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Engineer unidirectional paths
—IGP shortest pathLl5}t DpathZ%:ER
—Labeled PacketTHNIEHFTATIE
labellZE W\ TirEEIhd

IGP shortest-path| .-
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MPLS-TEE K F:E

MPLS-TE Tunnel /| TE-LSP

Upstream Downstream

R1 R2
N~ R

Head-End Mid-Point Tail-End

Head-End: TE Tunnel Interface xR E=NS/—F (R1)
Tail-End: TE TunnelZ#&#59%./—K (R3)
Mid-point: TE Tunnelh\ @189 %/—F (R2)

- LSP: Label Switch Path = TE TunnelM@i189 5/%X
_ _TI¥R1-R2-R3
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FERD 7 ECE/ N\ R ETE (CSPF:Constrained SPF)
Link State ProtocolMD#i5E

. TE Extensions to OSPF Version 2
. IS-IS extensions for Traffic Engineering

INAEYRTYT
RSVP D5k
e RSVP-TE: Extensions to RSVP for LSP Tunnels

—hk~DEFE
‘Jt G rN=X L
. Static Route,PBR,Autoroute

e FSD4vHELSPIZRYELS T B
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Traffic Engineering Metric

Bandwidth

Link Attribute

NoDEFEHRIFILRESNZ) VR T—RTARI)LIC
KY. TYF7RIZTZVTATENBNTT4vIIT S
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- OSPF/ISISAM 7 B+aJLLER
v OSPF
Type10 (Opaque area local) LSAZ s FH( )
(TE Extensions to OSPF Version 2 )
v IS-IS
Type 22 TLVZE{£
IS-IS extensions for Traffic Engineering

v ISIS/OSPFM 24 JLArea/LevellZ 5y T a5
e LinkID

TE metric
Bandwidth (max physical, max reserveable, available per—class)

Attribute flags




75t OSPFCl&Opaque LSADNIAZE S ?
OSPFIEHFH LWLVA YT —0% S R—F S EIZLSA%
EBILXGLTEF=, (fI:MOSPF)

—HZLDRYrIT—YOTRAIN TNV =A,. Z0O)L
ELTODIREREM KR O SNT=,

Opaque LSATITHLEED S LNTLVIA—< vzt
‘—hFBBIZTTYT 1T DEEELSALLTE .

Value [+ Opaque Type [I] Reference [T 0 1 2 3
1 Traffic Engineering LSA [RFC3630] 012345678901 2345678901234567389201
2 Sycamore Optical Topology Descriptions | [John_Moy] | +-+-4+—+-+-+-+-+—+-+-+-F+—F—+-+—F—F+—+—+—+—-F+—F+—+—+—F—+—F+—+—+—+—-+-+—+
3 grace- LSA [RFC3623] I Type | Length |
4 Router Information (RI) [RFC4970] t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—F—F—F—F—F—t—t—t—t—t—t—t—F—F—F—F—+—+
LTVPN LSA [REC5252]
- - - = | Value... |
6 Inter-AS-TE-v2 LSA [RFC5392]
7-127 Unassigned
128-255 | Reserved for private use [RFC5258]

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++



TE LSADQR(ZEFENSFLLVER

Traffic Engineering LSA
Type 10 Opaque-LSA Typef1

* Traffic engineering metric (4 octets)

« Maximum bandwidth (4 octets)

« Maximum reservable bandwidth (4 octets)
* Unreserved bandwidth (32 octets)

 Administrative group / Resource Class-Color(4 octets)

B e ] | I L N




Router—LSAETE-LSAD L ES

show ospf database router show ospf database opaque-area
Link connected to: another Router (point-to-point) Link connected to Point-to-Point network
(Link ID) Neighboring Router ID: 10.255.255.4 Link ID : 10.255.255.4
(Link Data) Router Interface address: 10.10.1.17 (all bandwidths in bytes/sec)
Number of TOS metrics: @ Interface Address : 10.10.1.17
TOS @ Metrics: 1 Neighbor Address : 10.10.1.18

Admin Metric : 1

Maximum bandwidth : 125000000

Maximum reservable bandwidth global: 93750000
Number of Priority : 8

Priority 0 : 93750000 Priority 1 : 93750000
Priority 2 : 93750000 Priority 3 : 93750000
Priority 4 : 93687496 Priority 5 : 93687496
Priority 6 : 93687496 Priority 7 : 93562496

Affinity Bit : @

IGP Metric : 1

Extended Administrative Group : Length: 8
EAGLO]:
EAGL1]:
EAG[2]:
EAGL3]:
EAG[4]:
EAG[5]:
EAGL6]:
EAGL7]:

[SEESEE I SEN SR SIS I ]

R1 R2 R3 R4 RS




LSAT YT T—Fk
- Typel0 LSAD 7Y T T—rDRAAZIYT

v Periodic(timer base)
v [EATEEREDZE L
VI)OREREDER

S L HRF— DTN
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EDFRIZPathZF iR TE T HDHV?

OSPF/ISISIZ&YTERRAD —FT —3IR—XEEHSE
f=/—FKI&. LSPD@ESH/N\AERTFE I B Explicit Routed
Object(ERO) Z#1ERL T 5

DynamicE 1= IXExpliciti ZEROZYERL T AHE A 0] B

RP/0/0/CPUQ:R1(config-if)#path-option 1 ?
dynamic  Setup based on dynamically allocated path
explicit Setup based on preconfigured path

B e ] | I L N



Dynamic vs Explicit Path

DYNAMIC
CSPF + path verification

EXPLICIT
explicit-pathM &% 7€ (& partial CSPF) +
path verification

- strict : sourceM ibdestinationEFTI R TDY U VFBHARIIZIETE

- loose : Bt/ —FZLOMETE,, headend&, FEEShT=/—FIIX
Mloose nodeE TCSPF%3E41TLTEROZ{ERK

- exclude : FRR backup LSPD{ERLFFIZ{E A : protectL =L link
F1-lEnodeZ 4L TCSPF£EE1TL. EROZ{ER




CSPF: Constrained Shortest Path First

LARKZILTAVALIFZAODRNSTHAD ., SPFEITH
[ZMetricf= 17T TIX7E<, &8, link attribute’&&E D
Constraints| 2822 & H=Constrained SPF

Tunnel Headend & LSPIZx L CEHEZE1T

CSPF Trigger
LSP Setup
LSA Update3{E
RSVP Patherros{g
Reoptimization(BB &z 1#E1E)




Constrained—based SPF Algorithm
- JEHE DSPF Alogrithm

‘Metric(COST)EIZEDSPTD
Best-pathICD &/ vbET47
—T4T




Constrained—based SPF Algorithm
- Constrained-based SPF Alogrithm

——

S T I # 15V Link-attribute %=
3 = : 20 E I\ TBest-path%E1R




CSPF Algorithm

T EHZR=-STEWDNV D OE RS

Affinity B Ziim =-S5 U o2 R4t
EEENSELIIDIZFAORNSZEET, DR
Administrative Weight(TE Metric) s E N THEWNEG S
[ZIGP MetricHTE MetricEL TERHASNS

FEERNADNFEAET ASEEIEXTRREHICE>TH—
DINRZER

IGPDORMER/PMND/INR

R/IMEARREFRENRERELWAAX

Ry TN EREDIEVAR

S5 LIZER

[ -~ ] I L [



Path Verification

path v\enﬁcatmn(IEROl JBESNTWAY)o%F RO
U—T—AIR—REBLLENHE., 1) UID/Available
BW/AttributeZ &2 (Path Verify)d 4

)2 O MTEDBIZHFAELGW, FIEBE ST Mm-S
me . NAFTRIERET S

St £ [ZPath VerifyZ{T47& L 5% FE—>Verbatim Option
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Explicit

Gl © =2 In

1
o e

=

ERO=Explicitly Routed Object
LSPAEIRT B2 B—Tz—RFRLADY Rk, ) -
EROIZ&>TLSPOBRBAREIND, Path-Calculation

“‘Xﬂ [ B _
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NOD—T —IN—ADKT

show mpls traffic-eng topology

Link[1]:Point-to-Point, Nbr IGP Id:10.255.255.4, Nbr Node Id:9, gen:6432
Frag Id:4, Intf Address:10.10.1.17, Intf Id:0
Nbr Intf Address:10.10.1.18, Nbor Intf Id:0@
TE Metric:1, IGP Metric:1
Attribute Flags: 0x0
Ext Admin Group:
Length: 256 bits
Value : 0x::
Attribute Names:
Switching Capability:None, Encoding:unassigned
BC Model ID:RDM
Physical BW:1000000 (kbps), Max Reservable BW Global:750000 (kbps)
Max Reservable BW Sub:@ (kbps)

Global Pool Sub Pool

Total Allocated Reservable Reservable
BW (kbps) BW (kbps) BW (kbps)
bw[0]: Q 750000 0
bw[1]: Q 750000 (%]
bwl[2]: Q 750000 0
bw[3]: Q 750000 0
bwl[4]: 500 749500 (%]
bw[5]: Q 749500 0
bw[6]: Q 749500 0
bwl[7]: 1000 748500 (%]
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Ready to setup the LSP

- EROMSER T B & Label Switched Path(LSP)Dt vk
APk

- RSVPZ{E FHLf-LSP signaling (RFC3209)

downstream—on—demand label allocation

- RSVP Path / Resv MessageZ{# fAL TLSP#&AL
BRik |2 BHLabellZResv MessagelZEFENS

) - T - T 3
e Jm\/m\va

s B3 e s




RSVP LSP &9+ B E
RSVPL T )T E

Path Message: Path Message: Path Message:

Session (R4-lo0, 0, R1-100) Session (R4-l00, 0, R1-100) Session (R4-lo0, 0, R1-100)

Prev_HOP (R1-IF2) Prev_HOP (R2-IF2) Prev_HOP (R3-1F2)
Label_Req (IP) Label_Req (IP) Label_Req (IP)
ERO (R2,R3,R4) ERO (R3,R4) ERO (R4)

RSVP
Sender

RSVP
Receiver

RSVP Sender /’ERO #&tEL. ZMDERO [Z&EDL\T,
Path Ayt— A Hop by Hop T. Sender H5Receiver ~NESN B,



RSVP LSP &5+ =

RSVPL T )T E

Path A*yt—I LI ARIZResvAYE—U%F XY,
Hop by Hop TRILET7H A LTLK,

RSVP
Sender

RSVP
Receiver

R1

Resv Message:

Session (R4-lo0, 0, R1-100)
Prev_HOP (R2-IF1)
Label (25)

Resv Message:
Session (R4-100, 0, R1-100)
Prev_HOP  (R4-IF1)

Label (Pop)

Resv Message:
Session (R4-100, 0, R1-100)
Prev_HOP  (R3-IF1)

Label (21)



RSVP LSP &5+ =

RSVPL T LT E
--
RSVP
Sender

ST P~ >

RSVP

LSP_Tunnel0

THAULI=SRIVELFIB &% 952ET,
Sender—Receiver [ T.LSP_Tunnel &L



ERODYER/ IRty T v

RP/@/0/CPUQ:R1#show explicit-paths
Tue Jan 7 17:22:12.687 UTC
Path R1-R2-R3-R4-R5 status enabled
1 next-address strict 10.10.1.2
2: next-address strict 10.10.1.10
3: next-address strict 10.10.1.18
4: next-address strict 10.10.1.22
5: next-address strict 10.255.255.5
RP/@/@/CPUQ:R1#show running-config interface tunnel-te 1
Tue Jan 7 17:22:47.045 UTC
interface tunnel-tel
ipv4 unnumbered Loopback®
signalled-bandwidth 1000
destination 10.255.255.5
record-route
path-option 1 explicit name R1-R2-R3-R4-R5
path-option 2 dynamic




CSPF/Path VerificationM#E R R

show mpls traffic—eng tunnels 1 detail

Name: tunnel-tel Destination: 10.255.255.5
Signalled-Name: R1_t1
Status:
Admin: up Oper: up Path: valid Signalling: connected

path option 1, type explicit R1-R2-R3-R4-R5 (Basis for Setup, path weight 4)
path option 2, type dynamic
G-PID: 0x0800 (derived from egress interface properties)
Bandwidth Requested: 1000 kbps CT0
Creation Time: Tue Jan 7 09:05:18 2014 (08:28:31 ago)
Config Parameters:
Bandwidth: 1000 kbps (CTQ) Priority: 7 7 Affinity: oxe/oxffff
Metric Type: TE (default)
Hop-limit: disabled
AutoRoute: disabled LockDown: disabled Policy class: not set
Forward class: @ (default)
Forwarding-Adjacency: disabled
Loadshare: 0@ equal loadshares
Auto-bw: disabled
Fast Reroute: Disabled, Protection Desired: None
Path Protection: Not Enabled
BFD Fast Detection: Disabled
Reoptimization after affinity failure: Enabled
Soft Preemption: Disabled
===gnip==




PSVP Path/ResvD#E R F R

show mpls traffic—eng tunnels 1 detail

Current LSP Info:
Instance: 9, Signaling Area: OSPF 1 area 0
Uptime: 08:18:16 (since Tue Jan 07 09:25:51 UTC 2014)
Outgoing Interface: GigabitEthernet@/0/0/0, Outgoing Label: 16000
Router-IDs: local 10.255.255.1
downstream 10.255.255.2
Soft Preemption: None
Path Info:
Outgoing:
Explicit Route:
Strict, 10.10.1.2
Strict, 10.10.1.10
Strict, 10.10.1.18
Strict, 10.10.1.22
Strict, 10.255.255.5

Record Route: Empty

Tspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits

Session Attributes: Local Prot: Not Set, Node Prot: Not Set, BW Prot: Not Set
Soft Preemption Desired: Not Set

Resv Info:
Record Route:
IPv4 10.10.1.2, flags 0x@
IPv4 10.10.1.10, flags 0x0
IPv4 10.10.1.18, flags 0x0
IPv4 10.10.1.22, flags 0x0
Fspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits




PSVP Path/ResvD#E R F R

show mpls traffic—eng tunnels 1 detail

Current LSP Info:
Instance: 9, Signaling Area: OSPF 1 area 0
Uptime: 08:18:16 (since Tue Jan 07 09:25:51 UTC 2014)
Outgoing Interface: GigabitEthernet@/0/0/0, Outgoing Label: 16000
Router-IDs: local 10.255.255.1
downstream 10.255.255.2
Soft Preemption: None
Path Info:
Outgoing:
Explicit Route:
Strict, 10.10.1.2
Strict, 10.10.1.10
Strict, 10.10.1.18
Strict, 10.10.1.22
Strict, 10.255.255.5

Record Route: Empty

Tspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits

Session Attributes: Local Prot: Not Set, Node Prot: Not Set, BW Prot: Not Set
Soft Preemption Desired: Not Set

Resv Info:
Record Route:
IPv4 10.10.1.2, flags 0x@
IPv4 10.10.1.10, flags 0x0
IPv4 10.10.1.18, flags 0x0
IPv4 10.10.1.22, flags 0x0
Fspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits




PSVP Path/ResvD#E R F R

show mpls traffic—eng tunnels on Midpoint

LSP Tunnel 10.255.255.1 1 [9] is signalled, connection is up
Tunnel Name: R1_t1 Tunnel Role: Mid
InLabel: GigabitEthernet0/0/0/1, 16000
OutLabel: GigabitEthernet0/0/0/0, 16000
Signalling Info:
Src 10.255.255.1 Dst 10.255.255.5, Tun ID 1, Tun Inst 9, Ext ID 10.255.255.1
Router-IDs: upstream 10.255.255.2
local 10.255.255.3
downstream 10.255.255.4
Bandwidth: 1000 kbps (CT@) Priority: 7 7 DSTE-class: @
Soft Preemption: None
Path Info:
Incoming Address: 10.10.1.10
Incoming:
Explicit Route:
Strict, 10.10.1.10
Strict, 10.10.1.18
Strict, 10.10.1.22
Strict, 10.255.255.5

Outgoing:

Explicit Route:
Strict, 10.10.1.18
Strict, 10.10.1.22
Strict, 10.255.255.5

==cont’ d===




PSVP Path/ResvD#E R F R

show mpls traffic—eng tunnels on Midpoint

Record Route:
IPv4 10.10.1.9, flags 0x0
IPv4 10.10.1.1, flags 0x0
Tspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits
Session Attributes: Local Prot: Not Set, Node Prot: Not Set, BW Prot: Not Set

Soft Preemption Desired: Not Set
Resv Info:

Record Route:
IPv4 10.10.1.18, flags 0x0
IPv4 10.10.1.22, flags 0x0
Fspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbit




PSVP Path/ResvD#E R F R

show mpls traffic—eng tunnels on tailend

LSP Tunnel 10.255.255.1 1 [9] is signalled, connection is up
Tunnel Name: R1_t1 Tunnel Role: Tail
InLabel: GigabitEthernet@/0/0/1, implicit-null
Signalling Info:
Src 10.255.255.1 Dst 10.255.255.5, Tun ID 1, Tun Inst 9, Ext ID 10.255.255.1
Router-IDs: upstream 10.255.255.4
local 10.255.255.5
Bandwidth: 1000 kbps (CT@) Priority: 7 7 DSTE-class: @
Soft Preemption: None
Path Info:
Incoming Address: 10.10.1.22
Incoming:
Explicit Route:
Strict, 10.10.1.22
Strict, 10.255.255.5
Record Route:
IPv4 10.10.1.21, flags 0x0
IPv4 10.10.1.17, flags 0x0
IPv4 10.10.1.9, flags 0x0@
IPv4 10.10.1.1, flags 0x0@
Tspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits
Session Attributes: Local Prot: Not Set, Node Prot: Not Set, BW Prot: Not Set
Soft Preemption Desired: Not Set
Resv Info: None
Record Route: Disabled
Fspec: avg rate=1000 kbits, burst=1000 bytes, peak rate=1000 kbits




RSVP LSP &9 1) T &
ERO = Explicit Route 77z k&l ?
RSVPMPath Ayt—L DERERETHRSVPOA TP Ik,
RSVP®D)ResvAyt—UFPathAyvtz—O LB AR TIRH-TLHD T, EROD
BIVH)HLSP_TunnelD @& (or /—R)ZRETHHZBEHE-TLS,

ERODIVRJIZIZAT RDNextHopZE$EET 5 Strict” LEHIMREZIEET S
[Loose]M#HY. Strict] &MLoose T BELTCHEATEETH D,

R1 R2

[ Resv |

Explicit Route
1. R2
2. R3
3. R5
4. R6




RSVP LSP &5 1) T B E
ERO = Explicit Route 77z IrEE?
EROD TR MIStrictiDIEZS

Explicit Route
1. R2, Strict
2. R4, Strict R2 R3
3. R5, Strict e
4, R6 , Strict
ERO %
- R2 , Strict
A R4 , Strict
. RS, Strict
. R6 , Strict m .m —
ERO :X:
. R4 , Strict R4 R5 m 6

R5, Strict

R6 , Strict ERO ERO

R5, Strict 1. R6 , Strict

R6 , Strict



RSVP LSP L0 1)U T {3 E
ERO = Explicit Route 77z IrEE?
ERODIT R )M LooselDIZE

Explicit Route
1. R3, Loose ERO

2. R6 , Loose RS, Strict
R6 , Strict

1. R2 , Strict

2. R3, Loose

3. R6 , Loose
B 0O+HDhROS—DBIZE DL .@ 5&
TE#DLoose B EDIUM)ET

DStrictTU M) IZEEZHZ S R4 R5 R6
— e 1RO, Strict




RSVP LSP &5 1) T B E
RRO = Record Route A7 kh&lE ?

Path/ResvAvt—I 28 FEN AV E—C DFEBRKESLTRIT ST oIk,
HEAEXMIC[EResvAYE—VIZEEN, RFICT YA SNSRIV EEEHT HE
$TE5, RSVPAYtE—U DLoopti%ltFast Reroute|ZEHEN 3,

R1 R2

-

R5, Label=19
R6 , Label=0

RRO
R2, Label=22
R3, Label=21
R5, Label=19

R4 , Label=21
R5, Label=19
R6 , Label=0

R6 , Label=0
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IW—T A0 ~NDFEHAEE

- Autoroute

- Static route

» Policy Based Routing



IV—T 12 ~DiEFF
LSP_TunnelZ&&EL-1=I+TIL---

RSVP[Z &> TE&EESNT-LSP_Tunnell,

I T N—F AT F—T I ERNB LA
R3 R2 2

R4 R2 2

R6 R6 4

Cost =1 :y:
LSP_Tunnel0

Cost =1

Cost =1

o I =




Autoroute Announce

autoroute announce

LSP_Tunnel %
Direct Connect />2—2J1—RELTEEBIES

Node NextHop Cost
R2 R2 1

R3 R2 2 LSP_TunneliZBAM&EERELGDHIL—FTRTHD
— NextHop/ Tunnel0&75%

R6 Tunnel0 4

- R1(config-if)# tunnel mpls traffic-eng autoroute announce

Cost =1
LSP_Tunnel0




Static Route

Static route

Node NextHop Cost
R2 R2 1
R3 R2 2
R4 R2 2
R5 R2 3
R6 Tunnel0 4

StaticFERESNTLVEWLWRSIIZEL TIE.
BEDOI—T140TIZEIEBERBINBIRENS

R1(config)#ip route R6 <mask> Tunnel0

—/

R2 R3

R1
:&k"‘: Cost =1

Cost =1 :y:
LSP_Tunnel0

Cost =1

Cost =1

| :X: - :X_-: Cost =1 :x:




Policy Based Routing
Policy Based Routing

W—T AT T—TILIZIE R ENGELAS,
s — Cost cS5ov421ETunnel BB THRENAS

1
Ej’. Ei 2 R1(config)#ip policy route-map set-tunnel
RS R2 3 R1(config)#route-map set-tunnel
R6 R2 4

R1(config-route-map)#match ip address R6

R1(config-route-map)#set interface Tunnel0
ﬁ R2 R3

Cost =1

LSP_Tunnel0




IGPIL—T 4> T—T)L

RP/0/0@/CPUQ:R1#show route ipv4
Tue Jan 7 18:16:15.385 UTC

Codes: C - connected, S - static, R - RIP, B - BGP, (>) - Diversion path
D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP
i - ISIS, L1 - IS-IS level-1, L2 - IS-IS level-2
ia - IS-IS inter area, su - IS-IS summary null, x - candidate default
U - per-user static route, o - ODR, L - local, G - DAGR
A - access/subscriber, a - Application route, (!) - FRR Backup path

Gateway of last resort is not set

C 10.10.1.0/30 is directly connected, 12:19:40, GigabitEthernet@/0/0/0

L 10.10.1.1/32 is directly connected, 12:19:40, GigabitEthernet@/0/0/0

C 10.10.1.4/30 is directly connected, 12:19:40, GigabitEthernet@/0/0/1

L 10.10.1.5/32 is directly connected, 12:19:40, GigabitEthernet@/0/0/1

0 10.10.1.8/30 [110/2] via 10.10.1.2, 10:31:42, GigabitEthernet0/0/0/0

0 10.10.1.12/30 [110/2] via 10.10.1.2, 10:31:42, GigabitEtherneto/0/0/0

0 10.10.1.16/30 [110/3] via 10.10.1.2, 10:28:00, GigabitEtherneto/0/0/0

0 10.10.1.20/30 [110/3] via 10.10.1.2, 10:26:16, GigabitEthernet0/0/0/0

L 10.255.255.1/32 is directly connected, 12:21:30, Loopback®

0 10.255.255.2/32 [110/2] via 10.10.1.2, 10:31:42, GigabitEthernet0/0/0/0
0 10.255.255.3/32 [110/3] via 10.10.1.2, 10:28:00, GigabitEthernet0/0/0/0
0 10.255.255.4/32 [110/4] via 10.10.1.2, 10:27:20, GigabitEthernet0/0/0/0
0 10.255.255.5/32 [110/3] via 10.10.1.2, 10:26:16, GigabitEthernet0/0/0/0




autoroute announce

RP/0/0/CPUQ:R1(config-if)#autoroute announce
RP/@/0@/CPUQ@:R1(config-if-tunte-aa)#commit
Tue Jan 7 18:18:47.205 UTC

"show configuration commit changes 1000000028' to view the changes.
RP/@/0@/CPUQ:R1(config-if-tunte-aa)#end

RP/@/@/CPUQ:R1#show running-config in
inheritance interface
RP/@/@/CPUQ@:R1#show running-config interface tunnel-te 1
Tue Jan 7 18:18:55.114 UTC
interface tunnel-tel
ipv4 unnumbered Loopback®@
signalled-bandwidth 1000
autoroute announce
!
destination 10.255.255.5
record-route
path-option 1 explicit name R1-R2-R3-R4-R5
path-option 2 dynamic

RP/0/0/CPU@:Jan 7 18:18:47.465 : config[65708]: %MGBL-CONFIG-6-DB_COMMIT :

Configuration committed by user 'cisco’. Use

RP/0/0/CPUR:Jan 7 18:18:48.364 : config[65708]: %MGBL-SYS-5-CONFIG_I : Configured from console by cisco




LSPDIL—T A2 ~DIVEYT

Gateway

OoOoOoOoOrroooororo
—
[

RP/0/0/CPUQ:R1#show route ipv4
Tue Jan 7 18:22:06.481 UTC

Codes: C - connected, S - static, R - RIP, B - BGP, (>) - Diversion path

D - EIGRP, EX - EIGRP external, O - OSPF, IA - OSPF inter area

N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2

E1 - OSPF external type 1, E2 - OSPF external type 2, E - EGP

i - ISIS, L1 - IS-IS level-1, L2 - IS-IS level-2

ia - IS-IS inter area, su - IS-IS summary null, * - candidate default
U - per-user static route, o - ODR, L - local, G - DAGR

A - access/subscriber, a - Application route, (!) - FRR Backup path

of last resort is not set

.10
.10
.10
.10
.10
.10
.10
.10

1.
1.
1.
1.
1.
1.
1.
1.

0/30 is directly connected, 12:25:31, GigabitEthernet0/0/0/0

1/32 is directly connected, 12:25:31, GigabitEthernet0/0/0/0

4/30 is directly connected, 12:25:31, GigabitEthernet0/0/0/1

5/32 is directly connected, 12:25:31, GigabitEthernet0/0/0/1

8/30 [110/2] via 10.10.1.2, 10:37:33, GigabitEthernet0/0/0/0

12/30 [110/2] via 10.10.1.2, 10:37:33, GigabitEthernet0/0/0/0
16/30 [110/3] via 10.10.1.2, 10:33:51, GigabitEthernet0/0/0/0
20/30 [110/3] via 10.255.255.5, 00:03:19, tunnel-tel

.255.255.1/32 is directly connected, 12:27:21, Loopback®

.255.255.2/32 [110/2] via 10.10.1.2, 10:37:33, GigabitEthernet0/0/0/0
.255.255.3/32 [110/3] via 10.10.1.2, 10:33:51, GigabitEthernet0/0/0/0
.255.255.4/32 [110/4] via 10.10.1.2, 00:03:19, GigabitEthernet0/0/0/0

.255.255.5/ 3] via 10.255.2 :03:19, tunnel-te

[110/4] via 10.255.255.5, 00:03:19, tunnel-tel
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SRLG(Shared Risk Link Group)

ERO
1.R1-R2-R3
2.dynamic

@ SRLGT
O SRLG2

R4

« T7AN—RBREXBLTEHHE URIZHELTWND)VODT IL—T
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MPLS-TE Automatic Bandwidth

LSP1 priority 7 BW 900Mbps
LSP2 priority 0 Auto BW min10Mbps

LSP1 priority 7 BW 900Mbps
LSP2 priority 0 Auto BW 150Mbps

R1-R2 R1-R2

priority 7 BW 900Mbps priority 7 BW 900Mbps
priority 0 BW 10Mbps Reservable BW 100Mbps
Reservable BW 90Mbps R1-R3-R2

priority 7 BW 150Mbps
Reservable BW 850Mbps

- MPLS TE AutoBWTIZLSPLIZHENBERBD NS T4vo%
E=4—L.LSPOtvYr7vIBandwidthZA%E 9 5




MPLS-TE Fast Reroute

MPLS-TE Fast Reroute Method

Facility Backup AR &[&

* PLRM5MPZE T, Bypass LSPZEERTE

* N:1 protection

- SESSION_ATTRIBUTE OBJECT & U,
RECORED ROUTE OBJECT %&£




Headend + Mid—Point Behavior

RRO RRO
R2 , Label=22 1. R4 , Label=21
R3, Label=21 2. R5, Label=19

R5, Label=19 3. R6 , Label=0
R6 , Label=0

RRO
(P R5, Label=19
2. R6 , Label=0

PATH

Session Attribute: RRO
Local Protection Desired 1. R6 , Label=0
Label Recording Desired
SE style Desired

PATH

Session Attribute:

Local Protection Desired

Label Recording Desired
SE style Desired Session Attribute: PATH

Local Protection Desired Session Attribute:

Label Recording Desired Local Protection Desired
SE style Desired Label Recording Desired

SE style Desired



PLR Behavior

Topolody Database: Tun 200’s tailend = R5,
Node R5 If RS is R2’s NNhop on
link 1: Intf address x.x.x.x Tun100, the,n
link 2: Intf address y.y.y.y p| R Tun 200 = Tun 100’s backup
R1 R3
5‘& Tun 100 Reservation
RRO:
R6, R5, R3, R2
Local Protection Available
y.y.y.y
FastReroute Database R4 X.X.X.X R5
LSP ID: R1100

Out Intf: g1/0, Label: 10
FRR Intf: Tun200, Label: 20

Sty R eady o = "R



MPLS-TE FRR
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MPLS-TE FRR
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