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PROVI SI ONI NG CROSS- REFERENCE TO RELATED APPLI CATIONS [0001J This is a
conti nuaty, f L. S. Provisional Patent Application Nunmbe 61,
entitledr\’l”ﬁ%g%/ﬁ’o4 and Apparatus for A Non-BLSR Protected ng/rggg(%?%méhannel "
filed on Decenber 30) 2000. BACKGROUND OF THE INVENTION Field of the
I nvention (0002] This invention relates to comunication networks. Mre
speci fically) the pnessntr PHXEMLDOAYFRE) A BSNEOPICYEIRNINGAt | on over opti cal
net works. Description of the Related Art [0003] Current networks mnust
satisfy consuner denmand for nore bandw dth and a convergence of voice and
data traffic. The increased demand of bandw dth by consuners conbines with
) AhRELATEDY APBEK ABKNS ks t o nake edge networks a
bottl eneck despite the capacity of oPti cal networks. [0004] Multiplexing is
used to deli vdrﬂ)ﬂiallv?éhm af y epntinpaian of J.&r Prodsippal PaemynABpadOH NN

; e3e| *26hTV1' O (12! (1S-4033 NON- RLSR PROTECTED LAYERS 2/ 3 CHANNEL y

“line. An opid Al ;elmg r‘*ﬁqaﬂl@h (a%ﬁy&mﬁm&#% %ni-ﬁﬂéR'\{ertoYéQ{eht IﬁéfegEszb or

Synchr onous I 'erarc I'n conjunction with a nmu X1 ng
schene | Chmad”tfiledel DeembeaBdA0O0r at es of traffic over a single high speed

B e i

(Osl) net ection schenes or, . NET/ SDH i nvol ves
automatic protection switching (APS) in a bi-directiona ine switched ring
(BLSR) arghi SR utilizes |linear swtching.La..loplerent APS.

[ 0005] Fiﬁgfd i F’U-%em%ne diagrans illustrating an exanple of traffic flow

in a Bi Direcfpgperhikiif@niv tdiiedioRidtembmibaidn ibivbkst Mdre sbéi:iﬁémily! fhenot a
failure in the ring. Figure 1 a (Prior Art) is a diagramof exenplary
traf fic fpresendimventBirSRlapsitd communisaiien enst optigad petwioeks. Al t hough a BLSR has a
wor ki ng channel and a protection channel for traffic flow ng East and West,
only one r ki [0 gni ts protection channel (which traverse the

n
ring int SCHPHRR e llat n) are shown in Figures 1 a and 1 b. In Figure

1a A WO (@ﬁgb afféds At drld H§§tls%ﬁ§f?%835u§{éi%@xﬂ'gm £dr ni¥ré bandWidth! ahd a

recei ved from ource external to the'ring at node 101. Node 101 transmits
t hi s tr af édnvergtBeenafevoitet mndiasa traffian The Sncogased demanidnef bahdwiideh byl ¢onstmers node

103. Node 103 trangm.ts the traffi 3 over its East _span 117 i.n r ki ng
channel 199mYiges, 3y i@gr_oveﬁﬁehlgq rbélﬁﬁv%af]h 'Ff)Rﬁcfﬁyaf’ficcQ,rel n %'}%éxsl G P fgcllg\% at
node 105 {Quwdrdesdiléietiofespitt Bletapadity of Bptiddl Aetwoftst hough extra traffic may
be flowng in the protection channels of the rin only the stream of TDM

traffic 113 i s[COR&IMVIGplexingns msedttcg/del[\@oeeylriﬁygﬁg@fﬂc per prsingle hjgh)spped o

di agram of exempl.ary fraffj L : i i . In
Figure 1 r,oa?lﬁ%;%r%nﬁé %QP%&E&IS 8%8%9“&?%8%?5?&3‘?% ?3) u%geﬁg&wl(s)g(v r(éaﬁtﬂjﬁgs).
The st r eagysdhrdidid Uigiftilil-ﬁeﬂaﬂcglyi(SDﬂ)Y)dﬁ ]:eomj'ﬁm}oslvﬁvinlche:mlaplexioglecm& isNectk 103
informs the other nodes in the ring of the failure. The st DM
traffic 1tedgliver vanpwiratesefl Baffik over hjpgle high ?HEB‘#:PH%EHE?TS 4%&%& %ction
channel 1&%5%15%19(? Etal]r@a}d ForWptical orkd @hi&h@or&%ﬁ(ﬁﬂ@“t@_theBﬂYEiEﬁlﬂE{ll_éﬁ;bf 143

conti nues aroun e ring to node 105 along a protection path
pr ot ect i onpgatstaniards Udesuteh ¢Ofhonewoilkomaiehnriensg of the protection2g:heqgs fopo

carryin r j tween nodes 101 and. 107,. 107 , . 1 and
111 gndglé;@ﬁ%@gg AP 1eaHC Pf"gﬂ&‘é’m %W‘(%”i‘%?ﬂg?f%?ias%g‘?‘é‘?cg%f‘émﬁ%?
exenpl ary g4 fehdd $ng dBCLvs.Kg ArdhitectBle SRR LiltiZeh n€ariswitoliihg fo fnepldmem ARSI Fi gure
lc) transmt working an rotection channels 137, 110 and recei vi ng wor ki ng

and prot ect i on [00NS fraguses1 Iple arggliagrame ditustrating an\gxample of traffis flow ix g in .
ol arl ot o : . . . ' . q Vi
worki ng. aRitERRRE g RUiEh R By AR M ik a iarc Aol 46, 1 10

- shown. Theigirans (Prorwartiis adiagian oetxehilaranaffihBow ea@i BLIRy whilothect isawt a

channel 139 of node 103's Vst span 115 are not shown j.n Fj gur l.a .and 1b
for sinpl ifeilurg. AltkoughamBROR Basot Sorkipg cBpahand Agerolgtion ﬁhﬂe‘sﬁiqrvtfﬂﬁc
wor ki ng chann e ' i Andi€ FrbfetididthaineMwhieh
Figures |a angé J%é?lgfr?é s‘??rsgl ?@?%}é ﬁag%?gzg%ﬁgylmr Ki nlfyk TDM traffi l(/:Vm1’04 is
transm t t echverse theering iarbeopposite Hirestionhare skawn BrFigursml s anfelb d8 RighradaeA 101.
Anot her stream of working TDMtraffic 113 is received in the receiving
wor ki ng channel 119 and transmtted to node 10S in i Wwor ki ng
channel 121 while there is not a failuré. The recei”mﬁmwmmmgm&hannel 141
carries TDMtraffic not shown in the figure. [0008] Fiqure 1 Prior Art)
is a diagram of exenplary traffic flow on the BLSR whil B'there is a
failure. In Figure 1 d, the streamof working TDMtraffic 104 continues to

be transmitted in the transmt working channel 137. The stream of TDM
traffic 113 is protection switched to the transmt protection channel 110

o " Y



WO 11210S-41.33 PCT/11SU1/ ~9822 [0009] The ring described in Figures la-1d

can be a 2 fiber or 4 fiber BLSR The channels described in Figures 1 a-1 d
are | ogi nel s which may reside on different opticabcfiRfnspspependi ng
on the ric\ﬁlg)"g/p%ﬁlgfecture. Aring switch, which is a prot ectfron SWIB'[Ch t hat

occurs in both 2 fiber and 4 fiber BLSRs, is illustrated in Figures |c-Id.

[ 0010] Fi | Of : I I i t g ] for a
3 fipbr SR ah e e ielveb e FAREA B et B hEbhE R BATDT Whabiilr 27, S
| N Fi gur erah@mitd thas traffiesnidtowspitk Eag spirahifebn & 2dorkihg rbatnel 089 foah hede 108.a 4

fiber optical ring) the failure is detected d the streamof TDMtraffic
11371 s piae AP LBV BN | SN 5 RGCBR | G armathios oael 12 L5 t oh
1S a protiget AR sfWirh R THM HAFRCCIL Skits tefridk 4indRE 154 &% dEMM i dniddtdnallihe East

span 117 is 2 fibers. The transmt working channel 12,1 exists on one fiber
and the tthansgi Althoughesxtiadraffchmay be flogiganiths proteation slenaclavbiheiringr onl¥he

failure of the worki anngl 12| i.s a fai.Jure of the first fiber. In this
exanpl e, “E‘%_%‘%@f%&?@ﬁﬂlgﬁo&%@ f%r.rSémP ! eparate conduits. Since the
fibers run in (6606 REeeC®NPriot A)t)as b didgetg of axERElalyr&8Y €ldwén Vel BLSRE

affect both fibers. The streamof TDMtraffic 113 is switched from being
t ransni t tveileghere is hdaifure.skn Figwerl by emein 403’y Bess span bl fps dailed e gsweooicd

fiber. [ 1 i r | & indt h,

but 1 e PEDhc FMEAuERRER S FRE 338 oo, ife SIS 101 RRREMI D, o
of maxi miafop@s shé loehet Glodes hardwirdy bf fler faduger oThe tiream cif FID traffic el 3gses
unused while there is not a failure. It .is often unused because traffic

LT anam { tESmecHEck o iat §Bh el 00 e BEES BB AEABE By SEoddDing ToM
traffic VWkét%lpgré fiak! Uil QEaHY o nbﬂpaf@ﬂﬁcﬂlgw{o%ﬁn@e% AOh2ihe i @i AL A

illustrating use of a protection channel to carry extra tine division

mul ti pl exadehg T Prtedtionf patlc Vihe Ipeotectmnepaths inghiles shenprotestipmichannels. 1178 ¢é@.e 2a

Pri Art) i [ . [ trati t t |, t
carry. oxt b wR eRREE bt ndig e B 01 oy Brn o Band B0 B L
span 201 §19 Ayviogeespeatively Wor ki ng channel 205 and a protection channel

207. The working channel 20S carries TDMtraffic 209 and the protection
channel 207 cdOPOEsFigurer ke (Polor ¥yraifis peliggram ofgxemplarysyafiic Aoy pa thg BESRi vi ded

( . o " 504 : .
channel | o8 fel R e e 18 Tl 7 TERR, o REEn el RS 1% o1
channel 200 farret@sin@drking Ml proadddtion cRarmels[ 1001839 &1l mpded 03% Wd3t kgun IAISt )

illustrates preenption of extra TDMtraffic while there is failure. In
Fi gur e 203 Vs Stmdad uamHaLorkiie B, Profetion FRPRES 1M 1750 FesTie s

protectio | I Ok Cly} ’ abes afhe201.
The o W BYe FLE Rl bR e 387 B BRa I Bl ol AT el pbudP e
traffic 2tshsprieeoptisg tchanmektl3a afdivhe redeiviing pdoteation othaneed 130eofi magel Y03Garri ed
in the prQiectio hannel . 207. of. t he '\\és an.201.. The extra. TDM traffic
215 pr evig}lﬁétl §pag Héggﬁ RQLSHOWE &t 'tgﬁgsd?&f"i&ﬁ?‘Efrt“@ﬁéﬂﬁ'elhﬁfotﬁa"(g‘fmttm%teﬁéoﬁ span
203 i's NOthaRhA! BBt £ tBE teckividd ROAADY EnaffTPI4etEInode 003's Baanphh el adeldlse. The
extra TDMtraffic is problematic to sell to custoners because it is

pr eenpt abhes shawnun Figirecizand pb fursdmpkgitye odyIstreqn of Nepsking FDMtraffic 19445 i ¢

service fromt.wo, networ k rS.00 orowvi n | {0 we two
upon fail ?résgytt%m Itahet {ﬁ%nsgﬁvﬁglgﬁ?nsg f lIr})a‘l?géllf gsref gog‘ ??C%efr&B{}g@em' i ﬁg%%tg Iet o]
extra TDMitdasd bf woikin@THM iraffic BBSRrabejved dis therretdieing yeking chainelit B addh
particular, while aring switch in 4 fiher ELSﬁrfer tes in a siﬁ]’lar
manner astrassdited iynedsolld inghe ansmaifmogng ghapng! {4l whilpthege et afatlutenyact
the ext rayfDMLL@G{d:fink BARRT 1410000 F1501 POl het dibRA iFBRNTRurd 00141 An
alternative to unprotefted preenptable traffic in a protection channel is

~to provide a nf0008t Figupt adbl(Briomirtpisecdiegran eff éxcoplaymaffih Howein, tha BUSR

channel allows for ap.inplenentation that runs.a Ldi recti.anal t

swi t ched MhHE e P%l\‘}g}r) Iar%g}ggélddgﬁéﬁreag}(gﬁgpggnguﬂfg%ég&%@? fgﬂﬁ%re gtt%ct i on
' schemes Wai glRnGamkeliAMBE B8nQYie ot bifhneh &3melThe Thedn of TBM edfones is s
used to provide two circuit |level protection schemes. SUMVARY OF THE

| NVENT| ONpfcertish switeh¢dhtodhe fransmit proteatéen ¢happel HdQ whlg thgse tsrafailuref or

provi sioning a nonBLSR protected | ayer 2/3 channel. According to one aspect
of the invention, a machi nereadabl e nedi um provi des instructions) which
when executed by a set of processors, cause said set of processors to
perform operations conprising allocating a segnent of bandw dth of an
optical ring as a non-bi-directional line switched ring (BLSR) protected

| ayer 213 channel. In addition, the machi ne readabl e al so provi des
instructions causing said set of processors to perform operations
conprising transmtting a set of layer 213 tinme division nmultiplexed (TDV

______ o o ~NNaA M~ —yr o o b Y J "



WO 112/ G5~1~33 PCTI USA | . 19822 BRI EF DESCRI PTI ON OF THE DRAWNGS [0017] The
I nvention may best be understood by referring to the follow ng description

and acco 0 rawi ngs that are used to illustrate enbggdi t f the
i nventi oyaﬁ%lo?ﬁgjdr awi ngs: [0018] Figure la (Prior Art) ?g#gﬁgll/%g%am of

exenplary traffic flowon a BLSR while there is not a failure. [0019]

Figure 1b (Pri r .S di.agy .am. exenpl ic fl h LSR
wnt e there 1 o009 s Bs<uB8] Aigh T8 £l b b 2Rty ¥ ¢ B BLSRATIE:
exenpl ar yeHardl§ deschibedvi® Figutes BlBRawhiopial femaels sSviieh nayfradilielbe diffeml]

Figure 1d (Prior Art) is a diagramof exenplary traffic flow on the BLSR
whi | e t heomicpkfibers slepending poabeingiaginitectate. ( Arfing sKiel, which iyp pgotasHon

channel - 14 REERERSHA bR 2 e s kbR R Mk Bed [impiRaRmA, poOr TN
'([ji a?][ am :/\llnl ust[r()ﬁll()h@igni‘eelmsmimfma) pradiegtanmonlustratinged spam omitahyfoexstd &bdiDM
“traffic | there is not a failyre. 24]_.Fi gu (Prjor. Art
i|lustrat %Eggr‘é}é‘%pﬁ‘?dﬁ“é@“e‘%?rﬁ‘ﬁ'g _ Rel 38? ioglF rgselife'ﬂé&%‘gsi' ;f“gl”':‘\g%rl%l e?r the
[0025] Fi @aichiBRotiGnd cRAMEEPE U8t nseat3amIof 1h e HB&dﬂﬁtthriﬁ% (A& fARNE ¢Al
ring divided into channels according to one enbodi nent of the invention.

[ 0026] Fid dricatedBbnd sheasr:d:iaagoﬁaﬂfDM maffta bt3 isgspan aMitcked toothe wranbmi prefACBIISR
protected Layer 3 channel . of .t he _East and transmit fib d
510 of - F GBS Ia undhantt Vgl & 1 e aRoon Tl Bhichr @By 448 HSRE one

enmbodi ”EnPhﬂica!lP,ethE BagdphR N 17 [ODBEdrs FITBe transdsit Weriang tligihalm 21l dxitsd srbheg an
exanple of traffic flowwhile there is a failure in the ring according to

onef fe_rrbo]gflh@rﬂnddhe trarsmih protaction chqnoeb B exigupe a separae Aiber. abhedailye of tsmpl ary
traffic QW. h i ' j. ' i i
\r’ilclllg gx‘]aen\rllglr liSI i§aSaildte %gqlﬁlofﬁ'_stg%ﬁalr( Hid é&[ﬁdﬂ‘g é@%&fﬁéﬁ%rgﬁgﬁ% ng

iI'lustrat &4 i'gure 3a having protecte and
carrying 33 e il B¥pdratatbnduirnc Sorcdithrofitters nmeinsaproate renduinf a tdilere cansedait i on.

s mot_a faero @il ot L bah bge: Hhngkren e TPRE baffier 18 rienSa biuing, 2
non- BLSR gt b o6t @HvdralfirsPfiber to being transmitted over the second fiber.
[0011] High speed optical rings offer large amounts of bandwidth, but the
protection scheme utilizes at most 50% of that bandwidth. This 50% of maximum
possible total bandwidth for a protection channel often goes unused while there is not a
failure. It is often unused because traffic transmitted in the protection channel would be
preempted by the working TDM traffic while a failure occurs.
[0012] Figures 2a and 2b are diagrams illustrating the use of a protection channel
to carry extra time division multiplexed (TDM) traffic while there is and is not a failure .
Figure 2a (Prior Art) is a diagram illustrating the use of a protection channel to carry extra
TDM traffic while there is not a failure. In Figure 2a, a West span 201 is divided into a
working channel 205 and a protection channel 207. The working channel 205 carries
TDM traffic 209 and the protection channel 207 carries extra TDM traffic 211. An East
span 203 is also divided into a working channel 204 and a protection channel 206. The
working channel 204 of the East span 203 carries TDM traffic 213 and the protection
channel 206 carries extra TDM traffic 215.
[0013] Figure 2b (Prior Art) illustrates preemption of extra TDM traffic while
there is a failure. In Figure 2b, the East span 203 has failed. The working TDM traffic
213 is protection switched into the protection channel 207 of the West span 201. The



WD 02/ 0S-4C33 PCT/1; SII1/-41822 2/3 channel is protected using Layer 2/3
BLSR protection according to one enbodi nent of the invention. [0030] Figure

4da is a ]3]9@%%;49?; diagramillustrating the allocation of Péﬁg%‘gi‘?&% of an

opti cal er ‘accordi ng to one enbodi mrent of the invention gure 4b
is a conceptual diagramof the division of bandw dth according to a paired

channel prQb&sdn QNiched Wkinp %gghfﬁmipgieeﬁbﬁ%e RELTHM GratfR PNewhich
C

enbodi ment of the invention. Figure 4Cc is a conceptual diagram

i 11 ust r atwasgprenieusly |carriedi ipnthe fpreyaetipni ehaRnad 1207 the P¥estispam@ebr ddacEXtai t h an

i nverted nn retect.ion h rding. t | f
i nventi or;ﬁﬁ?[o%%f Q&?d’ﬁ?vé"‘é“’( Zr%?as %ﬁgﬁ"grtﬁé f g’r‘“ﬁ?@@ﬁ%{‘?‘%@n g};{ﬁ%eﬁg ﬁta{ﬁq\g/e pat h
~ for prot @oBiigthoherotisRafd & tetefste laypletdly Jost igbh nind Fdilurd. n THE Skkrp THIMCE i ON

time using Layer 2/ 3 BLSR protection according to one enbodi ment of the
i nvent i orffaffipenaeblemptie do sell $o guLtomess fegatse df Bgirermrtrhle apd Appioteed- A

" exenpl ary. . di i i ' 1 j t

erbodi e o @I b BfhBibd Efs B SrRIEIh D REFR i ¢ 8PP g an
exanpl e tandfaltetnafd mwwedn {he tvbamen ifslunest WhilatHeunbeve is e fopai2chber HIBR,
according,. to one enbodi of. t.he inyentiqn. .[0036] Figure 7h is a diagram
i |l ust raﬂbwnahctéseaﬁ’fﬂ?ﬁ%f?‘{fk? sk r}%ﬁf ,tl%%@hg%pgn&ss&é tffcggip roét%f‘“urgh Igpti cal
span accqizghidiflart ¥hROQ rHELQMERERL4 BbertHIESR By@es GNa sintiQB3 ManheigAsr ®sdigbeds a
di agram of the exanple traffic flow 719 of Figures 7a_and 7b while there is

not and iaboefaipanswiteh in pd fier BLPERdass npy igipreldthy gxten DM tpific4ransmijted
accor di ngo‘#‘%e%ﬁfﬁnpggé]ﬁgm of the invention. [0038] Figure 8 is a
t I

f I owmchar or allocating a |ayer 2/3 pipe and subpipes in an optical ring
accordi ng to oj#é14nhnditemaativeofo tnpeoteciekpieemptable00EH3 irFa grotection channgl is

conceptual diagramillustrating exenpl ar [ i.c T1low, n optical rin
havi ng a 'QHPYEF 8 “Patpéeq"%\[f}g}?le é‘ﬂ%f"tﬁcfr}g tﬁﬂ%c Q\Iﬂﬁ]‘:tﬁ‘%ﬂ &MF@H’OF%} V521 3 °
channel iy %\g (i)rzlgﬁéﬁ%niaﬁoﬂ Pat fudsd hiiecRORATRINGvitcBe®RRg CUPSR) Ritta BILSR he

i nvention. igure 9b is a diagramillustrating exenplary traffic
f1 ow overOtheppkimples michglenaATMhi+1 heotaction aphemes athich egretravers giepeheaNH Tt he

o one orBBAMedPobr ¥ 0 RO GRS 1 S5 S bk i pklled IS b C cor 1 19

circuit conmponents in a hybrid network el ement
SUMMARY OF THE INVENTION

[0015] The invention provides a method and apparatus for provisioning a non-
BLSR protected layer 2/3 channel. According to one aspect of the invention, a machine-
readable medium provides instructions, which when executed by a set of processors, cause
said set of processors to perform operations comprising allocating a segment of bandwidth
of an optical ring as a non-bi-directional line switched ring (BLSR) protected layer 2/3
channel. In addition, the machine readable also provides instructions causing said set of
proéessors to perform operations comprising transmitting a set of layer 2/3 time division
multiplexed (TDM) traffic on the segment of bandwidth.

[0016] These and other aspects of the present invention will be better described

with reference to the Detailed Description.



according to one enbodi rent of the invention. 6 WO (12/US~(i 33 DETAI LED
DESCRI PTION PCT/L; SU 1 /a9822 (0042] In the foll ow ng description)

numer ous specific details are set forth to provide a thorgughshnRgsst andi ng
of the |n\\§/§§6§)|0?)4r(193 However, it is understood that the invent?on may be
practiced wi thout these specific details. In other instances, well-known

protocol SBRﬁi e‘?E%F@M’%WﬁEWW%m ques have not been shown in

detail in or obscure e I nvention. [0043] According to one
enbodi nent of iIeent. Sl S
added to a ri n[gbgg @?r r%deﬁg?/ne?ﬂ /%Egl%%lé Sa rn g????&?g’eﬁ g@%ﬁtﬁgﬁg?ﬁbé a
non- BLSR desoiponeahd sogompanydng ldesayiegs thaThee wsedntocHasiratd einbodisedtshefr dien in a
- context specific nner.. For instance, the termchannel is used herein to
refer to BVEHPEi LB ec‘ﬁ%‘?‘n’ﬁlgf‘ on a fiber. However, the use of the term
channel is al §o018jeEighe [£{MiortAxt) Rea Biaghtl of exhple9NEiffivGlew of ABNOR- BLSR
- protected Layer 2/3 channel, a working channel, and a protection channel,
whi ch canwhkiitereds Bot & Bilgicoupi ngs of one or nore physical channels on a
fiber. In thisphi . . net m t
and 1 ecel ve ToRPIIFRRERY (R PGS, G et Rl Rkl by BRI BESRT L
el ement s whigd eheredsl atfgsildser ein as hybrid network el enents) provide two

different swtchi techniques - TDM and packet. The cket swi tchi

provi ded can s@ﬂé&r ‘g‘é‘i‘i’ylcna)ﬁ'&ér”@fls ﬁr‘@l%@'ﬁlo eXHRPIAR Hgﬁl’l‘:?\;ﬁ‘f 0B t%ELEgyer 3
type prot Et hernet) Frane Relay, IP, etc. In addition to
typi cal O\Bgf?%ﬁe%ﬁgﬂgﬁégﬁ }g\/l network el enment, the hybrid network el enents
are i npl enent e@021b] Bigumblde (Rroor Alrt))is prdiggrammdiskgmplane traffigrflom osTi® BASRs
certain of Ilh%elf ncorp.ﬂg TDMtraffic to be extracted and packet sw tched
rather t h¥RISBRFEAI®HES; and/ or 2) receive packet traffic in another form
to be packet swoRghERureRedaPrilires®) Rfa wagah Blkiralhgng spaciwitahuer ass fibed, the
swi tched traffic going back onto the ring is put in TDM format and

t ransni t t BUSBuwhileHpotrersmit wasking ¢heanel13d of Figueesdgclddeilswi t ched, t hat
traffic can be st ical |yl tipl.e . Iyl npl i of
such hybrid ne{%?ﬁ?iépgeng%t(gn?g Aprpoigi g??fgﬁéﬁel?ﬁﬁvfgﬁ 'Itn g t?{lgfdégrgeﬁgg%g&g@ur e
10. [ 0044¢nhahhél tb ey bayeTDR SaffioMHileahdre ¢s s adside.herein to refer to
traffic that is in sone Eacke,t base,ﬂpf orm&e@%. . Et herne | P, gﬁTM g’
etc) that: 1 )[002A] Bigueseb {Brey Art) Jhipstrtes RgempHonr pf ek MMy whitey 1 y
t he Layer rﬁée?’ TPMgeaffic on the spans; and 2) can be switched on a packet
basi s by % & Rybrid network el ements described above. 7 WO 112/ (1 S~G33
PCT/ USI | | /. 198 a025DBimfe Bhds reocerBeBRalpdiagraot efi theabandwidty efammptical sring
configureq. to he the same wdth around the irering Wile it is not
necessary,glvi‘%ddﬂ@ CBP!’B‘B’ ?’?Eﬂ'ﬁd”}aghtgioﬁaf:g‘%ﬂ%ﬁﬁﬂégdﬁ? or&e (gld | ayer 2/3 channel
is configured Qi026] Bigaed3b iimdiagfanaduistrazmzram& flew with % nontBIDSR @ssedtsd i n
one enbodi nent, the traffic to be carried on the non-BLSR. prot ecthed | ayer
2/ 3 channbhyen?éi ckasnelrofsheiEps apd Weshiansenit frhesudls and MOl Figuss 2 Whepever
hybri d networ k el.enent Ry ik i.sting BLSR

net wor k e?lbcﬁeéﬁtng fgléuraggtél?? @]eéqugg{&é?ég %gdr;qg?ﬁ{bgth&e%gf ?&J‘E}eﬂé}%a 3d illustrate
traffic flow i poo2gsmanee 3t & adibgiahillastraing aniengmpletdf taaffiofloBly8Rleghatdst ed
Layer 2/3 channel accordi ng, to one epbodi nent. of the invention. Figure 3a
i s”a concepeilue inthggingraceardingdo panempotimerfrot e B¥EMOR ring divided into
channel s accor g} ' ' tHg w HekecRl anBiif1Q
1T ustr at ed i n Rl FaEE AT ARG of Sheth ey URRUAN W P BCLER 00 000,
309, and 3 aifaildrhen rthe) gixhasleaingEalustrated] in/Bigures pa havisg @noppBhSR meptaeied o

Enct ¢ andbier 4 Bl 6E Eivine dfhe M SRS eckHind BE AR L2 11

- channel s: ;g aNpbKi Ng channel 321, a protection channel 327, and a nonBLSR

protected Layer 2/3 channel 323. The protection channel 327 is to protect
the worki ng chdf9R9) Rigure 3¢ isa tiagrang of exemphanyitfaifiG fey vehily thee is pog js\not g e

channel - 33%1bp hgRcs 3 gpAE B I RFHCAINTIARY R el LHE MR RRoURETL R

exenplary use, TDMtraffic is transmtted over the working channel 321,
whil e Layer 2/3 TDMtraffic (e.g. cells, packets, etc.) is transmtted over
t he non-BLSR protected Layer 213 channel 323. [0047] Figure 3b is a diagram
illustrating traffic flowwth a non- BLSR protected Layer 2/ 3 channel of
the East and West transmt fibers 313 and 319 of Figure 3a whenever there
is no failure on the ring according to one enbodi nent of the invention. TDM
traffic 325 is being transmtted over the working channel 321 of the West
transmt fiber 319. Non-BLSR protected Layer 2/3 TDMtraffic 329 is being
transmtted over the non-BLSR protected Layer 2/3 channel 323 of the West

L T N A PN o o - R .. P - 0 -



[0049] Figure 3d is a diagramof exenplary traffic fl ow whenever there is

and is not a failure in the six node ring illustrated in Figure 3a having a
non- BLSR ) d layer 2/3 channel and carrying extra TEMtEdlbis
accor di nﬁ’%gi/%ﬁyeﬁerrbodi ment of the invention. In Figure 3@4 II%I\/{t raffic 351
and extra TDMtraffic 355 enter the BLSR through node 301. TDMtraffic 351

is transmi 9@% . OV [ . . 's East

transm’try{alt %@ﬁn@%f} é exf‘%af#ﬁk??r%ﬁl?k%ggﬁg&ﬁ%ﬁégﬁ?r[eee%%?gﬁ?%gge 301

t o node 3W/ineentidne protecti on channel 327 of node 301's West transmt fiber

319. Two flo er 213 TDMtraffic 353, 357 also enter the BLSR

t hr ough nodewig(ﬂol :.Fahg‘tfﬁéa %W%H?al,df‘?gé%ﬂlﬁﬂrémﬁj%? Pﬁ%ﬂ“f‘PE ofbandwidth i t ched

- through a,RRRKAtHEERR MEE o SHe RRitRMirAiM o PRk lidvadbhe ring. Layer 213 TDM
traffic 353'Is transmtted over the nonBLSR protected channel 323 of node

301' s East tr d0@H]tFifurbdb i34 GorceptialdbaB@s ofitferdivision @k barslwilith actordingltayer

213 TDMtraffi.c 3571is transmtted over #.hﬁﬁon- BLS@&rot ected | a%ner 2/ 3
channel 3Pise RIS BRfeckionadieme 18 Qo gt opfirg {joendgrofding o pnegapbodypent of o

21 3 traf fth€indSRlon3d7 does not necessarily conme fromthe sane i nput port on

a line card. The traffic 353) 357 can arrive on any port on _any line card
in node 301 ad09¥diguredeiea goncemaldlqgrmd@st;agnmwh@gnpn|of bagmwiddiof chi ng

hani . OO . ) : ¢
"mcom ng Magse" 3 3P i b et dPORnRY, bt sflcine) alobifa Yo i) | ¢
t he East etmbmdanerd: of tHednventidanfails, the TDMtraffic 351 is protection

switched to ”lﬁgﬁ]ﬁgiec“ on channel 327 of. node 301's V\és& transmt fiber
i

319. Any traff e OriaAdiovcnar fonIpviding an ARmMaHYE Pk Kof RBteRling MY i on
path of t [ i iNg T t i j t he
TDM tr af fl%&gsg ?@Eﬁt%d‘ggﬁriggt, or%%ﬁ% %‘eﬁ%eéra%} ﬂCla&lT[’I.I?)II\ﬁ/létUIrS %F]BF @@ggigelﬁxgﬁ%r opped
f rom t he pretestiecaccoming totoppiendbdiBieBRopthoireentian (ot her protecti on may be
provi ded as d i.hed | ater herein). .The other non-BLSR protect.ed |.ayer 2/3
Channels are dioidiws G s AvEhRh sibpn LSk R ieP] dFiLPS of
traffic Q%Yichlssphmﬁf)ir@mi&ﬂ aB¥orting tb 3hé ethBodimeMastehed@ieriiokast transnit fiber
313. [0051] Since a segnent of the _bandwidth of a ring is allocated to a
non- BLSR pr ot 8033 Figyme 723 a diageamm dlustrafingansxample traffig flow iledhere darotbe
utilized . i ' [ ; j failure results in
| osi ng O(fflifrl‘ﬂ’hg‘]ge l?laﬁgﬁﬁ?%?ﬂng; c??x;dﬂ}g:]tg%rn |E h‘gg?%&%:égtr ‘?‘3‘!‘%”8‘3%4“2 TDM traffic),
where n i s hal [0086ieFigiredbsis taotiadrainaitidsttatiny .an Thempleuraffic fibwbelitheltehis laost

due to a failure decreases in proportiop .0 the ampunt of bandw dth
abodimepthi

al | ocat edfadiredn A ARGARSPANACERIE P QP& F MERLSRT INVERE2] The addition of
the non- BLSR pf'o@?ﬂ%@&é—ﬁ%?ﬁ d# %ﬁ%@ﬂﬁ%&aﬁ?@?}a@ﬁc AoW"79Y of elgutQ TShlver up
to three types of 'sefvices. Firstly) the provider can provide typical

guar ant eeshidetherecie nbbandlidw failere faf ¢he $an A lof/ Figures 7arandi’ddn acg gocardinge t he
protection channel,. to cgrhr% \preerrpt able extra TDMtraffic. Thirdly, the
provi der ©£neSPboiment REMRINEBISR brot ected Layer 2/3 channel to carry
Layer 2/3 TDM (00381 Figurel 8 isSh@wehe forodiRdati 14yee 2866106 dné €iibPipe insannot
provi ded V\Iif[hofljl)P t][le%f_i rst) but that the f_idrggi ayEd tsﬁllgrpd are ti&ﬁngéespendent
and ei t hepptisaliting #rsordies ©ring esbodinent ekthe inveatioh the ring at a given tine.

Thus, accordin : C b tl a Tl | i

descr i bed 1 har L0 EiRfsSPREL ofticeblR R 18ate PP REF IR A Bt

t el ecom t ambptica) ring haeing of variableame lager®/3 piperandat mort-BRSR imrdtected ldyet B/3 The
hybrid network el enents on the ring ¢can therefore be viewed as part of a
TDM ri ng) chanpelorhile thereibRad)a fa%lms@fg?r%@sg? ?“%WW‘E&‘P‘#&‘?‘B&?“QP“C% i nt eract
with one of th j r MRS IBPM, VEESPticAITi a
packet netmrkﬁ)glngfrgfr#ﬁwf;ﬁ%s&?gg&iﬁn co%%lfr?g;??n%o ;&?gt?pgér‘}t'%netmrk ®

- archi t ect havisg ithe wiriable zaterdayeor2k3 gipenand thcmnﬁgﬁtﬂﬁ@wqd)lm@r 2 ehamnel put
not both. Thus, this aspect of the inventiqn proyjde .Jyore versatil e,
cost ef f efpHiRg Bilufg Té@{)ﬂ?%?ccf)f&'g%gu‘?'ﬁ egfbggl%%t%{hg?\feﬁ% ‘the sel ection of
“how the hybrid Hrmwr ré | @ A Uiag g of BinduiOongsbnbimts GiRta hybiid aétwock eEDidht
packet, or both) can be t0O V1 O U2/ OS~G33 PCT/ LI SOL/.1)822 changed over
time to neesordipgts energsphodimet of#icdnvendion) or no traffic of one or the other
type. The change can be dynam cally determ ned by nonitoring traffic
patterns over the network. Exenplary techniques for inplenmenting the

non- BLSR protected | ayer 2/3 channel in°the hybrid network elements are
described later herein with reference to Figure 10. Tinme Slot Allocation
Two- Fi ber BLSR [0053] In standard two-fiber BLSR) the fiber is split in
half in the sense that the "upper"” half of the channels are working and the
"l ower" are protecting. In particular) the working time slot X is protected
by protection tine slot X+N 2, where 1<=X<=N/2 and N is the total nunber of

. N - 3 ~NAr™ A



Channel sTi nmesl ot snon-BLSR protected | ayer 2l 31non-BLSR protected | ayer
2/ 3. .non-BLSR protected | ayer 213N |-1Wrki ngNl 2non- BLSR protected | ayer
2/ 3N/ Z+! non-BESR protected | ayer 2/ 3N-1ProtectionN Tabl e 1-.£Qp /gy ation
of Tinesl ots )P‘?)Jrzs%hannel s [0055] In Table 1, tineslot N Z%Fgggglfr/# i %gur ed as

t he wor ki ng channel 403. Tinmeslot Nis configured as a protection channel
405. Tine t -1 and - timeslots NI 2+1 through N-1 are
confi gure@tgéﬁn%R-[ﬁ%;Q%rﬁbgct ed Layer 2/3 channel 401. Thus) the schene of
Table 1 renain d. j d s 02/ 14 a+C33
PCT/LISITI/ ~~) @ggit&opgcﬁﬁﬁaﬁ ﬁggﬁé@t@tfﬁmﬁg g& ¢ gg:u ?t?ly%/c%ne %{}béro?(a(iéypi cal
TDM el eneproside anthoeoyght unaerstandingi ofgthe inveation.oriimwdvbr, lit {syuederssacl that veen
* hybrid and non-(%br'bd TDM el ement§ on thefB SRH [IOO 6] Wth reference to

Fi gure 4a3FfordBie “inaPH%edt‘f"r‘r'éo‘%l'bet';%S%ﬁcf Sciidd- '8 of ‘W&?Bi&sﬂeﬁf‘@t"&d‘t ed
layer 2/ 3phrBREtird@n8, fRlce&Middbiniqued e iR bed iR whaR lietailng ofRR¢at Anat ed

" by the prior art. However, another aspect of the invention provides for
f r agment eebseuiedhe mvartiamns. Such fragmented concatenations allow for the

| ogi cal concat iqQn of. tinme slots that gre n hysi cal | ont | S.
Speci fically, @:@?Lg.gcqrﬂmgttgno&%r%n%_dgﬁcrphcgf @86@‘?’%@% t 96 élpée P?{Hﬁ g‘gkied in
t he SONETpfoteatBaschamek]laisediédrid £6ng & gySigat b3 TIOME tk4ffo uefcrtd3o hamnt Ker
aspect of the invention is the inclusion in the hybrid network el enments the

abi lity t@®npe-BISR prpigcisd hayen 2Fasinapel)-nZhe tarmehanashds pseddicagimithg context
fragnente c ti . , e . t o Layer
21 3 chan n%e(afﬁsé @éﬁ%b g‘?}i‘&‘ ﬁtﬁhﬁéhﬁ%’? a%ahgaﬁlrsalgg% %tg 13: (IS%S r?%fg{ g&rétcé ﬁls&gr e
pr ogr ammechanneltdnea fiydrr iHbwestnutrekuse lo€ fiernersn ciannélas alsogsed(t0 0&€] to\tiie higherspect

to Table 1, the f t ed tenat i t he hybri.d network el t
Lo trear e FORURESRT Ao SEPE Thaed Tave 43 art Atverkie Sruhl sl on
even t hougibtéchsx cRirfieB SRRt ably réfféto @f&xrpggg loPBnEHransR phydibil Thade@Vén @

single large pipe to be formed for the non-BLSR protected | ayer 2/3 channel
as in Fi garfier.4dn ahid rirg, netwoike netwadrk eldmemisi arg ysed thas cho transmut\end egeee

exi sting Standard. .a result. a nep-hybrid TDM network, el enen
support i ngbigﬁ‘pﬁr‘régaﬁbtdl%ﬁﬁu?fh6?%?%5?%3" 8ﬁ§ﬁr¥é$§°f€ggmeaggéée?rﬁesdetgthgr N n% o the
ring (thenpshd/ nétiwdiit aleimeiits) Srovidttwiohiifferent SlitiRiny wtietqued - EYMrand/ phcléM
traffic cannot enter or exit the ring at the non-hybrid, TDM network

el ement ; Thepagkehswitching piovisier gam suppoftany gymper eharptorals inaluding |ayefes andy
i mpl enent | f (o) i i i : nts
or b descr 1S Ahe b SRERE NG SORFRG IR TrahP R, (MBI n NEANGH tp GpRAFT
descri pt i operafiorsr gfpnEDM dewank aleareat,ithe bytrahndiwofloclenients age jpagilemented to

lication titled "Any Si d Locali f Co ted. P t
Aoross. SoREebEeBorPRRmmeber s gl 5T Bestherridt d4 G ARRE L VLT s
filed on %%&&E@gﬁ%ﬁg pﬁ&%s“&&ﬁé@katm th@OTHM shftthed dn@VoR e BBSGYE badepDer :

004906. P014, ereby incorporated by reference. [0058] Providing a
si ngl e | atg#iginpeother fdrmyterbeyagkerowitches fRegardiess 0§ Whichrrsutchingtteehnigue is

i ncreases the efficie f t.ransm ssi d. 13 12
W0 02112 v 4 ssfieER i aibg R St Sk AR i R AR PRA rorflan bF i lee
si mpl i fi eguf heHéw&VerObadhr OMRSEANGY ¥apdcRétl switchied! thaparfid San [H205tistitally

exenplary alternative nmechani snms for achievi ng si ngl e concat enat ed channel s
are ref er meultiploxedor An xemplpry, iEtplerpenisipnd; spel hybiidwrswork Jemmeqts srprevidetes.
Nei ther is_JF f i tandard BLSR. [0060] Figure 4b is a

concept uaI%e} rhag'ﬂgr%&g{%?ﬁg’%él{as}iﬁbn of bandw dth according to a paired
channel pr ot ect0®44] Sktheaemn bayar2/dADIM ataffié isarsedbemindiorrgfer ¢o traficethitoldiinent

f the i tion. In Fi 4b, . 1t he bandwidt f East t it fib 410
*5 di'vi dedometagks taseIBe . b B A bt . gto) s b tan SO eled R g
- channel 4Q§e Eg'sq:_rq THRL R’%Bﬂﬂe@r@éﬁ?ﬁj thé@.%ﬁermTﬁM.trﬁffﬁranhe pungdrdtd) cah t he

East transmt Tiber 410 corresponds to the exanple configuration of

ti mesl ot s belswitshedorea pasketbasiseyzhe Mplridenepwetkaslementydesrapediabebhf i gur ed as
*the working channel 403 and tineslot 2 configured as the protection channel
405. Channel s ~Ti nesl ot sWor ki nglPr ot ecti on2non- BLSR protected | ayer

2/ 33non-BLSR protected | ayer 2/34non-BLSR protected |ayer 2/3..non-BLSR
protected | ayer 2/3..non-BLSR protected | ayer 2/ 3N Table 2: Configuration
of Tinmeslots for channels [0061] In Table 2) tineslots 3 through N (N being
the total nunber of tineslots) 7



are configured as the non-BLSR protected Layer 213 channel 401. [0062]
Figure 4c is a conceptual diagramillustrating the allocation of bandw dth
of the fi cordance with an inverted channel protegtf LRpe
accordi ng\pﬁgzlgﬁgﬁgrrbodl ment of the invention. The bandw dfﬁ @?‘I"ant I on

Il lustrated by Figure 4c corresponds to the exanple conflguration of

Pty 1150 17 40850 T RB s 0SS LR B i ebngdheg fioR b i 2,

2/ 3.. nOﬂ-\ﬁBﬁﬁa.rQﬁmI geteddrd AyEr “2{113 it RaTot BedRvapy,ah @6¢ eﬁhbbmrht 2kiaglentom- BLSR
pr ot ect ed Ileﬁj% 2/ 3N-1Protecti onN Tabl e 3: Configuration of Tineslots for
channel s B mowwdrbﬁw@/é)ch@wés% ganfigured omgivgdrng 48 addiionowkiled ishannel

© 403, i ”ﬁ?h%&cé&éﬁ @O&Ie %g i t@ﬁem&etrmetts%'ml&h&v lnoAhQﬁlzfg Iﬂﬁékt%s 2

t hr ough are configur non- BLSR protected Layer annel 401.
Four - Fi bdayeBL2FR @Qﬂﬁaﬂl]mhn emtefrl oer bam@m)nattvd)thIowgtBhﬁﬁclpmcnvémhe@f h aybrid21 3

channel s are praqvi sione r the rbd)ﬁ h gﬁ)gLSRC nformn%to
st andar d NSPERKL FHBCY o 2 BLCPTRIUHY W egtsgﬁg R SELHOIK 5 peRss
channel i@sd}m@gilﬁgm@gnon the fiber with the working channel. The ot her

non- BLSR protected | ayer 2/3 channel is provisioned on the fiber with the
prot ecti on chdf@&d] FiguresAe-38 bestrateetraifioflowha respoaset tognfailutedn firmg with a

concat enat e r %§ / I er
enbodi manrfondf?];ﬂ& rng‘f%aag'?ﬂH fﬂncglt ﬁ%eﬁ%tggérj{diogt n% gnbgﬁl &ﬁ Qtf [Wirg}t%ﬁ%% in 4
fiber BL3R ul{eoﬂﬁ@] aFwnt:h[ﬁnmmagram bbakk lbaxhcaﬂdlhngf rmcdw;nalsﬁhg aligdgd AdiY SAR,
rrultl-llnk PPP, etc.) would be inplenented in a 4 fiber BLSR.to bal ance

traffic tehanass ﬁ@cé’ﬁdleg'éﬁ? oge @H@ﬁﬁ@e% RAMN HyenHan: i Pheoptiqabnag ilestratd he
al | ocat Oﬁgwe 3qu9\§4 %a%efwswmﬁioae 80 308, 75, 967 ot HdSAN VA BR &ﬁgm | f
ra th | ar ger

TDM traff om nant t ic on the carrier's network,
nunber ofant Enee ahdtWestisphan.b&adompangincladesf @ transonik fibgr andda [wcmtvecﬂheon lebrannel s.

If layer 2/3 TDM traf '.nat the carrie r tlneslots
w11 e BB PR v e o LG BRBYak b | A6 D inER ea RELRo) ary
Techni quegivides nﬁbQEr‘%@Ehﬂﬁlefshﬁ \aﬂﬁ’lﬂngleﬁﬁnﬁf 93 £ Gl eebiddtedharhel 3@1?&&13164 nJr[-af fic
[ 0067] Al though the non-BLSR Layer 213 channel is not protect ed by standard

BLSR) theBbS&_rmoacwdrﬁﬁapr 3f3 ehanhelr &% Why protectigni einpdledlol-BLBReCRiher 2/ 3
channel LRl i e S2P R8T P est RhnsRiP TS 319." SIARaRE WER ' rarkhift L2y er

fiber’s 319 protection channel 327 protects the working channel 321 of node 301’s East
transmit fiber 313. According to one exemplary use, TDM traffic is transmitted over the
working channel 321, while Layer 2/3 TDM traffic (e.g. cells, packets, etc.) is transmitted
over the non-BLSR protected Layer 2/3 channel 323.

[0047] Figure 3b is a diagram illustrating traffic flow with a non-BLSR protected
Layer 2/3 channel of the East and West transmit fibers 313 and 319 of Figure 3a whenever
there is no failure on the ring according to one embodiment of the invention. TDM traffic
325 is being transmitted over the working channel 321 of the West transmit fiber 319.
Non-BLSR protected Layer 2/3 TDM traffic 329 is being transmitted over the non-BLSR
protected Layer 2/3 channel 323 of the West transmit fiber 319, In this illustration, the
protection channel 327 of the West transmit fiber 319 is idle, but extra TDM traffic can be
carried over the protection channel 327. East flowing TDM traffic 333 is transmitted over
the working channel 321 of the East transmit fiber 313. Non-BLSR protected Layer 2/3
TDM traffic 335 is being transmitted over the non-BLSR protected layer 2/3 channel 323

of the East transmit fiber 313. In this example, the protection channel 327 of the East



WO 02/ (1S. 1633 PCT/ USl ) 1/ ~9522 protection can be relied upon. If Layer 3
protection by routing protocols is relied upon, it should be understood
that the 0 time for a protection switch will be sigppike@pkiy | onger
t han the $§Z’2{8?4§§3ti me of standard BLSR. The routing protocols vﬁ}%

di scover the failure and route traffic around it. Typically, detection of a

failure i Lt RAt:L MR- 2r )ehl [ i bl 1
t gg@pqgs@& 3*13.1; T8 Obtlt She YiSh)chhinel f RRSE tgf.é@féiqbgfgg?xglﬁ extly

h
SONET pro o notify the layer 3 routing protoco
i npr ovi ngatrhexsp&BM atffwhi ch | ayer 2/ 3 recover is done. \Wile one

enbodi nent rel | standard. Layer,, 2 and/or 3 for rotection) .

al ternative er{bﬁﬁlﬂgﬁ‘f@%f‘s? eram, Histrang Vag’ﬁféoﬁéa%? glﬁgsﬁﬂie tﬁF%ftlécti on
- that achigepguidia doeRg fortig 1H0aé efbbaitmenibt Gl iRVeNViol e tn s stanslar e BLSR

[0068] In one enbodinent in which all the network elenents in the ring need

not f be hyEnst tapsaindibre 31 hasnfailed (g, hipken éi“ﬁ)etwi?ﬁ WVast aRsmis ﬂEﬁh’ 3119eneWng are
Conner 1 SAmietdARY By G PAE BB JBLPHOR i TBREUaBRng I BRGBS) ¢

to be "Layafchéd 3o BheSBractiba cdhathe! 3BAssfcthorWest freankmitefitbegiIg. | Thntworkiag by

t he BLSR section of the hybrid network elenents, the Ia&?r 2/ 3 section of

t he netwshrnea! 2 mfsthe West igansg {583 18 roppnyes o ey dhe JYest Sowing dPMwi t ch
to forwar trt h r fd I i ffic
B e A T R L R T A L VAR
21 3 channf@dwing men{BIBR ptdterged Layee RS TR traffior328o fhiequrotectjorbahantdl S27 sifi | |

foll ow st andard BLSR rout thrqugh the ring. [ 006 Fi gur 1S~ a .

D owahar (6 PSS e eSO, arser yE ahd AS spties dhe e PibhSiy Bbadkuine

pr ot ect edrbgy eheR! 337D the Prbtb@idnchBhRR R2703fEBE WSt ttiafEmid Fibeg 3 LR Y erried/ 3
BLSR protection according to one enbodi nent of the invention. Figure 3e is

a di agr amxefa BR¥hisafficythay extra EDM weffighs deopperbperithe gpire riggndtlsanetgithair e in

the six node ri il ated. i.n_Fi r £, - ct.ed
Layer 2 Rl npe IR Bl lefena ] 2pa iR BlsCa Rl BRAERIDPRESI T (o
one embodyfIEBE dabppedQntl/oy PRde@ed biiother Bighehiewsl gectanihl ys téseribahiater
elements as Figure 3d, with the exception of a tunnel 360 described bel ow
Figure 5 hgiginde wil|l be described together. [0070] At block 501, a tunnel
is configured I K i p;pd};: { I ' r nce to
Fi gure 3e, theﬂ@ﬁfg%u%?dg%n*?lg%@gg%%ﬂe& an ?nﬁfﬁcfgg‘grwé&?gv%tg%‘}? ixf&%% from
node 301 f& s 6dirrefBtheveix nbthe ring ilBLeRdpn dligwt 8d lavingne hoBBB.SBf pretegted301' s

West transmt _fiher 319., In this ex e he | ayer 2/3 traff.ic 353 .exits
the ring kaajera?ﬁes?\ae?%aandrr@m}gk%ﬁaeﬂﬂm tféff}"n?)cﬁgr o qng ﬁwﬁg{m@%o{a@e
conf i gur e bmidd aneFiduid 84INDM BaftRN3 AL SR Bkes TOM draEfi@nsslenid2 SheaBRERJ t he

ring in the opposite direction to termnate in IS W 02/0S-t (33
PCT/ USOL/ tht@ghonade 3 1 3NM | traffin 35 k ispeamismisted) tomiades 303 aves|the woekdng Fhpnpeld as

an MPLS t el b S LS tunnel a onfi : ' e
bandwi dt hyﬂ] Hé?"‘l%gﬁ)tqﬁ?%/r S%"Sgl“rz]fibe }?'rrg%gg’é‘?na Efgi\gﬁéﬁﬂe , ‘Eﬁ%“%ﬁ@%?gé‘ Wil |
only takepyfadoigndué 80on thelpese@idnichamniet 82 Dofipde 30t b &Vesaransumy fibdrGAF1] At
bl ock 503, a | ogical working interface is confi Hrsiﬁgl one, of t?@ net wor k
el ement s ot fhews oflgaysnd/SabLerafie 45803 36‘?%/%‘]‘%‘3 © BhS& thepugh e lgl an
Interface s eﬁ%g&%%q%e‘?‘flf TOM Wa#i€ HusPBE Ewitﬁ\ehqmdﬁgh al pHcREt I AER WherdN
abstraction or data structure representation of the physical port. Miltiple
| ogi cal i sherihgaed exiinglthe amgodiaeed/x TDM siaffid 35D ksy wansatittegsbever the man-

f to Fi 3e) the | ogical i ng_int 01,15
Cont | gur CBLAR, poieadgaane) 335 o gors AVBE Setdrandnf gt 312 Fo RRRSBI LR por
for node gQ&s' &eelf?ﬁ%. UL @aSIS tTNIRRAERS 337 if @adsHindd ohboml ALK @ratected ous! y

configured tunne s configured as a |logical protection interface on. the
. network ellayeedl3 channel 323fafrmede 30t 's Wesy trarsnit fiber 3 18gtocnade 303+ dbeilayer 2/3

interface on.n 1 is confiqgured for . [N t

f orwar d il"a’?rbc ??P: 338&‘?8? Y ﬁ‘?lécfotr)nr? ?é]'g%%%%?%gﬁﬁg%érﬁa{’&mﬁo%agﬂ' 3‘(%??5
“west transgfkfic B5He1s7B8ddh a8 03] anft pdit ofikan$Qfe @rd dyinodd 30htagddrpcas seme
configured and associated to the | ogical working interface and | ogi cal
protection interface. The logical interface is initially configured to
point to the |ogical working interface. [0074] At bl ock 507) the network
el enent determines if a failure has beegl detected on the fiber coupled to
the physical interface. If a failure is”’not indicated by a BLSR state
machi ne, then at block 509 traffic is forwarded wth the | ogical working
interface as usual. If a failure is indicated by the BLSR state nachine,
then at block 510, the logical interface is switched fromthe |ogical
working interface to the logical protection interface. Wth reference to
Figure 3e, the logical interface is switched to the protection interface so

., £ r " NSNS Y r o, 7~ SN o



WO U2/ (li~(,33 PCT/L1SULl/-41822 TDMtraffic 357. However, on a failure,

that bandw dth is shared with the tunnel 360 via the statistical

mul ti pl exj, Loyided by the packet switching mechani sm b1/ 8k, 0! ock
511 the )r(l‘ép\?\%)r%k&}eq ement forwards traffic through the | ogi %g?/zgr%t ezcti on
interface which is the tunnel. Since the non-BLSR protected | ayer 2/3
channel carrie re traffic il.e.therec] Il ur il eis
ot a1 ai TR MR B et sRibe e Sul@hbl e ) Bkt e ifedlfl

al | ocat e lhywe 2anslfic 46 the Bast sri@eabont cienngl 323f ai rness schene is inpl enent ed
(e.g., so that 60%(f;)f t he tunnel e trsfgi c.ls h‘ﬁ%‘ priorig traffic and 60%
of the non-t urlR@PUJI ttheyihasic trarstyf dibe il & failsy) the | TOM ais aratesion 5
Cpriority SANROP th @handel 727 0PRode™D 18 WL traRlmit WBBEI B Adpddse o
non-tunnel e trf’ﬁ@?% ttgééi%grrittgd ovgr the non- BLSrI% gruot ected Iay}g{r 21/3
channel \ilearg gadsmitted everctharceuntenclonbvise pretatiodi pasintof dhe ring, ingluding dw, t he

ot l ed and -t led traffi t Ly with t,to th
phys: cal BIAGIPHL PR 5 s el Bl eetio® Fiof difedt bt B il i ald 2"
det er mi nat/ WOrAftiansaiit drsppe@d@nd thedpapselipie bytypRakBLSRAgbE& tidh (dther

determ nation is nmade based upon priority indicated by eac gacket. [ 0077]
At bl ock Bo®¥tien maytbenproyided s aleserdied Uptat dsrein)di Flicepther ngraBhSRoprotesied

traffic due to,t failure n N t rdi ng
tabl e() e e i aRarrEirke b o MR he sl it Bl 2 T
updat ed a357tk akffézidl byht failued ef yde 801 ' ERstatanemid€ibet 318. f or war di ng tabl es in

t he nodes 301, 307, 309, 311 ) and 305 n&\(/ be updated, to provide tEg | ayer
213 TDM tr af f i @053H3Sinee arregmefeolaths. bandvidtiy of jaiang s allasated o BeMBLPRLI es
i n networ I I y iBghgt h 3pstMalludee

| ayer 2/3 %ﬁf"tq? %e? ??X%l%kt ’em%%d%hgeoéh%\glzﬁd@%t# Egta ha%ddégtgg %ot iangl ude
t he ring mfth&riggr Tyieally, @07iB]re Atsuby imdrsidg OC-t phfifig vaffic (fohewingsdarying new

i nterf b he tabl e . f d_at..hl agk 515, 79] .AL bl ock
551 1 ha® retan RV ek il £ on DR e Re Rt BerRbiath offs Fadu oRBiRbvity P of
wor ki ng i I&fs@&]{qu _%];failﬁlr@@lécréa"s_@s ﬁf‘é}o bR @ERAioas dfbah@widet finschRd 16 £apHNsi ve

| |

to a nunber o ferent stimu e.g., 1) acorrection of the failure; 2)
a pr edet eBESReauotaeted tayen?/3chagnel-t ypical |y the time expected to be required

for blocks 511; be .conp d; 3 t ' Lo |.onger
bei ng sent oveF&%z]eJrﬁeUr?ﬁg'I%%Pi #\fglhlga ?“niSLS ﬁaﬁ%ﬁrﬁ%%bf‘%ksilgiéf{ﬂ%l hegl\?gﬁﬁ)eaen
conpl et edprovRiet td deliiet tip tefieecnpes bseFvigust eFildy, thh@rdvidircah pravider fypicel i s
switched back to the working interface; therefore, if and_(x\/n ntrafficis
sent to tEearpmesdsarviceder TRM traffic.  Seqondly. dhe; provider san SRV %&‘evﬁﬂ?tﬁﬁ‘fﬁl
interface h - r ¢ I Phi i Aad g east
span 313 C%ﬁélu%hé,wtgh@e%ﬁﬁgﬁ ST AR df*é‘f?‘%ﬁ"&ﬁ@’?é%“@é‘m%ﬁ Tl ik o
PCT/ USUL/ n&8B2.SRopraected [hjersd/3 icharmel tordau iLapert2/3 TDM) trafficarlt shouks hemaged

tunnel) the bandw dth used by the.tynnel wl | .shrin Kk rQ. 080
Ator § he i fheegond SerdEpds Al Pt"éf.“ifa)wﬁf’é‘wf‘?ebglis‘*i W a5 558 oS0
repl aced, irﬁfeﬁcr)d)amt Red Bioktri dEIPbOHRC Bhlyehiceletigin o thidahg at hegivet tipet h

avai l able) the better path being the original path. The network el enents

wi || conv@hge asenidingdo boe arpeds ofghe inyertionya|ringpechitsetiitecig dessribed thak gambs gi nal

path was the st th B%I i cal i n S I be
the i nterPB%ré‘gﬁc?Sta%{%Eélgggg& gg%c @#"otﬁggééﬁggagtﬁﬁé%? 83(? rtgﬁlérsi @%nfglr on, a
dat a strug@hidnteaffi)bCRites The hybrithetadtk élevaemaoa et iigscahahertfoee baiewed as\
second data structure indicates a physical interface_and the gntg si cal

> y
par anet er Pan @ a HaM fpdra pasket netveiks gr Batpde g rAyPisRlelt) Fogieg e a?‘o‘ﬁ’i“& al
| nter face Jad e SORHPodtRbH Sleriefs % POV AAWIAL Beehtoi 4 & patids Acidiiat er
to the tunnel data structure. Trafsfl c I's processed with the | ogical
. i nt er f ace eldmenin) i Thig isdh kyntfast tooqwior atteepeoirkacghiteesureh én whishrichetiuerk elamenét ur e.

When t he BLSR st at hi ne. i ndi cates, .a ilure, the . el J il
activate (AR W&Hﬁgﬁﬁﬁfﬂcﬂ?#@’ 8&5‘1 Tt E’P“\' n*?‘ﬁg“\“g@ﬁp&%"f\?\g% Wﬁémﬁ‘n‘?@ @gscém
"Traffic fqg&@rvéﬁgtilkm&u&?ecﬁb@aicmé&@h. tvh6nIHAke beinbledhRatphogtesaen ofhdw t he
data stored in the tunnel data structure. The tunnel woul d of bg‘g@rse run

opposi t e tthehybridestwork eemente arej qogfigured te earry wafbio (TPM. p3pketedr SarRent of
the invention, a data structure would be indexed by the | ogical interface
identifier. The logical interface would index a tunnel name) a physical
interface, and a protection bit. Traffi¥ to be forwarded through the

| ogical interface would be processed with the data associated to the
physical interface. Upon a ring failure, the network el ement would switch
the protection bit. Traffic to be forwarded through the logical interface
woul d now be processed with the data associated to the tunnel nane because
the protection bit indicates a failure in the working interface channel.
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[ 0085] The owner of the ring can provide multiple services with the tunnel
prot ected non-BLSR protected |ayer 213 channel. The owner of the ring can
offer the,, [ dih allocated to the non-BLSR protected | <6l pgphannel
as a nmaxi %Qﬁyr?g}w dth and a guaranteed bandwi dth in acco?ég/rrll]éi{/wst% a

priority scheme. The owner of the ring can inplement a priority schenme to

support a,gquar.anteed bandwi dth.of half the non-BLSR tected | ayer 2/3
channel Cﬁg%egfovteﬁ ln}?p‘t‘?—’ﬁie_élie%‘%f%gﬁeg r Pﬁ’f/“épesf/ & E%gﬁﬁg:l ?fc%'lec(?r_ t%afl}eir onal
Enbodi menyge. ThRd ciRing¥ icahe bOidihiedlly daterasingd bySaioviteng Qi8] patdeni BYerd@scr i bed
a non-BLSR protected | ayer 213 channel) another aspect of the invention is
t he confingtWerkg Exermplapl srhpiauese far einplemeting) the earBletR aeategted dayeabd/ad rat e

- layer 2l | e s i i i 2L be
threr tnangbRt ihehyblak ks hElls Rkt 0s nerslh PE et RociBRRL 2
vari abl e ioate | ayer 213 pipe on a BLSRw |l first be discussed. This w |
* be followed by a description of the configuring of both a non-BLSR
protected.| ayer K 3 channel and a variable rate layer 2/3 pipe on the same
physi cal d%%ﬁ%‘l——@?—ﬁ%@A Variabl e Rate Layer 2/3 TDMtraffic Pipe [0087]
Figure 6 is a conceptual diagramillustrating an exenplary division of an
opti cal SE?EF%CP?%% dt h according to one enbodi nent of the invention. In

Fi gure 6, span's 601 bandwidth is evenly split between a
wor ki ng channel 603 and a protection channel 605. A segnent of bandw dth

607 in th I h |, 603 . Wi | DMtraffig. Thi t of
bandwi dt b 607 (PP Betmap Sxeanves BSEHbY GBekis N shRHE Fbttemrate e | s
not a fai-w;}i&;- hhi?®f S @aRh 10 aleanting talld @R 10 ert RRe ;Wéfek.iiﬁ%_ GI&HarS@@ forms

a subpi pe, of the protection channel 605 fornms a subpi pe, and together
t hese subporsaw tiroe sloaX] iaperte@¢d3bypprotection timenintiX+NBMvheraflkFrE<ad2 angl Nayer

2/ 3 traff.ic (Al Et hernet) Fra | ay, Internet Protocol, etc.) as
payl oad. ‘meltgt%%?‘éeriosﬁfén%%ﬂtﬁ 13?@3%?% segnent of bandwi dth 613 of the
protection chaposd] Bigdrewidaldccat rcbn@fnrapmgtmilmWrétMgeﬂlo%hﬁ@ﬁm fifnedIBW!

traffic. The segnent of bandw dth 611 of the protection channel 607 will be
used as aOVsF 6haPticelringgecording tos asinus embedirgnts ob Histineantion, Fagyrea is a

protectio i Ayl : i i | ayer
013 cubpiutabA Mttt ling e ARORBRETRB A ANl iy RO

havi ng | ayeremballimemfdfithe Awemionl digure darsmespoads fonthe legarhply @onf2duBatpingef whi | e
there is not a failure [10?88] Figures 7a-7c are diagrans illustrating
exanpl e tHRFSIPLE showmvinhatie [t here is and is not a failure on an optical span
according to one enbodi MeRfarfilelst N€ 1 NVENTT ON. FI Jtfimediats’ ¥ @ di agram
illustrating an exanple [traffic flowwhile therelis not alfailure in an
optical span accordi ng t|monrBLSRpodeatealayarf2/3 he ijdvention| In Figure 7a, a
West transmit span 701 ips—eiyged—tnto—a—warkingreharnret—y05 and a
protection channel 707. |I%P® l?Brof%ﬁteqlﬁw‘éCMt trlansmit span 701 carries
two streans of traffic. ﬂ[bnaBmEd]&tm&IM 704 g Vesl transmt span
701 carries a streamof IDMtraffic 709~ The West| transnii span 701 carries
anot her stream of TDM tr{@Worling 11 having | ayer 2/{VRraffi¢ as payload in a
| ayer 213 pipe 712. The |stregmpo—IbMtreartc—7Ftt—45t+epresented by two
lines to show the |ayer [P r%%l"?"lt?c“’ed‘u]@l’)‘?ﬁ;ﬁ si ng W%grrent of the working
channel 705 and all of th,%[pggggﬁ%dtgae@ﬁwj 707 NJjt sholll d be noted that
the |l ayer 213 pipe need pnot enconpass all 20 WD 02/ OS~GB3 PCT/ USOL/ ~9822
of the protection channe] Pro@gtien some of this chani®él coul d go unused and/ or
sone of this channel could bhe used for a different purpose) e.g., extra
traffic). [0089] In Fi gur®ahig]: Genfigasationrod Témeslots fenchao®ls s al so di vi ded

span 705 car r OBRRES obE0 12 QR L RRT R CPigRET I il OSppThe il oIS
transmt gpaesiotoN iS@bhfified astarart@én dHAnelr 405. 1 Timdslots TheardughtN/2f lamsdi t

span 703 carries another streamof TDMtraffic 719 having_ | ayer 2{)3 t{affic
3 ghanpe

-as pay! oatimeslogs N&r thpqughpVjeary configyred ¢ mearRIoR Pmcﬁ"r‘gwﬁé 4

r epr esent by. i 0 tih / L i

segnent o? g%'heTw&l%énga%H{gn%i?MﬁGl g%’ﬁﬁﬁrimgftgttﬁggga}né%'@ctﬂpgﬁr?ﬁgﬁd elgnd;lOB
(again, it should be noted that the | ayer 2/3 pipe need not enconpass all
of the protection channel 707). [0090] The streanms of TDMtraffic 711 and
719 carry data traffic formatted according to a layer 2/3 protocol such as
ATM Ethernet, Franme Relay, Internet Protocol, etc as payload. The streans
of TDMtraffic 711 and 719 can be transmtted in a nunber of scenarios. The
streans of TDMtraffic 711 and 719 may be switched into the ring through

t he packet sw tching nechanismin one node and exit the ring as TDMtraffic
from anot her node. The streans of TDMtraffic 711 and 719 nmay be sw tched

.. ~] ~ 1 o rr "




[0094] Figure 7c is a diagramof the exanple traffic flow 719 of Figures 7a
and 7b while there is not and is a failure of the span 703 of Figures 7a
and 7b i ing.according to one enbodi ment of the invenhipisydsh gure
7c, threg)V 3 e"?g 1, 739, and 741 connect to each other to torman opti cal
ring. Each node in a ring has a West and East transmt span, but in Figure

{7 anam t Pt RSB b 53500 SRR S RRM YR el fe BEpE brrBE

carries tfmf Liie. ompuiids #ddtstRrwiedehybsR. anth@of=Bghrid TOM Ndléméefardn 73
carries traffic fromthe node 73l to the node 741. The East transmt span
740 carrifdsSRraffic fromthe node 739 to the node 741. As previously shown
- in Figure 7a) R £ FiMah Lad Thible 11 etV QLS alY¥&ledlBGhd AWET 2/ 3
subpi pe 714 to[hﬂsg%e %?Qtﬁce nége 73f' S Eagt 'trGansmﬁt span e70§ ?al s, the
vari abl e BI:BR fioMctedafldyiec 2739 chanmeklase awer cotigupusot act itherefoasy eranét3 bsubpi pe

- 735. Si t h | abl .ate TDMtraffic 719 is d ined f. de 741, th
var abl o CPatRenalsY b dbd pHOT $g Havfirs MREEr PRIGT BB erdgh ARA TS s

al ong nodgofQted Eafdatdnh@S1SN tSieRAagifntbd) ddnbHertitiohe CllloRd forayies I@%i_&ﬂ
subpi pe 743. Node 739 knows to transnt the variable rate TDMtraffic 719
onto a prooneaseiatign lodytiome 9B habe pwt pbrucly sotiguonsl Inesificalbmmhareasdd t o

739 a protecti itch. [0095] As an.illustratj t he | switch
ool ot e BrSRUBE RorcolBahe s Bicel g b SORB Rt SEIEANSTS
third Us%gﬁﬂﬂg_cddi?ubﬁm%, labigthéredspektiof tid i@uéioRds e incldsioR 2n theWbrid

02/ (1S-41'>33 PCT/ US(11/~9822 73I. so assunme that the first and second
user' s trmetwork elements e abiityinbe eenfigureddna mannenthat dlgws the gragramming ¢fode
741 to an..ge r A prad Mpd Qi d at
node 739W52%ﬁe§§%@0tnﬁégr|lﬁgs'%ﬁ§§9ttet§% g?ﬁﬁé‘%%dg%?g pé?%ﬁ%ﬁ%ggr'r lg ct ra H:Sc from
all threeseunpraousd theariag theeflagmented hencaspationd/ Se irpgrafmed) inothe hidtidt o
node 741 . The traffic rlI'éomthe third user is switched through the packet
mesh of rSYROTKAICIAGS PLBREABt t ed over a second |ayer 2/3 pi pe (not shown)
bet ween node 7@psANiROLEoebSR TR PERY Rrag RSB RohdARnaliBRY Alows ik fydiridur e of
span 703. While there is this failure, the traffic in the |ayer 2/°3 pipe
714 is swerebrkd etemenkse tortotat cthe ngon-BLER 2ay8r pd/petimgsslotFhas theafgf iac shgiem all

th ' d t th t of .node 7 i_nat ed
at node. FphoaiewEen SR Bt RE FPREe R EaoRa GEERaREl; TRR SHY ) s
node 741 whiik farkdBipetd bt if6mliedat? ihBR10h!BIISR pioRéctddSlapei /T bieinél s o Figurdye

packet mesh” of node 741 and transmitted back to node 739 over the working
subpi pe ofa aink 4bewbile stilypdlowingfosi qeafarmiy witb e existingoBLSRsstandpdst Atded in
Figure 7c failur r 0 t ] I he kdd ¢ on
the | ayerreﬁlﬁé %i[lp?g,t%jbggt Hgﬁ/% edél[}g?r?oﬁé?lﬁﬁt ﬁg ava?é glgpé)?%}rﬁ%aldt hPM}' isis
because t ftanhelyetoddl Depimpertéds inmadie prang (tht | only rimitdtioa isothiai g comBASR and

tially f th t h | . As h, this | 2/.3. pi i
Sel I abl ¢ protestisk Gt 3% FIIM CREVo TR PieF oF EXbE Anged ia TAYBREKEPYEnd
section bgaayge e?%nfééilg:_g%? @GRS Rkt bASUpAss! trdughft aExérﬁ?l%r)thecﬁﬁfq\ﬂbsPQor

Mor eover, using t protection schenme enables the traffic traveling in
t he | ayer irdplémpitire the fiagmpnted ecndatenawsatistis Mechyibrid mesrorkiclementssn descrihed

frame. [0097], To proyvide an ex | e t.he manper, in, whi t I3

pi pe coul B’t%eh%‘alf‘dv,“tgs’g%}:f’é‘cf Hﬁtaﬁg‘tlfg @i}r A ﬁ'borﬁndc}?abl%tdéaéﬁpg%ncﬁg%%\%ﬁg%%cft s of
the | ayer .2c3teRhtiths /deh B Coun@Sines iparesl YppRatidipsitled *ARY SibPand Aseatian of hat
each of the first, second and third users above want an equal ount of
bandwi dt hConcat¢ratadRasketdpata dicsess Spnet Framgs i3 SepatS1gNH,| (@ HRIras ?ﬂé’%

guar ant ee I Nt | e h X { 40
mbps. Theg)(?&lsdt gh\‘:}(rg’s%;{er%g%)?ioéea ﬁg g’ %@?bmg%ﬁ %g gtbg? }2?flc§ft?§%?run??&|lﬁ exed
cto fit theusibee (049061RO 14 whichlis Begebp corporaen by retff@emg. pr ovi ded. The
guaranteed 10 nbps_per .custonmer wouyl d be provided by,t kKi-ng .subpi pe on
span 703 or thd&0 J)tpé%"[‘&ﬁg Paﬁ‘égleZI%fg%uB‘BFp r7gafy_er T%é thﬁtfgzo tﬁr&?ﬁgﬁper
rcust omer  wWoul i nRfod QUeaRd Y efGBRNGY 6f RrdshBicH kA rﬂﬁn%@m%ﬁtadf thOBaydrean3 t here
is no failure. Inthis manner partially BLSR protected |ayer 2/3 traffic is
provi ded around the ring. [0098] It should be understood that the ability
to offer a guaranteed m ni nrum bandw dth requires that the bandw dth of the
| ayer 2/ 3 pipes on the ring not be oversold. 23 VWO 02/ CS. 4C33

PCT/ LI Sf11/49822 Thus) in the above exdr’rpl e, to offer the third user the
service identified above, the ring provider would al so have at | east the
needed bandw dth (guaranteed 10 nbps and a maxi num of 40 nbps) on the
second | ayer 2/3 pipe fromnode 741 to node 739 (not shown) because the
third users traffic nust traverse that span as well as span 703. In other
words, if a potential user's traffic nust traverse nultiple spans of the
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[00101] The layer 213 traffic can be switched through the CC 1009 or a
packet nesh 1050. The TPCs are progranmable to insert and extract

parti cul S at carry layer 2/3 traffic to be packet | f TDM
traffic 389t§g§n4(5$ayer 2/ 3 payload to be switched thr ough elgglz{?get mesh
1050) then the TPCs 1019, 1031, 1025, and | 037 extract the layer 2/3

payl oad t fro f S icto
i ngress Irg@g[]; pgosélggg T%g@ %I r%c%%ot ?‘5“?’%%% t%‘gglé B%ﬁé@% %{aﬁlg gﬂé&l
(il er eI P s e KTt
1039 respect | @95951 e eaexva@waﬁreénwfénqgcawm%f%r ¥9h§mgcs'ﬁ$q %“QaFFé‘af-.‘?&r ess
- layer 2/3 .?&@&:%lreﬁfrgg rﬁcfHérElrr%s'uWéhH@l@ﬁd b d2Rhhdel Yotk S&HRnREINeither

statistically multip ayer 2/ 3 traffic before transmtting it to a TPC
The TPCs i &)nfaddhce bS5 andard BIKRK. process the layer 213 traffic placing

it into SONET/ anmes for transnjssion in ti.nmeslots. The TPCs 10| 9

1031, 1025) an@%@lgb\?@e bd?BéP%ﬁ?Hﬁ‘r%ﬂ didgram ofdhs ¢iviser @P‘i‘&ﬁ“‘p"ﬁ?ﬁd&’tﬁ % sTss
that carrypdiR@ dhan@ pidiettiohdthente drfarisptivalaitRl acoirdifg) &onel ddfbbddhent b€ HeC | 009
detects fa| | ures, maintains a BLSR state machi ne, and updates the TDM cross

connect tiabensionn IndSgusndh. the bardwigihsofi an Basktransare Sbesrdd Onmeénidsd betrsnac 1009
al so sends_a t / e e
packer  pLLY BESROBBRSHALRAZ P chicPABL, £tk B R CRUCE PIRECC o

t o reprogetaRhdlOSTAGR dlﬁsifo&rmllb&ndamﬂrlmmb& East tsmmm Hibee4 1 corresparidend the
concatenations, redirect channels to a ) 01Q3] To
provi de afXa@piensPRiigiraiion o &geslg FSaHJd’iS ‘i&’ @tw&r“ﬁc @sé%%pg{e@ andl e
aring s & LSR
(that IS%@?@@%S?@%“@%%@% 4995%5535""%?{%?‘g’?‘egé‘fﬁdgar?%f‘énb@%“@gf'ﬂ%&a. on).
Al so assu#@.t hat each of the nodes of F| gure 7c is inplenented as the
network el enent illustr fi n F-gtre—10—that thes cc+091 of a given node
i s connected through fi be¢ ? e POC 1003 of thd HHENOSN] node; that the
fibers 1015 and 1006 are| gk ansmt Tibers; thatlt e PCC 1003 of node 731
is connected through fiber to PCC 1001 of node 741: and that the fibers
1017 and 1008 are the recRiotestibn bers. Table 1 bel|ldv illustrates the
concatenations and the retr t“uﬁ of—STSs ogranpred—n—t{he TPCs 1019 and
1025 of each node while [REFBLPR PRsECtedaVer/d {ailidire on $pan 703. 25 WO
02/115~Ir33 PCT/USQ Lt 98¢ RDYR pfctdcllalyér 2V9ere lis a FailjureTDM.ayer

2/ 3Pi peOn TPC 10190n TPQ_10109f or transm for transnitfiberd 1015: Xfi ber

| 015; STSon channel s 1-201mﬁBESRmnmb@ddla$mS2/3 onC-6 STS 2C onchannel
?channel s | 1-12protecti hgprategttn A2+-3—stbptpe]On TPC 1025f or
transm t STS 3C onf or tran@ﬁi'#]“? t? ﬁ‘gyay'é"l'gghannel s 8-100n TPC 1025fi ber
1006: STS2C on channel spf Qb RBLSRGrotectbd ?gm/gl onf ghannel |1;S-6; STS 6C
onTDM i ber 1006: STS 3C ohchannels 7-12Nofhing Wille Therelis Not a

Fai | ureTDM.ayer 2/ 3Pi peOTablRQ: ConfguratioofMimBslots for ehasn¢ls f or transnitfi ber

onsone par t1 culSTRI I AP D FEEIors, d el of (R BRAL Bk ol e bEAloql2 °F
1025 for tfeanfilshreliah @fe ida0BLSRIBEEdIIBdyen 2/BRBadr21 96 TPC 101900 TPC 10190n
TPC 1019for receive fiberfor receive fiberfor receive fiberfor recej v?

fiber1017: STS[Q063) Figure 4sT3 cpageptyal digrasm Hiyswating the aliecaenahbredwidth g

channel s n nel s
T2t or ¢ DieoTe i ARAFICE o2l 38 ool SRR RIS B8 <O,
TPC 1025C|éﬁfbﬁﬂirﬁen1 éf e dinaentien.s FThé ohsandw«rhhvaﬂldchﬂbcar fillustratedeby eFighige ASTS 1
on6; STS 2C onl008: Y onl00Q8: SIS 2Cc nnel Iglannel ,g %]1312channel s 1-4,0n
channel s SoBesRoBds forife prATRRlE F?g‘ﬂ“@ﬁ”é’P é‘F”éﬂ?tﬁs VNS SABE-"onTDM 2/ 3 subpi pe
26 V1' O U2/ O5~h33 PCTI US01/. 19822 sone particul ar arrangenent channel s
7-12STS 3C on channel s 8-10 protecting TDM/39(n TPC 10190n TPC 10190n TPC
10190n TPC 10l 9f or transrri(llfa@melsransm tfor transm ifimfiSlQ‘Pa]nsm tfiber 1015:
*Yfiber 1015: STSfiber 10 fd' ber—1045—STSon—chanmets—1=142C on channel son
channel s 1-2C on channel s §JV%r "8TS 6C on4; STS 1 on5-6; STY 2C onOn TPC
1025channel s 7-12channel 7channels 11-12tor receive

fi berprotectingprotecting | ayer1008: X onOn TPC 1025TDM 2/ 3 subpi pechannel s
1-4for receive fiberSTS 3C onl 008: STS 2Cchannel s 8-100n TPC 10250n

channel s 5-protectingfor receive fiber6,” STS 6C onTDMLO08: STS 2Cchannel s
7-120on channel s 5-On TPC 10256; STS 2C onfor receive fiberchannels
11-121008: X onprotecting | ayerchannels 1-4;2/3 subpi peSTS 1 onchannel
7protecti ngTDM STS 3C onchannel s 8- 10prot ecti ngTDM 27




WO | 12/ US~G33 PCT/ USU1/ . 19822 [00104] In addition to the reprogranmm ng of
the TPCs, the cross connect tables and the forwarding tables are altered
accordi ngl v. i the exanpl e described above, traffic f hBRgMsSers
enter thgwi0 /g"s*gwnode 731 of Figure 7c. The traffic from%#ggeﬁt ﬁr ee users
are switching into the ring in node 731 fromthe PCC 1007 through the

packet nesh 1050. Wil e fthergdsnot g fatiwre—thgetraffyc fromall three
users is transmtted frcr‘ﬁof‘}g‘ﬁrl{%rpéﬁegi%éb cross“the packet nmesh to the
EL2/ 3PC 1029 accordi ng tiqoh/B JropreeictedliaRk @8 and|transmtied in the layer
2/ 3 pipe by TPC 1025. ile there is a failure of the fibers connecting
into 731's PCC 1003, t he nooBleiRipiotecteddaxes 26re mpdified sp that the traffic
- fromthe three users is swtghep—tin h—the-packet—mesh—from | L2/ 3PC 1033
t hrough the packet mesh OB LR PRISECIpY5&31 023 | and transmitted in the
protecting |ayer 2/3 pi peoh@BIERrofetdiydrRe TPC| NOL9 whi th has been
* reprogramed as described above [00105]" | n node!739 ¢ forwardi ng tabl es
are nodified because of |tHiete¢tznl ure so that the {Maffic fpr the three users
recei ved from node 73l mode 739 s PCC HO03 11 the protecting | ayer 2/ 3
channel is switched thr OEWY%%QOQE‘&I@FO%?H”TG?@S for SATRLs | | 2/ 3PC 1027 t o
the EL2/3PC 109863 T4t Mirhéstst 1 18 contigurddtds the WaRing! Massdl 408 Taiedlor2! 3

channel b&.the TPC 1019 which has been reprogranmed for the failure.
[00106] I inenndigpred as the profestian coanagl 4050 Baneslors Lhapysha¥r ise sendfteusid ashe
failure s t fil and 2 received fromnode 739 on
node 741,tseb%%%%pn}oée%&&[?&g&ﬁ%3?ﬁ%ﬁb lt' he packet mesh 1050 fromthe

| L2/ 3PC 1027 to the EL2/3PC 1041 and transmtted out of the ring through
the PCC 1005. The traffic for the third user is switched through the packet
mesh frorﬂ%@@@é‘ x 1027 to the EL2/3PC 1029 and transmitted out the PCC
1003 on the Obbﬁﬁlnl Y §lber/ BLSR2RRE! ndPRBNSRE plotét& 1691 IBCchdhdels Ahe
traffic fromt third user is received at node 739 at” the PCC 1001 on the
wor ki ng | proeisioded ovha theetingas is i fibdreBL SR roonfpmmingetopsiendard PSR 110®OSIPT om

the IL2/3PC 1021 to the /[ 3PC 1041 in.,accordance .wth, the forwardi.n
bl es arloeAHs DBt B BESRATOERST 1avet g et Bazo wiiohet o s S5 iy
fiber BLSRofdik SRMhEN Mk SRATMAVBLIR pedtedtéd Bysme/B Chasite & gtotigioned bhiend ype
of failure intihe ring. The forwarding tables and cross connect tables of

t he nodesfiber whth thenprosession pehappalat &8 ang embeshimanic of \ihe Hnvendopy faffis is
foot | ok . ! e .
protectiof S\a%eggted ST L%%ﬁo%-%ﬁ%}%tbg?t@ctu E«?}fer %%"3??1&15@19 II %Scit?ﬁ%&n‘\%déons

nust al so“BE*FeGrT ent & S redirec accor
112/ 115- 4fr3gméNedd tifilchiehatkBAR bk @REAGId for gtilizntiBn irs4 fibéd BUSRart f or

allocating a | ayer 2/3 pipe and subpipes in an. optical  r| ccording to

one enbodi ment (#4065} ﬁB“F%V\QFFt’i% .adAgﬂﬂf%Hlkaﬁ ‘}“‘Sé’ﬁ)r{gtgmoﬁé‘ikggﬁ&\i@f‘ A

configurepppi ey i | SRR BAlaRRAt Ao fafdfitedole HF a

ring. At grg'c‘gg'ZOB, ﬁ% ﬁil%@{éﬁ%ﬁﬁd%%ﬁﬁg% or determ nesf wﬁi ch ?i mesl ots

will be pclumeslsspdnmisg maple Ab&st raf fic and which tinmeslots will be

processed as TPM.t fi At bl ock 80 T roce ungi trol
5 Tt g 58 Find R o PYhE B85 e M8 0 2c

card of a node ne of 't node™ s spans.

The TDM ppogess WOUBM Srafficl IMhe rdosfing® HAeGd oh WheBirdleng newhire, hieadarteon t he
control card at block 807. At block 809, the TDM process sends_a nessage to

a | ayer 2h@mpenefimesiowivilltbergniigised fr| workingmasd prefgetionghanpsly, cHdayerdhit es a
protecti oRy le Jn I 3l RpoCess
Bt bl ock DM AFE Sl The ek fIBERGE e Hoke RESGAG AR T TENIF RS
nodes in @b BliSRIprofictdd Ioaykr HBThariek ot her nodes in the ring updates their
cross connect tables in accordance with the failure detected by the

det ecting _node, |p anot her. enbodi ne of the invention ah dat ed
- at bl ock ERETEF L CENEAIE ':"a-—~ IR f §a£)di ng

tabl es. [00109] ohe. & i men [ [Qn. Ciy dard

interface tabl (!O%;ﬂ dﬂﬁ}aqtugg g % gg‘??rl‘ §hwtt€feraﬂérl§p é{rngg(,l:se}'?gp@%egegi a vvoarrki ng

*i nt er f ace EIER, ahéedir€ al nupitet o¢ diftereritnwas finaehicilthe domgBESR hayek2/3gchianedr f ace
corresponds to a physical part connecting to a.transgié€$ibﬁr ho carr
traffic déffihean perbratesisde Tor gxample; ip gns, poparimegt dht J&¥¢on O {WES Hng.
The |l ogical protection interface corresponds to another physical port
connected to a transmt fiber destined for the node X, but going in the
opposite direction and possibly through%other nodes in the ring. A |ogical
interface stored in a layer 2/3 forwarding table initially refers to the

| ogi cal working interface while there is not a failure. Wile there is a
failure, the logical interface refers to the logical protection interface.
When the failure is corrected, the logical interface is reset to refer to
the logical working interface. |In another enbodi nent of the invention, a
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and data stored and executed on conputers. Such conputers store and
comuni cate (internally and with other conputers over a network) code and
data usi ngyneghi;per eadabl e medi a, such as nagnetic di sks; pepiisGlosshi Sks;
random accesS nenory; read only nenory; flash nenory devices; electrical)
optical, acoustical or other form of propagated signals (e.g., carrier
waves) | J b t i : Tt , e:, or
nore par %Btg‘gtﬁ?]hczin?%\%ﬁﬁ gl?l&ihals tﬁ??ﬁg‘k?ﬁ%ﬁ g%)odl g?%éro&%hﬁ%ﬁ@lﬁﬁa‘%@ghuof

sof t war e, shbaldrheaurslerstood)/ that tharespanse. tim¢ Gor1d piotatioh swithke wiilkh\bersignafiicantly been

described _in [ of several enbodi ) those.skilled in. the art wll

r ecogni zgo?ﬁéﬁg@h@eirﬁﬁf i ?fgSt?P%frdlngﬂ‘%?ec}[t B JOPHIE B 88%5%’Ht‘£sc(%%rcﬁhfbed.

Al t hough fhilére iaY ed\ite @affitagoleein. Fesicaliyaetevdidnof £faduRMS ofedwith 8mELMtd. or m of
optical switching, the invention can be applied to any formof optical 30
WO ( 12/ Oodlaweves pay/pessible| forgign tayeinl tXPINES pratacoldionpotyiaibe daver i eting

*mul tipl ex] - i i i N ns of
opt i cal - raBeortEIaR e Nl Vgl B helhe LRl SRR LBk 2 ke R WA R

wi th respmeterhibodimént rdhes omnstagtatd hayerBl SRd/dod foras &fepotationl ilenoitiver
n-fiber architectures of BLSR [0011 Furthernore) while the invention has
been des&RURRMEHS OF Higsinyentiop; ¢ I‘ﬁ%‘b‘ﬁ%rh‘ép?sr %&el?rf’{?ci‘%“ {3k aghigig the ppeedigle

t hr ough ttP@ Rackish sWash pRfvi®ad strdgdlidre there is not a failure, a
variety o 8onfiguratioﬁs are possible for an optical ring with a |ayer 2/3
pi pe. In a fivie06%ide oneregibadirhént sn whisdiealhéhy nietwask gldmeptsrin2ZhQ@ripg peeddedti ned
over a direct. connection to a.,second node he first, node na | so .have a
Cayer - 2) DeyRLER Rty S GmeRs AR SRR el S B 0 e g secepfiepfia B
through thife G QtfespATINGE uipréiol Iase0 R itokide (MPLS) ftirns! forQHe ity ¢ e have
a layer 2/3 gl Ee defined over a logical direct connection to a fifth node
t hr ough trine-BbBRimowedd Layerr 43 shawahdat is take opayes 23 BLAR nralpctdy eBasedodes
whi ch are_hybri . : ' T, rk

ol crment o 0rri il Pby et B SETRL LA EublptRe ULl b ERAR, Yo pt©

bet ween t1y8 sbytloni of the howokk elemerts tsharing the sgdn dnywhich threofddurergcureadesvwatdhay er

2/ 3 pi defi dt d | | 3 pj th h DM | ode.. Th
[Tt hybio BrHBACURH MR g TS aPLS RarB h o i R BTl LT BRI o e
while a sﬁgﬁi}%eg?ﬁﬁ tedtfdc Rh RRe 'nsn-%ejswgﬁotéamatyeﬁ 2FPVh&REY tHO $Rotk&irdghe

second h 0 These exanples are provided'to aid in the understandi ng
of the i nweantls oraydegreronfigerdibut thepestill foavw stgndapbBLERgoutas thraugbrbe fin®114]

I n addition, alt h the traffic that is.passing through a given node

(bei ng provi det?ogg]u?'ﬁ&fe ﬁ&oaeﬁ‘w@nsfﬁawo&du?w @f%‘%ﬁ&?@&f’h@&?&ﬂ% fiPtted by
that nodegpyR RBRERRMay8AY0TDI @affic NBIIIR baY&Eior ltidnPiddas LARY 2L BSWR! ched
t hrough the packet mesh of that node, the traffic is not considered to be

t er mi nat eprofection tageordinggtoaone prabodimget obhthe inyentinheFiguenae depctagramsef | | be
on the rin il t he, mpnner i 0. whi I Loyt ard are
consi der e@gfrgpﬁ?fgttragfc %‘lg}”rﬁv ﬁlé{@ﬁgflé Shrﬁp f%t%!}fﬁl\gf'%r.“i{@fe%%b?&sﬁ c@ﬁgg% éi)nac ket

i s addr espird Balivhetirah ngn-BIERepriticred LLayen0f3 dhaantdds peotastedhusengMlayer A

Conmbi ni ng_the non-BLSR Protected LaXer 2/3 Channel and thﬁ:_Vari ble Rate La
oy T 213 BDARTPERFGtON GRS 1o sne Tembriientoe! Hie ERI THEGE 3 ABHHBLOR

protected j £hhnel 60 @&cAb&d nal e
g, o il die SoldRen EBF PRI WG SRS rpRACEr ot B0 BRcAd)
expanded bgow. RigurtlBendewillbs descaibpd weether.was assuned that a ring

supported OC-48 in.ea iyection. .In dition ince STS-24 wa at ed
for the non- BLE‘P@@J &tg’i‘fcgd{q o Lynnsl s Ce'ﬁdéﬁﬁﬁ%‘f of F\aczlaﬁ?ﬁw%ﬁ%re%&lﬁ%lrﬂ rfﬁéeti%?was
STS- 12 | efihef aNithacRRredbe td Fighps Bé Nde gy\aerari%eﬁﬁg'bm ehaaiglislajer Bachffic

di rection. %rom a layer 2/3 perspective, the hybrid network el emantagof t he

. ring appedb3 dronpaedecd0Init wasield08 | avarthe foa S Rypfatedtesechanngl 32) of gode 485ty ¢

and recei he packet i wal ent T3-.2 j : rd rk
el enent s. \(%Siﬂagg?g\&/febﬁéﬁgg'e\é itslg,ex?%‘géhglevé?’{\‘ %/?etlf#e?ﬁ% 252? &{tﬂggrl?%gﬂg%ﬁp\gar
“as a ringeyfetdnl 8ol elgmentahnstier 303t | AnudrBT 360 2s vanfigureg tartchvalTiBraZh the
protection). [00116] To expand gon this exanple, since fromthe TDM .

per spect | wentHSE prajecied chaane)i regeuad dhs E‘“gg'éﬁ‘ﬁtoé’aosé‘:‘? frelien B fepuagie 19
variable rate |ayer 2/ 3 pipe can be configured on this OC 24 BLSR Thus)
whereas in Figure 7c the entire ring ba] dwi dth (e.g., OC-48 in each
direction) was split between working and protection channels and the
variable rate layer 2/3 pipe took up part of both the working and
protection channels when there was no failure; in this enbodi nent half
(OC-24 in each direction) of the physical ring bandwi dth (OC-48 in each
direction) is allocated to formthe non-BLSR protected | ayer 2/3 channel
and the other half is allocated to forma BLSR (with working and protection

D o . - 1 N~ —— -



WO 02/ O5~C33 PCT/ USQL/ - 49822 wor ki ng channel 921, a protection channel 919,
and a non-BLSR protected |ayer 2/3 channel 917. The tineslots for the
wor ki ng 921 are divided between a working TDM pi pgePiidnifdshr2
wor ki ng ¢ gﬂ%}g“%yer 2/ 3 subpi pe 915 of the variable rate fayer 2/23 pi pe.
The remai nder of the variable rate layer 213 pipe is allocated in the

protection,.c n 919. [00119 flow,of TDMtraffic is transmtted in
Phe. vior kitgS TOM ol e aoareRl s, P 52 AMIEat G MPhs datd Wrlie vr
fiber 91MPLOMuARKIE AR lbd Qonfadre @S hafe MaBUBIOTbanaywRith Athat TDYhd rpajd sge 933 i's
transmtted in the non-BLSR protected | ayer 2/3 channel 917 of the East

transm t MPp@ERmocan berenigret dut e PiRcoW oMY tas what pangyidth is praded d5om gerpavi ng
- layer 2l ttB?ﬂJ%ﬁxiﬁﬁmﬁayl oad 931 is transmtted in the protection channel

91 9 and the working channel 915 of the East transmit fiber 911. [00120] In
this illustrat[DOT] A& blook 303e at logiesl etoskifigrintetfacepisot@digucml ohamaedf Gk are

* being used as part of e variable rate |layer 2/3 pipe, |n another
erbod meme KB HBE TE R85 CrAEAIDE NI TR dYPEALY B BREELE on
channel Q49 yRaYIud%itsehydral .VRVIb%&{l Sntb @R i5 @Y EbstAeRoPbPlata sREIERY

allowing the réemaining tireslots of the protection channel to be used for

ot her purppssmtaioohofatheaphysicel peron-NMuldRleplogicak indetficay san DeRssdviatereto or

extra traffic. Although otectien channel ., part and th rkin hannel
par ¢ of " cHR byl SO, WR BeRehF L0 PRy S B iRl wBPklnd fert R S e "

Fi gure 9a01Whicbefigied €or the N8ter 3/3 @atkiure3 it fétward itng thdphydicalipgrit pesndee used
as the siggl,e | ogi cal ﬁ%i)pe. [00121] A flow of TDMtraffic 923 is

transni t t3¥0’s epst thansppt fhasg 13DM pi pe 913 of the working channel 921 of the
West transmt fhbar YRR A ¢ ¢ Af 213 TDM
traffic 927 is[b??@né?ngkotc %3@ ?’]nﬁ)? ee\ag%s-l}IB?_ ?ec()jt tggrtleelds Icg%\gﬂ%} @%{ﬁg%%él 917
of the Wgabtettiamsareifadei berth® détwarbralemahe 9Witht eferemte @0Biguse Bé,owv logicalDM

traffic having layer 2/ 3 traffjc as.payload, 925 is.transmited in,the
vari abl e Rraie_ég% f"‘fP@“rS‘i°ﬂ‘é3{)rL1&§eF°ﬂBgU_¥d fthe éfye‘i f(é tﬁ?@‘igﬁfoofﬁ“ﬁﬂgﬁw& 919
and the wat kidag) &adiglifd dnadrf@f)t[l}%gc%lz i Rir RBASI Plvedt ManViiift fibBs @hannel 921 of

the West transmt fiber 907. 122] The flow of the traffic 925 is
destined for ni®823086blankl S06er lotisakinteoiacs isivonfigured ard pysociasd ito thedpaisdlel 919

and wor ki ng,channel. | ayer ,2/.3 ,subpi pe. 9 f ! de 903" t.transmt

i ber 000 PR TEdegys” M 10eishloPHORePRh tniecili: . TP Peital iReERY, i, I
from node.@3uted topemt e iidpicdl &vonanK intgfat®M pi pe 913 of the working
channel 921 of node 903's East transmt fiber 909. A flow of |ayer 213 TDM
traffic 945 is0834] Avblock 367, thg metworkselerpent detepmings if/agfatiureihas hesh detesteds r om
node 903 to.n in t 1< o] l. . f
node 903 &P Ry POt 8 pRMGPREERE LR e YBlindlcheARFRIL SR bare?

i |1 ustrat inachifeengn abyodkr@Oftraffi¢ Isdorvarded witlopieilegital working amerfacetdsaiswar i abl e

te | 2/ 3 pi.pe and th -BLSR ected | 3 . duri
{ai Fur o | % WUl i Bl 5 B Rombe GHBAF o 2Hoqs 2 HEdREFOrn AR, gur o

9b, the Epsfy C@@%{ﬁ ' u%owizc%ll%voﬂ&n@ﬂﬂ@rfa%glto hRs 1dgiial pebtectio ipdeﬁme@fwvmfki ng

TDMtraffic 9 ayer 2/ 3 TDMtraffic 927 continues to flow as

i || ust r at eflerenceFodRigere B, tHEHegwalrikienfgceTidvmitchgd focthe protepsionjaerags #t et i on

switched to flo ver. t rotecti T i f I i.an annel
919 on noH¥ l@befy){l?\tl@gqc ?%a?fs mg%gﬁutd%«@ﬁgﬁ%@égvegwhggggss;% et%{r:L nag'h‘i/%?span
909 until gl Menayéron3 atarfi©ds3 ¥frotebhiors switetietl usingtlager/DBLSR protectiannel 91 9
on the span 907 and 909 has been used. As such, the variable rateﬁ I@yer 2/ 3
pi pe car r fherspeechef stangard BLSRs witheutiising stasdardBl 8 g’h?‘g{lﬁl?ﬂe BRI POl el

| ayer 2/3_s i S Te i te

| ayer 2/ Ss%ﬁ%tgc a@ir‘?@?‘ﬂfg‘%afigﬁ %hr(glg p ?}%Qéé%qﬁ)ggq%gé&ng%%ﬁinéd@%ﬁﬁ%eﬁetg@t 0 a
pr ot ect i Ngoh-BLSR protecteddpyep@/Ddfannel 32Ben podd 3Q!'s westshamPkd. 919 on the spans
907 and 909. The il ow of worki JIDMtraffic 941 and. fl f | : |3 TDM
traffic 945 coh@@7sddhys W%‘gg‘i“mc%f“rg i 3 Nandb F‘éeé‘gﬂ%ﬂi‘%fg \'7\?? t he
- conbi nati g Bfinde 108l BHER he Wil REIsAY 98rond (RO AMNKInd@ith af thermoaBIESR at e

| ayer 213 pipe tﬁe traffic carried over an optical ring is diversified.

Mor eover , peotBitGRIayier B/ channelBoGRog 30 e tveedt spapcd 1 s pvaieedor gdayer\X? i abl e
rate |layer 2/3 pipe maintains a greater nunber of traffic flows during a
failure in the BLSR than a standard BLSR The provider or owner of the
optical ring can offer 4 types of servilfes now Firstly) the provider can
provi de typical guaranteed service for TDMtraffic. Secondly, the provider
can provide the protection channel to carry unguaranteed extra TDMtraffic.
Thirdly) the provider can provide the non-BLSR protected Layer 213 channel
to carry Layer 213 TDMtraffic. Fourthly, the provider can provide the
variable rate layer 2/3 pipe to carry layer 2/3 traffic at a guaranteed
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di scussed. By adding a non-BLSR protected | ayer 213 channel to the 100 Mops
fiber, the 34 WO 02/ (1 S~C33 PCT/ USI || / ~982. 2 network owner has a nyri ad
of opti oqg Neepet work owner can divide the 100 Mops of p@ﬂgmlgljg@nas

fol |l ows: 8 ps of bandwi dth allocated to a working channel; 30 Mops of
bandwi dth all ocated to a pr ot ectr on channel; and 40 Mops of banduwi dt h

al l ocate L t 10
Mops of ﬁh r%ﬁv%garf ?gaﬁc ann 39“16?3{% ?\f@@i@@ﬁ&ed Wth [Hé ﬁ‘mﬁélaiv@lr\ﬁ%bl e

rate | ayefie Qét&uphlpﬁulummrrgqjmwmm@y e le@SsM‘&ckﬁrﬁ'gGm\éﬂfahisﬂg channel is the

wor ki ng TDM pi e The conbi nation of the working variable rate |ayer 2/3

pi pe and the gPGI&AL Block ddnép qegwpqlgeel%?qta@r\gar,dattgrfﬁcay@,ougt} theyiqgdcal The

~variable ¥hde é}{g&.ﬁe and a
guar ant B B e R K R e L 2 a3 e

wor ki ng Tlivieginae mafﬁot wpnle:mleregararfahtreé@nmsmrwmt aThhlro,vamcChaaismps ovi de

 vari abl o PRBMPISTR coPeFbSme gl et TR B Oy i waee R

Wienever fairiddk |séﬂeﬂlé1i@§n@%méh¢&]LKrerg9dsd tRatl 60%% 0P theCtahndled GaffiEOMnighopdarkyi s
transmtted over a working Cge at 20 Mops and | ayer 2/3 trarfic is

transmi t tedfioand 69%95rhemqnaqunm trafficeis figheprerigd i paothearmbadiment) ar e
t
oo, *t nerbeRf Seheit WELBOQRAC MR o tnd SRS RFoibd SralBEEL o Rlrh@RUP 1 0 ©

transm t tragdfiatragémiled dverthe h@nmwptdt@mdclhmrm cbénnbhehmlfirmré begirs pan.
The layer 213 TDMtraffic traveli in the working varrag frate | ayer 2/3
pi pe of tR&nPRET PRBOLBKAL P%th§\)\)i“tcé’ﬁ% thtunngled apd ponrpnpsled AR s dwatedyer

2/ 3 pi pe h I r ans t 2/ 3
TDM tr af férq@alil}r g’\}e lrté% é%:i rtré Q%helg%llgp\[}%ﬁ“g%tflea@a{ugh pal?rgeerﬂ\%orc]i irger%gﬁ?conk i’ﬁ’é span
| oses 20 ddoms, dfenbankdtdroiirtatibn to ean$ioW is rraddei on pr pa@ct byrpaskdt thasisf r Bhist he

failing an and 10 Mops, of  bandw. dth.t ro ection switched |ayer 2/3
TDM t r af fcreécrH‘F“ac“I‘PE 1 E’iaﬁ‘? hayed gRop Pr*l‘?fﬂ%}“df“r?éeral VBFRPRETDM traffic traveling

on the non-faijfgpry §PBI@>ck$1Be£jHﬁﬁ‘ﬂlg &%&Qal\%[h‘ieso{f dfFfencheipdinhfol ehe3afilops of
bandwi dt h i nstead of 10 ps of bandw dth. [00128] If packet BLSR

prot ect i alueito therfdikine nﬁé@r ﬁ@thm& isoraloglag, gheofoswarding] tablees) of thediamors| |
then the e[']%’)b“ d Y ({EIr 291(:f)%r¢trﬁ érgtvrporf? eel C§E E}gclagde{t &bkr 51%55“ Lh %j:rf Qr?&ceetro ! n

response rn Ivision in
t he exanpFiguRl Je¢yfofll adingagtled mahé hedek |3ows3097t 3091313 pardd 306tm/ benepated
failure has not occurred on the &g Wien a %p?anfarls he traffrc
travel i ngtoi proyide tbﬁ)WFrn%ﬁﬂMpﬁf‘ﬁﬁc 3t gher npde; 109 s‘plé“rﬂ'“‘f“é’et)' Yring

swit ched apfls SEREMWBIEARSTLTNAY ( rifl ngpb*e updifed IOMhnS Rl lche 18gkt b3 so

flow at the Sane rates as scusse revious exanpl e whenéver 35
WO 02/ (| STHSB&affCTo UﬁCﬁdde%vam‘raenoetertbatdpes sotnudlude theirihgipEFignret3ee ri ng.

Layer 2/3 TDM n n,t el svvorkrn ble.ra Iayer
2/ 3 pi pe of thtpo?g r‘i’gO gpi‘rj 'gf E) ? 1@%@%?3’?@ ?‘hé‘“‘v%‘s} abl e
rate |ayey &{%%&fo?ﬁe@fdt @oapmg‘ ailing span. Layer 2/3 TDMtraffic traveling
in the non BL protected |ayer 2/ 3 channel of the failing span is swtched

and tunReI Ieor tmoaalgmbh:skIrsahn&wweéw@awrt@lvérhezmlc@fmtqﬁf@cmw ftaithe ng )
T 3
PN, vociOgaF o MRREeC B bh hiSBheh bl fatlnheTHLPbRGHES v

fr 0}5 fect e?nhﬁﬁi&*ofﬂrﬁex@?tﬁdﬁmih @kbfg tha dmi&cbt}icﬁi of t?g fzfmaaa 2) Irpeedewymmefﬁ/aﬁlo'ﬁﬁ]\/l
ra | C ravell n I N e WOr Kl n varil a e rate e o0

non-f ai | i ﬁ@tlmpéW%&&HY it e Fép%gedttpé’ﬁé‘?ﬂ“frﬁééorati 0‘% i%gﬁ tg%’ﬁ&%mi’]ﬁ?gr W er
2/3 TDMte %& bdb. trr{,t tra{rﬁc 1y %ﬁtgér'beglﬁmv ehpﬁer E?Hcﬁéau%g%hét km:rtﬁb&éd 5TRM

traffrcfr% I'ng spanare statistical nul ti pl éxed) the owner can
~allocate she hlaemdurdtdsmplfetetdmeempn-\BhBRcﬁaremtem Emgdraﬁer the/legictlaintesfacefis t he

onee . t havisshrarbask 1@ He ke Her v ot iR et sehil hEtelenl )
. rat e pi peﬁﬂ%ﬁfﬁbeaug\k’ﬁf BO L RARMmRD Gut @{ehw@rflurr[]ggmM?ﬁ‘ée Rk ﬂlcﬂwnl-BIII.BR tpamdm(ﬂt h of

0 Mops, however the owner can custom ze e bandwi dth of the non-BLSR
pr ot ect ed layay 33 hagneliedmade 301 o easp 9pan| 313¢ rl°a°g5rﬁ§h{ the turpsb AR 3l drop down
i npl emented for the hybrid variable rate pipe, then traffic fl ow ng over
the hybrid variable rate pipe can be received and processed as a single
concat enated set of traffic. Fragnented7concatenation of the traffic
flow ng over the hybrid variable rate pipe will ease managenent and
processing of the traffic flowng in the hybrid variable rate pipe. In
anot her enbodi nent, the hybrid variable rate pipe can include nmultiple
non- BLSR protected | ayer 2/3 channels. Fragnented concatenati on can be
applred to these nultrple non- BLSR protected Iayer 2/3 channel segnents of

. Y Y



insert and extract particular STSs that carry the layer 2/3 traffic to be
packet switched. 37 V'O 02/05G33 PCT/ USOLl/ ~9822 [00132] The CC | 009
detects fallyre mai ntains a BLSR state nachi ne, and upd LhRsFPOM cross
connect t\gblogfui"%}% esponse to changes in the BLSR state mgﬁfﬁg.bﬁhe CC 1009
al so sends a nessage to update the layer 213 forwarding tables for the
packet BLSR pr t.] L Echi - (N g% : ages
o opr odf 4 ALk e BRC ing £ s BE8| MBES hiff), e SR AR TR FRe
concat enatih@hsill slatlikteek tcraonel s to packet nmesh and CC, etc.). [00133]

Wth respect to reprogrammng the TPCs to handle a protection swtch ,
assune that tHBO$MHARRTIhGfadlkEs s C?‘ir?‘ﬁ&s@e&’é e E‘ﬂerF‘F WF‘ECC&@%%‘CHE?GEA'W')'M
* Figures ; - t I ¥ ' ihe a 2
Fi ber o g brotolS QAUPRSYRRL, U7l o R b b dlablegle M S pARTBMR 18 T
traffic asignabEsthl, TET SielworBTdenyntSTEl JopvesgS-a8e tha fierwaiding dabdest wil bgi pes
* (the configurati,on depends oon the version of non-BLSR,protected |ayer 213
channel i"l'PgPt@ﬁEﬁf‘?é:&tEﬁEB’t‘g'Pﬂi %atl%YQﬁ%\eebeFtspaHhéléed‘ tﬁﬁ?%g’?%r"gf%?feco&ﬁﬂdfgsﬁtl with
st andar d Bbdbe W BitertREIEthe SoB@3¢RI lure in this exanple, the working TDM
pi pe 913 of themiéan 911 carries the working TDMtraffic 937 from node 901
to node 905 ad0888-In dng eothadinednt of theHavesHam adata stpicturs shiepest ptunpe andansmi t

fiber 1006 of Fi The, tnaf.fi ' I, n - om
node 001 0% Prae o e sl deb ditsr i8I bARIGPRLeRIL O,
channel 948 @ysikalpppemetet €oretiekinngfacayeA Mrd itpatrBdibireamdicabSa ilegical
channels 2 and 3; and the protecting Igyer 2/ 3 pipe as STS_ﬁ% igrﬂ% annel s
7-9) showtestacoaw piaregjappirienty thesegond dagsrupireand g Refnier 1¢ Hig Y 3R

pr ot ect ed - iAEr R ReticH MitCNYTOROGs the Goriiéh
10-12. Th%@ﬁé'lg%@?gﬁé%é?egm@@ hagu;s)tgfrr%e Ircigﬁcnﬂeriﬁ : pi[m83134] V)h?l e there
is a failtorhei secoltk dsgaastrudtute.c aWhen nige BLERS statef machinm duligues 2 daitwee th05,

the cross connect table in the control card 1009 i dated.,.Traffjc to be
L f ansm ¢ RO Sitmentps seie fae R sttt o e PREEEEAIRhRte: ne

TPC 1019 15 ¢fi€ RirRAfRANEdugd MR RRRaPlaRRf0E Wik Weqslodeaydr wilh Shecham s@bed BIMAI NS
unchanged. The traffic transmtted over the non-BLSR protected | ayer 213

channel ctwtinmgbdata striturey The tannekwopld of carse: B opppils thdissehian of defIg and
10-12 in this exanple. The working TDMtraffic 923 is still transmtted as
an STS-1 81 channel 1. The traffic transmitted in the worki ng |ayer 2/3
pipe is still [00BDPIH droftfbr @b3diTehit b the finvedomel dat@starcturd wobhkbeldedd 9 i s
reprogrammed to transmt the traffic 937 as an STS-1.in channel, 7. Traffic

i s transnby tlelagicat if!tﬁféaﬁSrié?@bﬁqfﬂgmeag?éicalﬁ’%erfﬁcﬁé"%‘i‘b index 2 Wnael, Rame, 2
channel s e i 4 d f i i
oo anfGpinsRls % PG IR 6lyg Tniiiguabde B
PCT/ USI | | {ntérR8 avduld ive Pddcessed wittp thegiatarsssecited tovthecphysicahintdrfase.t (Ugonia t o

node 905 in accordance wi.th TPC 10 of .node 90| . d ' ' to
the fail ufiBg&ifrndhe P@&Pﬂbasmtdw%“ﬁ%‘%&‘érP‘?‘&‘i:‘é"u“ﬁ‘segfﬁg‘?"t ePS”r?i‘?n}‘?éggﬁr affic
to node 9Q3,idh tHECIGERAP iftERRRr wokld Ho¥Pbe Iplodeastr wiiki the dhtacassociared o the
provi ded, non-standard tine slot allocation and non-standard concat enati ons

enabl e f| exinkl mame bacawsedhs prptestion hitrindicates 4 fafurgan thenwerkingdptsHassehnnel ne

¢ " ' ti ) ¢ . ;
et wor k. onbhgng e, AR nEh fd P AL EfuchiafaRobe e i ind Mtimthar
are part @fbd hmiddggsanke@veniomat enation. In particular, the TPC circuit is

programuable to extract the STSs fromthe incomn ONET/ SDH. f r s t hat
make up the frimtlééﬂﬁbﬁcfﬁt&ﬁl&??’ﬁﬁa%ﬂgﬁPHéﬁ“ﬁé“‘g’ﬁén*l’teé{’%dlpﬁ%r@% " The

| L2/ 3PC Wihd o 1ok EhwitcGn RGOLE (RO hyriPndtivaik dérBeR@bh tlﬁfdﬂ%“iﬂclfuﬁélmi‘é fidde
concat enat 1 on g A Si ngl'e stream for statistical nultiplexing purposes. The
. egress of eatrizhy ih raddiition to ohe typical fierwarding batringiiredl mede esirigs): aBased e .

[00137] In, one enbadi nen t he - BLSR protect r are

i npl ement d8lW§ bE’(S‘ﬁég"r"\g‘?‘ﬂ& R uﬁehgEﬁeﬁf’?tﬁmr{jgttﬁ%ﬁﬁmgld%h‘gnr selgéé}t%rg@l}gzélﬁ%
rability t%egr&%femﬁkworﬁm&eﬁ&mm& ifgifure Mnode Shivie. DE&E thrsfailefei ised i n
t he standard defining the NUT channel. [00138] In one enbodi ment) the

non- BLSR protected layer 2/3 traffic can be packet BLSR protection sw tched
by constructing the hybrid network elenents to include the ability for the
control card and the ingress layer 2/3 processing circuitry to comruni cate
to each other. In one enbodi nent, the control card commands the ingress

| ayer 2/ 3 processing circuitry to update protection data structures in
response to a change in the BLSR state nmachine. The ingress |ayer 2/3
processing circuitry manages data structures indicating protection
interfaces and/or protection groups which are alternate physical interfaces
or a tunnel. In another enbodinent, the control card updates a data

o, o o v o - 1 S~ 1 a1 - N .



[ 00140] The techniques shown in the figures can be inplenmented using code
and data stored and executed on conputers. Such conputers store and

comuni cakg oblcgs nal Iy and with other conputers over a nggywgihk)isede and
dat a usi ng machi nereadabl e nedi a, such as magnetic disks; optical disks;

random access nenory; read only nenory; flash nmenory devices; electrical)

optical, agruehi Gallayf 20f {eliod 8f the HetvArR RAGRHNE S 3¢ 28 Bh&k (028 norntAhddR
waves, infrared signals) digital signals) etc.); etc. O course, one or

nmor e partentnds.t he i nvention may be inpl emented using any conbi nation of

software, fir and/ o ar . -VWil.e the inventi has .been. descri bed
in ternms of sg@‘@?@ me%%'&f’?fﬁwg[%tﬁgsl%vegblg?’laerdnﬁ o Oﬁrgeé;ﬁf) "\a/\‘,ril}ibln%rnee(t:‘g%%i ze

~ that the égvens, Rrwdibasitwbikibldreshtd @hichappeis adiogedratorias ¢ayeb2dnd Tyer et hod
and apparatus of the invention can be practiced with nodification and

al t er at i OPRUIVADPRRINAs PATIGIHAR tin Abgy BESBpEn At dayer dppEhribybrid asterk tlegents
* descripti i . S, | i i [ i

Che 1 nveniinde® 1573 BomBrdifE HHG it LiokbiebBly (e JRLE ARG, 1188 &0 on
machi ne- r 28dabladimgdiables tréfatenps ovrideg interdsaes ahd pratectingi ioterfabesn Exeooned by
a set of processorsg, .cause said set of processors.to perfor er at L.ons
conpri si nngr'zﬁl! ‘i‘ed\i’aaﬁ ﬂ@mﬁmé JUARAT Crs Bﬁlﬂg‘ﬂ H‘Sf‘fs'ofﬁg‘?f‘ B’Bﬁ E&O%ﬁﬁﬁ' éfé%f%
non- bi - di fREHEQRALKd mﬁ)u;wltg%@%t/r%a?i ({rgga id%%&ﬁ%%émf%ﬁd tr&{s_iﬂni@&ﬁﬁbnm ;

and transm?tlng a set o ivision multiplexed (TDM traffic

on the sefbBdhttrafic throokgh dthk. crass Tonmentaohi a@on-dyibiad | netwiesrdi elemert. cllni pnel

wherein reserving t seqnent Qqf. ndwi dt.h, conpr, ses, confi ring a t of
ti mesl ot se'flg"‘i/@ﬁﬁ%#i}ge &L "@’{ﬂelqg &rs ﬁ%@luﬁ” g%l?yij.n%é’.e?“f?fk%xﬂ%%g%@q%geadabl e
nmedi um of trelrairdts Lot Biblkestah@ tHeaaf@r IR prehrkigdbleay B andttkr embodigient 6f a
contiguous set of tinmeslots. 4. The machi ne-readable nmediumof claim]l

wherei n t e HypnunmsRYpilotiase di 3 d3ilire2hs Briithaptwosk elements gnditguogisaket of
Ui mes] Of < Rertal B AP Ll Vol CARALY SaIB!! 12 R0n-fbRHd hetwbHCLIEBnk REAE trdit-SR
pr ot ect edqayer channel "1s a non-contiguous set of tineslots and the
set of | ayeks 2drhedDiubles.affroectich sveicahied exffas may denginemaedcthtongh ttied pasket of

TDM traffic over the non-caontiguyous.tines]lots. 6. - The machi ne-readabl e
medi um of MEPRIN? PrafprsioBipteitpes i@ YgB‘F “F‘érgPé‘IF c‘tfﬁ*snfmmaf:?‘&ft? the %u@vﬁ‘ftcﬂ‘?éﬁ into

the opti C%oﬁ%}ﬁ@gt LG hnédt Bh "t %ﬁ?&hgﬂ cﬁﬁﬁ@l SbnSiybriaNRew St tel@heritd End

optical ring ugh a secon acket nes 7. A machi ne-readabl e medi um
t hat pr oviméspambybridchétensk eletmnents. whehowd deumderstopd dhatdor yhrigusgeasnsrs)

2Tirst s Bro Bk BT RGPSy b pReEBe SRR AL SaRRTBRER Pes€ Bl " 127

wor ki ng chasigln eliSidhinghtsi Ng a second set of tineslots of the BLSR as a
protection channel; and 41 WO (12/(1S-4133 PCT/USU /.t9822 configuring a
third set of tiQA85]Jdhs @wnerhef HleSRngscan proWidBl BRtiploservices wighy dhe sunpel

channel . protected non-BLSR protected layer 2/3 channel. The owner of the ring can offer the

bandwidth allocated to the non-BLSR protected layer 2/3 channel as a maximum
bandwidth and a guaranteed bandwidth in accordance with a pﬁority scheme. The owner
of the ring can implement a priority scheme to support a éuaranteed bandwidth of half the
non-BLSR protected layer 2/3 channel, 20% of the non-BLSR protected layer 2/3 channel,

etc.

Additional Embodiments That Provide Different Types of Service
[0086] Having described a non-BLSR protected layer 2/3 channel, another aspect
of the invention is the configuring a non-BLSR protected layer 2/3 channel and a variable

rate layer 2/3 pipe on a single physical optical ring. In order to describe this, the
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8. The machi ne-readabl e nmedium of claim7 wherein a set of tinme division
mul tiplexed (TDM traffic is transmtted over the working channel and a set
of Layer 2/ raffic is transmtted over the non-BLSR Layer
2/ 3 chann Pﬁ'@%e machi ne-r eadabl e medi um of claim?7 V\hg?g@%@? )g?zt hi rd
set of timeslots are contiguous. 10. The machi ne-readabl e nediumof claim?7
wher ei n thasbhifdoSflkt QladdoiBRtOhSerd/s ARG L BLUSRUOHB first be dEB&sed. Thi

machi ne- r%adggﬁleéj%eﬁli um %r? claim ?emherpgt%n the third sfrest %fl ti rsr%sl otlsS are
non- cont i wilbbss fodlothed byet deskriptaonesf th¢ offiuringadffhioth amen<{BlaRs piotected loyssr t he
third set,of tineslots as, a single.fractignall oncat enat ed set of
traffic. %(gphal‘ng?fﬁig%Y%@-%}eerﬁﬁzi@%égﬁe%P%ﬂ? Séﬁngipﬁsfcaﬁlﬁp?cﬁifm%onpri si ng
~transmtting a set of layer 2/3 TDMtraffic on the non-BLSR protected | ayer
2/ 3 channglVariabR Reé Lojer Re/EDMArAfiEDiet raf fi ¢ entering the BLSR though a
first packet nmesh and exiting the BLSR through a second packet nesh. 13. A
* machi ne- r eadabl008TieHigurm 6 kat cprospivdediagrast illustratorgsan ewengharphivisiorexd uned by

Compr i i rgpucel SRR ERE R0 ARt R R Raren ohans PEiena TFAGr B4 fr om

a first ngdgal psft 60f HaBwWRMSR RUAHIFGHAH by 2hdrilied! dhaikdli 6031 Bnd aset of
non- cont i guous {)I nesl ots; and receiving the set of non-BLSR protected | ayer

21 3 TDM t prafection gharmek 6@bndh peatrent of bardvBUBHRO074m the \wprkimgodapied H0pcritiusol
[-49822 14. T, chi ne=r eadabl | Um. L4 i n_t .
non- BLSR bt E@@a&?e Bfl ngrf]f)ﬁfl &?g#iwé&)tlksédg\?\\nb &llc%eg%{agtoa?\sd&gu?g%ﬂncg he

BLSR wi t hTBM dect Waitle! tBbeng ndeafanirgnheliemaitigg baciwidh- 60Sactaihk evorkitigum of
claim 13 wherein the first node and second node are brid netwark

h
el enent s. chrgnel T3 ferani houbribria ef thedprotrcen channgl 643 AOFRhE SUBRIRDr % ng
processi Nihekhe: fftle Qo Bhis AI' H3'ifk | A¥EnA( IDIPMat Vil B5ef2A NIl @

concat ena at the se The nmchi ne-readabl e
medi um of traffiei (WTM, Ethemei, FrirheReley, Infermo Pr8bS8R ¢c.paepaydend: rWhilé there mwer ses

a non-hybrid node before _being received at the second..nogde. 18. .
rachi ne. r GalE e %?ﬁﬂ’ieﬁ‘rﬁfth%a@‘v%ﬂb& 3d%fs‘ﬁ? REtgetien F%H_’Q?‘ QC/iWi %’ﬂ RHER Pé@&%‘&ﬁ%d by
a set of PLAGRIAIBESM of THM 12fid BR!seSheR TLARGOIIE 60 HRRE PFofacEpR ERdrneNS

conpri si ng: :
607 will be used as a protecting layer 2/3 subpipe to carry another stream of protection

switched TDM traffic. The segment of bandwidth or working layer 2/3 subpipe 609 of the
working channel 603 will carry the TDM traffic having layer 2/3 traffic as payload
transmitted in the layer 2/3 pipe while there is not a failure.

[0088] Figures 7a-7c are diagrams illustrating example traffic flow while there is
and is not a failure on an optical span according to one embodiment of the invention.
Figure 7a is a diagram illustrating an example traffic flow while there is not a failure in an
optical span according to one embodiment of the invention. In Figure 7a, a West transmit
span 701 is divided into a working channel 705 and a protection channel 707. In Figure
7a, the West transmit span 701 carries two streams of traffic. In a working TDM pipe 702
the West transmit span 701 carries a stream of TDM traffic 709. The West transmit span
701 carries another stream of TDM traffic 711 having layer 2/3 traffic as payload in a
layer 2/3 pipe 712. The stream of TDM traffic 711 is represented by two lines to show the
layer 2/3 pipe 712 encompassing a segment of the working channel 705 and all of the

protection channel 707 (it should be noted that the layer 2/3 pipe need not encompass all
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transmtting a set of tinme division nmultiplexed (TDM traffic froma first
node in a bi-directional line switched ring (BLSR) in a set of

non- cont is}ga(w/ﬁ &kirgsl ots, the set of non-contiguous ti nesl,gig/?s@?ﬁ%ured as

a non-BL pr ot d channel over the BLSR; receiving the
traffic at a second node in the BLSR, and processing the set of TDM traffic

as a sin con en ted of tra c.,at the econd de,

machi ne- ?’éz}&ea%l g h\% af’?ﬁlelgtf %ﬁe‘fhé”f‘ﬂel “Ra Sgé)tun&sed?ﬁg'/qr SFE; % E%E”é non
BLSR pr otcaghd chiad 8E u?dd&oFDMffeﬁ'&ftﬁah@os@Q .g., xeam@givyne- r eadabl e nmedi um of
claim 18 wherein the non-BLSR protected layer 213 channel is configured to

car /ry non- BLSROP$YUtladiigere| Ty an BasB trapgnit jspan 483 is \aisoqlivided @so| g iwasking

- PCT/ L1S0 | f;ﬁ%a he set
of TDM t%@?&ﬁ?%éﬁ‘ q JEIE)[%%(S&EF H%Tng ayer @/Egﬁfr W{Spﬁ{' heﬂ%@’%sr / %‘le? rrntzflf fic

. bei ng svmotf_ahaéﬂcl Mh@ aodkirgTDM pigec7(BLER Fdst fradsnpiacpamt 7Gnc4reibd agureaahdni sm

execut od HYMArBE 37 FdasbibHsT csila d03 Gadies SHOB WeaBeAistod ¥eTBeNPor m

oper at | Qnﬁv&gweﬁvmaﬁ ik 2@ payibid inrlgla?é% ipki718! TREYGedrofTOM Hitfigclbonal

line switched ring (BLSR) in"a set of contiguous tinmeslots a set of tine

di vi si on imwmn@d@d twm\z}es ta ssthfM tbe layee28epipof 1€ enompassing 2 jageehbokthe

conflgured non- ed nnel t receiyving the
et of TopRRerstAEnEL 108 saBaf)ef e iiaRROY Fhen¥iclor’ Ggaikrwhord i RERRAIND) o
medi um ofthel bm@ M@@hat drle6mp&s affof THA\prbieafidr chahiel TOMBLSR pr ot ect ed

| ayer 2/3 T traffi 24. The machi ne-readabl e nedi um of claim 22 wherein

t hef fset of TDI\EOD%]fThec stircrmsUg%JDavis@afﬁsfﬂllay@d T3P caryaflgtp draffig dormegred 2/ 3
traffic b t.C
nechani sm g‘% “Sg\#gl) a fég& i/@éprtg%ga e rré%%%t%ﬁ:\} ﬁfa%}?el%‘?ﬁé{ng?%&&%&”‘gt

and secorgc aoptdoaal Theytrears ofSTRNL traffic 7N and W dandeeraasihitied ipa nsmbey: ofa
physi cal connection circuitr set Si on nult plexed

time div
PTom o SPPIion, THRsreasRs QSIOM TGN | & %ﬁ%rn%g%m'&%@fieéfp the gesiheou
or 00esS! e AGHLL O REHELIBHShn A Y BIC: ORRES! TOM GLEIe dnothle "Tom

processing Circuitry to process the set of TDMtraffic;
node. The streams of TDM traffic 711 and 719 may be switched into the ring as layer 2/3

traffic through the packet switching mechanism in one node and exit the ring through the
packet switching mechanism in another node in the form of layer 2/3 traffic. These
examples are described as illustrations to aid in understanding the invention and not meant
to be limiting upon the invention.

[0091] Figure 7b is a diagram illustrating an example traffic flow while there is a
failure in an optical span according to one embodiment of the invention. In Figure 7b, the
East transmit span 703 fails (e.g. a severed line, failing hardware, etc.). The West transmit
span 701 continues to carry the stream of TDM traffic 709 in the working TDM pipe 702.
The West transmit span 701 also continues to carry the stream of TDM traffic 711 having
layer 2/3 traffic as payload, but only in a working layer 2/3 subpipe 733. A protecting
layer 2/3 subpipe 735 now carries the stream of TDM traffic 719 having layer 2/3 traffic
as payload because all traffic traveling in the working channel 706 of the East transmit
span 703 prior to the failure was protection switched to the protection channel 707 of the
West transmit span 701. The East stream of TDM traffic 717 now travels in the protecting
TDM pipe 710 of the West transmit span 701. The West protecting TDM pipe 710 is the

same size or number of timeslots as the working TDM pipe 704.
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a control card coupled to the TDM processing circuitry) the control card to
allocate a set of tineslots for a non-bi-directional line switched ring

(BLSR) pr. ed;]ayer 2/3 channel. 44  V1~' O |12/ CS. ~G3-Fdi sl 49822
27. The n@?&g@?ﬁg enent of claim26 wherein the set of ti mcas/lggtng@are

contiguous. 28. The network el ement of claim 26 wherein the set of

Ui mesi ot s ar e rapn CONL QHOUS 1e2 KNS ALK, oSty Gh ClalI0 2B riipr el n

the set of ti t'S are non-contiguous a e's

pr ocessedratfic 209 4T i Darakdayshioee at € oaiselt fd bedhuderthéy itflizeINe sahftLari@ingor k
el ement of claim 26 further conprising a packet switch nmechanism 31. The

networ k @fdpadviddy whilaithaross pelranAds adeisei 4n Agnieash djestreans of Mgty
- clreul by 3001798 aldrddify I ANARESIE LAY WHiH thlidre doBEnd RARE bBiRAASESS] NG

circuitry to process asset of |ayer ratffic carrred in the set of TDM
traffic. BZADMntrafipaildtand TBOme trsnsmjttednvaphe dajer Brlopips sihich Giallocdted ¢ t o

* process set of optical traff.i .ecei ved a set. of physical channels and
extract doereement ofdandyudtn sidudipgrome pf e poBking sratel iy o} o R

i ngress |RayREtcH hanhOCEREINE. CWhidlial fadueBkNtE dhd Qb PVASAle REOTEAE NY

circuitry, the ingress |layer 2/3 processing circuitry to process the first

set of | atadfic 7 Band dilPiace rawselileioverdrer R63 SpiRsalwipeoaesaliopdjed ian eaialry; a
TSt eorges, | BYRE l3cpr R85Sal el AN [V SENPLE RoLhg i nor ess | ayer

2/ 3 pr oceasn'ls(?uﬁgom recuirtry, egress Tayer pfocessi'ng circuitry

to process t he0093]sThes @hridtilidyaje the2 ppibet iaé fik Qiossibebevadsec @f ahs drapecal2/ 3
processing circuitry coupled to the optical processing circuitry and the

i ngress |TBYlplexng gpahiliyafiihe ea%mwwc@;ngtrﬁ@hg@é@ﬁa tagyRcdwerk elementy phthe

pr ocessi [ ' t : : I : i

ranam ¢ e SRUly fe RUBARIAn o RRARE of fifible AUTIAH RrldTOMBRC

ci rcui t r yhavargdlagerchdttraffic aspalylcaugpiqelest the tpaeked ptvitclalof reomsweikngementani t ry,

th tr.ol to jnhjibit_hi-directional |i i tch i BLSR
bt omat| G aadet QdranlverAyalt Crn i watttagE bV ERRY L ana 1o
detect failur gogma%ighéﬁc 142 diaghhPoP ek X RAPIB Irafiic b F0 b bf FiRG22a3dd 7hhe

appar at us of _ wherein the set of &) gs_l cal channel s are contiguous.
34. The aphile theresis bt andais @ faduratoé the span [83 obFigures fayaail Jhlin aingrictardinge

non cont | g5 BRERLANE B4 RO RS 1 B oL
the set ab «ph bRt td ferhd At opscafl Fiag! iRab@hbde in a ring has a West and East transmit
span, but in Figure 7c only the East and West transmit spans from the node 731 and an
East transmit span from the node 739 are shown. The West transmit span 701 carries
traffic from node 731 to node 739. The East transmit span 703 carries traffic from the
node 731 to the node 741. The East transmit span 740 carries traffic from the node 739 to
the node 741. As previously shown in Figure 7a, the variable rate TDM traffic 719 travels
over the layer 2/3 subpipe 714 to node 741. Once node 731’s East transmit span 703 fails,
the variable rate TDM traffic 719 travels over the protecting layer 2/3 subpipe 735. Since
the variable rate TDM traffic 719 is destined for node 741, the variable rate TDM traffic
719 is switched through node 739 and travels along node 739’s East transmit span 740 in
its protecting layer 2/3 subpipe 743. Node 739 knows to transmit the variable rate TDM
traffic 719 onto a protecting layer 2/3 subpipe because node 731 has communicated to 739
a protection switch.
[0095] As an illustration of the protection switch in relation to end users, assume

that traffic from a first, second ,and third user enter the ring illustrated in Figure 7¢ at node
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concatenated traffic. 36. A conputer inplenmented nmethod conpri sing:
al l ocati ng a segnent of bandwi dth of an optical ring as a

non- bi - ‘I,’VBE‘OI} 001?% line switched ring (BLSR) protected Ia @%?I?Wnnel;

and transmtting a set of layer 213 tinme division multipl exe traffic
on the segnent of bandw dth. 37. The conputer inplenented nethod of claim

36 wher ei 31 eaRGLVAsEEnd e ﬁﬁgmmndoiec&?méefr gttﬁfﬁ@[g%'&qgglgﬂ&@%qvﬁé&%ﬂ set
of tinmeslots to transmt the set of layer 2/3 traff e computer

i pl ement &l et Hsdriog at hadany 86 tvhe esiemnal metwmhe&rmtprﬁteetbtrédlsd:rayap ® 3

et hoa of CerinRfRosh TRETS R4 i e BB QAT el odfonicolBes) SrERaliErofs

' non- cont i guehise a6drs & trangmab@meﬂme ldyee 2eD pipet R6mi Ak e Nbarbdeguhodrief
claim 36 wherein the non-BLSR ghot ected | ayer 2/3 channel is a

non- cont i Gefdigdragmthedhird psasdy pyikchgd throygh thepacket meshedf nodg 74pand tramsmited; s
- d
received 83,8 sicBU gﬁy%PQF@?Q%%@%%B&WI%B@EM %n&’\é‘é& G4 As before,

non-contiguous tine uter enent ed hod
wherein t hﬁsumethabthelra;sarfam(xra of Epdnt 708f Wiaile tshemws tmmadutcntm ttafféc @phe lagér ri ng

t hrough a_firs cket nd svmtch d o C I ng through a
second pa%/‘lgeﬁlp 1s ﬁ‘?‘thﬁaé% Rrapect % ﬁé?ﬁo?ﬁ“ W'g‘ll“i éPWga“ Higee

U2/ US. | (rés%rmgasgédsgoh htHO8rdds smtebzgdfrddae 7@9fahEiStEm§§£tecPtat AddEeRl10 Pnedf a
bi -directional 1ine sw tched ring (BLSR) as a working channel; configuring

a second wefficdromithmefispard sfconthuseBs SRt e ra\gpatamécthnvtnlhahmafﬁcafm the

configuri a third t,af timeslots. of non- roteted
Layer 2/3 ahes. S‘%%%Cdl'ﬁg ‘é%ﬂ%ﬁtpé?k %F%ﬂgﬂ?ém t@lla%aﬁf erein
a set of 173916veﬁilcwswbmngrmlbbifpeloen@cte&oﬁamye&m‘ﬁl?s(ndﬁsmcr»a{).smtted over the
wor ki ng channel and a set Layer 2/3 TDMtraftfic is transmtted over the

non- BLSR pr ot e4026] Aayilystrated ipkagire 7c, 4 fpilurmen therfing doesingpraise theelosyet hod
f cl h f 45, . Tk
Computer {EMBET ule BybT45 Biok: iuh o SHREROPLE o B 6000 QMR OmmiTHE |

ar e non- cbedaugputhedayed@/3 pipe 1s:nmnupmuallymban&mt\aﬂkmtdhamwfand:bmlanymovmere| n

the third set of .tineslats are n n-cont.i guous and a t of |ayer 2/3 TDM
traffic alE H’P‘&ﬂ%‘h‘ﬁi{’x{E ovAeSrS“FPré HPXCBLZ@gE‘PBfS ‘PPWe%”’P%ﬁ% to, gustonigrs, hap the

fractionabiy, &%@%@&ﬁk&% R tbaSlerbiridf debifon tetaustOral@RRISES Aot rERMGHRRERA
met hod of claim42 further conprising transmtting a set of |layer 2/3 TDM

traffic oloss béservice BiMBRe@eotustRebe BAFBprotediahwhemt enatties thetraffic traxglng 21 3
;E'\S/IRt raff i the rl]agy%{' bggpr)eh o b%l‘p% cE[:tPo%u IIC%C(I fnrasgo guﬁﬁ‘sfe%%ncﬁ?n@ fEANR nd exiting the
[0097] To provide an example of the manner in which the layer 2/3 pipe could be
sold, assume that the working and protection channel parts of the layer 2/3 pipe 714 are
respectively 30 mbps and 90 mbps. Assume, that each of the first, second and third users
above want an equal amount of bandwidth of the layer 2/3 pipe 714. Each customer could
be offered a guaranteed (in the event of a single failure) 10 mbps and a maximum of 40
mbps. The customers traffic at node 731 would be statistically multiplexed to fit the size
of the layer 2/3 pipe currently being provided. The guaranteed 10 mbps per customer
would be provided by the working subpipe on span 703 or the protecting layer 2/3 subpipe
735. The maximum 30 mbps per customer would be provided by the protection subpipe
on span 703 when there is no failure. In this manner partialfy BLSR protected layer 2/3
traffic is provided around the ring.
[0098] It should be understood that the ability to offer a guaranteed minimum
bandwidth requires that the bandwidth of the layer 2/3 pipes on the ring not be oversold.
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for reception and transmission. The TDM traffic is transmitted and received between the
PCCs 1001, 1007, 1003, 1005 and the TDM processing circuits (TPCs) 1019, 1031, 1025,
and 1037 respectively as electrical signals. The TPCs transmit and receive TDM traffic

from a control card (CC) 1009. In another embodiment of the invention, each TPC and
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packet mesh 1050. The TPCs are programmable to insert and extract particular STSs that
carry layer 2/3 traffic to be packet switched. If TDM traffic contains layer 2/3 payload to
be switched through the packet mesh 1050, then the TPCs 1019, 1031, 1025, and 1037
extract the layer 2/3 payload traffic from the TDM traffic and transmit the layer 2/3 traffic
to ingress layer 2/3 processing circuitry 1021, 1033, 1027, and 1039 respectively. The
TPCs 1019, 1031, 1025, and 1037 also receive layer 2/3 traffic from egress layer 2/3
processing circuitry 1021, 1033, 1027, and 1039 respectively. For a variable rate layer 2/3
traffic pipe, the egress layer 2/3 processing circuitry includes the ability to queue and
statistically multiplex layer 2/3 traffic before transmitting it to a TPC. The TPCs 1019,
1031, 1025, and 1037 process the layer 2/3 traffic placing it into SONET/SDH frames for
transmission in timeslots. The TPCs 1019, 1031, 1025, and 1037 are programmable to
insert and extract particular STSs that carry the layer 2/3 traffic to be packet switched.

[00102)] The CC 1009 detects failures, maintains a BLSR state machine, and
updates the TDM cross connect table in response to changes in the BLSR state machine.
The CC 1009 also sends a message to update the layer 2/3 forwarding tables for the packet
BLSR protection switching. In addition, the CC 1009 sends messages to reprogram the
TPCs to handle a protection switch (e.g., reorient concatenations, redirect channels to
packet mesh and CC, etc.).

[00103] To provide an example of the reprogramming of the network
elements to handle a ring switch, assume that the ring of Figure 7c is a 2 fiber OC-12
BLSR (that is, 6 STSs for working and 6 STSs for protection in each direction). Also
assume that each of the nodes of Figure 7c is implemented as the network element
illustrated in Figure 10; that the PCC 1001 of a given node is connected through fiber to
the PCC 1003 of the adjacent node; that the fibers 1015 and 1006 are the transmit fibers;
that the PCC 1003 of node 731 is connected through fiber to PCC 1001 of node 741; and
that the fibers 1017 and 1008 are the receive fibers. Table 1 below illustrates the
concatenations and the redirection of STSs programmed in the TPCs 1019 and 1025 of

each node while there is not and is a failure on span 703.
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fiber 1015: X fiber 1015: STS | fiber 1015: X fiber 1015: STS
on channels 1- | 2C on channels | on channels I- | 2C on channels
4, where X is 5-6; STS6Con | 4,STS 1 on 5-6; STS 2C on
some particular | channels 7-12 | channel 7 channels 11-12
arrangement protecting protecting layer
OnTPC 1025 | TDM; 2/3 subpipe
On TPC 1025 for transmit STS 3C on
for transmit fiber 1006: STS | channels 8-10 On TPC 1025
fiber 1006: STS | 2C on channels | protecting for transmit
1 on channel 1; | 5-6; STS 6C on | TDM fiber 1006:
STS 3C on channels 7-12 Nothing
channels 2-4 On TPC 1025
for transmit
fiber 1006:
Nothing
741 OnTPC 1019 [OnTPC 1019 |OnTPC1019 |OnTPC 1019
for receive fiber | for receive fiber | for receive fiber | for receive fiber
1017: STS 1 on | 1017: STS2C | 1017: Nothing | 1017: Nothing
channel 1; on channels 5-
STS 3Con 6; STS 6C on On TPC 1025 | On TPC 1025
channels 2-4 channels 7-12 for receive fiber | for receive fiber
1008: Y on 1008: STS 2C
On TPC 1025 On TPC 1025 channels 1-4; on channels 5-
for receive fiber | for receive fiber | STS 1 on 6; STS 2Con
1008: Y on 1008: STS 2C | channel 7 channels 11-12
channels 1-4, on channels 5- | protecting protecting layer
where Y is 6; STS 6C on TDM; 2/3 subpipe

26




103" 109%@& ()-1 10%@&' ()-! 10%@& ()-f 10%@& ()-! 10%@& () -

10%a&' () - TBCCCCCCCD~_@

S109%@& (), ﬁ'?
)1109%g& (}
1s "10%& ()-!1

e

0%g& ()

[ V4 \VA] \/LVI AVA|

"109%g& () -

104 QL

1s 109%g& ()-!10%g& () - 109%g& () -
DESFt JJYKKAE~ @ 1-!10%g& () -
@ 10%& () -
10g 10g 109@ MLO%&" () sg! 10%;;&' () -

1 10%g8&’ (

)- Kwﬂiﬁl@ﬁs&f

10@10@ 10@@

/N<f\7bNNbCI

"10%g& (P=NESS
“10%& () -!3"10
"1090& ()-m & "
"10%& (|) - _cccc
1090& ()|

109&' () -

) 3" 109
"109%& ()

-3 10%&

aLrI

ME&néﬁr
c7cccbhCl,

- 109&' ()-f!

110
T& () - c7dddd

()-110%& ()1

%‘%ﬁnw" 12
' 10907& () -!
&' () -! 109&
bj edEbC! , ! 10

109%& () -f! 10!
1098 () -4

L‘é&a(}?’% TPk
SR 8( )0 !
)-1109%& () -
®rqugeting
-] eeeAf f
' () - 109

<[[]]_}[<9\=!
"1000T& () -

f LgdEbC

10T 10T 10T¢

& () -Lghgqg{

gl ggggp@C!

" 1098 (
H#109%& ()79 3H#

10H&PC) 1d19
for transmit
fiber 1015: Y

on channels 1-4

On TPC 1025
for receive fiber
1008: X on

channels 1-4

On TPC 1019
for transmit
fiber 1015: STS
2C on channels
5-6; STS 6C on
channels 7-12

On TPC 1025
for receive fiber
1008: STS 2C
on channels 5-
6; STS 6C on
channels 7-12

On TPC 1019
for transmit
fiber 1015: Y

on channels 1-

channels 8-10
protecting
TDM

On TPC 1019
for transmit
fiber 1015: STS

2C on channels

4;STS l on 5-6; STS 2C on

channel 7 channels 11-12

protecting protecting layer

TDM,; 2/3 subpipe

STS 3Con

channels 8-10 | On TPC 1025

protecting for receive fiber

TDM 1008: STS 2C
on channels 5-

OnTPC 1025 | 6; STS 2Con

for receive fiber | channels 11-12

1008: X on protecting layer

channels 1-4; 2/3 subpipe

STS 1 on

channel 7

protecting

TDM;

STS 3Con
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these three users are switching into the ring in node 731 from the PCC 1007 through the
packet mesh 1050. While there is not a failure, the traffic from all three users is
transmitted from the IL2/3PC 1033 across the packet mesh to the EL2/3PC 1029
according to the forward tables and transmitted in the layer 2/3 pipe by TPC 1025. While
there is a failure of the fibers connecting into 731’s PCC 1003, the forwarding tables are
modified so that the traffic from the three users is switched through the packet mesh from
IL.2/3PC 1033 through the packet mesh 1050 to the EL2/3PC 1023 and transmitted in the
protecting layer 2/3 pipe to node 739 by the TPC 1019 which has been reprogrammed as
described above.

[00105] In node 739, the forwarding tables are modified because of the
failure so that the traffic for the three users received from node 731 on node 739’s PCC
1003 in the protecting layer 2/3 channel is switched through the packet mesh 1050 from
the IL2/3PC 1027 to the EL2/3PC 1023 and transmitted to node 741 in the protecting layer
2/3 channel by the TPC 1019 which has been reprogrammed for the failure.

[00106] In node 741, the forwarding tables are modified because of the
failure so that the traffic for users 1 and 2 received from node 739 on node 741’s PCC
1003 is switched through the packet mesh 1050 from the IL2/3PC 1027 to the EL2/3PC
1041 and transmitted out of the ring through the PCC 1005. The traffic for the third user
is switched through the packet mesh from the IL2/3PC 1027 to the EL2/3PC 1029 and
transmitted out the PCC 1003 on the working layer 2/3 channel to node 739 by the TPC
1025. The traffic from the third user is received at node 739 at the PCC 1001 on the
working layer 2/3 channel and switched through the packet mesh 1050 from the IL2/3PC
1021 to the EL2/3PC 1041 in accordance with the forwarding tables and transmitted out of
the ring by the PCC 1005.

[00107] A four fiber BLSR can perform a span switch or ring switch
depending on the type of failure in the ring. The forwarding tables and cross connect
tables of the nodes in the ring must be updates in accordance with the type of protection
switch performed in the 4 fiber BLSR ring. The concatenations must also be reoriented

and channels redirected accordingly.
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admunistrator configures timeslots as working and protection channels on each node of a

ring. At block 803, the network administrator determines which timeslots will be
processed as layer 2/3 traffic and which timeslots will be processed as TDM traffic. At
block 805, a TDM process running on a control card of a node in the ring detects a failure
in one of the node’s spans. The TDM process updates a TDM cross connect forwarding
table managed on the control card at block 807. At block 809, the TDM process sends a
message to a layer 2/3 process indicating the failure. The layer 2/3 process updates a
protection interface table in response to the message from the TDM process at block 811.
At block 813, the node communicates the failure to other nodes in the ring. At block 815,
the other nodes in the ring updates their cross connect tables in accordance with the failure
detected by the detecting node. In another embodiment of the invention, the tables
updated at block 815 include the cross connect table and the layer 2/3 forwarding tables.
[00109] In one embodiment of the invention, the protection interface table is
a data structure with a reference to a logical working interface and a logical protection
interface. The logical working interface corresponds to a physical port connecting to a
transmit fiber to carry traffic destined for a node X going in a preferred direction on the
ring. The logical protection interface corresponds to another physical port connected to a
transmit fiber destined for the node X, but going in the opposite direction and possibly
through other nodes in the ring. A logical interface stored in a layer 2/3 forwarding table
initially refers to the logical working interface while there is not a failure. While there is a
failure, the logical interface refers to the logical protection interface. When the failure is
corrected, the logical interface is reset to refer to the logical working interface. In another
embodiment of the invention, a routine manages logical interfaces and another routine
manages alternate interfaces. A network administrator configures alternate interfaces on a
network element. The alternate interface manager will create a data structure to refer to 2
logical interfaces which are managed by the interface manager. One of the interfaces will
be the working interface while the other interface will be the protecting interface. In the
layer 2/3 forwarding table, a circuit identifier is associated to either a logical interface or a
alternate interface. Upon a failure notification, the alternate interface manager will alter

the data structure to reference the logical interface acting as the protecting interface. In
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corresponding to a layer 2/3 pipe transmits at a rate of 100 megabits per second with 20

megabits corresponding to the layer 2/3 subpipes, the owner or provider can offer a service
guaranteeing a rate of 20 megabits per second with a maximum of 100 megabits per
second. This variable rate service can be offered to multiple people since the TDM
payloads are layer 2/3 units of traffic. In addition, the variable rate service can be offered
with a BLSR protection time of 50 milliseconds. Furthermore, the owner or provider of
the optical network, is not forced to either donate or sell at a reduced cost 50% of their
bandwidth. The owner of provider can sell 100% of its bandwidth with the combination
of standard TDM service and the variable rate TDM service.

[00111] The techniques shown in the figures can be implemented using code
and data stored and executed on computers. Such computers store and communicate
(internally and with other computers over a network) code and data using machine-
readable media, such as magnetic disks; optical disks; random access memory; read only
memory; flash memory devices; electrical, optical, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc. Of course, one or
more parts of the invention may be implemented using any combination of software,
firmware, and/or hardware.

[00112] While the invention has been described in terms of several
embodiments, those skilled in the art will recognize that the invention is not limited to the
embodiments described. Although the invention has been described with reference to the

TDM form of optical switching, the invention can be applied to any form of optical
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layer 2/3 pipe. In a five node ring, a first node may have a layer 2/3 pipe defined over a
direct connection to a second node. The first node may also have a layer 2/3 pipe defined
over a logical direct connection to a third node through the cross connect of the second
node. The first node may also have a layer 2/3 pipe defined over a logical direct
connection to a fifth node through the fourth node’s cross connect. An optical ring may
have 4 nodes which are hybrid network elements and 2 nodes which are TDM only
network elements. The TDM only network elements may only act as regenerators
between the hybrid network elements. A first hybrid node may have a layer 2/3 pipe
defined to a second layer 2/3 pipe through a TDM only node. The first hybrid node may
have a layer 2/3 pipe defined to the TDM only node while a another layer 2/3 pipe is
defined from the TDM only node to the second hybrid node. These examples are provided
to aid in the understanding of the invention and not meant to be limiting upon the
invention.

[00114] In addition, although the traffic that is passing through a given node
(being provided to that node on a span of the ring and being transmitted by that node out
another span of the ring) in layer 2/3 pipes may be switched through the packet mesh of
that node, the traffic is not considered to be terminated from the ring at that node, but is
rather considered to still be on the ring (similar to the manner in which virtual tributaries
(VTs) are considered to not be terminated from the ring). However, since each packet is

addressed individually, squelching is not needed as with a VT ring.

Combining the non-BLSR Protected Layer 2/3 Channel and the Variable Rate Layer 2/3
TDM Traffic Pipe
[00115] To describe the combining of a non-BLSR protected layer 2/3

channel and a variable rate layer 2/3 pipe on a single ring, a example from before will be
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expanded upon. In the previous example, it was assumed that a ring supported OC-48 in
each direction. In addition, since STS-24 was allocated for the non-BLSR protected layer
2/3 channel in each direction, there was STS-12 left for each of the working and protection
channels in each direction. From a layer 2/3 perspective, the hybrid network elements of
the ring appear as packet network elements each with the ability to transmit and receive
the packet equivalent of STS-24 with the other hybrid network elements. From a TDM
perspective, the network elements of the ring appear as a ring with STS-24 in each
direction (STS-12 working and STS-12 protection).

[00116) To expand on this example, since from the TDM perspective the
ring can be viewed and is operated as an OC-24 BLSR, a variable rate layer 2/3 pipe can
be configured on this OC-24 BLSR. Thus, whereas in Figure 7¢ the entire ring bandwidth
(e.g., OC-48 in each direction) was split between working and protection channels and the
variable rate layer 2/3 pipe took up part of both the working and protection channels when
there was no failure; in this embodiment half (OC-24 in each direction) of the physical
ring bandwidth (OC-48 in each direction) is allocated to form the non-BLSR protected
layer 2/3 channel and the other half is allocated to form a BLSR (with working and
protection channels) with a variable rate layer 2/3 pipe configured in that BLSR.

[00117] Configuring a non-BLSR protected layer 2/3 channel on an optical
ring in conjunction with allocating a segment of the working channel and protection
channel for a variable rate layer 2/3 pipe increases utilization of bandwidth of an optical
ring, as well as the classes and types of services an owner of an optical ring can provide to
customers. Hence, the owner of the optical ring extracts more use of the optical ring than
with a standard BLSR.

[00118] Figures 9a-9b are conceptual diagrams of a 3 node bi-directional
line switched ring (BLSR) having a variable rate layer 2/3 pipe and a non-BLSR protected
layer 2/3 channel with exemplary traffic flow whenever a failure exists and does not exist
in the ring according to one embodiment of the invention. Figure 9a is a conceptual
diagram illustrating exemplary traffic flow over an optical ring having a variable rate layer
2/3 pipe and a non-BLSR protected layer 2/3 channel while there is not a failure according
to one embodiment of the invention. Each node in a BLSR has an East and West span, but
in Figure 9a only the East and West transmit fibers 907, 911 of node 901 and the East

transmit fiber of node 903 are shown. The timeslots for each fiber are allocated to a
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working channel 921, a protection channel 919, and a non-BLSR protected layer 2/3
channel 917. The timeslots for the working channel 921 are divided between a working
TDM pipe 913 and a working channel layer 2/3 subpipe 915 of the variable rate layer 2/3
pipe. The remainder of the variable rate layer 2/3 pipe is allocated in the protection
channel 919.

[00119] A flow of TDM traffic 937 is transmitted in the working TDM pipe
913 of the working channel 921 of the East transmit fiber 911 from node 901 to node 905.
A flow of layer 2/3 TDM traffic 933 is transmitted in the non-BLSR protected layer 2/3
channel 917 of the East transmit fiber 911 from node 901 to node 905. A flow of TDM
traffic having layer 2/3 traffic as payload 931 is transmitted in the protection channel 919
and the working channel 915 of the East transmit fiber 911.

[00120] In this illustration, all of the timeslots for the protection channel 919
are being used as part of the variable rate layer 2/3 pipe. In another embodiment, only a
subset of the timeslots allocated for the protection channel 919 would be used as the
variable rate layer 2/3 pipe, thereby allowing the remaining timeslots of the protection
channel to be used for other purposes such as another non-BLSR protected layer 2/3
channel or extra traffic. Although the protection channel part and the working channel
part of the variable rate layer 2/3 pipe are non-contiguous timeslots in Figure 9a, while
there is not a failure in the ring the 2 subpipes are used as the single logical pipe.

[00121] A flow of TDM traffic 923 is transmitted in the working TDM pipe
913 of the working channel 921 of the West transmit fiber 907 from node 901 to node 903.
A flow of layer 2/3 TDM traffic 927 is transmitted in the non-BLSR protected layer 2/3
channel 917 of the West transmit fiber 907 from node 901 to node 903. A flow of TDM
traffic having layer 2/3 traffic as payload 925 is transmitted in the variable rate layer 2/3
pipe made up of part of the protection channel 919 and the working channel layer 2/3
subpipe 915 of the working channel 921 of the West transmit fiber 907.

[00122] The flow of the traffic 925 is destined for node 905 and therefore
continues in the protection channel 919 and working channel layer 2/3 subpipe 915 of
node 903’s East transmit fiber 909 to node 905. A flow of working TDM traffic 941 is
transmitted from node 903 to node 905 in the working TDM pipe 913 of the working
channel 921 of node 903’s East transmit fiber 909. A flow of layer 2/3 TDM traffic 945 is
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transmitted from node 903 to node 905 in the non-BLSR protected layer 2/3 channel 917
of node 903’s East transmit fiber 909.

[00123]) Figure 9b is a diagram illustrating exemplary traffic flow over a
optical ring having the variable rate layer 2/3 pipe and the non-BLSR protected layer 2/3
channel during a failure in the ring according to one embodiment of the invention. In
Figure b, the East transmit span 911 of node 901 has failed. The flow of working TDM
traffic 923 and layer 2/3 TDM traffic 927 continues to flow as illustrated in Figure 9a.
The working TDM traffic 937 has been protection switched to flow over the protecting
TDM pipe 918 of the protection channel 919 on node 901’s West transmit span 907 and
node 903’s East transmit span 909 until termination at node 905. Thus, part of the
protection channel 919 on the span 907 and 909 has been used. As such, the variable rate
layer 2/3 pipe carrying the traffic 925 has been reduced to only the working channel layer
2/3 subpipe 915 on the span 907 and 909.

[00124]) The variable rate layer 2/3 pipe carrying the traffic 931 has been
reduced and switched to a protecting layer 2/3 subpipe 916 on the protection channel 919
on the spans 907 and 909. The flow of working TDM traffic 941 and flow of layer 2/3
TDM traffic 945 continue to flow as illustrated in Figure 9a.

[00125] With the combination of a non-BLSR protected layer 2/3 channel
and a variable rate layer 2/3 pipe the traffic carried over an optical ring is diversified.
Moreover, a BLSR with a non-BLSR protected layer 2/3 channel and a variable rate layer
2/3 pipe maintains a greater number of traffic flows during a failure in the BLSR than a
standard BLSR. The provider or owner of the optical ring can offer 4 types of services
now. Firstly, the provider can provide typical guaranteed service for TDM traffic.
Secondly, the provider can provide the protection channel to carry unguaranteed extra
TDM traffic. Thirdly, the provider can provide the non-BLSR protected Layer 2/3
channel to carry Layer 2/3 TDM traffic. Fourthly, the provider can provide the variable
rate layer 2/3 pipe to carry layer 2/3 traffic at a guaranteed minimum bandwidth and a
possible maximum bandwidth.

[00126] An owner of an optical ring can offer the optical ring as a variety of
network packages to customers. An example of an optical ring with 100 megabits per
second (Mbps) transmit fibers having a variable rate layer 2/3 pipe has previously been

discussed. By adding a non-BLSR protected layer 2/3 channel to the 100 Mbps fiber, the
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network owner has a myriad of options. The network owner can divide the 100 Mbps of
bandwidth as follows: 30 Mbps of bandwidth allocated to a working channel; 30 Mbps of
bandwidth allocated to a protection channel; and 40 Mbps of bandwidth allocated to a
non-BLSR protected layer 2/3 channel. In this example, 10 Mbps of the working channel
bandwidth is allocated to a working variable rate layer 2/3 pipe. The remaining 20 Mbps
of the working channel is the working TDM pipe The combination of the working
variable rate layer 2/3 pipe and the protection channel is the variable rate layer 2/3 pipe.
The variable rate layer 2/3 pipe provides a maximum bandwidth of 40 Mbps and a
guaranteed bandwidth of 10 Mbps.

[00127] The owner can provide the 20 Mbps working TDM pipe for typical
guaranteed TDM service. The owner can provide the 40 Mbps non-BLSR protected layer
2/3 channel and the 40/10 Mbps variable rate layer 2/3 pipe as a 60/30/10 hybrid variable
rate pipe. Whenever a failure has not occurred in the optical ring, TDM traffic is
transmitted over a working TDM pipe at 20 Mbps and layer 2/3 TDM traffic is transmitted
over a hybrid variable rate pipe at 60 Mbps. When a failure occurs on a span carrying the
working TDM pipe and the hybrid variable rate pipe, the TDM traffic is switched to a non-
failing span and continues to be transmitted at 30 Mbps in the protection channel of the
non-failing span. The layer 2/3 TDM traffic traveling in the working variable rate layer
2/3 pipe of the failing span is switched to a protecting variable rate layer 2/3 pipe in the
non-failing span and is transmitted at 10 Mbps. Layer 2/3 TDM traffic traveling in a
hybrid variable rate pipe in a non-failing span loses 20 Mbps of bandwidth to the TDM
traffic protection switch from the failing span and 10 Mbps of bandwidth to the protection
switched layer 2/3 TDM traffic of the failing span. Thus, the layer 2/3 TDM traffic
traveling on the non-failing span is reduced from 60 Mbps of bandwidth to 30 Mbps of
bandwidth instead of 10 Mbps of bandwidth. '

[00128] If packet BLSR protection is implemented for the non-BLSR
protected layer 2/3 channel, then the hybrid variable rate pipe offers different rates of
transfer in response to a failure on the ring. BLSR. Using the bandwidth division in the
example élready discussed traffic flows at the same rates when a failure has not occurred
on the ring. When a span fails, the TDM traffic traveling in the working TDM pipe of the
failing span is protection switched and continues transmission at 20 Mbps. The TDM

traffic will also flow at the same rates as discussed in the previous example whenever
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there is or is not a failure in the ring. Layer 2/3 TDM traffic traveling in the 10 Mbps
working variable rate layer 2/3 pipe of the failing span is switched to a 10 Mbps protecting
variable rate layer 2/3 pipe of a non-failing span. Layer 2/3 TDM traffic traveling in the
non-BLSR protected layer 2/3 channel of the failing span is switched and tunneled through
the non-BLSR protected layer 2/3 of the non-failing span. The layer 2/3 tunneled TDM
traffic is statistically multiplexed with the layer 2/3 TDM traffic already being transmitted
in the non-BLSR protected layer 2/3 channel of the non-failing span. The layer 2/3 TDM
traffic traveling in the working variable rate layer 2/3 pipe of the non-failing span
continues to be transmitted at 10 Mbps. Since the layer 2/3 TDM traffic of the non-failing
span and the layer 2/3 tunneled TDM traffic from the failing span are statistically
multiplexed, the owner can allocate the bandwidth of the non-BLSR protected layer 2/3
channel of the non-failing span is accordance with network policy or priority level.
Hence, the owner of the optical network still provides the hybrid variable rate pipe with a
guaranteed bandwidth of 10 Mbps and a maximum bandwidth of 60 Mbps, however the
owner can customize the bandwidth of the non-BLSR protected layer 2/3 channel.

[00129] If fragmented concatenation is implemented for the hybrid variable
rate pipe, then traffic flowing over the hybrid variable rate pipe can be received and
processed as a single concatenated set of traffic. Fragmented concatenation of the traffic
flowing over the hybrid variable rate pipe will ease management and processing of the
traffic flowing in the hybrid variable rate pipe. In another embodiment, the hybrid
variable rate pipe can include multiple non-BLSR protected layer 2/3 channels.
Fragmented concatenation can be applied to these multiple non-BLSR protected layer 2/3
channel segments of the hybrid variable rate pipe in order to distinguish traffic from
different customers. Distinguishing traffic from different customers enables the owner of
the network to offer varying classes of services and allocate the bandwidth of the hybrid
variable rate pipe in accordance with policy decisions and the classes of services offered

by the owner of the network.

Exemplary Implementation of a Hybrid Network Flement

[00130] Figure 10 is a diagram of circuit components in a hybrid network
element according to one embodiment of the invention. While in this embodiment

separate switching mechanisms are provided for the TDM and packet switching (namely a
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TDM switch fabric and a packet mesh), alternative embodiments could provide a single
switching mechanism and/or different switching mechanisms (e.g., a packet switch fabric,
a TDM mesh, etc.). In Figure 10, four optical transmit fibers 1015, 1002, 1006, 1010
connect to physical ports 1011, 1014, 1018, and 1022 respectively. Four optical receive
fibers 1017, 1004, 1008, and 1012 connect to physical ports 1013, 1016, 1020, and 1023
respectively. TDM traffic is received over the optical receive fibers 1017, 1004, 1008,
1012 and transmitted over the optical transmit fibers 1011, 1014, 1018, 1022, The TDM
traffic is transmitted and received as optical signals by physical connection circuitry
(PCC) 1001, 1007, 1003, 1005. The PCCs convert optical signals to electrical signals and
vice versa for reception and transmission. The TDM traffic is transmitted and received
between the PCCs 1001, 1007, 1003, 1005 and the TDM processing circuits (TPCs) 1019,
1031, 1025, and 1037 respectively as electrical signals. The TPCs transmit and receive
TDM traffic from a control card (CC) 1009. In another embodiment of the invention, each
TPC and PCC is located on a single processing element, such as an application specific
integrated circuit (ASIC). A hybrid network element is described in more detail in a
patent application titled “Method and Apparatus for Switching Data of Different
Protocols” to David Stiles and Gerald W. Neufeld, filed on March 30, 2001, Serial No:
09/823,480, Attorney Docket Number: 004906.P002, which is hereby incorporated by
reference.

[00131] The layer 2/3 traffic can be switched through the CC 1009 or a
packet mesh 1050. The TPCs are programmable to insert and extract particular STSs that
carry layer 2/3 traffic to be packet switched. If TDM traffic contains layer 2/3 payload to
be switched through the packet mesh 1050, then the TPCs 1019, 1031, 1025, and 1037
extract the layer 2/3 payload traffic from the TDM traffic and transmit the layer 2/3 traffic
to ingress layer 2/3 processing circuitry 1021, 1033, 1027, and 1039 respectively. The
TPCs 1019, 1031, 1025, and 1037 also receive layer 2/3 traffic from egress layer 2/3
processing circuitry 1021, 1033, 1027, and 1039 respectively. For a variable rate layer 2/3
traffic pipe, the egress layer 2/3 processing circuitry includes the ability to queue and
statistically multiplex layer 2/3 traffic before transmitting it to a TPC. The TPCs 1019,
1031, 1025, and 1037 process the layer 2/3 traffic placing it into SONET/SDH frames for
transmission in timeslots. The TPCs 1019, 1031, 1025, and 1037 are programmable to
insert and extract particular STSs that carry the layer 2/3 traffic to be packet switched.
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[00132] The CC 1009 detects failures, maintains a BLSR state machine, and
updates the TDM cross connect table in response to changes in the BLSR state machine.
The CC 1009 also sends a message to update the layef 2/3 forwarding tables for the packet
BLSR protection switching. In addition, the CC 1009 sends messages to reprogram the
TPCs to handle a protection switch (e.g., reorient concatenations, redirect channels to
packet mesh and CC, etc.).

[00133] With respect to reprogramming the TPCs to handle a protection
switch , assume that the network element illustrated in Figure 10 is node 901 of Figures 9a
and 9b . Also assume that the ring in Figures 9a and 9b is a 2 fiber OC-12 ring. The TPC
1025 of Figure 10 is programmed to transmit TDM traffic as a STS-1, STS-1, STS-1,
STS-3c, STS-3¢, and STS-3c set of pipes (the configuration depends on the version of
non-BLSR protected layer 2/3 channel implemented, but this example is based on a
version compliant with standard BLSR). When there is no failure in this example, the
working TDM pipe 913 of the span 911 carries the: working TDM traffic 937 from node
901 to node 905 as STS-1 in channel 1. The span 911 corresponds to the transmit fiber
1006 of Figure 10. The traffic 931 is carried on the span 911 from node 901 to node 905
in the working layer 2/3 pipe 915 and the protection channel 919 as 2 pipes: the working
layer 2/3 pipe 915 as 2 STS-1s in channels 2 and 3; and the protecting layer 2/3 pipe as
STS-3c in channels 7-9, shown as 916 in Figure 9b. Traffic 933 is carried in the non-
BLSR protected layer 2/3 channel 917 as 2 STS-3c pipes in channels 4-6 and 10-12. The
TPC 1019 is programmed in the same manner.

[00134] While there is a failure in the span 911 carrying traffic from node
901 to node 905, the cross connect table in the control card 1009 is updated. Traffic to be
transmitted out the PCC 1003 is now transmitted out the PCC 1001 and the TPC 1019 is
reprogrammed. The non-BLSR protected layer 2/3 channel remains unchanged. The
traffic transmitted over the non-BLSR protected layer 2/3 channel continues to be
transmitted in 2 STS-3c pipes on channels 4-6 and 10-12 in this example. The working
TDM traffic 923 is still transmitted as an STS-1 over channel 1. The traffic transmitted in
the working layer 2/3 pipe is still transmitted as 2 STS-1s in channels 2 and 3. The TPC
1019 is reprogrammed to transmit the traffic 937 as an STS-1 in channel 7. Traffic is
transmitted over the protecting layer 2/3 pipe 916 as 2 STS-1s in channels 8 and 9. Node
901 informs node 903 of the failure. Node 903 reprograms a TPC which receives traffic
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from 901 and reprograms a TPC which transmits traffic to node 905 in accordance with
TPC 1019 of node 901. Node 905 is adjacent to the failure and has reprogrammed a TPC
which receives and transmits traffic to node 903 in the same manner.

[00135] In contrast to the example provided, non-standard time slot
allocation and non-standard concatenations enable flexible provisioning of channels.

[00136] In one embodiment, the fragmented concatenations are
implemented by constructing the hybrid network elements to include the ability to be
programmed with which STSs are part of the fragmented concatenation. In particular, the
TPC circuit is programmable to extract the STSs from the incoming SONET/SDH frames
that make u‘p the fragmented concatenation and provide them to the IL2/3PC. The
IL.2/3PC will treat the incoming STSs that are part of the fragmented concatenation as a
single stream for statistical multiplexing purposes. The egress of such traffic to the ring
will be handled in a similar manner.

[00137] In one embodiment, the non-BLSR protected Layer 2/3 channel(s)
are implemented by constructing the hybrid network elements to include the ability to
programmably mask BLSR protection on a STS-1 basis as defined in the standard defining
the NUT channel.

[00138] In one embodiment, the non-BLSR protected layer 2/3 traffic can be
packet BLSR protection switched by constructing the hybrid network elements to include
the ability for the control card and the ingress layer 2/3 processing circuitry to
communicate to each other. In one embodiment, the control card commands the ingress
layer 2/3 processing circuitry to update protection data structures in response to a change
in the BLSR state machine. The ingress layer 2/3 processing circuitry manages data
structures indicating protection interfaces and/or protection groups which are alternate
physical interfaces or a tunnel. In another embodiment, the control card updates a data
structure in response to a change in the BLSR state machine. The data structure identifies
a protection interface. The ingress layer 2/3 processing circuitry maintains forwarding
tables which reference the data structure.

[00139] In one embodiment, combining the non-BLSR protected layer 2/3
channel and the variable rate layer 2/3 TDM traffic pipe is implemented by constructing
the hybrid network elements to inhibit BLSR protection switching on the timeslots

allocated for the non-BLSR protected layer 2/3 channel(s) and to communicate between
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the layer 2/3 section and TDM section of the hybrid network elements. In particular, the
control card will not alter the cross connect forwarding table for timeslots allocated for the
non-BLSR protected layer 2/3 channel. The egress layer 2/3 processing circuitry will

queue and statistically multiplex layer 2/3 traffic before transmitting to the TPC.

Alternative Embodiments

[00140] The techniques shown in the figures can be implemented using code
and data stored and executed on computers. Such computers store and communicate
(internally and with other computers over a network) code and data using machine-
readable media, such as magnetic disks; optical disks; random access memory; read only
memory; flash memory devices; electrical, optical, acoustical or other form of propagated
signals (e.g., carrier waves, infrared signals, digital signals, etc.); etc. Of course, one or
more parts of the invention may be implemented using any combination of software,
firmware, and/or hardware.

While the invention has been described in terms of several embodiments, those skilled in
the art will recognize that the invention is not limited to the embodiments described. The
method and apparatus of the invention can be practiced with modification and alteration
within the spirit and scope of the appended claims. The description is thus to be regarded

as illustrative instead of limiting on the invention.
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We claim:

L. A machine-readable medium that provides instructions, which when executed by a
set of processors, cause said set of processors to perform operations comprising:
allocating a segment of bandwidth of an optical ring as a non-bi-directional line
switched ring (BLSR) protected layer 2/3 channel; and
transmitting a set of layer 2/3 time division multiplexed (TDM) traffic on the

segment of bandwidth.

2. The machine-readable medium of claim 1 wherein reserving the segment of

bandwidth comprises configuring a set of timeslots to transmit the set of layer 2/3 traffic.

3. The machine-readable medium of claim 1 wherein the non-BLSR protected layer

2/3 channel is a contiguous set of timeslots.

4. The machine-readable medium of claim 1 wherein the non-BLSR protected layer

2/3 channel is a non-contiguous set of timeslots

5. The machine-readable medium of claim 1 wherein the non-BLSR protected layer
2/3 channel is a non-contiguous set of timeslots and the set of layer 2/3 TDM traffic is

received as a single concatenated set of TDM traffic over the non-contiguous timeslots.

6. The machine-readable medium of claim 1 wherein the set of layer 2/3 TDM traffic
is switched into the optical ring through a first packet mesh and switched out of the optical

ring through a second packet mesh.

7. A machine-readable medium that provides instructions, which when executed by a
set of processors, cause said set of processors to perform operations comprising:
configuring a first set of timeslots of a bi-directional line switched ring (BLSR) as
a working channel;

configuring a second set of timeslots of the BLSR as a protection channel; and
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configuring a third set of timeslots of the BLSR as a non-BLSR protected Layer
2/3 channel.

8. The machine-readable medium of claim 7 wherein a set of time division
multiplexed (TDM) traffic is transmitted over the working channel and a set of Layer 2/3

TDM traffic is transmitted over the non-BLSR protected Layer 2/3 channel.

9, The machine-readable medium of claim 7 wherein the third set of timeslots are
contiguous.
10. The machine-readable medium of claim 7 wherein the third set of timeslots are

non-contiguous.

11.  The machine-readable medium of claim 7 wherein the third set of timeslots are
non-contiguous and a set of layer 2/3 TDM traffic are transmitted over the third set of

timeslots as a single fractionally concatenated set of traffic.

12.  The machine-readable medium of claim 7 further comprising transmitting a set of
layer 2/3 TDM traffic on the non-BLSR protected layer 2/3 channel, the set of layer 2/3
TDM traffic entering the BLSR though a first packet mesh and exiting the BLSR through

a second packet mesh.

13. A machine-readable medium that provides instructions, which when executed by a
set of processors, cause said set of processors to perform operations comprising:
transmitting in a bi-directional line switched ring (BLSR) from a first node, a set of
non-BLSR protected layer 2/3 TDM traffic in a set of non-contiguous
timeslots; and
receiving the set of non-BLSR protected layer 2/3 TDM traffic at a second node in
the BLSR.
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second node.

19. The machine-readable medium of claim 18 wherein the set of TDM traffic is non-

BLSR protected layer 2/3 TDM traffic.

20.  The machine-readable medium of claim 18 wherein the non-BLSR protected layer

2/3 channel is configured to carry non-BLSR protected layer 2/3 traffic.
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23, The machine-readable medium of claim 22 wherein the set of TDM traffic is non-

BLSR protected layer 2/3 TDM traffic.

24, The machine-readable medium of claim 22 wherein the set of TDM traffic includes
a set of layer 2/3 traffic, the layer 2/3 traffic being switched into and out of the BLSR with

a packet switching mechanism.

25. The machine-readable medium of claim 22 wherein the first and second nodes are

hybrid nodes.

26. A network element comprising:
a physical connection circuitry to convert a set of time division multiplexed (TDM)
traffic in the form of optical signals to electrical signals;
a TDM processing circuitry coupled to the physical connection circuitry, the TDM
processing circuitry to process the set of TDM traffic; and
a control card coupled to the TDM processing circuitry, the control card to allocate
a set of timeslots for a non-bi-directional line switched ring (BLSR)

protected layer 2/3 channel.
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L. G10 /E&gélrczntry coupled to the TDM processing circuitry, the layer 2/3 processing circuitry to

process asset of layer 2/3 traffic carried in the set of TDM traffic.

32. An apparatus comprising:

an optical processing circuitry to process a set of optical traffic received on a set of
physical channels and extract a first set of layer 2/3 traffic from the optical
traffic;

an ingress layer 2/3 processing circuitry coupled to the optical processing circuitry,
the ingress layer 2/3 processing circuitry to process the first set of layer 2/3
traffic received from the optical processing circuitry;

a first egress layer 2/3 processing circuitry coupled to the ingress layer 2/3
processing circuitry, the first egress layer 2/3 processing circuitry to
process the first set of layer 2/3 traffic;

a second egress layer 2/3 processing circuitry coupled to the optical processing
circuitry and the ingress layer 2/3 processing circuitry, the second egress
layer 2/3 processing circuitry to process a second set of layer 2/3 traffic and
transmit the second set of layer 2/3 traffic to the optical processing
circuitry; and

a control card coupled to the optical processing circuitry, the control card to inhibit
bi-directional line switched ring (BLSR) automatic protection switching for

the set of physical channels and to detect failure on a BLSR.
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bandwidth comprises configuring a set of timeslots to transmit the set of layer 2/3 traffic.

38.  The computer implemented method of claim 36 wherein the non-BLSR protected

layer 2/3 channel is a contiguous set of timeslots.

39.  The computer implemented method of claim 36 wherein the non-BLSR protected

layer 2/3 channel is a non-contiguous set of timeslots

40.  The computer implemented method of claim 36 wherein the non-BLSR protected
layer 2/3 channel is a non-contiguous set of timeslots and the set of layer 2/3 TDM traffic

is received as a single concatenated set of TDM traffic over the non-contiguous timeslots.

41.  The computer implemented method of claim 36 wherein the set of layer 2/3 TDM
traffic is switched into the optical ring through a first packet mesh and switched out of the

optical ring through a second packet mesh.

42. A computer implemented method comprising:
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configuring a second set of timeslots of the BLSR as a protection channel; and
configuring a third set of timeslots of the BLSR as a non-BLSR protected Layer

2/3 channel.

43.  The computer implemented method of claim 42 wherein a set of time division
multiplexed (TDM) traffic is transmitted over the working channel and a set of Layer 2/3

TDM traffic is transmitted over the non-BLSR protected Layer 2/3 channel.

44.  The computer implemented method of claim 42 wherein the third set of timeslots

are contiguous.

45.  The computer implemented method of claim 42 wherein the third set of timeslots

are non-contiguous.

46.  The computer implemented method of claim 42 wherein the third set of timeslots
are non-contiguous and a set of layer 2/3 TDM traffic are transmitted over the third set of

timeslots as a single fractionally concatenated set of traffic.

47.  The computer implemented method of claim 42 further comprising transmitting a
set of layer 2/3 TDM traffic on the non-BLSR protected layer 2/3 channel, the set of layer
2/3 TDM traffic entering the BLSR though a first packet mesh and exiting the BLSR

through a second packet mesh.
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