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BFD
BFD (Bi-directional Forwarding Detection) & —AN&] #1928 BAS I Hrs, - DRtk
R MBS kes, A o LB i gn B2 N A o
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MPLS OAM

BFD A an MR-

o LI AHAR L A 18 2 0] IR I B L A7 ey BRI BRI o 33X 2 A R L 1
Ret, B BERG SRR, PERE R R R ARG . BFD IR BRI B (] —
50ms BLIN .

o ReftANEBIHLE, BRE R RAMEATEEA . AR IS BEAT SE I HOAS I . SETR
BFD for Everything, 141 1S-1S/IOSPF. BGP. LSP. TE %%,

FEHRTMZE, BFD C2My 2 W TR AR . P itk il o

MPLS OAM J2&—AMt Xt MPLS () LSP 238 P4 it BRI AL, 18 LSP A 4475 s 22 ]

1] OAM R SCHIPL A B, ST T LSP JEIE M A I .

MPLS OAM AT ATA0] 128 F 2 IMLH], FEZSHLL R Dh g,

o ALK, RHIAIE AL MPLS F 2 T

o i L% 1A H R DL K S 4% (P P e

o ERERG H R R Bl R GRS AT PR R, DU REARSE 5% 7 25T 1Y SLA
(Service Level Agreements) #2f\b %%,

KT MPLS OAM 4045 A AT 2% ITU-T Recommendation Y.1710 £1 Y.1711.

3.3.2 W FIRIPF A

IGP [RiE WK

IP/MPLS 45 IR REAS S AF # RT RE IR cRee, g SR E 114 P9 28 O 4 T B A AN [R] o 491 -
N EETUA . AR PER  GR ZERIE % 4 2 T

N VRRP. GLBP Z5H ARHE i W ey T Sk

JEIL IGP P s, TE FRR A4E W 4% 4 472 1 vl

BT VPN FRR {#1F PE 5 A 5E k.

IS AR L) DR B HEAT T 1R 5

IGP PR Sk ) H AE T W 4 e AL WS i, $2 5 |GP 58 v 0 R i b e S )k 52 IGP
PSS 2 TR RS A M, AR M.

® |-SPF (Incremental SPF): 3 &t i1 57, &R AR 157 B H BEAT 157
T AN A2 X6 4= 30 8% b E BT U 6

® PRC (Partial Route Calculation): PRC [¥]JR ¥ 5 1-SPF A [A], #54& KT ARA KR
— 5. {H PRC ANTEELHEA A2, T2 M 1-SPF S H KR H SPT K EHii-+
(D

o LSPIRIEY HL: M HASW B A ALESHK LSP N, fEE S 20, S0k
THREHH M LSP ¥ HeH 22, nb LSDB (At 2. Xy R e Fof
DL i 2N o 2% PRI AL Sl i
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IP FRR

IGP Auto FRR

BGP FRR

LDP FRR

o HREEM AS: FREE I AT DU b 5 S AL A B B i AR I R, BEARIIE
T RS, ELAN TS Rl As AR . B RESE N A8 G S SPF R BEE N4 A1 LSP
PR RESE I % o

FEGERT 1P W2 rh, DK R e, 380 o 2R 8 5 B e 8, — s 2 J LAl I 1)
X4 ERSERIE I . B AR U IS R, XM iR R .
VoIP V.55 BT RE 7 2 4 455 v I I 1) D 22 A0 20

IP FRR R BERS (R AE 55 & 28 40 PRt b 3 Fof g st 3304 740 0 5 SR B it LRV 4590
PR IEH . IPFRR [ 3 2SI ARG R

o {EEHEAIHIN, i Route-Policy L' IP FRR SR, U457 i (14 A A5 S R] I
Pefltan e i g 4.

o BTN B LR AN AT HIIN, RENS AEA P 1T i CSIT B R T A
Fe R A o

IPFRR 40y F— B2l T TR E AR, e 2y, H 35BS A IR o I i
MR, 5 . b T ik IP FRR B3R E G, 51N T IGP Auto FRR.

IGP Auto FRR /& IGP I 4L 21 11 5 R &5 B ah &Yk i IP FRR & IMHAR, 1P
w20y F—Bkoga B i SORIE BE MO SE B S AR Ak, ERA LT, K
(529 T e R JRAS o

IGP /LDP FRR £ A B % i (14 &, vl AR PR i s A2 b0, {H2 2 BGP 15 sk
A, 75 BGP EHIZ S, SRIG TR N kR, WS TR T REIA BIFP 4L, BGP
B B AR AT DL R 2 T SO R, AEATY AR TEVRIA B HLAE G ] SEPE R

BGP FRR FiAK FH#E i J2 THI B V#1877 28, K kA BGP 415 i) LDP Label/BGP
Label B3E0E K & 0 S B K 2, 24 BFED £ Bt i ML IS I 1) 524 BGP 418 fis ik
B, BB AR, SEEE S I PR S

7E LDP 21, @3k LDPFRR T LLSZHL LDP LSP [rfusili sk, LDP FRR &35 % &%
LDP ({15 A% thE R R R T RN, 3 LDP [RIRALER B AE R A 8647, [N TR0 3 i
KFEH . ERMEN —BER AN, A S AR R AT %

xS BFD A AT LA A I L de N — BRI 0, T LASE I 50ms Y HCSIGHE

LDP FRR WSIEA (A T2 — & BRI, ECanesh W s o8, wl e thBLRAE T~ — Bk
R AR SCIERIAY KT T R A A i (R Do

AHEL RSVP TE ) FRR £33 K, LDP FRR {847 5L T80 25 14T by, AN 75 B ity 34 i ) AR 97
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MPLS TE FRR

VPN FRR

MPLS TE FRR /& MPLS TE " —%& H T8 OR 4RI s R I - 24 LSP i sl 1y
SRR IS S E I )1 RHEAT ORI FE mT DA SR VAL B 4k 2 I ORA 5 B B 1 R 1)
B, DMl EERALEAN BT R AW, RIS A o] DLUE S AL A 32 5 R
(1) i) BN 44 452 A b = s A2 P T g o

MPLS TE FRR ) A JR 2 F — 46 WS 7 1) LSP RARY—4mi £ 46 LSP. TS s
] LSP # & FRR LSP, #i{R# 1) LSP #% % 1= LSP. MPLS TE FRR &£ H 1 &5 H
FRR %1 2k i i1 Bk i 5l 17 05, A BR3P B8 12 Th RE . FRR LSP A1 LSP
I FE T 2E MPLS TE RS M S Y,

MPLS TE FRR &% T RSVP TE [5ZHL, 51N RFC4090.

MPLS TE FRR X} F TE B&IE L 4f R Sh TP AS PE ¥ £ 2 1) P 196 g e 01T e e
RE PR ALIR I IO LR, (HUEANRE LRI f e BE T i 4f RN 245 55 1) PE 4% o

— H PE 7 Sk A, B A e v 2 ) B S, LSP SRR Sk 45, Hlk 45l
US55 MPLS VPN P38t B0 . AR N BBk OB DA oG, A2 A 4] 9 vh — e
5s AiAT, TCVEIR BN b v 2 v Mk 45 WS T 1s RER .

VPN FRR FJHZET VPN [FIFAR it RO DI, al i WS /e e o PE s B 48 10 &
F PE 145 ] PE (0 =4 BRI, JH45 4 PE MFabodi, S Zem vk CE XWUH PE 1
MPLS VPN %% PE 15 pii i b S S0 oty 210t 45 WS TG CORTF 1) [ [l dt,  [R] A
fift vk PE 7 s DA A2 ) 5 AR A8 P AL R B P PR B A DG IR ) (8, PE 1Y AR
o0 N 2 a2 1 P Nl 8

3.4 IP+3ARIP 1G]

341 =M

J ST T R RS M Y R AR R, TR AN IR T R A R s S £
JE LTI AR 55, LR M A (R A 7 R R RO T AR A (R ARG i R o DRLE ) Je
WA W FR R S P Al PR 5 R S8 5 A 22 OC T B S

BHAR P JZAMEIL RS B W MR, (HRfE R IR & EAAAE e . o
FEORI AR, BE R R R, AOGR B T HAE 55 i

BRI AL 1P RS OB B, (IR ST T M A%, 4
BRI AR %, ERQIEE AT R B84 SRLG FFUL Reiliz
B I 2 A D 375 2%

HAKITE

FGE ) SIS B T 282 28 S R, DR A P 2 SRR R ANy . QOS K mTT
VAR R L, O HL R SRR AR K Il A 21 22 A Rl e -

FH ARSI 2 P 28 JR TR, 22 T2 1o 2 ) T L) DK i vt 8 A0 P 4 o 2% ] S

o JHILES IP JRAVLIRJZ M AR, R DR b 55 i A5 23 BC Y 2 R 98 B
SN 25 B[R] AR B 4 BE R
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o MR MIEFERRY, eGSR R A B R T P BRI B, S K
PRI, R PSRN, SR TR 1P 2RI 1% 2 E Dl ) (0 06 BEHE Al

3.4.2 SRLG #RriH

SRLG (Shared Risk Link Group) J&$i5 H A7 3% [m] 5 1 XU 1) — A B % 491 anxh T~ i
W ZAAFIEEES, RS T ARG LB AT Dl o 0 SR A 32 i it g e
T % P 4 2 1T 3 % i 1% 2 [ ) il s

AT G EARTE ALK BL, K P LR AR SRR AR I I, R AR A SRLG i B
BE RS ANBCE £ B 12 b, XAFIER SRLG 58, BLA SRLG 14, nl KURIEH AR 1
F R — B AN A — AR BRI A SR T [ I e, AT v 1P R DR KT SR

475 SRLG #RriR

i SRLG AR PUZFRAE IP ML A A G, il S AR M M 45 A PN R A T B ) s
BEAT N A AR, ARIRERAR G SRLG A5 R, JFR SR 2 IP B4 b

# A SRLG FriRscEl i, LHRAAMOBCE . (HIZ A SRLG bR iRAAEan T in) @l
® SRLG FMCHE 75 %L 1P W48 FIALE WA BRAEY A\ B R 40800045 BAS MR &, TAF
AR, MES .

o UNSRALILJZ AT HE M O R A, A S EHONT IP M BN AL, EORT
BHECIP JEHIEE .

o INRAEEEMIH T ASON GMPLS iR, fRIXEAH v Re A8k AR, B0
1045 TR S NHE 40 1P 2% .

7S SRLG #riR

T4 SRLG b A — B B BE , DR L HE Ok 28 F1 38 HY T 3075 SRLG AR iR iR vk 7 %
T sH A I SR 126 15 4% H) [ GMPLS-UNI, 45363 4 1 LUK SRLG 135 6 [ Bl AL s
IP 58485 . IXFE IR =N ] AR w] LR L 1o fift vk o

o SRLGEREHMEXZHERS IPE, AEENTRH, FESEAMIEMME.

o (LIXZHEMIE, XS HSE R SRLG E A, LW AN LEF BN,

o (LiXJZILT GMPLS ASON FHiMH M h/G, (B B3 H B SRLG 15 B4 th 2% .
{53 )2 A PatE s s bRt il LIk SRLG 15 8., 8 T IEER &N 2K I0E B, OTN

2. 6)E S PUROGET JZ 1% . 17 1P 4% AR $h 1% 65 Bl 3 3317 vF 50R0 B8 5 3 & B 1%
A, LLBETAH R ) SRLG 5586 . tn & 3-12 frs.
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[&]3-12 z17s SRLG fRiR

SRLG: O-54, L-S4, F-

@_. _______________ _@ S1,F-S3, -S4
R = St IPPIMPLS @8 - - - &
@: """""" @ GMPLS-UNI

5 ? 3 :eXIenSIOn
N S ) otwsub
% 0-s3 E O_S?@ O-SG§ lambda @ oS4 @

-1 ; a
-s5! /lambd ‘ ; ‘
. EIL ssi WDM/lambda El L-s4 El
Fiber a F-s1 ﬂ|=-53 aF-m E

3.4.3 = H| R E RE TN F]

FEF A AN AS 75 225 FE I, AH A A B AR, #1 THDR R 15 0
YER o F2 ST T 1R B R E B HF GMPLS-UNI £ K fil PCE £iK .

GMPLS-UNI

GMPLS-UNI #2& IETF [bgrvE, ST 155 1P F%Mtii?ﬁﬁiﬁﬁ%a‘%%%ﬁﬂﬂo biiBE
GMPLS-UNI, P JZ 1] LA g sl A% 126 2 4 37 0 0 o3 I B i

DL ST BERS B, 1P E’:Aﬁa it GMPLS-UNI ;kanﬁ:zﬁ}:’%ﬁﬁwﬁéaﬁﬁﬁﬁﬂ’m
RGBT R (A %HEVIF% 532 J2 E B 835 AL T B AR

PCE

FE— AR b, ST LRI TT AR %, M0 HL i AT DG B 4% R A AR 9 ) o
SERETT o i SR A i A v S 5K ’ﬁ’l‘ﬁﬁ%ﬁ%ﬂﬁ@iﬂ’]%uﬁrﬁ £, H
SERXFEIE 2 B A . I HAEZ AR ES L, R4 0 I Ad A AN AT L,
PE TS B e A i B % A, 2 SRR UL AR B ]

PCE & T BB T BB AT BIR . PCE HA s KSR 5L6E ), L&
TE 28 [ B B A 454 o PCE 7 53/E — MU IR AT 5. BN AR T 500
SR AL XA PCE. 1E5C AR T 5 LA, PCE 45 FARIR LS K H XM SR
Ju(PCC)o 24~ PCE B[R LAE AT LAvH 5 H S i 45

3.4.4 BRI RERIP

I 1P RAVELIEL Z AR R BRI MR, 1P+IC PRy 5 T LASS (AN [ 254 1 /2 1Ak
(DFVSTADIE SRR IYIW P

e TE FRR+ASON £hf 2% 1+1 {54
® TE FRR+ASON 434K & % H {7 4"
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® TE Hot Standby+J:2k 4 1+1 {43

TE FRR+ASON £4 A% 1+1 {R$P
) R T G T S VLR SR i . LR 1P B % U6 70 L 15

IP/MPLS /2% H] TE FRR J7 N ARP S 4%, 16152 KM ASON 4ia 2% 1+1 747 )7 K.
LR VE IS 1P 27 s RV BE R b, A28 2 s M BE R Wb, G2 v DL IR T 41«

TE FRR+ASON 4R} =& ¥ R $F
T R T4 AT S A SR S R T G R S

IP/MPLS JZ X H TE FRR J7 :URP Bl 42, 532% 2R A ASON 4R 28 7 i i AR 97 75 2o
WOy LR RN £T & A Wk, IPIMPLS )2 TE FRR JE 80813, {31451 Bypass Tunnel
b, AL EAE AR B Oy NE R IE R AR AR, MBS S, 1P R DI
= Tunnel, [BI)EFEF, #Hi#s1d 1] Make Before Break, A=A ZA4d.

TE Hot Standby+ ¥t £ 3% 1+1 {R1P
IR AR LR BRAE W i RG 4T, ASBE AL 326 SRR R A Ul o5 i 0B AT (R P
M AT — IR £F, ml b S vl S g — i, Wi — R,
IP/MPLS JZXH TE Hot Standby J5 =X P4 i 21 B #6452, 1521256 2R H a2k % 1+1 /477
X, WML R AR M, 34 E T ST 26 1+1 2R 9, B0k 45 D40 21 45
et b

3.5 IP+yEiz 4[5

LG 1P M ZRIEIR 2602 AN RS R B, JF H i AR AL diy . 7Eb55

0 PR T S AT 5 37 E A7 AE LUK IR 1) 51 2 -

o P WIS BN ARG IR, AR AT e A2 T )4 e
Sefit, JUEEN TS5 AT IE AR .

o IPKEM 80%LL b i e s AR, i AT AR T T, 2 1P R B B
) 3 S Y 5 Ve ) i AL, T 22 Rt A A0 A s 1 T B

o CUfLABLR SR, ARIEEAE R IZER A B 1P BE,  [FIN ARG
MBI A 1P 2%

o IPMZIEYER SR, K P ARBOCR RS, BB ML S5 5 2 2 IRk i

BYEFILL “ANNAS, W28 Gyiade” B ES, EEAHE 1P ADER 4 k& 2

PR g0l 45 T s 4k

35.1 fHEEE

LA U2000 2 BEAb PRI 5 P AR e, T RASEEUE T IP MES RIRIR I 46 )l 5 2, Q04
W RS S L PR 55 A TRORT i i bR 3 5 T e
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M TRRE e

R R B F& T aL

U2000 REM X ALIL &« BN BRI IP B4 AT 4 — 4 B, nl & B4 MSTP. WDM.
OTN. Microwave. Router. Switch. PTN. MSAN. DSLAM. FTTx. Firewall %5 ¥ F1
Jk%c

U2000 7 4 7] LA BT 45 (1 i 3]sy PR3 A T8 U 2000 FRIMY 55 PR R T8 B T R R

o AL E NS BIAR, F11 Tunnel BifR . L2VPN/ L3VPN/VPLS/PWE3 VK45 #i4 . QoS
SRR A, T SEME S HOCS Bl &, RS 3~6 it

o bR FRAMIS, SRTHICEBCE, WESR T 2~3 5.

o  MERZEMNERSH L, JFH MPLS AR B0 R, 0 N1,

° %ﬂ S E2E M5 dEd,  SEBUANFRIRANL 51K E2E 45 B, A7) Tl o v A 52
» RHE L.

o IP—I—i‘ﬁE‘Jﬂk%EW\*%‘%ﬁﬁJ?ﬁ%, EUAETR, 1P F WDM P45 7 306 R T AL .

U2000 1] LA 1P DX 2% (1) 15 4203 DR 20 A7, Gk Xk 1P 190 2% [ i & 11 %y B, m] LAY 2D 85%
1P L% TE RS, i 1P 3 2 il F M. U2000 AJ LUSEZE X 1P+ ) 45 2 A1 e 1
SRR B S ) 1P BERG, W 3-13 BT

E3-13 IP+¥ HEXCEFRA 2

23,000 Alarms/Day, KPN IP Backbone

*Abundantalarms databasein both layers
» Customized alarm correlation analysis rules

[:I U2000 NMS &
Alarm Center

, Alarms causedbytheroot =
R\ alarms are shielded

» Onlyneedto maintain a unified alarm report

after Correlation Analysis and Suppression
+ Helpto fasttrouble shooting

6,000 alarms per day on KPN WDM Backbone

HI TP SEREAR R, AL GER 1P P46 10 B 4, AHEEILARI 2% 10 5, SERAER 2
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IP 2% (K00 55 6 EANFTAL, B R AL ) BB A 3 S e B
IP B e o R, HEATIN ], AR 22 I ) kB A HRAS LA ke
IP WL AR SS, ) i ZARIG AT L, eIk B 55 B .

He il i RIS 4E fF) SQM (Service Quality Management) J5 %, R A KR TF IP M 4%
IZ4ERE 1. SQM J5 Zilid 1P I 25 i i i B R 48 U2520 FIAE AW 45 R 4t U2000 k3 [
SEHL

SQM J5 AR (D REAEF A -

IP W25 dabn il 5

SOM T AR IP W2 530 KPl FeAn 240, BIunstiR, $l3). HEEREE, H
Si R IP M s, SRR R PP, n T,

IP V4% E2E &3

SOM H LUEFAF &Rl 1P V4SS, B, 53, ORI A b 45 S5 A 7 i 3 i
PR I, WOk AL 25 PERE S I e 35, D748 SRS

P i phy SE I S0

SQM T RLXT 4=/ (1) IGP # HH « LSP #4255 b 4T SEm R AR g, [y 52 Bk ) g s v
TBIE, YIRS A vk [B) e s PR T

IP k& H 2l e

SQM FE T4 K] 1P B M B, W LASEELN T 1P ks Bl . H 2 AU
IP Ml AN S 1, S 23 B A BIRT (8 Sl A7 s AR U
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4 #EJ/Experience

4.1.1 AEINEFAN)
HENAE N IPHE AT R S, 2009 45 N H#EH 75T ASON 2 8 M 25 Al

IP/MPLS % 11 9% 1 1P+ R 5 % . 3T 2010 4E47738 i T ENANTIC( European Advanced
Networking Test Center) [FIMllt, I, WKL M & 4 4-1 Prors

E4-1 2010 &£ EANTC B4 IP+3¢ 1B

e

(GMPLS-UNIf54>) /

l J)’J | \NJ

;)J

N3R@hdeﬁ -~ N4-VenderY
N -~ ——
EY] Ly —
\.m..uuz-mawei /
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4.1.2 £BkaY iz H

£k ASON 2 REVC M L% 4T T, o & fE 4Bk 80 2 /Ma 8 i i Ih k& 17 300 £4
ASON M 4%, 4=k ASON W25 H il e %, BUR T B35 11 ASON M 2542 - Fllia

[E4-2 %5 GMPLS/ASON £ WDM/OTN 45ish a4 57 FR

Turk

Telefonica Greecd/ekom
Spain OTE | Azerbaijan
Teleconi __I-Azertelecom l?engaIGP .
ﬁoKdafone Italyf/ ~ Lu/y /J/ i e S
@f e ad
Vodafone ,4/ ChinaTelecom ¢ *
Portugal ® ./ . . Q ( ) y v
Morocco &/ P e . .
Telecom . . “/. 00 -5 China Mobile ( }
’ X () 0~ Venezuela
Z ° . \ ...‘. . ,~~@ ChinaUnicom
] f . ., (J Philippines
et G ARy o
EgyptTE\ QTeI l\ZJocljaafone‘ ) VNPT “
o Thailand
Angola”” | p / TT&T
Msteleco \ o \ “
m y Malaysia CTS
L Malaysia [ ]
- Celcom

@ OTN/WDM ASON

A R 2% HH A8 AU R e AR SE 3, o8 LIRSS T4 KT 50 44 Edis B rih i 36 4, 724
Bk 102 A EZFIHLX 22 T 120 25K IPIMPLS BT M1 620 22 9K 30358 /0 2%, 0 2% IR 454>
ER1012H ), A —.

4.1.3 17l Sussi == 151
AT T B0 BT 6 TP AT, 944 0 9 4 RO 387 ) 02 8 P

BUR 208 BH . SEEET, O PO R RN R T LR
K] 4-3 P2 0 (1) \P+SE PR 7 SEAEAT 220 W iR e v o
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[E]4-3 1£5 NE4OE+OSNG800 fEfT= 2 & M 5z FB

@ OSN1800 XiPOP

POP
(NE40E+
OSN6800)

2 %
———
LPOP POP £
(NE4OE+ siec 7/
OSN6800) \\__\J./
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4518 /Conclusion

IP+ R PR 7 ZE A0S 3% GMPLS/ASON ' fi 't 4 26¢ - BEAU T L L Al SE AL 5522
AVERFERL b, G55 A% IPIMPLS W25 528 (1 R e e w5Ek, 7820 HI U2000 (1
Gi B4t 6 RGETE T Ak BRI TR 4 AT FEPE AR o O A AR T
FR )z P, AEARNVAE B R rh o % ) B3 S e
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HEMZIEZR/Acronyms and Abbreviations

RYFEE | RXER I EFR

BFD Bi-directional Forwarding Detection X ] iy TG i)

IGP Interior Gateway Protocol A 30 P S L

FRR Fast Reroute PRIH P

ASON Automatically Switched Optical Network H ShAS #e o't ) 4%

SRLG Shared Risk Link Group RS I A 4

TE Traffic Engineering i I

WDM Dense Wavelength Division Multiplexing w24

E-NNI External Network-Network Interface S[R3z 16 B 9 28 42 1

GMPLS Generalized Multi-Protocol Label Switching | i F £ bR ZEAS #1

IETF Internet engineering task force YU T AT 45

I-NNI Internal Network-Network Interface Ii] 5 Py 4D 199 4% 4% 1

ITU-T International Telecommunication Union - B B A TE B — F A R v
Telecommunication Standardization Sector

LMP Link Management Protocol B F L

LSP Label Switch Path PREEAT P 45

NNI Network Node Interface W 287 p Bz
(Network-to-Network)

OIF Optical Internetworking Forum Y H IR

OTN Optical Transport Network SeAEIE R

oTuU Optical Transport Unit oLk BTt

PCE Path Computation Element AT E AT
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RYHE | BRXEM R EFR

RSVP-TE | Resource reservation protocol with B h Ui AR R 1 WS R T
traffic-engineering extension BTN

SLA Service Level Agreement AR 4% 7KL

SDH Synchronous Digital Hierarchy [ 8RR

UNI User Network Interface FH 2% 2 1
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