
; e3evv4^*2\6T] 1 2 5EP 200Z 1~'() 99/345.J11 I'C'f/US')8/27720  METHOD AND
SYSTEM FOR RESTORING COINCIDENT S LINE AND FACILITY FAILURES The present
invention relates generally to the reliability and restoration of optical
Ill transmission system . Telecommunications networks that carry l-elephone
calls and data include interconnected components that process calls and
transfer data. Optical. transmission lines or lint: s interconnect the IS
component::. Rather than having single a optical transmission lines
interconnecting call. processing  and data transfer components, the
component may be interconnected by an optical network High speed data is
modulated on light wave 2(1 which are transmitted through the optical
network. Any type of data can be carried over an optical lank, including
but not limited to speech, data input Into or retrieved by a computer or
computer database, and any digital data. Fiber optic cables carry far.
greater ?5 amounts of digital data than conventional electrical  cables. A
single fiber operating at approximately 1(1 Gigabit: /second (Gb/s) and
transmitting data according  to a high-speed synchronous digital hierarchy
standard such as the SONET OC-192 protocol, carries a data 30 equivalent to
1?.9,029 voice calls. Fur then bandwidth improvement can he achieved by
modulating different electrical data signals on distinct light wave
carrier: having different frequencies. This technique is known as
wavelength 35 division rnultiplering (WDM) . Optical systems using WDM
require optical transmitters and receivers that operate at different light:
wave frequencies. The optical    1 2 S ~ P 2002    transmission line,
connecting an optical transmitter and receiver, can propagate many light:
wave signal oC di 1=J=crept frequencies simultaneouly. r'or e:cample) IG
OC-1~2 e~rhium hand channels can he carried on a sinc3le L i.ber pai r wi
th WDM . Thras ( L i.ber optic common i c~~-r t:a ors 7.1 til: r; ,
c:special7.y WDM communication link:;, cari-~~ vast ~lni~~rnt.r; ol~
informat:ion among distant si tes to accomplish claLa) voice and image
connectivi ty over a 7 arse georiratoll i ca I lt) area. Optical
transmission lines, transmil.tcrs and receivers, however, can fail.. The
railure oL slrcll components can have a substantial Fconomi.c and
practica't impact on network users arid networl: r;crv i ci: providers.
Thc~reforo, in desicJr~ine~ comrm~nic.~~t_.ir,r~:; 15 networlcs, special
measures are pr ac t: iced to assurE~ utmost: rel.i.ability of network
components and survival'~ility in the event of a failure. Two types of
failures e:pcrienced in a teleeomrnunications networlc are line Lailures
anc7 moc7l~lu 2(1 fa i 7.ur.es . A channel in a telecommuni-cations
rretwor-l~; 



has a transmitter and a receiver, which are al r;m rc~ f erred t:o as
modules , and a 1. i ne between the transmitter and receiver. Line Lai7ures
impair the optical communications line between two sites, Lino ?i failures
include damage to the physical Liber and optical. component failure, such
as t:he tnal functiti c~1 amplification equipment: situated along the
ph5~sica~ path of the fiber optic cable. Line failures imt~air the
communications line between two networl: sit:e:; . ~~ r~ Z() contrast, a
failure of the transmit or receive equipment housed at either end oL an
optical communications linlc is refem.ed to as a module iailurF. Both line
Lail ores and module f.ailurett di sable the channel . :3S l.n tl~c event
of either a line or modal c~ f<~.i lure, i~estorat:iorr teclznique~; ,~r-c~
~r~;o~l t=c> >-~:;r_r-,. i.)~   1 2 SEP 2002 WU 9'l/3154(1
1'C't'/US9R1277211 t:raCfic temporarily until the fa.i lure is rehai rc~ci.
'1'fm r. e:;toration approach varies dependi.rtc~ on l.lte (~ai lure.
`1'raf f i c tray he r estor ed us ind 1 i rre l~rol:GCt- Sw i t.c:l~ i
rt~~ (I,PS) or network restorative swi l:rhW g (t~II:S) . I f i.io-: 5
trafl:ic i:-, re~t_ored using LPS, light tFrminatior~ eclir ipmen t ( hTI?
) swi tehes the s lgnal i: rom t:lre i. a i l c:cl channel to a spare
channel wi thin tine I,Tr . I E the traf f is is restored using NI:S ,
traf. f .i r. i s rc~rou l.0<1 lo,~ switching the traffic to dif-.f.erent
route, either 1l1 maouall>>` Vase~d on information st:o~:e~1 in sw.i.t_cl~
t:nl~LFrr~ or a pre-hl annec7 alc~ol-:i.thtn sl:orPd ir~~ t:ltc :;wi
i:c:l~. Lhs ensures resiliency to Liber cuts by emnloyinci a spare channel,
rel:erred to ar; the lrot.~c~t channel, that normally does not carry
traffic but: rna~,~ 1~ be used as a back-up should a channel in usF faJ 1 .
`I'lrc~ protect channel is on a different path in order. nc, reduce the
:Likelihood that the protect channel w.i.l.l experience the same failure as
the channel i11 use. CreatincJ and rnai.ntaining idle spire capacity i ~
cost-1 >>. ?() .l~n order to reduce costs, one sl.~~~rc~ cltanne7 i s
available f-.or restoration of tnul tiple traf f i c carryi ncr channels .
When one protect: channel i s avai 7.~~1~1 n i c~ restore multiple traffic
carrying channels, L1,S cannot restore a failure of more than one traffic
carrying ?S channel. LT'S i.s primarily aimed at rest:or.inc~ :;inc~l~~
channel failures and is implemented wi.tliin LT); wliicl~ ~s the local
equipment that terminates the fiber optic: cable. Since LPS is localized
and simple, it is also very fast requiring 'only tens of mil.li.seconde~
f.or 3(1 resCoring a failed communications link. Because telecommunications
networ)cs :incl.ude hic~i~ c~ipaci ty o)~tical cable s such as WDM, tl~ie
networks are susceptible to failures that disable a very large number of
channel s and which cannot be restored 1~1 I,r: 35 alone causing potential
high volumes of traffic loss and si.gnif icant economic impact_ .
nccordinql ~~, I~1RS i s   1 2 SEP 2002 wo ~mi3~5~u rclnusnsn7ro used to
restore optical networks. 1;}:changes have the capabil ity t:o reroute
traLLic aul.omat:i.cally usinc7 switch tables or an algorithm to other
transmission paths in the network. hxchanges which have switcVinc~ 5
capability ara connected to LT1; at each situ ana t.o other transmission
paths in the network. When a fiber cut or other major fiber failure occurs
disabling ~i span includW q a large number of telecommunications links
between two switching nodes, NItS is employed by 



Ill the ef:change to reroute the traffic theouglu the restoration network
to circumvent t:hr-~ i~zilure until repairs are completed. line protect swi
tchinc~ (l.~l~f1) and net.worl: restorative switching (NRS) have soParatc
hut: 1 S complementary roles in a rnodem net:worl; dee> i gn . '1'ho Ll~e
can quic)cly restore simple localized fa~l.ures without: having to .involve
the more comp Le1 NI2S . Tn many appllCationS) the LPS Can SW3.tCh t1-aff
1.C W:I tilOLlt causi ng any significant interruption to traf.f ic. '1'he
2(1 NFS can handle network problems of a laz.~gor scope. Ilowever, current
LPS techniques <lo nol. al 1 ow 1_or the restoration of f.ailureC that
involve morn t:l-tall one channel . A1 though current J~PS reroutFS the
t:ra f. f i c to a spaz'e prol.ect channel , only one lmot~c:t cli~~nael
ir; ?s availabl a t:0 roe tore multiple chanr~c~l s . Therel:~rP ) .i f the
protect channel is in use restoring a La~l.vzrc:, subsequent failures
cannot be restored using I~PS. 1 n addition, current Dl>?~S does not alb aw
for restoration by components in the opl.ical netwo~-l: v i ~ ~z 3(1
restoration networlc. NRS is currently employed lye exchanges commonly used
to provic7e access to .the telecommunications networlc and switch r_~alls
t: c> ~xr~ approprial:e destination rather than by components in the
optical network. As a resu7L, :;w.it:chincJ t:n ~~ 35 alternate path :i s
limited to e~:chanc~e locations wl'fich are often housed proximate to areas
of access to ot_hc~r   1 ?. SEA 2002 WU 9~)l3tSd(1 1'C'flL1S98127720
i:~lecomrrtuciic:ai:ions networ):s anc7 private customers' t_crminat:ion
eduipment rather thin near transmission path cross connect sites within the
optic<~1 networl~:. Tn addition, 1~1RS reroutes traf.fir_ to other traffic:
S carryi.ncJ channels . ? f traf f is volumes are high , a:-, they may ve
during certain hours of the day and c~crt:ai.i~ dars of the year ( the
network may have i nsof f ici cnt. Cdj~t~C.i ty t:o l5andla both thc~ tr.af
f i c: that: w~~.^, ~~J J c~c:<rl.E~c.! t~o~: the tr of i.rc carrying
chann~7 , ~mol tl~c~ rr.r~rora I. i ou 1l1 t:~~~ific. In the presE~nt
invention , 1 ighi: t. ermi nr~ t. i n eduipment: (LTF;) sends an alarm to
an opt..i.cnl cro ~~s connect sw.i.tclr (OCCS) controller to restore a i
~ji 1 ut-E~ WhC'.I1 ~1 hr~r~tecl. cl~ianrlel is iti a sc,. `J'lie UCCS
corit:t~o7 1 er. I> controls multiple optical cross connect switches.
(OCCS~a l and addresses alarms by de t. c:rmi.n i n~! whet_li~r t:hey can
he restored. ~n OCCS is an optical swi tclring device that interconnects
numerous opt.i.ca7 tran,mi scion 7 roes t:o an opt:i.cal restorat ion
net:worl. . Ili1 UE')t.J ca f '?(1 t~ectoration network includes complete
restorati.vc~ <.;pans of telecommunications li.nl:s connected b5r I:he
UCCcC . The system of the pl:esenC irrver~t:ion incluclc~, 1`1'L, an OCCS,
and an OCCS control ler that am r.nl~,~l.~l E: of restoring a second
failure withi or te7 ecommunications cable. The L'f>; of the PrE~senr a
nvention can reroute optical and electrical si c7ri~:~1 :; tc~ compensatf,
for a failed component such as an ohti cal transmitter, receiver, or
transmission line. The present invention includes a protect, or. snare,
ol~t_ic~:~l 3(l transmission line with which to replace a correspondi.nn
failed channel. The LTr can switch to the protect: channel when a channel
fails due to either line or. mogul a failure. `fhe LT)J of. tyre present
invention J s also capable oL determining thc~ facility type of 35 channel
failures and sending an alarm to the OCCS to reroute f aJ 7 ore of a line
via the opti cal r.estor~rtion S  



1VU 99/3~lSdll 1 ? SEA Z002 ~~c~rius~si2~~2o networl; if. one of the two
failures is a J.ine fai.Lure. 'flee 4CCS of the prcs~rm inventi011 Cc7. t1
1'el'C~tl1_C~ optical and electrical signals to compensate for a channel
that experiences line fail.urc~. l~lowever) i=iie 5 OCCS cannot-_ restore a
channel that o~:perience~~ moclule failure. ns a result, when two
coincident: failure:;, line and facili ty failure, OCCll1" t:ltc~ p-esc~nl:
.i uvmti.ioo re stores the 7.ine fai7.ure via the f i rst OCCS swi tc.hincl
and restores the module failure using t:he protect l(1 channel. The OCCS
control7.er of the present .invention is capab7 a of receiving the al arm
from the hT), no tifyinrl of a failure and sending a r.edue sr_ to l.W OCCS
to restore a failed line through the optical 15 restoration networlc. The
method of. restoring Coincident 7:ine anet Lacility fai lures i s employed
when o sub sequent f=ailure is detected. The subsecJuent failure i s
c~na7yzc~d to determine the facility type of the fa.ilurc. ll t-.hF. `?(1
subsequent: failure is due to a l.i.nc~ failure, art nlartn 7 J JeI'lt_ to
the OCCS and the subsequent failure i.:, restored via the optical
restoration network. Lf tl~F ~ul.~sequent fai lure i s duc to a moduJ a
failure., tlm facility type of the previous i:ai.lure i.s c3etenmW ed. ?S
Tf tho fac~l.ity type of the z~reviou, failure a.s i_ailrca of a line, an
alarm is sent to the OCCS and the previous failure is restored via the
optical reseorat.ion network. If the facility type of the previous failure
is also failure of. a module, att alot~m ~(1 i s sent. t:o the rtotworlc
:nanaqement cc~nt;ez- ind i c:a t: i nct that a non-res>torable failure hay
UCCUrI:'eCl. rur then features and advant:age , of: t-_hc~ i.nvent:ioii,
~-~a wcl l tithe strur_ti~rc~ and Onet~~it: ion rat. C~   1 2 S E P 2002 wu
~r~r3~sao ucwususm~~o various embodiments of the invention, are descrfibed
in detail below with reference to the accompanying drawings. 'fho preCent
i.nvent_:i on i.:r dc:scr i)Jed wi t_1~ S reference to the accompanying
drawings) wherein: 1 inure 1 is a bloc): diagram of an opLa ca L
c:estoration environment accor.dinr~ to one ~ml~odim~m. ~s(tlce present
invention; Figure 2 is a block diagram of an optical 1(1 cross connect
according to one embodiment of the present. invention; ):figure 3 is a
flowchart of the operal.i.or~ ~f the optical cross connect accordincJ to
one ernbodirnent c>f the present invention; 



l5 rigure 9A is a block diagram oL the opt_i.ca L cross connect
:illustrating thF u:~e of a protect chanrm~L t:o restore a single line
failure accor.c3ing t~ one ~rrri~odirnent: 01: the present invent ion;
rigure 4B ~ s a block diagram of tl~e ol~t_ i ro f '?() cross connect
illustrating the r~sl~c~rrse t:o ~~ f i r:;t ~~rtcl second line failure
according to one embodiment: of t:hG~ prevent invention; I~ icJure 4C is a
bloc): di ac~rarn of t:he oh t: i c~~J cross connect illustrating the
response to n :~~:~r.ri<1 ~1 rnU(lllle Lai.lure acid i:irsl_ line
fa.il.ui-~ accordirtc~ t.c~ c~rru ernbodiment of the present invention; and
Figure ~~ is a bl.ocl: diagram of an optic:aL cros:~ connect switch
controller according Lo one embodiment of the present invention. 3i) l:n
the drawings, like reference nurnher:s general ly indicate identical ,
functional ly sim.i.J err and/or structurally similar elements. The
drawirrc~ i.n which an of Ement first appears is indical:ec3 by t_h~ 7   1
2 S ~ ~ 2002 V'U 99/J.15~~11 ~'CT/US98/2772n leftmost digits) in the
corresponding rFferc~nce number. The present invention L~I'OVldeS ~'-1
SySt_(31n arml method of restoring subsequent failures within a 5
te.lecornrnunications network. A cyst-em and method rare provided for
sending an alarm from .I idlrt l:erlriillal_.lorl equipment (L~TE) to an
optical cross; connect:. uWl1_C11 (OCCS) control7.er. The OCCS con t;
roller addres::e:~ Clre alarm by determining whether to restore the
ta:~lure~ lye 1(> sending a command to an optical cross connect :,witch
(OCCS) . The OCCS controller can identify the Lar.ilit;~ type of the
subsequent failure and retrieve the faei lity type oL previou:r failur.c~s
i.n order t: c> c~rrr.u~-F~ t:ha t: a protect: or. spare channel. is made:
zva i 1 ahl ~- t.c.~ I~ restore a module failure in the event restorr~tiori
o1_ module failure is needed. The system and method of-. the present
invention is illustral:ed as operating in an cxemlol at:~~
telecommunications networl; that cai-rie~~ digit~zerl vr~icn ?(1 1_tween
two individuals speaking on l:el EPl~ones . The rmesenL irrvr-..ration i s
fm: the,i- i J lu:ct:rW :cad witl~i n mr exc~mplany optical ci:oss connect
netwoih tlr~~ t. i:; w.i t_lr i a the t.elecornrnunications network.
1-lowever, the ~~resenn. invention is not limited to these envi ronment~
r~~ct may 2> be used in any network that reduirer~ restoration such as an
X.?.5 networlt transmitting data. Provided below is a brieF description of
the terminology used within this document. additional description is
provided in they f.-o7.7 owing snetions alcm~J ill with e:cernplary
implementations and embodiments. however, the present invention is not
limited I:o t_l~e exemplary implementations and embodiments provided. A ~~
telecommunicati.on s nc~tworl~: ~~ i s ~z nei=woLl: 5 



1 2 SEP 2002 WU 9913J540 I'CT/1IS98/2772U that: carries information. The
informat5on m~iy l,e dic7_i t:m~ca voi cc~ that i.s cart tad L~c~twc~ea
twr> tc_J Eyl~on(~:; or data that- is carried between two computers.
Several examples of telecommunications networks follow in tle 5 description
ot: >,IG. 1 , however, a telecommunicat:ion network is not: limited to
these example:;. 1~ t:el ecommunications networ); may inclLlCle
t.erminat:ion eC(ulprrrent( optical cross connec:f: ~W.ll'.(~Il('_`~, and
opt.i.cal cross connect switch cont:ro7lcr-s. Itt "Terrni.n~z1:.1011 PC(LlJ
prnenL" is equi r~rnPrrt: th~IL terrni.rlal.(:;; cable within a
telecommunications networl: and t.y~:,i.ca~ ly prove des moduJ a lion and
demodulal.ion Lunctional5 ty. L,~cemplary termination equipment i^ light
termination equ.i.pment described f.ur ther witfl respect to F1G. 1 and 15
rlG. 2. An "optical cross connect swi tcl'r" prc,vides switching
functionality within an opr_.i cal network. ~~n optical. network 9 s a
networl: within a telecommunications network that i.s comprised of ~'(1
transmission facilities thlt carry optical sadrrr~l:~,. hn optical network
may provide high speed transmi::s tan ~~rt(1 he capable of carrying a
significant amount of c.lata. "Optical cross conn~cL swi.tcl, controllers;"
accent i.nf.ormation from termination c~cltl.iprrrent arid ;;(_ ~'s flue
inLormation to prOV.LCI(? COIIIIrIdIICIS to opti.caJ ctos~~ connect
switches . Optical cross connect switch controllers are processors with
access to rnernor~~ vi~-~ a sepal-ate or an associated memory storage
device ~;~ICIi a;; a hard drive, dislc, and/or. standalone dat:al Esc. :I(I
llowever , am optica I 'cross connect. switch contool let i r; not: limited
to these embodiments and mc~y l.~e any capability to cons:rot one or. mc,re
cy,t-.ic~~l c.r~,~; ~~c,r,rm~n :;W tche;. More detail 5s cJiven al~oW
optical cro~;s ()   ' ~~~ ~~'~r~~ts~to 1 ?. SEi' 2002 ~'cTrus~~a~~~~20
connect switch controllers hel ow. "La.ilure" is a c~ornV,tm~r ~hnt-.
c~~:l,r~~~i~~mwr:v c~pr_laLi~naV diifaculties within the
L.elecommunic:aLir~s networ)c. A disabling evens: causes the failure of
once S or more components within the teleCOmmUIli.Cat:LOnS network. 7f, mul
tiple failures occur, after the f: i rst failure occurs, a later failure
i:~ referred to a s a "suhseduent failure" and the first: i-ailurc' or a
previous fail ure i:~ referred to ar; a "t~reW ous l(1 f_ai.l.m-a."
Components wi thin the tel c~communi rations net:worlc can be grouped into
t:ypes of c.omponentr, ,nch as lines and modules. The failed component. is
ra t~~Pe of component which is the "failed facility type." n 



li previous failed component is also a type of comL~onent which i.s t:hc:
"previous failed facility type." 'Iwo Lail.ed facility types and prPVious
failed facil i t1 typeu are a "li.ne failure" which is a fai lure oi- a 1
i.ne type component and ~~ "modula failure" which is a ?0 i:ailure of: a
module or ~c~uipmEnt t5~pc~ component . C'IC. 1 is a block diagram o(: an
optical restoration environment 101 according to one eml~cl9mem of the
present invention. Optical rc:~tor~ztiort Cnvi.rontnent 7 01 provides
connects vi t,~~ anti swi t:clt.i ttcV ?5 capability for telecommunications
services. hn exemplary use for the optical restoration environment 101 is
to restore channels in a networlc carr.yinc~ a cell. placed by a caller on
a first telephone 102 to a receiver on a second tclcphonc~ 1.20. I-towevcr,
~Pt:ical i(1 rc~:~taration envi I-onment 1U1 may he used to restor~r~ any
voice or data tr~ff is carried on a network. Optical restoration
environment 10'L ir~cl,~dc~s a first telephone 10?, used by a cal'LE~w that
is   \VU 99/34S~t(1 1 2 S C P 2002 i~c~rius'~s~z~~zo i at_erconnc~c:t~ed to
a second telephone 1?.U used I~y n receiver via a tel ecomrnunications
networ); 122 . Telecommun.i.cations network 122 includes a first e:cchange
104 , an opti cal cross connect: 11G , a second S e::change 118 , and an
optical restora lion noi:worl: 1 a (i . The f i rst: telephone lU?, is;
r.onnert:~~c.4 r. f i r :: t exchange 109 wi thin the tot ecommuni ca t.
ions network; 1'?? . Tlre f i.r s t ercharzgc~ :l 09 hr ovi.de:~ ~;wa
t:c:lt i rtcl l:unctionality t connect to the appropriate I()
telecommunications channel to e,tablish service to the second telephone
12U. The first exchange 10n i:; connectec9 to optical cross connect 7 1-G
which i r; equipment that provides termination and optical switching for
channels carried on an optical IS telecommunications 'cable 113. In
addition, the optical cross connect 116 is connected to a second e:~change
778 in order to establish connectivity via a channel lirrl; between the
first telephone 102 and the second telephone 12,0. The second echange 118
is connected to 2(1 the second telephone 17U to Provide swi i:ch:incl and
connectivity to second telephone 7 2U . Actor. dine to the present
invention, the optical cl:oss connect 11G is also connc~ctod to tlc~
optical restoration networ)c 11U l.o ProvidE: restc~r~t_ion in t:he event:
of channel or cabla fail.uro. '~l~c~ olw-.irnl cross connect 11C includes a
first l~.gl~t terrnination eduipment (LT>;) 1.0G and second LTL 119. The
optical cross connect 11C also i.ncl.udes a first optical cross connect
switch (OCCS) l.Oa and a second OCCS 112. 'fhe 3U first exchange 1U9 is
connectEd to the first LTL) 7UG. The first LTL 10G handles call
termination, data r-at_c~ conversion, and light. r~rotect sw.i,tcliincJ
(LPS) restoration functions. Tile first: LTE 10G is col~nectc~cl   ~ 2 sE~
Zoo2 W() 99/3.15.l(1 hc~rius'Jai~7~zo Lo the first OCCS 108. The first OCCS
108 provide^ optical ~wi aching capability needed f~r~ networ)c restoraCpon
swil:chind (IRS) vio the optical ro:~Lorat:ion nE_Lworlt 11.U . The: f
first: OCC~~ J 0f3 i s r.onnoct:e:d Lo n s :~c:c~nd OCC ~ 112, l:or
connectivity t:.c~ thn sec:~ncl telephone 120. Tlre path between the first
OCCS lUi and the second OCCS 112 is illustrati.vc only. n~ would hc~
apparent to a person slcilled in the art, additional intermediate optical.
cross-connect switches. and f i.:lters I(1 can be added in a
point-to-poi.nL circuit or any ne~tworl; topology (eg. ring, mesh). In
addition, the optical cross connect 11G inc7.udes an optical. cross
c:~nnect: switch (UCCS) controller 11.1 which i ~ connecLeel t: Lhc, f i rs
t LTr 10G , the second L'rE 114 , Llre firs t OCC:1 1 0 t3 , 



1S and the second OCCS 112 to provide control and allow for rerouting via
the optical restoration networlc 170. The first telephone 102 and second
te7 c.F~l~tone 120 are used to place and receive cal7.s via the tel
ecommunications network 122. The ri.r: t tel.elal~orre ?(1 :L02 and second
telephone 120 are exernplary and mzy lae any equipment that can be used to
ini.t:late or receive call via a telecommunications networ)c 122 . >;xampl
e~: ol~ other. types of eduipment_ that can be used to initiate and receive
a call via the telecommunications r~c~t:worl~: ?S 122 are a wireless
telephone, a pager, a personal computer and a modem. The first exchange 101
and r;econd e:;c~lt~~nct~ 11(i are exemplary exchanges within the
telecommunications network 122. The first exchange 107 3(3 and second
exchange 11E3 provide swirchinc~ capahi 1 it:y t.c~ route a call via a
telecommunications linlc that i.nLerconnects to the caller s destination.
The Cir.st exchange 7 04 and second exchange 1.1 8 may tie .imp.l
emc~rrte<1 12   1 2 SEi' 2002 wo ~~~~i3asatt i~c~rms~ts~2~~2u using DMS-:~0
switches manufactured by Nori;el. The telecornmunicW :i.ons net:worh 13:'
mny comprise many telecommunications networks includ.inct local elc.l~~ingo
notworh s and i ntere:~ch~~r~de ot wc~I;s:. S 'I'ynical7y, equipment used
to initiat:o and rGCeive call, such as first telephone 102. and second
telephone i.20, is i.nterronnected to an axchange within a locwl e::change
network. There f. ore, c~x~tnplary fiz-sl. Gxchangr 102 and second exchange
11:3 are within a local e:,c:hangEe I l7 network. n local exchange
networl~: compri ses ~wi tc:he:; and termination equipment within a
.(.oca'Lized area. nn example of. a 7.ocal e::chancJe network is a local
t:e.Lephone operating company networlc such as >3e11 Atlantic. If the
caller is calling long dislat~cc~, l:hc~ 15 local exchange network will
send the call to an interexchange switch in an interexchange networl;.
Similar to the local exchange networJc) an interexchange network comprises
a plus-alit:y of swi aches ( also ref. erred to as exchange:; ( tha t are
?(t located throughout a geographic area . llowevoo, interexchange networks
typically comprise of switc.he:> throughout a large geographic area to
process long-distance telephone calls. C'or example, a nW:_ional
interexchange networJc comprises switches located 25 throughout the nation.
When a call is routed to the int:erexchange network, 5 t may be routed t:o
one ~r ~noz~e switches within the interexchancJc~ network. Upt:pcal cross
connect equipment, such as exemplary optical.cross connect 116, is
connected to 3(1 the telecommunications cables within tc~lecommuW rations
networlc 122 , suclZ as exemplary te7 ecommunica lion:; c:al-~J c~ 113
between the first exchange 10~ and seconcl exc:hormtc~ 11Q. The optical
cross connect 11G provides I   



1 ? Sfi' ?_Q~~ 'U'J~)/345~tSt I'C'f/US98I277?,l) termination and switching
functionality for spgnals carried on optical telecomrnuna.cation cable 1Z3.
The optical cross connect 11G includes a first LTA 106 and a second LTIr
114. The first LTE; 10C> 5 and second LTL 11i terminate the
telecommunications cal_~le 113 . The first LTL 106 and second LTL: 7 7 ~1 W
J 1 b~ described in further detail wa th respect to >:TG. '? . The optical
cros ~ connect. 17 G incl.udeC, a first OCCS 108 and a second OCCS 112. The
first OCCS I() 10B and second OCCS 112 can by any type oL optical switch.
l~or e.:ample, the first OCC`t 108 and saccm~i OCCS 112, may be implemented
using combinations of an integrated lithium niobate directional.-r_ouhler
r_~~C switch. Other types of suitable optical switchiiic~ I 5 technology
include swa tches based on t2~ermo-opti c effect in polymer waveguides or
silica glass, semiconductor amplification, piezo rt~ovement, and integrated
indium phosph~.de . In addi tion , a 1 tl-rough ~r single first OCCS 7.08
and second OCCS 112 are ~hown fc~r ?() clarity, multiple discrete switches
and couplers c~~n he used to perform equivalent mul.tiplG-hort optical
switching. Tlie OCCS reroutes traffic teased on an a 1 cJor:ithrn. Irn
exemplary algorithm is the l:ea l -Time 25 Multiple Wavelength Routing
(RMWR) algorithm whic.ll use:; collected data to select an alternate path
based on wavelength inforrnatpon stored in a centralized datal.~ase. An
additional description of-. an algorithm used for rerouting traffic is
described in U.S. Patent 3(1 No. 9 , 956, 835 entitled, "Method and
Apparatus f.or :301 F lsest:orind anc! ;ae.lf-P1-ovisponing
Comnnrr~icat.i.on I~lcW:wmrl:~" t i led l.~y Grover . The first OCCS 10f3
and second OCCS 17.?. ar-c l ~4   12 SEP 2002 WU')');3dS40 ~c~rius<~siz~~zo
connected to a telecommunicat:ion~, cahl a :L13 . `l'1m~ tc~~.LCOlrri1rU11!
CELtionS cable :L13 ~.r7c'1 udc~s 17 Ldi1'E:CtI anal optical fibers, line
repeaters, and/or a~npl5.fi~r:~. Alternative) y, the telecommiinica t~ on~~
cab) a 113 m~~y 5 include lonq-haul, single mode fibm . The
telerornmunir_ations cable 113 is not :Linked to tl7~se components aIIC!
may be any transmission medium cll~1 c of carrying signals in a
telecommunications network. `i`hc~ opt.i.ca:l re:~t:or.~~tior~ i~c~~.w~rl:
1 J () ~;; 11) connected to the f-.irst OCCS 108 and the second UCC 112.
The optical restoration networl: 110 coml>r.ises s par-a optical
termination and cross connect eduipment for- restoration of traffic if the
optical cross connect 116 in use fails. The optical restorata.on net:wor.~:
11~ IS includes a plurality of spare components includar~r~ LT>Js) such as
the first LT); 10G and the second LTE 179, OCCSs, such a: the first OCCS
10i3 and second UCC ; 1 L2 , anti telecommunications cables, such as t_c~7
ecommunications cable 113 . 



''() `1'he OCCS controller :111 .i s conilect~ci Lo t:llF~ f i.rst L'rL;
lUG ( the second L'fl:. 11.i , the f first OCCS ! Ut,, and the second OCCS
112. The OCCS cont-_r-oiler J-71 c~-~n he connected to any number of LTL
and OCCSs . 'L'1-ie OCC; controller 111 receives information from the L
first. L'1'1; 25 10G and the second LT>; 119. If the informal:ion indicates
i:hat traf f is must be rerouted ) t:he OCC controller 111 sends commands
to the first OCCS 10t3 Lo reroute electrical signals via the optical
restoration networ)c 110. The OCCS controller 111 may be iU implemented
using any processor or a plurality of distrihutc~d processors that ar.e
coordinated by a communication l.in)t nod shown. >,IG. 2 is a block diagram
of optical cross l;   1 2 S~t~ 2u02 fVO')')/345~10 fCTIUS')8/2772(1
connect: 71G. l:llustrated within the first LTL'. 1C)~ and (:l~c: second
LTh 1.1.9 arc, the transm.il.l:er:;, ?.OGh, 20g1;, ~?Uf~C, ... 206n) and
the rec~iver:~, 21U, 21.0B, 21UC) . .. 2l.Un. Lack one of. the transmitters
2U6 is connect_od to a corresponding one of the receivers 210 via onF of
multiple channels 214A, 21.4B, 214C, ... 214n wit:hi t~W telecommunications
cable 113. hlso within tel ecommunications cable 11.3 is ~i protect channel
21~' . The protect: channel 212 is spare and i ~ used f. or Il) restoration
i f one of the channels 719 in use fail:;. ~'ho protect channel 21?. is
connFCtc~d to ~~ Lr,zn~;nii t.tei 2.U:1 within the f:il:st I,TI' 10G and a
recei.vei: 20fi within the second LTI; 11.9. nlthough, both first L~'fr 1OG
and seconii 1,TIJ 1~ 111 ha~~e transmitters and receivers, transmitier.s
206 are shown onl y in the first LT1; 10G and receivarC 21 () are shown
only in the second I,TE 119 f_or clarity. The transmitters and receivers
are typically i.n an array rnac3e up o t' pair s of transmi tier. s and
receiver s . 1.n 2() I: IC. 2, each of the transmittoo:~ 20C would
act:uazLly 1~ a transmit and receive pair. IJach of the trap smitters 20G
transmit a sietnal carrying a digitized voice of. a caller or any other
data that was sent by equa.pment thW ~. or i ct i m~t.eci a ?5 call, W111Ch
l.S shown in FIG. 1 as exemplary First telephone 102. In one embodiment,
the transmitter, 20G are modulated lasers, such as directly modulated
semiconductor laser diodes or externally modulated lasers. Cacti one of the
transmitters 20G is ronnec.t:ed 3() to one of the multiple channels 219
within the te~.ecommunications cable 11.3. The transmitters 20G t:ransmi.t
si~)nal~: viz the channels 21 ~t w:~.tazin t:)~E~ telecommunication: cable
113 to tho receivers ?.1 U . I C~   W U 9')I3.15.11) ~ ~ so zooz
r~c~rrus~sn7~zo Similar to the transmitters 2U6, each one c~I~ the recei
vers 210 is connected to one of the mu.l t_:L1~ l a channels 214 within
telecommunications cable 7:L3 1:0 receive signals from the corresponding
one of t_liEa 5 transmitters 206. The receivers 210 demodulate electric;il
:;ignal5 (1U111 the: light: wave signal ~~f t1 corresponding carrier
Lreduency. Receivers 210 can loe~ optical detectors or an~~ equi.pment that
can recoavc~ mol transduce the transmitted si.e~nal.. 



1() In one example, each one of the channels 211 within telecommunications
cable 113 is an optical channel wi thin a f i.ber optic cable . '3'he
sicJnal :; wi thi n an optical fiber are modulated usin~~ vm-iou^
Lrcq~~enci.e~~ which ~a7lova one fiber oht_ic ca?-~1~~ t_c~ r~at-r~~ 15 a
large number oC channels. A~~ mentioned above, trlis technique i.s reLerred
to as waveJ.ength division mul tipleting (WDM) . 1: urther descriPti on of.
transmitter, receivers, and fiber optic ral~les is given by Daniel Mino7i
in chapter 7 ~f his b001: 2t) enti fled ) "Tel.ecommunications Techno l ogy
Ilandhoolc , " Artech house, Inc. (1991). F~ach oL the channels 211 (also
referred to as tra f f is car ryi ng channels ) carry norma l non - res
t:~1-~~ t=i c~t1 traffic within the telecommunications cable 113. The'
laroter.t channel. 212 is an optical channel within n Ciber optic cable
that is achieved l.~y modulating sigma. at a parti.cul.ar frequency. A7.so,
the transmitter 2o4 that transmits via the protect cllannc~l 272 is a
modulated laser like the transmitters 2,0G on 3(1 the other channels 214.
The transmitter 20n m~ay he implemented using the same technologies as tY~e
transmitters 206 on the other channels 219 within the I:el.ecommunications
cable 113. r.~ihe the recciver:> > Lt1 17   ~ 2 SEf 2002 PVC) 99/3.lSt0 f
CT/US98/2772U that recfaive signals from the trafi:ic carrying channals
211, the receiver 208 on the protect channel 212 demodulates the received
signal. The receiver 208 ma5~ 1->o implemeritcd with the' same technol og
i.e^ as t:hc 5 receiver~a 2.10 i:hat receive signal ~ (.rim tlrr_
~I:lr~>>channels 2.1.d . llotlr the f irsl. h'1'1; 1.UG and tl~c: :;
c:caircl L'I'l; 11 ~1 have processors referred to as the first LTE
processor 21.6 and the second LTE processor 218, respec:l.iVel~~. 1(1 `fhe:
first LTE processor. 21G a.s connect:ecl to each of tl~c-: transmitters 20G
to obtain information about whether eac:l~r of t:hc tran:mit:t~r.:~ 20G
.i.~ in u:~F~ ~~r-rrl wfic~t_lrc~r t.l~r~ tr~zrrstnittc~: s 2.UG are
expc~rienci~rg oper~~t.ioi~al difficulties. Similarly) the seconcl LTE
proce~~or 218 IS is connected to each of the receivers 21U to obtain
i.nf.ormation about whether- each of the receivers 210 is in use and
whether the receiver.c~ 210 are experiencincJ operational diff:icul.ties.
The f first: L,TL: x~rocess,~~- :?7 c. and the :~~cond LT1~ processor 21.8
ar F~ connected I:o 1:1~~~ 2() protect channel t:rznsmitter ?.U~t and
protect= channel receiver 20t3, respectively to obtain information about.
whether the protect channel 212 is in use and whe~Uer the protect channel
is experiencing any operational difficulties. The first LTE processor 21G
and 25 second LTE processor 218 are any processor that can obtain
information from and coordi.nal.e among l.hP components with a first LTE 1
UG or second h'1'I: 7 J 4 . FIG, 3 illustrates a restoration process 3(I1
according to the present invention. FIG. 3 will be described with reference
to the example of FIGS. 9n) 9B, and 9C which illustrate various failures of
channels 219 within telecommunications cable 1:L3. Tn step 309, either the
first LTF 10G ~r t-_l~r: I i;   



~ 2 SEP T002 ~'~O cJ')l3J5d1) ncl~rusosrz7~yu second L'1'F 17a1 detects a
failure ~IOQ in channel 2l~In. '1'hc first L'fL; 106 rnay detect a f-.ailcd
tranarnltte:l 2UC. A single optical detector at the second LTE 119 can
detect a failure and send a fault signal to i.he e~econd 5 LTL processor
2J.0 within the second LTE 111. Failure 401 may be detected electricalJ.y
at first LTI? J OG u:;iny conventional. loss of signal technidues . n:l
t:erna r i vel y, failures may be detected lay multila7.e optical
det:PCt_or:~ (not shown) along the channels 2,11. If an optical I()
detector detects a failure on one of the channeJ.s 211 , the optical
detector will send a fault signal. t:o the first LTE 10G. Various methods
of optical failure detection including optical and electrical. detection
techniques can be used. IS I:n step 306, either the first LT>, 1UG or the
second LTr 111, whichever detected the fai7.ure, determines whether the
protect: channel 212 is in use. A determination of whether the protect
channel 21?, is in use is made to evaluate whether the protect c:hannE:L
?() 21.2 is availaY~le to restore the detected failure. Flc'~. ~11~
ilJ.ustrates a single line fap 7 ure in wha.ch the protect channel is
available to restore the detected failure 4U1. If the protect channel 21.2
is not in rise, the protect channel 212 a.s avai.Larblo t:o rc~ store thc~
25 detected failure Q104 and the first LT), 10G L~roceecls t:o step 308. If
the protect channel 212 is in use, the first LT>; 1U6 proceeds to step 30~
and sends an alarm to the OCCS controller. 1:L1. l.n step 30L3, traffic W
re~~tored by t:hc~ fir:~t 3(1 LTE 106 on the prosect channel 2J2. FIC. 9A
illustrates using the protect channel 212 to c.ircumvr~nt-. the single line
failure 909. The incoming line t.r~ t:l~c~ first channel 274A is
interconnected to the prot_er.t 1 ~?   1 2 SEA 2002 N'O 9913-ISd(I
1'CT/US98127721) channel transrnitter 204 rather tluan the first channel
transmitter 206A. The protect channel 212 provide: connectivity that
circumvents the f~ri.led channe 1. 2.14A. 'fhe Protect channel receiver 208
wzthin the second LTL; > 114 receives the signal and sends the signal to
the next component that will receive the signal and provide corrnectivi_ty
to the Final destinat.i.on, Cor exirnl~7c~ t-_1~ second ef:changP 118 as
shown in T'IG. 1.. hTGS. ~1B and 4C illustrate multiple foilmes I(1 within
telecommunications cable 113. If. t:lie Pre~tFCt: channel 212 is in use,
step 300 is herf.ormed t:o resLorc~ the detected failure. In step 309, the
.first. L'1`I; lOG or second LTE 11.4, whichever detect:ed failure ~1U~1,
sends an alarm to the OCCS controller 111. The 1S information is sent by
first LTI: prc~cessoi- 21G or t-.he second LTE processor 218. The I:irst
L.TI_: proves >or ?16 obtains the inLormation from one of the
transma.r.ters 20G. The second LTE processor 2,18 obtains the information
from one of the receiver s 210. The I fret. 20 LT1; processor 21 6 and the
second hTF~ processor ?1 F3 c,errd the OCCS controll er 111 information
incl.uc7a nc~ whFtlrer the f-.ailure is a line Failure or a module
i=a:i.7ure. A failure on a channel 211 rnay he e5 ther a lime failure or a
module Failure. A line Cailure is ~r 25 failure of the channel 211
l~c~twPen the tran:,m.i titer ?.0(, and the receiver 210. rIG. 4B
illustrates a first Line failure 40d and a second line Failure 40G.
Transmitters 20G and receivers 2.10 are also referred to as modules. A
module failure is a failure of either a 3(1 transmitter 2UG or a receiver
210. 1'ZG. 4C ilJi.~~;tr~at:~~; a Lirst line Failure 404 and a socond model
a f-. ai l ere 910. 



'fhe first LTI; processoo 21G can cietermarm ~ f 20   1 2 SEP 2Q2 CVO ~~~1;
3d5~f1f 1'C'f/lJS9H/27720 the transm.itiers 20G (or associated receivers or
modules not shown but coll.ocatFd with each of the transmitters 20G within
the first LTL; 7.UG) fail. '1'hc~ sc~c:ond I,TI_: processor 21F3 can
clc~ter.~n.i ne i I t.hc r~,c:E~i ver:; 5 210 (or associated transmitters
or tnodule~ not shown vui~ collocated with each of the receivers 2l0 within
the second LTr 119) .fail. If a trans~m:Ltter) r.~c~eivf~r, or other module
fails) a module failure, also reCerrec7 to as an equipment failure has
occurred. Both the l(i first LT>processor 216 and the second LT>,
pr.occ~s:;or~ 27 ~ can report. to the OCCS controll.e~- 'l71 l:h~nt (~
module iai.lure occurred. IL a line failure occurs, I:he photodetector wi
thin the one of the rPCei.ver ~ ~? 1() ~ha t: cor.respondrs Lo the failed
channel wi.l1 detect: a loss ol: IS lighC and the second LT)v processor.
?1t3 can determine tlt~~t a line failure occurred and report that a line
Fa.i.lure ocr_uri-ed to the OCCS cont:rol.ler 111. fL a line failure
occurs, two alarms may ,~c ~~ent to ttic~ OCCS controller 11 J. . A
pl~or_odi ode wi th i.n 2(1 the second LT1' 119 may detect a i:ai.lure Lay
der.c~r.t.inc) n loss of 7.igl~l. and a receiver a~soc.i.~ated with
transmitter 2UG may detect a loss oL cornrnunicati.on wi tl~ the second
LT>; 114 . IF both the first LTE 1UG and tlic: second L~TE 7.74 sFnd alarms
for Lhc name i:nil.ure, t_h~ ?S OCCS controller l11 can coordinate the
alarms and determine that one failure occurred. Ln step 310, the OCCS
controller 11:1 identifies the type of. the new failure using thc~
i.nTormation received from the first L'f>, 10G and/or t-.le all second L`fE
119. The type of failure, either line or module, is determined in order. to
del:ermi.ne how t:o restore the failure. according i:o tl are sent
invention, l ine failures, such as f i rst line fat _L~~rc~ 21   f()
9'l/345~1I1 1 ?. SEA 20C2 fCTIUS98I2772U 404 and second line failure 406,
are restored eathen on t:hc~ prot.ort_ clmnnel ;?1.2 or v:m the opt:io~-tl
rost:oo~n.lc~i, networl: 1.1U. 'rhe (first LT>; 10G restores a single
module failurF 410 on a pratcct channel ?.1.2 us i described earl.iel: with
respect to st.:ep s 306 and 30f1 , 



li rnultipl.e Cailures occur and the protect_ channel ~?12, capacity is
insufficient to r.e stop.e a11 of. the failures) a.n steep 310 the type of
failure as det_~~i:n~.i.rred in order to ensure that :if the multiplo
failure:; 10 include n module failure 47.0 and lane f~r~l.ure~, ~;uc.l~
u.-> first lino fa~lnre 4C4 and second line failure 40G, the module failure
~ s restored on the protect cflanne~~ 21l and the line failures are
restored cm Lhe or~ticol restoration networlt 110. 15 if the type of new
failure is a line failure, the OCCS controller 111 proceeds to step 312 to
provide restoration through OCCS restoration actions usirrc~ the optical
restoration networlc 1~.0. ?f the type of nE:w failure is a module failure,
the OCCS controller 11.1 2(1 proceeds to step 314 to obtain additional
.inLoi-rn~tion in order. to determine how to restore the failure. In step
312, the OCCS controller 111 sends a cornrnand to the f.i.rst OCCS 10t3 to
restore the new failure. If the new failure is a second line failure ?5 40G
as illustrated in FIG. 4B, then the second line failure 90G can be restored
on tyre optical restoration network 110. Determining the facility type and
rerouting the previous failure 409 are unnecessar)T because the second line
failure 406 can he restored :1() without afFoctincJ the previous failure
404. The second line failure 40G is restored by the OCCS controller 11Z
sending an alarm to tl~e first: OCCS 108. When the first OCCS 108 receives
the alarrtr) 72   wo ~~~~n3asao 1 ?. SEP 2002 rc~r~us?H~z~~2o the first
OCCS 10B switches t:o reroute thc~ opr_ical alectri caa signals that were
to he cirri ed on the failed channel 214C via the opt:ir.~~7 restoi~zl inn
i~~~t:wc I: 1 7 U . '1'l~c: opt i cal electrical si.gna:l:~ talce a path
from 5 the transrn:itter 2.06C within the first: hTr J 0G t-.lltoi)gl-~ the
first OCCS 108 through a path 408 in optical restoration network 11.0 to
the second OCC^> 17 ~l wh.i rl~ i r: c:onnect:ed to the receiver 210C
within the second L~'1'f. 1a4 that receives the signal. When the second
line 1(1 failure 40G is repaired, the first OCCS 1Q8 will reroute the
electrical signals back to channel 2:14C. In step 314, the UCCS contro7.ler
111 retrievee~ the type of previous failure. The OCCS controller 111
retrieves the information from the first I 5 LT1; pr ocessor 216 or the
second LTA processor 21 tt tha t indicates whether the previous failure was
a lire failure or a module failure. The type of the hrevi.ous failure
indicates the type of failure that is h~.inc~ restored urW ng the protect
channel. nr~ mentioned 2(1 previous7~~, although line f.ailure:~, such as
f.ir:~t 1 i nc failure 409 and second line failure 406 typically can be
restored on a protect channel 212 or via an oPticaL restoration networl~:
110, a single module failure 41U often can only be restored on a protect
channel 'J.W . 2S Therefore, if the new failure is a module f_ailur~ 410 as
was determined in step 312 and is illustrated ~n FIG. 4C) then determining
the type of the previous failure 404 indicates whether the restoration in
use for the previous ailure 401 can he modified to all accommodate the new
failure 410. If the type of previous f ailure is a 1 i.ne failure as is
illustrated in F:CG. 4C) then the OCCS controller 111 proceeds to step
:~:LF3 to restore hot:h t_l~e ~3  



1 2 S~~ 2002 ~Y<) ~J'~~3451~~ r~c~rms~m:,~no previous failure 404 and the
new f_ail.ure 470. IL the type of previous failure is a module failure
which i:~ not shown, then OCCS controller 111 proceeds to step 31G to send
an a.l.arm because neither the OCCS 5 control7.er 111 or the first OCCS 108
can ~:estor~ 1>otl~ the previous fa:i.lure and the new failure. In step
37.G, the OCCS controller. 7.71 :;c~ncls; an alarm to a natponal network
management center (NNbIC) or other centralized or regional fault reporting
CPIlter to 1() report an unrestorable failure. If the new fai.l.ure is a
module failure) such as module failure 41.0 shown in FIC. 4C, and the
previous failure is a module failure then two module failures have occurred
hut only one protect claannel 212 is avail.ab7 a for. re ~torat.i on . 15
Assuming one protect channel is available and no other restoration
technique can be used to in order to enable t:he optical cross connect 11G
to restore the second module failure, the OCCS controller 111 sends an
alarm to a faul t: reportincJ center. such ~~s the NNMC to report. 2() an
unrestorabl a fail.uxe. The NNMC has staff and computer systems to det_ec.t
and restoro fa:i.lures that. caiznot be restored with the automated systems
in the telecommunicationC networ)c 122. Computer systems in t:ho IQNMC may
provide ?S restoration automatically by rerouting traffic using switching
tables within exchanges, such as first exchange 104 and second exchange
118. If automated computer systems do not automatically provide reroutes,
they may provide information to staff that manually 3(1 implements changes
to the software to reroute traffic. 1'or example, if multiple faults occur
on telecommunications cable 113 that cannot be restorecf, either computer
s~~stems or staff may modify the sw.itrrli 2 ~1   1 2. SEP ?002 WO
991345d11 rc-rms~mn~~ao tr~l.~les in f first exchange 101 to send the
t:r~~t f is vi a dif-.ferent communication: links until
telC:COItIITlurliCdl:.lC)11:; cable 113 is repaired. However, if the
failure i~ 1 invited to one second module failure , the 1~~1MC stay do 5
nothing or simply block traffic from attempting to use the channel 214C
that cannot. be restored until the channel. 214C 9.s repaired. Often all
channels ?1~1 within a ~tel ecommtin.i.cations cab:Le l13 are not) irt ur~~
s~c> new calls can use the .remaining channel ~~ 214n) 21~iF3, I() . . .
214n. 1n step 31fl, the OCCS controller. 111 sends n command to t:he first
OCCS 10f3 to reroute the previous line fai7.ure 404. After the previous
line failure 401 has been rerouted by the first OCCS 1.U8) the OCCS t~
controller 111 sends a command to the Li.rst hTl1UG t_c, switch the
electrical signals that were carried on r_he second failed channel 214C to
the protect channel 212 to restore the new module failure 910. 'Cf the OCCS
contro7.ler 111 perf-.orms step 3lFi, 2(1 then in step 310, the OCCS
controller 111 identified that the new failure was a module failure Q110,
and in step 3.L4, the OCCS controller 7.l1 retrieved information indicating
that the previous failure: was a line l~ai Lure' 404. hs mentioned
previously, the scenar.i.o oL a 



25 previous Lirst line failure Q104 and a new modulo failure Q110 is
illustrated i.n FIG. ~lC. If Lhe optical cross connect 41G cannot restore
single module I_ai7ures via the optical restoration nPtworlt 110, then the
OCCS controller 111 can only restore the new module failure 3(1 410 using
the protect channel. 2.1.2. ns a result., restoration by the OCCS
controller 1'L1 of both tli<~ f ir~l, line failure 40A and tree module
failure A 7 0 i :~ possiule only ii: the first line failure is rerouted 1:0
25   1 2 SEP 2002 WU 9')I345~t11 ~C't'~us~)sr2~~2u the optical restoration
networl: 1.10 by sending arr al ~~rrn to the firat OCCS 7.08. The OCCa
control7.er 111 sends a command t.o the f.ir~t OCCS 108 to reroute the
previous irst_ line S failure 404 via the optical restoration network 11U.
The OCCS controller 111 may restore any number of line failures by sending
alarms to the f i.rst OCCS 10f1 uahi clr will. reroute the electric
signa:Ls via the optical re:rtoration networlc. Tn otlncr words;, Jf-.
chann~J~~ 2.79E, 1(l 214B, and 214D experience line failures prior to
channel 214C experiencing a module Cailure, early lire f ai lure wou7 d
have been restorec7 by the OCCS cont:roll Gr 111 performing earlier steps
in the operat:iorr of opta.cal termination and cross connect equipment 30J
li when each failure was experienced. The result would he that the first
line failure wou7.c7 be restored on the protect channel 212 by the OCCS
controller 1.1.1 performing steps 304) 30G, and 308 and subseduent line
Failures would be restored via the optical restoration ?(1 network 110 by
the OCCS controller J 1 1 perf.ormind st:el.rs 30G , 309 , 310 , mnd 312. .
Ilowev~r , rec7a~dless of l.lr~, number of line failures r.estor.ed v5.a
tha optical restoration network 110, when a module failure 410 is
deter_ted, if a line failure 404 i~ restored on the 25 protect channel.
212., the line Lailure 404 is rerc,;rtecl via the optical restoration
networ)c 110 to male the protect channel 212 available to restore the
module failure 4J0. After the 7.ine failure 404 is restored by the first
OCCS 108 via the optical restoration rrei:worl;, 3(1 the Lirst_ LT1~ 10G
switches the electrical sic~nal~~ that were carried on channel 214C that
experienced the module failure 4:L0 to the protect. channel 27.~'.. The
OCCS controller 111 of. the present 2 <~   ~VU')9I345.10 ~ ~ s~~ zoo2
fCT/US9812772n invention is preferably implemented using a computer system
502. a~~ shown in L~loclc diagram form in F1G. 5. Tlre computer system 502
includes one or more processors, such as processor 50G connected to hug:
~st)~l. 



5 Ia:~o conuect_ed to bu~ 5()4 i ~ main memory 5Ut3 (hrei:erably random
access memory, RAM) and secor~dar.5~ storage devices 510. The secondary
storage de~~ice:: ',l (1 .include, for example, a hard drive 512 and a
removaule storage medium drive 51~ (such as~ a dis): drive, for. Il)
example) . The functionality of the OCCS controller 13.1 i~ preferably
performed by a computer program that reside~~ in main memory 508 while
executing. When executing, this computer program enables the computer
system 502 1~ to perform the features of the present invention as discussed
herein. Thus, the OCCS controller 111 represents a controller of the
computer system 50?, (and of the processor 50G) . n1 ternaLively, t)iP
functionality of the OCCS controller 117 is '?() predominate:l y or
entirFly per. formed by a ham~waT a device, such zs a hardware state
machine. :Cn one embodiment=, the present invent.i.on .i.s a computer
program product ( such as removable stor~~clE~ med:iurn 51G, representing a
computer storage di~l~;, 2S compact di sl:, eLc. ) comprising a computer
readable media having control logic recorded thereon. The control logic,
when loaded into main memory 50f3 and executed by processor 506, enables
tile processor 50G to perform the operations described herein. 3() Although
the OCCS controller 111 has been described with respect Lo an exemp:Lary
controller and pr.~cessor, the OCCS contro7.ler :L11 is not limited to this
embodiment. The OCCS controller 117 controls the ?7   1 2 SEP ?00? wc>
~ro3as.~n ~~c~rrus~mrz~72o OCCSs. The OCCS controller 1J1 may be within an
OCCS, such as first OCCS 10Q and/or second OCCS 1l2. Alternatively, the
OCCS controller 1.11 could be within another component: within the
telecommunications ner.worl; S such as i:irs t LTr 10G and/or second l,Tr
1.11 . Tl~c OCC controller 111 i~ any capability to control one or rnorf~
OCCSs, such as first OCCS 10t3 and sFCOnd OCCS 1a2. While various
embodiments of the present invention have been described above, it should
hca l(1 understood that they loaves been presented by way oi. example only,
not limitation. Thus, the breadth and scope of the present invention should
not be 7.imit:ed i:>y any of the above-described exemplary embodimentr;)
but should be defined only in accordance with the f.o7lowing 15 claims and
their equivalents. '' h   ~ 2 SEP 2002 wo ~r3.~5ao What is Claimed Is: 



rcT~us~~si~~~~o I 1. A mFthod of addressing a subsequent failure in a 2
telecommunications networ)c that has experienced one or more previous
failures) comps ising t:he steps ol~1 (a) dFtecl.ing the subsequent
l:ailure; 5 ()~) ~denLif-.ying a failed f-. aci.l i t:y t:yhc~ that: G
caused the subsequent failure; 7 (c) determining whether a protect channel
~s 1 yes toying one of the one or more previous f a.i.lure:~ ; aid 9 (d)
when it is determined in step (c) that said I(1 protect clzanno7 i s
restoring one oL the one o~- more II previous failures, sending a
notif.i.cation oL the 1? Subsequent f ail use to an optical. cro > ;
connect `;wli:cl~ 13 controller; 14 wherein said notification inc:Ludes
saiQ fai7.ed 15 facility type that caused the subsequent iaa.lure. 1 2. A
method of addressing a subsequent failure in a 2 telecommunications network
that has experienced one o0 more previous failures, comprising the steps
of: (a) recei.vinc~ a notification of the subseqiiFnt i Lailure, wherein
said notification .includes a f:ailc~d iacilit~~ type that caused the
subsequent failure; 7 (b) determining whether the subsequent failure i~ 8
restorable via an optical cross connect switch; znc7 (c) addressing the
subsequent failure. 1 3. The method of claim 2, wherein step (b) comprises
2 the steps of: 3 (i) determining whether said failed iacili.t~y type a
received in said notif ication oL the subsequent: i ai 1 use S is a line
failure; and 2 ~)   fVO 9'J13454(! 1 2 SEA 2002 I'C'f/U598I2772U I (ii) if
it is determined in step (i) that said '? failed facility type is said line
failure, determining 3 that the subsequent failure is restorable via said
~l optical cross connect switch. S 



1 9. The method of claim 2, wherein seen (b) comer-i-~;~:~ the: s tep ; oL
3 (i) determining whether said failed faci.l it:y type ~I received in said
notification of the subsequent failure 5 is a module failure; (~ (ii) if it
is determined in step (i) that said 7 facility type i-s said module
failure, determining ;; previous failed f-acility type of one of the one
car rnorc ') previous faia-ures that is restored on a protect I (! channel
; and 11 (iii) if it is determined in step (ii) that. said 1'' previous
failed facility type is a line failure, I i determining that the subsequent
failure is rest~orahle 14 via said protect channel. I 5 . `fhe method of
clai-m ?, wl-ierein ~;tep (1~) coml~r i se:~ '' r_hc~ steps v1 3 (i )
detei-n;ining whether said i n.i.led facil i ly t:yl~ recea.ved iri said
notification of the ~;uu sequent f_ai Luz~c, is a module failure; (ii) if
it is determined in step (i) that said 7 facility type is said modu7.e
failure, determining a previous failed facility type of one of the one or.
more ') previous faa.lures that is restored on one of one or I(! more
pr~l.ect ch`~nne7 ~; I I (i.ii) if it is determined in step (i.i) that said
1? previous failed facility type is said module failure l3 and additional
previous failures are restored on 3()   1 2 SCE' 200? ffO 9'JI3~1S~111
i~cl~~us~~sn~~zu I additional. protect channels, repeat: step (ii) t~ '?
determine another previous failed facility tyre l:or 3 another one of. the
one or more previous failures that ~1 ~ s restored via another one of the
one or more hrot:ect 5 channels; and C, (iv) if it is determined in step
(iii) that said 7 another previous failed facility type .i.s a l ine
failure) determining that the subsequent Cail.m-a i.~a ~) restorable vi~3
said protect channel. I 6. The method of claim 2., wherein s;t~l-~ (1~)
cot7tp~~ise;; ? t:he s tep s of 3 (i) det:ormining whether said f-.ailed
fac.i lily type =! received in said notification of.- the subseduent
failure 5 is a module failure; 



h (ii) if it is determined in step (i) that said 7 facility type is said
module failure) c7etermininc~ a i; previous f.ai:Lc:d facility type of one
of tl~e one or more 9 previous fai.Lures that is restored on a protect: I(1
channel; 1I (iii)ii it is determined in step (ii) that paid 12 previous
failed facility type is a module failure, is determining that the
subsequent failure is not. I~I restorabl e. I 7. Themethod of claim 2,
wherein step (b) comprises2 the stepsof:3 (i)determining whethersaid failed
facility type~1 received5.n said notificationof the subseguent failureS is
a module failure;C~ (ii)if it is determinedin step (i) that said7
facilitytyre .i ro ::aid module fai 1 mw~, d~l:~.rmi n i mp
.~previousfai.~ect laci7.ity typeoL one of. the one or mope 31   ~yo
~~~~i3asao 1 ? SEf Z002 rc~~ius<~ttn~7zn 1 prcwi.ous failures that is
restored on one of one or '_' mor.-~ protect channels; a (iii) if it is
determined in step (ii) th~~t_ said ~l Previous failed facility type is
said module failure 5 and additional. poevious failures are restored on (,
additional protect channels, repeat step (ii) to 7 determine another.
previous failed facility type f.ot i; another one of thF one or more
previous fai7.ure: t_l~at ~) i s restoi:ed via another one of the one or
more prc~t.~c:t I (1 channel s ; and II (iv) .if i.t is determined in step
(iii) that ~;aic7 I? another Previous Failed facility type i.s said module
ll failur.e) determining that the subsedtxent failure is not. I~I
restorable. 1 >3. The method of claim 2, wherein step (c) comprises 2 the
step of. restoring the subsequent Lailure vi.a said optical cross connect
switch. I 9 . The method of claim 2 , whet a in :step ( c ) co~nlm-i :~cr;
2 the steps of: restoring one of the ono or more previous fai.lurea ~I that
was restored on a protect channel via said optical 5 cross connect switch;
and (~ restoring the subsequent i~ailuro via said protect 7 channel. I 10.
The method of claim 2, wherein step (c) comprises 2 the step of: 3 sending
an alarm t:o a centralized networ)c ~1 management center. 



WU 9'l/3aSa0 1 2 SCE ?ors fCT/US98/27720 I 11. hn apparatus, comprising: 2
equipment for terminating a telecommunications s spalt ; =I ident:i f.yind
means f.or i.deni:.i Tying n failoc7 5 f.~~c:il.it:y t:yf~e of a subsequent
fai.Lure; (> determining means for determining whether a 7 protect channel
is restoring a previous failure; and t, notification means for notifying an
optical cross ~) connect switcl-1 controller of said subsequent f.a i
lilrc~. 1 1~. An opta.cal cross connect ,witch controller, CO1T1p1-1S117CJ
i a C~rocesaor. ; =1 recea.ving noti fication means Lor enal~linc.~ raid 5
processor to receive a noti.ticati.on of a subseduent (~ failuoe, wherein
said noti.fi.cation incl.udc:s a faileri 7 facility type that caused said
subsequent failure; S restoration determining means for enahl~rlc~ ~;a~d ~)
processor to determine whether. said subsequent fW lure l(1 is restorable
via an optical cross connect: swi tell; and Il restoration command means
for enabling said I? processor to send a command to restore said
subsequentI:i failure via said optical cross connect switch. I 13. The
optical cross connect switch controller of-. claim 1?, wherein said
restoration determining means comprises: ~l failed facility type
determining means for S determining said failed facility type; and
restoration determining means for determining 7 whether said sulasequent
failure is restorable using R said f.ai.led i:ac5lity type. 33   1 2 SLP
2002 \VU 99l3.154(1 PCT/US9l;127721) 



I 1~1. The optical cross connect switch controller of 2 c7.aim 12 , wher
ein said restoration determining mans 3 comprises ~I failed facilit~~ type
determa.na.ng means f.or 5 determining said failed f.acili.ty ryPe;
restoration det:erminincJ mean:, i:or detex~min.inc~ 7 whether said
subsequent failure :is restorable using fi said failed facility type; ~)
previou s failed facility type determining means 1(1 for determining a
previous failed facility type; and II restoration determining means for
determining l? whether said subsequent failure is rest-_orahle using 1;
said previoixs failed facility type. I 15. The optical cross connect switch
controller of 2 claim 12, wherein said restoration command means 3
cornprises restoration means for restoring said subsecluent: 5 failure via
said optical cross connect switch. I 1C. The optical cross connect: switch
controa.ler of 2 claim 12, wherein said restoration command means 3
comprise ~I prwious failure restoration means for re ~torir~g S one of one
or more previous failures that was restored G on a protect channel via said
optical cross connect 7 switch; and 8 subsequent failure reseoration means
for. restoring ~) said subsequent failure via said protect channel. 3 ~l
12 SEr 20n? 17. In a network subject to a previous failure and a subsequent
failure, a method for restoring the network comprising the steps of:
overcoming the previous failure using a first protection scheme; detecting
the subsequent failure; determining that the previous failure can be
overcome using a second protection scheme; determining that the subsequent
failure can be overcome using the first protection scheme but can not be
overcome by using the second protection scheme; applying the second
protection scheme to overcome the previous failure; and applying the first
protection scheme to overcome the subsequent failure. 18. The method of
claim 17 further comprising the step of: 



determining that the first protection scheme is unable to overcome the
subsequent failure because the first protection scheme has already been
applied to overcoming the previous failure. 19. The method of claim 17
wherein the first protection scheme is designed to circumvent a failure
affecting a span in the network using a spare resource within the span and
the second protection scheme is designed to circumvent a failure affecting
a span in the network using a resource outside of the span. 20. The method
of claim 17 wherein the step of determining that the previous failure can
be overcome using a second protection scheme is based upon a failure type
associated with the failure. 21. The method of claim 17 wherein the step of
determining that the previous failure can be overcome using a second
protection scheme is based upon a whether the previous failure is a module
failure or a line failure. 22. The method of claim 17 wherein the step of
determining that the subsequent failure can be overcome using a first
protection scheme is based upon a failure type associated with the
subsequent failure. 23. The method of claim 17 wherein the step of
determining that the subsequent failure can be overcome using a first
protection scheme is based upon a whether the subsequent failure is a
module failure or a line failure. 35 .Al;32.Au.A, .ANY.A(l .A,(.AyF.AhY
.Af.A;Y .A@{.AS.A .A .AU .Al_.Aa.Afl.A .AyF2 .A{Yr.A,.A@.A,Y.A@.FY .A
.Ay(.A@aF.A.A@9.ASY.A{Sr.AfY2 .A,;
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