, 100-byte MPLS Echos to 10.0.4.4/32,
timeout is 2 seconds, send interval is 0 msec:

Codes: '!' - success, 'Q' - request not sent, '.' - timeout,
'L' - labeled output interface, 'B' - unlabeled output interface,
'D' - DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
'M' - malformed request, 'm' - unsupported tlvs, 'N' - no rx label,
'P' - no rx intf label prot, 'p' - premature termination of LSP,
'R' - transit router, 'I' - unknown upstream index,
'X'" - unknown return code, 'x' - return code 0

Type escape sequence to abort.

1 size 100, reply addr 192.0.2.13, return code
1 size 100, reply addr 192.0.2.13, return code
1 size 100, reply addr 192.0.2.13, return code
1 size 100, reply addr 192.0.2.13, return code
1 size 100, reply addr 192.0.2.13, return code

W wwww

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/4/10 ms
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RP/0/0/CPU0:XR1l#ping 10.0.5.5 source 10.0.1.1

Type escape sequence to abort.
Sending 5, 100-byte ICMP Echos to 10.0.5.5, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/7/9 ms
RP/0/0/CPU0:XR1#ping 10.0.5.55 source 10.0.1.1

Type escape sequence to abort.
Sending 5, 100-byte ICMP Echos to 10.0.5.55, timeout is 2 seconds:

Success rate is 100 percent (5/5), round-trip min/avg/max = 1/7/9 ms

RP/0/0/CPUO:XR1l#traceroute 10.0.5.5 source 10.0.1.1

Type escape sequence to abort.
Tracing the route to 10.0.5.5

192.
192.
192.
192.

.7 9 msec 0 msec 0 msec

.11 [MPLS: Labels 16004/24002 Exp 0] 0 msec 0 msec 0 msec
.13 [MPLS: Label 24002 Exp 0] 0 msec 0 msec 0 msec

.16 0 msec * 0 msec
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RP/0/0/CPU0O:XR1l#ftraceroute 10.0.5.55 source 10.0.1.1

Type escape sequence to abort.
Tracing the route to 10.0.5.55

1 192.0.2.7 9 msec 0 msec 0 msec

2 192.0.2.11 [MPLS: Labels 16004/24005 Exp 0] 0 msec O msec 0 msec

3 192.0.2.13 [MPLS: Label 24005 Exp 0] 0 msec O msec 0 msec

4 192.0.2.16 0 msec * 0 msec
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ipv4 unnumbered mpls traffic-eng Loopback0
mpls traffic-eng
auto-tunnel p2p
tunnel-id min 500 max 500
!
1
end
XR40{| M ZHFLIEIE 1:12 M™H5I 1T VRF BLUE ™5 AF 10.0.5.55/3201 24 &34 BGP YO0 E0f
HRLIEIE &g & et

XR4
route-policy COMMUNITY_1:1
# 1:1 Community
if destination in (10.0.5.55/32) then
set community (1:1)
endif
pass
end-policy
!
router bgp 100
vrf BLUE
!
neighbor 192.0.2.16
address-family ipv4 unicast
route-policy COMMUNITY 1:1 in

end
XR2 & Ql(headend) XR40H A =418+ VPNv4 4H|O|E 0 HRLIE| 1:10] MHE|0{ /S S &Holg
T A& LCt.

RP/0/0/CPUO:XR2#show bgp vrf BLUE 10.0.5.55/32 detail
BGP routing table entry for 10.0.5.55/32, Route Distinguisher: 1:1 Versions: Process bRIB/RIB
SendTblVer Speaker 36 36 Flags: 0x00043001+0x00000200; Last Modified: Nov 23 17:50:59.798 for
00:02:53 Paths: (1 available, best #1) Advertised to CE peers (in unique update groups) :
192.0.2.10 Path #1: Received by speaker 0 Flags: 0x4000000085060005, import: 0x9f Advertised to
CE peers (in unique update groups): 192.0.2.10 200 10.0.4.4 (metric 201) from 10.0.4.4
(10.0.4.4) Received Label 24005 Origin IGP, metric 0, localpref 100, valid, internal, best,
group-best, import-candidate, imported Received Path ID 0, Local Path ID 0, version 36
Community: 1:1

Extended community: RT:1:1

Source AFI: VPNv4 Unicast, Source VRF: BLUE, Source Route Distinguisher: 1:1
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XR2
route-policy DYN_BGP_SR-TE
# Matches community 1:1
if community matches-every (1:1) then
set mpls traffic-eng attributeset DYN SR-TE_ POLICIES
endif
pass



end-policy
!
router bgp 100
!
neighbor 10.0.4.4
address-family vpnv4 unicast
route-policy DYN_BGP_SR-TE in
!
mpls traffic-eng
attribute-set p2p-te DYN_SR-TE_POLICIES
path-selection
metric te
segment-routing adjacency unprotected
1

end

Cte& & elRiLic
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RP/0/0/CPU0:XR2#show mpls traffic-eng tunnels segment-routing tabular

Tunnel LSP Destination Source Tun FRR LSP Path
Name D Address Address State State Role Prot
Atunnel-te500 2 10.0.4.4 10.0.2.2 up Inact Head Inact

~ = automatically created P2P/P2MP tunnel

BGP RIB= "DYN_SR-TE_POLICIES" H20| ™S Ao ¢1ZA%[0] JES LIEFAHLICE &,

M=o 2t 2t el E|o{oF & L|Ct.

RP/0/0/CPU0O:XR2#show bgp vrf BLUE

Status codes: s suppressed, d damped, h history, * wvalid, > best

i - internal, r RIB-failure, S stale, N Nexthop-discard
Origin codes: i1 - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:1 (default for vrf BLUE)
*> 10.0.1.1/32 192.0.2.10 0 0 200 i
*>110.0.5.5/32 10.0.4.4 0 100 0 200 i
*>110.0.5.55/32 10.0.4.4 T:DYN SR-TE_POLICIES
0 100 0 200 i

M5 A 10.0.5.55/3201 CiEt BGP RIBE AHA|5| 2 215t SR-TE E{'dE ddst= ol

=
E ZoQ HEE g = &Lt

RP/0/0/CPUO:XR2#show bgp vrf BLUE 10.0.5.55/32 detail

BGP routing table entry for 10.0.5.55/32, Route Distinguisher: 1:1
Versions:
Process bRIB/RIB SendTblVer
Speaker 39 39
Flags: 0x00041001+0x00000200;
Last Modified: Nov 23 17:55:22.798 for 00:04:43



Paths: (1 available, best #1)
Advertised to CE peers (in unique update groups) :
192.0.2.10
Path #1: Received by speaker 0
Flags: 0x4000000085060005, import: 0x9f
Advertised to CE peers (in unique update groups) :
192.0.2.10
200
10.0.4.4 T:DYN_ SR-TE_POLICIES (metric 201) from 10.0.4.4 (10.0.4.4)
Received Label 24005
Origin IGP, metric 0, localpref 100, wvalid, internal, best, group-best, import-candidate,
imported
Received Path ID 0, Local Path ID 0, version 39
Community: 1:1
Extended community: RT:1:1
TE tunnel attribute-set DYN_ SR-TE_POLICIES, up, registered, binding-label 24000, if-handle
0x00000130

Source AFI: VPNv4 Unicast, Source VRF: BLUE, Source Route Distinguisher: 1:1
E{d 20| up 4EHO| SH/E XS He = &Lt &FE vtRlIE SID7H 24000, O] HFRIE
SIDE At&3st0od 0| & EFAtof 01EH E{d0| A E[=X| &g = JU&LICH oilAf ZHa st CHE
tunnel-te5000] 244 =[0{ LFIBO| A X|=[RA&LICE.

RP/0/0/CPUO:XR2#show mpls forwarding labels 24000 detail
Local Outgoing Prefix Outgoing Next Hop Bytes Label Label or ID Interface Switched ------ --———-
—————————————————————————————————————————————————————————————— 24000 Pop No ID
tt500 point2point 0

Updated: Nov 23 17:55:23.267

Label Stack (Top -> Bottom): { }

MAC/Encaps: 0/0, MTU: 0

Packets Switched: 0

&1 0| EY EAMC| E2 SID HiIF o= o] AFE At2f|7h URIBH 24 2 lof AF8El=

230 M K| E if-handle 0x00000130S AFE 3504 S AF 10.0.5.55/3201 CHEH &

RP/0/0/CPU0:XR2#show mpls forwarding tunnels ifh 0x00000130 detail
Tunnel Outgoing Outgoing Next Hop Bytes Name Label Interface Switched ---—------——-- -
——————————————————————————————————————— tt500 (SR) 24003 Gi0/0/0/0.26 192.0.2.17

Updated: Nov 23 17:55:23.267

Version: 138, Priority: 2

Label Stack (Top -> Bottom): { 24003 }

NHID: 0x0, Encap-ID: N/A, Path idx: 0, Backup path idx: 0, Weight: 0
MAC/Encaps: 18/22, MTU: 1500

Packets Switched: 0

Interface Name: tunnel-te500, Interface Handle: 0x00000130, Local Label: 24001
Forwarding Class: 0, Weight: 0
Packets/Bytes Switched: 0/0

XR2(headend)2| SR-TE H&ol= EcfEE 2 Y57 {all ZHEE a1 L ol|lo|e E82l 2
Oof|A O|eqEt 40| Z&EILICH ESF SR-TE E{Ho| #Ef HEE £34H=E £ &= QI M, 0|l Of
A& L x|sH{oF gL},



RP/0/0/CPU0:XR2#show mpls traffic-eng tunnels segment-routing p2p 500

Name: tunnel-te500 Destination: 10.0.4.4 Ifhandle:0x130 (auto-tunnel for BGP default)
Signalled-Name: auto_XR2_t500

Status:
Admin: up Oper: up Path: wvalid Signalling: connected

path option 10, (Segment-Routing) type dynamic (Basis for Setup, path weight 2)
G-PID: 0x0800 (derived from egress interface properties)
Bandwidth Requested: 0 kbps CTO
Creation Time: Fri Nov 23 17:55:23 2018 (00:09:01 ago)
Config Parameters:

Bandwidth: 0 kbps (CT0) Priority: 7 7 Affinity: 0x0/0x0
Metric Type: TE (interface)
Path Selection:

Tiebreaker: Min-fill (default)

Protection: Unprotected Adjacency
Hop-limit: disabled
Cost-limit: disabled
Path-invalidation timeout: 10000 msec (default), Action: Tear (default)
AutoRoute: disabled LockDown: disabled Policy class: not set
Forward class: 0 (default)
Forwarding-Adjacency: disabled
Autoroute Destinations: 0
Loadshare: 0 equal loadshares
Auto-bw: disabled
Path Protection: Not Enabled
Attribute-set: DYN_SR-TE_POLICIES (type p2p-te)
BFD Fast Detection: Disabled
Reoptimization after affinity failure: Enabled
SRLG discovery: Disabled

History:

Tunnel has been up for: 00:09:01 (since Fri Nov 23 17:55:23 UTC 2018)
Current LSP:

Uptime: 00:09:01 (since Fri Nov 23 17:55:23 UTC 2018)
Reopt. LSP:

Last Failure:

LSP not signalled, identical to the [CURRENT] LSP
Date/Time: Fri Nov 23 17:56:53 UTC 2018 [00:07:31 ago]

Segment-Routing Path Info (OSPF 1 area 0)

SegmentO0[Link]: 192.0.2.9 - 192.0.2.17, Label: 24005
Segmentl[Link]: 192.0.2.18 - 192.0.2.15, Label: 24003
Displayed 1 (of 1) heads, 0 (of 0) midpoints, 0 (of 0) tails

Displayed 1 up, 0 down, 0 recovering, 0 recovered heads

ok

VRF BLUE RIBOIA HFALE X7 &QIFfLICH HFRIE SID HE 7t 2400001 € EIRAEX| & Qe

= U&LICH

RP/0/0/CPU0O:XR2#show route vrf BLUE 10.0.5.55/32 detail

Routing entry for 10.0.5.55/32
Known via "bgp 100", distance 200, metric 0
Tag 200, type internal
Installed Nov 23 17:55:23.267 for 00:10:38
Routing Descriptor Blocks
10.0.4.4, from 10.0.4.4
Nexthop in Vrf: "default", Table: "default", IPv4 Unicast, Table Id: 0xe0000000
Route metric is 0
Label: 0x5dc5 (24005)



Tunnel ID: None
Binding Label: 0x5dc0 (24000)
Extended communities count: 0
Source RD attributes: 0x0000:1:1
NHID: 0x0 (Ref:0)
Route version is 0x5 (5)
No local label
IP Precedence: Not Set
QoS Group ID: Not Set
Flow-tag: Not Set
Fwd-class: Not Set
Route Priority: RIB_PRIORITY_RECURSIVE (12) SVD Type RIB_SVD_TYPE_REMOTE
Download Priority 3, Download Version 27
No advertising protos.

VRF BLUEE FIB= BGP S SR-TE HM*of 2}t E{'d Ell(tunnel-te) 5002 S35l O] 5 Aloi| CHSt
Z o] ~-ES LIEFHLICE.

RP/0/0/CPUO:XR2#show cef vrf BLUE 10.0.5.55/32 detail
10.0.5.55/32, version 27, internal 0x1000001 0x0 (ptr Oxald42a574) [1], O0x0 (0x0), 0x208
(0xal59d208) Updated Nov 23 17:55:23.287 Prefix Len 32, traffic index 0, precedence n/a,
priority 3 gateway array (0xal29f23c) reference count 1, flags 0x4038, source rib (7), 0 backups
[1 type 1 flags 0x48441 (0xalb5b780c) ext 0x0 (0x0)] LW-LDI[type=0, refc=0, ptr=0x0, sh-1di=0x0]
gateway array update type-time 1 Nov 23 17:55:23.287 LDI Update time Nov 23 17:55:23.287 via
local-label 24000, 3 dependencies, recursive [flags 0x6000] path-idx 0 NHID 0x0 [0xal605bf4
0x0]

recursion-via-label

next hop VRF - 'default', table - 0xe0000000

next hop via 24000/0/21

next hop tt500 labels imposed {ImplNull 24005}

Load distribution: 0 (refcount 1)

Hash OK Interface Address
0 Y Unknown 24000/0

&ol5l1 EBfZ0| XR6E S5 W2 CH7| AlZt B2 E E36H tunnel-te 5002 S

RP/0/0/CPUO:XR1l#ftraceroute 10.0.5.55 source 10.0.1.1

Type escape sequence to abort.
Tracing the route to 10.0.5.55

192.0.2.7 0 msec 0 msec 0 msec

192.0.2.17 [MPLS: Labels 24003/24005 Exp 0] 0 msec O msec 0 msec
192.0.2.15 [MPLS: Label 24005 Exp 0] 0 msec O msec 0 msec
192.0.2.16 0 msec * 9 msec
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SR-TE MAH0f silE 5t = tunnel-te50001 CHal XR2 7t E{7} S 7t8HL|Ct.

RP/0/0/CPU0:XR2#show mpls forwarding tunnels

Tunnel Outgoing Outgoing Next Hop Bytes
Name Label Interface Switched



tt500 (SR) 24003 Gi0/0/0/0.26 192.0.2.17 2250

HFAF10.0.5.5/3201 CHEH B2 = otz 2120 20| XR3E Safl et LsP B2 & &alf A& ©E
L
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RP/0/0/CPUO:XR1l#traceroute 10.0.5.5 source 10.0.1.1

Type escape sequence to abort.
Tracing the route to 10.0.5.5

192.
192.
192.

.7 0 msec 0 msec 0 msec
.11 [MPLS: Labels 16004/24002 Exp 0] 0 msec 0 msec 0 msec
.13 [MPLS: Label 24002 Exp 0] 0 msec 0 msec 0 msec
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