WD 98/ 47039 PCT/ US98/ 02515 METHOD AND APPARATUS FOR OPERATI ON, PROTECTI ON,
AND RESTORATI ON OF HETEROGENEQUS OPTI CAL COMMUNI CATI ON_NETWORKS BACKGROUND
OF THEMOBEEI'ON The invention rel ates general |y to opt F&I/URYIS1S

comuni cations, and nore specifically to optical fiber based networks,-
techniques for restoration of network services in the event of a failed
fiber link (e.g., 5 a break in a fiber or a failure of an active el enent

such as aMWODQKNDIAPBARAM FOR OPERANTION, i FROTECTION| ANIbo ef fect such

r est Gt TORATIBROOPTHETEROGENESUSTOPRITAL (CCMMUNIC ATORNETWORKS
techni ques provide flexible means of provisioning, configuring, and

managi ng the nodern highy %ﬁﬁgﬁﬁ qmﬁkﬁ gation netvvor ks The physi cal
| ayer in the 10 network, I ch I ncl uhgs ransm ssi on nent and t he
fiber |ayer uséd® FOEREIYnAFIA ALY o rRLdrs &9 t%°“13‘émt ‘?se of

r ecormbdguanst BRRFiSicdldyi t9 rPekcalnt Bregepasas seifpiooks. dprrniicee? Fori ng of
t r af fdeetodMiiibe «f| ostworkcaErivicr ahitre efertthef gr deiledf fivexulisk Ge.gwre may be

syif f iLheddk fiara figer lcaNgifAG14¥abli &n GRPAE bYerent rARAOASQ Edberhange in
de”a%%ggféle% ”&d@hé‘ﬁ{ gséf B{}Eadl%t X‘&rt‘émﬁé%de{f?aﬁ@fE‘u'cHUEe%%P&l(:Hef haps 50 ns

or les re toring seryices in asg 0 ansmi ssi on
equi pnent or fﬁ’ﬁé?n aﬁf%nsf“é%ﬂ a%?p lfl?a%mn'Fas% srwégf T et {-’%ctrgml Al so

crit iRFaVidy flﬁ*’é’\}én‘t‘eaé‘éc%q &F?Y)‘ﬁlﬁPlrtgrleC%‘ffﬁéE’f’é"gofa‘ﬁl E‘??Pgﬂlég pgoent of failure
wher enddhen hdbhewipeditnetvlcsosminightioramdteaka) Fhe cahysi¢adl Aeysmaeckhe
LoMmediett-ety, 20idiolihemideg tHeet thrdmilpdiicdnefipsert as@shantlibeayldyeaduded

over | Qadinghaf trafrégbidtwsreadhaéaee& By cs&mecafeqe&&fw@ra&cibmofof ori gi nal
fall ug, Jfﬂle%d% Jr80 L&g ogélaa)n&gi%r}%s&ri OLs té-gh est»%%lmw the

capac as I ncreaseg ra t he

S
Cont | TRTAGLTe Cofk 8% | TheSHae, & GUTPLSY S5 TAER| Pi5; BRNLLTIST bl the 25
i nt ro’fﬂi‘éﬂ-’?’éﬁi‘“@f tFAfELE ‘iﬁ&?‘é’lt@ng‘? [Fe8RAHife S BANSE dPNYTERR i REFS™Hor exanyl e,
tthe rapiods grlewhétvwomkt rabid cecapiichtationr érprhepd 5Pons logniedsauls
t el ecosgiipéd Fok OFEtBEintDB&Srilkas iaC eké afaat et thesmiédioduedqiipneraf onew

t echngidi Esn1fe0Fadinabs Fad SR . andsBUbddtBkXioRTis LA T 6&da@Ned i Nks up to
bit r e%%anes%Ql% 8. éth&9e2:)fe £ oleNa GARHRS @+ﬁ %@rffalqar@wepeewhéo

devel gfrér:en S In t|-vvave%{b$ﬁ co onent echnol o | es are resulting in

i ncr eX &tﬁ%rﬁ‘?ﬁ?’t?e:fl (LRrse P Pt rei%mec% FX9- channel DM
@Rav ef G it sHHEFuRtioR] i éﬁf"’rcleﬁk?“t Fpy éesddweviféf’ ﬁh’%ﬂef’gngt h or nore).
Tr ansfesidi brenfdsarsht higlgonkrcsed goeshoneinsiofgbaisinberfaityzee results in
maki ng t he net was kad@at forv ub naleabtie ital frdel UtceStadt kestgpentBm, negni t ude. For

exaﬁpkgpacat§lmlcenéadge£o ok Nke £-8hd 48 Bab Ahcdd SelPlapiaPpraXh el y 130, 000
voi ce chanl uge ggf':@sem?gg atb DG J:;E\Jﬁic!a %ggnafsw& adh .Jhg Gbps on a

S|ngle wav r vel en

nsedﬁ%‘?ﬂdf‘lﬁtl‘”g’eaflﬁtﬂléﬁf "faé{ﬁjr?”IgEPe"g‘ é’f’o%@dn?]oer Pﬁam c ¥Pfation of
servi &he 2@ad et G pEEAfitde G&Péﬂfﬁlleérr?%}gﬁ?dc &ae oPIcayaci ty 40 on the
| i nks tebsdmasnizatkes oetwphs chasi akeelibpatadnthy iingradacwork ot sgwvi vability. 1
VO 984418 B e PS8/ andizsIbeaal onaripDikihglg reatsniguies Lised dwronet wor k

rest %@&I:Q.\r&egt@ 10 PEPYI A-$8% UtirONS, LBAteRLS GRIPRL Bhe nalit h the twofold

rf%JUI ntiopments %gtmultl -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 (DSO) 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.



swi tching and high capacity. International and North American standard

bodi es have defined 5 various Synchronous Optical Network (SONET)

conf i guiVe@ P&#M3% or operation of |ightwave networks. " SelHCTAESBOZISri ng”
configurations allow for rapid restoration of services in the event of a
failure of fiber transm ssion rredi a. In a four-fiber self-healing ring

net wor k, each no |sf connect ed its ad%ﬁacent nodes through two pairs of
fibers (carrying SISGREFS’ i3 1HPS b FTE S di 8 ct o RS o b ie SF T 1551 o1 Hu%ch such
pai r i sPEARFRF Welmﬁxotrhﬁhﬁe COF“Pb"eHblet“Héhd%hﬁe?worfP Feqgirepenyeef tfhat

" pr ot ecEVigyhitg pet hagkl capdcibe- used when the working fiber facility fails.
Each node i ncl udebtadebrtdemyd amliNoryhl Breatic{rABMndaed Mofisds B&nH padRiedt hat

or i gi navesicantyhelmnoat est ikhNakGorkt SOMRESidAg: {dieatidhk 0ds ddeRksSidnNod he
ring. 1%9;3Meavednkaidri e @éel@nﬂea\ﬂ@ﬁé(lrﬂg_;"f E&?frlguiﬂko&egy\ﬁﬁpf@xn)éaﬁl\’ao nodes
occurs, ré%rmt&r g!a:p&ﬁlceng BIEEQx;enQ”ofe' tpa%. u§| %% P:Lb rrEr fal l ure carries

out the ok ciw rled rfeu;o Tbl ng QE al s ro ection ers. Such re-
routing’o nal' s res’f ore é’lef ng rm@ netw e fRTH B &° S8R EE or at i on”
Of - ser JFRES TSR OBRIST HEUET KT her THRK® [EFTYins fetsie T

cor¥lespBrRAsSAEE ;S’ﬁé?cééf”i‘ n fousefiber nid pach Ardicpain he csilgerhlthe "mperidet! for the
fail ed worde: nghef Per fubek izetehmeédribed"drotédréonntfabér end megpends«ig

pr ot ect wben thdewrkingwhidier i fach Bft@r fAdst 0 Each spad iavidaebi48g-adop t hi s

cont ext mulQbesRACEDHMD dhRifar ERIPANET AhcPEAIEEIdeQNadd BEmi ABARS 1361 <

prot ect i o LRy tg@qg},eoqsbﬁm@qg hn,e T two nodes and for use in the sane

25 rection (to gr nthe o rki ng and protection
links fail, the %quna?s f%‘f endtt anyfwgrrjt bélalrl {;l kV\Q wee%ﬂ’beg PP be

di rect eac‘f‘ifst h'e 5F TG pr SERETEBN °nf‘?1158?r iSH9E 178 ‘81%5? F$ SEEFRF around
the ring¥t BEF MFIPEEEett FPOHPEME ALIELE Vet IREFCRRSELon ifabowrat Sushresferred to
as ringrswiingingior@ds Howesssprre sdhsegfidelebe retstred dbi an "sedremesiopt i ng

SW t chi ng)serbieak ddwm iontadhiay wackingbeiveef Bimkefhitie, amt heleer ogeneous

net ¥or ksorfsphedieg QEenaRusn fiBgr DeiMOE Kink SctonenaM3eseuidi fdienedat £d Rks differ
in sone fame{léﬁllné Q§9&Ctﬂl§lu9£] <ﬁ$e§:|egn@J tﬁ@r15¥$&gcg%§8$rh¥né bandwi dt h)
nunber gt:ote%ygl ?%hu? ﬁgp% ref@? Lékgtg Ia%ns Sa% SeerJ%bhln adhe pr ot ocol . For

exanpl e, Jcertal h-traf 66N U d to provide

i ncr easeanteb 8’feﬁme 7 thecf% SR Q’I‘ﬂ% pﬁ%’fecfé?ré LoPers Mgl §°%n a gi ven
wavel en@{fﬁ“%h%ihﬁéli’er ?*PEJF%\PFHY‘%?Q FiMeoRYl "oEN pRd rf*Pﬁ&%see’chFbWﬁf‘eto
support SirRfdied dalorwaysl erfyPhberhaedsel s, or both. Thus, for a variety of
reasons, the netwbdf kheesprhingeamsd Ipi:q)ﬂe,ctiaftmwiktshfdim, nﬁh%abigaqm prestdeat each
end, whebe dnberilgMabskinn tivat ¢ilDkbedbfrecdtd €8 e HtTIPRPEIOROMLONE Of
nmor e ot heped kAkSe @th@geilagcdlgasgatroﬁ&erhé|x‘1kg, 'b@lxtg.'gagbggogotneor@ L&t ‘:9” will
not SUpRALt,the ;§i &m'ﬁ &Q@érrggrtmg %ihd w&mg@ the failed link, ring

SW hing is not pOSSi rt| cu het ero eneous netvvork
namgs y one cont ai gu Ny Si S° Qat Ftoraw"eq ERYTRS 45 1PY gt

communi CAFFofoTt ﬁRs‘”han‘“%gH%et F‘ﬁ%r?%f‘@r‘?seBe"teiPa%“e&uﬁy’BF‘i’ﬁksnet”‘v\or k. 2 WO

98/ 4703$PEPAESTBE 02T SLRNARY COF TheEe | NYENFRON iThe difEsrem someent i on

pr ovi desanetikd deesaeat amjap.atsugnaﬂoparrylng 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 equipment 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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equipment capable of terminating the high-bandwidth signals at the nodes

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;
FPig. 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 link;



switches; Fig. 5 shows a prior art restoration schene using optical Fig. 6
is a schematic of a four-fiber hybrid BLSR as upgraded according to an
enbodi meEWO 98M703Pe i nvention; Fig. 7A and 7B are schenmati cPGA/E998/02515an
optical sw tching node (OSN) according to an enbodi nent of the inventi-on;
Figs. 8A and 8B are schematic views show ng a nunber of possible swtching
paths within the OGSN, Figs. 9A-90 show 15 span switching states for the
OSN, Figs. 10A- TOT shoW™0? MY SHF tERFMG 4P areRs rorsiPRerrOBrl  Fi gs.

11A- 11RE¥8R6¥F=18 protection fiber transit (P-transit) states for the OSN;
Fig. 12 is a schéWatiecishowshrgatipaf ta cobafibarphegrmeatEisRoss ofgratibe opti cal
SW t chescdondinget OSH; enbb@limed8 hems iaekdicidonal details of the OSN, i ncluding
contsr O! | ogi ¢ andgaddi &I.lcpﬁﬁ’-lar_@l &Jﬁgtﬂgt&ct@iekl%fegﬁ%tgca!’leﬁig&ﬁrjgo%de

Super Vi sy ac%b@mgln;o Bl Grnddbinbhd Usthat e, fuld,,ring switching by the OSNs
In response to q’i QI |8H. a? Og aalréa sfc ur tf'I be:.';a élsrﬁlé%'nbegvﬁ%gera Pal r of nodes
havi ng V\DIVI.%(SJ equi gment; 5 Gs . B Rt E o AR T 6 gt hEre™ Porm a fl owchart
of the B Softvare™d ﬁa%{‘ssr?’et Pi%®eeodi ment Figs. 16A-16C show the use of
OSN sub- nodul es tf398cHPelfe shatdP tSPaRAYiFeHEs | T13aPT thpr TegdN/ 17A and 17B
shdW i npl enent at iFéas- GPALICEI shovt Omaty sBifPaLNT Sorseschannkd ©SNFi g. 18 shows
an i npl enent at i orrigé. hingimecdioonsd pYBMcasinBider camait r@msdanssdi)on;  and

Fi gs. 19Ati9Goshaw tdig OSN depl oyed in networks having m xed 30 types of
termnal equi pnent, DESCRLPILON.GE SPRCLEI.CLENBODINVENTS 1.0 Tachpo! ogi cal
over vi ey, §§tijcaa1 Netwark; Layers, D scussions of network conmuni cati ons are
oftl n vmteh referance to a network |ayer nodel, such as_the |nternational
St andar ds or gani Zati on ilﬁfw(slﬁt@)‘tW@ ‘é}g{lgmgf | REeTTontHECt o {BEFY*

r ef er ent@fiothel 29%HEOREE| ¢ JeaGeSs B IFPHTSPhe REYATE_TLPoSYPREYISERESt , i ncl ude

t he appfha®aesiion |ayer, the presentation layer, the session |layer, the
transport |ayer, Ribe etWoiskrateaylen]l time shatehingnky ltay e@isys dandrddpengzhysi cal

| ayer. The apphireati on Eayerisdppokt Scaes@nbi gaiexehabgas nbahyesn 45

applo catdaRseanNd provi des access to the lower functions and services. The

presentation |ayey; deal-g w.th representing datat usgL, or 4 WO
98/ 47039_PCT/ US98/ G3518  appl | dc‘?‘é‘t?&n? e d A ”éctf/’g?t %r@}ahﬁi 5. and

tw e 1n spe ent . . .
structures the I'nt8FACtion  Detween applications and devices. The transport
| ayer is responsilbllgé. fléfk.-lsc 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 layver.
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



transparent and reliable transfer of data wthout regard to the nature and
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couplers. It is abmacfgosshdrl pirdke wee MDWeTaUphersations ast alilthah

bi dior ectinal wAResifch Wt @il td-&ivegRthi beh,a anek DM Coshel&t3Snopti M zed
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establish bidirectional operation on a single fiber, and WDM couplers
35 optimized 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 repeaters) in order to maintain the signal. A regenerator woul d convert
the optical signal to an electrical signal, anplify the electric signal,
and t heWVQe¥#M¥ert the anplified electric signal to an opdrd#s/elsghal . The
regenerator -may al so reshape or otherw se condition the electrical signal
and resynchroni ze the electrical signal to a master network clock (if 10
avai | abAed) ?ef ore recq nvert i ng it to an optical signal. Conmon wavel engt hs
for use i T7D8r Spt 1°a ?r%?ﬁéfﬁ sT'oh PF et tha'V@P%‘?’fgf“Hs“l YAYeheRa8i ghbor hoods
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1550- nm r ange, arf¥igp tasthe @W&éw’@at qfaetigun-dossd fiber empiifsetsheiwmavel engt h
of choi e négesaaty pe Gakeimokt i reparvekhengt hs@rvineanraERiyed he asavel engt hs are
15 spacesbebye:3) 8imnBrdec0ts @apoiadh nghet 81500, Gilzredtnd:abOr MBY1OEokeb: NM and
are typiCapdital ibhe kangeee:1530- él@ZQl n%plﬁfy'&e”@i‘e%@ri@@l e regener at or
for nulti:yavelength ftw%[% pliYLd hgaul Lo, Lhal gagh v Vele

separateleglyéner ener at.ed requ exerg?or sendi ng
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si ngl e- ferodes andfipgkentippdensiiieian mmudinbe Madelehpbier ih $heeledhivehyods

i nexpensf ue1o intn ards1§3ophcal hywers£d chdlegbi @l atd1atierdabpera 0N} Gat NS

appl i caidsansm (:88¥e,58nd BBLRN § factL9%)martlh, S155 REGANSE St b diffenent nodes
of Propsgak,on hawe, &:dif &@f&n&avfe&é’&%ten%& ol 0BG LR L LBSIs 20

di t
RecFor afrasiay gﬁ RPELeLLEARL (RehOaR e A L RERE b 3o ot wor k
is a syWéﬁ?‘]oJﬁ’ob% j2Rgf °ﬁeﬁ/38r 1&57(081@\1ET§t 1\Wrﬁ‘°é"ﬁd Ud8s & FREETEFINCSi Y

mul ti pl BYTAgUTEMEtAhEret iomd cr@tiasecigiinedcs wrelfisterPedpstesrenty tine sl ots
wi t hi n asdeparred Eddhs rodeibiing laudels damlgddledeofomuddandpiexech ADRDNengtrat

i nt er f acesht hiscbhingr sided tche wpetiteOopdgene@itie emdt habMatetim egemuni cate 35
W tdo eaedccabher tiy eegdrieadiat ¥ikal Ai §NETodrat war kut@;%@xyd deset. el i abl e

trans port from poi‘h@&'e aQemJon&la%Qgs Q@Soﬁthgalc@w ! féf)érpé(d p(E %\é,l g:‘!r{%ge—

restorafiqn, However i on fl Aan Jher_types
of termInnaIa qﬂl’x‘@ oo NN GO 8%esr%1‘l§ rgu e:i?ltg Mlnf’ﬁenswdther types

of packét 5?1‘: H‘EH‘FS‘% °lﬁ‘§y ata sh°ﬁ & @mﬁ*ﬁcﬂm‘lbrﬁ??%“f% Boal
functi oﬂ%terﬂfér fP38t e thicobecanee dRe rHEEHRGT iMeres PAt PIOR29FTiORSBE the tinme
sl ASs f AbifereRE FrROGAT rigmesvei fichghe ifhbes amdiisrAnsien bagpreafor mation into
t hat ti peordfdtantofactdr ansinilessy dhsfakceng With the information in the other
time slots) on the fiber that continues in the sane direction. The second
function is 45 p%ﬁ@rms@gra@ig,gt rical swtching to reroute information onto
the protection fibers in the event of a failure in one or nore of the
fibgr links. In 6, 9%/47039 Pg/U?ﬁﬁ{OZSl t hi S, pplicat] on, the term
"link" will be uséd to FEFEr o i catto %I h* B8t Wedfi“1%6 todes.
The t er fh SYSFRIPROPS 9BbiEL| HEE TS 48O r afdeh t“ﬁ%s té‘a‘ﬁé‘lﬁﬁlﬁ@ Fig. | Ashows a
t ypi cal "ptiistexdre ({TPMY “Bersior Rlitépks ebgrnels gre Bvdan déhirmsnt thinglaet work in
whi ch avpthirai ifrymeof Frpdescd2Oimrledésnberagidmeotedtiplekébarsm)2bnad-i g. 1A
shows aibtedifaect tiondlibadsnep whereaet@ach daefiesCafat 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



send and receive signals to and from adj acent nodes on the ring. The nodes
are designated 20a, 20b, 20c, etc., and are denoted as having ADMs. The
nonencl aV@¥W/47®8far di ng the fibers is that a fiber for propaEsgssi gnal s
10 froma given node to an adjacent node is provided with the suffix
conprising the Ietter suffix of the originating node and the receiving
node. For exa 1(glmode 202 seg aI S tod node 20b on fi ber 25ab and
recei ves &t qo 3t AdUEST0b b 98658 SATIEET T T M THEVPSERO 0 Vi ew
of the rf§, ettH%endFY%GP??fns H’reeterjf“s"?l’é‘f‘ ricefPResinRe B kN séenride

count er ctaekikiise, from a node's point of view, the two directions are
arbitrarily desi gmasedrupstve sanyeirdl downs tare afiing et woBS towdldgeastig.Fi . 1B
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count er payde . i MoFicgamPA, ofoda Pai Eerts §idARTS romlaketbrt be £ivey kg aand
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or p desYghatihgSthet her it was a working fiber or a protection fiber. The
ADM has 8 fiber pdres,1Bt sitevEnputriqadremeac mrrof meshonetdprieehezns and two

out put towartsyved hodds thosed tang Hceeet E0H®]s deshghdret o8heWBsdesand east .
Eacheof | bete pé&tivoriasiBotiedraheve inngliddesea a\/&OIiQsﬂgscﬁﬁdnodéléoir%cl:iﬁBlé i ber.
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demul ti pie¥igullpilplsex agnnterpepaiatisg . tdreof repmimgt siigaed Scaletihme di fferent

ti me sl ob&kang aa@nAdbtdddAsn ttABeds .t heMMsi plcedepanti-aNs@f, €aChsoc, ang

denmul ti phex- mH thdlee: Yabdx @L@&ege&v@emdamttmeg %%é&%&@@@l tioned 45

SI gnal s into the! rFlEeSZ%egﬂdw\éeaédlg?ongh.dcie%ai eorhr 9
demuf i phex-my i pley uni s assoclgied ) he"for g Fiie’”
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or nore 8% RhBrEheie suffGesy ade deAsErtintaraetbat eifdesd Rororkies Aaldr aode

(shown asrarcaionofibpoi NTha@dbPMdmsneiidéy pentso tire igmitt frameachone tev nore of

t he now vagapionsi #e slobstpln ddharderuti iopl @esatwbl glrext ikt SleasfRcéat ed
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functi Onglréttexu,oﬂl Eﬁ)@yghEBy}leﬁ&Lt port communicates with an optical receiver 57

that converts the modulated optical signal to a corresponding electrical

¥ItS renove

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



i mpl ement ati ons provide the add-drop functionality for all the demultiplex-
multiplex units in order to provide the maxi numversatility. ADM 50a
further WO8%48% provision for electrical switching so JICTEREOEAEH

denul tiplex-nmultiplex unit can receive its data fromany of the receivers
and output its data to any of the transmtters. ADM 50a al so includes
provision to 1Jé)ﬁ?ss Si gnal ) from a protection_receiver to the corresponding

prot ect FoTf tPERSHT CORr-RRF t1960t SCREGEPS"RF 21 3 S htE T itaPois ifeferred to as
span r eSPBVaTHEN2(r F5PFapte IR SWIRhPHYPT "PAE T heMiéPe &1%Wr Ridg fi ber

br eaks énsesondatet ireenégfuipneht nege ngde (ghowaurps ishi &rdpwareintimowor ki ng | i nk
fails. Bowiwvhedlgpeoicf tise exanpliso oADMs nblla Enehd@bw areaonnecteskshy wor ki ng
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ADM 50bneaﬁqoé Wrbhek les"\Q{dkhﬂﬂ) fa{wla{a%@ft gmot@b%&ﬁlé@baw and 55bap for
conmmuni 9 a]ctg.gr@ é‘g\dl§g% % Odr509 Cgl ?8} faIZLE XacﬁQ?nu?t t.Lhe I nk
defi ned i r’I , nor mal CONMUNT Cati ons
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fiber port tr ans 't é?% THRdeF elet iAss sPEpdsicgiofer 6feqtpical switching so
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el ect ri caddiyesniahd riunpgutt hies d2&a sbondl of tthattransidtedsherammsgahave been

di r ect ednémath@rbransnidot fdssf OignawdEkdmn@ HiddekrDhabweseet batcnthey are

di rect edotRsbHifihd FISMALESE thQsmi Lt LIHLEN chihrr S5abp. Furthernore, the
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t r ansf ePP¥d 5P® aABM B0erq sotresheshWRYy werkingcarhBrRvtest & EoPrReS@Parrsti tter for
wor ki ng skatirefobSbuwwniFatgonSBraghdRY Shkhato ABM 5P eranddfuroheas by iwegkirast or at i on
(or ringnd btedtiog)fibsds 6lbawSarde fibapefbriViinuai duat kdn@rdnd BeN sbbnde and its
35 gorr espondhNGePsAceeid Ofunbi bk nd 1Kk TRkl ndat Be wbiiglhger i$aoWs abh@aB0r e

extrene ¢, case mezg nla%ﬂ \éa{nlﬁhmturge%am& la@; heoPE QS %gasgﬂbf' berg fail).
a to, ADM 50b

In this case be co ADM .50
on  vior kiR %@aﬁw 150 S T B ST R e R ST ot on
on prot°8B |°5nt}f*i BEP SRS T TP (‘J’f‘h‘é’r"tim N F ¥4™ring, except for ADM 50b,
40 receive the i nEFMRINGIFATA 160 FREGSF ot BCcB1GHR=FIah Y séYhEFhPBSi\ﬁa‘Fd it to the
nexes nodegerichemgedeuliherhertive Hvgnedes dirattetere theHerwisidten fhe recei ved
by ADM 50bkiig fwireki sEpblidverhdfbelipy aree diecebded ore praoatsectteontdri ber 55chp.
Sim | arlpgporddiecSicgbad Ssidpat MeEerinbtLNeRd e &-checseBlidcnomg ADMpRosst 0 ADM
50a on m&ggrﬂgeé ithel Rehawnard eommgeegxgeetm Qb gt k@&lfvecb%oﬁhgp and 45
propagatr%calrvoeun A D&l rllngg é osite gl regﬁ_ C%g (8 %% er{:el ved by ADM
50a_on pro? 7D 5 R, \/\ép §f4tf6 / §J§7E 2 t is assuned
o T AL R R HOT. Gvel ength.
The schéf@t cotl e ipreREnt @l W FIFAPT=he® *PY REF [onkEomRl fge
mul ti - weeraivergeted fo enper yrangeie teradoy\porengi praent SFer- nul ti pl exi ng and
demul ti pl exi ng t heig ndevsidualvhaave| esfgtrhsi andsi FirgheesSGNEEob @recingi cal
t er m nal swegeHipgENtwh{ ADVE revi@draRhi £ abedinboriveachnwaasal ength. Fig. 4
ShO\Q@ %ré@oﬁﬂr@rﬁfdie;:@ioﬁsfi%epﬁl}mccka@@t WRE kfl%%e.h sBows the more extreme

case where both working fibers and both protection fibers fail). 1In 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 55cbp.

Similarly, the signals that were intended to be sent from ADM 50b to ADM

50a on working fiber 55baw are rerouted to protection fiber 5S5becp and

45 propagate around the ring in the opposite direction, being received by ADM
50a on protection fiber 55dap.



plurality of single-wavelength four-fiber BLSRs 70, 72, and 75, but having
a shared nulti-wavel ength link 80 between a pair of nodes 82a and 82b t hat
are com®A98/¢708he three rings. It is possible to inpl eneCTHI98/0251hice t he
10 multi-wavel ength |ink can provide transm ssion capacity equal to a
plurality of single-wavelength |inks between the nodes. Conceptually,

mul ti-wavel ength |ink 80 can lleSt be consi dered ﬁl n the partl cul ar exanpl e)

as perforning the'f aRAFEIFID? 3°8iWFFe- MM AT Phk S Bich*RfEdi cated to

i ts par LIk aFe FIRR)e-HOWBSASED - f BRe SRBSX SPIHISePS HBRIET=RIRE WithgrHalht eason 15
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| arger owdercOf cywad el ergihseBYabhe) SIROELRcARat 1At eddnNKavelh Bndche event of
a failure in multirayehength.d '1rie§eredC9£”£H“é %%h@“&é%@&ﬂ‘%@@h ADM 82a and

ADM 82D ,can,be, r%‘stor LI LRERE ALC 120 ENQUON, S 10Lgs YRV ELENA, L | NS,
such as®r1'R e‘/lg %ose I on ber's cou d 6 usedto
reroute e%{f%ewg?’eﬁé’fﬂeﬁ%%ﬁ’é}k &h bﬁtweseé‘pérpé‘tlé °rf| R854 sxuédRrd above. To

the ext @At PHER™ EALDAUTIZE? T6P9S di FT dFeRftSShRMfeFRigPHEeBh tPEhIE1BE® éRteeds the
nunbfer otlipretedepad Finfgeen PrRVEGRS rikaBergE £es caechet sIBVEe 82a and 82b wi l |
be sevepdisaldisoipdied]e-25vdAengtmatiker bafwete rtie N@idegy, Coresporadty on and

pr ot ect nGItideveldhdther fixt go Ruh jube HeCkdRdiastedr ain ORe pardiyplLakkampused

generi caklgert0rligf &he £R2cPRNos B Qirgqgtmeigfgeﬁ Sihis ! Beef agdichbat csesources
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or band gtt JTEC 8anl sm I.ng Fe or b en, used in the
speti fi °§e°r‘f§ TERAET AR 1 ablalVe engto REHIER loélelasr c)ﬁ tfor capacity in
event oftr%tfflf:al?eltﬂ?%‘ "Qffisc ﬁzﬁ §n‘? éIZE\}Wt b‘? ﬁxﬁ%"a‘ﬁ"??é“llﬁ\d}eﬁgy PR F8§ be
necessarprIss BHERE Q:fomveéFnQ}PErWtb?)tsh@?orée‘#n?ﬂn‘ﬂ@étPélh to find the extra
path. 1.4 Opti cal IBwhecdvieny <352 Eiaglurs Showdtiawprdlengtdr tinkofd i gur ati on usi ng
opti cal swhinGhatigns fHekwdeRSAMr atd @Ad AbhesdH gan @e heewsreliolr thibs aBda- 90d and
Wor ki Ng ea8B&hn BIRheChdveledst AGS ngsl NBuMDEKI AGgE i0Q dnckiades whbher |inks 92ab,
92bc, % Qnectél@rd f%éi%, cmﬁ Meggdc% %rsut.rggempLM@én&r}lO&rg%ép@nfa ber |inks
95ad, 9 sé érate 1.n scuss cf’iabThe 'fogg e Op rX: ?AJ:L V\@T(Oggmb gdj of the

net wor k.°SPh ]f) 8| i onal_ net wor K fron I ng an rotection
fiber r |dﬁ§§e’iﬁﬁﬁl"ﬁ“’e306é‘gb?se§8rﬁmkasr‘?de’é?fﬁflf |t6‘ﬁa’Pu B © h%?tg%tdf”a %Egijr ovi ded.
Each ADMeREFkas¥oéret At $pni?O8F &di chédd tYhHJerbeciﬁ’fFF?ﬂY ofsTeped- ADMs.  For
exalpl e, ADM 90a hass trregwhit chewnéDon . arrdtdORacmdd prekertson tagh 45 105a,
and ADM&@bedeas, bx2 i tahesestOttriands103tcand as<ix dergwi ¢aghy Hd5befefhe 1x2
opti cal swhdthespRave ivhaler@fees aheried i casesptidiRI Yavanskenecndoges 9 WO
98/ 47039coPQ}1r9§998/:9251]a§a S(teaxg esde&ﬁ@ﬁt&(gl%b@lpaéw Le %ﬁdvﬁ@yﬁ aweaat are

ref er red L. a5 Cf.958, A0l DAl salaleec, wﬁaeu&%tyx@ (Ko S 001TR| o Jipdle of

operatlonf 3 % C atrlg sef_to their arcllmarX states so that the
wor Rf ng 15°R%° i*8 EBup lé‘d ¥ 5ot e |ﬁ of restoration, as

for exanﬁj"lléu’tfear"?lr‘n’é‘ i ERLYRY PBPReTaehi PR RE Swor K5 RYY errf&‘:B?ftaﬁéefrP ABNE 90a and
90b, swidarh d0gaswot| abhbe cogpinterradnt ey find sbe Gtk ya8t-ate divert |ight
that would otherwise be directed to working Iink 92ab to 2x2 switch 105

and onto the prot®@&iéQNSwitching
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, 82cd,
and 92da; the protection ring includes protection fiber links 95ad, 95bc,
40 95cd, and 95da. The figure only shows one-half of the network. In 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



ring. Assumng a failure in working |link 92ab, 1x2 switch 102 would 10 be
set to its secondary state so as to divert the light, which would normal |y
be sent WO IBMHRIO2ab, to 2x2 switch 105a, which woul d be BEK/U$S/0251I5S
cross-state-to divert the light onto protection |link 95da. The remaini-ng
2x2 switches would be set to their bar states in order to pass the |ight
to ADM 90b' s as; oci ated . 2x2 sw tch 105bh whi ch woul d be set to 15 its
cross- stATESi n "6F &Y TS ICONRIHICEEE S hEPRT GRE TG SHIM @‘Dﬁst‘l‘ﬁ°5f|ga}?d1x2

swi t ch POOBLaWRF chHwokil aSBETEet nPEnailt WosetoRBerafist-atee IFRSYEFEEE | i nks

t raver sede Ipgt tirethdightrigrey pbgdeedsanithér [che gorbirgckindot s .co@pl@dNet whe k

Ret r of | AbMangnarre Agpink T alay SWFbT lrengpxNote, ( £6Mpr Grerpliceead@n? witiRet rofit Fi g.
6 shows vhew an hybricdkingngidiebsmiekn hifls xan Ha 5@, r ofickheda andiapgr aded to
suppor t sl dhka WAV el LB RaL§S LRt A0t quh@aﬁgt Qburb oggSGEIPEEON, the

net wor k 99@&8&&&&% LR I E&! poengl atire of FLAs u?e n%k%%tgoB are used

with coriesponding e en"ents aving the sane reference ers. Primed

ref erené&"funbers are used to designate nulti-wavel eng th capability, and
fibers that are niirizfateldnygihitapable ¥ &wn'4n SWééUylozl ¥1eE. "I n the
par 9 cularseexapk e, segaondepy eserr aPi /e teiHigeretiv rikatay FiifFh30rudBVs 50a, 50b,
50c, andobfdihas bmencupdgriadedd sootdxat swiorkilnga f wharss wsBabiw¢ seand 55baw
and protiegtdress fskber so Shabp thndifbbapto arecduldd 1 esengtihe capabl e for

bi di r ectleQnak ndlkt i seMRLeRGLE H208IWIRL CAlh PRy Akt he shi dileer Rt Yogn ADM 50a
and 50D0..,Thug,{ Ri;Sadd 5&. Qaa(ksﬁbﬂtédtéléz svll'tl’:‘% W55 N QL HELoutld PYSer 85 1 Ndi cat ed

I n Epe f I uCrr%SS s%%tediln orx IgI)u 11u J.cate r&ml%ta%swr &?}%Bunl I {%Ct I Onal

fibers |onaI ng Tdi%ect’i onal
pr ot ect |58ht°hl F?ﬂ? tHheh |"f‘i’\‘/‘é‘?1tbeo?ie 5?1 iHe I5THTETENTBE% T nTAh R rdfifent where
one or rFBREETSEE HYherehi tHbEerdel BRARS | ThikslEBnLlats dFsa si ngle fiber carrying
signals at one set of wavelengths in one direction and signals at a
di f f er ent. o setet@drkdRetravditengahs dppiddieswithRingdisdac (oM. ovelivrsewrOUl d require
VWD equi pnent at  each end to separate the optical paths for the two sets
of wavel engt BS; kkirrdsS:al SO possible to inplenent the invention in an
envi ronnment wheré the worKki ng and protection capacity (shown as separate
wor ki ng and protectlon fib rovided on a single fiber having a
ST F i Clent nunber Fot- ASHGHG GoB RO IR S=0575 dgp | S B PREHARaar y
bandwi dt3#e WRF=IETO8? &?B%tPWFUS%F%FL}S IAEE‘?TPEH?PQ tPref5dPhent s of the
pregent demveirtieon, thuehtwvorkstopkahichtiop ¢l pikeri tegrplptihe of nfigspodi ti on of
optical =i txhragspddesh coOSNePndi20aglet@Bs, hdhdBe, thanshmé20debetoseen t he ADVB
and t he dumbéfs.r i f@fed aBtkrehtd hiterbyadeetisaf td tdeBnbbe maLOf-@6td1@AgdH bers in
me ot htec.rapgmlsgi st}%n& haber EE@/E@J guml tvgve_\a@x@dhega;am&@é@biﬁm 191;1 né&xanpl e,

e pro i.her
dosi hiot egégsaé & %1—%{;%112 &x Jnﬂ a?'x‘ég@éleﬁé[ﬂl g%‘n&% t@ s ted

p. an
abovg&, tHE=s1 Ryl E2navel et %dd ro? 5’8?’ uﬁgr%ﬁgéesrostlgartem%e? ar ers 51 e of
suppor t i i Fr‘iﬂat”l %&v%ﬁOéﬁﬁtlﬁn H8FER PORFP ' bt S?kiapnaasfeb‘é“lﬁéc"é‘é’%wtgo change
the anpl ¢dopb¥s foF Pipireseimmal mul hi Bl ellengtin copmamppitipiers Heviyg a wi der
gai n baniktiveers appGiot and| $10b- welhek errgt hrioperaat slgire 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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Each OSN i ncludes optical swtch elenments and control electronics for
controlling the optical switch elenents. In a specific enbodinent, the
control WPABHIBNi cs is al so responsible for determ ning RGEISESIEMO516F t he

optical links fromthe network has failed, and 15 communi cating nessages to
the OSNs in the adjacent nodes, as will be described in detail below For
the initial dlscussmns the OSN wll be shown with a view to describing

the optical pathsPR&S gﬁ (FEPIHBFRE Rk TPOSRESTH ERETF YRt &t (nor mal)

st at e WTEFEPTRREY tACH BEVARPREY WEnHECFPSRSIohet iBeHralhewitehifisr RO%Sd t he
ADMs. A (@e¥sai F e dexder | JP0OF orendf 120A eoe@Bp¢r2 Bhe ARty ehd elbectibeni oo khd be set
forth iruatHeatisr reecfioninAstia pattberioof fiherenel @teusthert himkt eonriatode” i s
useds i N thwP ar6 aRLEXIWGvelngSi chfarlB. CEBAGhIAR, WHehpidtech@inWoiders apol 0gy,
where thget LM QLS bsy USEH 2h@ ciivdbohY RsSidaCedMBCh& NEIMREL S T alsM SSi ons
may be '”hé' g&@& g&{ll&nst:%{]aﬁgat ‘Rgenox?'g&%gv' Stﬁe s ,ﬁdl@e&awe? g‘%t é,Echtég tical

swi t chi f &f ar at . eV| t tF A node
bet ween H%rs &t hichal - ca%a 5t AP Rhe e %‘“ lkw"“f"ebeng °rﬂ?§a PR £%houl d be

cl ear friGn‘PatYhBe EontExY CWEFP*’Fh%“PLlé?lr?F?s HhsREESEH g Beal ¥ stows WDM
coup?f er smprflieFplhexiagsa arider deimbrhpltexersyramndl ddditslongih ABVBtiaR-

associ ation with gaghosf i@ENsied 2@aica30swaidh l2@bentknagartawal ar, opti cal

si gnal s dnetweaincsAPMS cbRarcaanthb Ok apthcaptdwiadh sigmaks. behweepeABMs 50b and
50c do nabo@heRUNtes MPM 8O REBR cs WRI A 8.0Rlh6a 103t ial Sechetean ADME 50a
and 502 R 4 9%&%4.36 PUlG pin%e&ogrthed&ml;;ﬂ Bgs&gqlw ggnnection with the

oth Divs 0 . e rom. DIVI5a .9 wor ki ng and
pro éctlcooﬁmfmﬁé?lélgg%sage alﬁgr]% %StN Jé?Sgar eagﬁace “mift1] Pexed (conbl ned)
with si gitaFsPr o Sﬁ“é‘lgrbeﬂrﬁ?’e SPhépe IRWIS%CUBV"\?%r I&hﬁgosﬁ Pr¥t ection
wavel engiRvmlER 51 giqsr §° BepaviPang the ZPapcalsparbrar (Tpe fsluggmlngVfSth%DM 50a
com ng i9sNerinnohddirngefantc protwdt i gate fwhier shSS5pawasadidesslyaphecaiensopti cal |y
demul t i pleexech €8PphetwaakfInd tidmaoml ta ceeaickengtbriscgmnalos Or ¢dhose fibers by
wor kbng @Rd-4r ef &etbars 4k 1vavelsengbberden thplexaitsod23aw and 123ap.

Similar VDM equn prz:@nat mg&e%hgmomé&lga&@c'@tel%wmemw 5@3 and,Qne or nore

ot her ADIVB a.,mtter of .ter
ont ex s :Lt'r:o ectioh U] tkl?eq eT(WO\é\PCa“lE)F uéh@”?e%

refers eneraII% cou ers an fermn

typi cal 139 &F 87 £3 49P4rt f"ciﬁtﬁr PEBRBTh AT %raS‘FmWIf F“?ﬁ 81 “8Gii PRent for
45 nul ti 90 EXTHEG2E ReETOPT 1Pl EX FARPeETI1RAr Yﬁt@i‘u‘f%ﬁ °%‘€t°abfs‘“‘FF‘B§F§ 19 ﬁ F| g. 6,
wor Rieng weieel iengtderatdtei ghvdxercthip 2sweasdd \ior kRddrgnadey et terege rhderrmamitagl exer
11 WO 98¢A o3t PCH USO8, 0REE5E ib2BawnkonsThitsusteudd \WBVE teirnixral thenhi | e
protect i eshewy ehength oidl tdrl £x@Eed.122ap and protection wavel ength

demul ti pl exer 123apscangiid umsawm REELIVEM (b BB balk-s MM term nal s

typ' cal |é(eju9€1 qg%e %ptin%.a!adtﬁqP$A Ilngg ﬁPQSSth g‘!pl%pl q;‘)%l’ ach of O Ng 120a

optical -e ectrlc conve on un 2 Javel engt h
f:hgnr?el P At ti 0 ltcﬁ lchefg exaerangas Hot ed aboge
i n connefR5iGat \ﬁlﬁrl’f‘lf‘hléetéﬂe%rtlﬁ“%‘i g b&‘Pdllfiog c5“’4“"’: ﬁ&ﬁuﬁtﬁbdﬁ’ﬁ THEPTRE N nal
equi pnenthige @itihey seenrplefbathesmibis Sompet éﬁat%fe Prtikally FeHtEPlsggdelTengt h
capabl e femetipleasi \\DMdneesrinal wiglyuihpneer s . appr epaideel signepl Feat ed
SONET ADM )sent e od@N 15 oai 8ol Sodk@hg Gapattbeeddfiord Gibest esdupg amdl t5abwavel engt h
Operﬁti OQré- ngirl%lg}a%ﬁl&fpl@xécdai(J:dﬂbgné-dm J:iftﬁ %hgig 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 S5bap' are optically demultiplexed (split off) from
multi-wavelength signals on those fibers by working and protection

40 wavelength demultiplexers 123aw and 123ap. Similar WDM equipment is shown
in association with ADM 50b and one or more other ADMs S50b'.

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. In Fig. 6,
working wavelength multiplexer 122aw and working wavelength demultiplexer
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wavel ength link. Rather, it is the OSNs, deployed and configured according
to enbodi nents of the invention, that provide such restoration capability.
It shoulWOB&4Md2ed that the invention is not limted to BMVULS/OR31Ag
netvvorks such as the one illustrated in Fig. 6. In Fig. 6, at |least 15 one
of the links carries nulti-wavelength traffic and is term nated at both

ends by WM e tped nodes; other links in the network carry single-
wavel engﬁ? ?g’fsf‘ ? T S h AP ST EPH ARE LY PBYTHSARS YRR e M REEe of

t er ni nat?4ig A PFORETEINeIRCASIICAT S9mEL L iRd e¥pin L 7 iReEPEbOES paEhea "By br i d

net wor k t¢mnipme eWdhprenintlatiwisader intlads ofcibdt erwigémsusndnet wor ks wher e

20 the consummdeati Eptiegretestoratoeiddinksordl fddverdion yvimtor Eatd each

char=act @sieSbhdxh ShitlRe BSnSiq@Red onCas ek Ngh1€aRaGeE Wnb hardW:idi bk . NnuMber  of

wavel ength channgl soc et i0RosEReNE, wiar @ﬁé ,dlgéusgi&t BEQ;g, Thus a

het er Oggp&ogﬁouwgeéh\@g%%’;gﬁalcg %%Er?t” eltFeYr nd or} the mt 1t v(?gv nal EC]UI prent
e

at eachtl?q( o e e Sj are |1 nca Ib‘;’el ng
B

t r ansni Flle ol FeP% tlﬁeY1 Finkas WBF" %erIE‘lTa}chgcﬁﬁB’f‘eé‘t #7%ei ng

t er ni nafBRFOBY A6 TR} C2ERfLSBREINPOM N - oTiE SANERGFI@Iothaert (cPPAkde Rt bot h. The

t ecthi quesostng Wel irexedendthvenerrbivnaie tha degetofapplaitedsl én the mani- t ypes
of het erogdremirslinkng Raehewr ks.isFdre estaplieploded hed entfilgundds acaadhigh di f f er

i N bandwb imbodlitent 0 odi fieetabt nhaias Bovivy elan gt hsrstipRofdpadi 130y by WDM
term nal equi pnente ahodial f£hefda PRACSHe QUGhelibn Alsl ndcheidii Bk S o383 capabl e
of suppgitd agtvm}w smb@rgsat@ gl glmm@agw Figl r@ | apl ¥yq different, 1inks

cou dlffer r electrlca arac%erlstlcs of. the
Si ginsgl s °6h %A E rﬁml %arrnes mflPtl th e Sk oF 3t 50 F 1% R aPIsr #n Pt nks

had t he “SEY n@%%cf“%}?e%%ﬂsen i ik eFstheTREVEBh SPERF 417BAS f or

upgr adi HgVEUSBRIPY S¥EELF ord e iR SsEAIRAted Broredegethatasrec axerab’e 8fmilar to the
not i on itprtipetigwerilfti cvavrdgneke tohifHcy. Asomgftigpgr adhveg sichg eyweidel engt h

| i nks t aesatppOrs omallekampraved erngdoRddyr af ddsCof gt prcaehdetiveheapbdksalnearpl i fiers
W tho a %Q@om@ﬁlaa@.%ﬂdregEﬁés eX PR CLinRs Qliefdd 0f d hidesithatneromlsky- carry
trafficaty as Jgngﬁtcgrﬂ%gvaggéﬁg)gmné@l&nﬁn@@anetrh@% w5§eﬂe9mr than the

hi gheSt Ql\!{r.' t%o!itﬁa}. ??ln Eglli \Mgl’ m gc tor ap\ll:gto gl n%huggl ero be¥1e rovidi ng

optlcal lers W aln or. provi I ona gflca

Pl L1 BNl o SRRPELTRARE . B TR HOF BFTTha B B o PSR Channel
I n sone "Pfct a’ﬁ%éégnﬁlﬁ ?fhyhﬁélh%téégdﬂya&aele WgPaids thepewtserd Oﬁr‘ﬁ’ceeE’El on
| i nk3 | Motk fotreeAtnkgayer soe tinatrakle off being YUBmpraseedtyi bermiingiks can carry
t he tr afefiipmeh@atoni snenor mekd weoar Niwd,on kh. ot her working links. As w ||

be di scussed bel ovke ttbendif¥aNbi e daRSemOt ndetit Y2 984 44089« PGEALS8L02515
I’ ECIUI re tt:hﬁényt %eg %m@@ro%bmgﬁ Q@t&H}QE ad@gr eQat@;ﬁQOmgé:teﬁt 1I1%ks
"foreigng, fameg il §dJ1§tP%ﬁé%%edzbé}§r§§Nn%%rs S atv% énn SLaLs.Loat

al | r rotectio ass _t eqU| prrent at
thegé\isé’gl a eae al eg‘Q PrEOSK féﬁ/ené Qfei fI\% n%’éetl ons and
Por t Norféﬁ%tflétiﬁéulilt?rﬁ’gg MK | ganaas%wahama&e%ﬁnaw sh%"mlﬁ@ﬂé(doqlthWF details
of OSN 11pign coppVASHer i1 témém yEAATaPRLT B achel ardnsreragsaistADMS0a i s

shown i rthe signals on a particular wavelength channel, even if the different links

had the same number of wavelength channels.

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. In 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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Fig. 2B. The OSN includes west and east network ports, and west and east
term nal equi pnent ports. The figure shows the nornmal or default sw tching
conf i guVd® PH#H03here no restoration i s being undertaken. IRCTYUH98/02HS
configuration, the OSN acts as a pass-through between the west network.
ports and the west termnal equipnent ports, and between the east network
ports and the east term nal equi rrent orts This is only one of the many
swi t chi “rll_g“éf)enftl QUrst i AV Pore B%ra\ﬂf? |5opFGEERFHEUSi n det ai |
bel ow. ‘THESEBY"i Fafithes Fhdi t%ubécwesféled%%e}ﬁ% A BiTeBN9A%ate2EhaE ven t hat
t he ri ghtlonardaf&zsey) tof decodctitn $ipanst telvpassADM itsrmipehreoima@nt ;:ta
mul ti - wehvebengtihtdd ndde.t he connection to the east side of ADM 50a woul d be
t hreugh WDM equi pnent as shown in Fig. 6. For clarity, the WM equi pnent
shown in Fig; .6 dfir eddAted fromFig. 7A. As an alternative view, each of
the right-hand bl ocks designated Rx could be 25 thought of conceptually as
i ncl udi ng aV\DIVIdZe 1“09% electronlc receivers
(e.g., photodi odesgLI ea e L e 2E¥%Sd SONET ADM
circuitry. Simlarly, each ri ght hand bI ock desi gnat ed Tx coul d be thought
of onceptual | y &9 n t¥liangChe™yOM vian shpliex eddirignauldetpille «f €8%r 0- optic
transm t30er s ADY. §pa' {askowndgowes)ly 30 tdacknoeniphed Abw svespeehdwneiassoci at ed
SONET ABM.CRE CUThd WsN liAcidies aat tdnGUdait Ssaipl @oshiWind Wb hed temBand (west)
si de of ARVLO0A YL BOEs. have ASSOLIALE] DV e kaaul'%ssamtclﬂu%e
di scussg&fmg\efmd%gegns %Lwrauo%nhg%%lw ukwtgée% nul ti-wavel engt h
-t

| rin oVl régh ass path for
thgigrml fonfvvguralttlon Oﬁn 3 eCFI T S esr i ) e se?h&&ﬁ YeR" d%gﬂ%rd‘ strai ght
lines pBEEENYY F‘?ﬁnWS?fg tgméabfe%’r%‘e@‘sr&%bs t AR GEREED the pRSt pRAYEFAl |y

pr ef er r BFFoPBpePRERSE KETTEBAL SAUBRIRARFCFBh WRiF &% gnat casplfi themsny (or

r egener aigicsingl 26 iawcht1QBh forpAEN flgpa eaehwidfl hehdeprrobattinorethilber bypass
pat hs. Helowhi schenghlid hen&Shnditathahesn@kbigdas ampbidibrs / regenerat or 40 ports
f orzosuch connect i @rsn dRegeamneragh©mank | leabypiscdd by desrguided: ifmnthe nodes
are sepagaeetedyo rg)rn@utlhme@g%uk A0, kma_ J&ﬁe&%ﬂ%t kwéa&oswee ﬁaffp' ifiers

(or reg 5 L hown o urved dashed i m s, that _cause
anpllflgéwggéwﬁi%%er?%og Wﬂ?, arte of %}h gsgs 8 at Ror NOFE ttyhat in
this bypas< PR PIRE éBt56n 1Be?mlt§edr15f°'%/ﬁl% t'fcals @muni cation with

45 the APMEPISYWOYiSE/ FAORPIPET BEUS, bEm Blgoky. deFEE‘}aée% RE¥ceraatic vi ew of
OSN51208haigbti afgcenrentadinati s ludioren dPitdemel fighextdrear@SN1 S inkt wotdk- port s,

t er m naklegueipnenécepostss (e @nd phargplibféeLer / ¢agenabatDOropasbectithe ports are

shown asssfiesteqasodwsaoM BilicGaddyNg ARI14PY] 26K tright -ABnOWLEE port (fromthe

pOI nt Ofieé/:\.'ggm:é?if k REubs %N)houﬁ‘ltgof %gngm%llryhgs Rgéfuﬁlﬁgp tﬁﬁ« sanme order and

relati Oﬂﬂlelé;%rtQ—ﬁim@ﬁE}é‘% 51@19 t% rk? %@\%S{m% as Fl%g Shes dhe OSN' s

i npyt port esi gnat & ési gnat e

t he” wor fiaCh C?‘éprm nal es(f’ref%lvgo%sslc’%’aat\té% et tpfpgn%‘]ﬁc‘t"tt@’s 'Pot®t he west and
east Si B%%thWrﬁxl é"aFBPl‘F’ st élh?dl?‘&t peEhstetidstifitate PRS00 PEBLEL i on
term naPa‘tﬂ)PF%océéEﬁﬂ g eguirnentt-ransnitters for the west and east sides.
Simlarly, WWestag win)l dadii¥étsast -Hellny, desimgnadéseotdraonaiuki txg faimeiraor k ports
for theowestuntidweasbn@hdeisk, Wiist e-tPc M 9brg 1iR) crandifd- Fast 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 OSN 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 connecticns. 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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(I'n) designates the protection network ports for the west and east sides.

In a like manner, Regen-WE-(In) and Regen-E-W (In) designate the multi 15

wavel endYQ'¥#WAUl ports coupled to the outputs of regenerBQI/ G825

anplification) equipnent for signals traveling west to east and east to

west. The OSN s output ports are simlarly designated. Rx-WWst and

Rx- W East desi gnaj.e t%e.mrléi?\ggf‘term, nal _ports coupled to the receivers for
[ S

20 the west and east sides, PE R P et and *REPIERSE YEEFTate the
pr ot ect POPPELTHFAGICTpUtt S SURATEATE 5T He TETeTYePSUiPBF Y Rerifest™and east
si des. SMPALLAPY/FeoneYRior-¥@EE) JRel PAFEasre (Stay) adedicghatreotshe wor ki ng
net wor k ipdicesifooan tinpuvestt ancereastrusi mhes, (inhn |tde Bodgs tof( Ouw) ofintle P- East -
(CQuty desmgnaties thehpisotBepboits DRtoMardampOsddef Gindt I aveskhandoeast sSi des.
25 I n ankidekBanedmiRageqrPh&d Mtpigang. Regen- E-W (Qut) designate the
el A it e g i AR
vebt | 3075 9% BRREET ot AopRlA B LA MRS SRR L vi o
showi ng 8" MBRDEFC 01" pEsPIE SRt THirAG "pat A8 Wikt RiGTst HESEBRESF. 8A is
dr alth a®TaIFCCHIit EFCHAME ®PF o CAED B etowelh tEHE™L Histe sfoanthest Westoakp@estport s of
t he OSNsi@Ss - AnSimaladgr ofetthdi® ephrieBidtonin) massibeatrates exciigsi vel y or
si mul t ameowskyporks fordere vestprnyicde: shaes, eguiile edvweperab) and of-ekdre opti cal
SWi t chi N@nN@deignaddle RO ko RABHC hatubiR dostaFodeser idedaabeys kiadzonnection
W th Fi ¢y 4BixdWenndNerd2Rh e eaf£) 9LQAURESL DY W-NRYL sand oW P Refts. Fig. BE
|5 o awn, 69 Bl 993091 Dl TALLEKA 901 L ARGV e Lhe.n 40 &M gurst ances under
whi ch di'fferent swtch osi tjons mlg:ht be required. The i S a sparse
cr oss- b&MPHT EHE 8k l‘F"ﬁﬁ? ShI IR EaF TV S SC P O "0 1°25E HB9G73%8 Tosi ti ons
are popuiFited (22 out of 100). 14 WD 98/ 47039 PCT/ US98/ 02515 5 3.0 OSN
Detai |l s and Oper afioRSN'F PuECN MK s cire Stide 8318, desigmdret vi 8w bfle QSRRSt at es
The f ol |rRovi1Bgss egaemaee ofhefvicgiims reimickUdbng Fogsed XA 8 rEegsers £6A- 10T,
andz26i g%he hibAe 13, esdtonidéar ivdtise Kikap-esOfant hex- Ot egdigede ihe vari ous
condi ti QRSeecthbn bMMeS oW L <OON afe FeaWVekd) tBL Gone 7iRscbitla WAdh 10 the
ports lahgled onliy.as ProLectbe %fxd WOEKI NG, tggéli?ﬁartte moaf,;iihger I nk
W, ), an

has failed | s shown wth a_ roun ack arro penormel working and

. orts. and east sides 1 “He
prot ect i'Gh" CONRECE| Ons At - Shown “as" softd ['Fhes "the rast 6Fath 6n
connect i GHY SFE'ERbHW 5% PRV SOPPI TIPSt HAd &Y PO 7aFS B%%°no | onger
ef f 82t i Vi@ 2 KA deProhsReged - Sifowrrtasanfa8ersd - Fiéut) Tireigrateeshehav-ibeen 15
gr ouped WamekerBbursigidsseags ¢quplerrpathe {nouks sfaregenetachemgor (iii) ring
SWi t chi noplamdafion) dauopeatir fidaels tkangifg WPsd ransist)andaStadteso i n t he
| atter tJusee classes are nunbered and | abel ed by the protection fiber or
fibers that being used for restoration. 20 3.1.2 Span Switching States
Fi gg, 9A-90 show 15, spag.switching states for the OSN. For

ections

Figs. 8A and 8B are schematic views showing a number of
possible switching paths within the OSN. 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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ease of reference, Fig. 9A also shows the OSNin its normal state. Span
swtching refers to a situation where a working fiber link has failed but
25 t he WOP84HBAdIi ng protection fiber has not. In this coffiEk$98/02HFerence
to the corresponding protection fiber neans the protection fiber on the
sane side (east or west) and for use in the sane direction (in or out with
respect to the OS In this case, the termnal port (Rx or Tx) for the
fail ed wof kioFY BeFRth 78 @BERSEEP to t he corresponding protection fiber 30
network port (in or out). Figs. 9A-9D show the span switching states for a
single failed-1ft wi tebates are designated as follows: (ii) 1. Span
Switch West-In; (ii) 2. Span Switch West-Qut; 35 (ii) 3. Span Switch
EastsIn; and (ii}. 41 SpapyW tchskasbedut. Figs. 9E-9J show t he span
switching states for two failed fibers. These states are designated as

follows: (ii) 5. SJpa M teh Vest-1n st-Qut: , 40 NS tch
East -1 n, East-Qut; E ? 3. %‘ §f %M(?h Test o 4 Ié&Ftl%sOJ?Aggé 1)g 8. Span
Switch VB&T0Gut IEhSE- IHA Y5 § °9’ VIR SHF "tec?h"i/@%’? N *emateA B and (i)
10. Spaﬁ’aS%i“tsc‘FP”G‘éa"nEht ThEaféﬁu’Git shaw pRe OHK 26 NITSHB v 1t X ‘SPan by niER| ng

st ates ftop nohredabaicdeehlyf fheretecThuser steak vy - arRacHemirgndioee fakedf ol | ows: 15
WO 98/ 47039 HRETSB /46 25:bbn (wiith 1l xSpainb Bkt droWVigsid- | the Mbshi Qotkdmgst - | n;
(i1)12. SpanrSvkdtGbn \Mshedtlod¥ Ste QubwiEastscDild ;1i0éd,) E8: rSPRITaSiMdnt Ch

East-1In c.%ﬁl%éc't%s’ %tsh&ﬂl a@r}ga(qll Is):i—f‘ﬂ %9@{% Sgﬂdt Eltfb Eéi}ilng@’ I%@t?tno% er

Veest - OJteffg?cthQ 20200 e_roﬁ%{% asY § %t atfg3 t%;:e%]% b@ J,ed fibers.

This state is desi nate OWS: San%& n/ Qut ,

East? | n/BGrPe3 o3 ﬁr E %\?ﬁe? chithlg ™ SWIEEREOT show 20 ring

swi t chi Miy*8t4Pes *Por H¥heToRRETIRT bers\}%nrf’tsﬁfnbf’ LS t 0SB SF tFatfon where a
wor ki ng ¥itber thyre Fiasseprarespoleisdgandiahedet itontid beetesave fHidrett Ring

SW t chi nigbeamn tbac beinonusdie fabsenmoeanion. presence of span switching. In this
case, the termnal port (Rx or Tx) for 15 the failed working fiber is
couphed to the pr @t@_@ti%&nf ERebnet weytksport  (in or out) on the other
side. Accordingly, if t west wor ki ng and pr otection fibers have failed,

the termnal port will be coupl to the .releva Qrot ctign network port
on the east sjde, AZnd 9£ 9Oo(rzkédlo g s%/)an swhtChlf’% X pes ?’ *States refers to

the side*Hf ‘Tfhéefﬁﬁf"(eeag‘tg of ™ e &P SPaYR £59 Oc?f“r“é‘ct‘?%%‘ Fra 8?at8ut yP8t the
pr ot ect | B TBRFE YHAES WPIY SCBMABER e vi dens 5?—6%&%%91% ifpafed but

the corresponding protection fiber 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;

(
(ii1) 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:
(ii) 5. Span Switch West-In, West-Out;
40 (ii) 6. Span Switch East-In, East-Out;
(ii) 7. Span Switch West-In, East-Out;
(ii) 8. Span Switch West-Out, East-In;:
(i1) 9. Span Switch Wesgt-In, East-In; and
(i1) 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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Fi gs. 10A-101 show pure ring switching (working fiber and corresponding
protection fiber pair both fail). Figs. 10A-10D show the ring swtching
states MPIHYHE3T ai | ed pair. These states are desi gnated RCT/EBPAMHS ows: 30
35 (iii) 1. 'Rng Switch West-In (iii) 2. Ring Switch West-Qut (iii) 3.
Ring Swtch East-Qut (iii) 4. Ring Switch East-In Figs. 10E and 10F show
what is referred to as full ring swtching, nanmely a circunstance where
both pairs ditbré-siAid frave: f'as9-dd: "eThese Jeste€are designated as
follows: (ii(}) 32-Frekh Rikg 8akt-éh, Rest-ouvandias¢iduc) 6. Full Ring Switch
East. Figs. (10G1andsckOHsvghowEssaiies Bahercetonespdin; o/ each side has

fail ed. Theseiptiat espadrsvidesizgsatied mse foak| awst-dqukii) 7. Ring Switch
Vesg-1n, East- OJth:Lga@@ sHolwk |t):1e89.paB| Mt%n@;cﬂa\{\é§tf;—o%nr E@%Eec{ Q:Lbe;l;]}ese two
states .gre &%EQ %18;1&%%%& 13, gurrent i npl enentation since 40 they

woul d not be .u art| cu lar type_ of terminal equipnent. Figs.
101 - 10T shov&léfa]tSesSpv?nnt%ngfWFf En8 (ﬂls? rhf%‘/?g HH§"Span switching. These states
ari se where one pair on one side and one or two single working fibers have

fail ed. These st ateés® aRinadégitghindedtatsesfol lows: (iii) 9. Ring Switch
Wegb-In, Span Switch East-Qut; 45 (iii) 10. Ring Switch West-In, Span
Switch West-Qut; rigsi hodhoTr Rinag SWkirghsWMshidd) stSpantcewtiec bsiEaskidqut ,

Vst - ng:Lté-}@.Ln@Qe%%éél?tg:gg ngJtU§9%QQe5$5wc(ﬂkhhg) flger &cﬂgtg‘v&joggasp\geﬂngmt
Span %rtoggcggﬁtfllbgr ha(rélflalle]ds @n@gsﬁ\%ﬁl%g é%sgccgft in %@%b%&ch‘ Veést - I n;

14, 15.
(R:Inl )Svﬁ’rteéﬁn‘% ‘t§ A, s§¥\€§“% t ch Els Caffrt Et%m“)all%"vé Rx °§ Txg %I )East-l n,

Spa va)i"tecﬁa’\?égt‘”%fng Ef’?‘ﬁr 15 POURReA g oSkt é’l’i"’?&&"’? hibegy a‘FF"’Sﬁf tFOR East - Qut ,
West - Qufin of iquf) 8theRPﬁlgerswdtech AEgRtdimety, siaa'eﬁesmswf?rm apdh; (iii) 19.

Ri ng SwitothctEast£iBats hEpardaBmdl cthe\esimihal, parrd will bﬁ)cozgledngchSV\/i tch

East - Qutglebpan phnieteibnEasivotin poYe sh-4He. eddd whieCh Asneéntdenedasbdvel | ©ws: Fi gs.
| 1 A- 11R 830l 85 phet &Gk oOREdReto tthansiat dePekd @aBSi fehst St alls) fou the OSN,

Thege S&ﬁte@&o%umprplay dag g Qpea?@éeeegl&lf pdH Ehael Qs RUELLRGIN EEaREdL ¢ around
the ring in the event of a failure of a nulti- wavelength I|nk in the ring.

Since ali°t tlon dles are nloot uaranteed to thave \DI ter k§1al dqw pnment, the
swi t ched traffl c 4685 Bt PaTE t HFS UGS toBSt Nt rveeﬁl Y terninal

equi prefRrreprRAnding REPESGAISP EHREGURRIET ROBhEA AADM Ftlé? nﬂﬁ%ﬂogq‘-‘lﬁ’i"rﬂnréﬁt on either
si de of rifdges¥idichwd grdtes- Qnggﬂqeﬁgﬁuqd|gqqk These states are designated as
25 follows:

1. Ring Switch West-In
1ii) 2. Ring Switch West-Out
3. Ring Switch East-Out
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:
(iii1) 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:
(i1i) 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 cne 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;

16



20 Figs. 11A-111 show a first set of the transit states that do not use
the anplifier/regenerator ports, but rather provide a straight through
pat h fr MPas4708ton ng protection fiber on one side od t heCDBF$IBA2515 he
out goi ng protection fiber on the other side of the OSN. These states, 25 30
35 (iv) 3.1.4 Protection Fiber Transit States 1. 2. 3. 4. 5. 6. 7. 8.
states where span switching is also occurring, are designated P-Transit
West - t o- East ‘P! Trlankie ’?f@gfb G ELSE sgﬁﬁngwggﬂ EASVEBt-Qut; P-Transit
West - t 0- East {1iSpak? - SkinecHiviEal tnep i Oup- TiPansTtspdest-doEast, Span Switch
West - Qut, Eastidl ng4. Rnfr anisrh Weasicuto-dpgstswiPell Eastsilh, Bast~Tho- West, Span
Switch West-l1ti) . TrarSsdicEaHast anWesdan Spanh Sukt - oheFast- Qut; P-Transi t
Easts-t 0- st (1 :Spait . S dgChwies trakf, 1nEagdamQM it cAM s i0ky; 9. P-Transi t
Veest - to- East (ang Fasgid0sMest -£aEL 98, dbd JAR-ShAW 88600 3l of the
transit states,.t hﬂ% do é’%‘%cﬁhﬁ‘%s?@%'t' f% er/gfegeneratqr ports. These states
correspond to,],t_he i r_s?g set o ransit St at es excepf”for the fact that the
signal s i nput*'dn the™ 5 BYeERiBR 19 er PaP e ar Fodftd o ®Ae anplifier or
regener at or bEfOr ¥ -bBIWgSWEFR R SutSFER THEDESfedri di¥sti®Ber on the ot her
si d&®. These states, 40 which include states where span switching is al so
occurring, are desigmatredtecasord @hibowsrarsiv)stdfes P- Transit ( Anp/ Regen)
West-to-East; (iv) 11. P-Transit (Anp/ Regen) West-to-East, Span Switch
East-In. 48 L) T e e ey L e i T oh
-1 n; v - -t O- Wi
Vst - OJts ?at%Easétr- ').rﬁ il% V\g%gl éﬁéfﬁéérgéé%’%sg%ﬁ \é\g ggnéoglz}? - Transi t
( A/ Re§BY) SBEt SRS MG §5° F579 PRTTIENSYT°"(Mnp/ REGRH) CELS P18 West, Span
Swi t ch VRSTLepEEn 11y )1n 18 Prgr afirt® FANPFREYER] FEasTTt Fav@steesd §fan Swi tch
East - Qubave [Py )teryinap. spuappsnt . (tAApT'REges?) tEHStc tdoey\est , PaSp air gt ehy
Vst - | npf theEaster@uting arrtdminiav ) edh8pmeRt TriansidcheArpl Regerunt s tthe obEast and
East - Tot¥§ihal 231 kBh DRet aidned diaplaEnend abimid 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. 11J-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;
(iv) 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)
East-In;

West-to-East, Span Switch West-Out,
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10 Fig. 12 is a schematic showing a particular inplenmentation of the
optical switching portion, referred to as optical switch block 150 (or

si npl y- SHPO¥W0B? ock 150), of an OSN having the states andPdTwRIBOZNEl ity
descri bed abave. Fromthe interconnection map of Fig. 8A or the crosspoint
matrix of Fig. BE it can be deduced that all the connectivity required in
15 an OSN ca[] g | emented by a spall nunber of switches of 1xN and NxlI
type. In parti qirﬁ%s%o%é??gﬁﬁé F8bwi? Eeit ‘be realized with two 1x3
swi tch el emeht’s, lSt\ABTﬁBS%\M“t“@HR%HeéHEﬁ?F% tor s L3x P TiERE dlegheimt s, and two
5x1 switch eliehert sP(Bansiitt ¢hrwgRegeRi @asizcosmﬁms sore Swiittl lrest and;

i nt er connect iions17t.oP-Bwhdich (p@Régedbb(EaeX plo-Bedtl, yspah Paitkh aiekarinst ate of 20
t he sOSNegaanoithesnde specified by the states of the switches. As can be

seen, first and secpnda.ldxl My /gébgg, @ggtg,ng;secdané/\_lg'ggﬂ\flov;@g[ QUT_SW and
W TERM EAST _OUT_SW have their single output termnals coupled to the west

and east worki.ng receiver Rorts, while first and second 1x3 sw tches,

desi gnat ed %&FWRM EAST I N_SW 25 have their single

i nput term nal s connected to the west and east working transmitter ports.
Furkther, first arfdsse@on?l 5rahegaliccheayingasparratehr PulefESTEt QWYToSW and
P F EASTThEOQJEFtJSW dvaveninhgiort Singtefeotddpts asesyringl Sweomnbodcedidoo (dhe west
and eastinpet WoEKCHBDIBCLENN OUbLAWSNPRiSy taBi dracld et ruaBdicsecand 1x5

sW t chegesdesdgmsdved RBrbn \MESTiA Itul:émmog_nﬁp%s;:.g_l B QY tﬁ@%@ossﬁgléthel r
Single hApuk dCEE.NALS ;onnee] %9d+c%dt&%tvzel%t AN, a3L; NRLWOLK, priotection

|nggt por% The, mul tl t.ermn W t.ches are Sgﬁﬁe te&lto t he

ot her OBN BorEs ot l?%l t;te‘d pfe % sé“famlne‘l’l % O%o?"ﬁé? SuPt c}ﬁ‘gsandt%x al | ow t he
OSN t o 5§%eurrelnt ﬁ%rtéﬁh”tat’fh @Fa‘f‘é”é‘e‘d@?B?lsﬁ‘éﬂ‘ SBOVE. TSRS &1t mBe a3 NkN

Cr 0SS pOFCHet IS tEwi teh ey el uieters 3570 il emerrh tlreerequindedvd unct i ons
of an OSN saftdhnpleoners 48 isoatdigeh. agid.hat shehowheigviEelgs 4R provi des

si gni f i ¢anircecenoitnestorAs#itkh K101 Q ssWixbCititDRt I hXpaseidudat eguid @10 1x10
swiich ehemeitsnan@nlQ 10k ssiM bhnel e S+ tl'FeUEJuh:%ﬁes in many swtch
technol ogi es, 1x3,apd, 1x5.w tﬁgsglaﬁm%énéagl sagtchQQS'd%g apg.gheaper to
fabri caQJeTEtRQap&s}x&g gvg lerﬁ%p'ﬁﬁs#_ gT% er’\; ntation of the

OSN offers Saicll ngﬁ} Switc i Sln‘s’us ﬁ ‘as well as the
cost pef &% tt"h'(')}ifle gHeTha"S FAET FPE BN S HSET RO Far B8 110%T8" nat ri x
(see Fi 79 8BYORICRNs s‘f”dﬁ’:h%r Pﬁwnb%?i’e}"—ﬁét“w}bmgé‘ﬁﬁ“ﬁuWé"FWé\SEaTH_%
destgnedatsitheft bnadangrap reoricials posridsky oei the aestdphd erentwonkimber of
ports orransdifdegrentsdesiredrseliref agd aleesnd 451 FhecdbBN casidiseed variety of
swi tch teghmet @yt &si. ad@Se EABNQU Gy, Riile Ale@rNingld MLt/ tomsgmiconduct or

optical cam-tfd ep &@smtlﬁxd\/\@a&%é&@%ﬁ RSB/ QR A5 sMist ch; €l egent s and

opti cal ag%rs%%adom; sGAURL '8 ANC gé\%éui ﬁ's%ftrﬁ&’p Q%Asf gwp Ly Ter
basi(f .9 vvavelgvmnc es (L 5;% ;o tﬁ Tqg I};r wave swit ches
(I xN and"RX g, "ARd PR & Jté Ilg?ﬁciﬁﬁ cﬁ?"t Pd **PedrF¥¥* t he opti cal

swi t chi ROTFGAE" PP RIFEF enf™ f i E’r?éﬁt%ﬁrﬂbff?lso‘m 6% SivkeIR&RI A&l swit ches

pr ocur edorHSRFELTER DY SN Y, P4t . o to Swat s esermOedlisf or vkBerweviacased.
Opti cal tewaltlehedse 08 geneswalel yhe eviorchi dlaged absdaasd abbos. passi ve switch
t echnol ogi es), sowmhetdgendrasd WHNCBrdsSpdinit XM c& ¥k ts@hle @ m@h be NideaSt t Ch
depends i@p1dnBRe WAY detrui 2aCARRELIE0or 4R oBud LBNifRRLLak $o28GL:SAf tiyar e
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 0SN
uses a sparse 10x10 matrix (see Fig. 8B), O0SNs 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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Fig. 13 is an optical and electrical schematic of an enbodi nrent of GOSN
120a, and shows additional details of the GOSN, including control |ogic and
addi ti orYeQ 9¥#W3ENts to i npl ement a restoration supervi sorBCTIGS9%8MAEARel . As
menti oned abave, the OSN control circuitry is used to operate the opti-cal
swi tching node and provide the necessary messages which are transnitted
over an qpt.i c? restoration supervisory channel to ad] acent nodes. The
nessagessmg‘é e O ERE P RPN COTECELPR VI%BISF Schanhatd AFY + §6ifEtPnes

ref err PO 328 BB PRTRES LiohRE CoftatAresat 18h af dFtin PBFO‘PH%*‘%C%luper vi sory
messagesiohsvavheswWitpras hethwerdk Nktlsekdd iatrdratre hissages caraitsrepged with the
net wor kregatze tsé rgtidBM ootphiewsyodas Wil 4 coewenbeing@sedrdtbeihn, ddte-el enents in
OSNs 120@chatlcdteswi tdheadghidch e £ eonsMiisghohhacds, 16Q,. Wkgaupters for pl aci ng
NMESSages19Fotnle waet Wakk. | bpkaanditalesng ot e of f Lhgskinks.e Eagh i nput

net wor kfoqo fschas s@,@t&sw&ﬁl@iﬁg VDM deul rp$ X8Len 22 L16G whighdirects the

opti cal r}é t%t corres ondi_ng I nput net wor K port on “swi tch
bl ock I iTe he6p cal superV|sory nmessages to a respective
opt o- el ect r| cal recel ver 165. The signals from receivers 165 are directed

toXontrol |0gi CN7Rntopky pag |Softwgneh out put network port has an

associ ated WDM nul ti pl exer 180, which conbines the 30 optical network
signals from the regrnesponrdi digiedlt pid eD&EtdDEN Pelidmadt o8V ehbdabeak 150
Wi th opéd oal 130PCEME SOLYs MBESAIRS deneliatRdehy ody, KESRACL] ¥6ntrol

opt o- el gefipi £al a&&@%t&%e&c@to IE{;‘I&@M Ta%é%t%@?u% u‘EEH&%Qr% |6|r gﬁlt :' (1:(31)' y

by ontrol Iogl 170. ni_c

whi g’h CORTTOl's }(gma‘e%ltmne‘P E’ﬁe oq% 88‘]; cont ochelérc}un ré’vmst(‘:’ﬁedb 8c¥°™ 35 150. 40

Dat a prUtesRiwg" &7 tUtre To8F E‘R‘?I\H’ré’?’ 15 ﬁ%‘? "gatsepy 65§§%gieﬁg‘”héflé 3I§ssoci at ed

Wi th t hEFPFRITSAT tAVEF ShafRf ifet er§EIrstiCoRREpT 1REFY yChapprly te @di #renEonsi der ed

part ofnqdee. t TangwEtdgsssseatdor sbeirgsrgatom parerviforyhehaperit rd [ ogic. I n a

speci f i soneRpleamesfeatéddne M 53846nss UNThe ichemGh EfSicarmedise dor Tihe

SURRI Vi s@JeyvilRes a@esacdsCi L ARt 1@Fe0 Re vodRVRKENGL And RAE deSsadesnmved fromthe

wavel entgézfa;\%d Qfich hﬁe“@ét%%}l( dgé‘sl ds #BM €3u 1-.5§0 a;W1Q1n1rf9w be %@gcxtlﬁpé cally are

at a lover bit Tahe (SRLLCie Al iz Mipsde, lméiweh't% sb1gntihBer
i

arrpllfler5| for the

si gnal s 151 (e Wlﬁ%&@%ﬁgﬁ? oo’ ﬁ% CHBEEVOS LT BB ITEIS TR 95 do
not neef %§h?n}dﬁksgal Frofot "RUR PENGTaPEr tabat B 16RET R (M at T L EipieF Fat e 19
WO T8/ 4FOB9VIRCT 4Se8t028¢ ribssd| eeryehis sigrdlade 184 FoRrgsPABOI MmpPud510 nm
and 162betwark wioth chbdwitamblbek ngo pmgsdintlys phefopried. sybeenivput er such as an
enbeddedez96£3504 r2&kkctSve Opfl-eledr@iddleredz@id s aks | Oghe sigiads Si0nes
restoratiQn eaf t¥aee idl raft@Ne B0 gid 16h1 Psimiinely velat blgueenory
(e.g. EB.QX&W oL agh EPROM.. . J&ewﬁnﬁxﬁﬂﬁﬂﬁ&%@ ftm f cdrBindll peesses

I nC:QOm ng C cg?rnetéorrkys nes§agfr maﬁtp‘xe cor es onggl out t:eCI wlfvé)rr}lqs ?r(%r oper ation of
t he® opt [ B2l Ches® (12 £o The SW t ches "o The " “approptiate state);
and (b) sﬁ’etﬁér%&"éE Jssﬁp‘é’rt\?l f]"a]rrﬁ’é%ear@jé%"rtyo‘“eﬁéa%eegn?e’ieﬁat%f’djbécaent nodes to

al | ow t ABFASEB SePPichelFetF e PebtdneRl tSeatids - adevisdi pgfTy. 18P0ahAF &Rt s

possi bl el¢rriegillenentoment riabiz @do contrtabl dlbgtha 70 CShsurinatdsewitdt wor k, it

i s prefetredttwohaveceavhtftodeardperiate thdt @ROEaUSkitches 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
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on the basis of signals it receives fromits adjacent nodes. Each OSN
sends "keep alive" nessages to its adjacent nodes at regular intervals, and
each OSWOB##108% s such i ncom ng nessages to detect a | osPCITUSIB@IAAF. 15
Dependi ng on which fiber link has failed, OSN processor 200 determ nes -

whi ch type of switching needs to be perforned, and operates to control the
SwWi t ches accordl n%f%éd The OSN al so sends nessages to its ad]lacent nodes,

i nf or mi WYt RSB “atti®ofi™t akEh *"sd thel cHit t&Cofiti glire tHeBel ves
accor di Pjing. PEEeEly BS{eser at i on Fi g. 14 illustrates the operation of the
OSNs and OSN sof tawapeeuten sgpe 330%siehbetidse aararesor riditel sy courdeapiceties fai | ure
of all tottkofilbefc.| bnkst@eshaianeeniboNofi2Ga andnl20boarAsorshofrhipm t he
figure, ndheo ot €Gleh®ry fik Rer Scrolade £ DasNEswivi Chede tesfyravi dhe sy sd gnal
transit Mbk&ésgéyllﬂgonhhg s\agé,}vlegry &e%gés Q@h%@@s tﬂa a%@l\/&ecugparét p,bed. The

[ tinat tate Y ng states: 30
BN 120g]-:"°‘srngls‘%na8 “%iﬁml ?ﬁ n tchgge ; Ches ?Etgvvn CEN 120b i n
state (PPFPB2“RuTY tﬁ n

c?ﬁnﬁ%f‘é? = PG 08, b S TS0 and 120
in stat édj(alcﬁlj‘t godgs. T?aﬁJr PY ORI EOt IEERRL T aFRFPCEHYE - %té‘t%s“t:c‘(rPF‘@lelll ).
However, no si ngl&ifesidaie rPeoiimlamp dfrlenentOSPRIrabided wabse phitee but

r at her asrgeqmemgez@f«vormss?ageSpmgntnidb@ hevgrliereld nods opetdte nowotyanodelcr i bed.
Assunme bhahe Nshsat har sadnaos Ml rezendlist ELRS i weraa) &enstrioags at eddneodn ne of t he
failuresedd hibebhiis veasRsSIRs 1208 It Ledet:Rats therdass: QhedHenIM Bh

signal s o, bh orglsql%haﬁqom@,dm& 852805k B0t bl £261 a0 that it has
detecte Such. 0sS. hCQS[}Ie ak;@pu 5 cilen%sgg e éalp% %Fl:ate swtches to
route s gMArs Siﬁ?:omlc on- P-Viés W% St an N 120b
woul d d&B&t tifﬁ?e"f ogé’ét%’fm‘i’ AEBH 17§ ’%ﬁ 5ﬁ’ét‘1°§“‘%‘h agh OP‘I’:’?‘:%& %Cinaé"]aﬁﬁesend a
message stiFcbet RedprddagivonsTieh@iN pischasnderetree 20 \N® JBLgFF390des,

PCT/ US98A2hity sheh o thessctiOBNak@0b sowouled danerecseiiduhe tappredped at e

SW t chescé@xdimgatye signals incomng on P-East-(In) to Rx-WWest. In
response to the nessages from OSNs 120a and 120b, OSNs 120c and 120d would

determ ne that, fykl JHLAg sy tching was to be in effect, and S would set
their appropriate swiches to route signals |ncom ng on P-West (In) to

P- East-(Qut) and sjgnals_inconm ng on P-East- to P-\West ‘Y( % In the
configuration shoWf i h* Py st 125eS0BE R PFE Sh” 1 do%r 35 PP GRET6 B hei r

r espect it¢ePN5aBES LRk O G§PPAEE AN AT 1Yt AtREPYASEhTUL WS 8§ettér EF oftPer ntigkher al |

it 25 noetwrepe®Rar 2ohatd &30ry ASShhdwaven dhe 10 9axs othareerereipanéiterer .

Rat her, hage metedwatee, tcoptdvead /meMecigha L akAopti delle Teegoreriat working only
requi r ediBdrs608-etn i it exomal Endi L&D, | thdaYe fiRcé hatee 0Bl shesoig @fuiithe OSNs

in the ngtyork Qpve AssochalRdnd egengrators. To the extent that a given
CSN has an associ ated regenerator, it wuld enter state (iv) 18. P-Transit

(Ar’rg/ Regen) West - t9; East and East To V\ébstll(glr% SWltR)1 ‘West (Fig. 10E);

120a in state (iii)
OSN 120b in state (iii) 6. Full Ring Switch East (Fig. 10F);
and
0SNs 120c and 120d in state (iv) 9. P-Transit West-to-East and
East-to-West (Fig. 11I).

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 120a 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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15 3.5 SONET (ADM) Switching and OSN Switching Wile Fig. 14 shows the
restoration in ring 110 using the OSNs, it does not address the issue of
how r estf? 8¥478%° occurs in the other 20 singl e-wavel engt h PATA{98H254% share
the mul ti-wavel ength [ink but may not have OSNs. These other rings do-

t hei r nor nal ring switching as controlled by the ADMs on those rings. \Wen
the nmult] -vvave engt(hSNI i nlél\)és restored through the OSN switching as

descri béd“akova®® t hede! S8 OB ST B PEOTGR™ 2 Ref 't CBRS°gF P utor ki ng
ports arfdIBFet PR 67 FaF2TpéFat ForRx-P5eFhe SONET swit ching and the OSN
swi t chi ng can opefatzespinshipt the meesaes i frgmvisih @Qemndt trdb, deds Bwanpl e,

t here i sinAol208nstuldidetening heat riglatdive spe@dnefwaki 1) b8 Wirt 6ftddg, raagponse
times Pubuafl@Eh&heﬂ\ﬁ)&ppid@@ia{%'\kwt&%ésﬁ bb N@utd MRgAINES: Nehiddesd tpeie faster

t han t he1SONBTprda8g- @Wkt GRA rbggnatlls%&ﬁlr%oom Ea;rthlhsin 'tf) B- QQstS%lEtT swi t chi ng

(in the ADMs) occ tha & storati e revert to
their orliginal stg{l%htaébtnﬁ%%gt Q& 19 OQQ% Q % the SONET

swi t chi ng OCCUT S ﬁo%en reV\fliy 1‘f‘ahﬁas‘? he ?%Rl ?ré‘gf’otr éf?tﬁﬁ wttﬁeutADl\/B do not see
a (veri FEETS BFEak df THE™21i Ak Hetdr B°T9aRTH E83's oF et BFBdaTheBugh t he
OSN8? THEEOCIRCPACEAYERIRII t IFGRNCY sah@pred epwat eebtdFrideledreicali/ tetiicay

pr ocessesgereranifnuad loply mdependent 6035m AinfeRegt Oraat i @niSekt gy enddet ai | s

Fi gs. 1wAijd5Cmetaken: bagethahe favtranbtoushanbrddl rédepefBbrs SOt Wace in a
speci fi exespodhsentgivAs BRSGSI QeQngg@ed eashLBN-hag vad“'gntlegpéga%e

(wor Ki ng;and gpr otrectd; 0N)a-Bik£as) wégtd%oiéftéﬁt a8, 5 dhve s It gan monitor

the,presence or absence OP silgnal on these two I nputs. Wh( thdte is any
di sruption in t he S|Tg aI the softvvare reS|dent at the OSN determ nes

whi ch si gnal °f ai FEETAAg R S=Rs Wi tches to a suitable
position such that the | ost si gnal can now be received froma 45 protection
fiber input, eith&pilfer Bia-t be sbewrethd meetdreniqrs parrisnilfichisigy e odnke

opposi t etdiseschotonddreisnghswitschidighow Vasdoeat it swubchascmy ecaei ng 21 WO

98/ 40 03 %1 R6lld- WS AR bigban@edsHale tdhe MAW: Siadt Cangthe 1GSNal &9 s&MMUNI cat es
this chapge dfisSt ah&se angranmgeqol QL Leguast /elﬂgtst,yamlgg atsocarttéoﬁcydacent

O6Ns i f H}eﬁ?siﬂrﬁs\/ o§ ho %g she V%x%lnatc\hent l@ waﬁleg?nsgttg 1n§dPs I’I atg action to

rout e the1 %nah osm ni cat es atent “hodes over
all four® bet $°1 i €5t SRR f@‘\’lg' HhRsg r‘tBM‘”C&F?‘e"ﬁf‘ FaR5F EmeRt at i on,
ATM pad‘l?ét% OEt%%éeWrBWrP@%Eha’@oﬁﬁtfﬁFc‘é’t POFPad HRSERT %P0 send and recei ve
mes8ages. Each sudhe GREFhEritséineend tthe ©BNsvitshingf exr epertagpe as thoukQ
r est or atingerypes wi Soeycic hamye| . FoFhexamesd Orbdreons messagesaisenin bye each OSN
cont ai n deoeaivei sdeannt 0y abiddhiddhaésgaase cinel udingnodNedaraly, thhe(Gsnuni que

. d. assévﬂﬂ&d.nbotlﬁxacd'begqgﬁ)meedLlebGaﬂasggz@-ttﬁarofthg %Nﬁﬂ%ng Rhysigal state of
the s tGRessak, the. nade %a;ttgssostt U -G p@hft of Alllh So L1 e pade (e.g.

er i

f ai I3yretf %S%ser ar. ot n % war e 0 sends |nstgruct|ons to

£t to t tat
ot hér nodas for Carrying out Certa o Thel Gl Bl Bl (el
switching. On the other hand, lf 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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actions given the | ocal know edge at that node. 4.0 Additional Features and
Alternatives 20 4.1 OSN Sub- Modul e Fig. 16A shows how a protection VWDM

t erm nal WO8/4#3%9a net work node can be used in place of aPCBRPSaISARELS
regenerator. The ADM (one of nultiple ADMs at this node) and OSN at this
node are designated by 25 respective reference nunbers 50 and 120,
corresponding to earlier figures. This possible elimnation of the need
for a sePaPETR"? dG8MT at G\ e sthﬁa%gé]dalsé’nc%i“‘“f“é’(,‘&@ﬁ? thoh TR Ahet2the OSN at
t he noderidsain2efien ofedtest/bYrasstiost gt 45s afireepe| WYantt peressonssef the

ADM s pr@tectheopdiereuPisy car gakotapprrerige astdohh® pewtkeetid eipmpost s of the
ADMs can be bypassech ofhe-ohingiikcetshoins: 3t the agfade€tiddns pathsiintcart he VWDM
and the ARM Withbed-BenRyYpPassnPalshs f Ofn aRe c@tedchempyavelapgd) ghannel s drawn
as a heaa@ekgwgre Thes \wgkle@ghfaommpgélfaﬁ chaaﬁlo%tsteﬁ@l ngrre%tm ty. A set of

separat e_ e}iw tching arra dhaa%lﬁget'&ﬁﬁ/%c%h Sﬁél\l%ge%m es 210 are di sposed

bet ween e termna I ® Incl udes as many
1x2 swi t%ﬂ?é%rae‘iéc’? FEPE VAP WaV AT Ehgt AP ﬁ&ﬁ"r?éf‘"sl"nF‘f‘ﬁsai%sAsE’t‘Fo% Kot ON
regener a?‘i“éﬁ”béﬁcaée”bfroﬂ?tdéﬁ FoRt \idat -1rde dastudipansit  using the VDM
teri’nal that intérfades. tlhheuiDig it-g- tdseidnedktconattheodmst side of the
node. It wll be appateenstadrhait the inhee:node has WDM equi pnent t hat
interfaces the ADl\ﬂ‘ayiﬂzalll”&aEErﬂf ok thacaastacsifdendde;t he node, 40 additi onal
sub- modul es can be.gi.spesed,befwean.t he, additirnala WM LqUiRIEAL of and the
east sides ofl tsgleo@ e@thaE g)de Fig. 16B shows the OSN sub-nodul es in
the|1 nor ma sfate, 1e %1 coupl e .t he rotectlonflberstothe ADM
prot&ct i ‘8 %SrNt § s 57 st h’é“"% °ﬁ%d‘ﬁ| LRI L REFEIFPY. T8¢ Bhows t he
OSN sub- ‘i"(ﬁda‘l‘%?’i"ﬁ‘ theilPcas “AIWEBYH RS SFPSE dt°8% wher e t hey bypass the ADM and
cause the WoMtermnal to act as a pass-through regenerator. The portion
of the WDM t additieal f trachimes 2398 WO BBA4IRE@39 PCT/ US98/ 02515 protection fi ber
fromthe OSN includes an optical anplifier 215, a wavel ength demrultipl exer
220,,0and sepag at epdnt gn,so[gm«grs 222 for each wavelength channel. Simlarly,
the portion of the WDMterm nal for the protection fiber to the OSN

i ncl udes separate f.ra S ers 227 fo ach vel eng channel |

wavel ength nmul ti pIEte epl %3%’(“"5 “an progec:%l?n iy Vg%f-mmal %%'5 The '8 egeneratl on
(signal BOFdFET 6RiTRGT FaREESp ?%@es?ﬁ?rf?leere?etnﬁ RPEnders Waf‘m&r% part of the
prot ect i BHYAPM t’%’ﬁfmaﬁa‘}hls'l'fm%B FHeOSN At Gt hGoRRPEF etfgt Frachariel s on the

si nqd%e f rémmechive fefegenaephymbaks \Fol@ndamdl i Fodsinpdamplcpfeagii] Bigprds -

opti cal | yhitepodtibpd ex etinbyicentllthi pleeX efor22 Gepaite eposater fikberssd

wher eupoBn theeddagi dicdUgac Waieal engbil chanRehsieal £ inCHRVES tied dygadd ectri cal
signal s, cwhigh é’a'éerqu@g{ct 9&‘%%@%@ {h%cwgrﬁz%geétqon %&E&Qky%rgﬂ?cltsuby

transponders %%:%e rot c Loana‘.DlrS tO ?kh kﬁ‘%ﬁ_‘ban be l%ypass L h n I’OUt es

t he indi VI dua ion cgu f'er m nal
whor  t h&"S POREI-E- St BREENAT T SREAP by Er Hite aﬁaé"rhst&%%yaﬁs& B4%eh DS on a
sui t abl e°\§va"J’§I W@%W%Br‘:bﬁ‘ﬂﬁ%spPWn@s ByRSRiY t%lﬁf—‘ exépe Z’SBkmgaﬁﬁ?leFfHaéﬁ%l on by
anpl i fi e,rr23Bittpddiqr abmaicssi on through the fiber. It wll be appreciated
that the bypass pablsecotdl degpoasée Bwytdmod uceays, Se{fareddeto as OSN 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 ncde,

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 0OSN 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
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WDM t er mi nal dependi ng on how the WDM term nal s are depl oyed in the node.
20 4.2 Bidirectional Supervisory Channel and Network Channel As descri bed
above arMO8¥ &A% in Fig. 13, supervisory nessages are serRCTH#SHH2HFng and
protection fibers only in the direction of the 25 network data traffic-on
those fibers. It is possible, however, and there are potential benefits to

having bidirectional ervi sory nessages sent _on _each fiber, even if that
fiber i &0 tméla?{r.ij é‘ E‘e'f}%ﬁopf?' dﬁf]é‘dieﬁgaéln%ptlaf‘]r SEPH IS 1345t e system with

uni di r eé’f‘Ye&ﬁﬁﬂ’thsﬁ?%ﬁl%’r%le‘V B85 P2 PTG CBNPSRATAG = R8ArfRE =36t a failure in
an out goRYRFenyTikchirenl + hEirGBRF Bt threrertther FOtemdPWfterimal ifok i | s to
recei verressagesitied rothé o8y irhdudesnmeemirag: O6Nsspogfert a7 fackachThus t he
message whaganginnghdnhel f ai valle@entgadtilt olRkOP2Qa} ind O chhampi 1§er Whi ch
can sl ogsglown the restoration switching. Figs. 17A and 17B show two

i npl ement ati on opfid géglgm;atrlg@' I3l A c@dqlc{o%%w@éke gpaecrev'é%g channel

message tIansm ssi nt orrespo ding to
portions of° nage.rs EEE B ogt eﬁ’r teqctl%o Ea%erte hr%:a(%m g g Tt going with

respect ‘PP RS W&T\beng'flhéhé‘?lﬁéf é°n46her étléql\?e?lb(eieﬁfel ot gep 13311f’ or an
i ncbiri ng™piiherd &y I meiGicnglle erchARMicRt B dequigbplepedihy, da®)tirdrxem 23Ut goi ng
fiber i ontepgkpmete Hibers cewreapon] 6% iadididualt pavedandttherhah86ls ake g. 17A
shows arohvgrkedrent dtecoricaherigndlze dHiebNrageca@@dsicadl GRdNEEcOLRREND 6T Y
nMessagespédc@l Ohighdis 8i fiahgihavay et £ngih cebanneh$ass Wahed) a{eeoézermyed from
the waveglengt &e%hmgg @k &hapngels &%@eaclagle&aag Johehe @@ﬁé&%é&% s A
bi dﬁ. eCt O%L’l ermi upvlzheel;:e 41.0 Sel’stS azbo con?st:lo erth tDran onder %7

t: ¥or I%ah er hchannel g ?—p £7 RBWs 45 an

denul ti pl exer e_Super.vi so

i mpl enerff&t F8h ?ﬁh%rsémf?f’ée ‘ﬁac"(?ﬁ’? aﬁ?& B %%ﬁﬁ‘gn%&ese%té *hgdlages are on
t he sam@™RaverEnge PYchEidéier Separat it6FTESHORI BrewstusPaditehr ofdband 23 WO
08/ 470391 PCPEUSPEL 02548 thaphp calrasdBptieco?U pasrd ban ingbldat orsefaite| n bot h
t hese vivemsertihralnéipapdicg dathaw ithe SiToWe@sSndiei age depwaeeliengichnedrannel s
nunbered 1 to n, but this discussion applies equally to single-wavel ength
and mul ti 'Wa\ieie@g&ir}eg@jtcﬁlalléuegﬁiigbrﬁCharﬂer%lddNéQ%o;Q cnkili@s 18 shows
bidirectional WDM transm ssion on one of the network fibers. As alluded to
above, while the igem fi % grﬂ% odi rrent used Separate fibers for each
direction, it is Possl bl ol anﬁ ni ‘Eat Ton " FF VDTH HPEEEi ons on a
single fAFBet= f o™ W%lﬁ%t%r%°§FWPélbﬁTﬁ §n3r3§ lt"r‘ﬁ’@ FSFESTNYl EPfavel engt h
or AHl tineherrE egt Fratéi worktheae £ ibpems nits $F dPsERPlcactPwelei pscthens. As in

t he caserefrdthecibil dhemetitisonalhaginpebidigeryioghiannedyistrywneskbgesnséitgenl1l7A and
17B, bi diaerctibenakvaDiE tynaBsiibes ii@Noancdieyifphenenk ethra Usi &g a

bi di r EthilQé@alloMDMlﬁml &fstémQicd hidi-guf Rnal Sst@M‘é@r}I R@ssa%el@e'ﬁﬂe EhY
channel deyi ﬁ%§rr§h0é!¥é“ al PalEllge i'x Q@{%LQ{ qg}?ﬁ"wkéx?'t%é%snlzﬁqothe € é‘é ver 165,

nul ti pl exer dflgg % ktfr a{lsmt ece . 185, B an an.leso eratl on, al al i nbound
and ~out bou protection tr dﬁﬁ c 0 be i piexed onto one
fiber UEﬁ nbhafe %ﬁﬁate hus the message regaxrding the fallure needs to propagate

around the ring, which can slow down the restoration switching.
Figs. 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
outgoing 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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wavel engt h bands. Specifically, WDM coupl er 250 operates as a

denul ti pl exer to direct incomng optical signals on a network fiber 252
onto a WQe47085 whil e nul tipl exi ng outgoi ng optical sigReT4S8802815i ber 260
20 onto netwark fiber 252. For generality, the figure shows n outgoing-
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 pnment 25 Figs. 19A-19C show
OSN 120°Réptoy8ePich ét Hbr &S *AAAAY Gfher'™ PYFPet S6F Y&kM AEF "E§EPHnent such
as ATM %atd iPshuar ef 5ew8 ATTMHEReNIED ChaRF3AdIUTE TS t Hose ibht Ribgs 16A wil |
be useddishesdoamprdprs atwllFitg. sitgre showsen@8N ah Orug viHphes ehgcABM H0 as wel |
as an AlliMks0(iswi t @hc8 @ndy an | P switch or router 275 through protection
WDMst ermi nal s 2Q§gand wokkiig: MM &80 Mmmiak $a2Rdss:8A O8N sebpaodul es 210.

The fi gﬁgt@or}@lépeéhovg §ﬁq9£m@5yab9% a a0 Qﬁ@%e&%@c (énbspaﬁakis\/ ugg’a coupl ed
tO the @IQI ate %ueg's b ea% dlre tlrngu te§SaOgSt e Pr roev%d V\DIVI nal

The OSN ib- o shown the 11 an serve Sever 3I°°§'§urf ﬁ% "ons. For
si npl i ctt yotht ﬁé“bc;‘/:b%%ss Pe?t ﬁlrigée rfd‘f’e‘g t‘ﬁ?ﬁmt,hebﬁ?twf’ﬁ’é tfﬁ?\?%ub Thfﬁ)dﬁl B2 n the
pr ot ect fBNSPARVAVEHEITER i TE &t Bl LEER ' eprote 8520 A ANBI Ssier riitnedsd 205 to
actltas diggewerat dssit ghe taeanift tist hidgeofionhe s@8Nvasorvdesmnebedhabove i n
connectimomigd tLhA Fings17B] GAdiGLCridrnnlt WM Aodnsalsssbat@nobe ihpresentadN

sub- noded RS, a @SdHReWbnal heMpiRbeGt bON. ChanAeh&eaiBoCoitREaget 0 the 40
secondag eg@mrﬁqmamn&eﬁgeg hatwd Be ALotact iar: §ideis plk.the; Aet work can

be used &%E%}”ﬁﬁlt"l’g?&e&hﬁ% gr[detp&tsmggt%de for restor ation. The OSN
sub- modu es In ut may be depl %rgd to

e

provi de additi onaﬁldﬁléer%é?ri%lll?%?ratl’ton T‘?tr)lﬁf"il 16‘8°‘H‘r?d%’fdsf"b‘i?8 PhEPHRE Tecondary
dat a eqBAPRENMCPWOIREE: &P BraveitatrRIeEed (9Ft? P8 ndRp e it FEPRF2F @St or at i on. 45
Fig. 19Bvshewashaprn@SN &rec fherdey wWiBH ecouhbse 28¢ orerrtSONET2 ADVE,  but rat her
only ATdrequigieeat t3 70 racnd ihddmeguiopnentl 2i8natouwpl €cetwwrkheivdd A0 98/ 47039
PCT/ US984t325 15 bBE A8 I i e Il . FliGh 1 bk ks Sod dab oneg Bp sk K i S1gndAMBVbA er pigezl 560205 and
t h&oOSNontA 88 woShOWBeAR2E2 SesONdakdtal B £ AP TNl 282u6 QUBLER 1 £9 t he network

pr ot ect b%lellxét'ﬁk&uatngépsuggd A ABGLILON M8 maals: 202 ang.Lthe €Y, Fig.
19C shovx§ a rlantldob EL e conflguratlon in Fig. 198 where 5 the ATM and

| P equi pman?non fhe“west  si de have secondary data ports coupled through
the protection WDM term nal and OSN to the west side network link in the
manner that $ecoReheryToiatnalofiiBRst and 280 in Fig. 19A, secondary |IP
equispnent 282 in Fig. 19B, and secondary | P equi pnent coupled to the east
side in Fig. 19C ril@.59Q-Constdusonn 1k m depngledsiroRetviorkAhabhgseatert hat t he
present cipusent itgemlnan@eud@&np@&enml afndn@l ®gantrt 6RO fWES <f or provi di ng
enhancegofx%%&l{d%i QR cidde Rt EGAl 1 {4 Rely %@tmcik@'xergl'gpbrwrggt?e(:tl on of

mul ti-wavel ength Links| Qho%sl SNh¥ Orlcgu r’iedV\pr kb S.acht eved Wi tWt having to
prowde VDM t er bet ween smg -wavel ength 1inks in

t he*thet "B ﬁe f"? d‘ns% tg‘élt’hcﬂ{j’ E‘é‘ﬁeﬁe 7é3f FECPEY PagT G 7R l'BY iS7ETV*24F npl e and

i nexpengp@émépqur&a]lg anip ttemlﬁg 205" and OSN sub-modules 210. The figure
also shows secondary 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 be 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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nodes, typically using only a small nunber of nxl and I xn switches where n
is less than the nunber of inputs and outputs of the node. 20 Wile the
above | VAIYHWP? et e description of specific enbodi ments RET/E98/025dFent i on,
various nodifications, alternative constructions, and equival ents nay -be
used. For exanple, Fig. 13 shows the OSN and its control electronics as
being res onS|bIe fo npl.ementi ng the_ supervisory channel generatlng
and nonPtSPFh woﬁ]élé?a%’é‘écsfﬁh(fﬁ‘i‘%{ﬁf’%‘g‘éﬁ? 28 é%alslzfoys' S BF% Atifever ,
have t h&“8r ?ﬁ%é?coé‘&iﬁypﬁ%rﬁq“’rl?ﬁﬁ%r?éﬁtcoupﬁ‘éi SAPREVALHPYS BRRRTRELT or

control kg threugiBRroSichien YMteerimphal205 syndt ehesOftbni t or the signals on a
link, a WDMtermnmmiagl ©onthwk| edavemsi ohtbé cohhigu8Nogam also1fe where

i mplsenentedry S hrrasqQphenOuh dnbevtenplet )l saonddr9l dad RyrcbhaWiM

t er m nalgsouyhi@h Wouldl idet@in digidhneaneedy frar tisPakk30; AVhiCRLNG 19k ring
swi tchi ng &.0rauah, tttlgt géso Lnt @sf;/\% 6L 8 Ue¥ f&@g&e é%;&rggccgggs%

noni t or featu T configuration.o

simlar &{J% E%tssl clu ar [ 3_{&% eRENts ?rbd%r}élescrcfubgrgf bR it t er mi nal
control e%ifsf‘é‘?ﬁ fﬁlpéﬁerftxl\/anager) woul d be required to send the required
control signals (to set the OSN in one of the valid states for 35

rest or abiony¥on@ueirna confi gurati on woul d have | ower |oss (since VWDM
couplers for the supefalusoimyithanne svalkehdehe Beedeaguinvesdioand | ower

conpl exbli8tNGRWEASS HHOLRGSH teaRabidd tyr Woulidi e hedites 6dsc Thet&f Or e

the aboyg og%&w PIHeQ“ne%QQHJsd %tnbp@ot:@é@%n A% mbiledl vuv@gengeﬁ 1SGRPE 10

| nvent gnrgai% rgetworgce h eve w& h251 V\Dtc:98/ré1v71% 8981/ 92515 nt T IS
CLAI'NED | ) 0d fi rofflﬂ' eX|st|ng “Here erog geneotus ring 2
net wor k *h&tPPhY bﬁa‘j’e(fé‘e?ﬂngﬁ%d’ége}l‘ﬁnﬁffé& B’§f 65tt|h8arl‘e%?kk| nlbeslli‘?ﬂ(§w"ifﬁhﬂ"ﬁ at 3

| east of&® PEl thiefefreFETgt FeiRbHYEHGS PRk 2B tIREEREFL Yo PPEITE! seé brinddj acent

4 nodes poddsi ctyrficr Bl egidosedond smadesusee clapablagd oxnsenidirieg simker ecei vi ng
5 mul ti iwaheeketghhcisi gakks c@niddues nulkdt duvpavebengehnasar ki ng |i nk, and at
least 6 one addifniQBadnenlee W bheatbléR@Aaé=RNS10RIdE BgdiENK not capabl e of
mul ti 7 pavehenat be QReraliAon! Qgrmfsh%&pému@ ngLDgSLeps of . 8

pr ovi di pgnﬁngelow@V%%gne%uhvaq L LAk, RLOLES T 90, 14,0165 D Shaeel, o2 adiacent

pairs o oV SW T Chi ng
hesenbl GRATRNG® TFEe: ° 3%?%% R8s CSHPET Ay S SHORT T Boos! de a
bypass FHEH “WHEFeFIF TR i Wrﬁ*‘&%eﬁ”i"n?r&%ﬂg‘gd‘?‘?és%ﬁest Feemndiécetconnect ed
protect irefed-i nks iemoseible] owheemotie havel the teominahi satewent olrphemesther of
t he nodehs smpenesbed cizhngt Ofcectdngpolliing s=hwi edNoutsibed mgM dierecta@d t o t er m nal
equi pneryseEsotdrat&f thd SighdiR éhae noate; a hbmideensial t &htAgl1asSerbion ak so
perni tticAg cnStAl 81W8E Gnbhenddd . aSSRE] & 66k t8L1H BalcoRgiicRIENt s coupl ed
to at | %@ﬁéro%?d af, h@ewﬂipggmﬁnaﬂss &f} nneched d&%@&ﬁﬁ&'t@x@ ddAKs, 19 wherein
the, gul t iz wavel ength protection sﬁgrow ternatlvmp:ilth

: i : eRarmBiRetebT =0 ehy

bet ween “ad] ace?ltorpal Ps®0 no&es |n he- event and

pr ot ect ,aaﬁ TRk SOBETRERH SRS FT r sf‘rh%tr?ﬂy%lé:é‘bncd’nﬁjcﬁﬂ‘é§“ﬁ§c%éhe pra vﬁ’(’:‘é‘;\iﬁabl e of
suppor t iPfgsiRiLeT tRalEl RPHFE Bules niTiRA Pesit PBPrbeasrEEIrdt #evei r §ke "P¥ and second
nodes, rrerwinahstcanthingyitdes fEieterthtdnager) @asid soneqofret he nodeshe

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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24 in the network are not capable of sending and receiving nmulti-wavel ength
25 signals on their connected working and protection links. 1 2. The nethod
of cl ai WQ%#WBLIi n at | east one of said working 2 |inks BQwUssdezsisirst and
second fibers, each carrying signals in only one 3 direction. 1 3. The

met hod of claim1 wherein at | east one of said 2 protection |inks includes
first aﬁg ﬁ%gogd flbegs each carrying signals in 3 only one direction. 1
4. The 1 wherein the nulti-wavel ength working 2 Iink
includes first and second fibers, each carrying multi-wavel ength 3 signals
in ohly one directi of mthgd ofheetretHdnofancdashint btteressnegts lrémst one of
sai dzwordecwgrk Ravinglestjacrok udess aliskagbe dotberl earkiyg ngnkd gradisat n bot h

di reecti arsst bné.multe wvardikagkiolotdiay Mikk WRekainnsrihe fMd tiodnavaldiesgih wor ki ng
2 link ifalsdesid 8inel &udf Lheha GRELYIRG Jgggﬂ.;le w@\é%h@ﬂgt h.stgnalg,d n both 3

dir egtl Q\‘Q‘étl %@vé&@ngg‘{ é %%gs Q)Qxdi‘ amﬁq ?%jlgx?gthngor\{pﬁxg 11 okrrp aﬁé Iat:gl as‘?l

I I t east 6t her hodes to
!toelrjin n:'allcx’ﬁcf‘ldld é&f g mt e$wher e, “8at rkmc-i/gﬁmf ﬁ?tércragﬁ%lef ot m&bUpI ing to

two in t"f"i‘éelrfélﬁ%rofeeraéhan(lﬁﬁ‘ é‘eflé‘fdnf?i‘?ln?‘ﬁ‘?e"rbfeaé‘ée*o? ‘coupl i ng  equi prrent
assobi ated with tRREGRYRh "hbdevadienahcontiesponeiargipl dielisi bgrvgn

bi di pectddopentoptirealf hedeks amdnnecting the plurality of bidirectional
communi cati on nebwsrikineaetn adfiawetd apadpti®adesitdchiny bhsgpiPpal-ngy to
provide achelssResheadiaeeNtswp@inisy Qhefides ghodile a @b pdadesbeidig;connect ed
by ap Irhtl«aae/ec@g&ualgaglgﬁg the oquﬂec%de_l gnémeééa_s gﬂofegcézgm%?ﬁg@gk&%r ed to 11

defllge téﬁ% né%e aé&M?gtc%ggﬂglcgtedn %ﬁé d%her o?ré%e no e s connected 9 20 21
14 protection links without being directed to terminal equipment associated
15 with the node;

16 the switching assembly also permitting a state where the

17 associated terminal equipment is coupled to at least one of the node's

18 connected protection links;

19 wherein the multi-wavelength protection links provide an

20 alternative path between adjacent pairs of nodes in the event that the

21 working and protection links between the first and second nodes become

22 incapable of supporting multi-wavelength communication between the first
23 and second nodes, notwithstanding the fact that at least some of the nodes
24 in the network are not capable of sending and receiving multi-wavelength
25 signals on their connected working and protection links.

2. The method of claim 1 wherein at least cne of said working
links includes first and second fibers, each carrying signals in only one
3 direction.

3. The method of claim 1 wherein at least one of said
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
signals in only one direction.

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

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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22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 opposite directions arbitrarily designated upstream and
so .t hat WOJRA4TBAe has upstream and downstream adj acent eaREGI/EBEAS02AS | i nk
has a bidirectional working link and a bidirecti-onal protection |ink; -each
node's network interface includes first and second network working ports
and first and secgnd net wor k E‘r otection ports; each node's term nal

i nterface included fiPstPARY SETEAH BRI I*A% working ports and first and
secofd ternminal protectiRDHPOCY L 2kdEhsthsAE S "PdgssThSKSY kianl HiMeER prot ect i on
port3 are coupfedrcbrdine @ode! spuigst meavaridimcefrcenbae couaésond wor ki ng and
prot ecti on poths; nodesspeciheveltyorkeashi node btasuisdl optdr¢ate Swvdk tcohprigg
assesbl y havitdgeaimilaasiuipnent apddctaledSdnCidgi e ABY, , addhe opti cal

swi tghi ng assenbly havkn@:8tsdof@Sly SurBOfdPRl: $talR-couRL i the  nade’ s
aSSO_QI at ed t%ro%g@LanHé %P&&l}:? o%_hx?od%gdﬁ'x § Jtllnrgsttogggg%ysgg ngiré%t Y\DI’ k

wor kgng port %1891[ %'Elgonaahceomggniecagi nI ggtweg'n%d'asc%%gn ig:e o[tn no | V\é)l’ lél ng POI’ ts;
the network is a he er ogeneous ne?twortk v%er%] NoatPr RS P rEt Sor ki ng

| i nk®bet ween FFYE aififsEEBATE Pidest GPitha{isuraeEseDPY f8des i s

confiPgur ed t dPEERISBERT CRDPALIHISCERIENS latksa Hhie Sinhaathe dedtsidexsdninal
equitpment asseéizd ed wpbdrithalifergbnandbseeoild degdestadsuapady endf sendi ng
and 1pecei Vi ngloensareah Gat tiaRSeath Adde hapanpdtednand idoshsdranswhigidanon t he

firsg workingohédhk, and term nal equi pnent associated with at | east one of
the,,

wherein:
15 each optical link has a bidirectional working link and a
16 bidirectional protection link;
17 each node's network interface includes first and second network
18 working ports and first and second network protection ports;
19 each node's terminal interface includes first and second
20 terminal working ports and first and second terminal protection ports;
21 each node's first working and protection ports are coupled to
22 the node's upstream adjacent node's second working and protection ports,
23 respectively;
24 each node has an optical switching assembly having at least one
25 optical switching element, the optical switching assembly having at least a
26 normal state coupling the node's associated terminal equipment to the
27 node's first and second network working ports through the node's first and
28 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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nodes i s capable of sending and receiving conmuni cati ons at a second
bandwidth that is less than the first bandw dth, but is not capable of
sendi ng VA 88/488%i vi ng comuni cations at the first bandw ddT/USBM25IRe
protection links are configured to support comunications at the first
bandw dt h; the first node's optical switching assenbly has a first
SV\AtChI ng state tt}lt sel ctlvel\é couEI es the first node's associ ated

terifi nal equi prent <t °t°ﬁe TP St CRode* SRS meiji ' Bsof eCP®h port

t hr'dughSYHeRH1S §‘Eaﬁ’?oa‘éat STECOHELY SOHPIRE ERDERFIG PrStet S aBFoMeEeB/ 47039
PCTY8US98¢:025845 eg@inmyet $ecrdserode modex iseedndsmitivehl mgotassenbbyrthas a second
47 W t timongh gthat e=cbhd@inoge|setixsy etgrmbmiphescibieosecand node' s associ at ed

48 foer m nal equi prnbpdieal heis@eandsBadRy Sorsesands net Walkk et echkodn port
49 d1hr oygh -t higuns ecord-J106ei §eédnﬁsﬁodta§rl{gsn§~lbfﬂ@gé('sggzepg(att séf:}.@gtiligl he

optd-cal . $ of =& t.least those no r than
the§2f| rg%wé%]gmsigg%%% ig%gt Eial;is%lgg%d Al et tatt sel é’@f‘l V(‘é’lEltlh éit coupl es

t he “node’$°Fi T s g second pr of'e fa8'fﬁ 5%??%’}% Spr'é%‘E‘u’b‘aﬁaﬁ“Fﬁ’aft 53
bypasse%het ﬁérﬁfoaémdé’lflﬁ’r ﬁf"ri’fflenltr’i‘fee?‘fré&eandt PRACBBYIOSET SUPHGRE BFAREAAEAR i ons at
54 The fiFkst othendiadt Hheh 611k cRFOLhRE 1Ph rsink i the coeRt Ao Shoerst he

pr ottect korking S| rheseattiberlinkarretdne thgapbblr of ecbponihg rkmivnitdidoeyent t hat
thes7irst th6 foskimgdaddh predvest tion thistkandeeosim hétzapabl e of supporting
comuni cations 57 at the first bandw dth between the first and second

nodes. 1 B. The optigal ,peld \g@n}gt%rkct@'argzm %e@e& at 188210 ol the 2
wor kj ng | 'k%s 101'51135 ot%xgxart]:ht Dend 1458, working, ., LS, ot ab?kapa

support xgv Tons at Thé 11 rst 1bﬁnd1 dth°% GP2 tReTopt i cal netvvork
of ¢l ai fi¥ \’Kﬁ‘é}gef?f““?‘ﬁbca&b?‘i caf e L ARG enbl y of each of the first
and second nodes has the bypass 3 state. 1 10. The optical network of
clailm 7 wherein the &pt cetica2 mmwedhprhglassanbhareod tbachtodainodes has the
first anditsetondssamblehitngach3ostas ek rstl ahd.sethl apddsChds BRS Wopkss0f claim 7
wherei nstaethe first bandwidth is deternmined by a bit rate per channel and
3 a plurality of wavel ength channels; 4 the term nal equipnent at the first
and ;second nodes S clia v ngt Vi Si nmul tipl exi ng (VDM
capa;bl i t}/tf 6 theﬂgi rc[ g%%% iWI §%ﬁ°r\{¥a Pﬁe‘%‘m@ V%(f Em %He 8 lcaIEBbl't rate per

7 chann&l*Ehi"% asf‘ﬂ'% ety PRITHARNEPS HRat 8"“fleﬁ£ﬁP?i5aFw’ett‘f Fpfrent

associ afE¥SRith at |east one node |lacks 9 associated WDM capability. 1 12.
The optical network of claim7 wherein: 2 the first bandwidth is determ ned
by a bit rate perithammebptiirdl r@dteoqyl of alleity 70fhesmirel engt h channel s; 4 the
term nal equi pmentnatkitdtepddavsdthand ssesmide@des thaSard pas SGhatedng

waved engt @b Vi o AW tehpliexhNee{ VDM capability; and 6 the second

band4vm' _dt his det eE}J;Q RE 19%1 e'é}@ p%féﬂ'? algl Eher @EIeStpglgd seconQ es hand a smal | er

pl ursal ! tagscnglag\eladvggxgqggg h lels;Lon 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

S0 ok W NP

channel and a smaller plurality of wavelength channels.

[

13. The optical network of claim 7 wherein:
the first bandwidth is determined by a bit rate per channel and
a plurality of wavelength channels; and

w N
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1 13. The optical network of claim7 wherein: 2 the first bandw dth is
determ ned by a bit rate per channel and 3 a plurality of wavel ength
channel VO 3847038 WO 98/ 47039 PCT/ US98/ 02515 4 t he second REAABMBEINS | s
determned by a lower bit rate per 5 channel and the sane size plurality
of wavel ength channels. 1 14. An optical network conprising, 2 a plurality
of N nodes where N > 2, each qi ven node 3 including an optical network
intérface for couBfiif§oto FIty 8tthef SASHUGES n tIUSh ALk &R a terni nal
i nt &r f acE YT 2BOUPFi TFS 1925 RIGFMTEl cfeyRiT ARG agpelsated with the given
node, and 6 a plurality of N bidirectional optical |inks connecting 7 the
plurality of N nodes Annorxiraingetwdp®dl agyriangr ovi de bidirectional 8
comuni cation between aaghjueBitly PR SoRt NREEN 9Nz t BecGLVOr Koge£ach 9

adj acent pai inc@faiRQdes ohaicRY HeiMIgCad BYccahol RLENYEDI R NEf, the 10

optiycal lin i.n I onsider 1 fine two osite 11
d?récti ons @gf%ﬁglril%eg%%g%}g%gg e%%e%gztflgéﬁggﬁﬁcaof\;gﬁ;sf?ugggr%%s?)Othat 12 each

nodé has upstTeam ant Hownst T eam adj acent ndtded, "FS vilfrein: 14 each
optfcal |ink has a bi & PecetioHart \N/ohélﬁacqlioml 8REAl YmkpigPrecErdnal
profecti on |%hskPlurgligacht NoeRsles Hebwoirld fapptedvate riracidedeiiigedtipsal wor ki ng
pore, a 17 swogndanmnkbergeportjac@nt igagts pifoteiet i ontpomerwaakRd eacsecond
protecti on patjhcentlBaifach nB@Lb8idg E&GinedK b Gnait epreiagtdn@NoPerd S are
couypl ed to JRithe1nade seUPSly samyadinaceteaNQdg: S nseGRNGMRIK ng and
Prahection perbsy:cs0 JBBASCHYBlYionsled NS DELNBLK dobndt 8] REOGRREOUS

network wherein 2 t least the first worki 1 nk 1.s con |gure3 for nmulti-
23 l%vel engt%acgpneor%gfl?agnlfp%ﬁe?"hgn% At et b §§gaocﬁ‘ " A848% have terninal

i nt'ér f at¥E=Y5 provi di ng wavel engt h division nultiplexing capability to
suggort 26 mul t isaRARErETgt Hidpkrsaei bitisrrtiperlf beddnaodikk gl ¢ nk, 27 at

| edst obeliggcttineaivorddentidn hkes:i s not configured for 28 nulti-wavel ength
opamati on, and 2%aat dogast nenerdfintheraredesiles a diestwsakingntarf ace t hat
30 1doessaha proRNidepiay el eagid pdbadcsi SN pbd, t kil €Xiddng dRatIdkidY poRl al | the
progection |inks arg £aofd gurad, fon oul-bi savelienglb. s 32, opgratd po; 33 each
noql.% I ng%equée'%:[ ugssgéa;[m 95]3% (e)xpt':[ Inggé'ssgmeéogglw%gklerl eg‘?% c:[zt%c§4onseor %t,l vel y

coupl e the node's first and second protection ports toa byp Ss '35 path
thal’ bypE®EESEAY node's terminal interface, thereby allowi ng multi- 36
wavel engt h communi®Eati AT haf vie EALTIRESTIOHS (PRI *s BRBBH™ nodes over the 37

pr d2ection |inks ot heratt Iepsttthe fimsstwarkbreditons|donkigured Herewdnti- t hat t he
38 i rst workavegerantd qeeottgohi on | i nks become i ncapabl e of supporting nulti
39 aavel engt h comuni cati Aksbehvearohd@oléd shvarRdr-sasond-aodess 1 15. The
netasor kK of chaiaudd whehsidinadivheast monepafihhepyhass, & NaLhs i ncludes a

reg2%ner ator. 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.

1 15. The network of claim 14 wherein at least one of the bypass

paths includes a regenerator.
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29 WO 98/ 47039 PCT/ US98/ 02515 1 16. The network of claim 14 wherein at

| east one of the 2 protection links includes an anplifier. 1 17. An

opt.i cal EQ98/dMBNhg node for use at nodes in a 2 heterogencRaBUSKSOMIBK, t he
network i ncluding term nal equi pnment connected 3 by network links, the
network links including 4 a first link between a pair of nodes having
terrq'nal equi prent 5Tca able of termnating a first type of

comuni cations, and 6° & LELEAH 15 Ak Totip"BYFLD 3 nots ﬁ%evioﬁgthteer ni nal

equi PeRFCTHAECR 7Rk iB7J4Bre 2BfaPeifieRat i ng a second type of conmunications
but 8 incapable of termnating the first type of conmunications, 9 the
optital sw tchi ngihodan coprjpralsswigehid fiddestoranse secofids siet s of

bi di ¥ ecthetdiyemiiki ftGwak] PHOheGhPNncluki AQteRhIaaPOsduSphedlt &RAWPLdeAT O
respect ingendcivb st 180d, seontk Ricdiligrd 1198Rkind 2 network links; 13 first and

second sets of bidi I i ot n. .14 termnnal ui pnment
portg for couQI in g f{g(%ll(rgg}él be\é@éelsi’e%%ngpdofp{ldgggéag nﬂgefmlrnﬁ‘l néﬁm%qu?prrgnt

each set of termnal. eqULPRent 16r Seh @ Y PECBFviTY data to and
fronfsaid first aﬁose§8%‘br3r€in]blcai‘?]€8t‘i°oﬁd?°dﬁeht"’\7®?5k teqirpl REIPTERt fhakt  of
swit Ch el enedf sca@aPitetf c@rras i astacend fLypre thordemaritat Ist eyt nal

equi pnent portearebie @$t Erhisdting thpafiirandyre p§ Swmbglhdantpersn t he 20 event
of asf aithereptitalt beitichisd nbdenkompgkidfhg: The optical sw tching node of claim
17 wherein: 2 thesfideShnd ¥P&naf s&ANPRIBEEBLEORSA] SothRaciLpiAtd 2y a first

3 nupber,.of . yaysl.englh, &%aﬂgeltg,reag&tgvé he, ggy%ekﬁr&eb%n&?@mnf cations is

chaggcter zeq Y 8. secon nunber wavel engt h channe I's smaller
t han_t he nunper. 1 19. The optical, switching node of claim17

whef%l n: 2 the fi FEE5t 95k SBFOCoffiing T REHGAEC 1082 L HRF ST BRI BEPSG 47 i rst 3
bandti dtIF-BHG L e PPt oRATAS fiornerurliedtY fihet ged eraondy pertdbne @fruni cat i ons
i s eéhar gereyriaz eghubynegt s epghsetSoh apdwimdl leatiment SognwEnberg klvéin the fir st
bandai dtdeceiviag seeont eat drdrocabd fifstt et skSondi BfREedtichs0mRddekfirst data
format. 1knd. The optical swi tching node of claim1l7 wherein the set of 2
switgh el ements i Qcéé{d% sw§tJh! ESdnek¥3 cQﬁ}Qec@éhl tgvgaflﬁhse%sh@fvh@am&b%ﬁ single

t er gy nal 0 o_the first ermn ui_ppent ports;
5 sgb ond %ﬂ%‘-ﬁ %’Q\éé nttv\f ort%esorh%ls\/ﬁaﬁgsh & Spaér? ﬁﬁ?é T rsrvrvllﬁ%qmg 5 ggupl ed to
t he*8ecoi@™sé TR Hy © feritrialr l‘g‘ﬁw pnent ports; 7 first 1x5 and 5x1

swi tches havi ng the| r single termnals 8 coupled to the first set of

prot &cti on net wor k8porfbs;or30capr QR FYZG3PIRCTT US88Y 025h8rdinsecond 1x5 and
5x1 8w tches havi nge tfiest tspaiglfecdmenmicaadiams 0 copupted zed vyhe fseeond set of
pr ot ect i ARb&ELAOFKe PRIt ;chantk1t]l aagset of i nterconnections anong the

sw t ghes. the second type of communications is characterized by a second

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

19. 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.

(o2 2 B S OSSN O B ol

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 3xl1 switches having their single terminals
coupled to the second set of working terminal eguipment ports;

first 1x5 and 5x1 switches having their single terminals
coupled to the first set of protection network ports;

w 3 6 Ut s W N
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1 21. The optical sw tching node of claim17, and further 2 conprising: 3
control electronics operating to: 4 generate nessages for output; 5
process WAOHMT0AY nessages; 6 control the set of swtch el RGEH$S/RHSed on
the nessages = 7 received and the nessages expected but not received; 8-
wavel ength nul ti pl exi ng equi pment coupled to the network ports 9 for

al | owm ng nessages to be comuni cat ed between the control electronics 10
and the network 1°%9°7Tf2 Bt PCaPfYSiPeT Brkgon b Tof il aitsriipakher ei n t he
cont% ol SC¥PLER &t FnPEL EnBstudE Prattdef anfetkcranpat emd 1 23. An opti cal

swi tchi ng node f ot sesecfatinyradermernicas 2anpey ethegenieouss.net wor k, t he network

i ncludi ng term nal equi prent connected 3 by network |inks, the network
links including 4@t heasprieae sitddinganal exgtinim DK bet wegn.a pair of
nodes Soh@VENG:.term nal equi pment capable of term nating multi-wavel ength
6 cqynunications,mgggojegéckﬁgﬁg one link coupled to a node having term na
equipment 8 that is iQ%a able o Yerm a%lhg mul ti-wavel engt h

communi cations, 9 the Optical "Swtehi Ay *HOWE conprising: 10 first and
secohd sets of bidired6%H A EThFestgeprot ection 11 network ports for
coufling to respecti veePF¥g thtmdes edosieh thh dileeerttsoprded o tietperaged i nks; 13
first and secordvektsd ghebiedbaeet exaratedvbrkineg @rdiywaot ection 14 term nal
equipnent ports faivetangahidig i kidsbqdipfeseeonlepord tRNSeOoril dres M nal
equl Prerbsx a@@&,_hn§G{Kesgégetsefcmb@aéomﬁ%ﬂcgwﬁaeév%%nS@Qdéé}ﬂr@PQlé&rEE&@ ving data
to gnhd Lromsaid.fi st and second bidirectional network 17 links; 18 a set
of switch elenents connected to said sets of network and 19 term na

equi pnent ports for establishing span and ring switching in the 20 event
of al failure in aZ%Tul ’fl?e_ %%Fér@fﬁcqlpﬁmodglof Claim 17 wherein the control
2

electronics includes a programmed computer.

1 23. BAn optical switching node for use at nodes in a

2 heterogeneous network, the network including terminal equipment connected
3 by network links, the network links including

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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