)

;e3e<889T: 4 ;<\<6<T< h4 1 2 AUS 2C~? 1fU 991370.t7? *e~~2* £ 909
fC 1"11)S991 A07fi 8 SYSTEM AND mmwmm RI NG A SPARE CHANNEL AIVE)%GA%
. OR MORE OPTI CAL RI NG NETWORKS invention relates generally to
optical ring net . A sel f-heal.sg@optical ring network or
nore ring eﬁé V\}EI"(also call ed nodgs) connected in 1() a Iog€i5#9$§§ﬂ?
Each ring elenment is connected to two other ring elenments by working fiber
and spare fibers (also called channels). Wen wavel ength divi sion

mul tiplexing (WDM is used a working channel and a spare channel can be
carried on one or nore fibers. AI1l5 working channel carries traffic between
ring elenments during a normal nobde of operation. A spare channel also
carries traffic between ring elenents, but a spare channel only does so
when one of the working channels |n the rlng experlences a fallure 20 Ri ng
el enments can i ncEYIHBEMNANDIMBIHAD SHARENG PARRNCHR ‘

bet ween the ring net work and p DPRHE P Jb NETHORE

br oadbar®d di gi tal crossconnect smntch (DXC) and Ilne term nal equi pnment. 25
In a typical opto-electronirgeSycBseneusntRhteah Metweek GSHBEL) 1y ae
network, and ADMincludes.a fallure detection unit that detects when a
channel failure RB5168LuFrBE. PRGFOERSnpl e, an ADM detection unit will

detect a channel failure i ® sklseheediagl opsigd@lofrisggnaktwookRdhtsonhree
esponse Lo dFteEk! AG.2 LabkuEeenbht . i aE a1 chahbies )| adhAgLLEn (al o
known as an al armindication) £to & central network managemnment

t he ADNHémAtchesatﬂéﬂﬂﬁéloﬁp@Pa sparca éhéﬁnéﬂem§Pﬁg150695§@Ft?§ EPo@M@e
ring 35 restoratpeler ring %1ém%nt%~b@ WdWQlﬂg)EQ%H42aR@T@ 29A1BURRSsri g.

1A illustrates an exanpl e sel -healln? opt i cal rlng net wor k havi ng four
ring el enents 10321889F2136%s82THELISIn nHNRRI YAYEd SNERE WAVRSAENchannel s
110, 112, 114) apd1ti®i1eadimy d&iDM) arl@unh%etdh@ worig:m@ 2ha8nwleNglh@adiar ecti on

and the spare channels 18, ﬁ_c) é? an 1 are idle. \Wen_a failur
occurs in a ring°@ é%Vﬁ?i 4 sﬁﬁfgl RheCRenSE FFFELARSEY -t h
failurelare acti W@trﬁdr@nethammed tdae rtiresf ftira fdiou ipe tweenf auiing |er1emee1ts
opposite d'reCt'%%ring a normal mode of operation. A spare channel

also carries traffic between ring elements, but a spare
channel only does so when one of the working channels
in the ring experiences a failure.

20 Ring elements can include an add/drop
multiplexer (ADM). An ADM can pass traffic between the
ring network and other equipment such as an electrical
broadband digital crossconnect switch (DXC) and line
terminal equipment.

25 In a typical opto-electronic Sychronous
Optical Network (SONET) ring network, and ADM includes
a failure detection unit that detects when a channel
failure has occurred. For example, an ADM detection
unit will detect a channel failure if it senses a loss

30 of signal condition. In response to detecting
a failure, the ADM sends a fallure indication (also
known as an alarm indication) to a central network
management system, and. the ADM switches traffic onto a
spare channel using loopback to provide ring

35 restoration.
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10 FIG 1B illustrates the operation of a selfhealing optical ring when
wor ki ng channel 110, which is designed to carry traffic between rin91 HE 79
selement A and ring elenment B,” experiences a failure. After ring eIeneH%AAPK-’
detects a failure in working channel 110, |15 ring el enment A swtches

traffic arriwsgrenr wor ki ng channel 116 onto spare channel 1BéTiusydimaes
opposite direction of the traffic flow on working channel 116. Simlarly,
after ring elenent B detects a failure in working channel 110, ring el enent
B switches traffic 20 arriving on spare channel 120 onto worki ng channel

112 in the opposite direction of the traffic flow on spare channel 120. In
this manner, the ring self-heals upon sensing a break in the ring. Wile a
present - day opt o- el ect r oni E1SONET P1BFFRYCBESRYneRaEPL feS8dbaRtadésdof
sinplicity aE_d féﬁﬁié&‘ﬂﬁbh@%é@@_@}ﬁk hiviag fbﬁrdigﬁ\@aéi(eﬁépaﬁ noef,fici ent
spare to working capacity rati spare_to r ki capacity ratio iis the
ratio of the nun%%?'o?oépﬁ?g Eﬁgnneig BBrTﬁi Rt ergg? “gFﬁ?ﬂé 8%&93&95. I'n
opto 30 el ectronit0SONEBT tiing astwblEscaheyspate tvowofkihg capdaciityaratio
is 1:1. JThat is, _t agk Lng apfel e or poRai-ng

spar e cRannel . AfggP%ghggF?gEgggtﬁgglEﬂﬁefggsé Fggﬁégggdgéﬁétﬁggfapg§'the
speed and sinpliépdylaf arseffllReal Whgn-g failpra(ogepre2ipve gang70od=

fCT/ US991007G8 SENRFE; LR B8hYoLkeWdbheePEAXhERNY ABECa8EELEI@NbyULSOf
spare channels. The present 1nvention prqvides a sel fgggzl [ ng opti cal
I

network that ret &PhdUEReaEBelEtaNEtEPNBPACFOYLS bfeat ifedFoNg dopticcal
ring network whilfguptovindiche &ppeselkl gieectusa.of spare channels by having
two or nge optical ring networks sh%re a spar%Pphannel,.ther by decreasing
the spat® to working capacFty rabi §11REEEREERg W6 PRETAESEnLL Mvéftifon a
first 10 optical hewltick optikal @8d) whenopbirkingy chanpledd 1@ ,a whircdt ird ng

Firet ting of emeieoaprst sl cqdalictlets e Bo el it IR B g
optical ly coupl eding £le8esid Bri eypardemaesor fifd urest Afttiegalr¥® ri ng

network, and is eildnfedd W GRHRIRE 0 faiseE@Nd ¥ wdd kangMINarefel1a 158c0Nd
optical ring netwaork. The first OSU ﬁnd secand OSU are optically coupled by

a sparel¢hannel tHaY & FEYe AsFaHeF tﬁﬁ?éﬁ%%naﬁﬁﬁy c S Y ring
networks. The fi rdian®ell quie caldoy spains ehahedi tiper irhetd ragdpadinge el enent

of the first optigal ri.ng n r k e, fd.r in : t-h cond
optical ring net v%r&ecttoquheoefts\pl)%ee tg]aaé]gr}e .élﬂi’é éne@g)nrgl%r%hpatq{%%]l F%/féz'oupl es
ei ther the secondimingmlensfitaf tirg félemergpth i tadtury Metaorkrorin he
second ring el engilr 2 PicHdihsecond, apidgads didik NEIARrdc&s thea space
channel.7 In this manner the spare channel. can be shared annnq]tmo or nore
optical 2Pi ng net vior sV 18R | ¢ \Chapn&t i 1Yy 2 P PHREATRIMRRht T bA,
the first ring elefiettie ddppdei fé r&ireopticnl oB0ckeé ngraw®et vorkl emdot hephtest
ring elenment of the secon ptical _ying ne rk_.each. send nessages to _the
first OSU. The set %ﬁn?lngzglen%&tt%&sgﬁ%“é??Stt%%t?%%. ??ggs%%ggﬁrﬂpgﬂd

t he second ring etemeingod bhealsetwnthe 3ring.

While a present-day opto-electronic SONET

19
(9 ]}

ring design has the advantages of simplicity and fast
switching speed, it has the drawback of an inefficient
spare to working capacity ratio. The spare to working
capacity ratio is the ratio of the number of spare
channels to the number of working channels. 1In opto-
30 electronic SONENT ring networks the spare to working
capacity ratio is 1:1. That is, for each working
channel there must be a corresponding spare channel.

A self-healing optical network is needed that
retains the speed and simplicity of a self-healing

-



1 2 AUS 202 ' ~V() 99/37U12 1'C f/US99/11p76R optical ring network eac
send nessages to the second OSU. In a first enbodi nent of the present
.invention, the first ring elenent and the second ring 5 elenment of the
first opticalomhmmsnet work, upon sensing a failure within thedisbeersi cal
ring network, send a data nmessage indicating the failure to the first OSU
and second OSU, respectively. Simlarly, the first ring elenent and second
ring el ement of the second 10 optical ring network, upon sensing a failure
wi thin the second optical ring network, send a data message indicating the
failure to the first OSU and second OSU, respectively. Upon receiving a
failure indicati BANEFomingr nagwerknwhilet heovidingOBorepeiffakigntougkes
that 15 ring el egentphPet BRagR@LE.Channel if that ring elenent is not using
the spare channel as a result of a failure event. Sim_larly, the second
OSU, upon receiving a fail GP8 PRESEREI SAVEREAPR PrAYLERENEnELléptiecaing
]E:O!leI es hat ri n_gogh;ﬁnfa][cn_t nk@wbhR s.nlate_rehaﬁel thE(%pﬁ@ﬁsaﬂdelﬁtiri?bli\&:w?_ ?I o

ailure pccurs in.the rst optical ring.networ t he, spare channel. w e
avai 12618 t0 theofi PapoiT nge e LAROwRBA Ao af HiRe BELAFS P Life Peaggdna
optical ring network, effiecspateuckaniiespairkl cbhenaeds| bl atvd.nghewseoand
ring. 2~ In an a nat.i I h sent._iLoyention, ~-the first
OSU transnits a b%g%ugbﬁgggggggggngggwggﬁﬁgg@?é%e%tEB%?%C% F§%§&Upled to
the first OSU. Th&esebyndecsBasiagshes sRaseatasvwaskinage cepasddly matgo.
el ement optically coupled hechhaisgcerd tQ8Upraskhididdesle®ent: eRbisGal Iy
coupl ed @o the first ggu W ll transm:t g da§a,nessage containing a switch
command!'?o the fiPPSECeBUSHE LERENGI RG1& RSN 1S ABEIGERAY CrRaRdgs o a
channel . and the fiirsg eliageelesensesdfaafl diilrdteopbimalaring adtwdd el ement

optically coupled_t he, _- 12 G Z0O \VU 9 )/37t1.17?

I lOCI fl/ US§/9/ 0??7 Ss% t&ﬁ%%@t‘d \ﬁolulplte arli_‘s?%gt fé"rgét g)lﬁgsgjalﬁg‘e@&nto i i ng a
switch comand t secoadseptidalSuing nleawoirity elesesbnids St igptapedldap 1y
coupled to the SRy 1%Qaqul %@%o%??r&h@%ﬁ%@ﬁ@%%t8%2&%%35%1% 'B Qﬁtagpon

receiving a swtch 5 command, the first "and secon tical I'y couple the
ring el édent thattidennetherdn eal dSmedtd ced livheospard disarmndecond tHag

features and advania@es ¢ N SNRRLRpHiRKANI0R, ndtwiehd, assdhe stdwucture
and 1(1 operation of various enbodi nents of the present invention) are

described in det 43V BODFREINR Catle Adirc ORTG Forte YaSoOmd&sy iy adrsRATRys.

BRI EF DESCle P'rI]'I o&rﬁﬁnEdEde%WiMG&ol?eTrt?elaa@@oy?amaﬁg i(irsaz?l\:}digﬁ,se\!&ﬂrﬁ’ﬂ are

i ncorporated herein .and farm part of the, specificatjon, illustrate the
present inventi or?perlkrﬁfaqt Jgth e FHS he ?rlirpg[' @nﬁpﬂﬁttltfé} BercRipies
expl ai n20he pri ne@iphesr afhd He daty enitrigore lantkrito ceinadiee fai yeer sopt isdd 1 1echg n
the 2~ pertinent . the invwentiaon. Fig. 1A isS di agr am of
an optical ring nrgegrit/\woérra( {%}(gt}ﬁg;%n%{f&m%&d Ir'—b:/lgé?&éf% iostj:atq%ﬁ aégef%?ﬂcgfo%th a1
optical ring netvio¥rg inetwdadf |ue eehdipare channel. The second 0SU

optically couples either the second ring element of the

2 AU6 2002

first optical ring network or the second ring element
25 of the second optical ring network to the spare
channel. In this manner the spare channel can be
shared among two or more optical ring networks.
Additionally, according to the present
invention, the first ring element of the first optical
30 ring network and the first ring element of the second
optical ring network each send messages to the first
0SU. The second ring element of the first optical ring
network and the second ring element of the second

3-



"2~ Fig. 2 is a diagramof two optical ring networks that have a connDpz AUS 2002
span. Fig. 3 is a diagramof a network configuration according to th

. present |nv g hat allows two optical ring networks to s re 30

channel . gpjggmgxa detail ed di agram show ng t he conponentst{g'f/&%@ﬁ@%g

controller 306. . _ Fig. 5is a detailed diagramof the commobn span portion

of FIG 3 further show ng a network 1 2 Auu 2002 \VU 99/37(1-1~

I CT/ US99/ QU768 configuration according to the present invention that

allows two optical ring networks to share a spare channel. rigs. 6A and 6S

illustrate two &379&_{891 nglé tablesrACeqEdi BEnhomRBEa8%ARLE tik LheoRwesent

i nvention. Fig. |IIustra es a nethod for sharing a spare channel between

the ring networ®8Villustrated in FIG 2 according to one enbodi nent of the

present 10 invention. Figin8ali mstr ambsdametthed fthle Phrasieng a spare
channel between,the ri n ne bmorks il Iustra to a

in %ggccordrn
second enbodrneh?vﬁ?tﬁﬂ Seht TPhvEAPFOR: epgnﬁrén%9ﬁ §%§9§5r L P
net wor K5 conf i gueaeinentaofortdiendirstapptthernlembodi merwoafk .t heopr esersting

i nvention that 'kgr@ur\éow%w falnkl 7g et wﬁeatlhetmh)a\he@uoq@mmelﬁp%n to
share a spare channel. The present invention i s described wth 20 reference

to the acconpan§fhg BE&RPASsiNGACERENGr dendallMnee Yoo fdee dde Sumsal

indi cate identigab gecbuachisonalkleypeictiihanyel eramisarAddi tdenalilnst _the
| ef t nost drgrts% of a referenc% nunber. i dentifies the r mnggﬁrn ich the
ndber

ref erence nunmbef PPr §LCA5HEaPRd S8CPRE Frd¥e il SRS a system
and nethod for sbadicad atinkgeastword, sm@mm Ghmmﬁmb andfiag fure ovithmire oy i cal

19 et vor ke, LRRLAN MOV e S b dSe Blestpraemel s, The

invention 1S d he a envito a frber
optic comuni catinddsatdngorthehdwiing rewd copihiec i nstn @St Fratd rma@rai cfthon

span. Descri pt' QR sPle & d1venty é%ctefl'vsi W rRRYe '%1&3{&"&1‘3%@ #1Um
conveni ence only. It iIs not i nt e hat thHe 1 nvention be limted
application in fhitdng eflemenys zﬁﬁgflrst 0SU optically couples that

15 ring element to the spare channel if that ring element
is not using the spare channel as a result of a failure
event. Similarly, the second 08U, upon receiving a
failure indication from a ring element, optically
couples that ring element to the spare channel.

20 Consequently, when a failure occurs in the first
optical ring network, the spare channel will be
available to the first ring, and when a failure occurs
in the second optical ring network, the spare channel
will be available to the second ring.

o]
wh

In an alternative embodiment of the present
invention, the first OSU transmits a status message to
each ring element optically coupled to the first 0OSU.
The second 0SU transmits a status message to each ring
element optically coupled to the second 0OSU. A ring
30 element optically coupled to the first 0OSU will
transmit a data message containing a switch command to
the first OSU if the ring element is not using the
spare channel and the ring element senses a failure.

Similarly, a ring element optically coupled to the

-4-



" we~ ~i 3~u.~: ~~c~rius~~~00~~~b environnent. In fact, after
follow ng description, it will becone apparent to a person
. relevant art,bhaw,he inmpl ement the invention in alternative
particular, 51t wll becone apparent how to inplenent the

readi ng th?
skilled inl!tZn&Ua200;

CP¥ARNIRALS: | N

I nvention I n an

envi ronment where any nunber of optical rings can share any nunber of spare

channels. FIG 2 illustrates two optical ring networks 202

and 204 t hat

have a conmmon span 201. A span is a |U path or route between two | ocations.
As shown in FIG 2, ring network 202 has a ring elenment 214 at |ocation ?~

t hat iz connect e@%}é&mlmwgﬂﬂpmr&nsﬁﬂ&ad d@mtm@gia@@ycwwh ki mg @hfmnel
206 and a spare channel 208. Simlarly) rin WO 204 has ring el enment
216 at 15 | ocatiB5€ h%?m’]‘%m?o%%e@?eedg?%oré rél% ’e’f Rt Y% %}erp%rg%lti‘%n Y
by a working chamneloRdZcahlly acopered chanried¢ 2ddre Ashanmelsudnd ofthei ngng
petwork 202 and ¢ feRe! ¥0k.204 Fayifge o COBIRN-Eoutes helaeaD; Logal | on X

2U and | ocati on ere are four optical conmunication

annel s

06, 208,

210, 212 connect¢emaR@at FRASE X aRRYE TRCOMe PoViroRptFehlY codwRihe cabfon
channel s 206, 208ingl@)erdrt tMO:asénsperie shavskl Somddnd248. tipaspgaehannel

208 serves ring network 202 and a spare channel 210 serves

ri ng network

204. Spare channef@"3fe idle when a ring network is in normal node (i.e.,
no ring failure). ConsequeRttyhewhesatwpesrandreadrangsgehacg gheonmpn span,

idle capacity existgeggg%gggn@iggirangLQEag%ogﬁepgk&ggkﬁéegg he present

i nvention, 1000 Para®tapati y Was' nécessary To suppor

- heal i ng

rest oratll on perfopaedtindepéndanibysbgmbodhmenhg aét Woeksreeent204. FIG 3

i |l ustrat - gpf | ' cconding: t - ' i
1l ustrates a netypek.cgnt i gucabonr 3905256 0RMLA9 1 Bei bR REERCOLELOXSALT on

s ring networ

t hat enabl es ~U~ Z00 WO i 3~0a~ ~~Cril s~~| 00~

nd

204 to share a sftAgFBespsFemeRANABE SI8WE&RPSti ng between | ocations X and Y.
A first optical switching unit (OSU 305 is placed at |location X and a

Cr 095 connect swi toh ( 00CS) B30k cOBRFRaFEEON Py BrecBRdNER ol or 306, and

OSU 30713 ncl udes a second OB€Sagt2mpenpled tivamisgeondh®CBSacentrol | er 310.

OCCS 308 and CCC§nEBQEEQEk%

Q
as two separate units coupled together suc

; . _ . > st 10
A28caNahar @‘bﬁﬂfﬁgt%e%ialch!én'sbeﬁr g‘riégégé'gz o

contro

transmt and recéil¢8SEIREef thH BECSe3gginyrBtiQne and t fogetderomtEshztheand
OCCS controll er 3t8crApt@onS ifaraheevisegvehab explawnt eheoptiialiplespaiths

b I i f i.cal . | e,
ol urality of opt 5 SPORLS iein B8 Lt SPRELR “obCresti  culs

2 ot

§hy ot her

port wi £0i n the ©EC3.in@DES aguntucoimages a3@6 1 s&1 G heodnven ttilea .

Fig. 1A 1s a diagram of an optical ring

network in a normal mode.

Fig. 1B is a diagram of an optical ring

network in a failure mode.

o
wh

networks that have a common span.

Fig. 3 is a diagram of a network

Fig. 2 is a diagram of two optical ring

configuration according to the present invention that

allows two optical ring networks to share a spare

30 channel.

Fig. 4 is a detailed diagram showing the

components of OCCS controller 306.

Fig. 5 is a detailed diagram of the common

span portion of FIG. 3 further showing a network

-5-



" 2(1 switching of OCCS 308, 312 respectively. For exanple, OCCS controllers
306, 310 send and receive status and switch commands to and from OCCS 3Q8/5 2002
. 312, respectively. Mre specifically, for exanple) OCCS 308 and 312 receive
port couplingy@pgigecoupl i ng commands 25 from OCCS control | er $c3485090¢h65 10,
respectively. A port coupling command causes an OCCS to internally

optically couple a first port of the OCCS to a second port of the OCCS. A
port decoupling conmand causes an OCCS to internally optically decouple a
first port of the OCCS froma second port of the OCCS. FIG 4 further
illustrates OCCS controller 306. OCCS controller 310 has the sane
configuration as €6f5iganatHbheacdb6d4ifgCEocaher plrleeenl06 nvecltudes thasyst em
processor 402, co | pgj.c 4 2_ex .0 2 AL =0~ WJ
99/ 37U4?. 1' CT/ usgg;%?(ﬁ%fégéfé?n %?8&2’%3?“%5, Jer?er??:‘ray e9A|86§?§rr%st oring
the port couplingcbeangs-of OCCS 308, switching table 408 being stored in
menory 406, OCCS interface #19sfosacaupl R0 19063 LGARE" @hleswAQR g gan OCCS,
and data network interface 412 .for couglig% cgntroller 400 to a
communi cat i on chahf8t-e5r 2AEPRBIRY EPGO™S | aﬂ‘?ﬁreato s e PISEF et ween

| ocations X and Yinwmegreéaher detail. As shown in FIG 5, three ports of
OCCS 308 (ports 5) 6, and 7).are-optically | ounl I r of
OCCS 312 (ports 5, 6, and 7%1&7 gngéa‘%%gal-?éﬁelgn% g%f?‘%ﬁfef%tsﬁ‘%arﬂ%%
communi cati on | i nppargckhdaselhpbesvwesn ¢dle ahawndledwordiskildd \@dradield 319,
spare channel 316rrand 2nakkbndieRaneelondl &ms3sidicdld W ededertf OOCS
308 is OF6I0a||y coupled |15 to port 5 of OCCS 312 by working channel 314;
port 6 of’occs 308™WVENGPIOPcal Iy coupled to port 6 of OCCS 312 by spare
channel 316; and port 7 of GEGS 30fiillus topitesald wneadidpl bt ahparing/ sof OCCS
312 by wor)cing c I l,t .shoul . t r-Ki | | s
2U 319, 318 and s%ggg%cﬁgéﬁgle%)f%tg}aéﬁ e%?jsétmﬁtlﬁ]dgsg%%&"ﬁ%% Y@elrdsg%taﬁ%%ggb es
as shown in FIG %idor 2t Regozahinge teula igsanisl emasiiaggithgife therardsent
wavel engt h di vi si gpyatiigyl exers (WDMVs),as is shown in FIG 9. Data network

interface 912 of OCCS controller 25 306 is coupled to netwyrk nmanagenent
port 582'0f elenent, A and t & ifet Rorié farfifet Hord BEY'DTK el enent K by

comuni cat i on chamaglf i26datSidh lardopd idid acdedvditkert ndnesd dirgerdkl 2 OFf L KECCS
controller 310 is _coupled.tqQ networ na‘gﬁgen ort 586 lement 1' and
to 3U network rranfgreerfsgerﬂet |olc1)qrvter§8}2iD nob‘ hg:}Bt enen O"é b@w%oorﬁr%ln?%{atrlejbnng C %tn“r’loeﬁks
568. In one enbodithatt havel FigureremPan &e eshaikeirdpspare | phaxees. ( ADVS) .

After an ADM senses a ring fi{d Wi sddie HPLEARSM & Sads SF ARERNH; £ ng
failure -9 1 2 BUG 2CC2 ' ~VU 99137(1a2 PCI/US99/ W07 indication onto a

comuni cafi on charfRiexPffectedld FESOMRENGERI nahalgbReht poRtthe

Consequent |y, becausariX4sS Coiid Of d Bsr SRBe | SuRioept edndOcibe DeéMPikal or
managenent port of_ el enent a nt. K thgough

d, el i cati I
non) ot cont 1ot | B SORNa 1Y Tt SAE [t Fupeteng: ade FOREHALERy chBreherRs
and el enent K. Thmsmtbmr obf ez Béﬁem;ehteknpm}_oéf addnwhénea thel ure
occurs in either o &fllxgrﬂfﬁ'g‘vg]lgpghoﬁhgoéefégeﬁcé'Hh%ﬂér”ﬁ@?gba%rs.

controller 310 wil NOW i . . .
25 The present invention provides a system and

method for sharing at least one spare channel among two
or more optical ring networks, thereby providing more
efficient use of spare channels.
The present invention is described in the

30 example environment of a fiber optic communications
network having two optical rings that have a common
span. Description of the invention in this environment
is provided for conveﬂience only. It is not intended

that the invention be limited to application in this

-6-



10 when a failure occurs in either optical ring 202 or 204. When ring ZQZAUGZO[H
experiences a channel failure between two elenents, ring 202 wll not be
.able to self-heal unless it has a spare path between ring IS el enents K and
G Simlarly,oyag ring 204 experiences a channel failure betewegfolos

el enments, the ring will not be able to self-heal unless a spare path exists
between ring elenents A and F. By sharing only one spare channel between
ring networks 202 and 204, unlike 2~ existing opto-electronic SONET rings,
the system of the present invention creates a spare path between ring

el ements K and G when a failure in ring 202 occurs and creates a spare path
between ring el erenirordnaig. F Whefeer f aatftee readimg 204 deTlswingb FIG 7
is aflowchart jllustrating neth 7 i S h bet ween
ring elenents 1éeasncam@ Chily a‘ﬁoglr e&%}%&% n%éggéé%gcg?sggé‘grg&%r ocedur e
for creating a sydrle gat hibetlveereléevrnel @penew At@antmFlenent atkailure in
ring 204 occurs,; AGH AbN0;i 4 Oa PREr 30t P O0SHh PEREnRENEHE PELSEREL L BYERE] ON.
Met hod 700 is described bel ow. ©Mthod 700 begins at step 701 where control

i medi afel y passks Wbt 5tRPCIDS. 2PPakeRp 702, CPj h‘@%?‘@ﬁ%ﬁt the| LPopEF ety
coupled to port ih antl ¢@ovirdnoént Idherd nAUthRber Y6 OPL3BEZH1I 2ings can

1' CT/ US99l 007G38 3 b e_gh wor ki ng channel 552,
respectively. Nex ?i%%yeggﬁgﬁ% &figggg%iggénggSUp[ed to port 3 and port
9 of OCCS 312 by spare chafiR@l Be62liandt#pERsngwehankherabobingeBpEYPFel y

(step 5 704). Nexgz sh&d26heprat i s aptbsmbhyspaHpbed.t oapephnligngd port
2 of 312 by mnr)ang cﬁgnnel 556 and ggare.channek SSB respectively
(step 706). Ne}:R2tRidfh £PRB n?eRWanogVPc FoEi80pr ed*FoSBBFE tPahdCport 2
of OCCS 308 by wbr krimggchanwekk5282ahdssparénghabrment02580atr @spactiouel y
(step 708). Afteg 8 Sses.: 0 n_st a
switching table %o?£%25£9c83§$§%F§P59§0§ gﬁ583§ggﬁg%grgépeai E?Sé%géﬂey

net wor k confi gurlayi apwenbiwngi Ahgngels5206handwit snang chbhael52@Beat ed for
OCCS control I er §9ﬁiwa&hyberaégnhbe%rmw hebi Rortabl @16R@neseecFLE 6A)
and the mntchlng tabl e creaée for OCCSg&?Btroller.Slo ﬁgll be |gent|cal
to switbhing tabf8862°Psée tRAE 16BFOPRESWPLCAiPng £aBPe &&M&"taBrRE A&vi ng
at |east 20 two tokamtisn dnbeventvorklimgn cB@sénand2al ackd an spalremeh@@belThat
is) for every evepp that is detected by an OCCS controller, there is a

correspondi ng coursé of action that the OCCS controller will take. In one
enbodi ment of the present Asveéntiesnl29iondsdc sstierker’d 23@6dardn310 det ect

L hree eveﬂt S. lThfelefc}Nb%ﬁc evantakeinkg asxéﬁrmk R nl &iohié:@t irl]:férbwheté?ﬁ_ ; 1&%&&@86}!@“'[
eing a.channel failure in ring networ ,_and the third event heing a
channel 2?ai lure BRY ;iﬁ’ﬁaﬁ'éﬂﬁoryg f%ﬁreA?’ﬂﬁa s OR TR La SRIE TAEES L on
controller 306 3@hdemnhedtss 2d6chameel 2, Wl icommeaut imet iorda 2@ sar¥d amidng

network 204 when 003 OQM §Lr 08 EACRINRLA LA S dionl L, 1 rom

el ement K and ring elene respectively. control'l er 310
detects a channel20@ai 2% 212 riyha@ENorIRSr hame 124 Uher? IGCS Spare AU

[~ channel 208 serves ring network 202 and a spare channel
25 210 serves ring network 204.
Spare channels are idle when a ring network
is in normal mode (i.e., no ring failure).
Consequently, when two or more rings share a common
span, idle capacity exists between a pair of locations.
30 Prior to the present invention, 100% idle capacity was
necessary to support the self-healing restoration
performed independently by both ring networks 202, 204.
_ FIG. 3 illustrates a network configuration

300 according to the present invention that enables

.-



-u ~i 3~u.~z rcTius~~nob~cA controller 31U receives a failure indicati ON 7 AUS 200;
fromrincd elenent G and ring elenent F, respectively. Wen an event is U L8U
. detected by an OCCS controller, the OCCS controller will consult its 5

swi t chi ng t\wablyezi@z determ ne the actions it needs to take. Tier/aX9eH0768
controller will then performthose actions. After the switching tables are
created (step 710), control passes to step 712. In step 712, OCCS 10
controllers 306 and 310 wait for an event to occur. If a systeminitiation
event occurs) control passes to step 720 (step 714). If a channel failure
in ring network 202 occurs) control passes to step 722 (step 716). If a
channel fail ureriimor ineFw20A 0GAR |nd @tdr glo Eapas ses iing st (ypaz3?2 (st ep
718). In step TeRanddsS Lontdhald iy WA I idn PG IGIdMNe act | ons

that correspond to a systeminitiation event. ) controllers 306
and 310 will cofddlst tIndiicale iRl Wnichi (RFHabi®s % P2 R értiri ne t he
actions that conicRsRah O h@)StRMdrd toA 1307 everdl Al tahen qerdim
accordipng to thqse agt.i As shown in Fl rows 608 and 610 of

swi t chihg tabl es '6083§e{'}n8{%021,n9]e% ectd \I;%ellrys% cogjnttlacla\r/lxst%reoszﬁs T Bhs t hat
correspond to asistaim (Q8Q3)atd Th coumited Row 608 it QT Mok ntabler 600

instructs OCCS oy r oldfrofP6 6P Lokt L3 tdtéﬁ“if?'éd/u;%&af”@o port
1 to port 5 port 2 to port 6) port 3 to %(é)rzt %and (Esort 4 to port 7.
Simlarly) row GLEFFORMNACH rePBIrebbte - GG ct et g roller 310

to common OCCS Foht@ppdt CROd Yo £OUihen R ilnd 10X turbit ROF teah téx ¥t 6,
t

t 3 t 8 _and 4 t t 7. As It of th 00CS
Pt ermdlobrt il oS oRar &t oo e e B | e e 1Y IR 6B 1 2
Ally 2~~? 1VU )'Qdr87teiPld+ G 06 USH ) 19 0FieR windh werdiverglatmnietm S58)S
thereby creatinggg Wordghnos [t My bet weens & nsred et snd Gadgl GnSidiar!y)

wor ) ci ng channel_552 is optically coupled wth working channel 560, thereby
creating a V\Dr)cﬁ]an- path between ring elenments A and F. Spare channel 550
is optically coupled wth spavecshisnel d&bBce t tiezebyaxr eai tdly @psSpeae path

bet ween el enent S chan : I ticall oupl ed
to opt irleal i dl es%%%grg%&?égné é%)%?gf%:ﬁ%nﬁgl %16]2&?% %%t’?%al I?/lllc%ﬁ%I ed to
| U optical idle exzmnplesodnyTane ehnthe plerabjtexafi aphical @osts|ecashoul d

be noted that arb@rpﬁﬁé@ﬁxl§905§ei$@§1939@u159e@p£5cawyo@ﬁélpl Sospare
channel 550 with spare channel 558, thereby creating a spare path |~

bet ween ring el efehEsnNKERAJOEESpon systeminitiation, the system woul d
have behaved the sanme had bbesspanerpalbrbesnsi nploatbyiteseatrd bet ween

ring ehﬁpents A gggtghing of OCCS 308, 312 respectively. For example,
OCCS controllers 306, 310 send and receive status and
switch commands to and from OCCS 308, 312,
respectively. More specifically, for example, OCCS 308
and 312 receive port coupling and decoupling commands
25 from OCCS controllers 306 and 310, respectively. A
port coupling command causes an OCCS to internally
optically couple a first port of the OCCS to a second
port of the OCCS. A port decoupling command causes an
OCCS to internally optically decouple a first port of
30 the OCCS from a second port of the OCCS.
FIG. 4 further illustrates OCCS controller
306. OCCS controller 310 has the same configuration as
OCCS controller 306. OCCS controller 306 includes a

system processor 402, control logic 404 to be executed

-8-



"1t should also be noted that spare channels 20 554 and 562 axe opti cal

coupled to optical idle signals 588 and 590, respectively, so that ring 72 AUS200;

.elenments A and F will not detect a failure in their respective spare
channel s. AWY%¥HZhavi ng ordinary skill in the rel evant art PGFUS99/00768
appreciate that there ?5 are no other nmechanisns for acconplishing this
goal, and thai; the invention is not limted to using optical idle signals.
After step 720, ring networks 202 and 2D4 are fully functional; a working

| ink exi sts between each :i0 ring elenment of ring network 202 and a worKki ng
lin)c exists between each rlng el enen rin e@gq&? 204. Cbnsequently,
both ring networks TERCHBRFTOCEFTIT n@é%iat’%le'?‘? ¥ eFLQEHP 7202 control
returns t? step ‘ﬁ;ﬁt céﬁplllxigzs@éﬁé’w OCEE 308~ ~$x317@ch12ng~CErdmﬁ994@®7G?| I n
step 722 (i.e. en a failyre in rin 02 0ce controller
306 will recelvéb%ﬁ?%l? PBEF naf cATT f§§%1 ﬁ%gef%h% éé Tof

comuni cati on ch@ﬂm@l1564OC@ﬁdCQn£EDbbﬁ¥r©0®e¢03§® OFCSH, Sam@c@aW@ a failure
i ndi catison from ﬁé@ﬂoﬁkeﬂﬁ%rﬁa&\!eﬁ 1@0%14%&9151%06@@51%05@01%&%oét ep

722, control passes to step, 724 and 728 in parallel. In step 724,
control l er 306 wkPl2eSamNHBiFAE1SNi FRATRGLt @I BREEWORRt er ni ne t he actlons it
will U take in the event pfgreseiviogtaatas! the spghcoéinaehr DotEtLDEns

el enent It this | e, switchin bl e, 600. i nstruc controller
506 to. di rect | ocRSB8s L SN FERALBEI CAPRY L couhF e BBPE St bifors 6LRBRA (2)
optically coupl eppotts 8ft OCp6r 808. (Bbres St ep, 72Ad13) canérobtpasseg to step
726. Instep 726, g?g@ conpt r I f agtigns ndi ng
t he app#oprlate 8UQP EBEE@ 8Qgsmbk 8631R$§§€ﬁ05rd8beaﬁétzg t hat
if ports 2 and 3 ¥erB @ﬁﬁppég wifth P8ets BhanaprBicpispedminéFgripri binko

OCCS 2U controll@hcﬁﬁéege@ﬂ&@@ bpeikalt cagHAkL BY Q@Bﬂ@ﬂgschan§E£53§@8 then
OCCS 308 woul d si é Snore tggge Eort coggllng ngi But if ports 2
and 3 were not CSEBF d SfGNHE ' aRBAgWOrELBEC p@EP Por to OCCS
controller 306 sspdbmglt:helpor poeaupl blﬂgocosmaods1%00a51@é)035y398upuben,
after receiving Lt cC p nds l d.fir ecou
ports Zand 3 fr ﬁlpﬁg por%% C%%hﬁg%ngﬁeybaere c%ggpﬂgw ?% rg7 8°
730, OCCS cont r oPCEE 39@\MﬂIOppepﬁdﬂNIphepéadetgtepstdés@ﬁl@é@SaBéermﬁth
30 respect to OO0 canthallen 346, é%ﬁebo§keﬁso?z@cé@d36§01§r%pEQEEQﬁQEd

spare channel 550 wi || be opticall'y coupl ed to one end of Sparé _channél 316
and spare channepoy@éaﬁIqolﬁ?%&ﬁﬂé%lP§C§oﬁﬁpeHYtU°Fhén8tﬁ@Pnéﬁ& dft8spar e
channel -14 It should be noted that the working channels

20 314, 318 and spare channel 316 can exist in separate

fiber optic cables as shown in FIG. 5, or they can be
multiplexed onto a single fiber by wavelength division
multiplexers (WDMs),as is shown in FIG. 9.
Data network interface 412 of OCCS controller
25 306 is coupled to network management port 582 of
element A and to network management port 580 of element
K by communication channel 564. Similarly, data
network interface 412 of OCCS controller 310 is coupled
to network management port 586 of element T and to
30 network management port 584 of element G by
communication channel 568.
In one embodiment, all ring elements are add-
drop multiplexers (ADMS). After an ADM senses a ring
failure, the ADM transmits a standard ring failure

9.



WU ~~~i3~u.i~ 1 2 AUG 202 rc~r~us~~on7~~ 316, thereby creating a SH%F%UgﬂmC
between ring elenents IC and G After step 726 and 730, control passes bac
.to step 712, 1n step 732 (i.e., when a failure in ring 5 net rb 04
occurs), OC¥S%¥U%Htoller 306 will receive a failure indicati@ﬁ” roM1%8ng
el ement A over comuni cation channel 367, and OCCS controller 310 wll
receive a failure indication fromring elenent F. After step 732, control
passes to step 734 and 738 in 10 parallel. Steps 734-740 are identical to
steps 72~1730. Upon the conpletion of steps 736 and 740, spare channel 554

wi ||l be opticall, I, tQ.an f . r.e C |43 & re. channe
562 will be 15 5%‘9?‘%%%1?%88161 e% ?%%é’%’%hé%ne%%o eslpgicg)e cdcatrsﬁcglte%la
t hereby creatingta sgawerpamanagensst mory el SavsesIURTHNY F.bexfawge st eps

736 and 740, coglral PATSLS 183CK 0lg0 & RuHhZa 1O THEBd &Ryt he above
descri bed net ho?tg% al | ov\%/?ari ng netv%/ork é%%i and_ ri_ng netvvorrlc 204 to share

spare channel 3T@naggaes tcPMitelCf3fd amenisdd and &leianta KgdrePyHt h bet ween
ring el gnents AcaithuniWaen on Rehaelenorss 420bepeidreiteas e frid well and

spare channel 316 is_used.to create a .spare path hetween ring,elements G
2 1C whon T ng SRENEN 6 07 ey R T (R o A ek O ment

of the present imvertthus)) 0OQGS cxordyadllesr 3 @E06viENd X3 diof reaid helven a

swi tching tables._.l e ri el t F..G..: having_a
swi t chi ng t abl o Fagltiid ERIEA o Wé%%fca}ls raﬁ'fpé’o%@dﬁ'@r%a‘?@%- ot g
spare channel 3kGintdtaearnnany MgGHrden 0L e U Wwilk Henenvi§ osmént  of
the seqgnd_embodjygt, ¢ Matfyed i desefdhed el qveg -llﬁn% do2 SG 2002

wc~ ~~~~i 37ua2 rc~rius~~nmo~ca Met hod 800 begins wth step 801 where control
i medi ately passé¥ to step 802. Steps 802-808 are identical to steps

702-708 and will not be demcdr heth@gain dgieriddied SteaPis. £OD1GpE
prsses 19,520 2 8ed LA MO SAE 8 SaB Sas sreabed Lor ving
814 in parallel.sdXf siegl 17l e2°CS oo rol $air S0pawh | besesen ring
15 elements K and G. Similarly, when ring 204 experiences
a channel failure between two elements, the ring will
not be able to self-heal unless a spare path exists
between ring elements A and F. By sharing only one
spare channel between ring networks 202 and 204, unlike
20 existing opto-electronic SONET rings, the system o[ the
present invention creates a spare path between ring
elements K and G when a failure in ring 202 occurs and
creates a spare path between ring elements A and F when
a failure in ring 204 occurs.
25 FIG. 7 is a flow chart illustrating method
700 for creating a spare path between ring elements K
and G when a failure in ring 202 occurs and a procedure
for creating a spare path between ring elements A and F
when a failure in ring 204 occurs, according to one
30 embodiment of the present invention. Method 700 is
described below.
Method 700 begins at step 701 where control
immediately passes to step 702. In step 702, ring
element A is optically coupled to port 3 and port 4 of

-10-



" 10 two status nmessages over communi cation channel 369, one status rresa(aggﬁ 2019
for ring elenent A and the other status nessage for ring elenent K T UG 70
., status nessage For ring elenent A infornms ring el ement A whether spare
channel 554W®&Y%3P42cal | y coupl ed to spare channel 316 LS (i . &CT/URPEAREH

OCCS 308 has internally optically coupled port 3 with port 6). Simlarly,

the status nessage for ring element Kinfornms ring el enment | C whether spare
channel 550 is optically coupled to spare channel 316 (i.e., whether OCCS

308 has internally 20 optically coupled port 2 with port 6). In step 814,

OCCS controller i end two status ages over . conmuni cation
channel 587, onegégﬁr%bgn§¥s§88rFthPPH§lgES§E%P FwaﬁélPﬁecB?HB?lsgagus
nmessage for ringrespeentivelyTheNakat usinmgseagrehor F2hsr bpgiehemgnt F
informs ring el egent-E t her. spare.ch el,, 362 .1.s 0ptical ly coupled to
spare channel 31§S“§%ﬁ9rg§|$$rfh§ g gt §gﬁegs§geokg§ ??%ggglé 8At G i nforns
ring el ement G wabeéheelsphreanHanackisggchgnppli BAPI yresnpredvedyspater

channel 316. Aftepqstepnd%2,3riagdeBifictentr ok passes1lo sbap1845col N step
815 OCCS control | ers 3028?\?\% 310 wai_t

for ring, failure to pccur a
failure occurs i R°Fin PlftzazPfc8ﬁ?FoP&8aE¥e§’°FBl§9eﬁ QEQ?IOEEQW\& se
control passes tandtepa828chahhiel 5582 Aespectively~+{sBep. 196). Next,

i ~C~~i us~~~i on~~=H_Ln 18 r.in 1, s K.and.Gwll sense_the failure
in ring network 55{35 F‘Eter%%ggo s& %t gpgéﬁgﬁﬁg fﬁgpﬂgﬁ ﬁ?e?oél eﬁeﬁpg R°And G
will use the staBustn®€€&g8 thaty whekingvehrevelvEdsf nom 6088e5channedl | er
306 and;{CCS con Il er : egt.i.yel od Lo I.f ey -
opti cal l(y coupl eggtgé SS& Jeegl)tilﬁsiglg%f\ségegoggm ) %F?eg: g%ht gb{%’aﬁgkglg_rle
al ready optical | P2E6&S| 6@ ©SEePpdr@-1ink 316, then elements IC and G will
el emont 1015 ot optieally oatnren e nar s 2 e e e oot K il
el enen is not opti pl e spare lin ,...then el enen Wi
consult its sw t&‘ﬁi“ﬁ@foﬁgtﬂ% g’% aﬁ‘gségoor’rst & ea5kCent §1deMN: hEet BFtWOT¥end a
switch conmand t ec@ECHucantios |stowdi06 noWdaIG .c GymithieC sviieehdhantab1264. The
swi tch mrand |~ w_l | direct nt .ql | er, .306 . iSsue _a.co nd to
o0CS 308 S0 t hat Cé}ggr?gﬁ fﬁermqqe%ézog"gzﬁoégﬁry 3<9§up")’|1«LeL§ be” e iERInte 316
(step 824). Sim lsariltyhiinfy elagrient6 08 i(®ewotFIGpt i6dal lapde duinel edvittehspar e | i nk
316, elenment G w,l} +coO i i i t BNG) t. (+)
contents of the ttgb!ollce\e,_%z’legr?tcféaé s%vasetMc comm?ann tlge%éocgﬁtqﬁol erl%%f%lc():vaelr
communi cati on ch&&wWgetintheaduia &P cotffnd 36 16Bdi-rect OCCS control | er
Coupl o1 o Spare channel 316(at o Ba) ot e e A G E ol out e
coupl ed.to spare chann step : enent s an follo e sane
pr ocedu?é as el ergift sccii%{?{bs'G h \Fe%tu"B"f @eﬁiﬁfaﬁ 14fr%e T TR 204
(steps 828-936). tAf&.er Biapsi B26f@nde\83y covrantol thpassies demtdctiend styemB812.
By using the abo S i ( | A rihg
éftvﬁo&gr@&’fl y &Sr1ée p%é‘ré’al%‘a?‘c"o% dc{‘l%cggéz&’f"zeéé af

elenents I1C and ' created when a Tailure ifd rin occurs, and a
spare path betweedt¥iqly Erapehie ICEREMWNIIlee wilattakeawen a failure in

ring 204 occurs. In this mepnesne réfSo@Redth20hsBr&sdhe SPRLE. chiannel
316. -17
25 OCCS controllers 306 and 310 detect three events. The

first event being system initiation, the second event
being a channel failure in ring network 202, and the
third event being a channel failure in ring network
204. As was described above, OCCS controller 306

30 detects a channel failure in ring network 202 and ring
network 204 when OCCS controller 306 receives a failure
indication from element K and ring element A,
respectively. Similariy, OCCS controller 310 detects a
channel failure in ring networks 202 and 204 when OCCS

-11-



1 2 AUG 2002 \NO 99/37t1.12 1'CT/US99/ 007G FIG 9 illustrates another

: - : ; : T2 a5
al ternative enbodi nent of the present invention. As shown in FIG 9,

,optical link 392, which is used to optically couple OCCS 308 and OCCS 312,

i ncl udes wavePeHgit2di vision 5 nul tipl exes (WDM) 908 and WDM SRQT/HEMMW8ed
bet ween OCCS 308 and OCCS 312. WDM 90B and WDM 912 are optically coupl ed by
fiber 910. WOM 908 is optically coupled to ports 5, 6, and 7 of OCCS 308 by
wor ki ng channel 902) spare channel 904, and worki ng channel 906, 10
respectively. Simlarly, mDM 912 is optically coupled to ports 5, 6, and 7
of OCCS 312 by mprkln I e, chany 916, . and. wor channe
918) respectivel y O %sl alt erhﬁnoatlf?/deeltsa‘prsg)aa methrLt RS fgﬂ% i bhdd
exactly the sane edendre [ efret reidhd = laneid rfe,ntreSpﬁmireelmr ds, switching
tabl es 600 and 602 and net 700 andh 800 As. ét?é&él%{ed @b&‘f@s al so apply

to this WDM enbodi ment of t present 1 nvention as apparent to a
person skilled i ﬂqwaeﬁ%ﬁ/'arﬁh%rQCC%GWﬁq@WlMl e%%%ﬁlh’énle-J of the

present knventi onsave 3 ncéi?ﬁ&%&%@&%’ﬁae'éhé@é‘iﬂo:@@ ypdgesgeodst hat
t hey have been presented b

exa not limtation. It wll be
under st ood by t ho<&%ki IT}e% C?#% h‘eo%"r’fonf ‘\’/J;r]i oﬂ%e%h%ﬁﬁggr’?‘nt}f‘ﬁi;% 25 and
detail may be madectiwmiej n without departing fronlthe splrlt and scope of
the invention as defined by f S re h,a
scope of the present |nvent|%€§§ré&%d$%ﬂ%ﬂ§ nl e%gb ancp%?g?% (808
above- descri bEd e%ehbJa@qneﬂpbdﬁm%ﬁ¢%)t%th%mohﬂﬂ beIBosﬁeplﬁea 00€gSi n

accordange with t&&é%i?&@@a@é aaxs@ 806 Ghet 'ESAVANLGBLE. to éc@uéUu 2002
VI'hat is claimed is: 1. An optical conmmunications system having a first

optical nng netmd?ks%ﬁﬁa& %%h%hﬂt%&ﬁl%ﬁﬁn?|?EF¥E§mp??“tﬁﬁeréﬁﬁsﬁﬁetﬁlrst

optical ring netvwegp haso a( étéptnwg eiﬂ”@%h@rﬁhdela §§§Dﬂ€|er LiAgrehgnment,
and wherein the second opéég ﬂ@cugg networ k. has a first ElegEFt and
[

second ring el enght " 2Ghp fi TRRCHpt i RAFSEF 05R- EBﬁHeZ

coupled to a firsil€bntrdflarchzonet of abluracindrigga2fir stcewst chbngrol
table, sgid firsty § ghﬁggsgéﬁle3gayépgpap1§yent colum and an action

col um. and optlcal cou o the first ring elenent of the first
optical ring netmprk and toIPhétPPrE?Orlﬁﬁcél%ﬂ%ﬁ?obieFﬁe3§écéﬁ§ 8pfi cal
ring network, saiWiflrséreonihr ehbeactbehsdtngtfeostespoayvicnganegasehor

recei vi ng fallure indications fromt itst rLpg el firs
optical ring and f?bﬁ%?ﬁé°?iF¥?ngrnggﬁ?én%ﬁtoé¢gtﬁ@n§£8gﬁ8répﬁggaﬁnﬁlﬁé? a
second optical cressicoanevltsthedth reapkedive awsecbadgcambilek| o

opti cal I 4, coupl ed se d I e t lyr p l..ring

net wor k é%d to tth28%§§ r?%e eFEE%HE ggghgggg%gﬁggo ?%C§|EP%%§ net wor k,
sai d second contréPFéFath@PuGVﬁQtsééén&hFQCEEVﬁﬁﬁmné§ﬁ§rﬁémgré@eNMQﬁy
failure indicatiogstfipgm.the second ring elenment of the first optical ring
and fromthe second ring el ement of the cond optic ring; and Spare
channel optically coupl ed bgfmébﬁWEaF& F&ﬁ%tQOpFP@EI 9ﬁ1ﬁ§$|ﬁ§§nﬁﬁ and
sai d second opti calWwiswhticki ngblrist 608handi 802he reispeictriiveg el erentaiof dhe
st orapeal 1 nackianamis & bl aleddid o2l WOg JRICA A1, SFdhJ 1 1 <!

control | & upon t Irst rin tical ring senS|ng a
ring failure in tRew 608 o(fpts“eenchrlunmg ta@ﬁ@ tGiQ@ g@@ctrrdlcmmgx‘élserrent of the

first optical ringdntae3MdrS 365ee ténivad lridsuned rtdi GHd R IR, SAdble
second control |l er upon the second ring el enment of t first_optical rlng

sensing a ring f aPoFte i FQ BT ret P§Pth calts PRFE Lai dxﬁtrs"( Rt 8
switching unit selaggct ipoadty doptad gaddty 7couplSasnidree 1of, tdwev fdxrGtof |swgltect}eimj1t

of the fhpst opti (Eaalb#ré rag)zarﬂ dg}%e‘e'g Yedd Wb Yy of1 d e SeGaRsh optdsal
ring to sai d spare annel
to olecally couple port 1 to port 5, port 2 to

port 6, port 3 to port 8, and port 4 to port 7.
) As a result 6f the above 0OCCS internal port
couplings, working channel 548 is optically coupled

-12-



sai d second optical switching unit selectively optically couples one of the
second ring el enent of the first optical ring and the second ring el bdeMtt 28"
_of the second optical ring to said spare channel. 2. The systemof claim1,
wher ei n saiwofdysstszcontrol | er consults said first swtching pabbsywpoo
receiving said first ring failure indication. -19 12 ~~~~;, ~~~? 3. The
systemof claim2, wherein said first controller sends a conmand
corresponding to an action in said first switching table to said first
optical cross-coruiect switch after consult~n~ said first switching table.

4. The system of claim 3, wherein said second optical swi tching unit

i ncl udes a secort EwiHi g tAmmels TP o itk 20 T 5 F0Y adl €OHAVRRg an
event col um ang,zh aséﬂv@ébrcohu@ eYemees Sy dredn ©f céahmﬁrmmn@mlﬁ@l d

d troll I tc d
Second ring fai TS E58 1 o, ORL LE SyRP e O 5 rfSEe B e SR AIEard
second control | e36 Gentisevelnw namesctk oy resporidimy pacabacveen ringaid second

hi bl
switching table (o said Etcéglﬂé’ Pp“%;?zlr&r&%aslnx?&f“%é s 5;@{] 8££§{7 wher ei n

consul ti'ng said second sw he sySt em of
the first ring @@mddﬁlmesmamtcwnehl55$ngtli1%r91h>/a@aaaépn<amat| pl exes.

8. The system ofgghad %&th“@@&@éé‘nSélléméhwtxoé)ﬁa(?@' sphkehyngsyatL sends
status information to t el ement of _t irst optical r

h in
The oystom of ol Shetgel aiat ol opbifafLY Friplen cherpPbiceRni tf ecs L aptcal
ring transmts assgjtahdcopapadchaonsal dSE2r 58 opticallgwebaoblag usit when

the fir ring e o] e iC n ense ring.failure and
when saﬁ% statuséﬁg?gé%ag?%% ?% é%%tggéch#hégl §p§§e§8 gnhgleggmﬁggnq
optically coupledlGo bhe first ring element of the first optical ring. 10.

The systemof claiml, whegei Qh?é‘i&' fuérﬁBtQBt hﬁQE gy B‘EB&@QaFQi Ehb%cfl The

connected to said second optical sw tching tica
system of cl ai m¥8s Wheeetn @ﬁFHcéb%YCQPUPiﬁkSPﬁEPuﬂéénaeépéP@ WibBr optic

cabl e, said spargphibeenaphet §8B| ergepaBot thgadihiyr st spart phesaid first
optical,sw tchin n|t with a |rst aid second ggtlcal smntchlng

f
unit, wherein sa gﬁﬁperfpﬁeﬁ SBFPEgOgbﬁgd rri B8CBaFYsEply gnitiation

the system would have behaved the same had the spare
path been initially created between ring elements A and
¥,
It should also be noted that spare channels
20 554 and 562 are optically coupled to optical idle
signals 588 and 590, respectively, so that ring
elements A and F will not detect a failure in their
respective spare channels. A person having ordinary
skill in the relevant art will appreciate that there
25 are no other mechanisms for accomplishing this goal,
and that the invention is not limited to using optical
idle signals.
After step 720, ring networks 202 and 204 are
fully functional; a working link exists between each
30 ring element of ring network 202 and a working link
exists between each ring element of ring network 204.
Consequently, both ring networks can begin carrying
data traffic. After step 720, control returns to step
712.



channel . -20 1 2 AUG 2002 12. The system of claim 10, wherein said AUG 7007
optical link includes first and second wavel ength di vi sion nultiplexéZS U6 200
. (W\DMs), wherein said first WDMis connected to said second VI,' DM b~~ a
fiber opticwoabbms2said fiber optic cable carrying said sparecrisswetes 13.

A nethod for sharing a spare channel between a first and a second opti cal
ring, wherein the first optical ring has a first ring elenment and a second
ring el ement, the second optical ring has a first ring elenment and second
ring element, the first ring elenent of the first optical nng and the first
ring elenment of the second optical ring being optically coupled to a first
optical cross-connect sw IBhstehe788cdnderi nghenesefieiofirehenfirisy optica
ring and the segandoringos! SEBAL Y bEesS%e%slog@ta cabsr W3910ekag qnt hoal Iy

coupled to a second optical cross-connect switc he spare channel
optical ly coupl fAglere inficaghansé&end Topei @APMeREs K. OFRFect switches, the
met hod conpri si 8gmkhifigheRsnOthahakll 66ai,viaag actisr sonkaolluke 3ndi gatiion
from one of therfi{a:{‘;’erl ng_element f;L th fi =St optlcale rél n% d the first
ring elenent of the <&con 6p i Eal* ﬁ (351) fn 5éplgy oﬂ‘p m% RE i r st
ring el enent of consunicgtiopt Ftlalnnﬂlngﬁ\& t hAtfit@lsp&ﬁ@ é’ﬁénn@lomtfrqlhe first

ring element of phlgeki k8t s@Bb §3k LAY 7EANSMILed ke first failure
i ndication including consulting a first switching_table and sending a

switch conmand corr espondifg St&Pard 24ct 06+ S ﬁx’é‘eﬁrd’lflle-‘rrst3 OonivtidHi fgraimdee t o

the first opticaksCeRsschongeehbiw ttehdet@rmabid Galel \ctaWRls NG &g f i rst
ring el ment of t e secogd optical ring with the spare channel if the first

ring el®nent of ‘BKE dBcohE GFEREaPtr TFFaamgnia (f&d LtTe A F4mur e

i ndi cation; (d) fremeiringgedesenand .fai ITur &Hﬂkﬁil%ﬁﬂgﬂl& f sorteE nef datg e
second ring ele t .of the f| opt| in .Secaon I enent
of the second ogt%lraca srtltrrlilé:t O)% tcloéla ﬁoy}lceorglj % rseé:%og)é{dr%r]%é) el enent
of the first opticcal(lni wg)t\MCtarllWh@OyMree mm‘-nr?eltq prtIite ésec@ard (d)ng el enent

of the first opbialeaingd dcid¥idrad 3 e, sesand, faiaues idipation: and

(f) optically coupling the second ring el enent of the second optical ring
with the spare CRAESFOL PRSSRS S&HER IS el dferttedt e K&shd opti cal

\erhng transm tEe;a‘:otnh&loag@Qﬂ@ﬁfsammle petth oAt Itillfbselfhct'ﬁhﬂumw(lgcbrﬂifi_rﬁd ai mb|13,
erein step (e).,includes t ste nsultin econ t ng table
and sending a S\Xilht cr?pcpgrﬂ?&ﬁ(fet or ‘%stp Fﬁlg”{% Ca%%é‘-ﬂ “on-9 %@g‘% aacd;ge’cond
switching table to the sedandsmmld:a:be orasad comtectt pettch.2 -@21d 3 were

. Ah. AL. AL AF. A

H A AF, Af ki Y. AGT RIS R RPHS. WA a T RE AR AR AP hodsEE

+ 02@R{vql gb] ﬂ%%k%%aﬁ%]%ﬁ]@:@]%a&%@d}%@} c%f}ltlé!l%%q cqeeddg ced cal cal ¢
a] ca] ca] ca] ca] caja g Are] ceica o8] w@h1d ~simply ignore those port

& , 3AN] URACA| ~
ca] cai\l]ca] ca] !:a% )écg‘im dﬁ"c’L‘% f% E}%CZ% gg} %Caa% c % g% ggl salcalgal cal cal cal ca cal
SHAH#HSTIUSSX SYSRERRABES *or s | 6 Jas@he ) Yt dspdcal cal§ capradratcadcad ca] ca]

| v-AQ
cal cal cal cal cal cal cal crd cal ¢l calsal se) caloplee) salselg) sakalsel esl - "0
<<<>>s22>>>@ upkPE T 228 cat}lmr]l cadthgrareapiving] thicpdrh\geurl) tagcal] cal cal
cal cal ca] ca] cal calfalial cadeadcsbealcal gakceleah BARBXOPBOREDI ont B 0N EI
M3G6L8LBL™ LLMVNOVP RRRRRLJ1 AY]]ca] ca] cal ca] ca] cal calica cal ca]calca]ca]ca
U] ca] ca] ca] ca] caf QT c’él]‘%a?%ﬁ]‘%af@aYEéfEafEﬁ}’c‘é(FEﬁ] Eaye4fLal UW: YBYDYOYaYpY3

"# 1M} "5hd]fefrffff_pnl Stepstneet shar m’ao"YM:ca] caiuca]:ma]acabma] cajcalc

!

¥ ]&f S e ]mﬁiﬁii‘]zci%g%%&?“ﬁ#ﬁ@ fendl ELE?] EELE? B R o o) o
] ca] ca]¥a] ca] ca] EagRaFEafeaPeaPcaPrLEPEaAREaPOS) ca] ca] ca! czyz| ~gPEG2| wr mheAY
]1cal ca] ca] ca] ca] ca] ca] ca] ealer] sakpa] sakcahaalga] aahcpbeabmhaa] e@]a@-a] cajc

A calcral e ool caheahes] eabait 1008 L CAQDR Ll c 10306 O L 1096 O

$109POPQ& () - (! 15r8T698IBTEREL) 316 8ndy@PE)re( channel 558 w111 be
$109%& () - (P+, - ./ B2e1 @1 840UBup) 2a&tB8%EhE) otheP end of spare channel
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100 100@ 10908’ () - $10%& ()- (! $10%008 ()-(2@A* #%B[9~ @#

$109XX& ()-.!8" $109%& ()-.! 17 AUG 2007
($109UKXE& () - WHSIOMBIA ) - T L0U&' () - ! Y(MLOYB6& ()-4% ,, 01wWUB+@psosk@vd () - !
$10% . & ()-.! $1098$& ()-.! $10%&' ()-.!t  $10%&' ()-.!D

$10% | & ()-.123AN] G H@ 10y: 10%

$10% 0' 0& ()-s-! $109& ()-s-#l 10% 0& () - SYML0% 0& ()-)h10% o0& ()- 10 10C
/ BWU3H@

10! " $10% % %' ()-s-!'k™ " $10%& ()-s-!1 $10%opo& ()-s-!1 $109XoXo&' ()-s-!
"7 $10% 0' 0&' () -S316 $1Berd&bY) cseabirng @! sSRADHBA LY -betwee@ir {ha ( FMLO%OL' () -
elements K and G. After step 726 and 730, control
passes back to step 712.
In step 732 (i.e., when a failure in ring
5 network 204 occurs), OCCS controller 306 will receive a
failure indication from ring element A over
communication channel 367, and OCCS controller 310 will
receive a failure indication from ring element F.
After step 732, control passes to step 734 and 738 in
10 parallel. Steps 734-740 are identical to steps 724-
730.

Upon the completion of steps 736 and 740,
spare channel 554 will be optically coupled to one end
of spare channel 316 and spare channel 562 will be

15 optically coupled to the other end of spare channel
316, thereby creating a spare path between ring
elements A and F. After steps 736 and 740, control
passes back to step 712.

To summarize, the above described method

20 allows ring network 202 and ring network 204 to share
spare channel 316. Spare channel 316 is used to create
a spare path between ring elements A and F when ring
network 204 experiences a failure, and spare channel
316 is used to create a spare path between ring

25 elements G and K when ring network 202 experiences a
failure.

" In a second embodiment of the present
invention, OCCS controllers 306 and 310 do not have
switching tables. 1Instead, ring elements A, F, G, and

30 K each having a switching table. Method 800, shown in

FIG. B, is a procedure for sharing spare channel 316
between ring networks 202 and 204 in the environment of
the second embodiment.. Method 800 is described below.
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10% 0& () -1~ "$10%08& ()-s-| WU~ @'~ , MBLO%OO% () - -, ! X, Mb10% O & (3 AUG 0@
MB10%G0G0% ()--, !, , MB109BCBOL ()--,!F , MB10%OO% ()--, !, MB1OY& ()--, 6

~\: 0! ~! O#10WA ®IY42 3(10% (& ()- (mL0% & ()- 100 100 PCT/US99/00768
100s910%08' () - !, Mb10%O08 () - -,

T wWUB~\: 01" $109%& ()-!, $10% (& ()-!S$10%~& ()-!($10% (& ()-!$109%008& ()-!=
O#109 (& ()-!! B"" #$#p#wX6~\: 0! | | @S&109%dd& ()- $109& ()-!t $109T& ()-1\$10
Ucy<y& ()-1X $1098~8~& ()-! N $10% . & () - pH###ut##s~ @! 1" $10% () -1 10%&' ()
-(110% ()- 10( 10( 10(S9

109 & () -1 +@S&10% (& () - PESEhoMRRY [2PT @3 1 WHSR $Ib%R: §92 9WVMEDIRERY LT Y #10%

& ()-! sy#10%& (Imhedi@ 1Y xéé.s@s 108®s €8p %Qé***SEéplea@E L@ FY30% & () -

10 10 10: 109%& ( $10 & IXs %

SST0%E () 9 1135 ETEREvE D] $eRR 1009, 400 ) 200 Wik URF Py G eRibed

&$10% f & () -! again here. After step 808 control passes to step
5 810.

In step 810, a switching table is created for
ring elements A, F, G, and K. After step 810, control
passes to step 812 and 814 in parallel.

In step B1l2, OCCS controller 306 will send

10 two status messages over communication channel 364, one
status message for ring element A and the other status
message for ring element K. The status message for
ring element A informs ring element A whether spare
channel 554 is optically coupled to spare channel 316

15 (i.e., whether 0OCCS 308 has internally optically
coupled port 3 with port 6). Similarly, the status
message for ring element K informs ring element K
whether spare channel 550 is optically coupled to spare
channel 316 (i.e., whether OCCS 308 has internally

20 optically coupled port 2 with port 6).

In step 814, OCCS controller 310 will send
two status messages over communication channel 587, one
status message for ring element F and the other status
message for ring element G. The status message for

25 ring element F informs ring element F whether spare
channel 562 is optically coupled to spare channel 316.
Similarly, the status message for ring element G
informs ring element G whether spare channel 558 is
optically coupled to spare channel 316. After step 812

30 and 814 control passes to step 815.
In step 815 OCCS controllers 306 and 310 wait
for ring failure to occur. If a faillure occurs in ring

network 202, control paéses to step B1l8, otherwise
control passes to step 828.
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L& ()-1t I MBLO% ()-! ki MBLOY&' ()-! @ MBLOY& ()-!, ! MB1O%& ()-!:
- &$10% () - 000000001b@! ! ! f &$10%e&’ () - @H#F10%&: () - YLO%& () - )| c10%&: ()
10° 10 @106 %weh22u33QAnASWMIBb@! | * ys$10%& () -! PCT/US99/00768
“ys$10%& ()1 ( yS$I0%& () - !

ys$P10%& () -!(f&PL1I0Y& ()- @3 f&PL10UR () - @67777777{\=0'1" 10%&' ()-)d10%& () -
10 10 109 10%&' ()-! ys$10%"& ()-!ays$l0%& ()-778v9: a; "<zX6{\=0!!

T@LI0%F& ()-.! T @10% & ()-.'@10%HE ()-.!'~-@10%>& ()-.'"\@10%, & ()-
0% () - "<==s>w>x>y>z>>zodY: 0! ! & Fml0%& ()- 10 10

10@®10%&' ()-! @ 10%& () - 'Kbl@@@b(&lB'rlng elements K and G will se?ie R
@ 10%h&' () - . >>0¢ dy; 0 09%& ( 0M"& ()-!By”
O I0NG () soe MRG0 OL DL b BRSO (1 G 028

10" 910%&' ()-!" tﬂ‘ﬁ@%ﬁm&th¢ @Llﬂ$@h0%b¢m&n9‘f © ehd$E0%y.} & wee:laemoo/&' ()-

GBECE\ El E=FMGG" ghd that the have received from
10! s$10%@: ()-.TF S$10%}ees§¢gg_ 15100858 () - #18%10&' 0 7096 68" () - (1 10% o0&
() - G+HHI$K3L4L5E9RE§95 fr 3 Oand OCCS controller 310, respectivel Y.,

to determine if they are optically coupled to spare
link 316 (step 820). If elements K and G are already
optically coupled to spare link 316, then elements K
and G will use spare channel 550 and 558, respectively
10 (step 822). However, 1f element K is not optically
coupled to spare link 316, then element K will consult
its switching table and, based on the contents of the
table, send a switch command to OCCS controller 306
over communication channel 564, The switch command

AJP ')’M)

15 will direct OCCS controller 306 to issue a command to
OCCS 308 so that element K will be optically coupled to
spare channel 316 (step 824). Similarly, if element G
is not optically coupled to spare link 316, element G
will consult its switching table and, based on the

20 contents of the table, send a switch command to OCCS

controller 310 over communication channel 568. The

switch command will direct OCCS controller 310 to issue

a command to OCCS 312 so that element G will be

optically coupled to spare channel 316 (step 826).

25 Elements A and F follow the same procedure as
elements K and G in the event of a ring failure in ring
204 (steps 828-936). After steps 826 and 836 control
passes back to step 812.
By using the above procedure, a spare path
30

operating between ring elements K and G will be created
when a failure in ring 202 occurs, and a spare path
between ring elements A and F will be created when a
failure in ring 204 occurs. In this manner, ring 202
and 204 share the spare channel 316.
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UMW [9dY: ! FI I F$109%J& () -! F$10% - & ()-! $109aJ& ()-! $10%& () - #310% & () - Fnl
0% & () - MV WAL X: Y2Y@YwU6 +:

10:910% & ()- 1t " $10%& () !y’ $10%& X " $10988& ()-..@" " $10%] 2] &
()_\! n\$10% - & () @AYB\P‘é%YﬁY ; Qtes another a te@natl@e

10: 9109% < @%%O%ﬂ‘b&)dn)merit@cﬂﬂ&?& @r—e%ﬂw%\(e)ntﬁmpﬁ' (P)s Hhh o9& r( )FIA0:
"asibri () GhsERE L 1 v 1y MG ey eoune
R }rg\ ocoq%@qp/@pg@ (OCCSIB 1D includes wavelength division
189}?Wﬁ5§¢)16:y&- m;md& e gr @MU dna WoMASEED %l daa Hedhden @&PZX60\
() BEﬂkd Odg%(glz WDM 908 and WDM 912 are optically
coupled by fiber 910. WDM 908 is optically coupled to
ports 5, 6, and 7 of OCCS 308 by working channel 902,
spare channel 904, and working channel 906,

10 respectively. Similarly, WDM 912 is optically coupled
to ports 5, 6, and 7 of OCCS 312 by working channel
914, spare channel 916, and working channel 918,
respectively. This alternative embodiment (adding
WDMs) functions exactly the same as the preferred

15 embodiment. In other words, switching tables 600 and
602 and methods 700 and 800, as described above, also
apply to this WDM embodiment of the present invention
as would be apparent to a person skilled in the
relevant art.

20 While various embodiments of the present
invention have been described above, it should be
understood that they have been presented by way of
example, and not limitation. It will be understood by
those skilled in the art that various changes in form

25 and detail may be made therein without departing from
the spirit and scope of the invention as defined by the
following claims. Thus the breadth and scope of the
present invention should not be limited by any of the
above-described exemplary embodiments, but should be

30 defined only in accordance with the following claims
and their equivalents.
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"1 Ch #109%@*?*& ()- 'h #10%t& ()- 19 AUG 2002
1 10%&' ()-! #MLO%&' () -, 5bb| ccde] fwU3g\: 0: ! (7 9- $10%&' () -! (9- $10%
- & ()-1D $10% ()- S

$10nggt(lgc}§{m§11lng&' ()-S!" $10%& ()-S|fbfcfdfefrffffbCo:! (" 9-$10c=10%v&
()-#310%& ()- I0%VE ()-L' mLO%E ()- 10 10
10@10%& ()-f_ggh&i +j Uy wU6bCO: | $10%v& () -'!; $10%& () - '#$10%Dp&' ()-

10V100Ke! (1 SBHGIEOTT 60 | %ﬁﬂ%%%%/#ﬁ@ ol VRRoH O i mp?ﬂp}[g

PE: 0:! I 1c§l R&KSork) whein th§$’1¥§i &al(r) rietwork has a first ring element and a second

s$10%66& 10% & ()-10% & () - /a&' Lq/ rrstttwJe+:
10: glo%ggp grpentyand ¥ g_x@mh@)second opj,xgg]@g@. fxg&'o@g as p firg gingoglerpgnt ang second
s$10 Y&

r{r)g elerﬁent, comprising:

a first optical cross-connect switch coupled to a first controller, controller including a
first switching table, said first switching table having an event column and an action column,
and optically coupled to the first ring element of the first optical ring network and to the first
ring element of the second optical ring network, said first controller including first receiving
means for receiving failure indications from the first ring element of the first optical ring and
from the first ring element of the second optical ring;

a second optical cross-connect switch coupled to a second controller optically coupled to
the second ring element of the first optical ring network and to the second ring element of the
second optical ring network, said second controller including second receiving means for
receiving failure indications from the second ring element of the first optical ring and from the
second ring element of the second optical ring; and

a spare channel optically coupled between said first optical switching unit and said
second optical switching unit, wherein

the first ring element of the first optical ring transmits a first ring failure indication to
said first controller upon the first ring element of the first optical ring sensing a ring failure in
the first optical ring, and

the second ring element of the first optical ring transmits a second ring failure indication
to said second controller upon the second ring element of the first optical ring sensing a ring
failure in the first optical ring;

said first optical switching unit selectively optically couples one of the first ring element
of the first optical ring and the first ring element of the second optical ring to said spare channel;
and

said second optical switching unit selectively optically couples one of the second ring
element of the first optical ring and the second ring element of the second optical ring to said

spare channel.

2. The system of claim 1, wherein said first controller consults said first switching table

upon receiving said first ring failure indication.
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5. The system of claim 4, wherein said second controller consults said second switching

table upon receiving said second ring failure indication.

6. The system of claim 5, wherein said second controller sends a command corresponding
to an action in said second switching table to said second optical cross-connect switch after

consulting said second switching table.

7. The system of claim 1, wherein the first ring element of the first optical ring is an add-

drop-multiplexer.

8. The system of claim 1, wherein said first optical switching unit sends status information

to the first ring element of the first optical ring.

9. The system of claim 8, wherein the first ring element of the first optical ring transmits a
switch command to said first optical switching unit when the first ring element of the first
optical ring senses a ring failure and when said status information indicates that said spare

channel is not optically coupled to the first ring element of the first optical ring.

10.  The system of claim 1, wherein said first optical switching unit is connected to said

second optical switching unit by an optical link.

11.  The system of claim 10, wherein said optical link includes a spare fiber optic cable, said
spare fiber optic cable connecting a first port of said first optical switching unit with a first port
of said second optical switching unit, wherein said spare fiber optic cable carries said spare

channel.
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13. A method for sharing a spare channel between a first and a second optical ring, wherein
the first optical ring has a first ring element and a second ring element, the second optical ring
has a first ring element and second ring element, the first ring element of the first optical ring
and the first ring element of the second optical ring being optically coupled to a first optical
cross-connect switch, the second ring element of the first optical ring and the second ring
element of the second optical ring being optically coupled to a second optical cross-connect
switch, and the spare channel optically coupling the first and second optical cross-connect
switches, the method comprising the steps of:

(a) receiving a first failure indication from one of the first ring element of the first optical
ring and the first ring element of the second optical ring;

(b) optically coupling the first ring element of the first optical ring with the spare channel
if the first ring element of the first optical ring transmitted the first failure indication including
consulting a first switching table and sending a switch command corresponding to an action in
said first switching table to the first optical cross-connect switch;

(c) optically coupling the first ring element of the second optical ring with the spare
channel if the first ring element of the second optical ring transmitted the first failure indication;

(d) receiving a second failure indication from one of the second ring element of the first
optical ring and the second ring element of the second optical ring;

(e) optically coupling the second ring element of the first optical ring with the spare
channel if the second ring element of the first optical ring transmitted the second failure
indication; and

(f) optically coupling the second ring element of the second optical ring with the spare
channel if the second ring element of the second optical ring transmitted the second failure

indication.
14.  The method of claim 13, wherein step (e) includes the steps of consulting a second

switching table and sending a switch command corresponding to an action in said second

switching table to the second optical cross-connect switch.
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