T e3e0UPPQ SR*SHT6TTOUer 6~ ~ sEP z002 RI NG?MESH OPTI CAL NETWORK {Thisgp 2002
invention relates to the field i ata transport networks. There
vare two R{,ﬁ@gmlqgnt net wor k arcm\‘ﬂm@immﬂ m or creating optpcaabsooaiias
K arc

transport ['U networks. These ne ItTectures are comonly referred to
as "ring" and "mesh". In a ring netW¥® architecture each node of the
network is connected to exactly two adjacent nodes to forma ring topol ogy.
When a break occurs in the 15 ring, data traffic is | ooped back al ong a
reverse direction spare path to bypass the break in the ring Present day
optical ring networks are inplenmented with , devices known as add/ drop

mul tiplexers (ADMs). An ADMis an all optical swtch that either chooses
(or is 20 commanded to sele ! or spare restoration
path_and switches traffic itself to these paths. The ADMring architecture
is altractive for its sinplicity and recovery speed, which is around 50 25
mlliseconds. A drawbaﬁﬁyqjutug ﬁ?NIrin rchite %gr&ip &r1t it is

i npractical to inplene Jl‘ar‘dbiﬂ WO K485 5F stionél & iln'a. Kfot her dr awback
is that RDM rdmigcaletdedrek st resppant triedtwddker.e be a 1:1 protect ratio (i.e.)

one spare connection f:ﬂh%mwr&&g’%ﬁﬂ%%?&t Q) p order to inplenent

ring recovery. In a ne architecturé nodes of a networks can be connected
to nore than anmrigteRFUnRRIEST FHPaE Gid P Hicgdaldardy tHanspedyy possi bl e

rouggs by whith Jid aversdsd e iR MOTdoc A lRRIRTES GR%elidRthamihar ge 11
S E P 2002 PCTILIS99103 t 113 WO 99143115 geographical area is anenable to

the mesh desifffem&Lq He [Fet WOr KB FeHHs M ddes can sinply be added at the
periphery and be connectreds t:0 fdf hedeWiRde A ridh iR LRRNRE &S ndgeded. In

addi tion, nOdt%se Cnaentw%erkeaissi lc}/onbneecatdeddeq:o exactly two adjacent nodes

to form a ring topology. When a break occurs in the

15 ring, data traffic is looped back along a reverse
direction spare path to bypass the break in the ring.
Present day optical ring networks are implemented with
devices known as add/drop multiplexers (ADMs). An ADM
is an zll optical switch that either chooses (or is

20 commanded to select) either a working path or spare
restoration path and switches traffic itself to these
paths.

The ADM ring architecture is attractive for
its simplicity and recovery speed, which is around 50

25 milliseconds. A drawback of the ADM ring architecture
is that it is impractical to implement large networks
as a single ring. Another drawback is that ADM ring
‘networks require that there be a 1:1 protect ratio
{i.e., one spare connection for each working

30 connection) in order to implement ring recovery.

In a2 mesh architecture nodes of a network can
be connected to more than two other nodes, and a given
signal may have many possible routes by which to
traverse the network, A network covering a large

AV
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5 inside the network to provide nore dense coverage of an area as neé&de§tr 2007
Wth'respect to network restoration, the nesh architecture allows for

« sophi st %?QMﬁ?gi ons to be taken in response to a fail uredrrsyesznpl e, if.
a failure of 'several connections occurs suddenly within ~0 the network) the
switches within the network can performa coordi nated sw tching operation

to divert traffic around the failure. For this purpose) nost. of the spans
within a nmesh network are equi pped with extra connections (i.e_, spare
connections) that are used for 15 energency backup when tine or nore

wor ki ng connedaqrepliiardl aNes ebs amenadM e ity e dBctdeeigrequires a 1:1

Vati o due o P TTRRT: SN of e ek Sl ohiff SHAS (Fdust{ i 5t hat

mesh rest or atpeniplserwrand drpl eoneedtedrope dtilmer condaaring.arestenrest or at i on

requires on t of oY ~ 2 n r S f,allure .- Wat
- g needed | SJE:_@%%%\%T k-f%egs?%ln‘isf%g’pgiba%:% 2%%{ ﬁdz’ft aeéaxsﬁlah& tbsé t%%&sq nmplicity
and fast swi tiohide ofharnDM Tk ne retarsirde year ofderse tdveapeye «f farci ency
and ' ease of gr esélsacrt@é@&é erigiiesrined NESHARINY K srTrp Iaf:klrjt%%e”t

i nvention provi network design that exhibits the 5 y ‘and fast
swi t ching 30 tdfe AR | HEC et SR KES Vel S oy tanplsishicadidd dlatiapand ease
of growth charaderiStdesidf rdBsdh etk Spa ilNErPHr eFRIN diriiltd On ¢
acconpl i shes thg s, .b ustlygg optical cross-connect sw tches, as opposed to
ADMs, to .2. @ Al G SHOETETR) ARECE ORI SIS AR Ga e thin
sel g heal i ng i ircdwa g tred owkSchddy veirditd nthesSs eldtugadd idy optical ring
net wor ks usi ng optical cros ,.cor%eﬁt swi tches the ring networks can be
seanl essly i TP vi TH G THESTH et NG WRGEEOe ts SivSFtect 5
SW t ches, thermefif ior eatdurgd athé nigipste .netrear kHiz whirghbsan eRigicar
Cross-connect, s i BRIl j e I] arJd d .nesh _network. An
optical cr osst-l-geoné ec.tscgvya tc r¥ p%r"’?ela%:rl?ﬁfaeftlé‘%qfwn _B%t ﬁdtuﬁgpreidng”ar%ﬁ SPedR net wor k
by provi si onigfgEFs ¥Hts s(elt-e_of' pFoI%E wWiarmies tism sdpttihedl aX®@ ersess fognnect
swWi{Zh 10 SURRRIrgerdyg Bdadd G die RITOWIcHeONI %k 1R gS Bopnd 38hkndf POrts
within the opti.cal cross-connect switch to support mesh traffic. A
ri ng/ mesh net Kk according to the present invention is a network of freely
i nterconnectsd optical WHersass s i et ngWiatrehas calterel RreeReres gore |ine
switched ring confiquration.are created from.a t least_three _of the optical
Cross- connec 'g\/\/ﬁréﬂteesc.at §#ﬂ1c§/ btsc}“ecﬂﬁgﬁ ﬁ&cﬂ}geﬁﬁuF@hPﬁgowégiac of the
optical crossansidextaksy tlcives wirdtiertt hatiionglieese rakwdllexibdwi2ly opti cal
rings can be G e3ted And £XiSh4 .OptI‘ht%a' rrldrég%fcqg an@ﬂlefslhed. Thi s gives
t he network managers and pt”hers grea EA°6 fl'exibrlity to make changes
to the net worFESESTETET & HAATE FETPHAFgENE Mege: timeucrnsymiagdwar e
cost s- or - si gMelsinc afdls Hitamirdn 2ediawals . thie cxdeircitng begibc of opti cal
Cross- connect svvint ch S can be expr ess%d d.n_switching tables or set of
"l ogi ¢ equat IF6TS e SWTER ™G 165 c IRdy "Efso be expressed by a data
structure of provisi oniWig parsametesiesl 4ssac natted ki Beségahappirbekhport. The
30 esent i ti : j N e J.im.ted to_any
parti cul ar svr}'\n\ﬁt%cr%hié%l. gt\é%e\égeAr#ol?ngtcé&S}a%?gggaog ?ﬁékfﬁﬁéﬁﬁghaﬁetmrk
design is thaPM trigan neteiade Yethiofit egsatdeesbrgicenfficigncy and

‘ease of growth characteristics of a mesh network.

The present invention provides a network
design that exhibits the simplicity and fast switching
30 of ADM ring networks yet offers the spare efficiency
and ease of growth characteristics of mesh networks.
The present invention accomplishes this by using

optical cross-connect switches, as opposed to ADMs, to



"1 1 SEP 2002 WD 991 43115 PCTN599103103 For . exanple, multiple ringg 1care pe;
created having a common span. Spare capacity can then be shared anong these

ri ngs, t?ﬁésﬁ%vgfmering the spare to working capacity ratkgTﬂﬁﬂﬁh%hl to

1:N. Fur the spare 5 capacity of the ring networ can al so be
shared with the nmesh network, thereby increasing spare efficiency. That is,
spare capacity within a ring network can be used to carry nmesh traffic in
the event of a failure within the nesh network. However, in one exanple)
the 10 ring networks can have priority of use with respect to zing spare
capacity. Stidresaotdearf -drbedniirag ©pafi daplEmNnisk@orikay NehWelrles ru$igng
optical cross- nect, .sw tches is that the ring networks can be of ~
arbitrary depst%%gr?(?cacl&%’\%é’%g&sqaily LSBT BEVGEES 1153 "de MRTdS3inErQ5Se. For
exanpl e) usi mPNE@qiorswiCClsSs, tiree rdary censdorkst canb bkl Beamziesglyor with a
24 port OCCSs, td . R r iLkt.+ The maxi nrum nunber of
fibers an op?f%%%rgiﬁgpgg$ Egg%ﬁ%¥?ﬁ§?g§avﬁghgégﬁkalCEEggsi§°8HF§tIinited
by 2D the porawidelsiss dhetebyOcTsst iGeneentingraksbphietabrki ig shdeans
constructed usi RerARME, HAMRV.QIonnRH r n faur. .fiper

bi - di recti onal ?ﬁhgs or two fiber uni irggﬁigﬁglbég%ﬁgékgﬁghﬁﬁg.oﬁarther
features_ andlgdvdmagds mssh REtIOIHresddt OPhieALi omosas cmshkecas t he

structure ang.aRehaijaemn ifi peddsoys SHradichRNtS Hgf 2hReRERSBRL wolRVENti ON,
are descrlbeg‘ln det.ai.l below wi.th reference to"the acconpanying draw ngs.

The accompanyPh§IVaniitgeRowd & rete 8L PhcBPEEFaré8hRBr 6P 8AET E8Am part
of the spgcitﬁ@@&h@mnnkhkusuﬁate tbespppeemtrhﬁgeakggﬁi@ngndtggether wth
VD 9643115 PETREAE0ITE % metend. B A tar s KRB ERpoPOSAckilied (n
the pertinenCrases conpeks &Wd tade teheuppeeiit neah Ergfficis a network
suatches and a ring netwetbolase et roacol agacaesnd i : ChpckErgeRenect ®
invention 1s a network of freely interconnected optical
15 cross-connect switches wherein one or more line-
switched ring configurations are created from at least
three of the optical cross-connect switches. Simply by
changirig the switching logic of the optical cross-
connect switches within the ring/mesh network, new
20 optical rings can be created and existing optical riungs
can be modified. This gives the network managers and
others a great deal of flexibility to make changes to
the network as traffic patterns change without
incurring hardware costs or significant network
25 downtime. The switching logic of optical cross-connect
switches can be expressed in switching tables or set of
'logic equations. The switching logic may also be
expressed by a data structure of provisioning
parameters gssociated with each switch port. The
30 present invention, however, is not intended to be
limited to any particular switching logic.
Another advantage of the ring/mesh network

design is that it can provide a high spare efficiency.
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Fig. 2 is a network diagramillustrating a network design accordingjtareng)

enbodi nent of the present invention. '0 Fig, 3 illustrates in greater

det ai | aﬁwﬁfﬁﬂ?ke configuration of optical cross-connect BGFUSHEB1MN t he

ring netwo Fig. 2. Fig. 4 illustrates an exanple ring failure scenario

in the zing network of Fig, 2. Fig. 5 illustrates an exanple configuration

of optical cross-connect switches in the ring network of Fig. 2 in response

to a failure occurring in a working optical channel within the nesh

network_ Fig. 6 illustrates an, %é? |l e failure 2U sce ri o where nore than
r

one failure B&F SEAMRE MUHiPLE Y sSH&abrie SRS it %M dek di agram
|IIustrat|ngc@mmuﬁ|g§ﬁn Crayseir & Rl SMdrh W b |sifardd Gamory

illustrates - -exa -switc 25 tabl Fig. 9 is a.diagram
ety at g s e e Bt uhe raFe g SsTRIT net wor k
accordi ng to dadpeqiresantidvirdn drl Ricg.1:20 i [Rurstireatresrean theampaere ai |l ure

30 sgenarl o far t‘{iecr)'tel&g J}’et 'érl%ac}lce@ogrks ca-g]eal esbentﬁﬂ r%/%dﬁu&rr}) IS

descti bed wi (5% nce cconpanyi ng dravin aw ngs,
li ke refer en@mmﬁﬁr snetnmnisa,t gharahy dalcnrasi®g spwes@iﬁmgntwo 99! 43|

15 PCTNS99103} Cté%}?ben ﬂgyarWleJ}ﬁhr;prg Srlﬂ%dq'lél,b% c%; n e left nost

digits) or are erence ntlfles the drawm'ng 1 n the reference
nunber first Usgbdras. camy wotes ke | e i i deln ndwm evant mlegerftaid Uieventi on) an

effort is mage di¥pughoedh SRS CAdLd0 AN edif d Ol ng term

definitions as consistently as possible term"span”, and equival ents
t het@of ref e ¥¥ DI Kot C'r%iht"@‘tﬂetl?@é’d'lé-rw Y SRodBEh A agpastartcan
ext end bet weeri. jgggyg dypgamqpﬂjacent nodes A span can extend between

i nt er nedi at e nodes, h .i.nclu 0 swWtc | enents, and/or
endpoi nt nodes, whi ch i Hei a9 {)éar ar{’aﬁageeq r}:on‘grf‘ﬂel sMeF L NoTd Ner m
"optical chamreetlwc)rk's:h&rmgj "gp @ik 11 e regp s wadretdce tsharteﬂfe,s rief edhatto any type

of opt i cal_cqmedii an &V, dhansagl tag, A0 001 a3, Jgnal hedwesn tuo

points. - The prese I nvention provides a ne “exhi bits the
sinpficity amsmszt s e s g- 22 fofc rdempndst vioreeasst. ofFfoar eXEmelspar e

efficiency anding 18 port OCCSs, one can construct a 6 fiber ring.
or with a 24 port OCCSs, an 8 fiber ring network can be
built.. The maximum number of fibers an optical ring
can be constructed with using OCCSs is only limited by
20 the port counts of the OCCSs. Conventional optical
ring systems constructed using ADMs, however, can
support only two/four fiber bi-directional rings or two
fiber unidirectional path switching.
Further features. and advantages. of the
25 present invention, as well as the structure and
operation of various embodiments of the present
Jdnvention, are described in detail below with reference
to the accompanying drawings.
The accompanying drawings, which are
30 incorporated herein and form part of the specification,
illustrate the present invention and, together with the
description, further serve to explain the principles of



ease of growth characteristics of nesh networks. The present inventi &ip 2001
aceonpl i shes this by inplementing ring networks using optical cross-connect
swi t ches_as o psed to-using add-drop-mu7.tiplexers-: -Bypcrusivmesnd 25

i mpl emen¥PRY f?%g networks with optical cross-connect switches, the ring
networks can be integrated with an optical cross-connect nesh netmork.
Optical crossconnect switches that inplenent the ring networks can form
part of the mesh network. 30 The seaml ess integration of the ring and nesh
net wor ks enabl e network engineers to configure ring networks within a nesh
opti cal crossheohnyéﬂtgﬂﬂtéﬁdnéﬂmﬁﬂﬁbb? BroersPonfhglbedi tal theoss- connect
SWChes _(_porfineaEa2eCPo niRe994d303a LhETHLSERILBILS to support mesh
and ring topoFogles To conflgure addi tional ring networks, network

engi neers need only no8ify thaSsii PERMAGXI B4RreTeN LhiuspEaBANIcRossconnect s

wi thin the rheehﬂﬁaﬁwegkweehsaaelaeraapéFegeaﬁ adgktiegrheceapacity to the
network. The sw tching | ogic of- tical cross-connect switches can be

expressed |nsymﬁﬁbﬁﬁnénéaﬂlEénar“§éWOBF FBgFes eyBat PHN3Jd THECBW t chi ng

| ogic may al gQ1be gégeggsed by a data structure of prOV|S|on|ng par anet ers
| U associ at ed mﬁtﬁ eacg Pch poré For se of ungsr h t he present

i nvention) the inventi A% FI 15e2dBSEF Eéd FRIEA™ehvi FORRE %n 8re the

swi t chi ng |OQECWbSkeﬂpEeSSGdCCQIQWDUCthgnEameedJthtpOéSEhE i nvention,
however, is Late elimted to 15 such an environnment. Fig. 1
illustrates EEESEﬂkb?gﬁgrggggnlzed by the inventors in integrating nesh and
ADM@ i ng networ k wher eFdggnidf idanetresesi ¢nderaatieexdstaihneng nodes E, C,

and D. Fig. éigﬁgwg aoﬂ@&aeegtbaﬁ'eg GBtQEE%CQL gff gBsbcpeLypr&nd02 and a

conventi onal ring network 110) enands anong nodes
H, C and D, lADWbelrlzg &ﬁGWSrEr@praEedzat t hose nodes to formring

network 110. Optical cr@gs-eonneaetewtbshes eamplberphgcediatreodes A-K
where--the traffic.is,not--as25 crlglca %o forn%nesh network 102. \Wer eas
t

the network GESPERL8F 1B §he1740Pr PEEYCF he'%ittati on where traffic is
heahd est and nost |npoFtantSamthStoaaesons 8xai@plandolf ieupabbdem ari ses

when sorme OfREhS kaEE hrgsgeg F”E&?Eéh&? apge ?50fh§§a SXAUpLe, sone

time after t Brior oyed, new nds m ght make
| ocations B, ob, Fagd B ancaﬁépéaﬁ@ ﬁ@raafaihgrﬁe©msukrimga§@|@lon to or in

ggg'gggzogcguﬁuégg§oebt&bag BEEWREK #1PnihNth@ChesRinetwork. WO 99/4311 1 1
Fig. 6 illustrates an example failure

20 scenario where mere than one failure has occurred
within a ring network.
Fig. 7 is a block diagram illustrating an
optical cross-connect switch controller.
. Fig. 8 illustrates -an -example-switching
25 table.
Fig. 9 is a diagram illustrating a four node
.8ix fiber line-switched optical ring network according
to the present invention.
Fig. 10 illustrates an example failure
30 scenario for the ring network of Fig. 9.
The present invention is described with
reference to the accompanying drawings. In the
drawings, like reference numbers indicate identical or
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any given point of tine, as recognized by the inventors, the netmoﬁksﬁigmﬁ
best be inplemented as entirely nmesh or as any conbination of ring 1 Sth
problemwi th the design of Fig. 1 is that 5 conventi onal j et wor k
110 is p¥P#AEIy i npl enented as a ring structure using msdmgwg
Consequently, if there were a subsequent desire to alter the ring or

convert it to be part of the nesh network, hardware woul d have to be
retrofitted 10 incurring considezable cost and network downtinme. It would
be inpractical. to alter the network design on the fly) as a function of
the tinme of @Gapctiionadtamsieilaroeiemeditsadyaddadd cnklilypl gimentiedd-ri ng and
Tesh networ kousl g (difsor en! aN3eduats ces gl i cbacGQURI ¢glees the
sharing of spare capacity that exists in each network. Fig. is a network
di agram i | | uSFewinggia waledr khgesie§RIE0C6r BURGEro I3RS Lo MPEGRHBNt of t he
present invention. Theqpehwork desirgy ekilReaReetsRl pe@siepyention overcones
t he di sadi antages of the network design approach shown in Fig. 1 by

i nplienent i ngiby¥ERtAcRg aRd eFESR thdewBeks Goreyabenitc&becr oss- connect
switches (OCGBk4 FARPTER it AahwalCh ol Rak $WihehesigaRerpPtical -signal from
one port to anther without optical 25 _to-electrical conversion and is

bit-rate i nd8gEABENEONPhESsFOPSHISHENGE YaR S0BCSSii® € monl y control I ed by an
' OCCS controller (see Fhg térm Gegancontand leens vdaieatls fthielrebEs W thin a
network by rec ivin% fail% e indg%%ti%%%wf% nglinﬁ term_nating,equi pnment
(LTEs) or. 30%5€fer AsP2 e FalbiP8 Falft E6 e 8PV oSy &P8%° ‘Upoft receiving a
failure indi epnocanae*Cets betrweshn edjwicen tc omrs nion -adgwickealti ngdeabl e to

determne th i_t chi_ng n Is I n it respondi ng
QcCS. -s. % %BEEnggbfggg&% g%f%%%ﬁSl%&%?&%&%ﬁ%%lggh%ﬁ't%Pgekanner) an
OCCS swi t chesnedaiiei opttd cadoistitaiblinge eliementts  nenddor. ebdipegnthe OCCSs to
i npl ement bo sh ris ; | for m i ntegration
of 5 ring ne %8r 'ZS%Eggdl%g%%%ﬁggﬁé%k%fgg&%§§ Fﬁ?ggfgﬁﬁn‘%??%g and mesh
networks, as shown in ffhg t2rm HEPSiERdnChrAREAL i orf COPPBRI "nuABFfous

1; eafqur es igdﬁadw?_tl@%% Tt@xﬁ@‘é%rfqoﬁ‘iéfte!ire t@i aﬁgvap%:@ges @bt'iEEQZBVZ i or ]pet wo;I k
esi gns. ccording tq t resent ,i nvention, Tina,net is forne
usi ng OCCSs SPnéfcéﬁ%an Eﬁgﬁsﬁgf%ﬁpﬁ £, OPEEEad gfgeéwgﬁﬁtﬁeﬁﬁrticipate
in both ringtwet parikt202 and nesh network 102 by provisioning a first set
of ports within each OE%% or:t. . Il S f; fai n ovi sioning a
second set of ports to"Sup %F?%%esﬁB?FgEgPé.p&?g}ﬁggi?Iu§?¥g?és in greater
detail the cdebigur &hiadn exhibBIESs tBe €impddchtyAsnghdwsti swkicghiBg ports 2.

3, 8, 9, f. Vi g d I, gl fiLg. Ports 1
4, %ﬁ 20 and£%69§P pr5§Pg?%n SQt8&§Eg§qF%QWS?E?%%%ﬁééﬁgF%E f%ég Ports 14
and 15 are pRa¥RsOENETMEs §HFSRC E8FasE 1eEs Rt FEshi BetieZkstr afPRc can

i ncl ude traf fireshekwaer 0868 aldomifiisheietwaenbyn ikpEearftangOCCS. Li ke
OCCS B, .- - C_and D bat h- e first- - 0f - paQr tg_- 25
suppor t ringrﬁpﬁfﬁFéwgﬁgsauggggn E%épgéfCESFFs%P8%§%6p3??Qﬁé§Ei%S and/or
spare mesh t ppbbised k@»&@dmmi@@dtdrpppwpdkd@ﬂﬁgemhé"b@wt§ of OCCS B, C, and
D, 44 ng net “95151%%1'&%0@1%% B I Wsd i rabpeqRals @22 sWokkhngcept i cal
channel (w) and~one spar . '

switches, the ring networks can be integrated with an

.optical cross-connect mesh network. Optical cross-

connect switches that implement the ring networks can

form part of the mesh network.

30 The seamless integration of the ring and mesh
networks enable network engineers to configure ring
networks within a mesh optical cross-connect switch

network by provisioning optical cross-connect switches

-6-



" 30 optical channels) between each OCCS that forns ring network 202. 11 SEP 2007
Specifically, working optical channel 302 and spare optical channel 304
_optically ¢ OCCS B to OCCS D. Wrking optical channe+-§g§w@@m3spare -9
1 1 SEA ééb%?%%%l 43115 PCTItaS99103103 opti cal channel %8 optically
couple OCCS Dto OCCS C. Lastly, working optical channel 310 and spare
optical channel 3:.2 are optically coupled between OCCS C and OCCS 8. 5
OCCSs B, C, and D are switched such that port 2 of LTE 370 is optically
coupled with port 2 of LTE 324 using morking optical channel 310. Port 3 of
LTF 320 is opti cabbw-sopplsed Wdi 32 ing optical
channel 302. Port % > %E 5. Q] % #Pgé F%ECOU%FengQEﬁﬁggrt 2 of LTE
322 usi ng woﬁ@ﬁﬂél@ﬁﬁﬂcéP“éh&ﬁﬁM°r3@6 DGEES§kBen@ln§ﬁ§SDﬂ§Pé gy swit ched

to form spar ﬁ\o@@tflyC@heCEﬁﬂ@@h’ll‘iﬂgngoé:ig othi gl bﬁtﬂ%ﬁ@' tepsgarrying traffic
in the event of a i tical channels 302,

306, or 310.Cﬂ§n§ﬁ5ﬁnWIﬁg¢Pgt%§ réBS}EGSBtF8£W°EHaHHB|PFFH§P§36 dfincl udes
sparf®e opticahddh&ﬁbebs aa@hcaa& tandhalaetWBtRh amﬁepawitehlhbng net wor k
202. Spare optical rln is_cr B connect 20

ed by hav
spare optica 8ﬁanﬁeI°§b§ca& 8F§ SPEPEs HéﬁﬁéFSSFin EECS D connect

spare opti caexphrasseld 3D4sWatshamg mpbﬂealochaanebf3®8gland OCCS C connect
spare optica (0] t ne OCCS 8 _cqgnnect s-
Fqﬁ%@qgﬁ %2% swHALE 08 hg QQ gschaﬁnsrpgﬁisB

spare-optica anner ~spafe=-op swi t chi ng
port 8 to pob¥ 8. d@G@SBDIEGﬁHé@t§fspapﬁléppneag phaameke864 to spare

opticcal chanpgko398:rhy %Wthc@a&ﬁ BQEECE?’pBQtpO"Fo}Zna%ﬁC connects spare
opti cal channel, 308 tg&gg Etlcal channel 312 bﬁﬁsmntc port 5 to

port 4. 30 RPAGSARELRH FEEERTWARKEREEON, Sk héﬁVPﬁélﬁéhﬁyibr
simlar to thatdeéctubgdn&hmahkeﬁ&@roﬂheﬁtawﬁaréutﬁeOﬁﬁﬂEéh&ﬂ one of the

wor ki ng opt| . channel, 2, 2306, 31 f ri etwork 202) data 1 p_ ~
~ SEP 200T it §9$§3%5§I%%?F688§/Bgiggﬁngng%TFg'Io %dpgﬁﬁﬁnﬁlong a
reverse direthventdparehpueletro bypast fheehdetfiedowbeki hgiopdi eal channel .

An jgxanpl e f re.s shown in Fig. 4. Fig. 9 illustrates a break
|n]§he ring %g%&egn %ﬁggggngEtCCCS 5 D. To bypass the ring failure, data

traffic between OCCS BFafsid &CCElDstratgertiee byockpamerpaedn#9e¢d hi ch

i ncl udes spaeseoemsakogbamﬂehﬁta zaamﬂg?»ﬂéshwﬁddﬂb@ Hﬁéfh&wéﬂ% aced on
t he spare pat t he opti cal nal _received

on port 3 to® ?feggF§n§¥lFﬁ§FegHa EMF?%ﬁ?%gefisF% iﬁﬁ?g7n° %% By havi ng
CECS D switcth, t Apdopti cBigsi ygnahowscai network poatidg 4 @oticdl instead of

chlng 1t _to or a on w ching need take place
Lo Hecover fr8ﬁ1 r¥a|ﬁgrgagrecov3£gnoccu$£ S%ﬁ r1fg" AdewSt

110. Due to the traffic demands among nodes B, C, and

D, ADMs 1, 2, and 3 are placed at those nodes to form

ring network 110. Optical cross-connect switches can

be placed at nodes A-K, where the traffic~ is not as"
25 critical, to form mesh network 102,

Whereas the network design of Fig. 1 suffices
for the situation where traffic is heaviest and most
important among locations B, C, and D, a problem arises
when some of the initial design parameters change. For

30 example, some time after the network has been deployed,
new traffic demands might make locations B, D, and E a
candidate for a ring network in addition to or in
replace of the initial ring network 110. 1In fact, at
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15 quickly. If spare optical-channel ring 33U was not created, then it
woul.d have been necessary for OCCS C to connect spare optical channgll SE22001

to spare optical channel 30B in re9ponse to the failure. 20
spare opWea4¥kannel. ring 330 was initially created, chg&'&gg;ﬁ@ﬁ%t have

to performany actions for ring recovery to occur. In short, spare optical
channel ring 330 facilitates ring recovery by reducing the - - nunber- of
OCCS- that-have-to-respond-to a- span-failure-.- 25 As di scussed above,
ring network z02 maintains the sinplicity and fast switching of ring

net wor ks i mpl eng eleishogn ADME Filhs Nes §0F EdoHELAGS oy | #ige NEt WOr k 202 i's
integrated with nesh network 102, the, sharing of spare capacity between the

networks is JPYSRYPTat Bl PRUURTEAFPRE, PeHhrke opIRtEMeRHeRIRS s 304, 308,

312 of ring naiwdr&l¢O0deSBnNogass | nPecoiistinasi SACKEPr Pagds by mesh network
102 in the event of a fajlure in the, nmesh n | e, assum ng a

etwork. For_exa
1 1 SEP 2002 ' WD 991 43138 RESPLRBITHRA0 ‘Fa‘ig’?ﬁ%niﬁ’lf ek gﬁt%r%fmz

occugs in worddmgewpiosal . ADManped 3dSyombi THo ops | sedrhanewtpy es OCCS A to
OCCS B, the traf icféo(?@sto Bitanm[_e-routedthro OCCS K and OCCs C
(see FIG 5J. *MeSPeL602r° pat h 7 ofF BECS e st i B uses spare opti cal

channel 312. CTdrseduehtlytr af eshéhe wend i alusabsomuémr dEXSse Ao B, C and K
in response t Ll Ure: 0CccuLr] i ki i cal 13 of mesh
net wor k 102. %s@%%g{v\%gi ﬁIJE?GHfS#S%%%?tYP%f{(E%\Eg% ?soéﬁgg\k?% coupl ed 10
to port 2 of nMEwerR, t havddarecssiBl mv« tande Arefb&itatted opt i cal channel s
312,317, and; t &t | ti S, j e i cal
charllgel 312) mr%ggpgﬁggf%%igénée?ﬂ%r %éa{és:}ﬁ?%nze y 1?%% nmesh

network. By stritddgP8pifRraptical ePahhie?s tle peetierk tdrs¥gmprandheresh

networks the Wik &eghhéesol &f 0théi€aRd dNcaBpseEdn s el ficiency.
Ri ng network 202 can $e Q ven rlor}rt%/ of use pver spare optical channel
312 so that MRACREGHFFIIIANFREREE cAF r TERL HERERE TOtT & el 312 only

when there 2Ghetworios fasing edif heremy hetdwa ke 202. tHat addi tion to nesh

network 102 bei ng, a o] ilize. Ci | D etwark 202, ring
net wor k 202 ccaoﬁ“%ll?%g%é stbllziil% eé%%g%i%?%fw in énéel%%&nte}% V\q%lr%} 1%@&'% ng
net wor k constinuctach usetP®OMs are 25 nor able to recover fromnore than

one failure within the g{ng., Hoyeyel LS-ned WY Kam deSi @ 1Of strie Present

i nvention enables ring networks to recover from nore Ithan one Tallure by
utilizing sparetweipaciesian t3EPIFHENgeh ot viibedimsnt jof £hsower f ul
feature not fupuubd SOUEPEVER! | ONd PP AMr ME NefeVyreserfi 9. 6
il ng?trat es an Vexarrpl e failure sctel_Parcﬁp v%_ere nor e géﬁ&eoneetf ai Ikure has
occtfred wi t HTH $R PRI VRT ROBR2. Lhe IRAVEINALEDHCF i getver
design approach shown in Fig. 1 by implementing both
ring and mesh networks using optical cross-connect
switches (OCCSs). An OCCS 1s a switch that switches an
optical signal from one port to anther without optical-
25 to-electrical conversion and is bit-rate independent.
The switching of an OCCS is commonly controlled by an
‘OCCS controller (see Fig. 7). OCCS controllers detect
failures within a network by receiving failure
indications from line terminating equipment (LTEs) or
30 other fast, reliable fault detection system. Upon
receiving a failure indication, an OCCS controller will
consult a switching table to determine the switching
commands that it should send to its corresponding OCCS.
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1 1 SEA' 202 ' WD 99143115 PCTI US991 03103 there is a failure bamﬁfmﬂ[ﬁ
and OCCS D and a failure between OCCS 5 and OCCS C. To recover fro
. than one, badghgﬁg inring 202, ring traffic will be sw tchegyoshaimpare
capacity wthin"nmesh network 1U2. S As shown in Fig. 6, port 2 of LTE 320
is now optically coupled with port 2 of LTE 324 through opti cal
crossconnect switches B, A K, and C and spare optical channels 3i4) 504,
and 317. These spare optical channels are space capacity within nesh
network 102. 10 Simlarly, port 3 of LTE 320 is optically coupled to port 1
of LTE 322 Ihrohgh wpnnesl eno8EC8oametthesi trhbbid)td akei€, and D and
spare optical;¢pfapeeks 3he naPRor®l 6, and 308. Spare optical channels 315,
506, and 316 are spare capacity of nmesh network 1D2. 15 The network shown
in Fig. 6 is but one BRaRGI Ehef ORGHAT FRglnet emenrt 2oothaneshi apde spare
capaci ty W')t:k.ﬂhg H@é@o?ﬁ%""ﬁi‘.ﬁo@sogor tﬁgdéétxﬂfg%ym gthei bRt sf est of
brevity, Fig shows one ring networ 2" con |gureé éo W thin nmesh
networ k 1d2rlfF§enEFE§éHt 20dvand BRSPsnabYorkt thded BY betegritiged. Any

arbitrary nymaﬁ aff hbBESnealoPRsCORE! gHERA Yhthi . MBshenet MPEKe 102
according to the presegﬁel nvention) as woul d be apparent to a person

skilled in tRESBFEOR; PEASTRI BUDSTERS cf PRERERS Fod %@(‘éﬁ*ﬂﬂ:%gpﬂs?%g t he sane
t echni que desettbmd ahevaikadearsiges of NnPhéeophest i mgewoges 13, C, . and D,
aring conngcttngsnodes E,L G H and | or K I, H and J, can also be
created. Ad naI‘Iy, if two rings are created wherein the rings share a
cdfimon 30 span, such aSCQrdgqut@-ﬂlannr%_eu Kinvémniehme vpport uni ty to

h ' 9 t t
151" 2002 VB 90FAaT18 ey acBeTLon i G heren Shaved TIEFARAN g ot an

OCCS is contebVPEN H§2an @fl@scﬁntﬁzoliﬂ’é@ D (oExe: Eohpa ot | 1 sbeldh ect fai | ures

within a neﬂ\ﬁéknEl{waEeEUEngniiaméb'lﬁenéﬂﬂéfl@t1@Z‘Sb OB Sifor Sidn hat i ng
equi prent (LTEs etection systens. Upon

or fast
receiving af ‘T‘EF%UF% |ﬂg| ESFFBn Qﬁ mclﬁo%ﬁ:%ﬂ%rs‘&ﬁ%{ﬂtﬁl swi t chi ng
tdl e to deteaffihe &hé bwi pchvngmmmmnmlssédmﬁd|§etsrmmlpbﬁt&mdcdo its

correspondi di ami i gx%c;cs ontroller 10
702 correspo ng tog%%cﬁzf'gflgtcsﬁg%nﬁ O:H %ﬂéﬂ%cxp dts aesé;/stem
processor 74@tatbnthel copfigutetion, Otm@rBscﬁlmé)D 70624 0 be execut ed
by system peRSesSoh FO4. Senpeytd08 for $togi tohi I 10, OCCS
interface 712 for, coué rT%I:Cthc%ntgr)o Ierélz-:::g7(5§g\(5 té(:)f'h dkg:éaé) ffn% dat a

net wor k i nt%?‘f"éé%lqllﬂdf 5? EBHBPYH&MW#% | TR ko 4 data network

fop receivigganes verk lﬁabwwcm@ah@@tsms@rt M}&mj e grabd e £ALQG: det er mi nes

the port c urajion.o OC§:SB. o) switching 2d table
710 i ncudegg?ﬂgﬁef%o Iﬁﬁngs AhE RERY rﬁ%@ %‘bzsupgﬁj T t3FH T 804, and a
conti nent s todfifhc 806MeFhetegbhic cmmmna:bmlalmﬁfenm%mnts to which
OCCS B respgRdss gPrtPQEFiE%Mge:‘?V%WL%%IS&‘?&i 4 dd¥ss eveliixe oces

-colum, - -t elsacorresgonlng--swltc ﬁgactlonthat- 25 0oCCS B

performs |nBre%%%$rs% #3d + RECB v neotiyreaer i fers thatctqforRo%® Wt ored- in-
the switchi fgpsOFMPi8@4traffic and a second set of ports to

support working and/or spare mesh traffic.
In addition to provisioning the ports of OCCS

B, ¢, and D, ring network 202 is formed by providing at
least one working optical channel (w) and one spare

30 optical channel (s) between each 0CCS that forms ring
network 202, Specifically, working optical channel 302
and spare optical channel 304 optically couple OCCS B
to OCCS D. Working optical channel 306 and spare

9.



" For exanple, one network event shown in event columm B02 is the network
initiation event. The 30 switching action that OCCS B perforns in rb%p&ﬁﬁgﬁﬂz

. tothis ,Sct0 switch port 1 with port 16, port 2 wit port 3
W th portewe?glﬁjol?? 9 with port 5 and port 8 with port 9, a'Js&s g\%\ﬁqﬁﬁ% action

colum 804. -14 1 1 S E P 2002 WD 9943115 PCT/ US991031t 13 The result of
OCCS B perform ng these switching actions can be seen by exam ning OCCS B
as illustrated in Fig. 3. Another event shown in event colum 802 is a B-17
span cut event. In response to this event, action 5 colum B04 directs OCCS
B to di sconrRRE1GRY tCB2RR)kn $68 torticr ko mrurleRECS B riom @ees ©, and
switch port g poriokikd Gopditd]l usidries 1w Honfdguration of; OCCS B in
t he event of_.a B_[?LS ACe cut . ot her event own in event colum 802 .is a
A'B span cuCTBVENTE 117 1 SpRbt Obt X AO LRI BHesh OGRR Gt used i o
restore op-tQ@&® Eing network 202, _ then- in--response -to -an- A-H span
cut :OCCS B di sconnect fro rt 9) disconnects port 1 fromport 16,
and® swi t ches port 1 WS?%SF‘ %‘n éhir%rpcﬁ%r@)re rﬁ%%qﬁoﬂﬁio@%% Rff¥en 15
priority over ahelBpai20 chanmet scahly enmirdderittte gding.2 Y.L i |l ustrates
t he configurgyiqn of in the event of .an A-B span cut._ Each OCCS

wi thin mesh 3?1%4 \A‘kljsronﬁ&%ﬁsﬁé%s%%?:a?%d ‘a]wea} &&@'chi iF &t ablF defif val ent to
the one 20 S¥Wwis miiirally Stoqpledwidimngimg I ke qae g5 Wfidde
switching t ' i gs wi 4 rgEoszhn rk 1 e formed w thout

i ncurring a@ﬁ%??%ﬁ{i armua:\)%é’%}&net Wor k%té)\é\:atné r?\%za{'ﬁ%p\ﬁ%%dlﬁ provi si oni ng
neW har dwar ©PtAfRHer iR gy o RaRs enedt iVRE (P22 aisingedkiopt i cal

cross-connegptswWdichasriret s i t enabl es one to inplenment rings of
arbitrary depth and to scale the size of the rings as needed. Rings built

using ADMs are |inmitedI@S dr G FA% D @3is 8dren Sl talesh tay fome i s

i ncreased suglartehaiptd daqureHadrharl ming 33030 Wi fiischerlg trehandl e the

i ncrease, a new ring mist.be .cr%ed. Wth _the present invention, however,
an N fiber FPAGYERY & BidT By S5t Plal ERdd8rSodReCRes it ches havi ng
atl¥ ast 3N phet sorkimaludtitoalt chabmel s13025 §062002 3190 9QsA31 t5

PC TI US99I 0 cqnf iy e -an Ei I gvides _a_gr deal nore
flexibili ty%?‘%ﬁ'ﬁ 321 r i3n'g %e Ilve\g%rl?,tl\ﬁ%?‘c%%ﬁ?nleﬁmrﬁé‘g ggtof our fibers. As
traffic gr ow@cludes;ispgrearrPsilaaly fronedboA§ 4w B8AS8It pnds 3apposed to havi ng

to build anuhighliaie BRWZII S WRRLBFRNDOLNE SKbSL! BRcLiDg, A exanple
four node six fiber ring_900 according to the present invention is
8. by hpydrgoRESS Bogpnpest 906 and 908

i | | ustrat ed PAPPEG. *¢DIAS 3dndvin SHRatR
arg) confi guepd rieo cbeidali R amelenonlo4908. s5a¢8 optical channel 312,
OCCS D connect spare optical channel 304 to spare
optical channel 308, and OCCS C connect spare optical
channel 308 to spare optical channel 312. OCCS B
connects- spare-optical channel 304 to spare optical ~ -
25 channel 312 by switching port 8 to port 9. OCCS D
connects spare optical channel 304 to spare optical
channel 308 by switching port 13 to port 12. OCCS C
connects spare optical channel 308 to spare optical
channel 312 by switching port 5 to port 4.
30 Ring network 202 operates with fast, self-
healing behavior similar to that of ring network 110.
When a failure occurs in one of the working optical
channels 302, 306, 310 of ring network 202, data
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" 10 of the four OCCSs has at |least 18 ports. OCCS 902 is _ optically cppg@pqmz
t 0- OCCS-904 by three working-optical. channels 920 and by three spare

. optical 922. In a like manner, OCCS 902 is optic ed to
OCCS 908 'ggﬂgb%ing optical channels 932 and spare optica?kfés%ﬁgﬁkels 934.

OCCS 99 is optically coupled to OCCS 906 by working optical channels 924

and spare optical channels 926. OCCS 905 is optically coupled to OCCS 908

by worki ng optical channels 928 and spare optical channels 930. Ring

network 900 is switched to form 2U three spare optical channel rings 960

using spare epifeat €HALOEpEAIBIck 92EInP3P A P38. a 88t (et Wde 00
oper at es eqw%/\gglentlg to rln(h; n?tﬁ)rk 202. When a failure occurs in ring
Fstd

network 900)P¥b% kFAgPYPaFFi E e biRD PRt 9B2mAth | R he
opposi te di recimphet badVord tbendpiduie {15@en Firg. Fild) .4 Fi grigO 41l ustrates

an exanple faj ari r ring network 900. raffi en
ports 4, S, Jgj,'iﬁjaéngrigégﬁogﬁégkp%?tghi,r?g go%?wiﬁmé@i %‘fﬁ&%%}\ecarri ed
aveb worki ngp optTeabypaaanthe 92n@ 88ilsee, Ragta Hrafhon kedwsdure occurs .
h porking ogéceal ghaneks B20s LIk Lalbyrsoabd Ipbe, dpgpCtad by an 0OCS
control | er and/or network management syst or é&anple, anda switch
command wi | | ibeledanspparedopbicalb channels BR 2002 308\0 9Bt 35

PCT/ US991031 942, 20d. §CGS : | | gﬁnp OCCS 902

w || cause O%{SCES 902 tpz}ai gg%nnect%ﬁ%r%%ﬁe?ﬂyﬁwyﬁb rolrIn]t rking
optical charfef% Boewhkaht bhepepehfaly Thinak Termivedren REFsparte optical ,
chgnnel s g 934r bys ppih@faa.ia @ﬁgﬂdéw@a tid ¢® ;EFI_QM %,g)arg?r}s_}iS lto DOLt 14

and port t.0_ port OoCCS as_sho in Fig. .S arly, the

swi t ch comm}h%‘P%%%t&e%go%C@”bbﬁhﬁtFT %%‘ifsc\é\gsodﬁr%ﬂ If%c%ﬁ‘éegorﬂ%’ect ports I,

2, and 3 of paE: U2 feopewbrki njnopeddadf chattelind 2k aml gaxrtlQ3optical ly
coupl e thos Set afgionL| chiannsl s -?@g Y S0P |y
- coupl i ng- pgé(%)@%qt%-g%?f -%%?-éiprgéjfEZ to poir%'fg : é)mtcﬁlgegrél%?et otoport 16 of
UCCS 904. SpeREORX i 8PN chahibed sSEDDHIER e XRAIUSHY WOIBUH a0 spare opti cal
chagnel s g&hg{gg¢$h spare optical, channels 930 IS and OCCSs 906 and 9US8.
Thus) spare optical chapnels 926, 930, and 934 provide an alternate data
traffic path that allons IR AP HAH SRl xde 330 e modd

bet ween- por tesrebt &4, atite® Df ©wAE D4 enbepar tiecdes sAr\arfbS oafcsLTE 942,

t hereby resto igg n k. whe Il ur ccurs Jn r.ki_.ng optica
channel s 92&J V\I/]ci)g]u %I %(gag\géppo r“én%ﬁo&gar{)nge}ls?nﬁs%q 7G5 \M%écglrit gi ven the
above descrigitdrorebf3@8 six fesponepticdihe ifiyglude prisgdertecamsent i on can be
usggl to creats, an %%i@ﬁ_&?é%ﬁéﬂ £l 3 WGHE Ni% 131AQSIdiieu@ o> ~ I nteger.
An N fiber ri'ng can_be built by using optical cross-connect sw tches having
at | east 3 NEottG&.d4d etV ansy LEREMmENY AF endofiqrg¥iadan N fi ber
ring provi desecbuleat tledéed®r € fd extidid | tapdriain AMdHaMgenet wor k, whi ch
islimted to foggﬂjf flpfrs . 30 Wile varlouiﬁgnbodlnents o the present

i nventi on ha&'9D dRATH T DR & AT TS HWEHY Be THIHT 58S hat t hey have
been presentraondpr wafy @ICExiaml haendaatedpgand atd @n.span falifl ure.under st ood

As discussed above, ring network 202
maintains the simplicity and fast switching of ring
networks implemented using ADMs. Furthermore, because
ring network 202 is integrated with mesh network 102,
the sharing of spare capacity between the networks is
30 facilitated. As an example, spare optical channels
304, 308, 312 of ring network 202 can easily be used as
backup paths by mesh network 102 in the event of a
failure in the mesh network. For example, assuming a
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11 SE' 2D02 W 99/4315 rCTNS99103103 those skilled in the rel evant] agEP 2007
that various changes in foam and detail may be nade therein vm'thou

. departin the spirit and scope of the invention as d Yoat he
foll ow ng“(gg%. Thus, the breadth and 5 scope of the pre é*’@? |nvent| on

should not be imted by any of the above-described exenplary enbodi nents)
but should be defined only in accordance with the follow ng cl ains and
their equivalents. -t 8 1 1 SEA 200Z What is clainmed is: 1. An optical
network including a first optical ring network within an optical nesh

network, conpaisupg: if zpéuhai:etvyo@lfc D@?'@@éufé OS%-6ORREEE S¥L1LALS
including fir nd thir | cal cross-connect switches; and a

c
plurality of€ W’R‘T‘ﬁ gggd WharR %B’H‘ég 1R heRHRl &S t -G hikr ERnPEes Bai d
plurality of tb@ttnaffmcoﬁsemoNnectBsmm chesréotédrthidegwpdccsal x mesh

net wor k, whe i cal, ri network includes.said firs
second, and %’%?p%ég%tléc crogj1 é hectP3wvk TTHESTY AfRER Nkl YBec é #east
thrée spare opLecas Eh‘aﬂﬁelspaV\he@mm@heclminmal dBB2. | east three spare

optical channels is shaigd g iy ihe DEsh ngtwo fﬁf&%% in t he event of
eas

a failure in the nesh network sal d one of 'sai r'ee spare opti cal
channel s car?%@8s dat aBt raf3pe Khib? BRFRPNSE ekP i faklhretoesdcramg at | east

t hree wor ki n C nel nd a
th 6ok g chponed s cubiosel s 2 vor ki, apyd ‘&%1 k e

spare optic channel are provided between e alr op |cal
cr oss- connect %Wt’c‘ﬁegmn ThePPT ¥ st ‘bﬁotlv'%%lj’?(?nﬂgs R T lmm\mlnecﬂ he first

optmcal ri ngtcﬁlqﬁd@tszldﬂﬁ|yﬂE35maﬂ$r$ﬁh asdEdl g sm ng<aeg{dq,(|atr¥; of use of
said spare o t| cal chan share%sw e mesh_ network such that said
spare optic r‘él?zla%‘? Y meéttibri®4d s &1 1th&d by the mesh
net wor k onl ycci:ﬂficjmr&tmxe stoown non fRIG Ures. sphard hwdd cadhayeieawr k of claim
1, whereint f| p. i furt caonprises. a are opti cal
channel rlngg,ﬁsal s%}grieég?%lf%a cﬂleﬁﬁ r|n ?%rﬁjrll?r’iﬂ”é&ltf"i% Y east
three spare b‘};ﬁlr@%ﬁhcfh%wls fﬁYTﬂealblp'tg (}mamtom:rllcadf qﬂaalrml‘ls, further
cofgprising g, ot 1 L8 m}g\q{é&vyglt]@ t}ﬂé mesh networKk.

er T St

4. The optical network of cgf al ein sal'd second opti cal
ri ng networ KEEHazes %o?ﬁﬁm‘—%mﬂt AMFifRsRiin spayer @f(fp{qmcyohannel is

shared bet wagihe ik id #1612 ENEHL AN ORI G g Rt WK Svek®
spare optical channel 312 so that mesh traffic will be
carried by spare optical channel 312 only when there
20 are no failures in ring network 202.

In addition to mesh network 102 being able to
utilize spare capacity in ring network 202, ring
network 202 can utilize spare capacity within mesh

"network 102. Ring networks constructed using ADMs are
25 not able to recover from more than one failure within
the ring. However, the network .design of the present
invention enables ring networks to recover from more
than one failure by utilizing spare capacity within the
mesh network. This is a powerful feature not found in
30 conventional optical ADM ring networks.

Fig. 6 illustrates an example failure
scenario where more than one failure has occurred
within ring network 202. 1In the example cof Fig. 6,
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"~ ~ sk~ zoo2 5. The optical network of claim11, further including nE\a}nSij M
utilizing spare capacity within the mesh network to recover from nor'e han

_one fail ug,eoaé/imé%n the first optical ring network. 6. An opé{./ﬁs,%%ﬂg%mrk,

conpri si ng: rality of optical cross-connect switches, TncC ng first,
second, and third optical cross-connect switches; a plurality of spare
optical channels, and a plurality of working optical channels, wherein said
plurality of optical cross-connect switches are optically coupled in a ring
configuration using said plurality of working optical channels and said
plurality of ttpare iptd cfdinhes et tswearcloddmie Nispase ot izdd <£hannel s and
N wor ki ng optji_cal s..ar i de n ch pair of_ad] acent

opti cal cross{aclg]hunrg%g%%\;q\ﬁy%% ecgccipé;loés/aalL oéjrqt&%sy\ﬁcgnf ?Igcurra SO I\froO ng an

i nteger greatmard Haran e therkbse fiv Miing &0 optiicsy trafy inetwidrk beand i n

t he event any_qf i rki ical I Vi _a first
pair of adj acse“ﬁttao-g%#ica %r%%%%%ﬁtﬁﬁﬁgﬁﬁg’%n&%%%ﬁ \éﬁﬁe]‘ for

carryi ng dat &a reffaWe Baikipl walpayt of afptlilald ) dss-reonmadticadil)ches are
swi tched to 'é@.gslt@d?l‘iv% st & tgafipe 3fj’40l’gl.&%,ﬂ;1,¥\8{ g channel s onto
said plurality of spare optical channels except sal spar e opti cal

channel s pr oGt Pet SWeHRes B 1 ik stlpand & ang &rane Gmbiicda) cross- connect

switches wher@ighatigl piaradady ofd opti calrHeaRs ey Wit ches are
switched to fqQrm N spare ogéé cal channel rings using said N spare optical
channel s pr oW %;E{V%]é?l P SRR PN “H‘fthgd] st "efmEdt 18<ss- connect

swiighes i n sinth Ydagy cadigur aif ATE B320THe @pdicall IRetcuudi«d & aim 6
wherein at | east two %f Ts%i%l ralit% of .ocoti cal crossconnect switches are
optically codifi*u % Coré or’ 4or e BPtdit &P s TR e P M ches t hat form
part of a nmestwinethwes B, &, The GptdrgdlD retdveplarsf ogitdical? chameredisn one of
said pluralit f r ti nn i D%rtqr j id sh net wor k
such that in E%dhs(e) es\sldéergll't eaoff)do'a ?g% I% |ﬁdps%arllez mséﬂe;@&%%%gasi rI%rie of said
plurality of *ar #htdialdih RIS ERAGIEY @ft Fastanetwoski didkating in

sai dsmesh netm ke Ribrk HowsF4PFik?. S 1AN bt iopal eeipik o fCORF | SiNng: a

PhiTa opti car e Rbe AL hd S rbar e aresain e TencRegD T
plurality of nepwos ldss-connect switches
Additionally, in the interest of brevity,
Fig. 2 only shows one ring network 202 configured
20 within mesh network 102. The present invention is not
intended to be so limited. Any arbitrary number of
rings can be configured within mesh network 102
according to the present invention, as would be
apparent to a person skilled in the.art given this
25 description. For example, using the same technique
described above to create a ring connecting nodes B, C,
»and D, a ring connecting nodes E, G, H, and I or K, I,
H, and J, can also be created. Additionally, if two
rings are created wherein the rings share a common
30 span, such as rings B-C-D and A-B-C-K, then the
opportunity to share a spare optical channel between

the two rings is presented.
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are optically coupled to one or nore optical cross-connect sw t chéd Sﬂaltﬂm
format of a mesh network; a plurality of spare optical channels, wherein
one of said ality of spare optical channels is shared fh6s Mesh
net work 3R FPD‘FK{;I in the event of a failure in said nesh ggrhv\%?i égsl d one
of said plurality of spare optical channels carries data traffic
originating in said nesh network; a plurality of working optical channels,
wherein said plurality of optical cross-connect switches are optically
coupled in a ring configuration using said plurality of working optical
channel s and said plurs¢ingted spave, ophe cabi cdlaimel of sawhoddhtiN spare

opti cal channgrL r(gigfl A ﬁn&@gté g{_rgi'lf e'ég@é eccprﬂdfléfjféeret ween each

pai r of adj ate Cr0sS-connec in sald rTng configuration,
N bei ng an ideteert friheeesthabhiero, nehwve}byby'ormmgvmg oballarering

netvor k, whey iii. 58] 6h OPELGR!: {00 SFRIRL K1 AOCLydBsmaanty fey) eséabl I shi ng

a priority of use said spare optica ed wth said nesh
net %or k suchotlex EasH. spateabbei éllllkh‘éﬁh%ﬁ%%r%!@wfﬁ% sa¥RPMesh net wor k

is utilized by spdngeshs et WpekiRal ¥aish, ther 6o ecdpefgilares in said
optical ring network; and in the event any_of said N working optical

channel s pr oseRRl Bt el AChingt tphie be @GF%EWFO%?C%‘Yl'é‘F}b’s%gconnect
swi tches ar es@ithaRad| tﬁ@teliognsmayséﬂddaéalté adbtEeaSahding Wedsty of

optical cross- connect SW_ { ches swWitc sai data traffic
from sai d woF§ ng’ chanfefi28hHeD %g}‘dsfﬁﬁgéﬁ“?t?h%fog%grg’%ﬁ?lc ¥ channel s
exqept sai d N3pasereppondinghaanetss pkovi deds bevmeesl ket d762 r st pair of

adj acent optic S t d ing an

opti cal netvvor%ikf(ﬁé? x%?%,e%ﬁ %%éég%g |-(]: ‘?y an rgg#%gtlé% ?1% of an ADM
ri ng networ kcempliioéf esef tHarepal @6 et ¢ | e easgcaned elalé@bﬁtgh owt h

characteri st%]fcacggsarnﬁéb NRENBEY 7@9”@61:3T12|E'8r£11?& Sk PO Pig opdB @l coupl ing

a plurality optical cross-conhect switches in a ring configuration using
a plurality f0 mo@ﬁ‘i:ﬁgl@bﬁréa?ec?lh?m%@E aPePhing LPEFF tgonErebke®e opti cal

chggnel s sucipj hgd @c@@aﬁe 24d ddtd mewbrik00z: Optdcal 1chargel and a

wor Ki ng optical channel rovi ded bet ween each pair of adjacent optical
Cross- connec‘?o‘é&?\}%’é‘hegc?% 5 Elr?}'%@rc'ﬁ%?lb%r%t‘ii% DehYeihi $95 ng data
traffic bet V\E@cﬂeﬁvimtﬁSﬁeﬁﬁbkafaBﬂulﬂéenﬁdD@étt@xhsCr 0sSs-connect switches

using said working optigal giapnel Loyl dleg betnerts sald gdset pair of

adj acent optical cross
configuration of OCCS B. As shown in Fig. 8, switching

20 table 710 incudes three columns. An event column 802,
an action column 804, and a comments column 806. The
event column contains network events to which OCCS B
responds. For each network event listed in the event
~column, -there is a corresponding switching -action that -

25 OCCS B performs in response to the event. These
switching actions are stored in the switching column
804.

For example, one network event shown in event

column B02 is the network initiation event. The

30 switching action that OCCS B performs in response to
this event is to switch port 1 with port 16, port 2
with port 10, port 3 with port 7, port 4 with port 5,
and port 8 with port 9, as shown in action column 804.

-14-



connect switches; optically coupling at | east two of said plurality Séf 2007
opti-cal cross-connect switches to one or nore optical cross-connect

swi t ches ‘B{ﬁé’“{'% m part of an optical nesh network; in theceaset/osas d
wor ki ng opti‘cal cthannel s provi ded between said first pair of adjacent
optical cross-connect switches is not available for transmtting data
traffic, transmtting said data traffic between said first pair of adjacent
optical cross-connect switches using said plurality of spare opti cal
channel s except said spare optical channel provided between said first pair
of adjacent B si@asuétogﬁ-@6Eﬁe&tpgmﬁ@§me§9 bhesswrYEhrRgngardtpPiral ity of

optical crosgzgopReckesWbiCRREMIALIASr O BsSPaEE PPingataeBanngl FignNg using
said plurality of spare ogtlcal chanpels. 11. The ne%EEd.of cg?bn110

further conpPi-si AGCLRETsEEENST SRAWR| Y BHENbf CRAPMN pf bf af Ft § spar e
optical changghs Wwuthevahd.nesh nesponkestshthhateventheaetéoh of a failure
in said nmesh _networ ai,d_one o i lural ity of spar pti.cal channels
carrtes datacPﬁHWPigogrééfﬁggfnécéﬁ ga?ﬂ ﬁ%gﬁo%%?ﬁﬁrgerZQ #kgﬁnethod of
claim 11 furpbet Gondissbngethepsrep8ofrest pbttshi ngnd pwibcht poot use of
said spare optica agnel ar ed. w I ch-t hat said
spare optica? gﬁakﬁgp ghargggﬁﬁ?hlggﬁgtﬁgggsggﬁ%o?ﬁﬁ?gégf?Fﬁggdggy said
mesh net wor k 0668y Bwiian threeweateofioaf Br Puseacencahi d prakhert §VeP twor ki ng

optical changgbgn 13 eVBAatMebhadnokog! 8kmu 1R, pf ypbhecucoaPehsl ngTEhe Step
of utilizing spare capacity within iﬁld mesh nefwor k tg recover fromnore
t hahlone fai EBRECWOPRLA2LaFBaPRRY dOAT FHUPSEi BRINL41SRIEPHEESFBF ®enabl i ng

an optical cepgicaQnrealy Rekwobkt 00par thehpsherts8pbass -aor angaesnfi guration
‘and a nesh configurati onpri.si he_steps of;. 2 1,1 SEA 2D02
provisioningsgaPiFE? Sggsog gnggnﬁ%c%ﬁep85Fi§a$r%To Q%koRnect switch to
support ringdisabhnertpr peirsi dnfngmapestohfl. sendoswpbehesi porhelopti cal
cross-connect, sy gch g %H_piﬁofnﬁnﬂﬁx?hrﬂﬁﬁf EéEwSPlgn%ﬁ' E? 58"1%85. ports in to a
first working optical "channel ; connecting second port fromsaid first set
to &first spaierdpyi exerchhgnspareofRaePrhg Bhahi FEMPBLEef EBM said first

set to a secoigd worlging epihgakrehaBsetheCOBALLELPLL BohOYEt beperk from said
first set to.a sgcond sparg gaélcal channel ; connecting a fifth port from
e

said first séft theacVepst© PkBnBBRR EBhnecting a sixth port from said
first set to a second getwookCgodéthsm mebhngesaodkfLl@2hiport to said first

port, wherein_.a ical :signal.,,t 1t r i LI node is
ransm tred SSeooaarady ribpIdoriscnsty; tap1e aquipatent Bk REoLhg Srxth
por20to sai dshliwnd ipoFig.wBer eBAMBAYOBYi EBANGLBAalNer GABRPREEIOfr om sai d

second net WOk .NQ48 tieh ihEaReBiL ke dnaht 01885 0wEeEOAINBRKLBEWORK ¢ab

channel ; and , . ) L

can be formed without incurring a significant amount of

network downtime and without provisioning new hardware.
Another advantage to implementing rings using

25 optical cross-connect switches is that it enables one
to implement rings of arbitrary depth and to scale the
size of the rings as needed. Rings built using ADMs
are limited to four fibers. Consequently, when traffic
is increased such that a four fiber ring is

30 insufficient to handle the increase, a new ring must be
created. With the present invention, however, an N
fiber ring can be built by using optical cross-connect

switches having at last 3N ports. The ability to
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" switching said second port to said fourth port, thereby connecting said
first spare optical channel to said second spare optical channel. 1511T3& 200
_'method of yg) J@ 134, further conprising the step of switchipgernssvomsfonfth
port to said fourth port in the event of a failure in said first working
optical channel. 23 .AFr. A .A3. AY. A AE. AU3. A. A A A
.AAF.Ah.A.AF?.A.A,.A.A@R.AAe.A,{?.A@hR.ASR
*+|9AMM7KL{qugb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c*a]cta]cRajc(alf m'/ijqg x
bi vx: —zupkfapmpé&p@aFtaPcy]éapea]€aPGapcaY¢dPsaFcaUPaa]dahdahoakca]ca]ca]ca
] ca] ca] ca] ca Uheal aal C 1
12FC§mmnhcAYF?gz?%g?%gzga]ca]gg %gy é% ggfgé }éa]%ﬂ{ﬁﬁl’ﬁ1 ?caicgfcflca]ca]ca]
ca] ca] ca] ca] &5] E8PEaltd Eé]caﬁéaFEQFééCGE the ring can simply
LEXEYT Ul p" W' growl Wi sheg] %L}:ﬁayhca]agabg keal ea] HQLQELCELCELEQ]&CQLCa] ca] ca] ca

cal] ca] cal] cal ca ca] ca] ca! I#J#\# #H## $ $p3
jcalga sl calerleal cal el el eal o catcal el ol Cal bRl TR

a]ca]ca]ca]ca¥ca]ca]cakmak&ahpa%ffbug]ﬁahﬁibﬁﬁ%ﬁg%ga]g%ﬁgaboa]E?]Sséca}ca}c
a] ca] ca] cal c u a\Wca]calc
a}ca{ﬂcg]cg]c L%%gf?gjca]ggfc % ég]%é%cgﬁﬁeg]% 25*5% 5%%2 Ba]ca]ca]ca]
C&]C&]C&]C&]E&FC&PC&'AG shown in Fig. 9, four OCCSs 902, 904, 90
; 8<9<$=+=83h3-358> a2k @BCAEBy B@@@CE?SFE%'? | & Lgb éL sekcapeal cg %a] ca] c&al
ca] ]ca]ca]czlcg% ]ca]ca ca cal ca] ca] ca caLﬂca cal ca ca% caJ ca] ca] ca
] ca! I | JJJJ PKKFERLECRIVIE %IE; QXPS¥S&U+ B0PVLsa] ca] ca] ca
] cal] ca] ca] cabkaahaa]ycabq ]L@a] e ced:sai 04 JrsT%] enteal ﬁalﬁﬁﬂ\g%ﬁeleahca] cal] ca
] ca] cal] ca] cal ca! 5 E é NNNNNZ bbbbcccc} L bl X]]ca]calc
a]ca]ca]ca]c&%éﬁfvﬁ¥f§¥ g ]Eﬁ]EBTE%]EBTE%]%%}%%EEC% %%T% ?Ea]ca]ca]ca]
ca] ca] cal] calnahcaidlecmennelq’ ggg§hﬁmkkkklé¢tieﬂ#ﬂﬁﬂﬁb@ppﬂ&@tévqt?b]?]]fa]f
calc calJca]ca
c °a]c§?]c§?]c2?13§?%2£1“8?%?ﬁé Bk B R ST R e pgeriet
~8 3~g| wr thehaRnpég] 8&11ea] @féﬂi&a?%] t&]@@}t@ékh&]’c@@@bﬁ}@a@@a@@@?ca] ca] ca] ca

] ca] ca] ca] capogl 63l watkead capestsn] SRALAI LR 9 HI6ELE ~5 giYl]]ca]ca
ca] ca]ca]ca] ca]ca ca]ca%ca]ca cagca]ca]ca ca]ca]ca]ca ca c ca]ca]ca]ca]
ca]ca]caU]caf % OCCs 906 1is optically coupled to O

NI L* 9m&8= Iwmhs“h’ﬂ ivsaks:ﬂ&caﬂ:@ﬁd:sa]@@dm@dp@]m cﬂ&a&@}@a&}sﬁiéﬂcal cajcajc
a) ] ca] ca] caj c é !)ca] ﬁb% &Ilcav]lca] calca *+s >!

X y)10%.L& (§ ?? ¢§wWoTiRy )&rﬁ%&?‘f(}tclﬁiﬁ(t@w&m&& ()-
7Z)ﬁ]})ﬁé0‘(ﬁh?@& éﬂ])-aiéaopty:).d@%dﬂ.@al(ﬁel &M%gi@%ﬁﬁ;fsﬁ% sl%arelo @

X 109 < < <

ASOh ()- IDQ%L%?S%% g)(%%% 9&%1 5/%) i A bl p& ()-2! " &$10%: ()-Z
ZX6PE: 11595109 ) & () - BRARDSIOWITK & G0 - oS Yerfud ®a Y 9n 31155951098 3( & () -
3! X L&I1OYB( 8t &ng) nbrdO¥K &6 1 Y wibd9Woes i MY Securs in ring

network 900, working traffic is switched onto a spare
25 path in the opposite direction to avoid the failure
(see Fig. 10). Fig. 10 illustrates an example failure
Scenario for ring network 900. Data traffic between
ports 4, 5, 6, and LTE 940 and ports 1, 2, 3 of LTE 942
is normally carried over working optical channels 920
30 (see Fig. 7). When a failure occurs in working optical
channels 920, this failure will be detected by an OCCS
controller and/or network management system, for
example, and a switch command will be transmitted to
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& ()-,!yoMb10%rxYx&' () -, ghivngE: 10(y9 1

_ 117 &9Z( 1006 do)3fds! 3 &9Z(10% 1 & () -3.! &9Z(10%ssé&’ () - 3. &10% & (999/03168%6 U&' ()
- 10( 10( UWA4E: "10(! p° &9Z(10%& () - 3. \

‘&92(10%M&f() 3. 0"&92(10%KK&T()-3.!~&92(10%&f()-3.!‘&92(10%&f()-3.!( &97( 1

0% -& ()-3. UYZ[\iuWw_=0(!p !y "$109%& ()-,"10% u& ()-!~

10%iu& ()-' Yml0% u& ()- 10-u 10-u 10-uy" 9

10% u& ()-WLla(wud~ =0!, """ $10% u- u& () - “$10%uu& () - " $10%uu& () -,

p $10% ! & ()QCAs: 31 G OCC3 194¢.$1 &‘V(l)bchO{:bmlahéIMt()to&W ()-

100w 10U, 10:08 WPEMEdeq focC SMUE QracfinaRIOUIEY () .0 11O 'L

(109 ()-!'!'X L (10%uu& ( 109%& BN

(10%& ()-!s! L /@éo()inpm war\kt;@p\ cmtm;a (r@&n(n)ells @2@1@97@ WO&' ()-lla L (10%

& ()-11°L (1Q@El%iﬁryfﬂﬁﬁpjé“¥ﬁ%d9 f%s to spare optical channels

(1OQQU&T()-I Lg4 by optfé£¥ly coupllng port 4 to port 15, port 5 to

port 14 and port 6 to port 13 of 0CCS 9(02. as shown in

Fig. 10. Similarly, the switch command sent to 0OCCS

904 will cause OCCS 904 to disconnect ports 1, 2, and 3

of LTE 942 from working optical channels 920 and to

10 optically couple those ports to spare optical channels
926 by -optically -coupling-port 1-to port 18, pért 2 to
port 17, and port 3 to port 16 of OCCS 904. Spare
optical channels 926 are optically coupled to spare
optical channels 934 through spare optical channels 930

15 and OCCSs 906 and 908. Thus, spare optical channels
926, 930, and 934 provide an alternate data traffic
path that allows optical data signals to be transmitted
between ports 4, 5, and 6 of LTE %940 and ports 1, 2,
and 3 of LTE 8942, thereby restoring the network when a

20 failure occurs in working optical channels 920.

As would be apparent to a person skilled in
the art given the above description of a six fiber
optical ring, the present invention can be used to
create an N fiber optical ring, where N is a positive

25 integer. An N fiber ring can be built by using optical
cross-connect switches having at least 3 N ports. As
stated above, the ability to configure an N fiber ring
provides a great deal more flexibility than an ADM ring
network, which is limited to four fibers.

30 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
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109%8&' ()-! X' SIFL0BGm 88 Jdetail may be made therein without
departing from the spirit andg Scope of the invention as
defined by the following claims. Thus, the breadth and
5 scope of the present invention shoulgd not be limited by
any of the above-described exemplary embodiments, but

should be defined only in accordance with the following
claims and their equivalentg.
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a plurality of optical cross-connect switches including first, second, and third optical

cross-connect switches; and

a plurality of working and spare optical channels to interconnect said plurality of optical
cross-connect switches to form the optical mesh network, wherein the first optical ring network
includes said first, second, and third optical cross-connect switches, and includes at least three
spare optical channels, wherein one of said at least three spare optical channels is shared with the
mesh network such that in the event of a failure in the mesh network said one of said at least
three spare optical channels carries data traffic that originated in mesh network, and at least three
working optical channels, wherein a working optical channel and a spare optic channel are
provided between each pair of adjacent optical cross-connect switches in the first optical ring
network, wherein the first optical ring network includes means for establishing a priority of use
of said spare optical channel shared with the mesh network such that said spare optical channel

shared with the mesh network is utilized by the mesh network only if there are no ring failures.

2. The optical network of claim 1, wherein the first optical ring network further comprises a
spare optical channel ring, said spare optical channel ring comprising said at least three spare

optical channels.

3. The optical network of claim 1, further comprising a second optical ring network within

the optical mesh network.
4. The optical network of claim 3, wherein said first and second optical ring networks have

a common span, and wherein a spare optical channel is shared between said first and second

optical ring networks.
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said plurality of optical cross-connect switches are optically coupled in a ring
configuration using said plurality of working optical channels and said plurality of spare optical
channels such that N spare optical channels and N working optical channels are provided
between each pair of adjacent optical cross-connect switches in said ring configuration, N being
an integer greater than two, thereby forming an optical ring network, and in the event any of said
N working optical channels provided between a first pair of adjacent optical cross-connect
switches are not available for carrying data traffic said plurality of optical cross-connect switches
are switched to loop-back said data traffic from said working channels onto said plurality of
spare optical channels except said N spare optical channels provided between said first pair of
adjacent optical cross-connect switches wherein said plurality of optical cross-connect switches
are switched to form N spare optical channel rings using said N spare optical channels provided

between said each pair of adjacent optical cross-connect switches in said ring configuration.

7. The optical network of claim 6 wherein at least two of said plurality of optical cross-
connect switches are optically coupled to one or more optical cross-connect switches that form

part of a mesh network.
8. The optical network of claim 7, wherein one of said plurality of spare optical channels is

shared with said mesh network such that in the event of a failure in said mesh network said one

of said plurality of spare optical channels carries data traffic originating in said mesh network.
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cross-connect switches, wherein at least two of said plurality of optical cross-connect switches
are optically coupled to one or more optical cross-connect switches that format of a mesh
network;

a plurality of spare optical channels, wherein one of said plurality of spare optical
channels is shared with said mesh network such that in the event of a failure in said mesh
network said one of said plurality of spare optical channels carries data traffic originating in said
mesh network;

a plurality of working optical channels, wherein said plurality of optical cross-connect
switches are optically coupled in a ring configuration using said plurality of working optical
channels and said plurality of spare optical channels such that N spare optical channels and N
working optical channels are provided between each pair of adjacent optical cross-connect
switches in said ring configuration, N being an integer greater than zero, thereby forming an
optical ring network, wherein said optical ring network includes means for establishing a priority
of use of said sparé optical channel shared with said mesh network such that said spare optical
channel shared with said mesh network is utilized by said mesh network only when there are no
failures in said optical ring network; and

in the event any of said N working optical channels provided between a first pair of
adjacent optical cross-connect switches are not available for carrying data traffic, said plurality
of optical cross-connect switches are switched to loop-back said data traffic from said working
channels onto said plurality of spare optical channels except said N spare optical channels

provided between said first pair of adjacent optical cross-connect switches.

10. A method for creating an optical network that exhibits the simplicity and fast switching
of an ADM ring network and offers the spare efficiency and ease of growth characteristics of a
mesh network, comprising the steps of:

optical coupling a plurality of optical cross-connect switches in a ring configuration using

a plurality of working optical channels and a plurality of spare optical channels such that a spare
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using said working opt1ca1 channel provided between said first pair of adjacent optical cross-
connect switches;
optically coupling at least two of said plurality of optical cross-connect switches to one or
more optical cross-connect switches that form part of an optical mesh network;
in the event said working optical channels provided between said first pair of adjacent
optical cross-connect switches is not available for transmitting data traffic, transmitting said data
traffic between said first pair of adjacent optical cross-connect switches using said plurality of
spare optical channels except said spare optical channel provided between said first pair of
adjacent optical cross-connect switches; and
switching said plurality of optical cross-connect switches to form a spare optical channel
ring using said plurality of spare optical channels.
11.  The method of claim 10 further comprising the step of sharing one of said plurality of
spare optical channels with said mesh network such that in the event of a failure in said mesh
network said one of said plurality of spare optical channels carries data traffic originating in said

mesh network.

12.  The method of claim 11 further comprising the step of establishing a priority of use of
said spare optical channel shared with said mesh network such that said spare optical channel
shared with said mesh network is utilized by said mesh network only when there are no failures

in said plurality of working optical channels.

13.  The method of claim 10, further comprising the step of utilizing spare capacity within

said mesh network to recover from more than one failure within said ring configuration.

14. A method for enabling an optical cross-connect switch to participate in both a ring

configuration and a mesh configuration, comprising the steps of:
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connecting a set ports in to a first working optical channel;

connecting second port from said first set to a first spare optical channel,

connecting a third port from said first set to a second working optical channel,

connecting a fourth port from said first set to a second spare optical channel,;

connecting a fifth port from said first set to a first network node;

connecting a sixth port from said first set to a second network node;

switching said fifth port to said first port, wherein an optical signal transmitted from said
first network node is transmitted onto said first working optical channel,;

switching said sixth port to said third port, wherein an optical signal transmitted from
said second network node is transmitted onto said second working optical channel; and

switching said second port to said fourth port, thereby connecting said first spare optical

channel to said second spare optical channel.

15.  The method of claim 14, further comprising the step of switching said fifth port to said

fourth port in the event of a failure in said first working optical channel.
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