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MPLS Label

Irh-1 =
5 2

MPLS Label Distribution Protocol ()33

MPLS (=/F 7o hajyy T AL v F 7)) 1d, TV AL v F U TR TRk A
H=ALTY, MPLS Ry NU—27 TliX, 7—% "7y MZTIARED Y THh, 700
WEIZEDWN TNy MREDOIRENTONE T, T E Ty FEMPLS Xy hU—7
LTI B D701, SFEIEREFEICELIEDONTIIX L TIED /S AL SIVET,
INDDOFED/RANL, TV AL »TF R %A (LSP) LI E T, LSP ZHENL T 5728
\Z. MPLS v 77U 7 7m b a3 S4uE 3, Label Distribution Protocol (LDP) {3,
LSP AWML T D DI SNAOMPLS > 7)) 7 7a haTF, ZOEY 2—/LTIL,
MPLS LDP D% EHFEIZ DWW TR L £,

« MPLS Label Distribution Protocol 3 (Z B9~ 5 Hii#2 41+, on page 1

* MPLS LDP Ol (2 _—7)

« TAUVEAI T B b a Lo (2 8—)

» Label Distribution Protocol D¢ E (3 ~<X—71)

« MPLS Label Distribution Protocol : #£#fll, on page 11

Distribution Protocol WX [ZEH T S RIREH

&IZ. MPLS LDP % ¥4 5 72D OFESst2 R LE 1,

WYX AT ID B Ete X AT T NA—TICBEAMAT BTV D — Z—TF 2| LT
HMENHYET, Z0avr R T77 Ly A2d, a~vy RIChERZ 27 1D BNE
EFNET, 2= I —TDHEV Y THFRTCa~v Ly FEFEHTERNEEZ LN
B AAA BELEIGEE L T E &0,

*CiscolOSXR V7 F U =7 H#FIT LTV DALERH Y £,
cHHAEI A A—TVUBIOVOMPLS Ry —V% A VA =T HRERNH Y £,

N

Note -~ »,5i%. CiscoNCS 540 >V —X L—HZ |Zi3EHA SN EH A,

c ERISO A A—T % A4 A h—/L L., showinstall active =~ > RZ{#HH LT MPLS /3 v
=N A AR ENTWD I L EZHERTINENDY F9,
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MPLS Label Distribution Protocol D% |

Router# show install active | i mpls

xr-mpls 7.0.1.1411Iv1.0.0-1
xr-mpls—-oam 7.0.1.1411Iv1.0.0-1
xr-mpls-oam-client 7.0.1.1411Iv1.0.0-1
xr-mpls-static 7.0.1.1411Iv1.0.0-1

IGPET VT 4 T TAMENRHY £97,

ey a U HTUMAANRN—THEEDOF T L0 BENIRET D L HIT, RA =L,
Ty REREE OB WEIIE 2 5 2 L AHERE L E, KIS, hello Z A LADF
74N MEERLET,

o fREFERIT 15 BT,
- fRRIL 5 BT,

72 & %21E. holdtime =~ RZfHA L CLDP & v a AMREEEZ2 30 IR ETE £
7,

MPLS LDP () #l$9%=18

« LDP #aHE#IZ. show mplsforwarding command O H 112 R S EH A,

SRIEHRTO FIILOBE

IPHEETIL, N7y MPAL—FIZRZET DL, TOL—FIFTIP ~y X —NDOZET KL 2%
R L, V= FMRREEITL Ty bER 7 A MRy 72zt LE9, MPLSIZ, /X7 v |k
N T U DN THRE SN D HiBE A D = X L T9, Label Distribution Protocol |, MPLS 555
TIVULEZED YT, i, BXOA VA= LET, ZHIE, Xy b= L L AFVHED
=T 4 T ERET =5V 27 LAY DAL v F R ARCEHE v BV /T HI LT, 7
NNV AL v F R—4 (LSR) "%y N —27 2B UTLSP 2T 5 —HOFIAE A v&—
UTY, B LSPICIXEZEER SN KA S—IZmy RARA V hZ2RFETZD (PO >
TNNA Ry TEHEIIKE) « Ry NT—27 ) ) — RIZZ= v RRA V FEREL, TXTOH
M/ —FENLTAL v F U THAREICLIZY TEET,

LSPi%, RSVP v 77 4w/ =V =7 V> (TE) £7ILLDPIZL Y AZT 1 v 7 ITVERK
T&FJ, LDPICEVIEREND LSPIE, =2 RY—x2 2 R XA TIERL . Ry FRA Ry
Ty N7 v T EFATLET, LDP 2T 5 L LSR TEHAEME T v—4 2L, 2
LOETEDLDP v a EHNLLT, 70 N, T 4 U IIERERZHTE 9, T
WA T 4 T o458 LDPIEIMPLS 74U —F 4 7 L — U BRETEDH L9
W20 £,

LSP OFEFEIZOWTIL,  [MPLS Label Distribution Protocol : 551 (11 =*—°) | #&H
LTL7EZEW,
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I MPLS Label Distribution Protocol M=%
Label Distribution Protocol (% & .

Label Distribution Protocol M & 5E

FERZCC, LDP TiE, D FE w7 TIAT 2 W< OO REARFR EEENLETT,

Label Distribution Protocol D& E

ZOHETIE, AR LDP REICOW T LET, W—F%Z LDP 7 L7225 a[RetEnid %
N—H G L CND TR TCDA v H—T =2 A ALETLDP 24 X —7 MITHLERHY £
I, mplsldp 2> 7 4 Fa2l—va L BT—RTA U H—T 2 AEEETHI LT, A 24—
T7xAALTLDP ZEBEMMITEET,

Bi#at]
WOFITIE, f v X —T A ARBETLDP 24 2 —T NS B IHEEZRLET,

RP/0/RP0O/CPUO:Router (config)# mpls ldp

RP/0/RP0O/CPUO:Router (config-1dp)# router-id 192.168.70.1
RP/0/RP0/CPUO:Router (config-1dp) # interface HundredGigE 0/9/0/0
RP/0/RP0O/CPUO:Router (config-1ldp-if)# commit

Label Distribution Protocol &2 /N5 A —2 DHETE

LDP #3547 LC\5 LSRIE, TXT®D LDP ®tj5A % —7 = A AThello A vE—V %G
LT, AWl LET, LER->T, A/ F—7 x4 ALETLDPhello A vE—V2%ET
ALSRIE, DA X —TxA A LD LDP V—& OIF{E %R L CUWE T, LDP hello A
T—UNA L F—T A A ETEZEENDLYA. LDP ZFATLTWH 2 DD LSRHDY v
721X LDP BEEERAGR3 B 0 97, T 7 4L R TlL, hello A v E2—1F 5 B 2 L2 (E &,
IS OB N H 0 97, RGN 2 B LSR 23 B 7 2> b hello %5215 L7245
A, LSRIFMH ENTZLDP XA X— U A h 235 E 7 LSR I L £, LDPRH/ (T A —X
I, T 74NN NTRA—FEERTHLIIHETEET,

EEEG SN TOWRWLSR DO LDP Yy g iE, #—4 v NLDP v g v LT E
T, =47 FLDP By a DA, LDPIXX —47 > bhello A vE—V &M L THREX
ANR—FHRHELET, 774NV FTiE, =4 bhello A v E—VX 108 2 L I2%F S,
90 AP OIEEEBERI AN H D £,

= EH

KOFNZ, LUFO LDP #H/ANT A =2 2R ET 2 HiEERLET,
* hello hold time
* hello interval
« targeted hello hold time

» targeted hello interval

Cisco NCS560 ') —X JL—% (CiscolOSXR ') ') —RX 71x) MPLS 3> D4 ¥alL—> 3> (4 F .



MPLS Label Distribution Protocol D% |

. Label Distribution Protocol 0 targeted hellos D& H

RP/0/RP0O/CPUO:
RP/0/RPO/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:
RP/0/RPO/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:

T

Router (config) # mpls 1ldp

Router (config-1dp) # router-id 192.168.70.1

Router (config-1dp) # discovery hello holdtime 30

Router (config-1dp) # discovery hello interval 10

Router (config-1dp) # discovery targeted-hello holdtime 120
Router (config-1dp) # discovery targeted-hello interval 15
Router (config-1dp) # commit

Dt v aTiE, MPLSLDP it/ NT A — 4 DR EEMER L ET,

RP/0/RP0O/CPUO:

Router# show mpls ldp parameters

LDP Parameters:

Role: Active

Protocol Version: 1
Router ID: 192.168.70.1

Discovery:
Link Hellos:

Holdtime:30 sec, Interval:10 sec

Targeted Hellos: Holdtime:120 sec, Interval:15 sec
Quick-start: Enabled (by default)
Transport address: IPv4: 192.168.70.1

Label Distribution Protocol @ targeted hellos M+ H

B SN TWOWARWLSROLDP Yy aid, =4y FLDP By > a v LR ENE
T, EEEEER SN TWRWLDP R4 N—0DA1X, Wi ON—5 TLDP 32 N\—v v % F
FHCTRETILERHY 7,

R E B

RIT, EEEEHG STV L— & Routerl 38 X (U8 Router 2 |2 LDP 2R E T A6 2R L £9°,

RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:

RP/0/RPO/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:
RP/0/RPO/CPUO:
RP/0/RP0O/CPUO:
RP/0/RP0O/CPUO:

FGRILT FNF A4 XA

Routerl (config)# mpls 1ldp

Routerl (config-1dp) # router-id 192.168.70.1

Routerl (config-1dp) # neighbor 172.20.10.10 targeted
Routerl (config-1dp) # interface HundredGigE 0/9/0/0
Routerl (config-1dp-if) # commit

Router2 (config)# mpls 1ldp

Router2 (config-1dp) # router-id 172.20.10.10

Router2 (config-1dp) # neighbor 192.168.70.1 targeted
Router2 (config-1dp) # address-family ipv4

Router2 (config-ldp-af) #discoverey targeted-hello accept
Router?2 (config-ldp-af)# commit

>hrarbkOo—)L

LDP Cld, 7N DT RNREZA DU TRZERFHETEEST, FUV T KRXX AL XA 2
b= (TR T4 NEZ) D) FRETUVZITFANRZ =L (T
VR IUNEY D) BERLT, TUL S T 4 T EROS AR T £4,
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I MPLS Label Distribution Protocol M=%
san7ERg4RAvkavio—L |

SRILFENEA XA barbB—)L (FHORNHYUE ToLRYDH)

Label Distribution Protocol (XX TDRA N—DFT R CDT VLT 4 v T ADT~)LET KXZ A
ALET, GEREESEXF2 VT BB T) ZUWBZE LI AAWES, 1 2L Eo T Iicxt
TH1IOUEDT LT 4w 7 ATa—hL T T RREAL XA SDOT I MUK T4
WAV T HEFATTHEOICLDP AR ETETET, ZOMRRIL, LDP 7V hU L K F~L
TANBY T ELEFR—AN TV T RARZA XA ary br—)L TN TWET,
mplsidp label advertise =~ REEHT 2 & TV A U7 ¢ U TIGEROLHLA FIEH T &
FT, ATV arFdF—U—REMFHTLE, BRT VLT 4 v 7 2T XTORAN—IZT KA
BARX BRT VT 4 v I REEREHRIRAN—IIT RRNEA X FFTXTOT LT 4
JADTRCDOET ~DTYLT RREZ A XA e T 42— CxEd, BRLTT KR
NELZREND T VT 4 v 7 ABIORETIZ, 778R2 VA MTERSNET,

BEH : SNILT ENFA XAV v bA—)L

WIZ, TO MR U R ZANYL T KRNI A XA ay ba— Va2 RETHHERLET, =
OBITIE, FA NI TNV T KR A XA 2T RRZAL X LZETHEHIITFERESNT
WET, £, TUL T RREAL XA MDTZDODA v H—T 2 A ABIBBESNTWET,

RP/0/RP0O/CPUO:Router (config) # mpls ldp

RP/0/RP0O/CPUO:Router (config-1dp) # address-family ipv4

RP/0/RP0O/CPUO:Router (config-ldp-af)# label local advertise to 1.1.1.1:0 for pfx acll
RP/0/RP0/CPUO:Router (config-ldp-af) # label local advertise interface TenGigE 0/0/0/5

RP/0/RP0/CPUO:Router (config-ldp-af) # commit

SRNLZIFANhaY FO—=IIL (AN R TR 2H)

LDP (X, T RXTCOETNHDTRXTOT VT 4 v I ADT)NV%E (VE—FN AT 40T
L) ZIFANET, LDPIX, URI L TR E— R CHREL £7, 24Uk, LDPIZ,
BEDT LT 4 v I ADTXTOET LD Y ET— ML T 4 o T EREETH X9 ICHERL
F9, X2 VT4 LOBENDL, FRIEAT Y ZHNT A0, FFEOETNHEDOT VT 4w
TJADE Y NDTFG)VNSA T 4 o TZTFANEHRETHI LT, ZOEL EEXTEE
T, TVI7 4 vV ADEREY NOVE—N AT 4 T %7 4 VE Y 27T HHRBIE,

LDPA LR RTYL T 4 NV Z ) U T EE T IVZF ANz ha—L s IR E T,

MEW  SRNILZFANIFA—IL (ARG R T ILBY)UH)

WIZ, Tz Anay ha— L ERETHHERLET, ZOFITIE, LSRiF, 77&XA
URXRNTERINET VLT 4 w7 RTONTHRAN—=NED T YL, VT 4 v T 5T AR
TRFEFT 2 X 9ICHRESNTVET,

RP/0/RP0O/CPUO:Router (config) #mpls 1ldp
RP/0/RP0/CPUO:Router (config-1dp) #address-family ipv4

RP/0/RP0O/CPUO:Router (config-ldp-af) #label remote accept from 192.168.1.1:0 for acl_ 1
RP/0/RP0O/CPUO:Router (config-ldp-af) #label remote accept from 192.168.2.2:0 for acl_2
RP/0/RP0O/CPUO:Router (config-ldp-af) #commit
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B c-risxpavscarro—LonE

A—AIL SRNLEYLTaY FA—LDERTE

LDP X, T RTDIGP F'LT7 4 v T ADTFTIL NA T 4 VT EER L. FOTXTOET
MBETRTCDIGP TV T 4 v T ADT )L NA T ¢ T %% 5 LET, LSR 3% D IGP
TV T4y AIEBOET NS TSNS T 4 T EZET DA, DRV DOAED &
CPU ’HE SNET, W< OO Y F U AT, LDP 7L XA T 4 T ORPEIT 7V
F—a il THHTIIRZRWEGENRDD ., HRICE > TUIe =L T DE ) YTl
BT 2 0ERHY £, Zhiud, 7782 VA MERFEALT, a—HhL TL0E) ¥ Th
LT 47 ADEy MCHIBTE 5484, LDP u—h/L L8 ) ¥Cay ha—/LafH
ALTHEITENET, v—I L T7-0VEID Y TEHIRT L &, AT VFEHEHRORRE, o—7h
NI F D —=F 4 TRXy NU—I BLRETOT v 7T — hOEHERE, W OMDAY v
r3BH 0 F9,

SR E I
WOPNZ, IPT 7 A VA NEBERALTr =L T-ULEID Y TEHREL, n—h/L T~
DEYYTBIOT FRAXEALAXTEL T LT 49 A0y NefeET DL HERZ TR LET,

RP/0/RP0/CPUO:Router (config) # mpls ldp

RP/0/RP0O/CPUO:Router (config-1dp) # address-family ipv4
RP/0/RP0O/CPUO:Router (config-ldp-af)# label local allocate for pfx acl 1
RP/0/RP0O/CPUO:Router (config-ldp-af)# commit

BOVAR)—=LAY TIVFDOERE

T 7 4 hTiE, LDP L, - XTDONL—F DT T RANL A XA SPNTXTOLDP BT
MOEZEENDEH T AN —ARAHE—REFHLES, YU ANI—LAF T
FHEEEIX, AUV AN —A A T~ RE— ROV R— ek LE+, ZoF— KT,
T DNBRAJICESR L72WRY . FLEZEDOETIZT RARZ A X ENFEFH A, FEHZ, 7
THEIMIIC TSNV ET RAZA X L7Wa, R AR KRy TR, UE—F ToULRED Y
TOENTNRNWET e, 7VERPLTIEESNET,

A7 AR =LA F T FRETIE, ACLEZHH LT, YA M) —A A F<o K
F—RNZETDEy hE2IBEELET, XYL A N —L A F~r REANCTHICE, By
varOmFOEYT THRETILENHVET, By arO—FOETEIFTE AR
Ve AT~y REENPREINTWDIGLE, Tty aryTiE, YA NI —AF
VT RE—REFATEEEA,

SR E I
WIZ, LDP AT AR — A F o Fvr ReERETAH 2~ LET,

RP/0/RPO/CPUO:Router (config) # mpls ldp
RP/0/RP0/CPUO:Router (config-1dp) # session downstream-on-demand with ACL1
RP/0/RP0O/CPUO:Router (config-1dp)# commit
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mrnzL s Loz [

BATRHIXIL SRNILDERTE

Cisco MPLS LDP /&, BSERAG F 72 13RI XL UL & BED LSR TRIRT 51— £/
X7V 7 4y 7 A=A T E LTHERLES, Zhbo— M, v—0 /0 T
FRRTEFENETATORY U= BREENRET, T 740 F T, XV T3,
LDP =22 h m—/L 7’ L—/|Z X % Penultimate Hop Popping (PHOP) #* 1 =X L0 HE¥E% Al FE
129 % implicit-null T3, ZHAUNEE L RWEGEA, LDP =2 ha—/L 7 L — 12 X 5 Ultimate
Hop Popping (UHOP) A /1 =X LD FHEZE AREICT 5 explicit-null 7 XV AR ETEET, B
IR XOUVEEEEIE, &R v 7 LSR TRHRETEET, 778 AV A &AL T, PHP 4%
ETDHIP TV T4 T ABRET HIENTEET,

T 7 4 N TIEXL TV EENY Y THMLERDH 58545 CTH, implicit-null-override =< > K
AT LHZLT BEOT VT 4 v 7 ATHEEHX L v =)V TV EEATE ST,
ExIE, T 740 R TIE, LSRIE, IGP/L— RDIEX L TV EEND YT, 7 RARX AL AL E
T, LSROEENH2HFEB DR Y 7T D/— kD LSP #5854, implicit-null-override
av U REFEHALT, 20TV 7 4 v 7 ABEBRI L T 0EIY B TEB LT RARAZ A X
Ay he#EATEET,

FREH : ARV
W, BRIV TV a2 RET D612 R LET,

RP/0/RP0/CPUO:Router
RP/0/RPO/CPUO:Router
RP/0/RP0/CPUO:Router
RP/0/RP0/CPUO:Router

config) # mpls 1ldp

config-1ldp)# address-family ipv4

config-ldp-af)# label local advertise explict-null
config-ldp-af)# commit

EEM  BERMXILOA—/IN—F 1 K

I, L7497 A0ty MIt L TR IILDO S —"—F 4 RERTETHH AR LE
7,

RP/0/RPO/CPUO:Router (config) # mpls ldp

RP/0/RP0O/CPUO:Router (config-1dp) # address-family ipv4

RP/0/RP0/CPUO:Router (config-ldp-af)# label local advertise implicit-null-override for
acl-1

RP/0/RP0/CPUO:Router (config-ldp-af) # commit

Label Distribution Protocol ® HE1Z%F

LDP HEIRRETIL, IGP 7' F a A BNENI 2> TNBETRXTDAL X —T7 = A THEIZ
LDPZ R ETE £4, W%, LDPIX, IGP/L— FDT~LZE YT, 7 FARAZ A X LET,
LDP (X, IGPICLVFTRTOT I T4 T A U H—T 2 A ATARXR—=TNVICT HUERHY F
9, LDP DO FEERLIFICIZ, LDP FCA v H—T oA AD®y hETERTILENHY T4,
ZOVEEIZITRFRIA 20 9, LDP HEREXEIZL Y, LDP FCRILA v H—T A ADY
A NERET HHENRL R REEENHHIZR D £7,
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ERX7EW : OSPFIZLDP BEIREZXHIIZT S
Iz, FEE LT OSPF £ > A2 Z L Z|Z%xt LT LDP HEIREZ AT AHZRLET,

RP/0/RP0O/CPUO:Router (config) # router ospf 190

RP/0/RPO/CPUO:Router (config-ospf) # mpls 1ldp auto-config
RP/0/RP0O/CPUO:Router (config-ospf) # area 8

RP/0/RP0O/CPUO:Router (config-ospf-ar) # interface HundredGigE 0/9/0/0
RP/0/RP0O/CPUO:Router (config-ospf-ar-if)# commit

Ty a VREDERTE

BN T EX, — FRRY 7 BEERICGEST 5 &, IPIX, MPLSLDP X ¥ HATOERET
ALK L, MPLSUURE TICMPLS N7 7 ¢ » 7 BEET DA RN H Y £5, Vo on>
TZoTTBE, VT T A AN OEEDEDIZLDP vy a b 7T v 7 LEY, LDP
Ty a REICEY, FT T v 7 OBRRDE/NNRICENZ S, IR RE (LS L, BEFO
LDP (V> 7) By varyMri#EShET, ETICXLTEy v a VRERAEDIRS>TND
Yt LDP IZEARM Y 7 hello IZMx T, #—7% v K hello (#xkfrH) OE(E %L
LET, A4V 7 NV IR T5E, =4 bhellold, B SABIFE L TOIUR,
FZONRAZEI L TET LSRICH| i EntSnET, LN ->T, LDPEyva i, U
IWE T LTt THERFSNLET,

IDP vy a Ri#EEZREL T, I XTCOETEREFETOREDE v b (peer-acl THRTE)
ThEyvarZHHBNRET S N TEET, LDPIL, RESND &, 7IFA4~vV V7
BEBES T CICIFAET D A N—D /R 7 T v 7 targeted hello 2 BEIMICBRMG L E3, ZnbH D
Ny 7T v Ftargetedhello X, 7 A~V U T BEENRT T LTEH, LDPE Y v a3 U EREF
LET,

SR E I
WOBITIE, 778A ar bha—/L J R b peer-acl-1 THEINTZETDOLDP v a R
A RRHIM 60 ISR ET D FIEERLET,

RP/0/RP0/CPUO:Router (config) # mpls ldp
RP/0/RPO/CPUO:Router (config-1dp) # session protection for peer-acl-1l duration 60
RP/0/RP0/CPUO:Router (config-1dp) # commit

Label Distribution Protocol &~ — k> x4 770 )L (IGP) FEAD

=n

X &

A

=

LDP L INE7— o =A 7u F=2)b (IGP) OREEANR KDDL, MPLS hT 7 4 v 7 RNk
bhEd, =2 x1E. Vo7 7o 7, IGPIXLDP IWNHKAREATIRNCY 27 &2 T KL A
ALTHEATEET, F7203. LDP By a v BnA T LB THIGPTY > 7 2 LT
HZEMTEET,

LDP IGP ORI TIZ, MPLSLDP 3# DV > 7 TR SN AIEESIZDH, IGP BNBHFD A |k

Vo2 TV 5T RNRZALXTEXHLHIZLDP & IGP BN S E4, LDP TiZ. LDP »
WO T~ S, T 4 THEEL, BTN 1 DT~ R, T 4 0 T %
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Label Distribution Protocol D' L—R 7 )L \) R 3 — b DEETE .

ZETAHY 7T, At 1 ODOLDP Yy a VBT v I TEITHOEEZT Y 7 »n
IR ERBRENET, LDPIX, Vo7 7o 7 Eidkbyrar Four 4 Xy MFIZZ
OfE#H % IGP 1213 L. IGP (X, RI#IAT— MU THREL £7,

LDP-IGP [ #i%. OSPF 3 L NISIS 7’1 F 2 /L DM THR— FEf, kT 5IGP 71 k=
N a7 4 Xalb—rary T— RCTRESINET, RBICL->TUE, HERERA ¥ —N
VT, FRMEOES ZRBIET 2 4E N H Y 9, LDP X, FHLOES % HK 60 FUERIE T
XOREA T varEERMELET, LDPIX, Vo7 Ty 7 Ehidtyvary For A XUk
B Z O % IGP (213 L ¥ 9,

7119 V=2 IS-IS TTLV 132 #FEAEA LT, 1 2™ LER (Z#%t® MPLS-TE k> %
VT RIRA V FERETEDL LRV FELEZ, 1 DDOLERIZ, K63 DIPvET L A%
JIIEKRI5DIPv6 7 RL AZRETEET,

LDP IGP R #AME%5E : Open Shortest Path First (OSPF) 45l

RIZ, OSPF A A H A2 LDP-IGP Rl 2 ET D Hl2r~ LET, FHELT 30 #IZEE
SHTWVWET,

RP/0/RPO/CPUO:Router (config) # router ospf 100
RP/0/RP0O/CPUO:Router (config-ospf) # mpls ldp sync
RP/0/RP0/CPUO:Router (config-ospf) # mpls 1ldp igp sync delay 30
RP/0/RPO/CPUO:Router (config-ospf) # commit

LDP IGP RIEAMEXTE : Intermediate System to Intermediate System (IS-IS)
KIZ, IS-IS {2 LDP-IGP [M & 3% &3 Dl %~ L £7,

RP/0/RP0O/CPUO:Router (config) # router isis 100
RP/0/RP0/CPUO:Router (config-isis)# interface HundredGigE 0/9/0/0
RP/0/RP0O/CPUO:Router (config-isis-if)# address-family ipv4 unicast
RP/0/RP0/CPUO:Router (config-isis-if-af) # mpls 1ldp sync
RP/0/RPO/CPUO:Router (config-isis-if-af)# commit

Label Distribution Protocol D L—X )L Y R B — FDEKRTE

LDP 7 L—A 7)) J AL —FTiE, LDP v a UMl Lo & T LDP 7 53 MPLS 7 +
T—F 47 AT — N RFFT DA D =X aR3 SN ET, LDP /' L—R 7L J 2 H— |
EHEHLRWES, LSty a U CHEENEAET L L ST LH74V—FT 4 7 A
T—hrB, VAZ—FBIOET /=KMo IEEINET, 2054, LDP 74U —
T4 7lE. YO FEENTAMNENH LD T, T —XBLOERNRDOND [RRIENH D
F9, LDPV L —A TN JRZ—  BREESINTWHEE, LDPE v a U BFHEEI LT,
N7 74y 73T 5 2 LS i £9, LDP 7' L—A 7L U AKX — MEREIL,

Tova b2 o0 TTRrIY =Y a Y ENET, By a o kg,
N—H I L— AT )L U AKX — D Typed Length Value (TLV) Z#(E95Z L2k VY, LDP
TVL—=RA TN )AL — N2 FLTT D082 T A A X LET, 20O TLV 2L, HHEi R
L RHEREMNE ETWET, FHERREH & BIERMOMEIX, —2 THR— st Tnbd 7
L—A7)V ) A% — ML R LET, BHEEpRFIL, fFREL— 2 B iEr T o2 E T
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. Label Distribution Protocol / > X by 7 JL—F 4 V5 DHRE

T I—Z BT AR T, —Z %, BEAL— 2 NFEES L A e A e, H
Pt 2R A D AN EERF O/ T £ CRA% L 97, [BIERIEL. By — 2 N — 4|
B3 2 M A MeRr - D5 T,

R B

WIZ, LDP 7' L—A 7))V U AF — N ET L0 2R LET, ZOFITIE, BEL—237
L—RAT) YRR =T BN —ZIZONWTT T —F 47 AT — b ZHF 2R % 180
WCRRE LET, FEEERMIT 169 IR ESHTWET,

RP/0/RP0/CPUO:Router (config) # mpls ldp

RP/0/RP0/CPUO:Router (config-1dp)# interface HundredGigE 0/9/0/0
RP/0/RP0O/CPUO:Router (config-1ldp-if) # exit

RP/0/RP0/CPUO:Router (config-1dp) # graceful-restart

RP/0/RPO/CPUO:Router (config-1dp) # graceful-restart forwarding-state-holdtime 180
RP/0/RP0O/CPUO:Router (config-1dp) # graceful-restart reconnect-timeout 169
RP/0/RP0O/CPUO:Router (config-1dp) # commit

Label Distribution Protocol / > X by T IL—F 4 V5 DEERTE

LDP /A vy —F 17 (NSR) HéREIZ. L— bk 7otk v (RP) F/midadiiL—
F 7ut % (DRP) OV =— LA —N"—7p POEELLV—T 4 7 ETICRZRNE I
LT, WHEART =~ A~OAMER/NBICMZ7Z0, B#ELZY LET, T 740V T
1%, NSR X, AToM LISk, +RTOLDP v g Tl a— I LiAf F—7 I ENTWE
7

P —E ZDOHRT T, IROA X IBRFEEL TWBLEERH Y 17,
e Jb—hk Zokv¥ RP) £HEFHEHL—F ok yd (DRP) 7 z—/LA4—/3—
«LDP 7’11 & XA DR

* Minimum Disruption Restart (MDR)

G¥)

TVU—AT) AKX — MEREL TRV, LDPNSR TiE, 71 b ) LiLEEEIISLER < |

Fy NI MOV~ TOY 7 v =2T 777 L—ROLELHY FHA, £7-, LDP
NSRIZED ET L—H TNSR ZHR— T 250EEHD A, L2VPN &&EIL, NSR Tl
BR—FENTWERA, 77T 47 LDPO Tt RAEEICLV Yy g B LET,

ZOREFR, RPAA v TFA— =N W RY Trvarbt UTHESNDE T, NSRIZ#EMHET
xFEHA,

X B

WIZ, LDP J VA Ry T N—T 4 T ERET DR LET,

RP/0/RP0O/CPUO:Router (config) # mpls 1ldp
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RP/0/RP0/CPUO:Router (config-1dp) # nsr
RP/0/RP0/CPUO:Router (config-1dp) # commit

L

RP/0/RPO/CPUO:Router# show mpls ldp nsr summary
Mon Dec 7 04:02:16.259 UTC

Sessions:

Total: 1, NSR-eligible: 1, Sync-ed: 0

(1 Ready)

MPLS Label Distribution Protocol : :¥#H

ZOWETIE., LSPORE. LDP DO L—RA 7L JURX— . BLOLDP & v g AR#ICE
T 5 MM RIC O OWTHA L £,

SRIVAAYFRENRADEY b7 T

MPLS 347w hit, 7V AA v F K% (LSP) ZfiH L CMPLS %y hU—7 LD /) —F
M CHRE SN £, LSPIX. #AYIZ. 721X LDP ® kL 9 7 Label Distribution Protocol Z {8 i L
TERTEE9, LDPIZL WIERENTZT L A v F K XR [Ty RV —x 2 K XA T
R, Ry TIRARy T RADE® Y N T v 7HEITLET, LDPIZLY ., T~ XA v F
J—2% (LSR) &, EBEMNR T v—2 &L, 26D T LD LDP vy g &L
LT, I NS T 4 U7 IERERLUET,

WOXE, LSP Yy N T v 7DD T )V N, T 4 T DO T o 2Rk LET,

Figure 1: S NJL A Y F K 1ISADEy b7y T

+Prefix 10.0.0.0

'Local Label: L1
! Label bindings: {Label, Peer|T
(L2, R2) | iPrefic10000
50 R 3 TN | pepmenmeemsrmesmsmmsemnsmsrn
o, i Label bindings: {Label, Peer); i Prefix 10.0.0.0
=ril HL1,R1) L. !local Label: L4 @
X e @) ifaRe) @  Label bindings: (Label, Peer) |
Rr (0000L iame) Ry T

mamd

R4

g ey - — %10.0.0.0
i10.0.0.0, L3) x (10.0.0.0,L3) (10.0.0.0,L4)

- —
@

!Prefix 10.0.0.0 @ Steps

iLocal Label: L2 : i77:773 LIB Entry .
iLabel bindings: (Label. Peer) - Label binding B
HiL1, R1) C} L]
(L3, Ra) v
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B s rzqvFrizoty b7y

F v hU—27 (10.0.0.0) TiE, Ay T A Ky 7 LSP NEHEL—% (£721%/—F) ET

vy Ny 7FENET, &/ — N, u—b A FULEEV BT, ZNEFDORA NSN—TA

VFEA4 T ELTELET,

1L R4IZ. v— AN TV 14 % T VLT 47 2100001280 YT, ZNEZFDRA/N—
(R3) (&7 RRZ A XL ET,

2. R3Z. v— LTIV L3 %27 VT 47 A100.00I2F0 BT, ZHEZEDLRA/N—
(R1, R2, R4) 17 RARX A XL %7,

3. R, ve—H LTI~V LIZ7 VT 47 A100.00I2F0 LT, ZHNEEDLRA/N—
(R2, R3) IZ7 RRHZ A4 XL £,

4. R2 1%, 1:»«73;»7«»L2%7v74 v 7 A 10.000 128D E T, ZNEFEDRA/N—
(R1. R3) IZ7 RAXZ A XL ET,

5. R1 D F7~YLFEHR—2Z (LIB) X, XA X—0H0u—hLBION ET— K T~UL A
VT4 TR LET,

6. R2ZOLIBILX, XA NN—060u—WNVBIR)E—h TV XA 0T 4 0 T REFLE

7,

7. R3OLIBIX., XA NRN—0b0u—hLBIRIET—F TV A 0F 4 TR LE
7,

8. RADLIBIX., XA NR—MNED0u—hLBLIRIET—hF T-UL XA 0T 4 T BRI LE
7,

MPLS #z3%

TGV, VT 4 U TINERENSE, MPLS 7+ UV —F 4 7 L — By h T v E
. Ty MIROKIZART L ) ICiESNET,

Figure 2: MPLS %53%

{
! Prefix InLabel Out Label; )
10.0.0.0 L E
| Prefix InLabsl Out Labelj= | Prefix InLabel Out Label
10000 L3 ta '3 40000 14  Unabelled
[Ls] 1P ] R
ﬁ—m.u.u.u
EllE -
E ®
R2
5] |
@ Steps
51?;{;0 In t:bel OutLI?}abel@ 3 Forwarding Entry )
[ Packet %
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Label Distribution Protocol ® 'L —X 7 )L ) R 8 — kD F¥Hf .

1. R3!Z. FIB CHAEIND L HIT, 10.00.0 DT A MRy PO T, RUIX., T~ULAA
FAVTERIMVDOEIRLT, 74V —F 47k (LAY, LALT3) A%
=L £,

2. R31%. 10000 D7 A KRy 70T (FIB TEE) . R2i%. 70U ARA T 40 Tk
R3IMBEBIRLT, 74 I9—TFT 47 F ) (LA¥2, LL¥3) A A—LLFE
@—O

3. R4iE. 10000 D7 A KRy FDT (FIB TEE) . R3%. 7NN A T 4T %
RAMNHLEIRLT, 74 I—TFT 47 ) (LA¥3, LA ¥4) A A—LLFE
@—O

4. 10.0.00 D7 A FARy 71X R4H DT (FIB Ti@%) . R4, NO-LABEL #7 7 kN
Y RELTHERHLT, 747—F 4272 MY (LAY 4) AL A=A 1LET,
T RNRT Ry MIIP OATEEISNET,

5. AMALSRRIDHEEIP b T 7 4 v 71, T7-UbA VR—XZH, 7-UVL3 DMPLS /37 v
M LTzt ET,

6. ASLSRR2ZDFEEIP b T 7 4 v 71, VbAoA UV R—XEF, 7-UVL3 DMPLS /37 v
M LTl ET,

7. R3E. 7~V L3DMPLS X7 v hEZ{EL, MPLS 7L 73 U—F 4 7 T—T )b
THZBELT, 2O 2T~ ULTL4DMPLS N7 v & LTAA v FLET,

8. R4iX., 7-UVL4DMPLS N7 v &% 5L, MPLS 7V 74 U—F 4 V7 T—T )b
THFE LT, ?N/b%ﬁlJF%TéJZ%iﬁ%é CHIRTLET, RIZ, by T I~ EBRY T L
T, INEZIP 74 V—T 47 TL—ZELET,

9. P74 TU—T 4 7%, 7y hEMALT, BBELET,

Label Distribution Protocol W5 L —X 7 )L 1) X 2 — F D

LDP (Label Distribution Protocol) 'L —AZA 7Y 2 Z— KX, v tua—) FL—r A=
ALER LT, NAT_RA TV T 4 ZRGEL, /ARy T 74 U—F 47 (NSF)
P —EARICEEZRH LY IR TELHXICLEST, ZJL—RATN Y REZ— NI, 7+
U—F 0 VT EEEZ2 T, V7TV BIay be— LT L—DEENSEIET
HHETT,

LDP 7 L—ZA TN Y AZ— F A LIRRWGH, LSzt y v a U CTRENEAT L L

SIGT DT AT =T 4 T AT — IR, JAX—FBIOET /— Kb dICEEINE

T ZO%H. LDP 7+ U —T 4 V7L, RUIPOLEEETHD T, F—F B IO N KD
NDAHREMER H Y £,

LDP /' L—RA 7))L 2% — MEREIZ., & v g UL HIZ FT SESSIONTLV T2 2D 7
fiTrIm—rarENET, 2O Typed Length Value (TLV) Ti%, & ETIL, IRDIEH
EETIWZT RRNEZAXLET,
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. Label Distribution Protocol D' L—X 7 )L ') R &4 — b DEEHE

PR ]

ZDOLSR Ny b — VT ¥ RUVEERICEER T D F THO B 7 03RS 5 e KRR
BT RANZAXLET,

[E]1E R e

MOETRZOLSR #HTERITV 7Ly v aThRRNEEZT R AL XA LET, =
OFFRNIE, T 'y v a VEEROE v v a VLT ORITER I NET,

FT 254

HE#cLY, o7 70%GFE (a—hn) J—FDAT— @ T TEENE I E
BELET,

TVV—=ATN VA=~ Ty gy RXTRA=ZNREIN, EyvarBnEgLEifEL T
HE, TV—ATNYRAEZ—NFIENT 7T 4 71220 £9,

~NVF V7 FI21EFE U R A 23— targeted LDP hello Bifz2, H D WNEX IOl T DOFR v b
J—2J TLDP /' L—AT7)V JRE— K TatRAEHETIHHE., *rA43—ar bae—L 7
L— VU EERHCEE O hello BEEN X A L7 7 NI DRI, ZL—AT7 )Y AL — Kty
arTT I T 47> TCWVWAIEEMRLET, TNET 7T 0727503, T2& %
E, By a A LT T M hello X A L7 U FORNIRET D X1, A 3—HD
Ty v VREFRF AR BEE L 9, LDP & v v g UREFIF I, RO EFH L CRET
HZEEHESELET,

Session Holdtime <= (Hello holdtime - Hello interval) * 3

72 & 2, U &7 hello DERFFRFHIIS KO o 2 —SARERENT 7 4 MED 15 bk LT
SHTHLILE. By a AARFRERIE, 30 U TICREL £7,
TJL—RINYARE— DT L—X
TVL—RATN YRS —F AH=ANFE, ROT =— XN ET,
HELEEEE DR
VAT LBRONT ORI AR L L 2, HEEERES R S ET,
« LDP hello 7 AA/NY A &=V DR
*LDP ¥—7T7 747 Tu bhai Aye—VDRE

« "7 & O Transmission Control Protocol (TCP) I H

BEBODIA&AT—T 42T RT—MAVTFUR

K LSR TOXKK 7+ T —F 4 7 A7 —hE, LDP 2 ha— L7 L— kb, K
B A ML —Y (FzvZRA ) R LTT—IATENET, arta— L7 L—
YOVANRTF T T =T 4 T T F, T A V=T A T AT MR LET
D, ATAN—T BT ET, FEkC, E7arba—n7L—rd (AT A~ —7
ZAHTC) FREEF O — RIZBEE#EMSTONTWDEA VA N—VERT T —T 4 VT %
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Label Distribution Protocol ® %' L—X 7 )LV X % — F D& .

RELEST, o=V ) — RT3 U —FT 4T VE—F )= RT3 U—T 4T DT
L— AT — hEABEPEDZ LT NSFZRRFEL, T 7 4 v 7 ODBREEZEET,

HERT— DY HNY

UBANYE, By a Y RNEELSIL, TN T 4 I DREOSHL I NS & X105
ELFET, 207t RIZED, BT ) —KiE, ATANV T TI—TFT 47 AT— &
FHEBE IR 7Ly 2 TXFET,

arvrO—ILTL—rDEE

v hr— AT L= UEER BERICERELES, VX ar ba— L L=l i A
2F*ﬂbéﬂt7ﬁf%*74/727“‘%@%tﬁh§%§$K7y}%§ﬁﬂy7éﬂuNﬁw§
HRTDHAMMEMERH Y £9, KOKIZ, 2 be— LT L—UEEL 7 L—RA 7L AX— |
WDV BN ZRL, #EOREKICORNLay ba— LT L — U EBEOMHE L ER, BX
WL —ZA TN Y AZ— R EHERA LY AARVIZONTIRALET,

Figure3: 2> rO— LT L—2DEE

Prefix 10.0.0.0
Local Label: L3
Label bindings: {Label, Peer) Prefu: 10.0.0.0

(L1, R1) R SR
(L2, R2)

S i
T, T

! Prefix InLabel Out Label:
H0000 L1 [ B

Prefix Inlabel Out Label! | Prefix In Label Out Label!
10.0.00 L3 bt | 1ee8—bd—Unlabelied

Packet in-transit
@ [TiF]
e | o
Do e ) Diop
bucket
P O P el e et b oA @ Steps
512??0 In t:bel OutLLSabeI ....... i Forwarding Entry
i C—Disp 7
[ Packet "
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. Label Distribution Protocol D' L—X 7 )L ') R &4 — b DEEHE

GUL—RIZILYRB—KIZKBY HNY

Figure &: 7 L—RX 7 LY RA—kT®D ') H/\Y)

Prefix 10.0.0.0
Local Label: L3 -
Label bindings: (Label, Peer)| | Prefix 10.0.0.0
L1, R1) Ssarestees- .
(L2, R2) Lekal-bindinge-{abal—Haar
e (L3, R3)
: G ®
' Prefix InLabel Out Label! )
o000 Lt L3 | M ——— ,
oy ) Prefix In Label Out Label ¢ Prefix InLabel Out Label |
10.0.0.0 L3 L4 10,000 L4  Unlabelled
R

™ @
Packet inrtransit ﬂ

@Elrl>  [FEl>@

}
@ Steps
! Prefix In Label OutLabel £2.5.53 Fowarding Erry ,o,
10000 L2 L3 — H
' ‘ [ Packet

1. R4LSR = hu—L 7L —rNHEELET,
2. arhe— T L—UnHEHTDHE. LIBRROIET,

3. RALDP a2y ha— L7 L — DALV A NN ENTFTH+ TV —F 4 T AT — "3
ICHIBR S L E T,

4, R3IMB R4 (T EFLE) ~DEEFOEZ D7 v B RAIZEIZE LET,

5. RAOMPIS 74TV —F 4 T L—rBD, a—HNLTG VL4 T I T v T % FITLE
TOREBLET, 2L, Xy bR Re vy 7 &R, NSENRZENRL R0 £9,

6. RILDPET A, 2 ha—/L FL—r Fx RLOBELEZBRH LT, DTN A
T4V READOHIBRLET,

7. R3=ay hr— LT L= RADLOHTSVOEMEEILEL, ST 27 4V —7 4
Y7 AT—=h (UTA L) ZHIBRLES, ZhICED, 74T =7 1 27 BRRLET,

8. RAIIHHG SN TWARESTEALSP X, R3 TRIEEL., RI MO RE~DT L RV —x o R

LSP & T LET,
9. RAITHHG SN TWARESLFEALSP X, R3 TRIEL, RR/)HRE~DTZ L RV —x o K
LSP BT LET,

LDP 2> b — AT =B U AN T 5L UAX—KLSRIE, £OT7 4T —T 4 T A
T— b ORFFH A v —%BE L, VAT T 4V T AT — Tz I RA L bT—HIHE

. Cisco NCS560 ') —X JL—#% (CiscolOSXR ') J—X71x) MPLSa> 74 F¥alL—L 3> HA K



I MPLS Label Distribution Protocol M=%

tyvavrEoma [

TLET, XY, 73V —FT 4 AT —rRIOC v NI ETTEN, A—L Kv—
IR BERET,

U A& —KLSRIE, EFIZEILINTZNE I DICBERRL, FTE vy a o TLVIORES LT
HETICHERLET, AT —MELXTEREA. M U T 4 U ZIEE R ENET,

YAF—NETRER L, RAN—U AN XA ~—%FlsT5 L, ETLSRIZ, (UARZ—
NLSRICE VBt S NT) A N—FEEHLA A ~v—&iF1E LET, T LSRIEX, VAX— |
ETNEDAT— N EFICELTESGE, FTeEy v ary TLVEZTF =y 7 LET, KIT,
MET D74V —T 4T AT —h 2 MU EEILL, VAZ—LRET DO T 4T
EZELET, VINVEA~—DBRDTDHELE AEBO T+ T—T 4 T AT —F (ZOBR
TIEAT AN~ —7 PN THET) BHIBRSNET,

Y A% — K LSR ot (FE®E) TR LSS, VAX—RLSR 74V —T 4 VT AT —
FBLEOZY MU, A L7 7 MZRVEIBRENE T, IAAX—HEOT7 U —F 4 VT A
T hERFEZ MR, BERERZZ) AN Z A ~v—0N KT DHE. BT LSRIZE Y HI
PrEfnEd,

vl a VIREDFH

N

LDPt v v a UMGEIZE D, T RTOET £ T OREDE v & (peer-acl THE) Tk
varz BEICR#ET 5L DI LDP 2R ETE £J, LDP X, REIND &, 7747)
V27 BEER T TIAFIET DR A X— D3 7T v 7 targeted hello & HEIJIZBIG L F3, Z
oDy 77y T targetedhello X, 77 A4~V U IR LTH, LDPEY v a v
IRFFLE T,

toia  MREOKIL, XA N—RlI ERIDEDLDP ¥ vy a f1#ERLET, RIBLW
RIITOT T4~V VU IBE, Vo7 e RN 7 v 7 NEEERINET, ¥—7 v b
MEPZIX, RI ER3IMCTRSFENET, XA L7 MU I BRRINT 5 & uw)/ahﬁﬂwﬁ
SNETH, Bya L, targetedhello BiHEZMEN L T7 v 7O FEFETLET R2ET
i#)oﬁ4vﬁbuy7ﬁﬁ67y7m&of%\umtyyayx%~b@%b6f\
LDP (X, FUELC<UR L, MPLS R 7 7 « v 7 OEEEZ B L £,
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LDPt v ¥ a RN (U U VIEERD) 777 4 7086, REITERIRTRTINET,
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T4, F. BT EEGT N Y N OlEE z%&z&xbf/7m%%%ﬁﬁé_&
T, TV AAL v F RNZ (LSP) 26O T~VHICTrEY a =0 7 TEET,
ErEOIZE D M THNTZ T~V EEIIZEI D B THNZ T LA BB D H AL, L—H T
iofgi%/?~vmﬂ//—wm7_%ﬁéMiio_@Mi%/?~faiof\K~
FaE LTk TEE T,

T L ETOFRT XV ET RAE A T 5L ROFLENELNET,
CETIOARER TN NVEZETLH) A7 (RESNIZMPLSEIR T N 77 a h=vo
FEIT) DEHEN, Ex2 VT o nmELET,

s EFREFADLSP LT —FNRERITHIETE AL 512780 9,
BN T UL DNLBE S W a . AT ALY Y — AN RELE N E T,

LEFE S

«IPv6 /X7 > N TOE T ~NAATTF IR — N ST ER A,

o —ZITFH T IV ORERHZ T NNV OR—E &M LEH A, ERINTET X TOR—
B3tk CHRIHTAMERH D 5,

oA N VT NRR N—T 47 (ECMP) [TV AR—FINTHEEA,

AV H—T 2 A AEHRIICERE LT, FHIMPLS 7V EFFD N 7 ¢ v 7 0BT 5
PVERDY £9,

« MPLS O35 (19 X—2)

o TULHIPA D E K F L OMPLS 1 72/ ULD A F—T Ak (20 =)

o TV —EDORE LR (21 X—)

cHIR T LT 4w 7 AZKDAXT 47 LSP 17 A b Ry TRIROERE (22 5—)
* BVI#£H D MPLS A X7 1 v 7 OFFE (23 ~X—)

MPLS O Hl#9FE 18

« MPLS #£ 3TV AR — F SN TWHEE A,
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MPLS DRI S NLfHT |

B corisE0EEs LU MPLS 5 T RO F—T Lk

FGRIIVEEEDEEZBEIUMPLS h 7 IIL{EDA —TIL

it

T 7 F )V hTlid, MPLS I 72/ LIZT R TDA v H—T 2 A A LETT 4 2—T /W8> TW
£9, MPLS 1 72/ kIE, §JMPLS 7~ NWATE D T 7 ¢ 7 B3l d 53X TDOAT)
MPLS A > X —7 = A AB L IIMPLS A > & —7 = A A_ETHIRIIICA X —T M7 -> T
WHRENRH D £77,

Fo, BTV OFHEERTOILELH Y T, ZOBNEBENMNCS ST X TOT L
D, TV E LTFENC L 2B YT TEE T, v—FiF, HICREI NI T
NERRELET VOB EBAE L THERLERA, LEBR-> T, 7LD AR—HEHIET S
WZIX, §H) MPLS 7~V Z 8 7 ~LOHEIFIZA G2V K D ITRRET D Z & BMETT,

X EHI

MPLS O 72 7 ~NAFT O EZ FEITT D121, U FNEFETTHLERH Y 3, fEiFpFl L
LORLTOVET,

1 @7 -VVEHEZERLET, ZOX A7 TiE 17000 ~ 18000 TE¥E S E T,

2. WHRA B —T A ALETMPLS 7 7 EMbEA X —T M LET,

3. FFEDANTIT L 24035 |ZxF L CTHAYZR MPLSLSP 2t > 7 v 7 LET,

4, SoUL2U035 TEE LNy FOBAIZ, MPLSZ 2 h /LTS ~ULE XU w7 L. 24036
DTV EEHT DL I EEREEELET, FILWLWTLEEH L%, BEIN
A H—T A ABBLUTHRI AN KRy T THD 10222137y MEIRELET,

RP/0/RP0/cpu 0: router (config) #mpls label range table 0 17000 18000
RP/0/RPO/cpu 0: router (config) #commit

RP/0/RP0O/cpu 0: router (config) #mpls static
RP/0/RP0O/cpu 0: router (config-mpls-static)# interface HundredGigE 0/9/0/0
RP/0/RPO/cpu 0: router (config-mpls-static) #address-family ipv4 unicast

RP/0/RP0/cpu 0: router (config-mpls-static-af)#local-label 24035 allocate

RP/0/RPO/cpu 0: router (config-mpls-static-af-1bl) #forward
RP/0/RP0/cpu 0: router (config-mpls-static-af-1lbl-fwd) #

RP/0/RP0/cpu 0: router (config-mpls-static-af-1lbl-fwd)# commit

TR
MPLS WA 2 —T NNl > TNWDA LV H—T = A AZMHERLET,

RP/0/RP0O/cpu 0: router# show mpls interfaces
Mon May 12 06:21:30.937 DST
Interface LDP Tunnel Static Enabled
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sapr—gorEsE I

TenGigE0/0/0/5 No No Yes Yes

WBELEZTNVEO AT —H AN [Created)] THDHZ & afifeid LET,

RP/0/RP0/cpu 0: router#show mpls static local-label all
Tue Apr 22 18:21:55.764 UTC
Label VRF Type Prefix RW Configured Status

24035 default X-Connect NA Yes Created

BEHETF = 7 L, FEELI-e—L ToUVER Z OFPICRNT L 2R L ET,

RP/0/RPO/cpu 0: routerf#show mpls label range
Mon Apr 28 19:56:00.596 IST
Range for dynamic labels: Min/Max: 17000/18000

MPLS OERREN A X, T VVIRENTHOILTWD Z L 2R L E T,

RP/0/RP0/cpu 0: router#show mpls lsd forwarding
Wed Nov 25 21:40:57.918 UTC
In Label, (ID), Path Info: <Type>
24035, (Static), 1 Paths
1/1: IPv4, 'default':4U, BE1.2, nh=10.20.3.1, 1bl=35001, flags=0x0, ext flags=0x0
BEavr R
 mpls static
» mpls label range

* show mpls interfaces

5 RLT—HOBE & Y

BT L E T T L OF B O TR E 7 TR EMRER T, IROGEIZT IV OR—ENF
BT BAREENSH Y £97,
cHNT UL LT TN T AU T ENTWAIP LT 4 v 7 ACERI T~V EFRTE L
776
WU T~UUENRBIDIP 77 v 7 ZAZEZEID B THNTWAHEIZ, £DIP 7L
T4 w7 AEF T OV ERRE LTz,

w2
KD show 2~ REMFEHL TNV OR—HERELFET,

Router#show mpls static local-label discrepancy
Tue Apr 22 18:36:31.614 UTC
Label VRF Type Prefix RW Configured Status

24000 default X-Connect NA Yes Discrepancy

Router#show mpls static local-label all
Tue Apr 22 18:36:31.614 UTC
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B =rniiovrR128828F 0 v ISP R R b iRy TRROK

Label VRF Type Prefix RW Configured Status
24000 default X-Connect N/A Yes Discrepancy
24035 default X-Connect N/A Yes Created

RP/0/RP0/cpu 0: router#show log
Thu Apr 24 14:18:57.655 UTC
Syslog logging: enabled (0 messages dropped, 0 flushes, 0 overruns)
Console logging: level warnings, 199 messages logged
Monitor logging: level debugging, 0 messages logged
Trap logging: level informational, 0 messages logged
Buffer logging: level debugging, 2 messages logged

Log Buffer (307200 bytes):

RP/0/RSPO/CPUO:Apr 24 14:18:53.743 : mpls static[1043]:
$ROUTING-MPLS_STATIC-7-ERR_STATIC LABEL DISCREPANCY :

The system detected 1 label discrepancies (static label could not be allocated due to
conflict with other applications).

Please use 'clear mpls static local-label discrepancy' to fix this issue.
RP/0/RSPO/CPUO:Apr 24 14:18:53.937 : config[65762]: $MGBL-CONFIG-6-DB_COMMIT :
Configuration committed by user 'cisco'.

Use 'show configuration commit changes 1000000020' to view the changes.

FTIE

T YLDAR—ET, BT UNE DB TENTWDIP L7 v 7 ATHLWT L EE
DYUTHZLIZL > THEEINET, R EETIL, F07 ViR ENELRINE T, R
BT, T 7 0 v s BRI E T,

Router# clear mpls static local-label discrepancy all

A—EPREINTZ L 2R L ET,

Router# show mpls static local-label all
Wed Nov 25 21:45:50.368 UTC

Label VRF Type Prefix RW Configured Status
24000 default X-Connect N/A Yes Created
24035 default X-Connect N/A Yes Created

BEEav> R

» show mpls static local-label discrepancy

clear mpls static local-label discrepancy all

BRI IL 24 YO RIZKDBREAT4 I LSP T X |+
Ry THRIRDETE
N—T 47 T—T7Nxr NI RNEEER IO VX —T oA ATERLSBOIP T R

VARBRTAES, X7 A MKy IPT RVAIZHOA v ¥ —T7 = A A& EORDNL— |k
PHEALTHRESNET, X7 ARy FIPT FLAEBRRT HIITER DO 7T v 70
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| MPLS D#§#97% S5 ALt 1F
BVIZEOMPLS 2527 4 v o 0E |

VETHHIZD, ZHUTERAL Yy 7 7y 7 eMEnE T, BRM7TL7 4 v 7 AL B AH

T4 w7 LSP R A K Ky THRUPHSREIL, A X T 4 7 LSP ORIV — b Offk & R —
FLTWET, ZOMEETIZ, A¥ T 1 7 LSP T resolve-nexthop =2~ > &M L CE#E
BRI N TV RNR T A N Ry TERETEET,

HHEE
Z OBEREIZIE. ROFIR1RH O 77,
+eBGP L — N DHNBHR— SN THET,

Bl
WIZ, BRI V7 4w 7 RZEDAET 47 LSP 27 A b 8w TR E R ET B4 %7
LEd, 22T, 192.168.2.1 1% eBGP i@ U CHE &S n/-HIFH/L— b T,

RP/0/0/CPUO:Router# configure terminal

RP/0/0/CPUO:Router (config) # mpls static

RP/0/0/CPUO:Router (config-mpls-static)# lsp anycast 5001

RP/0/0/CPUO:Router (config-mpls-static-1sp)# in-label 5001 allocate
RP/0/0/CPUO:Router (config-mpls-static-1sp) # forward

RP/0/0/CPUO:Router (config-mpls-static-1lsp-fwd)# path 1 resolve-nexthop 192.168.2.1
out-label pop

RP/0/0/CPUO:Router (config-mpls-static-lsp-fwd) # exit

WIZ, IR V7 4 7 RZEDAFT 47 LSP R 7 A N Ry TRFORE & RIET D
B2~ LET,

RP/0/0/CPUO:Router# show mpls static lsp anycast 5001 detail

Tue Sep 12 20:00:09.248 UTC

LSP Name Label VRF AFI Type Prefix RW
Configured Status

anycast 5001 5001 default N/A X-Connect N/A Yes
Created
PRIMARY SET:

[resolve-mode: nexthop 192.168.2.1]

Path 0 : nexthop BVI1 1.1.1.3, out-label Pop, Role: primary, Path-id: 0, Status:
valid

Path 1 : nexthop BVI1 1.1.1.4, out-label Pop, Role: primary, Path-id: 0, Status:
valid

Path 2 : nexthop BVI1 1.1.1.5, out-label Pop, Role: primary, Path-id: 0, Status:
valid

Path 3 : nexthop BVI1 1.1.1.6, out-label Pop, Role: primary, Path-id: 0, Status:
valid

BVI#ZZH®D MPLS X 2 T 1 v U DERTE

TV T N—TRIEA =T = A BVD 1I, 7V v VEND BDOAS L F—T AR
ERIIN—Ty RA v EZ—T A ATT, BVIZHEHT L, oA Z2—T7 = A 2% 400
DT B—RXxFr A" RAL DAL NR—L L TEHHTEET, BVIFKHD MPLS A ¥ T « v
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MPLS D&% 5 ALt s |
B svcsowrs x57 v o0

JHEEETIZ, A¥T 4 v 7 LSP R ET DRI, R A MKy T ELTBVIA V¥ —T =1
AEFRETEET,

L EE 8]
« BVI OEEHER SN2 T Ry N TV T 4 v 7 ASORRF 7 A SR 712K % MPLS
AXT 4 7T R—FEINTHWEEA,

*BVIRRH DNy 7T w7 NRRAFYAR—FINTWEREA,
s Fast Reroute (FRR) (ZVAR— SN TWEHA,

SR TE
WROHFITIE, AZT 4T LSPORIT AN KRy TELTBVIA VX —T =2 AEHRETDHH
EERLUET,

RP/0/0/CPUO:Router# configure terminal

RP/0/0/CPUO:Router (config) # mpls static

RP/0/0/CPUO:Router (config-mpls-static)# interface TenGig 0/0/0/0

RP/0/0/CPUO:Router (config-mpls-static)# lsp bvi

RP/0/0/CPUO:Router (config-mpls-static-1sp)# in-label 5001 allocate

RP/0/0/CPUO:Router (config-mpls-static-1sp)# forward

RP/0/0/CPUO:Router (config-mpls-static-1lsp-fwd) # path 1 nexthop BVI1 192.168.2.1 out-label
pop

RP/0/0/CPUO:Router (config-mpls-static-1lsp-fwd) # path 1 nexthop BVI1 192.168.2.1 out-label
4444

RP/0/0/CPUO:Router (config-mpls-static-lsp-fwd) # exit
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WRDODIPNV—T 4 T1E, NTT7 4 v 7 TEDETHLSSERICIHEET D EEERLTW
EFT, ZORER, V=T 17 7a bamt, Xy NU—THNOZIE~DA MY v 71>
THRNIAAIDOL—FERDFHL, TXTOL—FR56HE P 7 FL A ZEDSNTT Y |
BHAIE L, N7y NIRRT RA Ry T TEEREINET, LER-ST, 1RO P L—T 1~
7T, Vs OFA R FHRIRIIEE S NE A, 2D, oY 7 R ) v
7 CHARTTRENCAE A S 4L, SHRIESEICHH S b ReERH £3, 774 v
g xr=7 YV (TE) 1, XAy hI—2 UV —ZA~D T T 4 v 7 AU —LDOIEFHE
H7p~y B I Ko TRIENEC DGR SNE T, NI 74y 7 2 P=7Y 7T
X, T2y ROSBERET 5 A &I L, BERICEHR S5 e N — A DR E /S A TIE
RAFETHA I, EHELIZY VI BEEHEL TCWRWI U2 b T 7 4 v 7 7u—%2BE &4
HZEWTEET,

TPV AL v F U TR AT VT T e hal T AL v T 7 (MPLS) (280D,
IP V— FDRBOMENR 72 20 | ARAEEFRE (VC) A v Fr ZierRiisnEd, h
WX VT, 7r—4 U L—IERMEREE— K (ATM) 72 EDRERDO Ry NT—7 DY
B LERBRONT 3 —< U A% P X—ADFy hT—27 F—ERATEBTEXET, MPLS 7
T4 vy Y =7 Y2 (MPLS-TE) [ZMPLS Nv 7 R—ANKFEL, LAY 2ATM B X
V7L —Ah Vb — 3y hU—7 O TEHEEAERE L OWHEL £,

MPLSTE (X hAr Y &y NU—ZNTHAREER Y Y —2 2578 L, fFiEREDY v —
AP L Ry NT—27 U —=R SN TC RN T T 4 vy 7a—EREONRRIY v E 7L
£9, MPLSTE TiL, 7~V AA »F K /XZ (LSP) DOE TEEILBIEILE~DH S kv
FNPHEEIN, TOBNT 74 v 7 ORETHERHSNET, ARG I 2%TIE
YR DSy Ry RETIL N U RAVDOEFILEMTIL, N RABKET TS 7 — RiEhorx
NOT =Ty REFIF RO EMENET, bR BERTHLV—F% R L
OH R EREOET,

MPLS /%, Intermediate System-to-Intermediate System (IS-IS) <°Open Shortest Path First (OSPF)
BREDY I AT — K R=ZAONEHF— T A 7a kaL (IGP) OLRMEREZ A L &
o MPLS X, B Y —A LFRIHAREZR Y Y —AIZESWT, LSP~y RTTE b x/b
ZERELET (HKR—2ADNL—T 7)) , RESNTWDEE, IGPIZZNSDLSPIC F
774y BBV —T 4 7 LET, W%, MPLS-TE /Ny 7 iR — il § /37 »
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ME, AJIRA N EWMBARA » M agT 58— D LSP EA Rk SivEd, MPLSTE Tid,
Resource Reservation Protocol (RSVP) ZfEfH L C, MPLS * v kU —27 L TLSP % HEIZHE
MBIOHEELET,

G¥)

TN EDNRRAZ L S TR#E SN D TNV LOARADMBEDET R —FSh Tt
/UO

« MPLS-TE #§sE D2 (26 ~—)

* MPLS-TE OEIEDHA (27 =X—)
* MPLS-TE D% E (28 ~—)

« MPLS-TE #4REDFEM (62 ~X—2)

MPLS-TE B4 8E DI E

MPLS N7 7 4 v = P=T )7 TlE, IGPHEEIZ L » CTEHEHRN KR v T —7 &IRIC
TTvT AT ENET, IGPHY 7 @l EEE R EEE T, Ny Ry R b—%
IXMPLS-TE k> RV OGHN S KRB E TORRA N RNZAZFHE L ET, 2O RRIHRMICE
ETHIELTEET, NANFHEIND L, RSVP-TEZMH L CTELSP (7L ff& A A v
FNR) BEESNET,

N7 7 4 w7 BREET DT, BEL— N, BEEERR. FRE3X X T o v I N—TFT 4T
FRELET, BEL— MEREIL, 7=V FA—X Lo TEID ¥ THNINL— R EZFD
By AR —A)— 2~y R R )LV—FDOAV—TFT 47 T—7)Wz@mL., gL
T b RVICEHESE R SN Y V7 LR ESET,

R DB RN 72 > TV B A, MPLS-TE F o /WX IGP %y hU—27 N2 7 &
LCT RRFAXEZH, Vo7 oax hpaEffidoivEd, TE RAAL OMMUIZH 51—
21X, TER RV EBR L, FOTE R XAEEHLT, Xy NU—IRKTRT T 4 w7
HN—T 4 T LD DORENAEZFRE L ET,

MPLS-TE &, FEERFO /Ty MK Z O/ NRIZHIZ 272012, Fast Reroute & FETAL 2 PR A
B = R LEHEME L £9, FastReroute HiZ, N 77 v 7 bV EERTHNLERH Y £97,
HE) R RV Ry 77 v THEEEICE D, v—X1X, S0 I T v bRV EHRNCRET
LZOTERL, Nl T w7 hr RV ENEREZICEMICHERL, RSNV F—T =
AR I T v PR EE YL THZ LN TEET,

DiffServ s F 7 7 4 v = =7 7 (DS-TE) %45 &. MPLSKIGA v #—7 =
A ATHEBOEBEHRPEZREL T, SEIERTF—ERA 7T X (CoS) YV R—bFT&E
T, TNOO#EIEIL., ZOHNEFEHL TN 7 0 v 7 7T ADERESHTH D Z &N
T&EFET,

MPLS h T 7 4 v 7 = P=T Vo ZHBI R RV A v 2 BEAEHT 5 & H&/INd MPLS
N7 74w 22T VU THETTE N RNVD TV Ay v oz HEINICRETE £,
MPLS-TE @ H &) BRI LD, v 7 7 4 v 7 OB LT RT 7 4 v 7 RE—THKS
W E 2 B B IC TR T & 9,
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MPLS-TE Y 7 b oV o THRER AT B &, BEONETy— v =A 71 k=2 (IGP)
YT ELYUIZETZNB TE b RAVEELTEE T, 20D, ~v R RBLOT —
NT R L—ENE—OT Y TICIEE LTI RN E W) BN ) £3,

MPLS-TE ¥$RE DZEAMIZ DUV Tik, MPLS-TE BEREDFEM (62 X—3) BB L TLIEEW,

MPLS-TE D E{ED LA

MPLS-TE Ci%, RSVP ZfEH L C, Ny 7 R—=2 ETT~UL 2 vF K )& (LSP) % HE)
BNCHES B L OMERF L £4, LSP TSN D8RI, LSP U Y —RE L 2y hU—2
VA (HEER E) ISk o TRED 3, FIHMEERY VY —X 1%, V7 A7 — MIHESL<
W7 — b oA 7'a hab (IGP) OILEMEEIC L > T 7 7 v T 4 7 &ivET, MPLS-TE
kopuiE, B Y Y — X L TRERR ) Y — 2D A DESWIZE SN TLSP A~y R
KL—2TiEINET (=20 —FT 4 7)) , IGPIE, ZNHDLSPIZ T 7 1 v
7 FBHECV—T 4 7 LET, BH . MPLS-TE Ny 7 R—r Z@iad 537 v MME. A
TRA L N EMTIARA v N 2 —0 LSP E2 RS ET,

WO TlE, MPLS-TE D2 R—F 2 MIOWTEB LET,

FoRILAB—T4R

LAY 2DEATIE, MPLS ho R A X —T = A ATLSP D~y R K2R LET,
T, HIIEEM:, AT 4 TEME, TIAA VT 4R EDO—ED Y Y — R LT
ESNET, LA YIOBATIE, LSP h b A U H—T oA AlE b FASEHA~DH—T5
BEARY > 7 Do~y R RTT,

MPLS-TE/NRETEET 21—/

ZOREEY 2 — VELSP~y R RTEMELE T, ZOFEY 2—/LiF, LSPCEMAT /8
2ZERELET, RNRAHETIE, 7997407 &N MR YB IR V—AERE T Y
VIART— K T R=ZAPMERHENE T,

TE ¥ 3R 8E % % 2 = RSVP

RSVP & LSP A v FTEMEL., EFE SN NRICESWTLSP DL FF 1 v 7B L OHEEO
O SNET,

MPLS-TE!) VvV EEES 21—

TDFEV 2a—)VTIEHLSPAR Yy FTEHEL, RSVPU 7TV v T Ayt —IZxfd5Y v r a—
IWT RIvvalaFITLT, 7799747 83NE MR yBLNY) YV —2AFREBIRL F
-éAO
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B veseozz

)29 AT—HIGP

Intermediate System-to-Intermediate System (IS-IS) & 72 1% Open Shortest Path First (OSPF) D>
THNZIGP L L THEMATEEYT, ZNHDIGPIE, V7 EHEY 2 — b hARr VB X
WYY —=2ERE 70— T T T 4 7D S ET,

SRIWRAYFUT T4 T—T 425

TDEGEA = AL, VA T2 LHELOMREE LV —Z IR L, RSVP 7Y v 7C Lo
THENLENT- LSP OO R Yy 72 BAHAL TR I 74 v 7 2FETE5 L5 LET,

MPLS-TE D% FE

MPLS-TE Ti%, #HD 7 v — 30 3 A 3— )b—Z [ TN L CTF, RSVP, MPLS-TE,
BIOIGP I, MPLS b o7 7 4 v 7 = P=T V7 %y FU—I DT RXRTDL—HF & A
H—T A ATREINET, ARSABLIARTE b x4 v X —T A AT, ~y F=v
K N—2 CTORRESINET, MPLS-TE (21X, ZDIETHHT LWV DD IR 2R ENE
EDRETT,

MPLS-TE 7RO DR

MPLS-TE hAR B UZMELE L, MPLS-TE b > XV EERT A0 0BREZHELET, Z0OF
JIBIZi1%. MPLS-TE Z# BT D720 DIHARIL ) — RBLOAS V¥ —T = f ADORENE E
NTWET, $IN—RADN—T 1 > T HFITT HITIL, OSPF F721X IS-IS % IGP fLiE & L
THMNZTD2XLERNLY £,

[F L& B

MPLS-TE k7R v ¥ O EMET 280IC. IROBIHESEPLE T,

s VU BEFIATOIE, V7 oWl ZE Liz—% ID RHLETT, L—
AIDEEV Y THRWEES, T4/ Tl — L —HX IDICERESNET, T 74
NEDONL—F IDIZEEINDZENH Y, RENRY 7 DORIKE R D AEEMERH D F
j—O

eR— N A H—T A ALDORSVP #EMLET,

il

wOFITIE, ) — FETMPLS-TEZ AN LTHh 5, MPLS-TED—#THhHA L H—T = A
AHFETELET, 22T, OSPFIZIERAUZ DO DIGPILEY v havt LTEA SN ET,

RP/0/RP0O/cpu 0: router# configure
RP/0/RP0O/cpu 0: router (config)# mpls traffic-eng
RP/0/RP0O/cpu 0: router (config-mpls-te)# interface hundredGigE0/9/0/0
RP/0/RP0O/cpu 0: router (config)# router ospf area 1
RP/0/RP0O/cpu 0: router (config-ospf)# area 0
RP/0/RP0O/cpu 0: router (config-ospf-ar)# mpls traffic-eng
0 (

RP/0/RPO/cpu 0: router (config-ospf-ar)# interface hundredGigE0/9/0/0
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MPLS-TE k> RJLOERL .

RP/0/RP0/cpu 0: router (config-ospf-ar-if)# exit
RP/0/RP0O/cpu 0: router (config-ospf)# mpls traffic-eng router-id 192.168.70.1
RP/0/RP0/cpu 0: router (config)# commit

1

wOFITIE, ) — FETMPLS-TEZAZNZ L THh 5, MPLS-TED—#THH A L H—T = A
AZEELET, 22T, ISFISITFREMZE DO DIGPHLE Y 1 bt LTSN ET,

7110V —2 L0 IS-IS BEL— MBFEREDSIER S AL, EEICIPT RLAT Y 7 4 v 7 A
MHD T 7 4w 70, MPLS-TE b RNASEEA L F—T oA AZEID Y THNTE BT 5
IP7 RLRIZUFEA VL7 FENDEIITRDELE, ZOWEEEZT +E—7 I T 512,
mplstraffic-eng tunnel restricted =~ > R ZHEH L E7,

RP/0/RPO/cpu 0: router# configure
RP/0/RPO/cpu 0: router (config)# mpls traffic-eng

RP/0/RP0/cpu 0: router (config-mpls-te)# interface hundredGigE0/9/0/0
RP/0/RPO/cpu 0: router (config)# router isis 1

RP/0/RPO/cpu 0: router (config-isis)# net 47.0001.0000.0000.0002.00
RP/0/RPO/cpu 0: router (config-isis)# address-family ipv4 unicast
RP/0/RPO/cpu 0: router (config-isis-af)# metric-style wide
RP/0/RP0/cpu 0: router (config-isis-af)# mpls traffic-eng tunnel restricted
RP/0/RP0/cpu 0: router (config-isis-af)# mpls traffic-eng level 1
RP/0/RPO/cpu 0: router (config-isis-af)# exit

RP/0/RP0/cpu 0: router (config-isis)# interface hundredGigE0/9/0/0
RP/0/RPO/cpu 0: router (config-isis-if)# exit

RP/0/RPO/cpu 0: router (config)# commit

&R

* MPLS-TE OEWED LA (27 <—)

¢« MPLS-TE k> %L DERE (29 =—3)

MPLS-TE k> R JLDYERL

MPLS-TE kv % /VOERKIZ, THEHOX Y hU—2 vRaPIZEI> LT 740 =
=TV T AR A RT BT at ATY, MPLS-TE k> x/Lix, ~v R K )L—#
TIERENE T, TELSP D5l & X R ERETHXLENHY £,

FNTT7 4wV FURVICEHEET DI, ROGEEZEHTEET,
CABT AT N—T AT
« HEhL— bi@n
« Forwarding Adjacency (FA)

7110 U —=A X0 ISIS A8V — MBAKRED LR S, MBI IPT FL ATV 7 4 v 7 R

INHDNT 7 47N, MPLS-TE k> RNGEHA X —T A4 AZEID Y CoN—FHT 5
IP7 RLRIZUFEA LT hENDHEH D FE LT,
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[ZC®H BRI
KIZ, MPLS-TE k> RV EERT D720 0RHREFEZ R L ET,
o I — X 21N —F ID DSME T,

s VU7 BEFIATOIE, V7 00T EZE Liz—% ID RVETT, L—

ZID&EN—FZIZEY Y TRWRES, T 74/ T/ — L L—Z IDICHEESNET,
FIAN IO —F IDIFEFRINLZERHY . R 7 OJFK L 7 5 ATFENED
HvET,

X B

’DOHTIL,

SESCIP 7 R L% 192.168.92.125 ZFf D~y K= K )L—Z|Z MPLS-TE k> %V

ERELET, FORVOWRE, SR TV ar ] BEO R CRAVOERE ST A— 2 HRE
ShET, AT 47 V=T 47, HEL— M@, £721% Forwarding Adjacency (FA)

ZHEA LT,

RP/0/RP0/cpu
RP/0/RP0/cpu
RP/0/RP0/cpu
RP/0/RP0/cpu
RP/0/RP0/cpu
RP/0/RPO/cpu
RP/0/RP0/cpu
RP/0/RP0/cpu

L

N7 4T E N RMTEFETE ST,

router# configure

router (config)# interface tunnel-te 1

router (config-if)# destination 192.168.92.125

router (config-if)# ipv4 unnumbered Loopback0

router (config-if)# path-option 1 dynamic

router (config-if)# autoroute announce or forwarding adjacency
router (config-if)# signalled-bandwidth 100

router (config)# commit

O O O O O o o o

WDa<r REMHA LT, MPLS-TE F v RIVOBREEZHER L ET,

RP/0/RP0O/cpu

EEEE

0: router# show mpls traffic-engineering tunnels brief

Signalling Summary:
LSP Tunnels Process: running
RSVP Process: running
Forwarding: enabled
Periodic reoptimization: every 3600 seconds, next in 2538 seconds
Periodic FRR Promotion: every 300 seconds, next in 38 seconds
Auto-bw enabled tunnels: 0 (disabled)
TUNNEL NAME DESTINATION STATUS STATE

tunnel-tel 192.168.92.125 up up
Displayed 1 up, 0 down, 0O recovering, 0 recovered heads

« MPLS-TE OEIWED AL (27 ~=—3)

« MPLS-TE FRu POER (28 ~=—7)
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Fast Reroute )

Fast Reroute D% E .

2% TE

FastReroute (FRR) &, LSPIZV 7 fRi#EAfRML L, U 7 CRENEA LI LSPIZ L » T
BENTE T T4 v 0%, BEELBITCHL—T 4/ TEx2L95CLET, HL—T 407
DOPRENL, FEEORELLZY V7 IR SNTNAEL—Z L ->T, n—h /Wl S E

T, PO~y R F—Z21%, IGP £721XRSVP b Y 7 EENBH S NET,

Vo7 EEZBMESNDE, ~y Ry R Lb—2 %, EELZ A SNAFT 58 LU LSP 2T
LEo2ELET, ZHICE-T, BEENRAELZY V7 Z2HHELT 57200/ 2R S,

F=HEEMEESNET, N7 7 v 7 hr RO, IPHRSA, BIICHERE S

TN A FE I EER N A 2 ] T X £, Fast Reroute DBLAAI 23BN T, kD
HABBLTL &V, MPLS-TE HEBEDFEM (62 =2—3)

[ L& BHIIC
&IZ, MPLS-TE k> RV EERT D720 ORRGEZ R L ET,
o L — & ZIZV— & ID BB T,

s VU7 BEFIATOIE, Vo Z oWl ZE Liz—% ID RSLETT, L—
AID&ENL—FZEY B TRVWEES, T 74/ T a— L L—Z IDIZRESINET,
FI7 NV EDON—F IDIIEBFBINDZZ ENHY . R 7 OJRIN & 72 5 ATREMEN
%Dij‘o

B#t

& OFITIE, MPLS-TE k> %&/V FIZ Fast Reroute %/ E L £9, =2 C. tunnel-te 2 1Z/3v 7
TS bl LTERESNTWET, protected-by =~ > REHHT L &L BIO/ A TR
EINTVWAEHRANRZH L TNARHEEZRETEET,

RP/0/RP0O/cpu 0: router # configure

RP/0/RP0/cpu 0: router (config)# interface tunnel-te 1

RP/0/RP0O/cpu 0: router (config-if)# fast-reroute

RP/0/RP0/cpu 0: router (config-if)# exit

RP/0/RP0O/cpu 0: router (config)# mpls traffic-eng

RP/0/RPO/cpu 0: router (config-mpls-te)# interface HundredGigabitEthernet0/0/1/0

RP/0/RP0/cpu 0: router (config-mpls-te-if)# backup-path tunnel-te 2

RP/0/RP0/cpu 0: router (config)# interface tunnel-te 2

RP/0/RPO/cpu 0: router (config-if)# backup-bw global-pool 5000

RP/0/RPO/cpu 0: router (config-if)# ipv4 unnumbered LoopbackO

RP/0/RP0/cpu 0: router (config-if)# destination 192.168.92.125

RP/0/RPO/cpu 0: router (config-if)# path-option 1 explicit name backup-path protected by
10

RP/0/RPO/cpu 0: router (config-if)# path-option 10 dynamic

RP/0/RP0/cpu 0: router (config)# commit

R
show mplstraffic-eng fast-reroute database =~ > K& f#ifl L T, Fast Reroute i% /& Z it L =
j‘o

RP/0/RPO/cpu 0: router# show mpls traffic-eng fast-reroute database

Tunnel head FRR information:
Tunnel Out intf/label FRR intf/label Status
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. BEILORILNANYI T TDH

tt4000 HundredGigabitEthernet 0/0/1/0:34 tt1000:34 Ready
tt4001 HundredGigabitEthernet 0/0/1/0:35 tt1001:35 Ready
tt4002 HundredGigabitEthernet 0/0/1/0:36 tt1001:36 Ready
BEEE

¢ MPLS-TE O E (28 X—7)
cHEN MU RV Ry 7T v 7ORRE (32 3—)
e XV ANKY T NI T o7 RURILDOERE (33 =)

* MPLS-TE #$REDFEM (62 X—72)

BEIFRIL NI T Y TOETE

MPLS F 77 4 v/ 2oV =TV THB b Ny 7T v TR L V=X
IZ. MPLS-TE b > R ZHHNAER T DO TIE22<, MPLSTE bR &H L TRESN
A =T 2 A A LTI T o7 MoV EBHNICHES TE 9,
MPLS-TE HE) b > RV Ny 7 7w FHERRIZIZ. IROFERH Y £,
RNy I T w7 FURMIBBRICHELESND D, 2= NE R0 7T v 7 Fr R %
HANCRE L., R#ELSRDA L H—T 2 A AEDNN I T w7 b EEN Y THN
EIbHV EHA,

RHEEITIEE SN E T, 272U, TEM VRV EBFEHLTHWARWIP T 7 4 v 7 £721XTE
Mo ERA LT 2T LB 7 e a2 (LDP) 5-3LE FRR CE ST
/\/0

—3#HD TE kU EHEZ 5T T 5 TE Attribute-set 7> 7 L— ~MI, HE) > RO~y R
VRTR—ANMIBRESNET, 2 br—nA T L —0F, MIGTAHTE b0 BEE T 1
Vg RN H—LET, FO RV OEENRZFNFEND Attribute-set THEE SN F
7,

SR E

WOFITIE, AV BZ—T 2 ZCHEI R RNy 27 v FaREL, BE M LVHD
attribute-set 7 > 7 L — R ERELE T, ZOHITIX, REHO ANy 7T v 7 brxrvid, #
A~—%EHLT20 0T LICHIBRESI, PRV A F—T oA AFZOHFALIEEINT

b\\iTO

RP/0/RP0O/cpu 0: router # configure

RP/0/RP0O/cpu 0: router (config)# mpls traffic-eng

RP/0/RPO/cpu 0: router (config-mpls-te)# interface HundredGigabitEthernet0/9/0/0
RP/0/RP0O/cpu 0: router (config-mpls-te-if)# auto-tunnel backup

RP/0/RP0/cpu 0: router (config-mpls-te-if-auto-backup)# attribute-set ab

RP/0/RP0O/cpu 0: router (config-mpls-te)# auto-tunnel backup timers removal unused 20
RP/0/RPO/cpu 0: router (config-mpls-te)# auto-tunnel backup tunnel-id min 6000 max 6500
RP/0/RP0O/cpu 0: router (config)# commit
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w92k wy T Riws7y7 rornosE ]

WOHNZ, BEWVSNY 7T v N RVREDT FVH 1 E R LET,

RP/0/RPO/cpu 0: router# show mpls traffic-eng tunnels brief

TUNNEL NAME DESTINATION STATUS STATE
tunnel-tel 200.0.0.3 up up
tunnel-tel 200.0.0.3 up up
tunnel-te2 200.0.0.3 up up
tunnel-teb50 200.0.0.3 up up

*tunnel-te60 200.0.0.3 up up
*tunnel-te70 200.0.0.3 up up
*tunnel-te80 200.0.0.3 up up

REEIER
» Fast Reroute DX E (31 ~X—2)
CFRITARNKY T NI T v hFNVDFRE (33 X—)

* MPLS-TE #¥BEDFEM (62 ~=—2)

FTORACRYT NI T7TYT FOoRILDETE

LSP RADH—Y T DRIRENAINATH RNy 7T v Noxuid, BEERA Y N2l
LSPDRIZ AN Ry T TR TTHED, 27 A MKy (NHOP) Nw o7 v 7 bk
Mg Ed, A EOV U7 ICEENRE LSS, Ny 2T v 7 bt LSPO R
TAYTEXT AN Ry I N— b F5 (BEORELLLY 72 A R2F25) 2L
Ko TLSP #fR# L £,

R TE I

WOHFITIE, £ Z—T A AR T AN KRy NI T w7 bV EFREL, BE) b
IV O attribute-set 7 > 7 L— b EEEELET, ZOHITIE, REHDO AN 77 v 7 Fox
I, AA~—ZFHLT200Z LICHIBRESN, b A o H—T =24 AFFOHIALIE

ESRTVET,

RP/0/RP0/cpu 0: router # configure

RP/0/RP0/cpu 0: router (config)# mpls traffic-eng

RP/0/RP0/cpu 0: router (config-mpls-te)# interface HundredGigabitEthernet0/0/1/00/9/0/0
RP/0/RP0/cpu 0: router (config-mpls-te-if)# auto-tunnel backup nhop-only

RP/0/RPO/cpu 0: router (config-mpls-te-if-auto-backup)# attribute-set ab

RP/0/RP0/cpu 0: router (config-mpls-te)# auto-tunnel backup timers removal unused 20
RP/0/RP0/cpu 0: router (config-mpls-te)# auto-tunnel backup tunnel-id min 6000 max 6500
RP/0/RP0/cpu 0: router (config)# commit

EEEE

cHEN R RV RNy 7T v 7ORE (32 3—)

* Fast Reroute D% E (31 _X—)

* MPLS-TE #8EDFEM (62 X—72)
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= SL==

EDRT

MPLS hoF 7 4 v/ = o=F UV ITROEFEY 27 Yoy 7 —7 (SRLG) X, *v k
U—JHNOY 7 BH@D ) Y —A2 /T2 RNEHRLET, 2ol 7z, HFY
AT RBHYET, DEV, 100V I THRENEET S L, JV—THNORDY 7 ThHE
ENEETDHIHEEND D £77,

OSPF L IS-ISi%., #7447, £&, i (7 TLV) &M L C. SRLGEGEH (Hrikmgo 7
RATGEVTART 74 =T A REDMDTEY v 7 @A Gl 277747 LT, Xy
KO —2NOFTRTONAL—ZNEY 7O SRLG [FEHREHFSLHICLET,

MPLS-TE SRLG ##e1X. N 277 v MRV OERPFICHREL TWAHAL L F—T = A &
FUSRLGHNDY I 2R LRNWEIICTDHIET, XTI T w7 MRV INADORRE
ik LET,

SR E I
WOBITIE, N 7T v7 bRV EERL, BRESNTZ —ROIP T KL RAEHR/ A
AL ET,

RP/0/RPO/cpu 0: router # configure

RP/0/RPO/cpu 0: router (config)# mpls traffic-eng

RP/0/RP0/cpu 0: router (config-mpls-te)# interface HundredGigabitEthernet0/9/0/0
RP/0/RPO/cpu 0: router (config-mpls-te-if)# backup-path tunnl-te 2
RP/0/RP0O/cpu 0: router (config-mpls-te-if)# exit

RP/0/RPO/cpu 0: router (config)# interface tunnel-te 2

RP/0/RPO/cpu 0: router (config-if)# ipv4 unnumbered LoopbackO

RP/0/RPO/cpu 0: router (config-if)# path-option 1 explicit name backup-srlg
RP/0/RPO/cpu 0: router (config-if)# destination 192.168.92.125

RP/0/RPO/cpu 0: router (config-if)# exit

RP/0/RPO/cpu 0: router (config)# explicit-path name backup-srlg-nodep
RP/0/RPO/cpu 0: router (config-if)# index 1 exclude-address 192.168.91.1
RP/0/RP0/cpu 0: router(config-if)# index 1 exclude-srlg 192.168.92.2
RP/0/RPO/cpu 0: router (config)# commit

BEEE

» Fast Reroute D% E (31 _X—7)

* MPLS-TE #$BEDFEM (62 ~=—72)

S 1TIE4E DS-TE DERTE

WEDONI 74y =T VTR, BRD T 747 7T A~OWIBIERIET R
I FEFA, B—#RIEOHKIL. TXTO NI 74 v 7 TIEENLEF O TE THEH X
£, MPLS DS-TE Tl&, MPLS XthitaA > % —7 = A AZE ORI ZRETE £

T INHOREIL, TOHRNEFEHAL TN 7 4 v 7 7 T AOBEHITESNTHE D Z &0
TXFF, CiscolOSXR V7 N7 =7 %, 250 DS-TE E— K. J/THE#E L [ETF % HK— k
LCWEd, HITHEAEDS-TE TiX, RSVP V7V U 7B I WIGP T RAAZ A XA MIV A
AMHDA D= AL ERHA L TOVET, 2O DS-TE T— RiZid, — K =7 ¢ R x—l
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ROM % #F L 1= IETEDS-TE ko Lz [

Hdn & O EERMEIZH Y FH A, HITHEHEDS-TEZ A 2 — 7 VI T 5121%. MPLS KGO A
VHE—T 2 A ATH T T VRO ERET DM ENH Y £,

A TAEHE Diff-Serve TE E— R ClE, 7 B— LT — )L L BT T — L0 2 S OHIGE 7 — L % F
DHE—OHALMEHIFIE T /L Russian Doll Model (RDM) MR HR— k ZiET,

[ L& BHIIC
WIZ, FATHERE DS-TE b > RNV EHET DD ORMHRSGMH 2 LT,
o BiEL— 21213V —F ID BLEET,

s VU7 BEFIATOIE, Vo Z0oWnT ol ZE Liz—% ID RVLETT, L—
HID & N—FZEY B THRWGEE, T 74/ T/ a— L b—XIDIZEREINET,
FIZFINNDONL—F IDIIEBEINDIZENHY . REWMRY 7 OJFKF & 72 5 ATREMEN
% D ij‘o

REH

WOFITIL, FATHEHED DS-TE F o RV EZREL T,

RP/0/RPO/cpu 0: router # configure

RP/0/RP0/cpu 0: router (config)# rsvp interface HundredGigabitEthernet 0/9/0/0
RP/0/RPO/cpu 0: router (config-rsvp-if)# bandwidth 100 150 sub-pool 50
RP/0/RPO/cpu 0: router (config-rsvp-if)# exit

RP/0/RP0/cpu 0: router(config)# interface tunnel-te 2

RP/0/RPO/cpu 0: router (config-if)# signalled bandwidth sub-pool 10
RP/0/RPO/cpu 0: router (config)# commit

R

show mplstraffic-engtopology =~ > K& fli [ L CHATIEHEDS-TE b > RV EE MR L E T,

BEEIER
« RDM #{#fl L7~ IETF DS-TE b > R/LVOFRE (35 —)

« MAM #{#H L7= IETE DS-TE h > RILDEE (36 2—)

« MPLS-TE #GEDFEM (62 ~=—2)

RDM Z{#H L 1= IETFDS-TE > RILDEFE

IETF DS-TE £ — RiZ. RSVP B X NIGP IZ IETF EHEDILEMELFH L F4, Z0F— FIZ
T, = FR—F ¢ R F R OMBERMERH Y £,

IETF <& — R{%. Russian Doll Model (RDM) i X O Maximum Allocation Model (MAM) % & ¢
EEOFIIEHIRET L2V R —FLTEBY, EH550FT/TYH 2 ODHINE T — /1 %44
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B vam z@m Lz ETFOS-TE o LoBE

L%%, IETFDS-TE % v hU—27 Tli&, +TXCD /) — K CHR—OEIEHKETT V2R ET

DHENRH Y F£7,

[ L& BHIIZ

&IZ, RDM Zffil LT IETF &=— R DS-TE k> RV EERRT A 72O ORIRSEEZ TR L E T,
o B L— 2213V —F ID BT,

s V7 B EFIATOITE. V7 OWTNOOMNZZE Lizv—% ID BMLETT, /L—
ZIDHEN—FIZE DY THRWEE, T 74/ Tl — 0L L—ZIDICREENE T,
FIFINNDONL—F IDIIEBEINDIZENHY . REMRY 7 ORI & 72 5 ATREMED

%Ui@qo
= EHI
WOFITIE, RDM Zf#iH L CIETFDS-TE F > RV EFRELET,
RP/0/RPO/cpu 0: router # configure
RP/0/RP0/cpu 0: router (config)# rsvp interface HundredGigabitEthernet 0/9/0/0
RP/0/RPO/cpu 0: router (config-rsvp-if)# bandwidth rdm 100 150
RP/0/RPO/cpu 0: router (config-rsvp-if)# exit
RP/0/RPO/cpu 0: router (config)# mpls traffic-eng
RP/0/RPO/cpu 0: router (config-mpls-te)# ds-te mode ietf
RP/0/RPO/cpu 0: router (config-mpls-te)# exit
RP/0/RPO/cpu 0: router (config)# interface tunnel-te 2
RP/0/RPO/cpu 0: router (config-if)# signalled bandwidth sub-pool 10 class-type 1
RP/0/RPO/cpu 0: router (config)# commit

e

aits

show mplstraffic-eng topology ==~ > KZ{#H LT, RDM #%E % H L7 IETF DS-TE k> %
NEHERLET,

BEEIER
o JEATIENE DS-TE O T (34 X—)
« MAM #{#i ] L7= IETE DS-TE F > RILDEE (36 <—)

* MPLS-TE #BEDFEM (62 X—72)

MAM Z{#H L71- IETFDS-TE F > RILDEFE

IETF DS-TE &— Fi%. RSVP B X WVIGP |Z IETF EZDILEMEZFH L £+, ZoT— I
I, = RoR—F ¢ R xR L O EEMMN S Y £9°, IETF £— KiE, Russian Doll
Model (RDM) I X O¥Maximum Allocation Model (MAM) % & T8 D Hr kg HIfRE T /L % ¥
R—hLTEBY, EHEL0FTATH 2 OOHIKET— LV EHHLET,
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OB T, MAM Z{# 1 L C IETF DS-TE b RV ZRE L F T,

RP/0/RPO/cpu 0: router # configure

RP/0/RP0/cpu 0: router (config)# rsvp interface HundredGigabitEthernet 0/9/0/0
RP/0/RP0/cpu 0: router (config-rsvp-if)# bandwidth mam max-reservable-bw 1000 bc0 600 bcl
400
RP/0/RPO/cpu 0: router (config-rsvp-if)# exit
RP/0/RPO/cpu 0: router (config)# mpls traffic-eng
RP/0/RPO/cpu 0: router (config-mpls-te)# ds-te mode ietf
RP/0/RP0O/cpu 0: router (config-mpls-te)# ds-te bc-model mam
RP/0/RP0O/cpu 0: router (config-mpls-te)# exit
RP/0/RP0/cpu 0: router (config)# interface tunnel-te 2
RP/0/RPO/cpu 0: router (config-if)# signalled bandwidth sub-pool 10
RP/0/RPO/cpu 0: router (config)# commit
A
show mplstraffic-eng topology =~ > K& il L T, MAM % & %M L7z IETF DS-TE k> =%
NEHER L ET,
FAEIE B

« RDM Z{# ] L7~ IETF DS-TE k> %L D E (35 2—)

o JEATIEYE DS-TE O TE (34 =X—)

* MPLS-TE #BEDFEM (62 ~=—2)

~ —_t > ~ =1 —
FZEHLTBRAR—AD b RILEHIFIDETE
MPLS-TE DZER/RL Fij<X—AD b R VHHIIE, MPLS-TE k> RNLDNRNAEFHE T H7-0
W, Vo @ "R T 7 4 =7 0 BRHEPO XY IR ET D HEEERMELET,
ek TE TiX, VU > 71X, Open Shortest Path First (OSPF) 72 EOWNHEY — v =4 71 b=

N (IGP) #EH LT, TEV VAT — K RTRA—=HTT7 T vT 47 &% attribute-flags
THRESINET,

MPLS-TE D ZHRRAFIN—AD 2 AHKIZER T2 L, 32 By ho 16 EEEDORDY
\Z. 77 4 =7 4 & attribute-flag JBYEDTZOITHR K 2 BWOH 7 —42HVETLH (v 7T
%) TENTEET, vy BT OERRIC, e TH 74 TREEZSRT L LN TE
£7

R E B
WOBITIE, b zT 7 4 =T 4 FIRNSBEENT 2 HEOFID B T2R L THET,

RP/0/RP0/cpu 0: router# configure

RP/0/RP0/cpu 0: router (config)# mpls traffic-eng

RP/0/RP0/cpu 0: router (config-mpls-te)# affinity-map red 1

RP/0/RP0/cpu 0: router (config-mpls-te)# interface HundredGigabitEthernet0/9/0/0
RP/0/RP0/cpu 0: router (config-mpls-te-if)# attribute-names red
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RP/0/RP0/cpu 0: router (config)# interface tunnel-te 2
RP/0/RP0/cpu 0: router (config-if)# affinity include red
RP/0/RP0/cpu 0: router (config)# commit

BEIFEIEDERE
HEEIE CIX, WESNTZ N T 7 4 v ZIZESWTHIE TR 28I T& £,
MPLS-TE @ HB g IX, Fo R A v F—T 2 AD T T 4 w7 L—hEEHL, b
FNA VB =T o2 ADFIBIBOY A XEEH LT, NoRVAD ST T 4 w7 EEEEIZEA
% £, MPLS-TE HEfIkIRIX, T _XCO~y Ry RL—Z TEA DT L A4 »F KX
A (LSP) kCEREINET,

WORIC, BEHHIERED—ME L TRETE LT A—FERLET,

®1:BBHEIEAS A —4

HIGIED /NS A —4 SBA

T FH OB N %2317 I NN ) PRalP ol et AL e P --|
EEBRELET, F 74/ MAIT 24 T
‘a‘o

A B Il PR k2 RIATRRTE T 2 e/ L O OK H B ik
TEZ2eRE LET,

IO I B4 B BhE 2 3 L 7\ CHAISRRINEE &2 1 1 —
T LET, T4 MEIZS5 S5 T,

F—N—To— L X\ME o N DA —_R—T7 o —mHERELET,

L X VME A MU T —9 2 bRV LSE L&

WEZBRE L £,

=R TE I
WDOFHITiL, MPLS-TE b /v A VX —T7 = A A THEIWIRIEZ A 2 —7 1L, ROHE)
HIRE A ERE L E T,

« 3 FH D B

o IR R

o FHEEL X VME

« A= =T —H

RP/0/RPO/cpu 0: router# configure

RP/0/RP0/cpu 0: router(config)# interface tunnel-te 1

RP/0/RPO/cpu 0: router (config-if)# auto-bw

RP/0/RPO/cpu 0: router (config-if-tunte-autobw)# application 1000
RP/0/RP0/cpu 0: router (config-if-tunte-autobw)# bw-limit min 30 max 1000
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RP/0/RP0/cpu 0: router (config-if-tunte-autobw)# adjustment-threshold 50 min 800
RP/0/RP0/cpu 0: router (config-if-tunte-autobw)# overflow threshold 100 limit 1
RP/0/RP0/cpu 0: router (config)# commit

R
At
show mplstraffic-eng tunnels auto-bw brief =~ > K& L C, HEWHHREZRE 2R L £
R
RP/0/RP0/cpu 0: router# show mpls traffic-eng tunnels auto-bw brief

Tunnel LSP Last appl Requested Signalled Highest Application

Name ID BW (kbps) BW (kbps) BW (kbps) BW (kbps) Time Left

tunnel-tel 5 500 300 420 1h 10m
HEIR R

* MPLS-TE #¥REDFEM (62 X—72)

A 1NBTE

MPLS-TEH®E) h > F v A v o (HEIA v v =) BEEHEHAT L E, H/IDOMPLS 77 1 v
I V=TV TRETTERA V MY —KRA b (P2P) bR DT7)V Ay amBHE
MICERETEXET, 1 DFHITHEDA v 2 I NN—TRB/ETCEX, KA v a FA—FT
. SR ENTWAD%5E5E U A b (IPv4 Prefix-List) 2NN ETY, ZiuE, FDOA v a2l
N—TN b RV EER T D205t & L TER S ET,

MPLSTE HE) X v > 2 # A 7 attribute-set (T FL—h) ZREL T, Av a2/ L—F T
B EfTITAZ e TEFES, T-UL A v TF 7 —%& (LSR) 1%, Z @ attribute-set TEF%
Nz TaRT o 2R LT ARV EERTE ST,

HEh b R A vV aBEICL > T, 2y NI =7 OUHIRENR/NRIZIMZ bNET, Zh
S5DOLSRBITEBIZTE bR D 70 Ay v adMEEN % TELSR T, b b 7 aos
T TYT =R Ry a N —TE 35 A MERETEET, HLWTELSR 2
Ry FU—7 TEBMENDTZWITTE U RAD TV A v 2 i+ 512012, BFEO%
TELSR % FFXET DB N 720 £77,

REH

WOBHITIE, HEIF R Ay vz JV—T%2REL, Ay alZL—THNO L XIVIE
MEHEELET,

RP/0/RPO/cpu 0: router # configure

RP/0/RPO/cpu 0: router (config)# mpls traffic-eng

RP/0/RPO/cpu 0: router (config-mpls-te)# auto-tunnel mesh

RP/0/RP0/cpu 0: router (config-mpls-te-auto-mesh)# tunnel-id min 1000 max 2000
RP/0/RPO/cpu 0: router (config-mpls-te-auto-mesh)# group 10

RP/0/RPO/cpu 0: router (config-mpls-te-auto-mesh-group)# attribute-set 10
RP/0/RPO/cpu 0: router (config-mpls-te-auto-mesh-group) # destination-list dl1-65
RP/0/RPO/cpu 0: router (config-mpls-te)# attribute-set auto-mesh 10
RP/0/RPO/cpu 0: router (config-mpls-te-attribute-set)# autoroute announce
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S
BRE

RP/0/RP0/cpu 0: router (config-mpls-te-attribute-set)# auto-bw collect-bw-only
RP/0/RP0/cpu 0: router (config)# commit

HEER

show mplstraffic-eng auto-tunnel mesh =2~ > KA LT, BEI R L A v v a B4
BLET,

RP/0/RP0/cpu 0: router# show mpls traffic-eng auto-tunnel mesh

Auto-tunnel Mesh Global Configuration:
Unused removal timeout: 1h Om Os
Configured tunnel number range: 1000-2000

Auto-tunnel Mesh Groups Summary:
Mesh Groups count: 1
Mesh Groups Destinations count: 3
Mesh Groups Tunnels count:
3 created, 3 up, 0 down, 0 FRR enabled

Mesh Group: 10 (3 Destinations)
Status: Enabled
Attribute-set: 10
Destination-list: dl1-65 (Not a prefix-list)
Recreate timer: Not running

Destination Tunnel ID State Unused timer
192.168.0.2 1000 up Not running
192.168.0.3 1001 up Not running
192.168.0.4 1002 up Not running

Displayed 3 tunnels, 3 up, 0 down, O FRR enabled

Auto-mesh Cumulative Counters:
Last cleared: Wed Oct 3 12:56:37 2015 (02:39:07 ago)

Total
Created: 3
Connected: 0
Removed (unused) : 0
Removed (in use) : 0
Range exceeded: 0

MPLS kS 4 v TS ZFYLUS T YTFRINOR)DIDETE

MPLSTET U 7] h o U o VHEREZ T2 &0 R ONEHS— Y =4 71 h a1 (IGP)
DY T LY E RN D MPLSTE b RV EfESL CEET, ZOMEEICEY, hrxn
D~y Ry R —2 LT =y R A—FOWGMRE L) THRIZRITIERE 20 En
I HIBRA 72 < 72V £97, IGP I, Intermediate System-to-Intermediate System (IS-IS) & 721% Open
Shortest Path First (OSPF) OW 272D £9, = U T b RAVEFRET HITIE, ~» R
T N JL—# T, LSP 7 next-address loose 2~ R&ffH L CEET 2 MLENHHET ) Th
f—2% (ABR) Zifnld % o 790 24 v F R /8A (LSP) ~DfEReni—7 +
VT SNIEHIRANZERELE T, FELEPIRAZ LD~y R K r—4% L ABR I,
N—R Ry TEEBRL, TNZNDKO ABR L7201 b RS~ RR BT A v b &FHE
LET,
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RP/0/RP0/cpu 0: router# configure

RP/0/RP0/cpu 0: router (config)# explicit-path name interareal

RP/0/RP0/cpu 0: router (config-expl-path)# indexl next-address loose ipv4 unicast
172.16.255.129

RP/0/RP0/cpu 0: router (config-expl-path)# index 2 next-address loose ipv4 unicast
172.16.255.131

RP/0/RP0/cpu 0: router (config)# interface tunnel-tel

(
RP/0/RP0O/cpu 0: router (config-if)# ipv4 unnumbered LoopbackO
RP/0/RP0/cpu 0: router (config-if)# destination 172.16.255.2
RP/0/RP0/cpu 0: router (config-if)# path-option 10 explicit name interareal
RP/0/RP0/cpu 0: router (config)# commit
&R R

* MPLS-TE #REDFEM (62 X—2)

R O—R—=X FURILEIRDERTE
PBTS OF%EIX. BIE N7 7 4 v 7 &38R HE (DSCP) IZESWTHRED TE k& R/UICHE
TH57REATT, NT7T7 4 v JEHEORET, DHINTZNT 70w 7 7T ARy b
U—27 T RLARIZHESHTIThbvE T, IROIETIX, MPLS-TE b %/ xv hU—27 LT
PBTS #&% &3 5 FlRZ TR L 7,
1. L ESW s T A~y T EERELET,
TEHENTE T T4 7 DON—NVEER LT, R —~vy T E2ERLET,
BHATDANIINT T 4 v 7IZHR%ET T A &M £,
IOV —EARY —Z@HA LT, ANA ¥ —T x4 ATPBTS #HMMZLET,
S5 1 DL EOH ) MPLS-TE k> RV ZER L £ (BEIEMIZESWT Ty b
BET5729) .
6. H1JJ MPLS-TE k> RV &HAE Y T AR EfHT £5,
PBTS OFEICHOWTIX, MPLSh T 7 4 v/ =P =T7 Vo7 0FEE) OED R 2—
NR—2 P U FVER (66 2—) | ZBRLTLIEEN,

o~ b

SR E I
wD¥ 7 a Tk, PBTS OFEHEEZRLTWET,

RP/0/RP0O/cpu 0: router#configure

/* Class-map; classification using DSCP */

RP/0/RP0O/cpu 0: router (config)# class-map match-any AF41-Class
RP/0/RP0O/cpu 0: router (config-cmap)# match dscp AF41l

RP/0/RP0O/cpu 0: router (config-cmap)# exit

/* Policy-map */

RP/0/RP0O/cpu 0: router (config)# policy-map INGRESS-POLICY
RP/0/RP0O/cpu 0: router (config-pmap)# class AF41-Class

/* Associating forward class */
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RP/0/RP0O/cpu 0: router (config-pmap-c)# set forward-class 1
RP/0/RP0/cpu 0: router (config-pmap-c)# exit
RP/0/RP0/cpu 0: router (config-pmap)# exit

RP/0/RP0O/cpu 0: router (config)# interface GigabitEthernet0/9/0/0

/* Applying service-policy to ingress interface */

RP/0/RP0O/cpu 0: router (config-if)# service-policy input INGRESS-POLICY
RP/0/RPO/cpu 0: router (config-if)# ipv4 address 10.1.1.1 255.255.255.0
RP/0/RP0/cpu 0: router (config-if)# exit

/* Creating TE-tunnels to carry traffic based on priority */
RP/0/RP0O/cpu 0: router(config)# interface tunnel-teé6l
RP/0/RP0/cpu 0: router (config-if)# ipv4 unnumbered LoopbackO

(

(
RP/0/RP0/cpu 0: router (config-if)# signalled-bandwidth 1000
RP/0/RP0/cpu 0: router (config-if)# autoroute announce
RP/0/RP0/cpu 0: router (config-if)# destination 10.20.20.1
RP/0/RP0/cpu 0: router (config-if)# record route

/* Associating egress TE tunnels to forward class */

RP/0/RP0O/cpu 0: router (config-if)# forward-class 1

RP/0/RPO/cpu 0: router (config-if)# path-option 1 explicit identifier 61
RP/0/RPO/cpu 0: router (config-if)# exit

e

aits

show mplsforwarding tunnels =~ > FZ{i ] L T PBTS O E &R L E T,

RP/0/RP0/CPUO:ios# show mpls forwarding tunnels 10 detail
Tue May 16 01:18:19.681 UTC

Tunnel Outgoing Outgoing Next Hop Bytes
Name Label Interface Switched
ttl0 Exp-Null-v4 Te0/0/0/16 20.20.17.21 0

Updated: May 11 19:31:54.716

Version: 483, Priority: 2

Label Stack (Top -> Bottom): { 0 }

NHID: 0x0, Encap-ID: N/A, Path idx: 0, Backup path idx: 0, Weight: 0
MAC/Encaps: 14/18, MTU: 1500

Packets Switched: 0

Interface:
Name: tunnel-tel0 (ifhandle 0x0800005c)
Local Label: 64016, Forwarding Class: 1, Weight: O

Packets/Bytes Switched: 0/0

LDP over MPLS-TE D% F

LDP 33 JJOVRSVP-TE i, MPLS % v hU—27 TLSP W T A2 ENnNs v 7+
7 7'm k2L TY, LDP IR ENHE TEEMENSWTTR, N7 7 4 v 7 OlgiE % a4
HLDIHENDORSVP D N T 7 4wy =y =7 Y 7HREIZH W £ A, LDP over MPLS-TE
FEREIX. LDP & RSVP iifi )5 OF| s & A ¥ T E£3, LDP over MPLS-TE Ti%, LDP >/
FIV T TV AAL v TF K& (LSP) 23 RSVP-TE i L T SN7= TE b RV &1
wLET,
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WO IL, LDP over MPLS-TE Ol fifflZ /R L CTWET, ZOKTIE, e/ X —xy ¥

(PE) V—X& T unfZ— (P) M—ZMOL 7 F V7 Fa hajjpl LTLDP M S
NTWET, RSVP-TE X, PL—FMDOT 7 F Y7 Fa hanvt LTLSP 2T 570D
W & E9, LDP I RSVP-TELSP ECho VU 7 &N ET,

6:LDP over MPLS-TE

4

i

|
367143

LDP over MPLS-TE DFIHIEIHEE HA K514 >
CiscoIOS-XR VU U —R 632 Tld. ZOMEREICIROBIREIE L A R4 U BEHINET,

e BGP XA X—TE b v RO~y REFZILIT—/ ) — RIZH B4, LDPover MPLS-TE
FEEH D MPLS —E 23 HR— X ET,

*TE~y RV RA—ZNZEDOH —EADEBARA & L THEREL TW DA, LDPover
MPLS-TE #&H ® MPLS —E A NP R — F ENE 7,

* TELS ~v R R/ 5H MPLS —EARFEEINTWHTH, TE b 1/ BGP BT &
RN T L TWAE4A . LDP over MPLS-TE #8EIX V7R — SN FH A,

« hw-modulefib mplsidp Isr-optimized =~ > R Z{# ffl L C LDP fiti{b 2 A 202 L7235A 1.
WO RN S E T,
«EVPN (I#AR—FShEH A,
AEBEDT VT 4w 7 ZAFTT MK LT, T TORIE/NA % LDP KISIZT 5
VENH Y ET,

« T TIZERE S LTV 5 EVPN, MPLSVPN, L2VPN 72 & OFSEEDS IE 7 IZ BN L 722\ AT REME
DL, 7 H¥— =z (PE) /b—# Tk hw-modulefib mplsidp Isr-optimized
avwy REFEHLZRNTES N,
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ROBNZ, MPLS-TE h RV T a/3A S— Jb—24 Pl ~ P2 IZE7E L, LDP over MPLS-TE
EAMNCT D5EERLET, ZOFITIE, PLODLD N RADGEHRIZP2 DN—T Ny 7 L
LTREINTWVET,

RP/0/RPO/CPUO:router # configure

RP/0/RP0O/CPUO:router (config)# interface tunnel-te 1

RP/0/RPO/CPUO:router (config-if)# ipv4 unnumbered Loopback0

RP/0/RP0O/CPUO:router (config-if) # autoroute announce

RP/0/RP0O/CPUO:router (config-if) # destination 4.4.4.4

RP/0/RP0O/CPUO:router (config-if) # path-option 1 dynamic

RP/0/RPO/CPUO:router (config-if) # exit

RP/0/RP0O/CPUO:Router (config)# mpls 1ldp

RP/0/RP0O/CPUO:Router (config-1dp)# router-id 192.168.1.1

RP/0/RP0O/CPUO:Router (config-1dp)# interface TenGigE 0/0/0/0

(
(

RP/0/RP0O/CPUO:Router (config-1dp-if) # interface tunnel-te 1
RP/0/RP0O/CPUO:Router (config-1ldp-if) # exit

MPLS-TE /SR {RE DL TE

IXAR# 1T, MPLS-TE b v Dx RY—x v REEREA D= AL E2BMELES, v
VHEY FGXYL AL T RRA (LSP) SO0 UOMM L TR E, hFRAVDTEN T 7 (>
I HARET HIRFE LSP A EENOIRETE 7, REINT LSP ICEENH H5E . EET
N—ZiE, FURNAVD T T 47— RET 58D o H Y LSP &2 T SIZA X —7 MZ
LEd, 7o—nF—_"—(F, LSP~y R RIZHEENTZRSVP= T — A vt —I2 ko
ThRIFT—ENET, ~y FZ U NIZDZT— Aot —V%ZETHE, EH XY b
FMCHIY B2 9, BV LSP CREENEA LZGAIE. Bh o F ) RZADREENY
U7 ENDE TR FNAVONRNAGFEIHIE L 72 < 720 £, S A{%#1X, H—D= U7 (OSPF
F/2IXISIS) | AMEBGP (eBGP) . BLOAXT v/ L— FNTHEATE 9, HRE
KO Z AT a 3B B, MPLS-TE /S A EN Y R— FShTnET, #
EINTA TV a CRILBMEE IR BEHENRE SN TWD Z L 2R T 2 0LERH
nET,

XL BHIIC

INAREE AN DITIE, ROFHRRADPSHETT,

+ X kU —2 T MPLS-TE. Cisco Express Forwarding, 3 J (" Intermediate
System-to-Intermediate System (IS-IS) & 7213 Open Shortest Path First (OSPF) %74 — k&
5D EEMRTHUNENRDY £,

¢ L—XTMPLS-TE 2% ETHMLENH Y 97,

EEHI

ROFTIL, mpls-te b RN ZREZRET D HIELZHRELET, “ARELHRET DI
X, T4~ Y RAFT v a URRETT, ZOMKTIE, RUEI~NY R R —2Th
D, RBIZFh XNV DT—)LT R L—ZThHVY, R2 & R4 FHENL—ZTT, ZOHITIE,
6 DOWRAZ L 1 DOBII S AP ASZEERIAER SN TOET, 7IA4 <V SRHLT
TR ODNALHEA T a LV ERETEET,
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destination 192.168.3.3
ipv4 unnumbered Loopback0
autoroute announce
path-protection

path-option 1 explicit name rl-r2-r3-00 protected-by

path-option 2 explicit name rl-r2-r3-01 protected-by

path-option 3 explicit name rl-r4-r3-01 protected-by

path-option 4 explicit name rl-r3-00 protected-by 5

router (config-if) # path-option 5 explicit name rl-r2-r4-r3-00 protected-by
router (config-if) # path-option 6 explicit name rl-r4-r2-r3-00 protected-by

router (config-if)# path-option 7 dynamic

RP/0/RPO/cpu 0: router # configure
RP/0/RPO/cpu 0: router (config)# interface tunnel-te 0
RP/0/RPO/cpu 0: router (config-if)#
RP/0/RPO/cpu 0: router (config-if)#
RP/0/RPO/cpu 0: router (config-if)#
RP/0/RPO/cpu 0: router (config-if)#
RP/0/RPO/cpu 0: router (config-if)#

2
RP/0/RPO/cpu 0: router (config-if)#

3
RP/0/RPO/cpu 0: router (config-if)#

4
RP/0/RPO/cpu 0: router (config-if)#
RP/0/RP0/cpu 0:

6
RP/0/RP0/cpu 0:

7
RP/0/RP0/cpu 0:
RP/0/RPO/cpu 0: router (config-if)# exit
RP/0/RPO/cpu 0: router (config)# commit

=3

At

show mplstraffic-eng tunnels =~ > K& L C, MPLS-TE N A% E xR LET,

RP/0/RPO/cpu 0:

Fri Oct 13 16:24:39.379 UTC

Name: tunnel-te0 Destination:
Signalled-Name: router
Status:
Admin: up Oper: up Path:
path option 1,
Protected-by PO index: 2
path option 2, type explicit
Protected-by PO index: 3
path option 3, type explicit
Protected-by PO index: 4
path option 4, type explicit
Protected-by PO index: 5
path option 5, type explicit
Protected-by PO index: 6
path option 6, type explicit
Protected-by PO index: 7

path option 7,
G-PID: 0x0800

Creation Time:

type explicit rl-r2-r3-00

type dynamic

0 kbps

Config Parameters:

Bandwidth:
Metric Type:

Tiebreaker:
Hop-limit:
Cost-limit:
Delay-limit:

AutoRoute:
Forward class:

TE
Path Selection:
Min-fill
disabled

disabled

disabled
Path-invalidation timeout:
enabled LockDown:

0 kbps
(global)

(CTO

0 (not enabled

192.168.92.125

)

10000 msec

)

Forwarding-Adjacency: disabled

Autoroute Destinations:

Loadshare:
Auto-bw:
Fast Reroute:

0

router# show mpls traffic-eng tunnels 0

Ifhandle:0x8007d34

connected
path weight 2)

valid Signalling:

(Basis for Setup,

rl-r2-r3-01 (Basis for Standby, path weight 2)
rl-r4-r3-01

rl-r3-00

rl-r2-r4-r3-00

rl-r4-r2-r3-00

(derived from egress interface properties)
Bandwidth Requested:
Fri Oct 13 15:05:28 2017

CTO

(01:19:11 ago)

Priority: 7 7 Affinity: Ox0/0xffff

(default)

(default), Action:
disabled Policy class:

Tear (default)
not set

0 equal loadshares

disabled
Disabled,
Path Protection:

Enabled

Protection Desired: None
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B =mssiE o fuTEs 0B

BFD Fast Detection: Disabled
Reoptimization after affinity failure: Enabled
Soft Preemption: Disabled
History:
Tunnel has been up for: 01:14:13 (since Fri Oct 13 15:10:26 UTC 2017)
Current LSP:
Uptime: 01:14:13 (since Fri Oct 13 15:10:26 UTC 2017)
Reopt. LSP:
Last Failure:
LSP not signalled, identical to the [CURRENT] LSP
Date/Time: Fri Oct 13 15:08:41 UTC 2017 [01:15:58 ago]
Standby Reopt LSP:
Last Failure:
LSP not signalled, identical to the [STANDBY] LSP
Date/Time: Fri Oct 13 15:08:41 UTC 2017 [01:15:58 ago]
First Destination Failed: 192.3.3.3
Prior LSP:
ID: 8 Path Option: 1
Removal Trigger: path protection switchover
Standby LSP:
Uptime: 01:13:56 (since Fri Oct 13 15:10:43 UTC 2017)
Path info (OSPF 1 area 0):
Node hop count: 2
HopO: 192.168.1.
Hopl: 192.168.3.
Hop2: 192.168.3.
Hop3: 192.168.3.
Standby LSP Path info (OSPF 1 area 0), Oper State: Up :
Node hop count:
HopO: 192.168.2.
Hopl: 192.168.3.
Hop2: 192.168.3.
Hop3: 192.168.3.3
Displayed 1 (of 4001) heads, 0 (of 0) midpoints, 0 (of 0) tails
Displayed 1 up, 0 down, 0 recovering, 0 recovered heads

w N PN

NN N

BHEHEE/ N> FIL TE++ DERE

MPLS-TE bk »R/UIE, TV & DR A 7E L, T2 RARA MR OB 72 Hr g2 & 4 32
e B S ET, HEEIRIERAE X HIRE A EO B2 ERICHIET D 0T, Ml
ESINT- T 7 4 v 7 ARITEESWT MPLS-TE b %VDH A REBICEE L £, 7277
L. 2L OBEHIE, a— RANTZ U 7 EEREFRNE LT, =2 FRA > METOEEK
O EBENEIRNE R RV EMEL LTWET, 2 00T RiRA > b CERSHENE 0O Bk H3 1
MUT-85aE. BEEIEHSEELZREL TR RO A REEET L), E-13EH LWV R
FIVEER LT, 20D RBRA » MEIOTNTO b f bl > TEREED T — K
SV EMLIENTEET, FREIC, 200y RRA > - CHERBHERIE O R AN
D UTEBAE. BEHEEEZRE L T R 2DV A X &Hi/NT 50y, £203H LW R
FNVEHIBRL T, =2 RARA U MEDED D N RO TR 7 4w 7 Or—RKAT
DU HRDHZENTEET, AEEEIE N FL TE+ KSREIL. BB RE A IR L7
LEDTHY, VINANEALTDRNT T 47 D=—RZHESNT, 5856~ MPLS-TE k> %
NO¥E HBICH T 2 Z LN TEET,

HINE DOBER DI T 2B & L TEIBMIER SIS b b d [7n—2) b
MEORNEY, Zua—2 brpUid, REFEHLDAAL D R XADT T 4 & LET, 72
72U, 2—YNRELZAMEREMRAT L LIETEEEA, TO PRV EZTD T O—
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marsmiE > KL TEs 0Bz [

ZFEEDT Iy M EIFOET, TO P RUICK L TERTE 27 20— OIZHOWT,
ERETREZREETCEET,

IS OB MLERBESICH LW N R0 7 a— 2 ERT A a2z % T2
U b EFFOYET, By FNOWTIAD b XD A A0, RELZAT Y v kg
ZERBE, ATV PRSI, Zu—2 FUORABNERSNET,

ROKT, A7V v Mg 2B I25G0 7 m—r bRV DOIERICOWTEHBI L T E

BwW

Source

Set ‘

Original Tunnel

Clones

Destination

+
]
-+
. | |

EIEOBRNBAD LIzt i a—r oA EHIRT D7 vnt A0 e [w—) LI
OFEF, HHEIES, Ty FNOWTNO U RV TREI N~ —VHEEEL2 TR &, 7
a—y FURANHIBRENET,

WORNL, FHBlEN~ — Vg2 TElSs 25507 n—2r F RV OHIRE LD F gL d
D~—VZONTIHBA L TWET,

Clones

AGTEI0

I Set ‘

Original Tunnel

Source Destination

Clones °
Clones e
s J

Yy RO F o RV CENIRIEO B R 2B EIcu— R =7V 745 12id, B0k
NHVET, Zhud, EREEREOBEMEZR -7 28RS 572007 LT ) RLANRMLET
HHZLEEBEWLET, TAITY XLEH T, FE L THABEIEZREL, FrRLDF
PIRIBR 2R ET HZ ENTEET, AHFHIRARELR2WEE, TEIX, X7V v b &
O~ — VHIBIR O % 4 B #HE & L CER L E T,

ETEI

HHNERS S VERLOIEEE
B B rsiliE S > RV TE+H $§REICIE, RO LA R A U@l S ET,

o ZOOMEERIZA R E PR TOAHRY AR — NI TEY ., tunnel-te f & ¥ —7 = A A TiZ
PR—FEINTWVEREA,

e 7 — O TIREDOEFIZ0~63 T, 72— OTIROF 7 44 MEIZ 0 ICHES
ﬂfb\jz—a—o
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e 7 u—0 FRMEO&EFIZT1 ~63 T, Z7u—280 ERBOFT 7 44 MEIX 63 ICEE X
2/[/‘(1/ \\i‘g—o

SR E

W, ZEifTE MPLS-TE F 57 4 v 7 Ry RAICEWTHEIEEIE N> R TE+H #E

ET 0 R LUET, ZOMEZEIESE S0, ROBEEZRETILENH Y £7,
TED U RAMMERETE D 70— bRV DE/NEERRE LT,
TED F U RAIMEETE D 70— h RO REEZRRELET,

* nominal-bandwidth : BUR SR EZ 727 b RNV EHET H 20O EWHIRIE 2B E L $
7,

« split-bandwidth : JLD > RV ZESET H 7D ORIBREOEAFEE LE T, N o RVHIERIE
D, RELTEATY v Mg EZ B2 5L, 7a—2 PR ERESIVET,

e merge-bandwidth : JTO F RV E T n—r v —UFT L7 OOMWIEATEE L £, ik
M2, RE Llc~v—UmiligE % TR &, Z7r—r PR ADRHIBRSET,

» min-clones :

» max-clones :

TOFITIE, 7a—2EOTFREQICREL, Zu—2 80 ERE4ICEELTCWET, 2
Uy FBIO~—VORHEEY A X%, 200 3 X 00100 kbps & 7% & L TV ET,

RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO

:router (config) # mpls traffic-eng

:router (config-mpls-te) # named-tunnels

:router (config-te-named-tunnels) # tunnel-te xyz
:router (config-te-tun-name) # auto-bw

:router
:router

config-mpls-te-tun-autobw) # auto-capacity
config-te-tun-autocapacity)# min-clones 2
# max-clones 4

:router (config-te-tun-autocapacity
:router (config-te-tun-autocapacity
:router (config-te-tun-autocapacity
:router (config-te-tun-autocapacity

RP/0/RPO/CPUO
RP/0/RPO/CPUO
RP/0/RPO/CPUO

# nominal-bandwidth 5
# split-bandwidth 200

(
(
(
(
(
(
(
(
(
( # merge-bandwidth 100

Point to Multipoint Traffic Engineering (7R14 > kY —<JILFRAL >+ k

749D TOZTFTI)T) DERTE

P—ER TN — Ry NI TNV TF XY AN NT 7 4 v 7 BakT 5121, PIM 72
EO<wNVFXy AN 7o barrEHL, y—E X Fa (¥ — a7 TIEE A EZHETD
VERHD ET, 72770, MPLS Ry 7 R—2 Xy T —27 DFE, —E R Fa(fZ—

Tip o RV I TERL TNV 7B MeEERTCEET, 2oL, P—EX 7aA
AX—aT7 ORI NT 7 4 v 7 DA — "=~y REFOLTOICHENLHET, £z, MPLS b7
T4y =T ) T B IO EEEE AR CE £,

GOV D T T ML, RA v NV —<LFRA b (P2MP) T-L AA v F K8Z (LSP)

N, YVFRA L BV —<LFRAL b (MP2MP) LSP D ELHMICAR Y £, v /LFF v

A b LSP Z1ERE T 234 1%, RSVP-TE 71 k 2 WLk &l T& 9, RSVP-TE 712 k=11
IZ. MPLS *v hU—27 (K CP2MPLSP # > 7+ V) 735 Lo ESnTWET,
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P2MP-TE #6EI1Z L W, P2MP-TE h o R/ &EH L7Z, PIM 7V — % —E R 7,4 ¥ — o
TRETOYLTFXY AN T 7 4 v 7 OMBENAREICR Y T,

WO, ZOMETHHAIND AR IZOoOWTHH L TVWET,
®7:PIM7')—LSPa7F

PIM Free LSP Core

Source Receiver

367500

ZORTEROHFEZFEN L THET,
e~y F:TE h RUPEEINTNDIL—H,
« 7 —J)L:TE b RNVDIKEEE IR DN—H,
eI v R:TE PN @ETEL—H,
<~ FF ¥ AKVPN (mVPN) 7m 77 A/ F, Za— UL ar7XA MIxLT, 700X

VRF ZEICERESNET, “LFFHYAPF AN —2% D ICEETHIVLERDH L0000 0
T, B2 mVPN 7 7 7y A v a@EATE £,

P2MP-TE #%BE Ti%. RO mVPN Y1 7 7 A ANHR— FENTWET,
*mVPN 7077 A1V8 (Fa—sL ars% A M)

emVPN 7127 7 AL 10 (L3VPN = 5% % M)

FNBES S UVERALOEESRIE
Z OMBERICIIR OHFFIE L EEFES A SN ET,
« Source-Specific Multicast (SSM) ~7 7 ¢ v 7 OHPYAR— F I ET,
« a7 7 A8 TIL, IPvd & IPv6 DIl RV R — kI Ed,
« a7 7 AN 10 TiE, IPv4d OBBFR— SN ET,
« P2MP-TE b > /L ® Fast Reroute (FRR) IV A — I EHA,

eBVIA L H—T A ATV HR—bFEINFHA,

EEM : P2MP-TE 7O 7 AL 8

ZofE, e 77 A NSO P2MP-TEFREA R L TCWET, P2MP h> RV T, ~y R, I v
K, T—NVOEN—FEERETHLENRNDHY £7°,

~Ny R Lb—ZOREFTRO L HIT 0 £, ZOREICIE., IGP, MPLS-TE /b, B&
ML TF XY A NORENEENET T, ZOMELZRTET HEIZIL, LDP &£ RSVP LR ET S
WA D F9,
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RP/0/RPO/CPUO:router (config)# router ospf 1

RP/0/RPO/CPUO:router (config-router)# area 0

RP/0/RPO/CPUO:router (config-ospf-ar)# mpls traffic-eng
RP/0/RPO/CPUO:router (config-ospf-ar-mpls-te)# exit
RP/0/RPO/CPUO:router (config-ospf-ar)# interface Loopback0
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit

RP/0/RPO/CPUO:router (config-ospf-ar)# interface TenGigEO/0/0/0
RP/0/RPO/CPUO:router (config-ospf-ar-if)# cost 1

RP/0/RPO/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit

RP/0/RPO/CPUO:router (config-ospf-ar)# interface TenGigEO0/0/0/2
RP/0/RPO/CPUO:router (config-ospf-ar-if)# cost 1

RP/0/RPO/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit

RP/0/RPO/CPUO:router (config-ospf-ar)# exit

RP/0/RPO/CPUO:router (config-ospf) # mpls traffic-eng router-id loopback 0
RP/0/RPO/CPUO:router (config)# interface tunnel-mte 2
RP/0/RPO/CPUO:router (config-if)# ipv4 unnumbered Loopback0
RP/0/RPO/CPUO:router (config-if) # destination 10.2.2.2
RP/0/RPO/CPUO:router (config-if-p2mp-dest) # path-option 1 dynamic
RP/0/RPO/CPUO:router (config-if-p2mp-dest) # exit

RP/0/RPO/CPUO:router (config)# multicast-routing

RP/0/RPO/CPUO:router (config-mcast)# address-family ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4)# interface Loopback0
RP/0/RPO/CPUO:router (config-mcast-default-ipv4-if)# enable
RP/0/RPO/CPUO:router (config-mcast-default-ipvé4-if)# exit
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # interface tunnel-mte 2
RP/0/RPO/CPUO:router (config-mcast-default-ipv4-if)# enable
RP/0/RPO/CPUO:router (config-mcast-default-ipvé4-if)# exit
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # mdt source Loopback0
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # interface all enable
RP/0/RPO/CPUO:router (config-mcast-default-ipvd4)# accounting per-prefix
RP/0/RPO/CPUO:router (config)# router igmp

RP/0/RPO/CPUO:router (config-igmp) # interface tunnel-mte 2
RP/0/RPO/CPUO:router (config-igmp-if)# static-group 232.0.0.2 10.0.0.100
RP/0/RPO/CPUO:router (config-igmp) # interface TenGigE0/0/0/0
RP/0/RPO/CPUO:router (config-igmp-if) # version 3

RP/0/RPO/CPUO:router (config)# router pim

RP/0/RPO/CPUO:router (config-pim) # address-family ipv4
RP/0/RPO/CPUO:router (config-pim-default-ipv4) # interface tunnel-mte 2
RP/0/RPO/CPUO:router (config-pim-default-ipv4-if)# enable
RP/0/RPO/CPUO:router (config-pim-default-ipv4-if) # exit

~y R V—FDFf7ar7 4 Xal—va IRkO LI £7,

interface LoopbackO
ipv4 address 10.1.1.1 255.255.255.255
I

interface TenGigE0/0/0/0
ipv4 address 10.0.0.1 255.255.255.0
I

interface TenGigE0/0/0/2
ipv4 address 10.2.0.1 255.255.255.0
I

router ospf 1
area 0
mpls traffic-eng
|
interface LoopbackO
interface TenGigE0/0/0/0
cost 1
network point-to-point
interface TenGigE0/0/0/2
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cost 1
network point-to-point
|
mpls traffic-eng router-id Loopback0
|
rsvp
interface TenGigE0/0/0/2
bandwidth percentage 100
|
!
mpls traffic-eng
interface TenGigE0/0/0/2
|
mpls ldp
discovery
targeted-hello interval 10

|
router-id 10.1.1.1
address-family ipv4
discovery targeted-hello accept
|
interface TenGigE0/0/0/2
|
|
!
interface tunnel-mte2
ipv4 unnumbered Loopback0
destination 10.2.2.2
path-option 1 dynamic
|
|
!
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
interface tunnel-mte2
enable
|
mdt source Loopback0
interface all enable
accounting per-prefix
|
|
!
router igmp
interface tunnel-mte2
static-group 232.0.0.2 10.0.0.100
|
interface TenGigE0/0/0/0
version 3
|
!
router pim
address-family ipv4
interface tunnel-mte2
enable
|

2w R L—Z|Zi%, MPLS-TE. RSVP, BXTNOSPE 22 XD IGP DR EDHMETYT, I v R

N—BDETaAL T 42— a3 IR OL IR T,
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interface LoopbackO

ipv4 address

10.5.5.5 255.255.255.255

interface TenGigE0/0/0/2

ipv4 address

10.10.0.5 255.255.255.0

interface TenGigE0/0/0/3

ipv4 address
router ospf 1
area 0

10.13.0.5 255.255.255.0

mpls traffic-eng
interface LoopbackO
interface TenGigE0/0/0/2

cost 1

network point-to-point
interface TenGigE0/0/0/3

cost 1

network point-to-point
mpls traffic-eng router-id Loopback0

rsvp

interface TenGigE0/0/0/2

bandwidth percentage 100

interface TenGigE0/0/0/3

bandwidth percentage 100
mpls traffic-eng

interface TenGigE0/0/0/2

interface TenGigE0/0/0/3

mpls ldp
discovery

targeted-hello interval 10

router-id 10.

5.5.5

address-family ipv4

discovery targeted-hello accept
interface TenGigE0/0/0/2
interface TenGigE0/0/0/3

T = H OFETRO L 51270 £, ZOXEICIE, IGP, MPLS-TE h 3k, B X
GAF X v A NOREBEENET, ~v FA—5 LRI, 2ok

RSVP & LDP LR ETHVLENH Y 77,

RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router (config) # router ospf 1

:router (config-router)# area 0

:router (config-ospf-ar) # mpls traffic-eng

:router (config-ospf-ar-mpls-te) # exit

:router (config-ospf-ar)# interface Loopback0
:router (config-ospf-ar-if) # exit

:router (config-ospf-ar) # interface TenGigE0/0/0/3
:router (config-ospf-ar-if) # cost 1

:router (config-ospf-ar-if) # network point-to-point
:router (config-ospf-ar-if) # exit

:router (config-ospf-ar) # exit
:router (config-ospf) # mpls traffic-eng router-id loopback 0
:router (config) # interface tunnel-mte 2

:router (config-if)# ipv4 unnumbered Loopback0

:router (config-if)# destination 10.2.2.2

:router (config-if-p2mp-dest) # path-option 1 dynamic
:router (config-if-p2mp-dest) # exit

:router (config) # multicast-routing

:router (config-mcast) # address-family ipvié

:router (config-mcast-default-ipv4)# interface Loopback0
:router (config-mcast-default-ipv4-if) # enable

:router (config-mcast-default-ipv4-if) # exit

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
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RP/0/RPO/CPUO:router (config-mcast-default-ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4

( mdt source Loopback0
(
(
(
(
(
RP/0/RPO/CPUO:router (config)# router igmp
(
(
(
(
(
(
(

) #
) # core-tree-protocol rsvp-te

)# static-rpf 10.0.0.100 32 mpls 1.1.1.1
) # rate-per-route

)# interface all enable

) # accounting per-prefix
RP/0/RPO/CPUO:router (config-igmp# interface TenGigE0/0/0/3

RP/0/RPO/CPUO:router (config-igmp-if) # version 3

RP/0/RPO/CPUO:router (config)# router pim

RP/0/RPO/CPUO:router (config-pim)# address-family ipv4

RP/0/RPO/CPUO:router (config-pim-default-ipv4) # interface TenGigE0/0/0/3
RP/0/RPO/CPUO:router (config-pim-default-ipv4-if)# enable

RP/0/RPO/CPUO:router (config-pim-default-ipv4-if)# exit

F— L N—HDEIFAL T 4 Fal—a IR O LI FT,

|
interface LoopbackO
ipv4 address 10.2.2.2 255.255.255.255
|
interface TenGigE0/0/0/3
ipv4 address 10.3.0.2 255.255.255.0
|
interface TenGigE0/0/0/6
ipv4 address 10.6.0.2 255.255.255.0
|
router ospf 1
area 0
mpls traffic-eng
interface LoopbackO
|
interface TenGigE0/0/0/3
cost 1
network point-to-point
|
1
mpls traffic-eng router-id LoopbackO
|
rsvp
interface TenGigE0/0/0/3
bandwidth percentage 100
|
1
mpls traffic-eng
interface TenGigE0/0/0/3
|
mpls ldp
discovery
targeted-hello interval 10
|
router-id 10.2.2.2
address-family ipv4
discovery targeted-hello accept
|
interface TenGigE0/0/0/3
|
1
multicast-routing
address-family ipv4
interface LoopbackO
enable
|

mdt source Loopback0
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core-tree-protocol rsvp-te

static-rpf 10.0.0.100 32 mpls 10.1.1.1
rate-per-route

interface all enable

accounting per-prefix
|

|
router igmp
|
interface TenGigE0/0/0/6
version 3
|
!
router pim
|
address-family ipv4
interface TenGigE0/0/0/6

enable
|

EREM : P2MP-TE 7O 2774 JL 10

OB, 777 A0 10 D P2MP-TEZEA/RLTVWET, ~v K, Iv R, 7—D%
N—BEBRETDHLENHY 7,

~y RA—FOREIFTRO L1270 9, ZOKEICIL, IGP, L3VPN, BLR~ L FF ¥
A NOBRENGENET, ZOHIELRTET HBI2IL. MPLS-TE, LDP, X (*RSVP % E
THULERHD FT,

RP/0/RPO/CPUO:router (config)# router ospf 1
RP/0/RPO/CPUO:router (config-router)# area 0
RP/0/RPO/CPUO:router (config-ospf-ar)# mpls traffic-eng
RP/0/RPO/CPUO:router (config-ospf-ar-mpls-te)# exit
RP/0/RPO/CPUO:router (config-ospf-ar)# interface Loopback0
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit
RP/0/RPO/CPUO:router (config-ospf-ar)# interface TenGigEO0/0/0/2
RP/0/RPO/CPUO:router (config-ospf-ar-if)# cost 1
RP/0/RPO/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit
RP/0/RPO/CPUO:router (config-ospf-ar)# exit
RP/0/RPO/CPUO:router (config-ospf) # mpls traffic-eng router-id loopback 0
RP/0/RPO/CPUO:router (config-ospf) # exit
RP/0/RP0O/CPUO:router (config) # vrf vpn 2

RP/0/RPO/CPUO:router (config-vrf)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-vrf-af)# import route-target 100:2
RP/0/RPO/CPUO:router (config-vrf-af)# export route-target 120:2
RP/0/RP0/CPUO:router (config) # interface TengigE0/0/0/0
RP/0/RP0O/CPUO:router (config-if)# vrf vpn 2

RP/0/RP0/CPUO:router (config-if-vrf)# ipv4 address 10.0.0.1 255.255.255.0
RP/0/RPO/CPUO:router (config)# route-policy pass-all
RP/0/RPO/CPUO:router (config) # pass

RP/0/RPO/CPUO:router (config) #router bgp 1

RP/0/RPO/CPUO:router (config-bgp) # bgp router-id 10.1.1.1
RP/0/RPO/CPUO:router (config-bgp) # address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-af) # address-family vpnv4 unicast
RP/0/RP0/CPUO:router (config-bgp-af)# address-family ipv4 mvpn
RP/0/RPO/CPUO:router (config-bgp) # neighbor 10.2.2.2

RP/0/RPO/CPUO:router (config-bgp-nbr) # remote-as 1
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RP/0/RPO/CPUO:router (config-bgp-nbr)# update-source Loopback0
RP/0/RPO/CPUO:router (config-bgp-nbr)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family vpnv4 unicast
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family ipv4 mvpn
RP/0/RP0O/CPUO:router (config-bgp)# vrf vpn 2

RP/0/RP0/CPUO:router (config-bgp-vrf) #rd 100:2

RP/0/RP0/CPUO:router (config-bgp-vrf) #address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-vrf-af) #label mode per-prefix
RP/0/RPO/CPUO:router (config-bgp-vrf-af) #redistribute connected
RP/0/RPO/CPUO:router (config-bgp-vrf-af) #fexit

RP/0/RP0/CPUO:router (config-bgp-vrf)# address-family ipv4 mvpn
RP/0/RPO/CPUO:router (config)# multicast-routing

RP/0/RPO/CPUO:router (config-mcast)# address-family ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4)# interface Loopback0
RP/0/RPO/CPUO:router (config-mcast-default-ipv4-if)# enable
RP/0/RPO/CPUO:router (config-mcast-default-ipvé4-if)# exit
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # mdt source Loopback0
RP/0/RP0O/CPUO:router (config-mcast)# vrf vpn 2

RP/0/RP0O/CPUO:router (config-mcast-vpn_ 2)# address-family ipv4
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# mdt source loopback0
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# rate-per-route
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# interface all enable
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# bgp auto-discovery p2mp-te
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4-bgp-ad)# mdt static p2mp-te tunnel-mte2
RP/0/RPO/CPUO:router (config) # router igmp

RP/0/RP0O/CPUO:router (config-igmp)# vrf vpn 2

RP/0/RP0O/CPUO:router (config-igmp-vpn 2)# interface tunnel-mte2
RP/0/RP0O/CPUO:router (config-igmp-vpn 2-if)# static-group 239.0.0.1 100.0.0.100
RP/0/RP0O/CPUO:router (config-igmp-vpn 2-if)# exit

RP/0/RP0O/CPUO:router (config-igmp-vpn 2)# interface TenGigE0/0/0/0
RP/0/RP0O/CPUO:router (config-igmp-vpn 2-if)# version 3
RP/0/RP0O/CPUO:router (config-igmp-vpn 2-if)# exit

RP/0/RP0O/CPUO:router (config-igmp-vpn_ 2)#

RP/0/RPO/CPUO:router (config)# router pim

RP/0/RP0O/CPUO:router (config-pim)# vrf vpn 2

RP/0/RPO/CPUO:router (config-pim-vpn 2)# address-family ipv4
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4)# interface tunnel-mte2
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4-if)# enable
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4-if)# exit
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4)# interface TenGigE0/0/0/0
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4-if)# enable

~y R V—FDFf7ar7 4 Xalb—va IR0 LI £7,

interface LoopbackO
ipv4 address 10.1.1.1 255.255.255.255
I

interface TenGigE0/0/0/2
ipv4 address 10.2.0.1 255.255.255.0
I

router ospf 1
area 0
mpls traffic-eng
|
interface LoopbackO
|
interface TenGigE0/0/0/2
cost 1
network point-to-point
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|
mpls traffic-eng router-id Loopback0
|
rsvp
interface TenGigE0/0/0/2
bandwidth percentage 100
|
!
mpls traffic-eng
interface TenGigE0/0/0/2
|
mpls ldp
discovery
targeted-hello interval 10
|
router-id 10.1.1.1
address-family ipv4
discovery targeted-hello accept
|
interface TenGigE0/0/0/2
|
!
vrf vpn_2
address-family ipv4 unicast
import route-target
100:2
export route-target
100:2

interface TenGigE0/0/0/0
vrf vpn_2
ipv4 address 10.0.0.1 255.255.255.0

route-policy pass-all
pass
end-policy

router bgp 1
bgp router-id 10.1.1.1
address-family ipv4 unicast
address-family vpnv4 unicast
address-family ipv4 mvpn
neighbor 10.2.2.2
remote-as 1
update-source Loopback0
address-family ipv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family vpnv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family ipv4 mvpn
vrf vpn_2
rd 100:2
address-family ipv4 unicast
label mode per-prefix
redistribute connected
address-family ipv4 mvpn
hostname head
|
multicast-routing
address-family ipv4
interface LoopbackO
enable

. Cisco NCS560 ') —X JL—#% (CiscolOSXR ') J—X71x) MPLSa> 74 F¥alL—L 3> HA K



| MPLS FS524vh ToS=F YL IDRE
Point to Multipoint Traffic Engineering (;R{ > Y —<TILFRA Uk b3T4 99 TUS=F YY) OFRE .

|
mdt source Loopback0
|
vrf vpn_2
address-family ipv4
mdt source Loopback0
rate-per-route
interface all enable
bgp auto-discovery p2mp-te
|

mdt static p2mp-te tunnel-mte2

|
router igmp
vrf vpn_2
interface tunnel-mte2
static-group 239.0.0.1 100.0.0.100
|
interface TenGigE0/0/0/0
version 3
|
!
router pim
vrf vpn_2
address-family ipv4
interface tunnel-mte2
enable
|
interface TenGigE0/0/0/0

enable
|

2 v K b—Z(Zi%, MPLS-TE. RSVP, BLWIGP DR EDHMLETT, I v K L—FDE
Tary 7 4Fa2b— a3 7KDL TR £,

interface LoopbackO
ipv4 address 10.5.5.5 255.255.255.255

interface TenGigE0/0/0/2
ipv4 address 10.0.0.5 255.255.255.0

interface TenGigE0/0/0/3
ipv4 address 10.3.0.5 255.255.255.0

router ospf 1
area 0
mpls traffic-eng
interface LoopbackO
interface TenGigE0/0/0/2
cost 1
network point-to-point
interface TenGigE0/0/0/3
cost 1
network point-to-point
mpls traffic-eng router-id Loopback0

rsvp
interface TenGigE0/0/0/2
bandwidth percentage 100
interface TenGigE0/0/0/3
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bandwidth percentage 100

mpls traffic-eng
interface TenGigE0/0/0/2
interface TenGigE0/0/0/3

mpls ldp
discovery

targeted-hello interval 10

router-id 10.

5.5.5

address-family ipv4

discovery targeted-hello accept
interface TenGigE0/0/0/2
interface TenGigE0/0/0/3

T L—FOBEITRO L IRV FET, ZOREICIT. LAVPN, v/ LFFx¥ 2 b, BX

W IGP OFE
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e SENZ MPLS-TE &

RSVP LR ETHMLENH D 77,

RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router# configure
:router (config) # router ospf 1

:router (config-router)# area 0

:router (config-ospf-ar) # mpls traffic-eng

:router (config-ospf-ar-mpls-te) # exit

:router (config-ospf-ar)# interface Loopback0

:router (config-ospf-ar-if) # exit

:router (config-ospf-ar) # interface TenGigE0/0/0/3
:router (config-ospf-ar-if) # cost 1

:router (config-ospf-ar-if) # network point-to-point
:router (config-ospf-ar-if) # exit

:router (config-ospf-ar) # exit

:router (config-ospf) # mpls traffic-eng router-id loopback 0
:router (config-ospf) # exit

:router (config)# vrf vpn 2

:router (config-vrf)# address-family ipv4 unicast
:router (config-vrf-af)# import route-target 100:2
:router (config-vrf-af)# export route-target 120:2
:router (config) # interface TengigE0/0/0/6

:router (config-if)# vrf vpn 2

:router (config-if-vrf)# ipv4 address 10.0.0.1 255.255.255.0
:router (config) # route-policy pass-all

:router (config) # pass

:router (config) # end-policy

:router (config) # router bgp 1

:router (config-bgp) # bgp router-id 10.2.2.2

:router (config-bgp) # address-family ipv4 unicast
:router (config-bgp-af) # address-family vpnv4 unicast
:router (config-bgp-af) # address-family ipv4 mvpn
:router (config-bgp) # neighbor 10.1.1.1

:router (config-bgp-nbr) # remote-as 1

:router (config-bgp-nbr) # address-family ipv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in
:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr) # address-family vpnv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in
:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr) # address-family ipv4 mvpn
:router (config) # multicast-routing

:router (config-mcast) # address-family ipvié

:router (config-mcast-default-ipv4)# interface Loopback0
:router (config-mcast-default-ipv4-if) # enable
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RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router (config-mcast-default-ipv4-if) # exit

:router (config-mcast-default-ipv4)# mdt source LoopbackO
:router (config-mcast)# vrf vpn 2

:router (config-mcast-vpn_ 2)# address-family ipv4

:router (config-mcast-vpn_ 2-ipv4) #
:router (config-mcast-vpn_ 2-ipv4) #
:router (config-mcast-vpn_ 2-ipvi4
:router (config-mcast-vpn_ 2-ipvi4
:router (config-mcast-vpn_ 2-ipvi4
:router (config) # router igmp
:router (config-igmp) # vrf vpn 2
:router (config-igmp-vpn 2)# interface TenGigE0/0/0/6
:router (config-igmp-vpn 2-if)# version 3

:router (config-igmp-vpn 2-1if)# exit

:router (config) # router pim

:router (config-pim) # vrf vpn_2

:router (config-pim-vpn_ 2)# address-family ipv4

:router (config-pim-vpn 2-ipv4)# interface TenGigE0/0/0/6
:router (config-pim-vpn 2-ipv4-if)# enable

mdt source loopback0
core-tree-protocol rsvp-te
# rate-per-route

# interface all enable

#

)
)
)
) # bgp auto-discovery p2mp-te

:router (config) #router bgp 1
:router (config-bgp) # bgp router-id 192.168.1.2
:router (config-bgp) # address-family ipv4 unicast

:router (config-bgp-af) # address-family vpnv4 unicast
:router
:router (config-bgp) # neighbor 192.168.1.1

:router (config-bgp-nbr) # remote-as 2002

:router (config-bgp-nbr) # address-family ipv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in
:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr)# address-family vpnv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in
:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr)# address-family ipv4 mvpn
:router (config-bgp) # vrf vpn_2

:router (config-bgp-vrf) #rd 100:2

:router (config-bgp-vrf) #address-family ipv4 unicast
:router (config-bgp-vrf-af) #label mode per-prefix
:router (config-bgp-vrf-af) #redistribute connected
:router (config-bgp-vrf-af) #exit

:router (config-bgp-vrf)# address-family ipv4 mvpn

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-bgp-af) # address-family ipv4 mvpn
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
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interface LoopbackO

ipv4 address
!

10.2.2.2 255.255.255.255

interface TenGigE0/0/0/3

ipv4 address
!

router ospf 1
area 0

10.3.0.2 255.255.255.0

mpls traffic-eng
interface LoopbackO

interface TenGigE0/0/0/3

cost 1

network point-to-point

mpls traffic-eng router-id Loopback0

rsvp

interface TenGigE0/0/0/3
bandwidth percentage 100
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|
!
mpls traffic-eng
interface TenGigE0/0/0/3
|
mpls ldp
discovery
targeted-hello interval 10
|
router-id 10.2.2.2
address-family ipv4
discovery targeted-hello accept
|
interface TenGigE0/0/0/3
|
! vrf vpn_2
address-family ipv4 unicast
import route-target
100:2
export route-target
100:2

interface TenGigE0/0/0/6
vrf vpn_2
ipv4 address 10.6.0.2 255.255.255.0

route-policy pass-all
pass
end-policy

router bgp 1
bgp router-id 10.2.2.2
address-family ipv4 unicast
address-family vpnv4 unicast
address-family ipv4 mvpn
neighbor 10.1.1.1
remote-as 1
update-source Loopback0
address-family ipv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family vpnv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family ipv4 mvpn
vrf vpn_2
rd 100:2
address-family ipv4 unicast
label mode per-prefix
redistribute connected
address-family ipv4 mvpn
|
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
mdt source Loopback0
|
vrf vpn_2
address-family ipv4
mdt source Loopback0
core-tree-protocol rsvp-te
rate-per-route
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interface all enable
bgp auto-discovery p2mp-te
|
!
router igmp
vrf vpn_2
interface TenGigE0/0/0/6
version 3

|

router pim

vrf vpn_2

address-family ipv4
interface TenGigE0/0/0/6

enable
|

H&EE - P2MP-TE

RIZ, show mrib vrf vpn_2 route 2=~ F&ZMIL T, ~v R L—F TOSLFFv¥
A RHFHOREEDNIE LW E D D EMRT L0 2R~ L ET,

RP/0/RP0/CPUO:router4 show mrib vrf vpn_2 route

(10.0.0.100,232.0.0.1) RPF nbr: 10.0.0.100 Flags: RPF
Up: 00:00:38
Incoming Interface List
TenGigE0/0/0/0 Flags: A, Up: 00:00:38
Outgoing Interface List
Tunnel-mte2 Flags: F NS LI LVIF, Up: 00:00:38

Flo, TN N—=ZTOXILTFHY A M OREBEZHER T2 2 &b TEET,

RP/0/RP0O/CPUO:router# show mrib vrf vpn_2 route

(10.0.0.100,232.0.0.1) RPF nbr: 10.1.1.1 Flags: RPF
Up: 00:03:55
Outgoing Interface List
TenGigE0/0/0/6 Flags: F NS LI, Up: 00:03:55

Iz, show mplstraffic-engtunnelsp2mp =~ > KZEH LT, ~» K L—%TTE h> F/L
DHENLEN TV AN E I 0 E iR T AP 2R LET,

RP/0/RP0O/CPUO:router# show mpls traffic-eng tunnels p2mp 2

Name: tunnel-mte2
Signalled-Name: head mt2
Status:
Admin: up Oper: up (Up for 00:09:37)
Config Parameters:
Bandwidth: 0 kbps (CTO0) Priority: 7 7 Affinity: 0x0/0xffff
Interface Bandwidth: 0 kbps
Metric Type: TE (global)
Fast Reroute: Not Enabled, Protection Desired: None
Record Route: Not Enabled
Reoptimization after affinity failure: Enabled
Destination summary: (1 up, 0 down, 0 disabled) Affinity: O0x0/0xffff
Auto-bw: disabled
Destination: 10.2.2.2
State: Up for 00:09:37
Path options:
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path-option 1 dynamic [active]
Current LSP:
lsp-id: 10002 p2mp-id: 2 tun-id: 2 src: 10.1.1.1 extid: 10.1.1.1
LSP up for: 00:09:37 (since Fri May 25 22:32:03 UTC 2018)
Reroute Pending: No
Inuse Bandwidth: 0 kbps (CTO)
Number of S2Ls: 1 connected, 0 signaling proceeding, 0 down S2L Sub LSP:
Destination 2.2.2.2 Signaling Status: connected
S2L up for: 00:09:37 (since Fri May 25 22:32:03 UTC 2018)
Sub Group ID: 1 Sub Group Originator ID: 10.1.1.1

Path option path-option 1 dynamic (path weight 2)
Path info (OSPF 1 area 0)
10.0.0.5
10.0.0.2
10.2.2.2
Reoptimized LSP (Install Timer Remaining 0 Seconds):
None

Cleaned LSP (Cleanup Timer Remaining O Seconds) :
None

Displayed 1 (of 101) heads, 0 (of 0) midpoints, 0 (of 0) tails

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

KIZ, show mplsforwardingp2mp =2~ > REFEHL T, ~v R L—Z TOT~LOEI) 4T
R T PR L ET,

RP/0/RP0/CPUO:router# show mpls forwarding p2mp

Local Outgoing Prefix Outgoing Next Hop Bytes
Label Label or ID Interface Switched
64106 64008 P2MP TE: 2 TenGigE0/0/0/2 10.0.0.5 0

MPLS-TE #£5E O &%

MPLS TE FastReroute ') >0 5 LU/ — F{RE

E#H Y b— 1k (FRR) X, V7 BIO/ — ROEENS MPLS TE LSP #3572 D A
= AXLTE, BARICIE, EERA L FOLSP 2 —HVEE L, £DLSP ETHOF—
Z 7a—ElT 527 LSPO~y RZV R —Z 2 L EEXHfx 5= RY—=x
v RLSP O iz T LE 7, FRRIL, (REXIRLSP &, EENBEELLY V7 E/id/ —
RENANATDHENR Y 7T v 7 o FAMERETY L— 352 L1280, LSPEu— /U IE
HLET,

GE) FRRMWS0IVEEZBzDE, "I 74 v 7HENBETIHENDY £7,

LSPD/RADM—Y U T I2FHNANRRATHEN I T o7 N R, Vo I IRi#EEZRIE L E
To NAEDOY U ZIZEENRAELIZSG G, Ny 7Ty MoV LSPO N7 4 v I %
X AN KRy AV N— 1 T5 (EEORAELZY VT ENRA/RF5) ZEIZX->TLSP
ERELET, 6D hrxd, BEERA S FORI HMNZH D LSP DX T A b Ry
TGS D72, FZ7 A M Ev7 (NHOP) RN 77 v/ b EMEInE7d,

LIFoRIE, V7 Ri#EZKRLIZEDTT,
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8:) VU IRE

Next-hop
backup tunnel

R1 R3 R4
Next hop
Primary Frotected H
LSP's path link B

FRRIZE VD, LSP (kT 25 /7 — RE#ENIRt SN E T, LSP XA ORI A bRy T /— K
ENANATEHENRY T T Foxid, LSPXAD R T A Rk ) — ROWKRD ) — KT
LT, X7 A MKy T )= RENLANZRTH20, X7 A MR T A Ry (NNHOP)
Ny 2T 7 Mo EMEENET, LSP /NA LD/ — RIZFEERRA L5415, NNHOP
Ny 7T 7 NoRUNLSPER#ELET, BAEMIIE, BEOT v 7 AN —AIThHD /) —
R&EA =TI LT, BEORA L) — ROFAMDLSP E XD T 7 4 v 7 X7 A FFR
JARKRYyFIZYA—bRLET, £72, NNHOP Xy 7 7 v 7 b Ui, BEEORALREZY
VIBION) = REANALNRRTEZD, VU IEENLORELIRM L TWET,

PLFoORIE, /— FMREEZKRLIZHDTT,
®9:/— KR

Next-next hop
backup tunnel

.)'-____\_-""\-\.._\_
S S
/.-’

- -n\_h‘“'x._\_“_
“*».M_ o)
S . .8 &
R4

R1 Ra R3
Next-next hop
Frimary Frotected Protected
L5P's path link node
L ——

Backup tunnel
can protect against
link or node failures

59557

MPLS-TE #nx% 1%

MPLSTE#EEMHEIZ LD, TET~ULAA v F KRR (LSP) b R/V%, ks SAES: (SPF)
TNITY ZALZESWERNHRT— U =A 7r han (IGP) Xy hI—2ZHD U 27 L LT
WLPEC X £ 9, Intermediate System-to-Intermediate System (IS-IS) & Open Shortest Path First
(OSPF) OifFANIGP & LTHR— SN TWET, EEHEHET, xy hU—2NTOL—
Zpur— g AERR, —F V=2 ORI/ER TCEE T, L—F E—H i, MIC
A 2378 v 7% A CRLE CT&E £,

TOFER, TE hR/WUTIGP %y FU—JNIZY 7 L LTT RAZ A XEH, brpbd
S A SRBEEM T BNET, TE RAAL OIMUNEH DV —H1E, TE b L asB L, 20
TE PRV EFHLT, Xy "=V NThIIT T4 v T N—T 4 T T DHDORENRRA
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EHELET, TE bR A v Z—T = AT, o) 7 LEEEIZ, IGP Yy hT—Z KN
T RN A XENET, ZHCED, =L, IGPHOZINLDT RAK A XA N EAff
FALTSPFAEAETEXLL IRV ET, 2O &iE, ZHHLDT RAZA XA ERANTR
MO TE b F D~y R RTRWES L FREETT,

B EiE

HEMSEIE ClX, WESNTE N T 7 4 v 7 ICE SO THIRIE TR 280t £,
MPLS-TE H#8#HlilE X, X ThO~y R R —Z T2 DT~V AA »F K/3A (LSP)
ETBRESHET, MPLS-TE O HEVFIEIZ, ho RV A H =T 2 A AD LT T 4 v
L—hZEEHRL, b A L F—T oA ZADOHBIEDOY A XEZEH LT, R ND T
T4 w7 EEEBICEAZET,

MPLS-TE H @) kiE X, IROEREE FIT &£,

s hrxNVHAIL— OB Z2AR—) v T hRE=X LET
s —EOHIMICHE SN KDL — N 2T 52 LT, hrxuiiliiEs 4 ALE L
F9,

HEWHE ISR ESNZ, F T 74 v 7 =P =T ) o T ETHERDTITD gL
T, REWRERSEIERNRTA—HIZESOVTEYOH DLV — 370 v 7 & ET,
D%, FREOHIBNIEM SN R RKOFEM IV — ~, FTIERE ST 2 e KR o
EDONTILNTEEDNT, b RVEIRIE A B BRI PRl S v E 5,

B LW IIE CTLSP 2 HHii{b 42 & B LW S RBLRAVER S IVE T, B LA IEAME
A OYE, ERIOBEYRLSP G| SR snES, ZOHETE, *y PU—2ThT
T4 OREIIRAELEE A, PRV ORNETLITRROFEIEOENARE SN TS
B HEHEIC L > Ty 77U 7 SRR, 2D DEONIZINE Y £77,

h oV TOHS)L— ME, MPLS-TE HEMKIEA > ¥ —T7 =2/ X a7 4 Falb—va v
E— RN Tapplication =2~ R&MH L TRE S - EMR 7 b@d CIEE S v E 7, A I
S A<= —DBHRYINIZ /o7 & & B X ONVIE S 7= HkiE & BUE O HHRE o [ D 7255 H3 R
LEWMEZBX 2L X2, hrRARHRE(LINET, 20%, HHiEr - 7Aans )7
. WORBIBOH L RH AL — b GEESNET, bRy y Mo S, %#T
HEES SN EBE, RSN DI., b R WTIHIRRE OFHE T 7 v 7 ikEE
RV ET, oA nE@ifids e, @AMMRY vy banEd,

MPLS FS 04w Too=FYo5nT Yy 7RI )Y

MPLS-TE= U 7R b3 U THEREZ T 5 &, HEONEHY— v =4 7 a b= (IGP)
TYTELVUZEENDTE h RV EWENLTEET, £DD, ~y R FBX T —
NEY R NA—FNE—OT ) TIZFEET D V) BN 2 7,

T TV R— T, #EOZ Y TICE N5 TELSP 2R ETEET, ZOHA, ~v K
T RBLORT =V R 79 A v F K b—% (LSR) (FHA25IGP =V THNIZH Y F
T (FIHBEMEOEENG) HEOIGP =V 7 Ny IV R—U 2 FATT HBEKIL, v /LT
Y7 E Y TR TE RRETT, ZIUCED, 77 9T 4 7 SNDHEHROEDFHIR S 4,
SPF iR 4L 720, FFICEBO== Y 7 TRKEW WAN Ny 7 R—rRNoElsh b=y 7
WDV 7 Fl2id /) — FEFEOREN DR £77,
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WO, OSPF Z{#H L7222 ) 7RI TE *y h U —27 ZRLTWET,
10: ') 7fE (OSPF) TExy FT7—-O DK

.—-—___‘_-‘—-.___H
OSPF Area OSPF Area 0 OSPF Area 2

WKL, #ARHRL~LR (OS-IS) TE Ry hU—27 2R L TCWET,
B 11: LAJLRE (US-IS) TExRw R —O K

M 11 : LoULfi] (IS-IS) TE R U —Z MRk (65 X—) | ITRENTWDH LI,
R2, R3, R7, BLXOR4 TlE, V—F 4 7 & TENFRICET D 2 2DT —F _X— A )MRFF S
nNE4, 72& 21 R3 T, R2ICEE TS TE FaAR o DEHRIZL UL 1IS-ISLSP D 7 7
T4V & ., R4, RO, BLORTICEHHETH TE bR UEHRIZIL /L 2ISIS U 7 AT —
k PDU (LSP) (BXOMHE®DIS-ISLSP) MH7 7 vT 4 7 & FET,

N—R Ry Tk HT 5L, @O Y TICE7ND b rLEFERE{ETE, LSPO
~y Ry RO OSPF =V 7H L OVIS-IS L~ULNIZ A2V vaR » 74 MPLS-TE LSP 23l S/ %
X IRETAMEN RSN E T, =Y THNMPLS-TE Z 425 &, 7S2RWIZH S ABR
DN—R YV —A)N— R NEHETHIET, TUTHNT 74 v7 :L‘/‘/“:TU > 7 (TE) 7
L ALy F RRR (LSP) #RETETET, £0O%, (~y R N ESNATND) 3
J AN Ry 7 ABRICEIFET 572012, RO Y 7NT TELSP #llFINIHE D " A% BT 5D
= (F»ﬁﬁ@z)?% RIICHEiE 9 5) ABR OFELIZ/RY £9°, 7—/L= > KN LSRIZH|E
THEDIZ, T R TICER SN TS RED ABRIZ X > TR URIENFEI TS
7,

N—R By T T 55513, ROBEFRIEETLILENDH Y £,

e« (ABRDVU V7 7 RLREIIRABAIIZ) ABR / — FOL—Z ID Z$5ETHHLERH Y
F9,
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cHTZIUTHREENTNDLIYAT I T 2Ry NT—7NICEET 256, V—A Ky
DFRERHZ AR AZE RO H72012, TEOH 7Y 7 TMPLS-TE %2 A X — 7 WZT HNHE
N0 ET,

s VTR N U RNVOEERRERIIR AR A ERET HLERH Y 77,

R o—R—Z b RJIER

AU v—_—2 F V&R (PBTS) X, S FIF LI E SO TRED TE b x
W NT 7 4 v 7 BRIETE D A=A LTT, PBTS (. MPLS 3 L X MPLS/VPN * v b

U—IRECTEFRBIONT =4 N7 4 v 7 BRETDHA X —Fy b —ER a3 q F—
(ISP) X°, FE{LINT= BT RV —ERAERYMT DO N T T4 v I BNV —T 4 7T
BRI D ISP IC & > THESY B E T,

PBTS i%. BE/N7y FOSEEBCESWNWT M L Z2@8IRTHZE THEELET, 2 b
DOHEHET, r > FOIP 7L 5 A, Differentiated Services Code Point (DSCP; DiffServ =t —
RRA LV R) | ERFE4ATFH T —E 2 (ToS) 7 4 —/L RIZESWTWET, FF9 74 v
THREDOPRTEIL, 5BHRy NIV =T DHEBETHOTIEINRL, "I 747 7T ABILU%E
HFry NT—27 7 RLAIZHESWTIThiLE T,

NACRESNTZT 74V 87 Z A FEICEr (0) TY, FrEDiEk” 7 A% L CTEXMF
TELRWEEIE, 74V 8772 (0) BDRITENET, T 74/ 8T T AR2NGEE, /]
7y MIRESNTERBIRWIRE Y 7 A0 b 2 UCH L TR EET, PBTSIE. 1 2D TE
b FZEEA T BN TWDIRK T ETOEXPE (expl ~7) Z¥HR—FLTWET,
WOBIZ PBTS X hU—27 FARB V2R LET,

12: R)O—R—X b RILBIROERE

Neatwork Natwork
20.0.0.0'8 30.0.0.0¢8
Loopback
1.1.1.1/32

55 NON-REAL-TIME-AF11
RACTIVE-AF21

s5_REAL-TIME-AF31

LSP_|Ingres4o-Egrass VOICE-EF
LSP_Ingrasdo-Egrass BEST-EFFORT-BE

36229

o o glE, LSRI-2EB L LSR1-3-42 %2 %N L TCASN / — REH TS 7 — FREICER X
nE4,

ABLENES DEWN T 7 ¢ v 7 1E, AJI->LSRI->LSR2->H 1L WIH 2% &0 ET,

o ORI DR T 7 ¢ v 71X, AJJ->LSRI1 ->LSR3 ->LSR4 ->LSR2 > tH /1L H X
A& LD ET,
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PBTS #EEMD 54
kD PBTS HEREN L —Z THR— FENET,

*PBREREEZMHAL CNA—IVEIERTHILET, AN T 74w 052 3FEERT TR
BT 5,

IPv4 BELOIPV6 b T 7 4 » 7 DM HFIZOWTDSCP/AP Lo F U ABFEHA LTy b
T 5,

¥, BRIDIRIE T T AEZEX A TDOANNINT 7 4 v JIZHRET D,
h o RVREEFH LT, 585812 1 D F 721385 D MPLS-TE b RV &2 EET D,

o MY RIVERE T MPLS-TE b > RVEFFE DHRE 7 7 AZBIEA T 5,
CRESNESEL— AV EFERT 52 R O—2WH LT, AN F—T = AT
PBTS ZHZ02T %,
KDY A NZ, PBTS DY A — MEHREZRL TOET,
« PBTS IZ, Ipvd/Ipv6 {5 N7 7 4 v 7 TOHYR—hInET,
BT VT 4y T A1 DB VIRK S DDEEY T AN R— b SIET,
« HHRE T T ANITIRK 64 D TE 2 RARYHR—hIhET,
« K64 DTE F o FNEFTEDFIICHETE £7,
cEETNMERNT T4y 7T AR— PSRN TWEREA,
« L2VPN/L3VPN F T 7 4 v 72K % PBTS I3V AR — F &N THER A,

PBTS #x3% YV 5 X

T T Ay FNIEARRIA T Oy ML TERSH., ZNbD 7 T A~y FIHiREs 7
ANZEEMITONET, 7 TRy FNIFEDH A TDNT T 4 v 7 BT 5720 0—FH
WATERL, BB TAFXINGDO/ Ny FPRDREIRIENRNAZERZLET,

I TAy TINKRY — vy TNORIE Y T ABHEA T bz tk, 7 7 A~y FI—&KT 5
Ry MITRT, R v—< v 7 TERINZEBYICEIESINE T, Fry FRKER%E Y
FACK L TWMAREM N T 74 v 2oy =T V7 (TE) bt A H—T =z AR
WZ. TEA VX —7 = A AZHRINC (£720157 7 +/V MEOGEIIRFERAGIZ) k7 v—7
BT D Z EiIC Lo THRESNE T,

TEA VX —7 = A AWNRET T AZEEMIT STV AEA1E, auto-route=~ > RAEFHH L
TN—T 4770 haEya— VIl AKR—=FCT&ET, ZNIZED, FIBT—XX—
ANDL—ERZNHD b UM T b ET, TEA VX —T = A ADHREY T A &
BIZREICBEAT T S TW WAL, 7740 b7 7 X (0) (ZBEfT bivES, 7T
DIETEA L H—T = A RE, =T 477 halilloT7 49— 47 FL—|Z
N—T 4T INET BRE7 TRAXT 74V NI TRACHEESNET)
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=% =R

MPLS-TE ~@ RSVP ()= it

YUY —2FH7a baj (RSVP) 1. VAT LICLEDRYy hT—I 6D ) J— A FHRER
ZAREICTHY /T U s 7 a ha T, RSVP I, MO AT A0 7 hajl Ay
T—UERMEL, ANV T TAT U NN Y —RERELE LT, Fr hal X vke—
CEARLET, BARELT, VYR, va—AABLIRNIE—N T4 T FORDYIC
T—H# 7=l TRENET, RSVPIX, 26DV Y —ATHEER, RTELOHIBRL
7
MPLS N7 7 4 w2 =2 y=7 1Y/ (MPLS-TE) (X hRu L xy U —27 N HAEE
7)Y —AEFE L HEEREDY Y —RAE L Ry U= UV —RIZHESNT T T 1 v
J7a—EREONRAC v 7 LET, MPLSTE Tlt, 73UV AA v F K 3% (LSP)
DT Y —=AMNBIEIE~DOHIF A b RV DPEEI N, TOH% ST 7 4 v 7 OEEETHEA I
F£9, MPLS-TE TlE, RSVP Z#fEHHL CLSP 2> 7 F VU7 LET,

« RSVP % f#i il L7= MPLS LSP O#%E (69 ~<—7)

« MPLS-TE H{ RSVP Ofre D (70 ~—2)

« MPLS-TE /| RSVP D% E (70 ~=—)

« MPLS-TE /] RSVP OF&REDFEM (77 ~—2)

RSVP #{#F L - MPLS LSP & E

KOKIL, MPLS BB T TE Il CX 5 /L—% R4 4/ L C/L—% R1 7>5 LSP 7% RSVP |2
FoTEDEHITEREINDINERLTWET,

13:RSVP % {EFA L = MPLS LSP

Ingress Egress
LSR Path Path Path LSR
ﬁ B —— ﬁ -« -« ﬁ
Ri1 RESW R2 RESWV R3 RESV R4
Label = 17 Label = 20 Label=3
Ingress routing table MPLS table MPLS table Egress routing table

23133

In Out In Out In Out In Out
IP route | 17 17 20 20 3 3 IP route
LSP DX EIXLSP D~y R/ — RN, 77—/ /) — RIINRAA v e—U 5K [ET L MmN E
Ty NAAE—VIZLY, &/ —F~ONRRZHH>TY V—ARTFRIN, &/ — KTty
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MPLS-TE ~ RSVP =% |

B wveistE A RSP oo BE

MPLS-TE

MPLS-TE

Va BT DT RARAT — BMERSNET, T ) — KPR Ay —Uk%
FdasL. 7UL4EDFHK (RESV) A vt —V%EMMO ./ —RZELET, FL—FDF
FURREIZ Y 7 MIRRE L R sivE T, DF 0, REBEZMERT 57201213, FAy 7 TESN
PATH A v & — & RESV A vt —V2EETHMNENH Y £,

THRIA v E—URERIO  — RIZEFETLH L, TRINEY Y =2y 7 Sj, kT b
U, =N R )= R EEESNDIMPLS 7L T7 /7 AESNET, #H LUVMPLS
TAULINEID B THI, RO —RKDOT v 7 A RN —AZEESNET, PRAvE—UN
~y R J—=RIZBEETDHE, TR T 0T T LE L, MPLS T —# BN XACEE SN E T,

RSVP D #ERED =

ZDEY I a T, MPLS-TE JHRSVP O & F S Fofe D EL> R L ¥,

RSVP L, MPLS-TENRHRESNDHA L F—T = A A THEWIIA X—7 M ENE T, HEhE
% $i> MPLS-TE LSP TiZ. RSVP HlEZ A v X — T = A A THETHLENH Y £1, T
T D MPLS-TE LSP 23 € = #llkiE D554, RSVP 2k ET 2L E ITH D /A,

RSVP 7' L—A 7)Y 24— M, @Al HMEZ#ER L, RSVPTEX S/ —F TRy hU— 7 [

FERITHA N— D RSVPAIREBE A FE CTE L L9 LET,

RSVP TlE, V7 by iaXyvt—VaEMICEET L2 LIk -oT, LSP Y7 Tk

IR ESNANAE TRREZTHTILERHY T, V7 by aXyt—T1%L, RSVP

%4A—WT% ExFIT 5720, BIOEDILZRSVP X v =V biERERIET L7290
WEASNET, RSVP U 7 Ly v o HIBEERE ClE, A v E— U B Rbi S I Wiz k(G

éhéﬁﬁ%@ﬁm%/t TR — bwaiTo%VU—U7Vyv1%yt—9K
C ZEOREEZTH L, REOEFICNE R A v —VOEERO TI2dOFERNEENT

miTo

RSVP A vt —V%FEIEL T, [BEHTEDLI XA NRN—DHANTFRERETEDHLHIICTHZ LN

TXFET,

MPLS-TE f RSVP DIEREDZEMMIZ SV CiE.  [MPLSTERREIZ %35 RSVP GEH) | 22 R
LTL7Z&EW,

RSVP D&% 7E

RSVP IZ, WL O D/L—F TOFEENMLET, LSP 2R ETH7-0 RSVP A vtE— T DOAIHL
ST UET, RSVPERETAITIT. IRO2ODRPMEZA L A h—LTAHVENRHY F9,

* ncs540-mpls-2.0.0.0-r601.x86_64.rpm-6.0.1
* ncs540-mpls-te-rsvp-2.0.0.0-r601.x86_64.rpm-6.0.1

RIS T T, RSVP TIE, RD P w7 TiHT 20 DO FERFRE NS TT,
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| MPLS-TE ~® RSVP D%

RSVP A v t—

RSVP 2 vt —osEn s n—ngkE |

:);nu\nlEa)g A— \)l/'n'-.—'

RSVP FBFHAEEEIZ L W, RSVP Ry NT—T7 DR A N—L, BEpNy a7 VTV XL%EfE
HALT, #mf@R&Wyﬁf)/&f/ﬁ~v%7v&w1wﬁfgi¢ Z DAL,
RSVP A vt —YDRSVP A T 7 VT 4 AT V=7 Fa@H L TCRSVP &y 7 2 LIZETE
NEF, A7 0740 A7 V=27 MZiE, $—ID, AvkE—VDL—FrrxFE, BIWY
F—ffEAY -V FAA T A INREENTVET,

F—Fxz—r, FGEHTEXDHMORSVP XA RN—L DX )T 4T VT — 3 %RSVPR
%ﬁ#é%ﬁ(?47&4A)\MfﬁEL<&<T%QET%éR$mw£ﬁ&%/ﬁ~v
DRI (T4 RUPARX) 7ol AN TA—FDOIEE 7 a8 — VIR ETXET,
5DFT 7 H )V ME, ERAN—FTFA X —T = ATHERSINE T,

=1 —]

nXiEﬂm

ZOBITIZ, V—Z TRANRNTA—F 2 7 a— VIR ELTWET, Rk —F =—>, 7
A T7HEA L, U4 YA ;K%fiEI{fwunE/\f7,% “‘57%EﬁﬂiﬁzL/7:b\§E7T} ZDHRT %fgé??jr
HENC, ANeF—F =— VR ETHLERDHY £,

RP/0/RPO/cpu 0: router# configure
RP/0/RPO/cpu 0: router (config)# key chain mpls-keys
RP/0/RPO/cpu 0: router (config-mpls-keys)# exit
RP/0/RPO/cpu 0: router (config)# rsvp authentication
RP/0/RPO/cpu 0: router (config-rsvp-auth)# key-source key-chain mpls-keys
RP/0/RPO/cpu 0: router (config-rsvp-auth)# life-time 2000
RP/0/RPO/cpu 0: router (config-rsvp-auth)# window-size 33
=3

aits

RO~ FEER LT, RN T A —FOREZHERLET,

RP/0/RP0O/cpu 0: router# show rsvp authentication detail

RSVP Authentication Information:

Source Address: 3.0.0.1
Destination Address: 3.0.0.2
Neighbour Address: 3.0.0.2
Interface: HundredGigabitEthernet 0/0/0/3
Direction: Send
LifeTime: 2000 (sec)
LifeTime left: 1305 (sec)
KeyType: Static Global KeyChain
Key Source: mpls-keys
Key Status: No error
KeyID: 1
Digest: HMAC MD5 (16)
window-size: 33
Challenge: Not supported
TX Sequence: 5023969459702858020 (0x45b8b99p00000124)
Messages successfully authenticated: 245
Messages failed authentication: 0
FEIR R

e 4 H—T A ZATORSVP BIAFDHE (72 2—2)
o 1A /X—"T® RSVP FFEDFKE (73 X—)
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* #unique 60

R —T A AXATOHRSVPEEEINDERTE
A B =T 2A AT, ¥—Fxz—r, FATHA L, V4 NUHh A X525 RSVPIRGE/XT

A=A DEEBEMICRETXET, /¥ —T A AEGOHIAE/F A —H T, 250 RSVP
A NR—TRHEDA L EZ—T A ZADETX2 Y T 4 LT AHA-DIFEHLET,

SR E

ZOFITIE, /{1 HF—T 2 A AT, FifFx—FT =z—r, EFX2V 747/ —2a3DTA4
THEA L, BEXOT 4V R A RXERELTCWET, AR F—Fz—0 B, ZOXATD
—HRL LT TEDL LT TICREESN TV DALENRDH Y 17,

RP/0/RP0/cpu 0: router# configure

RP/0/RP0/cpu 0: router (config)# rsvp interface HundredGigabitEthernet0/0/0/3
RP/0/RP0/cpu 0: router (config-rsvp-if)# authentication

RP/0/RP0/cpu 0: router (config-rsvp-if-auth)# key-source key-chain mpls-keys
RP/0/RP0/cpu 0: router (config-rsvp-if-auth)# life-time 2000

RP/0/RP0/cpu 0: router (config-rsvp-if-auth)# window-size 33

RP/0/RP0/cpu 0: router (config)# commit

TR

WD a< KafEH LT, #RENNT A —HZ DF ﬁ?%ﬁﬁ@mﬂl/EE‘f

RP/0/RPO/cpu 0: router# show rsvp authentication detail

RSVP Authentication Information:

Source Address: 3.0.0.1
Destination Address: 3.0.0.2
Neighbour Address: 3.0.0.2
Interface: HundredGigabitEthernet 0/0/0/3
Direction: Send
LifeTime: 2000 (sec)
LifeTime left: 1305 (sec)
KeyType: Static Global KeyChain
Key Source: mpls-keys
Key Status: No error
KeyID: 1
Digest: HMAC MD5 (16)
window-size: 33
Challenge: Not supported
TX Sequence: 5023969459702858020 (0x45b8b99b00000124)
Messages successfully authenticated: 245
Messages failed authentication: 0
ESPERCRS

*RSVP A v B —YRAED 7 m—/LEGE (71 =)
* XA /X=TODRSVP BAEDHE (73 ~—)
* #unique 60
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*4/{_—60) RSVP n:L,\niEo)-nH-l

XAN=T, F—F ==, TATHA L, Va4 RUYA XZEZTeRSVPRRGE T XA —Z D
AR ETEET,

SR FE
ZOFTIX, RSVPRANN—T, Hifx—F =z—>, X2V 747V x2—2a9DT74(7

AL, BEXOT 4 U R A XEZHELTCWET, AT —F =00, ZOXATD—
MELTHEATEDIIICT CIIHRESNTWVILERHY 7,

RP/0/RP0/cpu 0: router# configure

RP/0/RP0/cpu 0: router (config)# rsvp neighbor 1.1.1.1 authentication
RP/0/RPO/cpu 0: router (config-rsvp-if-auth)# key-source key-chain mpls-keys
RP/0/RP0/cpu 0: router (config-rsvp-if-auth)# life-time 2000

RP/0/RP0/cpu 0: router (config-rsvp-if-auth)# window-size 33

RP/0/RP0/cpu 0: router (config)# commit

i

RDOAa~y R LT, BT A =2 ORELHRLET,

RP/0/RP0O/cpu 0: router# show rsvp authentication detail

RSVP Authentication Information:

Neighbour Address: 1.1.1.1
Interface: HundredGigabitEthernet 0/0/0/3
Direction: Send
LifeTime: 2000 (sec)
LifeTime left: 1205 (sec)
KeyType: Static Global KeyChain
Key Source: mpls-keys
Key Status: No error
KeyID: 1
Digest: HMAC MD5 (16)
window-size: 33
Challenge: Not supported
&R R

¢RSVP X v —UBAED 7 a0 — N LR E (71 X—)
e L H—T 2 A ATDRSVP BIFORTE (72 2—)
* #unique 60

GL—RXITILYRAEZ—FDETE

RSVP 7' L—A 7)Y 2% — MNE, @AMt (HA) ZHERT2720OD A =X N Z 4L T,
CiscolOSXR V7 Y = 7 52 F(TTH VAT ACEEREZREBLORECTCES LI,
VAN T T =T 4 T P —EREFEBLET, RSVP V' L—RA T )L 2 — M

RSVPhello A v & —IIZHESNTEY . RSVPTEX G/ —F TRy b U — 7 [EEHIC KA /N—
225 RSVPIRFEME M A RIE T 5 L 512 LE 7, RSVP TiX, hello A v t&— D Restart Cap
47 V=2 b (RSVPRESTART) #fEH LT, /— ROFEEBKEIIEL T KX A X T 57201

Cisco NCS560 ') —X JL—% (CiscolOSXR ') ') —RX 71x) MPLS 3> D4 ¥alL—> 3> (4 F .



MPLS-TE ~ RSVP =% |
. TJL—RTILYRE— bDRE

LB & RERREZEELE T, A3~/ —Rid, BEE/ — RT3V —F 447 R
F— N & [EET H 7DD Recover Label 7V =7 hEEHET L LT, FikE) ) — RE2 kg
L/i‘é—c

/J—FID7 RLVAXR—=ZDhello X vE— IHISIBEIET L —RA TNV AL — NEFHTET D
T AV E—T 2 A AT KL ARXR—=ZDhello A vEe—JIZEIL A v F—T 24 AR—
ADTVL—ATNY AP — R NeBRETHIELTEET,

& EHI

ZOFITIE. kv NT—2 FD—HF ) — RTRSVP-TE N T TICHANC > TE Y . EE)
SAETE AL IICN—F ) —RTITL—ZAT VY ZAZ— EPEHENIR> TWHLERH Y £
Ty JL—ATNYAF—1 & A#H72/—RIDT KL AR—=ZD hello A vE&— 1% LT
Ta—rNUIREL, A v Z—T 2 A AT RLARX=ZDhello XA vE—V %V R— b 57
OINV—F A H—T o ATHRELET,

RP/0/RP0/cpu 0: router# configure

RP/0/RP0/cpu 0: router (config)# rsvp

RP/0/RP0/cpu 0: router (config-rsvp)# signalling graceful-restart

RP/0/RP0/cpu 0: router (config-rsvp)# interface HundredGigabitEthernet 0/0/0/3
(

RP/0/RP0/cpu 0: router (config-rsvp-if)# signalling graceful-restart
interface-based
RP/0/RP0/cpu 0: router (config)# commit

R
WhDa<y REFERALT, JL—AT7 V) AZ = PNENI>TNDEZ L 2R LET,

RP/0/RPO/cpu 0: router# show rsvp graceful-restart

Graceful restart: enabled Number of global neighbors: 1

Local MPLS router id: 192.168.55.55

Restart time: 60 seconds Recovery time: 120 seconds
Recovery timer: Not running

Hello interval: 5000 milliseconds Maximum Hello miss-count: 4

RP/0/RPO/cpu 0: router# show rsvp graceful-restart neighbors detail

Neighbor: 192.168.77.77 Source: 192.168.55.55 (MPLS)
Hello instance for application MPLS
Hello State: UP (for 00:20:52)
Number of times communications with neighbor lost: 0
Reason: N/A
Recovery State: DONE
Number of Interface neighbors: 1
address: 192.168.55.0
Restart time: 120 seconds Recovery time: 120 seconds
Restart timer: Not running
Recovery timer: Not running
Hello interval: 5000 milliseconds Maximum allowed missed Hello messages: 4

ESPERCRS
* #unique_60
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~ NATNET =L =
1y Ly aHlBNDEE
RSVP U 7 L v allliL. &7 /v N THZIIA > TE Y. Resource Reservation Protocol
(RSVP) v 7SV DEEEEED TRy NT—T DT —< AL A vE—URUED
fEgEttEzmbELEd, V7 Ly o, %34 X—THR—FEINTVDIHAITRY ., A
N—TEHENET, LEIZJSUT, A F—T A AT 7Ly v aflifizEdhcdso L
HLTEET,
Bi#at]
ZOBTIE, V7 Ly v allBEE CHEH T2 8T ERRNTA—XERET DL HEERL
F9,
WDINT A= EHRE LT, TOT 74V MEEZEELET,
« THTHMRE
e J—RTHARIND, kb 7L vy aXvbv—V0
o FAIEEREH
o FERRICE PREFREH
s FERINE A v — DY A X

cHTY— YT Ly va Xy E—VOPA X

RP/0/RP0/cpu 0: router# configure
RP/0/RP0O/cpu 0: router (config)# rsvp
RP/0/RP0/cpu 0: router (config-rsvp)# interface HundredGigabitEthernet 0/0/0/3
RP/0/RPO/cpu 0: router (config-rsvp-if)# signalling refresh interval 40
RP/0/RP0O/cpu 0: router (config-rsvp-if)# signalling refresh missed 6

(

RP/0/RP0O/cpu 0: router (config-rsvp-if)# signalling refresh reduction reliable
retransmit-time 2000
RP/0/RP0/cpu 0: router (config-rsvp-if)# signalling refresh reduction reliable ack-hold-time

1000
RP/0/RP0O/cpu 0: router (config-rsvp-if)# signalling refresh reduction reliable ack-max-size
1000
RP/0/RP0O/cpu 0: router (config-rsvp-if)# signalling refresh reduction summary max-size
1500

RP/0/RP0/cpu 0: router (config)# commit

ACLR—RX TJLIA4YIRITAILEZYTDHTE

JEBET 72 A ) A b (ACL) ##%EL T, RSVP L—% 77—k (RA) /N7 Tl
DIFZHRE, Fu v 7 F3FETTEET, %516 RSVPRA /X7 v MIHDOWT, RSVP
TIE, P~y X —ZRAEL, BEILIPT FLUAEZIISEEIP 7 FLU R LPLE ACL THE S
N7 V7 497 AEDOBREEITVET, BURMZRTLIRORIES b WEAE, 7741
FCIX, ACLA V77 A NI 7 F X IIRERNREGREZEKLET, 774/ N TlE, ACL —%
WL VR (T 740 b)) HEENREINTZEE. RSVPIZL D Ny y MBS E T,
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SR FE

ZOWHITIX, RSVPRA NN » MIXTHACLRX—AD TV T 4 v T AT AIVE) T EHRE
LE9, RSVP TEETLT FL A 1111 B RA T » FEZE LEBRAITFDO Ny v MMz
BEEN, IPT RLR2222%5CONNry MIRue vy 7 EnET,

RP/0/RPO/cpu 0: router# configure

RP/0/RPO/cpu 0: router (config)# ipv4 access-list rsvpacl

RP/0/RPO/cpu 0: router (config-ipvéd-acl)# 10 permit ip host 1.1.1.1 any

RP/0/RPO/cpu 0: router (config-ipvé4-acl)# 20 deny ip any host 2.2.2.2

RP/0/RP0O/cpu 0: router (config)# rsvp

RP/0/RPO/cpu 0: router (config-rsvp)# signalling prefix-filtering access-list rsvp-acl
RP/0/RPO/cpu 0: router (config)# commit

R

ACLR—Z VLT 4 v TR T 4 )VE ) T DOFEDRER

RP/0/RPO/cpu 0: router# show rsvp counters prefix-filtering access-list rsvp-acl

ACL:rsvp-acl Forward Local Drop Total
Path 0 0 0 0
PathTear 0 0 0 0
ResvConfirm 0 0 0 0
Total 0 0 0

&R R

*RSVP /X7y b Ry 7ORE (76 X—)

O > O =L
RSVP /N4y b FOY TNEKRTE
WaRT 7 2 AHI# U 2 b (ACL) Z#&%E LT, RSVP/L—% 7F—Fhk (RA) /N7y kTl
OB ZHRE, R v FREFETTEET, T 740 F Tk, ACL & ORA TRIERI 7 HE
HENEEINTZGETH, RSVPIZZEDRA Xy v FEAE L E9, ACL & OEA CHREERA 22 HH
B2 o2 AITIERA R Yy b2 Ry 7559512, RSVPEHRETHZ EbTEET,

SR E I

ZOMITIX, RSVPRAX7 » MIHTBHACLR—RADTF LT 4 v T AT A NE ) T HHRE
LEd, RSVP TEETT FL R LLLLI S RATY v FEZE LEEAILFO M v Mids
FEEN, IPT RLR22225THO/ Ny MIFuy 7E&NFET, ACL & ORE THEREY /4R
N2 T2 5E810E, RAXTYy MIkny7FEinnEd,

RP/0/RPO/cpu 0: router# configure

RP/0/RPO/cpu 0: router (config)# ipv4 access-list rsvpacl

RP/0/RPO/cpu 0: router (config-ipvé4-acl)# 10 permit ip host 1.1.1.1 any

RP/0/RPO/cpu 0: router (config-ipvé4-acl)# 20 deny ip any host 2.2.2.2

RP/0/RPO/cpu 0: router (config)# rsvp

RP/0/RP0/cpu 0: router (config-rsvp)# signalling prefix-filtering default-deny-action
RP/0/RPO/cpu 0: router (config)# commit
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RsvP 5 v Joant [

WDa<y REFEALT, RSVP X7y b Ry 7OREEZHERLET,

RP/0/RPO/cpu 0: router# show rsvp counters prefix-filtering access-list rsvpacl

ACL: rsvpacl Forward Local Drop Total
Path 4 1 0 5
PathTear 0 0 0 0
ResvConfirm 0 0 0 0
Total 4 1 0 5
cACLR—R F LT 49T ATANEY L TORE (75 2—2)

RSVP 5 v DAL

MPLS-TE

RSVPMIB % %3425 Z LT, SNMP 2 LC, RSVPIZETH4 7 V=7 MIT 7 BAT
FET, Fo, HLOWT o —OIERETITHIRIFIC Y H—Sb 2250 87 v (NewFlow
& LostFlow) Z#EE T& £4, RSVPMIB X RSVP A4 1245 & HEFNCAHRNC 220 £
23, RSVP 7 v FI3BNCHINCT DM ERH D £7°,

REH

ZoFNE, 7 u = IR E 2IIER S N2 SAE ORSVPMIB k7w T2 AT D HIEICINA
T MAGD Ty TN 2HELRLTVET,

RP/0/RP0O/cpu 0: router# configure

RP/0/RP0O/cpu 0: router (config)# snmp-server traps rsvp lost-flow
RP/0/RP0O/cpu 0: router (config)# snmp-server traps rsvp new-flow
RP/0/RP0O/cpu 0: router (config)# snmp-server traps rsvp all
RP/0/RP0O/cpu 0: router (config)# commit

RSVP 0D HE D &+l

RSVP J L—R )L X3 — DENE

RSVP 7' L—A 7 LY 24— M, RSVPhello A v E—IICESE £ 7, hello A v E—IF,
N—B EEDIXAN—=) — RO TEZIINET, H1A 3=/ — &, helloBRA TV =
~E&ETehello A v —V 2B L THEITTE £, hellofiiska ¥R — F 9% L — 3, hello

W (ACK) 47 Y= Fa&ivhello A vE—UTRELET, HEM — RpkEEORIE
ZYR—FLTWDLGEE, /— FOMEEIEREZ R RestartCap 47 2= 27 b+ % hello A v —
VTBRIESNET, Restart Cap 47 =7 b TlE, FREENREE & FHEREF A E STV E
3, AR, hello A v B — U3 kDTS RSVP hello & v & 3 V2T HET
DT, BRI, hello X v & — YV OHMESIZITZAZEH INREL BRI 5 TEM
DM 2 R T,

T —2A 7)Y 2% — FTIL, hello A vE—1F, 64 D IP Timeto Live (TTL) TEEINF
T, ZHUL, hello A v B —TDFENEAR Y THEND Z ERHDHT-DTT, L —ATL U
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AL = FIPA R =TT, RSVP AT — FRRAN—LIEFINL5E . hello A v E—Y

(Restart Cap A7 ¥ = 7 M & &Eie) 1L RSVP XA —ITik(E é#’biﬁ“o Restart Cap A7 V=
R 2ASRSVP R A N—I|ZEE SN DHEEIT, A /N—0 RestartCap 47 V= 7 h & FLrehello A >
TV TIRETDHE, TDORAN—TTL—AT L) AZ—FA[REE RSN ET, RA 13—
23 hello A v EB—UIZSE L WEGA, £7E Restart Cap A7 ¥ =7 & H £ 720 hello A >
T DITRE L2 A . RSVP X, ZDFRA /S—~D hello DEFEZE /Sy 747 LET, hello
Request A v B— U DAHIRA N—=0 525 SNTHE, hello ACK IZIRENEH A,

RSVP 23

X NU— 7 EHE T, RSVPEREZET VAT A0y bE&HIETL2EX20 7 4 R4
A U EHENLTE DREREN M ECY, RSVP iGEEREA 35 &, RSVP Rry hT—27 DA
N—X, BNy VarBH LT, 7 XCTORSVP 7 F U T A ytb— /LT//E{/I/%%
TEET, ZHUTEYD, RSVP A v =YD EMNL, EEMOIPT RUVAZIFICEHS Z &
<, Avb—VoOREREHETEET,

B4 1L, RFC2747 TEFEINTWHRSVP A vE—VDRSVPA VT 7 VT 4 AT V7 b
TRSVP ARy ST EIZFEITSNET, A7 7 VT4 A7 V=7 ML, ¥—ID, Avt—
PDU— U AF S, BEOFAERA T HAA VA IR EENTWET, ZOHAT
L BAERA v =V E AL ’iﬁ“éf%%%ifiw SNET, EL, ZEWT, %15 LIZRSVP
%/t~yW@7/&wz%%%afét ik, EEMTHEAESNEEX 2 YT 0 F—FH
BT OMERDY ET, Xy bT— &ﬁﬁ%i HHR Y NT—27 DK RSVP R A N—THAT
@ﬂF FFE)THRELET, EEM /XTAkxF{EI I> 27 LT, AT LHKFAEF—D '
X2 U7 7Y —rarPiiRisnE T, SEIEREXF2V T4 TV —T a0 N
TA=ZDOFFMZONTIE, EFa)Ta4 FYPI—23 0 NFA—2DORESR LT
SV,
X UV RTPARBIOTA 7 H A bEELTXTORIAT A—FIH LTI A
VT T HN PERETEET, INEDT 740 ME, HRAN—FIZFA o F—T = X T
PAEA X ET D & ZITHARESNET, 2L, ZNHDONRT A—=F[FERA N—F T3 A ¥ —
T oA ATHEBITHRETETETN, ZOE/ITITe— Ul @BREMEZITT 74V ME) |
R SILEE A,
AVHE—T 2 AE—RBIOIRANR— A v FZ—T = A X E— K, PRIOICHEES LT
BRWERY  ROE I, Fr— b a7 4 Fal—rvay B— RRnbRT A= &KL
£7

VAV RY YA XL, LITRESNET,

-ﬁ@mmm_ﬁiéniﬁ

» key-source key-chain =~ > KX, none £721%7 4 E—7 MR EINET,
WIZ, Z7a—rb, A F =Tz A, FTFAAN—arT7 4 Falb—vary E— NDiE
RHEEZRLUET,

=N a7 4 Falb—varyEF— NI V—FPHE—OEF2 VT 4 FALUZ

BT A% AICRE T (o 2, 7HA4&%37ﬂ%5@?/F®*%&ET¢)

H—odfg%— v ML, ¥ XTORSVP X v E—OGRCER SN ET,
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mpLs-Te 7 Rsvp i sz ]

AU H =T 2 A AENIRANRN— 2T 4 Falb—var T— NI, L= EHEDE
X274 RAL VBT AHEICHEETT, X, e M X — L—FR 7n
NA X —x Y (PE) IZHET AHAEC. PERZ v VT A AT HETY, 2
Hh¥—wfHTEETN, LHIITEEREA,

X2l T4 TV =gy (SA) 1L, BT L OLERBIELHRT 27D EHR
DAL rarTT, ORI, X2 T4 TV —2 gV BERTAHAFERTA—F %
ARLUFET,

R2:EFAVTATIVI—2a0DINTA—4

tXa)T4 TII—23 0N A—4 |

sre EEITDOIP T FL A,

dst EAEHY i e D IP 7 R LA,

interface X2 T 4TI =g DA A —T =
A A,

direction X T TV — g DOEEEIT
ZEXAT,

Lifetime REFAOEF2 )T 4 TV o= gy T
X DOIEEIZHER N DB X A ~—Df,

Sequence Number FEEETI1TZIE (direction DX A7) i~
Kt D —r v AEK G,

key-source BEARBNRTA—ZDX—D Y — A,

keyID BRI Sz —F 5 (key-source 7> H i
EhET) .

Window Size G £ TR THRETE DFERAA v

=V ORRKEEREELET,

Window ZEFTITZ T AN SN/ 1% D window size
EOY— o AFZEFERELET,
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MPLS 0AM ) 3E 3

MPLS {&5Fi#E A H (OAM) 1%, MPLS % v hVU—27 OEEREE N T TNy a—T 0 U7
BTIHET, ZhEHEHTHZE T, =X Fu M X —3T7~L A1 vF F/8Z (LSP)
HZE=ZHXLTMPLS 74U —7 4 7 OEEZRHEICIRHCX EF, ZOEFY 2—/L T,
MPLS % v hU—27 OEERIE T TV a—TF 4 71 T& 5 MPLS LSP O ping F&HE
& traceroute BEAREIZ DWW TELBA L £ 97,

« MPLS LSP ping (81 ~X—7)
» MPLS LSP traceroute (83 ~—<”)

MPLS LSP ping

MPLS LSP ping ##E % {#fH L C. LSP ® AJJ LSR & HiJj LSR MO##i # fex8 L £ 7, MPLS
LSPping (. Internet Control Message Protocol (ICMP) DT 2 —HR X vt — Y LIEE A v —
T LRBRIZ, LSP DFRFEIC MPLS = —DER A v —V L SEA v — VA M L E T,
ICMPO T a—FRA v —VLINEA v E—UNIP Ry hT—7 ZWEET D D% L. MPLS
Ta— Ay —VLIEEA Yy E—VIIMPLS % U —7 ZREEL £ 7, MPLS = = —HER <
7y NI, BREERGEO LSPIZ BT T /i@l e 7~V A% v 7 B LT —5 > b —
ZIEEESNET, TNV AZ w7 BT L, Xy MEILSP BREZ /T L CHRE SV E
9, MPLS = —ZER N7 hDSEEIP 7 KL AL, 790 A% v 7 OBPFUEHSND T
RUREFRADET, 588 P 7 FL AT 127xy.28 7 KL AL LTEHRI L, LSP 23R
TWAHEEITIP N7y RRZILEEOSEESIP 28V FZR2NE ST LET,

MPLS = 2 —J5%& X, MPLS =2 —ZURIZIE U TEESNE T, WEIXIP Ny &L TG
S, IP, MPLS, M T DAL v F 7 A TOMABEOEEFEH L CEEINET,
MPLS = 2 — 5T FOREETLT FL AL, ma— 8B L ERT 50— 2ol Ehi
7 RUATY, %7 RUAIL, MPLS =2 —#R/ N R EEE LI L—X2OEEILT KLU
A TCY, MPLS = a—R& D565 AR— ME, =a—ZROEFE LA — MIRESNET,

RIZ, MPLS LSP ping D= a—ZFiRk & = a—RE O ADKE R LET,
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MPLS 0AM D% |
[l wpLs LsP ping

14: MPLS LSP ping D T O —ER L [IEZED /IR

o S
LSP headend  MPLS I.f/ \\| LSP tailend
LSR1 echo — L, LSR6E
request = Wil . ) _L
L Eatadl Bavadll ] =~ p—
Originating 'LSR2 LS%” “‘l_'s,'m LSR5 ':;';S Target router
router
\ / reply
s g J\\-________ N o

BEEEE

MPLS echo reply via IP, MPLS, or a combination of IP + MPLS

R EHI

KIZ, MPLSLSPping Z{# i L CIPv4 LDPLSP O#f5i %7 A b3 5 6l%~x LEd, 5i561% Label
Distribution Protocol (LDP) @ IPv4 'L 7 ¢ v 7 A2 & LTHRE L, #ikFMm~7 7 % (FEC) #
A 7% generic (JUH) LIEEL £,

RP/0/RP0O/cpu 0: router# ping mpls ipv4 10.1.1.2/32 fec-type generic

Wed Nov 25 03:36:33.143 UTC
Sending 5, 100-byte MPLS Echos to 10.1.1.2/32,
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.

Success rate is 100 percent (5/5), round-trip min/avg/max = 2/2/3 ms

WIZ., MPLS LSP ping #ff L., %68%&Z MPLS D + T 7 4 v/ = P=7 U7 (TE) b
YHNE UTHRE LI IC8iE T A N 262~ LET,

RP/0/RP0/cpu 0: router# ping mpls traffic-eng tunnel-te 4003 source 10.1.1.2
Tue Nov 24 20:39:39.179 PST

Sending 5, 100-byte MPLS Echos to tunnel-te4003,
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.

Success rate is 100 percent (5/5), round-trip min/avg/max = 3/3/4 ms

. Cisco NCS560 ') —X JL—#% (CiscolOSXR ') J—X71x) MPLSa> 74 F¥alL—L 3> HA K



| wmPLS 0AM D3
MPLS LSP traceroute .

Wiz, show mplsoam =~ > K% L C MPLS OAM {2 £ "9 5625~ L £7,

RP/0/RPO/cpu 0: router# show mpls oam counters packet

Wed Nov 25 03:38:07.397 UTC Global Packet Statistics:

Receive Counts:
Good Requests:
Good Replies: 1
Unknown Pkt Types:
IP header error:
UDP header error:
Runts:
Dropped (Q full):
General error:
Error, no IF:
Error, no memory:

O O OO OO0 oo oo
O O OO OO0 oo oo

Transmit Counts:
Good: 10 960
Dropped: 0 0

MPLS LSP traceroute

MPLS LSP traceroute #8224 i L T, LSP OFEHERA » M ZRHEL 9, Zhidh v 73 A
Ry 25 —pu—h )P — g8 hL—R |2 &L E T, MPLS LSP traceroute 1
RElX. =3 —ZREAZET D37 v b OFFR ATRERFE] (TTL) EOMIREIAHLAF L £7,
MPLS =2 —HR A v E—U ik ) — RE RO 5 ETTLEZ T = » 7 L, $iRAEITwn
HEEIEay ba— T L — Ty RREINE T, TRLUADOELER. A vE—I iR
EEINFET, To—RAyvk—UNRarbo— L= ZESRD L, BERkAYvE—VOWN
HICHSVWTRERA v — IR ENET,

WODOKIZ, LSR1 725 LSR4 £ T LSP @ MPLS LSP traceroute DF % 7r L E 4,
15: MPLS LSP traceroute

LSP
TTL=1 ]
LSR1 2 LSR2
LSP
TTL=2 B &
LSR1 5 LSR2 LSR3
LSP
TTl3 3 7 a .
— e E
LSR1 g LSRz2 LSRa LsR4 B
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. MPLS LSP traceroute

R B

MPLS 0AM D% |

WIZ, traceroute 2~ > RZ{EH LT, generic & L CTHRE LIZHi5ik %Ml 7 7 A D65 % b L—
2T 5B~ LET,

RP/0/RPO/cpu 0: router# traceroute mpls ipv4 3.3.3.3/32 fec-type generic
Mon Nov 30 17:48:45.585 UTC

Tracing MPLS Label Switched Path to 3.3.3.3/32, timeout is 2 seconds

Codes:

I
"D
Y
Tp
TR
-

!''" - success, 'Q' - request not sent, '.' - timeout,

labeled output interface, 'B' - unlabeled output interface,
DS Map mismatch, 'F' - no FEC mapping, 'f' - FEC mismatch,
malformed request, 'm' - unsupported tlvs, 'N' - no rx label,
no rx intf label prot, 'p' - premature termination of LSP,
transit router, 'I' - unknown upstream index,

unknown return code, 'x' - return code 0

Type escape sequence to abort.

0 11.1.1.57 MRU 1500 [Labels: implicit-null Exp: 0]
"1 11.1.1.58 7 ms23:19
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=6~
=% =R

J B—/N)LEATIT SRLG (REEDERTE

HHEY 27 Vo7 Zv—7 (SRLG) 1, @D VY —2&E5F25 —~#HED) 7 THY ., [
CEEYV A7 2 LET, AT — v =A v bz (IGP) BT ABEFOL—T 7
U—f# (LFA) OFEIETIE, SRLGE#EN YR — SN TWET, 2720, BEFEOEETIL,
Ny 7T o FRADFHEPICEEEGR SN V7 ORNEBEINET, Lo T, HEEE
BENTWRWEODE L SRLG ZHALTWBY 7R, RNy 77 v 7 RADFHEFITE
MmEN7=%46. SRLGIE#EN KT HZ E0nb 0 £9, 7o —/ S LVEAT SRLG {R#HRE
X, SRLGEIZE A% BLEATT T, Ny 77 v 7 RAOFHEFHI SRLGIED EAZFHT 5 =
LIZE D, SRLG O/NARERNZ M ESHLHZ ENTEXET,

Ja—)VEAHT SRLG Ri#EEZ R — T 512F, =V 7 PAReHOTXTOY 7T
SRLG IZBH T A IERPMLETT, ISISEFEHALCYVE—F UV ZDSRLGE T T v T 47
52t UE—F UV TSRLGS ZFETRETHZ L TEET,

REH - 40—/ LEHFIT SRLG RiE

7' v —s VBT SRLG PREMSHE Tl 3 OB EN R — F ST E T,
« 7 — S )VELAT SRLG Ri#ZfEH] L7z = — /L SRLG
«JE—RFSRLG 7T vT 47

e UE—KSRLGAXT 4 vy Tutya=r7

WIS, 7 v —r VBB SRLG PREIERE 2 L T — /L SRLG iR ET 627~ L %
—éqO

RP/0/RPO/CPUO:router (config)# srlg

RP/0/RPO/CPUO:router (config-srlg)# interface TenGigE0/0/0/0

RP/0/RPO/CPUO:router (config-srlg-if)# name groupl

RP/0/RPO/CPUO:router (config-srlg-if)# exit

RP/0/RPO/CPUO:router (config-srlg)# interface TenGigE0/0/0/1

RP/0/RPO/CPUO:router (config-srlg-if)# name groupl

RP/0/RPO/CPUO:router (config-srlg) # name group value 100

RP/0/RPO/CPUO:router (config)# router isis 1

RP/0/RPO/CPUO:router (config-isis) # address-family ipv4 unicast

RP/0/RPO/CPUO:router (config-isis-if-af)# fast-reroute per-prefix srlg-protection

weighted-global

RP/0/RPO/CPUO:router (config-isis-if-af)# fast-reroute per-prefix tiebreaker srlg-disjoint
index 1
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RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router

I, UE—bFSRLG 7 7 v 7T 4 & 7 &MA L T/ r— LV ELAF T SRLG PREKRE X R E T
HEERLET, ZOREICIE, a—ILBLORVE— N V—FOREDFTENTNET,

0 —7 L )L—% TiL, fast-reroute per-prefix srlg-protection weighted-global ==~ > K&l L
T/ a— VERT SRLG Ri#EZ AN LET, UE— b L—FORETIL, advertise
application Ifalink-attributessrlg =~ FZfEH L T, SRLGED 7 7 v 7 ¢ v 7 Z i T &
£79, £/, VUEFE— M L—FTSRLG &7 H—/VWIRETLLELHY 7,

YE£—hFSRLG 7T v T 4 V7 %&FH LI a— S )LEHT SRLG (DT — )L jL—H
REIL, ROLEBY TT,

RP/0/RP0O/CPUO: router (config)# router isis 1
RP/0/RP0O/CPUO:router (config-isis)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-isis-if-af)# fast-reroute per-prefix srlg-protection
weighted-global
RP/0/RP0/CPUO:router (config-isis-if-af)# fast-reroute per-prefix tiebreaker srlg-disjoint
index 1
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router
RP/0/RP0O/CPUO: router

VE—RNSRLG 7T v 7 4 v T aFR LY a— VB fHT SRLG {LED Y T— k L —&
HEL, RDOEBY T,

config-isis)# interface TenGigE0/0/0/0
config-isis-if)# point-to-point

config-isis-if)# address-family ipv4 unicast
config-isis-if-af)# fast-reroute per-prefix
config-isis-if-af)# fast-reroute per-prefix ti-1fa
config-isis)# srlg

config-isis-srlg)# name groupl
config-isis-srlg-name)# admin-weight 5000

config-isis-if-af)# exit

config-isis)# interface TenGigE0/0/0/0
config-isis-if)# point-to-point

config-isis-if)# address-family ipv4 unicast
config-isis-if-af)# fast-reroute per-prefix
config-isis-if-af)# fast-reroute per-prefix ti-1fa
config-isis-if-af)# exit

config-isis)# srlg

config-isis-srlg)# name groupl
config-isis-srlg-name)# admin-weight 5000

RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router

config)# srlg

config-srlg)# interface TenGigE0/0/0/0
config-srlg-if)# name groupl
config-srlg-if)# exit

config-srlg)# interface TenGigE0/0/0/1
config-srlg-if)# name groupl
RP/0/RPO/CPUO:router (config-srlg) # name group value 100
RP/0/RPO/CPUO:router (config-srlg) # exit
RP/0/RPO/CPUO:router (config)# router isis 1

RP/0/RPO/CPUO: (config-isis)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-isis-af)# advertise application 1lfa link-attributes srlg

WIZ, VE— R U ZDOSRLGIEDAZ T 4 vy 7 Taeya=v 72 L7 a— 3 LE
BT SRLG REMREDREF Z R LET, ZNOHDREITE—HIL )L—F TITHILEND
D ET,

RP/0/RP0O/CPUO:router (config)# srlg
RP/0/RP0/CPUO:router (config-srlg)# interface TenGigE0/0/0/0
RP/0/RP0O/CPUO:router (config-srlg-if)# name groupl
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RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router
:router
:router
:router
:router

config-srlg-if)# exit

config-srlg)# interface TenGigE0/0/0/1
config-srlg-if)# name groupl
config-srlg)# name group value 100
config-srlg) # exit

:router (config)# router isis 1
:router (config-isis)# address-family ipv4 unicast
:router (config-isis-if-af)# fast-reroute per-prefix srlg-protection

weighted-global

RP/0/RPO/CPUO
index 1
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

address 10.0.

RP/0/RP0/CPUO
address 10.0

:router (config-isis-if-af)# fast-reroute per-prefix tiebreaker srlg-disjoint

:router (config-isis)# interface TenGigEO/0/0/0
:router (config-isis-if)# point-to-point
:router (config-isis-if)# address-family ipv4 unicast
:router (config-isis-if-af)# fast-reroute per-prefix
:router (config-isis-if-af)# fast-reroute per-prefix ti-1fa
:router (config-isis)# srlg

(

(

(

:router (config-isis-srlg)# name groupl

:router (config-isis-srlg-name)# admin-weight 5000

:router (config-isis-srlg-name)# static ipv4 address 10.0.4.1 next-hop ipv4
4.2

:router (config-isis-srlg-name) # static ipv4 address 10.0.4.2 next-hop ipv4
4.1
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Irh-7:|::
5 2

BE)EFEIE/ N\ FJL TE++ ORTE

MPLS-TE bk > R/UE, T & O A aE L, T2 RARA 0 MR OB 70 Hr g2 & 4 52
e B S ET, HEERIEAE X HIRIE A B0 B R ERICHIET D 0T, Ml
EINTZ T 7 4 v 7 ARITEESWT MPLS-TE b % VDH A REBICEE L £, 7277
L. 2L OBEHKIE, a— KT 7 ENEREFRNE LT, = FRA > METOEEK
O HBEHRIE R r L EMIELE LTWET, 200 RRA > b CHERHIRIE O ZR A
MUZ=SA1E,. HEHEESEAL R EL TR ROV A X2 BB 50, F3H LW R
FNVEAER LT, 220Dy RARA  MEDOTRTO b R Ulbhico TEREED T — R
SV EMLIENTEET, FREIC, 200y RBRA > - CHEREHIERIE O FR AN
D UTEBAT. BEVHEEEEZ R E L T R R DY A &M/ 50y, £23H LW R
FNUEHIFRL T, = RARA > MEDERY O R X MCbl> TR 774 v 7 Dua— KT
U HRRDHZENTEET, HEEERIE N RL TE++ KSREIL. B B RE A IR L7
LEDTHY, VITNLVEALATDRNT T 4 v T D=—R|ZFHSNT, 555~0D MPLS-TE k> %
WO E BB T 2 Z LN TEET,

HHIE O ER OB T 20 & L CTHEIMI/ER SIS horrvDZl bz [7mn—r) &
FENES, 77— hURME, HEFHDAAL D N RZAVDOT BT 2K LET, 2
ZL, 2—VPRRELZANEREZREKT L X TEEFA, TO R RLEZDIB—
HEELDT [y b EFFOET, O MUK LU TERTE 527 2 — 2 OEUZONT,
EERE TREZEETCEET,

IR OB MLERESICH LW N R0 7 a— v 2 ERTA a2z s [XF
U b EREQNET, By FNOWTIAD b RO A AR, RELZAT Y v MEHRlE
FEEZE, A7y FEIRBMBEN, 70— FURABMERENET,

WOKIL, A7V v MR Z B2 I-5E 07 a—r b RV OIERRIZ DWW T L T\ E
Set ‘

BW  Original Tunnel

Source Clones (4] Destination

Clones 9

AETEI0
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BB/ > R TEH ORE |

HEEHEOZRNFD LIz &l n—r XV EHIBRT A7 av 202 0% [=—U) LIE
OFEF, HHEHIES, By FHOWTNO U RV TREINZ~Y—VHEEEL2 TR &, 7
o—2 hURADNHIBRENE T,

WORNL, HHE~ — P HiE 2 TR 725607 n—2 bRV ORIERETD b b &
DV —VIZHOW T L TV ET,

Original Tunnel

Destination

Clones

3ETEI

Y PO b RV CEMBIBIEOER 2o — N =7V 7951203, B0
N ET, ik, EREIEE OB AT R T BBINT 572007 L3 Y ZLARLET
HHZEEERLET, TAI) XLEEL A RELTHAEELZZREL, b RLDE
VIR 2 ET H Z ENTEET, AEFHEEZRELR2WEA, TEIX, A7V v b X
W~ — VAR O34 2 44 Badliig & LTl L&,

HHNBESLOFERALDFEEIAE

B BHHsE S > RV TE+H BSREICIE. ROBEHRA Lo A o4 oA S E T,

o ZOOMERRIZA R E B R TORY AR — NI TEY, tunnel-te f ¥ —7 = A ATiZ
PR—FENTWVEREA,

e 7 — O TIREDOEFIZ0~63 T, 72— OTROF 7 4L MEIZ O ICHES
j/bfl/\\i‘g_o

e 7 — D EIREOEFHIZ 1 ~63 T, 7 —28D EROT 7 0 MEL 63 IZ5% T S
*Lfl/\jz—a—o

REH

Wz, &HifTE MPLS-TE F 7 7 4 v 7 h U RMIZBW T BEIERIE X RV TEH BERE 2 7%
ETHHZRLET, ZOMEZINMESEDICE. ROEEZRETHIHLENHY £,

» min-clones : JCD N FANPERTE L7 0 —2 bRV OFR/NEERTELET,
» max-clones : JTD bV FILDMERTE D70 —r MRV ORRKEEFEELET,

» nominal-bandwidth : BR 2R A 729 b RNV EFHET H 20O 2B E L $
9,

« split-bandwidth : JCD b > RV ZH5ET H 2O OFIREOE AT LE 9, b r/VHIERIE
M, RELEATY » MR A B2 2 &, 7u—2 FURAPMERINET,
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« merge-bandwidth : JTTD > FL & T n—rE~—UT 57 OOREEAEE L ET, R
MEAS, FXE Lz~ —VikigZ FEIS &, Z7a—r FURADBHIBRSVET,

ZOBITIE, 77— O FRE2ICREL, 7 —r 8O ERZ4IRELTCWET, AT
Uy hBLO—T OMFIEIEY A X%, 200 3 L0100 kbps L3 E L TWET,

RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUQ:router
RP/0/RPO/CPUO:router
RP/0/RPO/CPUO:router

config)# mpls traffic-eng

config-mpls-te)# named-tunnels
config-te-named-tunnels) # tunnel-te xyz
config-te-tun-name) # auto-bw
config-mpls—-te-tun-autobw) # auto-capacity
config-te-tun-autocapacity)# min-clones 2
config-te-tun-autocapacity)# max-clones 4
config-te-tun-autocapacity)# nominal-bandwidth 5
config-te-tun-autocapacity)# split-bandwidth 200
config-te-tun-autocapacity)# merge-bandwidth 100
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Point to Multipoint Traffic Engineering (7K
DEY—TNULTFRAE FT T4 T
DoZTI)UT) DEFE

P—ER T F— Xy NT—I TV TFXXY AN NTT 4 v 7 ERETHITIE, PIM A
EOwNVFXy AL Fa balrzBHL, V—EX Fa (¥ — a7 TIHESRAZRET D
VERHD ET, 72770, MPLS Ry 7 R—2 Xy b —27 DFE, —E R Fa (2 —
Xip bRV 7 TERL TV 7BV TEES, 2oL, h—vx 7rA
AX—aT7 ORI NT 7 4 v 7 DA — "=~y REFOLTOICENLHET, £z, MPLS b7
T4l 2= T ) T B OMREREA IR TE £,

S UL DT T ML, RA v WY —<LFRA b (P2MP) T-L AA v F Ks8% (LSP)
N, YNVFRA L Y —<LFRAL b (MP2MP) LSP D ELHMICR Y £, v /LFF v
Z |~ LSP Z{ER 535415, RSVP-TE 71 F a W¥EiEA i ¢x £4, RSVP-TE 1 h =)L
IZ. MPLS * v hU—27 (K CTP2MPLSP # > 7F VU > 735 Lo ESNTWET,
P2MP-TE #%8EI1C KL VW | P2MP-TE b VA L7, PIM 7 U — #—E X Fr /(¥ —
THRETOYALVFXF Y AN FT77 4y 7 OIREPATRRIZR D £77,

WOKIE, ZOMETHERIND hARe VIOV THIHLTHWET,

16:PIM ') — LSPO7

PIM Free LSP Core

ﬁ-f ﬁf
Source ‘*ﬁ"——-""ﬂ Receiver
Head Mid Tail

367500

ZOKTIHRKOHAGEEZFER L TWET,
e~y R:TE hURIAMBEINTNDHIL—H,
e 7 —)L:TE bR NVOKGmE IR HIL—H,

e I v F:TE horxpd@miEd b1 —4,
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Point to Multipoint Traffic Engineering (R4 > kY —TLFRA U bk k5 T0 9o ToO=7 YY) OFE |

< /LF X ¥ A K VPN (mVPN) a7 7 A /L%, Za—)L a7 F% A MIXLT, £20%
VRF Z LR EINET, VT HFY AN AN =22 ZICEETIVNEND DL C
T, BER25mVPN 7 n 7 7 A V@A TE 9,

P2MP-TE ¥%R2CTlE. kD mVPN 72 7 7 A AR HR— FENTWET,

emVPN 777 A8 (Fu—r)L 2T A M)

*mVPN 7127 7 A /110 (L3VPN =25 % A M)

HHNERS S VERLOIEEE
Z OREIZITROFIRIFH L EBEFHAEN S ET,

» Source-Specific Multicast (SSM)

T T 4w I DIBENYIR—FENET,

e Fu T 7 A8 TIiL, IPv4 & IPv6 O F Y R— FENFT,

e Fu T 7 AL 10 TlE. IPVvA DLBBRYR— K ENFET,

* P2MP-TE b > /LD Fast Reroute (FRR) I AR — F S EHA,
eBVIA L H—T A ATV HR—FENFHA,

SER : P2MP-TEO 77 AJL 8

ZoFNX, e T 7 A N8DP2MP-TERREZ /R L TWET, P2MP > RV T, ~v R, I v
K, T—NVDOEN—FEBRETHLENRDHY £7,

A~y R AA—HFOFEIFIROLHIZHRY E9, ZOFKEIICIE, IGP, MPLS-TE b %/, &
NI NTF¥ A NOBRENGENET, ZOHKELHET HERI2IX, LDP & RSVP LERET D

WENRH Y £T,

RP/0/RP0/CPUO:router (config) # router ospf 1

RP/0/RP0/CPUO:router (config-router) # area 0

RP/0/RP0/CPUO:router (config-ospf-ar) # mpls traffic-eng
RP/0/RP0/CPUO:router (config-ospf-ar-mpls-te) # exit
RP/0/RP0/CPUO:router (config-ospf-ar) # interface Loopback0
RP/0/RP0/CPUO:router (config-ospf-ar-if) # exit
RP/0/RP0/CPUO:router (config-ospf-ar)# interface TenGigE0/0/0/0
RP/0/RP0/CPUO:router (config-ospf-ar-if)# cost 1
RP/0/RP0/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RP0/CPUO:router (config-ospf-ar-if) # exit
RP/0/RP0/CPUO:router (config-ospf-ar)# interface TenGigE0/0/0/2
RP/0/RP0/CPUO:router (config-ospf-ar-if)# cost 1
RP/0/RP0/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RP0/CPUO:router (config-ospf-ar-if) # exit
RP/0/RP0/CPUO:router (config-ospf-ar) # exit

RP/0/RP0/CPUO:router (config-ospf) # mpls traffic-eng router-id loopback 0
RP/0/RP0O/CPUO:router (config) # interface tunnel-mte 2
RP/0/RP0/CPUO:router (config-if)# ipv4 unnumbered Loopback0
RP/0/RP0O/CPUO:router (config-if) # destination 10.2.2.2
RP/0/RP0/CPUO:router (config-if-p2mp-dest) # path-option 1 dynamic
RP/0/RP0/CPUO:router (config-if-p2mp-dest) # exit
RP/0/RP0O/CPUO:router (config)# multicast-routing
RP/0/RP0/CPUO:router (config-mcast) # address-family ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4)# interface Loopback0
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RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router
:router
:router
:router
:router
:router
:router

:router
:router
:router
:router
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config-mcast-default-ipv4-if)# enable
config-mcast-default-ipv4-if)# exit
config-mcast-default-ipv4)# interface tunnel-mte 2
config-mcast-default-ipv4-if)# enable
config-mcast-default-ipv4-if)# exit
config-mcast-default-ipv4)# mdt source Loopback0
config-mcast-default-ipv4)# interface all enable

:router (config-mcast-default-ipv4) # accounting per-prefix
:router (config) # router igmp

:router (config-igmp) # interface tunnel-mte 2

:router (config-igmp-if) # static-group 232.0.0.2 10.0.0.100
:router (config-igmp) # interface TenGigEO/0/0/0

:router (config-igmp-if) # version 3

:router (config)# router pim

config-pim)# address-family ipv4
config-pim-default-ipv4)# interface tunnel-mte 2
config-pim-default-ipv4-if)# enable
config-pim-default-ipv4-if)# exit

Ny R A—FDETary 7 4 Xalb—a AIROEH TR £F,

interface LoopbackO

ipv4 address
!

10.1.1.1 255.255.255.255

interface TenGigE0/0/0/0
ipv4 address 10.0.0.1 255.255.255.0
I

interface TenGigE0/0/0/2
ipv4 address 10.2.0.1 255.255.255.0
I

router ospf 1
area 0

mpls traffic-eng
!

interface LoopbackO
interface TenGigE0/0/0/0

cost 1

network point-to-point
interface TenGigE0/0/0/2

cost 1

network point-to-point

mpls traffic-eng router-id Loopback0

rsvp

interface TenGigE0/0/0/2
bandwidth percentage 100

mpls traffic-eng
interface TenGigE0/0/0/2

!
mpls ldp
discovery

targeted-hello interval 10

router-id 10.

1.1.1

address-family ipv4
discovery targeted-hello accept

interface TenGigE0/0/0/2
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interface tunnel-mte2
ipv4 unnumbered Loopback0
destination 10.2.2.2
path-option 1 dynamic
|
|
!
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
interface tunnel-mte2
enable
|
mdt source Loopback0
interface all enable

accounting per-prefix
|

|
router igmp
interface tunnel-mte2
static-group 232.0.0.2 10.0.0.100
|
interface TenGigE0/0/0/0
version 3
|
!
router pim
address-family ipv4
interface tunnel-mte2

enable
|

2 v K JL—#|ZiZ. MPLS-TE. RSVP. BLONOSPF 2 ¥ D IGP DEREDHMETT, I v K
=B DETa T 4 Fal—a NFIROE ST £,

interface LoopbackO
ipv4 address 10.5.5.5 255.255.255.255
interface TenGigE0/0/0/2
ipv4 address 10.10.0.5 255.255.255.0
interface TenGigE0/0/0/3
ipv4 address 10.13.0.5 255.255.255.0
router ospf 1
area 0
mpls traffic-eng
interface LoopbackO
interface TenGigE0/0/0/2
cost 1
network point-to-point
interface TenGigE0/0/0/3
cost 1
network point-to-point
mpls traffic-eng router-id Loopback0
rsvp
interface TenGigE0/0/0/2
bandwidth percentage 100
interface TenGigE0/0/0/3
bandwidth percentage 100
mpls traffic-eng
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interface TenGigE0/0/0/2
interface TenGigE0/0/0/3
mpls ldp
discovery
targeted-hello interval 10

router-id 10.5.5.5
address-family ipv4

discovery targeted-hello accept
interface TenGigE0/0/0/2

interface TenGigE0/0/0/3
|

T =)L —F DOFETRDO L H1T72 0 £, ZOFREICIE, IGP, MPLS-TE h > %L, BX
PR NNTFY A RNOBRENREGTENET, ~y R A—& LREKEIZ, ZOMIEZRET DBI2IT
RSVP & LDP LR ETHVLENH Y 77,

RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router

config)# router ospf 1
config-router)# area 0O

RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router
:router

config-ospf-ar)# mpls traffic-eng
config-ospf-ar-mpls-te)# exit
config-ospf-ar)# interface Loopback0
config-ospf-ar-if)# exit
config-ospf-ar)# interface TenGigE0/0/0/3
config-ospf-ar-if)# cost 1
config-ospf-ar-if)# network point-to-point
config-ospf-ar-if)# exit

config-ospf-ar)# exit

config-ospf)# mpls traffic-eng router-id loopback 0
config) # interface tunnel-mte 2
config-if)# ipv4 unnumbered LoopbackO
config-if) # destination 10.2.2.2
config-if-p2mp-dest)# path-option 1 dynamic
config-if-p2mp-dest) # exit
config)# multicast-routing
config-mcast) # address-family ipv4
config-mcast-default-ipv4)# interface Loopback0
config-mcast-default-ipv4-if)# enable
config-mcast-default-ipv4-if)# exit

RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router
RP/0/RP0O/CPUO:router

config-mcast-default-ipv4)# mdt source Loopback0
config-mcast-default-ipv4)# core-tree-protocol rsvp-te
config-mcast-default-ipv4)# static-rpf 10.0.0.100 32 mpls 1.1.1.1
config-mcast-default-ipv4)# rate-per-route
config-mcast-default-ipv4)# interface all enable
config-mcast-default-ipv4) # accounting per-prefix
config)# router igmp

config-igmp# interface TenGigE0/0/0/3

config-igmp-if)# version 3

config)# router pim

config-pim) # address-family ipv4
config-pim-default-ipv4)# interface TenGigE0/0/0/3
config-pim-default-ipv4-if)# enable
config-pim-default-ipv4-if)# exit

T NV—EDETIL T 4 Fal— g NIRO LT £,

interface Loopback0

ipv4 address 10.2.2.2 255.255.255.255
|

interface TenGigE0/0/0/3

ipv4 address 10.3.0.2 255.255.255.0
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interface TenGigE0/0/0/6
ipv4 address 10.6.0.2 255.255.255.0
|

router ospf 1
area 0
mpls traffic-eng
interface LoopbackO
|
interface TenGigE0/0/0/3
cost 1
network point-to-point
|
!
mpls traffic-eng router-id Loopback0
|
rsvp
interface TenGigE0/0/0/3
bandwidth percentage 100
|
!
mpls traffic-eng
interface TenGigE0/0/0/3
|
mpls ldp
discovery
targeted-hello interval 10
|
router-id 10.2.2.2
address-family ipv4
discovery targeted-hello accept
|
interface TenGigE0/0/0/3
|
!
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
mdt source Loopback0
core-tree-protocol rsvp-te
static-rpf 10.0.0.100 32 mpls 10.1.1.1
rate-per-route
interface all enable
accounting per-prefix
|
|
!
router igmp
|
interface TenGigE0/0/0/6
version 3

|
router pim
|
address-family ipv4
interface TenGigE0/0/0/6
enable
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EH - P2MP-TE O 74JL 10

ZOHE, a7 A0 10 D P2MP-TEZREEZ L TWVWET, ~v F, T v K, 7—/LD%
N—HEBETDHVENHY T,

~y RL—FOREIZHRDO L HI12720 4, ZOFEITIE. IGP, L3VPN, BL R~ /LF X ¥
A NDOBRENEGENET, ZOHKIELZRET HBZ1X, MPLS-TE, LDP, 3 X O'RSVP Hi%/E
THLEND Y 9,

RP/0/RP0/CPUO:router (config) # router ospf 1
RP/0/RP0/CPUO:router (config-router) # area 0
RP/0/RP0/CPUO:router (config-ospf-ar) # mpls traffic-eng
RP/0/RP0/CPUO:router (config-ospf-ar-mpls-te) # exit
RP/0/RP0/CPUO:router (config-ospf-ar)# interface Loopback0
RP/0/RP0/CPUO:router (config-ospf-ar-if) # exit
RP/0/RP0/CPUO:router (config-ospf-ar)# interface TenGigE0/0/0/2
RP/0/RP0/CPUO:router (config-ospf-ar-if)# cost 1
RP/0/RP0/CPUO:router (config-ospf-ar-if) # network point-to-point
RP/0/RP0/CPUO:router (config-ospf-ar-if) # exit
RP/0/RP0/CPUO:router (config-ospf-ar) # exit
RP/0/RP0/CPUO:router (config-ospf) # mpls traffic-eng router-id loopback 0
RP/0/RP0/CPUO:router (config-ospf) # exit

RP/0/RPO/CPUO:router (config)# vrf vpn 2

RP/0/RP0/CPUO:router (config-vrf)# address-family ipv4 unicast
RP/0/RP0/CPUO:router (config-vrf-af)# import route-target 100:2
RP/0/RP0/CPUO:router (config-vrf-af)# export route-target 120:2
RP/0/RP0/CPUO:router (config)# interface TengigE0/0/0/0
RP/0/RPO/CPUO:router (config-if) # vrf vpn 2
RP/0/RP0O/CPUO:router (config-if-vrf)# ipv4 address 10.0.0.1 255.255.255.0
RP/0/RP0/CPUO:router (config) # route-policy pass-all
RP/0/RPO/CPUO:router (config) # pass
RP/0/RP0/CPUO:router (config) #router bgp 1
RP/0/RP0O/CPUO:router (config-bgp)# bgp router-id 10.1.1.1
RP/0/RP0O/CPUO:router (config-bgp) # address-family ipv4 unicast
RP/0/RP0/CPUO:router (config-bgp-af) # address-family vpnv4 unicast
RP/0/RP0/CPUO:router (config-bgp-af)# address-family ipv4 mvpn
RP/0/RP0O/CPUO: router (config-bgp) # neighbor 10.2.2.2
RP/0/RP0/CPUO:router (config-bgp-nbr) # remote-as 1
RP/0/RP0/CPUO:router (config-bgp-nbr) # update-source Loopback0
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family ipv4 unicast
RP/0/RP0/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RP0/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family vpnv4 unicast
RP/0/RP0/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RP0/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family ipv4 mvpn
RP/0/RP0O/CPUO: router (config-bgp) # vrf vpn 2
RP/0/RP0/CPUO: router (config-bgp-vrf) #rd 100:2

RP/0/RP0/CPUO:router (config-bgp-vrf) #address-family ipv4 unicast
RP/0/RP0/CPUO:router (config-bgp-vrf-af) #label mode per-prefix
RP/0/RP0/CPUO:router (config-bgp-vrf-af) #redistribute connected
RP/0/RP0/CPUO:router (config-bgp-vrf-af) #exit

RP/0/RP0/CPUO:router (config-bgp-vrf) # address-family ipv4 mvpn
RP/0/RP0O/CPUO:router (config)# multicast-routing

RP/0/RP0/CPUO:router (config-mcast) # address-family ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # interface LoopbackO
RP/0/RP0/CPUO:router (config-mcast-default-ipv4-if)# enable
RP/0/RP0/CPUO:router (config-mcast-default-ipv4-if)# exit
RP/0/RP0O/CPUO:router (config-mcast-default-ipv4) # mdt source Loopback0
RP/0/RPO/CPUO:router (config-mcast)# vrf vpn 2

RP/0/RPO/CPUO:router (config-mcast-vpn 2)# address-family ipv4
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# mdt source loopback0
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RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router (config-mcast-vpn 2-ipv4)# rate-per-route

:router (config-mcast-vpn 2-ipv4)# interface all enable
:router (config-mcast-vpn 2-ipv4)# bgp auto-discovery p2mp-te
:router (config-mcast-vpn_ 2-ipvé4-bgp-ad) # mdt static p2mp-te tunnel-mte2
:router (config)# router igmp

:router (config-igmp) # vrf vpn_ 2

:router (config-igmp-vpn_2)# interface tunnel-mte2
:router (config-igmp-vpn_2-if)# static-group 239.0.0.1 100.0.0.100
:router (config-igmp-vpn 2-1if)# exit
:router (config-igmp-vpn 2)# interface TenGigE0/0/0/0
:router (config-igmp-vpn 2-if)# version 3
:router (config-igmp-vpn 2-1if)# exit
:router (config-igmp-vpn_ 2)#

:router (config)# router pim

:router (config-pim) # vrf vpn_ 2

:router (config-pim-vpn_ 2)# address-family ipv4
:router (config-pim-vpn 2-ipv4)# interface
:router (config-pim-vpn 2-ipv4-if)# enable
:router (config-pim-vpn 2-ipv4-if)# exit
:router (config-pim-vpn 2-ipv4)# interface
:router (config-pim-vpn 2-ipv4-if)# enable

tunnel-mte2

TenGigE0/0/0/0

~y R V=2 DFf7ar7 4 Xalb—va IR0 L IR £7,

interface LoopbackO

ipv4 address
!

10.1.1.1 255.255.255.255

interface TenGigE0/0/0/2
ipv4 address 10.2.0.1 255.255.255.0
I

router ospf 1
area 0

mpls traffic-eng

interface LoopbackO

interface TenGigE0/0/0/2

cost 1

network point-to-point

mpls traffic-eng router-id Loopback0
!

rsvp

interface TenGigE0/0/0/2
bandwidth percentage 100

mpls traffic-eng
interface TenGigE0/0/0/2

!
mpls ldp
discovery

targeted-hello interval 10

router-id 10.

1.1.1

address-family ipv4
discovery targeted-hello accept

interface TenGigE0/0/0/2

vrf vpn_2

address-family ipv4 unicast
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import route-target
100:2

export route-target
100:2

interface TenGigE0/0/0/0
vrf vpn_2
ipv4 address 10.0.0.1 255.255.255.0

route-policy pass-all
pass
end-policy

router bgp 1
bgp router-id 10.1.1.1
address-family ipv4 unicast
address-family vpnv4 unicast
address-family ipv4 mvpn
neighbor 10.2.2.2
remote-as 1
update-source LoopbackO
address-family ipv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family vpnv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family ipv4 mvpn
vrf vpn_2
rd 100:2
address-family ipv4 unicast
label mode per-prefix
redistribute connected
address-family ipv4 mvpn
hostname head
|
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
mdt source Loopback0
|
vrf vpn_2
address-family ipv4
mdt source Loopback0
rate-per-route
interface all enable
bgp auto-discovery p2mp-te
|

mdt static p2mp-te tunnel-mte2

|
router igmp
vrf vpn_2
interface tunnel-mte2
static-group 239.0.0.1 100.0.0.100
|
interface TenGigE0/0/0/0
version 3
|
|

router pim
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vrf vpn_2
address-family ipv4
interface tunnel-mte2
enable
|
interface TenGigE0/0/0/0

enable
|

2w K b—Z(Z1%, MPLS-TE. RSVP, BLWIGP DR EDHMLETT, T v K L—FDE
Tary 7 4Fa2b— g 3 KDOE TR £,

interface LoopbackO
ipv4 address 10.5.5.5 255.255.255.255

interface TenGigE0/0/0/2
ipv4 address 10.0.0.5 255.255.255.0

interface TenGigE0/0/0/3
ipv4 address 10.3.0.5 255.255.255.0

router ospf 1
area 0
mpls traffic-eng
interface LoopbackO
interface TenGigE0/0/0/2
cost 1
network point-to-point
interface TenGigE0/0/0/3
cost 1
network point-to-point
mpls traffic-eng router-id Loopback0

rsvp
interface TenGigE0/0/0/2
bandwidth percentage 100
interface TenGigE0/0/0/3
bandwidth percentage 100

mpls traffic-eng
interface TenGigE0/0/0/2
interface TenGigE0/0/0/3

mpls ldp
discovery
targeted-hello interval 10
router-id 10.5.5.5
address-family ipv4
discovery targeted-hello accept
interface TenGigE0/0/0/2
interface TenGigE0/0/0/3
|
1
TV =B OBRETRO L DY FT, ZOREICIT. LIVPN, w/LFF ¥ X b, BX
WGP DRENEENET, ~v F—F LRERRKIC, ZOMREZHET DA MPLS-TE &

RSVP L% ET HLENH Y £,

RP/0/RPO/CPUO:router# configure
RP/0/RP0O/CPUO:router (config) # router ospf 1
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RP/0/RPO/CPUO:router (config-router)# area 0

RP/0/RPO/CPUO:router (config-ospf-ar)# mpls traffic-eng
RP/0/RPO/CPUO:router (config-ospf-ar-mpls-te)# exit

RP/0/RPO/CPUO:router (config-ospf-ar)# interface Loopback0
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit

RP/0/RPO/CPUO:router (config-ospf-ar)# interface TenGigEO/0/0/3
RP/0/RPO/CPUO:router (config-ospf-ar-if)# cost 1

RP/0/RP0/CPUO:router (config-ospf-ar-if)# network point-to-point
RP/0/RPO/CPUO:router (config-ospf-ar-if) # exit

RP/0/RPO/CPUO:router (config-ospf-ar)# exit

RP/0/RPO/CPUO:router (config-ospf) # mpls traffic-eng router-id loopback 0
RP/0/RPO/CPUO:router (config-ospf) # exit

RP/0/RP0O/CPUO:router (config)# vrf vpn 2

RP/0/RPO/CPUO:router (config-vrf)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-vrf-af)# import route-target 100:2
RP/0/RPO/CPUO:router (config-vrf-af)# export route-target 120:2
RP/0/RP0/CPUO:router (config) # interface TengigE0/0/0/6
RP/0/RP0O/CPUO:router (config-if)# vrf vpn 2

RP/0/RPO/CPUO:router (config-if-vrf)# ipv4 address 10.0.0.1 255.255.255.0
RP/0/RPO/CPUO:router (config)# route-policy pass-all
RP/0/RPO/CPUO:router (config) # pass

RP/0/RPO/CPUO:router (config)# end-policy

RP/0/RPO/CPUO:router (config)# router bgp 1

RP/0/RPO/CPUO:router (config-bgp) # bgp router-id 10.2.2.2
RP/0/RPO/CPUO:router (config-bgp)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-af) # address-family vpnv4 unicast
RP/0/RP0/CPUO:router (config-bgp-af)# address-family ipv4 mvpn
RP/0/RPO/CPUO:router (config-bgp) # neighbor 10.1.1.1

RP/0/RPO/CPUO:router (config-bgp-nbr) # remote-as 1

RP/0/RPO/CPUO:router (config-bgp-nbr)# address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family vpnv4 unicast
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all in
RP/0/RPO/CPUO:router (config-bgp-nbr-af) # route-policy pass-all out
RP/0/RP0/CPUO:router (config-bgp-nbr) # address-family ipv4 mvpn
RP/0/RPO/CPUO:router (config)# multicast-routing

RP/0/RPO/CPUO:router (config-mcast)# address-family ipv4
RP/0/RPO/CPUO:router (config-mcast-default-ipv4)# interface Loopback0
RP/0/RPO/CPUO:router (config-mcast-default-ipv4-if)# enable
RP/0/RPO/CPUO:router (config-mcast-default-ipv4-if)# exit
RP/0/RPO/CPUO:router (config-mcast-default-ipv4) # mdt source Loopback0
RP/0/RP0O/CPUO:router (config-mcast)# vrf vpn 2

RP/0/RP0O/CPUO:router (config-mcast-vpn_ 2)# address-family ipv4
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# mdt source loopback0
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipv4)# core-tree-protocol rsvp-te
( ) # rate-per-route

( )# interface all enable

( )# bgp auto-discovery p2mp-te
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipvéd
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipvéd
RP/0/RP0O/CPUO:router (config-mcast-vpn 2-ipvéd
RP/0/RPO/CPUO:router (config) # router igmp
RP/0/RP0O/CPUO:router (config-igmp)# vrf vpn 2
RP/0/RP0O/CPUO:router (config-igmp-vpn 2)# interface TenGigE0/0/0/6
RP/0/RPO/CPUO:router (config-igmp-vpn 2-if)# version 3
RP/0/RP0O/CPUO:router (config-igmp-vpn 2-if)# exit

RP/0/RPO/CPUO:router (config)# router pim

RP/0/RP0O/CPUO:router (config-pim)# vrf vpn 2

RP/0/RPO/CPUO:router (config-pim-vpn 2)# address-family ipv4
RP/0/RPO/CPUO:router (config-pim-vpn 2-ipvd4)# interface TenGigE0/0/0/6
RP/0/RP0O/CPUO:router (config-pim-vpn 2-ipv4-if)# enable
RP/0/RPO/CPUO:router (config) #router bgp 1

RP/0/RPO/CPUO:router (config-bgp)# bgp router-id 192.168.1.2
RP/0/RPO/CPUO:router (config-bgp) # address-family ipv4 unicast
RP/0/RPO/CPUO:router (config-bgp-af) # address-family vpnv4 unicast
RP/0/RP0/CPUO:router (config-bgp-af)# address-family ipv4 mvpn
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RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ
RP/0/RP0O/CPUOQ

:router (config-bgp) # neighbor 192.168.1.1

:router (config-bgp-nbr) # remote-as 2002

:router (config-bgp-nbr) # address-family ipv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in
:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr)# address-family vpnv4 unicast
:router (config-bgp-nbr-af) # route-policy pass-all in

:router (config-bgp-nbr-af) # route-policy pass-all out
:router (config-bgp-nbr) # address-family ipv4 mvpn
:router (config-bgp) # vrf vpn_2

:router (config-bgp-vrf) #rd 100:2

:router (config-bgp-vrf) #address-family ipv4 unicast
:router (config-bgp-vrf-af) #label mode per-prefix
:router (config-bgp-vrf-af) #redistribute connected
:router (config-bgp-vrf-af) #exit

:router (config-bgp-vrf) # address-family ipv4 mvpn

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

F— L N—EDEIFAL T 4 F a2l —a IR O LI FT,

interface LoopbackO

ipv4 address
!

10.2.2.2 255.255.255.255

interface TenGigE0/0/0/3
ipv4 address 10.3.0.2 255.255.255.0
I

router ospf 1
area 0

mpls traffic-eng
interface LoopbackO

interface TenGigE0/0/0/3

cost 1

network point-to-point

mpls traffic-eng router-id Loopback0

rsvp

interface TenGigE0/0/0/3
bandwidth percentage 100

mpls traffic-eng
interface TenGigE0/0/0/3

!
mpls ldp
discovery

targeted-hello interval 10

router-id 10.

2.2.2

address-family ipv4
discovery targeted-hello accept

interface TenGigE0/0/0/3

! vrf vpn_2

address-family ipv4 unicast
import route-target

100:2

export route-target

100:2

interface TenGigE0/0/0/6

vrf vpn_2
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ipv4 address 10.6.0.2 255.255.255.0

route-policy pass-all
pass
end-policy

router bgp 1
bgp router-id 10.2.2.2
address-family ipv4 unicast
address-family vpnv4 unicast
address-family ipv4 mvpn
neighbor 10.1.1.1
remote-as 1
update-source Loopback0
address-family ipv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family vpnv4 unicast
route-policy pass-all in
route-policy pass-all out
address-family ipv4 mvpn
vrf vpn_2
rd 100:2
address-family ipv4 unicast
label mode per-prefix
redistribute connected
address-family ipv4 mvpn
|
multicast-routing
address-family ipv4
interface LoopbackO
enable
|
mdt source Loopback0
|
vrf vpn_2
address-family ipv4
mdt source Loopback0
core-tree-protocol rsvp-te
rate-per-route
interface all enable
bgp auto-discovery p2mp-te

|

router igmp

vrf vpn_2
interface TenGigE0/0/0/6
version 3

|

router pim

vrf vpn_2
address-family ipv4

interface TenGigE0/0/0/6
enable

H&EE - P2MP-TE

RIZ, show mrib vrf vpn_2 route 2=~ F&ZMIL T, ~v R L—F TOSLFF¥
A NHFHORBENIE LW E D D EMRT L0 2R L ET,
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RP/0/RP0/CPUO:router show mrib vrf vpn_2 route

(10.0.0.100,232.0.0.1) RPF nbr: 10.0.0.100 Flags: RPF
Up: 00:00:38
Incoming Interface List
TenGigE0/0/0/0 Flags: A, Up: 00:00:38
Outgoing Interface List
Tunnel-mte2 Flags: F NS LI LVIF, Up: 00:00:38

Flo, T —FTOXNLT X ¥ 2 MOREEZER T L TEET,

RP/0/RPO/CPUO:router# show mrib vrf vpn 2 route

(10.0.0.100,232.0.0.1) RPF nbr: 10.1.1.1 Flags: RPF
Up: 00:03:55
Outgoing Interface List
TenGigE0/0/0/6 Flags: F NS LI, Up: 00:03:55

iz, show mplstraffic-engtunnelsp2mp =~ > KZEH LT, ~v K L—Z TTE b2 /L
DHENLENTWENE I 0 a iR T AP 2R LET,

RP/0/RP0O/CPUO:router# show mpls traffic-eng tunnels p2mp 2

Name: tunnel-mte2
Signalled-Name: head mt2
Status:
Admin: up Oper: up (Up for 00:09:37)
Config Parameters:
Bandwidth: 0 kbps (CTO) Priority: 7 7 Affinity: O0xO0/Oxffff
Interface Bandwidth: 0 kbps
Metric Type: TE (global)
Fast Reroute: Not Enabled, Protection Desired: None
Record Route: Not Enabled
Reoptimization after affinity failure: Enabled
Destination summary: (1 up, 0 down, 0 disabled) Affinity: 0x0/0xffff
Auto-bw: disabled
Destination: 10.2.2.2
State: Up for 00:09:37
Path options:
path-option 1 dynamic [active]
Current LSP:
lsp-id: 10002 p2mp-id: 2 tun-id: 2 src: 10.1.1.1 extid: 10.1.1.1
LSP up for: 00:09:37 (since Fri May 25 22:32:03 UTC 2018)
Reroute Pending: No
Inuse Bandwidth: 0 kbps (CTO)
Number of S2Ls: 1 connected, 0 signaling proceeding, 0 down S2L Sub LSP:
Destination 2.2.2.2 Signaling Status: connected
S2L up for: 00:09:37 (since Fri May 25 22:32:03 UTC 2018)
Sub Group ID: 1 Sub Group Originator ID: 10.1.1.1

Path option path-option 1 dynamic (path weight 2)
Path info (OSPF 1 area 0)
10.0.0.5
10.0.0.2
10.2.2.2
Reoptimized LSP (Install Timer Remaining O Seconds):
None
Cleaned LSP (Cleanup Timer Remaining O Seconds) :
None

Displayed 1 (of 101) heads, 0 (of 0) midpoints, 0 (of 0) tails
Displayed 1 up, 0 down, 0 recovering, 0 recovered heads

KIZ, show mplsforwardingp2mp =2~ > REFEH LT, ~v R L—Z TOT~LOEI) 4T
R T 2l E R LET,
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RP/0/RP0/CPUO:router# show mpls forwarding p2mp

Local Outgoing Prefix Outgoing Next Hop Bytes
Label Label or ID Interface Switched
64106 64008 P2MP TE: 2 TenGigE0/0/0/2 10.0.0.5 0
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