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30 developments in multi-wavelength component technologies are resulting in
increased commercial availability of 4-, 8-, 16-, 32-, and 40-channel WDM
(wavelength division multiplex) links (at 2.5 Gbps per wavelength or more) .
Transmission of such high data rates over single fibers also
results in making the network more vulnerable to failures of larger
35 magnitude. For example, a single fiber link failure can disrupt
approximately 130,000 voice channels (DS0) when the fiber link is operating
at 10 Gbps on a single-wavelength or at 2.5 Gbps on each of four
wavelengths. Consequentiy, redundant facilities provisioned for dynamic

restoration of service also need to provide a similar magnitude of capacity
40 on the links used as backup or spare links for ensuring network
survivability.
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material respect such as signal-carrying capacity (bandwidth), number of
wavelength channels, modulation scheme, format, or protocol. For example,
35 certain high-traffic links may have been upgraded to provide increased
bandwidth, by increasing the bit rate of signals on a given wavelength
channel, by providing additional WDM terminal egquipment to support
additional wavelength channels, or both.
Thus, for a variety of reasons, the network may have a link,
40 with terminal equipment at each end, where the signals on that link are
alien or unsupported on one or more other links. Since at least some link
in the opposite direction will not support the signals that normally travel
on the failed link, ring switching is not possible. A particular type of
heterogeneous network, namely one containing single- and multi-wavelength

45 lightwave communication links, is sometimes referred to as a hybrid
network.
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that are not normally required to handle such signals, since those nodes

30 are bypassed due to the operation of the OSNs.
A further understanding of the nature and advantages of the
present invention may be realized by reference to the remaining portions of

the specification and the drawings.

35 BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A and 1B show typical prior art ring and mesh network
topologies;
Fig. 2A is a schematic of a prior art four-fiber bidirectional
line switch ring (BLSR);
40 Fig. 2B is a detail view of an add-drop multiplexer (ADM) at
one of the nodes;
Fig. 3A shows span restoration in a SONET ring;
Fig. 3B shows ring restoration in a SONET ring;
Fig. 4 shows a typical hybrid configuration with a number of
45 single-wavelength rings sharing a multi-wavelength liﬁk;
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to an enbodi ment of the invention; Figs. BA and 8B are schematic vi-ews
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software in a specific embodiment

Figs. 16A-16C show the use of OSN sub-modules to achieve
additional functionality;
25 Figs. 17A and 17B show implementations of bidirectional
supervisory channels;
Fig. 18 shows an implementation of bidirectional WDM network
data transmission; and
Figs. 19A-19C show the OSN deployed in networks having mixed
30 types of terminal equipment.

DESCRIPTION OF SPECIFIC EMBODIMENTS

, 1.0 Technological Overview
35
1.1 Network Lavers

Discussions of network communications are often with reference
to a network layer model, such as the International Standards Organization
40 (ISO) Open Systems Interconnection (OSI) reference model. The OSI layers,
from the highest to the lowest, include the application layer, the
presentation layer, the session layer, the transport layer, the network
layer, the data link layer, and the physical layer.
The application layer supports semantic exchanges between
45 applications and provides access to the lower functions and services. The
presentation layer deals with representing data to the end user or
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35 cptimized for such use are often referred to as bidirectional WDM couplers.
Some other optical elements such as isolators and circulators are often
used in conjunction with WDM couplers to establish bi-directional
communications over a single fiber with reduced cross-talk, back-
reflection, etc. Although these elements are not essential in theory, they

40 are useful in practice.

A given optical fiber that supports transmission at a given
wavelength is likely to support transmission at a number of closely spaced
wavelengths. However, it is typically the case that optical amplifiers are
disposed at various locations in the path, say every 30 km, and a typical

45 single-wavelength fiber link is likely to have amplifiers that only operate
correctly for the single wavelength that is being transmitted on the fiber.



5 WD 98/ 47039 PCT/ US98/ 02515 A different optical anplifier may be needed to
support nulti-wavel ength operation. Prior to the devel opnent of

er bi um NPEHPI%er anplifiers, it was necessary to intePCPASI%Fener at or s
(sonetines referred to as 5 repeaters) in order to naintain the signal. A
regenerator would convert the optical signal to an electrical signal,
anplify,t hgfe%legctr i g £ and then reconvert the anplified electric
signal to an o 1fl"8a1‘:"’15| gitat ™ oFhEY PRJERttat oo RERF “also  FESREHETBr ot her wi se
condi tl?ﬂ‘?rf‘?fé?nel ectrical signal and resynchronize the electrical signal to
a mast er networ k PEieicko (ire deyehemriehnlsifeyrtinficiored délorrvemtlifigedst 1t0 an

opt i cal vssi geralssa@onmentevaved ergélisardor (4udetirasfidiesraat t£ akr ansm ssi on

i ncbuderepayedrenginhsrde theaneiaghhoehaads:. of 1£3dQ-Bm-anc1550km However,
the er bidenysuiphi foighs Qp%ﬁlaél%cgﬁdéllﬂghgﬁ aAp?lQQ%Q@Eré.@gerlc E%n%? as a
pract i Cﬁ‘ld 'n@nt ?écon&écﬁ:otﬁgna&gl@'lﬂé e&gcg:rv‘@vs%?ﬁaqg;:o an %ptlcai Cg xb typl cal

mul ti-wave ra%h envi.ronme s t}g%/a c% y 0.
(corres‘?(?n(’:l ¥ § 00 S S8t LB5 O ARY 8T PRE AT t&ﬁuelif‘érlcf‘}/ﬁléaﬂ y | n the
ran 9 ESOPEEPF Him" DT tElF%trﬁSTJe(il?’f?ét £ 2 BRFEAB MEEERTE Btocknidift i - wavel engt h

fi Ber wWoif e eyUisters masoreattiraalferergt PPiicak sparadt el Sprmoregevmeased, t hus
requirifry vsa\BM déatdoti pltexermikorons emdhdeg weaciengasel € nge heigibdrh@dsncom ng
fiber terasseparaielssegener siweliedndha VBT pl%espekfc2An LG aNHeNe t he
regener B500nORLAGA| arfd 9P alsSa Pk e RULHOI D%Of hxb%maﬂ;@.e{ﬂ% %&lgxghc' asses
of optigalnbider.refy @Fxceaq mt@swa%'emlg@h 49 ona MLl Lz imde.

mul.ti hie ativel x ng, pi call Iy usedr only for
sholtrst SPPCL% &8 End cations applicati gﬁos %z W J‘os(f ??gt ‘}rl S8 e¥E) Bhis i s

| e

becauset@’iga Mi f’ér’:&ﬁtraﬁ%%lé% 185? profalht i Hnlﬁef%ed 283 i5f FRgeBAtatOrafitsit ti nes
al ong tREtfiHErlengsh dilspemsith rBeEemedah sichavetaeath fogcteprranadr | ong

di st ancesgendral3eSONETs Restigiad i2oPM8@etyi titi@xdi Soussndindg hath froldiensh t he
speci f i en ttypeinobmingt Midek toSa s@psydtehrapoetmtoptantal wemntdo162GNES), which
uses ti peotlbiteStioN reé@ﬁ'eiitﬁheé@tn'a]( E@Aal%’%@iﬁem&gEm sghannel s are given
different tine sl@tse Mttdbn.ateane. op'%%il pode. '&%L Fasté‘@saél% gr op

mul ti pl exar . (APM,;t ipterfa ectronj c devi ces
that are toacog'irutnll E%e §e mh(feacﬁg hber (l)%err???rﬁvellﬂ?' RO A SSONET

net wor k* prévides? 8?‘?5’8% f°f raREpSPAE2 f°r°8‘ﬁ‘i“p}6?tn‘t°nf GPRLISAE 1 Td ($74s5% he
capabi I?‘Tﬂ?rﬁfor PO di TGS rlesheseaes Ghe Fibtaneat mofefe of rRreRRIAGHCT ibavs

apsi caftifersptwrrdnsodt eres pheng thf fikgmi paldiewprspehecomesich as devi ces for
rout i ngswhMidaRr forctot beer flypesisohcgacket or synchronous data. 40 The
SONET ADM provides two broad functions. The first function is extracting
information {n o§ESfrdsbE-ii®e Sl ots fromthe incomng working fibers and
outputting information into that tine slot for transm ssion (along with

t he j nformation | tthe oL her t| sl O]tor‘?z” fiber that continues in
the same directioft “Hne SEEHT fONCET O P S tﬁ% 8F1ffdl‘;n1iyﬁ’§ o BEEFEAlS

SWi t chi ﬁgsyf’ﬁhrr°é‘f"6%t°§t}r°ﬁ‘%d?er‘iﬁ?’f}brﬂs?iﬁfrb tﬂﬁé°$P6?%é%T%ﬁlv#sll%rs in the event
of a faFtreleH eNEPEY whtresnotult frelef Fipmpelq pks given @ifferent time slots

within a frame. Each node includes an add-drop multiplexer (ADM) that
interfaces the fibers to the electronic devices that are to communicate

35 with each other over the network. A SONET network provides reliable
transport from point to point and has the capability of providing
restoration. However, the invention finds applicability with other types
of terminal equipment, such as devices for routing ATM, IP, or other types
of packet or synchronous data.

40 The SONET ADM provides two broad functions. The first function
is extracting information in one of the time slots from the incoming
working fibers and outputting information into that time slot for
transmission (along with the information in the other time slots) on the
fiber that continues in the same direction. The second function is

45 performing electrical switching to reroute information onto the protection
fibers in the event of a failure in one or more of the fiber links. 1In



WO 98/ 47039 PCT/ US98/ 02515 this application, the term"link" wll be used
to refer to a communi cation path between two nodes. The term "span" is
sonet i meWOMBHA0P0 refer the sanme thing. Fig. 1A shows a PGPUSO2MIS or art.
ring network topology. Fig. 5 1A shows a ring network in which a plurality
of nodes 20 are interconnected by fibers 25. Fig. 1A shows a bidirectional

ring wherein eggchatgodetgéan se,,rlld k"nd rlecel ve signals to and from adj acent
nodes on tReTing - THe “ROdEE" AFY dBigRarEH 20a7°T881° 20Rem™Epicaticlng ar e

denot ed %?sthH%\e\Fwﬁ - RFMVEOSSFhe TheoRETC SR €5 BYfIEE T9fg Ul tP i 15685 the that a
fiber fota™srgpagati ng signals 10 froma given node to an adjacent node is
provided with theFéaf flAxshogomprisicay driter laet t:ahg siskchoxk @bpdibgy .Or rgi.nati ng
node sandia Beowses eiivig N@twsrdkden whOfh axaRRh By eo20a »6endsi skghahscdeg node
20b on fipern25ady. angg. rﬁap@hmsa%lqméécilérraml@,gd@,eagbn Qi iBEL Zpba. Wiile

from the,pqi ce i L o cr;ol sona . i referred to as
cl ockw se&gn%hcgitr;&ig %t e h(gg‘:’r IEQ%%%A %E dg Ekf L ew {ht *he° o

directions are arbrttari 2Zoscl’ Hat eaan&pasrter 8%1’?%8%&%5%@??@5% of® west and
east. Fi me_“L"B‘%HﬁAée%?rfiﬂﬁ GQ‘F BPET tartehds ARt W R9erEing sonplural ity
of ndes =0 JESATETARES &8 &y adisicgrangde és arrdvidednyisthhee soffds in 20 the

net wor k sdmariqiperhe3tten subfix cfigde @tigieasts sode anddes srceiciapgabl e of
sendi ng ard. r Foeiakanglesi ghidal soalbé&eBt sgnh0s @B thdde 0NOLNBE €ib&ARsa Rak I of

adj acent r#eS:. sidhalherparbiis Wodloe X! espahown, there are four nodes in

Lhe network, and caefh Bas: 2ndidetl EAMRGCL 0 t&ngsn ghgtdqgéc&@ree nodes.
our ectl oha i ne

Fi 9 2A Ie%ea 2L erggtl %c w Qrdf oun%e cl !
switch ring %cﬁ? 5 ]flidn FRFS ST H oM B ﬁrﬂm h°PHaf B4Ch 95 BE™ in
Fig. 1A H}f é?’t?a?fe aﬁbﬁrar”?Ad%srlgﬁa"ﬁ .prsaream Bt dovmszreasy ¢the
wor ki ng %§7& §of&ction fibers. The ADMs are designated 50a, 50b, 50c, and
Sod, and the four-FTleélB $hawk s2 [sebiveeé rerddy aaremteshodegoel ehdesngnat ed 55.
Fi g. 2B showsitgddi hbdesabo dehdidng Gfcedne sOfnatl hecARMS fremyeMVhoddd B0a. It i s
conveni etihe hocwdesivghati®e£ach. f ithefhisncdsbe drel sk KseCasd NG et Eapabik expanded
ver tSIh on of fstemnetunrae;éawvﬁ@h@f@ai; %&T}&thy tIoAaz\lA%\’g?%ng Wg?& Anld ?e alrhgis 2
protecti §ar? tf‘é‘ge%& D@%ggté'g?l ) examBE ssgxo‘fnv(othere ?ref rom eaceﬁ r’f tvvo
d| recti oy aRd°fwo outeac htaSV\%r d§ecéa8 5FE R0t tf’%\b’taf‘? &BtToh®5desi gnat ed
35 west and east. FE&cr?Af thér sgurprtigsohat E’amébWef‘P‘ﬁcffh‘iPésb’eﬁlmqéPhﬁ and
prot%ct i &¥Pef FWEEh Fag hBLEput Piert 2% diffient caresFigi t 1R an wet i<eah fieeei ver 57
t hat converfiis. tthehayodulcabedrept iicaligsi Pnat a paixr edraiespondingdednect ri cal
signal . Eachin®uhpHropédthof GIBeMY . C aftRSAMMst AreaBe Ahh Rl s§4,aB8IN tdLr 428 t hat
convertssideasd esd rrbgaleislgnalxd Qet@retPld §&ng'ldags QQ’EI &ééllgéétgélasls 40 ADM
50a i ncl udes west -f,q- %s;hodq@nyadahqgn%g Jgegﬁgol £ AN 3,600,aN, 035, -t 0- west

dem.qtlng: nyiltlplex unltt 62 > r%p ortion
demul'ti plex- nul fipl'ex unit separates c | 6n’i”ng Bi ﬁ‘é‘i% ?‘i‘fofcﬁ'é‘g W fferent
time slof% eéﬂ%f’dégn"(firf’r%hgf ttﬁénl}“mPﬁ”emﬁlﬁth‘b? EX°DEPEi Gt ofreEacich fiber
denul ti pP&kAntHthe extidi ¥ 9Pl aciesiqreshts neether He vardpviaiahs ¢ovrdi b ened 45
si gnal s pratgctivai fibeesp@b¢ iAPY Hdsne Sheot pofar, tet LamSNEssd each dheawo
denul t i pHevecridsi plexwdlphtSitaseaeiateath witt thobb e wabdddeBel dnk petes RpRt & 1 enove
35 west and east. Each fiber pair as noted above includes a working and
protection fiber. Each input port communicates with an optical receiver 57
that converts the modulated optical signal to a corresponding electrical
signal. Each output port communicates with an optical transmitter 58 that
converts the electrical signal to a corresponding optical signal.
40 ADM 50a includes west-to-east demultiplex-multiplex units 60
and east-to-west demultiplex-multiplex units 62. The demultiplex portion
of each demultiplex-multiplex unit separates the incoming signals in the
different time slots and conditions them; the multiplex portion of each
demultiplex-multiplex unit places (combines) the individual conditioned
45 signals into their respective time slots for retransmission. The

demultiplex-multiplex units associated with the working fiber ports remove



7 WD 98/ 47039 PCT/ US98/ 02515 data intended for that node (shown
schematically as an arrow pointing downwardly away fromthe unit) from one
or noreVPI¥483%ine slots and insert data intended for tPEE/USINO25hDde
(shown as an-arrow pointing downwardly into the unit) into one or nore of
t'he now vacant tine sI ots 5 The denul tiplex-multiplex units associ-ated

W th thﬁ rotecg f% Qrts. need not provide this add-drop
funct i o313 t§-°"4FT K8t fi‘f:aISh°"f“rrﬁT}éaﬁéﬁ’tcﬁ‘H>6ﬁ§ ﬁ?éﬁ%’ep‘?ll’i’él%d drop

functi off %ﬂni“’f‘ff{lﬁ’o"f‘“’aéfl Frot“‘héhedéﬁ’tﬂ t FEeRRe AEIMOFPIEXERINELTES Fheter et to provi de
t he maxipassr \dats attictkinded fADMS 0axt ardhdrhdwnchudasaprwdoshoimef or el ectri cal
sSW t chi AgmmgerdilOinteathecacit) demdl driepbexnortll dfi PheeXowFatartaninece®itde it s data
from anyndliethe ipIeHCRINME Sexailth U RUE1 dtb8 WHaE A HkOp:ARYtQbntiBet ARSI tL ErS.
ADM 50anadss Qo ipR6}iides,:Br Q- 8t QNedR e PARS 1 ), 90ASudd QPR R.Pr Ot ection recei ver

h 3A sh
\tAﬁat ?S 11?g.r gﬂglsngro%&’é %ﬁya%g chro néuncglonaln\.,@g Qgru%lf%FQﬁe_mufSl%lﬁl SSI gWS

an res ion

when a WortklfD & fmjbts HrEaks t8rpr§6’rf§ Btha x’@&ﬂlvﬁﬁﬁ?ﬁlhf% g., an anplifier)
on the worKki n | i 3R PRt (FRTThRR nREdeS e OMT EoBx EfFp PEECt T PRI S B SR HIFdSS0b ar e
con¥fect éblatbya%ldk‘i‘%glm ot elek witf fdrersceBBabns adrda BSabmyf of the

comuni caddiomss kndmusiiv 500 dece ADMNFOLX, thedrhbbntihedrsby Ap@ricanglscand

pr ot ect iffLulikbersviibawoarktsShkap: § @fo anpatkEdhoRse{ @M ARNL50b t o 20
50a. | ncbhRsshRehf igzofeRID @raddi@rddrnif cllghd RAghddy working fiber 55abw has
failed making nog/ml,cqpmpunical agq%éxrr%m £PM 303, r%séé)gtlgwg plepue. The

g
dr ng L if f OFt trs nsm rs and receivers and
soan%g of sf’hw%ang%ul télhl 15 Whefril ‘Torﬁm it era?reeaﬁ%t sHSn " SENEET PR or at i on
provi ded®f%r &t é&‘flﬁf&‘é‘f I ﬁnst\ﬁet"ff’r]ﬁ“r@ tHe £3%sgj gIﬁ‘aF%E FRe i FFE™RICher wi se
have be@RMsdi5P&@R8F Foaxh ecrnesrrdhPY twerkingr andypriieqidn birers5dbir odt hat t hey
are dir éstpdfon chlyeint rarions tfiirem APYrs0aprcoRRC 5PN ahil sy tidsabp .wokklirischer nor e,
t he el eahd ipzatectnbd Ghbéexg AfbaADMASERbapl REOGMIMER Sk bats the sivgBab $00t herwi se
expect edot 0 be vhechieves f tampidie cnd gl ek dear Wb kiing fiiberssahakus ar e

i nst ead ¢t 0y e mag% e Qmmwfca%Qorrse@@a Y by 61 tgr%beg&gogglﬁf berm§5abp, and

perfor \pprop outin
transf g‘r%r edm?o %@E l’f Qh g :LE)er FOBY tgansmfte(fst ad{ﬁ F'%lrnssranm%ter for

wor ki ng *PTb&F %béwulﬁ exB"B‘lE ‘Wﬁ‘éﬁ a|r§ T1&f¥1Bd to as ring restoration
(or ring sw tchiAYET ’v?ﬁﬁteﬁatllgn PEGicee df Rhevecarifet ki fyitdbes thenk and its
35 2orr espraidi Fgptprotlé citherwise beve | hegk digp¢teft bre the guyrestshoms fohe nore

ext r ene wvockisg fMrer esshot sowaraki rigyf adensreanel hot theptGinegidren fdorbers fail).

I'n thispréesRiositghad ssdpat ARt rhord)erioaTRHE Catt1e 6y ftERMARMaBRas o0 ADM 50b
on wor Kle@&gmwserthééahxvsqgﬁaﬂl Letedet & @twwtﬂe k&ew@d epppshie direction

on protection fiber Al xcept for ADM 50b,
40 recelr\%ge%tvﬁ gorl{ V(v)onﬁkm %Q A Ia?abwh%rep?r(% ec |t8n£? |°B i adfef)or%ard it to the

next® nod& UNEhaTged  FThus™ ogRAl 87 RSTEREP eaPBf‘FPé:r"@\Feséc"ﬁtdnBesor ecei ved
by ADM 5618t &ﬁemﬁﬂkﬁ%ﬁg tP‘?‘béFe EEBa‘EﬁNtﬁ?r@f?"e’i?él SRedPHFOpr GrEcTPEN PEBer 55chp.
Si mi | ar |opmmyrieatgdgpaltye tYrarsmisrer Lot endeidot Hibbe Seav. fr om ADM 50b t o ADM
50a on working fi Bes. SBhamawamdat erotdfedrddotpragt ecki gastbidyepn Sbbcpingnd 45
pr opagatseiedauad, Whecw iagetiidehasmepposbiiandi 1idet i10Ax dpei 1@ recei ved by ADM
35 corresponding protection fiber link fail (the figure shows the more extreme
case where both working fibers and both protection fibers fail). In this
case, signals that were to be communicated from ADM 50a to ADM 50b on
working fiber 55abw are directed to be output in the opposite direction on
protection fiber 55adp. The other ADMs in the ring, except for ADM 50b,
40 receive the incoming data on the protection fiber and forward it to the
next node unchanged. Thus, the signals that were otherwise to be received
by ADM 50b on working fiber 55abw are received on protection fiber S55cbp.
Similarly, the signals that were intended to be sent from ADM 50b to ADM
50a on working fiber S55baw are rerouted to protection fiber 55bcp and
45 propagate around the ring in the opposite direction, being received by ADM
50a on protection fiber 55dap.



50a on protection fiber 55dap. 8 WD 98/ 47039 PCT/ US98/ 02515 It is assuned
in the above discussion that all of the fiber 1inks are single-wavel ength.
The sche9%8dUBPY be i nplenented with all the fiber |inksPGRU$AG/02515

mul ti-wavel ength if every node had WDM equi pnent for nultiplexing and
demul ti pl exi ng the individual wavel engths and if the SONET 5 el ectrical
term nal equi pment |(’L were replicated for each wavel ength,. F| g. 4
shows what is ref & rEFTE"HEs A HYLPIUS MECRBTEROW AT &1L AfuFH i

si ngl e- WAVEl BFySATFIGura el et L 8Re sphemey goulshie 7gpleggptadayitiga ]at§ﬁar ed
mul ti - waivedrehttds beink BOtbetvekmoth péi ¢veol modexd8ly andr8s férat are
comon troltibeetibyesndr dagdtidiexirg posshdivedta vagllempht dodi & shacenthe 10
mul td - wavedtegdih chimikal @fuipnend depid) 2N $6)10BacAPAE bicreGMalehdtnd
plurality of singkg; wavegbenghhc |1's“¥e%ep§éci"’@8%st9 (Bﬁ%eﬁetm%%%m ly,

mul ti - ngi el ink. 80 ¢ cons t articul ar exanpl e)
as perf gr E}_ 1nﬁle -wave ]pg tfour flber 53 ?I n g 78éaC fajae at ed to

? ction o sm}i%ewaveenth
its partli PRy P HOWETET PP tREVEtafptE T sHofr? estﬁj@‘ vt §rham aFeason 15
for outPrt ﬁoﬁ'@m} Fﬂkth80tftr6e§1ﬁﬁ?*t| e FePtgbie (EBrif“Pbﬁ}eaflt@hs gnEh&bet he

t r atf i c "hetiwarrlspeids 1 8facandr82ge nepniel sekerepepashtl legudleaoyy and t he

| ar ger mlwditpfofweinglengvéienpgey lhekss uppeeth ethearpdehat chaaektudinyt he event of
a fail umeitinwadillehgttayeleBgtdanl juak B0 conasFamNi tatho BarhiRhvaeaxaikB2a and

ADM 82D Jgagk R8st iHeCEhudctidN6F & 3R 20hR0MA ShRg) %aé’i@\é@él%'agéch tbi NYs,

such as JELC’L% $c{Qn erlngnd Z&v\é’%‘o%‘é‘r thQté&ﬁané‘ sMVQPr&eC %L Anpe r!é§e‘%'x to
)i

reroute ea chann iscussed above. To
theggxt &Rt t\g?tttlﬁ%qqﬁnbseor tof m‘&itflfwavgn?rpgvvéveﬂné utr %l°8nlﬁ *RKE 88 exceeds t he

number fF 26t BETEEH "PRTgE22 2R tARBr TeYs BT VT EERE1BRA POVEBZFR®and 82b wil |
be severlergerdrymhgpt €fd vavsengthy Tt Persupported mnnéﬂaégyl,nkr estoration and
protection are dithfeeestent bt atfréleer im medt pivatelengits 1inypeeal |y used
gener i Ccalohyurtioat he roetv@erbabih s2£raab exvivi 1b £ef eeSrdstotdaei f aaérd Bad resources
haveo bea et idi18dvavleDerzRh 389, hen datange. ., 7degicat agdosd t ernate paths
or ba“d"iﬂrgE&tQQQ f%bexfEe‘é&ﬁ'&' St téV‘éet:BQéé“Q)ach 3@%1@55’411' o yhen used in the

speci fic sen earch ffor capaC| ty in

LS |
vent of SRR Fipoke SR WA o b B L B Rk
necessar$® f%reé’Fo‘i’ﬁ"ehed\%h%Pnd*lé‘Fuaﬁ)t e’éﬁ?&? %’Srﬁ‘r‘ﬂﬁF’éa?ﬁ%’i?t?‘bt"f’Pnﬁn?ﬁe extra
pat h. 1.78tepl eaTvised terfasy s H2g. a5t SABWE L B5r syPT et EBHPYur at i on usi ng
opt RBal swi tchi ngAsfomartest of gerommelddye fesgararishane HrouectABMRre0a- 90d and
wor Ki ng dfderdpeoti@et tientedmngsstotdia omairsk e gk chi NQusaic berdescdlilpeto kefdes 92ab,
92bc, 92&dbouandpx%2@lanohh%f@fmecahiecfhcrti fighel Bedoudas piwet gehi &dindfitaer | i nks

95ad, 95&0 caéqugé("t‘ﬁe @a'@g %5 a. dI&k%aEécgléﬁgerzQLé’ 3 BUNS Qﬂﬁaﬂ@lcﬁ £h 4 he

net V\Dr k mecganlsm % dl r e %tst\:l\é)ra%i addlll e%l 1X\thlsngc1 %r Ot eCt I On
flber r|n Cft pre nwI do svm;_gc es wou E eprowded
Each ass 5}?1eldt¥) t‘t°| % SR F%Ehes urfd%?’paébrﬁ #BI°V6F" Phe® ADMs. For

exarrpl e, %E)Rmoah’rf&sl%ﬁl%f”f CfieB==POR "aREF - 10%’“&%&%@2@5%\% tTReo¥5 105a,
and ADM G0B ¢fragidxPtsyiibet RosmEoptipnd-al @27 &hel sat2x Pagwi t ch 105b.

1.4 Optical Switching
35

Fig. 5 shows a prior art configuration using optical switching
for restoration. The figure shows four ADMs 90a-90d and working and
protection rings. The working ring includes fiber links 92ab, 92bc, 92cd,
and 92da; the protection ring includes protection fiber links 95ad, 95bc,

40 95cd, and 95da. The figure only shows one-half of the network. 1In a
bidirectional network, additional working and protection fiber rings would
be present, and additional switches would be provided.

Each ADM has associated optical switches under control of the
ADMs. For example, ADM 90a has 1x2 switches 100a and 102a and a 2x2 switch

45 105a, and ADM 90b has 1x2 switches 100b and 102b and a 2x2 switch 105b.

The 1x2 optical switches have what are referred to as primary and secondary



The 1x2 optical switches have what are referred to as primary and secondary
9 WD 98/ 47039 PCTI US98/ 02515 states. The 2x2 optical sw tches have what are
ref err edVPP8d%038r oss and bar states. In the network's noPGCRUSI®AHS0f
operation, the 1x2 switches are set to their prinmary states so that the
working ring is coupl ed to the ADMs in the normal way. For restoration, as
for exan Ie de nzqczvmth 5 brgak in the worki ng mg bet ween ADMs 90a and
90b, switeh 1024 WoulocPtB%a W CRR YD PR AT & ABSHFVETE | ght

t hat wo&fH S&fheegrw%’etlbeenew%c% 88739 Wk?%gpﬁaﬁkorgzabe 1§52 Betefist ch 105
and ont 8¢ et prootlesifri primary HgRteAssuhey the fuekkingering worckipigd| tnkh®2ab, 1x2
sSwi tch 20%s wouitd ndfdabevaget Fbo retsorsetonday fosteabheprlsodaditg wdtvert t he

| i ght, wheadinaikdorRingRking berveentapns dobndad92@h), shi®cRXxid28 Widuth bE05a, which
woul d bgys@thel Qo LS s&dRESrSEAIR &Qreg!:\ﬁqgﬁt thee Lol opnd.q: fr gtection link

95da. T n u ar . states in order
to passqgr%gtgmgh%gﬁég%%m 98%%%23%%&% eg %xzangw tchbe%BOte 1ch woul d be

set to I5"7ts cross-state in order to communicate the |ight to ADM 90b
through 1x2 swit 8 THtHh2 WHCH wouca-He st PEpby tJsxzsé‘(ﬁ’d‘rﬂﬂa’r“y2 “uife. The
fibet | PRKESE £9 dyersseendsyy tHate isghts &P eliNarkabe Wieht | #higd whadk dots. 2.0
Net wor k nReta1df idet pery emditptoreal tSWRcéwingh Node OGN woer vé ear 20 2. 1

Ret r of i titFi @ros&-sshowWso hiwe: Bydniight ongp pedssEkonl 1thkcasadhe netrofitted and
upgr adedehinS HPRAL Lol tides - MAYERNGLN b BSIOF Ak Atar EONn €S8y Of, Bixs

descri pttmgrmlghbeconﬁ;wv@m eI ANINA atﬂxensmgh m@@r wH mgdlfat Bl Ge feFigs. 2A

and, 2B are used corres ondi n nts Vv erence
nunber s.* “Prived. swalf Q ThErS & mca rret g'(:je3| Ob : muf T | “wetel engt h

capabi | |5t‘”§7t°haﬁ8°bf i W&FE "fQHé? b&r %Etm‘fl‘F tﬁtsv\ﬁ\%‘l‘%t"ﬁa&%pafﬂ‘% féP‘“er di2fn i n heavy
| ines. I"WaYHrEepart Freul dhtexemprecedavitpraagentlach wetyi ng net wor k havi ng 30
ADMs 50a, 50b, 50c, and Sod has been upgraded so that working fibers 55abw
and 55babo amlquﬂ:okmbtmiﬁgi laea opbbadipswiardidgbhae (aane orertiewvavel engt h
capabl e for bidirectional multi-wavel ength conmuni cati ons on the |ink

bet ween ADM 50a apd.2Qb. Thus this ring can share this link with other
rings, as indicated rn the figure. 35 Wiile the figure is drawn with
separate uni dlrectlonal fibers for each bidirectional worki ng | ink and for
each bidirectional pré tﬂﬁ’f“’i"g}? T iREEY AEPS AYRRET ot R B TPhEéR Rt ed in an
envi r onrféft "RAETFE 6?1@“6?°rﬁorf“€tld’fa"t3¥l%’95¥‘ deFeRFtifal §95nR¥Sechsi sts of a

si ngPe fddserintaem yFmy nstwpahl eenatgurameonsand Sibapanaiearipthse ioff Dige - HAr ecti on
and si gredds2mtara wkd fverienrseafponding O lwavelsengting tha 4dne oifkesncdi rection.

Thi s woulshbeaqui FremdDVE dhPpRGhbeaat a@atdedens dEng}ilQB@.rnﬁﬁ.@—thﬁalQﬁ&ﬂlﬂm pat hs
for the faparSEtS, qhdvmgiseegatthare b1 e -Sa @180 R0SSIBLE 40 d AR anefdat he

| nvent iof Lp_an, eI LODIEAL, Wehs o &%@é@ke%&mlgg QLEG4,hOn, qggam ty
h ed |
(Lo aeA i 8 O B e el D S I,

necessar%pdb Cﬂnﬁ protection fibers 55abp' and 55bap' are multi- wavelengt
capable for bidirectional multi-wavelength communications on the link

between ADM 50a and 50b. Thus this ring can share this link with other
rings, as indicated in the figure.

35 While the figure is drawn with separate unidirectional fibers
for each bidirectional working link and for each bidirectional protection
link, the invention can be implemented in an environment where one or more
of the bidirectional links consists of a single fiber carrying signals at
one set of wavelengths in one direction and signals at a different set of

40 wavelengths in the other direction. This would require WDM equipment at
each end to separate the optical paths for the two sets of wavelengths. It
is also possible to implement the invention in an environment where the
working and protection capacity (shown as separate working and protection
fibers) is provided on a single fiber having a sufficient number of

45 wavelength channels to replicate the necessary bandwidth.
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10 WD 98/ 47039 PCT/ US98/ 02515 According to enbodi nents of the present
i nvention, such restorability is provided by the interposition of optical
swi t chi YORYAW39 (OSNs) 120a, 120b, 120c, and 120d bet wedCTHRSOENE and t he
fiber rings, -and further by retrofitting the protection fibers in the
other links so that 5 they are multi-wavel ength capabl e. For exanple, the
protection fi bersAl n the lin mE bet ween_ OSN 120a and OSN 120d, designated
55adp' and 55dap ACoF g bR (TOREVET Bngt (TPE FFABTYE. TRERdYRd=WBove, the
si ngl e- \ieﬁ%“eqréhijtlﬁy proPEE PR bY f {H5etE e ERRS e PRIPYL CApaHItEn T B3fSFor t i ng
mul t i - waP8fengRde, opPbatizdn, aAvdt120ptbeyrgerheha &8ss gad yrheof ibkhagegs hend
anpl i fi gustherf bypreseftciingtdie bidtketibe fliBeanphitdheesthelalinhg @ whader gain
bands t 0 5P REE tmuTyl tiaviénetiergbiblrepelrat i@ampleEaga gﬁNeEMnUﬂ@‘ér@p&li cal
swi tch Q:Ih@nﬁ'ﬂtcsbeﬁwgenc@ﬁ n8ba agh%kr%acsdegpgnagwtsw&ad RS Eb&. ptax%al swi tch
el em‘v‘”t%;b in Qvé%ﬁ%h !:Qpab%'oo\%h%@&d aLD@e ¢ ”914912"? el 'ﬁ ro§eca:h

i g e network

respons nin en _an 0
p ers aae fﬁne I%l.e prsr%%grtlng r{\xﬁttxﬁwavegﬂg l'x o&e %tlga] élént

has faile
nodes, &< WY pe H@ceifé&ir‘iob@banigﬁ tdi‘ét"‘éi‘ipll %Fﬁwlfﬁeﬁesf% ipnihe Hnkdi Scussi ons,

t he LOBN anPLifibes hatiduina withr gavh dand GodererithralFit ievedprgthadrezaties. The
figure shows the EQ3NOSY rnintheier defleall twitnbraimhgntst atdecodere t hey act as
di rect cneaeehi@NSor Rehvtweniddendieptirak @nded Beentbbs. Andetpddiet

descri ptd8haidknt henOWh2Q1CoNIk Alnick 66t £1001 £Sp¥hdibi1D&sedecbBitind N a | ater
section v@fanaangasé €he Qe IATPNCAT LG, %htehgetn,g]mamq@lea Sased in two

con gxts Fi r. st Jn.conn c Nl Sws et wor k tgg qyilvgﬁere the term

ommu, 1cat1 ages in e aQ acent nod
nodé~i s usecf’to snlg 3 S|te V\%ere ne{1 Fansnt s'sions nay _be initiated

or ter m‘??éf’é’d’eds"étgﬁ‘iflxsbﬁlﬁwcoﬁﬂred;f’ie ﬂlwallhdltsf‘fés%lﬁf‘?ce’flhes%“t‘&‘rﬁl NS node, 25

whi ch i sshewRephl ot gigtevp CesEHPEng $hploREetrlapatéach Thede Ipet e thre t er i nal
equi pnmen@sNandh theirneédfaotk (hepedl) |9taks whdte shehect @dsbéirekeaonfgagheitshe

cont ext hetwedt €he hhewdrBrind shdiabek. FA Getdilab Sesshi@wsod\B weu@ENer S

(mulzbi pl @serst anskeréerdd! #1091 8X@Es)roaitd iaddh kianadccABMS i N association with

each of OSNs 120a 530 m@@éjexlgPl}romér(ElQ@JrU ClleafermORidacal; ;Signal s [pet ween ADVB

50a and 50 nd ti cal, sl nal s ﬁA and 50c o.n engount er
VDM equi ge’?t qp & 0 tlcg nnecglo S %e%m?enetwﬁbg/stog CAnd” 50D Qttal,jre oBtl cally

mul ti pl 5688 bt us%‘jeﬁﬁlstﬁgﬁifeyxédsﬁt "EShREEEYD Waf‘ﬁ‘“’tsﬁéc”bs[ &Y PADVE =1 ¥§

exanpl e, °5itgEratedo  IFEORLAF T GPAIRPMBOE Bnts RRTIERhG VAR LPP Gt°88t i on
fibe¥ss 5®&bp isapaceeRBedw 88 cartdabpptsi pHcky atutadhphedecheteomirhaermitiath

si gnal s érwpmeoreany thmetwirkefibeADNBkS0aThipy siwmi&iegcbrrd Proot €t i on

wavel engédnedid thphsersmeledawiangded.122ap. Sinilarly, signals for ADM 50a
com ng in on workigfg. and: Qh&sd w&ﬂcoxi;!@% ﬁm@ WexedBdimadbap’ are optically
denul ti p| %9'113(@9&55 ofd %dcm bl dwagf éltgn c% on oélbsozgoil bers by

morklng an 5otec |on ex
Si nil%ar peRET TS E vvnptll A S8L6CT akil on %Epﬁ b and one or nore
ot her Am)%tlseb R T \@R/F‘t“éFWWEI SRR Prent "
refers gederentigat 6i9PVECRAEpEeY SD%NAC2 582 [SOReaTewpRTica bl Y WOWE P kxaf el "
typi cal | yemnefmieged dnacqpaedtion|varh abwbounat i20Ms of FDWxbmrlel nelbn@guipnent for
45 mul ti pt exhbGrancodesns bhqel exikifgs anpairbtettbiat £SBdrsobsddpbedns. sdaBwFi g. 6,
35 are optically multiplexed (combined) with signals from one or more other
ADMs 50a' by working and protection wavelength multiplexers 122aw and
122ap. Similarly, signals for ADM 50a coming in on working and protection
fibers 55baw' and 55bap' are optically demultiplexed (split off) from
tulti-wavelength signals on those fibers by working and protection
40 wavelength demultiplexers 1l23aw and 123ap. Similar WDM equipment is shown
in association with ADM 50b and one or more other ADMs 50b‘.
As a matter of terminology, "WDM terminal equipment" refers
generally to WDM couplers and the like, while a "WDM terminal"® typically
refers to a particular combination of WDM terminal equipment for
45 multiplexing and demultiplexing a particular set of fibers. 1In Fig. 6,

working wavelength multiplexer l22aw and working wavelength demultiplexer
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wor ki ng wavel ength nul tipl exer 122aw and wor ki ng wavel engt h denul ti pl exer
11 WD 98/ 47039 PCTI US98/ 02515 123aw constitute a WoDMterm nal, while

pr ot ect iV IHAT089 engt h nul ti pl exer 122ap and protecti on WOIRUSHAHLHS

derul ti pl exer 123ap constitute another WOM terminal. WOMterm nal s

typi cal ly include opti cal arrpl ifiers and transponders

(opti cal eI ectrical - t| cal nal conversion units) for each 5 wavel engt h
channel ‘t " addi*t |“i)une eﬁ‘m pI'BX T PARTFGERIMEYSieBXEY ™LtABI%6Eed above
in conné%%aipoﬁm\/\ﬁf‘?feFﬁ’é’“dY’%"(?&%’sﬁtBndeﬁPl‘F‘lP@equ 123apeprrehbingh atieehere FRY nal

equi pnefRtrERaki t WET teymingis thricablt inglnde| @ngtdl atplikidrs and ti - wavel ength
capabl etfanseondehas(obMall e¢ieicnalcadgipic praantignad capprapt iwated)y t6ephicat ed
SONET  Abbeh endddhe ciGNET ihi @it SorNed thapallk 6510ke:l Qnd &h@Idi el t1 - wavel engt h
operation in the gase.&f agovbaid ueﬁlelcglénh@l{wlcﬂé dIMé,@lﬁﬂQEQE 'rhk Rat her,,
it is tg@en%ghdﬁgl g q ?ﬂ.ngq& nfltglég elt CCOL%ﬂT} tt:y ?Jttls ave of the

i nventi 0N, that rovi ?Li‘ccﬁ? a |on ca 95 not ed

1S 1~ wave en

that th&"Thventioh Feens 0 hy BFF r‘ieﬁﬁ”f‘?ét WR%“%U%’H* as the one
i ] ust r BPRFGPFIFELY reBllclaﬁe%S@NETGAD’“éﬂ | @4sEONET sriggeiopot IfePablakat carri es

mul 19 - wasElcshet Rultriafdyedengtdl ¢rereeion frattbel cabe bdt & fantiscebyn WBMmegti pped
nodes; e@ttrengtbnksnki.n Ratemnet wasktieapsns, Sd¢idbged way ebenghhed nadddicng and are
t er mi natecknbydinedes ot hale afvent RGAPAAL 0k iad ehdH RaddoRgr M| tdpaMpel engt h
traffic. As menti onedoaRONE nosdChnat BYDNhLGenREE War ko $:,AREs X aR) 64 0f a

br oader rgﬁgaﬁgt@frkmh@ﬁoageaﬁouée - NELNR %géed\”ﬁ?fﬁ%% the gomminicallop regimes

on some |inks d cteristic.  such as’ sigha -carry|ng

capasgl ty :Sba new gi rhs Carrrl'r%s mu&fl WAXreFRHGL AP tEhaffe S “HBTSE th Pethene,

f or mat pY ot8ed lpm§°‘3fshe?té‘febdéﬁ]é%d§ e PHOPKS ic@rehaiaieer i zed by a
link, wWreteleestH et féguicpiete wEmEEmchRd eydrodegheae adseimdagaialesobn t hat | nk
are i ncapabhetiol pdithegvaveteronh ttrefifion cwemercidiedrev@eotdven d hptesid or are

i ncapabhetwfxbai age terintinaded fpater BFinal of eQULRFEMouS MBRS KRN wiEREE Ot her

| i nks, 0knhdQoRmunkBer R CRud: fdEe Sn Qomt NG RS @S el EAVERLd QN2 AL8adaR LAGEH; ¢

appl i call,g, atosjBOY. cta¥Rﬁ§ QfapQ&tt§r P&ﬁ%‘%‘éﬁ r 'nﬂﬂae'}e%é"@;%(eslen%:&r exanpl e,

differe S e due t erent nunbers of
%#ﬂe% mog&% - W errh naI il gne%f‘ aft EiFF8RT " hodes, even

wavel eng}t }s( og

foall PR ?I@CE%rléa%55| ARG D S

wavel ean’P?Fe SP?nSIl%I?a}lﬁ onyithiter &Mt are iifRIPAROTIY BRiPPetrapemithed PRtoneac® or

ot héY elmert kel etk aet ere shrambod oft brdngi trralmated by pamtingul ar wavel engt h
channel eqeitgrnt font dre di frbes enhed LiKS, chadtbhe same nunber of wavel engt h

channel s. The considleealdighs borcndpeasingnidie: s ateghi el dgpkscdiet he
nore gensr@lnyCagts M nsiTbldleot O rtul;ge nBOERD. | Bof Qﬁaéﬁ@mc{l'f?ez%é@rmkﬁs of Fig.
6 Of upQr gﬂi ngfs 9(} %ax\@ e@gt h:o ?J%]%eren nunQ)Qrs Of an B.erig Ve e%%)h éra fl C

OVI
pr o?ectl 6’nvr&ﬁ4 mlf‘?‘na q’ﬁn‘g"r‘“ﬁﬁﬁl %l\glf? "ErsFPC S Fne%fb"iﬂtl Faft é“ﬁ‘é 3favel engt h
40 chanrfé‘Pahtlﬁa‘ff ISEPRGRERS F'Pien t’f‘%ah?’@ﬁé%t‘”ab?ltenﬁ'a*t e Pirit#dynetifigedenti ght
have tdipes gpgiadetfebyimptoyivdr rgroptt edierasisick ficet scharadrehigylies ogai n or
provi d| e addinéisonala pptticalaranplelénghsciiapnsiupposd if rrakfdigfadenhi ghes bit
rate peradasiel eagt hundbBayiehavel Bnft@nEnanA&isances, it may be necessary to
35 The considerations for upgrading the protection links in the
more general case are similar to the notion in the specific example of Fig.
6 of upgrading single-wavelength links to support multi-wavelength traffic
by providing optical amplifiers with a wider gain band. For example,
protection links that normally carry traffic at a bit rate per wavelength
40 channel that is lower than the highest bit rate in the network might have
to be upgraded by providing optical amplifiers with higher gain or
providing additional optical amplifiers to support traffic at higher bit
rate per wavelength channel. 1In some instances, it may be necessary to
upgrade different protection links in different ways so that all of the
45 protection links can carry the traffic that is normally carried on all
other working links. As will be discussed below, the invention does not
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upgrade different protection links in different ways so that all of the 45
protection links can carry the traffic that is normally carried on all

ot her WOYQRP##0BY nks. As wil|l be discussed bel ow, the inv®CUiuses/mBses not 12
WO 98/ 47039 PCT/ US98/ 02515 5 10 require that the term nal equi pnent be
upgraded to accorrrmdate the "foreign" traffic. This is because the OSN has
asvmtchln Sta hat Eows traffic on the protection fibers to bypass
the term a & U|r§ ntte’"a’tna tFRIAETE A PRFABYEC o™ SSREDFBFvi ew 2. 2. 1 OSN
Net wor k' feaﬁh%’é‘t F’afél%ndﬂpérts Refie | Hieupd Pry .2 TRitERing settendtdtc vi ew

showi ng2ld@us tirehtic detths IRsopfctOBNIiNQBato APbAB0aNe termshevrgganenaldty in t he
manner theatsAMR&EGanéa.shown in Fig. 2B. The OSN i ncludes west and east
network ports, and west and east term nal equipnent ports. The figure
shows the noj il ogﬁro@at,aéut switching configuration where no restoration

i s being undertaken. this 15 configuration, the OSN acts as a
pass-through betvge n th west e(tworkt, orts and the vvest t erm nal

equi pnent ports, 4hd be =€ : v e east term nal
equi pnent ports. This is only one of t he many SWItChI ng configurations for
OSN°120a, as wi |l IFige Pestr pEwmpricdeiay Fhowled edditiiypak detallkiofeosiindi cat e

t hese defcaul tADMoflrecis ehewm éheGhMenid kat rdneer ithit ahmrsda(2ashdwnsisle of this
parti cufsy. ARM irse oswnRenides Jeet aandUddsic- Mavweliepgtds, | itk wedthen&@apection to

the easte.shifde QhuipghDM 30a-would beutdraugh two%w BIERRk. A% §wft6t\éhutg);_ Fig.
6 For clat {;&Q’a’tloﬁ h,gel)QDM) qgﬁt&gg% §Q%""Lﬁ‘né cfQSt(ocl S;,0Mm tted fromFig. 7A

]%n al ler naltaltve VL ew, e ri % ks deS| gnated Rx could
be 75 t ROUGRT 6f “toRteptudlty 5s® PREF U By Wrdéﬁﬁl"‘tefblr’éﬁ‘é‘?rkand ml tiple
opt o- eP%rcftsr"t‘ﬁﬁ EPS HERY \Féf“é‘nfg e@“‘lp“ﬁﬂ"otpﬁaF%déE‘ﬂ bepnfeR WSuprEdRtoEEspecti ve
associ aPTFSSTNETRABRF CitPEUPRE PIUBIMeRt ok ys - eBily £ ghty leaadbibtioe any
desi gnated ciinc oonfdsiwettitrougin o6f 1conceptwidllye dssdrmiddidh ngrai MDM
mul ti pl eediesw. amchenadltd plieeeliegidabe apkie defansmdnhedSope. g., | aser di odes),
30 ach coupl ed t@veespectdnyeriassothat @dsSONEe A@thgr;ggttauxar lamt fie
parti cutaﬁte@éamtea a@pc\qnwa\tetﬂaatﬁftmtzart%e(x&atétl%h EA Sk 39& weul d not

(o]

have asgof |scus uring

rest oratl on %I w°“¥‘wfeaq1 greI‘PQ,B,? egulrﬁtmf?t 3 Sh lq i Rk, ﬁrost af)‘ftyt' he OSNs in
the rin§*hdbe §%* Btns&’@“”a ingiigy, ?aa§s°“ﬁaf‘hd 1f6?““ fhe it PSvivel ength
prot ect F‘btrFrf‘P*b’é’Fs"lthlee?CP s°fsh*tﬂ/\n‘i1$1ﬁ prrshbePode rdssgpnatpd Mescpadsieng from one
si @ of thdehOSN tenceheuadihes. idcfuding gePErdeEnhitipi efeer sredmtixipperate t he OSN
i N connetddtepnin téresivgrialie anpldhbt&lisde)Or edc@gefipl et @b Shespbavand 125b, one
for eachsé@dcibbhe porairesiv Qﬂrcf,tit.&@rr él)ﬁ@?a%s.yp@abﬁ rlgﬁ)c-thghcﬁ peed, the OSN
further déﬁ(‘glnggﬁ TQFHALH 'b@“!h'&)@&ﬁ:ngf Q:rogée ‘Egaﬂ‘}r ;§ 1L9fud§ﬁg:g WneCt i ons.
Regener %itQ.gb%ﬁek:l argdéll_ﬁuﬁq%ley ek.) ctrgqnw re(i”r"alfxsnttlrt;'t z:sn((-)diegs alr g S%Qaée Ped by nore
€ C

thapo about nnect1ons 53 ifiers (or generators) are
se

shown aS*TUFvERfe g]asqné‘as"lechwe ST (G ok ONE?H“@Ma FF]f"trér (Brthreegener ator) to
be part p6¥tﬂFH%FqO§fﬁﬂ§§e[f§PYﬁ ﬁkﬁ éefqﬂﬁﬁnq|{west si of ADM 50a would not

have associated WDM equipment.

As will be discussed below, during restoration due to failure
of a multi-wavelength link, most of the OSNs in the ring have to provide a
35 bypass path for the multi-wavelength protection fibers. This is shown in
dashed straight lines passing from one side of the 0SN to the other. It is
generally preferred to operate the OSN in connection with signal amplifiers
(or regenerators) 125a and 125b, one for each of the protection fiber
bypass paths. To this end, the OSN further includes amplifier/regenerator
40 ports for such connections. Regeneration will typically be required if the
nodes are separated by more than about 600 km. The connections to the
amplifiers (or regenerators) are shown as curved dashed lines that cause
the amplifier (or regenerator) to be part of the bypass path. Note that in

this bypass path, the protection fiber is not in optical communication with
45 the ADM.
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this bypass path, the protection fiber is not in optical comrunication with
45 the ADM 13 WO 98/ 47039 PCT/ US98/ 02515 Fig. 7B is a schematic view of
OSN 1203VQ P40y an alternative nonmenclature for the OSMCI/USESMSIK ports,
term nal equirpment ports, and anplifier/regenerator ports. The ports are
shown as short arrows indicating an input port or an output port (fromthe
poi nt of view of fhe (0 he ports.in the sane order and
relationship to t%lé; %e V\xl}l)ﬁcmmg Ce?’%ﬁwné’l oeS}(\JIuJi2 %E‘ﬂiowé%g PP FLC 9B e OSN' s

i nput pBPTRCEFE YESF gridt B ' A" FEPTORRISSTXE W IS t SBHATC FX PR East ddesi gnat e

t he wor RPMG LY KeIPAPTPOFtROTEDUPIFRY PPEES Ree tShaims A tshers arfers t he west and
east si desicawingl an TrrR- Vgt carmdk JxerRt Erst dest ghatmeitthefldiepr ot esé i on

t er ri nabsyor t BigC O kBkst thet berdsr anshk tdate Sorfior ahbecweSionaith eashe Si des.

Si m | ar hyswoV¥ \Mat rdrhina1a86h i Wh&asts (Fig) -desi gnate the working network ports

for the V\BSt and ’ﬁ%sg)s@'sdﬁx%ut %‘rl:? aEeV&éggr(athcz a@ng)lgo\dgsaSth (VI Qgstdae.r% gnat es

the pro e

rranner tr rl\/\?ff Faée gﬁ% Y éklé’ﬁ T‘:EIWTBI ny bodce a?d t?h%enfﬁaflfmﬁ%eﬁ%vel engt h
i gnal [5 §‘e ¢Gapl1¥d a(f’ttTféieﬁut Bats T87° ete ﬁé‘?grrf‘ Brfeeoriestmsre fiP€at i on)

equ}opneﬁfc’tfeﬁl;mé‘l pfAr 82t PAYAE FRHplagse the éa%’tsmaq’fer%a@r thg wegesend Faet OSN s

out put potass dHeibEmi| drVestdédiigaed @dEasRx (W \istigeate tH wi¥kEast desi gnate

t he wor kietgprk egort fgor povet st 0an esktt eiddie wreteinvees -fiok) ard st Bascwest and

east sides), avhignecdX iz Yesdecarh RXcBrEastcdest gnatirst Napealecide@n term nal

ports CQHPl §did Qatlle, rRGEL VRES (9T thﬁe Sé wa@ﬁ egésagnged% meldlll arly,

st (Out) S netwo ports for the
west ang%]él)?zng{lll a\@‘nﬁﬁl Qrf: '@g% Lz ﬁ E re? [1°e5| ghates the
pr ot ect PBA-AATWSPR ﬁg’ﬁ’tpm%rr EPR R lts { WSHCIRS © ?"5 aPﬁ %°Fi%e manner,
Regen- WES{-Qut) and Regen-E-W (Qut) designate the nmulti- wavel ength si gnal
ports coupl ed to TheOfhFursrot nosgerer atimbirriprdesignaked i cAtivondstegud pnent
for sigmalsEbsadebigngtaede wookiomsStemddaleasitst Couphedtto 3 Zeckizef3Shb:Swi t ch
Connect ite8Svebt gid BAradideSB val B sehemBid Gny irReVWS-EsbOWeBEmtaumber of

possi bl @ -syict €l RE-RALNS W S Bbp1kRE OB rEidve8AsLS (4L AW 85gA0st

I nt er conpggt i %nmlgetmg&taﬁlggywm%@d (322 QLR PAL! 0,0knd {he oSN 35

Any nunbeEworL se corhnectl ons, maé/t % taneousl y
in order r%or e T he™s "e"eoks i P “8peration"t: t%ge% bt P a%%Pt &g node.
The port oﬁanﬂﬁ%‘lgéf‘iﬁset‘?% PERSFEETY Pf)‘éfﬂr’éli’é?ﬁ'é PR %nYFéét f¥hewit AidSsy. 7B, but
t he2por t1& ardkyrmaeped Rperrpdt (Wrd WGt prEERpOME QutFjdpsi@Rtesthgr awhfias a

cr osspoivarelmmtrh wigmli phrts honphgf thehedpoty clinsbanoesioamder whi ch

di f f er endnpsMiit&diopDSHghi®iest NMoghdigheld egaliel eth weskheo @abk i hadesparsSe
Cross-bajkstn the sense that only a small fraction of the grid positions
are popul ated (22 out of 100). 14 WD 98/47039 PCT/ US98/ 02515 5

30 2.2.2 O0OSN Switch Connections

Figs. 8A and 8B are schematic views showing a number of
possible switching paths within the 0SN. Fig. 8A is drawn as an
interconnection map between the inputs and the output ports of the OSN.

35 Any number of these connections may be made exclusively or simultaneously
in order to provide the required operation of the optical switching node.
The port nomenclature is as described above in connection with Fig. 7B, but
the ports are grouped by input and output ports.

Fig. 8B is drawn as a crosspoint matrix (grid) showing the -

40 circumstances under which different switch positions might be required.
The OSN is a sparse cross-bar in the sense that only a small fraction of
the grid positions are populated (22 out of 100).
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3.0 OSN Details and Operation 3.1 OSN Switch States 3.1.1 Overview of OSN
States The foll owi ng sequence of figures, including Figs. 9A-90, Figs.

10A- 10T, WaRg4M3%s. 11A-11R, show vari ous states of the OICTELHIREE by .
various conditions. The figures show the OSN as drawn in Fig. 7B, but with
10 the ports | abeled only as protection or working. Each port whose fi ber
link has failed is _shown with a round bl ack arrowhead, the normal working
and prot’elt i°6N Re5AHECFTDRRSEFE° s hown as solid |ines, the restoration
connections are shown as heavy solid lines, and the original, but no | onger
effective, cénhefsd gmstchy Btateewn as dashed |ines. The states have been 15
grouped into four classes: (i) normal, (ii) span switching, (iii) ring
switehing, and (ivVv)i.pravweetic@nod iobgrschéansit (P-transit). States in the

| atter three classes are nunbered and Iabel ed by the protection fiber or
fibers that being.,used. for restoratl . an_Sw t ching tates
Figs. 9A-90 show 31"% %o%ilr?wé errfﬁe st aflegur?o l?%lug&q\lmf &b 9% ES

r ef er encd@> ¥y, PGATISF 30115‘%3(/55 ?l?'?é' CERCPH Slt"[“sesn?ﬁ TEF %fqafeeq“ﬁ?aﬁy SWI t chi ng
refers tY@TVSi ?‘ii’&ﬁ’(ﬂ‘?smhé"P% FASVWERSKPIRY FiD 8PN PP kR siTf Bi -edB bt 25tk he

cor Aespondirrgtprigbeledi onvf fberotrasiorobr Womkinsi- s Raghtmoxt , whoe¢ driberce to  t he
cor r espandk rngs pfaof et tik osholvh Bbeith ne ansndt Bacpr otreehdadn tfh'ebe:srmen Wwoheirgane side
(east OrandBslo)editn f@hndti@ohd) abtb@nsas do1eCtiings ,( tRe Qes@idhent h  respect
to the QQNecchbnd Bis sﬁ@@rﬁastﬂ%«;{;% M Ak nd20r fnd B¥e Qkidophf Q:Et trJ?ﬁlorIg@L' ed

wor Ki ng ffoS:rlvg cg ?Q’gt gzéeDsg V%Ol'ag %%ngé&d&ﬂ%spr Oirhgcééaggs ha € fbogo net wor K

port (|n or SW t chi r a single
failred ¥ B%ed l’zlxhese STHIEE ar dé’gf'baﬁ sspaf‘oﬁ“%%\%mg% J Span
Switch \@’ﬁfcqlﬁg apf §ivh PTORETT i e \F‘é%‘tméﬁp ETFEEY) 3 S'Ssﬁéﬁ 1§\A/F‘Eech

East - | n;lagher tP¥ge) clpssgpare Swmberrdbarst 1@sled fiygshe QEQtQEEtSCH’OW]QeHeOISpan

SwWi t chi n@bstsatcest beind weed &0t edsfdrber®. These states are designated as
follows: (ii) S. Span Switch West-In, Wst-Qut; 40 (ii) 6. Span Switch

Eastypl n, East-Qut;z.;1(d i gpabh swRdRinasihls WeSt-1n, East-Qut; (ii) 8. Span
Sw tch West-Qut, East-ln (1) 9. Span Switch West-In, East-In; and (ii)
10. Span Switch ng a1§t t 458wf| m %@ageNs §Q:9Vé’h”]3 span swi tching
states for three aﬁ

ers.” These' s are desi nat gg as follows: 15
VIO 98/ 478758 ﬁcfﬁﬁg%?eozga% PR 19150 £Po%, 4R STt ioh Ve OTTA, VSt GBE East- I n)
(i) 12.S5ahingWiqieRs West SHAUAABR (IEXR 2 FRREEODGEPer (1Y 13s falipinb S t ch
East2s| n, tHeaseorr@eondis prérpct ignd £iber has not. In this context, reference to
the corresponding protection fiber means the protection fiber on the same
side (east or west) and for use in the same direction (in or out with
respect to the OSN). In this case, the terminal port (Rx or Tx) for the
failed working fiber is coupled to the corresponding protection fiber
30 network port (in or out).
Figs. 9A-9D show the span switching states for a single failed
fiber. These states are designated as follows:
(ii) 1. Span Switch West-In;
i) 2. Span Switch West-Out;
35 (ii) 3. Span Switch East-In; and
(ii) 4. Span Switch East-Out.
Figs. 9E-9J show the span switching states for two failed
fibers. These states are designated as follows:
(i1) 5. Span Switch West-In, West-Out;
40 ( 6. Span Switch East-In, East-Out;
(i1) 7. Span Switch West-In, East-Out;
(ii) 8. Span Switch West-Out, East-In;-
( 9. Span Switch West-In, East-In; and
(ii) 10. Span Switch West-Out, East-Out.
45 Figs. 9K-9N show the span switching states for three failed
fibers. These states are designated as follows:
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(i1) 14. Span Swtch East-In, East-Qut, West-Qut. 5 Fig. 90 shows the span
swtching states for four failed fibers. This state is designated as

fol | owsWQP$4703%5, Span Switch West-In/Qut, East-In/Qut. PCIABIEDINGS
Switching States 10 Figs. 10A-10T show 20 ring switching states for the
OSN. Ring switching refers to a situation where a working fiber and its
correspondi ng protection fiber have failed. Ring swtching can occur in

t he absence @t Pr e¥BERCE 6" ¥paiTIBwi"eERING: BeAttHi's case, the terninal port
(Rx or Tx) f@#) B3-t$renf@iired Wapr-Kindg'ebt it iBasedwpl ed to the protection
fiber networiipost sgannsworclogtst-gn, tHaet gluhervwestdim; dcicordingly, if the west
wor ki ng and (ipr afsecédatnsdikbeesshave daatlad, wehe-dverm nal port wll be

coupled to the rﬁge\éanshopg Qe Cddans IeLMRLK RRLE 00 418 £a%lg FildE s AS

ment i ongd_ ahqye,, & §51g %Q‘é'és{‘gof’f Lhe stat es refers to the side of the OSN
(east or wes of the protection port that

il
will couple {o :1 Vi %Qnaf“esmﬁ?}btw‘éﬁ |I'8(1°”ft| b%a}’st Ft/§8% 10A- 101 show pure ring
swi tching (working fiber and corresponding protection fiber pair both
fail). Figs. 10A°180 s c tBBsring switching follows: (iii)
(i) (iii) (iii) states for one failed pair. These states are designated
as 1. Ring Sw tclri¥éstiohNorZshoR NYrW beitcWESE sQtes £hr BiNgsOWM RGly East - Qut
4. R ngs2ebhcly Easbs |dd FigsuackOf RBEL LOEor&hggvf\m@zt ah$ ikef@rtedoheias full

ring s}wotcggul@g £3A0BLY. & agigdcurﬁaa}% xgﬁ é?logébugai §h9r;b9 Stde have
fail ed. Ih hese states aFenlsa esl %rx\agttm as teml | | I ( ng Swi tch
Vst ; cf' 155 ? 6. ﬁcﬁas‘t ? %f—i‘sh w St at es
whéfe o?ﬁ? Bﬁﬁe‘io"r‘?réé% f;'sli’ede“’rlﬁg“plteﬁl teghe 'Fﬁ%"seé:té?’htfé’%e P"etwﬂélélpﬁﬁ&t ed as

f ol | ows {1 PF9RtY onRikRy oSHiTt eifeve diccpriinghigt i0DFhe wesl workiig) agd Ring Switch
Vst - QubnotEersiton| fibeFhdsee tfanl sl athestaménalc poed Wylindt apseted no aheur r ent

i npl enepdiabaon psotreeicdiH)néhieyk wort dnnofe bestusedfaul AsOmedthengaabdveul &fe t ype of
ter m nal aiRGUAP BB N e stacdS rells LOTnshAWe SIrALES ot Basi MUl daBpQs ring and

spafp swx%@u& Trh%§ u%s aé@%@gk&&%f SoNenfall1:00,9¢ & d&,and. one or
two si ng)tectlon ihg fibers have failed. These states are designated as

foll ows

Figs. 10A-10T show pure ring switching (working fiber and
corresponding protection fiber pair both fail). Figs. 10A-10D show the
ring switching states for one failed pair. These states are designated as

25 follows:
(iii) 1. Ring Switch West-In
(iii) 2. Ring Switch West-Out
(1iii) 3. Ring Switch East-Out
(iii) 4. Ring Switch East-In
30 Figs. 10E and 10F show what is referred to as full ring
switching, namely a circumstance where both pairs on one side have failed.
These states are designated as follows:
(1iii) 5. Full Ring Switch West; and
(iii) 6. Full Ring Switch East.
35 Figs. 10G and 10H show states where one pair on each side has
failed. These states are designated as follows:
(iii) 7. Ring Switch West-In, East-Out; and
(iii) 8. Ring Switch West-Out, East-In.
These two states are actually not used in a current implementation since
40 they would not be useful for the particular type of terminal equipment.

Figs. 10I-10T show states with simultaneous ring and span
switching. These states arise where one pair on one side and one or two
single working fibers have failed. These states are designated as follows:

(iii) 9. Ring Switch West-In, Span Switch East-Out;
45 (iii) 10. Ring Switch West-In, Span Switch West-Out;
(iii) 11. Ring Switch West-In, Span Switch East-Out, West-Out;
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(iti) 9. Rng Swtch West-In, Span Swtch East-Qut; 45 (iii) 10. Ring
Switch West-1n, Span Switch West-Qut; (iii) 11. Ring Switch West-1In, Span
Switch BHQP8/EI#B9 West-CQut; 16 WO 98/ 47039 PCT/ US98/ 02515 FETIRI8/02518
Protection Fiber Transit States Figs. 11A-11R show 18 protection fiber
transit (P-transit) states for the OSN. These states support the

pr opagati on of mul ti_15 wavel ength traffic around the ring in the event of
a failure of Hintdi*Yg 25°80 HoFFi9t15P2R Ot SWEREH Iest - Qut, Span Switch
East-1n; (i) 18- Ra9gS'OGRER deswesit- Gpen SIpaek Sakt-éhi West-In; (iii) 14.

Ri ng Switch Vst -Qut Rir@Gpéwi t8M es h-EastSolan, SWiestt Ehsr,-In( iWes)-Ihd5. Ring Switch
East-1n, SpaniiSwM ichrEgsStwi®db Eabtiin) dfan &iingh Swkt-chcFast-1n, Span Switch
Vests Qut; (i kidh) 1de. RiM0s@wchGhsEas! - 4fin SPRBn Wkt GhcEast - Qut, Vest-Qut;

(' I ) 18. R ”911$V‘H CE'J. §x£1tg1ltEas§plQ1n %Mnt %tgﬁlsﬁrasll. ra)’ut:( Iﬂeht). 0119 Ri ng Swi t ch
East - Qut, Sp%lll§\\,/\&8t CQJ[nﬁ §w1tc£| Eas[:.l ut Iérﬂ?}'x gwﬂ:ﬁh Engt WI te East - Qut, Span

Switch East- ri ngI "Since all the nodes

are not guar é’rft eetf thgha\’/’é: Wﬁ\"ﬂ cf“rth ndP ey Pt *Pheé™wi t ched traffic
does not pas$itiirfughingnjwiteh Rase-quit eFRrEnHEC Erfiial Yeqtifpment, but
rat¥er only encounters the WOM term nal equi pnment on either side of the
failed multi-wavest angt lpxbtatiodiFiiser tTddhsid|stabow a first set of the transit
states that do not use the anplifier/regenerator ports, but rather provide

a straight throughgpata {f@@@nls%ggé&goprf%&ct&%lé'J%e{;ra%@%we si de od

t he OSN t t n rotection on he ot her si he OSN.
These Sts(ggtes P%I ILEI %Qﬁ g lgese stattTes |s1u8€\/3r § rop gaﬁlonsofsjn Pt(l V} (I V) (i V)
(I V3 (Iw%\je etjf?% tiaffJ.% ar013nd tﬁe rlgg in the a failure of a multi-

wavelength link in the ring. Since all the nodes are not guaranteed to
have WDM terminal equipment, the switched traffic does not pass through any
of the intervening terminal equipment, but rather only encounters the WDM
terminal equipment on either side of the failed multi-wavelength link.

20 Figs. 11A-11I show a first set of the transit states that do
not use the amplifier/regenerator ports, but rather provide a straight
through path from an incoming protection fiber on one side od the OSN to
the outgoing protection fiber on the other side of the OSN. These states,
which include states where span switching is also occurring, are designated

25 as follows:
(iv) 1. P-Transit West-to-East;
(iv) 2. P-Transit West-to-East, Span Switch West-Out;
(iv) 3. P-Transit West-to-East, Span Switch East-In;
(iv) 4. P-Transit West-to-East, Span Switch West-Out, East-In;
30 (iv) 5. P-Transit East-to-West;
(iv) 6. P-Transit East-to-West, Span Switch West-In;
(iv) 7. P-Transit East-to-West, Span Switch East-Out;
(iv) 8. P-Transit East-to-West, Span Switch West-In, East-Out; and
(iv) 9. P-Transit West-to-East and East-to-West.
35 Figs. 11J3-11R show a second set of the transit states that do

use the amplifier/regenerator ports. These states correspond to the first
set of transit states except for the fact that the signals input on the
protection fiber are directed to the amplifier or regenerator before being
directed out on the protection fiber on the other side. These states,
40 which include states where span switching is also occurring, are designated
as follows:
(iv) 10. P-Transit (Amp/Regen) West-to-East;
) 11. P-Transit (Amp/Regen) West-to-East, Span Switch West-Out;
(iv) 12. P-Transit (Amp/Regen) West-to-East, Span Switch East-In;
)

45 (iv) 13. P-Transit (Amp/Regen) West-to-East, Span Switch West-Out,
East-In;
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6. 7. 8. 9. states where span switching is also occurring, are designated
P-Transit West-to-East; P-Transit West-to-East, Span Switch West-Qut;

P- Tr ansiWOW¥41039 0- East, Span Switch East-In; P-Transit WEIT/gS98B2d8, Span -
Switch West-Qut, East-In; P-Transit East-to-West; P-Transit East-to—Wsst,
Span Switch West-1n; P-Transit East-to-Wst, Span Switch East-CQut;
P-Transit East t o- V\ést Span Switch West-1n, East-Qut; and P-Translt

Viest - t o- East "aAhd- Eas i fB2 \he 7P/ Begep) J@St1PIWSSER show a second set of the
transit stat &9’ tiat PdFantise A méRegenl i Farbrior befenetranofviseh test Tirese st at-es
correspond t 6V hs -f Prigensige(Anpl/ R¢qean Hast stoabes , exeapswiftoh Hake-duact t hat the
si gnal s i nputivonit.he-Trpnoite CiipdRedenh Rasarw-déstecéa twitkbheareabpln, fi er or
regener air-obef ake being directed out on the protection fiber on the other

side. These states, p4Q Wi Chad p?gg#q? wkAl&SE g\g):eggd sRan sWidching is also
occurring, are designated as (1v) . P-Transit (sArrp/ Regen)

West -t o- East (| v) 11. P-Tr anlslt (Anp/ Regen) V\ést t o- East, Span Switch
Vest-Qut: (1) %é'—-?‘ﬁfi%q@f—%%ﬁ%ben) Vest -t o- East, Span Switch
East-In; 45 (iv) 13. P-Transit (Anp/ Regen) West-to- East Span Switch

Westo- Qut, East - I15ig- 172 WO 08¢FFO8T POWiSS8LO2E ¢l X vr)plknlentlatil'qtansi t

( Ap/ Regen prEast -dwot st ; pofrkign, 1befePrel ansist ofrARpY Regedh) blkast :14001Mest, Span
Switch Weshyldhited b¥dckl®s0)P-Jf aRSddn LATRS RegedtheEaShal OmYesha §9an Swi tch
East - Qutiescribat) addhe . P-Ftea%ttl&émnﬁg&qea w8 Sde %97 Wegtor SRAR SWLGN

Vst - | nmatéxE@ESE:‘ %B qg a('ll Mg d%gucied t;l;{agnaﬁl t}( 6 rlt_n 1Vf%ylvz\.%8tlzt'e% EaSt and

East To- V\téoss rren at chehati ¢

OSN Det a n

showi ng®& E’;\{r el al‘f"mer‘?ﬁ?ted B & ?’Eﬁt o‘?u é’? T)"tltﬁraﬁs 86 P g™ Hor t i on,
referr e&y‘teo as Bi')ttllé‘a)rarsV\i}tecﬁ°rﬁlle6"c‘l?n15‘t§‘°("brcan SenpEatised téEr t‘il”%c‘-R‘3 150), of
an OSN R#itichgelenentst atwes Lsmdvwitrhceieonrtisi t o gis eritdsidekdvenes, &rnvd he
i nt er conpecitr atgnents KB gEwiBshenr - t Bég crosspes nhe swtehes add Fig. BE, it can
be deducetkrib@iecaldnst he e@iterGlovk tiporaguidiedy | Nalranc 0oN are ke
[ rrpi(_erreﬂhced)sbyca@ sf@l be @b‘é@@ﬁecpfbyswet ehess o dndNs@ndnNxi  type. | n
parti ﬁgl ar, the cgms&gaeogansha\t@t 3R &%o{aealct Zs%g étteth &emgn%ggd St ng .

% TEFR\OPWE;Q{“ %t?r%ts ﬁ %E’E‘EE&ST %gp S%X have helr s:tngg‘eE S

switch etenents g € Sw
i nt er cofiBEPRGHS ‘f%les‘tiﬁ fléeh ‘”Bf%@ 4 P36 é‘S?ﬁt"iné’l TPV Bartsi c‘tﬂléF Hrate of 20
t he OSN2RAFeEPRh 1Bk s¥pedrsi dgsigpatere "sTERUSESELIN R aafi ¥ (FFRY EAST_IN_SW

25 have their single input terminals connected to the west and east working
transmitter ports. Further, first and second 5x1 switches, designated
P_F WEST_OUT_SW and P_F_EAST_OUT SW, have their single output terminals
connected to the west and east network protection output ports, while first
and second 1x5 switches, designated P_F_WEST_IN_SW and P_F_EAST IN SW, have

30 their single input terminals connected to the west and east network
protection input ports. The multiple terminals on the switches are
connected to the other OSN ports or to multiple terminals on other switches
to allow the OSN to assume the switch states described above.

While a general NxN crosspoint matrix switch may be used to

35 implement the required functions of an OSN, an implementation such as that
shown in Fig. 12 provides significant economies. A full 10x10 switch
matrix would require 10 1x10 switch elements and 10 10x1 switch elements.
Further, in many switch technologies, 1x3 and 1x5 switch elements are far
easier and cheaper to fabricate than 1x10 or 10xl. Thus the preferred

40 implementation of the OSN offers savings in the number of switches (8
versus 20) as well as the cost per switch. Even though the specific OSN
uses a sparse 10x10 matrix (see Fig. 8B), 0SNs for various other network
configurations can be designed using the same approach, possibly with a
different number of ports or a different desired set of states.

45 The OSN can use a variety of switch technologies. These
include, but are not limited to semiconductor optical amplifier based
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As can be seen, first and second 3x1 sw tches, designated

W TERM WEST_OUT_SW and W TERM EAST_QUT_SW have their single output

t er m nalWOOYAWBRd to t he west and east working receiver PGHESISERAIFe fir st
and second 1x3 switches, designated WTERM WEST I N SWand W TERM EAST | N _SW
25 have thei r single input termnals connected to the west and east working
transmtt.er rts. Furdt her, first and_second 5x1 swi tches, designated

P F VEST Efﬂ' WENE POFCTAST AR SW havPe w1 8] AYt &0kt FUECTEE! mi nal s
connect ST FENC WBST DAl LEVHET TRt JEBE PO UL PBEC PEFEasicHhi | e first
and secb#fitis sviitcedredlNdend drbt.ednd iFteapEsTed NiBWvarrd cPrfifASP | NSW have
30 t hei readirgltle iompidalt erivchalgsngnnaat @dutverdthenpleséntantbreagitonet wor k

pr otsect hedRahitaut sWaoEies. pddrarddlktdpEerdkebyanadss oft.t Be sswi Josbes are

connect @zg.ltf@rrllgeweQEhfé‘edwwpgﬁraﬁssﬂﬁ:cﬁé% my Eér@rgliﬁrrglré}%L§leonatptlgggt SWI tches

to all OW)II ngss%y Jw9t§§§9%05%e§ Cﬁhﬂh@&k?etbreg s%?@gl{ IlQ %@ w‘i:.}tch or a}{'l

gener al l\g<SWI 9sspal (?t rix s tch ma used 36'5 i npl ement t
r equi red T anctrons o an N"*Yah inp emantt ation such as that shown in Fig.

12 provides significant econom es. A full 10x10 switch matrix would
regifire 10 1%x%0 x £ €10 10x1 switch elenents. Further, in
many switch technol ogi es, 1x3 and 1x5 switch elenents are far easier and
cheaper to fabri cage tha# ahxdfries: hAx kiedtriSal Behguaeie ok esh dbodiment

i pl enept akhorolf hBesHIRN Rhf@LsasaviNgs dnctheshunheruehy swhiches (8
versus 2931Ca§1dw@é41t@§natlh&e%9§és pgrmgmnieﬁb Eéfsec@rmgugapfe%sap C' fic OSN

uses a sparse 10x10 matriXx. (see F various other network
con]f guraafl ons can be des ed U p055| Wth a
di f f er eht® RBMFEF sd'rlt’f}blf‘? %F %f‘ddﬁ%"g?eeﬁf‘e JESTI580Y JEESHSSYULBSTE45 The OSN
can usetEREFTTEEPVEE ¥WPPEITat FERFRIREHITeSUPSTHESEY FheaneldéC asidecamte not
| i m t ednedess erfing orRdgedesr soYt P ahe areptidat egn basedi S8 v\Da98¢14 72689
PCT/ US984mi325ildy swdereéd ebedre pi sotanchedpt iTeal cotlhiraekt idnahedi anlfEberte( 1IXN and
NxIJo, ekt Osor9phdstadads Pahy MBbeDasekbrki GREVAY &nE Wht GhasadelxNeand Nxi),
opt o- weg@a;yeaqmth HieOhlMRYLe Wk Lehes wh ebuands | '\ng )wii@nghJ BL eQLaleds ! i ght wave
circuits (0 Tealige tNe,opthcal, sl GlhDG Nodgyaliog CULLENL

' a; from E- l%j

or
the %SN tchet’:ro n%lrcultrga

i mpl enent at i on, ani cal procur e = hani cs,

Inc. of “8kn"Jo& : eéilﬁofro?]rﬁcéng\’/\é?%saﬁg%d’n aﬁf‘%té’l"rlé PEhEEY dPE e et |y
reversi Bfe t{‘athlng%lst Baqhp t PRI SREUYRTIS RPY e 12t S8htoTIP6AES) "PMs demif btrteren svm tch
is 2| xN6Swivhedh BFreghs thR| orfdfFalc hetoperrdgnals théeheenpriesrerdisgnitdeted. 10

3. 3 OSNnEoirirk adegt and sBofchwellogk Fisg. anli3direcan toptapc &dalamebeel aotyi cal

schemat mesleanceahedpeirate optoEONE20a, réddvehavws. addt tdignak gemai | s of

t he mN:rej:é‘lQlaH{jil@g aQ‘Qrﬁlrr@!:tedl chicgn@%(ii ﬂ%@b tli7@na|81x§11%.wt Sadip oL\EBﬁlterrent a

restoration, $UREE VilSO0LY aléo&*a@&ﬂ%m IC%FQ:EérOP&d %ﬁ%\qeco“&me&om control

mrg;&utr swi tch rovi de the

Icsalus tO O%erlgtferom the C onding out ut TWor
necessaré essag t7anSm T T ed over &n-optical “restoration
super vi S5 cﬁ%ﬁ?ﬁe’rsot B AUPRICEAt SURTTEEO Y TR SRESS SGRT5Eh Y oh the

r est or attEeRESS LT PRIS LSS EREHNETangREEtes ohPet | FE3nT B erssets arasitpidrot t ones.
The conmie¢wataldny pedpurnof orogiha 720 Superlilegly UTessagesicesed ket eber

net wor k ditaglkf j9oantchithecdesEag@% arBres the optical switches in switch block

35 150.

Data processing circuits for ATM or other data processing are
associated with the transmitters and receivers. Conceptually, they can be
considered part of the transmitters and receivers, or part of the control
logic. 1In a specific implementation, PMC 5346 S/UNI Lite chips are used.

40 The supervisory messages are carried on a wavelength that is
removed from the wavelengths of the network data messages (1530-1570 nm),
and typically are at a lower bit rate (say OC-3 or 155 Mbps). Thus, while
the fiber amplifiers in the network may not provide as much gain as they do
for the signals in the main wavelength band, the detectors in receivers 165

45 do not need as much gain for the signals at the lower bit rate. Candidate

19



merged with the network data using WDM couplers, as wll now be descri bed.
The elenments in OSN 120a include, in addition to switch block 150, VWM
coupl er VO 8¥4798%ci ng nessages on the network |inks and t ZTALHISMHS of f t he
| i nks. Each irnput network port has an associ ated WDM denul ti pl exer 25 160,
whi ch directs the optical network signals to the correspondi ng i nput
net wor k aport on swtch block 150 and directs the optical supervisory
message FOSH PRSPECHIVE ptl- - PP dal® rBcetiPet®2b6®™ THE $FPnaFs from
recei vePE e earR 1y PEe®ddt o control logic 170. Sinilarly, each output
networ k port has ’agcesserisatieds\ViBVemdddep Ineressse8@00wWs cburdediyonels t he 30
opt i cal coretwbrkgsd gaal stéreonrdsheraapt esponcdenth avtdgpuboaret wobke @@t on
Swi tsch Rd06k1ak20e WehdiryORé IoC Al pROMPAY Y1400 YPRURS SAGRS rgeNREiRdsdBtuare -
Ol oot 1 o P T S b o e e esa th a

i . . LC. . | . Wi
ci rout ¢ ThgaYi e E AL e (b Gk RO By oEOeE ST ThE N oo teh block
35 150. *HRIDEA° piBEEss iy Bl (FEOTTESF SPPRTVEST BEHREPSUAPLDFOUeS8ing are
associ afER°frt R°19fe tP rrdhShithERre SaTdEhEE eTSFRRSEIVETTARTY aatIrfindliey can be
condi dered part OJfhithett iapseiibierts wrderettersirslized qeartolobf tthe contr ol
| ogi c. OsN=aispaeiddtgorplieieni@tened RMBabt346ci5hbiM obétate Clurpsomangliyused.
The supes ths Qsa¢i FRESAGRS1IARE fRbiveRdffih acauflengtlaéhat edcs odenoved from
t he mv@érﬁ@gtMBOilitrQe m@@éa‘@gg K:od%saamﬁg%dég-igofe%gfﬁ @moerrvaﬁsr,]dar_gcypl call y

are _at Qac!hOE@KE j’x'}to';:gts%céSi%¥or&&§3me%%a&e5s5tg%§éct h]'.‘i‘:%s é’&h'sl al? he fiber

anplifiers i.n the networ rovi de ey do for the
Si glnsal Sg?p n{ihneg on.which £

not p de_as nuc aLn as _
RN AT GRVEPEnatit BARGo 1T O0) BEIGPEH RO SREITAFE 165 45 do
not need*dd MREhCHEHFORI rREISFgria BSHP TIe FHIWEPSHFES fat@rtrandhtate 19
WO 98/ 4PO8FhECRCUSTEAGY5 1 5Thea@M ekt Rerdsnedsrdeesl 34 0itAN9i2480 nedes1510 nm
and 1625nfuyming therl 5iOchenacthenr ngkpr.esenthky qanefeernidurd toempliter such as an
enbeddedcqiracesusor 200 is coupled to the control |ogic, and stores
resipration software in an on-board or off-chip 5 non-volatile nmenory
(e.g., PROMgr, flLash EPROM . The restoration software: (a) processes
i ncom ng supervisory nessages and nakes | ogi cal decisions for operation of
the optical sw tches éi .e., to set the switches to the appropriate state);
and (b) gener at es"¥upkt Vit SHTTHEs By 885 Bk °S et B At S&ﬁff%a%s to
al | ow t RBrAMCOPFELPINEFINar ey pBRTdlyer SPERIES S A or T A1 0T VHiPFE lilpks s
possi bl eetveenniNente oentidl i Zedscont oltheffiphe, OSNsretgctive fidtewor k, it
i s pref @avetetn shaudeeachprindee opRrdpeaatranorDUsiy leatiidghendhastkingf
si gnal s fiibedseE&iWES the Ok timaddjasent MR1as: inkae ReNor S@8BAS ngk@RRaal i ve"

Messages to cht Sostdi ACeM BPdGSnPlef&Qul ar intervals, and each OSN nonitors
such incom ng nessages to detect a |oss of signal. 15 Dependi ng on which

fi be(g link has failed, OSN processor 200 get,erm' nes. which type of
swi t¢hi ng needs t8s%é2%aerlflo R53, (*ANd SopEitat BES ¢GRI et (Fhe &Rt ches
accordingly. The EBNAPRAITsERER Hessd&geBtoriFsSadradent Hoded®F i nform ng
them of the &etion taken, so they can reconfigure thensel ves accordingly.
OSNs 120c and 120d in state (iv) 9. P-Transit West-to-East and
East-to-West (Fig. 111).
35
However, no single message from any of the OSNs would cause this, but
rather a sequence of messages would be required, as will now be described.
Assume that no other abnormal conditions were existing at the time of the
failure.
40 In this case OSN 120a would detect the loss of incoming
signals on its east side and send a message in both directions that it has
detected such a loss. OSN 1l20a would then set the appropriate switches to
route signals incoming on P-West- (In) to Rx-W-East.
Meantime, OSN 120b would detect the loss of incoming signals on

45 its west side and send a message in both directions that it has detected
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20 3.4 OSN Operation Fig. 14 illustrates the operation of the OSNs and OSN
software in one possible scenario, nanely a conplete failure of all four
fiber | Wk884M3%het wveen OSNs 120a and 120b. As shown in t RETUSYEPNIS1S t he
protection fibers have been switched to provide WDM signal transit while
|'eavi ng t he wor ki ng fi bers between the ADMs undi sturbed. The ultinate
state of the in hav the OSNs in the follow ng states: 30 OSN 120a
in statéfriin g ﬁl I 12°b h“\?\%st%ﬁ*ge 1BEPP- a8k %6%“’15 EIR¥i i) 6. Ful |
Ri ng Svmst“E‘PIalEaé’t':(’Pt’t? f’i’@%’) EasindToske Mohdieshd 120d in state (iv) 9.

P-Transit West -t oIEXSEPntd toEkt meesages tirpfiQgNs 112P3 .ang512dbwedslE 1200 Si ngl e
nessage ahf orRodmeudd deherm@BENS hwo Ufulll caug esvwh bitSng bk td atahetreﬁfe&eqwace of
nMessage SvoudlIsdt bﬁeineq&iﬁbfo@dlatassth:!Lesne&V@th%$§ﬁélbeﬂwcomﬁ%3m kbat no Of[ her
abnor mal (16ondi biHABSE- WEEE a alsigﬁang ﬁtcomeg bheeofe (e fallure 49 In this
case @N 120a V\DUIIQ tqtgtc%g& %{I gtlogtsgnogm I ng‘om Q% OéﬁQQ? S agg 1|2t0§ east side

and senqransm% saqge thel QL Lections "§\§RA such a | oss.
OSN 120a d 1then ﬁ%ecalve prd é:fuéc’ TERRY Batefo‘ﬁttémé'i gnal s i nconi ng
on P- vveé‘tegt’r%’f)“t%l RxInVﬂ‘E’%‘t R/gdﬁt Pe PeTBRAI OB WOV B8t 8ate BRe | oss of

i ncofri NG8PYIFaFS rEPEneBtqrt s Rpbher  sitl@orerd abeved ertAesdayectrhcdigbbright ect i ons
t hat 1t deasnedetiut éd o2ly \WENG8,d AR 380 P&T/ idEeB/2025 Bbd sdacC bt @nal ass thd8SN 120b
woul d t heny Seie tdfetiBppERPEL ahe Sbibahasvd Qssdubead sé@nalf ok £CORb NGeON

P- East - (dxBand OnkXaVWMes oy s £SROOSE LM b ngte&%e es {6.0m hlg J20a and
120b, - O8NS, 120C; and: 1200 i) deleniing. (hal Lk fing W TGoing vas to

be i effect and sét therr approprl ate svm t Ches rout'e signals
L

i ncom ng on P-Vest (In) to P-East (Ojtg and signals incomng on P-East-(In)
to P-West-(odty. 545 %@%ﬁ—sﬁ%ﬁ—%ﬁ%ﬁs—ﬁﬂﬁ g. 14, OSNs 120c and 120d
transition to their respective pass-through transit states w thout
regeneration. In gehler Blg. 14 shewmobe nrecessaigp thatinevep yusOEN thavesyan 10
associ atieddseagencradess tRat hene EShaotrestcabord, odfaté Gal f1e) eetdy cal / opti cal
regener afingre-wsvalhyt i efHesr @t adna®0 O-HeMuiint ev‘a‘é@ie&gtl@-ﬁdnﬁ Q)u‘:tma@/‘aﬂotpe t hat

only sork,efodvBe GRNs b&efrh&nagt%oalﬁeﬁla%{c?rm%%%é %M?Qcﬁlﬁgea@eééqttgéﬁ alo the

extent that, a,given OSN as Aan assogiated regenerafof. 't wo nter state
(iv) 18.°P- ranﬂésl' t?m tcsg’P %stckt E"ast an eri‘:ggéthfo t/’ter?“fﬁt“g 11R). 15

3.5 SONEF® g%d‘scﬁéﬁcébﬁetdctﬁ% WhEP® 2RI reqoreg nowE fthen
rest or atthhrloﬁl?t’ﬁ‘Q; "?fb“t?s?‘?ﬁst?féi CBNET t9 PoBésoRsRtigddr ess the issue of
how?P est or at i on o&E&IrSONET syhiechpachend 2de staNghetwairel engbberaicagsthdiat share
t he mul tinteefeeiengt th lekeik oblr . MEBprNetamphay ehddeNss ndhesetoiiReron thgs do
t hei r noferativel Bgre8V N GwRShONELEHhES time. pPut another way, the OSN
switching time does not need to be faster than the SONET ring switching
time (5-50 ms). Thus, if the SONET switching (in the ADMs) occurs faster

30 than OSN restoration, the ADMs revert to their original state after OSN
switching. On the other hand, if the SONET switching occurs more slowly
than the OSN restoration, the ADMs do not see a (verified) break on the
link before traffic is restored through the OSNs. Thus, a racing condition
is never created since the switching processes are mutually independent.

35

3.6 Restoration Software Details

Figs. 15A-15C, taken together, form a flowchart of the OSN

software in a specific embodiment. As described above, each OSN has two

40 inputs (working and protection) on each side (West and East). Thus it can
monitor the presence or absence of signal on these two inputs. When there
is any disruption in the signal, the software resident at the OSN
determines which signal failed, and changes state of the switches to a
suitable position such that the lost signal can now be received from a

45 protection fiber input, either from the same direction (span switching) or
the opposite direction (ring switching). While the switches are being
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by the ADMs on those rings. Wien the nulti-wavelength link is restored

t hrough the OSN switching as descri bed above, these ADMs recover traffic on
their orWgi%4T03%or ki ng ports and revert to nornal oper atiRGI/USHB/O0THE SONET -
swi tching and the OSN switching can operate without interfering with each
ot her. For exanple, there is no constraint on the relative speed of ring
switching response tine. Put another way, the OSN switching tinme does not
need to DB YEstRPE HEH 196 SOREP ?f@c’s‘s‘rﬁ‘“f“&’?ﬁcﬁbes Pk CPF500EFatThus, i f

t he SONEFIsHt 2FFitAY THRRCSMENAPNEY OBCCUE s PAEICERt FENE HANn<OBREaseDr at i on,

t he ADMstheewdetadigcetteP$Nsorargitped apprppeizdet &rti@BNe switkctiiengion@is t he ot her
hand, if the SONEEashMOSX RhofgiraegddsSwithr £ sSkwMayjadehamotiie odaN an e sdoar at i on,
the ADMsti@eri@heez@Bnrdct ey thd @gys br saknonuthg ligikndiRbor® tamffic is
restor edpatctaéeugirg LL:@d Q@é\isea;mgm@l&@c%mhgmq' La aa a8 NRUELveC! eated since

th t t 35 Rest or at
Sof t war & et ey SR Bleple, IERRRN 2 esPred e B Bhar - of the oo

sof t war € ROE S P EL ??I(Yl%‘ﬁ%’ofﬁaﬁ@ﬁjt PSS (?F?tb‘é’a ‘%?58?7%65 BFhPOSRERESY t wo 40
i nput s (WF%%%@O%&IHPBT%&PPcﬁ?futbr?heaeﬁd%ulaeh@veet and East). Thus it can
nmonilfor the preseiledes drdaliserdguofi-di gaalgned tohexmd nede) i nputs. When there
is any di sruptiontbgidahestacgnel thd hedesof t ware resi dent at the OSN

det erm nes whi ch shgdiakl fablteds andsehanges: dnataet the switches to a

sui tabl e positiongsiich thahytdg; bRt shonak:Gan AW begrecgived fyoma 45
protection fi %ggr onéJcthe eﬂatrg‘e;re romthe sanme direction (span swi tching) or

the pp05| rectio rin e the switches are being 21 WO
08/ 4 039 %:19%8@383/0 02 ’C‘Wﬁg‘g‘xd"?% P dgC)"ﬁ‘é\ﬁc’g? 28T PREEBNYI SF8Hmuni cat es
this chaff§éobT 9515t BPe AATPlakP 4e89%0A" riEgudsiti nstruction to its adj acent
OSNs i f necessary so t hat the adj acent OSNs can take appropriate action to
rout e the osi il = t SIS pindroatiggswith its two adj acent nodes over

all four 5 fibers |nterconnect|ng the OSNs. In the current inplenentation,

ATMzopacket s arne digmes.oMsduwieach conmuni cati on channel to send and receive
messages. Each such channel between the OSNs is referred to as a 10

restoration supervj.sor ann The restor s sent_ b each OSN
contain local inf orﬁatll%én&é’tv)vsertowth§ °Woae™q ﬁ%’i’ %ﬁl n §al\%§ ("é uni que

i.d. assPYiTed 8° 56N FobkA~e °§_63???5Fat§t 5?9«?”6’Fatf’ﬁe ﬁB%Ie”‘DMP?%’/‘&%faI state of
the swit BHESPER PP¥eahddés mSEat (#ed dtSNadfy tetuPpieate 9ga197eted PYhe node (e.g.,
fai |2%r e véspettigerradergicherurbard\waral 18 . Earre@BNdEos bo sendsri fisturesct i ons to
ot her nodes Porsibhly kyinigatith €Erhainked dgotiDBRSpHave rebbeerhonak s kinewd edge at
that noden 4z&cAddiibhonat JRatin-essi@nd hktasBatd VeSndlbtids @Phsaub- Modul e
Fig. 16A;shous oweae et fGik o WOMLL e4rm Qaaroz&%@ﬁ caraﬁkw Ke f2QdE, can be
used in Blsea%gd Q:fhe proggcglon porrg e et!:haét %Ms ;:I-at‘lnebelgvI gsse The figure shows

30 the protection paths into the WDM and the ADM with the bypass path for one
of the wavelength channels drawn as a heavy line. The working fiber paths
are omitted for clarity.

A set of separate switching arrays, referred to as 0OSN sub-
modules 210 are disposed between the WDM terminal and the ADMs. Each sub-
35 module includes as many 1x2 switches as there are wavelength channels.
Fig. 16A shows how regeneration can be provided for west-to-east transit
using the WDM terminal that interfaces the ADMs to the link on the west
side of the node. It will be apparent that if the node has WDM equipment
that interfaces the ADMs to the link on the east side of the node,
40 additional sub-modules can be disposed between the additional WDM equipment
and the east sides of the ADMs at the node.

Fig. 16B shows the OSN sub-modules in their normal state, where
they couple the protection fibers to the ADM protection ports as if the
sub-modules were not there. Fig. 16C shows the OSN sub-modules in their

45 ADM bypass state where they bypass the ADM and cause the WDM terminal to

act as a pass-through regenerator. The portion of the WDM terminal for the

22



multiple ADMs at this node) and OSN at this node are designated by 25
respective reference nunbers 50 and 120, corresponding to earlier figures.
This po¥PB#&708? i mi nati on of the need for a separate regd¥drER9802518 based -
on a recognition that when the GOSN at the node is in one of its bypass
states, the relevant portions of the ADMs protection circuitry are not in
use and t rot tio orts of L ADIVB can be bypassed. The figure shows
30 the roqt og&pat%so%l Ht%°thé™ and ?%écibﬁ“éf’tfﬁe’f e>bypass path for
one of Wf%E%%F%fw%ﬁaﬁﬁé?saa?aﬁﬁa%e T RBERAPIPTNAE22 FRE SAGFKI ng fi ber
pat hs &dREl6RFEY eehrpet- cPaMilRyly AtksepPortfion eqfakizet @D Wietrwiviahofoar Fraey's,

r ef err edréet@carnOBNegubs thed@sNemnc2ddEsasapadesposedrbsienecar7t free VWM t er m nal
and % he vARNengttaclangtb- a3bavenehytd duleipides: aso maay kX 3piSwhi chesirasrt here
are wavekength channels. Fig. 16A shows how regeneration can be provided

for west-to-east dher Os I t terfages the ADVs
to the Ilnk on th{“lt{;\?;lxggg{tn 46094 1%&@1&‘1&9& I%’b% p%a% ar e%ﬁ that if the

e e |
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si de of lf‘ﬁ%“lﬁ%g’ ]f@g%fﬂ&f‘f“?’t?ﬁalmsﬁllf ﬁ'b’tﬁ.}Fe%"béar?IBef‘dﬁ%p?PééﬁalBét ween t he
addtt i of&EPLAAERA éqm“pht%e Hrrdarheregsilsfgrd toplephd DRDMGuAtintheemade. Fig.
16B showstd Fer@BEhe Siberndubeesupar tireindivodurdl watedbegthwhiemeels hey coupl e t he
pr ot ect icomvefrkbers diecthieaARMgpaIG! e@ticbhriaofdnSi @ionkd dnherecsilribdlitbes wer e
not thergeidal Osighffe $H0MWENE RN 51D FDAUL eSMiyphheiskaAD ARMoBYRaASS state
V\’her e t %Muﬂéﬂé&?&ﬁréd@%g% Mvgcﬁlla@ eoprtbc.eal\/\pbéntagg rgon@ile toghe ért@g
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222 for aé‘aﬁﬁlc%a’n‘iél’%/ng’t‘ﬁ’} ghﬁarnﬁé‘?' amgy r?F?rast“‘F?smf‘h‘é‘rﬁwft itbh faPert-hel DM

t er m nalvitbret frprepiage@ chrbriiei herst eattheoCSNrPsGblUdeschapar Feparate

t ranspongBrerdihalf grpeedicly on \wav elhe ngiht ehanaiesl area depsekengt themidbdel. pl exer
230z0and an optical anplifier 235. The regeneration (signal conditioning)

takes place isn;tRes; LEANIRONABLS,LOAL cAlBePall &cubie cRLAkection VDM
termnal. Thus, the 1ncom ng wavel'ength channel's on the single fiber are

first optically 10 lifier 215 and optically denultiplexed
by Gemul t1 i exer 55 GEoGHESS CERYr A0 FEBOE. o ST Y earEial

wavel endtfi $Rantfel'errirs an&‘oﬁ’ﬁ?é?‘ftédnt%bﬁ’fse(?fﬂr}f ¢al thsj GiFsFsionwdi Chear e

condft i gwetrnerteebAfEe tcadthose Upetcal Isitgrrassiy . trwaspondey sh222. | n t he
ADM bypass mttateialtireeO8N solhavingdbld redreionalo tes v beryi nelisegduadnopt i cal

Si gnal s daentfieent bBeén pOrdHabNEider k5 &he ¥MPIM 1@y Retdkk Waekeint @ Signal s are
condi ti oned-h¥nt I ARSPRNERISm 22 ¢h ARGai debOIbrRULREA sSH} thakdgeyvavgl @Bgt h for
mul ti pl exh po 1RY Ll $e Q' 93&%2%9 an @&qaoa;ﬁé qam QfeD¥ 2 %} ;eh%ﬁe 23Rs; and

tra mssn| rqugh th ber .1t appr gcl ated_t hat  t ypass
pat h % oul ttﬂ q gk ft fu&g X sepa me? W 'PQ P 31 “Fepehai 5 onE)how t he

VDM ter rﬁ’ né\llg)ast ‘?%t deﬁﬂuﬁ T TiEsffe rﬁ%acré‘m%ha ﬁflﬁ‘rdﬁ P%ec?tsl b%ﬁF°p§€b’éer vi sory

Channel ¥ NERQVGLRI Cr‘l’ah%FafAsSlEI‘é%V’P e me5EvRt AP SsHEWARd n Fig. 13,
super\“ sory n'essag‘egs 17A and 17B show two implementation options for realizing

bidirectional supervisory channel message transmission. These are

35 fragmentary views corresponding to portions of Fig. 13. For a given
network fiber (incoming or outgoing with respect to the OSN), the single
receiver (165 in Fig. 13) for an incoming fiber or the single transmitter
(185 in Fig. 13) for an outgoing fiber is replaced by a receiver 165' and a
transmitter 185'.

40 Fig. 17A shows an implementation where the incoming and
outgeing supervisory messages are on two different wavelength channels,
which are removed from the wavelength channel or channels dedicated to the
network data. A bidirectional WDM coupler 240 serves both as a multiplexer
and demultiplexer for the supervisory wavelength channels. Fig. 17B shows

45 an implementation where the incoming and outgoing supervisory messages are
on the same wavelength channel. Separation is achieved using a broadband
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are sent on working and protection fibers only in the direction of the 25
network data traffic on those fibers. It is possible, however, and there
are pot YR P#470¥enefits to having bidirectional supervi soPETHSSYMRFES sent on
each fiber, even if that fiber is only carrying network data in one

di recti on. In the systemw th unidirectional supervisory nessages, 'the OSN
only "learns" of a failure in an outgoing Iink when the OSN at the other 30
end of TH&°H ﬁﬁu‘fle‘ff |2 Y é‘?:é‘lsﬁjeatﬁés’g‘égeg TaRY PN BRSSF i BSVE héhf S1faPiifng OSNs
of thatdF&cts STPHTs 28 ek S8 dfEetwgah FhARPLReNWRETr & tPerd$ut l¥FOpagat e
around direusgieg, apphiesh eewdlsltows idower wakel engstt @ratrudpi swielehgrig datd gs. 17A
and 17Blshewit.wo, innpharest ati on options for realizing bidirectional
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supér vi eyt inms s difesn &ibe d@Ae takotil Pidirentionay elupergti koxvhammekss sheri ch are

r enovedid rFom t18 asdveieengidhraehtaonal wor tehannedisndedi satiegh dmentdde net wor k

data. Audlindi & ectiraeloMDMDBOtRbesr 240. SeRy @sqhiet nsaSsibwBrel pl exer  and

denul ti plexelsJ-0r Hahfe 1S HRRLYS SAEW Wavaenat h,chapnglseiFlde 178 shows 45 an

i mpl enept ation, @Qe(ngliggei#cp% 0 %”Qns%l_t'%&o' Ng supervisory nessages are on
e

t he sanme wavel e nne ar a I'S achieved using a broadband 23 WD
98/'47039 PCT/ Usgg'? B 1 enag aee%rmeof}%og? ’é‘ﬁ%“%?nﬁ“daﬁu‘i?a’l‘%twar“’?%"r In both
t hese VPERISCHIRetTHELWOIR beda’t“’altﬁ%l%‘ﬁ%mt‘asmﬁeﬁ’?@rdﬁlﬁ%\féﬁeﬁﬁ‘@?h channel s
nunber edavEleregty, bangs - t FPecifdtadus SPYrecapptt 850 egerdtey asoasi ngl e- wavel engt h
and nul termmavelegegtch dater ihtanisg (dptecal micels bnbe nkyworki Hibed &2szhows

bi di r ecthtanal £\ABDM A5t ansmE Sl b1k @Neutbitidiept itel WagKals berssis #dd uded to
aboye, whid getex Sfagei f2s6. epbodiaBnL Sesesk seRAr alksfi Q@{ﬁlwr each

directi Q%el'e;x;éhsc%gié)lagd tmolrm‘og{%/#gd%a&eq% gﬁgrfngps 1@: QQE d(!)l’ %(BEI ons on a

S|ngle1:j g e work tra This 1s true or smgewavelength
or nultr-wave eng?Lh network data transmission in each 10 direction. As in
t he case of the bidi rectl onal superV| sory channels shown in Fig. 17A and
178, bi di r ectionStheppiamminashg Y% can be inplenented using a

bi d#s ecti onal VDM coupl er 250 The figure also shows the supervisory
channel devi ces shaan isa-Hqshdl3psnaneldgptemdl 14 pbexekrs h6ding satei ver 165,
mul ti pl @¥sds 480 canthali r @RSHidnt duch8h ahb 2Bl dirf, eGldsonalke aRaE&L on al | ows

i nbound c%s?%&gg% Wslél 9rF l@!{ Ql&?ftbleo&etdrmefrle CapE)QO;;):?aEQJl ti pl exed onto
one fiber usi ng S?Par%eshows Ne 9& co alegsto §B§Q5I Isc?'vle*lyasv\uv%\%ﬁ)upl er 250

operates as |rec |ncon1n I Ca S on a

Rttt il amrﬁcse?r 5855 < 1% “RUTET S bUPHGRRB B0 | cal

si gnal s 28h &% Y& ERM 267 HRed° 188 WEPR I be-2 leFo?rlogeﬁB‘F dLB¥%E  t he

figure ghm\/ghﬂwsolggwdﬁgy data equipment 280 (typically IP) coupled to the OSN
through the OSN sub-modules and the protection WDM terminal.

The OSN sub-modules shown in the figure can serve several

35 functions. For simplicity, the bypass path is not shown, but the OSN sub-
modules in the protection paths can be switched to cause protection WDM
terminals 205 to act as regenerators for transit states of the OSN as
described above in connection with Figs. 16A-16C. In the normal state of
these OSN sub-modules, as shown, the protection channels are coupled to the

40 secondary data equipment so that the protection fibers on the network can
be used during times when they are not needed for restoration. The OSN
sub-modules in the working paths are not needed, but may ke deployed to
provide additional versatility. It should be understood that the secondary
data equipment would not have access to the network during restoration.

45 Fig. 19B shows an OSN at a node where there are no SONET ADMs,
but rather only ATM equipment 270 and IP equipment 275 coupled to the
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wavel engt h channel s and mincom ng wavel engt h channel s, but either or both
of mand n could be 1. 4.3 O her Term nal Equi pnent 25 Figs. 19A-19C show
OSN 120WepV49% i n net wor ks having other types of terniPRAIUSSY RSNt such
as ATM and I P. Reference nunbers corresponding to those in Fig. 16A w ||
be used where appropriate. Fig. 19A shows OSN 120 coupled to ADM 50 as well
as an ATM 3Q switch 270 and an I1P.swtch or router 275 through protection
WDM t er i W°Q( woLfgs h&gs SPRPITS VO PR PRl arE 908 2 4 n feorte s%‘%‘T ‘mothifPes 210.
The fi giﬂot‘—’!“ aeﬂes%e?ﬁ‘?ﬁﬁé’ S CONEIRYE 34t £ouptidphRthe 2807ty PTIREaFtiyPr P) coupl ed
to the BSKs tpeaighrqtset OBNBUbeTddeleg0arddttie ¢Not ecti on VDM t er mi nal .
The OSN sub- nodulfs. sitgwshoive a herifahgurfeticarosEpymatsev ehafig35i fauneddeons. For
si mpl i citteyamt hea hypagsppaithod $heGlessQwB, hahbtscbbi@ia@PNasborf®dulsta n t he
prot ect ipBupaths oaredeos Wbl Ghedid-0 SaUSA RE OLBCH@Ns MPM e Lefd gl s 205 to
act as [LQRNCLALDT $nd 0L lhls) bndd BhESnal: E@ 2@§'\1na§af dgst! Lbedaahove 1n

ConneCti n V\:'!i.ptment 2g§ secon r ment

sub- nodul €9, 3 ’f? prdt ec Fon ¢ aynnel are COGBP d’ td Pfie 40
secondaﬁftdi’td& érqlfﬁ?)rréﬁf so that the protection fibers on the network can
be sed during tines when they are not needed for restoration. The OSN
sub- nod&l%esConslufienwor ki ng pat hs are not needed, but may be depl oyed to
provi de addi ti onaln v&iclaiohi 1ty cah tbeShsunl chdternngdadsehoadvédabnt he secondary

dat a eqiaesy pwidedl ol aYsAcE8SSaldd e pASLWAHK LAY L ESQE Al ON. 45
Fi g. 195‘1 %BQ&’\%laﬂb@Nxe%o&s”0%1W1>%€e&*§§£ %f %u%t?%a§9!§?hﬁ%&wgga8/ L?ngr

onl £4 uip
PCT’ U89 (ﬁg r% tkth)sr I?cglervl?finm%ﬁl n':kge \flh? rwlgf(l ng VOVt ATHEF 205" and
the OSN?® APST §ﬁ‘iﬁf/ﬁ HrEISEROTERTY LEYSqin gﬁ‘érﬂe’:‘%‘f cdiphed F6tchEenet wor k
pr ot ect F&h Pe| §HARS ChrBRGH-PrBTVERY | GAPVDRNT dPAFRTAF /=205 iaAH sKhechdBN, Fi g.

19C showedes. varierily ofsithentprif prpilatwderiqf figand QBn \gvétehesSwitedre tATM and

| P equi psraets ohat e wesbes ot eidpave asecangarsyoflaha foaet s coupl ed through

t hezopr ot ecti on WoiMit erdie Ndlovand OMWmbeceh@deesicish de fatwerk link in the
manner Ex%hlééﬁgnﬁé“’cﬂe qﬁ“&éltggr'r“ pg;.eﬂ)t.ls %QJ.%.%QtlcﬂlsFl sg.tegr'%'e‘lvesecondary | P
equi pnep s7t§@cé %ns 8n%e6‘udg§gq: secon ars\éd Fgg exerplnt F(ioupl ed to the east

si de inl N% Gsion Tn conclusionat cad be s&ah that the
pr esent Bﬂt’ltSnco“ﬁF?fw °§rB’b‘\E€r?%lbe%ﬂ?dr%‘ip8§%’ﬁtletfé’Eh’rﬁpdﬁ‘ées‘tf‘b‘? tﬁ? ovi di ng
enhancea“Freégf%ﬁréit?*@ﬁn 5 RY GSPREAERY i3BErmRELFOPR S TAICF PFPOtFREBT of

mul 35 - wasdssengithis ivaRksible, otsvely o Havretiwtkriigahclyitinmedt imbhewgnt havi ng t o
provi detMDvuberismal cisgueprfeatconatolnonke shbaisweesisiengbre taanvebengt h i nks in
t he net wpddems Desii t@dtsnist gi1BGn earinke £hbectefindsidgefrhad vuedvnséapl e and
| nexpenghy &sQPianCalsoSwd tlgllsuen\gmetaodes@chtaxfpbﬁﬁugmdU§é REmARLY1,2 snmal | nunber

of nxi @&@LM{@SW&Q%M s, V%Bcﬁ%uw%@té%%xmﬁ@ ce@feck-NPULS and

ggé%:’lltlssvgitcalgg %9 rel'ngzsow1 c 1ng throug Xee ulsg ) the super%?.ggrlypglllapng ?f

(@]

and other monitoring features. The physical configuration of the OSN would
be similar to the particular implementation described above. The WDM
terminal control system (Element Manager) would be required to send the
required control signals (to set the OSN in one of the valid states for

35 restoration). Such a configuration would have lower loss (since WDM
couplers for the supervisory channel would not be required) and lower
complexity since less processor capability would be required.

Therefore, the above description should not be taken as

limiting the scope of the invention as defined by the claims.
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enbodi nents of the invention, various nodifications, alternative
constructions, and equivalents nmay be used. For exanple, Fig. 13 shows the
OSN and WO 88/¢93% r ol el ectronics as being responsi bl e for FanaissaeIss ng t he -
supervi sory channel by generating and nonitoring nessages from adj acent 25
nodes. It is possible, however, to have the term nal equi pnent inpl-enent

t he supw+%grg G gl for control ling the OSN. Since WDM term nal

syst ens gnals on a link, a WoMterm nal controlled version of
the OSN can al so be inplenmented. Such an OSN woul d be conpletely

conttol l ed by thel\VDR peshad edl setrefi tehngven| ekideiner ndurgogdreomeetnd or span 30
SW t ehi ngtorrkr havgng \eidt ademngnadhs duigked he aps eca0f wédrend\DVhisd)perad sOry channel
and Bt heleasDBhé Giul fig wheAkHEES wodkig RAYE iHeBhef0nfisg ULl Eadnafadihen@SN woul d
be sim |Rbed Owbit® Paiti Gl &cohlNl80E 'l&@tdaB&l@eé& rs'ch%.ngaQingecergl VDM

ter IT!; na'm?@ﬁ%x‘?éleﬁé/éxt gmn(aﬂ %@Epﬁe Nﬁ 49 ﬁelenglt!. worg qui/::if:j %{: ngg ]E 2? 35

required _con sjgnal’s e

r est %)ratl on?dtd g‘uc i% gon |§hra§t%eas‘t vepo] e rké’%/ge f’BV\é?t °8§§bl(es?§16‘é SADM

coupl er & otfHe °§?F§éf‘?ﬁ sb '“Eﬁ%ﬁ‘?né‘l’mpﬁbiﬂnﬁ 5t st@srefgui red) and | ower
compPexity since PESEdpDBRSIoravEApRst| $rtycalo ek egbiqne dirksektwerer ef or e,

t he abowaigesserivadts orf sdveal chndot be taken as limting the scope of the

i nvention as defi pegdribynd BeciC haddTsic? bn WPt D&144039n RETLLIRAB] P25IHVWHAT 1S
CLALMED dtSieakt lonePAopBERD G wOf o1 8 @b hdrk | &gpécﬂnﬁélaﬂo h{?&c‘i&r PULRAEOUS 11 Nng 2
net wor k ngyi an@ﬁh%%@snmg@%fl 1K ey c%mccc@!i JHES entl that 3

| ea o) rrul ti vel eng N |n en rst an seconde adj acent
4 ng%jesrﬁe ?n\é{al? commfmcgp gaeeéjtg?reo%:\é\% zI‘oéie F SSBRAHSRY and recei ving

5 mifti Rﬁﬁveeﬁtéﬁfgtlﬁn’ﬁ gheios® d‘??lf’%éhﬁ?ﬂtﬂi "\ﬁaﬁ%‘l“%ﬂ@]t RINARRh GsFeTirRtedand at

| eadf 6'6REP A% onal node, with at |east one working |ink not capable of
mul £¢ 7 wavel engt hh@pelt*a:thiim,assﬂ@lmusgdve(mrmrihsiangtetdeewlsixep&eof : 8

providi rggsoeiatied waveinenh gidoigeht cal caupat@abi an 1kistk sndeEwarnnod 'adj acent

pai ns ofcoaneesa mbbeck@opriouiddi ng each node with an optical sw tching
assggbly having LﬁeéhnlﬁéS&ulQBBwaQQun%@ﬁ ﬁl@té&bwgl@l eg@&l o, provide a
byp%s paalttQTﬁMQE&eethh %gtvl f% dﬁgéen\ée%l ngdaaf_l Onc%s 1n tg % e ieconneCt ed

protection Tinks ent caten t6*t Hé®ot her of

t he “fiode’ 3"t nnecf’@?fefﬁ“b f’B‘@t POWeFT MRS f\imrfthéﬂ? 558?‘??9“8??‘“@6?"@&% o terninal
equifpment™ aRR0E| At BWPPOIS W TH S N VRLRISED TEmERd cShiicRChAtHESmSBRIMFSt al so

per #et t i 3§ 2eoPAmedethe et kst andings thsc fatte thate phi Ivabt equé miferte hadesoupl ed
to at | eesthopnetwhktidre modeammbld Sicosmdend edd preotdhy oriki deseiehGenher ei n

t he 28Ul tdignamebengelr poaieetd @BrkinBkamdPpted&canin. al ternati ve path

bet ween adj acent pairs of nodes in the event that the 21 wor ki ng and

pr ot @Ctl on links Qet V'ﬁgnmett gd Ifrc.sfalﬂnldwﬁgr Qdatheas% on ogesalgz IrncapabI e of
suppgrting, oul ti vel e catl on between the 375"d second
o et e

nodes, f%e(:con haf’erést & s‘far§61*f’é’ B?Qr’taﬁ% ﬁ’?o?f@é’ °’?4 in the
net wor k W&crﬁé’f‘ capabl e of sending and receiving nulti-wavel ength 25

S|gnals on their connected working and protection |inks.
3. The method of claim 1 wherein at least one of said

2 protection links-includes first and second fibers, each carrying signals in
3 only one direction.

4. The method of claim 1 wherein the multi-wavelength working
link includes first and second fibers, each carrying multi-wavelength
3 signals in only one direction.

5. The method of claim 1 wherein at least one of said working
links includes a single fiber carrying signals in both directions.

6. The method of claim 1 wherein the multi-wavelength working
link includes a single fiber carrying multi-wavelength signals in both
directions.
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1 2. The nethod of claim1 wherein at |east one of said working 2 links
includes first and second fibers, each carrying signals in only one 3

di recti oWO 9842039 The net hod of claim 1 wherein at |east onRCTVUSIBHRHS2
protection |links includes first and second fibers, each carrying S|gnals in
3 only one direction. 1 4. The met hod of claim1l V\,herel n the

rrult -wavel ength vyorkl ng . | ink ipcludes f| rst and second fibers, each
carr%/l ng multi-wavel éfg §a13 PEHEES SOPHI9%0ne direction. 1 5. The net hod
of cfaim 1 wherein at PeAIF2UME If 2sdeaWSPRIEode? YisiRs d2AkIgides a single
fibef carryi mgisiigattddng n(ahcirhopliicet tieoverk intgridfeeforerhadind tol wiom 1

wher éi n t he mgh¢r npdaselienyehnasgeid, ngnd 2b)l jankermigd ludeserdasd et eohpliag

carryi ng nul tto- veawehangéhipégnaklsoch acdaotith3eili Feedn AR, & WO 98/ 47039
PCT/ US98/ 02515 1 7. AN a0grk6aonBBIWOI s CARPE4 %H@ﬂvecglcﬁ‘:apldﬂ%%allt yi.0f at

eash three nofesuhelfe AREN T} WaNchadOLE I NG, Uﬁapesogfya AogRLt cal network
I nt e face fOI’ ?Oueo orgl com‘n nicgtlot heétwngn %g e T %D 8 b) a

term nal interface 1 T R O A= - L Yo O o1 §§o°(f’i Hted with
the given nod’(?tw%d %acﬁ %ddf‘F"é%t BHdi Ry “ﬁ?‘iﬁ QF’r”tgyc?fF“eﬁY"cﬂ PEERi onal opti cal
linkS 7 conri‘é‘é?’i"i?g“’t%éni)lqﬁr‘éﬁ PRtigel dodes Fhe aird hginwopersddsredotpr ovi de 8
bi dilkect i onaldeéoramame cabetne birwesnnadrbioentiyati¢ss godtedogesream bt 9

net wer k, eachioatjaeamntsopatiat @fchnedeshdieimy reanane t@dndtrean adfhdent er veni ng
one 18f the opicusal |inks, the ring being considered to 11 define two
oppqsi t e, di.rections ar bi trarily designated upstreamand 12 downstream so

thatlseach node has lcarp f‘l q }(lzlaoswg 1Eez§en9t§dllﬁc 1 ,die , 14 wherein:
15 each opti cal Ilnﬁ 5 rectlona 1*ng”q

bi di fect?%ﬁﬁ?“ﬁ%ﬁ Ef‘?t(?ﬁt’lcinnkm 17 each node s netvvork i nt erface i ncl udes
firgt’ and second rféfarRe’ SlBEWFlkllﬁgeﬁféF? dnghitfieri Fiset sand sreevhdenethor k

pr otléct i wrkpex Psres] nkdérs ek 'sscandr mtwatk préect sagerericludes first and
secaond 20 term nadacmonke ngt@orihsl antkdfthestinandes eaest shergscaal protection
port2%; 2der@@df ROHRNS Joirt S taniVOikitNGn@Nd POt 861 LN pROF LS i 6H Soﬁgupl ed to 22
25 raapest) Yol A e i e R Dl e e o b ng

I easz'? ontgljie %ﬁ eyé ‘ﬁ) t?e%g“vm t%hl ntg“‘é‘? emanetIO %hgr]f)lﬁ |%§l PR fclhonn%&/asSenbl y
havi‘lg at*PEaEt s’ 26 normal state coupling the node's associated terninal
equi¥ment to the ZPCRJHES S| #75CPETE! SEE DG AASTHTU VWA RFAG pBIES THr ough

t he Fode®®rifit sWitardrg 2gengrtoridet ertatHakbvitshkingsprobl s haing he lgetwerk is a
het ésogeneued sretevwrkrlingrthienn®d® ' atask@dsted téimigtl wankinegt |tonkhebet ween
first7 anflb&esmidst Jhd ndesd aboddiv ek bddtsOfnBase $hé Sioa@ kgiireghd O
SUPPRrt second terminal working ports;

29 the network is a heterogeneous network wherein

30 at least a first working link between first and second
31 nodes of the plurality of nodes is configured to support

32 communications at a first bandwidth,

33 terminal equipment associated with the first and second
34 nodes is capable of sending and receiving communications at the

35 particular first bandwidth on the first working link, and

36 terminal equipment associated with at least one of the
37 nodes is capable of sending and receiving communications at a second
38 bandwidth that is less than the first bandwidth, but is not capable
39 of sending and receiving communications at the first bandwidth;

40 all the protection links are configured to support

41 communications at the first bandwidth;

42 the first node's optical switching assembly has a first

43 switching state that selectively couples the first node's associated

44 terminal equipment to the first node's first network protection port

45 through the first node's second terminal working port;
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32 conmmuni cations at a first bandw dth, 33 term nal equi pnent associ ated
with the first and second 34 nodes is capable of sending and receiving
communi V¥ P30t the 35 particular first bandw dth on tRETIUSI®0250Dr ki ng
link, and 36 term nal equi pnent associated with at | east one of the 37
nodes is capable of sending and receiving communications at a second 38
bandw dt h t hat |s Iess tgan the first bandwi dth, but is not capable 39 of
sendi ng and recei Ving CBIMIAT CafP'oie! at" FHE P i FSSEHEMAR dtWSo%D al | t he

pr ot'ect FHTCFTIkEC Pt RGNS IGEHEE LT SouRiRSoFte sarrdoipsdait eatdcdatedt the fir st
barfdwi detrmiazl eAeirmPRS o iddessronpircdals sefdndhiqrgods serisbyichasom first 43
sSwW4°chi Algrostlattéetdrgbns eb&rtsi Viglsy wouplaswéhrend ipphsd; Bapde' s associ ated 44
t erswi nal equi pmenthet epttibel il tchinPdessnhi 1St et@t WOLK 1ot eghion.part 45

t hraughodae {Haﬁsﬁhen@Ek%tsa636§533thﬂ3ag¥rH%L &“%95éé%gs£§%Ettha@ é@g)éﬁ 039

PCT{,US9 d
47 < tEéh“?%gffhgﬁm‘igea??é:%”%%d’?gi 3 %gf UACTLDS ShER, g@sc?af ed
*hod

48 Yer mAal. 1875480 %re%ca&ﬁawﬁﬁ‘ét?/%‘}“%mﬁ?b’c%t?fon por t
49 Yhr okfth it %@Hhﬁ%%‘é‘esn fhe ST TE B PR NZHCOND PRATR YT Ehe BHOEBOiethe
opti*cal 15t CHiERg a8 sewbiyrspfrresedrior ldnk|isashe ehogetimodes £6dstot her than
t hebsf | r serkangl agécovdesrddes ihigs bacdngpassipshlat ef tshators edeebdmnal §atibs coupl es
t hesnodet sheéifristt anRddaden 3t pieat &6l £orscpaid Sseédddandagpass path that 53
bypasses the node's termnal interface, thereby allow ng communications at

54 the first bandwi dihy @gélwgmewﬁ bt 2809 Sgeend.nodes. Quer d be.

protectl protecti on e event t hat

55.11 nks. ot her
the first 1%%95. {2 GEnc and pr 6 tllrSt W?Tkhll?g ]blé%o“r?en‘?tnﬁé‘iﬁﬁ?é’fof supporti ng
comtuni 8‘&"["°6ﬁ’§‘9 %Gf““ ?lctaﬁémlsl ?tstthﬁafﬁdﬁ\)i PeRSBEheen the first and second
nodes. 1 8. The optical network of claim7 wherein at |east one of the 2
wor Ki ng |inks ot her Tirnptikgel friecsdrkwof lclagn 7 vHeresn nbé opapabl e of 3
suppor t kwigco D Haictal ¥ @ASeaah dhend ifisic hamdwkektdnodksOnasThie epgdsgal net wor k
of cal ai Btakewherein the optical 2 switching assenbly of each of the first
and second nodes has the bypass 3 state. 1 10. The optical network of

cl ai m7 wher ei n t{'be o el 8;?7;'1::21 %\A@‘{orﬂl ng ?ssegbw r§fn gﬁﬁcgﬁg{ (r)gezf hgisa;[ rr:]e7

fi rszt an gcond S\é#li g%

wher'ei n® HE FPFTP DAYt M P%de&ef‘%sr Thed By *8° Fefoaf e et T hannel and
3 a’pl uF"aﬁtler of wavel ength channels; 4 the term nal equipnment at the first
and second nodes has 5 associ ated vvavel ength division nultiplexing (WM
capability; 6 thelisecthrdoftardwindtibrksoflet&imnedréyd:he same bit rate per 7
charnel and a si ngleesnavebpagidinchanpedsmiadd g 4 erdn-nal edWnRARAL ang

assaci ateglwhifyats heastnghiecnede:d.acks 9 associated WDM capability. 1 12.

The 40pti cal net V\D&l% Qgrm(:\{.l-lgﬂ! Mlpw{ggg %‘: nt:he first and second nodes has

5 associated wavelength division multiplexing (WDM) capability;

6 the second bandwidth is determined by 'the same bit rate per
7 channel and a single wavelength channel; and

8 terminal equipment associated with at least one node lacks
9 associated WDM capability.

12. The optical network of claim 7 wherein:

the first bandwidth is determined by a bit rate per channel and
a plurality of wavelength channels;

the terminal equipment at the first and second nodes has
associated wavelength division multiplexing (WDM) capability; and

the second bandwidth is determined by the same bit rate per

o Ut b W

channel and a smaller plurality of wavelength channels.

13. The optical network of claim 7 wherein:

NI

the first bandwidth is determined by a bit rate per channel and
a plurality of wavelength channels; and

w
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2 the first bandwidth is determned by a bit rate per channel and 3 a
plurality of wavel ength channels; 4 the term nal equi pnent at the first and
second Y843 5 associ ated wavel engt h di vi si on nul ti pPCFRISIEOZSIDN) .
capability; and 6 the second bandwi dth is determ ned by the same bit rate
per 7 channel and a snaller plurality of wavel ength channels. 1 13. The
opti4cal net wor k o% cl ai mg wherein: 2 the first bandwi dth is determ ned by
a bi't rate per RraECo%h g2 Y id 8 rREPTT 6¢ SNad S8R PRE CRARMRSES; and 28 WO
98/ 47039*3pPETY @3%}*6?3‘1*5 % 2¢ R UERES HP hamtptP et FRengetser mi ned by a | ower bit
rate per 5 channel and the sane size plurality of wavel ength channels. 1
14. 1An optical ne&worrk goipxl setgrkZappiibal ity of N nodes where N > 2,
each given node 3 inalpidiragic@noORt heak wRELVwr K i ntesf aceedf gsacoupling to

t wozot her %rﬂ@gﬁ.sxglaﬂl EMCE.l?tn\é@&cg&kaMe@f;c%r %P@Luﬂl%& foa&% EQJeI COUp| Ing to

5t rmnal n a ta rmina rac orcu Urality Of N
bi dlgl’eCtl on:;lg)%p??lc% ?%%gﬁcg%neégl ntn ?‘é‘l’%k%;f;g fd Cf}? orfg nodes in a
c

ri ng t opol ogy rf“o provlament% M PEt3ton ’?°61§t |a(5’ﬁ bet ween adj acent
pai Ps of nodes on the2nRtFBHKEY %fa&’hbgiléﬁ‘ftéeé‘ﬂt opHicpl ofinkd FesnesEing
conrect ed bythenriwekityerd Ngnaiee of at Hieg H@obgstyi talprbyivkesbidibhectibmg bei ng
congi der ed tomgdeficaeidnwoetgppgositaehi reiireofi onigs ambilid aetdopkdaeskgnat ed
upsbr eam andadayeist pEaNS Aoddiabeinh2cAMebr A0HE NasepedniegMnansk daunst ream
adjiacent nodgsicahd 1 WG B! rild SAGH QRki&akaldnkeNas @ PLgdiLaGt i onal

V\Drllil ng i nkdl@:@gtl%ns %@bmgkiﬁpEé&%ﬁgte%kgés%ggémog.n Idro]%s}:]fg n?as(o:h ngde S

netyork interf ce jnclu B SRA™ASr ki ng port,
a f| rst prot ecgl ‘on B%rtuPStre maarslcgg W By "?é‘gﬁc(?ﬂt F8PES: 18 each node's
first REHY and protection ports are coupled to 19 the node's upstream
adjldcent node' s sEEbrR@tiwIkiing bard appisheedtiomnr porikdng 20nk egpexti vel y; 21

t héSnet iotike¢sopaherereggemebink; net wor k wherein 22 at |east the first

worlki ng |ink is ocwefimgdeednétiormintbrra2d waveleangtfiropebatingnpor24 4 he first
and 7seceosdnaodesi Raysrtt e Mipal ottt {SCesye, 2§nd050§@ceihcﬂg,r¥\@e\é@£&{l%ﬂ di vi si on
mul i pl exi ng capaéychlrtoxetsof§ysqp95ltkmg6anmgblcey¥§x§ ‘%%Pgé QIQDC%L Blad°f Of the

first rking i nk ne o conflgured
forl% goh Int?e- S’tream ﬁ& peratnlo%n ar 3n§§m t % pxdontéac‘é‘f‘mtﬁ%r fodes has a

t erdfi nai“a“"ipl‘?fté‘r"fa %e that 30 does not provide wavel ength division

mul%ti pl exi ng capabitl 1ayori8 s & heteredprastecrrvirs vhmesimre configured for
mula2i - wavel ength 32 cpersst orie BFseachrkimdéinndt udesiatred gastmuane- opti cal
swiZichi ng el esvenéndro Pérseecti vely couple the node's first and second
prafsection ports to a dd¥PASSt and second nodes have terminal interfaces

25 providing wavelength division multiplexing capability to support

26 multi-wavelength operation on the first working link,

27 at least one of the working links is not configured for
28 multi-wavelength operation, and

29 at least one of the nodes has a terminal interface that
30 does not provide wavelength division multiplexing capability;

31 all the protection links are configured for multi-wavelength

32 operation;

33 each node includes at least one optical switching element to

34 selectively couple the node's first and second protection ports to a bypass
35 path that bypasses the node's terminal interface, thereby allowing multi-
36 wavelength communication between the first and second nodes over the

37 protection links other than the first protection link in the event that the
38 first working and protection links become incapable of supporting multi-

39 wavelength communication between the first and second nodes.

15. The network of claim 14 wherein at least one of the bypass
paths includes a regenerator.

29



35 path that bypasses the node's termnal interface, thereby allow ng
multi- 36 wavel ength communi cati on between the first and second nodes over
the 37 pYOP¥&03%bNn |inks other than the first protection [FaTRUS98/02588 event -
that the 38 first working and protection |inks becone incapable of
supporting multi 39 wavel ength communi cati on between the first and second
nodes. 1 15. The et V\&rk ot_]‘ cllcai m 14 wherein at |east one of the bypass 2
paths incl udes a re ener AT ST 28 WO B84 PIS i PCT {1868/ P55 the 16. The

net vior k PBT SEF Xt 4 V\?rfécrlé‘iler? 4% TBLEfHne of the 2 protection Iinks
includes an anplifier. 1 17. An optical sw tching node for use at nodes in
a 2 het er ogeneouslhet okt idaheswietviog knadaciatdhdrgat efcAeHNakh £qui pnent

connect edter3géneonetnabudekl, | tHeSnedwbBex Nat WALk kbfksal %hu;dxieﬂg AnBedchst |ink
bet ween v RaksrxOl iMademenast.Beok ehid BadiueHY prent 5 capabl e of term nating

a figst type of comupi gayi %@ém%ng pﬁlxao%e -qnd h'a'vﬂk mf' ed t° a _node

having term Qaala1 quippent tha L econd type
of g1m’runl cati ons t‘['%m A pabl & sTt 'f 5?T‘ﬁﬁ‘lf?1té°??r§f“9type of

communi cations, 3 steﬁ‘éndobf‘i‘kcéPu@\ﬁPtt(?h? ﬁijdﬁd"dél%ﬁmlﬁh@q“&w‘ef*? &gt and
secohd sets of BP#ieest ICSFRIm2 ok R rRgCaid tyreo PR ctommnicationetwor k ports for
coupd i ng to EesHpekls vé Hepnbtatamd tedondt biwH pecomanglatibdsnet work |inks; 13
first amdesecitrnd seitshiiy hodd caekiqmal wor ki ng and protection 14 term nal
equipnent ports fpirseOual b&t@nk Osekk I3t pANde 586000 BALLL RS Slordd LT M nal
equi]prrerruetwo%ﬁ%rggtfogfchugf.mgn@é rgg%é EWEl sqr deggéor}xg. iﬂgief% L ECiE,‘I ving dat a

to apd from saj.d. f irst and second I rectional networ I'nks; 18 a set
V\Atcﬁ el enents’ connected to said sets of network and 19 term nal
eqwfrrent ports fB’rrsési‘rﬁbf?qfﬁiin'?ft§p°<fnbjaﬁ’rae?tilﬁ©a]s\‘ﬂﬁ”flt‘-ﬁ9rﬂj‘dl PFEREE120 event
& f ai'PUM@2 T (FRHRSPE (ROFTF iTAK. COPPAGY Théitnst prdhbecwidt rdtithgpsnotie of cl ai m
17 Wher éerringl tdqpignenst epypeecpfofc omminilc atiipnent Sockandicigesandazed by a first
3 nuiberrecdivivay ebengbharshanmebsid antcdadihee®ae anditepecofl sampuni cations is
charact echzed by a second 5 nunber of wavel ength channels that is smaller

thaps the first nugheg. ofls;&chwﬁmgma ElneSWat Eéﬂsggd nade of &l ;ckma%

wheggin: 2 the § y, fions is characterize irst 3
bang ?Y'\n dth By H qﬁ%nE(F%QtQ fgrrn%staﬁls YR the sréé:cgh%g £y pehare 68rﬁﬂfn| cations
a

is C rac?erf’%eadf%lluﬁe s&c 5% lﬁs%gﬁ‘ftﬁw dth that is smaller than the first
bandwi dth or a second data format 6 that is different fromthe first data

format. 1 20. Theld®pt Femlersigiat cdriinghimgderdefofcbEdim 17 wirkreriei n t he set of 2
switzh el ements i ned ddes: tHd pf Stomd3 catnicn3xt swirbedweszdmmvyngtihei r singl e
t er m nalmsmbed 6pURVEENLEL chendeh £ stanget of wor ki ng term nal equi pment ports;
5 segond 1x3 and 3xd s&\MrIdCbﬁJ% B@%bﬁgxng@ignéliggé}@rgge%% ﬁy a second

5 number of wavelength channels that is smaller than the first number.

13. The optical switching node of claim 17 wherein:

the first type of communications is characterized by a first
bandwidth and a first data format; and

the second type of communications is characterized by a second
bandwidth that is smaller than the first bandwidth or a second data format
that is different from the first data format.
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20. The optical switching node of claim 17 wherein the set of
switch elements includes:

first 1x3 and 3x1 switches having their single terminals
coupled to the first set of working terminal equipment ports;

second 1x3 and 3xl switches having their single terminals
coupled to the second set of working terminal equipment ports;

w ~J o N e W

first 1x5 and 5x1 switches having their single terminals
coupled to the first set of protection network ports;
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6 coupled to the second set of working term nal equipnment ports; 7 first
1x5 and 5x1 switches having their single termnals 8 coupled to the first
set of pPreOL¥EIBdN network ports; 30 WO 98/ 47039 PCT/ USO8/REIAIN8M2Y&cond 1x5
and 5x1 switches having their single termnals 10 coupled to the second
set of protection network ports; and 11 a set of interconnections anong the
sw tches. 1 21. The%oo&)tli cal svm'ltchj ng node of claim 17, and further 2
conpri si n%: 3 control erectfont'cE SHRIaPPAiFSt ieid Yanaks aeenineksages for
ou%at; coBLd JoetE FRTOAI I7f A SSatResion newivrk gloretie asét of switch el enents
bas€d on the nessh§es of7irtecednredtizneg drhes rbssagestegxpect ed but not

recei ved; 8 wavel ength multipl exi ng equi pnment coupled to the network ports
9 far allow ng nmessages &sxibel GRDTeMLE 3bes Jeteem 1 henLcomnthol el ectronics
10 and theheingerk 1 22. The optical switching node of claim 17 wherein the
contyol 2 electropies Ligludes a Rrogranmed conputer. 1 23. An optical

sw t,ching node for use at nodes in a2 het er ogeneous network, the network

i ncludi ng terninal equiprent connsct 88 3BV network |inks, the network
links including 4 at IRE8SESSoMRFRiNG Mestag8Fiengt h |ink between a pair of
nodés 5 havi ng terni mePteEdurpnent ofapulbFle edbmensr hasad imgtimuhedsanew el engt h
6 cohmruni cat Fenssvedantd Zhatmeseasts owpectdinkutc auplredeivedaa node havi ng term nal
equipnent 8 t hatwavelémsenpaht iekideebdiipaédthgouplbd icoVBMe heNBLR ports

CONMMBUNI €& 1200Swing reBSa2Bt i£BL SWMiLRLAG POARE ANRI d3i DY eﬂ‘&:ti‘&r&i%g and
second ggd $LofLRI Sl r ectional working and protection 11 network ports for
coupling to respective first and second bidirectional 12 network |inks; 13
fi rst and second sets_of bidirectional working and protection 14 termni nal
equipnent ports foY cOfpPPHG2t 54 FFERI ARES LEcOfd™pbr theRFan e 1B ini nal
equi prefitectaaeirssEclades: armrcraimmed foprpere - f or sending and 16 receiving data
to and fromsaid first and second bidirectional network 17 links; 18 a set
of switch el enentm.comnestedltoisaiidgseids ofr a6d wordeaasndn 49 termi nal

equi @Wﬁétd&@éér&oﬁ@he&ﬁrﬁbl tjh%hjlé‘fgroﬂpaﬂclaﬁgng it 8BS téﬁhi&ﬁn{: Nohiigce40 event

of & fabl Wewdsk 2.0 tia"RUSLANGE Nd LK uadd

4 at least one multi-wavelength link between a pair of nodes

5 having terminal equipment capable of terminating multi-wavelength

6 communications, and '

7 at least one link coupled to a node having terminal equipment
8 that is incapable of terminating multi-wavelength communications,

9 the optical switching node comprising:

10 first and second sets of bidirectional working and protection
11 network ports for coupling to respective first and second bidirectional
12 network links;

13 first and second sets of bidirectional working and protection
14 terminal equipment ports for coupling to first and second portions of

15 terminal equipment, each set of terminal equipment for sending and

16 receiving data to and from said first and second bidirectional network

17 links;

18 a set of switch elements connected to said sets of network and
19 terminal equipment ports for establishing span and ring switching in the
20 event of a failure in a multi-wavelength link.
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