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SYSTEM FOR RESTORI NG CO NCI DENT S LI NE AND FACI LI TY FAI LURES The present
i‘nvention relates generally to the reliability and restoration of optical
111 trangoivsgisam system . Tel ecomuni cations networks thaf'C&/avﬁP%/”WZ'& ephone
.calls and data include interconnected conponents that process calls and
transfer data. Optical. transm ssion lines or lint: s, the IS
conponent::. Rather than having single a optical tranﬂw&m‘“ﬁm‘\wmm S

i nterconnecting call. processing and data transfer c onents, the
conponent may be interconnected by an optical network Hi gﬁé%?geed data is
nodul ated on |ight wave 2(1 which are transmtted through the optical
network. Any tymEBHOBatdIR ot BEEMa A QR RBEVEPRING pEPEAIC FIAANT i ncl udi ng
but notSlinmted to speech, dai&ﬁ@upﬁ&M&ﬁ RES a conputer or
conput er database, and any digital data. Fiber optic cables carry far.
greater ?5 anounts of digital data than,conventional electrical cables. A
single fiber operating at APfr BXiGaRRFy 1DV yabi £CYaetdnd ey al Lind
transnitting datg,aceRl didigiah9 18 i} Hingpeed S rEhE BRousE d@glttj@aa_hl erar chy
standard such as the SONET OC-192 protocol, carries a data 30 equivalent to
12.9, 029 voi ce caFpasnugs @B ShEIdRN®th i nprovenment can he achi eved by
modul ating different electih¢abofRhai®h@idhns ok dicitiNoind i obh-yave
carrier: having different frequencies. This technique is known as

wavel engt h 35 di ¥ESEBROPRUFRLpEeRPAg BBV RCIste ddit &M BClsfing DM
require optical thaReALhtEr $hald preeeiswelck hhatapanales @d,- daftgrent |ight:
wave frequencies. The optical , 1 2 §,~ P 2002 .  transmssion line,
connecting an opPPEAFatT &RERSILES 1IN PE&S War L THIP pribpaaP R REihy tlFght :
wave sighal oC dcolpdrenept. f Reghercitésinsimadiranedidgle réopeieatanple) |G
OC-1~2 e~rhiumh a I e .caryl . Sl ) r,.pai Wi
Ch VoM - Thras. ( LT oBRroast: & oS e seni i ARy et £ e bpBEE Y aba

c: speci al 7.y WMdasameriagstiiesn admpenenteyy jthe. gampongmis4pay. pe ol ~
informat:ion anpng wdraietied &5 th agaorgll stewhahia) voi ce and i mage
connectivi ty over a 7 ars oriraafk% ca | re

: ica | | area. Optical
transnission |ines, transnil*%tr*Pe6 aetcaeil\/"er’%?é\%}]o%?/gr?nci\ﬁgﬁéi Navefne
railure2ol slrcl whderpamentts agwamitded dividsaanthal oFtdndli netawdk.  Any
practica’t inpact..on NGt WAk, USH S@rddrPEda0bverraf ¥ptichil ALY ders.

Thc~reforo, in desicJdr~ine~ commm~nic.~~t _.ir,r~:; 15 networlcs, special
nmeasures are pr ad@ludiry MW RRUrENLERDsEC FREeFNabfiPFRy 18P Uetiidrk or

conponents and surivedved by Va | doiher event ebmputal! vaeabhwe t VIRS LOfy

failures e:pcrienced in a ttel eeonr nuni cat_ignsag?tv\orl c_ar aIri ne Lail ures
anc7 nmoc7l ~lu 2( 1°F&FaY s | FR%haRRet i n2RTEEI S8 Y &t Bhst
rretwor-35~; amounts of digital data than conventional electrical

cables. A single fiber operating al approximately 10
Gigabits/second (Gb/s) and transmitting data according
to a high-speed synchronous digital hierarchy standard,
such as the SONET 0OC-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
trequencies. This technigque is known as wavelength

35 division multiplexing (WDM). Optical systems using WDM
require optical transmitters and receivers that operate

at different light wave frequencies. The optical
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has a transmtter and a receiver, which are al r;mrc~ f erred t:q7a$p 002
nodulles , and a 1. i ne between the transmtter and receiver. Line Lai7ures
irmpair the optical comunications |ine between two SitespcljyzosPnad ai |l ures
i ncl udeWHaWadd?t o t he physical Liber and optical. conponent failure, such
as t:he tnal funcindmicsflomnplnd]| ccad)nnacequnpmanprsbeﬂlamednakndmgetnhe
ph5~si ca~ path of t o) C i a S ~ai.r

conmmuni cat i ons I nelh‘ab %V\‘gcg% (95111 %’?%Lﬁa&’ Bgnp ﬂ%? () 188%\{]%6130,[( a
failure of the dirfdresmiut of - ¢@@emveeeqanpnéﬁanﬁ@u§éd at Telrt leesarerid: .oll Gan
opti cal Commn'cfcatal@ﬁs@ha{hr@ bang CERARRELEOCAR BeBAYkE i BORN. | | ne
Lail ores and nodule f.allurett di sable the channel . :3S 1. | ~C event
of either a |irekgr mpRthr ¢ith WDM. I ure, i ~estorat:iorr tecl zn| que~; , ~I-C~
~r~;0~l t=c> >~I;r_r-,. Th)s, £1b87SEBLQGOEOWHuﬂlkh3LEéL1JJIH

1Ct /U89R1277211t tenporari,l I a. . Jure ds reha| Je~ci.
"1'fmr. e:;torationt %gg”oag U§F‘i“8é‘l éb—g%‘, lr;'tn(]: c”lll Pre” “tal "Ure:?

“1'raf f i c tray heforestopnedmoesyi ddstainty rsd Yesr dlo @@‘LGOHSVMJH la, i

rt~~ (1, PS) Or'@§{$Qr5n56§595@tb%ﬁn@@tﬂvﬂtNMﬂmﬁ A ha¥ae degqﬂaﬁghcaﬁ
trafl:ic i:-, re~t_ored usin | i ght, rmnatior~ eclir ipmen t TI?

) swi ehes theaéef‘gnapmlclagmLFaF‘r’énlss-Lé”i Jineso| Ty L Lt‘%)la?s%’are
channel wi thl nrét@@vlemTI’ nowels‘zetrhectarnaffaflu S IThd gstionetk usi ngudi : S
traf. f .i . i ._s rc~ro ~svv| h;r%tanetrafflctotﬁilf- f.erent

route, elther 1F T HE8G3 r°>ca“v£‘$e d S YN S hatd on ST A" n swi.t_cl ~
t:nl~LFrr~ or apprethkadnneencal erolnetiwatit msstrsorpdl ivetwerk teery o

i:cil~ Lhs ensyrgsipesis IIewlieqrdfeber:rpta&nynﬁ{qﬂ&m%@nﬁ%ﬁe channel ,
rel ;erred to ar: the lrot.~c~t. channel, that normal |y does nof carry

trafflb but: rnASLWOTrkshe SRE&H ads MEASHTIET P ShItN aF ' CHankRI 2FFT&F fad 1 .

1"l rc~ protectuehaaneh: el]ﬁa(ﬁﬂlatiilfdfenﬁﬁwcﬁat heomp@igiers &iead reduce the
:Li kel i hood that the p exp rience the sane failure as

t
the channel |11°H§¥W )elét C a na\fe'n‘t a% ]dJiLe Spire capacity i -~
cost-1 >>. ?() .l~n order 'I’tx@ rtedmfe oz:fosﬁasx,lmnessch pe-f-xencedltanne7 | s
avalfable T-. Of LEURAMIALL 1 ddWIndd A tLAL {1Aecc&§{uyéen§£<1 aogls. -

When one prot ect cha ~~1-~1 c~ restore nul

carryi ¥ channelfg,i IuFes cafhdthdEsoren aPf‘aﬂ%‘ﬁ@“‘b‘#“h%"r‘el?n’annﬁh’éotPaf fic
Cﬁ”yl |ngf ”Sl chamael 2 Lt-E‘aSMrrliSt s repkdl |y m@edvﬁt restcerai-acal hg\l Inc ~| |~~
channel failures and is, i ement tlikn | the | oca

equi pnent t hat & rﬁ Tt q h%“fl%(gtrll%\%tl‘l(l: cabl )ehe\g)%%‘:egfﬁsﬁpg | ocal i zed
and sinple, it itsaisolvery drdtreeguverng LonkyLoehgres aAinbalir. séeonde~
f.or 3(1 res@rld}&&i@lé&ﬂn&m@ymse&lQmﬁplbalswegeceueectleleecommwncatIons
networ)c¢s :incl.ude hic~i~ c~ipaci ty o)~tical cable s_such as WDM tl~ie

networ RS are susicebtipee %%q‘é‘ii?u@%@agﬁaf‘odf@ﬁbp@yalFéllyfliﬁ’tegearﬁ‘@nber of
channel s and \Mtb[ﬁtthl@@ﬂn@bmbenéﬂstOﬁedui:el buch 3% ahenaaq&usicid apotgnti al
hi gh vol unes oftr s n|f a conom c inpact ..
nccordi ngl ~-~, 1ga9 § %\’:” \%%U tri?%s ong &&’géﬁ‘?@&%ed to
restore optical metlwocpksth@ }1bhange§1ha¢@btli$e capale Ifaifyrteso inmradut e

tralLlic aul.omatijeCabhuHsbaeopw tlci*?xet RSN @R AaQud.hhm 1q..0t her,
transm SSI on paths in the net whi ch have switcVinc~ 5

rk. an es
capabi ity ara cOARETREH t8 L‘T‘iluéte QécI‘r 0 HFE @ ot %% insni ssi on
pat hs i n the netagnkpméhenhaukiekdern tcuti tdrerotdret afpjeor dpthietal ai |l ure occurs

di sabling ~i spap M\Gh‘i@%’t‘loﬂg' ql 9& rl‘ém?:f‘s{félf %&'@&WH&&&AP@SA NKSe
bet ween two SwitGh I'ng no
Both line fdl]ures and mocule "allures disable the

channel.
35 In the event of either a line or module

failure, restoration techniques arce used to restore Lhe
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II'l the ef:change to reroute the traffic theouglu the restoration et $Er K]
to cirvrcunvent t:hr-~ i~zilure until repairs are conpleted. |ine protect sw
t'chi nc~ whoyhafid) and net.worl: restorative swtching (NRBF'M{}’EZEEParatC

" hut: 1 S conple ty roles in r n rl dee> i oLI~e

_can quic)cly regeﬁﬁg gl pl"BOF 3¢ ?P’ (}gﬂﬁf{' t%t?r\g%'vﬁut]ﬁoult‘ lh% 'n’g”gr fiVol ve
the nore conp Leés szsuo?ﬁna[vamgvagzppwla@a‘ﬂgomﬁ)pam‘arlgDSDICatriNSV@aiDhnel af f
1.CWI tildllt,, n n |f| n r-rs i to.tr "1' he
2(1 NFS can hanéf%%zgtc:mglpg be ng ?R’C;Lr%ejdgﬁt ggg)‘e&l Qw‘{/(efr . urrent
LPS techni ques <l8Sholox aI@LWO@\W Ie@rLOtlTilélNéSt‘b*rldtqlblnlfbf “ﬂl‘%ﬁ | ur C that

I nvol ve; morn 1 5Lgll; cone ‘%'é@%%d Lﬁ]lntghq}i@q Clulrcf)ﬂntLell AEn& BLQHL FS the
t:ra f.of | ctoaspazep . ect. channel_ , %/one not~c:t cli~~nael

ir; ?s avail abl c§uUiPO e (tIG‘r’é AL d}%rsckfﬂ al tramerlae: Lpplyd § f the
protect channel chnnluse raesipmmmg:mnri:aﬂ wiztlein sudbskmEent Ifachur es
cannot be restored Lisll an 1%%\:0317 de curtepit cll;)l ~§(\§18e§ go&) alb aw
for restoration by conp onent s e op |casl' ne !
restoration net \m'rilt@hJNRS H@ CtLFI‘EYfé:I’I‘tq yt%rﬂ)ll’bfi/‘e’de‘llyel@x’éﬁﬁngesheemmnl y used

to proyphc7e acce@uiedl 1 N8 dRl® M Sakd Ofen n§§<\f>\@éhClﬁndw$%h0haﬁuc@| I's
t: ¢c> ~xr~ approprial:e dest i na i on ratger t han rrgonents in the

optical networkOAS &% es}b]ﬂ_”ne‘ ARSRR): H?:Jq‘toh"d “35 f't BWA&EE -path i s
limted to e~: chanc ~e | ocatirdnmadrds cheat kiehtentbobspdrptaxismpte to areas
of access to ot_I qu % \%556%620% I9 )I(§§$d{_(1.dl'g £l L%{S9812~7g20
"~IecomrtUC||c sTancr ptivate cust oners’ % on
edui pnent rat hercl‘tcmlrﬁhealrhfﬂr arsriall vrdeas hnek ossrepnheef Féict dsitwintehi n t he

optic<y} networlysg usT@da&QIatI@m Jué%ﬁqé@I@Uéeéhhﬁﬁhth uts@ @tahqr trmcf' c:
S carryi.ncJ channel s ? ve

u
during certain HOUPSSDF ‘t]héemb%g Ja?'ndc’%%r% gFeFenaapgng lf’hé’r)?]@ér '(° t he
network may haveredwsoftiiei tikehiho@dj tbhaC. theyprooekSanthanedt vithc~ tr. af
fict that: w—erfdndeC Eﬁe<§émg Eallfrg astpﬁ tEhQBnoqu cafdying
chann~7 , ~nol ‘_T‘~c~ rr.r~rora |. 1 '~~~| In the resE'~nt
invention , 1 i g%?eatlnerﬁi‘drﬂr‘a“fltaimhnﬁdﬁflbﬁeﬁpa1(5‘L‘I:Ff¥’)1c§éh’ds’ farfefE@nm t o
an opt.ag . Cn{MCanT)‘fidéQnD@CI:céM\tb t:@l:ts(CEﬁS) s@@mkr ehla@heho irestore a i
~ji 1 ut-E~ WhC
cori s teo7 1 6r . SY3LEBREFof 8 nipE ERFBLDRN 851 DrGee BontatE SSidTHoG e
(OCCS~a | and addnessedsal aWhrenbgmdeptoLecrrnchramnen~u swheta illiadrl ¢ . they can
he restored. ~—n LS Al @RLLEAL S LCLEIAG g]v'c%%n [ | 88 CONNGSL s
numerous opt.i.ca/ tran, m scC roes t:o an o Festorat i on
net:worl. . Ili1TBELPES]ackaf luvel of-BeEEr &1dh ATet WOTKE § it | erfesy toopl et e
restorats.vc~ <.cpanseQf. telrecommmlﬁ@tmqras dimdd 8. canhast B, b5£n<|]l¢he

UCCcC . The syste h esenC irryver.~t:.ion inc ucI

and an OCCS contrg]f':“"lné%’L % 5%5 A3 mlpléb‘med}uf‘t f“b%aql];e‘ﬁldhﬂh 18
failure withi or the7 lmmgmnemts e g.ermhndtds,; tm fheePré&pséar a

nvention can rer%‘éﬁﬁe‘)pt's%lcea'%se'lﬁs“fd li Ada Cffd sinpie, LEE EQ”H?DEa”

for a failed conponent such as an o transmtter, receiver,
transm ssion |i né’cr'Fhefa&rtesréﬂﬂ“%rﬁ\f@wtqrﬂrV TR udRS @bk breeendsr fo§nare
ol ~t _ic30~l 3(| tdeansvissd an ﬂamﬁadl\ﬂdd?nnwfhfdhttibrﬁepiﬂme a correspondi.

fail ed channel. The LTr Carhc?é’ﬂ&sc? olfé&femm@ig h*o’ﬁ%]‘af?gg?’o\é\?yré”ﬁﬁé‘g‘g’ﬂ?l

fails due to either |line or ure
invention J s al v dnapzbrac oty detfeerFﬁhlfF‘@bWﬂrSfﬁfahl 2§t YDy pehef ngswolrisnel

failures and sendiyg %@é@imt@ ther LS9 €RAPUEEsALRI 4 QB®Of a3 (ld Ne
via the opti cal i stor JJ:'tlon
ey of channels and which cannot be restored by I,DS
35 alone causing potential high volumes of traffic loss

and significant economic impact. Accordingly, NRS is
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1VU 99/ 3~l &dI I 1 ? SEA 7002 ~~c~ri us~si 2~~20 networl; if. one of t1h§§§m%
failures is a J.ine fai.Lure. '"flee 4CCS of the prcs~rminventi Ol

1" el " C{Jolwasfpt i cal and electrical signals to corrpensatléﬂf/'dﬁ‘)tilaﬁéthannel

t hat experlences line fail.urc~. ¥ve Q" i g ﬁOt_ estore a
channel that oY ﬁéjrltéhdec“’“%“él?ﬂ"el?% g Oﬁésa r &gt Pngﬁhe avﬁoL

coi nci dent : falclal;ti"c&il,] idy neo anerdace| trafifiai hutenaOCERL1Y wsling~ p-esc~nl:
.1 uvnti.ioo r t S X e;fa agkh K 0 80 t c. hi ncl
and restores t%é”ﬁr% ull'eél?al uér)g uél%gq?ﬁt’mar o%e%flekltgﬁgnnel Sggﬁe OCCS
control 7. er of Itéﬁélsprle@e‘dﬂe neavearkon Excbapapy whérhr badievisig tehé rgl arm

fromthe hT), rag]g,a&s%/ &]@eacéahheesdaee i@'ﬂd'arﬂge%c'h edue Sha e | . WOCCS
to restore a fa |nethrou h the optical 15 restoration networlc. The

net hod of . restiewR W%e’?‘%ﬂ%ﬁﬂ-o? PAEhENeR (R PPLYOFk- | dhed i@ £ &l oyed

when o sub sequant drabtHee msjdet egbed. f“aihau&@b@e@lﬂ:e,ntcufqaﬂﬂmrrﬁj ia s
c~na7yzc~d to determ ne efac |t t¥]pje of tt}eLe ilurc. hF. ’>(1

subsequent : faiTRF®R f’écaﬂg P8 4 rar i RS uce, &S cfj Jcﬁneﬂ _to
t he OCCS and t hkiskbsegtwaenf aWPuﬁé’lltChlnlgem Wi tJrf"e @m%%ﬁd bv

restonation netyRiKexbhahbsFrouhersgeerhd adralﬂme: Il tithe nodud a
failure., timfacilit revi,Qus i: ed. ?S

type_of the ¢

Tf tho fac~I. |t’ye§§78b¥b1’lggh3eiwr°§$1 2‘[? cfléﬁ”lﬂvee“a'“ s‘lﬁ* ‘}Jhrslc%f %f“‘érnw an
alarmis sent tnepher@C@Seand»mmeLmdew ous failure is rest ored via the
optical reseorat.ion net t Fagj.li typ Qf th revious failure
is also failure of. a rm\é\ﬁl e, Ot@]%‘T %JJ ‘(C[fym% @e}nt Ef‘? I?(f‘nte ?’ﬁOtworI C
nanaqenent cc~neséepraitide swlaLCIhlrltJ n(cNRS hatae ramaeste dnabl e fail ure hay
UCCUr I edl . ru dvap n@fuot I Ok,
W 7 1 ok PE S PR S AR el R o My TG B8
~r ~r 3~sa0 ucmu39§ﬁrq§l\¢éfrllyo&§°él?c¥(?dlsri‘é‘}ﬂl§ ofC%e! 79V et | b er'el Ha’et f i bed
i n detail bel owhwitRgr eferienesed Qrtdlenomcafwyé\ngqmawi ngsmany ho preCent

.nvent _:i on i_;r.dc )J fe ence he. npanyi ng
draW| ngs) Mere?ﬁplicﬁz’t}f)éml ﬁlg]ea IbI;S_ an vg %hmt]faftplctp‘ﬁé%g%&gp
c:estoration envhmushmentaratsdrardifircanty Joﬁ@ﬂm%mrﬁmr@ es¢ffEe. présent
i nventjon; Fi QURRS2 dq$, %atx‘lcﬁ% il gy am BfoeRPt €al ﬂ&@qgf 0gsofsQnNnect
according to one enbodi ment of the present. invention; )ifigure 3 is a
flowchart of the operal.i lywevgry r@“%’fp?‘?‘caqm%rb%%h‘éb%‘h%%t‘]aceﬁkdf‘hég’wto

one ernbodi r nent; 5>f Hha-d@sant i bMVENtf &N ures that involve more than
one channel. Although current LPS reroutes the traffic

Lo a sparc protect channel, only one protect channel i

19
"

avallable to restore multiple channels. Therefore, if
the protect channel is in use restoring a failure,
subsequent failures cannot be restored using 1,PS.
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 Lo an
appropriate destination rather than by components in
the optical networlk. As a resull, switching to an

35 alternate path is limited to exchange locations which

are often housed proximate to areas of access to olLher
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|5 rigure 9A is a block diagramoL the opt_i.ca L cross connect SEP 2007
cilluystrating thF u:~e of a protect chanrm-L t:o restore a single ” g
failure a 895 9§| ng t~ one ~rrri~odirnent: 01: the presenrCi/ngsyrizion;
rigure AES R t § m un?r?F‘8 the?w%klk—andrﬁzlvaL égcw§m§9nnect
|IIustrat|ngthe PRERFFsE 0 second 117 He Tailure
accordi ng to onecenbodf ent eqcﬁ.ptﬂen@~ rpttél\ﬁee‘ntthamwemdrorfl'c”ir‘rsml(ﬁhﬂrcm 4Cis a
bl oc): di ac-rapn Afctobe BBnhack ETELCLATHICOMMRELALIAIS! FRld it he
response to n :~~i~r nU( | lure acid irsl _ line
fa.il.ui-~ accofdi #ﬁldlLﬁoe‘}* HRPr &’%Ph‘lﬁ@él ﬁ%’ﬁtffdf‘" tHe %“é?slerﬁ’flﬂ'nrvléntl on; and

Figures—~ is a Bhye¢hngdi-agnaenel, amtoptdagrale GIcQSmTesCQ{’tFtEthﬁW te@h
controller according Lo gne enbodi nent__af é_{] res nt (i/entl Ocﬂ lI) :
Vi ndieat® t7¢

the drawings, | FREYrBREr 8fcEYHdrith&= d-3ddh F”“
functional |y stawis. dferhcayeioar, sthreuctalvaldly rmxmhaa&re el reseinf 5¢ i dine

drawirrc~ i. of. E t ar,s n l 3 . 1
2 S ~ ~ 2002 vm%dg’gf?qi% -0 rre‘Q‘dcr#/ Llf%}g%? Iqlrﬁzn”ldeffs1 "n‘og'fl?% g‘ﬁ;é)‘w ] ‘t‘ﬁh“"
correspondi ng r EPaT dhgc & e CaHY e BRNM TRV Ont e | T O @eS. ion g
SySt_(gin arm metirgd of restoring subsequent failures within a 5
te.lecornrnunications network. A cyst-emand nethod rare provided for
sending an alarmfrom .| i'dl rit"q RFFFEHE I HVED bt P eqht Bient STELFEL 1 PB an
optical cross; eennggtent UMITE)Clder{dCGH) aﬁmntmow & . ogbecOCCore8n t;

roller addres::e: ~ Cr.e aI rmb er ni er to restor

ta:~lure~ Iye 1SS LaLcrﬂ rr%a@&aéto&érht%p |%5I 5§§Lgbﬁn3cf‘” PW f'ch

(OCCs) . The OC@swornt nmrllmclcaaimroiemlfsl iheusar. |’lh® eccypeont rbhec:

subseq nt fail d s i eV f | i y rev failur.c~s
.n orgir t: c>l£c%'ﬁ%lb ‘%Iﬁl"[1 Eﬁléhgptﬁgélt%%:% st BSm%cP whgglﬁel i s made:

zval 1 ahl ~- t(QEGCSsqY)~ Erréétféfifél %F%-‘éiufllbaffa%“»l1E]Yedi?hC‘t‘héneVanhﬁ‘ébt‘@rr~t|or|

0ol_ nodul e fail l{ﬁf‘elsccﬂ?%j@dre t@réastema@écgeggognog LxE:Bﬁf E&Q%@ﬂﬁng
invention is |IIustraI ed as, op eratlng?ln an cxenl F

t el ecommuni cat i 6HY ¥e? vidhat I HEETeane b5-~“EI‘i“§?P‘¢2ePP‘ \}Fﬂﬂcﬁl‘?(‘fmijf"w@é‘n
two individual s speeking om épelckPl resesratIbe haesenk .ir nur opuiakiion 1S
fm the,i- i J Ly Cém\/\é chédnxtw&{ Muﬁér%ﬁ%Lgp&'e%@'or%'r19%8«%%mect
net woi tI r~~ t. €cornrnuni cati ons ne

1- 1 owever, the ~G~fi'r eé‘éhthOli“nV’ém:i\bhoﬂgr hAoRNE| APRagctedt hes&hen@BicSSenment ~

r~~ct may 2> be used in any,petyREKmt Bat thedphb8kn r §skiakicdn isah |RS. an
X.?.5 networlt transmtti na data Provi ded bel ow_i.s a brieF descri ptl on of

the terninol ogy usEd it RFRSe hPEIJBRURERT. CRAEH A dFdl Té<c St iGAY €
provided in theyot. regcdrowyng seebindnsadllemel vilthiw tdnee: cernpl ary

ol eentati ons_ang eaadlTeALS poveYa . | BE Prgsenty INeNELON1 S not

limted'l:o t I~e exe PEent ati ons “and ment prowded A ~~
t el ecommuni cati . nvgnme@n\/\ﬁlﬂlmreroqtes opt ifgil=\old celpectrical signals to

compensate for a falled component such as an optical

transmitter, receilver, or transmission line. The

present invention includes a protect, or spare, oplical
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 eithevr line or
modu]é failure. The LTE of the present invention is
also capable of determining the facility type of

3s channel failures and sending an alarm to the OCCS to

reroute failure of a line via the optical restoration

S



1 2 SEP 2002 WU 9913J540 |' CT/11S98/2772U that: carries information. The

i nformat5on m-iy |,e dic7.i t:m-ca voi cc~ that i.s cart tad L~c~tWt-5E8 1002
tw> tc_J Eyl~on(~:; or data that- is carried between t WOp QUSRS -

Sever al WEHPHES of tel ecomruni cations networks followin tle 5 description

ot: >1G 1, however a telecommunicat:ion network is not: limted to
these exanple:;. 1~ t:el ecommunications networ); may inclLl Ce
t.erm nat :ion eC( ul prrrent( optical cross connec:f: ~WII"'.(~II("_"~ and

opt.i.cal crossheoneBetiEwprehoEoRRer BYPcEaslures i¥edr dilneABin0ma. PO(LI J

prnenL" is equi r~rnPrrt: Tﬁh~béchebfnLhE|§5060nL GARR WM yeroute
t el ecommuni cati ons networl: and ca~_ly prove des noduJ a lion and

denodul al . i on LoRkiFBhaPBdt 910Etlééﬁf)l éﬂ?“f‘é?’mtﬁatcpﬁ‘ﬁ’eé’(ﬁﬁb&rreﬁﬂl ia |ight
term nation equchapAent tHescekbedibngest henewthfil ulrespectoaea;diicat Heand 15
rilG 2., An "opt cross, conn S wVvides sw tchi

functi onal i ty \A#?ﬁ% CSH“Sr r.es‘?‘%tl \rp]’”etc\%\mlc%mk“21 mjclt 7 (?aq“enne‘fe’ o‘émse
networl: withinfa Lﬁekeeomnlaceflew@ldst ne&teor kthg;touncsl dronprisediogs~' §1

transm ssion faEHlnbt Led EAkl 16887 ¥ AQRLIGa! oe%@r-rrmlo e (_.ﬂ%loml'nc@]l\t Bsﬁwmk
may provide high speed transm:’s tan ~~rt (1 he capabl e of carryi

ng a
significant anpliffteres. L&ea ) ingptfiadadNrer ¥is dothLdlr 0GRS  swbhthontrers:

accent i . nf. or MBHEOR et @R RN Mlddw] & TalilhdcDiTiont @ié thickece S T ue
inLormation to prOV.LCI(? COlllrldlIICS to opti.calJ ctos~~ connect

switches . Opti EBRTEEdss connect switch controllers are processors with

access to rnernor~~ VI ~- ~TheSEUAS aicmta‘rola.rerasﬁoaﬂftt a5k FREME yuﬁb@ﬁ&gén
device ~;~ICi a, ; a?r]% dorij lee,cecg‘lvs o tzi\lnd/ o ndg ne ]df,t: Esc. :1(I
| | owever , am opti 05“31 & §ss 'EGtnect”? switt éh crérht Jo?" “ not: limted

to these enbodi mertid vamd o~y Ifaﬂelkemy agapawnding to wmse‘sottonehor nc,re
cy,t-.ic~—l c. résc“és T ed IBYE awahcﬂe LMY %rﬁ%&B{ é$e0dbyfea?' ~oW

optical cro~;s () ~~~ ~~'~r~~t s~t 0 2 ~'cTrus~<a~~~~ 20
connectdswi t ch E@RHVIAERD HREQEWREKR ' La. |Iure" is a c~ornV,tmr ~hnt-

E“l'l r~~~i _~~th vV c~pr_ lm;@maéAéxgbd fcﬁéftﬂémﬁﬁwd hidhr‘icl‘lﬁde?]t %mle and
.eleconmuni Cc: aLl r =S net r)c l Sa mg eﬁerh causes the fallure o
c;n

once S or nore Wﬂhﬁ%‘ tHe T8 Gat SHRRRANBR ol RE 1P

tiple failures omcuretea:ftiem t HEhd : smbsesc;uéran | i el wceui s, anal gker! fai | ure

i:~referred to 8,5, hqe'glgje.g% {ﬂsl,u,r a&@vupg ﬁgf#;.ci - ail, ur_(ﬁ'f, or a

previous fail ure 17~ re erre ous
Conponéfit s wi t HiUb s ereuet ﬁ:&bb\mn%gr@ﬁ o‘n@ %el!v\teﬂél&aﬁ@beag\r @u@e?d\ into

t:ypes of c.onponenidnt . A&hcRe d)(t@@saﬁ@dtlﬁf@dé'u19§eqﬂ_@ﬁtf@%1'1@@ eonponent . is

ra t~~Pe of conponent which is the "failed facil }/
resLlored via the optlcal rest01at3 n hetwork. Lf the

subsequent failure is duc to a module failure, the
facility type of the previous failure is determined.

28 If the facility type of the previous failure is failure
of a line, an alarm is sent to the 0OCCS 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 igs sent to the network management center indicating
that a non-restorable f{ailurc has occurred.

FMurther features and advantages of the

invention, as well as the structure and operation ol

0



I i previous failed conponent is also a type of conl~onent which i.s] ¢ SPe200

“previous failed facility type " 'lwo Lail.ed facility types and prPVi ous
falled fachl ,1 t ypeu are a "l'i.ne failure" which is a fpar/bwgeres- a 1
. ne typev%o’ﬁﬂb%ent and ~~ "nodula failure" which is a ?0 i:ailure of: a

rmdul e or ~c~ui pnent t5~pc~ conponent . CIC 1 is a block diagramo(: an
optical restoration environnent 101 according to one emnl ~cl 9nem of the

pr esent inventl on. Optical rc:~tor~ztiort Cnvi.rontnent 7 01 provides
connects vi t, ~¥azhphss@nboddments ody s dayantian, fare 1@ eebhnedi &ati ons
Servi ces. hn exaERLARY PUS B Wi dNe RirciRle RStATAtl QPoRpYhy oRgENt 101 s
to restore channels in a networlc carr.yinc~ a cell. pl aced5 by a caller on
a first tel ephof&Ea¥3PIS0 a receiver on a second tcl cphonc~ 1.20. |-towever,
~Pt:ical i(1 rc~:~tarati on‘reﬂ\ﬁrcv@memvelm dRYi helesedibedr ester ~r ~ any
voi ce o data tr~ff IS carrle on a network %)t ical restoration

envi rontrent 10’ ESETRIANCHER WG | FSONRAROHEh & 1 "R ed BGT G1Bal ' LE~w t hat
is \WU 99/34S~t(1 1 2 Slﬁcan{)O}Z 1s~ca~rb11m15~sﬂ~’zaq~1zm|oataeropnmcam t~ed to
a second tel eph e ei Y o] I
networ); 122 . %&%etcjzoor#ulﬁ derl %’roc%gﬁén'rg Cecrkow@‘?ncﬁ?u%lgg Q‘?Hg i%o” Eange
104 , an opti caJlla:rmssS&mnnneme‘ntl_ﬂ_@, a second S e::change 118 , and an
optical restora |ion noi A ' t elepho ; |s
r.onnert:~~c.4 r. f i r :Yp{é%ﬁ%hanﬁéé 10%%}\ Jl'g;'é 2 tg(k) B Bﬁnug%l

i ons néfwor k: lc?mqs TENgCE  dCGO¥AERE high Zfee C'Pb()@“ﬁf&névprdéiw ~;vva

t:c:lt i rtcl HF}_C:}éernaiﬂn;é{nEJ&QﬂneCt to the appropriate |()
teleconnunlcatlons channel _to e, tablish service to the second t el ephone

12U. The first exchange 10R-9YT€conhect eEbPYRNRPEi BhI CRRoSECESMNEEL OF 1-G
which i r; equi pieatophata Prevoedeschbrnst naitedranfgopbi sak swhbbehinae .f or
channel s carried pn.an o tical |S tegeco[muni cations 'cable 113. In
addition, the opti cal®cPo38®RonhB¥E 118" s connected to a second e: ~change
778 inidrder to establish Eboneet ki iy willackhdnnekam pifl thieetwreamratlthe

first tel ephone cJ-loc.ZSQngoﬁlhécge@@ﬂQsEgja@pn n@héLque Ilﬁeas%%@@c%ch@xnlgﬁujil8
is connected to 2(1 the second 57 lg_me Provid i ncl and
2

connectivity to ‘s‘ecbﬁﬂt?ﬁ?eﬁhdhag ?b}‘”al ECP5SIJ‘II|‘§ 6Pe§‘é?ﬁt
i nvention, the optibcdimehtosé tbrnpresens isvahsdosennc~ctod to tlc~

optical restoration networ i‘?g@n%H lhp0 ;i Br QVheEekr @shevham Jroniid 4hegvent:
of channel or cabla fail.uro. '~ ~c~ olw.irnl cross connect 11C includes a

first 120 gl ~t tefFAPRAaEPBHCERUPABAL RETRY) LRCoECaRPNSE: SR LTL 119, a1 The
optical cross cogpeshdali€nal saihuiel addesaanki st Rl icbModinass: connact
switch (OCCS) |.0a and a second OCCS 112. 'fhe 3U first exchange 1U9 is
connect Ed to t hePFEPERELFL)Y SPUB he first LTL 10G handl es cal |

term nation, data r-at_c~ ¢omweresiden,isamd Hlicgit diraenotiecit svine , ¢t i aac
(LPS) restoratio cti Ti T ests~gl, T+ 2 SE~
7002 W) 99/ 3. 157 %htéc’?'in‘&%sc ] ild el ek S hARe Mt PleonT 2 260s
108 provide® opt @&l l-anifaddninfy adkpdbingl v ineededl Fure detqpddedrest oraCpon
swi | :chind (IRS) c\{m:(bdlm&:raptdfcaihé Qar‘dﬁrﬁi irgrert dwordma 11. U . The: f
first: OCC~~ J Of3 i s r. oqnoct],e d i_o n :~rc:&l~il~nd”OCC F 112 L‘:QI‘
connectivity t:.c~ thn sec:~i1- ¢ el ephdhe 'ffd? FE B0 RT pREwRBRIERE first
CCCs U and the mh¢m41ﬁ2ﬂltscfilI¢@S¢E@11€N@©@¢ydim} woubdehc~

apparent to a per§Mb@imkddd C-‘<51f lt’fhé hﬁr@éént aﬂd\bérﬁ@f@zh internmedi ate optical.
Cr oss- cqqnect swi tches. and f

P I(ﬁ gded in a
poi nt-to'poi.nL circuit or Hhy"Me %‘H“ 'op]olr VT eG T RgNYHBERT. In
addi tion, the optieoaraYbssitcdhpece 1deht eyl ud@snanlopaneal sionoss .

c:~nnect: switch {1} sontEohrLr1}lsdnid £helcmesoBneckrel akrawkhe, ik 1 rs

t LTr 10G, the Sekgonrg r!fn eEIeLn%ént }:“ll{'gtfélggeetxrg:lce11%(]1ca§ed by the



1S and the second OCCS 112 to provide control and allow for rerouting g
the optical restoration networlc 170. The first telephon%cgg%ﬁ@ng ,gecond
te7 c. PMOwEARIN120 are used to place and receive cal7.s via the tel

ecomuni cations network 122. The ri.r: t tel.elal~orre ?(1 :L02 and second
telephone 120 are exernplary and nzy | ae any equi pnent that can be used to

ini.t:late or receive call via a tel ecommunications networ)c 122 . >;xanpl
e~: oI~ ot her. 1 LYRRSsQf ca@uicn®®ntin thid AN-LGHMs@dnd Orbbetbake and receive
a call via the telecomunications r~c~t:worl~: ?S 122 are a wirel ess

t el ephone, a pBYBPETa personal conputer and a nodem The first exchange 101

and r; econd e:;c~lt~~nct *rrﬂel(p'xe%r@nexleﬂnhawoxexlsh@ﬁg@ésmmBgzmtemeana
teleconnunlcatlon§ et | %? The f.irst exchfm]qgLlr g%land second
i© lecsn ¢ Fdut'a"3

exchange 11E3 P NG STy *tafl via a
teIecoﬁnunlcatm@dgdquunndﬂnlqnﬁumﬂmmmﬁectsAtﬁfshemcahﬂemeshdéshhnation

The Cr.st exchangs sbd ndsese&pm EXCUBOEE drdmB1 MBY Lt k8 rpli R
enc~rrte<l 12 12 SE ' wo ~~~~j 3asatt |~clrng§ts~2~l§d us“ﬁn DIVIS- '~0

swi t ches nmanuf &IURSEY N(')'IFPF) eto ahePR el R br ARAAT AP CGHs ~’h’étLC\}\)or h 13:
my conprise nmcds) etscgﬂmmn;@tl orrsh@ecowskaohncbmdch n@lﬂdh%@e:ﬁ'&»d ~~i ngo

notworh s and i ere; 'I' nlca pnent used
toinitiat:o aﬁ&q%ﬁﬁh %%ﬁ?mlgh%% Whe ?§t§? ﬁ8ﬁ§ %f ?%ﬁ&hgéc:ﬁd

t el ephiéne |.20gemﬂlnqn®r¢@mn@n@ed0t@naﬂpaxchéng§OWbthpmm@duxnmlmgnchange
netvork. There foc@se, Crialoptaryohlzosher Xahanakntl2 andsacond sexchange

11:3 are within ocal e:, c:hangEe | net wor K. | ocal exchange

net wor | ~: conerY%%SOﬁth%CS%%SeqaﬁBttéFhﬁHbFl ﬁdeﬁﬁﬂﬁmﬁﬂ?\Mhﬁn n a
.(.oca'lLized arﬂ@c1Ilﬂt\eX@mSJaEODfprévZoOﬁataeluﬁ,‘b&nQJﬁcﬂ@‘tdhﬂl’tk) ic§«Anteocal

t e. Lephone opera net ch_as >3ell ; antlc | f the

caller is calhlﬁf' % ng ? ggﬁl%chig Focal® eXch aﬁﬁ%‘né?ﬁorﬁWMll

send tlfe cal l tbeahorﬁt@r@%dhéﬁgéaéﬁpFéhlhnt@ﬁ ievteayte Xt vdraga: nieywor ;4

Simlar to the {9ga1 cexgh83ge REt WRkdeh an interexchange network conprises
a plus-alit:y of sw aches ( also ref. erred to as exchange ( that are

2(t located throughout a §BBgPYSRER aR€amethosdhdfod e m&@sSithange net wor ks
typically conprifgentisw te. helasthaoeghayt o@é@rugeuge@graapmxeeraﬁm; f0

process | ong-di gﬁg%%t ghﬁ% r1J%n(.:)an,eSLwoci:]f e ae 12r‘51% 65 er] voice.

i nt erexchange n ri'ses switchés loca t he " nati on.
When al(tall is beuwednt ¢wphé nidhtvigivelch sirge Nigtawerk, l<‘51€cplm®lyebe rdaced t:o

one ~r ~noz-~e syitches %Ue«lnwohe]bntffemmamcﬁqls,netm kamn pggl cross

connect equi pnent, such as exenp ary optical.cross connect 116, iIs
connected to 3( EXCH® L@&Ne CoYHAT Ic 1B CABIRRE B RN cLh @k omiruw Ht I'ons
networlc 122 , suwel Zcascexenpliarat itevs ecomvmnri ca Howavere: ahe~dxcqpﬁ13

betneen Che 11 SRISAng Qo Aeean o e DO BhET: AR RS AR 189

cross connect 11G provi
25 be used in any network that requires restoration such

as an X.25 network transmitting datca.

Provided below 1s a brief description of the
terminology used within this document. Additional
description is provided in the following sections along

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

A "telecommunications network" is a nctwork



1?2 Sfi' 2 Q~'"UJ~)/345~tSt 1'C f/US98I 277?,1) term nation and swfzty E%UUZ
functional | ty for spgnals carried on optical teleconrnuna.cation cab £ ;
The optl cal %S connect 11G includes a first LTA 106 anpcauseeamd LTI r
114. The¥ )Ffi"{q (fTE; 10C 5 and second LTL 11i term nate the

t el ecommuni cations cal _~le 113 . The first LTL 106 and second LTL: 7 7 ~1 W
~J 1 b~ described in further det ai | vva th respect to > TG '? . The optical

cros ~ connect. 17 Gin udeC,. a second 112. The
first occs () 4omt aﬁal§é86n&n&é§aff§’ncfan Iﬁﬁ? dﬁvacfﬂf’g 6N IHtY cAF switch.
| ~or e.:anple, abeitiestl @OSCct: 10 tard Saovmiad CRESvE?, Lvrayt doeepimphenrent ed
usi ng_combi nat Onsdgfcaa@ha'lt Qr a.64-5ldd @M%Hr&’%@ &k:{;ﬁﬁépﬂa' S ugfmer

r ~~C switch. X hef pes of swtableotlc swtchill
i ncl ude swa tche§atﬁQééé o tt?J@fCrﬂﬁm‘B’ﬁtllcac“é?Tf%dic‘rWPﬁb‘T y%%lrl%ve’guf’d@s or

silica gl ass, S@@h%@&@i&ﬁ@f cﬂﬁmlldl cat lrQJWexmlezm r{ cpyeoRiini éadibakegr at ed
i ndi um phosph h ~r ?ggl e first OCCS 7.08

and second OCCS“TH’Oér] l"‘nd}/ﬁhl 0‘(:1"?l r,;?c# i a'?l?‘?g TP pF2- di screte switches
andt C(r)]upl er:sl_I c~~n he used A a: qﬂeedmmnre?mnwmmtnmmlr ph&y hont 1 apti fal

n r 4 rn
sw tching e, nsaqr e eéf:é&ﬁ?ﬁé!%f &g@?ﬁﬂftcﬁﬁea ofl8L LT LI D, his

exenpl ary algorlt m’i vel éngt h™ Rolt T hg
(RMAR) al gori t h@nghiaey lI<~€Lﬂse¢r0ft?)I‘F%‘[@:ft%'%lL d‘a‘t’a’-@b geneee! 4Ar aLter nate path

based ¢n wavel en-gtehmmm_rlrcmatmm shefed 18 dqeepheali egdrdabahinases An
addi ti onal description of-. an gorlthm used for rergggil\/gphrafflc is

described in U. §d Bk oteBeCogRET 1g3EIRRE| PRE olYRAGa: LV
Apparatus f.or @ idsaesdtdoranidomnehd; dembfiuPit d)unsponbngonalaty

SﬁS“QLEShEaEccs‘*?fmﬁlav*‘W%fmhnét&%"’ Sdhla oS! gl Tho (08,1013,

connected to a telwigurmathi ¢ascroped Eahkhar: wigh, I‘EFDEFHL te~El1GEolr wintlr UL 1!
CELti on§ cable :fdik3 ~2r7c 1 udc ~S 17 Ldi1'E: C I anal optlcal fibers, line
repeaters, and/or a~npl5.f er nat i_\ﬂ/e?:%8 el eﬁqm‘n ini.ca t~ on~~
cab) a 113 m-—~y 5 include ‘i“&n Olﬁ&h?a sFhgFa ﬁgeﬂ bﬁ?’“ L¥Re Provides

t el er or nnuni r _atsvonsclchid efanetnenabu tyLwhkbdnt ent bptseadomeoments alArCl

may be any transggt_s%gp FE%HQT\CEE & ﬁe%o?ﬁr LYicRGnsihgnal s in a
t el econmuni cati ons network I hc~ opt ca:l re:~t:or.~~tior~ i~c~~. w-rl:

13 () ~: 11) conhREPBEUESCRR&OPS, PP§W°®ECShi‘@8‘éfnd3°E%i§é?ébﬁtf ucC 112.

The optical restorahi@nsBeLWOFhci11Q1e@mnhtl SRS 1S Qﬁlﬂl%aqptjﬁﬁl 11s.  An
term nation and cross connect edui pnent for- restoration of trafflc i f the

optical cross cofnkéfal1BeENOFEePYi PEOVERE St AiPGESS tioat VG vt - it . ~
11~ 1S incl udes weptapabity oaf c@ﬁmn@omp@iemﬁ chrmimdaamrm LDTPlSat§UCh as

the first LT); 10G and the"%ectond LTI:ECOM e  ZEE SL Jctd Pornv ]'g OCCS

10i 3 and second UCC ; 1 L2 , Pant§® tecl ComMMI cati ons" cab TOLPCH’ as t_c~7
econmmuni cati ons gabb@Lll@fprmdeon from termination equ3pmenr and use
25 the information to provide commands to optical cross
connect switches. Optical cross connect switch
controllers are processors with access to memory via a
separate or an associated memory storage device such ags
a hard drive, disk, and/or standalonc databasc.
30 lHlowever, an optical cross connect switch controller is
not limited to these embodiments and may be any
capabililty to control one or more optical cross connoct

switches., More detail is given about optical cross

D)



""() "1'he OCCS controller :111 .i s conilect~ci Lo t:IIF~ . rst h Ei
| UG ( the second L'fl:. 11.i , the f first OCCS ! U,, andthe sec]o (§E
112, The(Jefam@ont - _r-oiler J-71 c~-~n he connected to amFTHIBRTT2Of LTL

and OCCSs . 'L'1-ie OCC;, controller 111 receives information fromthe L
flrst. L'1'1; 25 10G and the second LT>; 119. If the informal:ion indicates
i:hat traf f is nust be rerouted ) t:he OCC controller 111 sends conmands

to the first %HJ:QZTL:BSLJQLW Qe re18Gyd aadisi gnal s via the opti cal
restoration networ)c 1 The QCCS controller 111 may be i U inpl emented

usi ng any processor or a"pl NP "of! it tGIM AR erle‘es‘%Hl"s‘ tHat CHr. e
coor di nat ed by opccaumaia0atd an eIy fenad shiowthe, 4 &3 e@ombudi bhogkndi agram
of optical cross I t ~ f ) -1 CT, 21712
connect: 71G P& traté\Sd bIleI:IS' e\(gr}l é%’l‘{e Otl% EAJSLQ,%é Zz.g%econd
LTh 1.4.9 arc, o@hemnﬁammmnqnqn%ﬁ w1thnmx;he2@@Mecommmmxcptlonqzoan) and

the rec~iver:~n41ldr121. OF; @LIIQ Sle - Ea'ijL@% é@@wkrongfgiﬁr the trapsmtters
2U6 is connect od to a correspon %:9 Le g he, recejvers _210 via onF of
b bt o

mul ti pl e channdl?s DY OSNLE 1k wt: hE L@t eFBc8fndni cati ons
cabl e 113. hl so sMddddquéred fLonmuer C«'amtﬂotIISeCﬂbI‘EL1ﬂ.a81|18c=~brph0t ect channel
21~' . The pro I S d.L z.Used II') restoration
i f one of the g%avan'lbsanfn%] ‘lg%gu£'e ?‘gﬁ??égfhodprgte E- Eé‘n]nel 21?. is

connFd®flc~d to “d=aiupg~"nii t.tei 2. U1 within the f:il: |, TI' 10G and a

recei.vei: 20fi wthi n tf@oﬁggﬁaﬂtgm; tlin9chal waabmmbﬂt:hdfdl@tr L~ fr 10G
and seconii 1, TIJ 1~ ~~e transgﬂters and refel vers, transmtier.s

206 are shown dHt"¥Py ]h ‘E‘ﬁ‘é%?rgfoﬂﬁ, 1BECaRUPPECRS vEPEPED R Sar M &Hibwn
only in the secondl ind&E 448 hodunlekari The Thelénansmpbhem ard or eggievers

Ceceiver o 16F gmpbhile GASER 4B Pub 35108 PhebodWosebi &

act:udsLly 1~ epre‘a;nemt£afn¢lcﬂecemvenpaLr 1s| aash ef tivbe ofapagnmicitarts 206G

transmt a siet a e e I Qr ot her
data that was S@ﬁt Ig IEYLHQ ng%%khé @ai%@ f‘afc;: 1%t§fady%fea 75{%}%” WL11ch

| .S shown in FI@lle@sféRéﬁrﬁaFar yYPﬁlsstaanePé&Héﬁ’é s1621led die idrigodi nent ,
the transmtteryyg06 are Hdelaabedab.a.&eres whleh as di medtly-enodulatete

sem conduct or Iaser di_odes K ernall d I na 1 ti one of the
transmitters 208°P8 rof 88eq eg‘ 0k th‘oxaﬁlg%o# thglq‘r?ul Sﬁ] e ((:}?lqgn4nel s 219

wi t hi 2@ he te~. adhnuri At ﬂoﬁ@d@éﬁl O] B ipTea rta’rﬁ’é?nqct“ﬁﬁ‘s}’l@% t:ransm.t

si~)nal ~: viz the channel %1@1 "1'[ W tbagd& t DaeEant €1 e GRIMBYN £at{ on: cable
113 to tho receivers ?2.1 U . 2 a 9')I3 a(%m) ~ ~ S0 z00z

I ~C~I I US~SN7~20 Y SBHOE A HoH teﬁ\é”trr%%qﬁtt tlé)rls T EHAKh heore | emppdi pepki

vers 210 is conpgct@d 3y ofidhemdibd. t O[ixlrt,cll arm&smﬂﬁorzm Wi t hin
t el econmmuni cati ons .cabl e Lrlj%fé 0 recelve s romtge coLres ondi ng

one of t_|iEa 5 VAR SRS é°mllﬁ’e BN 1}2?@12‘1‘0‘ detbdutat 6“8l Btric;il
;ignal5 (1U111 ctapexhilliight : f avaviee seqpratunida t lowsrsesponds ng darri er

Lr eduency. Recelewnﬁ)% 0, Gtk | por opd i Gal 5 det CELOL S 0L180 ~an&9YbnRERRL that
can recoavc~ nol transduce the transmtted si . e~nal
01 is to restore channels in a network carrying a call

placed by a caller on a first telephone 102 to a
receiver on a second telephone 120. However, optical
30 restoration environment 101 may be used Lo restore any
voice or data traffic carried on a nectworlk.
Optical restoration environment 101 includes

a first Lelephone 102 used by a caller that is

10



1() In one exanple, each one of the channels 211 within tel ecommunicatjons
cable 113 is an optical channel wi thin a f i.ber optic cable . '3 é SEP 1001
sicJnal ;) 'ﬁwi n an optical fiber are nodul ated usi n~~pgmuisosis720

Lr cq~~en‘&?.) ~="whi ch ~a7l ova one fiber oht ic ca?-~1~~t c~ r~at-r~~ 15 a

| arge nunber oC channels. A~~ nentioned above, trlis technique i.s reLerred
" to as waved.ength division mul tipleting (WDM . 1. urther descriPti on of.
transmtter, receivers, and fiber_ optic ral=les is given by Daniel M no7i
in chapter 7 ~f”h"r‘§l%%‘6‘i(f’(‘g?51 gﬁtla 5?88“51 'L?éle'.pgé’gﬁﬂ}r{‘?)cé‘t‘%' ﬁg)yl'ébhno | ogy

|l andhool ¢ , " Yedcethehouse, al hel eCo8B0LNIcELtdom sob etthedhdel s 211 (al so
referred to as ohmh 81688 b REc&RFRNELS ) (CALIM N B I non - res
t:~1-~~ t=i c~tr§é??%?$‘?‘é§iym8t Ri'n the telacomiinications cable 113. The'

| aroter.t chanr@fchangej 304n §pt PPAR CEAaRASIS SWICMNE St dlifer ptgeotdbl e
that i g achi evegibhadqgBodubat af@ shgohtiahla addraaulordmdihaguencys . A7. so,
the transmtter 204 that F anzn‘i Ls \éiezi t he S qtect. <.C|<~| annc_~‘_l . ﬁ7‘2 is a

modul ated | aser |ike the tr&ndtittters 2P0GSh 31 the QRS Charhet s 214.
The transmi tterf 20atmeayghhadieniOdmarittdd nuding tdiesamitieshinodogi es as t Y~e
transmtters 20 1e 1abher (gha o3 20l L3 0L, i ons
cable 113. r.~i ﬁgggﬁghr éééfi'verrr?‘; ;mﬁi} 1%%%11\,&1{422' glz(%lhgbloéz&ilﬁi;%) 'gg}/JlS{'llqéﬁgb f
CT/ US98/ 2772U t hAPCLALPRIIVE Ysitgh AR ATt G SRPIPEH ¥i ng channal s
211, the recei veelaedmamnntike iceteethagirinalo 2 denpshl o6 osi the. & ecgh ved
signal. The receiver 208 ma5~ 1->q inpleneritcd with the' same technol og
i.eM as t:hc 5 rP&EEPGeEd SPRAPS l(I‘)in)t ré@tﬁ S yriafchanae i 104 13§

~l 1 I r~>>channel sognbcd ed Itootdprt itded forossd .cdidéds M MGranghtiac: :;
c:caircl L'I"I; 1li~l h ve%%r_oc ssvordseqregeerrr.ed éo as_the f%rs_t] LTE
processor 21.6 SAdPHE Secdid PrE prttessorm B 1 Yot PP Rt L~ 1(1 fhe:
first LTE proceswdtchah@ d.o9 ciramestlecianmiedoin gin tdépcicatransmtters 20G
to obtgin inforpplieRrReut Mheiherc 886 113 of {n headi@lodi tehal ope; 206
.~ 1in u~F~ ~~r-rrl wiic~t_lrc~r t.l~r~ tr~zrrstnittc~ s 2.UG are
expc~rienci ~rg 6peAS~Cangiesd W& it IMRCEE n§P o | §3CPRe SéebarpeLTES
proce~~or 218 | $ni Hre@inest ek tabeanh ednider 1ecey veis 21eh&nebt ain:
i.nf.ormation ag’%\tﬁt whet her -_ each ogltr‘ﬁorgcgé ers.210 is in yse and

whet her the recB®&¥EELL D0 G exper TR RcI  5paPdt F3RaPSGPPE: i cul . ti es.
The f first: L, Tlelepiraooess)o-~- T sccamdl ¢hehangeohd8LIdé~cpnoecessadr t21. 8
ar F~ nnected L. 0 1: 1~~= C h L RZNnsSm 2. U=t, and

pr ot ectcig channeILhreecs]'eEfé\/ber}d 2%%%?1915(2‘I§%e%%|&v€$;§{ 8{’5%&’%\ %‘%ﬁépﬁa?ﬁgn about .
whet her the protapinehainety 2492 secondutel apdonhetRBr t he protect channel
is experiencing any operatiopgladhéfisuthbesredBRel i hobnkIBENDr @G@SSOr 21G
and 25 second LTE processor 218 arée an rocessor that can obtain

i nformati on frorﬁ%%kF%%o?H?‘?ﬁaF?Bn%%nél . hP 8bfpoReRPECKEEh L ftilvest LTE 1
UG or second h' Ibptidal dest&k&ri3ni hkusbrat @30atbeptrorabicon«@teGess o | 1
accordifkg to the, pr N Laventi | 3 wi Ll be described with reference
to the "gxaml e o]frpFﬁ%. g\é%ﬂqy9§§c gﬁang‘&%\/\ﬁ?cﬁdlk)lll(‘ugtarlg'tué “ar ﬂ%‘ds FHi1%Ur'es of
channel s 219 wi thrpssetesoamunildéat ionsudebl e fik3t Tdodttep 308 neadiitder the

first LTF 10G ~Todgibmbnt! (LTE) 106 and second LTE 114. The optical
cross connect 116 also includes a first optical cross
connect switch (0OCCS) 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 rato
conversion, and light protect switching (LPS)

restoration f{unctions. The firsl: LTE 106 is conneclted

11



~ 2 SEP T002 ~'~O cJ')I13J5d1) ncI ~rusosrz7~yu second L'1'F 17al detects a
failure ~1OQ in channel 2l~In. "1'hc first L' fL; 106 rnay detect a1f2 Sféf’ﬂﬂﬂid
tranarnltte:l 2UC. A si ngl e optical detector at the secong H}E‘)

det ect aVPAVPR and send a fault signal to i.he e~econd pr ocessor
2J.0 within the second LTE 111. Failure 401 nmay be detected electricalJd.y
at first LTI? J OG u:;iny conventional. |oss of signal technidues . n:l
t:ernar i vel y, failures may be detected lay multila7.e optical

det: PCt_or:~ (nob shev\nﬁ)iraltomgctshamhanﬂ'@l% fA,rkL. OCCSan 0aptpeati dds

detector detects a.faiLlure one h h nn .. the tical

detector w || s@ﬂglgahadw L?Pldﬁlgl ﬁ?lt%hLe flr}eciC1eELré(’f0§e\Va95qgus nmet hods
of optical fail ueeLdetleaoblnoﬁmncimdwnqlm)l cdla amg elrgcitadlcates detectoon
techni ques can pg. U3 %@’q m% 'ﬂétﬁ940%cce! theY tdheddd e H%LUG or the

second LTr 111, whichever ! det e,)cte e fai 7.ure, determ nes whether the
protect® channeFespadi 9GGF (de - A"Hetfé?‘rﬂc‘rfét‘"o‘rl-yof“?/\Héi‘?]er(“t‘h’é”prot ect
channel 217, ISlIE_rlengﬁsE)ric-S umlcle thee el lathe Wwnadrharhd hiel peiot@et s c1 banakal
?() 21.2 is avai_ av+le e 1.6 u Flco N
ilJ.ustrates a s:hngl S |ne 71eLu}r(t:EL i glelveh% L]d"l{ad(l cgmt\éct c‘r’la‘?)fr’\‘éliLd ge
avail abl e to regtwmeg artte td:e&ecn@asqrmslmlelexblln |fhe haertpr oa@@uchaamel 21.2
s not in rise shepdieale chiannel: Ao Scdyfle LAl Geled i he~
25 detected fai Iluretg[104l ane d the fi rst LT), © c roceec(:: 2 t: oC sfgeg{%gq | f
the prdfect chafidl BRI AJdeq nliyse, PRHL T4 sTt’OL"ﬁ~> Clmsubha oeBedBYt BeSwep k30~
and sends an al algBd1bd e éaCC& Irgdder. liklaadi0iShepeBOL8ptrtikahfic W
re~~tored by t:hc~ fir:~t 3‘§c 106, opn t he prosect channel 232 FIC. 9A
iIlustrates usififYHe Friect %Jn MHRF L 49S 10 O ki r ShPSS ERBNSFkgl e i ne
failure 909. Thegwmccﬂm rdgnecoéntroildr-ctl iiwsiclehafinebn2ddAetiSto Lhe

i nt erconnect ed Lo the t t S 02, N.O-991 Gl

1' CT/ US98127721) Oiael HPEEE L ule ooy TRE M EPO A O pRAE: %’?g Addnel
transmifter 206mnd|'hteh¢)rm<é@mdc@@@nﬁell@llzop}Pde@@ @@!ﬁhé@llantﬂyaﬂh@uﬂ

circunvents the dov irdedelgne; 4. t@eléﬁt:\caberEE96§§E18haﬂaﬁtvo'iﬁcq|]\()er 208
wzt hin the second LTL; > 114 receives the signal _and_sends the signal to

the next conponent that wiTherEéefletehaPRPYRal Candndr 8FABIcSR FREGNE ty
to the Final destimairé.e8edCos pxaéelaﬂﬁ~réce1veseammd eﬁacluaagP 118 as
showmn in TT'IG 1, 4C| Str e:rru pl.e f 1W|th|n
t el ecommuni cat i o‘h %%%rfmmﬁigaeﬁm kagfj %%F JP rﬁﬁérngf Oé’(t e,
step 300 is herfl@)z neddtqecpeéLOrad;epbheedéQ@cﬂeé fzaplnurleryl 3 ngt epxxsose t he
first. L1715 gﬁ,%qa fRedrLTRallcdn Wi algver dehoehaed ol i bl

sends an al armt controller 111. The 1S information i s sent %/
first LTI: prc~c€336i Yid1g éﬂe1lecoﬁ‘8‘u§é€8ﬁ&°E’PE”ﬁ’ﬁb’é’é’é‘s&r??218 EXE> e rQ
L. Tl : proves >o0btR&6G thpalsn&ft leeuipentattihen fdaambena sefd tde initiate

transma.r.ters 2 0 LEF C or gk the infornation
fromone of the rgg\gegggreggl% %0. l%f (?;%,[Se 'f%‘{c?f}i“%?tﬁ)}?océslsod}g 7N rtSWéanraﬂd t he
second WTF~ procégfomrel aF@lofeérGrScﬁ tttre CDOCS ec.oret noldear al Herdsdrorhat i on

incl.uc7a nc~ V\hEtolmrp%rLetIhq”{d Alldds,1s a line Failure or a nodule
i=a:i.7ure. A failure on a channel 211 rnay he e5 ther a lime failure or a

nmodul e Failure. A line Cai % firsly ohaqq e branthe FRiMhetxPhgnae

| ~c~twPen the transg mie tadteplafly ,exartthrides neceirercizd0. r1 G 4B
illustrates a first d £,40d, angh A, seeond fyi he u )
Transmtters 20G }ndéerée?%‘el‘lrr\glers le?ngq};lre lI‘s\so ref er*rllleg %ga‘éé&s %ﬁaﬁ@% ,&0]
modul e P4ilure | €74 fSRIMR BFCRATHRrI LS NACYIANsTH ISR DU PRI | dE¥I Ver
210. 1'ZG 4C il Hauce ta ~@dlF~ia aLlu:slcd:cbmlmrh:m:dlUtmslonualndLaasocond nodel

af-. ai | ere gg%terconnects to the caller's destination. The first

exchange 104 and second exchange 118 may be implemented

12
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‘fhe first LTlI; processoo 21G can cietermarm~ f 20 1 2 SEP 2Q2 CVO ~~~1
3d5~f1f 1'C f/1JSOH 27720 the transmitiers 20G (or associ at ed recelb@§£PdM2
nodul es Qﬂ{Tﬁ'Rmp but coll.ocatFd with each of the transmitdrus20@w t hi n
the first L; Ug fail. "1'hc~ sc~c:ond |, Tl_: processor 21F3 can
~clc~ter.~n.i nei | t.hc r~c:E~ ver:; 5 210 (or associated transmtters
or tnodul e~ not shown vui~ collocated with each of the receivers 210 within
the second LTr 119) .fail. If a trans-mLtter) ~c~ei vf~r, or other nodule
fails) a nodul e\EanEuPys 2159 5 }eécfﬂatfbﬂéscféw%d?bbn%%‘%rlure has

occurred. Both the I (i fimngfe &mdmmﬁgrccﬁh%rwdﬁ\%@ecpﬂd thel
pr.occ~s:;or~ 27 ~ can report. to

modul e i ai . | ur e SOEPFSE. fu’&%%%ﬁ?ﬂ%ﬂﬂﬁﬁ%&%ﬁﬁﬁu%ﬁ*WO?%F h%TLHEfBEtor W
thin the one of licdhea Ir RGaihargre netvah(ls ~dmdt1nmmmnnﬂ§pmmdr50L®othe failed

channel swi .11 d&laGliaid %%y Plonddt | AN ANE SE¢0Mq LId¥epLacgsSOr

?1t 3 can deternl |'ure occurred report l'ine
Fa.i.lure ocr_urdaldg t¢therodds Tontetephong ﬁﬁi.aWQ 22FPhe Faﬂpuh@ne

occurs, two al anmao rrayu ,mLmemné@rédli@c @CQ&@%E@@N@%H d- 10(~~Aw
pl ~or _ odi ode wi n 2 1 thg sec t a i | ure Lay

der.c~r.t.inc) njf %%“?ﬁ P 59 %b%,v%79%§§%by 3hféd0mfbﬁnqt
transmtter 2LK3nmy'ahﬂexﬁc@mdosscmin@®rn1mumreaw1Lbnnma Lbcathexgspange
LT>; 1 | F bo t first co 7.7 Fnd al arns
for Lhéﬁnane [ & %§gk t §~l%%£%1é§?@gﬁ twg?&lgggﬁ cggrdlﬁéie%the

al arns and deter@m%etetmmn@heoma¢@u¥@m©%buwrbhlnLn soeplized ameaQCCBn

Control ler 11:1 identili g shﬁo&xpeeoéhaw@ n@m&é\w YEe,aUshRg t he~
.nTormation received fromthe first f> 10G and/or t-.le all second L' fE

119 The type of “hLePhPRS %P?H%FlP?nEOBPaH%dDFEWOFE 88EBr ASnd&L'n order. to
del :erm. ne how AtDanestor elfthehéachller ascoaMnmgg|10nbldarQawaﬁ the

i nventiQn, |ne f I f _L==src f()

o\ a0 1 1 5 1efhl B BHE aBRrbr b 50,580 BhekaT e PR 1 1t & 406,
are restored eatheheDﬁXPhheqepﬁwﬂtéhtlncEﬁnnéFere&CBaagevﬂ@wmhe1opt i o~tl
rost:oo~n.lc~i, networl: 1gliirakheo(thestokd?: ekBGahgst QllA1Si NGl e

nodul e fallurF 410 on a gratcct %agnc CO; %l%eus i %§%H|Qed %grl iel: wth
respect to st.:ep"5§e368°RRGS0PE" P s ati
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. TFor example, a national
interexchange network comprises switches located

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

Optical cross connect equipment, such as

exemplary optical.cross connect 116, 1s connected to

30 the telecommunications cables within telecommunicalions
network 122, such as exemplary telecommunications cable
113 between the first exchange 104 and second exchangoe

118. The optical cross connect 116 provicdes



li rnultipl.e Cailures occur and the protect_ channel ~?12, capacit{ |zr
insufficient tor.e stop.e all of. the failures) a.n steep 310 the @ﬁ P a7
fallure“@ﬁmge§m7~| n~.i.rred in order to ensure that :if PCHES48E7RPI o
failure:; 10 include n nodule failure 47.0 and | ane f~r~l. ure~, ~;uc.l~
u.-> first lino fa~Inre 4C4 and second line failure 40G, the nodule failure
~ s restored on the protect cfl anne~~ 211 and the |ine failures are

d h T I he. f
ailore ic a lisenihe Fiva SRoSBesaR0R Foe bt i3, dabicSiw¥8hep 512 1o

provi de rest or«aaromeﬁhoougan rtedeeoatrivon. C@cttmrns:adsice rb}—Bt he opti cal

restoration networlc 1~. 0 y fo | U ule failure,
the OCCS controller 11. 1 fo trtg?eeldshertog; s'?:T(F;pn\“chaa M(gb%rchﬁugggl %ll onal
.inLoi -rn~ti onfinsér BEE. 110 d‘éltderam%ﬁ-’éorﬁ’olmit riést or Mt def $BFFULBE LAGst ep

312, te OCCS eaat l’s@cbﬁﬁ 11t sands earntioravenaik tie Tdeofminfsa 0668 10t 3 to
restore the new_ If.th f i e |Iur ?5 40G
. ¥ él% 4B, flhh erﬁé’t i Ltdc?q ldhd s%.?{clsj’% g‘{)g 118 Y

as illustrated™n e secon ine fai can est ored
on tyre opticaber @gs@rratqe@n ietiyriher) e Bt lerwd Hh igeshectaspl FEG. type and
rerouting the previous fameu %@F&MQE&MQ Ty becayseguhihe gecond line

fail 406 h t t t th fail
HER A gty oy 52, olfab BXERD) pefernz”

sendi hg an al a8 and ~s=ddrdtoC@CAL 2A08an \Menart)her ypesbrOepBit@d receives
the alarrtr) 7 ~~FA3a5 02, 1 ~U =29 the first

OCCS 10B sw tc%es t: o rergolut eaigréﬁ'o éﬁ? 1'2 % ec%é igggf’C]naf‘scf\hlat wer e
to he cirri edO86i€d Het ¥ athhedDQ:hHrrmJeEBmel\Zl@vm!alm@ecorpb:ma\ﬂce?br est an~z| inn

i~~~t:we 11 1 Zdeq ralul.crclloptmh &@J;b@teccttt&@tléhagnaohpzetralrgqa pat h
from5thetransrn|tter 06C within the first: )gI-~the

first OCCS 108 Shrigilyh aO‘dtﬁlh YSOREF %pf‘:lt:‘aﬁb%%s?até?%n~Hétt\%61rlk“111 0to

t he sesond CEC’\_R&(:]I%O*]IOW indfiudé swi eclhanebssed bo thermeceipedarc 210C
within the seco 1 i e_si I n the second
line 1(1 fail urgdf |s'{ r%pt;?hr‘ aw‘?{’tg&?i % %%:Cﬁﬂtggg i’jll\f{‘\h(rz"er oute the

el ectrical si gr@l@%@%@i@p%h@mbif&qn@m nbseep BPYemends .UBDS contro7. | er

111 retrievee~ i[rht?ecﬁﬁ’apé‘ec@flrl{)&ﬁ!rt\oﬁﬁo&ﬁhﬁéée 'fhea@@@&eent Al drdughl
retrieves the informpation fro ssor 216 or the

second LTA pr oc'ess‘blrez’ilt‘tLtﬂ%CF ?Rﬁr 88§e§eﬁﬁﬂ-fgh9f:8 l r & 11ie was
alireofailure eranai ﬂpduheltapltarelsEInettaypmot:htaheaInrJewo@Jtsaxfraldmreho

i ndi cates the tly 4 of:a é\% %'E)?th t] %r?xt@n Iﬁﬁjtlﬁﬁtoﬁre g a q:the pr ot ect

channel . nr~ |one prevr U , such as
f.ir:~t 11 nc $unLghen409 and second l'ine farlure 406 typically can be

restored on a protect chappegl og@g Qrcry)iueean toPtfifqzy_ Haeastcor(e‘tioln net wor | ~:
110, a si ngl e m?)gul e failure ften ca nly be restored o pr ot ect

channel 'J.W. IPR&ELEIOr eAnr F"teﬂ‘é’lr‘i‘é\?d ! |gI°d‘r'e1’i“s i$ H'db‘irlleetla't }'&‘? 410 as
was detfer m ned Mnlsb@neSWEV&ﬂdmlcﬁ_h INcustimat ekMWR )F1G.gE) tluhewn det en gbpi ng

the type of the_pn ?L\é'c(llé% ]%rt ;r__% Q%Aghé&dr atg vg}‘eztg%erptne rest ration in

use for the previous ail em)lfle 16 al IPAcconfd at%the new
failure 410. | fweweltey\oéhofmrﬁroe“madu@r idufd is @ dentpeliaeflure as is

illustrated in laa@@ba%@ t hen e QR CHd S OH (& C;H-lofpr%e§@§o§‘?t_ﬁtnep

:~LF3 to restore r}lot | ~e ~3
for rcrouLlng traffic is described in U.S. Patent

30 No. 4,956,835 entitled, "Method and Apparatus L[or Self-
Restoring and Self-Provisioning Communication Networka®
filed by CGrover.

The first OCCS 108 and second OCCS 112 are
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12 S~ 2002 ~Y<) ~J' ~~3451~~ r~c~rms~m, ~no previous failure 404 aﬁc&egﬁemm
new f._ail.ure 470. IL the type of previous failure is a nodule fail

which i:~ not 43{] then OCCS controller 111 proceeds to mtepsidiebo send
an a.l.ar¥?Ws¥atlse neither the OCCS 5 control 7. er 111 or the first OCCS 108
can ~:estor~ 1>otl~ the previous fa:i.lure and the new failure. In step

37.G the OCCS controller. 7.71 :;c~ncls; an alarmto a natponal network

managemnent center NNb! or oth ed or n faul reporting

CPllter to 1() %‘r Ct%eq it é5t'ora %&H%&?J{&&r Qoﬁ?f {:ﬁ%h gre\?v!L . ure is a

modul e failure) Lsalcelwasuumdutlelcbrm | calel ¢ 11 D3 shoohuilas FdeltthLandaﬂhe

previous failure Slt ,tal 12%@ t+hga \t_‘g\rb)ﬁ m)g?rheot a5|ngﬁeelgq.\(e occurred
C aann f .

hut only one profe is aval re ~torat on . 15
Assuni ng one pr d’tle@frlﬂfalrtfﬁﬂyr sU&‘t‘faF?h%F‘é"“a‘ﬁBlﬁéLé)Pﬁér cpbd eords b‘ﬁ’y

t echni gge can beirus‘.ﬁphémérrbofwet t@tﬁ@ﬁblnoaehetaptl cahnher oss connect 11G
to restore the second nodu | ure he con 111 sends an
abl o7 I8 ps 3

alarmto a faul $S+§¢% ‘BBW“% Btt:%ﬂt ef tH8 EIWB e§ FepMESS() an
unrestorabl a faxdxnmmeenﬂ'heammhaeewat/f tandsodspibar neddhens:ald cdet!_ec. t

and restoro farig tg]hatgn&@unﬂt gbeelBELAREH: Wak) Jle AULAAL ed syt e

in the tel ecomrunl c C nét wor )C . Conputer systens in | QNMC nmay
provi de ?S restorati on aut Bhat Peal- F?'b?ef’éPMtrllﬁg‘ t‘r‘éf"‘l”l’é dsithg ‘swi t chi ng

t abl es i thin exebangesedsuchtps tttr:stt exchange 104 amd seeHh exghange
not . autonmati cal l rovi de reroutes,

118. If autonate e ste \
they nay provi degtnforﬁé?ﬂﬂ t‘Sa FtStPﬁgttlr?Enﬂ’glLlwy?lé'(l“t Wt hanges
to the software !;pdreroptecaﬂatfenm,\.natolonemarﬁploe‘ossf anurirte g earfmamntesnoccur

on_Lel econmuni catgnsogable: 13 Lhat.gannat she heskanacly SLider compuLer

s~~stens or staf e switrr
991345d11 rc-rnsiih~ ;aouf»re Ifalﬂés i Ahe nprtétcaéxmﬁgeal@prt d‘%‘é’ffﬁ”t hil 0

t:r~~t fsis vi aldbtudt:erenbmemmrtlycam @fda e r&@ﬁrpuﬁdrics lnc,ludang

tel G CatlilT url Wgﬁ 8 GLilas ¢abl & §%I L%‘rl:; ra%% We%’eeJ% [f’hpe] 4

failure i~ 1 inv one second ure
not hi ng or si npl PCBBeck stchf Risc theorhigstte H5GS g 4% qrgb gererh LHHed 321121C

that cannot. be pagt @eedcdhinun ildie ighnnelbl &L4G ks d¢epaired. Often all
channels ?1~1 within a ~tel ecomtin.i cat gns cab:Le 113 are not) irt ur~~

s~c> new cal | s c&ft! G§OMWE 1 CASHENT ~~ 214n) 21~iF3, 1() . .
214n. lpostep 31fl, the OC@Fgec@aIGq)IdcertldJ:mezsemfs v conmmadL @ tohehéi r st

OCCS 10f3 to rer utet I|nefa 4 After t Vi QUS
line failure 401 Héé%gg“&p Z) dut@cf b%F’%%‘ fIT U&CSU?L lg E ogkts! &’l
controller 111 semds tdheccrammd] t@Cahel 11 . rsrhetsﬂmcw; ¢onrreMt:cthh1ecm
el ectrical signalg té%é/@reed Gl rifd Qe s€ arfl |b§gschannglﬁ g%éc to

t he protect channe to restore he new nodul e f ure ﬂ
contro7.ler 111 pETLIQIRT skeh BEFPLVes 11?%%ﬁ“ilhl§tlef)r9'l‘0‘—h?hé tosEsLTT
control bar 111 i deyd iddecklidateddeanernfaid urerpasha madukcgakaohure QL10,
and in step 3.L4, 7.11 retrieved nforrrﬁ g)ﬁlndlcatlng

|l eg.
that the previ ous”fgjr“fah‘r%s \?\%gé ggt?ﬁglf’JﬁP FUPE TEH2V RS mes

previously, the soemarollerollld sends commands to the first OCC3 108 to
reroute electrical signals via the optical restoration
network 110. The OCCS controller 111 may be
30 implemented using any processor or a plurality of
distributed processors that are coordinated by a
communication link not shown.

FIG. 2 is a block diagram of optical cross

wh



25 previous Lirst line failure QL04 and a new nodul o failure QL10 | P 00
illustrated i.n FIG ~IC |If Lhe optical cross connect 41G cannot r s§§) 2é‘

single nodule | _ai 7ures via the optical restoration ntho&jl )}'% 2E‘]hen t he
OCCS conwoo¥4b 111 can only restore the new nodule failu 3%' AT usi ng
the protect channel. 2.1.2. ns a result., restoration by the OCCS
controller 1'L1 of both tli<~ f ir~l, line failure 40A and tree nodul e
failure A7 0 i :~ possiule only ii: the first line failure is rerouted 1:0
25 1 2 SEP 2QQ)?nﬁMJ:\9'])1[6345}1ll.\lstf}xtéduwfr):laliﬁ~t8u thesaptrgah orestnor at i on
networl: 1.10 sendi n ~~ LN e th L, a_,gi;c;sl T

control 7. er 11l1{ ends™ A rgd aﬂr‘ 5 ?hIéR? D?a[ @:E?é 08 ?ggr%éro@?’é{ 't he

previ ous irst an@, Sfal?@6e,4@4dvl—hct recepvesal Fédfor i0Fn Rdt\lork -11U.

The OCCS controj{@s. 1léd@ﬁyoﬁésb@r ehanyraugmrtt@fr | 20g fial lmeedesamli ng
alarmstothef I .rst t he electrlc

f1l
signa: Bs via tHe %‘b’f?‘éa‘POP@lPPOPHFl 8ﬁ ﬁé?\/\ﬁfeﬁ?”ﬂ’\ ot“ﬁr?cr VorrdE Off -
chann~J~~ 2. 79I:'mu1(ip2é48haand1214n)4expen|4<Bnc<21I4|Cne f.ai l2araes wargroim tl(he

channel 214C ex‘?eg %eglgrlnp egégpllsec roI Iﬁé’ :i\}l A lmL‘?un ai lure wou7 d

have been resto con I performng earlier steps
in the operat:i oeﬁeobmmpnaceauom@ ciabalel A danid ¢r o tegrinedtaregeil phieht 30J

li when each fahjur r%écexaﬁ%%qe@pmes Sl awlld hﬁ«écha#oé he first
line failure wou/.c7 be restaored on the protect channel t he OCCS

contrdit er 1.1.1°pEPFBFAPRgILt OFE S84 “:?OGI‘Wls‘O@]élndL%&bs?eofu“eh]t ${ine
Fai | ures woul d hrer pgboeed vhannka Quti cal d’cﬁ'ﬁ*tem’taid afb A et et ke 10 by

t he OCCS t f 1 309 d 312.
e ooy oM oRbal wiehih RB (IBnd 58 e i e ar it B s

tha optical restbeatecondef¥idr K.1¥10, when a nodule failure 410 is

deter_ted, if aline fail Z\rl%"%q'@* Hoﬁ:%t @'JeLq_L Itl.heJ 5(;8{ ectmgrl:h el .

212., the line Lailure 40 Via eopl r'est
networ)t 110 tolAdl datvige Lmu@dtttedmramd mmn%blterar@smetstt@re 10e

modul e failure 44Q. Sl di& %d Néhd 3ﬁ11”sfte xﬁ% 1@6 r&ed qt@@'ewo}he?ibrst
OCCS 108 via the optical restoration rrei: 3(1 the Lirst T1~ 10G

switches the el &€ iSGAWNs | API¥a i Iy S {EaTs c‘a'#ﬁ"ﬂejd‘ ofP & hah#ed 1-_‘-214Cf1‘bf=lat

experienced the Rt tfrdiddirend ﬂ_@:éméﬂe zpll‘@tt%ﬂhcaﬂ.hﬁﬁnﬁlh gﬁ cTJ'I:-J‘/The
OCCS controller 1 of . the 11[))resen

- U )9l 002
f CT/ US9812772n REhtRR i et &7 ab'f an L %‘ﬁ%ﬂ e ’%s’f‘h%chvgbfrput iP system
502. a3 shown iMId~lDclendi agl ané otmmmF\iGerS 2T reogbddpotenasyst em 502

i ncl udes one or rrclrrearpgﬂplc,_esa%sregéjfpeaﬁapfocessor 50G connected to hug:
st 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 lasers, such as directly modulated
semiconductor laser diodes or externally modulated
lasers. Each one of the transmitters 206 is connechLed
30 to one of the multiple channels 214 within the
telecommunications cable 113. The transmitters 206
transmit signals via the channels 214 within the

telecommunications cable 113 to the receivers 210.
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5 la:~0 conuect_ed to bu~ 5()4 i ~ main menory 5Ut3 (hrei:erably random
access nenory, RAM and secor ~dar.5~ storage devices 510. The secdrdd ER/ZU

st orage \‘1/?)99/3%10 ", (1 .include, for exanple, a hard drirce/usi2and a
renovaul € st'orage nedi um drive 51~ (such as~ a dis): drive, for. II)

exanple) . The functionality of the OCCS controller 13.1 i~ preferably
performed by a computer programthat resi de~~ in main nenory 508 while

executing. Wien executing,,this ¢ ter program enabl the. co uter
system 502 1~ to perform the et 3?@% tﬁiaé%ﬂ?blsle%” ﬁ@ent?‘?ﬁh Nqi 8Eussed
herein. Thus, tmae%@&emorﬁrmlzm ﬂaljccvremce:sc&httsoapmmrmfro&lhermm1-Imee

conputer system (-an e | e % W) P
functionality 01‘3? s d) con n’gﬁ ﬁ%ggmnﬁ?ﬂ?%t}atpéé%oné%gﬂ: fll§ b%’
entirFly per . f orerved. vsy salc_mam}wvaﬂ'r@\ deve ceorsepondiag handwatl et eat e

machi neg : Cn one gl B0 s, o ge PfﬁéeﬁécéfW@Pl zl@naemoau@deanputer

program product ( SUCH as renpvabl e stor—~cl E~ med:iurn 51G . representing a
conput er storageldicicabs ionphet Lapmsihe %L‘é’“)‘“’%bﬁp%i‘@i‘ﬁb alcshput er
readabl e nedi a hayi ks 6O L 0§ &@QiQe{eCﬁéd@dﬂ&herenéreIhGrEOBtDOkahogbC

when | oaded into nain 0f 3 and_execute Y.P or 506, .enabl

tile processor ﬁ%%%‘ﬁeﬁ‘%?’(ﬁfi’hé Bpefit |§§\§J‘g }'I Epge éPBI AECBYV AR Rbugh
t he OCCS controIdl&rnddllcaashbeenademctLbédoﬁt\tmhlrespect Lo an exenp: Lary
controllyer and pr.~cessor h QC% ro r 111 o] L.m ted g this
enbodi rant The OCCS controf‘l grr1 11 aﬁgg{zr o%ggﬁhgnl’; &i_j ?hg EEEHEF&&,, \/%83
~ro3as. ~n ~~c~r rystniz~7ebeCon8sNiThe 1 OTESCebher dLPeis1dn ARy ilb@lwi t hin an
QCCS, such as fiLgly QOLS, ﬁhﬁngl@sbégce 1 LR 1k2 6%&6@&@5 %e'xu.wn%

P d
OCCS control |l er 1 11 coul% be wthin ano{a her conponent: wth
t el ecommuni cati o8 PREIGARE| fikegyareawopdulpged E?ﬁ“ﬂo@’éh@llér second I

1 11 . TI~c OCC gphfhiehkebslibibn QWYOQaﬂaEIthﬁlt@p¢Q&tE®h10n€rﬂﬁ;ﬁﬁqrf~
uch as fir %I‘IOU

errbodl r@nts of t%ef%}%geﬂf’mgﬁ\?eﬁtl S?I)aﬁél\% beesnE dglscgrLllﬁ’@&% BOVE S i t-'¥oul d
hca | (1 under st obdchhagiuthéy hedessededn pseveneddnyhway vdisiocexanpl e only,

not i on. Fhugoh e hneadin andF%?QR%rOEL§Q%1$E§%%an'nvent'on shoul d

not be 7.imt: y any of the above-describ exenpl ary enbodi nentr ;)
but shoul d be def-rnéameﬁltwuun ICEEYETCe WRCh fike T O@rll@wcﬁ@lfss cisai ms and

their equival entgiven By Dand e3ERiZQ03 We vhdpreao Weat His Ghned |s:

20 entitled, “Telccommunications Technology Handbook,
Artech llousc, Inc. (1991).

Fach of the channels 214 (also referred to as
traffic carrying channels) carry normal non-restoration
trafftic 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 other channels 214. The transmitter 204 may ha
implemented using the same technologies as the
transmitters 206 on the other channels 214 within the
tLelecommunications cable 113. Like the reccivers 210

17



rcT~us~~si~~~~o | 1. A nFthod of addressing a subsequent failure in (3] %EPZU[]Z
t el ecommuni cati ons networ)c that has experienced one or nobre previous

failures) conps ising t:he steps ol~1 (a) dFtecl.ing the subseguent

| - ai | ur ewo®96)s#) ~denLif-.ying a failed f-. aci.l i t:y tPERUSVH G
caused the subsequent failure; 7 (c) determ ning whether a protect channel
~s 1 yes toying one of the one or nore previous f a.i.lure:~; aid 9 (d)

when it is determned in step (c¢) that said I (1 protect clzanno7 i s
restoring one oL the one.o~- more.Ll -previous failuyres, sending,a !
notif.i.cation l'cL)}I“_‘”rh’éeﬁ‘?l%ﬁbﬁaﬂ@%f FB&%I k‘ﬁge ttr%féﬁ‘cop a’lril l.ngc%c}?dﬁn;‘c‘] s
connect ";wi:c2t4 13thenteoklierr 248wber éhe gaiod awdt idhagatélor2ihe: Ludes
sal Q fai 7. ed 15La8hL1LYobYPRe! Bakegaused skha subSeIelcd Aed UGh dal: A
met hod of addressing a su segger]t ailure 'n a 2 telecommuni cations network
that has experikfcéBrdaecol ot Uhr &biCo G&MEaYAFeY ! QDT i 8% gt he st eps
of : (a)srecei.vigezigerat Rflincahiaen refcetibe subgeqid Antonh Liad | dlEleer-wWher ei n
sai d notificatiop .in(il ugeiz af:ailc~d iacilit~~ type that caused the
subsequent fail Gr'&""¢ Eby ‘det er mi ni ng whet her the subsequent failure i~ 8

restorabl e via an optical Borossheorfiecit. Wi A zne? (&) addnedsimg the
subsequent fail

Hre. 1 3. The nmeth of lt%i m‘_2,_1vxlne11_:ei n_s#ﬁ) ébé} conpri ses
2 the steps of: "8VE PIE&CE R AF WHESer 3411 ¥4F 1 et F ackTh. PLYCEyHETa
received in sai @1gotanfd itdet ismraoid I rsexpeent (218 ai rdspselSvedya |ine
failure, and 2 7) . £VQ.9' 4( 1 % 00 : [ LB98] 2 L(Cib), if
it is Egt erm nec}‘)nl(’n fsl?%oL (Lﬁrﬁﬁﬁ‘géc%%ﬁ% ' ;ﬁ gcdé?%:%{lé?y%y%égﬁs Osraisz('I i ne
failure, deternitaiangrg titteats tHS subsdrfirem ¥af oxmatignrebovrabhetviea said
~l optical crosggepRact Mt Sthsmitters 206 is in use and whethoer

transmitters 206 are expericncling operational

I.her

difficulties. 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 expericncing
operational difficulties. The first LTE processor 216
and Lhe second LTI processor 218 are connaected to the

20 protect channel transmitter 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

A second LTE processor 218 are any processor that can
obtain information from and coordinate among the
components with a first LTE 106 or second LTR 1141.

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. 4A,
4B, and 4AC which illustrate various failures of
channels 214 within telecommunications cable 113.

In step 304, either the first LTE 106 or tho

I8



1 9. The nmethod of claim2, wherein seen (b) coner-i-~;~~ the: s tepi' %h
3 (i) determ ning whether said failed faci.l it:y type ~I received in géi 2002

not i fi cabigdqéset he subsequent failure 5 is a nmodule fail BCFUSPSLTRE) if it
is determined in step (i) that said 7 facility type i-s said nodule
failure, determning ;; previous failed f-acility type of one of the one
car rnorc ') previous faia-ures that is restored on a protect | (! channel

; and 11 (iii) if it j ,ggt rmned in ste ('i% t&@ ..said 1'' preyious
failed facili tyf’ﬁ?ﬁ’é‘d % |31%n£]4]%‘i%‘rse,a FCESETY &i-h’b ?)Plfélf‘“?ﬁe“)%bsequent
failure is rest4tmcalfliersid Vila 8 dngy aleotcchanfel led Sranshbetest bod . of
clai-m?, W-ienein e, tfli'?gafoch%gcft‘_o?eéE ?]:hersQ?cTnétf'Pﬁ Y143c6h )
detei-n;ining whether''said i n.Tm.Te acil 1 Ty tryl~'recea.ved Iri said
notification of ddtect 1 eluerr angiseng-z, fawle sbowre Fai kbhresecpn)l if
it is determ ned i iddedddr thed watwid (961 beéynbyperi s18ai drABAULL
failure, deternlnlngna preVéogs faéleg faC|I|%¥ téEe_pf_Qne‘of t he one or.
more ') previoud ¥ad" ke $REECTE etEorEUCRR ¥nBLof 1BRE BT ¢ PonbEany
pr~l .ect ch’ ~nneonventiofalildssfoftsignaet eeohnéduin. st apteinib) itvieaty said
1?7 previous failgd facility type.i j d kg Lai Lure |3 n% 1ddi ti ona
previ ous faiIuré@ggéékéésﬁ%}e%go%é§f§@églgg @ tﬁggﬁ?oﬁthgiJ SEPEEPTT
| ~cl ~~us~~sn~~zu(noaddhewvbhaplopsotbet chhanaébs2lAepedf: ast eptfica)l t~ ' ?
determjpe anot hefepéeVbpUsetatledaf agiliiky b4renk: 8F 8nanehhaneqne af;., the
one or fore previous fallprea that ~1 ~ s restored via another one of the
one or nore hrottetOBLERANNEPESCEAT WLlEi §§PFf i fapdtyetgpmiiné® ithest ep
(iii) that said Fiesother poevi ouarfeikesetnoilki by bpRecall. $ad thrde
failure) determpin hat th q g?il. a.i.~a.~) .restorahl e vi~3
sai d protect chd%%%??%fgg.g?ﬁégﬁgﬁﬁogggﬁcc aﬁﬂggé}eﬁﬁgﬁs%% g?&ﬁ¢£¢“{i~)
cot 7t p~~i se;; ? tedbnsquep sanfb8 Pepddet:orm ning whether said f-.ailed
fac.i ljdy type =! receivedyi B¢3i 080t bfikhdll @ReOk i+ sth@TeURYRIUS i e
failure 5 is a nodule failure; i
second LTE 114, whichever detected the failure,
deLermines whether the protect channel 212 is in use.
A determination of whether the protect channel 212 is
in use is made to evaluatc whether the protect channel
20 212 is available to restore the detected failure. F10.
47 illustrates a single line failure in which the
protect channel is available to restore the detected
failure 404. If the protect channel 212 is not in use,
the protect channel 212 is available Lo restore the
25 detected failure 404 and the first LTE 106 procecds Lo
step 308. If the protect 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 (irst
30 LTE 106 on the protect channel 212. FIC. 4A
Lllustrates 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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h (ii) if it is determined in step (i) that said 7 facility type is BaiS¢p )p

modul.e failure) c7etermininc~ a i; previous f.ai:Lc:d facility type of one
of tl-~e \QQ%«)/ [syfyor e 9 previous fai.Lures that is rest oredrowugoprotect : | (1
channel ? |)|| it is determined in step (ii) that paid 12 previous
failed faC|I|ty type is a nodule failure, |s determ ning that the
subsequent failure is not. |~ restorabl e. 7. Therret hod of claim 2,

wherein step(b |se52th Ste f d erm whethersaldfalled
facility type~1 éeggéeﬁgaﬁlsgﬁ p%g E%H%of tHe sfng’Lﬁé?'ntC}f‘%i PGles is
a nodul e fail urer&nsiickich |2t06|z\s da‘ther pimegdiar stiem{e) 2hatpsaltides
facilitytyre .i -1 |y, 1

. ~previ ousf ai . ~8(°:fmleac%|g' %&3 type one oe%m%t htehe s Pe& gPa%’im 2§4A

~~~~j 3asao 1 ? %SBe POOreaci~-dhanoal (rerai viepriig voiulshim tbeegecﬁaﬂ gL

restored on oneq9f QRBes tHBOIgf émaqr QAURCts S{NehS; s fghhil bal kit 1S
determined in step (ii) th~~t sai Pr evi ous falled facility type is

sai d modul e fai PGS SHRPHHIYT thHalWi o B RsVE aF PEr 859588 F‘Eét BreY sk (,
addi ti onal pr ot eginradwmninel sy tmapﬂest fsir&pl (degtiwa7idet ersrnexanphlenrhe

previous failed f‘_acmr{c} L. éﬁ/ )€ J sa&% hnerlrcl)nleI f Ith one or nore
previous fai7.ure 1 %)Cf S res via anot hei "one of the one or

more prc~t.~c:t | (1 chann‘"eIGs 4%@¢I4QH{)1U$\‘-1”@L€ g lyépeenifndd unesst ep

(i) that ~;ai G difi ANl Neorheyieusidin | @shfacihity typeyk. $redigd ymodul e
Il failur.e) determ ning that the subsedtxen{t3 failure is not. '|~I

restorable. 1 >Fhapehethod i1k BFen S teher &7 nlst@Brfe}’méénﬁrﬂ d&F Mihe

step of. restorlmge tdl*@t@cbllbé@qmﬁmuizél I une ¥tep saod @abl q:alr&r 23§ q@nect
switch. | . The_ net hod

o | aj i I mi :~cr;
2 the steps of : PesiBrgy %rﬂlg gﬁq hew%Jn% Yeﬁoagt ou? %lét‘rel %2 ~1 that
was restored on sepdiotactatdanned vha @acCd opntcalllélcmss Gvenect switch;

and (~kestoring {he-JuPsequUent sbqdal wrpuvg@ saf: dp%eree%x?zqmamehhd 10.
The net hod of claim2, wherein ste step of: 3 sendl ng

an alarmt:o a cent?afiLEH ‘ﬁ’é‘f’%??g % ﬁanaﬁ{i ﬁf c?ém]g? procedadt

obtains the information from one of the transmitters
206. The second LTE processor 218 obtains the
information from one of the receivers 210. The [irst
20 LTE processor 216 and the second LTE processor 218 send
the OCCS controller 111 information including 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 isg a
25 failure of the channel 214 between the transmittey 206
and the receiver 210. TFTIG. 4B illustrates a first line
failure 404 and a second line failure 406.
Transmitters 206 and receivers 210 are also referred Lo
as modules. A module failure is a failure of either a
30 transmitter 206 or a receiver 210. FIG. 4C illustrates
a [irst line failure 404 and a second module falilure

410.

The first LTE processor 216 can determine 1t

20



WJ 9'1/3aSa0 1 2 SCE ?ors fCT/ US98/ 27720 | 11. hn apparat us, corrprl 'TZ%PY )
equi pnment for termnating a tel econmunications s spalt ; =l ident: yin
means f.or i.deni:.i Tying n failoc7 5 f.~~c:il.it:y t:yf=e. sequent
fai . Lurewo®ssedter m ni ng means for determ ning whet her a l/Eb}r?%t){gzc'fts%tghannel
is restoring a previous failure; and t, notification neans for notifying an
optical cross ~) connect switcl-1 controller of said subsequent f.a

lilrc~. 1 1~. An opta.cal cross connect ,witch controller, COLT1pl-1S117CJ
i a C-rocesaor. the=tranespdtvieng 206 (frcadsoringand taredvatslonc. ~ raid 5

Processor Lo 1 eBhKGol B ShbfA ki h BHhRPANAN Lacf 2} upge uher el n

said noti. ron i ncl.udc: allerl at caused said
subsequent falI@neﬂSSlWé§Fér3@ﬁoNMﬂﬁ¥ﬂrﬁnﬁrﬁ}ﬁﬁﬁﬂﬁ? cih@hah?LFIC~Th?a d ~)
processor to ?efb@-’&,@n@er‘vﬂﬂet{ﬂ@ce%rd Aubsesianst MM wg e; t(ﬂmesmegﬁo&abl e
via an pptica Ss,_connect rest ) means
for ena‘gﬂ ng sa|(‘2 3 pr (ﬁ‘cé’soscér%‘[\%1 st'gnacps“?ﬂq“é“ndotd%%t& o?eggmgﬂown
subsequent | : fQWHMQQthrlyﬂdijﬁh(ﬁﬂcmr@%sﬂcbnh@QeigarscHl0IW13hiﬁhe
optical cr Oss C UL G DM QJTICQV‘_\FJ)()'ﬂ&Il of - 1{ cd atf@nl?mﬂé\héﬁ'm Resdiider,

restoration determnin co ses; -~ i acility pe .

det er mi ni ng nearfg o7 E% &E?Gﬁﬁ? %HJ% W%??ﬂ f%b ¥ ey P;ﬁ@; ghgrred

restoratlon det&kmaurqprﬁnumpﬂenLcﬁﬁrimralmgs7ombgtheﬂ.sabdt&uh&&equent

farlurg s et a Be i a0 dE (gv-l;zfé-ér?&' Lh8CRLLEXa! YRE: p3Bcesked SLP
218 can ropor' to the 0OCCS controller 111 that a moduloe
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 controller 111.
Tt a line failure occurs, two alarms may be
sent to the OCCS controller 111. A photodiode within
20 the second LTE 114 may detect a failure by detecting a

loss of light and a receiver assocliated wilh
transmitter 206 may detect a loss of communicalbion with
the second LTE 114. If both the first LTE 106 and the
second LTE 114 send alarms f{or the same failure, tLhe

25 OCCS controller 111 can coordinate the alarms and

determine that one failure occurred.

In step 310, the 0OCCS controller 111
identifies the type of the new failure using the
information received from the first LTE 106 and/or the

30 second LTE 114. The type of failure, either line or
module, is determined in order to determine how to
restdre the failure. According to the present

invention, l1ine faillures, such as first line failure

21



| 1~1. The optical cross connect switch controller of 2 c7.aim 12 \Msw

ein said restoration determ ning nans 3 conprises ~I failed facili t‘L2 EPy}ﬂ%?
det er maynpwyrgsiieans f.or 5 determning said failed f.aci | FCEHYSHRPRD
restoration det:ermnincJ nmean:, i:or detex~mn.inc~ 7 whether said
subsequent failure :is restorable using fi said failed facility type; ~)
previou s failed facility type determ ning neans 1(1 for determning a

previous faile aci it and LI, .rest tion deternni ans for
det erni ni ng | ?PQ/\Le?ng é&PéasaBQéhq&é-‘ﬁ‘tluflé“l %L?% i°d G erse[S-Lde‘%fﬂl%‘ M
sai d previoi xsthai pedtbati blhtwynioppe.l2l ok5.v L‘qur\mptdmailr:dr 0355 tacnrmtemn swi tch

controll er of neﬂﬂgun 125 wh | rhs@ d Lestigyat mﬂcgp

cornprises restorati on means festor ng sai d subsec uenf failure via
sai d opti cal clﬂ@égl@orﬁﬁéévl@w‘lﬂ&n on al@lf’l‘?%:foml’lacfmekr-ob% eHnnect: switch

contraoa.l er of aasékab@llaaM%emt&ﬁlz@gpﬁﬁi@r@i lcqrb;oommmdarﬁr@aﬂ@n 3

conprise ~I us fal | .ur storation mean re e of one
or nore previ o\l(lmé Py G0 € G\Lr‘i’eﬁeL Whas® ¥t eEHK% ld‘rfz P efcélctd&%%‘hﬁ“al “Y¥a said
optical cross capaedtty’ mﬁ@ufﬂmﬁ&smm] d aaluref r elseor atl on neans

O oSSt ori ng k8l subsequants 1@ & yia sal g, protect . chanys

3.~
12 SEr 20n? 17.°Th a networK Fevi ous ure” an 'glﬁbséquent
failure, a nethodorcker dst @rigwre h@mtvﬁ)r%%dmusml@ t‘heltsreps of :

overcpi ng the;praviQus I@id\w@ 651 NG & 416 SAn@PTOf HETLELD SEBETE, ‘ugﬁt g&ting
the subsequent failure; determ ni 4g%t hat the previous failure can

over cone usi ng ! aTSdcdnd Soridtiedt Dnt &t e : ST ’éﬁlnlrhmhgf?héPTfhé“Eubééauent
failure can bem@we:rlcza)rfmmm:ftg iherdststedrot eciie oprsehetechahnean2mnot be

over come by Usiag: k. Seqand praleet | en. schensco 38l ving bhe, second

protection schéne to overcone revi ous ur e; yFAg the first
protection schmuqraﬂﬂe?mmmtwcbﬂekshb%equent fal I ure. 18 The net hod of

claimd7 further conprisifg {ifi¢ S480 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. Tf 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. If the new failure is a second line failurc

25 406 as illustrated in FIG. 4B, then the second line
failure 406 can be restored on the optical restoration
network 110. Determining the faclility type and
rerouting the previous failure 404 are unnecessary
because the second line failure 406 can be restored

30 without affecting the previous failure 404.

The second line failure 406 is restored by
the OCCS controller 11l sending an alarm to the flirst
occs 108, When the first OCCS 108 receives the alarm,
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determ ning that the first protection schenme is unable to overcone the
subsequent failure because the first protection scheme has al r eady? SR 02

applied to com ng the previous failure. 19. The net hoeC'pOswhaizm 17
wher ei n‘\(hé)q"? 1%+ protection schene is designed to circunvent a failure
affecting a span in the network using a spare resource wthin the span and
the second protection schene is designed to circunvent a failure affecting
a span in the network using a resource outside of the span. 20. The nethod
of claim17 whe¥led nfihet s@&ésoﬁoéeﬁwﬁ?h?ﬁg‘Phaterphlé@p N Oud- ifcaill ure can

be overcone using,@. $£Nds p&ﬁh@gt haatsc«a%etbsblaa%a%umno% figid ure type
associated with the failure. he met hod of claim 17 wherein the step of

det ermi ni ng t hatathepFeIrsas ?ai'lFu?’éacaﬁeb@"’é\}@r"‘dor‘rﬁg&ﬁ’ﬁd £ de g
protection schenevis basedpuponlaeikeetirécatlhe igmevisousfeaid graehi & @wrodul e

failurg or a "EﬁefELgHEﬁLtE%T lifo%cmﬁ@ﬂnoftn@ alimsk7 ywhergd ﬁlh%lﬁi@p of

determning that th uent failure can be qQverconme using a first

prot ection schefBe §15a§e@ GFor 08 fAnawad By patds 498 difePRA Rt he

subsequent fail yegto2dibhe neRiddatk afioclta mhky sehenfi oddre stepefcl o
determ ning that the subsequent failure can be overcone using a_ first

protection schef@PNECKELedCUSOE & SRR 44 SiddEquente rersene ¥ a

nmodul e failure on4athiate rfe@ellwre& t:3fe sélqrﬁaZL Au.when Ale A(écop&: (3 AyE. AhY
CAFLAY. . A@ . AS,

CAY(. A@F A A@fﬁ‘gq,ug{esgo&p‘lﬁ I‘Epall fiA\ Mg (SA\CCA@()A% w) 1 FY . A
. A" A1289<DGR\ clapq‘xon}L}exmmb]p)i]amt]maiﬂlc&U]gm]cha]lmqlcaﬂcca}lcairm@l cajeo@) calcalc
a] c”a] c”a] c”alc”a]calcalc t:c e
6?dk| ~CLZ[ | $n{ CK] } xr mhc” aﬁ ca a] C i faé% ?1} cai cal ca ca) ca]ca]calc
a] ca] ca] ca] ca] ca]E@a’Jl@Mﬁfva]Léai cR&) ]L@aﬂ‘{:lailba] falkar¢y The OCCS
controller 111 retrieves the information from the first
5 LTE processor 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 heing
restored using the protect channel. As mentioned
2 previously, although line failures, such as {firstL line
failure 404 and second line failure 406 typically can
be restored on a protect channel 212 or via an optical
restoration network 110, a single module failure 410
often can only bhe restored on a protect channel 212.
25 Therefore, if the new failure is a module failure 410
as was determined in step 312 and is illustrated in
FIG. 4C, then determining 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. 4C, then the 0CCS
controller 111 proceeds to step 318 to restore bhoth the
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109 ()5f! 109%&p() 'Qz{&'o(n)e‘ P O (9 -adai 1 (AndZXE orher
3940% J- & ()-& 3%0%4& () -& . ]
S 39%0%& () - & @ IRECRLYO LN ((FBRTAEYS VAN T - J9geE Yy enable
gé??@%&éﬁf();?3&%§y§ptii;1{§%ﬁ§;Eignnecﬁ\E%%-%? E§Store\F?e second
SwUBdY7! t (%_10% [mgd(u)qgi_e(B?f_a(lljd{fqﬁ ( )t('ﬁg; ;Cgac_s&'cont o1& Qi Yelds an alarm
T(10% u" u& () - 8! BOURIY )t SIERMOUTR CIRB2 N 1994} & K ) LIBs gMNPIET LD &0 10
. 20 an unrestorable failure, .
10! " (109&' ()-8! (10%uu& ()-8! (10% '()-8!510@&x&f()-8#szX6NV!!y , Z) 10%vM
& ()-4!p,z)109 D The NNMC has staff and computer systems to
fh(ibﬁ{a,fiéng?ﬁéﬁﬁcéi£%%é?é9@ﬁi§)féilaiéQW&H&i(&aéﬂbdle%&}&htb&QmVHi7!!
17,z ()4 L Z2) 109 ()= . . "
U 2) 1098 ()-4)! “),”25‘10‘5)& (‘}L-‘ﬁ?'{‘%%ﬁoﬁ/&’ BEERS (30 4b2B| bRt BCITBUSIGATIEN - 211 BS
10%QJ& () - Z1! $109&%¢PxriZ11 21DYBECONPL0EBLSY S £ &WAL 08B&N ) NNMC may provide
10VAPWMJ3. 7! ! $109 - bys 2L A BLOVENE ) 3 €4 TS 1QYX N TVALID:Q %R (21! 1 $10%
CBCB&f(Y-Zl!I$1§§%§%§§?%%?%1398@mé¥lg%ir§ RYxBxB&, Lk nd t%a%%gé&4gl&g'
| 1JVKI L Z\ " r P7! $'$1b9BBRI1 %aP166xYx3R1P) €58 2DUERE FPchi@sFirst
exchange 104 and second exchange 118. If automated
computer systems do not automatically provide reroutes,
they may provide information to staff that manually
30 implements changes to the software to reroute traffic.
I'or example, if multiple faults occur on
telecommunications cable 113 that cannot be restored,

either computer systems or stalf may modify the switch
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g () - &10% W& (Zhe annu§ 9%4C19ha9 cannot. be restored until the
channel 214C is repaired. Often all channels 214
within a telecommunications cable 113 are not in use so

new calls can use the remaining channels 214A, 2149,

10 ... 214n.

In step 318, the OCCS controller 111 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 0CCS

—_—
n

controller 111 sends a command to the first LTE 106 Lo
switch the electrical signals that were carried on the
second failed channel 214C to the protect channel 212
to restore the new module failure 410.
Tf 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 OCCS controller 111 retrieved information
indicating that the previous fallure was a line lailure
404. As mentioned previously, the scenario of a
previous {irst line 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 0CCS
controller 111 can only restore the new module failure
30 410 using the protect channel 212. As a result,
restoration by the OCCS controller 111 of both the
first line failure 404 and the module failure 410 i

possible only i{ the first line failure is rerouted to
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the optical restoration network 110 by sending an alarm
to the first OCCS 108.

The OCCS controller 111 sends a command to

the first OCCS 108 to reroute the previous first line
failure 404 via the optical restoration network 110.
The OCCS controller 111 may restore any number of line
failures by sending alarms to the first OCCS 108 which
will reroute the electric signals via the optical
restoration network. 1In other words, if channels 2144,
10 214B, and 214D experience line failures prior to

channel 214C experiencing a module failure, each line

failure would have been restored by the 0OCCS controller
111 performing earlier steps in the operation of
optical termination and cross connect equipment 30l

15 when each failure was experienced. The result would be

that the first line failure would be restored on
protect channel 212 by the 0CCS controller 111

performing steps 304, 306, and 308 and subseguent line
failures would be restored via the optical restoratlion

the

20 network 110 by the OCCS controller 111 performing steps

306, 309, 310, and 312. llowever, recgardless of Lhe
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 fallure 404 is rerouted
via the optical restoration network 110 to make the
protect channel 212 available to restore the module
failure 410. After the line failure 404 is
the £irst OCCS 108 wvia the optical

restored by

restoration networlk,

30 the first LTI 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
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- 10[[ 10[[ 3rocesqoru, such as processor 506 connected to bus 504,
10[[!" 10%[&'&) % 0% T VR X60P10! T S
0/&00/&' SI1S'S -Cgl éitﬁ&%}’&& (5}’@]1 }'%%U?ad%“ 1

%10%&'()--I10%&W@yeXﬁY¥$z@@G*ﬂFEFFF“WmﬁﬂQqump:N} RAM) and secondary
storage devices 510. The secondary storage devices %10
include, for example, a hard drive 512 and a removable
storage medium drive 514 (such as

10 cxample) .

a disk drive, for

The functionality of the OCCS controller 1)1

preferably performed by a computer program thalt resides

is

in main memory 50B while executing. When 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
of the processor 506). Alternatively, the

functionality of the OCCS controller 111 is

{and

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

In one embodiment:, the present invention 1is
computer program product (such as removable storage

medium 516, representing a computer storage disk,

a

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 11) controls the
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invention have been described above, it should bhe

10 understood that they have been presented by way ol

example only, not limitation. Thus, the breadth and
scope of the pfesent invention should not be limited by
any of the above-described exemplary embodiments, but
should be defined only in accordance with the following

15 claims and their equivalents.
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10y610@&f() 31@%Eq)pnexﬁoug falfures, co£%£251ng the steps of:
4 {a) detecting the subsequent fLailure;
5 (h) identifying a failed facility type that
O caused the subsequent failure;
7 {c¢) determining whether a protect channel is
8 restoring one of the one or more previous failures; and
9 () when it is determined in step (c) that said
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 wherein said notification includes said failed

15 facility type that caused the subsequent failure.

] 2. A method of addressing a subsequent fallure 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 subseguent

N

failure, wherein said notification includes a failed

6 facility type that caused the subsegquent failure;

7 (b} determining whether the subsequent failure is
8 restorable via an optical cross connect switch; and

9 (cy addressing the subsequent failure.

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

3 (i) determining whether saild failed facility type
4 received in said notification of the subsequent failure
5

is a line failure; and
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3 (i) determining whether said failed facility type
4 received in said notification of the subsequent failure
Y 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
) previous failures that is restored on a protect

10 channel; and

11 (iii) 4if it is determined in step (ii) that said

2 previous failed facility type is a line failure,

13 determining that the subsequent failure is restorable
14 via said protect channel.

| 5. The method of claim 2, wherein step (b) comprises
2 the steps of:

3 (i) determining whether said failed facilily typo
] receijived in said notification of the subsequent failure
S is a module failure;

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

facility type is said module failure, determining a

8 previous failed facility type of one of the one or more
9 previous failures thalt is restored on one of one or

1O more prol.ect channels;

t (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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] additional protect channels, repeat step (ii) to

2 determine another previous failed facility type for

3 another one of the one or more previous failures that
4 is restored via another one of the one or more protect
5 channels; and

6 (iv) if it is determined in step (iil) that said
7

another previous failed facility type is a line

failure, determining that the subsequent failure i
9 restorable via said protect channel.

LS

| 6. 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 fallure

5 is a module failure;

O {ii) if it is determined in step (i) that said
facility type i1s said module failure, determining a
previous failed facility type of one of the one or more

9 previous failures thalt is restored on a protect

10 channel;

11 (iii)if it is determined in step (ii) that saidq

12 previoug failed facility type is a module failure,

3 determining that the subsequent failure is not

14 restorable.

] 7. The method of claim 2, wherein step (b) comprises

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;

G (il) if it is determined in step (i) that said

facility type ifs said module failure, determining

previocus failed tacility type of one of the one or morve
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1 previous failures that is restored on one of one or
2 more protect channels;
3

(iii) if it is determined in step (ii) that salid

< previous falled facility type is said module failure

S and additional previous failures are restored on
6 additional protect channels, repeat step (ii) to
determine another previous failed facility type for

8 another one of the one or more previous failures Lhat
9 is restored via another one of the one or more protect
10 channels; and
11 (iv) if it is determined in step (iii) that said
12 another previous failled facility type is said module
13 failure, determining that the subsequent failure is not
14 restorable.

] 8. The method of claim 2, wherein step (c) comprises
2 the step of restoring the subsequent f[ailure via said

3 optical cross conneck 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
2 the step of:

3 sending an alarm to a centralized network

4 management center,

"
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facility type of a subsequent 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

0 connect switch controller of said subsequent failure.

| 12. An optical cross connect switch controller,

2 comprising:

3 a processor;

4 receiving notification means Lor enabling said

R processor to receive a notification of a subsequent

6 failure, wherein said notification includes a failed

7 facility type that caused said subseguent failure;

S restoration determining means for enabling said

9 processor to determine whether said subsequent failure
10 is restorable via an optical cross connech switch; and
11 restoration command means for enabling said
12 processor to send a command to restore said subsequent
13 failure via said optical cross connect switch.

| 13. The optical cross connect switch controller of

2 claim 12, wherein saild restoration determining means

3 comprises:

4 failed facility type determining means for

5 determining said failed facility type; and

6 restoration determining means for determining

7 whether said subsequent failure is restorable using

R said failed facility type.
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8 said failed facility type:;

9 previous failed facility type determining meansg

10 for determining a previous failed facility type; and

11 restoration determining means for determining
12 whether said subsequent failure is restorable using

-

3 said previous failed facility type.

1 15. fThe optical cross connect switch controller of

2 claim 12, wherein said restoration command means

3 comprises:

4 restoration means for restoring said subsecuent

5 failure via said optical cross connect switch.

| 16. The optical cross connect switch controller of

2 claim 12, wherein said restoration command means

3 comprises:

4 previous failure restoration means for restoring
5 one of one or more previous failures that was restored
6 on a protect channel via said optical cross connect

7 switch; and

8 subsequent fallure restoration means for restoring
9

said subsequent failure via said protect channel.
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applying the second protection scheme to overcome the previous failure; and

applying the first protection scheme to overcome the subsequent failure.

18. The method of claim 17 further comprising the step of:
determining that the first protection scheme is unable to overcome the subsequent failure

because the first protection scheme has already been applied to overcoming the previous failure.

19. The method of claim 17 wherein the first protection scheme is designed to circumvent a
failure affecting a span in the network using a spare resource within the span and the second
protection scheme is designed to circumvent a failure affecting a span in the network using a

resource outside of the span.

20. The method of claim 17 wherein the step of determining that the previous failure can be
overcome using a second protection scheme is based upon a failure type associated with the

failure.

21, The method of claim 17 wherein the step of determining that the previous failure can be
overcome using a second protection scheme is based upon a whether the previous failure is a

module failure or a line failure.

22. The method of claim 17 wherein the step of determining that the subsequent failure can be
overcome using a first protection scheme is based upon a failure type associated with the

subsequent failure.
23. The method of claim 17 wherein the step of determining that the subsequent failure can be

overcome using a first protection scheme is based upon a whether the subsequent failure is a

module failure or a line failure.
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