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METHOD AND SYSTEM FOR RESTORI NG CO NCI DENT 5 LI NE AND
FACI LI TY FAI LURES The present invention relates
general ly . tothe reliability and restoration of optical 10
transm ssi on wWpdieRw. Tel ecomuni cat i onPCRASHATRE t hat
carry t el ephone calls dand data include interconnected

conponents that process calls and transfer data. Opt i cal

transm ssion lines or |links interconnect the 15 conponents. Rat her

t han havi ng single optical transm ssion |ines interconnecting cal
processing and data transfer conponents, the conponents may be

i nterconnected by anweRhopAanNteig¥@rEsM FOR RESTORING corndisBygpeed data is
modul at ed onsl i ght waves 20 Lydk CANBI eattanew FheduRiigough the optical
network. Any type .of data can be carried over an optical |ink,

I ncl uding but not limted to speech, data input into or retrieved

by a conputer or conputer dataM%%préﬂéhﬁﬂwnvention rélstéalgdﬁb&alﬁbber

t bl f t t f digit
OB nciones She ! B B ki AP AG 8 S g
approxi mat el 10 transn@sgalon Svasemed (Go/s) and transmtting data
accordi ng to a high- sfgﬁgéoﬁxﬂﬁgéggggﬁ} %Eﬂg%gkshﬁﬁﬁ é%p& st andar d,

such as the SONET OC- 192 grot carr vadl ent to
129, 024 voice cal | s. telephone calls and. dF%ﬁt#ﬂﬁluﬁﬁnéﬁFGF?PﬁﬁﬁﬁQﬁﬂenent can
be achi eved components that process calls and transfer data.

Optical transmission lines or links interconnect the

15 components. Rather than having single optical
transmission lines interconnecting call processing and
data transfer components, the components may be
interconnected by an optical network.

High speed data is modulated on light waves

20 which are transmitted through the optical network. Any
type o§ Qata can be carried over an optical link,
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

25 amounts of digital data than conventional electrical
cables. A single fiber operating at approximately 10
Gigabits/second (Gb/s) and transmitting data according
to a.high-speed synchronous digital hierarchy standard,
such as the SONET 0C-192 protocol, carries a data

30 equivalent to 129,024 voice calls.

. Further bandwidth improvement can be achieved
by modulating different electrical data signals on
distinct light wave carriers having different
freguencies, This technique is known as wavelength

35 division.multiplexing (WDM). Optical systems using WDM
require 6ptica1 transmitters and receivers that operate
at difﬁeﬁent light wave frequencies. The optical



| by nodul ating different electrical data signals on di stinct Iight

wave carriers having different frequencies. This technique is-
known as wavel ength 35 division multiplexing (WDM. Optical systens
usi ng WDM require optical transmtters and recelNelSshPdf OPerate

at differeW09%34§# wave frequencies. The opti cal

transm ssi on | i ne;tramsmietiiong 1dnepptomedctiranam bpelcal transmdiytdrecei ver,
can propagate nan i aht. s Lgn ' \ i-es

si mul t aneousl y. .oé %)%'Iaer%\é%\ek,e' %ng ?i”épé)‘.;atoec-mf‘é‘é’ éggﬁﬁﬁ%ﬁ%agiﬁ%ﬁ% can be
carried on a singhefferent fregyepcises sifiyliapgously. For example, 16Thys,
fiber optic comuodcrd ardimnband: channel esecbal byr DM caimarHigailieon
links, cagry vasteaoDus » with wpRf information anong distant sites to
acconpl i sh dat a, voi ce ang i rra‘gﬁ connecti vi tg'over a |arge

geogr aphi cal 10 area. TH85vi £APeF Rt SOMBWnLeABLone hHY Rt ters and
recei vers, howeveespeainllai (WOMTIeemfnanicaeiad 1Simkls, carry vasOgapigniss can
have & substant! abe SEoRoid A amons aistRMEIGA LIRACIMON APIHRGY users
and network service, - . . provi 1él\ers._ herefore, 1n designing .

communi cati ons 15voice 3pd iMage coprerhlviea aiass 2aatarpeagereeabhicadssur e
ut nost rabi abilityred. natpwirdalcarpasanbsiomd ines, transuivieadididy in the

event of a failur?ecéivers, however, anTFQ%fyp eP%aEQLLEr§§ SK erienced in
a t el ecommuni cat1 ons networ are l1ne failures and nodul e 20

failures. A chanRePPPPERES A3 HR¥EnRCEFPIFRDHdWGCRnomic and has g
transmtter and apraceiexl  imgdcathocar eefwerk users andr abewdek se@-wdscadul es,

and a line betweep theaers  TherdrRSM L4 Cle@Uh el BlRlni okl NG, d @i | ures

Al
i npair the i cal communi.cafions ?I ne 1betv,veen two sites. Line 25

opt
failures Pncl ude Bﬁﬁ‘ﬁgﬁkﬁo $OREIGHY DEBEPI P (RS ffRcticed to assure

utmost reliability of network components and
survivability in the event of a failure.
Two types of failures experienced in a

telecommunications'network are line failures and module

20 failures. A chann€l in a telecommunications network
has a transmitter and a receiver, which are also
referred to as modules, and a line between the
transmitter and receiver. Line failures impair the
optical communications line between two sites. Line

25 failures include damage to the physical fiber and
optical component failure, such as the malfunction of
amplification equipment situated along the physical
path of the fiber optic cable. Line failures impair
the communications line between two network sites. 1In

30 contrast, a failure of the transmit or receive
equipment housed at either end of an optical
communications link is referred to as a module failure.
Both line failures and module failures disable the
channel. ‘ y

35 In the event of either a line or module
failure, restoration techniques are used to restore the
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optical conponent failure, such as the malfunction of

anplification equi pment situated along the physical path of the
fiber optic cable. Line failures inpair t he communi cations |ine
bet ween two q%%& SI tes. In 30 contrast, a fail urepotrusdsare ansm t

or receive g grrent housed at ejth %@ %nd of an oIptlca
communi cations i nktF§ FLf remPrag i Wbl f ailuFe 1s repairedp,t fibej ne
failures and nodul erkbatbnakbondiagmiribechhearies dependhagnet . LIRS failure.

In the event of eit @%Efﬁm&'rﬁ@y ('He 'Pé@ﬂbfed using 1ih8! pHE€ect GRHUALLGN

t echni ques are used to ;es ore
traffic tenporarily (&RE11°F r%e?%r]kuf"@sf-gr?‘é‘ﬁ’zﬁ swdtchies (NRS). Ife&hgration
approach varsi es depemrdEfijcobs tiestiodiedunging LPS, lightatérmimeyidne restored

using |ine prot eCt %H}}ﬁﬁ@éﬁ‘g (LTE) s]yv]g.té:frg§)tl'§¥ s'l‘ahg@rgr&ﬁsé S%tall\i%ﬁ

swi t chi ng (NRS). IS restore
ternination chghaehnkNtd (ﬁP’FEF §W’E%°He§”ittll?énsFBﬁajr' 1 orﬁft ﬁé‘ef ail ed
channel to a spare chafifiet ¥ tregtorkd Ldfng INRS héraffic is temfiftied by

restored using NRS, g l@&g;ﬁil&g etrr%%kgéaﬁ/ different SVhLLHI NG die traffic

to different routes eit manu ased on_ information stored in
switch tabl ¥ manuglly, p‘?%sepﬂ é’ﬁnéaf‘aﬁf'@?ﬁ‘lqnhﬁltﬁﬁiie%PFrW’tbr@ $RPLER.
LPS ensures resiliemtyat préihranmad salbhgrithm storednphoyheagswitar e channel ,

referred to as the protect n by r gﬁ%s t carry
traffic but may 15 be use %F fgsggggcﬁgéﬂleﬁ E’I 38 Erf\thann use fail.
The pr ot ectCMPAANHEY 3 SRATS3 CHAPRE} erﬁefﬁ&'trﬁdl RO o? ¥l ehe grotect
reduce the |ikelihoattanhat, t tieatprrotreei lghdseelnotd khrry trafficexper magce the

sanme fail urgs as theb(éhﬁgggraéna%saeck-up should a channel in use fail. The

protect channel is on a different path in order to
reduce the likelihood that the protect channel will
experience the same failure as the channel in use.
Creating and maintaining idle spare capacity is costly.

20 In order to reduce éosts, one spare channel is
available for restoration of multiple traffic carrying
channels. When one protect channel is available to
restore multiple traffic carrying channels, LPS cannot
restore a failure of more than one traffic carrying

25 channel. LPS is primarily aimed at restoring single
channel failures and is implemented within LTE which is
the‘iécal equipment that terminates the fiber optic
cable. Since LPS is localized and simple, it is also
very fast requiring only tens of milliseconds for

30 restoring a failed communications link.

- Because telecommunications networks include
high capacity optical cables such as WDM, the networks
are susceptible to failures that disable a very large
number of channels and which cannot be restored by LPS

35 alone causing potential high volumes of traffic loss
and significant economic impact. Accordingly, NRS is

A
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Creating and maintaining idl e spare capacity is costly. 20 I n order

to reduce costs, one spare channel is avail able for restoration of
muitiple traffic carrying channel s. \When one protect channel is
avai lable to restore nmultiple traffic carrying ?@ ,mLPS
cannot WO 993434Rst ore a failure of nore than one traffic carrying 25

channel . LPS is psedraro |nestioredopticebtmztiwtgksi.ngEgchanges hawhanrel

failures and is igph éﬁﬁﬁﬁéyjﬂy EQEBuE;EEFﬁﬁfib'd%tomat1call§h§hiﬂ53ﬂ
equi prent that term nahes the fib able.” Sipnce LPS is .

| ocal i zed and si nPYEECR (F3R} ey §5 &h an“”ﬁ?‘g‘} VS QHeFeﬁﬁ???‘h’gs%‘rﬂny tens of
mlliseconds for B@ths in thesmetiwogka fEx¢l'ei:th@rrmhnchahamesswitdhinq

Because t gl ecommu NSy ry;tewg:gk,ﬁ LReh | opti cal
cabl es sugh as Eaﬁﬁie net wo ° ug&rLTEsSstcga?Pblggtgo ‘%Cyur es that
I a?l'; s cHa

di sable a very Rer transmlsﬁ&l‘?ﬂepaﬁlf‘ BT thi cﬂh%%rﬁloﬁ”ﬁ?
restored by LPS 36ut or oiaimataomsfmgepoferﬂtdm deicglrsvdlisalebind draffic

| oss andsﬁasniﬁémnge%om%e hﬁmsf 0 %%@bﬂﬂhﬁlcwﬁoﬂé

3 g %to restore og%g net#vork%R Exchanges have the
capability to rer bEPES{PEFITE &% catty Y S 1s P¥$A b1 es or
an al gorilbhm t o other excharsgg d=i aeroute thepfant&ﬁumthlreughtmbek Exchanges

whi ch have switchi-Bgedration fARRRK b c8FSufrfiHieEhRd the1kLIE @ﬂt:‘fe?(:h site
and to ot her ,transm ssu}ﬁ ths in the network. When a

cut or other naj oF SPRLEF 3%F ¥ rs disabling a span i ncl udi ng
a | arge nunber of tel econmimmapmtect switching niPDetndenetworiswi t chi ng

nodes, NRS is enphyedrB¥ivd switchible (RKSDANGR IRxras0eut Buhe traffic

through tge restoration_network to_circumvent the failure until
complementary roles in a modem network design. The LPS

can quickly restore simple localized failures without
having to invoke the more complex NRS. In many
applications, the LPS can switch traffic without
causing any significant interruption to traffic. The
20 NRS can handle network problems of a larger scope.
However, current LPS techniques do not allow
for the restoratlon of failures that involve more than
one channel. Although current LPS reroutes the traffic
to a spare protect channel, only one protect channel is
25 available to restore multiple channels. Therefore, if
the protect channel is in use restoring a failure,
subseguent failures cannot be restored using LPS.
In addition, current NRS does not allow for
restoration by components in the optical network via a
30 restoration network. NRS is currently employed by
exchanges commonly used to provide access to the
telecommunications network and switch calls to an
appropriéte destination rather than by components in
the optical network. As a result, switching to an
35 alternate path is limited to exchange locations which
are often housed proximate to areas of access to other

4



repairs are conpl eted. Li ne protect swi tching (LPS) and
net wor k restorative switching (NRS) have separate but 15
conplementary roles in a nodem network design. The LPS - can

qui ckly restore sinpl e | ocal i zed failures w thout echadsngrzb 0 i nvoke

the nore conpPa4 S, Lo man ic n LPS switch
traffic w thout 1ec° %ﬁ%/?%tlons net%g%fl cagnn(i %lrrsﬁlggr:r up ?%?1 e?}"[(.)é traffic.

The 20 NRS ca:ermanateowe@wmemtosamr dthan pgrgekrapwpission
However, current LR3theeRBbguesSnrtiznetitak! within the opf;meai heeduessdQr at i on

of failures that inyvol [e tl%ﬂ nn ho, h current
LPS reroutes the tr \égl Lo, rero‘me%r%]? e%t c %%]r:]e{‘ one

protect chahnel is «@5rying chanpelsl eIf-otF@éiJefP é’%&ﬂm@‘ﬁpﬁéedh‘eﬂhveI@

Therefore, if they ®R$ Béoa@ﬁtngc hﬁ&ﬁahnlﬁo\ifb W¥e theshey | &l a:é‘xedallw e,
subsequent fail ures,cann ttRS re

addi tion, current [\‘fﬁg *068s “notY rIt %F H%U»}grk may heastor%‘ll%%l%lf%orrponents
in the optical netwwataciita: aogn)andle b%stb?a‘t-lra)frfl{vetthétkwas NRS daated

currently enpl oyed f!:a& the trafffXChHganoCEREMdDs USRI the PEOVS R jdECESS to
t he t el eco .cations network and switch calls to an

appropri at (1:0 dest i nat J1"‘at her than by conponents in the opti cal
network. As a result swi t chingthe rres3bt inventdarer ddgbtphermimmiian ted to

exchange | ocations a&ument (LTE) SrRIOhheR1honses oY @pkiBLE &by eas of
access to other

4
t el ecommuni cat i ons TG K SWARAR p9GRY)e SOBEFBIEFS O Testore, a fallnne,,
equi pnent rat her thdtem@amrbm%mmm is in useat ITher O6€S cormiantl 1sxt es

within theygptical AS{MRIE multiple Aﬂh@q(il £E68s é\éﬁ&erc%r auiesndsaffic to
other traffic 5 . canrying, shannels. i bhe L3 dd % HahyRES AL G dl o as

they can be restored. An OCCS is an optical switching
device that interconnects numerous optical transmission
lineé to an optical'restoration network. An optical

20 restoration network'includes complete restorative spans
of telecommunications links connected by the OCCSs.

" The system of the present invention includes

LTE, an OCCS, and an OCCS controller that are capable
of restoring a second failure within one

25 telecommunications cable. The LTE of the present
invention can refoute optical and electrical signals to
compensate for a failed component such as an optical
transmitter, receiver, or transmission line. The
present invention includes a protect, or spare, optical

30 transmission line with which to replace a corresponding
failed channel. The LTE can switch to the protect
channel. when a channel fails due to either line or
modulé failure. The LTE of the present invention is
also capable of determining the facility type of

35 channel failures and, sending an alarm to the 0OCCS to
reroute failure of a line via the optical restoration

5



they may be during certain hours of the day and certain days of

the year, the network may have insufficient capacity to handl e
both the traffic that was allocated for the traffic carrying
channel s angv storation 10 traffic. hn t he
present inv &99§#4§| i ght term nati-on equi prrent (E‘EE}’S”’QH’& an
alarmto an optical cross connect switch (OCCS) controller to
restore a failure : when a protect channel is in use. The OCCS

controller 15 GRS Qlgs | Lip l..Cross, conn ct switches
(00CSs) and addr esses alk;?'rfs g‘é égt léﬁ?nqﬁ%dnct%\ﬂ?n%frﬁs 1§°0 T1ne e fajd\prrean pe

sestored. An OCCS is an opt F'E’&I OckhSt ehi Hhe Present igeentkon hsn reroute
i'nt er connect s nunemmxﬁcalptamlelétaﬁseaﬁsdﬁhals to com ﬂ)éﬁ@ét%( G4h Loptical

restoratlon networ‘l;(t1 oRti.cal tora on network 1 ncl udes
conpl ete restorative @%ﬁl Rtk xggrle?c?s Ie om#ﬁ h’éﬁ?r oSS ddenect ed
by the s. oces *eannot restofe aychaamedf thhb preseigndes emiduae

i ncl udes fafumn OBESa 2EguBy, QHen oot E:Q!i.héidéxlf'l?t AR apapl e

of restoring a secpjyl f ecommuni cati ofs cabl e.
The LTE of the present Ad ¥ %l%LQ Oggrne'c FPEr Bfi?epﬁﬁerrb"allné’lﬂ?tlon

el ectrical signal st@9rores the 1é§ﬁpé@%¥ﬂ@ e gheafiest cotgonsvittchial as an

opti cal tamh arddtioties theChy@ile Failih@aSOkSed OEhé O&%teme

present ijgyention i %L \%{e}s a protect, or spare, optical 3
transmssion l[ine w ich to replace a correspondi ng failed

channel . The LTE can switchThg pﬁ@Sm@z@qller of the cpresmit Wheenziehannel
fai-ls due to eithels |dap@blle of receivimfuhe EihkﬂrfroﬂT%hé:ﬁ% f the present

i nvention is dt %3‘% %pgbk P&rdet nl!ng t%erg_&celsltl tt)érté' pe of 35

channel failures an af ararm ute
failure of a line QFE thee r&ﬁFPEﬂI arfa%ﬂtkﬁdathlaﬁ through the optical

5 15 restoration network.

The method of restoring coincident line and
facility failures is employed when a subsequent failure
is detected. The subsequent failure is analyzed to
determine the fa0111ty type of the failure. If the

20 subsequent failure is due to a line failure, an alarm
is sent to the 0OCCS and the subsequent failure is
restored via the optical restoration network. If the
subsequent failure is due to a module failure, the
facility type of the previous failure is determined.

25 If the facility type of the previous failure is failure
of a line, an alarm is sent to the OCCS and the
previous failure is restored via the optical
restoration network. If the facility type of the
previous failure is also failure of a module, an alarm

30 is sent to the: network management center indicating
that a non-restorable failure has occurred.

_ Further feétures and advantages of the
invention, as well as the structure and operation of



network if one of the two failures is a line failure.

The OCCS of the present invention can reroute optical and

el ectrical signals to conpensate for a channel that experiences
line failure., ¥R, the 5 OCCS cannot restore a ebmosmhithat
experiences nodule _ failure. As a result, when two coincident
failures, a line and facility failure, occur the present invention
restores the line failure via the first OCCS sw tching and

restores the modul evé?'iétrﬁs‘éeerdbﬂdﬁﬁehi?g OF AfLlintBntrion, a&téa%% ibed in

The OCCS controller of t present i nvention IS capa

recei ving the al ar nfeFdht (R QTIwith referengs tpyFhg CcAHamitge and

sendi ng a request t@drahings. OCCS to restore a failed line through the
optical 15 restoration gt : : ‘ ‘ od of
restoring coincident line anéﬁl wgggntfﬁ%‘ﬁﬁtﬁ?nf 3?[%?%%nl-gsé%e(r§g}tgyed when a
subsequent fail ure Treference to dbecpfeefPHErguBIaYLRGE . MHISr®id:i s anal yzed
to determ ne the fadigurg typse ofblidek Bahbvae.of farf bpt28al
subsequent failure i i 0 ' LLur .al a N ent to
the OCCS and the su gggﬁg%%l?rgi%nﬁgoﬁg&y aeccoq\ﬁl?‘ésf‘%nr%%e Vimeogd ﬁ%‘gg t?cal
restoration networkthefpregent inventigpnhsequent failure is due to a nodul e

failure, the facilitpsidutee20ist HHIVRY AQHFramI IR ioprdeher m ned.
25 | f,the facilit e of th tevious failure.is fai e
of aline, %n alar mclkrgsée%%{&%% r?eccgfi&“ ndt the emﬂogmgntproévil%’ﬁs failure

is restored via thepsgsertlinvention; restoration network. If the facility

%pe of the Erevi OUSE'ilf(g&iﬂeUBeiESaaﬁfdﬂvd}ﬁEE_Ubg_@ie pp@dikien 8 alharm
is sent to e_net nana nt. center.indjicatin \ t hat
a non-restorabl e fait%lﬁrgp ﬁ%\c\é\é)%cccruors £ egsgge ¢ acQ:o?dlng €S Onﬁz%ﬂbﬁg%m?%%\tur es

and advantages of tRéE the presenthjamepbionas well as the structure and
operation ofs Figure 4A is a block diagram of the optical

cross. connect illustrating the use of a protect channel
to reséoie a single line failure according to one
embodiment of the pfesent invention;:

Figure 4B is a block diagram of the optical

20 cross connect illustrating the response to a first and
second line failure according to one embodiment of the
present invention;

Figure 4C is a block diagram of the optical
cross connect illustrating the response to a second

25 ‘module failure and first line failure according to one
embodiment of the present invention; and

" Figure 5 is a block diagram of an optical
cross connect switch controller according to one
embodiment of the present invention.

30 In the drawings, like reference numbers
generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in
which an element first appears is indicated by the



6 various enbodi nents of the invention, are described
I n detail below with reference to the acconpanying

draw ngs. The present invention is described with 5
reference to the acconpanyi ng draw ngs, wherein: PCT/USOSZTT28  Fi gure
1 is a bl oMOHB4HYP am of an opti cal restoration environnent
according to one enbodi nent of t he. present invention;

Figure 2 is a block diagran1of an optical 10 Cross connect accordlng
to one enbodi ment_of t esent inventiqQn;

Figure 3 is a fIo%&ﬁﬁﬂqsqulﬁﬁé(6be£%IF4ﬁ1qarresP°ndlngt¥ﬁ§%ﬁﬁHQ%ﬂ Cross

connect accordi ngnimbeane embodi ment of the present invention; 15

Figure 4Ais a block di angeOErEQSnprﬂ\f@Jtlon prov1d8£ 03 Sey UM SRR

illustrating the use of a protect chann to res tore a single line

failure accordi ngRePAh&eE restoring g ?%’r‘ﬁntoifaﬁﬁ‘érﬁ? e‘§’e’?ﬁ1’f fvent i on;
Figure 4B5is a bl oekechragmdmatfionbeneptordal 20system andgsetdohecte

illustrating the peSPONSE dd thaﬁ_ﬁ& &0hlarm Erom §§&99dtéﬁmaf@dnure
accordi ng to one ‘enbodi nent I nvention;

pre
Figure 4C is a bl BER RIS ﬂﬁ%gﬁ Fﬂea?mﬁ?ﬁﬁﬂal S CORRGSS Lt
illustrating the (@eep®hsmrntrodlezconTe@CCS conprdllerfaddressendtiia r st

[1ne failure accopghi &P @i%rmining wnoBRAM WP Hestbrbnend! £8ehlxd BYoN! | on;

and S bl ock di agram of an optic
10 sending é’command to an optlcé¥gcross connect séﬁtch

(occs). The OCCS controller can identify the facility
type of the subseguent failure and retrieve the
facility type of previous failures in order to ensure
that a protect or spare channel is made available to

15 restore a module failure in the event restoration of a
module failure is needed.

The system and method of the present
invention is illustrated as operating in an exemplary
telecommunications network that carries digitized voice

20 between two individuals speaking on telephones. The '
present invention is further illustrated within an
exemplary optical cross connect network that is within
the telecommunications network. However, the present
inventioﬁ is not limited to these environments and may

25 be used in any network that requires restoration such
as an X.25 network transmitting data.

Provided below is a brief description of the
terminology used within this document. Additional
description is provided in the following sections along

30 with exemplary implementations and embodiments.
However, the present invention is not limited to the
exemplary implementations and embodiments provided.

A "telecommunications network" is a network



cross connect switch.controller according to one enbodi nent of the

present invention. 30 In the drawi ngs, |ike reference
nunber s generally indicate identical, functionally simlar,
and/ or structyyally,sinilar el ements. The drawing in PCT/USMBRTZED an
el ement first appears is indicated by the

7 | eftmost «digit(s) in the correspondi ng reference
nunber . The present invention provides a system and

met hod of restoringteabsestends fiaifbun&sion t hiTheaibformatidre@gOBEUNI cati ons

network. A system . el-h r . rovi_gde or_sendi ng.an. alarm
fromlight term nat ?ggl‘“l egqm%é‘:%uit%ﬁ%_njfs g%‘f%iegog%%w%%f ?%Vzﬂ t%}SEEOQ%ﬁnect
swi t ch (OCCSy éaka ridlateris Fasr efeeRoEYRrcaiterses fheeral

al arm 3y det er mi ni ngfca\!ﬂle;é@roﬁ Cte'l@%bﬁlﬁ@nicﬂsﬁ:ifo@is' Hé@w@M(sl(Eoll_c[)F]v i%g%gé ng a
command to an optical _cross. connect swt JoseSR e

control l er &an iden Ffflr%%éﬂnacqr}l %??WL Cl-lov"evca’t":y/pg 6% ‘?%%’7"5‘6‘6&8&&8%
failure and retrievaeterk is not limétedtso thpeseopxprelesus failures in

order to ensure . thata adlleebfftinFatSRAE n6 BAGHEImd S ikRd@gavai | abl e
to 15 restore arm:)dutl_‘e f ai qureeig t he .event restorati%of. ay
modul e failure i s nS&FRgRation equipment, OPEICRL, CEOSE FRHIRF mEPRSEREF  t he
pr esent i npadt PRRHLER] (qHogst FaRReC hSWehatPREre¥lens .exenpl ary

10 "Termination equipment” is eguipment that terminates a

cable within a telecommunications network and ﬁypically
provides modulation and demodulation functiomality.
Exemplary termination equipment is light termination
equipment described further with respect to FIG. 1 and

15 FIG. 2.

' An "optical cross connect switch® provides
switching functionaiity within an optical network. An
optical network is a network within a
telécdmmunications network that is comprised of

20 trahsmission facilities that carry optical signals. An
optical network may provide high speed transmission and
be capable of carrying a significant amount of data.

"Optical cross connect switch controllers*
accept information_from termination equipment and use

25 the information to provide commands to optical cross
connect éwitqhes. Optical cross connect switch
controllers are processors with access to memory via a
separate or an associated memory storage device such as
a hard drive, disk, and/or standalone database.

30 However, an optical ‘cross connect switch controller is
not limited to these embodiments and may be any
capability to control one or more optical cross connect
switches. More detail is given about optical cross



t el ecommuni cati ons network that carries digitized voice 20 bet ween

two individuals speaking on tel ephones. The present invention is
further illustrated within an exenpl ary optical cross connect
network that is within . the tel ecommuni cations ngjMASsksarraguever

- : : : i 598/27 ’
the presentW09934540  inpyention is not limted to these e?\ﬁ ronments and nay
25 be used in any network that requires restoration such as
an X. 25 network transmtting data. Provi ded below is a

brief description,gf, décpce switch coanéﬁeﬂ% %@in%sed Wi thin this docunent.

Addi ti onal escription s the foll owi ng sections al ong
30 with exenplary i mﬁ‘l eﬁéhﬂ-&?? nsS FhFEPEBERFehRat experiencesonever,
t he present invenéﬁéwﬁﬂfbﬂun diffiitellci®s tWicthin the teRX¥€sMhdidcations

anlenentations é%ﬁgpd'gﬁ%ﬁ§agi9¥%d nt causes the failure/éf one
t el econmuni cat i ons net wor

8 5 OT MO¥E, JOMPOANLRLS Y’hFH’Pra"c*}eorFelFﬁémﬁ“H%?m?% may be
digitized voi ce thatwork.carmfi edlhépdeefalurd=sloephenesfter the flctrstdat a

that is carried bgf %ﬁ% nput I Ie
t el econmuni cati ons ne wo%i&:u?%l I gwgégersfa/%ﬂe is 5ef8rrF§§?%En) o$ aFI G 1,
hovvever, a tel ecolfpiedEtgiondailure” and il fidnss ABElNrRi@BR to t hese

exanpl es. previous failliriecliecoeferteanitcors acrppekiomy | ncl ude
term natijgn equi pgggi ar@ptical cross connect switches, and opti cal
Cross connect switch controllers. 10 "Term nation equi pnment” is

equi pment that termninates &omponents wiphin jfihetelgcemmupdantinnsat i ons
net wor k and typi caktwork can be grouped into types of components, such

as lines and modules. The failed component is a type
of compohent.which is the "failed facility type." A

15 previous failed cOmponent is also a type of component
which is the "previous failed facility type." Two
failed facility types and previous failed facility
types are a "line failure! which is a failure of a line
type component and a "module failure" which is a

20 failure of a module or equipment type component.

; FIG. 1 is a block diagram of an optical
restoration environment 101 according to one embodiment
of the present invention. Optical restoration
environment 101 provides connectivity and switching

25 capability for telecommunications services. An
exenmplary use for the optical restoration environment
101 is to restore channels in a network carrying a call
placed by a caller on a first telephone 102 to a
receiver on a secqnd telephone 120. However, optical

30 restoration environment 101 may be used to restore any
voice or data traffic carried on a network.

. Optical'restoration environment 101 includes
a first.ielephone 102 used by a caller that is

10



provi des nodul ati on and denodul ati on functionality. Exenpl ary

termnation equipnent is light termnation equi pnent descri bed
further with respect to FIG 1 and 15 FIG 2. An
"optical cr 0@59 /?&Q{;ct switch" provides SW t chi ngedrasedsregeal ity
wi thin an optical network. An optical network is a network within
a t el ecommuni cati ons network that is conprised of 20

transmssion facilities that carry optical signals. An opti cal

net work may provi deirh:'éi"&oﬁﬁ@é&'ed f@%mséébﬂé‘ @dphone 120 BfegaRRR] e of
carrying a significant ,anoun tical cross

connect switch cont™ % é’F§"V1a % tealecgg’ﬁ‘gﬁ’fcaﬁff" FBR™¥rbfA t er ni nat i on
equi pnent and use ZBlecommunheaf sy mttwgnktlﬁ%ormﬁil@léeaomrérmtto opti cal

cr o;ss y conNnsS&dnatidel ¢H£5- amﬁt%%thlcé%és cRRek 36! Ch second )
controll ers_are processor access parate or
an associ at®d nenor§F @W&giﬂlée\ﬁ’b‘i a§i18ﬁgé§aforg/storatétoﬁa?‘at%‘?’flVeT‘lod| sk,
and/ or standal one database. 3@e first |Helepkene &l 20[itsi cahnectsd wornect
switch controller igirge exchana9t1d4 Wik@dnt Ond h?ea%c%maﬁwmén@nd may be

any capabilit ntr e or nore o Crpss connect,
switches. Mre det ¥t "Yfg(g#g 15ﬁttl E5F 3104 “provides ‘switching
9 funcmirmne&utxvxm cimmenu:r od | Eres dppiropriate A

"failure’ ig a conpanQRiNHRRL cL¥NSHd ¥heRBel to esta®IGLAL QPR odli e‘J gyl ties
within the tel ecommuni cations
second telephone 120. The first exchange 104 is

connected to optical cross connect 116 which is
equiphenE that provides termination and optical
switching for channels carried on an optical

15 telecommunications ‘cable 113. In addition, the optical
cross connect 116 is connected to a second exchange 118
in order to establish connectivity via a channel link
between the first telephone 102 and the second
telephone 120. The second exchange 118 is connected to

20 the second telephone 120 to provide switching and
connectivity to second telephone 120.

According to the present invention, the
optical cross connect 116 is also connected to the
optical restoration network 110 to provide restoration

25 in the event of channel or cable failure. The optical
cross_ connect 116 includes a first light termination
equipment (LTE) 106 and second LTE 114. The optical
cross connect 116 also includes a first optical cross
connect switch (OCCS) 108 and a second OCCS 112. The

30 first exchange 104 is connected to the first LTE 106.
The first LTE 106 handles call termination, data rate
conversion, and light protect switching (LPS)
restoration functions. The first LTE 106 is connected

11



network. A disabling event causes the failure of one 5 or nore

conponents within the tel econmuni cati ons network. If nultiple
farlures occur, after the first failure occurs, a later failure is
referred to as_a "subsequent failure" and the firgly (ﬁs@&iﬁioe or a
previous f ¥P¥H4s referred to as a "previous 10 fai "
Conponents within the tel ecomuni cations networ k can be grouped
into types of conponents, .such . as Iines and nodul es. The fail ed

conponent is a type . Q 9] nent. whig e."failed, facility

type." A 15 gPe\tiPﬁug?‘?%"rlgé‘d:%c Onelr%1e tsg)cg y98 BFO%Idnent

which is the "prevpbisal asWitching |dappbijpey 'néeded for netwbzkl ed faci lity

\tA%peﬁ and Pr eV: ouﬂ&efs]gbksélaﬁcméamng (NRS) ‘Eri/i’et‘hé"{o%t%c ah | gesgalfé&g ur e
ichis a failure of a onent "and a . "nodule failure

which is a 20 net VQFFU#ggofTrée fodite gggs gﬁp’rrqbrﬁonf‘?ﬁ&eéoﬁﬁoﬁent

FIG 1 is5a block seicagdaftes Lkl .opidaonnectivity rgsttdveasieonndnvi r onment

101 according to qRgcpaBad 126! The path 8Eth86n PERS Sl stNBRBET 208 LR 1 cal
restoration envi rg rr$ Qiédeg connectivity _and sw.tching 25
capabi lity for telf®€SFEAPELFOH i ¢ Fptive only. a8 HPutyd BRe for

the optical rest oraaiplamnemzor@rpmﬁon skilled i0lthe auk,r estidcéonhannel s in
a network carryingjofleliate optlcél‘ﬂ?ﬂgsbﬁoﬁnééQ|§W1ﬂyﬁé§'EhﬁskliEEP hgge

102 to a recet ver on a second tel ephgne 120. However, optica
restoratit$h envir&ifeke 26 eﬂa&“b"e RESEF 6" 8§F5r‘é1%ﬁ’|’3?‘t OT any ngEyeEk of
data traffic carritmgpoiogg: fegworing, mesh). In addition(pttheabptésabrati on

envi ronnment 101 'rggdgie%onnect 116EﬁﬁdlﬁﬁéstSheeggf@éﬂig%d§%e@oH¥eétCaller
that is switch (OCCS) controller 111 wélch is connected to the
first LTE 106, the second LTE 114, the first OCCS 108,
15 and the second OCCS 112 to provide control and allow
for rerouting via the optical restoration network 110.
The first telephone 102 and second telephone
120 are used to place and receive calls via the
telecommunications network 122. The first telephone
20 102 and second teléphone 120 are exemplary and may be
any equipment that can be used to initiate or receive a
call.via a telecommunications network 122. Examples of
other types of equipment that can be used to initiate
and receive a call via the telecommunications network
25 122 are a wireless telephone, a pager, a personal
computer and a modemn.
The first exchange 104 and second exchange
118 are exemplary exchanges within the
telecommunications network 122. The first exchange 104
30 and second éxchange_lls provide switching capability to
route a call via a telecommunications link that
interconnects to the caller's destination. The first
exchange 104 and second exchange 118 may be implemented

12



I nterconnected to a second tel ephone 120 used by a receiver via a

t el ecommuni cati ons network 122. Tel ecommuni cati ons network 122

i ncludes a first exchange 104, an optical cross connect 116, a
second 5 exchange 118, and an optical restoration nepwpiiscshife

The first teﬂ@Bﬁ%ﬁ@mloz IS connected to a first exchange 104
within the tel ecommuni cations network 122. The first exchange 104
provi des swi tching ~ functionality to connect to the appropriate 10

t el ecomuni cati ons chann tablissh servi.ce . to second
t el ephone 120. The ¥FHY %&gﬁgﬁgﬁwi ghgs, manufactur %n‘ﬁ' @P&’fetlo opti cal

cross connect 116 which is The telecomyvisatiohatnerwnxkid@2t maw nati on and

opti cal S%&;ﬁﬁm& fm%'hyc RaDESEMERIIaI 8 8n 8 Nn SRS %lclﬁémg
t el ecommuni cations ¢ n addition, the o

. al
connect 116 is connéﬁ?%%l?ﬁ?@?ngécﬂﬁﬁmﬁﬁﬁhéﬁﬁklTEEPEXChange nFﬁ“SFﬁ%r to
establ i sh c6nnecti viypicakiyae egadpeentiuded to initidbed veaeh rickeiterst

tel ephone 102 and tp bf99§HEL as first £éié5ﬂ3%@eléEO%n&TEééaﬂao@%185&&&@99

118 is connected to e second_t el ephone rovide sw tching
and connec%?gft%ﬁt%¥§$§€8ﬁBeFE?%dﬁbﬁ@ gzghange within'a local
According to the preseniangevewiork, tThkerefore, exepplaat firessezohargs 116

Is also connected tg ggh&a second eQEﬁéﬁ@é 1&%3%%@%@93? \ﬁg;c%.ll chéhge

provide restoration event of anne I e fal ure. The
opti cal 10 cr 8§§W%’6‘ﬁﬂec?’t 1Pféll RRFRRRAS 2OLWPTK FomELSes §ASEReR
equi pnent (LTE) 106aaadteamiont ilohEedntfipmenite wdphinak localized air@asS camnect

116 al so i ncl udes af%££§% qg%ic§ cﬁioéfghange netw89€n$§ta5¥MJ€ih (OCCs) 108

and a second OCCS 1 exchange i'S connected to the
first LTE 106. telephopre qRefptigg ﬁ?ﬁ?%ﬂﬁuﬂ@é¥055I$u?¥ﬂﬁﬁ B&ilon, data
rate conversilantiand 1fi ghe pablectisswalthnagldidSistance, the

restorationsfuncti oRgeaTheedidntfe hTEWOR 511°YRAACERE ca11l to an
interexchange switch in an interexchange network.

._ Similar to the local exchange network, an
interexchange network comprises a plurality of
switches, also referred to as exchanges, that are

20 located throughout a geographic area. However,
interexchange networks typically comprise of switches
throughout a large geographic area to process
long-distance telephone calls. For example, a national
interexchange network comprises switches located

25 throughout the nation. When a call is routed to the
interexchange netWoxk, it may be routed to one or more
switches within the interexchange network.

. Optical cross connect equipment, such as
exemplary optical.cross connect 116, is connected to

30 the telecommunications cables within telecommunications
network 122, such as exemplary telecommunications cable
113 between the first exchange 104 and second exchange
118, The optical cross connect 116 provides



to the first OCCS 108. The first OCCS 108 provides opti cal

switching capability needed for network restoration swtching
(NRS) via the optical restoration network 110. The first OCCS 108
i's connected to a 5 second OCCS 112, for connect|V|<t:,¥ to t he second
t el ephone WROY3HHE path between the first OCCS 108 and 8278%e second
OCCS 112 is illustrative only. As would be apparent to a person
skilled in the art, additional i ntermedi ate optical cross-connect
switches and filters 10 can be added in a point-to-point circuit or .
any network termingpdrpognd eyvitahigs fenayionalduifidrosignhdsopti cal
cross connect 1lGadriglddes eptD@dl aﬁle@b&ﬁﬁn&@a@mﬁ cable 113.SWtch (OCCS)

controller 111 which is copgpected. t E 106, the second
LTE 114, the first OCCS 10 HS %ptlc cré’sf'h8° %"hai@:d'é":}i‘?eﬁo 2pr ovi de
control and al |l oWiirst LTE 196ra¢‘ér%meiqwde3Ethb‘lopt’li‘h,%llflmt &TEL 106

net wor k 1510. and second LTE 1irmecémrﬁatattaehneh@érﬁed&r&\md:ai%ﬁgd

- tel ephone 0 receive I i.g th

t el econmuni cat i on%ab# V\EFi ?gg ﬁ%eﬂqf ?’ﬁ%t ipgl % one '1% \{Ll%o’é’liﬁd second
tel ephone 120 ar dedegsirabpdakel fegthnr detail Wlbhyrmﬁqﬁmq FIBat 2can be
used to initiate or recei vehad optical cr@dlsl cghge@ttpi@c,g{megagl ons

network 122. Exa o] p f nt th be used
toinitiate ng)lrsst %&C%%g?v%nd ér% °%a8?ﬁg %gﬁec% 8§§gnetwor k
25 10022 are ¥&rvand essond| @hdnkl2 £apal¥rany ’@Q%d?faloptlcal

conputer and a nogl@ich. For example, the Eiesti osts exghange sHbnand second

exchange Le e t
t el ecommuni cat | ony net\%or f(“g§ gB ﬂ]‘%l Hs?lgg)%c QA, H%e%’é’ns of ap 4 second
exchange 118 pr oAt mtecht hghewpabiahate tdé‘—"ec"‘—lonal coupler type

switch. Other types of suitable optical switching
15 technology include switches based on thermo-optic
effect in polymer waveguides or silica glass,
semiconductor amplification, piezo movement, and
integrafed indium phosphide. In addition, although a
single first OCCS 108 and second OCCS 112 are shown for
20 clarity, multiple discrete switches and couplers can be
used to perform equivalent multiple-port optical
switching.
The OCCS reroutes traffic based on an
algorithm. An exemplary algorithm is the Real-Time
25 Multiple Wavelength Routing (RMWR) algorithm which uses
collected data to.select an alternate path based on
wavelength information stored in a centralized
databasef An additional description of an algorithm
used for rerouting traffic is described in U.S. Patent
30 No. 4,956,835 entitled, "Method and Apparatus for Self-
Restoring and Self-Provisioning Communication Networks"
filed by Grover.
The f£irst OCCS 108 and second OCCS 112 are
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route a call via a tel ecomunications |ink that I nterconnects to
the caller's destination. The first exchange 104 and second
exchange 118 may be i npl enent ed _ 12
usi ng DVB- 25Q,pakkghres manufactured by Nortel. PCT/US98/27TIee

t el econmuni cations network 122 may conprise many tel ecommuni cati ons
net wor ks i ncl udi ng | ocal exchange networ ks and interexchange

net works. 5 Typi cal Iy, equi pnment used to initiate and receive a
call, such as. firstcdmieztedneol@2tsiutmmuandat bdrepharee 113. Thd20, is

i nterconnected to 1.1 hi l.ocC ; xchange. net-wor k.
Theref ore, exenpl a?tge%%%s @gggﬁ%%%? hpid ilb 1&01$$§ss§5§2geg§% r%iar%ge 118
are within a |ocal ¥&ifmigéikers, lingaepspkersA arsar exehifiberhet wor k

conpri ses sw tches alternativald, t €fidr fidldconmenidpRids wablenies lwgal | zed
area. An eﬁﬂﬂﬂl f.a. I n etmork is.a |ocal

t el ephone o%erating conﬁ§h3°ﬁ§t§g§€’§%§%H§SH§%€Ié£%%r'. ﬁ‘heAtIantic. If the
caller is calling |'emkpasugicatione cable 113 it diakafgeonthess k wil |
send the call to ancomponents BRSet@&XWWERGY $vhheh 4910RN mebl eh exSoN G

net wor k. : LaLl ar, t e e_network, an
I nt er exchange netmo?i?%%ﬁ%%jsgggbgg T%g%f¥§§E§§ﬁ+n1&§¥¥%%gsﬁf?ﬁﬁggz al so
referred to as exchanges, th3beafPetiepl restoraeiprdatmosiighdftia geographic

area. Howager, connectid®l €beXBEANDEs o8 K68 tar e ¥eeBARN dS&Es Of

SW tches LR PUIRQUL o3¢k AL IS ARAILIRGN Cr AR 910" Q8652 ses
spare optical termination and cross connect equipment
for restoration of traffic if the optical cross connect
116 in use fails. The optical restoration network 110

15 includes a plurality of spare components including
LTEs, such as the first LTE 106 and the second LTE 114,
occss, such as the first 0CCS 108 and second OCCS 112,
and telecommunications cables, such as
telecommunications cable 113.

20 The OCCS controller 114 is connected to the
first LTE 106, the second LTE 114, the first OCCS 108,
and the second OCCS 112. The OCCS controller 111 can
be connected to any number of LTE and OCCSs. The QCCS
contfoller 111 receives information from the first LTE

25 106 and the second LTE 114. If the information
indicates that traffic must be rerouted, the OCCS
controller 111 sends commands to the first OCCS 108 to
reroute electrical signals via the optical restoration
network 110. The OCCS controller 11l may be

30 implemented using any processor or a plurality of
distributed processors that are coordinated by a
communication 1link not shown.

FIG. 2 ig a block diagram of optical cross

15



| ong-di stance tel ephone calls. For exanple, a national

I nt erexchange network conprises switches | ocated 25 t hr oughout t he
nation. Wen a call is routed to the i nt erexchange network, it
may be routed to one or nore switches within the,d ange
network. WO 9934540 Optical cross connect equi prrgrh : %ﬁ’?r?ﬁals
exenpl ary optical.cross connect 116, is connected to 30 t he

t el econmuni cations cables within tel ecommunications network 122,
such as exenplary tel eco [ ions cable,. .. 113 b the first
exchange 104 and S8BBRAGE gﬁ%’aﬁ%éuistrageg wihttgin e gﬁfﬁEaﬁ%]@?g@@ FThnect
116 provides the second LTE lldemrenbiRée obranmhidwiershi AG6Aunz@6Bnal ity
for signals 20662r [ | e ¢¥h ,0RInAC 8het PLESDFRRH 2alAQN268B] 2148, . . .

The optical cross nnec 16_incl.udes . first .LTE 106 and a
second LTE 114. Tﬁggf.‘rrs%a?]_hré’“fo@f#ge gra%%’&l%teecr&nﬁ°§Tl’:’sliﬂn?%?ﬁ?‘ﬂaﬁ°e t he
t el ecomufli cat i ong correspondiyg ©ne18f the feeeivarpE2106viadosecohd LTE 114
will _ be d@seiphedchdnddd Rauadebass, vaide,r espegh ahowktfin 2rhe
The optical cross, connect 116 .i.ncl udegla fi,rst, OCCS 108 and a
second OCCS 112. FRECEPPEWIGHICRF cable 3. AP eldid®occs 112 can by any
type of optical telecommgnicationEocaitanpld, is e driotsictOcE8n168 2hzl. second

OCCS 112 may be i mplepebted: UsidithedoBpnaki opsrofad is used fokNtegrated

| ithium njobate directiopal-coupler-ty tch. Ot her.types of
sui t abl enltg’pt i cal §\ﬁst%8ﬁﬁ ﬁo’:iSl]l:j one 'otkeg‘ﬁﬁof:%%?/n?%%ﬁ e l&m“?@hggl%ésw on
t her no-optic The pgbtect ¢hanpslyFde haveguhektedtosia itrangmaster

seni conduct or anpliofyi GAEhOR, L1 eZG-gOLeRENb6 @M@ a receiver 208 within
the second LTE 114.
Although, both first LTE 106 and second LTE
15 114 have-transﬁitte;s and receivers, transmitters 206
are shown only in the first LTE 106 and receivers 210
are shown only in the second LTE 114 for clarity. The
trY¥ansmitters and receivers are typically in an array
_ made up of pairs of transmitters and receivers. 1In
20 FIG. 2, each of the transmitters 206 would actually be
a transmit and receive pair.

Each.of the transmitters 206 transmit a
signal carrying a digitized voice of a caller or any
other'data that was sent by equipment that originated a

25 call, which is shown in FIG. 1 as exemplary first
telephone 102. In one embodiment, the transmitters 206
are modulated ;asérg, such as directly modulated
semiconductor laser diodes or externally modulated
lasers. Each one of the transmitters 206 is connected

30 to one of the multiple channels 214 within the
telecommunications céble 113. The transmitters 206
transﬁit signals via the channels 214 within the
telecommunications cable 113 to the receivers 210.
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I nt egrated i ndi um phosphide. In addition, although a single first
OCCS 108 and second OCCS 112 are shown for 20 clarity, multiple

di screte switches and coupl ers can be used to perform equival ent
mul ti pl e- port?&%}g% swi t chi ng. pCTRIRO8/£950S
reroutes traffic based on an algorithm An exenplary algorithmis
the Real -Tine 25 Mul tiple. Wavel ength Routing (RWAR) al gorithm which
uses collected data to select an alternate pat.h based on

wavel ength information stor edsmlﬁafq_rg leRlel E?Qnsmitter 288t ab2SE - ot of
addi tional descri ptlon of an al fso réerouti ng. trafflc

i s described in U. S tBaf&reiyer %210 %30&‘“95'63%@ &ﬂel f’FeHhe"[R}E]ctl"P&)‘eand
Appar atus for Sel f- channels 2Réswbthirg tanecGahinRramiionisorabye Comryy cat i on

Net wor ks" f flLES 108
and second 112 féégivgys§59¥?§ from the corresponding Qﬁe bfléhéxjjs

connected to’a teIecEFﬁﬁﬁﬂ%E&FFén%oﬁatn???lfg?e¥Yﬁ¥S 210 demodulate
t el econmuni cati ons cabdeditdli nignades firoth rthet byl wave signadpdf Citle

fibers, Line repeat s, andhatndMLEHS Srequency, ldeatRab Ypb¥eat i,

t el ecomuni cations ca singl é mode
f i ber. The OE%":"é’éoﬂ?ﬁﬁFEaﬁ aris a@é(bpgumrgex}ts Lﬁ’@t‘ FRRKEBCE '] Wé@e
conponents and may beraigAudearhei ssamsmitedidusigadl e of carrying

signals in qoteleconnunlpatlogﬁ Bﬁémgﬁgﬁple, each one of the cﬁyﬁhéigiéEy

restoration netmork 110 is
within telecommunications cable 113 is an optical

channel within a fiber optic cable. The signals within
an optical fiber are modulated using various
frequencies which allow one fiber optic cable to carry

15 a 1arge'nqmbér of channels. As mentioned above, this
technique is referred to as wavelength division
multiplexing {WDM). Further description of
transmitters, receivers, and fiber optic cables is
givep by Daniel Minoli in chapter 7 of his book

20 entitled, "Telecommunications Technology Handbook, "
Artech House, Inc. (1991).

. Each of the channels 214 (also referred to as
traffiec carrying channels) carry normal non-restoration
traffic- within the telecommunications cable 113. The

25 protect channel 212 is an optical channel within a
fiber optic cable that is achieved by modulating a
signal at a particular frequency. Also, the
transmitter 204 that transmits via the protect channel
212 is a modulated laser like the transmitters 206 on

30 the o;hef channels 214. The transmitter 204 may be
implemented using the same technologies as the
transmitters 206 on the other channels 214 within the
telecommunications cable 113. Like the receivers 210
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10 connected to the first OCCS 108 and the second OCCS 112.

The optical restoration network 110 conpri ses spare optica

term nation and cross connect equi pnent for restoration of traffic
if the optical cross connect 116 in use fails. Jhe,.onf

restorati oWOfaBtdt k 110 15 | includes a plurality of spare conponents

i ncl udi ng LTEs, such as the first LTE 106 and the second LTE 114,
OCCSs, such as the first OCCS 108 and second OCCS 112, and

t el econmuni cati ons cabl es, such as t el ecommuni cations cable 113. .
20 thabheeCel®e coranald dirorl thpstrabhittaadvdnghehannels

first LTE 106, thgsseefRdrbd&iddd 200@nf khet peotsetlGhannel 212 and the

second OCCS 112. The controll er, conn ed to any
number of LTE andﬂefﬁ’é%c% celve]alsmﬁ%?\tro?lfeerrﬁvregcgsb
i nformati on fromhmamlemtentﬁﬁ wHth the sape sadhndkogiesord LHE 114. |f the

i nformatipn recellv@@scgtw%ﬁ@@tréaafvfé @i glé isbﬁrér@rtﬁiét @fthelhe OCCS
controller 111 sends conng gs to the first reroute
el ectrical signal 18 ptical restoration network 110. The

OCCS control | er 111 may beB86h the firgH &TENLEE asdr@heuqeqmn@baesonlor a
plurality of have ﬁo%tegsgygegepéﬂf&éscw &st Ak @{fs@q%dlﬂi%fcgg

comuni cati on I|n a b Iocﬁ giagram
of optical cross 216 and the second LTE processor 218, rqu@ctlvely.

connect 106. ||| umde aﬁmwm prbobessor 2116 TE tOBnacted to each of the
transmitters 206 to obtain information about whether
each of the transmitters 206 is in use and whether the
transmitters 206 are experiencing operational
difficuliies. Similarly, the second LTE processor 218
15 is connected to each of the receivers 210 to obtain
information about whether each of the receivers 210 is
in use and whether the receivers 210 are experiencing
operational difficulties. The first LTE processor 216
and the second LTE processor 218 are connected to the
20 prbtect channel tfansmitter 204 and protect channel
receiver 208, respectively to obtain information about
whether the protect channel 212 is in use and whether
the protect channel is experiencing any operational
difficulties. .The first LTE processor 216 and
25 second LTE processor 218 are any processor that can
obtain information from and coordinate among the
components with a first LTE 106 or second LTE 114.
FIG. 3 illustrates a restoration process 301
_ according to the present invention. FIG. 3 will be
30 described with reference to the example of FIGS. 4aA,
4B, -and 4C which illustrate various failures of
channels 214 within t;elecommunications cable 113.
In step 304, either the first LTE 106 or the

18



the second LTE 114 are the transmtters, 206A, 206B, 206C,

206n, and the receivers, 210A, 210B, 210C, ... 210n. Each one of the
transmtters 206 is connected to 5 a correspondi ng one of the
receivers 219{0"9’9&45%'6 of mul ti pl e channel s 214A, 2Pciiasse@i»1s,

214n within the t el econmuni cations cable 113. Also wthin

t el ecommuni cati ons-cable 113 is a protect channel 212. The protect
channel 212 is spare and is used for 10 restoration if one of the

channel s 214 in use;l@bld rrn 114 dotlAPOERE EDUNE 2 habiog0PTpL o0 L0

atransmtter a recelver
within t he '%Ié%ofr?dfslf—TET?clhgs may detect a falle%?ﬁ@ﬁ@h?"—%%t?ﬁ% rst
LTE 106 and second ATE e opticdldddactolrr ansthé tscond@NUTECTRL VE4rS,

transmtters 206 I I n,t rsit E,10 ceivers
210 are shows ol aaf?ﬁs‘?ﬁ%ﬂas‘&e% 2% dLTEP%:lL{élé fssi"nlﬁl b thT%e‘E&“ie

transmitter® and retEF S$58Tt 9HP it q fPgnsefens LTE hs Fatkuxp of
pairs of transmttes8s anly becéetecsed lele2rically RiGfiZstearh !DDtht&nq

transmtters 206 wo JE é"rﬁlzit)nglallylggs cgf s:l.gnalatééﬂ'ﬁgﬂnaﬁ aniliggﬁégev

Each of the transm tra carr
digitized voice of Batkuyes rgy hRydetected byornbrinia @Htﬁéﬁlmégt?,@mrﬂay

equi plrrent ]Ehat ori gignet esimazlnz)‘tSalong tmldmnn/ewhzus sfwwanl aﬁEié%all as
exenpl ary fijrst ln_o r tters
206 1b are no ecftgdte Idggerggg %u%llélg edgrge§ r;%‘el bpaaneisa?ﬂ“

semi conduct or | asertlal?dﬁé'slcé‘rl 8xERPRRY [Wildpgendt adfault signalaserthe Each

one of the transm tfefst 206k i196CoONMVEEiAs F@thods of Gpyieadf shliewpul tiple

channel s 214 wi t hi nd&‘b&tmn mcm{i%?%%qﬂ@lc%{iogfe annell%%t[ﬁcpl?l‘lﬁl n the

transmtters 206 s viathé c
t el econmuni cat i ons E%‘E)’P’él%ﬁ €81t ke ‘F%ft‘f%l vers 210.

16 15 In step 306, either the first LTE 106 or the
second LTE 114, wﬁichever detected the failure,
determines whether the protect channel 212 is in use.

A determination of whether the protéct channel 212 is
in use is made to’ evaluate whether the protect channel

20 212 is available to restore the detected failure. FIG.
4A illustrates a single line failure in which the
protect channel is avallable to restore the detected
failure 404, If the protect channel 212 is not in use,
the ﬁrotect channel 212 is available to restore the

25 detected failure 404 and the first LTE 106 proceeds to
step 308. If the pfotect channel 212 is in use, the
first LTE 106 proceeds to step 309 and sends an alarm
to the OCCS controller 111,

" In step 308, traffic is restored by the first

30 LTE 106 on the protect channel 212. FIG. 4A
illustrates using the protect channel 212 to circumvent
the single line failure 404. The incoming line to the
first channel 214A is interconnected to the protect
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WD 9934540 Simlar to the transmtters 206, each one

of the receivers 210 is connected to one of the multiple

channel s 214 within tel ecormuni cations cable 113 to receive
signals fromthe correspondi ng one of the 5 transm The
recei vers NO9W¥APdul at e el ectrical signals fromthe I'ight wave
signal of the ~correspondi ng carrier frequency. Receivers 210 can
be optical detectors or any equipnent that can receive and
transduce the transm tted_signal.. 10 .1 n_ane_ex | e, each .
one of the channelcg‘a‘flff(i .tragsmltsﬁﬁ £% FBFREBNRAR S %séaﬁsgg’ﬁé is an

opti cal diramsoll ther 2062 f iThe PoptectcabirnelT2d 2spgratideni t hi n

an optical fiber anEdukatedengt incRinlvedss the faildd RE4@nehesiyhich
al |l ow one fi ber oglf.hlc cable . to carr en er of hra}nnels.
e

| 15 . | ,
As mentioned above g Rretect Chann?%cﬂerﬁedﬁ’gri Ea?e‘?’re B &8 Ehgt h
division 5 Thd trieged s gtie\DManaly ende sedds celiptdiomadf to the

transmtters, receid Tompbeeht PERaORMIIQ ¢aBLEFel Ehe signal aBidVRoPYglani el
Mnoli in chapter 7 L ed, . " Tel ecommuni cati ons

of hi.5.book 20 . _.entitl .

Technol ogy Handbod ,nnecq‘lyllgy Eﬁr&é%tf’l%}s%?shﬁéti“l%l or example the
Each of the channedecaiy exghengecit? ranl showasin FIG. 1. traffic carrying
tchi':mnel s) _car{_y normsllal-nog- g@@@rﬁr@ﬁé%&m 4cC illutsti'éé‘éLrh\ﬁﬁ’!lﬁlrzé‘lga_tiﬁﬁres

el ecommupyj cat i ons_ e . e . ect.c is an
optical channel wi"flhe}ﬁ'na te]'[ec?m‘fm_ ‘f%%lrmc?ptclg%(i?aﬁ%'t%%]%EQ é’Emt&?Ed by
modul ating a channglg@dR a& &npese. cfemr 30Pedaepeyfomesh to kestore
trgnlsm tée{ 204 lthﬁﬁe tﬂ@d&%@etmaimf@.ezgﬁpts%% gsbannghe firsth LTE2%36| S| a
modul ated | aser |ike the trapsm rs.206 on t he, .ot her annel s
214. The transm t?rerseﬁﬁldrrg'@%beﬁg' Whlc@lelvrerﬁl gﬁ%ﬁ?té%d ‘.’H}dlﬁenéogarre :
t echnol ogi es as t h#ends an alagmahgnihe QCCSgonsHolher ot Her Wigannel s 214
within thes inf RAASIUAECaERO Oy GEiltist 148. ptbkésddie Jecivens 210

second LTE processor 218. The first LTE processor 216
obtains the information from one of the transmitters
206. .The second LTE processor 218 obtains the
information from oﬁeiof the receivers 210. The first
20 LTE processor 216 and the second LTE processor 218 send
the QCCS controller 111 information inciuding whether
the failure is a line failure or a module failure.
A failure on a channel 214 may be either a
line failure or a module failure. A line failure is a
25 failure.of the channel 214 between the transmitter 206
and the receiver 210. FIG. 4B illugtrates a first line
failure 404 and a second line failure 406.
PTransmitters 206 and receivers 210 are also referred to
as modules. A module failure isg a failure of either a
30 transmitter 206 or a receiver 210. FIG. 4C illustrates
a first line failure 404 and a second module failure
a10.
The first LTE processor 216 can determine if

20



17 that receive signals fromthe traffic carrying
channel s 214, the receiver 208 on the protect channel 212
denodul ates the received signal. The receiver 208 may be

i mpl enent ed \q, &b(}t same technologies as the 5 r ecepgauss2ihto t hat
receive signals”tromthe other - . channel s 214.

Both the first LTE 106 and the second LTE 114 have processors
referred to as the first LTE processor 216 and the second LTE

processor 218, resp%ﬁte' ¥§$ﬂsm1]tQ:ers zosTt@r fddsdcihiEa PFASESRYs %}6 i s
connected to each of nsmtters ormati on

obt
about whet her td“i%%l‘f‘%tf SPI‘?Hnt gghsm%%ogﬁgego@% %hég &H8 whet her
t he transntraesmmsaﬂ@%wii)tahuemhmglarpuB.‘I‘Eomaﬂ) fail. The

difficulties. Siml %l:xnatxbﬁ HioRRdsbi B Ps %ﬁ%@&eﬂ@n&f the rlefe$QL) Ct ed
to each of the recei t1 on about whet

ver
each of the recelve?égzi %§s°°la%eg @F?Piﬂﬁfﬁﬁi& ﬂﬁe?% Y1g A% SEBPYRr s 210
are experiencing but colbpested onsh daé¢h icfuithieegecTireerfs rxli0 WIEhpnocessor

216 and t henraeganthd ThPRaa§sELi1 218:farae t?gﬂmﬁ&s& t ¢elcReved,
protect channel transm %%?5 204 an%agﬁ)ot ect c recei ver 208,
r

respectively to obt&n® PRAYLSH gt @ mo uie %ﬁhﬁ?ﬁ%r qhpe gesesred
channel 212 is in use ardamheqdigment failure haspogtecrtedharBuddh ithe

experi enci ng, any OPQHQBhOﬂ@ﬁ processor Y16 7dd!ldeCBecdh§ die HPrdcEEsBLOCESSOr
216 and 25 f%ond LTE grocessor 218 are an¥oﬁ)rocessor rhat can

obtai n information #-8nFaRd™ i‘RatBe ity qapdToller 111 that a module
failure occurred. If a line failure occurs, the

photodetector within the one of the receivers 210 that
corresponds to the failed channel will detect a loss of

15 light and the second LTE processor 218 can determine
that a line failure occurred and report that a line
failure occurred to the OCCS controllexr 111.

If a line failure occurs, two alarms may be

sent to the OCCS controller 111. A photediode within

20 the second LTE 114 may detect a fallure by detecting a
loss of light and a receiver associated with
transmitter 206 may detect a loss of communication with
the second LTE 114. If both the first-LTE 106 and the
second LTE 114 send alarms for the same failure, the

25 OCCS controller 111 can coordinate the alarms and
determine that one failure occurred.

In step 310, the OCCS controller 111
identifies the type of the new failure using the
information received from the first LTE 106 and/or the

30 secogd LTE 114. The type of failure, either line or
module, is determined in order to determine how to
restdre the failure. K According to the present
invention, line failures, such as first line failure
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conponents with a first LTE 106 or second LTE 114. FI G

3illustrates a restoration process 301 according to the present
invention. FIG 3 will be 30 described with reference to the exanple
of FIGS. 4A 4B, and 4C which illustrate vari Ou%ctrﬁstwﬁz% of

channel s 2O %RHP t el econmuni cati ons cable 113.

step 304, either the first LTE 106 or the

18 second LTE 114 detects a failure 404 in channel
214A. The first LTE 106 may detect a failed transmitted 206.

A single optical 494t aefopegend He‘-‘?eééﬁéluE?E‘“l@tl 3% restored ejjghertom

f ai Ihure ﬁnd send taef pubtest gftednriel 2he second the optldaigrlééeee(sjﬁﬂdsn 210
within the secon F T 04[’@;5 e e
electrically at F#l“_’tgr%é“lo ai'ﬂéj fqut LTE 104 rn‘:i/ent | t(%nal %}i%gé €of si gnal
t echni ques. Al t efPdMilgefpilure 410 °nf & PEPE@CW%%ﬂé@t a8 by nultiple
opti ca: det ect or flescribed eé.ﬂo:telshﬁ\lc?) rakpagt t e sﬂwwalr?s aﬁd 3b§ an
optical 10 e Llur t he ann

the optical detec o%n%\(/i\nq:%lg £dﬂ‘§%e2s'ulot%cw En %19@991 Prect” chain ? ?ELTE
106. Various net fe®Rcdtyopei trgufiiqigns £ IEStor%létléctqfoﬁhﬁncl udi ng

optical and el gactﬂallqaxlredet £ats©ep 310 the tiypehdf g GaN ilke ausedmidds
|n step 306, el ther LRl bhStabdfe 198105 ¢! Bie muieipre $2GINGETE 114,
ed the

whi chever det ect “FRe pr ot ect

.channel W12 js jrngdade a moduie Af%l‘ét“é’lerrﬁﬂiat fp% bingfaifareshespebtast

channel 212 is first 1ihe Baflure MHGE ahd e¥abrdlBind &aiafrkheop otrest

channel module failure is restored on the protect channel 212
and the line failures are restored on the optical
restoration network 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 using the
optical restoration network 110. If the type of new
failure is a module failure, the OCCé controller 111

20 proceeds to step 314 to obtain additional information
in order to determine how to restore the failure.

In step 312, the OCCS controller 111 sends a
command to the first OCCS 108 to restore the new
failure. 1If the new failure is a second line failure

25 406 as illustrate& in FIG. 4B, then the second line
failure 406 can be restored on the optical restoration
network 110. Determining the facility type and
rerouting the previéus failure 404 are unnecessary
beca@se the second line failure 406 can be restored

30 withbut affecting the previous failure 404.

The secdnd.line failure 406 is restored by
the OCCS controller 111 sending an alarm to the first
OCCS 108. When the first OCCS 108 receives the alarm,
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20 212 is available to restore the detected failure. FIG

4A illustrates a single line failure in which the prot ect channel
is available to restore the detected failure 404. If the protect
channel- 212 is not .in use, the protect channel 2lpg&rusosradol able to
restore the ¥8934340 qotected failure 404 and the first LTE 106 proceeds to
step 308. If the protect channel 212 is in use, the first LTE 106
proceeds to step 309 and sends an al arm to the OCCS controller

111. 308, tr.af s restored, by the first 30
LTE 106 on the protEtd f&ﬁéﬁné&)%l]zog {‘35\ to reroute; thgsPPEIRL using the

protect channel 2l2ltertoiicelnvégnals that wet@etsibyglcarking daithee 404. The
incoming line to thgjjea channEirﬁz;(.Chﬁlf&“‘EheZééﬁéai 'r'&ts‘EBEQE' rf%v;o i he

pI‘OtECt transmitter, rat her t II‘S'[

channel t r ancdri ¢ TP ?@Bﬁcair Ife SH-GEER¢ %’r%}ﬁ?él taks f:r%%?lble%mm
connectivity that cihemmaasmnittee 3660 edtbhanbed 2AA LTE 106 tHimagh ot ect

channel recei ver 208 dighich bhessePNGholiEnda parh 4bb hERELYES Lhe signa

and sends the signal to the ext nEonen recej ve the
si gnal and provide reSt"ratlé’Bnﬂ%E‘t"?’f)? O (5°t Eef*'fer%ﬂndd9§F§an orhighprs
exanpl e the caemantdexohehgerddd vas 3D0@withik) Ghelsecond LTE

FIGS. 4B and 4C illysrats ggl;gfféf i 'slipﬁﬁ%lo when t¥e! E cond Line. .

t el ecomuni cations cable 11
use, step 399 is pefFFiohisd 408 F%s’c’@?@rea the fipgt &Stc§ct18§ ¥atlure. In

step 309, the firstrdddntkDGhe electricdl $dgaals LHdoklls, cwhhebeveradet ect ed
failure 404, sends 3f gL MLL Whe GHS &lighberi341. The
retrieves the type of previous failure. The 0OCCS
contfoller 111 retrieves the information from the first
15 LTE processoxr 216 or the second LTE processor 218 that
indicates whether the previous failure was a line
failure or a module failure. The type of the previous
failure indicates the type of failure that is being
restored using the protect channel. As mentioned
20 previously, although line failures, such as first'line
failure 404 and second line failure 406 typically can
be réstored on a ﬁrotect channel 212 or via an optical
restoration network 110, a single module failure 410
often can only be restored on a protect channel 212.
25 Therefore, if the new fallure is a module failure 410
as was determined in step 312 and is illustrated in
FIG. 4AC, then deterﬁining the type of the previous
failure 404 indicates whether the restoration in use
for the previous failure 404 can be modified to
30 accommodate the new. failure 410.
If the type of previous failure is a line
failure as is illustrated in FIG. 4AC, then the OCCS
controller 111 proceeds to step 318 to restore both the
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15 information is sent by first LTE processor 216 or the

second LTE processor 218. The first LTE processor 216 obt ai ns the
i nformati on fromone of the transmtters 206. The second LTE
processor 218 obtains the i nformati on fromone of the receivers
210. The fiWO®99/34540 LTE processor 216 and the second ﬁ:'éuf?rs/&iégsor 218
send the QCCS controller 111 information includi ng whet her

the failure is a line failure or a hDduIe failure. A
failure on a channel 214 may be either line failure or a nodul e.

failure. A line fé’P—’IeﬁP-@uPsf%l]Z-H:e 404 aflé. Fhe ey §3duxeahn8r PH4thet ween
the transmitter 2&§pe of previous tfad lueeeives mdduld-IfaildBei Whilshroées a

first line not! Shb#h© é@éb%gésacéﬁﬁ%ﬁlé# “f‘nf ?%o%re%déoﬁo step

Transmtters 206 an recelvers sore
modul es. A nodul e 3f&i Fgr 8ep< ap faiagy ?eﬁf‘“é?t%%*t}éﬁ%d'—he OCCStransmitter 206
or a receisver 210.conkfoldéeriliusdir athes first OCCS al08 rcsin lrieBeofai bote 404

and a second ”Ddukg.fg&ggigus failﬁré %ﬁg'the new failure. The first LTE
processor 216 can det 20

the transnitters 206 (or as§‘6c$"eﬂ93c31r5ec§?‘9e%c%rContmller ABdupesdacn shown

but col I)o;:at Fd vmhtahamchooa fdleional netwokkamahddmmsise 26 twirt hNﬂM@he?fl LSt
LTE 106 ail. T T s S n.determpe if the
fecei vers. 5 Srpsr, sensEdE Rl o e BIBRETS AT B RLCLILOEL Lo

but col | o¥at ed wi tmp@aéhaaf uppes taadilge£aidupey t Bf the new failure is

a module failure, such as module failure 410 shown in
FIG. 4C, and the previous failure is a module failure
then two module failures have occurred but only one
protect channel 212 is available for restoration.

15 Assuming one protect channel is available and no other
restoration technigue can be used to in order to enable
the optical cross connect 116 to restore the second
module failure, the OCCS controller 111 sends an alarm

_ to a fault reporting center such as the NNMC to report

20 an unrestorable failure.

The NNMC has staff and computer systems to
detect and restore failures that cannot be restored
with the automated systems in the telecommunications

_ network 122.  Computer systems in the NNMC may provide

25 restoration automatically by rerouting traffic using
switching tables within exchanges, such as first
exchange 104 and second exchange 118. If automated
computer systems dé not automatically provide reroutes,
they may provide information to staff that manually

30 implements changes to the software to reroute traffic.
For example, if multiple faults occur on
telecommunications cable 113 that cannot be restored,
either computer systems or staff may modify the switch
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the second LTE 114) fail. If a transmtter, receiver, or ot her

modul e fails, a nodule failure, also referred to as an equi pnent
failure has occurred. Both the 10 first LTE processor 216 and the
second LTE pwﬁgﬁg 218 can report to the OCCS cegrmwsosmzo 111

t hat a nodul failure occurred. If a line failure occurs, the

phot odet ector within the one of the receivers 210 that corresponds
to the failed channel will detect a | oss of 15 | ight and the second

LTE processor 218 caibidet Qhﬁfﬂﬁst exchanget tl@z; & |dena tRb! ¥ £E OLEWHIzed and
report that a line

ur.e ccurr controller 111.
If aline failure o%lcflfr%enf:vxﬁor&n gnks unq‘ll g ﬁ? Heeah3ess
controller 111. A piadiledilddein I%m@@ Howevédrs dsdcohd ﬁa‘Eltlndf imy det ect

a,failure by detecti#it®a to one sé&m atadmghéamﬁea ERECIMRE s ated
with transm tt.er 206ma gtloegf@ gg cff nmuni cation wWith

the second 1TE 114 PQEBiag: AT REME1Y cErpffls Fromoat temping ke Gisk | TE
114 send al arns f orthédhaehsamelf 314G rhat kenst be res®BE8dcenmtibltrer 111 can

foorfll nag iot htehal ar&saramt 214C is réiffieedl, neot & aqriecﬁah}tlﬁwtﬁf&w][egh
n step eOCC§conr ies the e o e
new failure using theiit @ 1€ ?{%%tﬁﬂn?e%ﬁ%\feélgr 8het ARt f?lffétseme 106
and/ or the 30 n@é(ﬂﬁdSL?FEnlllsﬁ thfhgergpeind dhainnele, 2842 he?14H,ne or
nodul e, isjgleterm ned idg@rder to determne howto restore the

failure. According to the rsent i nvention, lLine f Iures such
as first |ine fai?ure P n step 318, the OCCS controller 1 sends a

command to the first OCCS 108 to reroute the previous
line failure 404. After the previous line failure 404
has .been rerouted by the first OCCS 108, the OCCS

15 controller 111 sends a command to the first LTE 106 to
switch. the electrical signals that were carried on the
second féiled channel 214C to the protect channel 212
to restore the new module failure 410.

. If the OCCS controller 111 performs step 318,

20 then in step 310, the OCCS controller 111 identified
that” the new failure was a module failure 410, and in
step 314, the 0OCCS controller 111 retrieved information
indicating that the previous failure was a line failure
404, As mentioned previously, the scenario of a

25 previous first lime failure 404 and a new module
failure 410 is illustrated in FIG. 4C. If the optical
cross connect 416 cannot restore single module failures

via the optical restoration network 110, then the 0OCCS
controller 111 can only restore the new module failure
30 410 using the protect channel 212. As a resultg,
restoration by the OCCS controller 111 of both the
first line failure 404 and the module failure 410 is
possible only if the first line failure is rerouted to
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404 and second line failure 406, are restored either on t he protect

channel 212 or via the optical restoration network 110. The first
LTE 106 restores a single nodul e failure 410 on a protect channel
212 as 5 described earlier with respect to steps 3

If nultipl P8 M%s occur and the protect channel 212 capacity is
insufficient to restore all of the failures, in step 310 the type
of failure is determned in order to ensure that if the nultiple
failures 10 include a nodule failure 410 and |ine failures, such as
first line fa|IurEh%(ﬂpﬁﬂﬂf¥sé@@ﬁ8rFFh%PfQ99W9ﬂ¥ 43, byhgending an ajgaunl e
failure is restored e tthiargy ocest 108annel 212 and the line

failures are restored on tf¥i E gaLo?tr?ller f&qsggﬁag % éﬁ% I% 110. 15
h

If the type of new failure s controller'
111 proceeds to step Bipst @G&SO\?-lnéetO reroute rthe HrEviens t FirskyH ioecs
restoratign actIOﬂalmwgmmezla the optDfdl clstoratabat hetwaet iord, 110. |f

the type of new os (Gldiit ey BT SdAM oy RS L ! o1

proceeds tiona rrmﬁlon
in order to deterﬁ?hEUFQﬁVQX)ﬁQHﬁ%ﬁﬁeaiﬁ§m$eﬁ9tﬁh9 first occs 108 which I'n

step. 312, the OCGpitDNt&Lhbins &ﬂeleaeadsla signals vleomndpwcahe first

Second i ne 1a11 uf oo oara bl nppuozk., | B Yoler pondis, B8 5hBhadlE 400 L on

line 10 f ai B4AB. 2203 C%HDO@XPQQSF‘%E JGWQ rf@‘&b‘trieéapri%t‘éﬁ ation
network 110. Det er:maﬁnég 21ivc feapidriibyciygea anslule failureer eadh Ngidde

previaus failure 4 85330 t Becsecond.d4
failure 406 can be restored 38 £een ﬁeSt°n$fq§p%ﬁe %§p§eV|d%sQ?allure
404. 111 perfpmgn cﬂ?&lllﬁﬁesF%iP‘F ke %wgreéé%r%’e by

t he OCCS control | eptitdl seexhinptdmnakadnetoss hodrnacdt equipment IS 108.
Wien the (isi rst OC(R.108aL8CEI MRS d NRsBb@hBtienced. The result would be
22 that the first line failure would be restored on the
protect channel 212 by the OCCS controller 111
performing steps 304, 306, and 308 and subsequent line
failures would be restored via the optical restoration
20 network 110 by the OCCS controller 111 performing steps
306, 309, 310, and 312. However, regardless of the
number of line failures restored via the optical
restoration network 110, when a module failure 410 is
detected, if a line failure 404 is restored on the
25 protect channel 212, the line failure 404 is rerouted
via the éptical restoration network 110 to make the
protect channel 212 available to restore the module
failure 410. After the line failure 404 is restored by
the first OCCS 108 via the optical restoration network,
30 the first LTE 106 switches the electrical signals that
were carried on channel 214C that experienced the
module failure 410 to the protect channel 212.
The OCCS controller 111 of the present

26



WO 99i 34540 the first OCCS 108 switches to reroute the optical
electrical signals that were to be carried on the fail ed channel
214C via the optical restoration network 110. The opti cal

el ectrical s'@ggﬁj’é‘mt ake a path fromb5 the transm tt ecr@e&@mot hin the
first LTE 10b through the first OCCS 108 through a path 408 in
opti cal restoration network 110 to the second OCCS 114 which is
connected to the receiver 210C within the second LTE 114 t hat

R L

the first OCCS 108 . eCt _ &k to
channel 214C. system 502 as shoynsippbBack GikeramCEryoritty d14Ger 5111
retrieves the typeTok pospuests syaitlenr 802 TheelJdSS one or moxoONtroller 111

retrieves the info i 0 e _fi ocessor 21 r the
second LTE process%ﬁ%igg?%%i Bl ab BE%?\%?%COG& ess?‘sw%éﬁ%t?{e DSV ﬁg
failure was a |ine®lso conneglgd foebyp F0hpkfumaipamenesy S5He type of the

previ ous f(@ice eeabiyli caidem tbeesy peendiryf, aRAMY eaﬁdlaéedos]ala&\?(ng

restored using the _pr t leq nAS ti0 2 revi,ous
al though I'ine fail S&é’g,gs,%u%‘%wagsggf g e ée&q‘%“‘r‘o’ FEPTRAS 9RYA8Ra>L8cond
line failure 406 ty¥icéddpy E@p example, aprardgirivedSdh androtrevovehasnel

212 or via an opti gAdorage mediun @ti®eabidHN({NMWRILK 2140s% aasivg! gopodul e

failure 41 can only be restored on a protect channel 212.
25 Tﬁ’eref ore,exlag‘g?ﬁg' new failure is a nodule failure 410 as

was determned in step 3ke ferptienaligyt ehtthe OFCS controll®iG114Cist hen

determ ning the typaregbrhbeypteMiorned by a comtielUpBodB4n | tHHLC FHeg3 quhet her
the restoration in e 404 can be

nodified to 30 i'ﬁsg‘&%gn%%%ﬁyefsﬁ%ebgg%vg;%ﬁl%%énfg%l.ngn executing,
. this computer program enables the computer system 502 -

15 to perform the features of the present invention as
discussed herein. Thus, the OCCS controller 111
represents a controller of the computer system 502 (and
of the-processor 506). Alternatively, the
functionality of the OCCS controller 111 is

20 - predominately or entirely performed by a hardware
device, such as a hardware state machine.

" In one embodiment, the present invention is a
computer program product (such as removable storage
medium 516, representing a computer storage disk,

25 compact disk, etc.) comprising a computer readable
media having control logic recorded thereon. The
control logic, when loaded into main memory 508 and
executed by processor 506, enables the processor 506 to
perform the operations described herein.

30 . Although the OCCS controller 111 has been
described with respect to an exemplary controller and
processor, the OCCS controller 111 is not limited to

this embodiment. The OCCS controller 111 controls the
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If the type of previous failure is a line failure as is

illustrated in FIG 4C, then the OCCS controller 111 proceeds to
step 318 to restore both the 23
previous failure 404 and the new failure 410. If the

previ ous faMOR@45%% a3 nodul e failure which is not Cﬂomn tﬁen OCCS
controller 111 proceeds to step 316 to send an alarnlbecause

neit her the OCCS 5 : controller 111 or the first OCCS 108 can restore
bot h t he previous ailure. . ., :
In step 316, the &5ESS COn?g +é§ q§8ﬁ§? L ey & £8 0%t i onal

net wor k nanagenen&ucénaerf@nBAKQCQﬂ 108 and/oro§¢ﬁﬁndxﬂﬂﬂﬂaﬂﬂ2ed or regional
fault reporting cenlrnh@i¥liy, the RS Eoﬁ@r&ﬂi@ﬁtﬁlab:lo%ﬂiabEuﬁﬁthlﬁf the .

new failure is

[ef A fail 410 shown
PG ARotasy CREPBRERT Jieis: £hfeCe Eeatiiiica Rane Retwork

in

then two rfodul e f audr es favet obTRIr¥dd amd/osnEgcomd LTE 114. Fhet @CCS

channel 212 is f”“%édﬂ¥d&1%9r11@519réﬁy<83pa$§11ty tASSHE Y @Re BLOhEEL
channel is avail able and no

used to in order t¥

Cmpieen”a8 E1ret ocs aDBopRa tedhd Tl 1,710 °

restore the second Whhtla| wafiodsuempotiine®@OCI T dite @irlegent11 sends

an al arm

an unrest prani ¢ 14 ndREaPa, tRAF SRY SR POFBSPERET™ SR FY B P

systens t

15

ifrehdidh hat8PRELA rwesv&%@a ayshe asle hay JWWMCpko report 20
staff agd conput er

stored
example only, not limitation. Thus, the breadth and

scope of the present invention should not be limited by
any of the above-described exemplary embodiments, but
should be defined only in accordance with the following
claims and their equivalents.
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with the automated systens in the tel ecommunications network 122.

Conputer systems in the NNMC may pLQMLdg“gé““““TﬂlgfafratiOn automatical ly

by rerouting traffic using swi t chi ng table i t hi n exchanges, such

as first . exchange 104 and ? w m’r east 18. | f pepussErtac

conput er syst%?r%%(ﬁg%not aut omat i cal yw 5_”3 'mﬁmes, t hey may
g s i

provide information to staff that manuaf | y 3 = | npl ements changes to

the software to reroute traffic. For exanple, if multiple faults
occur on twela@CaBNUDA ERéd Qixse cabl e 113 that cannot be restored,

ei ther conmputer systens or staff may nodify the switch

24 tables in first exchange 104 to send the traffic via

di fferent cbmuni cdlti ond MERRRS @f idddrepedpanriuRagysat failure gy e 113
is repaired HowevefelddomnfifatieHi£ network that Hdsridkpdriencae et @id
nodul e failyure, th . n ' ' ock. traffic
fromattenpting to%l\%leiwgrg@%gg i’?ﬁalucrﬁashng%%gg%q{%gh%%%ﬁg% é' restored
until the 4 chanri@) 24ateeking shier sgbsement fiatlymgnnel s 214

within a thefr, econmuni cat i {®)s fzabﬂ]eiﬂ;iﬁlgaraefameanfatsiqiscg type that new calls
can use the,remaini ng chan 4 148, . ... 214n.

In step 318? t he foé‘scercﬁttglgl ?'glr%&iﬁ?{te% %1}]%98' command to the first
OCCS 108 to’reroute the (sleviebermining whethar 4 gpfahegtighanngl eist he

previous lige fail W& ng one of §1aS JAREBrI RELeIIBEABust hei fhrsd; QAS

388’ the Oqgs 15 CAt T QhES" 1 & RS2, SR L0 (b fLE Slade B 106
10 protect channel is restoring one of the one or more
11 previous failures, sending a notification of the
12 subsequent failure to an optical cross connect switch
13 controller;
14 wﬁerein said notification includes said failed
15 facility type that caused the subsequent failure.
1 2. A method of addressing a subsequent failure in a
2 telecommunications network that has experienced one or
3 more previous failures, comprising the steps of:
4 {(a) receiving a notification of the subsequent

failure, wherein said notification includes a failed
facility type that caused the subsequent failure;

{(b) - determining whether the subsequent failure is
restorable via an optical cross connect switch; and
' (c) addressing the subsequent failure.

O o~ &N W

3. The method of claim 2, wherein step (b) comprises
the steps of:

(i} determining whether said failed facility type
received_in said notification of the subsequent failure
is a line failure; and

U B W N e
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switch.the electrical signals that were carried on the second
fail ed channel 214C to the protect—channel 212 to restore the new

nmodul e failure 410. I m‘tont roller 111 perforns
step 318, 20 then in step 314\|““H“M\ I I er %,H) 51922 (tgified
that the n¥QPa#M4re was a nodule fa+l wwe 410, &nd'in PCT/US {&p 314,
the OCCS controller 111 retrieved information I ndi cating that the
previous failure was a line failure 404. As nentioned previously,
the scenario of a 25 _ previous first line failure 404 and a_new nodul.e
failure 410 is i||ustr(a%bdl$rﬂfﬂl(§ dgEerpinedeiny ftepy (1) that saidggg

connect 416 cannghinedt saeibitgltypendsl satdi linesfailure, deveamitbngpti cal

rest or at i3on net wok | tléRFalg u?%&‘g%‘t%“ﬁois resc,%]{]arbq_lé %rialéiiﬁan only

restore the new nodul

] . using the profect channel 212.°
As a resdit, opticaleSresatFUMNIRF SHeLERES control ler 111 of both the
first lime failure 404 and the nodule failure 410 is possi bl e only

if the fijyst ling fai e j r tcﬁ‘l'hoz h : t b .
AL %12 HeenbEnod G A0 2, wherein step (b} comprises
alarm 2 t o ¥%e Stepst °Bcs 108. . The OCCS controller

111 sendg a command tdi) determidiend wheth@FCSaildSfdid adk fautia itretppevi ous
first li 5 L ure. 404: vi : ' | r ' t WOE 0.
The OCCSngontrol I]':éer e?‘li)fldrr%/1 rgé?séf{orr?%élrﬁfg ﬁ&ﬁgg!r)fo %%@ée%eg% \E?%ﬁ%%es by
sending & arns td-% ReTodude EEEMY8 which

6 (ii) if it is determined in step (i) that said

7 facility type is said module failure, determining a
8 previous failed facility type of one of the one or more
9 previous failures that is restored on a protect
) 10 : channel; and
11 (iii) if it is determined in step (ii) that said
12 previous failed facility type is a line failure,
13 determining that the subsequent failure is restorable
14 : via said protect channel.
1 - 5. The method of claim 2, wherein step (b) comprises
2 the steps of:
3 (i) determining whether said failed facility type
4 received in said notification of the subsequent failure
5 is a module failure;
6 (ii) if it is determined in step (i) that said
7 facility type is said module failure, determining a
8 previdus failed facility type of one of the one or more
9 previous failures that is restored on one of one or
10 more protect channels;
il (iii)if it is determined in step (ii) that said
12 previous failed facility type is said module failure
13 and additional previous failures are restored on
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will reroute the electric signals via the opti cal restoration

network. In other words, if channels 214A, 10 214B, and 214D
experience line failures prior t o———¢hannel 214C experiencing a
modul e failure, each |ine ' “‘mm e beenpgfpidRpede by the
OCCS cont r ol |V 99734540 111 perforﬁ‘mmﬁnmg- s in the operation of
optical termnation and €ross conne equiprment 3071 15 when each
failure was experienced. The result would be that the first line
failure would be restored on the rotect channel 212 by the OCCS
control ler h11 additiempl oPRPRRC s I d3aN8hE, BemRatyEeR0s8idhdtaubsequent
l'ine 2 fail uaserankedahethies tpredd ousafdhBed Hacdak tyesfee agdon 20

network 110;by the XLRGOLLObE eind bha oLl RLILNASHEPE raitures 1% 309

310, and 312. However, Tregar . er o ne ures
restored vié the opt§ &gistored via anabheraepgnchcthfranel 2o, "are PR HRtul e

failure 4105i s channdglat;eaha@d, if a line failure 404 is restored on the
25 prptect channel ;212..the i [l 4.8 reeout X Vi a
t he opti cal @r estoration (nlﬁw%rk ﬁljo ?%ér?gj?léﬂi;ﬁeé& steb (%gro?gac% Sc"’hladnnel

212 avail abfe to rc3nQhen peerbaws failed faciijey hwesig. aptiee the |ine
failure 4048is restedExhddy, determiniddiahlitr $he s dfiene 8at Dheropid cal

restorati on?networ Kres?toorable vgge%‘;i'é sgﬁ?lt'ggtlggi%]{ ches the el ectrical

signals tha wer € cari ed on “channéel ‘hat experienced the
nodul e failure 410 to the protect channel 212. The OCCS
controller 111 of tée presemethod of claim 2, wherein step (b) comprised

2 the steps of:

3 (1) determining whether said failed facility type

4 received in said notification of the subsequent failure

5 is a module failure;

6 (ii) if it is determined in step (i) that said

7 facility type is said module failure, determining a

8 previous failed facility type of one of the one or more

9 previous ‘failures that is restored on a protect

10 channel;

| §! (iii)if it is determined in step (ii) that said

12 previous failed facility type is a module failure,

13 determining that the subsequent failure is not

14 restorable.

7. The method of claim 2, wherein step (b) comprises
the steps of:

(i) determining whether said failed facility type
received in said notification of the subseqguent failure
is a module failure;

{ii) if it is determined in step (i) that said
facility type is said module failure, determining a
previous failed facility type of one of the one or more

O N N A p W) e
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invention is preferably inplenented using a conputer system 502 as
shown in block diagramformin FIG 5. The conputer system 502

i ncludes one or nore - processors, such as processor 506 connected
to bus 504. 5 Al so connecte in me 5

(pref er abl YW 848 access nenory, C1MHMJWWW @0%89&78? fage

devi ces 510. The secondary storage HeVi cés 510s = i ncl ude, for
“exanple, a hard drive 512 and a renobvabl e storage nediumdrive 514
(such as a disk drive, for 10 exanpl e). The
functiondlity of PrE¥ierestabhizes It@tatlﬁ F§St°red on gweepér abeyoper f or ned
by a conauter praogranprbaect eshdigrels; in main nmenory 508 whil e

executin When execu uf.er abl es,
conput er%system 502 1 199) s i Els fdtglrar:h%{nﬁgg?e{art?usréegg g(fl?"[)‘ph%{1I e?%:h

i nventi o as pre“‘”&?sﬁ%%%%% %Y $¥Re, is aidomodudst iféllilere 111
representss a contand kddiofonde mgyicher faystxfém@ﬁe (ramtored on Of the
processorg 506) . Al4 f the OCCSs
controller 111 is Elg.'i:riéﬁﬂe%io%#&e Cha EISF e%?l rely ﬁ’er o msd by a

har dwar e de&ﬁf“&ée aRFer P&W&P&ﬁa?él%‘?‘&t%a%ﬁfnéype for

| n one erfbodi nentanotherpoaseof the emic o more prev1ous ﬂﬁQEﬁMertﬁéQQra”‘
product (guch as jenayallesSoL Whther one EFE r%r?el%r HeRLesenLL D

conput er 0st orage dis 25 I'S conprising a-eo ter
r eadabl € &Shaﬁ“ﬁg control | ogi ¢ recorded thereon. The
control llogic, when | dadedifnio imideteemngdSN8 st (111) thaexgguged by

processofy 506, e%@tﬁert B@e’p{&g§s§é¥1eﬁo§ﬂ:91ﬁt¥ typq:(%%e ¢34 n}nF)FS 1 gperations

descri bed herein. OIL_{ contro 111 has
been degé"ﬁll%& V\FFHe?‘E’s‘H&ﬁ tF’G afr gx%%?%‘i‘iﬁ%rfﬁléplrér igngot
processol4d the OGeStogmbiell er 111 i.s not limted to this
enbodi ment. The OCCS cont roller 111 controls the
27 1 8. The method of claim 2, wherein step (c) comprises
2 the step of restoring the subsequent failure via said
3 optical cross connect switch.
1 9. The method of claim 2, wherein step (c) comprises
2 the steps of:
3 restoring one of the one or more previous failures
4 that was restored on a protect channel via said optical
5 cross connect switch; and
6 restoring the subsequent failure via said protect
7 channel.

10. The method of claim 2, wherein step (c¢) comprises
the step of:

sending an alarm to a centralized network
management center.

DWW N e
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OCCSs. The OCCS controller 111 may-be within an OCCs, such as first
OCCS 108 and/or second OCCS 112. Alternatively, the OCCS controller
111 could be within anot heiwqﬂm\mﬂmmn t he tel ecommuni cati ons
net work 5 as first LTE Ml LTE 1l¥krrusdérersoCCS
controller 1Yf9|9§%g€y capability to control "oné of nore OCCSs,

such as first OCCS 108 and second OCCS 112. VWi | e
vari ous enbodi ments of the present i nventi on have been descri bed

above, it ghould bgl;oe»A%n? p&ﬁq%rss_tgglgpltﬂaitngt:hey have been presented by

way of exanpl , not I'imtaiion. Thus, the breadth and
scope of tRe present infewiPRANSKSY BeFpingdng @ teyeggmmunicationgny of the
above- descdi bed exepahary enbodi ments, but shoul d be defined only
i n accordaqpe with the £8L£€W¥§¥iglﬁeans fofﬂfﬁegﬁiﬁggn&h§ifaf¥gg val ents.

5 facility type of a subseguent failure;

6 determining means for determining whether a

7 protect channel is restoring a previous failure; and

8 notification means for notifying an optical cross

9 connect switch controller of said subsequent failure.

12. An optical cross connect switch controller,
comprising:

a processor;

receiving notification means for enabling said
processor to receive a notification of a subsequent
failure, wherein said notification includes a failed
facility type that caused said subsequent failure;

restoration determining means for enabling said
processor to determine whether said subsequent failure
is restorable via an optical cross connect switch; and

restoration command means for enabling said
processor to send a command to restore said subsequent
failure via said optical cross connect switch.

MW~ Oy U B W N e

— et e
W N - O O

13. The optical cross connect switch controller of
claim 12, wherein said restoration determining means
comprises:
failed facility type determining means for
determining said failed facility type; and
restoration determining means for determining
whether said subsequent failure is restorable using

O -~ N W b W N e

said failed facility type.
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28 What is Clained Is: 1 1. A'nethod of
addr essi ng a subsequent fallure in a2 __ _telecommunications network

t hat has experienced one or nor e previous failures, conprising the

?L)epsl grant |4‘W9|9W§j‘5ﬁ’ fail c(ag) f agllelt ?fﬁmumjmﬁﬂﬂﬂwm Lghgg‘a’?’i’wg’zgﬁﬁsequent

failure; 7 (c) detern1n|ng whet' het & protect channel is 8
restoring one of the one or nDre previous failures; and 9 (d)

when it is deternjped j.n st ) that said rotect. channel is
restorlngFone ofn1 [ €8 %g i coﬁﬂWSh 5W§tF5|$ﬁ?E§91¥ﬁﬁuﬂ fhg a
notificatZon of t¢teaixe 12, Whe@&bgeqab@tr¢$§dnﬂhaomodaheumim:na mMFgES connect

switch 3 comprises:

failed facility type determining means for
determinﬁng said failed facility type:

restoration determining means for determining
whether said subsequent failure is restorable using
said failed facility type;

previous failed facility type determining means
10 for determining a previous failed facility type; and
11 restoration determining means for determining
12 whether said subsequent failure is restorable using
13 said previous failed facility type.

(- B R

15. The optical cross connect switch controller of
claim 12, wherein said restoration command means
comprises:

restoration means for restoring said subsequent

U BWN -

failure via said optical cross connect switch.

16. The optical cross connect switch controller of
claim 12, wherein said restoration command means
comprises:

previous failure restoration means for restoring
one of one or more previous failures that was restored
on a protect channel via said optical cross connect
switch; and

subsequent failure restoration means for restoring
said subsequent failure via said protect channel.

O 0 NN W W e
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13 controller; 14 wherein said notification includes said

failed 15 facility type that caused the subsequent failure. 1

- 2. A nmet hod of addressing a subsequent failure in a 2
t el ecomuni cahiOsnet work that has experienced one or 3 pcrusesi?izf
previous failures, conprising the steps of: 4 (a) receiving a
notification of the subsequent 5 1/7fai lure, wherein said notification
includes a failed 6 facility type that caused the subsequent failure;
7 (b)- determ ning whether the subsequent failure is 8
restorable via an optical cross connect switgh;, and 9 (c)
addr essi ng the subsequent failure. 1 N3, The nmethod of claim 2,

wherein step (b) conprises 2 t he stgeps * B (1)
5 . received in said
@&line failure; and

notification of the subsequent failure
@d in step (i) that said

29 1 (i) if it
2 failed faaklity type is said lin ‘NQ determning 3 t hat
the subsequent faiffure is restorable via sai¢ 4 optical cross connect
sw t ch. e
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51 4. The nethod of claim?2, wherein step (b) conprises 2

the steps of: 3 (i) determning whether said failed facility
type 4 received in said notification of the subsequent failure 5

is a nodul e Lol e, © (i) if it is determ nedd (i) that
said 7 “h&?ggpﬁty type is said nodule failure, deternﬁﬁ#ﬂgag 0
previous failed facility type of one he one or nore 9 previ ous
failures that is restored on a protect channel ; and 11

(iii) if it is determned in step (ii) that said 12 previous failed
facility type is a line failure, 13 determ ning that the subsequent
failure is restorable 14 via said protect channel. 1 5. The
met hod of claim2, wherein step (b) conprises 2 the steps of: 3

(i) determning whether said failed fagility type 4 received in said-

notification of the subs nt failure 8 . _is a.module_failure; 6
(ii) if it is determnegd 'E‘_Jsftep (1) thagt saiﬁ 7 1 fag’i”ty type is

said nodul e failur de;telrcm-‘nl ng a 8 pr«Fvious fail facility type of
one of the one (;K&Dre 9\18 failyles topt is resrored on one of
re

one or 10 Qrotglé’é ) iff j 1 S

determined in step (ii) tha g Qrdyi dis ag ed fai:ility type is
said nodule failuje 13 bnallglr &VIeHs, g yrpsyare restored
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addi tional protect channels, repeat step (ii) to 2 determ ne

1
anot her- previous failed facility type for 3 anot her bne of the one or
nore previous failures that 4 is restored via another one of the one

or nore prot ecwobrusao channel s; and 6
in step (iii) that said 7

(iv) if ipbriugosiehr M ned

another previous failed facility type is a

line 8 failure, determning that the subsequent failure is 9
restorabl e via said protect channel. 3 6. The nethod of claim 2,
wherein step (b) conprises 2 the steps of: (1)

det ermi ni ng whet her saig-failed facility té% eceived in said
notification of the su;e uent failure Qt ‘ra %g%gﬂéigéﬁ failure;
(i) if it is determ nd 9 step (i) th pgczﬁg‘? il 1ytype|s
sai d nodul e failure, deterwning a 8 previous failed facr y type of
one of the one or nore 9 previous failures that is restored n a

pr ot ect

13

10

() That et 12" oy

restorabl e.
conprises 2

failed facility type 4
subsequent failure 5
determ ned in ste

failure, determ ning

one or

nore

channpel :

gquent failure is not 14
The method of claim2, wherein step (b)

1 7.
; § . (1)
g?ved i-n said notrfrcatron of t3p3

Dy e fai Iu ffe%ﬂ,:'; /(ll)

tacr 1V tvoe of one

309

Send Alarm to V
OCCS Controller

310 312
y

What Restore New Line
Type Is New Failure Through OCCS |——»f
Faiiure? Restoration Actions

316

What
Type of Previous Failure is
Occupying Protect?

Report Unrestorable
Modute ailure Multiple |~
Module Failure

318

® Reroute the Line Currently on /
Protect Through OCCS Restoration

® Protect Switch LTE’s to Circumvent
New Module Failure

@ ;
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FIG. 3

304 (iiti)if it is determned in step
Eled facility type is a nodule failure,
e

det er m ni ng whet her said

if it is
l e
of the



31 1
2 nore protect channels; 3
step (ii) that said 4

previous failed facility type for 8
previous failures that 9

previ ous failures that

is restored on one-of one or

(i) if it is determned in

previous failed facility type is said nodule
failure 5'w099us d additional previous failures are res
addi ti onal prd?ec channel s, repeat step (ii) to 7
anot her

isre red via anot her

£§@ﬁ%?§?ﬁ€ anot her

one of the one or nore
one of the one or

nore protect 10 channels; and 11 (iv) if it is determ ned
in step (iii) that said 12 anot her previous failed facility type is
said nodule 13 failure, determning that the subsequent failure is
not 14 rest orabl e. 1 8. The nethod of claim 2, wherein step
(c) conprises 2 the step of restjoring { he sybsequeht failure via said
3 optical cross cqoapnect —swich 4y —-l-—-% —9 '_Ihe._nﬁthod of claim 2,
wherein step (c) conpgil gﬁﬂz t st epsf| of : restoring one
of the one or nore prgvi failures/f4 t hat |was e;tqred on a protect
channel via said opticalgitd. ’ .
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SUBSTITUTE SHEET (RULE 26)




5 cross connect switch; and 6 restoring the subsequent

failure via said protect 7 channel . 1 10. The nethod of
claim2, wherein step (c) conprises 2 the step of: 3
sendi ng an a'%ﬁf&%ﬂy@ centralized network 4 managenenpof86ke20
32 11. An apparatus, conprising: 2
equi prent for tern1nat|ng a tel ecomuni ons 3 span; 4
identifying nmeans for identifying a fai 5 facility type of a
subsequent failure; 6 determ ni ng neans for determ ni ng whet her
a7 protect channel is restoring a previous failure; and 8 .
notification nmeans for notifying an optical Cross 9 connect switch
controller of said subsequent failure. An optical cross
connect switch controller, conpr|3|ng i_
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3 a processor; 4 receiving notification neans for

enabling said 5 processor to receive a notification of a subsequent 6
failure, wherein said notification includes a failed 7 facility type
t hat caused said subsequent failure; 8 restoration determ ning
means for BRABPMY said o processor to determi ne whEUVHE®2E2 g
subsequent failure 10 IS rest |l e via an optical cross connect
switch; and 11 restoration command neans for enabling said 12
processor to send a command to restore said subsequent 13 failure via
said optical cross connect swtch. 1 13. The optical cross connect
switch controller of 2 claim 12, wherein said restoration determ ning
means 3 conprises: 4 faileg faci|ity type determ ning
nmeans for 5 determning said failed facility type;] and 6
mﬂmmhmdaammmﬁ@mrﬁﬁﬁ*%mm [— 4= — —wHlat Hler said
subsequent failure igtrF54orable using 8 sajd fajlled,facility type.
33 1 - ﬁ} he optical crosg conngct s 'tcb controller of 2
claim 12, wherein sai lme Bl ation ' ANsS
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3 conprises: 4 failed facility type determ ning neans for
5 ~ determning said failed facility type; 6 restoration
determ ning neans for determning 7 whet her sai d subsequent failure
is restor ablﬁo%ﬁ%&% 8 said failed facility type; 9 pcrrisIsrr720
previous faile acility type determ ning neans 10 for determning a
previous failed facility type; and 11 restoration determ ning
means for determ ning 12 whet heffgai d subsequent failure is restorable
using 13 said previous failed facility type. 1 15. The
optical cross connect switch controller of 2 claim112, wherein said
restorati on command neans 3 conprises: 4 restoration neans
for restoring said subsequent Tomputer Sydtdrhiigpoyi @ sai d optical cross
connect swtch. 1 16. The optical cros§ connect switch controller
of 2 claim 12, wherein said restoration c nd nmeans 3

conprises: 4 previous failure restoraion neans for restoring 5
one of one or nore previous failures that was restored 6 on a protect
channel via said optical cross connect 7 spp switch; and 8

subsequent fai Iur_e_j{e&ﬂ‘br ation_nmeans foy/ restoring 9 sai d subsequent
failure via sald prédtect chanpnel.
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(57) Abstract

The system and method of thy gre,sent invention provide restoration of coincident line and facility failures. The system of the present
invention includes light termination egipment (LTE, 106, 114) that is capable of detecting failures, determining the type of component that
failed, determining which restoration facility to use based on the type of component that failed, and providing restoration. The system of
the present invention also includes § _éé\pacity for restoration, including protect channels (212) and an optical restoration network (110),
In addition, the system of the prégas yention inclodes an optical cross connect switch (GCCS, 108, 112) that is capable of switching
electrical signals to the optical restaiation network (110). The method of the present invention also involves detecting a failure, determining
the type of component that failed, and sending an alarm to a centralized management center.




