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SELF- HEALI NG OPTI CAL NETWORK 5 - The present invention
“rel ates gendV@PH5708% fiber optic networks. PCT/US99/00769
Today's tel ecommuni cati on networ ks enpl oy optical channels to
carry traffic between nodes. FIG 1is a diagramof a portion of a
t el ecomrmuni cation 10 network. FIG 1 shows optical channel 108
connecti ng node A with node B, optical channel 116 connecting node
A with node D, optical channel 118 connecting node B wi th node C,
and optical channel 126 connggifgriRtec ©OprToarl, NEWdRk node D. 15
Each end of an optical channel Is termnated Dy an opto-electronic
line term nating equi pnent (LTE) or an optical |inear term nal
(LT) (ﬁ.gj, an Cptical The pres@h&nﬁgbeﬂ?ibﬁ:ﬂbih@e@?b@hekhmsytﬁb”iPating
equi prrent faor .converti and nul tiplexing electrical signals into
28 P an OptlggF $P§ﬁ§| gwofﬁgnsnission over an optical

channel and for converti fgdayrecéieledooptindéabtibgnakbtworks emploto
P het bl cobmu Pl bl chEANRRA koPUEEr e l8Rc petpsen SBHLEY PRG0N Of

the tel ecommuni ¢ati ons éar
termnal 106 id é@nﬁe@ﬂédrza of a ppstéme eﬁdaoteépppmaunahahmeh 108 and

LLgﬁﬁie?term Nahetwork. FY&2 1S steRBeEhedch? LhgnAbRel 08NdoRheBREhER!
node A with node B, 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.

15 Each end of an optical channel is terminated
by an opto-electronic line terminating equipment (LTE)
or an optical linear terminal (LT) (e.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.



108. Linear termnal 106 receives electrical signals f.rom

electrical digital cross-connect switch (DXC) 102 and transforns
t hose si gnWos99131049 optical signals for 30 transm ssi oRCOHMES99/00769 cal
channel 108. Linear termnal 112 receives optical signals from
optical channel 108 and transforns those optical signals back to
t he el ectrical domain. When there is a

break in an optical chdfimen, there is atheedkndaraneentihghd cbanaeiled to the
optical channgle linear t&'ﬁ?fﬁéléhéoﬁﬂéeﬂéh tai Lﬂéeoﬁxlésm%ﬂanﬁegoss of

si gnal conditi o exang on etectlng hannel
failure, the detRat the ¢haprelchyl u¥a|bnr§enﬁanaa@| pss of signgd g

net wor k managesmdt + 5yS) efdt Neka®poun) . upbs detectlngnat wahn@nagenent
systemthen dj rects Dxc;ge tqQ re-

traffic to r ?1ﬁearnE?EB}Ralﬁosen§ a galiure 13&1 u%§h1mﬁth
usi ng el ectrimladmgtwcairk management osgstemngnbtsshbeh¢s t Thee-route

:Lgfflc when é%%@?55t$%?aggﬁé r Ygﬁgﬁrkﬁgﬁea @gcggtbﬁé &%§nnﬁl fallure S

es to ofmthe
network restot22i oand1830 to re-route treféigsokot reﬁtoget &¢heepl ace t he
| i near th&FRi nal s with add-drop multiplexers (ADVs) and create

a conventloné? optrcal ring network, such as a
A problem with using electrical digital

cross-connect switches to re-route traffic when the
network experiences an optical channel failure is the
substantial amount of time it takes to perform the
network restoration.
15 One solution is to replace the linear
- terminals with add-drop multiplexers (ADMs) and create
a conventional optical ring network, such as a
bidirectional line switched ring (BLSR). This approach
reduces the amount of time it takes to perform network
20 restoration to the 100 millisecond range
(approximately). However, this approach is expensive
because ADMs must be purchased to replace the linear
terminals.

A network design is needed that can quickly

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 (OSUs), 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.



bidirectignal |Ijne switched ring (BLSR). This approach reduces the
~anmount of tinme it takes to perform-network 20 restoration to the 100
. mllisecond WeH§E7049 (approxi matel y). However, this apptGQRAes90876s
expensi ve because ADMs nmust be purchased to replace the |inear
~term nal s. A network design is needed that can quickly

25 recover froman optical channel failure wthout requiring
repl acenent of he |inear Thee el healing optical networkhequoeskntg to

| nvent {on provigegs A S AERIL0 of ene prdble 3l SIREK diguing 1] near

termnals optica coupled to sw tching units (CSUs),
where the 30 traffgig ihetwesn tidisty and tsecand epiisetled inear ri ng

configuration. N1 d eSt{ald MRICUTTIRHdS @ biutality of ddtatical

domai n,. thereby sjgnificant| redUC|Q§é{he_ restorationtine.
S2- 9 switching units, ingladigd Higft.ngesancearnvettidmd accor di ng
to a foptsicanbed teningpfuritg prasen glwmentitgn R isdase

a1 Dot e ld it Atk ae i Ok o b S ong con, cnab S e T
first, second, windcadity of optical switching units are optically
coupled in a ring configuration using the plurality of
10 spare optical channels, such that a spare optical
channel is provided between each pair of adjacent
optical switching units in the ring configuration. The
first optical linear terminal is optically coupled to
the second optical linear terminal through a first pair
15 of adjacent optical switching units and the working
optical channel or, in the event said working optical
channel is not available, through the plurality of
optical switching units and the plurality of spare
optical channels except the spare optical channel
20 provided between the first pair of adjacent optical
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 0SU. Similarly, the second linear terminal
sends a data message indicating an optical channel
failure to an adjacent 0SU. Upon receiving a failure
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optical switching units, and a plurality of spare opti.cal

channel s, and a working optical channel. The plurality of optica
swi t chi ng W&x¥87e8e optically coupled in a ring coRCISAHA76N
using the plurality of 10 spare optical channels, such that a spare
opti cal channel is provided between each pair of adjacent

optical switching units in the ring configuration. The first
optical |ineaindiécathah,i shepOBbakfjacenpl 60 tbe first limearsecond opti cal
i near ternIn@Ieﬁ%ﬁeugalecﬁéESEr3f55c1§rom theokl§gka§§%%a9pkb&%h. g@tchlng
units and the wor tical channel or, in't event sal

wor ki ng opt i cepto the spagRakher Péthot Thgi OSHI adipeestgho kdepl ural ity of

optical switchbsgndniifieandebhRinhir alkby sQfi teheketraffic £t ittdl
channel S exce t t he sgare ogtlcal channel prow ded betvve n the

first pair of BRFScERRIoBRFEafC the Seco?ﬂl&&ﬂ@ﬁﬁ G Ty
coupling the §aystthe spare ephycphthi dgausedr aisnain raattetmaam:qmtmpt i cal

I I I d_f h
S o ca o GAP-PRby, RBREGSE, BERAEEH 53R B lsl g o e

term nal . linear terminalsThe optical sw tching uni ts can be swi t ched
to forma spare ring pahﬂo‘dﬁb%eﬁﬁ%dﬁ&%‘f: Rt 't‘fxf%' wventio The
first linear term nal, upon sensin ure wt |n a mo ing

pat hl& hat confiéces and ﬁﬁﬁ?PdBOPtlcal Piehaer kser mAnafllrtsd'- (REig@dond | i near

term nal, Sengﬁlechlng umtdatsac Eﬁ@@l_e tioh dheAld iR tA ki nPtdRInc hannel
failure to ent OGS Sbgglarly t he ,secand Ilnear t erm nal
sends a data ﬁB%%&@é Pﬁ& 85 fng &nS CPHHaRTeSWite 1ng &% to an

adj acent OSU. aUgenopetenlilpyg caupdiddute® the first and second optlcal
-3 networks. A spare optical channel is optically coupled

15 between the first and second optical switching units.
The first optical 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. Similarly, the second optical

20 switching unit optically couples either the first or
second oﬁtical network to the spare optical channel
depending on which optiéal 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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I ndi cation, the. OSU adjacent to the first |inear el ement swi tches
traffic fromthe first |inear term-nal onto the spare ring path.
~The OSU adjé%@ﬁ%e?%9the "~ second linear term nal al soPERUS2%@0369
traffic fromthe 5 spare ring path to the second linear termnal. In
this way, the spare ring path is used as an alternate path

for carrying traffic between the first and second | i near

‘" terminals. the invention anghdih@nabiisodi PeFsodf skiid liedvdmt itde i ncl udes

10 first puretisRetNGaptic dakeetnd ke thef ihlnRbhcal
switching unit is coupled,to the first and second opti cal

networks. A second opticalr%wilt dilvg EERites; @ portion of) & optical ly
coupl ed to the Hdlrestoraruch isatdathso pletodirk . networks. A spare optical
channek is optically coupl.ed 15. bet ween _the first .and secqond opti cal
-smﬁtch#ng units. %h?He%fﬁggﬁs&ﬁfggglasﬁﬁf@ﬁiﬁ QArREGSt PEaP v
coupl es seldi thesxl ifnige dptrista lomeswoaikd opetriatdhgndhwankmhad mbdespar e
opti cal channel dependi ng; Is i.cal t S ) experienced
a failure. Sinilarly, thg‘l%gc%&qgﬁl%%%%%fogﬁ %%S\%at ERP8§ G PPGS& i cal |y
coupl es eit her SWidah cegntgioller. second optical network to the spare

optical channel Fq%ggnq%ngngn4ghﬁqﬁuggghgglsﬁg%@ﬂ&hgr%?ggégerienced

failure, In this manner, the spare optical chann

a
sharedOby the 58 PhdhseO6d GonteRl lggtwor k. 25 Furt her
- features and advant ages @figt.ng illustratRsesepirocBu@rki @8r a%aMhly; as the

structure and optical ﬂa%ag¥y‘on of various enbodi nents of the preéesent

Fig. 6 illustrates the first embodiment of

the self-healing optical network operating in a failure
15 mode.

Fig. 7 illustrates a second embodiment of the
self-healing optical network.

Fig. 8 illustrates a third embodiment of the
self-healing optical network.

20 Fig. 9 illustrates the configuration of
optical network 800 when a failure occurs between nodes
A and B. .

Fig. 10 illustrates the configuration of the

optical network 800 when a failure occurs between nodes
25 B and C.

The present invention is described with
reference to the accompanying drawings. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the left-

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
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i nvention, are described in detail below wth reference . to the
acconpanyi ng draw ngs. 30 The acconpanyi ng drawi ngs, which
are wO svsyod9por at ed herein and form part of the speci TRCTAISOYNQ769
illustrate the present invention and, together with the

description, further serve to explain the principles of

-4- the invention and to enable a person skilled in the
perti nent artspecmakeaamdnuse thheireveot ithe. following term Fig. 1

illustrates a Lt | lhans network. 5
Fig. 2 |IIust?§?é§lglPPFs? efbo ﬁﬁgn%%1$C%gn%%S%Q% 1 sel f-healing optica
network operating in nofhel tesde"optical channel,” "ghagpned i’ lardrates an

optical cross FW @lnhen Fi gs.
oA and 45 1) caftYEents £ Chg 1 abtlgsfeclio%r Py ltype of gptical link 9

contrdol | ers. for transporting anFioptisal) |signady é%eté{"%rbd@fﬁjrfé’]frb‘i's heal i ng
an opti cal netW%bkpresent 1nvent10n prd@iﬁeé5d|ééﬁﬁ¢ﬁﬁé¥hﬁ@e
first enmbodi nent  of % heal.i n net work operating in
a failure 15 opticajlygetwork w. ere network é%%?%rﬁ 191, QGSHER 4 second
enbodi nent of ehltérely in the optical domain, thereby significantly
reducing the amount of time it takes to re-route
10 traffic. The self-healing optical network includes
linear terminals optically coupled to optical switching
units, where the optical switching units are connected
in a ring configuration.
The present invention is described in an
15 'example environment consisting of four network nodes.
.Description of the invention in this environment is
provided for convenience only and is not intended to be
"limiting. After reading the following detailed
" description, it will become apparent to 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 illustrates 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 (0SU). Specifically, node A includes OSU 210,
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sel f-heal  ng optical network. Fig. 8 illustrates a third

enbodi nent of the sel f-healing optical network. 20

Fig. 9 illusWo#B4Phe configuration of optical net RSFHUSSB0RAen a
failure occurs between nodes A and B. Fig. 10
il lustrates the configuration of the optical network 800 when a
failure occurs between nodes 25 B and C. The

present inventimede sBdiscludes O8Y 216, node ¢ efrezlardas tQSU 3 accupanyi ng
drawings. 1N 40 p incinadd aﬁ@@?zs' | ke PTG NGR TUHIRE T | 410K £ P
ally, the

i dentical or unct siml ar ments. Addition

left- 30 FERES UE RSy %Wl%lcbef@%%)cecmm&fe@ 5t i39ES t he

drawi ng in whi cliotfeol BEL! ente Smdbalibdd Ivén@PRERAIGCCS and an OCCS To
nore clearly delineate the effort is made

nvention, a
t hr ougRout t he controller £brm °n%p%%F?q{%&|Yﬁﬁ?t)eéhmﬁ%é%%??he fol | owi ng
Eerm y lde%}mmajl-@éﬁtasaﬁomlsﬂ:stammamacscqmssmrbttmller exist as two The
erm"optical channel,” nnel ," and equi val ents thereof, refer
to any type of OpPFtate I?ﬂkg for transporting an optical signal
bet ween two points. An OCCS is a dghkcerEsantcamvewiicn gpictalks a

self-healing . ive nOPLEER a"BIUPLEK: MPESL HELYOLK S&SLLT atiuRecurs
10 example, any one of the plurality of optical ports can
be internally optically coupled to one or more other
ports within the OCCS.
OCCS controllers 209, 215, 231, and 225
direct the switching of 0OCCS 211, 217, 233 and 277,
15 respectively). For example, OCCS controller 209, 215,
231, and 225 send and receive status and switch
commands to and from OCCS 211, 217, 233, and 227,
respectively. Examples of status and switch commands
include coupling and decoupling commands. A port
20 coupling command causes an OCCS to internally optically
couple a first port of the OCCS to a second port of the
0occs. A port decoupling command causes an OCCS to
internally optically decouple a first port of the OCCS
from a second port of the OCCS.
25 FIG. 3 is a diagram illustrating a more
detailed view of OCCS controller 202. 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.

-7-



entirely in the optical domain, thereby significantly reduci,ng the

anount of tine it takes to re-route 10 + traffic. The self-healing
opti cal neWRMR7MAc| udes linear termnals optical | pctasgdendss o
optical swtching units, where the optical switching units are
connect ed in a ring configuration. The present
I nvention is described in an 15 exanpl e envi ronnent consi sting of

f our network nodes. As shoesinmiPiGon2 pfeddies OO@ENLLiDN 207t hRs3,

envi ronment | : . ' conveni . onl nd i ot i ntended
Lo be 27 is LA PAPRy lphta SO0 PELSREEL00 ¥aTRtehE Iohen?
descri ption, %@rmgnalpecdirr HRMRIR, tRrBtpel samd 20 of OCCEkRLLedren the

rel evant art diaw dD Iy QBTG 18 linear telM¥VEA éofoﬁnaﬁhtﬁﬁgative

envi ponments that consist of_a ring configuration having an
arbitrary nurﬁféerpecﬁtlvely. PORt$o? kMO Je<Of OCCS 217 are opticgliy 2

il lustrates axaglfedeasd iNhept i tatmPlals 112 Ngh@01 k4 20036668 8B L0 @

first enbodi nent_ of, the r nt inventio The opti.cal network
shown in FI GrBec?rts 3 and 4ha%ff%%qgn%%isa](%o@}l%ffj@[.c@é@ﬁeﬁoae i ncl udes
two Jinesar teyrminmsls.18peand i 128 ) yreswdet Avébgl udesrkinear
termnals 10 . [ ] r termnals 112 and
114,  Node cda}rﬁicll%uﬁge)fg QRS a2 | e WS a TRP colintea o PERRAR 8. D

i nclfides |ineegrminal 120 tapdi W4 s nospediively . Provi ded

oA e (R BT PTG, 23, 227 AL Bk pegblsall v
in a ring configuration. There is a working optical
channel (W) and spare optical channel (S) optically
coupled between each OCCS. Specifically, working

15 optical channel 212 is optically coupled between port 3
Of OCCs 211 and port 1 of OCCS 217. Spare optical
channel 214 is optically coupled between port 4 of OCCS
211 and port 6 of OCCS 217. Working optical channel
224 is optically coupled between port 4 of OCCS 217 and

20 port 2 of OCCS 233. Spare optical channel 222 is
optically coupled between port 5 of OCCS 217 and port 1
of OCCS 233. Working optical channel 230 is optically
coupled between port 5 of OCCS 233 and port 4 of 0OCCS
227. Spare optical channel 228 is optically coupled

25 between port 6 of OCCS 233 and port 3 of OCCS 227.
Working optical channel 218 is 6ptically 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 multiplexed onto a single fiber by
wave length division multiplexers (WDMs), as shown in

-8-



node B i n¢ludes. OSU 216, node C includes OSU 232, and node D

I ncl udes CS ch OSU i ncl udes an opti cal cross-connect switch
(0CCS) coupl € g controller. In one enbodi mI/URKOEIEES
and an OCCS 5 controller formone integral unit. In another

enbodi nent, an OCCS and an OCCS controller exist as two separate
units. s a.device that can swtch optical

paths between & Jfurkd |Efasf‘ﬂ'bfpad‘rﬁ %é\lwoﬁé‘rltr@ /spRreneptadcal chagpedsi e, any

one of the plurzlgt32mf IR/2H, pord LXBHR30 can alske benlenialddy ieptically

coupled to one er thln t he

OCCS control | erés) pf%tez%% PP c?fg.es or'b LS, &l% 3% t chi ng of
OCCS 211, 217, @ﬁm&waveﬂ&ngths argspectsinelly) fibear, exanpl e, d
controkl er- 209, 215, 1, ceive status an

SWi tch5 conmands tc?san%ﬁf rom Océééﬂ%g%z??q ?%? S&’ﬁ&c%‘?ﬁi to
respectivel y. EQIbIRALS Wing P2 tin@6dnivsdmdc spexedoptical chanmellsde
coupling and deguplizg qgnnq&ﬁ§22% po&%_%@her wor?%UpBb% rtgqggn%a usestO

anOCCStomternaIIy opti cal | coup I rst

a second port %% ne¢ formed bYO%S Kléorlpt@v?é’@&ély ﬁ’@%@ﬁﬂf&ﬁd@&@é@@gan

OCCS to portnterniall Yo ISC-a|dC5CSjQQOUQth%nfa|1|1?t oBQ&Ea@.fLyIj he OCCS
is_a diagram

from gpsecond por t O.f t

i 1l ustPating a G2 ¢ 1% g{lg‘?ﬁ &8 v QFCécéé%c}HttFaPlaé{leog occS
controllers opt1ca12.]y5 capll ingna2’b lhave polte $amangooticguratyi on. as OCCS

Cont ek 202 BN SR PO BB 3 o porc g0l o1 208
OCCs 211, 217, 233, and 227 are also switched
to form four point-to-point working paths 236, 240, 242
15 and 238 using the four working optical channels 212,
224, 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 optically coupled by the working
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30 |l ogic 304 to be executed by system processor 302, : menory

306 for storing switching table 308, OCCS - , I nterface 310 for
coupl i ng OBO9360#9r ol | er 209 to OCCS 211, and dat aPREfUKBYNO769
interface 312 for coupling OCCS controller 209 to a conmmuni cation
channel . -7-

As shown in FIG 2, each OCCS 211, 217, 233, 227 is optically

coupled to rep@EhtwvblaUpagmﬁtOptmeaily decoupledr i Whes. thds exanpl e,

ports 1 and 2 E%CS 1 £2Bhi eakhyisaupked t%ﬂﬂéfﬁat

termnal s 104°§é% tﬁ% péégenﬁeéggg?lvely Ports 2 ang OCC§!217 are
optically path ugdngl adPPELiPReaf BBAKENALEY1250a%Q PB&lcﬁééﬁ%ctlvely.
Ports 3 and 4.gf ggc@ha3§1ﬁéﬁr0Ebrﬁdhhlscaﬁﬁb@deBOby the failliuiesar

t | 126 d 128 ti Por.t s d 6 of OCCS 227
ot Ty oouBiBy BoliahgRRatyse brobBilRe> ror) rrant ithy 2 cspoct i vary.

OCCS 211, 217a1883nakd’path aptingakhy spamecding 260 whamzanyfﬂpe of

configuration,_ There,i.s a [ opti,cal nd spare
opti cal channEP (§?r§5P 5%95@ 236’ 54% 24Fédzggtﬁk n eac %%Eg
Speci fical |y, faglkireg 15 opti cal channel 212 is optically coupled
bet ween port 3 ggg% leand Aot ak %fteg)gglz%eﬁpare opti cal
channel 214 is optlcally co pIe %betweeﬁﬁpgra

10 control immediately passes to step 502 In step 502, a

switching table for OCCS controllers 211, 217, 227, and
233 is created. By way of example, the switching table
for OCCS controllers 211 and 227 are shown in FIGS. 4A
and 4B, respectively. A switching table is a table

15 having at least two columns, an event column 404 and an
action column 406. In this example, for every event
that is detected by an OCCS controller, there is a
corresponding course of action that the OCCS controller
will take.

20 As shown in FIG. 4A, OCCS controller 211
detects at least two events: (1) a failure in working
path 236; and (2) a failure in working path 238.
Similarly, OCCS controller 227 detects two events: (1)
a failure in wofking path 238; and (2) a failure in

25 working path 242.

0oCcCS 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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211 and port 6 of OCCS 217. Working optical channel 224 is

optically coupl ed betmeen port 4 of+ OCCS 217 and 20
Spar e
5 of OCCS 217 and port 1

233.

"is optically
227. Spare optical

of OCCS 233 and port 3 of OEefscepyroller 2

1Eap4

ch

channel 228 is op tlcallggcou pl ed 25

port 2 of OCCS
optical ly coupl edPEGRUS¥OA7490r t
of OCCS 233. Working optical channel 230
coupl ed between port 5 of OCCS 233 and port 4 of OCCS
bet ween port 6
Yorfebecopta chaithpanth 218 is

annel 222°i's

optically couplRfrking pathbgtBes)d POELiiRE £x¥§if§¥é fEEEl@nofr&§CS

211.

bet ween port 2

Last | optical channel 220 1s optically cou
i? %%S Eg?méﬂﬂ p%&? 5 PEEREly 10CG$ controller 35 | t

shoul d be noteddebettshe feiking dptwesking path 2$®a@ﬁefe@éﬁvﬂ@§ gpare

opti cal
as sho
by
- 8-

channel 214 can

ed b
gratlure lngﬁcaﬁ?o?h£§°%a%l%%aﬂﬁ??¥ %tdléétoa%.s+ﬁgle fi ber

in Fl

ber ptlc cabl es

wavé@eteagshadfzituoa nmdicmtnamrsn(wkajngaﬁasmowwa|my

218/ 220, 222/ 228°C

fiber optic cabl24.or be mul tipl exed in

a single fiber.
forn1spare ring path 260 using sgare optical channel's

to

10

15

20

25

30

231

5

e1v1
and

and 225 waits for an even

§é§§2§61can al so %Elgﬁr %ﬁlffﬁggiogéfcal hannel s

carrie rate
di fferent mavelengths onto

In step 5081 locdd Teodo1 POE 269, 85 f5 SW tched

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

determine the action that the switching table directs

it to take. The result of these actions is the

creation of an altermate point-to-point path that

circumvents a failure in a working path.

For example, assuming that working path 238

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
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
couple port 1 to port 4. According to the switching
table for OCCS controller 225, OCCS 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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214, 222, 228 and 220. In other words, spare ring path . 260 is
formed by OCCS 211 internally optically coupl.ing port 4 with port
5; OCCS 21woi%aseedal |y optically 10 coupling port 6 WPERUSHNR076) (OCCS
233 internally optically coupling port 1 to port 6; and OCCS 227
internally optically coupling port 3 to port 2. OCCS
211, 217, 233, and 227 are also swtched to formfour

poi nt - t 0- poi rnthenvardadont paitst PAG, oR40pt PaRl 1metwork 3A8 ag8eyskng t he four
wor ki ng opti 2 8 t 0- poi nt
g op %%%%ﬁ?@gnﬁﬁswgﬂﬁl?% %%tl al 2éfan %? a0g Zé deEQbEEa P

wor ki ng path t|c é coupling linear term nal
106 Wi th | i necfee¥ nPGEP aant r@ﬁb@m% P §nd 7e$PPRLetRal | y

optically couplgs; pord £n%ébkﬁ%to tﬁeﬁllmﬁéi 298, an allfeehadld y _
optically couples port 1 with oupl i ng

b p LIy c
linedr term rRAtROPHEHLY coupll?gn%é?e?ﬁrH?ﬁﬁFnTizxpg % ﬁ REPEi ng
optical channgdrminal 120212.created using a porthanaoflsphae e maer |

wor ki ng path 23 . by al | l;i_near term na

104 with Sk $§ﬁear5?ﬁ?ﬁ%ﬁ5? g%o 1ﬁ§%é%n%e%ggﬁgg4gﬁg “Pormed by

optically coun¢tﬁga11yeaoupbed1nalliméamnthrmnneér120 throughesparse 128,

and wor ki ng pat 42 | d ally coupling |inear
13, P THERE SphARTE 2R, 222, pnQDRReR! 1Y cOUPIINg

t er m nal When one
of tl®e poi nt -t o-point mBhﬁiﬁ@OEatth tlme it pgkespiQ CrXEAter @38 fails

(e.g., there L$:arREe8KphPh through 6@@1@51tB%1W@hKh@9 Q@bdﬁﬂln@h&ﬁﬂ6|5)
the |inear termnpals that were opti %alg tiou%gs eryg%-e wor ki ng
-0- the present invention, is signific
conventional methods for re-routing traffic that rely
on electrical digital cross-connect switches because
15 restoration is done at the optical layer and pre-
determined switch state tables are used.
FIG. 7 illustrates a second embodiment of the
present invention. As shown in FIG. 7, WDMs 702, 706
are placed between OCCS 211 and OCCS 217 to multiplex
20 working optical charmer 212 and spare 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
occsS 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 OSUs can also be switched to

-12-



path will.becone optically decoupl ed. Wen this occurs, the present
I nvention establishes an alternate path using a portion of spare
ring 260 to ¥RAPEHYy couple the linear termnals af fREGYERP98976P he
failure. 5 FIG 5 illustrates a procedure for creating an

alternate path using the spare ring 260 when any one of t he
wor ki ng paths 236, 240, 242, 238 experiences a failure.

The procedure bBEPHd&t werkingoRatperketveen Lineamt termimadsli atBYs passes

to step 502. |ghetppoblLs Qhown in FI@“”$Ché§9dé§@%fbé&”a£3%%§ condgol lers
211, 217, 227, and is created. y of exanple, the

swi t chi ng t abl e@PPlies tOfBPlﬁxﬂEMc%Wk? ¢%9% %ﬁjﬁQﬁuPEEﬁeQﬁe#%Nﬁﬂ%FQQ

" FIGS. 4A andandul®, beeappaténel yo A patdehi stk ein stiget abl e 15
havi ng @at | east u an event columm 404 and an action
colunn:ﬁOG In f%fgvéggn%?é for every event that is detected by
an OCCS controller, thereFIg. a8 illustrates raspurel ngmioodimsentofoficthen t hat

the OCCS contro#%gge%t inventYbh! tPKe. £0ig 2 d%aqram of §ﬁ¥;§ﬁ§§gi'n FI G

4A, OCCS contro detects at a failure
i n wor ki ng self-heahingenetwerk 2§0¢ h@vim et Wﬂqh@abmqw 238.

Simlarly, OCCSo%@ﬂ&éP' h@ﬁw@?ﬁs deg £CA5q L4y K S id 1:2 gtworks %02; egr?d' ure
i n working path 38;. and é afailure in 25 |ng pat 4

occs chht rol | er 89foShRY8cERATE FOPTFifR] | Fhannel ssovwwﬁﬂrE?Y%RQIQ%@ by
receiving a faibptecabdhebdtlsfs0de a spareldpieidal edmdmiadl 106 st her

fast, reliable L§9£ﬁgs is realized.
' Spare optical channel 860 can be optically
coupled into network 802 or network 804 by OCCS 852 and
15 834. For example, network 802 can use spare optical
channel 860 if there is a break in the network between
nodes A and F, nodes E and F, or nodes D and E.
Similarly, network 804 can use spare optical
channel 860 if there is a break in the network between
20 nodes A and B, nodes B and C, or nodes C and D.
The individual optical networks 802 and 804
self-heal using the same basic procedure illustrated in
FIG. 6. In other words, the OCCS controllers detect
network failures and then direct their corresponding
25 optical cross-connect switches to make the necessary
optical couplings to circumvent the failures according
to a pre-defined switching table that exists for each
OCCS controller, .
OCCS controllers 850 and 840 detect seven
30 network failures. 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-



detection system For ease of understanding the 30 I nvention, the

i nvention will be described in the envi ronnment where the failure

i ndi cat i onW397¢@ner at ed by the linear termninals, PEEUSBY0IT6? neans
is the invention limted to such an environment.

-10- OCCS controller 209 it detects a failure

I n wor ki ng path 238 by receiving a failure indication from

linear term rid (6M.f&itarbgtwagCnedasrbl ard 2psand (7) fagansets a
failure in b. eiving a 5 failure indication from
| i near tern1né%é g8 aﬁ&%@§3A 4nd % de?ects a failure_indication in

working path 242 by  OCCS corekphifg @5faifurBlentPcdBEERLf Rom | i near
term nal failudedbetween nodes A and BlBes8h@peSD4neaachetmEhagontroll er
74 bet oo WPAPOAS DNt SEPEF:  DohrBRl,EECLL pBcectibn alliigay ovent
In step 506, $apaOEKSEabmbrel hetifhattions to Odesecbadrbhéeev@s.consul ts
L 3oL bbab! ok rdfies paglAbELALacs! PR Sikkonelhabr BEaRd s o
and B because 0OCCS controller 850 sends a message
through data network 892 to OCCS controller 340
10 indicating that a failure occurred between nodes A and
B when such a failure is detected by OCCS controller
850.
OCCS controllers 850 and 840 are able to
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.
0OCCS controller 840 is able to detect a
failure between nodes C and D because linear terminal
844 sends failure notifications to OCCS controller 840.
0CCS 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 830
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 F and A.
In order to illustrate the operation of
optical network 800, two failure scenarios will be

-14-



~creation of an alternate point-to-point path that circunvents a
failure in a mnrkln% pat h. For exanple, assum ng that
wor ki ng pat hW experiences a failure, then OCCS cotEib$198p76209
receives a failure indication fromlinear termnal 104 and OCCS
controller 225 receives a failure indication fromlinear term nal
120. Upon receiving the failure I ndi cations, both OCCS controller
209 and 225 respbseuosed: (1) azchrifiune thetwasn mwlaes apd dbl end s&2) FI GS.

4A and a‘Bhi i@@ejg&“\;@éﬂ) ‘ﬁﬁ |9 40 the switching table
for OCCS control I er1209 onr%? %ﬂc}g directs OCCS 211 to

internal ly decoupl e port W?ﬁo%%’rjtmﬂe occurs betwresy rdss decsiplR port 1

fromport 6, anﬂmé&@r@@ﬁ\yné%ﬂ 854 is %pmi&m;; dedud Arof\CCiH&HMg tO
t he swi_t ching i@?ﬁ) IIer 225, OCCS cantroller 225

directs OOCS 22%°¥BiRa} egaét I yA%Ie qboygy IHCS controllgys 3
internally decogpde $p0i dndredo pisted: tel failure. UBEH rddecwiaupl e port

6 to port 3. FI re fiqguration of
opti cal networ k%%of%ﬁjf é'(;la(&?& Comflfﬁ}](ﬁre %10'\/\/08;&q rﬁ%ﬁ]%dalgeac nnel 218
I s detect ed consult their regyecri @GS toamall dvertcRiGdy arab1225 arespond

to ﬁng rgdNg Opf | di%sam@a s’v?i?tcrméééxedﬂ?g{g,mnal 190

path optlcally cou I near’ ternina to |1 near
is crddted using a portiofPefifirallyi MFCS controller 850 directs

OCCS 852 to internally optically couple port 1 with
port 6, thereby optically coupling linear terminal 854
to spare optical channel 860. OCCS controller 840
directs OCCS 834 to internally optically couple port 2

15 to port 4, thereby optically coupling spare optical
channel 860 to spare optical channel 888. Lastly, OCCS
controller 870 directs OCCS 874 to internally optically
couple port 2 to port 5, thereby optically coupling
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
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path 260. Specifically, linear termnal 104 is optically coupled

to linear termnal 120 through spare opti cal channels 214, 222,
and 228. 1WO 99/37049 The anpbunt of tinme it takes to BCHHS®/AMN
alternate path through optical switching, according to t he present
invention, is significantly faster than conventional nethods for
re-routing traffic that rely on electrical digital cross-connect
swi t ches becaabd elb and direxst Q@CES Bb3 s &bhe 8801t handp834atol sayetchnd pre-
det er mi ned S"!ééﬂ]rdsigﬁil tabl es are used. FIG 7
illustrates a second e

odi nent of the resent invention. As shown
in FIG 7, WoMs 702, 70%ecificallyy @%ﬁ%c@n%@ﬁk%ﬁ eesiprechad OCCS 217

to nmul tiplex s g74 ﬁ/@rﬂwx@iisﬁa&p@f@évﬁg &@gﬁ@dp§9§r§ gatpeatk channel
214 onto optical fiber 704. Simlarl 0 are pl aced

s /08, 712 .

bet ween CCCSE?lfhﬁﬁ?h?]ﬁ??&ﬁa}¥yrﬁﬂ%ﬁ%ﬁ%& linear teyginahy8d4ttlal channel
%3 agilSSpar &pHid C@%ﬁw\rﬁi%nnel 866. 22@ccos;t@oxgpfdamé§f gbzrdiilacpml

, are . et en an t mul t | Pl ex
working. ¢ BEEF ke inssritt S PErRELY AR R PO aAnER Bo5 bnt o
optical fiberl,7lithetiidf G20 cdlly aceupl bredl heearenerminal 886CES 227 and
OCCS 233 to o] i | C 3 nd .
opti cal chan%é%§8%@£%p§%ﬁégoﬁs' . O??%e?Sggggﬂﬁ'ﬁi §4§e§%%§%l&%
enmbd@i nent ofOQGR Hiseskmtinternally|opbherbhyf GRAEPLONBOYE Ar 69 BOXE ring
configuratiom ofthereby opOEbl1 i bustingespRELCobLYcaM ERARHN0 gRipOVI de a

spare pat h t hrough spg%e ogi;ggé channel s aroqund the rin
confi gur at i ontC THRAXSUP tLFAh| SH2BR hedlggtly, OCCS controller
o -12- 850 directs OCCS 852 to internally optically couple

port 3 to port 6, thereby optically coupling spare
15 optical channel 860 to spare optical channel 866.

After OCCS 852, 874, 880, and 834 perform the
port coupling operations, linear terminal 872 is
optically coupled to linear terminal 886 using spare
optical channels 888, 860, and 866. In this manner,

20 ' the failure between nodes B and C is circumvented.
This can be seen in Fig. 10, which illustrates the
. reconfiguration 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

-16-



provi de wor ki ng. pat hs between linear term nals. Thus, t he pr ocess
shown in Fi o descri bed above, also appl ies to this

enbodi nent o t%eﬂ%‘?esent i nvention and woul d be apﬁ&?@ﬁ@’?‘ﬁ%
person skilled in the 5 rel evant art. FIG 8
illustrates another enbodi ment of the present invention. FIG 8 is
a di agram of an optical sel f-heal i ng network 800 having two

sel f-healing Scope ofpfhe Arefanfoifyegtiomnghoudd Wesr Sen lisihedk $v802

and 10 8Q¢hy5 o et Al vaid r it e Qer %&hb@@&&n’é&tts‘mbut
savings is

optical network re optical, channe

real i zed. Shoil B dsé)fa% l@pﬁ%&lccﬂgﬁﬁ‘é’le 8’6@%&9%50359?”&%91 y
coupl ed i nto nethsdmis & athenet vemud vaQ4ntyg .OCCS 852 and 15 834. For
exanpl @, network 802 can use spare opti cal channel 860 if there is
a break in the network between nodes A and F, nodes E and F, or
nodes D and E. Simlarly, network 804 can use spare opti cal

channel 860 if there is a break in the network between 20 nodes A and
B, nodes B and C, or nodes C and D. The i ndi vi dual
optical networks 802 and 804 sel f-heal using the sane basic
procedure illustrated in FIG 6. In other words, the OCCS

controll ers detect network failures and then direct their
correspondi ng 25 optical cross-connect switches to nake the necessary
optical couplings to circunvent the failures according to a
pre-defined switching table that exists for each OCCS controller.
OCCS controllers 850 and 840 detect seven
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30 network failures. These failures include: (1) failure

bet ween nodes A and B; (2) failure between nodes B and C (3
failure be™R37#8des C and D, (4) failure bet weenPRHYS8YE76hd E;
(5) failure between nodes E and - 13-
F, (6) failure between nodes F and A, and (7) failure bet ween
nodes A and D. OCCS controller 850 is able to detect a
failure bet wsdmtnobiesClaitmedBIdecause |inear termnal 5 854 or an
other fast, reliable fault detection device sends a failure
notifications to OCCS controller 850. OCCS control | er 840 detects

a faill ure betheen nodes®pself- heall%ﬂd°E¢b§€bu§§tﬂﬂES ge8RE¥dRPer 850 sends

a negsage traffié %@tlﬁéeﬂafﬁrﬁetmaks888n&00§£3§§a§0m‘§.heb.h:er 340 10
i ndi gatl ng that a, f%Léure occurred between nodes A and B when such
a faPlure is byCORRELBLREF ol | er 850.

OCCS4control | ers 850 and ﬁnﬂralﬁtybbé bptical switdhfiagt vaitai,l ure bet ween

node E and c;ﬁgiﬁﬁﬁ ? é %REtERHL8r§8§ %agngQgrcﬁg transn1t a

nmessdag WEEN no ggh dat a
net wér k 892 tvmbb'éh OCCS control I er 850 and 840. OCCS
7 a plurality of spare optical channels; and
8 a working optical chanhel;
9 said plurality of optical switching units
10 being optically coupled in a ring configuration using
11 said plurality of spare optical channels, such that a
12 spare optical channel is provided between each pair of
13 adjacent optical switching units in said ring
14 configuration, and
15 the first optical linear terminal being
16 optically coupled to the second optical linear terminal
17 : through a first pair of adjacent optical switching
18 units and said working optical channel or, in the event
19 said working optical channel is not available, through
20 said plurality of optical switching units and said
21 plurality of spare optical channels except sald spare
22 optical channel provided between said first pair of
23 adjacent optical switching units.
1 2. The self-healing optical network of claim 1,
2 wherein said first pair of adjacent optical switching
3 units comprises said first and second optical switching
4 units, said first optical switching unit comprising a
5 first optical cross-connect switch responsive to a
6 first optical cross-connect switch controller, and said
7 second optical switching unit comprising a second

-18-
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controller 870 and 882 are aware of failures between nodes B and C

because they ' failure indications 20 fromlinear termnals 872
and 886, res‘gfecﬁét;?'\zde/ y. OCCS control | er 84FGHURBIOWEP o
detect a failure between nodes C and D because |inear term nal

844 sends failure notifications to OCCS controller 840. g bOCCS
controller 850 detects a failure between nodes C 25 and D because
when sdch a fai?%?lecai‘i TR BT EPRRF oy teh responsgiig 19 & SBmPndCCS

controll er 840 sminisal aBEss®igtonnect switdi @dgh rAatiamet work 892 to OCCS
controller 850 i ndicating the failure. In a
simlar nmanner, OCCS controllers 850 and 30 840 detect failures

bet weed nodes 3 and E, ndtes sekfithealing opticanthetmdes bfardaAm 2,

In order to il lvbﬁéf@f[rf tglf@ PPASAIAN A1 1inear teWRinGd! inseto\i\ﬁril%a%ggi two
failure scenarios w e ) . - 14

di scussed: (1) YRS FRifdiriddaprtidcaid ®ossndon®ect switch,admal | ure

bet weeg nodes Brdisdeond optical linear tefihA fid |o|lﬂ>|rt3c%(eif:i u?ﬁogﬁ)tl ronm

nodes éand B i near termnal 854 1's optiona
5

o .
| i near it send oRtigede GRS “Assnectosms tednt rol | ers

4, The self-healing optical network of claim 3,
wherein said first optical cross-connect switch
controller receives a first failure indication when a

S WO

failure occurs in said working optical channel.

5. The self-healing optical network of claim 4,
wherein the first optical linear terminal transmits
said first failure indication to said first optical

HOW N

cross-connect switch controller.

6. The self-healing optical network of claim 4,
wherein said second optical cross-connect switch
controller receives a second failure indication when

W N =

said failure occurs in gaid working optical channel.

7. The self-healing optical network of claim 6,
wherein the second optical linear terminal transmits
said second failure indication to said second optical

B W N -

cross-connect switch controller.

8. The self-healing optical network of claim 5,
wherein said first optical cross-connect switch
controller includes a first switching table, and said

second optical cross-connect switch controller includes

L B O S R

a second switching table, said first and second

-19-

(e



850, 870, and 840 detect the failure. Upon detecting the failure,
OCCS controller 850, 870, and 840 each consult their respective

i nternal sWOPRTMY tabl es and direct OCCS 852, 874PCR§IUYI6% o
switch accordingly. 10 Specifically, OCCS controller 850
directs OCCS 852 to internally optically couple port 1 with

port 6, thereby optically coupling linear term nal 854 to spare
opti dal channsstig@singOocstent earhchaging an eventdrpéeis ardsap34 to
intePnaIIy o LCRLA Yo&SPERh e port 2 15 to port 4, thereby optically
coupling spare opti cal channel 860 to spare optical channel 888.
Lastly, OCCS controller 870 directs OCCS 874 to internally

f)pt iqal ly 9i COUp‘t‘EepQé]Lf2héallDﬁﬁt oﬁtlit:hmabywopki ofl ketadausl,i ng
inear termn 868 to _spare optical channel 6 .o . Af ter

OCC83852, 874",‘%%531%341188% Bﬁﬁg%ﬁénSoF?la BicHt f%ﬁBFFndng&&aattli°6‘ris,

i nedr term nghi@58irstoppttablycross-connectipkwdteh kcongaolilerni nal 868

usi ng spare opt i : : npgk 8881 <286 a8 L8ndls al RichniBRIAET
t he 3 $é#$§#%sbgfﬁgeﬁl%ggeg%%?gﬁggg igvcfrqunvenpe .aThis 25
can Be seen icofrgspondihpchoi Rhusctipasinhsaid first swddehiigdr ation of

optigal net mE&bﬁQOthgaia Fairkyr gptical crobletweancredesiAcmnd B.

When a failure occurs between nodes B and C linear termnal 872 is
optically decoupled fromlinear 30 term nal 886. As described above,
OCCS jcontrol | gps The85Q1£8%@a1883, opid cB340 ndetentk tdfe dlaimrle. Upon
Cet ek 9, e, LB Lhe GRS SR D B30t Cerlifan 15 opradlfh P40
-15- 3 coupled to a first port of said first optical switching
4 unit, and the second optical linear terminal is
5 optically coupled to a first port of said second
6 optical switching unit,
7 said working optical channel optically
8 coupling a second port of said first optical switching
9 unit with a second port of said second optical
10 switching unit, and
11 said first optical switching unit optically
12 coupling said first port of said first optical
13 switching unit to said second port of said first
14 optical switching unit, and said second optical
15  switching unit optically coupling said first port of
16 said second optical switching unit to said second port
17 of said second optical switching unit, thereby
18 | optically coupling the first linear terminal to the
19 second linear terminal through said working optical
20 channel, said first optical switching unit, and said
21 second optical switching unit.

-20-
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tabl es and direct OCCS 852, 874, 880, and 834 to switch
accordingly. Specifically, OCCS controller 870 directs

. OCCS 874 to ' BrA%Iy optically couple port 3 to port 5 PCTAUSPRT63 py
optically coupling linear termnal 872 to spare optical channel
866. OCCS controller 882 directs OCCS 880 to internally optically

coupl e ,port 4 tp, port t her eb thaII coupling Iinear

termndl 886 tofl' 'E}b%r%eﬁﬁf}il%%'{ ‘% saeteﬁ@ t$r3ierl®40
direct2 10 wh&}:ﬁx8§dla0sxj>aat@rdspiidapp¢h&&iéy mkpi@ed)%étvéeé& port

2, thereby opti YeC lin re.optical to spare
opti cal channelgg%g t I?/ng%%% Rht T el cehlng g8l 4 rRkC %ﬁés 852
to intdrnally o@@mph¢$yacﬁMpt®:port of sgit tfBréto quricdl sWKﬂcﬂmhgmnlcally
couplinrg spare opt }g@]pg o) e h n 66.
After %CCS 852, &121751 WJSE% ¢ )&%P%% performé‘%h(i St &%plor%ai csg'tvjp | g
oper at ifons, | i né&#tted nfhast sypaTe optical Cmn@aqugl mfi)lmldma.)liumear

term ngl 886 US¢ﬂ9s§£9éeoptlca1 ch&érelp &gﬁ 866, In
this nner, the failure_between nodes B CYl S |rcum/ent ed.
This c&n be seeﬁo‘ﬂ’lﬁtlFl%or"iOOfV\?ﬁJc‘Pﬂ F3rsfstoriica ) mvitching unideorfidu ati on
of optigcal net V@édxomospaom sptbtd Uréhannel of fetavgsn Bangbdze

In a ism | ar manner ai.l ures b t ween nodes and D, nodes D and
e ool £ P ol ittt SBIRR ST Fruplea iP5 e th

Ci rcunhlent ed. port of said second optical switching unit, wherein

12 said first optical switching unit optically couples

13 said third port of said first optical switching unit to
14 said fourth port of said first optical switching unit,

15 and said second optical switching unit optically

16 couples said third port of said second optical

17 switching unit to said fourth port of said second

18 optical switching unit.

1 12. The self-healing optical network of claim 11,
2 wherein, when said working optical channel experiences

3 a failure, said first optical switching unit optically

4 decouples said third port of said first optical

5 switching unit from said fourth port of said first

6 optical switching unit, and optically couples said

7 first port of said first optical switching unit to said
8 fourth port of said first optical switching unit,

9 thereby routing traffic around said failure.

13. The self-healing optical network of claim 1,
wherein the first linear terminal is an opto-electronic
3 line terminal element.

21-
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VWi |l e vari ous enbodi nents of the present I nventi on have been
descri bed above, it should be under st ood that they have been
present ed WP 9289048f 30 exanple, and not limtation. PET{HSPYOIE
under st ood by those skilled in the relevant art that various
changes in formand detail may be nade therein w thout

departing fromthe spirit and scope of the invention as defi ned by
t he ﬂollomnnglélajns Thoe sedfpheadingapptical network of claim 1,

- 16- éﬁ%ﬁxﬁﬁeiﬁaeat f!LP¥€n%h@@l&ﬂ@ﬁhddﬂ%l.s@%n' imted by any
of the above- descr ed exiﬁg nbodi nent.s, but shoul d be deflned only in
accoBdance witw EHRlE%¥ET o H)cPﬁﬁnﬁ SRECRAeNPMehezPdR Said first

4 and second WDMs multiplex said working optical channel
5 and said spare optical channel provided between said
6 first pair of adjacent optical switching units onto an
7 optical fiber.
1 15. A self-healing optical network, comprising:
2 a first optical network:
3 a second optical network:
4 a first optical switching unit optically
5 coupled to said first and second optical networks;
6 a second optical switching unit optically
7 coupled to said first and second optical networks; and
8 a spare optical channel optically coupled
9 between a first port of said first optical switching
10 unit and a first port of said second optical switching
11 unit, wherein
12 said first optical switching unit optically
13 couples said first optical network to said spare
14 optical channel when said first optical network
15 experiences a failure,
16 said first optical switching unit optically
17 couples said second optical network to said spare
18 optical channel when said second optical network
19 experiences a failure, _
20 said second optical switching unit optically
21 couples said first optical network to said spare
22 optical channel when said first optical network
© 23 experiences a failure, and
24 said second optical switching unit optically
25 couples said second optical network to said spare

-22-
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optical channel when said second optical network
experiences a failure.

16. The self-healing optical network of claim 15,
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 of said second optical switching unit, and said
fourth linear terminal is optically coupled to a third
port of said second optical switching unit.

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

i8. The self-healing optical network of claim 17,
wherein said second optical network further includes a
second working optical channel optionally 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.

-23-

R

PCT/US99/00769



-17- VWhat |s Cained Is: 1 1. A

self-healingﬁggtical network carrying 2 traffic between first and
second optW T44fear 3 termnals, conprising: 4 PCT/US99/00769 5
plurality of optical switching units, 5 including first, second, and
third optical switching 6 units; 7 a plurality of
spare optical channels; and 8 a working optical channel; 9

sai d1pl ural i t39 of optThel self theahtparersiqal netwopkiaf epaimally coupl ed

in a;ring CO%&&EPAlQ&h&Sffﬁsélopncal Sadr Ot Ghimgl| ﬁﬁywieéaﬁ{résoatlcal
channel s, such that a 12 spar e opélpal chann royi ded, het ween

each3pair of f@ilure ingdcabien WheR3 Lot turenys ﬁ???chdséPdsPF g 14
conf ggur at i ongidexl wérking optical chahhelfirst optical |inear termnal
bei ng 16 optically coupled to the second optical linear termnal 17
through a first pair of adjacent optical switching 18 units and said
wor kilng opti c&@b. channel The, s¢hf theakiegt opbical netwodkwofkichgimpflidcal

changel is ns%s /8 dAaQéfd FDEQUOD  20ar term$RhY BLUEALL! K0k PREMGZe

swi t €hing un
3 and transmits said failure indication to said first

optical switching unit.

21. The self-healing optical network of claim 19,
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

N L B W N

optical channel.

-22. The self-healing optical network of claim 19,
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 through a data

[« SRV N SR VL R L

network.

23. In an optical network having a plurality of
optical switching units, including first, second, and
third optical switching units, a method for self-
healing the optical network, comprising the steps of:
optically coupling the optical switching
units in a ring configuration using a plurality of
spare optical channels, such that a spare optical
channel is provided between each pair of adjacent

W 00 N N bW

optical switching units in said ring configuration;

24-
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21

opti cal
opti cal

first optical

plurality of spare optical channels except said spare 22
channel provided between said first pair of 23 a
swi tWRPHEMHits. 1 2. The sel f-healing ofG
of claim1, 2

dj acent
u

aBPIHESNor k

_ _ ~ Wherein said first pair of adjacent optical swtching 3
units conprises said first and second optical switching 4 units,

swtching unit conprising a 5 first optical

sai d

cross-donnect switch respRisicallo eowpling a fijmat dgmesd t@radnadordifect
swi t chocontrol | erge@dl SRifedr termirSfC AHFAR Gale THALANIGHE WAL

conprising a second _ | ] . . , - 18-,
opticaB cross- cHPeRIRG Ykt r SR EGRAG PBf isddomyiFching Yl .c gnd
Cross-gonnect saiyeIkontePti®dl chdnnel, wikbrein the Hiarsteldndealdomgi

Corm ndl 1 s optPRkHFat Svitehing it Are adiaens T Tmske: connect
switchg and 4 confidieatsbmondamopti cal linear termnal is optically coupled
5 7 to said second OR&A&@JaCfé?fﬁféngg%ﬁrénqﬁ(ghid working optical

8 channel, switching the first and second optical

9 switching units to optically couple said first linear

10 terminal to said second linear terminal through the

11 plurality of optical switching units and all of said

12 spare optical channels except sald spare optical

13 channel between the first and second optical switching

14 units.,

1 24, The method of claim 23, further comprising

2 the step of switching the plurality of optical

3 switching units to form a spare ring path using said

4 plurality of .spare optical channels.

5

1 25, The method of claim 23, wherein the first

2 optical switching unit comprises a first optical cross-

3 connect switch responsive to a first optical cross-

4 connect switch controller, and the second optical

5 switching unit comprises a second optical cross-connect

6 switch responsive to-a second optical cross-connect

7 switch controller.

1 26. The method of claim 25, further comprising

2 the step of transmitting a first failure indication to

3 said first optical cross-connect switch controller upon

4 detecting a failure in said working optical channel.

25-
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1 4. The self-healing optical network of claim3, 2 .
wherein said first optical cross-connect switch 3 control |l er receives
a first faMOR987948di cati on when a 4 failure occurs i nPERIUSINNTES Ng
optical channel. 1 5. The self-healing optical network of
claim4, 2 wherein the first optical linear termnal transmts 3

said first failure indication to said first optical 4 Cross-connect
switd¢h contrddTer. The methéd of claimh2é sewheheahi hjeoptiepabfnet wor k of

claig i 2 crandfieieldySaddseepad opiiGaL £h33aE00R°FE BkEBhmia

controll er recelves seton

ure,ln I cation ilure
occuds in saﬂHYw%#%@rﬁﬂﬁﬁﬁ|%EF1€%hnhéP¢ar terminaly, The
sel f-healing optical network of claim®6, 2 wherein the second optical

linear termnal transmts 3 second failure indicatigon to said
A8 %8 on

said
second optic %@%s%eEBﬂﬂeeg SHAtRh RoFper. comprising g

The gel f - heal tlng opép cof teanemktoingl ai sebond failurehendibasdios frior st
optigal Cross-connec controll st switching

Do & ane osg g Sord 0801 da1 croafOBbhRECE! shIBLHIES R bunRE o1 L

incl ddes 5 upon adseecbingwaidi figilabeeinsaaidf woskiagdopedcad

-19-5 channel.
1 29. ‘The method of claim 28, wherein the step of
2 transmitting said second failure indication is
3 " performed by said second optical linear terminal.

30. The method of claim 29, wherein said first optical
cross-connect switch controller includes a first
switching table, and said second optical cross-connect
switch controller includes a second switching table,

said first and second switching tables each having an

A R W

event column and an action column.

©31. The method of claim 30, further comprises the
steps of consulting said first switching table and
transmitting a command corresponding to an action in
said first switching table to said first optical cross-
connect switch upon receiving said first failure

AN L DW=

indication.

32. The method of claim 31, 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

A bW DN e

indication.

-26-
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1 swi tching tabl es each having an event colum and an 2 action

col umm. 1 The self-healing optical netmnrk laim38, 2

wher ei n, up(‘)vr?%ésgg‘l%w ng said first failure indication, Pg{’gg 9079 st

optical cross-connect switch controller 4 consults said first
switching table and sends a command 5 corresponding to an action in
said fjrst smA hlng 6 able to said first optical,6 cross-connect

swi t cH 35 A methBdsEpt BT IRG BptPehF RTHGRE CRaTREIm 1, 2

mheremﬁtfmaflbstweéhlﬁﬁkstiaﬁdrséebﬁdnabtisabpﬁeﬁﬁéfHSB wherelﬁOUﬂéEd to a
first port of Ld fi ti t he second
optica Iineargﬁégﬁlﬁéﬁicgg cﬁ§£n3 op§|%%Pf§a%%%p?%ﬁpi%d b? yeen port of
said gecond 6 a firsppoptataiwsvthchgnaninit7and a second optisald working
optic channe I OtReS rst
optlcg1 switc héw??éhiﬁ& Mn§t and ﬁﬂ&?&i@o% fff?gé &§£1%Q£e§%%go%%t cal 10
swit cffi ng unltlnéhﬂd§§ a flrSt 11near teanénairandopt seednéwl iv@ddng unit

optlcaﬁ ly 12 termifiQUP! hAE §ﬁéds&e6ﬁa 89t 81 ﬁétdé'oi}krﬁc%?&éQaé 13

switchijng unit _to sai¢ second B?rt of said first optical swtching
nal and second llnear terminal, the

uni t, %nd said %EéBnalBﬁ?FCEFr

9 method comprising the steps of:

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

13 network;

14 optically coupling the first linear terminal
15 of the first optical network with the spare optical

16 channel if said failure indication indicates a failure
17 in the first optical network;

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

22 transmitting a message from the first optical
23 switching unit to the second optical switching unit

24 through a data network, wherein said message indicates
25 a failure in the first optical network if said failure
26 indication indicates a failure in the first optical

27 ~ network or said message indicates a failure in the

28 second optical network if said failure indication

29 indicates a failure in the second optical network.

1 34. A method for sharing a first spare optical

channel between first and second optical networks,
3 wherein the first spare optical channel is optically
27-
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15 switching unit optically coupling said first port of 16 - said
second optical switching unit to said second port 17 of said second
optical swWQM/A§®unit, thereby 18 optical Iy coupl i ng RATAI§PP&HEo

| inear termnal to the 19 second linear term nal through said working
optical 20 channel, said first optical switching unit, and said 21
second optical switching unit. - 20-
1 1 11. coupl¥Hebesweeneal EAFSEpOPEdicadetsitichong lugiih End &

wher g n said §Eébﬁd08b'tci%|alcG@a‘i'&%‘ln&bo\ﬁhq_%d l&%td"'%ﬁféx%ln the S@i#&d i rst and
second optical swtch mg units optically couples a third port of

said ¥irst opPPEaradwhetHerrF gncludesu,aﬁ tseﬁo(nﬁi S0 d’&ﬁirqa]ofcwrbe%econd
0I0tl cpl switchhAgabthird s@lalrh o@tfllcraat mmlqptarfwltrcdlasmﬁincpf sai d
plurality

fourt .port7 oPpgéFat‘Lf PF?E”?%%P Chstag‘ﬂl r?élrﬂﬁ ns%ari‘rp?dl al'91“}, ety ed%]:]o i

spar & opt i cal aelafidéithospsaied qpltl:utmm tohaginedparthel hethod apipresimdannel s

being%optlcalkﬁ m% g%do%Q a fourth 11 port of said second optical
swi t chi ng unit in 12 said first optical switching unit
optichlly couples detecting a failure in the first optical

9 network or the second optical network;

10 optically coupling the second and third spare

11 optical channels to the first spare optical channel

12 when a failure in the first optical network is

13 detected; and

14 optically coupling the fourth and fifth spare

15 optical channels to the first spare channel when a

16 failure in the second optical network is detected.

AT T
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13 said third port of said first optical switching unit to 14

said fourth fipsaid first optical swtching unit, 15 oovgy d
second optieg Béaﬁ%%hlng unit optically 16 couples sald thlrd port of
sai d second optical 17 switching upgt to said fourth port of said
second 18 optical switching unit. 1 12. The
sel f-healing optical network of claim11l, 2 wher ei n, when said
wor ki ng optical channel experiences 3 a failure, said first optical
switching unit optically 4 decoupl es said third port of said first
optical 5 switching unit fromsaid fourth port of said first 6
optical switching unit, and optically couples said 7 dirst port of
said first optical switching unit to said 8 fourth pogt of said first
optical switching unit, 9 thereby routing traffic arggnd sai d
failure. 1 13, -—--~The sel f-heal i ng optical” nefmnr of claiml, 2
wherein the figst Iknear ternlnal is éﬁ opt 0~€l ect r oni ¢ 37N line
termnal ele t. s . Y
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1 14. The self-healing optical network of claim1, 2

further conma®mingiea first wavel ength division 3 mul ti pl exer (VDM
and a second WDM wherein said first 4 and second WDV PETVUSIpbhese sai d
wor ki nggopti cal channel 5 and saidigpare optical channel provided

bet weeps sai d 6 first pair of adjacent optical switching units onto an
7 g optical fiber. 1 15. A self-healing optical network,
conprising: 2 a first optical network: 3 a
second optical network: 4 agirst optical switching unit
optically & coupled to said fir and f¢econd optical networks; 6

a seco® optic cal ai d‘ji rst and
ch&hnel

second $bpt i&cal’ nettorks; “and 8 :

opticaidy Gouplégd 9 & _..--betyeen a first port of’sai d¥first_opti &al

sSwi t chighg 1\3\ = ur_ﬁ-t and a first port of sai-d: seco’n&. optisgal s t chi ng

11 Z unit, wRerein 12 TN sai @ F| rst ppti.cal{sw tching unit

optical@y 18 = - - faid—f-irstopt cali r:rpff_g&)fE-LQ_'S{i@ Pare 14

opt i cafg channel engadijd first apti ca,le net wor kK '}n_ns'ﬁ"( i®ences a
E et oy

failur® Q. said':firs@‘,gptiq_,'alc,;thcIﬁ_j%p abtitally 17

a sparémopti-<al

Mt
.0 s Lt O . N . : ——
coupl esLsalé_d 'J' cond (Quifiical retwark to said SE@E 18816 5 L opt I:;Bhannel
when sawd secqnq ' neﬁwor ki19 experi ppcesiadallure, 20
sai d secand: opt ijcaf s‘ﬁ;itch_if gaunit optically 21 =  cBupkes sai? fii r st
opti cal tviork (t.gzpald gharg: 22 gpdai cak-:chanpel ®hea shird firist
optical et wés ket L ORI T PR
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23 experiences a failure,
swi t ching un|t 0 tlcally 25
- said spare 9/370

opti cal channel when sai d second optlgqllgetmork 2

and 24

coupl es said second optical

oo chl%é’@foﬁ'lsfao

failure. 1 16. The self-healing optical network of claim15, 2
wherein said first optical network conprises first and 3 second

| inear term nals, and said second optical 4 network conprises third
and fourth linear termnals, 5 whereiA—sated—+rst—tTTnear termnal is
optically couple(d 6 to a secorld port of|said first optical kw tching
unit, 7 sajd third linear ternpnal is optically coupled to p 8

third port of sald first optical swifching unjt, said 9 secpnd |inear
terminal is optigally coupled to a spcond 10 port of said sgcond

optical switching unit, and said 11

optically coupledl to a third 12

unit. 1 17. The sel f-healing optgqgaﬁ net wor k of claim|16,

209
S

OCCS Interface
310

1302 -

f Lth linear termnal |s

said second optical

experiences a

porit qfwsald second optical |swi tching

L_~304

System Processor
Control Loglc

Memory
306
¢

Swilc):hing
Table
308
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2 wherein said first optical network further includes a 3

first
wor ki ng opg annel optically coupled to a 4 fourth port of said
first opt %%}gﬁﬁchi ng unit, and 5 said first opticaPCIUHIYMTEY uni t
optically couples its 6 said segoffl port with its said fourth port,
t hereby 7 optically coupling said first linear termnal with said 8
first working optical channel. 1 18. The sel f-healing optical
network of claim 17, 2 wherein said second optical network further
includes a 3 sec ' ' '

afifth port of said f ptical swtching unit, and}5 said first
optical switching unit ally couplesjits 6 sqid third port with
its said fifth port, theredy 7 e opti(rcally,,g.ouplin said third linear
termnal with said 8 c [second~ver ki ng opt istatles chanfel . -
-23- 1 8A18 TH& gel f-heal i fygoPpti call network of claim
17, 2 wher ei nSsaf d¥fif st ogt§ gal sWitchidhig @nit feceives a 3
failure indication wheph a flpilur888 detg¢cted 38 Said

o~ g —~ — — i
- N ™ - N
— S e a0

nally coupled to 4 1

FIG. 4B
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" Failure in working path
238

Failure in working path
242

Action

¢
(1) decouple 2, 3
(2) decouple 4,5
(3) couple 2, %
(1) decouple 1, 6
(2) decouple 4, §
(3) couple 1,4
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4 first working optical channel. 1 20. The self-healing
optical network of claim19, 2

wherein said first line ]
detects sai V9&9370#% 3 and transmts said failure indi ?gg{'%%%og@sai d
first 4 optical switching unit.s ;7 3g 21. The sel f-healing
optical network of claim19, 2 wherein upon receiving said failure
i ndication, said 3 first optical switching unit optically couples its
said 4 first port to its said second port, thereby optically 5
coupling said first linear termnal with said spare 6 optica
channel . 1 22. The self-healing optical network of claim19, 2
wherein upon receiving said failure indication, said 3 first optical

switching unit transmts a nessage 4 indicating said failure in said
wor ki ng optical channel 5

to said second optical sw tching unit
t hrough a data 6 net wor k. 1 23. In an optical network
having a plurality of 2 optical switching units, including first,

second, and 3 third optical switching units, a nmethod for self- 4
heal i ng the optical network, conprising the steps of: 5
optically coupling the optical switching 6

units in aring
configuration using a plurality of 7

spare optical - channel s, such
that a spare optical 8 channel is provided between each pair of
adj acent 9 optical switching units in said ring configuration;
L 2 8
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- 24- 1 optically coupling a first |inear term nal

to 2 a second |inear termnal through the first optical 3
SWi t chi n&’({u?ﬁ’zﬂ 4% he second optical switching unit, and 4 PCTUS/OWEYKi ng
opti cal channel, wherein the firstganggsecond 5 optical swtching
units are adj acent in saidring 6 configuration; and 7
when a failure occurs in said working optical 8 channel , sw tching
the first and second optical 9 switching units to optically couple
said first linear 10 termnal to said second |inear term nal through
the 11 pIurallty of optical switching units_and all of said 12
spare optical channel stexcept said spare optical channel between’
the first and second offical switching 14 umi ts. 1 24.
The met hod of clal m@23—fgrther conprising 2 The step of switching .
the plurality of optlcal_3 swi tching unitls to forma reo ring path
usi ng saig\/@-——-p@ralj_ry—mmrg—mcar—&nn&l‘r‘g—ﬁ. r_E[ -
w0 <t ’ x~om
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1 25. The nethod of claim 23, wherein the first 2 opti cal
switching unit ‘conprises a first optical cross- 3 conng |

responsi ve WO %3049t optical cross- 4 connect switch gﬁﬁ@?ﬁﬂfoﬁ}, and
. the second optical 5 swi t chi ng @nj ygconpri ses a second opti cal
Cross-connect 6 switch responsive to a second optical cross-connect 7
switch controller. 1 26. The nethod of claim 25, further
conprising 2 the step of transmitting a first failure indication to 3
said first optical cross-connect switch controller upon 4 detecting a
failure in said working optical channel.

- 25- 1 27. & The nethod of claim26, @erein the step of 2
transmitting said first faiRure indication is performe®3 by said
first optical linear termnag. <1 28. ST hod of cl ai m 26,
further conprising 2 the |{fleEaf transmttin

|nd|cat|onto§ sai E—ﬁﬁ@@@
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4
channel . 1
second opti cal

a first &
swi tch csantroll

29.

i near term nal .
wherein said first optical

er

2
SW.t+-chTng~1abl e}
i nclu

upon detecting said failure in said working optical

5

The nethod of claim28, wherein the step of 2
t ransmi tti‘i‘f89§/37q}9second failure indication is 3
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A self-healing optical network carrying traffic between first and second optical linear terminals (NODE A, NODE B, NODE C,
NODE D). The self-healing optical network including first, second, and third optical switching units (210, 216, 226, 232), first, second, and
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