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bit rates of 10 CGbps (0C-192) are in commercial service and new

30 developments in multi-wavelength component technologies are resulting in
increased commercial availability of 4-, 8-, 16-, 32-, and 40-channel WDM
(wavelength division multiplex) links (at 2.5 Gbps per wavelength or more) .

Transmission of such high data rates over single fibers also

results in making the network more vulnerable to failures of larger

35 magnitude. For example, a single fiber link failure can disrupt
approximately 130,000 voice channels (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.
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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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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;
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as upgr Me@s4#3eordi ng to an enbodi nent of the invention;PGI/P$9§/0291A and 7B
are schematic views of an optical switching node (OSN) according to an
enbodi nent of the invention; Figs. 8A and 8B are schematic views show ng a
nunber of possible switching paths within the CSN, Figs. 9A-90 show 15
span switching stafes FBSt AE™EBNATE FESETGS o CARIOTUSREVPEHCF, ng swi t chi ng
states F6°#%%¢ OSN, Figs. 11A-11R show 18 protection fiber transit
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pr esent ('sicgétgvgrel- ayer deal_s vmmwd.r epresenting data to the end user or 4

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

DESCRIPTION OF SPECIFIC EMBODIMENTS

1.0 Technological Overview
35

1.1 Network Lavers

Discussions of network communications are often with reference
to a network layer model, such as the International Standards Organization
40 (ISO) Open Systems Interconnection (OSI) reference model. The OSI layers,
from the highest to the lowest, include the application layer, the
presentation layer, the session layer, the transport layer, the network
layer, the data link layer, and the physical 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
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the fiber. 5 Wavelength multiplexers and demultiplexers are often referred

to generically as WDM couplers. It is also possible to use WDM couplers to
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.
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appi caB’rﬁfleF?“vmtf%?SeF fames yhers thf fibexy ﬁtaldlem}lsmreheconsacm as devices for
routi ngsigVfidaRr Trctot beer lypesiisomcpacket or synchronous data. 40 The
SONET ADM provides two broad functions. The first function is extracting
information i op&EefrdRErdihig® sl ots fromthe incomng working fibers and
outputting information into that tinme slot for transm ssion (along with

th inforrrationl e ot her t| sl ots er that continues in
thgzosarre direction. ttl%'ﬁ MBS et %I’IC)WISS tﬁlg 8??%1%1“?? 8} @EFY9TEals

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

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

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

45 performing electrical switching to reroute information onto the protection
fibers in the event of a failure in one or more of the fiber links. 1In
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I be
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35 west and east. FEﬁch"z‘f thér sgurrtigsehét E’dl°éb%‘iFef??Fcffh*EFéfsb’aFl\ﬁb‘Ftl%Pﬁ@1 and

pr ot%ct i binef fWiEER Eag hBLEHut Pier t 2% dhffisnP caresFig t 1 an wWptieeah fikeei ver 57

t hat convertis. tthehayodHoatedrept iicatigsignat at paixr odriiespondilngdelhectri cal

signal . EaGhn®uhpropaittof GABRKY . C aiheSaMMst kreaBe phh €Al 564,287 E§£Lr aRB t hat

convert ssgdead esd rtbAlri84:908hkd Be@ietRru8sRANAIJAYs ORLI &éllgﬁtg@aés 40 ADM

50a includes west-d;g- %Sého‘?«%”&ﬁd%ﬁcln%ée ?Hap}ﬁxon%néft %h?%manga;?%& to- vest
te

demu/ tip Itlplex uni t ortion o
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directions and two output towards each of those two directions, designated

35 west and east. Each fiber pair as noted above includes a working and
protection fiber. Each input port communicates with an optical receiver 57
that converts the modulated optical signal to a corresponding electrical
signal. Each output port communicates with an optical transmitter 58 that
converts the electrical signal to a corresponding optical signal.

40 ADM 50a includes west-to-east demultiplex-multiplex units 60
and east-to-west demultiplex-multiplex units 62. The demultiplex portion
of each demultiplex-multiplex unit separates the incoming signals in the
different time slots and conditions them; the multiplex portion of each
demultiplex-multiplex unit places (combines) the individual conditioned

45 signals into their respective time slots for retransmission. The

demultiplex-multiplex units associated with the working fiber ports remove
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t r ansf er’f® %Dﬁﬁ‘%ﬁ&l‘i]ﬁét ﬁb%ﬁj‘ 1%:i’r"és 368 nfF&4Ped to the transnmitter for
wor ki ng fi ber 55b§WETFF@st°B§1§ﬁ<ﬁK/§VW‘Fatf‘irse¥e€1té+<'faéély tSYLESIR 1ger est orat i on
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35 corr espondi fipepr THa@etdcothdti ety hrenkifemickd (tbhehef Egunseighowsrt he nore

extr ene prease i ¥ &k BeD @5 LbpNOr KirBige rhibRE T ShdRUedtt b 1pERIRELAOA: faDRessy fail) .

| n this reGé’g'iﬁze§'tﬂQ@'t%te@Lal‘@%&e&Q;&e %’é’@lﬁ"tgaéeegeéefl@@a ADM, 30a to ADM 5ob
wor Ki_ng; fi bf 55 bw 1§e SEebct ed to he output in the oppgsite direction

iver Qr wor re IK ad.to fro

rot ect]on EL Ie"l rin exce f or ADM 50D,
on aproteelian °ﬁc8¥ﬁtﬁg L o PBT SRE B { TBETC A FEPREPCET ¢ Lo Lhe

next nod&2bifdRatigeals Thals 27¢ ﬁé? ’%ﬁ @ﬁaaﬂ%e’f‘??&t CNBPE HEhEYR BOVEb 38 recei ved
by ADM 50pmarcarprk Fpgrei rensmSabwiar evorkiswi dgrorbbgrot ecti on fi ber 55chbp.
Simlarly, the sighal SBtétets were isnteiededt to dsersentedtpomiAbDMcSobirtso ADM
switching), which is required when a working fiber link and its
35 corresponding protection fibexr link fail (the figure shows 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.



50a on working fiber 55baw are rerouted to protection fiber 55bcp and 45
propagate around the ring in the opposite direction, being received by ADM
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event offeEvORKaFYRESS RATYERD | ADME di2ayatitt 871 VAR e VAR s L EPERSy be
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pat h. 1.AffptenealbubwidHectimigres3brdtiign i showslly psddogergricalonfdoguetari on
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ure on oms one- hal f
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prcnn deddown or disrupt other communication to find the extra path.

1.4 Optical Switching
35
Fig. 5 shows a prior art configuration using optical switching
for restoration. The figure shows four ADMs 90a-90d and working and
protection rings. The working ring includes fiber links 92ab, 92bc, 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



Each ADM has associ ated optical swi tches under control of the ADMs. For
exanpl e, ADM 90a has 1x2 switches 100a and 102a and a 2x2 switch 45 105a,
and ADMWOIBKHESY 1x2 swi tches 100b and 102b and a 2x2 sw tRCT/USBM251Fhe 1x2
optical swi tches have what are referred to as primary and secondary 9 WD
98/ 47039 PCTI US98/ 02515 states. The 2x2 optical sw tches have what are
referred to as cross and bar states. In the network's normal node of
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t hats woukéhrot hehwi wekhey rig B&dwaen troMWaIOKI 3@ biv)KsDiZah H0@a 26d18Wet ch 105
and ont @,{hgeRrat o g@aandgfyngtatfésémaglghé Qhwmeuwowé&agwbu nk 92ab, 1x2

switch \M'Q]gec\ég&lltg dc;lt()zllt?ge l§x?{ 95%% tLSZQeg\%Q ﬁlr]%éSQ %bgnto tlgxf.trotec t the

i ght, I ch woul nor na sent on tccf'u 105a,

whi ch woufd be set to its cross-state to divert the light onto protection
link 95da. The r®¥faMANE PRIV E CRES RRoUTYF BRPs et*2t BV g“ﬁéllr”b‘é‘?“lét ates in
or d&t t &epiessto tihe defgifery GrABM=9OtF §o aliyert ahedigkn whichcteul@5b, which

woul d beocsetlly delberitt sn GLos 928 ate axA oridelr 1082 .cohimmivodidebd et [doght t o ADM
90b t hr augherdx ststd t6itOab rnavhiighr watd grdecsadn Lind bsissecmadary st ate.

The fibeemdiniks 2xb AN EfRE0, Y4 thiesdd @bl £ vaRrkadeihhodsal ae piack dots.
2.0 Netugrly értngﬁMtbmsmo%eg%xzsm&&bu@gb Nofle- 5N veLyigw 20 2.1

Egtgl}l_’.éa)‘]:jlez%tfl:locqoss s%atfe 1in c{rWer to Tomnu ]ﬁ:agg t?xgtl\l\lgykg tol%b'?ggb t%% I’e%rg Itted and

descri pt5orf? i“ﬁé’ n‘é}t’\ﬁbr"f?‘l&%r‘i’ﬁ Yl B2 %61 67874 B et 2home Akt ét‘ﬁerre 15t%SFi gs. 2A
and 2B &Fraversed b tie eHhtedisondikeg Wit ees Mack d§tthe sane reference
nunbers. Prined reference nunbers are used to designate multi-wavel ength
capabi | iz.y, remeodki Rarsfitiais ane optidal- seicehBygiidueC agal| eveatrfewdr awn i N heavy
lines. In the particular exanple, a representative ring network having 30
ADMVs 50a, 50h, ,5Q¢,-s90 50d has been upgraded so that working fibers 55abw
and 55baw and pr_oféft_on fi bers 55abp' and 55bap' are multi-wavel ength
capable for bidirecti one}‘ t| - veI engt h communi_cations on the lin

bet ween ADM 50a aht® 50b°"°fh b?’ldn g@aﬂe%wﬁélf P Hi® PT ARSTRTE A5t her
rings, &89 wRFFeddetr |SHPQCPF§ rf‘ilﬁhr"@"e?%‘g\i’%ﬁeétctrliélqri gut®E f¥edfhwn with

sepaf at edegntigiti et FomaktWorberostidqugpt iwactnd i tharertriepptdtunp o figsl id¥ and f or
each bi dindezs irogalsepnotie coroaspobdinl, elfelhentisnvenbg omecaamebeefiepplcenent ed i n an
envi r onniibe M ereriQOe rofeddBEe nuffert Nerebiicidr € deoithed imlksi -Gandieash of a
single féala%llq@wxhwlge&neﬁa& alte nQDE %@&elgigeﬂay@;la@mgtalgé dAwene gikection

and si gnalg, at . GLELerent. sebapl A0, vaxel.enghs. 1nd hl%t%liﬂeﬂavthect' on.
eac to sePar ate ft1 iBe i.cal paths

Thi s ui I
for P he prV\B sgt sg g’f \A(fé:\’/e%% E’{I‘ﬁﬂas %teen ué’gra}ded B HIe T 8e “t he
et oA T o TOL R RBFE ERe. oo SoL” 4x2 muded vaibrenden

capable for bidirectional multi-wavelength communications on the link

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

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

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

45 wavelength channels to replicate the necessary bandwidth.
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wor ki ng and protection capacity (shown as separate working and protection
fibers) is provided on a single fiber having a sufficient nunber of 45
wavel engv@a 9%8Medhel s to replicate the necessary bandw dt h.PCTIOSHRH8/ 47039
PCT/ US98/ 02515 According to enbodi nents of the present invention, such
restorability is provided by the interposition of optical swtching nodes
(OSNs) 120a, 120b, 120c, and 120d between the ADMs and the fiber rings, and
further by retrof MTPFRY'S he PPITEERI%RT fPBEFESTH tRE 5 HEr ¥ nks so that 5
t hey ar &eRifTEPLIEY cISeRTRVAIRBPADIE. IEFPBLEI & PhEYr BYEcEin"?4%6ers in

t he | i nkioBédwedir CSINP1 234 c arrad CSNd I#0ueerdeld @AYt edd SBadpireardndbdapd, are
mul t i - wavetiergbh reapdbt €ng Ahenptedctaloo vie bet h e@n sihegbenanavigike ngt Bhgar ot ecti on
fibets aheygesatatl Wwacapabtie cabarauppebt idagmdldl, tdreamleefidhnhs QR ahi on, but
it may heenNeaRSSALYed Bs:¢hangent NenaiRh fde8lgharld sBLESERLa Isadatphe d:enk, to 10
anpl i fi § £ hax%agn&hw 4801021 1,030, L8 RUPRO L L t'afvw@g ENdLD.aper ation.

Egﬁ[]r($| I nCl 4 8e1ixepra'lfy cV\P%%lﬁ o str;%rg?tr:llnsgl r?'u tlchaQIe ?ngt ?%%a%.%m ut the
control I ‘é"’é’t P"oﬁie"&%ssia?aﬂ @%Ep%‘ﬁs?“l?lléflreé? dét%‘ieﬁf?ﬁ r’r@ ERgh B, nSP of the
opt ieal APhiS ety davitsea et R hdsnd &Pl BWPoEMALNS -PoPraRddatiargtASssages t o
the OSNs in the a#dpacest inoless @sigull bwiyeh elesertsbad kontwdet ai | bel ow. For
t he ini tdiate@dhselE6t @BAEral DEndOBN Whticabeswisdiownenint . a 1niLwpdacaescri bi ng

t he Opt i&l@!)d]ﬂl@;ﬂhs th;-rl%néziogué]%cgm\ﬁ@s tlgealsmpgﬁbltbh]@ifrord@éct@%ltnlﬁ@or mal )

state V"flg‘,eﬁ atnpeé/f fd Beidhr ?Q&SC&%Q%U NsorPatyesn; the petwork and the
ed descrlgtl on t%e OS 20 contgol eI ectronicbs will be set

DN?I% i m oA T aCer 9etti o hEREhel at fAe term." node" is
used in d[e\ﬁbnbc?grl‘tneﬁ‘f%alllﬂ?etlg‘t’ i §°’f ﬁh%&?ﬁ"ejc?tll ‘?)]r‘f’c\%ﬁlﬁnf’het ﬁe?%vlkl tBpol ogy,
wher e t F@ovRMHFR fodEeY §° (FeeEr PANS LRIy IsPateswhére HerTERoMs & ssi ons
may be 138Ntiiat eeirodefppi (natmed) Setomdeiss they eonrectimgnt wichtedthensopt i cal
SWi t chi ngthederhe hevtirg haridstige aEypAr at @ecleMi¢ alekhaipticn pkatedoat each node
bet ween ddaerdieepddiabni c@GMiIRMBN ke tdrithen netKsédddiss | inks. This shoul d be
cl ealr fromtlhe fggt%tateé} w@lngner%cﬁgtgr@r mhistéfée%cidghgs Qse@IA%) tshows VIDM
coupl ers J plexers.an i Xe[ s [ n [

gxlt":ru Pel rtgﬂgner%gbon Qét% gl[; i% kqi goié a‘whe e EE

associ atl on WI t h eac ti cgﬁar ogtl caI

si gnal s HEEwEeHSHKDIR %‘@Blfé’na BO8 “HRE° 5t \"°cr]él tralné’ﬂ’asls§g’bse %8b and
50c do ntt Cefighifter ABRPLGE PhEMRPECWTA™ B Bpticc GPEISPY AT 51388 P8R ADMs 50a
and 250b driehoist R csEPRyatgUfeipe eobetl igr Plagenftt ¢3rinexeld Pervieonteetticoningilt h t he
ot her ADMBiiphor sxampd estwirgngibsr tidnkdhe TEist sHauddnbaDM &@atont thenor ki ng and
protecti edncbidbensaababpe odid Hbabsd. 35 are optically nultipl exed (conbined)
with signals fromgpe Ok PR BB cod¥Wbs 59@11;19Ye>¥¥25kalda9 and protection
wavel engl f, tl'egér%)fein% 1AL A0y Ml.zsf?rfigmo%'lghgﬂr wikh §Achn? %sifré)r sPM S0a
on

comng in on rotectlo are optically

42
demi’t i pfEXx&H s }ng tflfc)‘{) rﬁtlcajl Rz kie‘:weetnh 51 Qg&?s hoSe fibers by
wor ki ng Z&idcpt &ﬁ%ﬁlﬁowtﬂee?/\é{?%ﬁ éﬁ}gtaﬁd&é’r“ruii‘i P ’f ERETE 1D 3N "a‘ﬁ‘dp“le?’éa
Si milar ViBNeeRFilprestotad s HfsHeen PPMsasddERat5i08 i ?I?FIAE)'P\)lYSB‘bltaﬁ%FXGﬁé’ror nmor e

ot her ADMBnWE0OiPlexed in connection with the other ADMs. For example, signals to

be sent from ADM S50a onto working and protection fibers S55abp' and 55abw!'

35 are optically multiplexed (combined) with signals from one or more other
ADMs 50a'’ by working and protection wavelength multiplexers 122aw and
122ap. Similarly, signals for ADM 50a coming in on working and protection
fibers 55baw' and 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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As a matter of term nology, "WDMterm nal equipnent” refers generally to
VWDM coupl ers and the like, while a "WbDMtermnal" typically refers to a
parti culve® I¥émB? nati on of WDM term nal equi prent for 45 mMOTU§LE§1IAg and
demul ti pl exing a particular set of fibers. In Fig. 6, working wavel ength
mul ti pl exer 122aw and wor ki ng wavel ength denul tiplexer 11 WD 98/ 47039

PCTI US98/ 02515 123aw constitute a WDMterm nal, while protection

wavel engfﬁ‘wnfﬁrisl préget mﬁffﬁ‘bm&ﬁd Br ot é’E??‘?ﬁ’il%\?’éY%lﬁﬁ?W BethdPtsXsFexer 123ap
const i t G ¥Pafist RETCSAPN™ TReATHEP. JaRBh Pa PFR T AR I8Pt YHISERIICY dneEherdEPWpt i call
anpl i fi eemnigamd  hasponger svEigplivahclakecttical amptifeads sidggnal conver si on
uni ts) tomseasierd wavela@ngtchtclrahfgli¢al atghal i @mvétsibhemnatd)t @t exex and
demd ti phexefigth Amnnel ad aleven fo GABNRALINRXM thatheudiigcdgssi on of Fig. 4,
even though the tgs aianal a&sw Q{r%&tne@h&; ther tﬁmlgéustsb& BEldL; wavel ength

l I nk I Se%ﬂ Ehou\%vﬁi eggltmhn ag é t Q%%I\Aft gl-;emePtJ. WQIUI.'LQIT% t and

appr opr llat el %/ mu(fgl |wga£l%n T ng | not C [?g le of 10
restori ng muf tl BT &igeh 5 "‘}bé n Inhf"ﬁé’mga%e@mb‘fa e‘?"é?‘f‘?ﬂ’:e % the nulti-
wavel en@?‘ff°PF’rﬁ€ehRéfﬁje‘rcat?dc SPRET; h%“%l\‘ﬁshe WRPBroyied snacesapadared accordi ng
t 0 ¥nbodesrentrs HRliiheavyeAorathi enerativat iprrbyicdes fch feebixsr ot itba waphbi lity.
|t shoulaveiengrdt ethki. heRathére iLnvienttieonsNss @atlolédriah@dohDighydt hekoralimg

net wor ko sitpbdia@ntner ofe idvensichat@deigrokide sfich kBsdor@eich, caphplgagt 15 one
of the links carriesnsiilatbe Wovel eng! bnd nafddc¢oand s LafiRLpated @tqboth
ends by y;g\/k,@%pp%qcmqe@ne Qwﬁldgt@géed' i, g net V%M £25 Y54 gl e-

vvav enthrffc and are t ar eof
term natgl ng ok € %} t |!L NSV et EATE AUt tl ?verlen?fls?‘ ﬁrea%gll%r?él ab(t)‘?/remlnalt %h ¥bri d

net wor kef‘%s BﬁeWDg‘x‘é P%edof’ dfsbr‘bt&a’ethF%s% U RETSFS §ERE0 GEPHES wor ks wher e
20 the ¢BYAISRTCAtTHtifeghiregeorPrabintef ifykBodsist that #v¢ angrmelkels af

char act épiwnpeingsuelti aevsiquoah -teaf fiy ngiscagadpigd fbardwivdh g hyiidber of
wavel engetwore hianned sxammduwabimasehenss bomeBtrogefiedds Mc@o@iks JHuis a

het g OgQH@%ﬁmurileﬁty%hkré.gSm@aﬁ aoheriiard Byrd hhNKmavdt b gird-0adi segui pment
at each .end.. whate & lﬁa_; ge;ggatgerﬁamlétwknme Qfs%géaleﬁgai bei ng

transm tc;xg QQ %ggul%q:r sgpem% Oft H 1)2 Sbtc> ﬁ%?;%}xl nC %er%eneou%I ?ﬁ The

term nate e

t echni quS%wo(% tth ég%We%lﬁge?lgﬁB}ﬁ Rk |tﬁmflz§‘8% eé‘ﬁb‘?"i"‘&‘éﬁt saqoSithny types
of het efﬂbgléfnéawlﬁwg He iRy REnk po? iagappple ofdPeimer BiRPsTHtARS oncHifl 6 di f f er
i n Bandwetk lethere Linksdi $f ererncmavberes bfingataamirryef ovsoppérdled 30 by VWM
t er m naleqegueptrent orat odirbteroehér noglesprewen. if all the links are capable
of supporting norend hathragsdsngt e nveprekengt AvenBi s & liy, £ i f {90 €fdbiel | NKS
coul d dichf Ryl @ptegeofbhgterr@g&eeus Qslt;berne@&oer@zgrl &8t eck%l@(:tcﬁ':fkéztehgsllgfcs the
SI gnal S cggléadggf.r I ﬁylb%[‘dmy de o] dcfl}gpé}l%l hurrga\ég%]_ If wave?e th er ent lcl‘ln S

mave cnanne

C nSI(? t
upgr ad| ng a‘@e ermlf‘ec F‘élrf’mf?tnl% PRTETET ore evﬁ%rgl @a?é g?%‘ s??ﬁ I ar to the
noti on iAPTHE %ﬁ)é&?‘?ﬂ%“&(&ﬂ’iﬂ EDYT 2pfigole @aﬁ?lﬁﬁﬁtﬁ adPifgL3ikgl GLeRREF engt h
| i nks t digkpperid Aidfer- et Eagtarce raf pPier Becpriwl dihsgaopriars afpl i fiers
with a whdesiggaimohandartonlaxsaplengtpr dta@ctl Onven nksche hditf fewemaelings carry
traffic mat thebbimer aidepedt wWarekbestgt fhannels.
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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40 channel that is |lower than the highest bit rate in the network m ght
have to be upgraded by providing optical anplifiers with higher gain or
provi di YO a%#i089 onal optical anplifiers to support traffiRCTAISIBOZMEr bit
rate per wavel ength channel. In sonme instances, it nay be necessary to-
upgrade different protection links in different ways so that all of the 45

protectlon llrt]:FS ca ntcar{lﬁ/ the traffic that i s nornal I% carried on all
ot her WOrRIRg TFHKES AE™WRL | SHEPHRE s ¥BH 08T O, 24 RB™9%befon does not 12

WO 98/ 4‘7%%‘91@CTFU§§89 0285 it SgEAUSE t1aPSY Hes teFWitahinceqtatenEt be upgr aded
t 0 accowodateathie o frpe girgrectiemffibers Thibyrass bec assentheq@BMehasata

SW t chi rig: statcgatdiiahodeal | ows traffic on the protection fibers to bypass the
termi nal equipnent at the associated node. 5 2.2 OSN Overview 2.2.1 OSN
Net wor k Connggt | @isodidiHort Nonencl ature 10 Fig. 7A is a schematic view
showi ng additional details of OSN 120a. ADM 50a' is shown generally in the
manner that ADM 50@ 150&1 AN CoF| 2B. The OSN incl udes west and east
net work ports, and “we t—am%—easf—“iig‘hﬁ-ﬁ%-l—gtﬁ%—ﬁn%%—%é%n = The figure
shows the normal or default switching configuration where no restoration

i s ei ng undert ak&A: Pnit W schpBatigntigyurkaviion,adihdo@sNdattidsast QSN

pass-t htzpagh APt Sesenid lskownestnenellyotk thpovangeamtlat BEM ve@st id ehdtinnah

equi perdg.pee t SThaey hatwsen debe Raséastein@bke ppeid, Sadideddhan®aste t er m nal
equi prepdmRRLT Squibibs: bSri@N! Yrnang e tMBWITRAY noSid it gpldlga&lqng‘blg:lﬂ!k ons for
ooN 120@onf@§uﬂtum RReCHG DG AL rIEL %Ln%lé@“tag&e sgl ltg 41 nes indicate

these ool AT Sorhect] oif 20 & i (TS BN e (¥t e of

i cuTar connected: t6 a
the eas‘fo%lsd%“dofhe KBRA SEEMRobIca BEEhretgh ?Wbéﬁ‘tﬁeﬁn’ﬁﬁt e3¢ BHORR“in Fig.
6. For BIZPFI ¥WF the KesWORFEgat sAeHmeshdRAts n TG, 16 opsy onttafethd memy Fi g. 7A.
As an aktiechind venfipewgtiemschooPsy Ha0zi ghtwilantk Bbkosolisedesidgnatied Rx coul d
be 25 tbowght k sondaphemlihyicase ithesdidiepgria Wohvkaapnd ti pl exer and nmultiple
opt:d- el ectroni C ¢iReri ke ShéErighe -HAROt RAEOdRSJe c€aGHs GRWPI KA. Qpliespect i ve
as :?Cln :ﬁggleSmEIofD%paJ wjiéagth%lg!élngcgk%'eonﬁ@&aga' tggkhéﬁu@?% QL&)& K e

9 SIQ( vgugy %e L% q'1 ect rgul ment ap é“l’x y § E %Ilarltly di odes)

rTU|tIp| ptic fransmtters
rc Ft In the

30 each® (ﬁ‘“i’%"ef“éssﬁﬁﬁ R 1&35%6%?“&8"%30%@“‘ At &
parti ch%ﬁeré%"a“ﬁ‘ﬁl‘éleé’hcﬁEﬁh Fhehq efgthat Plesée)designared RADRﬂ“Séab%ul d not
hav’® assirricht e YDIVEREN# peat incAvding| 4 WHd ddmstusiedrbaidonwltdots pgto-

rest or atignrouie tecefiaedsure g. ofphatdiibtiés) wavetheagiphed icakgespostivef the OSNs in
the ri ngsdtayecddos@EavimiecarcudbryDy passifath daon Aihe muhd ibayavel ength

prot ect kek hLO8r 6x BRiS bk SnSHGWN 4 %Q@&@&@t g@llgmudu@%swmsm ng from one
si de of m&ﬂq @Mr ﬁndt Q@ltq ﬂae ltTcJt%o ®) tlcgetqul;gnlLtYer%r %%;; i%lgaogﬁe§§t e the OGN

in connectlon egener a 125b, one

i
f or’ each> B ? rote p|"°‘(C)tn1v |%sesf’°1ar§ Sasgmf)aftD Clrﬂ)lttrﬁrs Bnd® the OSN
further pf‘?fc‘lcﬁﬂeé‘seéarﬂﬁﬂ? PP r BRferiefapord (west) side of ADM 50a would not

have associated WDM equipment.
As will be discussed below, during restoration due to failure
of a multi-wavelength link, most of the OSNs in the ring have to provide a
35 bypass path for the multi-wavelength protection fibers. This is shown in
dashed straight lines passing from one side of the 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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40 ports for such connections. Regeneration will typically be required if
the nodes are separated by nore than about 600 km The connections to the
anpl i fi &¥Q9%/#103¢ egener at ors) are shown as curved dashed |IRGTAESIBMRIS cause
the anplifier (or regenerator) to be part of the bypass path. Note that in
this bypass path, the protection fiber is not in optical comuni cation with
45 the ADM 13 V\Q,98/A%7039 PCJI U§98/ 0251 F| ?20 is a schematic view of
OSN 120a ShOWI n &f nattve nonenc! &t ute TOFf PHE BBRASAIEFWFES port s,

t er mi naP°&gdi ?)tr’féﬁtf‘”ﬁo?hte OSSR YRPT PPT T/ TEgeTRr STYP YT PSESTheports are
shown agd"@liéier/ApFPRE2tIFNRATEaL | AHS APTFHPEE SHOrt aershent corper port (fromthe
poi nt ofinddceningf at Heprs: OSN) or RrgoutiBt sivawns(firhe ghertgni rpft hiewsafreher der and
rel a i oonsti.p .t e shavet vy oty it ehal sk @GUE piFBNte1a8idnsgip €B.thEhe OSN s

i nput  pekt®rArfSadeshgnat egiigsefobl awg. -bx- WWest and Tx- WEast designate
the working terni ﬂ@el og&@rtzs‘npggufmrﬁg Jrg &Jz@gsart@&lsgy Eéﬁ fe. fe,z P& esy and

east si q’esw EV\'ht dESl naxl::) \Qge VﬁrQ%nIQ %:(erm.l alSt Sdt%SIgipﬁtc? to tiq'xe o o nrsr(r)& et%trls on

term naI or S cou Si des.
Si mi | ar £ WP ESE -1 n?asénﬁlWEa‘ﬁ‘ﬁli ITﬁ)p d’§§’i GRatE" FPFé‘s‘v'\odﬁ?il?f& ré’FV\/t)r k ports
forl% he Pﬁ%%et‘:ta‘ﬁdt%’é}%f‘ajslpdé"sg COrRES o %Frquﬁ}t%‘ia preghst vegy aYd ¢ast gnat es
t he protsééss-onsimetamdrk "poests (For aphd-Gest (Briddesdighats des workimga | i ke
manner , nRegeR-pAkEs (fom) trendedRe g ebksdNs(dds) wWesegnake-t(he) rud td-edd-wavel engt h
signal pent Sesoyiptad chd debeQuPub sk JRESNBE AlHeORest0ina asdY kiddzat i on)
equi pnent, { QkksSi@RM:S dda¥al-E0gresis kéi?;@lw -3 888nlQ cHBShicilhe OSN s

e

out put e I West__and East desi gnat e
t heQéJ ng[rél%nggh s§ér{y [%’rltg c%%gjb%ngg Q:%e recel?\/ré-:?eneta;g(;;é t he west gand

east si d‘eg mﬁaﬁlgnh?qg’l%s? fﬁﬁdsﬁ%za)lf BRI HEs Yfital ot%&¢t Fon t erni nal
ports cd’ﬁﬁ‘f ed to the receivers for the west and east sides. Simlarly,

W West - (Qut) and WWHERSY -5 OefPpt st griceesimhtanpyr ddsagrataeét wBrk'-ost snd or t he
west antkxe@Fhassiddesgnanhithe woribst £é¢Muhyl andcPcbgitd HoCutd reesivgrnaties t he
protect itha wiet Woldkef3@r sidel whhEe \WRSH-waBfl aaSHx- 51866 .de2bgrdafle aHel ke manner,
Regen- Wk { Lt dn 20ehiRe06idrEs W h) cHesd GRal €t g Mk veWaY R g0Gt h signal

ports c d tQ; i uie 0 ldes ifica equi pnment
QupLE éQn EQﬁy WP%& % £ Qﬁé‘%vr Q&ét nOu(tS’ d @QIPJ h%‘eai%&gigg\l o toh

for signals I e

Connect i o%s % S sB%qa cf §§Starare1 se(? o mfies Wh le P\%%(s)'\:/\n(r?ﬁt AUmbers of

possi bl e%uhi 8 Fﬁ‘@t"ﬁatth% BRPES5C Aot H@“@%ﬁl p°|‘=‘F gf°r85&“ﬁ gesh awh A8t ghdes-

i nt 8 confe tiibh "rAPSbeRefe@nT tThéCytn pids Reged - ¥ 11 (Gt ptasipeatestitsf meHé-OSN. 35
Any nunberelingthesenagdonreet fomieday the mdes etcresshemdtyomriosi nul t aneousl y

i n or derampdifikevictde dduepieafuidresicppes atthening wkbe topddseadndsyadtché ng node.
The portwedenmencl ature is as descri bed above in connection wth Fig. 7B, but
the ports are grouped by input and output ports. Fig. BE is drawn as a

cro? spoint matrix,(grid),show ng.the .40 circumstances under which
di fferent switch p05|t|UrTs—m—g$|tﬁo?—r'€qUTred.

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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The OSN is a sparse cross-bar in the sense that only a small fraction of
the grid positions are popul ated (22 out of 100). 14 WD 98/47039

PCT/ USO8W028/4W393. 0 OSN Details and Operation 3.1 OSN SwiRCHUSB&ARES 5 3.1.1
Overvi ew of -OSN States The foll ow ng sequence of figures, including Figs.
9A-90, Figs. 10A-10T, and Figs. 11A-11R, show various states of the OSN
required by various conditions. The figures show the OSN as drawn in Fig.
7B, but WPt RS PeERi spRitd §P$5858%d only as protection or working. Each port
whose fiber 1link has failed is shown with a round bl ack arrowhead, the

nor mal wor ki Agl afil spitdhegtiten connections are shown as solid Iines, t he
restoration connections are shown as heavy solid lines, and the original,
but ©io | onger efftecti uRerERRNECHEONRS 8L Shown as dashed |ines. The states
have been 15 grouped into four classes: (i) normal, (ii) span swi t chi ng,
(iii) ring swtchin and rotection fiber tran transit).
States in_the %?ktl ergblfjhﬁ'%ré seglgg Ogr%a “hunbe m%lugﬁxég I a% E)IE‘J 5y lﬁs

prot ect i*8A ¥ be"‘fn o9t i ey %lRt h%\lwab‘é"’f’?@u%sgéﬁtﬁﬁo? rt€§t?§rNaf?‘%‘hre %y 2 Span
Swi t chi §TNuGt eBFTiges - 9 AP FighenR i*S’st%?nO%I\‘/\naﬁc‘FﬁaH@ gt Btes 7Porut H’ét}%N For
easeo of thefrorehdebelRidgenigAaaipsoteshbws of heorlG8N - i rEach seoyorwigke stihe®e. Span

SW t chi ngnk efermitel assidouatwion avhewrel Blamr kiraghdaidbethel hedmahasrkiaial ed but
25 the ceargspendbiGophditesid abe fshbRl aha®1n@tlindd) th Sesdthexdn, reference
to the &gﬁéﬁwdwghm&g@%aoyn sbi RER s ARANS.d b B&%ﬁgkl @0 fdobesngen the
Same S'e‘i‘?eé %& oég ne‘@‘é%r)s and L.or Qé%awedt H‘&e%a'mrhg'é HQV b@e rout with

respect to hi's” case, . _for the

f ai Fed v&fﬂ%‘? l i%has ur 51?85%1 ed™t 6’°f‘?‘i"‘§ cglrlgne?on 1t°hl |90t %l onn?l ber 30
net wor k Sﬁ’éFTm(‘?n i ‘dﬁi )PTOET G On FAPYD FEHHWS t?ﬁtiﬁ WI ?"carﬁeﬁgmsf}éet es for a
si ngl e fi@icFed thfdehelassThege mrhexes ande lekesdrgriat Bk asotfesFiowsibeti¢y) 1. Span
Switch Viderd mhat ppindg fsedSpemn rSwidretiddést - Qut; 35 (ii) 3. Span Switch
East-In; and (ii) 4. Span Switch East-Qut. Figs. 9E-9J show t he span

SW teghing states o1, 4 \A_@ana'gJ,quhqui be&frss These states are designated as

follows: (ii) 5. Span Svmtch West-In, West-Qut; 40 (ii) 6. Span Switch

East - | East - Qut Span. Switch t; 8. S
S\z/ivlstcth‘és?SOJt Ea%% I92‘ do“ﬁ ?b s\yén Csmwguf’%hSt%es %’rgﬂ ot IFzjrand p?lnl)

10. Span®*Sfi e ReRREERSS S E %talﬁijtsm‘ﬂss *Bf g8V BiEN BN"SRIRY ’F‘Fi"é"es%gﬁa‘éw t chi ng
stat es fHfitEMPEertars &8 2 fSipgrtdon These asYarkéss dikeréstighat éatess PHl | ows: 15

25 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;
) 2. Span Switch West-Out;
35 ii) 3. Span Switch East-In; and
) 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 . Span Switch East-In, East-Out;
. Span Switch West-In, East-Out;

. Span Switch West-Out, East-In;-

[,
"
v W 0

(

{

(
(ii)
( . Span Switch West-In, East-In; and
(

ii) 10. Span Switch West-Out, East-Out.

45 Figs. 9K-9N show the span switching states for three failed
fibers. These states are designated as follows:
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WO 98/ 47039 PCTI US98/ 02515 (ii) 11. Span Switch West-In, West-Qut,
East-In; (ii) 12. Span Switch West-In, West-Qut, East-Qut; (ii) 13. Span
Switch P¥3P8/4739 East-CQut, West-In; and (ii) 14. Span SwRCIWI8EI515 n,
East-Qut, West-Qut. 5 Fig. 90 shows the span switching states for four -
failed fibers. This state is designated as follows: (ii) 15. Span Swi tch
West-In/Qut, East-In/Qut. 3.1.3 Ring Switching States 10 Figs. 10A- 10T
show 20 ri ng‘léwltlckﬁpﬁ‘@ W EFLEeToAnt HESDONE R2fAg T"dwi tching refers to a
situati on whétk 13- vwimeki $ratéh Hest-and Yess-Quor rfespoivdi ng  protection fi ber
have fail ed. (iR ng.sswahcsviinch Casc-0ocWast1dut heveabsmencandor presence of span
swi tching. lnithiss saseswithe sher-Thnaaspaut, (R¥carueTx) for 15 the failed
wor ki ng fiber isggoupbeghol,o tmgespraaogvs@&mg fdbes etMarkeROLd £ifds2 Or out)
on the %Hgd*a%i% déqgggﬁ%hng ¥Gll°¥"f be west working and protection fibers

have fa el F ] e coup{ ed to the relevant protection
network port'*6h the ®68st" S rﬂees%nﬁ%ﬁtl%ﬁéd HB8Ye, the |abeling of the
states refers to the side of the OSN (east or west) and 20 direction (in or

out) of the protéctionRinsgwitthhinanptdtegouple to a viable protection fiber.
Figs. 10A-101 show pure ring switching (working fiber and corresponding

protection fiber masr ibotibrfabl)20 HESswik@RAidOBb-sfaewedrhene bimg sMd chi ng
states §QkcioRg Fek®d oPAidituakB6s Gnstahesordify 3€64:00Ad ds aSrrdipoh@dgoWns:
(iii) ]pro&aa:g.owltbgp h\géétf_a!l.ﬂed (Iﬂlln%; s%rltgl:ﬂg (%M E@J?lrvmtthg'ékser(éel J)x) 3. Ring

\?/\(I]Mat CPSpIEx'aé%?ﬁc%Jtai‘a s an s)w1 Chllflg ngIn Wlhls cas%;sn_l rl: 3011'talg%o jolt cu?ﬁ;?%%ge:o \?\/{’Ihg\l’Ne

g,
bot'f pa‘ibresf%’ﬁeﬁn‘?rﬁ’t?efh%ﬁfe”r &P‘i‘%lﬁd toTﬁ]%%é’rg‘Ee&Pé%“ é?léerdé"’s'iwﬁﬁ)étpé’at as
f ol | ows{in( PFiOpth onFHltY oRieTgSiGR: t AFcvEsprglyandt tPrivept 6orkind a ng Switch
East. 3&cEegsionlfiBGeandatdHashrow Heatesimdeperomellparrcognleg@ach tdede has
fail ed. relilrese stadcesiar fewdosk ghat ed as &0t ok, (Ad m9ntiondd AELVEW tieh

Vst - | nyads@sty Qdttheafticed irkEgdrsBro RhOG: 1WA drChndMesH - @it oEasdst] NinaThese two

stales e achuald ¥-Nok) Usetnd BrteCt Pl o BRICHBNE 86100 & ACRanf0 they
woul d not be use% Ml for the particular type of term nal equipnent. Figs.

101 - 10T sHow ST at es with si_myl taneous, rin nd span SV\A Chl n These states
arise where one pacr: dﬁAo]r?émlioﬁepuefﬁdnd’ﬁe < ‘“éolrn"L WoTkiHY fibers have
fai | ed. cEERFTEE 2T @ECHCEITeSiRfAaRBVY 2R 6‘?111(’)\/\5 Figg nli? 180 RPHGEPSWI t ch
Wést - | nrirmSpavitShitc RtEest fo@uene 485iefigair10 Thﬁmgt&mst«tfr? Yissooated Span
Swizsch Wagbwut; (iii) 11. Ring Switch West-1n, Span Switch East-Qut,
West - Qut ; (1iii) 1. Ring Switch West-In
(iii) 2. Ring Switch West-Out
(iii) 3. Ring Switch East-Out
(iii) 4. Ring Switch East-In
30 Figs. 10E and 10F show what is referred to as full ring
switching, namely a circumstance where both pairs on one side have failed.
These states are designated as follows:
(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;
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16 WO 98/ 47039 PCT/ US98/ 02515 (iii) 12. Ring Swtch West-Qut, Span Sw tch
East-In; (iii) 13. Ring Switch West-Qut, Span Switch West-In; (iii) 14.
Ring SWWQRS4®W3? - Qut, Span Switch East-In, West-In; (iiiPCTIGRISMAF Switch
East-1n, Span Switch East-Qut; 5 (iii) 16. Ring Switch East-In, Span Switch
West-Qut; (iii) 17. Rng Switch East-In, Span Switch East-Qut, West-Qut;
(ii1) 18. Ring Switch East-Qut, Span Svmtch East-In; (iii) 19. R ng Svmtch
East - Qut , Spéﬁflév&% cH VeSS Weéﬁd)ut(ﬁpia? SYBECIREARF S t ch’ East-Qut, Span
Switch East - [¥i) \iEst Bing. Switgh Jest upr GireBtSUORCIFBE1Tr ansit States Fi gs.

| 1 A- 11R show(ili8) priot Riotai &nitER et {quansiven (Fitramgst-In, Skeat-gs;for t he OSN
These st at es(siUppor.t riddesyiropagatimn afannsuiteh Faswanve)l ength traffic around
thesring in the)emenkif s cERidadf €n0f sghntihilebn woavelength link in the ring.
Since al | the;nodes R a&kcgtﬁea%eegpawsﬂfa@ma%Lewgw%htequ' prent, the

switched traff. oe a gh.any. .of the intervening term nal
equi pnent, bl(.l ll? ](tjgh Bixg "Gn %WR §5Easbt elééhiph h1’éEermInaI equi pnent on either

si de of the f‘eﬁll etf - nﬁﬂgl §M€E|E€ﬁbt%tr P R® D6E Y&t T1AEEl show a first set
of the transitidt#Ht-eBiehatitad Eafbtovis e PReS Afph EPFerrr dgeheat or ports, but
rat¥er provide a straight through path froman incom ng protection fiber
on one side od the 106N Hroetect hen @ilbgornghspt iteedd on fi ber on the other side
of the OSN. These states, which include states where span svvitchi ng i s

al so occurring, afﬁsdeﬁhgflﬁzt ecbyw 28 ASediLoWSte k¥dnsle B IfR08L

sl Ul g e il el BB B G

vest® t o %wf t’%ﬂ“%g?e GES TEAHES. FYERE 03 (FHFUE OP-STPRHG ¢

East -t 0 anr(q %)“ka BheroiRg; t SEACE 21 b %s‘t“e%ﬁ‘éﬁ Shi TERAWESE-Th;  (iv) 7.
P- Tr ans heveEHBY -tegnings t equSpreent SWite cvikakad Exafii¢ idpps Got MaFp gipgpyoh any

East - t 0oY\édte, i GparerSw trehnifed t sduipmeEa s tbuButathannly ienyodite: Than®mt

Vst - t otEashaandubasht to- Waskr 38e Kfgsne kidreilRishomvaiagewndnset of the
trapsit states thaigsdoi1auser the, anpldsti &1/ regenarat ok PQkts.cnipege states

correspopd L. éﬁearﬁglr ﬂer@eegtengiatu%%g %L@trgéh&xggo%déoar smﬁ ﬁ@ct that the

S|gnals ncpu;6 pom nr%g(r:ntlkon ec:r are drlggcotnedstot ? |f|er or
regenera or Sre eTrEa 6 P e CProf ettt of |eber of the ot her

si de. Tﬁ8§€u§?%1’tn§spr°&6°'\/bﬁf’cft°r F’ﬁé’lnuHée §'fkéﬂre§l%h%? éhgﬁe?ﬂ SWPEEhPRYSFs al so
occurri wglckaﬁécwégusgﬁaf%dh@—&swﬂ Fo\iShizg 4§ a2l PCTFERSi 2re Avpl REGed)
Weses t oaBaBtllofs:v) 11. P-Transit (Anp/ Regen) West-to-East, Span Switch
West -Qut;  (iy)) 12.p-Rrddsansidst (Anrpadfkegen) West -t o- East, Span Switch

East-1n; 45 (({Vvk. 18- rrBaslik ansilcd-A09/ RegenwMestwdso-dsast , Span Switch
Veést - Qut, (iv) 3. P-Transit West-to-East, Span Switch East-In;
(iv) . P-Transit West-to-East, Span Switch West-Out, East-In;
30 (iv . P-Transit East-to-West;
(iv . P-Transit East-to-West, Span Switch West-In;
( . P-Transit East-to-West, Span Switch East-Out;
(iv . P-Transit East-to-West, Span Switch West-In, East-Out; and
(

. P-Transit West-to-East and East-to-West.

w W J o U e

)
)
iv)
)
iv)
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) 12. P-Transit (Amp/Regen

)

(iv) 11. P-Transit (Amp/Regen) West-to-East, Span Switch West-Out;
) 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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East-1n; 17 WO 98/ 47039 PCT/ US98/ 02515 (iv) 14. P-Transit (Anmp/ Regen)
East-to-West; (iv) 15. P-Transit (Anp/ Regen) East-to-Wst, Span Switch
West - 1| n;WO 08440396, P-Transit (Anp/ Regen) East-to-West, SrOT/SHas0zNs
East-Qut; (iv) 17. P-Transit (Anp/ Regen) East-to-Wst, Span Swtch .
West-1n, 5 East OJt and (iv) 18. P-Transit (Anp/Regen) West-to-East and
East - To- st N Detailed |Inplenentation 10 Fig. 12 is a schematic

showi ng a palt? cu4l af” Wrﬁﬁléné]ﬂ"tpaﬁgﬁﬁ’ dgrP=t e st i cal switching portion,
referred to 59 opti BalFaR%iitt EAFPHReER) B3Ot (tOr Yessi nfiap Swiitee iepf oek 150) ,

an OSN havi ngivi hes -sPdiressign tArforRedend riaist top -Wekes csnapesivizbo\East Fuom t he

i nt er connect {ion ¥MApPdfraksig. (Bok/Regehheact oSSPaitnt spamBtwitsn olesbig, BE, it can
be deducged-thatasd | the connectivity required in 15 an OSN can be

i mpl ement ed D) & 68 MRl draRAAID @AmpQkegith tieRES 0 XN, 2R N _wdoype. I n
particul ar, the connections shown can be realized wth two 1x3 sw tch

el ement s, tV\§) 1x swtctﬂ el enients two 3x1 switch elenents, and two 5x1
swi tch eI errents shows the swi tches and

i nt erconnections for switch bI ock 150 explicitly. A particular state of 20
t het°OSN can t hen 836 sifets fai eehepgtichehaytiag esraftitherswidlehesatiks: ean be
seen, fkrsbrairdl seooridn8xbrsimd cheferraiesd grated ca WsTERM WESE QT (&W and

W TERM EASTy QUItSWbhaske1sdei 6f Shngivenoihg lihe sIt@.EQQ Rak Seuotiheti 0 the west
and easheMREKidNgod@Ceirveh ROl {rSerdMihb & ibh s S%&%}dtﬂé%ré Lahes,

dESI gnaIanQlW T‘EEm V\§§Tll: I\éagvgéggdt}élelw % tl'le §1Vl%ve thEI I’ SI ngl €

t | { t ?’ <t orts.
FoPther S8 Asiaan SO MRS Eetanny ar il n umgareﬁs b 08, e por

P F_EASTYRSUT Tﬁ\l\fali‘féﬁ‘élatrhe‘ihre SIRGFEoBE AT caR rﬁen‘a‘?ashz%l"{h@btté‘d ¥#% the west
and easEYHehvERPEot @Et 10N SOChLRLIePBRTSS , tHphdle sFitcbt e kamdntse candd tdx 5

swi t ches§x! desiggnateednt? 8 \AWSTchHeN) SWrand 1 PFREAST thlSWitétaaseand30 t heir single
i nput t eftdrfadmecCcnBeRiresviicon thecmast «apliaasi. Netparekoulpr aicged icén i nput
porics. The oblildahpdent®y Bh&ak s OBy tdhe skt Lhestar swicepenected to the ot her
OSN ports or to mytiphe fermnals an Qther 3§wsu99a%s té%ls%N Ct he GOSN to

1l.e
ot SnfeApha b 8 S8 0abh BESk BOOUE nlll %8 HSTEE RN one ot an oSN

an inpl éﬁ%‘ﬁf‘%ﬁ S%up ﬁ%ht"a'éhet HaE" *BHGRAC i"ATER ref?%"ﬁo%??’éfe“’s GigniFreant

econoni 883 SACHS| 13 6¥ATRew FRH-InAERY ITERYUIEST B Y ra8a 10 TERM GAST T CF

el etfent $aendrair swle swwpre Feohiogbntoonnedted tthethe westmang eswk twohking

t echnol ogares;ittkx3pand. 1¥brigert chrel en@rdesorar exf awitahas) eestyadceheaper to

f abri cater taan obx 1dh efd 20X kasThws d)endueefi@nikednde iciphaneatatien of the

OBN Of f @bsne38¥d RES:HeMudsRealauBRES nQonwptrgt&% £:8 ouy;ﬁ{tsyért%O)whé@e%Lét as the

COSt - Pelang W LGl Qé%g%p i RQUORLNR20LET { e OR 5f136e o2 iy SOXEQ MRt X
me “Pe

(seg gh Li or. er- dicgura nons can
deS| tidi AT Re 54 ea'“lﬁra %mcﬁnnﬁocc?g%ltﬁl VPSu'EST 87 GPFT SPE  nunber  of
ports OIpr%lteéfF’f‘Tnef”é‘ﬁ{t %%Fr ed e S lbIPlst WFBsRAla5° TR GBNFE4R aFSe a vari ety of
switch F@Wé?cbépe@le THEEOSN ports or to multiple terminals on other switches

to allow the OSN to assume the switch states described above.

While a general NxN crosspoint matrix switch may be used to

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

40 implementation of the OSN offers savings in the number of switches (8
versus 20) as well as the cost per switch. Even though the specific 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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include, but are not limted to sem conductor optical anplifier based 18
WO 98/ 47039 PCT/ US98/ 02515 switch elenents and optical directional
coupl er WOPXK03hd Nxl), electro- optic and pol yner based RGTHFRM/MEIAES swi t ches
(1xN and Nxl)., opto-nechanical [|ightwave swtches (1xN and Nxl), and
integrated |ightwave circuits to realize the optical switching node. In a
current i,rr%)l e[inant ati on, Q to 5 nechanical switches procured. from E- TEK
Dynani & ThEI =S 547 8EEc2! EAISF TRl W8t EusBY. 2ehtital °5Hhittehes are
gener al 87T SPERIBIE Pated eigftvaveofvissles a5 art dF1t e CREOMBER®EF2L s0
whet herlightwgivectritshes 13N 3%d Neh -opndapantddxkteini igtyvwalepemdsion tbhe way it is
connectedliZk) tBe 3pCSN1Coritrining @nid. Saht svanerdnigimpl8mérgaatvnopidteal and
el eet r i ehamehe at t éhedf praduasdb otinTeNiEx BhatlBN, 1204, oanrdn Shews addi ti onal
det ai | scaf rdhea Qebe JsBE! UBLNGE0NLEQes 4:Q0b&e200h AddidAonal (8! epBnts to
| T} el £ade@ 5! AALIOR SHBEINL OO Yo e GllANDQL; (45 ; [RNLLONGE. 4OV Sy, Lhe CBN
cont roINng LCUi LTy ggdsuggdthgowaopgral.jtsecon;lecetegpt| cal switching node and
provi de the necesgary nessages Whi*&H o3P ransmtted over an opti cal
restoration supervisory channel to adjacent nodes. The nessages sent on
t héOr est or ati-én Ykl ondifafiivare are sonetines referred to as pil ot
tones. The communi cation nmediumfor the 20 supervisory nessages is the
fiber network itsekf 13and ahh@raessagesladeicdlesgathavid bt tdeeneidnesdc dat a
_USi ng VQV!OE’:@U.Q[)QI @nd aBioW |abdm%éledg@a3.@§ idteche odifie i 8t RIMERY %oﬁd}o@N 120a
i nclude)odin AAdiddi P09 SWtah bl agk 1. MMconnbars Loy pLaci ng messages
on ltshe crzl'xea%nmglr K }\s‘l, rr}\léstiag%d&tﬁ?kxlreng tehgggl cgltlt]:cro;hcei ! I:Pt:krs' isE%(s:gI Itquterneet wor k
port haS an associ at ed Qerul 1 exer 5160, whi ch ol récts e opti cal
net wor k™1 gRIe8* tsé’l’fﬂ’én%d"r‘?fiés%‘(‘}n‘ﬁﬁc’ﬁﬂfﬁ APU e REEREY KepEtEEs ot 6hi¥Eh bl ock 150
and di r BPE™ITE GPEF CAl CRUFR VESTATPtigte s psgEsory Waprelpée tidjecent
opt 0- el ex¥eri c &he regedgper sehg5en The rségprat oof punmrviseeei shensell 68 are directed
t 0 cont saetimggi cefb?0ed Sbmd atloy, te@ach ouné pubmuni edsionkngdoud thashan
ass0ci ate@r-Wiridebbfleax ey tA8QivanetuceRitisBes Lie 80 wptideal adret wor k
si gnal spdfem Jihg GRr i&IBANALAY WO PHIM REEHREK, ROM}:19MowSIM taeheAbogk 150
wi th optical supegyl &%&xn@ﬁqgﬁﬁﬁ%gn&%ﬂ&q by g 'Ji‘8§p%CEJvi‘£§h block

r 185. ters I %1

opt o- el egg:tricMaI transmtt el ransm t 3r_e rlc\{enk,el ectrically
by cont r3l' B BL76° "CoRP6H™S BFI°R91%7 6" cOTiii"RET ™% £A° 27615 &8 190,
whi ch cofft F8f s18Ft dFiFes ™A SHPTCAP SRt CRASSPAIAERA BN BBk PLS5150.
Dat¥ pr deesshity einectd tthe faprigEMenwont Iségnadat w phoEessisngndire ingysoci at ed
Wi t h t heetwoahwict tcer swiznll bleckilgerad Goaceptualobyicalheyeearsobe consi dered
part of médiagéd anSAlirkiRIcEi dNdptCeREMNRE &1 Bdcefadd 10f. t e Gogdanel txrohogic. In a
speci fi ceddIPLETRES Akl ANreBME 8346nS6UNIbghd 160 ChisPsi 13k 6, USed: odQuihe

SUupervi §Q{]M>Sér£'$p%§§91%§ al gsioacg&e%dwﬂﬂm@l%yeﬁ%lénﬂatofi‘ el lseifgmoyed fromthe

wavel engt he .net wo ata. nmessages (.1530-15/0 n and typically are
At 3 | oWRT B U EATE TR OO op TR S T e e YRS Piber
anpl i fi P PrP¥oRE ]r?@tV&f%k”?’?éﬁjahétlpiﬁ’b?firéfemeﬁa?ﬁfcHe’&a‘fiﬁedagyt"’hey do for the
si gnal s TPFPeCRE NBRY? - MERAEF &gt FrapaTittet HE5 defeansoi sty Fe&cefv erkver65 45 do
not needlesrmediygai porfgpl tlvgisilgnal Somdrot Hegiowep deomburighess €arbdedat e
circuit 190, which controls and drives the optical switches in switch block
35 150.

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

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

45 do not need as much gain for the signals at the lower bit rate. Candidate
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19 WD 98/ 47039 PCT/ US98/ 02515 wavel engths include 1310 nm 1480 nm 1510
nm and 1625 nm wth 1510 nm being presently preferred. A conputer such
as .an eMRRIEW@3IDr ocessor 200 is coupled to the control [REFVESI8MEIAAS st ores
restoration-software in an on-board or off-chip 5 non-volatile menory .
(e.g., PROMor flash EPROVM). The restoration software: (a) processes

i ncom n? super vi s,org nessages and makes Iorgli cal decisions for operation of
the opt FEELSEHPE CHES TG 10 "o 148t "Phe *5hiTehds t%% Re vapbropt Ffate state);
and (b) PYEARHEEER UG SEry nessages to be sent to adjacent nodes to

all ow them t o set? cheiuter egpectsi #e enberided rroeersdr rifl0yis tOupMad |t Ehe i s

possi bl eortecl Npbaneatd cemtesatdszethtaontsodtwaok then ddShsardnod betf dtmor k, it
is prefgd-0614t01803R08ACH. NOAROAPAT BLLnABSHORONDUSE Yes@itat NG boEivErOf
signal s (it LECRLYLSnEdRNY | difeAdbESL AL 2008 Sna FR&kD: Qb caseqls s kgeR..al i ve”
messages 1.9, 115 adi,acent nodes gl reaul ar,interyals, and. gach CSN noni tors
such i ncom ng. nessages to. detect a | 0ss of signal . 15 eﬁepen I'ng _on which
iber | FRRECRASF 4100/ CEN bt e uP- o uer e R RReChe egpe

swi t chi AY[RERUSOET be Pért SPARdC HWrd uiér HRBECH e cURE D RCEITE "W t ches
accr di ngly. The '08Reaitsbs septiPlaess apppsmens FerFradizeéerrntrddes,thei nf or mi ng
t hem of osire imctheoretivakienit 3o prledyrzantd éeonfergiimedd eersek vaesonaeoeldi ngl y.
20 3.4 cBENnepefsatianskingls 14 idckirsdsr at@s ithaappenaticass of eddaeosSNs and OSN
sof t war gendsNw QARG PASSH RleBs368NA 16 BHRLY RacoOMPR! £l fakhdtganf, abd four
fiber | LIS oo JoRRIIECR MR A2H Ao 2 00- ahSc SHOMLS! E Ligih! gur e, the
profect jon fibers have heen 13k thg'shefa'ileod pg@gbg& VOM %E@g@‘L fransit while

| eaVi ng THEWOT R nGCF i B&Ts ‘b2t ween tHe A undi sturbed: TH&e T ti mat e
state ofPi¥et¥iengt ViF I haFedt 18 OSREFGOA™ e 2D PPHAICAY 8t SEEC! 58° OSN 120a
i n st at &v{tichpy aBcohgliRi riReSHiN ehsanesrds( FpgFagqDEY ; 1tsCBN23g0h Pde=sst at e
(ii11) 6infarmindRithem Sdi thehaddst tekem. sd ey caante@BNsui@ Gberardvd20d in state
(1v) 9. aPechuanmsiyt West-to- East and East-to-Wst (Fig. 111). 35 However, no
singd e message fromany of the OSNs woul d cause this, but rather a
sequence of pessgges . woyld be required, as will now be described. Assune
that no other abnormal conditions were existing at the tinme of the

failure. 40 In this case_OSN 120a woul d detect the | oss of inconm n

signals on its eabtd-sittie A 8iTd"% MRELTAIE” i%h Bt A6 ?fédcf)f%_ﬁgf‘métg it has
det ect ed™sUWEhPEESEBES SCERBNII 208 AP UF FOFPRTE sE LE e CA it ot F at ' ®es wiifEhes to
rout®e sibgraes ¢eokdngamwnlPONESHs fhgvp o tRR-IASEast theVbariterdon O3Nr$20b
woul d dekectrethevwiossdofo prmean: Ngusiignal Sremsitddhiilet Slearsty shadeoceanigdgsend a
message fiiBeRObérwdes @GLI OGNS ddddtturbedasthletueein@be ZQate of the ring would

have the OSNs in the following states:

30 OSN 120a in state (iii) 5. Full Ring Switch West (Fig. 10E);
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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WD 98/ 47039 PCT/ US98/ 02515 such a |oss. OSN 120b woul d then set the
appropriate switches to route signals incomng on P-East-(In) to

Rx- W W IO 9%/4/03%sponse to the nessages from OSNs 120a and®CIARIS/023BNS 120c
and 120d woul.d determne that full ring switching was to be in effect, -and
S woul d set their appropriate switches to route signals incom ng on P-West
(I'n) to P-Eas Qut)_ and. si | s incomng on P-East-(In) to P-West-(Qut).
In the CORTi ggr% i oanS shzo\ﬂnw‘?q’rligﬁh n SEE RSSREPTPPHE AN IESRF £ QRS tion to
their rESPRTEI VFPHES °F Hy Bith (f’f’aﬁ%lp‘t" YteFks without regeneration. In
general, it is nofnrreermsaryy thramesssory OON dsdivel2dn b0 B0 CISHE exkoc

r egener andrl2oRatdrdd deasrmiot edaalfove, rioptdweadtial eekricak/ptifat, and
regener abhDn skt thBly apefppi1 06 aiicb- kindoatLrvalas adnS bi sTRYse that
onl'y somgnpfeot BEaOENSut N ahmlaleél\eoi&otaﬁygeoaspi@%@t%@ egg;eagg@te §:.. To the

extent that a giv S ted.regenper enter state
vy 18, P—TragSI'?H c@'\éoif@?gqut %%wﬁ Fgeagg |£:) ?1% HDI%(JEIQ 11R). 15

t
3.5 SONET /il.’)ﬁ/@ §w‘§heg? e Cé ‘Gsﬂaitimtgc% o-\WiF e SERGS YR 8Hows 1 he
r est or ate8PFA T ng Ifl%e’i%?Jn it He ’E%I\@ecesist"‘rydéé%t RB¥TEYaldl B3%e PRe i ssue of
how!t estP§Fetiased 66%W§a‘icﬁ t Wét’éﬁxhe?s 20ted agtve- wenreFangl¢rtrirrjg opthiael shar e
t he nul tregeveeretemmgis ohinkeduitredrery 6t-km himg erv@®hls .andhes et alahede Ehdaigs do
thei r nenbRlsoméng shd bl N tas wERbNOhhed asiytibha AlbeitothlOSes rdnags. When
the nul teixedvay ehangtduvkh Weni s’ 854605 acddhosGR1de, QBN SWt GlieD s 85
descri be(@vﬁq(%veﬁ’ TE’.‘QI%%.@ erg@x?OYq‘é‘ét ttr aEt‘JsltCan%n h%!) Q'E : g‘l %alll rki ng

poris and revert to normal operation. The SONET SV\AtChI n the OSN
swi tching can operate WI t hout i nterferl ng. wi th each other. For exanple,
there is no COnst¥=e 51 g<hl &=Bf ring swtching response
time. Put another way, the OSN SWItChI ng tinme does not need to be faster

t han the SONET ri HtlswFichihghoud ke ((5s&Gapdn iThigg 1P tsheg SEGAEISNsW t chi ng
(in the iADME)s oocaidrebastheris3Qe tdfanowObhbtcest @haddbs ihhensABPMerr evert to
theks ordiginakashahgratime GEN simve LRI A0 Gavkhegeh hehxk hﬁledmaﬁ Imt he SONET
SWi t chi NEvOGEMES HREL SHRW Yingt RN Ae CHN.I %%L&rs%u&ﬂn t ﬁ@l}@ not see
a (ver| fﬂ gge Qﬁl@sa%n%ogg .J.n%g nkwht%gftglre Ellrt%f Jvalw%ltlas tg%lngr s res I’oo the

OSNs. Th raC| IS never. create SW c
51? sw11f
|

processes éé‘% d%%@ﬁa%ﬁ?frlb?g %’b°6'eRet§‘F%er éPV%ﬁegb"Ff‘V\hﬁaéfﬁef’al |'s

Fi gs. 15%%’56”?’&’1?%”%5’9‘& RS 36 ATETE | 'GWeriERt FPTRHEROSN software in a
speébfic enbodi nedbe SAREETe¥Eychbes] and dre, O¥aeti tESNchean twwratd Ovichpust s

(wor ki nginaadfegind @dth eagh opheacFogi dempVestharrdi East Jansftist idn €@n noni t or
t he presenseiverspesesfceimf s&itghAnlg OesdoRes@ika\0 PuPULScheVhRR, tdherésy i S any

di srupt |sﬁlzrnltél{ln§ hamsi @eal nott hasef LueracLLshdente %Nﬁ’f‘%l@@Wl%ﬁﬁé m nes

whi ch sigpal .8 lied, %Hgs CD@Q@@S@W&Q&&E RUACRSR) L 0. SLTab] €
0S io SUcC a (0] eé fr ig protectlon
Ponet .%haf“h‘ P ot O3he SO 3oy £ D RhDE et i et Aa5<DPEY | ho

opposi t “’di‘?r@t‘}?r or‘?n(rr*ie ﬁthﬁ'\n F3efi ng) Fhe\/\ﬁi’hl"‘“ér f"ﬁécgwgt BFASS J1oEe beiony 21

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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WO 98/ 47039 PCT/ US98/ 02515 changed to the new state, the OSN al so
comuni cates this change of state and any action request/instruction to
its adj aWOMBATBRAs i f necessary so that the adjacent OSNSPCEEHSISARELS
appropriate-action to route the signals. Each OSN comruni cates with its two
adj acent nodes over all four 5 fibers interconnecting the OSNs. In the
current inplenentation, ATM packets are used over each comuni cation
channel B S¥hE° 478 1HCBTATE: ThEsSNgels° EFHNTHCRS CHANTEF e PHsEAtt he OSNS
i s ref ery¥dao2gls o raEeTdE AT ISRt PhpeT VF S GEYRERAMTE . 1iTReceseanoFat i on
nmessagestgenthebgdieaett O8N ceorreie rrboralatenftorimatticonowdsotite sihmtalnode

i ncl udi ng: 10 Node&ath @sN (@mibtiigbeesl wikh assicghedjieneaciaesnagey ;alllagi-cal
state ofcirhes nadeicolisicpknstoahe. ofntlie swkighessiaheddieiiodgin St at us of

any equi M g@é”ugéd et ré@cll;]C&@ﬁm\‘(n%::g:l’onfc.qxlal'u'ﬂ'arletcgfseml:'t A58 rk: her

har dwar e)_ 15 Eactkag§l\9[u% 1sQ q ?egwr;_srtlrt%c S%nslstg ot he e% tnodes for carrying
out certaln o actions grven F kno Tha 4.0 Additional
Feat ur esregﬁaraﬁﬁf%fﬁg?ﬁ%a%ry A R L R

pr ot ect i FARETPMPE i HERF™IHB APOFE ridEhOrRe iR6HELEAN be used in place of a
sepdfat e regener atiofe iThe (ADMi@oned -6f asmidneppiceed®iVbods) it hi s node) and OSN
at this node are designattwedebyt 2be mespecti ve reference nunbers 50 and 120,
correspondi ng to eayticAl fda@ur@Sche ERitThPoSSI dleende; M nati on of the need
for a separate regeRElALPlanlS.RASRA: A8 LECARNKLONe Ihats When Lhe OSN at

the node is '1’&8@%9&}{&%4@5@?@3 stat es the rel evant portions of the
ADM s protection t he protection 1ports of the

AV SN HeE By ALEL A R TS HOVRESD B GPOCSRFTOR Bt ATt o he DM
and the APNPUF tghv"'t’héhfb)}ﬁa%lskb%ftlﬁd?‘eolato‘ﬁ‘ét et he wavel ength channel s drawn
as a heavy line. The working fiber paths are omtted for clarity. A set of
separ at e4 oM ik fopadr Feayaress efdeptegnboives OSN sub- nodul es 210 are di sposed
bet ween the WDM term nal and the ADMs. Each sub- 35 nodul e i ncl udes as nany
1x2 switches as tégr ewamgawavel ength channels. Fig. 16A shows how
regeneration can be provided for west-to- east tran5|t usi ng the VDM

term nal that |nteErfac theAh t E% % n_th V\éasst S|de of. t he
S%ﬁ¥s q{o ec a M al 20 n?ﬁ¥ k

node. It WI|| be pﬁarent

e
i nt er f acB¥% AR Rl?)l\}tse?omt'ﬁéaqel ?ﬁ( oﬁe&aﬁéteeéfégienﬁ%f@rof Tﬂﬁe”%ﬁlo&%‘e %0 addi tional
sub- modulMesipkh 2B¥s @F sPesedBtanecttM e tAHHINCRORAF ARPRAERGATE ;?Hent and the
east2ssi dessmeftiveeriBkkncat nifpernGdeand-izL, ¢GBestradsng e @BNisubignrydel es in

t hei r nornyd psidbis enhemetidnhey theuplee fdrea pepiactiaehdaess ikcbdsheé ADM
prot ecti 6f POEEZNBS ohf tHalCwhenUbdTOEN 1€ ScHABRReNO] ihh@feCor ik .bypSEs Shows t he
OSN sub- gpgdul; esch'enrélg%r[c 45--ADM RYPARSASM: @t;?‘ro\é\@& En tde¥uRypass fhe; ADM and

o the VBT CoF Rt ror PR ebs el oy, BEHpRBHocTk fiould SnBA L1 OF

he protection paths into the WDM and the ADM with the bypass path for one

of the wavelength channels drawn as a heavy line. The working fiber paths
are omitted for clarity.

A set of separate switching arrays, referred to as 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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protection fiber fromthe OSN includes an optical anplifier 215, a

wavel engt h derul ti pl exer 220, and separate transponders 222 for each

wavel engVQ 9% d@dhel . Simlarly, the portion of the WM t erRGTHES98M2HSt he
protection fiber to the OSN includes separate transponders 227 for each 5
wavel engt h channel, a vvavel engt h rrul tiplexer 230, and an optical anplifier
235. The J.eaener tbl onlE naI oandl tionin t akes ]g]rface in the
transpoRHers that are partof 1 HBS P8 &t S CNDRFP B TR A Thus, the

i nconmi n@a‘ﬁﬁal\?%ﬂ’@nﬁ?“h‘lﬁ%ﬁﬁ%’f 220 2pH SCBRTRGE L PPERANCEF 27 (SF B6ki cal |y 10
anpl i fi gavedygnepFidnpel. 235nigarlvoptiecapitjoderfutitd P xedningl demuths pl exer 220
ont 0 sepast&teidn bdreg, tavhe @SPoinclinesi srbavadualbanspusieenagtal trassdl s are
conver t edvdiangdheehidnngB| aSwgRabschwhilebiaker condiahbofiedpmiRdl regoitierted to
opti cal ;54 gnal s by transponders 222. In the ADM bypass state, the OSN sub-

modul e then rout eg.d bggén@mt%gughg&at &&f'atti%ng? Rakd ggaceom%g portion of

15 the YOM y t ransponders 227
and herrlansl‘jimc{nrSathé-’llvj\}lr| b?art Ofs ?er?rf’ﬁe?tlon% t5 [ﬂ“em ng FL?I pl exer 230,

anpl i f| dﬁ?"i‘f‘dﬁg %ﬁﬁ?ﬁ?’f |°8‘?m’fé5 OnaFf&F £1HHENT ST ATt ﬁ’rréﬁg‘ﬁ’ttlﬁ%uf’l ber. 1t
wi | 10 be 3BpidEéed &Y PLhEETt He B%ﬁpaB"leﬁh¥m demitdPisersd ity erupeinddeea23®par at e
VDM t er wrvralseplepen diingronvwirgwubdre thDihdion dralakaved regttiephzoyes rre t he node.
20 4.2 Bbshidreed icondlecGiipal \digasls, GhraBnelreadthdNetones kanGhadeBelerfsa descri bed
above argcsROWIghM Fbg. crlidspclPar Y2501 ¥ RBS 33065 padd &Nt el oMPIkibng and
pr ot ect Imgamf i Qeern r&mey dr ;rta%vpaua@cc;pw&loé %AA@S?& bRl Whhde datasi@ffic on

thOJS_g 1bxerv&>M ermln lpOShSI bl t%e si O\A'everai:e condltlexl:leed bar g ﬁOt egtl aL Penc?fl ts to
havi ng directiona erV| SOry nessage BRI er, even if that

fiber §k‘8‘hlp3‘}t °é1r?3fiuh‘ga &t WOPKTHaL f°rn‘g‘blﬁépled‘ﬁ?%é’ty i ’BHtlli’Jﬁxf"’Fné3%yst emwith
uni dir eé‘f“Pb‘r?éFatslﬁbé%YvF%ﬁﬁlﬁffeéésagé%d CEFRETEBN R OHITPush &g rféberof B failure in
an out goithy ki aderafiated HaaOSKe dtyredre petthepuBDresrdbof inhiudei pleepatidcs t o
recei ve woessagos: 1adxbendinicf o€ Sot e riemat eximiga 6SNs= depldyhatinf @et nodehus t he
nmessage regarding the failure needs to propagate around the ring, which

can sl ow dowy §he;i€StOIabl ORpSW;ikGH) Blannkl 084 NebfoANG, 4R, Show t wo

i npl enentation options Tor realizing rdirectional supervisory channel
nmessage transm ssi on, Th sg are 35 frha rrenta VI ews correspondi n%
portions of Fig. 13.°°E5r°5° W0&n “Retor K1 i Acom hg “ér"6GtYsi ng with

respect 6 1HE CSKyZFPRSS] ?fg’F‘é“W%&%P%‘é? (‘%L‘BS“ SRR $orf"an i nconi ng
fibéf ormetvrrksiatgl eraffanm those £1pe85 | H EE postPlef orovareourtforryef i ber is
r epl acecrbyrcaeneigei hapef 1B5to drdirg bidigpsmiohtlesuddyisordOndgsggesl Fgntshows an

i npl emendaak i fABemhete thecHaBCclBeNg sastly @iirgOidigetSPRIAALS QyoE2SSages are on
two di f farentonavehangt b sebanneh smldlwiaic@lmnax %ubemg@gl, Rg%&betw\o@kengt h
channel onrBCH@Qﬂ%LSoP%dfa%%?Q 1h0 thoggé ‘&@ﬁ% JHal a:[h 5? i fcﬁé:to'tf? V\DM
COUBBGI’ 2 é%{xvq nk(% %%o relcelveFP\ &L &l % e

exer de
SUpEr vi sor anne anﬁ heE ol re“fa“mlﬁ]’ta I‘on wher e
t he i ncdti hy aﬁ?ftoutgﬁb‘ sHREPYT §8?th’é%§§§ef§‘lé‘ﬁr§ n%‘??stﬁoep?ﬁ??@a%‘avel engt h
channel .2TSB¥REAE i3RI hEENFRY EJONSPITR) th bie6aehFaher spB-ching.

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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WO 98/ 47039 PCTI US98/ 02515 optical coupler 242 and an isolator 245. In
both these views, the network data is shown as being on wavel ength
channel ¥2AHIBI%d 1 to n, but this discussion applies e®GAIUSH8/O2515

si ngl e-wavel ength and multi-wavel ength data 1links (i.e., n could be 1). 5
Fig. 18 shows bidirectional WDM transm ssion on one of the network fibers.
As al |l uded to abave, while the specific enbodi nents used separate fibers
for eactPdfteCPYRIRT 3% ¥ PoSEPIATE™ t35pr dvi BRFNCERATANTICHE i GRS MeR B3t h

di rect i &1%¥8¢ B sBoE ﬁi‘glbénliﬁ Bervaretenghe cReRVROF keumPered t.toThi $uf shipue for

si ngl e- Wi@¢esLrgtdrrdiesaduallnaved ooyt tvanetenorik addtralt v-aaseliesstodatan each 10
di rect i nmks As .en, mheowtase of. t he bidirectional supervisory channels shown
in Eig. 17A and F{B, B dikeiaonak : WA A sidss54Q8n GRANoRE oF Nleement ed

usi ng ang%gu QgﬁéxgnalAsVQ\fhggw@Le;boaéOwh tﬁé gua&fat 3b§é%9\\é§tﬁ[ €ea

super vi sor evices.shown in. nanel exer 160,

e0nE: 1
1 ers or eac ?ﬂfECtl n, it 19 %9?%$b1f8%$ o) ?¥1 I omm

recei ver- exer transm T et conal”
oper at | BhPaft gﬁﬁeﬁtﬁg BuRY 2afith93at BEEhd horKi R 8FF tpriftiect iTBh° tltsa’f‘f“iec to be
mul ti pl Beditie"DREETBERET THIthyayeRnohk detiirife PaiigE FrsafEdon Speeddti cal |y,
VDNVP coupirert 250 disefattes case @f denbidirpteioesl tsorelivieety Frrroringhopt i cal

si gnal siromig@. nebvearki e, beidi 22 ioment woMa tFadzeisAbb ashi bee ifpllembideaxi Ng

out goi Ngsiaptd Gabiskcgiaks W @ubidebs260TRD ront:e MabWeHdssfddeer 252. For
gener al jtMrviddey fdnabis SOQWSS @h&Hlt gRiNg. MﬁV:?An%*ﬂQtde&ﬂ@cPf@Jé Ad mincom ng
wavel en tE ‘(;g}aggngl §\u12§5 ﬂ?r §%nsﬁltte nd n could be 1. 4.3 O her

| t
Ter.m na qui prrent ﬁi 120 depl oyed |n net wor ks
ha'’ng other typag: ?Cti'%% ??a?Fatel if HE 1ERRTadnd ?Wlbz?fvi‘éfi MPrRiRET ¥ ence
nunber spr%éf?’é@p‘fﬁ?ﬂﬂﬁg TP et H?P&éllflﬁx §rnta GRS v PP BE 1R E8PAMIER e appropri at e.
Fi g. 19vevehensthOsiNd: 20 Seeipled iy o "ADMOSOl s 2hkelcbesearrsATM 30 switch 270
and an #dthugwnidleRenrtorduter i2dhitdiopugialps ninetd icons ViBMdrer Mbaal 252 205 and
wor Ki NngodBIVh t b8t nak Swh2 06 muatigh1 E8NgSethgbDiibesi 21 Gigddie &4 QUE frerabe@0 shows
secendaky:dal @cer Wipeent2 2800 Lyfiaaldy R requpl adut 6, LHeERN through the
OGN subwg@qgﬁ&% AN Rl O BRLLGR YRNILEIH Balime N1CotM SHb-fdules shown

inthe t q}ure can, g‘(érve sever al functi ons For sinplicity, the bypass
pat h i s°ho Ut the OSN sub- rodul es in the protection paths can be
switched to cause protection WDM termnals 205 to act as regenerators for
transit statés ofthegelangiradsEaudpmenti bed above in connection with Figs.
16/s16C. In the nornmal state of these OSN sub-nodul es, as shown, the

prot ecti on channerigysarmacouapties dov the déﬁlcﬂ/eGOi’idaétynodﬂst aaeddi prrert so t hat
the protggds on ttem%s Qi tRae NRENQIKABEANG B8 . UsREe EL NBnbdAES When t hey

are not .needsd, 4 9{; tr e§ﬁo%léaltn' 9@ T&ewgﬁ'\'bes&&d”@@%% L84 he working paths
d, N¢ Qrov gdle naI veg,mitlllty It

are not neede rr?%ﬂ/l £ . ¥§0
shoul d be understo tsothe secon ar woul d not _have
accss £8 1 He? HefWOrR Hurt g™ rést 1St | 7r? “ﬁuﬁ‘ Bl%rhg% SR8 at a
node whéPe aPReTE e VA CSTNEFLABRE" 2 SN #hB? uéﬁff VIATMIBYJitprEnt 270 and
| P equi phgntsh@uﬁgsmppgdd@@ elgpment 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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24 WD 98/ 47039 PCT/ US98/ 02515 network working |Iinks through working WM
termnals 205" and the OSN. Also shown are secondary |P equi pnent 282
coupl ed WO ¥#3het wor k protection |inks through protecti ACVENBOZM nal s
205 and the-OSN. Fig. 19C shows a variant of the configuration in Fig. -19B
where 5 the ATM and I P equi pnent on the west side have secondary data
ports cou Ied throug hglfg tection WDMterm_nal and OSN to the west side
net wor kK°T1"RK" PR Re™ HERNErF Y at' CSRES Ay Hat A et pient"afd 2801 Fi g.
19A, set¥ifdatsr STInEHUT PReAt Bt 392 FFYPIaDBe DR EWeBNaET P FPrequi prent
coupl edlinFst Heroughsrotsicteon ROFitgrmitgEs 209 #dOti€of-usi on I n concl usion it
can be seen that Rige yPCesemwt a wuerHntosf tpe @vhiiesrgdwerinuFiqandomelveesnt

t echni ques A‘ﬁ:‘l@l’anﬁl’ﬂ/ia@ﬁi]@_@e:ﬁ;ﬂ bﬁ%edwé’seS$Meaﬁd:v@nsedoﬁd&9t cila_Q:al pcfzitbedrouagéd/\or ks.
Ful | protRebh ke A roftldibs WMEl SR L8N itd Shel Redty BldednfGLWOrK Ak S

achi evegnvyhgh&%emﬁgmea&dgw\ew; \Q\Pﬁém%ﬁé LaBalo0SEiPIEL, 3L fiades between

singl e- veI en t 8Enkn el 4 SW tcC ¢ §an o be ef f ect ed
usi ng rel atrvely sinple a%d i nexpenséaf:‘\’/ne a(%tl c TR cRTRE® R8RS, typically
usi ng ofitsF él%erréﬂmﬁurﬁ?&r of nxl and 1xn switches where n is |ess than the
numder of inputs and outputs of the node. 20 Wiile the above is a conplete
descri pfinceiclgpewmi fi c enbodi nents of the invention, various
nodi fications, alirresiliuven CORSAIMCEeaNShatable egedenal ARescidRY be used. For
exanpl eprdilifes IBwSIHQWSankih€ egtaN i thi kb @%E&@ld@h@%ﬁﬁ%b@&c&@@Oﬁ%h&g
responsalblo%tiparl ERLeNRaLhng the, alapgét%ﬁOorfym&*a@%%glgpgtgeﬂﬁwt g and

tOI’ k{r‘lt?rlgenescagxeks fro@ladeldau(z:l Eutzi VP ets.o rov1|dS LHD%SSI OV\BVGI’

e th equi Nt - the §’uperV| sory_c SHn&f

control FF MyEh&BEN: ss‘inr%‘é “Wf\)let“éﬁnlhﬁ’fs 1Bt i |t%ers‘f?ijes§’r’ijﬁé‘|‘% on a
l'i nk, a°c t EhhFFTRY UEgTt FORFEF LV et iEPon 28f inekreneblg EBfcal siyipehing
i mpl enrenedsd., Stehaidny G8Rovwdl de Iseatonphtetredfy nxt ant rich| £d thiyest hesdDM
t erm nalis,leshi ¢hnwowl sunthet ertnim@tcs hadneegufobt Sframase. swi t ching or ring
swiichi ng t hroughyiine drseamfvet e 2 VWIMpSLREAYISOFL ot NENBSIcisand ot her
nONi t O iefith i Gatedr 88 tnd rh“r‘lv&t{xéh Caby LA HQHE Al 08h0f o 1R, LB woul d  be

sim | a{ cE&’erD?t %E t Iag!i” J'n.e mnt %t I Orédde%cyex% abo Z; TBh shows t:ht er mdnal
contro g i e tr g) - e Ulr% N0 t g reqU|re
control © 1575 on §%{ %- e %fr ?‘ﬁ’ SYPAF| 5" f'&‘i §‘§ 3 6F1 &

restor atsF%erf)"ls‘Bchﬁhaé.m‘éJo i %E‘Féﬁlaﬁ FWIUTTLRSR ST '?f‘\ﬁé?gelsog‘?m( {Ireen DM

coupd er gofgH- t He ispeesiblsorhpvetrmned hawtiltde ermisel resgyipread) impaedngwer

conpl exithy spaceE sbasshpmet egoroncapdbng ithy Ul dibes meyuierethal Ther ef or e,

t he abowvgstl@scChdoptd0Ans Raghd snét abei dkake WpAS:erhidHAil t doagrdined seepeobs t he

i nvent i @Re asndefd Red by ﬁnpﬂen@h@édms Su%ﬁ MO8/ ABYe REhH 14328/ 02515 WHAT | S

CLAI MED L, b1 dy bﬁ* SRR 15 fsf Ofh égv%l@rhe% ht leeﬂ?ﬁteﬁr.ﬁc&egr?%us ring 2

netg\pr k havi ngg OIJ acent no optc|>

at
switchi use sup€rvisory channetl1

ring sw1tch1ng hroug
and other monitoring features. The physical configuration of the OSN would
be similar to the particular implementation described above. The WDM
terminal control system (Element Manager) would be required to send the
required control signals (to set the OSN in one of the valid states for

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

Therefore, the above description should not be taken as

limiting the scope of the invention as defined by the claims.
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3 least one nulti-wavel ength working |ink between first and second adj acent
4 nodes, which first and second nodes are capabl e of sending and receiving
5 nmul ti -WeH®WAYt h signals on the nulti-wavel ength wor ki rRETVESW/02Hd at

| east 6 one additional node, with at |east one working |link not capabl-e of
multi 7 wavel ength operation, the nethod conprising the steps of: 8

provi di %gil t& vvavel engt h optical protection |inks between 9 adjacent

pai rs of provi di ng each node with an optical swtching
assenbly havi ng 11 at | east one optical switching elenment to provide a
bypass path wheretn A2lPethpgint retavéittags ahorgsohw béterheensode'rsnconnect ed
pr ot 2ct irenwdrknkarienta@l scent nddhe Iiokkel andbpk ScaiondrkAhg atieks t eidthet ot her of

t he modelesst enaemled wideiphieabing | 1ink Leivddno et rheiy sE@Jneciﬁgcér@ t erm nal
EC]UI pmarHodé@SQﬁic@at ek st lnakddank h‘%dgé)q@e c]agalglaeo§v¥eh§iﬂgngn@§§@eqblﬁ/ al so

per Myt tifig. .3 AkesUNEl G g@eon b AERACLALS frmr@n g S PAENL,, | .g0uP1 ed

to af |east d%ne of . the n connect rot ect | erein
the pul tT=wavel eng :tLh prot'ect i°6n ﬁ PRICECpIBViYE 14K 9B cé‘P?‘%JTﬁngﬁ "Yetipat h

bet wéen "Rf L8 °B%‘Tar‘é°lbf tﬂ%d‘ééh‘i%c?“l?él%’\f’én‘fhet REAPStfe 21 worki ng and
prot &ction |inks BERREER PRE-if Frslengid ertdond Prothesidreddmhs b&¥epmcapabl e of
suppor t iavgaeap-t vaima\adl vevgsh andmruni cati on between the first 23 and second
nodes, notwi t hst apgihwigiddeadinabdd hath ah dpeasdl seihodg bheemBogdesvingd in the
net wer K ar eed3et orzapsikel Qlii&andi ndemiidl ¢£68bMiaBL MWhids pavelangth 25
si gnal s Qgnt Q@g&elq %Qsﬁgegnwfktﬁgg ndd pc_ro%g&tehogk ﬁéﬂ& n n§s hP& et hod of

Cl al 1 the no e an S comr1unc:|).<r:]§te%. }’1 r PQ'_ c{e I neuges ! rSt and
second fibers, h nal's 9ncon Sneee3® PRt 8n. 1 3. The

met hdd JF-oETHi AT lllfi\ﬁel’”’é?%uét ?1Bgsqlr6?f§dorf° 5&gnat ﬁf%’t%‘@?? Gi5?5%kE i ncl udes
firsf anttt&edSnePeei bers, each carrying signals in 3 only one direction. 1
4. The method of ¢haiswitdchiheraseenktliiealsnl naraiebied engtécaverddenthe 2 | i nk

i nchadesadsbe site@nedrsee nduf pier Sis eaglled ator yi Ngasnlbhé -osavel asgd:B 3 signal s
in aBly @ngedtienaGbtOtiod 1B3nkdhe nethod of claim 1l wherein at | east one of
sai doworking 2 |i,pks;hnGloUdes : a5k n hfarbeéctqall; rlxh@sg p%&@@';h in both

di I’%gtl OQL% %t@ve EQ@h IIFE rgf)eg apc{ agén% ; 1 sWh? ?ées 10 et[he evell;llt Vel ngt h wor ki ng

2I|nk|ncues SIL N carr wave natlsm both 3
di r ¢t i offE! V%p 7b?§gai:’%ﬁ PEYEFH 5T 57" 719 AFC8 n8§°fs BB k

conpri si 5P Hi EP%OFE’SP%T‘U%E Y54 AreBmiigatiaghettree 488 §rten 3 node
i nclzadl NEpd( agcoan nepes c abtwishsierRitontes facte thalr atoigskf myme ooft wee dodstsher
nodeg i nit hike metwokkareane: chpabdeta penvdhg iant erdcatenbotulecduRvegigeld t O
t er misnal s REHLPBE the S SORhated wokkihgt it giateBeideinkand 6 a correspondi ng

plurality of bidirectional optical links 7 connecting the plurality of
nOde§. I'na ring tqpm'l%gymét%ocﬁ)roqvéfLQm 1 wherein at least one of said working

2 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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8 bidirectional communication between adjacent pairs of nodes on the 9
networ k, each adjacent pair of nodes being connected by an 10 intervening
one of tWO9%MIWRal |inks, the ring being considered to 1RCHES8#3515w0
opposite directions arbitrarily designated upstreamand 12 downstream-so
t hat each node has upstream and downstream adj acent 13 nodes, 14 wherein:
15 e§ch opti cal Ignk has a bidirectional working link and a 16
bi di rectional prot ectPofPTFik 2 TP 8 MPHFABE s network interface includes
first and second net woRKC M IB W ridi A 1587 ShERfd PIsssYharRd ssek oHidemet wor k
prot écti on parts;ingbidéaghiahorhebrricel menedrki mterfamsefomcburdéss fror sto and
second 20 tethenmabdesoikithg powdsc, and fibr st taminsecondthesr FbNabugriagect i on
ports; 21 each nagens bidisheMObYdRgamAdwithotiRChim &Y, Sar € coupled to 22
the pode's upstream adiassptsgadeiSpRLeONY YWORKENG andProtechi o orts,
23 1 gspectiVeline 2 La6 11000 :08% A ARLC 20 LEALAG Bssenbla having at
! easg one Z%igpgelcga a V\éotm%hrlxirc]: teolnekq&rx}lte nta e %QEI Caar \9’1 tchl noglt assenbl Y
havi fg at |east a. 26 NorMal state coupht RG’1He" f5aE® £Ta%E68i Gt &6 t er mi nal
equi prent t o "ChEE7 B 2FFEsPianet S8eThA=HSt GRIFRSWRSY RY i ports t hr ough
t he lAode' s filPE§ErVaRERT 2B SECHIRIOREFM Ratkawobld AgnDpbring coigérednet work is a
het @t ogeneousiefitamork orberice Midectabnd @abitrarflyr 8¢sigoatadngpsticeda bat ween
firat and secohristrddm rodemtofachhidpl wisalpdtyef aR@dRSndSeamRbliLHened t O
suppert 32 cqgudni cations at a first bandwi dth, 33 term nal equi pnent
assqgi atgd, w.t.h the first and second 34 nodes is capable of sending and
recelving comuni cations, al 1he 35 partieular first, bandui dth on the first
working link, and 36 CBFHinal  8qurprent assodlat & Wt h 4t *Pedst one of the
37 n8desiT AP P TIE.1°di if*and recei vi ng communi cations at a second 38
bandi dt h that is SPERSCEREN ETYETE iipstriBandiFtidss Paet iapdnzrcoedhpabie® 39 of
sendéng ‘erdireeerts agl oraruARt aefardsnawotherdtiacstorbaedhsi:dt h; 40 all the
protiecti on |inks amehcenéisgusednilo istyietd indlhdeorminat Gatis@asnat the first
bandwi dt frmdeait Berrihg Portwdad £i0pt @lsced EbiigaReS8Fd o8 ;first 43
el ool rh PRE VS Sh LlE- Lol ot metltet 2
ernipnal _.e . .
thr adah The Ti or rods s vassra b & hsraruiy B rR355R S8 030
PCTI’0S987 8815 V4% t he second node's optical switching assenbly has a
secdfd 47 swit chi ri§c8t™ere BHat” seticet isfersPies AFreerlvhervdae Gidl $76aems
assdEi at erficd sy nglelenpnt pridat crtdcaihevirsb bl appiely hmutmendt neesork
pr ot2gct | mrmpbrdtate] Fotdiriongiret trale Se @onctinoee terfinp S tequegmehnalo wer ki ng port ;
and 250 t heicoptiical a8 deGbhdgetmse kyif peachctbugt theaste thesatnages 51
ot hes t hatrohhe fhish @diseeond nodes has a bypass state that selectively

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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52 couples the node's first and second protection ports to a bypass path
that 53 bypasses the node's termnal interface, thereby all ow ng
communi 4@ PHHH3IKt 54 the first bandwi dth between the fi rRIT/E898/024d80ond
nodes over the protection 55 links other than the first protection link in
the event that the first 56 working and protection |inks becone incapable
supportl ng co nications 57 at the first bandw dth between the first
an “second nodes. " %ewﬁilé’% t9 CBY ROt UOF RGP T aMMY7R3fharscA"at | east one
of t’he S ibBtH AFYS ARS BRITEFERAIFOPREES: FRS SeGRAkEG ' § iagRodistedt capabl e of
3 sifppoFeimigak sAMATERAPOHS stcopfienclif istsepamddutabik priot@ctfdvepopt i cal
net4for k tiofough aihm secahe mede st hirsoptdraahal? werdibg Hong:; assenbly of each of the
first and second nedesibas skierhypassens3ysatech bt 1Q. 1cERe @RLL GRLesEt WOT K
of @l ai BrrerWhgeti Ehe0ptd Calond Wk Clré'sng §§”’Ql%eoiha%a§41e9€1@9§jes has

th flr u C 1 seo ] Ctl orsh%gtl
cl %2 7§%Aﬁ)grgg|%g Igﬂitghiv}!I ;.Qnag §n5d ?%1%% c T nted Eb E) % f‘ \gge per

channel “8rd>"3 gt al i rmm? vﬁ%%ﬁ%ﬁ ot iy ?:ﬂeg’ﬁnﬁ gving ¢ u?’é:taﬁf?ﬂ'il aequi prent
at tthe % §fr%%83‘§dé’&8ﬁ°d PROWER HhestiTgt AE0ETRER PORRY OB Ghh FAPISTE M

mul 35 pl &kisigefhrPMjRagapsbf{istyprogeetien sabnih bamdwent hhits tiketférst ned by' t he
san® bi vorkine gumdrprofectiannidbkalrdcanes imgipeblvave| spgddt ich abmeinic&iidnd

t ersm nakt egei pirentbaassicich deedeatd tie @irdeasd seBeanpsiRsl acks 9 associ at ed
WDM capability. 1 12. The optical network of claim7 wherein: 2 the first

e o] P R BB S 10 i BRISELY 1
has612 5 gss 18?61[ gs O’theﬁ ’}tﬁg?jlrp\}lrssti (‘fﬁg( nEtl ﬁﬁ‘em ﬁ?‘ﬁ\%l cHpability; and 6
t he seCSWOBBWﬂT“HnT‘?tH%t Sefmithe FB5° tHradsige- b|t rate per 7 channel and
a smaller plurality of wavel ength channels. 1 13. The optical network of

cl ailm 7 wherein: 2 tHee Prriskl bendewkdbh disinet erarenedhbypaidilt rate per
charmel sai@hid aspdnblaldtt yachf oauelmpgt hing haree] acdansa? 8nd\By PR 47039
PCTI3US98£82515 4 the second bandwidth is determned by a lower bit rate
per 5 channel and the sane si ze plurality of wavel ength channels. 1 14. An
optical network c errhﬁa_l :Lcal lurality_ of N nodes ¥\é{1ere N.,> 2, each

gi ven nodet 3 |nc rrg%ngo Al et Wor k- nt erface cou Ilng to two

ot her NGGEY FRETREY ét °f’aﬁ‘8 % PRF PRSI TP ho8R 1568PT GVRCaER | ng to 5
term naF t¥§Si pment associated with the given node, and 6 a plurality of N
bidirectional optical links connecting 7 the plurality of N nodes in a

ri ng topol ogy to pr.ovigeobiidiel ectverxabf Satomutdreat: on bet ween adj acent
pai rs of nodes onchdeinet veakiat®ach determined by a bit rate per channel and

3 a plurality of wavelength channels;

4 the terminal equipment at the first and second nodes has

5 associated wavelength division multiplexing (WDM) capability;

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

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

12. The optical network of claim 7 wherein:

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

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

the second bandwidth is determined by the same bit rate per
channel and a smaller plurality of wavelength channels.

S0 ok W NP

[

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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9 adj acent pair of nodes being connected by an intervening one of the 10
optical links, the ring being considered to define two opposite 11

directi O¥Q98#198% rarily desi gnated upstream and downst r eaRCIAUOBAEL51512 each
node has upstream and downstream adj acent nodes, 13 wherein: 14 each
optical link has a bidirectional working link and a 15 bidirectional
protectlon link; 16 each node''s network interface includes a first working
porf, a 17 secorfdSWSFRIhGFBIEED 4595 Er™FrR(RCE i ‘GHepoEE, *5RAPE second

pr ofect FBAAHoPRY the goama ot 2R Geral ity raft WaKRLRIGHG SBRINPEDL ecti on ports are
coupled to 19 the node's upstream adj acent node's second worki ng and
protecti on ports,1420 Anespecsl wetwsrk 2domphisingt work i s a het er ogeneous

networ k wherein 22 at al gashiftheof i sdaewoidekaar bi NK ehéh GO gaded for mul ti -
23 wavel engt i Remnatd 08 1241 taewuddxr %teaﬂgtesegpggumggscoh% ok nal

[ nterfaces  &RoPLaVi oo ey kangt R vt it ULt pI Sxing.capabl ity to
support 26 ! Iulla-lwqu ngt b Soglatedl on orH‘e f‘u fc wor, r(lgg i nk, 27 at

| eadt one of the WorKiRg 1inks i g Ju‘”e@dn 8r a"§8 mul ti - wavel engt h
opefation, and 29 at eg]é"tt ‘b? Nth’éilﬁB%Fégnﬁa@%thér]rhnh%ICC’WﬁCéH‘%Ice t hat
30 does not 'b”reoliﬂlﬁél%wv@ﬁ dnepdes iy pstip FARPLeQ exipngvisephisiikedtiondll al | the
proBecti on |g¢arksnigpeicpopdtivgen edifwent maits ofaveleengt bhe 32v@per atakbn; 33 each
node i ncl udesijatedtepsitr onNeocaynt bealy sanketiangy ehermBtvdfangdbnseleehd vel y
coypl e the ngdecs fids! @RI SRCHNG p&&%@@éﬂegmopeééﬁet&o ogaégﬁt%s 35 path
thqtl bypasse&rtebﬁoﬁgda%b&rra@{w eeglgngée%r Lgsft%ear& ngs & A%yl ti - 36

Iength coméuncgdc tion | géwee ftl rst sgcoa no es over the 37
prot ection | ther than ?"hgm%l PSt- prot 8 E?CS‘H I°A%in the event that the
38 i r stPSkStki ng and protection Iinks becorre i ncapabl e of supporting multi
39 Mavel engt h corfitGhi®atienl gt iwen piséreitisealanerkdeediitd modes. 1 15. The
netiror kbpfirettdionr Ll droteerEinnlitk:| east one of the bypass 2 paths includes a
regenerator. 29 \WBcH8/o4¢ 03Ptk UnB84 25 1Hc1ddekba fiker RetMEkpdk, cd ai m 14
wherei Nsédonk 6aSkiNEo:0f, 4 herd prodeRelidDPodd, Nk bngdcudesranip bbigr. 1 17.
An qptical swi tcma@g 2ades ff9£stU§&qug NRAES ok el off ﬁ%&?raqgeazﬁgmgft wor k,

t he jnet I Squiprent ,conpnect net inks, th
neﬁvs\)or k11 E égigiﬁ tpiegang aceatl rst i nk B%twvc\’/egn aarbda?’mt “hodBS Ravi ng
t

t erfti naf =BGl 5 capabl e of terninating a first type of

corftuni cati ons, ai§ BT Seddritl PETIIRIBHTBF eV KavifFEE™ havi ng t er mi nal
equazpnent that 7 is capdsist Wk fesm vakinvg lanks ée oredfignyed dor cortmimi cat i ons
but238 i ncapadveleisthermeraeaonng the first type of conmunications, 9 the
optdacal swi tching nodeneofiRkt SinB0second nodes have terminal interfaces

25 providing wavelength division multiplexing capability to support
26 multi-wavelength operation on the first working link,
27 at least one of the working links is not configured for
28 multi-wavelength operation, and
29 at least one of the nodes has a terminal interface that
30 does not provide wavelength division multiplexing capability;
31 all the protection links are configured for multi-wavelength
32 operation;
33 each node includes at least one optical switching element to
34 selectively couple the node's first and second protection ports to a bypass
35 path that bypasses the node's terminal interface, thereby allowing multi-
36 wavelength communication between the first and second nodes over the
37 protection links other than the first protection link in the event that the
38 first working and protection links become incapable of supporting multi-

39 wavelength communication between the first and second nodes.

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

paths includes a regenerator.
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10 first and second sets of bidirectional working and protection 11
network ports for coupling to respective first and second bidirectional 12
net wor k WPA#470343 first and second sets of bidirectional REVESIG2HAd
protection -14 term nal equi pnent ports for coupling to first and second
portions of 15 term nal equi pnent, each set of term nal equipnent for

sendj ng and 16 recel VI n dat a to and fromsaid first and second

bi di Fecti onal net wor k "SLPHIARSYE T8 et Oi8vit ¢i%Sl 8¥feAf $P€onnect ed to
sai df sefPICTFEHR hiRHe AMdUIaD 2P AW HEIST equi prrent ports for establishing span
and ring switching in the 20 event of a failure in the first link. 1 16.
The bptical sw tchi nganegeiafl shiacmnb/nafleef@ nse Actheetiinsh type of

comMuni GatédEendots Ghanaid, etneZ @geWdyk antiushy t3rfiHibesqu@mddRVaI8oaLh

chanpel 35, andod LheSecand.dpe lqgkgqmﬂah,qgatl ons is characterized by a

second 5 nunber of t a | 1 er nthefrst
nunbgr 1 18 Th?QOfl}[é%é/%]lﬁg\%ing e?’nﬁ}%? Otf Odefsha%n% W ma? TP ﬁ(La first

type. of comminy CAL i OnsS e e HAP at ttaF T ze%Peby C°F‘Wr§‘fat1§n5ar‘?&9\n dth and a first
data®format; and 2 §¥E°ESEThG TRASE OF 2CAUIAVERT itARBITRS SHAPSEE eived by a
secohd 5 bar8viddehe Rhttersingfald arsqchath tybr of | Farulipagigndt futor a second
dat a8 f or mat i6cdrhble io§ whrfimrténd the diirttheyhe pStcatatmdhotomat . 1 20. The
optizal w®widoehedlgswiodeigf nedaicamgkisiaerein the set of 2 switch el enents
inchades: 3 firstslx3 andsdxchaswckches:navin@nbhebixSignletfmingl s 4

coupi ed ntech;xJﬂ J:th Sgorsgcgupginwg '@eQ?eéth}éan@ét gg&“s@% Fptg.l‘rgc%lo aI'SECOI’ld 1x3

and,3x1 sw tch §s having theit single termnals 6 coupled to the second set
of wor ki’ ng "er mnal equi pnment ports; 7 first 1x5 and 5x1 sw tches having
theft single ternihdts2® sE‘EﬁTBI RSt Y PLETPFTOPaL P i5MmIpPRst BEYGEEH Fet wor k
por t%; GO BFITYE PCFL ST/ 28159 9o feewmndand e5centdpsscionsict ches havi ng
t heit? siteghioal eyauiipredng . Icb oigyl @d teoninhe egeimorde Setr hdprotetti on net wor k
ports; anrdeiviigalasettcofnd Hter connEctdtonsd as@ng biwrssmiibadiesetwbrRl. The
optegal 19wkdé.ching node of claim 17, and further 2 conprising: 3 control

el eggronics operatigg Le: sw;tcgle@ﬁ{néh% %Ez%ﬁe%g@ds tfaosralﬁ%e‘%gtef n?thEQC §5

Inc n e 1 g 3} Ont or esta ilshin Il Il 11 SWl chnin in
masggngegJC ;(gsnsaq gi% 3 % % 3 messtagies(Plexg’pe’éétl ed ‘gu Fece vedpheB
vvavé?enget ﬁntmj’l t?ﬁlaéﬁrﬁg”é(’jﬁ? g%pl ed to the netvvork ports 9 for

al | owi ng nmessages to be comuni cat ed between the control electronics 10
and the network 1122. TFheroptdiceaditshinachidegohodeimf 7 iharemnt7 wherein the

cont eol the first type of communications is characterized by a first
3 number of wavelength channels; and
4 the second type of communications is characterized by a second
5 number of wavelength channels that is smaller than the first number.
1 19. The optical switching node of claim 17 wherein:
2 the first type of communications is characterized by a first
3 bandwidth and a first data format; and
4 the second type of communications is characterized by a second
5 bandwidth that is smaller than the first bandwidth or a second data format
6 that is different from the first data format.

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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2 electronics includes a programed conputer. 1 23. An optical swtching
node for use at nodes in a 2 heterogeneous network, the network including

t er mi nalWe4sHitnt connected 3 by network |inks, the netREWKSISIRHS
including 4-at | east one nulti-wavelength |ink between a pair of nodes- 5
havi ng term nal equi pnent capabl e of termnating nmulti-wavelength 6

co ni cations, and 7 at least one |ink coupled to a node having term nal
equj pment 8 thatseic§ni1 nEafanl ¥l F‘”’tté?P?ﬁ RAY 1199 SRRt FLRAS SrERgehs

contfuni CAfALEASTC 8P RESVFt FtaPt WPt PRy "ABERERCRATSFT SiAg: 10 first and
secbnd sets of bidiseecti dmErcomrekiivgs avdnprideesticoes.11 network ports for
coupling to respective first and second bidirectional 12 network links; 13
first and second setsmaf opiidil ectianal jeae kisngiard: pr ofeetiqr,. 14 terninal
equi PMeRbn@Eig:.for coupling to fi rst and second portions of 15 term nal
equipnent, each sgt  of; teggggrgglcse for sending and 16 receiving data
to d fromsaid first and second 5 gctflonal network 17 links; 18 a set
of switch el enents corfiected 'f‘essggoﬁd %%toé‘t%”f network and 19 terninal

equi pnent ports for eSTRBFIS APTRFIRDARSEATEST i ng switching in the 20 event
of &failure in a nul tqo.nmﬂ.ef:bmgph dfj gitcB jelements based on the messages

7 received and the messages expected but not received;
8 wavelength multiplexing equipment coupled to the network ports
9 for allowing messages to be communicated between the control electronics

10 and the network

1 22. The optical switching node of claim 17 wherein the control
electronics includes a programmed computer.

[\S]

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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