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Design of Self-Healing Algorithm for Double Link Failure in SONET
Kyoungheum HAN - Jaisang KOH - Choongho CHO

(2 %

DCS(Digital Cross-connect System)& ©] &3 tio|u}g] 24| | § 41FEL F=E € 3t
e J3 Aol thA ¢d BTE £ Qe Ay £%FE 2 T tYeE EF ANE
ol WEo] AAHY fout, oA A T ETFE A AA Af{ 7 ¢n2F 2
4L olF Aoy =& Ao HEHAL WY ETLE /AT By €0k B =dAMe
9 2 A(single link) Aroj¥u} olulg} o]F ¥ H(double link) Fofol] tHME Lol BT 3§
At Yol A BETEE B3e A2 25T 4SS ALt olF A B EF HE
AZE e, AAHA oA §FE 1Bt HHy EF A2 7 P RIE FFM 3
v 57 e H43g 23 Agd ¢ngFY AEHoH AHE V&Y FF I vn

4 o

1. A&

A7) B4 Eof % Az FFEopA A HA
71ed BUY T AE FALB-ISDN)S 43S
7VedtAl stk FdY 3 AE AT T3,
A 3, 24 volel FRE FHIHLE HE3=
Bo gz LANS| 43 44, FE3 Hlr)L(video on
demand) 183 3 A3 Fo| MuAE AFTY 5
o, 5714 H4$HSONET)E o] &g Fy An|
2§ A4E + A& dgTolth. ¥ AE5YE F
< 23 ol E#jH(data traffic)o] F7HEE 4%
AN, YEIANAY Folle B AHEAA Ay
29 g 2Ysa, Mulx AFAAAE FAFH

+ TEgtm Btk
» YTHAEN A2

£4¢ fisis, Aua gdd & P e
gR} o Azl welr g B2 REH WE
B7e Aulx Abgalel Mulx AFR BReA B
82 3= 840y, e k= T 39 Ao
A% = dx 58, &, Fault-tolerant$} ZHA] X &
5 8(Self-healing)-& 7FA 1 Qlofof et o] 24A| A
& s BT ag du g To Fof
At AAE A43] SiHstn P8 5 Je B9 A
TAY 848 FAE F2)3)[4)(12).

BANE thA 7] Aty EA7A B ATEOl
o]#4A 1 it olHF ATFEL EF AL ¥,
ALY F dE B 22 A = e Aol o
3o M2 O 53¢ A =, £ AFdAY



3% - DAY - 235 :SONET BMg o|F o) BT ¢12Fe ¥4 53

B FZ(physical layer survivability)®} =2] AlFdl
ANe BF FZ(logical layer survivability)2 &g 4
UtH3). &2 AFolXe BT 4L A5 25 3
A(APS :Automatic Protection Switching), RD(Route
Diversity)# ZFA| X] -3 (SHR :Self-Healing Ring)©] %1
t. 88 AFdAY ETs Z 39 e 4
A7t EAsted ol H(point-to-point) -4 o] 23}
A MElAE BEdd =2 A B Wil
DCS(Digital Cross-Connection System)ofl 2]3jA &
ATk DCSoll & Lo AT L HE HolE
(routing table)& W73t W& AFAdstA FAHE &
T3 £ AFAMY BEF AL 60msoluoll A
o Wg 37} 7Hedtthe Aol AT =& Aol
EE B9 Aojol tisjis HlE HolA AFHO
2 BT & 4 gde 9ol Utk 9 =8 AF
o|Ae] B wha] e APSU SHR$} Zo] 23 4
B £38 8T 3R @3, A= HojEE AFA
IFEE AAHOZ, FAflexible)dtA ¥& BT &
F e A3l Uh3]

DCSE ¢| 8% EF gueiFdls Fol7t 2]
Aol ZE Fof AU oo tistd BF FEE vlg
ZA 3+ " (preplanned route calculation)® 7ol 7}
TAFE Ao HARAE U2 ==EoA Hohdyo
E7 ARE Fohe= 53 WH(dynamic route
calculation)o] ITH4). B+ F2& vz AA3 = &
HE Ao Alel oo didte BT HEE AR
A% dolg wWo|Ayl Wasty weEA BFE + 9l
At EYY 3ol Wl 2 & diolg wo]xg
782 (update)o] B3I ZF ko 9= HE HolE
& N2 Aol dthe EAMAT vlolE] wo|AE
sG-S, g Aelet Aot w7
o dei7t BYAETiE EAAEC EA%Y. 5HS
EET HEE I BT duEL /A BA
g EF @ AT Ao WARANE 53 EF T
ZE FopfnE EF Ate] f o} A F e &
Ado] itk BT HEE FHOE & BT ¢

&2 A AYE 5 e FF AZFAA o) &
Fol 714 & BF ARE At ¢1gdEH . &
T A2 A o BT ARE 45 ¢ndF

L2 BERE 7 3t dp] £Fo] 2 BT F2E A
Y3l ¢1EFES AT A3 Gl BT H2E
AgsiA Hug B Agte] v, & 7 F=2
& AY3tes B ¢41eEe 53 339 EfHo]
Z S+(congestion) = = A7} ¥AFT}

£ =82 DCSE o83l FHOE BT HEE
Fol = GIYUFOEA, Fo B FHE AL U
A o] &89 o= §F Ao EHYY JFH
v @4 UAEEA PI FAlE BEFAIY, olF
% 2 Aol(Double Link Failure)7} 2AIslH & of, o
o] EFEE Fole ¢uEEE AL £ =59
280 7€ Mul2x B39 T4 A A
th 3F M BT FF M HAde B Ha9
EQY JF BFE H43) g PEE AN, 4
HelMe Akd BT B tid AlEdeld A
€ AAT SHAME & 5 FF dFE AN
=3

2. 7|&2] Aujx n3v} 74 4

Mulz G d@4e RS AE Muls 2w
T4 42 g 45EY g3 AR E o|&% AF BE
AAH(APS), B &7 A AAE o] & AAXHF
#(SHR) 1281 DCS 87 H4o] it

APSE HE& ZAE o] RE WHoln E ¥
FZA B7) o] Rk o] AL REA g %
o Fefoll el A& BFE oW, 2L AR
E AAE W AEHA Mulx AT A3 HHe R
230t} APS 7HE 2bdEta WE B i o|th[2)
I3y, APSE 28 AREe} dv] HA=27t e ET¥
3o EAFnE F3 Ado T FfE hAH3A
F3tohs o] it o]d 9L (O¥ DAAAA
] oou] dE2e $HHZE U ET HId HAF
024 3 Hde % s 5+ T+ donH,
o]g@l £ 9.8 RD(Route Diversity)e} $+cH6]. SHR
£ ADM(Add-Drop Multiplexer)-& o] 83} & 72
o] ol A& 7 HEjolth. EF SHR2 APSS}
2ol EelFolA BTV} o| R, L& Alole] B}
S AXS HARZES M2 BEF AN HE F



54 ERTH: X% HIMW, 19%. 11

Standby Line

Working Line

{28 1) Route Diversity

Spare Ring

Working Ring
{218 2) Ring Architecture

# F AL AUA AAE o)1F2/E & Yd3). (2
¥ 2> SHRY B7F 3Ae vehin, 43
of7} G ojugo g toles H4Hh APSS
SHRE B8 A% A4 dv] g3 Ag3ld 3
°h& E73X| 7 DCSE ©| 8% tholuyy B3 |
MY AE B3 AXNE Yo A 97 DCS A
Hol &) A7l o3t A A, FA% Fof B
7} 7Ve3sltHe).

Centrailized
“Controller”
Control Links
0s DCS 7 Links
DCS DCS
==
- '
DCS 7

2.1 DCS 8+ 4y

e} AJE¥(Survivability) & %ol7] 98t =1}
Qe ool Y& W ME2EF BT 3 §
A DCSE M 7 djd) $3¢ 71Xz 9
ojof ¥t o]Z & Aol BTE 98t DCSIL o A
T4& 8ol3HAl sErH4]. DCSe| 2}H$-El(routing)7]
T Bl Aozt LIRS @ MulAg BPEE
o) AF8-Eith DCSt B-PH ok 7 29| cross-connects
& WA & 7 Z(alternative route)Z E-TA)F)
o, Me7bed 57 F2E ou] 830 Ea)sioo}
Li2= N

A F7HA] DCS A T4l o B wie ge o
T7F o] R AT Uk DCS AFA o o B3 9
He (¥ 37 Zo] Ao} el me} 24 Ao
WA B4 Ao} oz TRAETHY]. Y Ao} o
4L ZE BT HHo] 349 FY Aojr]el & A
oAt &, FNE HEY =TIt Ao B A
TG AoirloA Leld, FY AMorle U Aoy
7} 7ML e MEYY RE JRE o] &5t o
7 HAE £3E UE HEE 93AA Nurg B
TG 4 Alo] ¥4 7+ DCST} AHAlo] 7hA F
BE O DCSS n@o 2 dojAe o] Ar
& o] 83t XMu|2E B BA Ao Wy
Z} DCSZH] AE AL Ao HMAE o] &3l 3
HE A3, A7 2 ARE Forl dAw
B3, Senders} HA 9 kA AZE JehgE

Links

&
Control
Channels

Reroute

(T8 3) B ol WA B Hof YA



BAE - TAY - 2FE:SONET BelM g o3 Ao BT ¢1F 4A 55
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g $8% dAoH, dtx oz g9 371x Wy

22 ¢1Fol 34y

a. Alo] W FYA o9} EAtAlo] WE[4]

FYAS WL FYA Aadlo]l BEF A=2E
A3, Mg 87 A2d qugFg 3.
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Route Selectionol| A Apg¥ W4l FAbA|o] ¥4 o
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ACK/NCK control
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{38! 11) Confirm ¢
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a9, TRANS ¢181&e &4 30 EdYo] IF
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B =22 DCSE oj43ld FHoE BT H=2E
Fo} F= GnYFOBA, P BT HE ARt Y
oA dn] 29 o= EA YA EYYY JFH
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4FE 183t HEH BT AlZE Wl oju] g9
5318 ¢53A(Load balancing)3|F= B3l ¢
18%g AFch FITNESS ¢18lE 3 TRANSY
ZEAA AHE A o] o] Ade vd g3
Aol thEtq 100% B/t HEE HAHUY) &)
9 g3 Fo] AUEleEs EF ¢1dEY T4
¢ Agde B di% A5 HIl22 o)F #
o #3 AJe|& B3t A" YneE A
e AF3H T A2 A7 Mujx o HAL
H233l7] A3l DCSE o83 B7gugEFL 2%
9 B AR ZEA <k E[11], B =2 e A
¥ ¢ugFo] B A UEE Bl

3. 4% TRANS ¢xg&
3.1 26 24

DCSE o| &% TRANSY T &2 B Whyjje B
T A7) & $HE T3 Y22 Route Selection
g HGE 8 FEE AYY o L REE
AdaA HEg B du] Y39 R} AFEG,
o)z A8 T2 oW FZol Fols} LASAE | £
T& R8s Z397F g%

Q8 12, 84 A% FU F39 £33 oy
£%F& Yepdth gedtAl 24 Ade] EE L 1 unit
g 7HAE W, 5,3} dAtololA Ba Felrl g
o Bsfof & g8ko] 4 unit7} ¥1}, TRANS ¢
g5 B A2t F A2E AYdA Heg,
Subyc,d AR, 5, 5, dy, a, d BE 18 5, a, d,
AZFNM N &L 5, 0, d7RE AEYEo B
. E7E 3o AHE 39 ¥3Y £ oju] &
F2 (29 13>3 2o weF AN B7) o]FoR
7) Aol = OE J3 Byt dAEA HY, &3
artolel Zof7t Aejrl Al A& YT 5, 94dAl
o] Aoz} HHE HFole BrFfor & £ 2
mit2h 2 3HA (IF 13)9H BE ZAHY 594, Abo]
o ool = BF7} o]FoiR R geth

ojg} ZL EAE, U & HYE o A x
So|A Sender7bA|9} Zeolgt :Bdhe Aol oluzt

c

24 working channel
b

6(4) 5(4)
S
: d .

1 4

S; 34
2(4) 2(4)

spare channel

34

d, 6(4) a

{13 12) Simple Topology

2(4)

6(4) 5(4)
Sz a9 S 4 d,
2(4) 6(0)

7(0)

d 6(4) a
2 First link failure

(218} 13) First Link Falilure

Sender7}2] 9] Zolot @A BF A=29| Halg 18
ot &, Ao HAAE B =TI O 25F A
9% o), ¥4 =9 A2 == 9P Yag
ol YJAGH vintd YAGRT ofu] fgFo)
o, Y39 A9 AT ==& Heavyload AEj2
EH3I, YAGED oy §3Fo] gow Y39 A
Z¥ 9T = EF LightLoad AEE EF3t A9
2B QI =EE AEYE o $AHHOZ LightLoad
o Sl xEE FoA sty =g MYsiA "t
I1 BT A2E 3 FAHNA Ao ulAAE &
2 A =7t O 2§ Zo| 1 ¥ v LightLoad
e A2 ==Eo] EA8H 1 LightLoad A ER2)
XEE FA Sender’= T ¢} Chooser’r & Alo]9] E
T A2 &4 B & e =T A9 wef
LightLoad Je]9] o|H3 X% EA8l] gErid,
HeavyLoad} o] v =g $oA, Senderz=$}
A == Atolo] BT A2 Holrt FA 8 5
= U2 == A93A o) 718 Heavyload AHE]
E db] &3Fo| 2010l 1, o] fo) 28T} ZE
u & LightLoad JElE 8, (I3 12)0A 53
diAtololl A Zeirt BAEA 4 wit7} BF SHof &
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o, <2¥ 14¢} O] 2 umitE 5, 9, d FEE BT
¥ ¥, 5, a 93+ HeavylLoaddel7} HE2 Uiz
2 unitE s, b, ¢, d2 BT (2¥ 1AM E, 5
3 dAtolol A Rzt A4 BFE o] FoiA7] A
59} diAtol o o7t G B9l 5,9 dhAtol2] 2unit
£ s o5, 0, & AR BT F 5 AT

c

7(2)
S
d,
2(4)
d.
First link failure
{2%l 14) First Link Failure
4(2)
7(2)
d.

First link faiure

Second link failure

{8 15) Second Link Failure

3.2. Mot fn2E

B g3 &9 7% AxE= TRANS ¢ §e o
2t} ujelA], TRANS ¢18% 9] Broadcast TA ¢}
Confim@AlE Y3, Selection BANA &2 7
2l p8ste Aol oluzt vl £FE 1 ¥
AA e B3 B3E F5EA s = O Zert L
5 e o BTE hd HE WA 2 k=
o gax 47 4 £t FAHUGT HEE
3, e Roshat

cn : current node

block_list : a set of links which have no spare

channel

con(n) : {I | Iis the link number which is connected
to node n , not traversed and spc (1))0))
spc(l) : a number of spare channels of link /
Threshold : a number of spare channels seperating
Light link load and Heavy link load
light links(n) : {I | | € con(n) and spc(l) >
Threshold}
heavy_links(n) : {1 | | € con(n) and 0 { spc(l) <
Threshold}
d(l) : distance (a number of hops) between sender
node and the node which is connected to link
! and is not cn
TRANS ¢i1e8]&2) 29412l Selection T} F¢}

¥ ¢18&9 Selectiond T3} ).

<TRANS <itel > ’
en = chooser !
block_list = ¢
do {
If {3 x,such thit x € conflcn) AND x &€ block_list )
vemin{y|ys=adx)
cn = the node connected to the y link
Else insert cn to block_list
cn= ol kE
o]y xE& reumdiMA& B4
} while (ont =sender)

<M<t gnYE>

cn = chooer

block_list = ¢

do (

If ( 3 x, swh that x € light_links(cn) AND x & block_list)
y=min{yl y=dx))}
=y

Else If ( 3 x , such that x € heauy_links(cn) AND x € block_list)
y=min(y| y-=dx))}
a=y

Else insert cn to block_list
m=oH kT
ol xE2 retum™A X & A$ e

} while {cn '= sender)
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