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A Differentiated Shared Protection Algorithm Supporting
Traffic Grooming in WDM Mesh Networks

Xiang Bing Yu Hong-fang Wang Sheng Li Le-min

(Key Lab of Broadband Optical Fiber Transmission and Communication Networks, UEST of China, Chengdu 610054, China)

Abstract Considering both the survivability and traffic grooming, a differentiated shared protection algorithm using
wavelength layered-graph called PSPTG which means Partial Shared-path Protection algorithm supporting Traffic
Grooming, is proposed. In this algorithm, a shared protection scheme of partial lightpath based on link reliability is
presented to meet the requests of reliability and bandwidth of connections. Simulation results show that the algorithm is
efficient in terms of resources utilization.

Key words WDM mesh networks, Reliability, Wavelength layered-graph, Differentiated protection, Shared protection,

Traffic grooming

1 3% TR H B SRR, X B A T P A R R B K,

=]

BUAC SE A P 45 (0 Y0 T4 $h a8 % 1 L WDM B 1 i
BB (SUASHE BB S B OXC ¥ MM RIH
KB A% D A AL, I 24 1 U K B e R TR L B
e, R4 S R WDM WG, IG5 A
BB RN LB WAEIE Tops BRI S HAEH. W
R NS L2 RSN B, 9 S5 B ey
WEZHS REMEE S, AT uvivabili)BF 5 &
WDM PR — N EE S . T 28 R R 4L
RAE, MHET % HERNKE (Recovery) WL LB H 2%,
B A P s AR R I A S R B o T bR s ), 3 65T
R, %5 SR P i 1 B 424847 (Path protection), Ti ¥ %
[ [X 53 (Differentiated) AT SE M AR 55, H 1 P2 3R LB P T
VT 100% 0% MRS RIT R0 . B % F Bl 40

2004-03-05 W F, 2004-09-07 % =]
E & B RE % E4(60002004, 603020 10)FI BB Skl R E
S5 E (02064) % B g

FEM P IFAF T RS RAERER2EMAEMEHNR
Rtz —. T REME, LhRMSEHENERERER
FE—EMEE . B, PSR RS HEAa xR T R AR (g
BEHREE, & Fb % B AT SR RO R, 7
XFERT, RAEXT THEGRE b5/ BB PRI Mo 3R 5% 2R
fRIDRAF, BT ORI 4% WR U X RE TR b & AT S E R,

KRTMEEFEOTREBE UKL AR
fii. BIRMPREVEAATT RETEFTA &R MR ST e BE, T
FET A M C B SR K, AR T o 38 o S B A kL
A5 sRyF SR A RN S, @itk 5 EE S AT DAL
Ak 55 BIK A BRI GE P ATIA SR KRR H. BT
KTVE BB SRR EEZE DX WDM/SONET M
ML, MACEREEERD ADM RIEKEE, BIMSH



1300 BT 5 F B ¥ R

%27 %

BN SR ERETS T RS BRI EN, Hmib
AR MR, T A%t WDM FUAR P b 45 T 42
B S ISCERRITE A, ZESCRR[13TRISCRR 14T T R 3=
R BRIMERL ETTRR P T, BRBRBXSHFE
fial i

ALGE B WDM R P R BR B ME,
T AT SE 0 R A 5 S EE L E RO IR b S R
RETEERSEERNERE, BHT—HETERKSER
HIZ VS BRFOR > HERPEE—HS HEZRE
W % B % 5 © ¥ (Partial Shared-path Protection algorithm
supporting Traffic Grooming, PSPTG), HEHMRERALE
AR EHER, RESENERRSYOERETLE
Bifi%, FRUMNTRESZORS TERRE.

AL AFZHOT: F2 FHRAKRFRESR, &8
Hie RS AREFIE, BEERE3WNIATETRES
BEEASSHERP VS BRSEE, BERTESRMWN
RE®.

2 AR

2.1 MERE

FiFM N T ERMRELRMET, GRER X E
WP EETR, BRI (E RN REHKEFR WDM
HFHERBEWEKEACH W, XE—BRY T W AXEE
BREER, BMEARTWAEE: METEIYRHEBERAE
£ERED OXC L, OXC X EXAHEKAHTHENZTHEE
B, BAREREHEREHRESD: BATARLMNERNHFRER
LEEHRBR, FEERI: SMEKNTERER
2 5Gbps(ET OC-48), B8 8 & AT LA 16 4 OC-3(155Mbps)
g S ERBEANEK B, T RBCRBERZRE,
[ — 4 A e 5 % 2 ) T AR el 5 9

F| H K 4> B Bl (Layered Graph, LG)W BA—iR{EM G
WDM W& i i E Ak Ko’ EN, Fig: U oW, L,
WyRRMEHWER, HPN=(12, AT RE, WA
MR B &R KA AL I OXC AR, HEEN N L={; |
0<ij SNy B M EHEE, S8 BEH, W miE
i, WREREKE, BRSATHEKEHSE, S50
BEREBH(A LAy M) HRBRUTERITESER
LGV, £): GFHEANTIA nENE LG PEEHT MK,
FERETRA Y, V2 e W LG RS TR Z I ER TS G
HE, BE GHYEn 5 m ZREESEE L., WNT
FERE wE (1,2, W]} LG BT TR vy R vy 2 A7
e, . KB, LG FHEIMERRT —IEK, HAEK
SEHE, BF&TAR OXC TR KHEREEN, FL&EKF

EAHE IS . IXFE RWA BB OB E S MK EE
Hkd, mMBAGBEKVERI—REREY ARGLE, 1
A4 EL R
22 ETFEHMEERPNH

NIEERNARE, W WDM MR NIES S e Mg
AR, mtRREEet, OXC. JEHkE. X
/IR R & P AR GMTBRE . Fvt BN LRl
FH LR ME PSRN RME. R, SMilksEk
HEFRERRABY, EFEXHFLSEEERTESR
X 43 (Differentiated) R §44 AR, H AT SRHEE R R ¥4
MR, Hitk RFERA TR PRI BB FRIFTE
B IR R Y.

WE 1R, WIEERAEL, TR BB TE
B W My, WS RBIIRBIRMEREREEE PR Py 5
4 P F P MR T 01 B 00667 IR, 4
RIAREREERP M, W LEB(work-path, wp), FBT
1 B Be(work-segment, - ws)AH B BE 43 4R 77 8 (backup-path, bp)
EOEE 3¢ 00 P )

RW = Hliewali ’ Rx = Hliews Rl’ ’ Rb = Hlieprli
Bk S ERNEETTERA
Re=R,-(R,+R,-(1-R,))/Rs ')

BR BB TRENS RI=098, WA EEH T REER
X R=0.95. TAEBTEEMEN R, = R,,=0.9412, SARFEEH
RATRMER, FERIKPR. NTHE 1 PREIHFERHE
RS, HEEMRESAN 0.9965GELRY: P X
Pop)s 0.9596(3BAMREP: Pig)FN 0.9785(EE4HRF: Pos)y IR
BRIV S EETENETRXE SR
BT AME R T LM% aT MaEEERR
H, A HFARRBIMI RS, K AR FERER
BB, WEY AN RYERNE LB S AL
£, ETTREMRFIHHXESRENMRIITRRS
BTSSR, i, BERPHILERIBRRTE
PR : R<R,/RY\.

1 R R SRR

23 LEEHRS

5T T BB M SR R, E— TR AR
HIRTH, AR A R — R R L S RS TR
WTABAR, EHLSEORSAEETHERTEN, &



%84

M =% WDM PRS2 RS BHRSHX o 2R/ HE 1301

FHERPMVEFERSFNGIFLXTHEEFE R
FEGFAYIEH B, BIRIMNER LV BELARE, 7
B ILP AXCKAE, HET ILP 89 HFREL R NP-hard & 8%,
FEESRKHENS, FEKHBRABECGES 3 TPiEA
FR).

BENVEZBRRFEETUSAPL: HARELEERE
MESRE R, BRI EETLERES, HithE
IR BRIEH I R MU BISE PR B i R .
SCER[12]ES % ILP SRR RRIM: —BEEYN AREET
—&NERE, WEHBRTLEREEEAE LR T, B
BB BRI R AR AE KSR, WAL
A 43 2 B Bk(Single-hop) 6 B & % Bh(Multi-hop) Yt 8%, £ Bk
BB EBOCSAR, EHITLSBHRSH, B bk
SRR, HITLEERZ.

ERSE 5 78 KB FR 0 P S, TSR FH S 24 0138 B AV (51
i Dijkstra H¥%). X FETFAIEENVEERT, BHID
B ARAN LS % BT IE D (W N F B g Bk, %
BEERMYSEN R, BT Bq REBHBR K E Br,
ARAR@QWEH KA, Kb W R E R E .

Cost = {D —~W -log(R-Bq/Br), Br>Bq @
oo, Br<Bq

AH AR PHEKRE, BRAEERITNNR
BAK SR APRCRA: 2R H First-fit WA,
T s 5 AR B ) i T PO 4% R U T LA B3 S5 U
[ B 7E S R A T R IL R R X VR 4
F. AETERIBENEZERPVSERPERE T (E
BRI B % R T 7E ] — AN K

AHRMEMMESEEMNRNEFHERLEBRES
HOLT, mAMAEKS BEETWEERHBS LB ES
HERPHE AR SR ETRERE. TG EANE5
S E AR Pk & B 5 9 (Partial Shared-path Protection
algorithm supporting Traffic Grooming, PSPTG)& .

3 XBUIFSERSHESHZRIPEZE

BEPEALEEEEREACENYEEETRMER
WRER, ETAHEERABSCBR ARG LSRG
FHIR RPN BEA TR DML SR RBIR
i, ESTANTRETTE B TR B A B B ¥R Hh TRk AT
WHEER T, HARNEFR B BB E AN AR T
et R B BRIRY G, FRRHT R I BB TR B I B R
A AR B S Bk T AR R B R PR B N i R
KNS A BRE W FERE R RN FHLH
B, XHBAFEEERHINA, 35 a3t A ek 5% 8K

BART BT, MWK 5 E RS R0 6
b/ SERNL S BE R A B T DAL . ARSI T

F% 1 ERT LRSEEYS  HEARL S ER
WRBE R R EZEBEROFRHTE. TERERKQ)
THEEEBR A . N Dijkstra BIEESI L EHE, FHRF|—
SBEHBE, FALTEERDLSEETERNER, &
AR AR M 45 AT 7 1205 8 o 2 ) 0 6 o e (B B Bk e B ) o
%, WEZBAMEEEERNRBKTRE: RZ, WED
B2,

FH 2 FHBAK S 2 BB TR A R R S R
B, FHUBEE.

(1) BAENMENELI GW, L WM EE
LGV, &), #1%hHk LG &M RLA N Basic_Cost(fEfH K
ERP®RA 100). RELFHKTENSTZRANE 1R,

(2) 762K LB O T BRI R, X3
KL ERE KA Dijkstra BIEE T THEGHK. HRKH
TEBRMIF(4); & TIEBRERR T, HIWF TIEBRREH L 1%
WS IERMATEEESR, HHEREG): BUHEG).

(3) TERBKFE MR Z TAERE X N Rk, WEHT
HRIFGER, JFRRRHEERRAM. ELERTRIME R<
R./R. M5B, [N Dijkstra EEE T HN R LR (ZEF
PATHA 7 BARY 45 B, B BAR B 4 & AT 4
PR RN S ERE TSR, RIZEH PR & A R YR
BAOKISBEY, %(S): RZ, MIKE TS8R
(4.

4 AWFERKFHEREHEE, HFREUWEG): &
W, BesBENT—ENSEETEEQ):

(5) FHHRBIH DL IERERN TR AN RE T
Sk RARN NGRS, WG BRI
BEURINBI BRI, W ACH BB TR B A0 A, BERRE
BAMMNSBOBRAER: T, EFHEZER.

AR 2 Q)T AKEE SRS, BABRRE
o % 2 5 F 85 5% B R H 14 (Partial Dedicated-path
Protection, PDP),

U EWVHHRIHD:, LEXKET WDM RIRM AR
WHEEBRT, EF—WREERS, HhtRNREEE
HIFISR, OB ERE R B E TR KT A S S R
L5805 AR ERRMEES: S5, X NSFNET Mgt
RN 52 5 R HE RSP RS e S Firg s
BATOIR, HEMALLE. (FE 4 REY PSPTG-LG & kst
REFAERERENSE,



1302 w F 5 &

B ¥ # ®21%

4 IRRERSH

AKX ERANYBERERI A TREREME K 14
a8 21 BEBEGY NSFNET, W 2 FiE 3 fims, HPE 2
S 6 AR, WA eERMLE, HATAER
A HA 2,3,5.

B 2 RREBRE %

HAESEWT: EEHFEEH 16 4 0C-3, BEYL™LE 500
Ml EEERBEY A, SLEHEREROH R MNE
4~8 4 OC-3 [EHEMI 4, LEUEBR S S ER
HREFESETHEEERE, WEEEERAXANTEILEBR
45 (Incremental &), SEBRAATIEMREE 0.98. FFHIFIA
%3 IR RAEENE 100 K, S FARRRARKE
(Wl Pyt T & RELH T S-S, FHEHERHE,
HRGRSHETHE 4~6 .

3 NSFNET:G(14.2)

90
w7
5.
ﬁ 50
W %i
10} %
2 4 6 8 10 ) X
B 0.75~1 0.98~1
-~ A%, PDP ARAER
- 3%, PSP s PDP
~ #4M#%, PDP a PSP
—- ESENE, PSP
-+ ¥f, PDP
-~ ¥, PSP
B4 REEEEWNG S, B 5 AR &R it
Wk BERPERS Bk, AaLERFS
EH PR Mot AR R R

4 RBMETFERENE T, NEBFRTEST
WA, B TREERLE 0.95~1.0 HEFEN, FHX
FH B4y 3 3 97 (Partial Shared-path Protection, PSP) 534 &
FHl 1% (Partial Dedicated-path Protection, PDP)EAE KMk
SRR, TUBHMTEE: ) FEEMSTHRESN,
FERERENME TR w/ FRER, BREIINLSE
BRI Q) EEEERENMES, BT AERKg
%, LR PSP MR BA LS HERA, Hitkit
PDP BT B L UMK EE; TiaMaEREREN, HER
PEERAEFHRERAEEIAKR, BHAXT Ring /L
FREM.

B s RBT wiF=6 &, RABAHBERY RS ERRK
PHE, SEERMSRIMEER P AR S ERVTREERS
BTSRRI R, (FRERRE. Hlb&iEEE
HEXRME, BTFERVEFBROLSRE, PSP L PDP
G BREAF SRS . T2 5 ERTE T ERER
B, KERosr REEE L TIERAN A iR 1w et 2k,
X, HEFPEEHARPEEREG . BENATHE WiFK
HEB BN RN RT.

6 P22tHT NSFNET Mg, de4snlSEtER7AE
0.75~1.0 BAr=4n, ARIFAHS HFERY PSP et
EL{R#7(Full Shared-path Protection, FSP)® i, 7Lk %
BHS(TG) R AL % B S (NTG) I B ALk &5 E 8
¥, ATLBHIMTFLER: 1) BARPE, HRRESE
BEAERNER, BoUGATERT TR HeERER
SEARY B L S5 SR T MR o R R R UR B, KRR ALTH
S EERRE: Q) AFBRAEKEEGT, L%
BERSHBI NV ERERE, FNXA PSPTG BiLH
W ERHTEE TRARSHERPBIOVSBHRFHEE,
[ i PSPTG 03] DLSE A 80 ) A P 4% B0 -

Wit HEARMSGN CERNET SHMAELRHE N
PLESER, BTRBEAR .

180

& 140
%
@ % /
20 ///-
2 4 6 8 10
LIS
—~FSPTG — PSPNTG

—~PSPTG — FSPNTG
Be6 HAXZRIFHEEHAFRFERLR

5 HRiE

ERFERUHERT, REGRSNTRRFCHN
HME R REEHE —; RERLSERMTERFREED
EATEEER, BdWSRRSTURSFARKTER
W, BEiBAT EHXE, BRXERWHFART
SDH/SONET M & BHGHHR, RELBEHAXRET
FRF; H4h, % WDM RARE PEENLE T RS REH
RHEW. AN WDM FPR R A RO & B FRIEK,
A& 33 F AT S 4 R R S8 SE AR LA R IR L &5 3R AT
BEE, BRUTETEKIEZBRNEINERFUFERS
B (PSPTG). EERRY: UHHEERIELSEE
S A 50 SR 0 R e B S SR T P48 B0



e XL M 5% WDM BRI oS24 BB B IO X M SR 1303
& 3 Wk 2000, 18(10): 1995 — 2003.

1

[2]

(3]

(4]

(51

{6}

[7

(8]

{9

Mukherjee B. WDM optical communication networks: Progress
and challenges. /[EEE J. Select. Areas in Commun., 2000, 18 (10):
1810 — 1823.

Ramamurthy S, Mukherjee B. Survivable WDM mesh networks,
Part I-Protection. in Proc. JEEE INFOCOM’99, New York, NY,
March 1999: 744 — 751.

Ramamurthy S, Mukherjee B. Survivable WDM mesh networks,
Part II-Restoration. in Proc. IEEE ICC’99, Vancouver, Canada,
June 1999: 2023 — 2030.

Yuan S, Jue J P. Shared protection routing algorithm for optical
networks. Optical Networks Mag., 2002, 3(3): 32 - 39.

Anand V, Qiao C. Static versus dynamic establishment of
protection paths in WDM networks. J. of High Speed Networks
(JHSN), Special issue on optical networks, 2001, 10(4): 317
- 327.

Gerstel O, Sasaki G. Quality of Protection (QoP): A quantitative
unifying paradigm to protection service grades. Optical Networks
Mag., 2002, 3(3): 45 ~ 49.

Saradhi C V, Murthy C S R. Routing differentiated reliable
connections in WDM optical networks. Optical Networks Mag.,
2002, 3(3). 50— 67.

Wang J, Vemuri V R, et al. Improved approaches for cost-
effective traffic grooming in WDM ring networks: ILP
formulation and single-hop and multihop connections, /JEEE/OSA
J. Lightwave Technol., 2001, 19(11): 1645 — 1653.¢

Wan P J, Calinescu G, et al.. Grooming of arbitrary traffic in
SONET/WDM BLSRs. IEEE J. on Select. Areas in Commun.,

(10]

(11}

[12]

[13]

[14]

{15]

Modiano E, Lin P J. Traffic grooming in WDM networks. /EEE
Commun. Mag., 2001, 39%(7): 124 — 127.

Gerstel O, Ramaswami R., et al.. Cost-effictive traffic grooming
in WDM rings. IEEE/ACM Trans. Networking, 2000, 8(5):
618 — 630.

Zhu K Y, Mukherjee B. Traffic grooming in an optical WDM
mesh network. IEEE J. on Select. Areas in Commun., 2002, 20(1):
122 —133.

Xiang B, Wang S, Li L M A traffic grooming based on shared
protection in WDM mesh networks. IEEE PDCAT, ChengDu,
China, August 2003: 254 — 258.

Thiagarajan S, Somani A K. Traffic grooming for survivable
‘WDM mesh networks. Optical Networks Mag., 2002, 3(3): 32 —
39.

Chen C, Banerjee S. A new model for optimal routing and
wavelength assignment in wavelength division multiplexed
optical networks. IEEE INFOCOM, San Francisco, April 1996:
164 — 171,

B B, 1970 4, b, WG TEM, BN EN WDM
HREHAR.

Bayy: &, 1975 4, R4, PR, BRF RN WDM
B ch AR R R A S R AL TR B B

E R B, 19714, -t BlEaE, PIRTEN WDM LM

ZRE: B, 19284, FEITRKEL, #32, B9,

BT 1 9 SRR M.



