B2THEEOW
2005 £ 9 A

BT 5 F B ¥ #t

Journal of Electronics & Information Technology

WDM #8% I o 5[5 3 2% S B2 4H K 1 RO USRS R R P %

& & ) §AL 2 FRE
(BFHBRFREAAEHEEERAERELTRE ASH  610054)

B E: AAERETHETHRNYERE, BEAE— MR, XRh B St T LR H o B &
RiiE# (Correlated Link Failure Probability, CLFP) 3R%7". 7E CLFP L, ZIUHAT WDM Hsk ™ h XU # &
MR, RIET —REFa R P X AT SEt (Differentiated Reliability, DiR) FI3L308 B {R 47 & %: SPPDLF-DiR
(Shared-Path Protection for Dual-Link Failures with DiR). {ii 3% 8], SPPDLF-DiR 7Ei# 2 F /X /- af £ ER TR
T, BEEROIE SRR R AR SRR,

XA WDM BN, IEERKRM, AHXEEMARMBE, XOTHENE

FESHES: TN9I9.2 XEkiFINE: A XEHS: 1009-5896(2005)09-1483-05

A Dual-Link Failure Protection Algorithm with Correlated Link Failure
Probability for Survivable WDM Networks

Guo Lei Li Le-min
(Key Lab of Broadband Optical Fiber Transmission and Communication Networks,

UEST of China, Chengdu 610054, China)

Yu Hong-fang

Abstract
Probability (CLFP). Based on CLFP and Differentiated Reliability (DiR), the dual-link failures problem has been studied,

Because the fiber links share the common physical resources, they have the Correlated Link Failure

and a novel protection algorithm, which is called Shared-Path Protection for Dual-Link Failures with DiR (SPPDLF-DiR),
has been proposed for survivable WDM networks. Under dynamic traffic with different load, the performances of
SPPDLF-DiR are simulated. The results show that SPPDLF-DiR not only can satisfy the specific requirements of users but
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also can effectively improve the resource utilization ratio and reduce the blocking ratio.

Key words Survivable WDM networks, Dual-link failures, Correlated Link Failure Probability (CLFP), Differentiated
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1 3§

TE¥ 5 8 B (Wavelength-Division-Multiplexing, WDM)Yt
Mggrh, BT KN AREER EiL S R
0C-48, 0C-192, OC-768), BEM(OLLTHI) RN IHKE
WEHHITNT, b A REHT R AEMNEPX
AT BERRME, HRF R AREIEFCHRY
(dedicated protection). L= #&12{R 7 (shared-path protection).
FLEL % 3K {R 3P (shared-link protection) ['] L5 F i34
(shared sub-path protection)?. HFIEFEFLLLRRFTA
THEEZHRRE, BB HCCERHFRIEEET T

REEMSH P AR E, MEABLSEERBX,
MERBELEZ AW K, &FREMEHRBEE, M

2004-04-21 W F, 2004-11-15 K[l
E X B RF £ 4£(60302010)% B8

WEMWEME . BT HERSZ AR R EE
R, R RES KRR R . EE R
#(Shared Risk Link Group, SRLG) PIIZI N, HiR T 45
B ERAH G ) B . SRLG $R LA R M B B R (it 2
BAH LR RBRR) N — AR, Xy R IR LR L.
Bt HiH%, HEETUR—MuREEMIE. —4
SRLG k&, A TRISBRAMAN S LEHK KK, SRLG 7
LUBE YRR R (5 R BB, AT LUE MR
#HFANTIRE. 541 SRLG X RNME—HIPRIR, 768K HE AN
15, MBS B K SRLG FRIRKH 2L &i&F Ry T
{EE BRI B BRI 5 B FR AT .

#TF SRLG 3R, CHR[4, SIRY 7 RARUE T THE@R%
MRIIERE SRLG 20 B, IXFETES SRLG HMEAIR T, ¥
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EERASER, EMHRITEME, EARLESBAL, BTA
[ SRLG WIS A S FIRT R4 5. {BSERR b, fef b R
A EMSE SRLG #7if, ESR—ABEMHRMEE. X
LHCCRERT R, #2 0 FEERBELIE E SRLG #7
W, XERRAGEN, BFRYE MR DFE LS ERA XK %
FERS SRLG, HHEFHESFESEEAHMXEERKE
KAE(: B, FHTHE), FEFLRSRFEZEAE
R A, BB T SRLG HI B th A o] AR R B 2K 0.
BATE T T B F R U .

B 1(a)+ SRLGI 1 SRLG2 f£{ERXX&4r, 2 SRLGI
RA4HbE, BT SRLG1 1 SRLG2 3T X 54 # Y 4 5Bk A 7]
feRIF . AT W, BT SRLGI #1 SRLG2 3T X #64r HI ki
TR A e

BRf# SRLG1 f1 SRLG2 ¥ H3Z X, 17 HE 77 7E S b AH ¢
. B 1(b)® SRLG3 KR KEMRIMENR. R SRLGI
1 SRLG2 BRI Hy, EXMERESS, 45&ET SRLG1
SRLG2 Hy 647 b AT A RIS 5628 7] WL, J& T4 R SRLG
) 5 st T A R B AR

SRLG1 > SRLG2

(@ ()
B R

AT R SRLG MBI, ASCHRFAH R BERS R0 %
(Correlated Link Failure Probability, CLFP) 3R 7<% B i) # f&
XM, RN, B S EEE I RBETR TR &
g, TTHBEAR POERY I RBOKER. BRFERN
CLFP B—AMgeit, 3R CLFP RY)La4THeY, 1
TERE A E MG TR S ENL TR

BT A S Ir e S A R, S RE B gt
HEER It RO AR R T oK. B S A7 E XU b
IR T, SCER(12 - 14]/ 7 RER AL KiF K 58—
& TR BB A BE R O SRR, XEMT ALEWE
K| 1000689 R, MEHEIXHFRK G EHETY
(Differentiated Reliability, DiR), X< 5B ¥R F LA
SPHEEE.

g LPTR, BT SRLG MGkra, MAFES T EM
SR PCEE IR AR AR DS T 1) B, 0 Y8 R XU B PR T R
SrAl M RRRE. STk, R R AATE R R R
BEF, ANEEEE CLFP M DR, HXKIBHT —HIHEX
Sy ATSEE B L 058 MR PP 5% SPPDLF-DiR (Shared-Path
Protection for Dual-Link failures with DiR). SPPDLF-DiR X

SRLG3

SRLG1

[T

— P RS A B B B S E——KPP B, EWERAFR S
ARMERT, AR EREAAENRRLSIEE
.,

ARICEEMWT, B2 WHT T RS, 83 AT
T SPPDLF-DiR HiEH ], 34 WAT TUIEHMSHT, 85
PWREEX.
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2.1 MEEE

BEMBIRI G=WN, L W), Hh N AW S8, LR
8, WMARHK R woABIRET £
WKE. T FEREERES AN, ILIFNER.
BE/BMLEHER 5 DFIEFNE, s, d FHNE. B AL
AT SR N PRMEEE. AL HRIEERE MR
K, MY ERAARERKERIEN. RANBEHEREE
4 Dijkstra Hi%. AR SWTHR: o r 550 058/
FEZ2NAMBEKREMBKXNELE, B2 a+n =W wp,
AL SER n B TAEE R bpy, F bpy, 275 EIEK 7 B
BARNE SKRPER: v ATHEERELIES e BRY
AR | LS EREE: pyy pu 0w, G H R L
R EKHRAE. KKXENFTA LS ERESARRK
¥, W% pu>puB pu+ py+w =as DPF DPy 5354 %
W pyy T py BINE B AR SR tpy, A1 tpy 4 BABER 1 L TRE B
K I B AR KA B 72 651C2%: (DP,, A DPy, 535
HRERE tpy, 0 tpy BFME RN FHE: CLFP, ; hBERk j EHEER |
RAAPAR TR KBS, POV | WM 1S4
H£ESHTER.
22 XS ATEERIRP

BB RIEEMH A RB R, hEHT RIERITR
P, A& TIEER wp, S ECH &K EEM S BNRTE
% bpis F bpyse 2 wp, 1 bpy, #E L — KRBT, bpy,
TRAT MBS, XEMTF 100% RIS KK, BHF
REFHEAFBEE 100%KRY, HEHPFENTRYE
BERLE, FlinAFE 9% R (100%M RS, 5
W FFEM ISR BT ERITTREYE N F; 98%MRY, A/
W TE MR R E R IITTRENE R 2%), BRHAFTELE
FTEEMASRCH &Ry EY. TH, £ CLFP At L,
BATRI AR L X 4 /T AR i,

IHEBNFIE K n B9 TAEERE wp,, HATEEM R,
R A K(2).

P(wp,) =[] 2 (n

lewp,

P(wp, failure) =1- [] p, @)

lewp,
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31 FARIPIERE bp, £ wp, RIITHTIR T R HFAF

P(bp, failure | wp,,failure):l Maximum (CLFP, ) (3)

e wp,,, febp,.l#f

RIBRAEELX, wp, M bp,, R R LEIBR R

P(wp,failure( bp, failure)
= P(wp,failure) x P(bp,,failure | wp,failure) “4)

W) wp, 0 bp,, FIB & AT REME R

1- P(wp,failure() bp, ,failure)
=1~ P(wp,failure) x P(bp,failure | wp, failure) (5)

BEAFFENTENE D RD, WR

(1) wp, AT S A/NT RD, BPiRN(6), MAAANT
YEEE wp, 2 TP FEMTENE, MABFEALEF
KA AR E R . r, AP A RINEETRAEASRW).

P(wp,)=RD (6)

(2) wp, AT FEHE/NT RD, BIAH 2 30(6), T wp, 1 bp,,
MEEA AT REMEANF RD, BT RR(7), WAA K TYEER
wp, FIZE 1 &R ERE bp,, K T AP FEMATENE, WA
BREEALFHERSEE 2 £ R EH bpy,o SLE, A%
PR3 Bl RER TS A (S).

1— P(wp,failure () bp, failure) =2 RD @)

3) EXROHMAMNBAFHELMBHRT, FEALSLIFKR
D 2 FARPER bpy,. WA, AP LHRBRNEETE
4 100%.

AU LA, BRNEBE): EXFXSATEEMRE D,
REHRETHPOTEEFE R, RRAELEHGHFLEEFER
WoRAFRPERE. BTFRLTRPERASR, NER
LU, FTULWCTHER BRI RE, AT i BRI e
R BEER, NTESR, ATLER M IERME.

2.3 K-Path-Pairs B&fH

ICHR[4]4+48 T K-shortest-paths 2% (1 /19 A8, K SR EHMIHE
AFEHE, FAUWHEY K FBFERG, BN KKBHPIEY
BHEMATAERARPERMAS. RINGLBETER
K-Path-Pairs (KPP)#r. 7 KPP Beih, BRUAE KT
138 B5 A {R 4738 pair, (wp,,bn,,,bp,,,4,), (1<m<K), H
A, BB HE, RRB\PEALE. EFEHA Pair, T8
TR, EHEEA Pair, i, MR

(1) wp, (AT ML R K (6), W bpy, 1 bp, A%

(2) wp, FITT FEAE AN 2 30(6), 1H wp, Fl bp,, K& T 52
% ER(T), W bpy, HF.

(3) REOAMKXNEAHEL, W bpy, KA.

it E5E K A pair,(wp,,bp,,,bp,,,4,), (1<m<K) G0
RRAERD K A #gdxt, WHHEAERTRENRE BT, B 4,

HE /N EMEAREIRER.
4,=Ya ®

TEBAKIR I H— A Pair,, I HIEPER:

Y Pair,(S): HMIAMBEIIERA S, WH—A Pair,,
VIWRELETH Pair, # A .

FH1 MRS TEE =0 %% I,  Dijkstra
HEAVFIER IR —FBERBED THEER wp,. R
BEKE, WEREMBE Pair,. FN, WRHEHLK(6), W
BB Pair,, WRAHR(6), WHITIE 2.

T2 SEH tp,=max{| v |}(VeeL, ex]) F1 tDP,=v{,
B EL tpy =max{|vf — v¢ N tDPy[}(VeeL, ex)F1 tDPy = vf —
v; NtDPy,. MIERMEIRINTETH wp, BT8R, UURFTE
Py + Py +1, <tp, +1tp, EE#E, F Dijkstra ik AL KiER
FE—FBEHERIERSE 1 K RIPER bp,., EHERERET,
FTARIE (WP, bp1) S FTH Pairy (k<m)AE2HR. MERE
#®3), WEEHMHEE Pair,. HW, WMRHLN(T), WEEK
Wi Pair,, MRANHRR(T), WHATHE 3.

FR3 RIESE 2 POMEIRT, EWERETA bp, @
LR, F Dijkstra B AW FERI R L BEHRME
K E 2 AR B bpy,, BRI R, T ARUE(WDm bPim bpay)
Y ETE Pairy (k<m)RNESHR. WREAHHRB), 0K HHH
%% Pair,,. &N, HREHIH Pair,.

3 SPPDLF-DiR ¥ i1t aesstr

3.1 WAESH

TR FRLFER. MBVFHERSER) BRLSE
BERASH n), BRTHNMERES, BITLSE2: TN,
BHIZWFER, BHMERE, RELE 1.

&2 WMRELTMR K NEHEXFHEUE, WHRTE
X 3. BN, mEMERE S, AHERH Pair,(S). WRHF
BuR[FE| Pair, B, WHAITHEER 3. BN, ©FKTF Pair,, &
BIFE 2.

S| 3 WMRPTH Pair, (wp,,bp,,,bp,,. 4,), 1<m<K)
AT, WHEARVFER, EHNERE, BRPEI,
B, B A, EEADE—ABEX, WER TR TR,
RERABFEL G, RANEHTEER. RERD
PR G AR R iR R, RERIBE 1.

3.2 tEAEIEER
WA H = RUPC (Resource Utilization Per Connection)
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WKOFRR, KT EQRETFERNLSEIERE. RUPC i
A, RESGERFEH A RHFELD, BRFIARES.
RUPC=Yq,/|E| ®

lel
b %-BH 222 BR (Blocking Ratio) A|R|FN4|HI L, 3+
A REGERBHFTE LS ERNES, R WAL EF
KE#ES. BRI, R SFHEEBK.

4 {HEMSH

P ELEHR AT A L 45 7 SR BE E AR M 0 B TEAL
AT, BN S E R AR [ IR N IME N L R 54 A5,
BR4= 0 2 A8 Blu Erlang, (FEBTEIEL u=1. FiENkFHiEK
IR, T8 AEERA AT Z MBEYUERE, mWRVEEER
SLRMMSZENE S, BDEERBAF . (HEMKmE 2 fiR,
FLHEMN R, SREAIR3 MK,
5 SPPDLF-DiR #4714 RE LAY SCRR[12) 1 3L TR B B4R
8= (Shared-Path Protection, SPP), SPP X SUBE M kX fit
B4 100% KR, (T E BT ATBUE 88 KK K H(K>100), iE
B3 45 AR AR 108 Rk 453 K 18 B K0 3948 .

e Y

K2 Ui EMSEEIHE

RIECIR(7 - 11], BT i HOTIEME P HNSA T
1.0~0.95; CLFP, (i # j) &AM HEEHZE M (100%, 50%, 20%,
10%, 0%} PEFLILER . FTR & 3 N AR AT S LR Pi~Ps,
Py SEMEERIER R, AMELH RD=100%{%F; P, XF0l
FYEERELE, 4 RD=98%; P;3talfeth i RIEEK,
4 RD=96%.

ME 3 ATLLEH, FAEERY XU B R4 100%H1R
{7, SPPDLF-DIR {7 RUPC 1 BR #8464 T SPP. X 2K
24 SPPDLF-DiR 5 K N XT, M bz %R s>

10 —o— RD=100% 03

RD=98° — RD=100%
S} X : RD=9(83°2 - —=— RD=98%
% g~ -+ SPP m —a— RD=96%
4. 21 .4+- SPP
; 8 . % 0.2 ‘
S = = ¥ 4
ﬂé 6 g{; 0.1 /
S
4 0 /
10 20 30 40 10 20 30 40
ZE3E S 4% 11 8
(a) BIFFF # RUPC (b) \r % BH#E# BR
5% HBRIAIFZF BICE-3 40 E S
A3

B EXTER RO B T SPP Rt HE— M taxt, XMl

HATHEAR R BRI BIEE #. Fik, SPPDLF-DiR HIFIFEFIHR
tt SPP & . MBI AEEE, REVFERTRHKZH
BERE L, WSHEEERSBIK.

ME 3T LUUE , WTEMEREE, RIEHHRERR
&, WorpERtmEE., RATEEERBE, FENL
FERFEREFRPERENLERBEKR, B MORFEER
B, WRERARRRK, Bl sERTHANTHER
g, WHEHERERBE. REFETLUES, BERSKHR
B4, RD B/, 7TEFERMGE EHRBEMEE.

B 4 T ENERS AN 96%H 98%Ef, 1000 4
W EREFRPINEETEE. NEBPITUEH, LHFER
DIFEBETTREMBHEL T AFER. 2 RD=98%H, L
BEMTTESEET 1006HKE, LY RD=9%HNEL. X
R E AT wp, M bpy, FIE-E AT SE M T 98% AL &% 8,
HFEFER bp,,, XA T AWFERERMBT 100%HERF

S H
B0 R e —
= 0.99 '# ! x s ? “.I 3 - ‘::..:A..,..
B iy % 0.99 ~-.P:,,‘::-,;'—"
@ 0.97 [ N [ 0.98 Y N e - etAT
% 095 &
{d( 0 400 800 K 0 400 800
& iERE & FRE
(a) 24 RD=96% Kt , (b) 24 RD=98% Bt ,
LR BN St EuGEeEmE A
M4
5 H#XRiE

RS ZHALRERT, TREEIEEIENERER
B QoS MI—NEESIF, Mixm A, IREtX 4 vl (DiR)
BIRS, WERPNATEENARERNARNEFAS
F. B, BETRTERLETHREPXRER, EILEE
GRS, WAV ER KB ECLFPRE R,
ASCTE DiR 1 CLFP (2R B, BT WM RS, B
KRBT HEARFKITENNREZERRPEE
SPPDLF-DiR. {iE &%, SPPDLF-DiR BEi & TH K
R, XHEBRE T RIER AL T b SHEER,

2 % X ™
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