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' present invention relates general | m\mm tic networks. Today's'Z AUG00
t el econmuni cati on networ ks enpl oy XM\“‘N \ els to carry traffic between
nodes. Flo9d3tgoa di agram of a portion;gh+a tel ecommuni capisogbomes K.

FIG 1 shows optical channel 108 connecting node A with node E, optical
channel 116 connecting node A with node D, optical channel 118 connecting
node B with node C) and optical channel 126 connecting node C with node D.

Each end of an optical channel is term nated by an opto-electronic |line
term nating equi pnent (LTE) or an optical linear termnal (LT) (e. g., an

Optical Channel -48 point-to-point line term nating equipnment) for
converting and nultiplexiﬁ%l6kéQ¥¥ﬂéﬁiigﬂ§$§ﬂslﬂﬁﬂgﬁgh optical signal for
transm ssi on over an optical channel and for converting a received optical

[ | int | ectrical,,si |s for.t t th i cal ti
of “the t 6l ecommuni cati DS METSRY k. EOP EanDF oLt [ PheRF COPAMRGIoLG 15

connect ed t o Urer et b mptwewks channel 108 and linear terminal 112 is

connected to the otherpgagd, of optéeshmehannel od08erkboRar chphinal 106
receives electrical signals fromelectrical digital cross-connéct swtch

(DXC) 102 arRPt}&wsforaBNehoskO sFyhaY stratbiepPrEyresi BRIPS -f o 1G.
tfanSFiS?iOﬁlOygfaO?ié@ﬁémeﬁnggboﬁgﬁenLbﬂ?érté@éﬂbﬂﬁhnlé&tﬁ%&e!VeslOpLiCE|
Sl al s romoptical c ne and transforns tho optical signals ac
tolhe’ el cottfRup ot L ShSuEaSatSERE' SptRepl78is Berrassanores vihen
there is a bfied& Arnwathopbiieab, cbphhed] thenhébeal 6t eonhealtdngomeerd ed to
t he opti cal I ect . n il I l.oss, of signa
condi tion, fgrégggn%sgé ﬁboéggé§ggt?ﬁénééghg%gepxg§ggﬁhﬁgegop%b%iinear
term nal s sewdth hadéufe fndientienlt shanpelwbek Aanagemdng Systeerd (not

shown). The petmorkgaapagenent systemthen directs DXCs 102, 110, 122, and
130 to re-route traffic to restore the network, 10 A problemw th using
el éetrical digital cro%8SBoRREcPis@Pt PRESCRY FB2PBELe 16 MAAMENHSGT t he

networ k expepieafiespad-epttegbntbannak tarhinatisgt Bgusphsimant jiate)amount of
time it takegrtgnp8£ gégit %ngngggng%%HOQiEBOQé.g., an Optical
Channel-48 point-to-point line terminating equipment)
for converting and multiplexing electrical signals into
20 an optical signal for transmission over an optical
channel and for converting a received optical signal
into electrical signals for transport over the non-
optical portions of the telecommunications network.
For example, linear terminal 106 is connected
25 to one end of optical channel 108 and linear terminal
112 is connected to the other end of optical channel
108. Linear terminal 106 receives electrical signals
from electrical digital cross-connect switch (DXC) 102
and transforms those signals into optical signals for
30 transmission over optical channel 108. Linear terminal
112 receives optical signals from optical channel 108
and transforms those optical signals back to the
electrical domain.
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“', 1~ One solution is to replace the linear termnals wth add-drop
mul tipl exers (ADVs) and create a conventional optical ring network, Suchiagn
.a bidirectional line switched ring tBLSR). This approach reduces the anount
of tirrel to performnetwork 20 restoration to the i) l.second
range (appr ox%sma?el y). However) this approach is expensi vejpg:g-(/:lggt?g)tgbﬁ%\/ls
must be purchased to replace the linear termnals. A network design is
needed that can quickly 25 recover froman optical channel failure wthout
requiring repl acenent ar_ter nt, [ ent| on
provi des a self-heali né"%lgtl ca ]an’é w%r gi\ll %n Pl ne r%it%er mcngl R o‘ptl cally
coupl ed to dpte calnesant tu:éwmgiwhstso(lmsed v\,helteet bet3Cadptthealinedw t chi ng
units are cofuect.ed c at.|,0 t ar-at ccurs
entirely in C{%}:eecé)tpt |Hcée1ll&d£o¢r€igln P?%ie?g%ygg Sen P‘i thgo% I 3:} O%%d%cfl r?lg%rage
restoration adndition, 1fQr AKamDbe. WIDON3 @AQCP@IQUSQWI@@IT@Q The

sel §- heal i ng: Oplii£Al N8 WO ke AECOESHIHATE 8ehiar 3t FABATBRLS10fa i, Present
invention carries traffic between first and second optical_ | I near

termnal s. TH® hetSo¥RF MERRRBE™E pI &Y SFPRy BPtoﬁf‘P&’&I) ‘5 W% ching units,
i ncl udi ng finstwoseamnsthganent hsydtept thah amte@hlsn@xam t1o2,andog plurality

of spare Opti%?| chél toa{-]g V\? k{:ggfgg ; %I Y%h%gg The plurality of
€

optical switchihg units are optrca ycoup °n Ta oo |gurat|on usi ng
the plurali tlyemworlu spare optical channels) such that a spare opti cal

chagnel is provided beﬁ"‘ﬁ?&’%ﬁ@ﬁhwﬁﬂhrqu:.nadle‘i%%’Etrl%%tl' Qﬂ ;tlvglt ching units

inthe ring configuration first optical linear term™n Is optically
coupl ed to tHECSBcePRNOPE| eul tFhABaLOL éﬁmrl%lltet KrGddh Ca vhiarstthsai r of

adj acent opthgealosmi éﬁﬁé“geﬂaéksaﬁnQp‘t'i'@awoE:Ha'?xgxeqptf'a(i@'u*@%@edhé)r in the
event said workin t| cal channﬁ IS not avail abl e, through the plurality
e

of opti cal SW?%E‘?‘% Yhi B8CURE Phe SpMEr Alti ¢ PP TG fin% hannel s
except the spateooptireatochanoal. ~U provi ded between the first pair of

adj gcent optical sw tCBhQ%thEionBX og_gal %l |a\éecq__l.lljp| i g td he first optical

| inéar termnal to the sécon tical I'i'néar termmna e‘tlcal signal s can
be transmitted-hipalsheifhr stidopltrno@amwlmne‘—elren@:ran H*éJMEt)o &trhb seeorel opti cal

25 linear tegpmpalenfhBnaRt bpak caw tﬁlﬁ'gn%étméﬁx,c%ép swgched to forma
spare ring path using the spare optical channels. The first |inear

termnal, upBhSERSFAGREL élllnf‘rr é%tﬂﬂeﬁi IS kiFeFRat h Tt 2RRIFRRER t he
first 30 |ineagutesnthal amouhlte cfecdned liithamkdLris nid s £ SN Ase Bwehak a

nmessage i ndi cat ptr%l ca lht B_%Q)n 1lf1a1's| ure to_an adjacent OSU.
Sintlarly, thE& §8g8ﬁdopl Sar M nal™ “sends af“%a’taa“grfessage i ndi cating an
opti cal chanrdebrfraxkimegefly)an adjiwecsmn, @u.s Urproadei v§ nexpefiaivare -3 1
2 Ali S ?70~? LME-98L3FBHR must be purchased to replace the linear
terminals.
A network design is needed that can guickly
25 recover from an optical channel failure without
requiring replacement of he linear terminals.
The present invention provides a self-healing
optical network having linear terminals optically
coupled to optical switching units (08Us), where the
30 optical switching units are connected in a ring
configuration. Network restoration occurs entirely in
the optical domain, thereby significantly reducing the
restoration time.



4" PCT/1) S99/ (1U769 indication, the OSU adjacent to the first linear el nt

swtches traffic fromthe first linear termnal onto the spare ring 325%57002

. The OSU adj acent to the second linear term nal also switches traffic from
the spar e“[ddgg.,p th to the second linear termnal. In this Yusob/ifres Par €
ring path isused as an alternate path for carrying traffic between the
first and second |linear term nals. Another enbodi nent of the invention
includes 1() first and second optical networks. A first optical swtching
unit is coupled to the first f d sgcond opt i Cﬁlﬂ mgtwog,ks. A second opti cal
switching unit is al solopt?eat Ye2ouPF eGPd CEhe "FFMEL FaRG S JRt i cal
networks. A spgiesopinsadimdannef theopresahky icoepltédnlzahetiween the first
and second optical switching.units h Lrst 1 cal i t.ching unit
optically coﬁ‘fﬁ%@l%i&?%we?’ﬁefh ?stag;dr §8%8?%§ 8&%5%? r%\tgv‘\a&?{: to the spare
optical channetmiepksndi Nfhennahwehkopnirdaleseawpikriadd tax ger icaiceth la

failure. SIMLaELyindNensecond,ophigal 29r8W t SliAgNn LRG|y coupl es
either the first or Second optical nefwork to the spare optical channel
dependi ng oncRkiedal opvi EaNingt WBtkShadnexfePledédd ty ©fi ISR e In this
nmanner, the ;é;@@ieapp&hgahegbanaﬁh bSwehaned Ryttike1f iohsinrand semand opti cal
network. ?5 Further features, and advani}gges of, the present lnvention, as
wel | as the BtPEREHFE SRdOBpEFELi SHAIGFMNRF S0 FEnisd MBS Y he present

i nvention, ateugtsarihed randetank ijelrawiwnt hnsriefgenérec e ttur dlhiecvacebnpanyi ng
draw ngs. 30_The_a . yi raw n [ re._incor at.ed herein and
fo?] part of SPﬁgeséégﬁgga Bgﬁgeﬁg'ugtﬁFgﬂﬂ%ﬁe%pggger}%t OBj(rjle\’/lzér]ell on and,

t oget her wit hhehsedeser pppivédedf bethWeenseard @ igxgfaiaditawerpri nci pl es of

-4~ Z AUuoé%aaY\Os%%éﬁ%% RISy Q@%f ir%r%ﬁ%d' Qi and teyenable a
person skilled in the pertinént art to nake and use the invention. Fig. 1
i | lustrates &1p6kt PBR16R1aEEREZOMPTIEA oifs ARIMGTILY FRRED §¢ | ustrates
a L irst | e”bgﬂhlﬁflé’écahdao@Q'ifcaheahln:&rOFttdr(ﬁaﬂna{letwdﬁq}p%f at i g :t:SlaIl@r nal
node. Flg. [ strates an.oSTica.cross-con. ect_ switch controller. Figs.
4A Bhd 4B || PhsPrARE R CEHE  ANEETO%SEN by T ATSVONTOl | ers. Fi g
5 il lustrat espaipndcetanacloorhedn ngrearewaptt cedidhetawting FPpti&l
illustrates the fifst eir.%(%di rltla%het hed,ﬁ,]ec%,j sheald noh @Rt i £@l, Het work
operating in a .alel ures. nfg;ga. Fig." 71 ugstrat esr}?la seco?n%l enbodi ment of
the sel f - healPtg cept ispeit Adinforiai e AndB §1e RYWER 5S4 ¢hi FBREfbOdI ment  of
the sel f-healggig @nt iGRInAElVEcept0 trid . sdhtéd | sist i@ ESchgngonfi guration
of %)tl cal network 80% when a failure occurs bgt en nodes @ ang B.
2 provided between the first pair of adjacent optilca
switching units. By optionally coupling the first
optical linear terminal to the second optical linear
terminal, optical signals can be transmitted from the
first optical linear terminal to the second optical
25 linear terminal.
The optical switching units can be switched
to form a spare ring path using the spare optical
channels. The first linear terminal, upon sensing a
failure within a working path that connects the first
30 linear terminal to the second linear terminal, sends a
data message indicating an optical channel failure to
an adjacent 0OSU. Similarly, the second linear terminal
sends a data message indicating an optical channel

failure to an adjacent 0OSU. Upon receiving a failure

3.



.Fig. 10 illustrates the configuration of the optical network 800 when a
fai lure occurs between nodes 25 B and C . The present invention is 17 A§52007
.described with reference to the acconpanying drawi ngs. In the draw ngs,

like refe 1girbers indicate identical or functionally siu ment s.
Addi ti onalr\f@ygﬁt he left 30 nost digits) of a reference nunbe‘tcnell ‘%Ir?f"?#(’?es t he

drawi ng in which the reference nunber first appears. To nore clearly
delineate the present invention, an effort is made throughout the -5 a’

. ?n~7 wo 99+3~ua9 i.c~rius~~qoz~~~.specification to adhere to the foll ow ng
term defi ni ti189§c§§l@6lnsi%§iee%% SN b‘?%.t%eéltré%h fbrb??{:al channel , "
"channel , " ardeeguity @waitcheshermsoifiq efeom tthanfitsypel Dieapt temhihank for
transporti ngo?x;g?ﬁggﬁlec@pasr@_@ilrﬁ)eﬁm‘n tm%@tédj ér@gn.prggeglt,el nventi on

provi des a se I ng optical network re network restoration occurs

entirely in ef€oHst ilddieadoned N itHer@hiP sTghi Fieant T2 §f i edbiePRgthfe anount
of time it takesd aimy e d dHafdécondheised f -heahingl opt igakhnet wor k
i ncl udes |inear tetrm' nal s optical I% cougl ed %o opt.i ca:I’ switchin Bni ts,
where the optidal WUl (Y UHIY SLFE HONREEt 6t I3 cat FRE CoRT PRaFati on.
The present ifmremamyirsy desciibedetwesn leheximpée @mdi senordt consi sting

of four netwgrk nqdes,.Descyd ption of the invention in this environnment is
provi ded for "convenience only and is not intended to be limting. After

readi ng the foll owi ng deteibed erREIPerbnoli thei IRveREdAR APPAHERS to a

perspn 20 skidilred ighd heedeh@vapti@dl hevwdoks Mol EnEDEsthgpth¥gntion in
alternative envirqnnents 1 hat consi% 011; a_rl ng.co figgrati on_.having an
arbitrary numSBr-THIRWMK PORRIPEFG O HfusiTated™d 88FPfeal i ng
optical 25 neiptorda200e@ecorsi Nn(A tveaofidrept eobbdswenthohgt heipr ésent
invention. T ti.cal N : as. ko e ) C, D?.
Each node incqusggsdﬁocﬁ%\gé&f%?%aﬂﬁs.tﬁé&a(l:lg??g:g?%y,géﬁggg ipigﬁ\glal?des

| i near term m@EYOOYs and® 1882 QodRt BcahcFidgRBel | heaPPBOCARAH FAMND1EE2 and

11435Node C imodwitas thdepirier shaatecdrnl apdidaB. shpdenPnynehydes |inear
termnals 120 and_124. Provi ded, at. each node is. an_optical sw tching unit
(OSU) Speci fiCHt I 5T Hod@ I FALI BHLECRERI 4RIt gPtigadly couples o
either the first or second optical network to the spare
optical channel depending on which optical network has
experienced a failure. Similarly, the second optical
20 switching unit optically couples either the first or
second optical network to the spare optical channel
depending on which optical network has experienced a
failure. In this manner, the spare optical channel is
shared by the first and second optical network.
25 Further features and advantages of the
present invention, as well as the structure and
operation of various embodiments of the present
invention, are described in detail below with reference
to the accompanying drawings.
30 The accompanying drawings, which are
incorporated herein and form part of the specification,
illustrate the present invention and, together with the

description, further serve to explain the principles of
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w~') ~l 3~oa~ PCTI US991UU7G ) node B includes OSU 216, node C includes @9 AU57007
232, and node D includes OSU 226. Each OSU i ncl udes an opti cal
cross-connect switch (OCCS) coupled to an OCCS controller. In one
enbodi nmenf, @’CS and an OCCS 5 controller formone inte In
anot her eng %9rrent an OCCS and an OCCS controll er exist a%?usb’ﬁbo% ate
units. An OCCS is a device that can switch optical paths between a
plurality of optical ports. In one I() exanple any one of the plurality of

port & i {1 e e FRr A ol rEMEFE S05er 98, o531 188, 8n 8 rect th
ports withirf 0 r ;and irec e
swi t chi ng ofpdX3GSh&}itl, a2d 7to Zﬁ&ana{nQﬂEe15heesp€enit\izehy) For exanpl e,
OCCS control ler 209) 2 2%1-1gﬁlgtggge§egd ggglgﬁcglfvg status and switch
commands to and from 3 an8 respectively. Exanples of
status and sz%CPPl@Wﬁmfsl@%%I%GéW@‘éhpl i ng and decoupling conmands. A port

20 goupling comand capses 9%9@&&@@&@%%&1 arRbbeahlentceuple a first
port of the OCCS to a, secon ort decou I|n comand

Pouses an OES oS at Hrhar by Bpt | BRFIG: HeCBERRE Bor s CRgrL. Gl Gocs
froma second port of rh@ ECH1125traGes3ansoptdicadr amoisls -ustireddtng a nore
detail ed view of coptygller 209. OCCS controllers 215, 231, and 225
have the san® ton |gura fon-as OCCS controller 209 and are therefore not
shown. OCCS control | erFRO9. i 48] atds48 dyduerrprecsviachdom tadritasol 30

| ogjjc 304 to %gdeggcyggdoégssgghg%@&gggssor 302, nenory 306 for storing
swi tching talE‘) Interface 310 for coupl ing OCCS controller 209 to
OCCS 211, and data nethdfk PnielbAEEa8eS PoPTOSHSINILey fOBCHaditiDlater 209
to a conmuni ggti el chanwerk. 12 p~ G2~~2 wo 99~370a9 1' CT/US991007&® As
shown in FIG 2, each OCCS 211, 217, 233, 7 1.S opt y coupled to
respective adjacent |ih&dr %eﬁprllHilt§atI§5'r t(%}@arf'pll ret 56&%‘33‘1 @eof OCCS
211 are optienkl yetdupkallihg bbreanlt erenwaalks o4 aanicqgl G aref&memxre/el y.
Por]t 2 and 3 f OCCS 217 are optically coupled to linear termnals 112 and
114, respectlv Fy Ports 3 and 4 of OCCS 233 are optically coupled to
linear terninals 126 afdgl28, ildgségtitesl y semans! Rrbwl Gneit QOCS 1227 are

optically co e herbia 20 and 124, respectively. OCCS
211, 217, 23%8@29%%%%&% P gélglay} élO@l}pl erc)icll n aring configuration. There is

a wor ki ng opti cal chanﬁélg (W) idhgssgatesoR itdalrErmrdina)t opf i edely

coupl ed bet \/vg%@feg@al%gsop%g%glf ieWapk wor ki ng 15 optical channel 212 is
optically coupled betweén port O OCCS 211 and port 1 of OCCS 217. Spare
opt#&al channel 214 |sFé[9t| @al%l}%'ﬁf BetSeiP P Tt 1P s 211 and
port 6 of OCG@taJ;h Wolthkior¢t U0 aalerchanel 11224 o Scopd | sat et ohpl ed

bet ween port gCCS 217 and ?0 port 2 of OCCS 233. Spare optical channel
222 is opti cﬁ‘lly Upl ed between port 5 of OCCS 217 and port 1 of OCCS 233.
Wor ki ng optical channelFiz30 ild optlivwsttatepuphedcdet igena poer 6f ofh€CCS 233
and port 4 of, 5%12% tv%lekr & AP bbb &h@@fﬁhr@%e@rg%ée\%gﬂ feyeked 25
bet ween port 33 and port 3 of ) ki ng optical channel
21829s opti cd 13p%Supl ed bet ween port 1 of OCCS 227 and port 6 of OCCS 211.
Lastly, spare optical cﬂwrﬁegé’rotlﬁn@@:ﬁw@hlyscw@éﬁﬂbbmweﬁ port 2 of
OCS 227 and porft 5 of OCCS 211. 3U It _s oulg be. not ed t hat i\he wor ki ng
optical chanffFRPSHFS e TPTTRRINKHRANST %1298 an bechPPi ed by
separate fibetraptrigs cablles nsf shawne | mukb&rs2indicéheyidantbeaiubtri pl exed

onto a singl e f Aefortth 17VEih SN0 Ne FLLALON MHkA} P 6XE] By ( VEIB) 2628 -ShOWN
30 most digit(s) of a reference number identifies the
drawing in which the reference number first appears.
To more clearly delineate the present
invention, an effort is made throughout the



_g_ 1 2 AUG 202 WD 99/370.J9 PCT/US99/007&3 FIG 7. Each pair of

wor ki ng/ spare optical channels 218/ 22U, 222/224, and 228/230 can al sb?b@ﬂ”{‘?
carried in separate fiber optic cables or be nultiplexed in different

wavel engt kgo os70492 single fiber. j OCCS 211, 217, 233, and ZZrugomes t ched
to formspare ring path 260 using spare optical channels 214, 222, 228 and
220. In other words, spare ring path 260 is fornmed by OCCS 211 internally
optically coupling port 4 with port 5 OCCS 217 internally optically I'U
coupling porg @chtilaanirotn %o Q%I?e?%d MR 1 Dowd G4y coupling port 1
to port 6; anl OOCS 227 internall y optically coupling port 3 to port 2.

OCCS 211, 21¢9f293t1é>ﬁ’(§5 237 A I LR W EhRP T F 6 m f our  poi nt - t o- poi nt

wor ki ng paths 236, 240 Th42drd a%t&%&lusdmrtéle fournayoiki ng opdi cal
channel s 212, 224, 230 and 218._ Poi C%:POI nt wor Ki ng %Pth 2 6 ls forned
by optical |y G8d¥RHEEbS i ith tYRfed? Tt 7

Speci fi cal | y £fo@CESa2dkbdmtiernar pnmtaaﬂaldn;grca)ljpd@tsumttQOV\p@hnport 3 and
OCCs 217 " 20 internal | ynptd Galdy Cﬂﬂﬁéﬁémﬁpr;sravm@ POLLL 2 héQ?%ﬁBy

optically coupling |inear term 106 wth I'l near termn 112 r ough
wor ki ng opt i @8It igdnmE twerk whfi-rae JFIHRTUTK METEPT 2 WePki PECPEEh 238 is 25

forEed by Oﬁfééﬁg.lﬂequuplﬂdm d;!tfh.Q?dl t@jrﬁalrtal ltﬂl@érélﬂbyl‘r hsid_nﬂﬁﬁicéﬁ‘r_le? 12ﬁ
wor ki ng pat i,s farne coupl i i near termna wi t

li near terni f& %”f’éé’g aitf \/ﬁﬂ%rh"g %é%%‘%%zl‘i s %retoo by® op?Y Rl Iy coupling
i ne@r term nalafifd4 WI tThd i sxlaf - I-Béa]tmgnas;attlda?:ﬁ nathesrionenolutibe

poi . nt-to-poi;nt. war ki ng pat 23 i e 1ere is a
break in one ld“fnetaﬁe rg%l c% tclacfgff%\nnlel]‘fpfé&] h%gl(;ﬁ{‘éjaﬁ?a%e?%ﬁgflg Phat
wer e opti cal luwnigeuplvwetey the cvgmri«naﬂg sWi tcHiRg Asnit 2~8Pe \WDHH&BTEAL9

PCT/ US99/ QU7 at C jcally decoupled. Wen this occurs) the
present |nve%1%| gan Igls%b% iﬁ g an a ternate path using a portion of spare

ring 260 to optically chugleresent | Heeentbeni hal deatfekbeddinyanhe fail ure.

S Fi& 5 "'Lé%la[r@éleé SnPL PSEHRK € é@ﬁsféeﬁkegnafa@o@Hﬁée@&@kpabaeBSI ng the
spare ring 260 when any one of the working; 1lg)at 236, 2
experi ences qu%ﬁqkﬁggon of the invention’i his env1ronment lS

provided for convenience only and is not intended to be
limiting. After reading the following detailed
description, it will become apparent tc a person

20 skilled in the relevant art how to implement the
invention in alternative environments that consist of a
ring configuration having an arbitrary number of
network nodes.

FIG. 2 i1llustrates a self-healing optical

25 network 200 according to a first embodiment of the
present invention. The optical network shown in FIG. 2
has four nodes (A, B, C, D). Each node includes two

linear terminals. Specifically, node A includes linear
terminals 104 and 106. Node B includes linear
30 terminals 112 and 114. Node C includes linear
terminals 126 and 128. ©Node D includes linear
terminals 120 and 124.
Provided at each node is an optical switching
unit (OSU) Specifically, node A includes 0OSU 210,
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The procedure begins at step 501 where I () control inmediately passes to
step 502. In step S02, a switching table for OCCS controllers 211, 4121%5700
.227, and 233 is created. By way of exanple, the switching table for OCCS
control | eM02¥%3704hd 227 are shown in FIGS. 4A and 4B, respeRET/USINDITA
switching table is a table IS having at | east two colums, an event colum
404 and an action colum 406. In this exanple, for every event that is
detected by an OCCS controller, there is a correspondi ng course of action
t hat the OCCRogentr drnicdruddd lodake 6 2 shawr iuddd @sEA3IDCCmeontrol | er

211 detects at_ Jeast, t ve : a i .1N rking_path 236: and (2)
a failure i nnv%ir ?ndnﬁgﬁh&%@%ijnﬁ'arlé%% clol}f\f,\ir)t(lﬁlf Séra"gzépﬁ%act:ae%ts t wo
events: (1) &rosis-woaniariwemdivrl plGEP3goumeq 290 aaf aP¢@Be in 25 wor ki ng
path 242. OCE3GahnQld er ZP%HetaeiSafndrit | W dd 0L kh ngnp%@s%G by

receiving a failure indication fromlinear termnal 106 or other fast)
reliabl e faulPFBHGoF FYSIAR ForeTde Wi undeF st RYT t he 30

i nvention, thepbotemdnon am Idcde descn berk s nediter €nvé r ogrest ¥beeot he
failure indications are generated by the |inear termnals, but by no nmeans
is the i nventiHTHAM t¥H 1o such an” environnment. -10 1 2 AG G 2002 WO
99| 370- 19 PCT/ US99/ 007G cionta odéerce0that o=t eswstahfaptiicelin

wor ki ng pathp?é_% EFELYI | { UF e ¢ ngli i | i near ferm nal
104. Simlarlvy, écontr}/o&r?%%lfz%i e'?%c?%gﬂ%%?ln%{)éelgqn \/\/(El)fr?klérﬁé path 238
by 1@cei vi ng SR | ARY iR 2 | Bre (PR3] hearof eppt hedl 1ROT tangant
detects a faijdrihdd¥iLaty Wbt TcADIKi dGuPBed 24200y sECRb¥ENGLRetal l Ure

i ndi cation fromlinear Ie\r,\}_(;g]ll nal 124 . In step 504, each OCCS controller
209. 215, 10 BEFCSit 95 viet? OFT7 - an event to occur. Wien an event is

detected by an OCCS compcad |l@sntrohlens passes1ip 33ep &AE. 22 step 506,
the OCCS controller that_detected e n on ts,Lts_sw ing table to
1S determ ne 4#ee%ctﬁ‘%% %‘gjatf&f‘hrég sc\t’/\f]t%ﬁerlﬁgﬁ}gbl %EZI r%%% saP&I ??’t ake. The
resubt of thessspetionslys. t heorresamnpheof 0GRS atortnalkepoRAb-td1poi nt path
that circunv [ el rking; pat ssum ng that
wor ki ng pat he%%% g%ﬁchipggr i Eé%rg%gafzg@f g{a?g% e? tgﬁaenlg%x:%éggéﬁﬁ:gﬁl er 209

recei ves a f &¢urandsdieadndnfFemnPrrheatlt eP bV nab3304anAd287cS control | er

225 receives gedgbdtieeipdi CokhplEE08E! ERgatist 8AA1 Bak &R0 colR@Rgsece vi ng
the failure indi caél ons, foth contri)l,ler 209 aad 225 respond 25
accordi ng to tHetPIRvFPeR h@gtaﬁéeéef%e EPESCORBAEAF - 438, PPESpect i vel y) .
Accagdi ng to ¢bepsihd chbmahabbe?éeg EEOSccsntbotLheféraag)LyCB@Si@armml | Ielr
209 directs OCCS 211 to.intern u port 4 fromport .5 .nternally
decoupl e portciu?f%n?pgﬁs )pgﬁg %éﬁt gﬁ%apkg%goc&ﬁﬁg%ﬂgr tpofttgfpcg‘ 4.
According to ©B@Sswi bchPny GebbepiongOCo8mendt celses 2250COSCSccontrol | er
225 directs %@5_?2321&& ?B%?Eggg@’d@%%%eap@ri&ﬁg E;ro‘%ft‘.‘ gﬁr knd dddernal ly

decouple port 1 fromp internally coup ort to port 3. FIG 6
illustrates from @) pgcepgoport of the OCCS.

25 FIG. 3 is a diagram illustrating a more
detailed view of OCCS controller 209. OCCS controllers
215, 231, and 225 have the same configuration as OCCS
controller 209 and are therefore not shown. OCCS
controller 209 includes a system processor 302, control

30 logic 304 to be executed by system processor 302,
memory 306 for storing switching table 308, OCCS
interface 310 for coupling OCCS controller 209 to OCCS
211, and data network interface 312 for coupling OCCS
controller 209 to a communication channel.
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" WO 99/ 37U49 PCT/ US991 0U769 the reconfiguration o~ optical network 200 after
a failure in woricing optical channel 218 is detected. After OCCS 12 ALG2N?
.controllers 209 and 225 respond to a failure in working optical channel

238, an a\ipawnage path optically coupling linear term nal 34tidokhragar
termnal 120 is created using a portion of spare ring path 260.

Specifically, linear termnal 104 is optically coupled to |inear term nal
120 through spare optical channels 214, 222, and 228. 1() The anmpunt of

time it takes to cr eatﬁ?aghgwltlemagfc;pa&h ég?l CgEC?ptzflclal SW tc:_,hjuf

according to the present rnvention, IS Si ant ast ér ‘t'’han
convent i onal22'r%tiﬁ)d@P¢b¢alb¥r©9@Phgdt Eaf rﬁépﬁﬁéﬂvﬁela%@ﬁ:e@led{m@en di gi t al

Cross-connecte sy £ £hes bﬁ@é‘”éﬁarlnpléesfbgfé‘é' Qnaha doe@ @cdsh%qptalr@l layer
and predetermned switch state tables are used. FIG_ 7 il]ustrates a second

embodi ment  ?PEheAhiRseREPt RdehPi HAPCAE ERERADAASFLES 7”“’1C\/\[3|\9.>6 702, 706 are

pl aged bet weesds$¥E5i 241y andp&EES 21dndo3nukt opex 220 \&Qféﬂdlg:ﬂﬂillC}m
charner 212 and gg re optical ﬁhannel 214%%nto op él cal fi ber

Simlarly, C915 BFRT pF SERY BAT we 1 5&&% ? to
mul ti pl ex woPds(rng bpandau oﬁaﬁﬁ@B 218 and spadeadplyi calupdlehned 220 onto

optical fibe nd OCCS
233 to nul tl%féégﬁor njggé§| ca? ghgngg gigg %%tsl\é%ﬁé’ optic IZtll channel 222
onto opti cal anﬁbéroM@CCs\D%??Q@)a PRaigrdlpl goupliest weerd iOGES 227 and OCCS

233t 0 nU|tI9é§mlMQ§leg ggglggh c@ggggktgsgl§nd spare optical channel 228
onto optical 30 fib hi s secon enbod |nent of the present invention

122.
functions to provi de a FFﬁgzéénf Pgd r'atzpén 6£ 7088€ Wt aday ewptetal |y
switched to phow #deng &@ﬁlf@gnahhlbhr oughegpane @pwoc:adlrfdﬂ&fmei@ﬁr ound the

ring configuration canas be . swi t che A~ s 202 wo
00/ 37005 POTFORBBRB0IRS SOy FRE R0 FREHG Shat REBEeaH 14Ricsra LhY i na 5.
Thus, the prooepdeshbenweenFe&ch50Cas .despeictidd catidwe) vedoirapplies to this
nbodi e h nt, ,i,nven EW! erson
\sl\[k):vl ed in tﬁétggﬁgl g\l?gh?\%gr t212 \%\ tog(g:llcladgg r at é%)l%ﬁdot éeér}%orgdgrren of the
present inveRfi BRCSFREL 8nids pRTdi dgedmOECSar 1opt | cfaqa@wpml ng networ k

800 having t waasekh- heal Il@goeﬁtllc%qllyn%rowl@ mm %tweas@l@c@@tmrks
802 and 10 8Q4 share spare optical %&%nnel By hayvi ng %}\ggm?gtl cal
I

net wor ks sharéla@8FaPeTdpti &4 OGréan a "o ”’sga\ﬁ‘htg’scar &d. Spare
opti cal channels 860 oparnided lgptdazallled Gaiplezth ipdrt netadréc@892207 artiwor k

804, yOCCSSSZad 5 r e t wor k .80 n e, spare opti cal
chan(gel 860 1 thgr gjfl é)%%dsnga r%g ﬁrleié/%? berf mré%eﬁfn %zsli and F, nodes
E and F, or wMesaDla/nd:OElpEadrnblaiM%ﬂn metiiork SDOCeH 25e spdreovpt Lcal

channel '860 ide Jetee o5 2 ikt id) e et vatde e wpep 20 BRdesafygnd B

nodes B and C) or. nodes C he i1 ndividual optical network 2 and
804 sel f - healCWRAMRY BIFEEHTe BRKS © fo&dut 31 1 3¢ re®®l £ nOF @Ccé I n
ot her words, 237e OGRS reOrigldr chiairect a8 Wos koped tar 8¢ asdpt ban direct

theEg CorresQ%m%ég% port 6 of OCCS 233 and port 3 of OCCS 227.
Working optical channel 218 is optically coupled
between port 1 of OCCS 227 and port 6 of OCCS 211.
Lastly, spare optical channel 220 is optically coupled
between port 2 of 0OCS 227 and port 5 of OCCS 211.

30 It should be noted that the working optical
channel 212 and spare optical channel 214 can be
carried by separate fiber optic cables as shown in FIG.
2, or they can be multipleged onto a single fiber by
wave length division multiplexers (WDMs), as shown in

-8-



" 25 optical cross-connect switches to make the necessary opti cal COUpo?ﬁ@ 200
to circunvent the failures according to a pre-defined swtching table P
.exists for each OCCS controller. OCCS controllers 850 and 840 detect seven
30 networwd@ishewes. These failures include: (1) failure belcyagRgedes A

and B; (2) failure between nodes B and C, (3) failure between nodes C and

D, (4) failure between nodes D and E; (5) failure between nodes E and -13
12 A~S ~2 ~'"VO 99137049 PCT/ US99100719 F; (6) failure between nodes F and

A and (7) fegd ure belueen, ppdes ﬁo?ﬁgn / sPRES egeaealll %a%%%llss able to
i3 A

detect a fai e between nodes A_a cause l1near termnal j 854 or an
other fast, #+&§{%dte ?%%(%2ﬁet%%@l%%86%§Pc€a§eﬁa§oabﬁaFP&Féeﬁbﬂﬂ¥|catlons

to OCCS Conté@ﬁiﬁitéﬁﬂlbéXIEbcDatt@bleg 840pbdemactspackaid ume bet ween nodes

A and B becqg ﬁ f 850 gendssa nﬁgs%gg t hrough data network
892 to OCCS ¢b %?B?T%rw%vﬁ 3?? PRdPREPi RgSERE Pfure occurred between
nodés A and B when sucbC@sfailur2lVs @déBected BY70SE8 ewrittmdldderd8850. OCCS

control | ers a0, and. 840, pre Able seodatent L9kl Ueeshehvesn hades B and C

by havi ng trans t a message indicating
a failure beihkenfdded2B awé &2Phr olBhOGREE HeERSr k SPexe & imst wpaddcs

control l er 8580and 848me®p 0008r 2hhetinBé@nandy883 taa 1avare @ ifraj | ures
bet ween nodes B a ecause th§%g§e?$2ve fallu g i ndi cati.qns 20 from
t

d
linear termin3Fs 7%15ﬁdp%§% fe JP RSN PRPIIE 1840 is able to
detldct a faituuglbagmeentnédwstﬁrandtDSbe©§a§e2BBnaameu3ﬁﬁﬂnal 844 sends

failure notificathong Eguéggﬁgcgﬁggohlgg 84 PCInROB; - 850 detects a

failure between nodes ecause when such a fai ure |s detected by
OCCS cont rol LBEeBBBL L CERLEEAL LY FERP§ADIsORAS 4 ﬁ€5§5§é t?hr ough dat a

network 892 to OCCS coptcs! ben, 8§Q7I ndidgat ian@ ©he fadid Wieo Idwid &ida | ar
manner, OCCS coEtroIIers 850 and 30 840 detect failures between nodes D and

E, nodes E ahd ECTBnioHOdBEIPEARE ROIFA 8PFE o R fstd fire 44 oifet ati on
of pptical nehdolk880G8ingwahkafburewsciiag aptdidal khanikls 2122 BUS 2CC? wo

9~/3~0a~ 554 230 and 218. Point-to-point working path 236 is
formed by optically coupling linear terminal 106 with
linear terminal 112. Specifically, OCCS 211 internally
optically couples port 2 with port 3 and OCCS 217
20 internally optically couples port 1 with port 2,
thereby optically coupling linear terminal 106 with
linear terminal 112 through working optical channel
212,
In a similar manner, working path 238 is
25 formed by optically coupling linear terminal 104 with
linear terminal 120, working path 240 is formed by
optically coupling linear terminal 114 with linear
terminal 128, and working path 242 is formed by
optically coupling linear terminal 124 with linear
30 terminal 126.
When one of the point-to-point working paths
236, 240, 242 or 238 fails (e.g., there is a break in
one of the working optical channels) the linear
terminals that were opticaily coupled by the working

9.



PCT/ US9~) / 007 di scussed: (1) a failure between nodes A and B; and ( a
failure between nodes B and C. When a failure occurs between nodes A fahd!lB7%0?
-linear termnal 854 is optionally decoupled fromlinear 5 term nal 868. As
descri bed vabowep49OCCS controll ers 850, 870, and 840 detect pdEuUk®Idovdse.

Upon detecting the failure) OCCS controller 850, 870, and 840 each consult
their respective internal switching tables and direct OCCS 852, 874, and
834 to switch accordingly. 10 Specifically, OCCS controller 850 directs

OCCS S52 to ipater hahly stdmaldpr ceupl e dsdugidbt h wees Bnithereby
optically coupling linear termnal 854 to spare optical channel 860. OCCS

control | er 88GCY¥TEecttPCOBES TN t YR Bt Pl %ﬁﬁﬁﬁr%%??ya%oﬁbFérBBF? 2 1~to
port 4I tEerglalythomsueﬁj lay ;mttp.llcbmgaﬁrwgraer@pn:g@loz@mamebpsﬁealgySpare
optical channe ntyo 7 ect s 74 to
internal ly off" gilel i oupﬁryﬁia[:)r é Q&to ];)Sor Fl;;e E%%d%% y- BBt FEaFRScoupl i ng

| i near tern F3IG.868 itld uarat optd cerocedumre| L876creat MigeanOCCS 852, 874,

and 834 per f Qhmdie ROMda GO i 1Y &wr%alo@smﬁrg nea6 LREA Qﬁ{z Bré 'b?
optically coupled tqQ |inear termn usi ng_Spare optical " channels 860,

B88, and 876 trren“m}sl%rﬁ?er S {436 £ o4 Qe 2 Dbt vBL PHESIANERE B |
ci rcunvent ed.f gEhig 25 can be seen in Fig. 9 which illustrates the
reconfiguration of optical network 800 u a failure between nodes A and

B. Wen a failure occurd®dRiRerivote’e %?rdaE: FreRar Ot eVhPREl 872 is
optilgal | y decaupled firmediaeary 3fatecs val s886. 56S. demr Ebeg sbayea OCCS
controllers 85 n 4 al n ecting the
failure, W(c:%:n Q’H etr832%15% P%g gcgg ?8 dggh% co%ggrt ‘r?rér rg%éspe tive

i nternal swit23¥ ng -dreaited. 2 By ~“&T000 exampigv7oahe PEIEUB28L00Z82 et abl es

and direct OGS &xhs 856“1t18§91e§§d2§§4a1t1@ §¥V'7t59ea§ﬁ8&zﬂ' egl ycSpeghfical ly,
OCCScontroIIer 870 directs OCCS 8 to i nternal optica couple port 3

to port 5 6, aerdby %’i?%‘éﬂ‘ﬁeébuplAn@wﬂ—ﬁ’ébﬂgt éPHﬁaPSSW"—ﬁBl@pare

optijsal channglvias. a@Cﬁa@@nw@I terussz, daheetenOCeS18/RA 404 Aharaal |y
optically couple port 4 to g& thgrebg %%%écal Ig coupling li near

term nal ~ 886 3T ¥PareC bt ¢ chaﬁﬂef‘ 888X CeohPFoPVEFY8ET Hitrects | U
OCCS 834 to itmaetrrwélcyeoe)d:teal by anuptespooht#olldepor th2ret Her @by optically

coupli ng sparg, optical sehanael, 860 Fo-space eRLLCalchapmel 388 hast |y,

OCCScontroIIer rec orn ernal’l y “optical I'y couple port 3
to port 6, therkebytapeically coupling spare 1~ optical channel 860 to spare

optihgal channel 866. AfjeroQGGR §§2FI§744A88@CC§ngOF,Z§Q.Oqu formt he port
coupl ing operations, linear termnal 872 Is tical cou to | i near

terninal 886 SRFPGLEpaFel BBELCENOCRYRAESS ééé a8éGllé}|¥G S%qurlﬁlt”rﬁ s
manner, ?U theaflai 28ce bBagween ﬁOCﬂeSlBréndnCwbS:thbClﬂ)@t%ntm This can be

oo o0 APy BOLED, | RHSLEabes el aooniaurall 9 ol apteal et vork
bet ween nodesaCt25land Dp wod&inb amadhE238cdesdE (@nd aF faiddese EKrand A, and
nodes A and R arg; fLr pHIKe8d-
OCCS controller 209 detects a failure in
working path 236 by receiving a failure indication from
linear terminal 106 or other fast, reliable fault
detection system. For ease of understanding the
30 invention, the invention will be described in the
environment where the failure indications are generated
by the linear terminals, but by no means is the
invention limited to such an environment.
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Wi | e vari ous enbodi nents of the present invention have been describﬁg
above, it should be understood that they have been presented by way B 2002
.exanple, and not limtation. It will be understood by those sltilled in the
rel evant art that various changes in formand detail nmay be nade therein
wi t hout deéb3P¥iME fromthe spirit and scope of the inventi ofCHYSYMOT4ed by
the following clainms. Thus the breadth and -1 G ~ L NJi ~~~ 5 W

99/ 370a9 PCT/ US99/ 007 scope of the present invention should not be

limted b~~ any of the above-described exenpl ary enbodi nents, but should be
defined only in accor d&%&E FAHENel 90014 Bal hlRt e e anBaihere in

equi val ents. yorking phth 438 pFeddBing £ 04 1Berd Sindicéc $8hfrhggl i ng
|
r

optical network carrying traffic between first and second. opti I i near
termnals, conpEad @é Hr 441y R T T Qﬁﬁ§c%?%br%h?g§ S? cl udi ng
first, secondetadtd i rihidpitealn swtlcdnggoatit t %38 dopl neakityngfaspare

optigal Cha”!}%x'ﬁgu?é“dir?a"’é?a[éﬁﬁ}g 2R84 Cfidn&é‘?”{‘éﬁiééid Pb?ré{xiatho“ _opti cal
swi tchi ng units being %ggica y coupled 1n a fing configuration using said
plurality of dff&c-Sopt ifcal l WhRaniscatieh thatoekspare2ept 2€4l bEhannel is
provi ded bet weedkiRaGly Rl fa Ofurdl] Bc@da©Pbh CatoWM 1 €85 A0c HBhti§aln said ring

conflgurat|0q24.
‘ In step 504, each OCCS controller 209, 215,
10 231 and 225 waits for an event to occur. When an event
is detected by an OCCS controller, control passes to
step 506.
In step 506, the OCCS controller that
detected the event consults its switching table to
15 determine the action that the switching table directs
it to take. The result of these actions is the
creation of an alternate point-to-point path that
circumvents a failure in a working path.
For example, assuming that working path 238
20 experiences a failure, then OCCS controller 209
receives a failure indication from linear terminal 104
and OCCS controller 225 receives a failure indication
from linear terminal 120. Upon receiving the failure
indications, both OCCS controller 209 and 225 respond
25 according to their switching tables (see FIGS. 4A and
4B, respectively). According to the switching table
for OCCS controller 209, OCCS controller 209 directs
OCCS 211 to internally decouple port 4 from port 5,
internally decouple port 1 from port 6, and internally
30 couple port 1 to port 4. According to the switching
table for OCCS controller 225, QOCCS controller 225
directs OCCS 227 to internally decouple port 2 from
port 3, internally decouple port 1 from port 6, and
internally couple port 6 to port 3. FIG. 6 illustrates
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the first optical linear termnal being optically coupled to the second
optical linear termnal through a first pair of adjacent optical sw ¢chjsng
.units and said working optical channel or, in the event said working
optical cRayyahydss not available, through said plurality of

swi t chi ng unltg‘%nd said plurality of spare optical channeﬂgﬂgicggbmgaid
spare optical channel provided between said first pair of adjacent optical
switching units, and said first pair of adj acent optical switching units

conpri se i.d f r st cop d first optical
oL ehing unie caern MR LEPPs 8P oBRL RN bELBY L BbhY s R AT | Lo honet ve

to a first omHJIWHecxmsmon@nnec@p5mpathchanneblEéB,1ande$@mde§bcond opti cal
switching unit conpri si ig. 4 égggngoggghgggr rgﬁ?égggn§§$hs%kgﬁguiqs onsi ve

to a second optical crossconnect swtch contr ea |ng
optical netviorkabfueealmuorkhpgepntifalf Fhannept k88l Rinedrtaravatianal is

optiscal |y C%@%é@lé@iﬂy%éxﬁblﬁ?ﬂ&' §§he8£0§§rﬁgﬂaﬁcﬁO%V“ttodlun%’éq: the
second optical [inear ternl al is Qptical % coupl ed to said second optical
p

cross- connecteEhtreh. 110 #ﬁecgéPFeﬂeHFﬁﬁg PPEAR CRePRhoSREGE dlidi 2,

wherein sai dpdthis260pti spbcLEOsailonnetheaw tebneaalr alolern s eceives a first
failure |nd|cat|on

Ki | ch | .
e e L SBASRIY RalalPr Hoai Phg opt PERr tfot daPic SO AN PE T ner of 1
the first opdp?icalnehannelalaéﬂ tra@A8m eadsar@.first failure indication to
salg first optical Cro“%ﬁec%wﬁﬁ‘c S E‘Hﬂgcg@t EQH\ o8l to crE*%F‘t & healing

optical network of cl erel n sai irst tical cross-connect switch
control | er iatkedeats PﬁFBttbﬁpvéhlﬁ@tﬂﬁﬁﬂeswaﬁd da0d secmrdiom il

cross- CO””eCEhéV\b%éBeﬁQniﬁ@bh%‘iohncthgigﬁﬁ%%@B@_l?nyta%@é}g drpd} e, said
first and second swtc es eac aV|ngPan event colum and an action

col um. 6. Tﬁ@ngﬁPFlﬂBQF|ﬂ@tgﬁéFcéPrnéﬁwﬁPNt IeltZrhis C itdreiTE Xipon
recei ving sabfl élestriablubegiindicatioss, c&&hdc&l@ﬁlﬂﬁﬂégxﬂedzﬁﬁé connect

smntch contrqgller A id fir Chl table an sends a comand
cor%espondlnﬁeﬁgoaégééﬁlgg ? %al ?B Fst SWFF Sabl'e 5 Said first

optical crosdetenmévedseivttieh EtafhetﬁﬁlESh@me mge@ptlcal network of claim
3, wherein said secondppti gal;165,Q §'Q%@n%c%éﬁ@d&”édﬁdﬁlﬁ?dé”ifegﬁéves a

second failure |nd|cat|on when sal l'ure occurs 1 n sai opti cal
channel . 8 TR&eSERt RBYERHGOHpti &8 SHSMRori STl di mWPMshE}®i n’9he second

optical |ineaket gnlceal petaen tovcsaizd 1sesenddd 1ure dahdinept i®nek o said
secopd optical £1955-52108G" FWAEt 9% "9ld Ysare optical channel
214 onto optical fiber 704. Similarly, WDMs 708, 712
are placed between OCCS 211 and OCCS 227 to multiplex
working optical channel 218 and spare optical channel
220 onto optical fiber 710. WDMs 714, 718 are placed
25 between OCCS 217 and OCCS 233 to multiplex working
optical channel 224 and spare optical channel 222 onto
optical fiber 716. WDMs 720, 724 are placed between
OCCS 227 and OCCS 233 to multiplex working optical
channel 230 and spare optical channel 228 onto optical
30 fiber 722. This second embodiment of the present
invention functions to provide a ring configuration of
0SUs which can be optically switched to provide a spare
path through spare optical channels around the ring
configuration. The 0SUs can also be switched to

-12-
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9. A self healing optical network carrying traffic between first and second
optical linear termnals, conprising: a plurality of optical sw tching A;s00
.units, including first, second, and third optical switching units; a

pl ur aI it Ywef 9oBR@foe opt| cal channel s; and a working opti cal g*m'aﬁbméai d
plurality of optical swtching units being optically coupled in a ring
configuration using said plurality of spare optical channels, such that a
spare optical channel is provided between each pair of adjacent optical
swi t chi ng un|t5| SI L1ng. G figur n, A~~~ n~ the
first opti caPrPiVﬁ % g}‘rﬁnﬁa (lg‘g“l n%léog'%’leglallll%%%c?uét%rﬂutn@‘ﬁw él:‘“gshd opti cal
| i near term hhk phpoagls shbwnstinp AilG . of ; adjsadesicropeicc albosie t Alistg units
and said vor kbgg: aRti6ak nGhaNAE! Qbod &&e;nf&e o2Vl Sl K Al cal

channel is not availlabl e, through sai ur al |§%é t1cal chi'ng units
and said pl upgRi t"?uéﬂ ?ﬁala@péﬁﬁ“caltocﬁams§ne ptlesaild e opti cal
chamnel provi-dedvhatwaenr said first pair of adj acent optical swtching

units wherein the firs tlcal | i near termn i's_opt oupledtoa

first port of said fi ré: opti calt “Sh eSS G ﬁg’ Arfé"eé'é% Yifti cal

linear term palesiestopmrwltllyamoumlﬁd 8o im fa rdalagmam coff aaralcmbtsnam)}nd opti cal

swi t chi ng un| %lfs ;n% RHI 0 %%qﬂq% QRS |S%a_‘Llé a ulpl ing a second
optl al

port of said |rs svvlt ing unit a secon porrf of said second
optical switebitAgadninetwarkss&i0d fandst8 Wdpt w&mresm trtanw:grhmlaozmanctal |y

coupl i ng sai gl rs%tartéorspaqfe It el thaptd1cA s SW tERNING, Y tefo sai d

second port of said first optical switching unit, and sai second opti cal
swi t chi ng unPPtéﬁ’tailcé’leltW"(?oi?plﬁbﬁdf%ﬁ cfpfairrestoqfdrqalofcrsad?féﬁ]sec%rﬁp%btl cal
swi t chi ng Unlsfavtl@lg%all% seeOniGqeprt of said second optical switching unit,

thereby optically coup the f.irst linear te nal .to the second i near
terninal through said v@lcﬂ'a% S § Rtk S e | & gom &t 8% POFTF T swit chi ng

unit, and saichupdeshd ropt incelwossi t&H g umttwozﬂlo 80kheow eddChedd 2 ngnadpt i cal
netpork of Cleaium Orciahelih 5ol hSRRNS: ARl Galn ANl AL b Iegs et e
tica a

said first an secon svmtchlnrgnunlts optic y CO athird
port of saiddhangelofGalf slaxmiify amteat tin sthainetyerk ketweed second

optical sw teiaicm: Widnd & f insdesparandpt| b hdgwed Higsaid plurality of
spare optlcal | s bein t | I oupled to fourth port of said
first optical %%tﬁyrrg rtﬁﬁ‘fq qgn%oclg %%bo‘fﬁ]gs?%ar’ée ORTEEt! channel of said
plurality of SparmeloB6Calf c&tmwml& beieapticathy coupdek becaeéourth
porbgof sai d Reeanc oitd gl Wb bl oNesell caldalprst optical

[

svvltchl ng unit optica %/ coup es said third port sal flrst ogtlcal
switching unit to said TRRiritdporduadt QRFHC raeteprieab03vanéhBhg unit,

and said SeCCH’éi].ﬂ)ﬂiéa:Ii|u§mc§Chﬂlélgsamétb@@id:qafécye@@ﬂ@ es168tdatBir gnport of

sai d second i C S unl t o_.sai 0 apd econd
optical swi tgﬁaﬁga{mi n Tl 3 hvéog f HR ?%"Ié f)??%g?{{[\%ﬁoaﬁ 8? cl ai m 10,
wher ei n, \/\hem@ta/i:@trlv\ofmhvgropt axadl thénancﬂlei”eekpeheenceeraeéaohdnag said
firsg opticaloswie 'agoggleo PRELEALLY JREQUPLERARE! CnENhEACRERE,Of Sal d

first optical swtc uni t rom sal d ourt ort of sal opti cal
swi t chi ng unlqpthﬁﬁlo%@FEh+m95 bp circumvent t e failures according

to a pre-defined switching table that exists for each
OCCS controller.
OCCS controllers 850 and 840 detect seven
30 network faillures. These failures include: (1) failure
between nodes A and B; (2) failure between nodes B and
C; (3) failure between nodes C and D; (4) failure

between nodes D and E; (5) failure between nodes E and

-13-



1 2 AlJ ~ 2002 couples said first port of said first optical switching unit
to said fourth port of said first optical switching unit, thereby roytjing;?
.traffic around said failure. 12. A self healing optical network carrying
traffic bwto&10H0irst and second optical |inear termnals, ROEIENTY:. a
plurality of optical swtching units, including first, second, and third
optical switching units; a plurality of spare optical channels; and a
wor ki ng optical channel; said plurality of optical switching units being
optically coupl efl) i fanluragbheonéegunafiesnFuandgAsakrddpl(dnalfiail wfe spar e
optical cha nejsé suchdtha a_spgre optical channel is provided between

each pair of %ﬂf Heeh? %ﬁt caf sWtching units in said ring configuration)

and the first optical OCogaconeraiher BePngsopbilealtby deswsitedt to the second
optical |ineal; i ¢roipatubbhonglied hi bk Babkcalisadnachl Gl sw tching
units and sald working optical channel or, in the event said working
optiScal chanb®et ¢ aBtohbar| ABFE; TRIoAGACSARYLHI XSG BF BHtical
swi t chi ng un%éﬁﬁ@ﬂﬁ! Féiﬂu@_&ﬁﬁ@h%‘fic@ti&ﬁ@f Qo]?ptbsalco@l&rd?@e? eggxept said |
spare optical _channe Vi tween said_first pair of adjacent optica
swi t chi ng un??ESMEQPEFSE?ﬁ§ ggpsﬁepgﬁéﬁrat PhitHAR %$5¥$%ﬁnQéi§%g?ronic
l'ine term naknél Pnbatauid. OACSekbnhealilry 8p0i c@ndsetawmrdssrge ying traffic
between T1rst,agdofeagnd gmtleak koBeab LRLE Rehir QY IHMy: a plurality
Cc ?ng uding f d

[
of optical swic units, i1ncluy g first, second, and third optical
swi tthi ng unibdicatppgr shptyaofadgare escrezedhatvasd nafes horkd ng
optical changeljhefakdchl dr Zhiitiviref igpidetalcted tehiore rbdse el ngr optical |y
coupled in a ring configuration using said plurality of spare optical
channel's, sufR%hat a spare optical channel is provided between each pair
of adjacent optical swoCclsi rentrols ams S8H0d andh@4origuste oo and

detect a failure between nodes B and C by having OCCS
15 controllers 870 and/or 882 transmit a message
indicating a failure between nodes B and C through data
network 892 to both OCCS controller 850 and 840. OCCS
controller 870 and 882 are aware of failures between
nodes B and C because they receive failure indications
20 from linear terminals 872 and 886, respectively.
OCCS controller 840 is able to detect a
failure between nodes C and D because linear terminal
844 sends failure notifications to OCCS controller 840.
OCCS controller 850 detects a failure between nodes C
25 and D because when such a failure is detected by OCCS
controller 840, OCCS controller 840 sends a message
through data network 892 to OCCS controller 850
indicating the failure.
In a similar manner, OCCS controllers 850 and
30 840 detect failures between nodes D and E, nodes E and
F, and nodes T and A.
In order to illustrate the operation of

optical network 800, two failure scenarios will be

-14-



the first optical linear term nal being optically coupled to the second
optical linear termnal through a first pair of adjacent optical smﬁt&ﬂiﬁ@
.units and said working optical channel -21 12 A J Z00? or, in the even
sai d wor KYRG?8P¥? cal channel is not available) through sai §CHUPUPIES of
optical swntching units and said plurality of spare optical channels except
sai d spare optical channel provided between said first pair of adjacent
optical switching units further conposing a first wave | ength division

mul ti pl exes d\WMssatt al Seconth VDM e vibrtween sapdes i Asendndseadnd 2WDVs
mul tipl ex saj ¢ wonkidg, ARfd&RInsdedngl aid: sai d spare optical channel

provi ded bet~een said first pair_ of ad] acent optical switching units onto
an optical fiber. 14. Wee§ qﬁ%ﬂ#?ﬁ)Qﬁﬁ?%%]b%EWQ%?k?OQSﬁpﬁi§P%g5 a first

opt Ca: | net VMr%‘e'adla t@ﬁﬁ'ﬁéﬁ?mi@ais dﬂﬁ;ﬁﬁl\@érk%l:&yfc@iéébuppéiﬂcﬁtoﬁw\ﬁﬂi&@a&gduni t
optically coupled to rst and..second opti networks; a secon

opt Pcal smﬁt%é%@ﬁf%ﬁﬂéggnniéﬁﬂé%ﬁ%fﬁﬁﬁ dgb%v ai§8¢§r§9%gﬁaﬁg§5§nd opti cal
net works; armgb@ SPr e apl i &80 ddeerel tloptfzalbyecoupped hetweenng first
port of said.first. i C i i pt d ir par, f said second
opti cal smﬁ?%@ﬁré%iﬁ#%%’a%%$%1%gggf%l#€#5§§gbt?%él %&thﬁpn%aﬁﬁﬁt optically
coupl es sai dcdigstt optéal revpent kve olstednspasel bphival tehdmselansthen said
first opticah; AetWOskc&XPSS | eRELs nfagiire, $@ld-hi B8EoRRlNEAk, SW tching
unit optically couples sald second optical network to _said spare opti cal
chdfinel when sai d seco?RE®bticallviet WeFR eXpeFPeheEs8alf §ilF&CES sai d second

optical sw tclﬁdf‘d':ﬁ%m:ﬁ%ﬂﬁi@ﬂﬂu%}/}fouptﬁéa?ﬁﬁirﬁc&ﬁfﬁé EBE‘itCa| wighwork to said
spare optical chapne n said first optical network experienc a
failure, andPhr d sctdnk Bpt PRATCEhTY CHPWBLBRF  LoPEPEalFy Taot 2o sai d
second opti cab seimneréptbdcshi dnspaee 8p0L cabCChannekrohdrrs@idd second
optical net erlenc a, f ai . h i ti.cal network
of claiml4\,l\8£ %§g$n6%§$d§$?r§% %%F%ggﬁiggt%E?%éggéﬁrﬁgggﬂgﬁ?ngaﬁd second
| i nidar tern hal BOrand, shhereegondtdpel tdl cAEPWORR SDAPpE @S itddilrd and

fourth lineagnhgndingks. c¥hepgld sptdchir shahhBeagsker mipal1ivs, pidsal Iy
coupled to a second_port_of d first witching unit, said third

p said f optical s .
linear term RANtFSLoBEi 84P1 $1EBGRFeHCES &7fnitPdIpSRETGH 13aiP 153t %pt i cal
swi t chi ng untbupsai gogecondol poear st echerabyi spepiacalyl yamipled to a
second port

2102

— D

linear terminal 868 to spare optical channel 876.

20 After OCCS 852, 874, and 834 perform the port
coupling operations, linear terminal 854 is optically
coupled to linear terminal 868 using spare optical
channels 860, 888, and 876. In this manner, the
failure between nodes A and B is circumvented. This

25 can be seen in Fig. 9, which illustrates the
reconfiguration of optical network 800 upon a failure
between nodes A and B.

When a failure occurs between nodes B and C
linear terminal 872 is optically decoupled from linear

30 terminal 886. As described above, OCCS controllers

850, 870, 882, and 840 detect the failure. Upon

detecting the failure, OCCS controller 850, 870, 882,

and 840 consult their respective internal switching

-15-



-22 2 A~~J LUu of said second opncal s~itching unit, and said fourth
linear terminal is opticall~~ coupled to a third port of said second 12 AUS200?
.optical switching unit 16. The self healing optical network of claim 15,
wher ei n swd do/f704st optical netl ~~ork further includes a fip&t/ugeydohed

optical channel optically coupled to a fourth port of said first optical
swtching unit, and said first optical switching unit optically couples its
said second port with its said fourth port, thereby optically coupling said

first |ineag poedl Baly WitbSAidhdd 1edo ki Ndgop! 1 484 692NBS! sydfcfihe self

heal i ng optical net<vork of claim16, Wwherein said second optical network
further inchegesdangddond wor ki ng optical channel optically coupled to a

fifth port of said fi rsiﬁecqmllcg;a@ulysmdm rkgozumcblmﬂdsmld teest opti cal
swi tching unit ically cou Its sai |rd rt W|th| s said fifth
port, theref§y© S‘p%%éalt‘l %&Fﬁ?ﬁé%a‘?%%ﬁ I??}‘éﬁ t%?ﬁfnal %i PR*sai d
sechnd morkﬁngt@@mahm aﬁnmu&ﬂly]ibuﬁlmngelinhealtegmmpalcaV2nebm0rk of
cl aim 16, W%rane al' rﬁargpéti Cid g SW dehg nSoHE”«-J:liEEeBHQSdi‘*EéE%We

i ndi cati on en a urels ected in saird first work tica
channel . lgocﬁﬁegﬁﬂftQN%ﬂqﬁﬁf%k&YC%Pth%@%bYkC%FP%?aPﬁ+E84 ﬁﬁeP@Fﬁ sai d

fi (rjst li near, t&.&{édrf&;kiy Ctﬁit_elcd&i;lﬁ}lal @oﬁlalihmg elﬁﬁdafrggﬁﬂﬁ%_ﬁélsaes fﬁal : ure

i ndi cation to sai i.rst ica chi nit e.$ 1eal i ng
opt1 cal ' ot SRAHE SIS InSRAT by AP i cebntFRYLEh: AL Pariarets

i nddcation, casd §34 sgo cnp’mmhals]/wtcﬂntngahhyt coppneabbytcoupbe@olrtts sai d
[ near "ter nitfal s S gt B (ppbLEhg plEr' 6311 ¥arotRahid R |11
opti cal net\mlél-'(ﬁreclcmfmqul W@@h 8pdn rbééFanO§§Sdeaitllf@rléer

i ndi cation, $&a Ch ffééés Qﬁé¢§aﬂ35§"“c60{‘h89rﬂﬁﬂyt aae_%ea&&yac@%ﬁ@ge

indicating said failure 1n said working optical channel "to said second
optical sw tR,Crﬁ*hg3 lﬁfﬁ’tp‘?%‘bu@h ’éhﬁ’éﬁ}ayn%PﬁbFﬁl1Y2§°UpilEGA'SpSr@00’7 22. In an

optikcal net vayiki dalvi diarn®l Ugabi ty Qba@ét bpalicaw teAhnA@1uUBisks, including

f t . dth t] ] t t.he _f t t
s;;fchlzgcﬁnlt 2gnpnsL%€ % f¢$€% ES% 5529 @Cgﬁﬁgc?3§h%%5ﬁop I%@ﬁ%lve to
a first optipatt ctoss tnnnepérawidbab, cmmneakleermandltmé2saGond opti cal

swi t chi ng un| t corr)}){ Sé ngpfeaeggngl%%@fc% GLOASS- %%%n%%tlnﬁe 5&’%3 [ esponswe

to a second |ca tr538Pconnect troIIer %cw sel f
heal i ng the @ptical @hannebsk88§on§695|ngdtﬁéﬁsteﬁg ¢ sopEingedd .y coupl i ng

thepoptical syiteli pgrenbesybBnanblied §0RhIW ald Qn i@ dy urality of
spare optical channels, such that a spare optical channel is provided

bet ween eachTphf rceh RBfj 8E8Rt 18pFical 10w FEHRicKy WSS TAT@S ARE ri ng

configurati oféconfiguration of optical network 800 upon a failure
between nodes B and C.
In a similar manner, failures between nodes C
25 and D, nodes D and E, nodes E and F, nodes F and A, and
nodes A and D are circumvented.

While various embodiments of the present
invention have been described above, it should be
understood that they have been presented by way of

30 example, and not limitation. It will be understood by
those skilled in the relevant art that various changes
in form 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
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optically coupling a first linear termnal to a second linear termnal !¢ AUGJY
through the first optical switching unit, the second optical swtching

.unit, and a working optical channel, wherein the first and second opti cal

swi t chi ngwonasesar e adj acent in said ring configuration; amdTwsesro@ed ail ure
occurs in said working optical channel, switching the first and second

optical switching units to optically couple said first linear termnal to

said second |inear termnal through the plurality of optical swtching

units and ald.Qfe S&f deisPapee0Bht Cahvehanpgl shexeePhosabd SRR Pt Cal
channel between the the first _and secqnd ogtlcal switching units. 23. The

met hod of cl3in2D therdPRYecoRpFrePRY EKEMBLEpY ofMPPIRTRIMSI nGUE fir st
failure indigedhon ve gef dnélirshlgpihcakbcoraasceoniedt the tfeh 160l | er
upon detecti a failgre in said.mo;?ing optical channel. 24. The nethod of
cl ai m 23, whéﬁ%ﬁ%?t%% stRP Bf SEHANERFPEPNg said first failure indication is
perBornmed by said first optical linear termnal. 25. The method of claim
23, further conprising the step of transmtting a second failure indication
to said second optical cross-connect switch controller upon detecting said
failure in said working optical channel. 26. The nethod of claim 25,
wherein the step of transmtting said second failure indication is
performed by sai d~second optical linear termnal. -24 7 2 AG ?~0~ 2 7

The net hod of claim 26, wherein said first optical cross-connect swnch
controller includes a first switching table, and said second opti cal
cross-connect switch controller includes a second switching table, said
first and second swi tching tables each having an event colum and an action
colum. 28. The nethod of claim 27, further conprises the steps of
consulting said first switching table and transmtting a command
corresponding to an action in said first swtching table to said first
optical cross-connect switch upon receiving said first failure indication.
29. The nethod of claim 28, further conprises the steps of consulting said
second switching table and transmtting a conmand corresponding to an
action in said second switching table to said second optical cross-connect
switch upon receiving said second failure indication. 30. A nethod for
sharing a spare optical channel between first and second optical networks,
wherein the spare optical channel is optically coupled between a first
optical switching unit and a second optical swtching unit, and wherein the
first optical network includes a first linear termnal and a second |i near
termnal, and the second optical network includes a first linear term nal
and second linear termnal, the nethod conprising the steps of: receiving a
failure indication at the first optical switching unit indicating a failure
in one of the first optical network and the second optical network;
optically coupling the first linear termnal of the first optical network
with the spare optical channel if said failure indication indicates a
failure in the first optical network;
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optically coupling the first linear term nal of the second optical network
with the spare optical channel if said failure indication indicates al2 AU51200?
, failure in the second optical network; and transmtting a nessage fromthe
first optical switching unit to the second optical switching unit through a
data network, wherein said nessage indicates a failure in the first optical
network if said failure indication indicates a failure in the first optical
net wor kgyRj, lggllagngger@sage indicates a failure in the second optical network

i f sai aifure rndication indicates a failure in the second opti cal
network. -25 12~ ~~ 2002 31. Anethod for sharing a first spare
optical, chan etween first and secon al networks, wherein the first
ohare ot cdl SEHRRHLTE Pl R AEHRR: e SRt AR AR 4% s8R0 Sled ok
SW tchltamlﬂﬂgtcompﬁs@gsecond optical switching unit, and wherein the first
optical network includes a second spare optical channel and a third spare
optical charfrpralighef eniisakswighéngopirse Hicl figst.Leeponed aud thigd opical W’%‘ﬁ%ﬁ&a
opti cal I;lannel and fifth spare optical channel, the method conprising the
st eps ol%n detecting a failure in the first optlcal network or the second
optical net \wosliralinpifispadeloptical¢harinely; afe second and third spare opti cal
channels to the flrst spare optlcal channel when a failure in the first
optical net AOYRKING ‘t!’é‘f’%lc,cpé‘épe and optically coupling the fourth and fifth
spare opti C%hldcﬁlaﬁnﬁy 8f Bﬂlctahgwftbﬂl ik uf uﬁﬁ’@BéﬁnG%ﬂE‘aﬁi YAk ddint bbb cBniigurkiéh
second optical ‘network i's detecte . An-opti cal network appar atus

conpr i gismg: safid pl;tralamobfsmzmdpmaﬂ |Cba1ne§msudhthvg auspars Ophcal udllamgel as previded t wo

wor ki ng_opti cal cha nd .a spare. first.optical optlcally

Coupl oeRhish St BRERE ik e R e RSP B S AT R B SR emen ki ng. ot cal
channel and tge Fpar @tﬁ:ﬁpﬁﬂéaroﬂéhhﬁﬁi bemgnsicallytcansien rtSCtlhedseE:&]cﬁ dpfed i linghr and
second optical switching units to forma first working optical channel

ring; desuedibrogph pdiast pastofodieces epticaliswiichingonis aefl sad Weosking Rateré chamgl a

are t I ter t cal
it ohi P P3RBT ap e FEASRRCRRS VIR, Tl bai i ARE B Y]
det ect |sngtchmga1dws raadi said plardlity sst” spdre tdpeicalechannk]svex éeph Gaid pspareabptidad bhainel

ring;, mean or ing the spare first optical channel to said
spare sPé%Yia‘?iI @f\’éﬁ?\"éw jacEntPpticalsvihing uRits, @twor k when a failure

inthe fir Stsaﬁpﬁljstcﬁ‘:ilr BEAGRK: b AL REERL uRitdcomprises said first and second optical

switching units, said first optical switching unit comprising a first optical cross-connect switch

responsive to a first optical cross-connect switch controller, and said second optical switching
unit comprising a second optical cross-connect switch responsive to a second optical cross-

connect switch controller.

2. The self-healing optical network of claim 1, wherein the first optical linear terminal is
optically coupled to said first optical cross-connect switch, and the second optical linear terminal

1s optically coupled to said second optical cross-connect switch.
3. The self-healing optical network of claim 2, wherein said first optical cross-connect

switch controller receives a first failure indication when a failure occurs in said working optical

channel.
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" means for optically coupling the spare first optical channel to sai d 1gpanenn
third optical channel of said second optical network when a failure in the -
. second optical network is detected. -26 .A AR Ase. Ae. ALH

,.A?.AS. A ne. A". Ay. A AL, e. A@ As@ AFH. A&5e. A

y. Ayn,y. AS3e. Af R Ay?. ASe. Afy. A e. Ayl[y. A@"$),/47.]

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cLa] ca]ca]ca]c

ajcalcg] ca C . A < L -

a} P ]7f %4 "l %@%i%@%‘?@a%ﬁ%é’?gﬂq&ﬁcg 18]aféa'hgé %é eczg Talrts lcg ecaé]tga 18%]] cal
ca] ca] ¢ahanicaldhdschllar) iadkaedncia]said] firey apaiksladrds8{cohhect switch controller.
"tAHSH#HAK(L(t ({(((())*0+,,,,,,, [0/ >/J/}xsnid_Z]c]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] ca]ca]ca]cal!J/

ZI Wﬁ&GgGEG%@@@ﬁQ@%@% tical network of claim 4, wherein said first_optical cross-connect
<P<><?<C<D<<<==<===> g&%C}nfs n(i)rd_OZ] %]a%rét] c’:a‘t‘]’ ceg]llga] caj ca] é)a] ca] ca] can] ca] ca]

ca] ca] cwjtclatomtiadial culwi} edirstiwiaihieg thle ahd adid spcaideeritcal capeedrin€tGYEDOEE] J
J*J )/ rddddd id Z
] ol CaPCHREY (HORT CoPry Gy B bin Vi G0 A0f SaicOA "o aF BAFoa] GaPETVEREnk! K
vkkkXl ah el @it cbbinl anBa pnsd¥vyemppr brr ss| w mhc”Yni d_Z] ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] caU] ca] ca] ca] ca] ca] ca] caV]ca
UV] ca] ca] ca

tuU = ' - cal: cajc
2] cal o) oa] L} SUFSHIBLUATRE EGh] B chbinE el bd FAROHE S o b B0

+/ ; OF | wrdication, said first optical cross-connect switch controller consults said first switching table and
} xsmhc”Y] ] ca] ca] ca] caU] ca] ca] ca] ca] ca] ¢ca] ca] ca] ca_l ca] ca]Dcat] cal ca] ca]cal.ca]c
a] ca] c &) ceqraarRh PR sPanding s pp Aetion in said first swi ching table fo said first optical

vt Rﬁq,gé@%ﬂgﬁd %u(;:iam}}c"Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] ca] cal] ca] a ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!, Fwb%8as3, f. T} xsnid _Z]]]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]caJca]c
aJcaj] ca] ca C al.ca! T"| 8%6as3,.f. It xsni.d cal.ca] cal,cal cal cal ca] calca]c
o o o] cal it GAFERIER ducaLreupiapt UFEh Pe PRI Sid aPCY O ed] CRfCaTERts) g
| +s10%@Kq1€D céatiNUBeceives a k06 fallureiQG &R idn) whifl 8@ Jaifur€ occurs in said working
109’ () - 1094a& %,/47xa?+310%@‘f 109 ()-'!'"f 10%@@& ()-'!'f

109gamzopycal chennsias () -) 10%@ () -s" 10%@ () -~ @ 10%@ 10% u& () - Y( @rL0% u& ()
-10% u&' ()-, 10@10@10@ 10%@& ()-!f 10%@@& ()-' b_ zX6~ @!S L$10%&' ()-!;

S L$10%uhu& () -1 # LSL109PP& () -!. ' $10%iu& ()-!1' $10%+& ()-"10% u& ()- _
8 The self-healing optical network of claim 7, wherein the second optical linear terminal

transmits said second failure indication to said second optical cross-connect switch controller.

9. A self-healing optical network carrying traffic between first and second optical linear
terminals, comprising:

a plurality of optical switching units, including first, second, and third optical switching
units;

a plurality of spare optical channels; and

a working optical channel;

said plurality of optical switching units being optically coupled in a ring configuration
using said plurality of spare optical channels, such that a spare optical channel is provided

between each pair of adjacent optical switching units in said ring configuration, and
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©"wXMB7s! 10-u 10-u 10-u&8 10% u& ()-!'a ($10%u& ()-1 !X ($10%u& ()Tb ALS 7007
IN($L10%F{f& ()-I ! ($10%-& ()-1 a?MB7s! Jee
_10-18 s$10%09& ()-.!s$10%e& ()-."109%& ()-10%&k ()-Y(nmO%& ()-s10%& ()-Iz[PE
:s! 1 10 10 10L8 10%& ()-!s$10%
;& ()-.1"s$10%-& ()-.s$10%& ()-.!1s$109% ()-.7a?PE:s! 1 10!
$10%99& () -+! $109%wW& () - +510%9& () -"10%& () - 10%& () - 3(nl0%& () - wXVBT7S!
N ot (o]

10g 10g 109 t}213e :}'195{@(?}‘){1(&:211 linear terminal being optically coupled to the second optical linear
terminal through a first pair of adjacent optical switching units and said working opuical channel
or, in the event said working optical channel is not available, through said plurality of optical
switching units and said plurality of spare optical channels except said spare optical channel
provided between said first pair of adjacent optical switching units wherein the first optical linear
terminal is optically coupled to a first port of said first optical switching unit, and the second
optical linear terminal is optically coupled to a first port of said second optical switching unit.

said working optical channel optically coupling a second port of said first optical
switching unit with a second port of said second optical switching unit, and

said first optical switching unit optically coupling said first port of said first optical
switching unit to said second port of said first optical switching unit, and said second optical
switching unit optically coupling said first port of said second optical switching unit to said
second port of said second optical switching unit, thereby optically coupling the first linear
termunal to the second linear terminal through said working optical channel. said first optical

switching unit, and said second optical switching unit.

10.  The self-healing optical network of claim 9, wherein said spare optical channel provided
between said first and second optical switching units optically couples a third port of said first
optical switching unit with a third port of said second optical switching unit, a first spare optical
channe] of said plurality of spare optical channels being optically coupled to a fourth port of said
first optical switching unit, and a second spare optical channel of said plurality of spare optical
channels being optically coupled to a fourth port of said second optical switching unit, wherein
said first optical switching unit optically couples said third port of said first optical switching
unit to said fourth port of said first optical switching unit, and said second optical switching unit
optically couples said third port of said second optical switching unit to said fourth port of said

second optical switching unit.

11.  The self-healing optical network of claim 10, wherein, when said working optical channel
experiences a failure, said first optical switching unit optically decouples said third port of said

first optical switching unit from said fourth port 6f said first optical switching unit, and optically
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units;

a plurality of spare optical channels; and

a working optical channel;

said plurality of optical switching units being optically coupled in a ring configuration
using said plurality of spare optical channels, such that a spare optical channel is provided
between each pair of adjacent optical switching units in said ring configuration. and

the first optical linear terminal being optically coupled to the second optical linear
terminal through a first pair of adjacent optical switching units and said working optical channel
or, in the event said working optical channel is not available, through said plurality of optical
switching units and said plurality of spare optical channels except said spare optical channel

provided between said first pair of adjacent optical switching units wherein the first linear

terminal is an opto-electronic line terminal element.

13. A self-healing optical network carrying traffic between first and second optical linear
terminals, comprising:

a plurality of optical switching units, including first, second, and third optical switching
units;

a plurality of spare optical channels; and

a working optical channel;

said plurality of optical switching units being optically coupled in a ring configuration
using said plurality of spare optical channels, such that a spare optical channel is provided
between each pair of adjacent optical switching units in said ring configuration, and

the first optical linear terminal being optically coupled to the second optical linear

terminal through a first pair of adjacent optical switching units and said working optical channel
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said first pair of adjacent optical switching units onto an optical fiber.

14. A self-healing optical network, comprising:

a first optical network;

a second optical network;

a first optical switching unit optically coupled to said first and second optical networks:

a second optical switching unit optically coupled to said first and second optical
networks; and

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

said first optical switching unit optically couples said first optical network to said spare
optical channel when said first optical network experiences a failure,

said first optical switching unit optically couples said second optical network to said
spare optical channel when said second optical network experiences a failure,

said second optical switching unit optically couples said first optical network to said
spare optical channel when said first optical network experiences a failure, and

said second optical switching unit optically couples said second optical network to said

spare optical channel when said second optical network experiences a failure.

15, The self-healing optical network of claim 14, wherein said first optical network
comprises first and second linear terminals, and said second optical network comprises third and
fourth linear terminals, wherein said first linear terminal is optically coupled to a second port of
said first optical switching unit, said third linear terminal is optically coupled to a third port of

said first optical switching unit, said second linear terminal is optically coupled to a second port
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said fourth port, thereby optically coupling said first linear terminal with said first working

optical channel.

17 The self-healing optical network of claim 16, wherein said second optical network further
includes a second working optical channel optically coupled to a fifth port of said first optical
switching unit, and said first optical switching unit optically couples its said third port with its
said fifth port, thereby optically coupling said third linear terminal with said second working

optical channel.

18.  The self-healing optical network of claim 16, wherein said first optical switching unit

receives a failure indication when a failure is detected in said first working optical channel.

19. The self-healing optical network of claim 18, wherein said first linear terminal detects

said failure and transmits said failure indication to said first optical switching unit.

20. The self-healing optical network of claim 18, wherein upon receiving said failure
indication, said first optical switching unit optically couples its said first port to its said second

port, thereby optically coupling said first linear terminal with said spare optical channel.
21.  The self-healing optical network of claim 18, wherein upon receiving said failure

indication, said first optical switching unit transmits a message indicating said failure in said

working optical channel to said second optical switching unit though a data network.
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adjacent optical switching units and said ring configuration;
optically coupling a first linear terminal to a second linear terminal through the first
optical switching unit, the second optical switching unit, and a working optical channel, wherein
the first and second optical switching units are adjacent in said ring configuration; and
when a failure occurs in said working optical channel, switching the first and second
optical switching units to optically couple said first linear terminal to said second linear terminal

through the plurality of optical switching units and all of said spare optical channels except said

spare optical channel between the the first and second optical switching units.

23.  The method of claim 22, further comprising the step of transmitting a first failure
indication to said first optical cross-connect switch controller upon detecting a failure in said

working optical channel.

24.  The method of claim 23, wherein the step of transmitting said first failure indication is

performed by said first optical linear terminal.

25. The method of claim 23, further comprising the step of transmitting a second failure
indication to said second optical cross-connect switch controller upon detecting said failure in

said working optical channel.

26.  The method of claim 25, wherein the step of transmitting said second failure indication is

performed by said second optical linear terminal.
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10y, $109/ﬂb ehd trgi@PH0ME A qonfmArGhgIn(cpponding to an action in said first switching table to said

first optical cross-connect switch upon receiving said first failure indication.

29.  The method of claim 28, further comprises the steps of consulting said second switching
table and transmitting a command corresponding to an action in said second switching table to

said second optical cross-connect switch upon receiving said second failure indication.

30. A method for sharing a spare optical channel between first and second optical networks,
wherein the spare optical channel is optically coupled between a first optical switching unit and a
second optical switching unit, and wherein the first optical network includes a first linear
terminal and a second linear terminal, and the second optical network includes a first linear
terminal and second linear terminal, the method comprising the steps of:

receiving a failure indication at the first optical switching unit indicating a failure in one
of the first optical network and the second optical network;

optically coupling the first linear terminal of the first optical network with the spare
optical channel if said failure indication indicates a failure in the first optical network;

optically coupling the first linear terminal of the second optical network with the spare
optical channel if said failure indication indicates a failure in the second optical network; and

transmitting a message from the first optical switching unit to the second optical
switching unit through a data network, wherein said message indicates a failure in the first
optical network if said failure indication indicates a failure in the first optical network or said
message indicates a failure in the second optical network if said failure indication indicates a

failure in the second optical network.
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a second spare optical channel and a third spare optical channel, and the second optical network
includes a fourth spare optical channel and fifth spare optical channel, the method comprising the
steps of:

detecting a failure in the first optical network or the second optical network;

optically coupling the second and third spare optical channels to the first spare optical
channel when a failure in the first optical network is detected; and

optically coupling the fourth and fifth spare optical channels to the first spare channel

when a failure in the second optical network is detected.

32.  An optical network apparatus comprising:

first and second optical switching units including at least two working optical channels
and a spare first optical channel optically coupled therebetween;

a first optical network comprising a working optical channel and a spare second optical
channel interconnected to said first and second optical switching units to form a first working
optical channel ring;

a second optical network comprising a working optical channel and a spare third optical
channel interconnected to said first and second optical switching units to form a second working
optical channel ring;

means for detecting a failure in the first or the second working optical channel ring;

means for optically coupling the spare first optical channel to said spare second optical
channel of said first optical network when a failure in the first optical network is detected; and

means for optically coupling the spare first optical channel to said spare third optical

channel of said second optical network when a failure in the second optical network is detected.
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