\Vol.40 No.1
Jan. 2011

F40E FE1H
2011514

LN I PN S

Journal of University of Electronic Science and Technology of China

S F 2% 43 21 B OB S £ #iT B M T HL #1)

NTSEE Mo M2 HE = g
(ERMB RSN BN R E BN s ER BEKX 400065)

[IGEE Y $RH T — i T W48 2 1 5 165 1) P 78 5 016 SR 28 #40e Jo 445 [ AL ), SR FH I 28 7 B SRS, RS IR R SRR RE
39 X 4548 43 ) RS ATE T B A B e A R0 T SR T I B T T, FERRAN T XN 3 B A T T8 7 i SR AT R R . T
SURNGETT 25 FEAR WY, 28 s DAL o 1 22 0 B K 3 I % L 4 X 8 A /N« e e 7 R AR A5 o

X B OGR MRIEI; WeREAn MZSEL LR

FESES  TN929.11 XEAFRIRTE A doi:10.3969/j.issn.1001-0548.2011.01.007

Fault Detection Mechanism Based on Network Partition
for Optical Burst Switching Networks
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Abstract The fault detection mechanism based on network partition strategy is proposed in this paper.
Firstly, the large-scale optical burst switching (OBS) network is partitioned into several subnet by network partition
method, thus the fault monitoring can be achieved by the core nodes in each subnet respectively. Furthermore, with
the probe module assigned in each subnet, the network fault can be detected by our cycle cover method. Numerical
results show that the fault localization ratio can be improved significantly by our fault detection mechanism for the

case of average node degree higher than 3.0; at the same time, the monitor cost can be reduced effectively.

Key words fault detection; fault location;

TR R AL (OBS) 4l 1 KL E 101 Hi, B 58 Ht
OCS(optical circuit switching) A 4R FE 1) 6 43 41
2 #OPS(optical packet switching) AL 5, fifik T
FHL R 290 1T 5 B A R R HME ) 1) R, A A
G L PO R R AR —, BEMN T —
RIERIZ Rt e i ™, SR, i TOBSHIE 241k,
ik W 0 OB S 4% (R A f 22— o

TEOBSIR I A, 5K FH A2 kAN (1) i ot e AL
I A I T o SCHR[2]45% H A 35 T R 0 P 7 5 1)
AR AL BE A R AR BleAS,  eR R X
REL S 2 (heuristic depth first searching, HDFS).
JH % 4% Wk DL (shortest path eulerian matching,
SPEM) Al & & =04 v el 7 75 (heuristic spanning-
tree, HST)37H i Y i) ] 5 I 5072545 2 OB SR A 1)
BB o, A BN E — SRR . 34Nk
T HST 5% b HAth 325 A0 v (R B g A3, (H
T B ) M DN A R 2 B R T A v T H A B

Wk F: 2009 — 07 — 31;  f&[IH#: 2010 — 11 - 04
BEWH: ExERR:5E4:(60972069, 61071117, 2008BB2414)

network partition;

optical burst switching

FEB O SCHLAE SRAIE B A 8 o 57 2 1 [ e 38— 2
/N 28T RS A T A, AR SCHEH T 2T 2%y
) S T 1 P 7 i R 5 5 L

1 ETWEDERELINE

P 78 o R LR AR R 4 o i N Bl S, A8
5 2 v (4 i 5T R BT A B B A D AR S R I —
AN T E D, (R R E — B PRI I I 15
£, K SUX LGRSy IR

2% G He BRI 4 ot T35, BEAA>
HATLAME NN G I— A F M.

T 0 285 1) SR 1 R ] B0 D 8% 1 ol
A H LT SR T NEUE TE TN, &4 TR
I FH VB 7 i vk 3 4R I () R0
11 FRXISEZE

FH T BRI 40 1 X 45 F g s M 00 5 (2 ARG 25 5
HEFE I, Kk, WEsEEsSsRs

EERS: EILF (1969-), F, Mt ¥R, ETEAFLEMEILSHER, T OSSR IS 2 B E B EAETT TR 7.



EE Fiks, %

S FH I 28 43 B ¥ ) OB'S I 245 g tas Ul AL 1) 37

R B B BT NSRRI E7ESE BR KI5y
B, D0 28388 4 o B A — 3B o B - PR — 3 43 B
FEFM. FrLh, RSB EIEVER, R
A REHL FHRIRTE T, SRS TET R W 2% rh gk — 20
R 93 B % 1 R,

T B LT RSN IR . E I 4% 43 B
H, HIWE RN R T NIEF B LT s, AR
FRFLAHRLIZRER R(N) BB IR R .

LMY G R LR T AN WA SEAN
S (7 ANFIEEEA/NT3).

1) MGHEEN, R=0 (R&EEGESS TH
B 5 R BT SR, BURA S FRIZE—A
Tiris, K s MENFENTT S p AR, FHIES H &
BT RS,

2) BT AU p, AIS o A BT A T AR
Dijkstraf i 5 e i i 2 (ke R 25 B8 kA, A3t
fARAY), EHES S HEE S p, SN ER Y A
s, (R FLEE B AR R, BN s 5 de /NI — N5 A
TERNFIEENT B ¥ (p,s) Z 8B FT A 15 28N
FEARF, FENESS B Ebrs, I8 s ME N
AT P AR .

3) EELSW?), HES=0. BEARTHH
A RIEIY (R, R, -+, Ry) B — K 5UER, - FF
F F Dijkstraf ik iH & R, MR, Z [AI{(— %5 R 58
ENFEREHEAEITR, . R R, LM R, AR,
ZAER) B2 R, FRIC RN T R e E
ANEL, AR AN B GG AR S A Rl 4
FR T SN RBEE A — A B T 05
R AN B FANE R (N) o« ]2, # R, Af#
H R, PTG EANEA KT R e &AL, W R A
R, IEAFAH AT s N MRS A B 2%, e e+
MHFE R (N) -

TEM 4 G ol 77 ) SR T

1) KM% G i AN T30 SR EI A
Qe FIAH L A i1 A N AFRHEF W [ ot 1y
AR U 2% AL AN LA B2 B AR ER R (N BT SRR AR 1)
ik, FERRAES Q W w5 /N EBIK 1 3k AT
MR, KBIME G hHE—ANHEFMIHLT RN,
FIHAHRN MR R (N,) « FE, N, AR (N,) PAK
R A R — NI . MRS Q
ZBEN AR (N,) FATEFERIES Q T .

2) HEPIRL), HEMRTEELELGQ, MM
G HATH MR FIM.

3) 1EMZ% G Hh EBRITA Y R (GGE Al
FHAT AR T AU — S A AR e I 2 /D — N
TWER), BRI —DRRME .

4) fERIRMS P ERRERET S ERZ T —
M RAEN =D F ML SN, N,
Re (N ) DAL 35 2 8] P B B A B — N R T 1 R

5) EELIRA), HERRME N,

T 45 4 CERNET W 25 5% 7 4 &l 43 Sk 3k 47 30
B, M E LR,

(] Gy

9

a. METH

b. FHTEFM
K2 T

I FH 7 0 1) 9 SRR A V0 xet P e 4 5 B A N T
3L Q={1,2,3,4,5,6,7,8 9} {137 S FEAT HIKr, &
W T IR T W 0T SR A N {2Y, IR
HLC T SCA{3Y, AR IR TR T R T 0 112
Fi7R o
1.2 FRABEBELZMEE

P =R R fiEEE GV, E), —
SEAFAE AR T o XFARf— b e e T (e Bl
FRR5Z), AR e BN A &N RN, ngy noeT,
— BB peT &R ny. T, HERS e F
HAEpIE L — N . PO, %I R e PR AR
B—MIXFERZ ST R — A ME— 1, A5
BR[5]F K PE T s A7 e 5 B B — AN E S
MM EMEEEG.

SCHER[)3R HE HIE I T X F— A — iR m)
AR oM R TR EIE G, BT AR
A P BB AL) Rl T R G I 7 25 1B

TR B EE K GV, E) T A 3T WA 5
T ME, BRI s 2 BT B

1) WA T =null, U T M ot
TR, WIS RAT S OCEIT A . TER AN
BTS00 T A RO 2 A T R 2R — 2 R T,
T AL T BRI B AR .



38 SRR S N 5 A N =

40 35

2) NEZBAVIRE—E Eg—ATE, RE
N EIE L R ISR A=Y B P ORES S v
AR AR R T

3) WAEFIFERFE 4R EE T %, S MRMDERE
DIBA TR T A T 5, PN TR T .

4) T L, NE&EEERAER, FkE
G(V,E) K& 7E 75 .

2 EIRENENMRERN BT EFEER

SFF—AMNHROEFEERGV,E), V NI A
E6, ENEERES. K, V(G) X REIG(V,E)H
WRIEH: E@G) XRBE GV, E) a1 B2
T R P 7 R R TR A 1 R AR AR,

C={C1Co,Cu} FREIG(V,E) TIIBEES,
HM K C IR

ASCESLLC) RonlE CBEMLE, 5T
RN 22 % PB (probe burst) PABECTH B 1 AR i i .
TR PB R 5% & DB (data burst) 3% 4+ 1H,
Wl ) s K P R AT RE A . B4R & C B K E R IR

HL(C) = iL(Ci) .

max_length(C) = max{l(C,)|i =1,2,---,M} & =~
Bl C T B I B KK

cost(p) =M /V(G) AU KIM—/ EE =i, B
G(V, E) - 354N 15 s 75 BT B 1 e D005 45 1 4
B, JR/b cost(p) A2k N 4 il M ) 7 = B 3
Hbrz —.

TERR SRS, — Lol M AN TR KA S 1E
AREH TS5 AR, RIS — RSN T8 . 1
VL T B 11 i KA TE 2 H 48 T — 2% BE R Bl B A 1 UK
o T(e) RNBERK e WA MMIIREL. —RBEREHIE
HHIREOR %, R R S E %, T A
HRR . — SR B R 7 55 1P S IR -

E(G)

avrg_T(E)= > T(e)/E(G)=L(C)/E(G)

N T LA BT T M AN B AR R, AR
SE U SR RERE F ISP N :
WOH,,, =avrg_T(E)/W
L, W ONREREER EaT M KEH . /MU
B RE TSP S8 K T A B /M WA B R
& L(C) AL HIRZ —
TEEIG(V,E) ', #5Eik e e E(1=12,---,E(G))
AR C, W& 1R 208 SO — > kil g a o 1028
e IAERIC, T, a;=1; Hla; =0, Hif—2k%E

B e Xf NI AT A B, 19 B A QB B g 6D
a = (8,8, 8 ) o X TR A MR IS BTl A 1 o
m, 5/ C, Wl IS REIL R R R R C, A
%, m;=1; BMm=0. KL RS g T
ﬁﬂ—‘ygm:(mlvmz""lmrw)"

ARSI 1 26 g 2B I e, T BE IR 2 G 1Y
m , S AH N R T AR R F(F AT 20 B
G(V,E) s B %) . — B s e, 45
e m R BERL AR . A SO 15 A m AR T
BRE R F R IR IRAT AL 7 AT He A, sk m AIF
oh R AT (G 25 B ) R e o AR A A1, DU AT DK
W HH 12 B % R A T R . DR A S B e o
AIDASRME— (1), R T & & A7 1 H 7 B
Z DN (i S

_IF|
Y

A, |FI WM REFIOAT G U HEREURAT S, U
B I B F o o (] s e A B P R o i B
MEE SR A B ke, =1, &Mk
i e AL R R, e R T LR A S £ B H A5
Z %
SCHR[BFRBITE— AN A a4, X T1EiEd
P21tk Ae bk, R A R 7R A5 e M e
HILRTEIE R . N T IERI5E 4 e,
WG VARSI B AR o A T B R G I i AR S
6 ek 2> F AR SCE S A AR A RE > O
D=(E(G)- (M +M")/E(G), HH M HMJEisEM
FIHCH, M7k B 58 48 AL AN A A
#H.
3 FIEWIMEEESHR

AR W 3T 75 [ A% 9 25 45 AN (CERNET .
NSFNET. BELLCORE. SMALLNET), #4521
(TR bR, 23 AT A% 78 55 % I A3 AT R Re L
B o AL SUHE T W 45 43 1 S W 1 %00 B Y
NPS (network partition strategy), .45 R u1&1~K5
FoR o

MFLFAT LA H, NPSHIEFIHST Ak W
FRAR T T B AL T F AR Rl 5%, (HRNPSHE L L
HSTHEIENTZ) TR A . R3FEH T 4R A [H P
8 55 RINEIEAE AR AR B B KK M
F2H AT LAE H, NPSHEIETE B MR KK E LT
FoAh3FhEIE, (HIR/EAFP BT 2% 1, AFpRVEIPB
B HHRAE AT 2V LA






EE Fiks, %

SR FH DR 265 43 P O B S 1Y 25 w4 ths AL | 39

c. SMALLNET: 10> 54, 2245 k4%

K3 i AR MESH 2% 36 4

*1 EESKNEEENERINEIcost(p)

ik CERNET NSFNET  BELLCORE SMALLNET
SPEM 0.5 0.287 5 0.5333 0.4
HST 0.7 0.5714 0.9333 13
HDFS 0.4 0.357 1 0.333 0.8
NPS 0.6 0.428 6 0.933 3 1.2
*2 EEZLXNEEEANFEHINFEImax_length(C)
TS CERNET NSFNET BELLCORE SMALLNET
SPEM 6 11 9 4
HST 5 7 6 4
HDFS 7 7 11 7
NPS 5 7 5 4

R3AETE R L NEEETEAINPEIWOH,,
%

AP CERNET NSFNET BELLCORE SMALLNET
SPEM 1.95 1.94 1.78 1.84
HST 2.55 2.97 3.06 3.05
HDFS 1.95 2.45 2.23 2.42
NPS 2.34 2.38 2.23 2.41

FEZR 3T LA T AF0AS [R] el 7 75 R ISRV EAE 4 Fh
BT A A Hp P 7 5 0P 2 UK T (AR SO KB
TEHH N64). MR LUE HNPSHE L ELHST R L
(P2 KA EARAR 2, 7T LA 2 4 {KPB 5 DB
Z AR5 TE T4

®4 BEERNEZENERIMHD

AP CERNET NSFNET BELLCORE SMALLNET
SPEM 9.2 9.5 7.1 9.1
HST 43.75 52.4 429 40.9
HDFS 31.8 38.1 25 31.8
NPS 43.75 47.6 42.9 45.4

MFRAFTT LG HY, NPSHELE 1 s 11 285 k6 s/
HNA2.9%~47.5%, X F717 P10 K T3
2%, NPSHEVEAR T HABMIMH L., NRSHATLLE H,
NPS 2 ATHST 50325 1 g 5 7 67 28 AR T JFAth o o B
o BIRIEMZCERNETHINSFNETH, NPSH.Z:HY
W s o e T HSTELVE, AR08 MR Bl A D7 T
NPSHIE FTHSTH L, P 1 Wl pl A F g b e

RS AMBBEELRUEEREARRRING

G CERNET NSFNET BELLCORE SMALLNET
SPEM 2.81 3.0 4.67 3.67
HST 1.15 1.105 1.077 1.0
HDFS 141 15 2.15 1.47
NPS 1.23 1.4 1.077 1.0

HIR1~REAT MG 4510 A AT DA



40 SRR S N 5 A N =

40 35

RO AR T A s P87 it i I 0 AN [ 4 o 45
WA ML FEE, W T AT EEE RT3
a2, AT HARSFP AL, NPSEIAAMA R
I AL, Hor KK iR/ NPSEILLEHST
S5, AEORPEBURSRE LR A [, 2 — 2P AR
I I AR R AR T

4 % B

PR T — T IR 3 T 00 2% 431 SR e 1) BRI P 7
i (RIOBS I 28 R SR il 77 58, FE45 7€ 4R L R 04
Zedndhrb, AR SA, SERRATT A . g for
HRA 75 5 Fe A 3 P 77 7 SE AT T LR (A
REBH], ASCHIE R o FAA A THSTRIEVE, £
O BRI PR e B 52 57 2 £ [R] I e A8 ot — 20 el
I AT 35 K TF4

& £ X Mk

[ 20k, T2k, LR, S5 JERAZHMLIMI. Jbxt:
AR LR HY A, 2005.

JI Yue-feng, WANG Hong-xiang, CHOU ying-hui, et al. Optical
burst swiching network[M]. Beijing: Beijing University of
Posts and Telecommunications Press, 2005.

[2] Eiks, ®AR%, B, 5 5T REE GRS R H

DR ER P9 i o2 M 0 77 52 [9]. Fb IR F K 2 24k, 2007, 30(4):
111-115.
WANG R, CHANG J, et al. Fault detection mechanism
based on probe cycle cover in meshed optical burst
switching networks[J]. Journal of Beijing University of
Posts and Telecommunications, 2007, 30(4): 111-115.

[3] ZENG. H, HUANG C, VUKOVIC A. Spanning-tree based
monitoring-cycle construction for fault detection and
localization in  mesh  AONS[C)/IEEE International
Conference on Communications. Seoul, Korea: IEEE, 2005:
1726-1730.

[4] BOE, 2. — ol FH T 0 24 g ek A 1) 19 % 1) 5 i
[0]. M7 515 B 24k, 2006, 28(2): 286-289.

HE Hui, FAN Ge. A network partition scheme for restoration
in optical networks[J]. Journal of Electronics & Information
Technology, 2006, 28(2): 286-289.

[5] FAN G. Covering graphs by cycles[J]. DiscreteMathe, 1992,
5(4): 491-496.

[6] ZENG H, HUANG C, VUKOVIC A. A novel fault detection
and localization scheme for mesh all-optical networks based
on monitoring-cycles[J]. Photonic Network Communications,
2006, 11(3), 277-286.

[7] Bz, RITIE. Big RHEEM] G0 T EEEE
AR iRk, 2005.

YIN Jian-hong, WU Kai-ya. Graph theory and its
algorithm[M]. Hefei: University of Science and Technology
of China Press, 2005.

[8] ZENG H, VUKOVIC A. The variant cycle-cover problem in
fault detection and localization for mesh all-optical networks
[J]. Photonic Network Communications, 2007, 14: 111-122.

[9] ZENG H, HUANG C, VUKOVIC A, et al. Fault detection
and path performance monitoring in meshed all-optical
networks[C]//Proc of IEEE Globecom’04. Dallas, TX, USA:
IEEE, 2004: 2014-2018.

[10] WANG Ru-yan, CHANG lJiao-fa, LONG Ke-ping. A fault
detection and location mechanism for optical burst
switching networks[J]. Journal of Optoelectronics Laser,
2006, 17(12): 1477-1481.

[11] WANG Jian-quan, GU Wan-yi. Failure location method
based case database[J]. Acta Photonic Sinica, 2005, 34(12):
1858-1861.

[12] Stanic S, Subramaniam S. Distributed hierarchical
monitoring and alarm management in transparent optical
networks[C]//IEEE International Conference on
Communications. Beijing, China: IEEE, 2008: 5281-5285.

W OH oK R



	采用网络分割的OBS网络故障监测机制
	王汝言，刘兰英，吴大鹏0F(
	(重庆邮电大学光互联网及无线信息网络研究中心  重庆 南岸区  400065)

	1  基于网络分割的圈发现算法
	1.1  子网划分算法
	1.2  子网内圈覆盖发现算法

	2  故障监测性能的衡量指标
	3  算法的性能分析
	4  结  论


