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Fig.1 Network topology

K 2 F1E 3 4 %7~ SmallNet F1 NSENET 4f
e R &% i 7 e B Pl e O R BRI AR Ak . AP I
AR B A P e Bk R BRI 1 AR KL TR Rl Bl RWA
T W 4% 7 O T R AR . R A
DL-LB #1 SP-LB 77 ¥ # Lt A i () DL-GRWA Al
SP-RWA J5 ik 98 /0 W 2% i 2% /. E = Bl 47 28 35 1y
Fem rf, SP-LB 5 ik i M 4% B 2 dw b, X R W
SP-RW A J5 2153 B 1 9% K B 3l & 0 3039 1, L e
HABEZMBEKEAAES . /EHTH 5 F RWA
Jrikp, SP-LB J7 ¥ A5 B A Bk E B o v B N I
W &% i 75 i X R WA SP-LB J5 3% 45 31 Pk
o1k e AR



1744 P 35 &
1350 . : . F — 7
20F .
E —=—SP-LB ]
L —%— SP-LB ] 3 N
5 1300 o FW-LB(16W L8F  —o— FW-LB(16W) ]
S (16W) 1.6f —>DL-LB :
g 2 1250 | —>— DL-LB 1 OF i ]
§3 —— DL-GRWA % 14F —<— DL-GRWA ]
< E 1200 o Na. —o— SP-RWA T § pf TOSPRWAL ]
=} = -
22 nsof * o§: . ?5) 10F 7 ]
=3 ~ 08F 1
= 2 1100 1 3 P ]
£ X 0.6F ]
= 10501 \5\ | 04F == = e s S ]
=== 1
1000 [ . 02F i
‘ 1

4 5 6 7 8 9 10 11
Maximum allowed p-cycle hops

K 2 SmallNet % & X &

Fig. 2 The total network capacity of SmallNet

X107

sl —
: \ —%— SP-LB 1

prys ‘?‘%\ —o— FW-LB(48W) 1
i p-d

—>— DL-LB 4
nt —I— DL-GRWA |
—o— SP-RWA

40t

38 : *\:g :

36

7 8 9 10 11 12 13 14 15
Maximum allowed p-cycle hops

Total network capacity(Link channels)

B 3 NSFNET W4 % 5 &
Fig. 3 The total network capacity of NSFNET

N1 BA SmallNet Jy 61 JE — 2 6F 5T % 2K RWA
DX W 4 B K s . P 4 R 5 4 R R
K AR VFBEECA 10 B SmallNet P45 185 9% K )2 1)
TAER R MG ICARTE . % RWA 5 ik 2
) TAE R QTR E 1. WK 4.5 JF
YR 1 Al LA H DL-GRWA B8R 4l I 11 9% K 3¢
B I B RIURBE N AR T TR A = i
KM 4 B RO . X F DL-GRWA J5 ik,
DL-LB 77 7% v] Ly /> B 4% T AF 5 25 &, IR ifg PR A T
W% g% . SR-RWA J7 vk BUAR T/E B = fw /s,
H R T 5 B TN B K2 T U AR BE I R, A A
TUA B K 5 6 F SR-LB J7 i 1 LLZE A KT 38 n T

2 130F S —+— SP-LB ]
2 S —e— FW-LB(16W) ]
£ L A NG ~» DL-LB i
VY S A —~ DL-GRWA 1
£ oF xS —e— SP-RWA i
E 5ol Te—e—ee\tF R i
g o r v‘v\.\.\::*:"’.\._‘, -
5 30f g e, ]
%D 10 3 ’\H\ ]
k= L . |
£oobe e o o o

> 0 2 4 6 8 10 12 14 16 18

Wavelength layer

B4 SmallNet &#HKE TR E
Fig. 4 The working capacity of each wavelength
layer in SmallNet

6 é 21 6l é ll() ll2 1l4 1.6
Wavelength layer

B 5 SmallNet & K 2 T4 %

Fig. 5 The redundancy of each wavelength layer in SmallNet

%1 SmallNet TEREEMMEETRE (RABE 10)

8

TAERRE M EIURE
DL-GRWA 757 0. 361
DL-LB 750 0.363
SP-RWA 698 0. 481
SP-LB 713 0.418
FW-LB(16W) 698 0.488

TER B RIETSE T, FRAR M &% 0 R L, B Al Bz /)
GATE S S TR W R ROk D RS I I S R
P Bt K, il 16 P K FW-LB Jr ik, W) & i
FHEEA P ZE 1 A A D SR A B R M
2 TUAR FEHY R, BT 2 389 g 2% 5 4

3 it

AR SCHFFAE T K AR5 AT T RWA T7ikx%) P

Rl OR AL AL M B I Rg L B TR A A A 1 O vk
TE B WA Z 5 43 B TAE A e, LR AR I 28 0 5 .
S 98 T DL-GRWA, SP-RWA, DL-LB, SP-LB
A EW-LB J7iEXT M4 M s g . i B R R
B G IR TR RWA J7v2 Bl 4 el f K Bk 5 B o) 1) A
KA 2% T0 4% 5 AR % 8 BRI . DL-GRWA AR H (1)
WK Hdy > B2 H TAE R A & K. SR-RWA 77
R BCIR AR A A /N AR R 288 0 AR B K. Al H
SR-LB 753 n] BLAE AN K M 34 I T AF 2 25 & 10 AT 42
L B R 28 D0 4R BE L DRI AT A e /s A 9 2 S 2R
TEANTR] (1) W9 2 40 b A 85 K 7o VF Bk 5 PR o 4% 1R R
SR-LB ki ZI M 4% S A2 by . Xl
LA WDM W 4% P el Lt $e (i 225 .
S % 3k
1 Rk L E. TP over WDM W 4% vf BT 1K & 11 %

EH ik £ SR B 5 . DT A% ,2004,33(2) 1 174~178

Lei L.Zhao J.Ji Y. Acta Photonica Sinica »2004,33(2)

174~178
2 BUME L. WDM St W 48 de R bR L sk A 7 ROk

T3 .2005,34(2) :259~262

He H.Fan G. Acta Photonica Sinica ,2005,34(2) ;259 ~



11 8 WRMES  RWA J7ikX WDM K 4% P R AIG AL T BE (1) 5% wi 1745

262 Societies sSan Francisco, USA. 1996,1:164~171

3 Grover W D, Stamatelakis D. Cycle-oriented distributed 8 Shen G, Grover W D. Design and performance of
preconfiguration:; ring-like speed with mesh-like capacity protected working capacity envelops based on p-cycles for
for self-planning network restoration. 1998 IEEE dynamic provisioning of survivable services. OSA Journal
International Conference on Communications, Atlanta, of Optical Networking ,2005,4(7):361~390
USA,1998,1:537~543 9 Hyytia E. Heuristic algorithms for the generalized

4 Zhu G,Zeng Q,Ye T,et al. Protection switching schemes routing and wavelength assignment problem. Seventeenth
of multi-granularity p-cycles in survivable WDM Nordic Teletraffic Seminar, Fornebu, Norway, 2004 ; 373
networks. Chinese Optics Letters ,2004,2(9) :508~511 ~ 386

5 SRWGTE AR R NG, — OB R IR 4 2 O Y 4% 10 Doucette J, He D, Grover W D, et al. Algorithmic
PRy Tk, T 2441, 2004,33(9) :1090~1094 approaches for efficient enumeration of candidate p-
Song H, Xu Y, Gu W. Acta Photonica Sinica, 2004, 33 cycles and capacitated p-cycle network design. Fourth
(9):1090~1094 International Workshop on the Design of Reliable

6 Schupke D A, Gruber C G, Autenrieth A. Optimal Communication Networks, Banff, Canada, 2003: 212 ~
configuration of p-cycles in WDM networks. IEEE 2002 220
International Conference on Communications, New 11 Zhang Z,Zhong W, Mukherjee B. A heuristic method for
York,USA,2002,5:2761~2765 design of survivable WDM networks with p-cycles.

7 Chen C,Banerjee S. A new model for optimal routing and IEEE Communications Letters ,2004,8(7) :467~469
wavelength  assignment in  wavelength  division 12 Johnson D B. Finding all the elementary circuits of a
multiplexed optical networks. 15th  Annual Joint directed graph. SIAM Journal on Computing , 1975, 4
Con ference of the IEEE Computer and Communications (1).77~84

The Influence of RWA Approaches on the Optimal Performance of
p-cycles in WDM Networks

Ge Chenhui, Sun Xiaohan,Zhang Mingde
Department of Electronic Engineering , Southeast University , Nanjing 210096
Received date:2005-12-13

Abstract The influence of different RWA (Routing and Wavelength Assignment) approaches on the
optimal performance of p-cycles in WDM networks without wavelength conversion was investigated. The
method of load balanced was proposed to achieve nearly uniform distribution of working capacity over the
wavelength layers in order to reduce total network capacity. Five RWA approaches were considered,
including Dynamic Layered Generalized RWA (DL-GRWA), Shortest Path RWA (SP-RWA) , Dynamic
Layered with load balanced (DL-LB), Shortest Path with load balanced (SP-LLB) and Fixed Wavelength
with load balanced (FW-LB). Simulation results show that by means of every approach the total network
capacity decreases with the increase of the maximum allowed cycle hops. Among them,SP-LLB approach can
minimize the total network capacity.

Keywords Wavelength Division Multiplexing ( WDM) ; p-cycles; Routing and Wavelength Assignment
(RWA) ;Integer Linear Programming (ILP)
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