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Protection Design for Double- Link Failures in Meshed WDM Networks
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Abstract:  The paper dudies the potection design with link shared for the double link failures in WDM mesh networks, and
poposes a novel heuristic algorithm called TBP (Two Backup Paths) and an mproved heuristic algorthm called OBP ( One Back
Path) . The two algorithms both can dynamically adjust the link cost according to the currert state of the network, so that the paths are
all the least cost routes. The paper also investigates the protection switching procedure and calculates the formula of the protection
switching time. The simulation resuls show that, 1) the two algorithms both can effectively potect the double link failures; 2) TBP
performs better than OBP; 3) with respect to other algorithms, TBP has the fages protection switching time.

Key words:  wavelengthr divisiorr multiplexing ( WDM) ; double link failures; link shared protection; failure recovery

1 [7] LSP (Link
Shared Pwtection) . LSP n
WDM ( Wavelength Division Multiplexing) ( W), (
, , Wy ( BWy),
WM Bw; ( (BW;) 1)
ey ’ ( B(BWy) ). B(BWy)r Wy
’ . Wy BW,
’ ) B( BWg) i . , PSP LSP
’ ? PSP LSP ,
’ ( ) ,
’ ’ , [6.7]
451
’ ) TBP (Two Backup Paths) LSP
[ 6] PSP(Path Shared Potection) . OBP (One Backup Path) .TBP  OBP
PSP , _TBP  OBP
> s ISP; PSP ,TBP
1200401 12; : 2005 02-25

(:No.. 60302010}



884 2005
, , TBP B(BWy ) i: (BWy ) ; W', BW;
, PP (BW2)
. ( Shared Risk Link- Group, 22 TBP
SRIG) ¥, SRLG , ¥
SRLG (4 TBP (Two Backup Paths) ,
1 ,
abcd, ab, bc
cd. ab aeb af-b, br
¢ bec  bage, cd
2 cbed cgd.
21
LR W CRRAR P OARPEN
G= (N, L. W) N L B e e Sk et
( 4 )
INITLI 1 W . —
(s, d) ,s d ‘;' .
Dijkstra JEHEBI ' lﬂmmzﬁ IﬂEHJ E
% TBP Q’('—‘_'Lf -
w": n ;
B\W:, BaWi: W B | TBP JE: I R ik 55
WL BW BaWE ; (1) cd 1 , ab(
bre) 1 bre ;
Yo , (1) ,
. { Wi, if 1€ B W} or 1 € BoW, (1) (2) PSP ’ :
@, otherwise i
(1 , 2 , 7
L Y= {We); Ye
vi: (2) s e e
! . , TBP
vi= ZYzz,Ve,lEL;eil (2)
=0 n B l
A Fi, Ri, FRy, SR, l P P
Pi=of; 3w€L Ve€L w, eZL 10" 210il, (3
; Ri= FRi+ SR, A1+ Fi= 1 WI;
Ci ! ’ Pa=0j; 3 r€L Y e€L, r,eZL1 Pl 21071 21051, (4)
;4 P Py , TR=1Pl+IPyl. n
Ce 1 ’ 1, FR,= | P,l, SR, =
| P2l , Ri= min{R;, TR} .
TR;: s !
2, 0~ 8 2
’ L. . Pi={5,6,7,8) Py= {2,3,4}.
IS1:S FRi= 4, SR;= 3, l Ri=17
% OBP ’ ;o , g
W', Wy, A, Fi, TR, Ry, Cy, C] TBP 5 1 7
BW;: W ; 5 ) ! 7
(BWy) 1: BW, k .

0



5 : WDM 885
KeTEE  TEER B RRFER S ERPAR ,
L

o TR N 23 OBP
Rt N
,.//'.‘;,/‘ NN OBP ( One Backup Path)
F s 7 link x \:L \'\\ \ n w",
P = 54N 0 W, BWj, BW;
- ] . .l 1 i I mn
! L . ' ’I "‘ ( BWy) 1
I T link P
R e A P Thuw LAER . Sres
i v ' | 3 B(BW,), W, MNP
'u ¥ . T e
I\ ‘. ) v . .f . s . .
\ Tt linkz T o/ ab @ Tl -
\\:.’ '. "l_I/'f : d-b, ad - ey el .
; - s &b + L2 l
B 2 TBP Wi TE XS K sb ab «d 3 OBRP MM B
s ( . aedb
). , TBP OBP [7] LSP ,
> l n
. OBP (5) .
n [ (5) w"; (6) , Wq
(5) a , . BW:: (7) ,
¢i>0 ) (5) , (BW:) 4 B( BWy) 1 U
B n U= BW+ {q). OBP
WL : .
; 24
+ oo, if F]: 0
¢ = . (5) [
- aF+ C, othetwise , .
W, Wy Dy: , 10Hs;
l (6) . (6) € Ds: , 4001s;
; , 1> 0 Ds: 0XC , 10Us;
(6) . TBP W Do ’ s
BiWo. Ly, Ly : Li;
(7) , B2 Wy, T .
= BW . , s
U 1Wet {q) % TRP
; ’ TBP , :
’ ' ’ (1) L, (2) Lo.
+ oo, if I=qUF+ R< TR TH®Hr B A&RPAR  RBOARTRE
=X - elWl+C, if RZTR (6) L
Cr, otherwie l"“éoc; _ﬁ_ O{"mﬁ L'iﬁoo— ;g'_oox"f’ﬁ
+ 00, if 1€ UUF+ Ri< TR Qs e - o S P
AN 3 g
C,={-ew+c , if RZIR (1) ,;goﬁ’%’—t{rﬁﬁ ,ﬁﬂo%drﬁﬁ
: (@) 0]
herwise
C, otherwise B 4 TBP W R )

(5~1) SR (. -



886

2005
, 4 (1) (2) BW, Setup Message,
. OXC.  Setup Message r , T
(1): 4(a) , Lo. BW, Confrm Message.  Confirm Message r
( ) Hu , . T,
r . T T.=2(Hu+ 1)D+2H, D+ (Hy+ 1) D3+ D, (10)
(Setup Message) , (10) ,2(H4+ 1)D, ;2H 4D
OXC( , ) ;(Hs+ 1) D3 OXC . JHy
OXC) .  Setup Message r ( ), )
T ( Confirm Mes (8). OBP TBP )
sage) . Confirmn Message r , (2): 5(b) , BW, L.
7, (BW)., B(BW,)., Hs.
T.= 2(Hi+ 1)D+ 2H D>+ (H 1+ 1) D3+ Dy (8) - r BW, Setup
(8 ,2(Hi+1)D, ;2H D> M essage, OXC.  Setup Message
s (Hi+ 1) D3 0XC . L Ls , L, B(BWr)LZ
Hi ( )5 i Setup Message  L» , B(BW,)L2
OXC. L, Setup Message L»
(2): 4(b) ’ Lz BW, Setup Message  r , BW,
Hz, r L2 H}.
OXC.  Setup Message r , T
Setup Mt:ssagg ! OXC.  Setup Confirmn Message.  Confirm Message r
Message L, L , L | . "
i T,=2(Hy+ Hs- 1)D+ 2(H4+ Hs)D,
( Failure Message) r ,
OXC. Failure Message , r + (Hat Hs)Dst+ Dy (1)
(11) ,2(H,+ Hs- 1)D, ;
Setup Message - r XYHau+ Hs- 1)Ds :(Hy+ Hs) Ds
OXC.  Setup Message r , T
Confirm Message.  Confirm Message OXC ’ Ha o Hs ( )
r s . T, ’
T,= 2(H2+H3)D1+2[(H2+ 1)+(H3+ 1)]D2 25
+ 2[(Hot+ 1)+ (H3+ 1)] D3+ Dy (9) *

(9) ,2(Ha+ H3) D, ; (1) (3), : n, TBP
2f(Ha+ 1)+ (Hs+ 1)]Ds 22 (Hat 1)+ Wi ;o Wi
(Hs+ 1)]Ds 0XC . L H»  H; BW, BOBW)

. , TBP,
( ) ;
; oBp, (
% OBP ) TBP OBP,
OBP , B ’
(1 Ly (2) Lo ’ !
5 () (2)
(:  S(a) BW, Lo oS
H. . o (1) ,TBP  OBP ,
LR CEMBMKPER  RPEBHGPES (2 )
""""""""""""" (11), , D> ,
fj_?:.,ma ..... -0 . 2[(Ha+ 1)+ (Hs+ 1)]D>
L*"-’* (P Lxmfi \i b 1 ? 2H+ Hs)Dy -

;

@ rﬁﬁ r¥A ® A

B 5 OBP LK 1M

rﬁu

2[(H2+ 1)+ (H3+ 1)]D2
2(H4+H5)D2

H; 2 1
B +H+sz+1+0<1 "
- Hy Hs I+ 1

n'H

H2+H3+2

V= H 4+ H5

Hy
H




5 : WDM 887
(12) Hy, Hy Hs
H . 1. H; . 4
0, (F1), H; 41
(H-1)/2, HyH V2. (12) TBP B
OBP ., TBP , /1
4 , B/u ( Erlang), B= 1
3 .
% TBP
1 , 6 ,
% :
2 (5) , Djkstra
;L L ’ B 6 A, REMKMHIED
3 (6) . Dikstra 100, 5
W B1W, . TBP OBP [6] PSP
; . . | [7] LSP. LSP  OBP ., a=0 e=0
(7) , Djkstra Wy OBP , OBP( 0, 0) ISP.
BaW: , 10°
. ; , 4. 42
4 , ( Resource Utilization Ratio, RUR) (13)
, 3. . E .
: ’ RUR= D A/ D El (13)
, 1. LEL LEL
% OBP RUR ’
1 2 TBP ’ ’
3 (6) , Djkstra
W BW! ( Blocking Ratio, BR)
, ’ , . CBR .
4,
4 (7) , Dikstra (Drwopping Ratio, DR)
BW; (BWy) i bR ’
" 100%
B(B[f/.q g ’ 5 ’ ’ ( Average Protecton Swiching Time,
’ ’ APST)  (14) , 14
5 .
’ . APST= ;T,/l Vi (14)
, , APST , '
. L. 43
Y 7 a) , TBP OBP, (a, €)=
Djkstra (0,0) RUR . (a, &)= (0,
. Djkstra O(IN1?). 0 . (5~7) ,
, k . TBP ) i
1 Djkstra , 2g  Dijkstra (a, €) , RUR ,
q . TBP . (a,€) . (5~7 .
O[(1+ 2¢q) I NI*]. OBP 1 Diksra (F) (Ry) , )
, g  Dijkstra , , ,
k Dikstra k , OBP ,
O[(1+ kq)INI7]. k , ,
2, TBP OBP (b). 11 e (a,€) ,



888 2005
tions, 2004, 8(3) : 239— 249.
, , (8~ 11) Hy, Ha, [ 3] H Wen, L Li, R He, et al. Dynamic grooming algorithms for survivable
Hi, H, Hs . WDM mesh networks[ J]. Photonic Network Communications, 2003, 6
(4):253- 263.
’ [ 4] D Schupke, R Prinz. Performance of path protection and rerouting for
—— TBP(O) _ T T . X )
% ToRO0) (1] OBPO.0YLEP WDM networks subject to dual failures[A]. in Proc, OFC’ 03[ C]. At
145r  —8— OBF0,0F-L5P o7} & TBP@A) lanta, USA, Mar.2003. 209- 210.
sk A&  THR44) X OBF{4.4) . . .. .
W A OBP(4.4) o5} —m—Psp [ 5] W He, A K Somani. Patlr based protection for surviving double link
S ne TSP w failures in medr restorable optical networks [ A]. in Pwoc, IEEE
z " mosr . GLOBECOM’ 03[C]. San Francisco, USA, Dec. 2003. 22( 1) : 2558—
| 03 2563.
ssl 0 15—J‘ [ 6] BG Jozsa, D Orincsay, A Kern. Surviving muliple network failures us
P} P [ ing shared backup path protedion[ A]. in Proc, IEEE ISCC’ 03[ C].
W1 W W B 0 15 20 25 W %
A i At i Kemer Antalya, Turkey, Jun. 2003. 1333— 1340.
(a) ) [ 7] H Choi, S Subramaniam, H Choi. On double link failure recovery in
1
—e— THP(0,0) WDM optical vorks[ A]. in Proc IEEE INFOCOM’ 02[ C]. Ne
na} —— TBP(0,0) optical networks[ A]. in Proc [ C]. New
55 —a— OBP{0,0)-LSP a— OBR0,9)-LSP
. A TBI'(A.:) osf T, TBP44) York, USA, Jun. 2002.23- 27.
0 L
% o) —— :):PPH. » 04 s::(‘.‘) [ 8] D Papadimitriou, F Poppe, J Jones, et al. Inference of shared risklink
a2 =
x . L.,.:qf-Ll ] P group[ DB/OL] . 2001, Intemet draft.
% 15 /W W oz} [ 9] L Guo,H Yu,T Zhou, et al. Dynamic shared path protedion algorithm
& 3 i; for duat risk failures in WDM mesh networks[ A]. in Proc, IEEE ICPP
2sba 4 & a a & P Workshop” 04[ C] . Quebec, Canada, Aug.2004. 394— 398.
) Al " [10] L Guo, H Yu, L Li. Path protedion algorithm with trade off ability for
10 5 20 25 30 35 W 025 N B
HH R B aR survivable wav elengtlr divisior multiplexing mesh networks| J]. Optics
() O} Express, 2004, 12( 24) : 5834— 5839.

A7 ERHRAENm SHEENERELN (o) REH
¥ (EBE; (o) FRFF RN (ms): (d) Z K ¥
s 7(a~ ¢c) , PSP

, TBP

2.2 PSP TBP
PSP; 2.5
OBP),

, PSP

, 7(d) s DR

TBP,
TBP
, TBP

WDM )

TBP OBP

: TBP
,TBP ,

[ 17 S Ramamuithy, L Sahasrabuddhe, B Mukherjee. Survivable WDM mesh
networks[J] . TEEE/ OSA J. Lightwave Techmobgy, 2003,21(4) : 870—
883.

R He,H Wen, L Li, et al. Shared subs path protection algorihm in traf

fic grooming WDM mesh networks[ J] . Photonic Network Communicir

[ 2]

, 19800 4 R

. E-mail: haveball @263, net.

L1975 2 ,
1999 ,

L1925 ,



