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ABSTRACT

In OBS (Optical Burst Switching) networks which decouple the burst from its header, the fault of a tiber link
can lead to the failure of all the light-path that traverses the fiber. Because each Jight-path is expected to operate
at a rate of a few Gbps by using WDM (Wavelcngth Division Multiplexing) technology, any failure may lead
1o large data loss. Therefore, an efficient recovery scheme must be provided. In this paper, we analyze network
utilization and BCP (Burst Control Packet) loss rate according to each link failure by applying the conventional
restoration. schemes in OBS networks, And through these simulation results, an ASPR scheme is proposed
improve the fault management scheme in terms of recovery time and throughput. Finally, We compare the
performance of our proposed scheme with that of the conventional onc with respect to burst loss rate, rcsource

wtilization and throughput by OPNET simulations.
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Notations
C : the number of node-encircling hop
T : the total number of node-encircling hop

A : the average number of node-encircling hop

Algorithm procedure
input : G(V.E)
G’={G’i=1,2,..m}, G C.G,

m is number of elements in G’

output :

799

www.dbpia.co.kr



#7528 82 '03-0 Vol28 No.9B

Procedure Find_Set_Of_Subgraph(G(V,E))
= V| ‘
for=1ton

Find G, T= T+C

A=T/n

forii=1 to n

if A=<C; then add node to G'n
else add node to G,

G’ = Find_Subgraph(G’y)

G’ = Find_Subgraph(G’.)

return G°

end Find_Set_Of_Subgraph

Find_Set_Of Subgraph®) dwelzg +adt A
Zzpe] wee W3 B8 F 5= % 29 A} 2
dEz 9F ¥ 4% 71502 2% 1& k= (1,
2,8), 28 2= x4 5 6, 7, 8, 9, ¥ 2%
32 2u(10, 11, 12, 13, 142 =he Reld 5
slch, #9 we) PR 29 75 2

E2. x=% %
84 & o
3% 1,23
4F 10, 12, 12, 13, 14
5% 456, 9

3.2 Fof 57 21y

OBS Wi BE w o7l 37)e) #a) wsy)|s
25 A = ool g B ATEG ¢ A
Ao vrE g A B u)g EoMe
Sere] @ "oloh mpjEE veld sl B
F ARM Has Helgg IS 3 A
Hl&-2 A" £ gl A B 7lde] agH
o}, B E=Fd4 AllE ASPR B 7L 283

800

& ddsle B4F ¥ =& ABR k=2 Agsw
ABR =elAwt 2} HF 8L 7RE Al
o,

ABR =9 3o zhze] Ea)¥ 15¢ o9F
e 53 ko2 FREson 287 E9E A
Sofl wheA] AxjelEte xER ARG, olgt
2 =2 17 73} 7] NSFNET weld 2
88 Al puE e (4, 6, 8) ot}

ASFR 7142 ¥3 #ei7) dgg 48 5+
23ty Path 714} Sub Path 718 3% &
B2 B vk WA a3 8(a)e TR (1, 2
3,4, 5 6)44 F= A <4-5)7) LAY A
Ak regl 48 roed FIS wA)RE AAlsl
ABR x=9l 3# ==o A43hd ABR kxel4
EHRATRE oA A2 (3, 9, 10, 6)5 ¥HE
el 2 8(b)E AN "a A
(2-307F s As A x=xl 29 kTl
FIS #AIRE AAsle] 29l 1 =ud 33
3l 2R EXAAR S A AR (1L 7. 8.
9, 10, 6)F AAsh= r1Helx), o9} Fo] ASPR
7142 FARA =39 Aozl ABR == Ul
A wllEbd ABR c=old] B"x|7lx]2] A A
28 43sk= Sub Path 71} Y3 =9

A7E ABR k= Folld AEg ZgAA

AR 7k=)2] dd Z2E dAshe Path 71H% F
A3t #1289 Path 7[5} wiad o Ao &=
g Al el B A7k DA 5 sl
&+ 7HAL Slel =3 2E xeedd s W F
#& ARe 742 vy 9 ABR k=i 5
A wWR EE e A A 4= §94A
EEAE 7 5 Qlek ‘

RY

219 8. ASPR &7 71

www.dbpia.co.kr



=1 /0BS

3.3 57 Alzh g4
OBS Ml Aol e %3 A% 52 243
=

S8 WD Sl vi2me) AR sl

SE AR e A Edge] AT QoS
Aok zelistA| ek :Lui_i OBS el 44
& AFE] S BT AB N Fasi 2

=EolAE ASPR ®T 7ol wisle] B Az
2ol Tk 7|Est Hla RS,

3.3.1 B A EA
OBS whellA B Alzk2 ohgdt 3do] #lojg 4
alet.

BT A =] 7 AL
Aol ol 7] A4 /A 5/ A ) A 2
+ BCP A4/RE/ADAT (2)

RTY: B3 () ANR FHLE (s, olA] wze
F A AZHEEAIZH

dy == jelldl PRA e s7pr) A A7)
hyt =2 A 22 e A F 5
higt =E jelAd B wr dAAE 5
hy 2= % (s d)olll‘] A FRe F 5
Bt X2 jollA) ARR A= A?JL*] 2 F
haqgt ABR k=dld Bz v grix)e] & ¢
Foporeor: B2 G109 Aol =) 217}
FIS,.: FIS AR A7

FIS,: FIS A2 A7

BCP. BCP A4~ A7t

BCP; BCP A4 AdAzk

BCP,: BOP A2l A7

)

a

th el Al ASPR 7] H A7
< 98] Hse] Path 37 7]“‘#] Sub Path
5T 7]”@.% Ja EAataleh mgl H A7) g
He LAslE o5 hEoﬂH 87
RS %% 3wl BCPE uke A3eg 493}

Path =7 Azt

T4 ()l ZHsle] "=z ol wale® Path
By 21EE AR A FIS WAAE a8 2
QA oM qH ARE AYHFOT B AGL
ohah ol Aejd + gl

Gold BT AT ALY ZEHS AP Aol BT 21y

RTY = Fypa + FIS, + kg * (FIS,
+ FIS;) + BCP. + &k, * ( BCP, +
BCP,) (3

Sub-Path S AlZt
Sub Path 7152 Az} 4gk a9 Als)
ool A ARE Ao BT AL kg
Tt 7o) Ao 5= 9iuk
RTY = Fuwe + BCP, + hjg *
{ BCP, + BCP,)
j = upstream node 4)

ABR Sub-Path 7 A7+
ABR Xk=el4d FIS =433 418 F Sub
Path 714& olgslel il A2E dPgoE %
- AZEE whgEt dol A% ok,
RT‘in = FdF:tE(.‘t + FIC( +
hia* (FIS,+ FIS,) + BCP .+
b 4% ( BCP,+ BCP,) (5)

ASPR =71 Alzk

ASPR E-F 7|9elld 87 A7k F 7R A%
2 EFT S Aok A UM A%E golrh vt
a8 A7 FAHE A 9128 ABR =9
eflA] whgElgl-g Aol #él (5)9} e By
A|zke] qslck T A A9 ABR xcTe ¥
o4 *—Jﬂ apellz} Hapatel-e ?ﬁféﬂ{-f T e
4 BHAR|9] A HEE $asts Path v
Heg Fia 4 %_i ()3} ZFe 27 4
7po) a7, oeRR B A7k gl Path
2189 w2y o TN Aoy} aag o)
AA7F ABR =2 sl whgd &g wel &
T A7 sk He)

3.3.2 U HEZ| A

FARAA Hz o ez A s 47
37l Sl A Az e}oq R I S
Fafetedol &k Z2lv BE woo da wg
71E AHRIthE 2 alg il whe R
FEARI}, a#jeg B itdkie wF A e4 4
f3hs Al Mg 5 S017] Y8 ABR kT
ofl 4=t s3k Wgte)] /1t Helg A2 k.

ASPR 7|9old 878l =) #iglr]e] 5=
Fal7] Hale] wE wred 573 g o))

801

www.dbpia.co.kr



HTEANT =R '03-9 Vol28 NodB

= 73-?-9]' vl BAEgch k= E Nelet Eha
W =Ag 5 gz DE xT jA me=e

degreeﬂl- T o} RE r=eA A Wiy E 71

79 a7Els A W) - 4 (6)9) Zrt

WC= ng;X w (6)

® =Rela AW ASPR Mol 8THE
shg a8 b Peh e

WC= g;D,-x W if i=ABR (7)

o9} ] ASPR 71HidlA 283 = Wik
o} = BE yTei] AMgse 7w wmE )
ABR M.EolAuk alagtoms] 9o de)z| wysh
oh B kFlla me] AHE 8] ¥ 74
NSFNET #%g z=% 7% =& Lfﬂw o
HE7|E AR 97 War)e] e 42X TR
#lsle ASPR 7142 2% ABR L—"rl degree
7} 100188 &75= s @)Y Al 10x
Well #fedjict,

IV!M%‘%!‘%’; 7}

ASPR 714l diak A% H7ke $dsly] 93
&) 7% 78] NSFNET e 83l z Add 9
A 24,1704 23 e ol galgion] W
28 CAEL 54 ()64 Hegt A& o) 85y
o =R B =PellA AR83E Aol sae)] digl Al
velers ® 35 3

E 3. Al Adele

time | type |nodel|nodeZ| action schemé
1.25 | link 7 3 Fail ASPR
150 | link 7 8 Recover | ASPR
250 | lnk 4 11 Fal ASPR
225 | link 4 11 Recover | ASPR
300 | link 6 13 Fail ASPR
325 | lnk 6 13 Recover | ASPR
4% grhe Rz Bole] dge Path ¥
T g AEEEA RE mEdA g W

gho| 758 WFPR(Wavelength Free Path
202

Restoration:) 7 7|4, LE x| w3
wylo] 7158t o> WCOPR (Wavelength
Constraint Path Restoration) ¥ 7|9
#F 57 xrtl ABR x=elAw nak ol
7He3 ASPR 7 7¥el diste A%-¢ 97}
sach. AsHr s42e T A9 ol &E.
BAE 248 U HAE HEE FHA vin
4 algie},

13 92 NSFNET w4 ABR ==9¢ 7
2o me} el A AeuE T B89 g
HaolF 7 gty WFPR 7194 7% & X=
o4 wlak HPFE AESER 14709 ABR
=7} gl A ok ghe slu}e] glady
8708 W% Alggodd A(6)e 8] WEPR
7142 336718 4 Harlg g9t 31A
% ASPR 7144 3702] ABR ==% =3
sle] Algslx 2 83070 A HEBr|HE AR
34 76.19%9 A3 W@ 5 29 + o
. 2d 92 ABR x=94 degreed 3=
7}A 3k v w2t ot

28 102 #aelX o7} #4% AS Path
B 7)\E B =5 Aekdl ASPR 7149
BT AR uZE HFE F 8 vx 5o
WFPR # WCPR 71 Path &% 7|%¥-&
Agslog 4] (3)e4 Ao A o] Aelst
gl A msdla FIS WARE 2494 =
= Afsty YA k== dA ARE
A3 B AEES AL}, anE Zefr)
whg g AaE o] 2R 2uAR|Y] F o
7 Aol B Ajzre] W o4& HAA A
B =gl Aakgk ASPR 7l #= Ao}
wgE A FIS wAXE & 4242 ABR
e 29 k=4 Hzlsr] wEed 24
A h._fﬂw‘ﬂ & 5l= Path 7|4Ed= o
e F FF 714 ﬂl Heb A AR g
F 571 Ade A £ A Alke] Ak
AD 2o} o 11% ZF 7ol a A =
AR BAE £482 Awjvglty, WCPR

e Ag ZAANA EARARA shte) =

ke ol gl BAEE Afdr] il &
AR wAEe ok WFPRI ASPR 714y
o} Awd ol "k =g 2 xxelA A
S3te B4 % 1622 F7HA zig At A
FolAel A °°ll°ﬁk s EeolA7] o Ed
2B EAES ZoEA el

www.dbpia.co.kr



‘ —$—WCFR_8

| |—&—WCFR_16

" |~®—ASPR.B
. —M-ASPR16

2% 9. ABR I 4o 0 31y 6w) -

average hop

3.4

32 . . -
<7-8> <4 Mz <613 averxe
fuilure link

3 10, Aol Ao W dlA Y F

lozs rale

[N} 03 05 o7 a9
oltered Inad

28] 11, 13 el whE woE 240

“_ \' \'_o]]/\.] z“o]-a] ASPR 7]}—142, Q "J -?’31'7]'
0.80 sk SpE 8 AREEE 4l
WCPR 71%ellA 43he 1670 AMgshe 4% ¥
e el wielAlA flvh wEl ASPR 7)Y
oAl e 1670 AMEE 4ol WEFPR V|2
8709 share AREE A% T Blas S o
obxlA| et ol2jdt 4% ASPR /Weldt 8070
o s Wa)E Al WEPR 71He) 249
33670 Y wEslE T ele o)
ASPR 719& 21 3ep} 2 45 Ae 5o s
WE7) 2 AesiE A WEPR 7]‘ﬂ131_x_} ake 2]
£ vePa sleh £33 OBS #ellA w2 4
ABE A o B A s Y 3

A TEL S G 2AFY FReld cdge

ERODS oI HT s A4S agdE 2

i K S I -

= e ol R Vs e I = R L B
ez Ql5) &8 H) ARE A= Fol A
Fa AEHARE e ol sk oy
122 Al 74 71l A oA ARE ddehs 5
of dfHes AgEe] £AEE vlane 25 R
AFT olrh vhhE W2 o148 WM A 1Y
2] %S Awipn =¥ 139 3} g3 o488
2] 7 F7RERE GelAlA slE BE o]
x| w7 Wae] 7Vsg WFPR 7)ol ¥4 veht
I gleh 58] WCOPR 7192 S9Ae2] FA=)7
7| zke. \L]—Z]'\-— A}_g-\g]—nﬂo)_ e Waer] 2z
o w4 gl AF o] 7] WEe] 2z
o452 L-)M-XW 71] A,

2o | . . o

20000
£ 1500 lawprs
Z ‘mwceR_s
3 10000 | |DASPRL8

' I
5000 |
B0 .

0.1 0.3 0.5 07 08
offered load

I3 12, A P A Fo SAEE vae

uluzahzn

o™ 13, oY Yeel g 5= o)l4E

Inroughpul
o .
3

a 03 ik} o7 08
ohtererdlcog)

28 14, 81 wslel o AR g

803

www.dbpia.co.kr



AFEAG B EFA 03-9 Vol28 No9B

B =4 Akt ASPR 7IHe) Ha o4
£2 WEFPRH WCPR 71¥2] Z7ke 9A%kw
Wk 23 13014 W7 23y o]8-Fe]
= fuie AL ALE A8t A g o
H 1164 s8Rl 084 2AHE AS
ASPR 7|42 ABR =c=oAgt 542 167 A}
S5t BRE x=elr Hakg 84 Algele
WFPR 7145t} a2 £480] AA el
otz ad 138 o] WFPR 7192 ==
ol8-8e] A9 100% ZAstz A7 ASPR 7]
oA B8] o) 4-8L 50%e] Esjct o]}
7re]l ASPR 7142 90 33t 22 49 He
ARE AN BE hTella] s wisde] 7}
F% WFPR 7|4 24812 3lon 0.8 o4l
A o] 22 A5E 2933 Yk WFPR 714
2 BAkE 1670 AR A9 whelA daAse A
2 B BAEE HY ¢ 9lew HAAke g7
ARSE Al JY st S E waE
Alg& FA3] AR 2817} 0.800 23
& A5 16719 2k o]8slE ASPR 714<
8709 kg AMgsts WEPR 7Idlncl A9g
B £ 5L wola ek 3% 13& @
QA8 WaE Hd A Ay Frie Az
ole},

v.4d

it

OBS ®eldE Aol =zt e doleld
offset Alzkez Fejsle] HMe oE =54 Adg
ol 48l BAlS durl aeing B wale] ¢
£ dlele] Afo] 7Hesk [P W7l e vae
<4912 BAE vFEE AdAigy o482 kel
= AFE L) R ek vlAEE AL
e OBS mhellA Aol Al A7k Au)x EA
AeHg FAsheRE 453 27 e S5l o
oA LAlsl= Aole] eigke Hisleloie} gl

TR 7S AR el B rWe
OBS el 248 2st 7 74 el o 2
9] glale wel A o2 A%S Vshie Zle
galdgirl, ase Peld AR e elelE
48 zelsld sz Agdr) 24e A9 wE 2
7 A ARl A gAE TRl ASPR ZMHS
Aaksele},

Aaksl ASPR 71¥e 93 #igde) 7153 ABR
ETE 2)alsle] ubd wEkr|e) £S5 Sgo g3

804

A7t BT AS- v BYE S| Hsld
Hz Aoje] $ixe mjz} Pathel Sub-Path 7]%
o] &3 Yeho) B s1ES Fsiydth ASPR
71 digle] wo) AEE Saligh A5 wak wg
7] e} B Azbel W] ofE 7w wlad o
e o] w3 wiglo|e)l wE F77) rhssisdch
= 3 el Z Al o vaE g
7 o188 Y WAE Age wisle vz 243
Aok

B AT HAZe AT 24 AR olfsly
o]g A Aol WA A] OBS =) Al 27 7
Hell gt doln WMABRS Felan 2Esl] 4
F=A 27eRs QoSE PHEAIFZ] it Aol
BT AL Qe Aot

Fagd

[1] C. Qiao & M. Yoo, Optical burst switching
(OBS) - A new paradigm for an optical
internet, Journal of High Speed Networks,
8(1), 1999, 69-84.

(2] Vinod Vokkarane, Jason Tue, “Prictitized Routing
and Burst Segmentation for QoS in Optical
Burst-Switched Networks,” Proceedings, Optical
Fiber Communication Conference (OFC) 2002,
Anaheim, CA, March 2002,

[3] DolzerK, Gauger, C. Spth, J. Bodamer, S
“Evaluation of Reservation Mechanisms in Optical
Burst Switching,” AE International Jowrnal of
Electronics and Comnwmications, Vol. 53, No. 1,
2001.

[ A49% 3w, wA], o, B HEE ~9)

A e QoS 2L 919t Offset 4|7k A @
FEE A B AT W) PR =R
#2748 1CE pp. 1-10, 2002,

(5] J. Wang, L. Sahasrabuddhe & B. Mukherjee,

" Path vs, Sub-Path vsLink Restoration for
Fault Management in IP-over-WDM Networks:
Performance Comparisons Using GMPLS
Control  Signaling, IEEE communication
magazine, Nov. 2002, '

[6] Seunghun Oh, Younghan Kim, Myungsik

Yoo, and Hyun Ha Hong, “Suvivability in
the Optical Internet Using the Optical Burst

www.dbpia.co.kr



r

Switch,” ETRI  Journal, Volume 24,
Number 2, April 2002.

[7] Hui Zang, biswanath Mukherjee, “Connection
management for survivable wavelength routed
WDM mesh networks,” Optical Networks
Magazine July/August 2001.

[8] OPNET Technologies, Inc.

[91 D. A. Schupke & C.G. Gruber & A. Autenrieth,
Optimal ~ Configuration of p-Cycles in WDM
networks, IEEE International Conference on
Communications (ICC 2002), New York City,
NY, USA, April 28 May2, 2002

[10] D. Stamatelakis and W. D. Grover, Theoretical
Underpinnings for the Efficiency of Restor-
able Networks Using Preconfigured Cycles
("p-cycles”), 1EEE transactions on commun-

ications, vol. 48, no. 8, August 2000.

0| 3l A (Hae-Joung Lee) A3
19914 24 : ASdga Az}
A7t &4
1991 2% : Axofsw Az}
A7 get AL
19969 8Y : HFoista A5

(FRARep 3 HAE 293, Hevdo] Hely

Bt &4l
20049 29 @ AEchsa A

283} 44} At

(FRHIRD) B MAE 2914, Welrltle] Hlole]

w/0OBS BolM B A3 g A2 S najd Feo BF 7

4 ¢ Z(Won-Ho So) A3
=tEAlEE] =7A A 259 A 1AS 3=

7 cHNER AR} 25

Z ¥ #(Young-Chon Kim) A3

FaeAEE =84 Al 199 A 23 3=

A ¢ ARefe AR 2

805

www.dbpia.co.kr



	OBS 망에서 복구 시간과 자원의 효율성을 고려한 장애 복구 기법
	1. 서론
	2. OBS의 개요 및 장애 복구 기법
	3. ASPR 장애 복구 기법
	4. 모의 실험 및 성능 평가
	5. 결론
	참고문헌




