WO 02/ 060097 PCT/ US01/ 50012 A METHOD AND APPARATUS FOR VARI ABLE RATE PI PES
CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This is a continuation of

U. S. ProvwseinnealooPat ent Application Nunber 60/258, 765, emcriusedsdoiet hod
and Apparatus for Variable Rate Pipes"” filed on Decenber 30, 2000. =
BACKGROUND COF THE I NVENTION Field of the Invention [0002] This invention
rel ates to conMMUNAGETHIOD aND APPARWTES FORCVARIABLE RATREPIPESSent

invention relates to comruni cation over optical networks. Description of
the Related Art net wor ks nust satisfy consuner denmand for
mor e bandwRes QR EERIARELICATIONS 15t o traffi c. The increased

demand of vm't .cns rs o e with inmproved high ndw dt h
capacity (EP re net WorRE 1849 R‘éatm&g’g@%%ﬂ?gﬂ? W?‘IPBH%%WQH UB%¥e the
capaci ty 60/298765@htifled WieHdd ah@ BRHdratvd lfér VA1 Ratk Pipeae f1dddndSd M BEr 2
variety of traffic over a single high speed broadband |line. An optical
standard 3u@908s Synchronous Optical Network (SONET) or Synchronous
Digital Herarchy (SDH) in conjunction with a nultiplexing schene is used

to deli \E)ﬁPA@{égéwﬁwTﬁﬁm&h@é@ver a single hi.gh speed optical fiber.
I's a

SONET/ S ransm ssi on standard for optical networks which corresponds
to the physjc ayer, of the open standards institutes (OSI) network

nodel . m@mip&&%e oktheInyiegliont i on  schenes for SONET/ SDH i nvol ves aut omatic

prot ect i on_ Swi BKNAG. (ARShnvkfich et 666 uARAlioh bR WEAEdpdd ALEL SR
architecture. I&PSRﬂutiT}lﬁzens Iilneara%?vmbtc |rlllg tcl)0 %]rrploerrent Ag%%&j’[&%gg!ﬂ

Fi gur es | thelpeesaneindérdipnanitesitdé oanmanicatpraovee ppiigal ectgforkst af fic flow in a

Bi-Directional Line Switched Ring (BLSR) while there is and is not a
fail ure i Desdniption ofithe Rélgadeért a i s a di agram of exenplary traffic flow on

the ring while e i § not failure. .Although a BLSR has r ki
channel and a ﬂb@& cti W%&%tﬁvéﬂraksf%}l&ts?té% F@W%ﬁ@\ﬁ%a@?ﬂ moé%é‘itggonl y
one wor Ki gigH £ BeHVRRlenddof vdiSe MdULLHrAP0, THEMEdaséMEbdhdloTdURIWIAHKE ring in
the opposite direction) are shown in Figures la and Ib. In Figuré la, A

st ream of cansumprsccombiaesi with weprpvesthigh bandawiddusapecieof epieaictverks tremakng at
node 101. e&\é%qleet&gr]ts tarb%ﬂfe%élédetsgfté th% capacity of optical networks.

[0004] Multiplexing is used to deliver a variety of traffic over a single high

speed broadband line. An optical standard such as Synchronous Optical Network
(SONET) or Synchronous Digital Hierarchy (SDH) in conjunction with a multiplexing
scheme is used to deliver various rates of traffic over a single high speed optical fiber.
SONET/SDH is a transmission standard for optical networks which corresponds to the
physical layer of the open standards institutes (OSI) network model. One of the protection
schemes for SONET/SDH involves automatic protection switching (APS) in a bi-
directional line switched ring (BLSR) architecture. BLSR utilizes linear switching to
implement APS.

[0005] Figures la-le are diagrams illustrating an example of traffic flow in a
Bi-Directional Line Switched Ring (BLSR) while there is and is not a failure in the ring.
Figure 1a is a diagram of exemplary traffic flow on the ring while there is not a failure.
Although a BLSR has a working channel and a protection channel for traffic flowing East
and West, only one working channel and its protection channel (which traverse the ring in .
the opposite direction) are shown in Figures 1a and 1b. In Figure 1a, A stream of traffic

113 is received from a source external to the ring at node 101. Node 101 transmits this



WO 02/ 060097 PCT/ USO1/50012 traffic 113 over its East span 115 on a

wor ki ng channel 119 to a node 103. Node 103 transmts the traffic 113 over

its East wpanod®m¥7in a working channel 121 to node 105. ThreT/sbr/smm of TDM

traffic 113 exits the ring at node 105 to a destination external to the

ring. Although extra traffic may be flowing in the protection channels of

t he ri ng, trafficyi.13 tolver itsE#se gpanclf1 5 oM workidg chadded 118 tehavae: {03, Nddeplosci ty.
ram of exenplary traffic flow on the ring while

[ 0006] Fi ure.Ibisf{iLdi gr am ]{E g
there i sTaPsFais|thy gatticn 1By & Fi5! Shae [ dale wging changel Ll rede 10as Thaii | ed
(e.9. severah diTSH trafﬁt!]fm %&i”tsel%@rﬁ a @det 1ro§ftf> laQestimtibs eRie Ethgﬂpgw t ched

at node 103. Node 103 inforns the othe nodes in thering o il ure.
The st r eaftbdughBmtiartzeffic may b8 flowing mrtherprotestioh abdnnels ofi tlekering] Ofilyfthem node

103 in th [ ot Lon channel 1110 of .node. 103's West span 115. The stream
of TDM”SE&E&O@%W%@C%&S %ﬂp&?r@r?lﬂ]@ g to node 105 along a protection
path. The prot[ge0¢]on MairB 1bRch UGt Bﬁeﬁéh‘%ﬂﬁ‘ﬂﬂam 262 BA heSrielWhild #re 128,
and 120 carrying _traffic between nodes 101 and 107, 107 and 109, 109 and

111, . andis2rfailyed In Gigure Ee dberedeelOf’s Hagtopan L7 bas failed (el sevettdalireaim Blfe

exenpl aryt.r. ' > o] | | ; | t aidure. In Figure
oo aneiepltef TOM GLEE 15 WrbleRiod Wykchel Ahdte 103, Nlac 305 Bieplthpe e

wor Ki ng amstiepimtheaingaf thdtailasd, SThkk&earh 39 TOM matfee 1I33s sralébitted padk td hddar e
shown. Si{gl rly, taﬁnsrrit wor ki ng_and_protectjon channels 121, 135 and

K
recei vi ng OMBPRITge A4 ipihgipectestinn asachd 1 Q ofnade 1fid’s West spapel iPoFhe East span
117 are shoum of 18M &i@RST5 Lod@fush Ruhf aRNE] é%g@g@k L1BR b BFdttcHoRBath.
§pan 1 %o shown “i n

protection channel 139 of node 103's West are
Fi gur es | Ehapmbtdchiof pathsinclpliésehe protethion thamslsiltl4plafk, ¢28,ia0d 12€@barying 135 and

t he receivin r ki ng ,channel 1 0 'S st n 7. are also not
~shown in tl’—:‘i‘fglgrb\ggwqe& I’g’rq&s ﬁgl ?D(Slrljog'r h@;{?r& ﬂ@.’ }&?3@%4 @MP@O@EW TDM traffic
104 is tfapehivelyed in the transmt working channel 137 from node 103 to

node 101. Another stream of working TDMtraffic 113 is received in the
recei vi ng wor kil880@harigure leds adivgran efrxemplasy traffionere on Ol ting whide thezensmi t

wor ki ng ¢ . Ll e the i . il . e [ecel work ki ng
channel 1 %%gglrfafl}%és: % a Tfrgnsrr]né% Qg{]kg%]ztnl% rg{?gﬁ?nl ég;l-hque.ls ?%ég?aﬁcﬁgur e ld
i s a di agfeasividig wakiny aidyproteetdidn chahhedsvi 19) 18061 hodegl 08fsi Westispai B15 ars a
failure. In Figure |d, the streamof working TDMtraffic 104 continues to.

be t r anstomne Pimlagly ctransapwoRkingAndprgfectiparhannels 21, 134 and regeivingr  TDM

traffic 133 ] ' d ' t ' | 110
wL?I e' tche\?vgrk:@g gIR* @{oﬁﬁlg& Bhaiehs A% 01 43138 § HRNEE: pd Pi7AEL bty "ARNe

transmit working channel 137 and the receiving protection channel 139 of node 103’s
West span 115 are not shown in Figures 1a and 1b for simplicity. The transmit protection
channel 135 and the receiving working channel 141 of node 103’ East span 117 are also
not shown in Figures 1a and 1b for simplicity. A stream of working TDM traffic 104 is
transmitted in the transmit working channel 137 from node 103 to node 101. Another
stream of working TDM traffic 113 is received in the receiving working channel 119 and
transmitted to node 105 in the transmit working channel 121 while there is not a failure.
The receive working channel 141 carries TDM traffic not shown in the figure.

[0008] Figure 1d is a diagram of exemplary traffic flow on the ring while there
is a failure. In Figure 1d, the stream of working TDM traffic 104 continues to be
transmitted in the transmit working channel 137. The stream of TDM traffic 113 is

protection switched to the transmit protection channel 110 while there is a failure.



2 WD 02/ 060097 PCT/ US01/ 50012 [0009] The ring described in Figures la-1d

can be a 2 fiber or 4 fiber BLSR The channels described in Figures la-id
are | ogi cab oeloempel s which nay reside on different opticalpciriuser/soodependi ng
on the ring architecture. Aring switch, which is a protection switch that
occurs in both 2 fiber and 4 fiber BLSRs, is illustrated in Figures lc- |d.

[00010] Fi gure [0609]S arHd [ﬁsgrmmﬁdduﬁmga&ésna Rl &dcie S2Mib&tbrWitee BLISR.
transmt worKki ngléchannel 121 of Fi g res lc-1d fails. In Figure le, the

transmt Wee ®hangels dasesibed in Bigugs 1 alygicmhehasnels whichmay sssideopt i cal ring,
the fail uéiilgfse%‘é‘ltt Qgécg?gggtsadéﬂeﬁ]&‘ﬁ%&f {h?g@g%kmtgmé r&[r&g%wﬁ&h"’ \blﬁ {%%” SW t ched

to the tr ion ¢ span swi ection

sw t ch whpotecdon swich thatodeutd indrottBR GRer dﬂﬂylsﬁibmlEI;SRst h&llmtedaﬁ@ﬁgulésnd-s 2
fibers. The transmt working channel 121 exists on one fiber and the
transmt ‘otection channel 135 exists on a separate fiber. The failure of

the working chappgd] 1%@& 1R if 2bla a?nllfﬁgtrétﬁ'fagiéﬁaﬁrswfthlp%?Iﬁéeha?l% am of TDM

f
traffic 113 is swtched fromb elngtransmtte over the first fiber to
bei ng tr awsrking elthnoelel2 ltdfFigwenhat 14 fdilsr In Fipoeelld, thdi tydnsmgeratkimgtohaemiel r i ngs

offer |ar nt f.. bandw dt h, but 1 he t ect ch tilizes 50%
o that - bl e D3ttt 3R Hbdhophid sind e BAiRlE B deFer b st ool
of ten goegDWRUGER M3 ik @}géﬂWl&:hb& td Y@k trdndrak buﬁ&clohtchmﬁlepisse MY tchh@c ause
traffic transmtted in rotection channel woul d greerrp ed t he

\évor ki ng El'mt‘tqtl@ﬂfSWétChmhl@l %Cﬂmm@r‘leﬂm&l& Fhysigaldy. thfr @ﬁtépanzlaﬂasn 2b are
i vision nges shElfihl NpHRE ol PRS0 bhe IS AE e Sk pofild”, | ™

Fi gure 2ac1mnel msazﬁmn hlsqﬁkattaflbag Thedailvge oﬁfheaﬁdlkmtg@hhmm 1Zhanfalluteo
carry extr TDM traffjc while,therels n re.. ILn Figure 2a, a West

span 201 Pgtha ifpstdengri hagstgeamyph P%tr%fﬁaﬁﬁgvs %@ﬁaﬁ% om being EaSmEtedgERnel
207. The reks %eglg@gaﬁé H%QM&W%%EJ M d Egdfic 209 and the protection

channel 2 carries extra IDMtra 211. An East span 203 is also
di vi ded i nto a[0801Ki ngHighospesl oicdl mngs ofifep langeeanownts ofandwiidtiz, 0t thiehe

IR MR A N TR N A e TR T
| [T ustrat & tdkidg FRArmNofén SodsusddNAilerthéreGs Mbtid fRilERE 1S bfteRundsdél | ure. In
Fi gure 2b, the East span 203 has failed. The working TDMtraffic 213 is
because traffic transmitted in the protection channel would be preempted by the working
TDM traffic while a failure occurs.

[00012] 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 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.

[00013] Figure 2b 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 protection
switched working TDM traffic 213 preempts the extra TDM traffic 211 which was



protection switched into the protection channel 207 of the West span 201.
The protection switched working TDMtraffic 213 preenpts the extra TDM
traffic 20 oatoswb7 was 3 WO 02/ 060097 PCT/ US01/ 50012 previpcaglsgi/s@nzied in
the protection channel 207 of the West span 201. The extra TDM traffic 215
previously transmtted over the protection channel 207 of the East span 203
i's not pprevieatlydaaied in shet proteefi@r chaansi202 o€ the Westtspatp2ol . tTie dkauTM. The
extra TDMtraffic is glrobl enatjc tq sell to custqoners because it is
C

pr eenpt abif&i57d> BHAAEE FRTIUCE 7S otegliRn chapul A o€ therdisiespen 80% #saf £ i
service fﬁ&?ggt@&e&‘ SRR tHerRRAEESNMELeRS 1B Lng%ﬁgh x P%Lﬁﬁ%%gﬁ& Ttbg\{[a Wagl khe two

upon failur Wiil'e the above is true f I npact to
ext ra TD\Wprobkfifatic to pelbtoLufiobmrs Bic8Redeip pradmptable frel unpoetecied.f Aicbnsumer| n

ranner  acoold Biieief e uEE S &FF netv ek TR R o e 588 ot 1 mpact

the extr aaifildid bbb tel tRidSipoh FAMre O WHiRGhO Movkad rhdebr 225er BRYRVARY OF THE
| NVENTI ON [ 00014] The invention provides a nethod and apparatus for

provi si onimRfckto axiai TINYidrattie i 3 4 jiber BLIR depgnids en gheggpaniiadusodst ant rat e

optically. | Ll | Gl i . . t Lhyention,
et hod PETEE, Fhilade (ilhiifs HeEBESK Bl iR in R g as iSerb T 0
span for abovasa sjahewitah én h d\fiber BLSRtdoa$ fiotdmpagiahe ¢:000MBM thaffio trdhsigitted one
enbodi nment ﬁ’% t he. invention, a first set of tineslots are configured as a
wor ki ng cPARSSCNTRNNGE SBMSong set of tineslots are configured as a
protection channel in a bi-directional line swtched ring (BLSR). A subset
of the fif$EMMARY OF THRENVENTIONI a subset of the second set of tineslots
are allocated for a variable rate layer 2/3 traffic pipe. A second subset
of the first J600bLf] tiThesimestiar praidescatmathddrand apparakisnfpr gpovisiahing a

switched traftfic pipe. an failure in the BLSR .the variable rate |ayer
31 traf 17l £t LB S el bR b ot PRGBS HSHES STRRE BT | e
second SeAc&frdin?'tH%ﬁE QbgechCOERSventiO, Al BEthbA & provREd hichl IRELECa Bigdentand a
second subset or the second set of tinmeslots becones a protecting

opt i cal | yolshandwirdih of pmpptieal ppasdor & gaiably rafthlager 245 trafficipgpe. aspect s of t he

present vt P AR P A TR A B
best be umdejoatiga@ddhys 4 afogkihg RBadme] bhé af RLbIkA Df timeslots are configured as a

protection channel in a bi-directional line switched ring (BLSR). A subset of the first set

of timeslots and a subset of the second set of timeslots are allocated for a variable rate
layer 2/3 traffic pipe. A second subset of the first set of timeslots are allocated for a
working optically switched traffic pipe. Upon a failure in the BLSR, the variable rate
layer 2/3 traffic pipe is reduced to a working layer 2/3 pipe, the subset of the second set of
timeslots becomes a protecting layer 2/3 traffic pipe, and a second subset of the second set
of timeslots becomes a protecting optically switched traffic pipe.

[00016] These and other aspects of the present invention will be better described

with reference to the Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

[00017] The invention may best be understood by referring to the following
description and accompanying drawings that are used to illustrate embodiments of the

invention. In the drawings:



description and acconpanying drawi ngs that are used to illustrate

enbodi nents of the invention. In the drawings: 4 WO 02/ 060097

PCT/ US01/%wW0M22600pD0018] Figure la is a diagram of exenpl argTiusaf/fioe2 f | ow on
the ring while there is not a failure. [00019] Figure Ib is a diagram of
exenplary traffic flowon the ring while there is a failure. [00020]

Figure Ic is {000E3r aigire ¢aénptiagsant ofddeinpldry aaffanfléven thargngvvihile thdner e
is not a failure. [00021] Figure Id is a diagram of exenplary traffic flow
on the rllﬁﬁow"nﬁﬂé’f here is a failure. [00022] Figure le is a diagram

illustrating gosem) S\Ml G0 19 & Bialhien bf SRMPIdry MBS o‘ﬁhﬁé‘ﬂﬁ’% whild (e

Figures lc-1d fails. 023] Figure 2a is a diagramillustrating the use of
a pr ot ectis efaitdrannel to carry extra TDMtrafflc while there |s not a

failure. [000 gure 2b.il.lusirates ree

whi 10 ther o 1 002 R0 1Bl Bt BLRSTRL WARCIaTEh I Aaf WihEiness

il lustratisiagt amikxenpl ary division of an opt| cal span's bandw dth
according to one enbodi nent of the invention. [00026] Figure 4a is

di agramil| ust[pﬁ(n]dg JHgwR dAps @ diageam Pf:eXeFTM@IWkﬁaf@ floms0a thesring, philg th%‘?l ure
in an optj.c,. ]i,gan according to one enbodi nent of the invention. [00027]

Fi gure 4b° |s a diagramillustrating an exanple traffic flowwhile there is

a failure in d00022]i Ca‘hgmaalra: BCL diagrany illastariag enbmdi sweicch whilé lige trakeniti on.
[ 00028] Fl ure 4c i s r am of e exanple traffic flow 419 of Figures
4a and W‘\‘i‘g%haf‘ﬂ%lrlél re%%lég’lé failure of the span 403 of Figures

22 anan'in 2 (D08 293061 40! LaRBAnPIRAAMTRNIneOfsctdies bFEAb Ofland 00029

Figure 5 is a diagramof circuit conmponents hybri d networK
accordi ngcarxym%mfﬁemhﬂaﬁhdrﬁé nomaézntur@n [00030] Figure 6 is a

L ovelar for hbRE! i8R b SheflnRbRRsar: RHBRLBSE sl DM oL L1,
traffic ff.auieng through the BLSR while there is

[00025] Figure 3 is a conceptual diagram illustrating an exemplary division of
an optical span’s bandwidth according to one embodiment of the invention.

[00026] Figure 4a 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.

[00027] Figure 4b is a diagram illustrating an example traffic flow while there is
a failure in an optical span according to one embodiment of the invention.

[00028] Figure 4c is a diagram of the example traffic flow 419 of Figures 4a and
4b while there is not and is a failure of the span 403 of Figures 4a an 4b in a ring
according to one embodiment of the invention.

[00029] Figure 5 is a diagram of circuit components in a hybrid network
element according to one embodiment of the invention.

[00030] Figure 6 is a flowchart for allocating a layer 2/3 pipe and subpipes in an
optical ring according to one embodiment of the invention.

[00031] Figure 7A illustrates traffic flowing through the BLSR while there is
not a failure according to one embodiment of the invention.

[00032] Figure 7B illustrates the example traffic flow through the BLSR while
there is a failure before a routing protocol detects the failure according to one embodiment

of the invention.



not a failure according to one enbodi nent of the invention. [00032] Figure
7B illustrates the exanple traffic flow through the BLSR while there is a
fail ure bwborme@IT outi ng protocol detects the failure accecarusgi/s@inbne
enbodi mrent of the invention. 5 WO 02/060097 PCT/ US01/50012 [00033] Figure
7C illustrates the exanple traffic flow through the BLSR while there is a
failure after [00833)outFiggrep?@ilbsuhtes dheeatampldaaffi flow enraegOmei BIUSR wiIRe

enbodi nen of t i nyent.ion. .[ 00034 igure 8A illustrates varying
concat enah}e%? aor{?]’j’rlreta:ﬁ@r %ﬁgﬁéﬁb‘;g If‘—rp@.‘#’]egﬂewi? &l pecording & ong exhodimenti | ur e
accor di ngof ;eGiengbRodi nent of the invention. [00035] Fi gure 8B | |l ustrates
a failure in the BLSR according to one enbodinent of the invention.

DETAI LED DESCRIOS#34IN [BgoeaiA ilfnstrates Metylingrongatdaaions pveothe BliRe bdBigures

specific tahl S t fort.h. fo .0vi de a thofough understandi ng of the
i nvent i on?g \Nek’@’g??ﬁelrfglns()tgrg gurrésfl%cggdlfl%iiot Oqeheéandﬂ?}%'ﬁtolf g??‘ﬂﬁ?‘“ﬁé- practiced
Wi thout these K)0O8SIf i CFigefeaisBs.illidiragdshar fiilfé AACaBe MESR- KARMIne Cid Whet S,
structures n&l t echpi ques have not been shown in detail in ordefF not to
obscure FREOHIMFEHPS BAINVEDBOB7] A net hod and apparatus is described that
provi des a pipe through an optical ring network that includes sone

bandw dt hpmm Epeppeekippicipd protection channels while there is no
failure, but that is not conpletely lost on a failure. In this ring

net work, netwogg03$]eNemtihe AR wisEakstRRiors AlmEIoRS 'ciﬁ@dw?irs%?@ée\f?orﬁ%' ring

traffic. In addition at |least certain of the network elenments provide two
di f f er ent PEOidecHtharpugh anedersigndiag of thennventiopableweverThés waickstdodshatithéii ng

provi ded . tacol s .includin ayer 2 and | ayer 3
Pype. pr ot BapaitoR) be BRyRI R InesB SELRCATal T Sl Bt P o
typi cal opecuts] anetués andiBiinigiesbave ©otdeBNEhown i@ JeRIIMA bider BbEBRBESIrar €

i npl enented .to be able to: 1) programmably select on an STS basis certain

of the | WEIRYHYORDM traffic to be extracted and packet switched rather

Lhan TOM sui tcloggT) andfind)ardSphhiifsRRBiElbdd BTGy ARG BSufoLM and to

be packet sw tched.” Regardless o sw t chi e e 1s tused, the
swi t ched optafat iing getiwegk tat kncbides sdarhebaridwgdth Sramu thel workihighdntl gestedtioand

transm tt gﬁjan(ﬁglts Whlki%\gﬁe\:/rg i no PaﬁgreE wtethgtrigggti c%nilpﬁetgl?r(igset tonsa .aithg:rg.e(ljri thgshr?lgg
network, network elements are used that can transmit and receive TDM ring traffic. In
addition, at least certain of the network elements provide two different switching
techniques - TDM and packet. The packet switching provided can support any number of
protocols including layer 2 and layer 3 type protocols such as ATM, Ethernet, Frame
Relay, etc. In addition to typical operations of a TDM network element, the network
elements are implemented to be able to: 1) programmably select on an STS basis certain of
the incoming TDM traffic to be extracted and packet switched rather than TDM switched;
and/or 2) receive packet traffic in another form and to be packet switched. Regardless of
which switching technique is used, the switched traffic going back onto the ring is put in
TDM format and transmitted out. However, each time traffic is packet switched, that
traffic can be statistically multiplexed (e.g., the packets can be selectively dropped based
on various criteria). An exemplary implementation of such hybrid network elements is
provided in Figure 5.

[00038] Figure 3 is a conceptual diagram illustrating an exemplary division of

an optical span’s bandwidth according to one embodiment of the invention. In Figure 3,



traffic can be statistically nmultiplexed (e.g., the packets can be

sel ectively dropped based on various criteria). An exenplary

i mpl ementwDicenewd7 such hybrid network el ements is provi dedtiusoFsmuz e 5.
[00038] Figure 3 is a conceptual diagramillustrating an exenplary division
of an optical span's bandw dth according to one enbodi nent of the

i nvent i onthe loEtiEdlgplirBs 301 bdad WiAtR 24 SRABS1IPEWEEDd ol@dL chdni6l JBtdhaal span’s
301 bandwidth is evenly -split between a working channel 303 and a

prot ect i oﬂoﬁﬂﬁﬁ%éha“@ebglo% A sepresnt obbanganidiii 8¢ in domarkingiehanast ROhyilk hannel

303 will "y r | | ' ' referred
to as theC rt?%g%%hﬂqu)hif&p%g% ffeb'%f[r? er gﬁ ?65); \r‘{gﬁg&eﬁe{a&?g;ﬂ%@&&@ I ni ng
bandwi dt hTBIpipk. Wikilewbeieiisgot cfaiinreethe3@BaihmprtmndwiitibpOPef thaklorkihgt he
protection ch |. 305 foruos S ipe, and, to her these subpipes forma
Payer 21 U558 205 ToRns HUPProRl £f FPRacrAR CHATTERLR 7S 2 SBPBPEABa( ATM

Et her net , 1o5&BBRLER! s%}ﬁpipleé‘]f&ﬁf‘e?faygﬁ 2] 9%&_%@ tr@hsinit TBM %ﬁc%@ing%ér@(ﬁ here is

a failure, the segnent of bandw dth of the protection channel 307 will
carry a praffiedAildh Etbeinetc FransRelepintstnel Phtocodfefi¢. pas pitytoade Wit therfe is a

bandw dt h, 311 gf the praqtecti nnel O7. wll b ed. as_a protecting
ayer 21 stbfigoMseeeBeRtRnan ey 4 8P amisiof ehemae il i B e iy
traffic. dhiecheagieah oo TDM B tThedegmBiitkdfbandvwides 312/ of thd/piotdeBos Ot t he
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stream of . TDM tr.affi.c 409 he West transnj an.,..401 carries .anot her

St 1 oam of FEEN 44 & prdiferam kg F syimits Fattic A7 Mite et Birigk § B fRE L,

2/ 3 pipe 4pial 98 astor@m@ t6ond BiMbbdiafeht 6f td indeﬁtidrﬂmmgn& ad, DWekt¥Ranknites t o
show t he ayer Z/chglge 412 enconpassing a segnent of the working channel

405 and asmand0lindiviqeddriec werkinghapes] 4&8@4 A prosesdan ghapmehtlle dndiighret he
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of this chdnnel "Cou go “unused and/ or 'sone
the West transmit span 401 carries a stream of TDM traffic 409. The West transmit span

401 carries another stream of TDM traffic 411 having layer 2/3 traffic as payload in a
layer 2/3 pipe 412. The stream of TDM traffic 411 is represented by two lines to show the
layer 2/3 pipe 412 encompassing a segment of the working channel 405 and all of the
protection channel 407 (it should be noted that the layer 2/3 pipe need not encompass all
of the protection channel 407 — some of this channel could go unused and/or some of this
channel could be used for a different purpose, e.g., extra traffic).

[00040] In Figure 4a, an East transmit span 403 is also divided into a working
channel 406 and a protection channel 408. The East transmit span 403 carries two streams
of traffic. In a working TDM pipe 404 the East transmit span 403 carries a stream of
TDM traffic 417. The East transmit span 403 carries another stream of TDM traffic 419
having layer 2/3 traffic as payload in a layer 2/3 pipe 414. The stream of TDM traffic 419

is represented by two lines to show the layer 2/3 pipe 414 encompassing a segment of the



channel could be used for a different purpose, e.g., extra traffic).
[00040] In Figure 4a, an East transmt span 403 is also divided into a
wor ki ng wbannel097406 and a protection channel 408. The Ea®CTiUusanswii span
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traffic fhkobe lihiting djoartke inventéorf. ai | ure in an optical span according to one
enbodi nent of venti on Figure 4b, . the Eas rans a 403
Fails (oo a L8G4 P e S iiarng Moprample rHECHAS whils Bet

span 401 %%ﬁdr@ megn %@lmggayl aE@&dﬁltgrt@ 3 %b&%ﬁmftﬁé fvéfifdn. Tn ﬁ:tg%r&@xs ki ng

TDM pi pe 402. The st transmt Span 401 al so continues to carry the
st r eam of theORAst frarisimit spaa B3 Hand (e aawedzur&, faalafg‘lnaa:d‘a@repay[)oﬁhh Wmt only in
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because ablpet40af flihe WeRhihE shah 401l 0kt g GH BiREthe4B8arnlof ThHM bagfic
transmt span 403 prior to the failure was protection switched to the

prot ect i odlt havinglayend/? texific pepayead, butppdinina workingdayer 2(haubpipet433t feam of
TDM traffi ?ote %Q%‘z/ﬁj@g@ | A5G, canrlé?s_It ﬁ%&}%ﬁ%ﬂ ®id 499 Rivih g fay¥est

transm t pan protecting
2/3 traffic as payload because all traffic traveling in the working channel 406 of the East

transmit span 403 prior to the failure was protection switched to the protection channel
407 of the West transmit span 401. The East stream of TDM traffic 417 now travels in the
protecting TDM pipe 410 of the West transmit span 401. The West protecting TDM pipe
410 is the same size or number of timeslots as the working TDM pipe 404.

[00043] As shown in the illustration of Figures 4a and 4b, the streams of TDM
traffic 409 and 417 are transmitted at a constant rate because they utilize the same amount
of bandwidth while there is not and is a failure. In contrast, the streams of TDM traffic
411 and 419 are transmitted at a variable rate. While a failure does not exist, both streams
of TDM traffic 411 and 419 are transmitted over the layer 2/3 pipe which is allocated a
large segment of bandwidth including some of the working channel and all of the

protection channel timeslots. While a failure exists, the streams of variable rate TDM



410 is the sane size or nunber of tinmeslots as the working TDM pi pe 404.
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2/ 3 subpi gaveldSver tiE lger 2/ subtipd 411 to nodé 84 1T Ddhdd rafdkid8 14 EdstitBanci@i tspaed f or
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TDM traffic 419 is switched through node 439 and travels along node 439’s East transmit
span 440 in its protecting layer 2/3 subpipe 443. Node 439 knows to transmit the variable
rate TDM traffic 419 onto a protecting layer 2/3 subpipe because node 431 has
communicated to node 439 a protection switch.

[00046]  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 4¢
at node 431. Also assume that the first and second user’s traffic is to be terminated at
node 441 and exit the ring at node 441 to an external network element. The third user is to
be terminated at node 439 and exit the ring to an external network element. The traffic
from all three users is transmitted over the layer 2/3 pipe from node 431 to node 441. The
traffic from the third user is switched through the packet mesh of node 441 and transmitted

over a second layer 2/3 pipe (not shown) between node 441 and node 439. As before,

assume that there is a failure of span 403. While there is this failure, the traffic in the layer



comuni cated to node 439 a protection switch. [00046] As an illustration of
the protection swtch in relation to end users, assune that traffic froma
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| ayer 2/ 3wsuldhegmovided by the working subpipe on span 403 or the protecting layer 2/3 subpipe

435. The maximum 30 mbps per customer would be provided by the protection subpipe
on span 403 while there is no failure. In this manner partially BLSR protected layer 2/3
traffic is provided around the ring.

[00049] 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.
Thus, in the above example, to offer the third user the service identified above, the ring
provider would also have at least the needed bandwidth (guaranteed 10 mbps and a
maximum of 40 mbps) on the second layer 2/3 pipe from node 441 to node 439 (not
shown) because the third users traffic must traverse that span as well as span 403. In other
words, if a potential user’s traffic must traverse multiple spans of the ring in layer 2/3

pipes, each of these layer 2/3 pipes must have available the necessary bandwidth.
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435. The maxi mum 30 nbps per customer woul d be provided by the protection
subpi pe on span 403 while there is no failure. In this manner partially
BLSR pr otwoteededoayer 2/3 traffic is provided around the rcmgisSol/80d219] It
shoul d be understood that the ability to offer a guaranteed m ni num
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according to one enbodi nent of the invention. Wiile in this enbodi nent
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I

TDM traffic 1s recei veéﬁover the optical receive fibers 517, 504, 508, 512
and tr ansepticabttansuet fibére 51bfilkcal8, 52anThe TDM beffte i trapsnsittdd arglli@ceig@Pas The

TDM traffic.is .transmtted,and recei.ved a {,C i si cal
connect i obbier SRR BV plsisn BfinceBGE bkaRa e Psdiy 307,308 S TREREUS, 24

si gnal s t gorfeft Eib&l@;%ngﬁlQB%le_‘étrﬁﬂ_aﬂsigﬂleﬁs?aﬂtﬁ‘iéévérw for eseepliorPdhdanthsmission.
transm ssi on. he T traffic is transmtted and recei ved bet ween t he PCCs

501, 507, ThoBDMpsifiniy trapemittetng reseirsd peiyeen e GG Y01pEd), 59305055md the 25,
and 537 rgpRe ﬁ{d&f&kﬁ’g Afcufits ?f’lt’éé)%eib, 519 993,%d 537 respectively as electrical signals.

The TPCs transmit and receive TDM traffic from a control card (CC) 509. 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 Neufeld, filed on
March 30, 2001, Serial No: 09/823,480, Attorney Docket Number: 004906.P002, which is
hereby incorporated by reference.

[00052] The layer 2/3 traffic can be switched through the CC 509 or a packet
mesh 550. 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 550, then the TPCs 519, 531, 525, and 537 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 521, 533, 527, and 539 respectively. The TPCs 519, 531,
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The TPCs transmt and receive TDMtraffic froma control card (CC) 509. In

anot her enbodi nent of the invention, each TPC and PCC is | ocated on a
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progra 'e to insert cafry
2/ 3 tr af f interfaoe bxethp dogiet csmet:t:éteﬂom[ﬂil@ﬁ:ﬂe]twﬁ'fk&l@ﬁ‘erﬁ@@mﬁﬂhﬁ&ksﬂdrh ieletieas,

mai nt ai ns a BLSR tate nmachi ne, u t he T Cros nnect table in
.response ?d‘ogﬁ miaﬁofﬁlé‘yﬁﬂé}?—? gc{]%&egtt,%é@%ﬁﬁénetwp @é?e%alﬁ?%c*gends a

nmessage tfatéllﬁfée&&efshs alpBgLiea poit ™k Bfté &R WHiSH casek@hnFldSHh 284iR62 Qﬁé @@
switching. Typically an int erface IS a physical intefface or port

| ogi cal $0% semflamesdages togeprogiavuihe dR6isde hanslle & protection iswisth (eeg. monerél ement

h I d be adj h
et not R ebRiaer et syt nth BRICTLGETY (o o physi cal port or

interface whi qio0es4) bel‘cﬁﬂi‘l@ﬂﬁl@dnekéln@l@@ﬁhe&@prokfhﬂnﬁ@g 0B B} epnstk cEssiRges to
reprogramthe TPCs to handle a protection swtch rient

Concat enate Rdle 473es vedh, ovame s e BERIEERHS S AbeOCoLB SR (Gebisa] To
provi de g s§88 @&l v?orﬂngt Jﬁﬁ 6 $I4I9f Blrgfgcﬂgn BI eatcn alr@&Io\ﬂ?.r Kls%l S Hhat each of

the nodes of Figure 4c is implemented as the network element illustrated in Figure 5; that
the PCC 501 of a given node is connected through fiber to the PCC 503 of the adjacent
node; that the fibers 515 and 506 are the transmit fibers; that the PCC 503 of node 431 is
connected through fiber to PCC 501 of node 441; and that the fibers 517 and 508 are the
receive fibers. Table 1 below illustrates the concatenations and the redirection of STSs

programmed in the TPCs 519 and 525 of each node while there is not and is a failure on

span 403.

Node While There is Not a Failure While There is a Failure
TDM Layer 2/3Pipe | TDM Layer 2/3Pipe

431 On TPC 519 for | On TPC 519 for | On TPC 519 for | On TPC 519 for
transmit fiber transmit fiber transmit fiber transmit fiber
515: X on 515:STS2Con | 515: X on 515: STS 2C on
channels 1-4, channels 5-6; channels 1-4; channels 5-6;
where X is STS 6C on STS 1 on STS 2C on
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11-12 ar

subpi pe
on chann
transmt
7-12 cha
519 for
fiber re
Not hi ng

i S,

6 STSs for working and 6 STSs for

t hat

protecti

t he PCC 50

on in each

t he nodes of Fi gurePpéa/uss1/soupt enent ed
illustrated in Figure 5;

1 of a

gi ven node is connected through fiber to the PCC 503 of the adjacent node;
FTDers|5dfe pRficldP |ahinfde7 T anslahndPETS: | LR ﬁw 503 of
S 00185 5%%1 Erough fiber to %EOf no % t hat the
l7_and 5 §P&%2 £ ﬁ?m% nates the
At i ons (E&%f§§ ﬁglr |o f% g¢ rannL %‘PWS TPCs 519 and
ach node ﬁ % %re on _span_ 403. Node
bre s NGEOSPUESDRLr o 7 é?b B8elE8i 0ur ¢ OPORC 0r2/ 3Pi pe TDM
BPi pe  4396:HLSTPEns IS %‘%elsair@rpc BPtECtipg On THensmiviiber (n TPC 519
nsmit i Beanel Bnsni t ST%@Q ofir anspiPM i ber tr aA8%:iNothinger | 515: X on
2C on 588S 3 om 515:chem@l9E1dn | channel s 1-4, channels §-6;
1-4; chahamiels 546; | where X is SOBTRC WHBIS 1 on STS 2C on 12 WO
7/ PCT/ US01/ 50012 sqgme parti cul aftrafsatin@bes 7112 channel 71 channel s
rangengnt protecting protecting g &Notkdg TPC 525 for TDM, 2/3
@1 TPC| ¥oTPO519 &S0k TpC mrfoblén&@cosngtfoﬁnmfpé kPeforq06: STS 2C
Bl s 8-1()r 1§E e Leivefis nn( rotlecti ng
fiber % é ﬂ%ﬁ | nqSl.%o% ébép channel s
nnel s 2- & §25 gns 506 t RN 41 On TPC
On TPC 5 On TF flter receive
ceive f| g‘rs 3r(£ | ve f C(’317 s@é%f%‘é%%@? %Teﬁ%ég%ﬁ”‘ 17:
517: Not K éﬁ@le s 2-4 channels 7-12 receive fiber receive fiber
508: Y on 508: STS2C on
On TPC 525 for | On TPC 525 for | channels 1-4; channels 5-6;
receive fiber receive fiber STS 1 on STS 2Con
508: Y on 508: STS 2C on | channel 7 channels 11-12
channels 1-4, channels 5-6; protecting protecting layer
where Y is STS 6C on TDM; 2/3 subpipe
some particular | channels 7-12 | STS 3C on
arrangement channels 8-10
protecting
TDM
439 On TPC 519 for | On TPC 519 for | On TPC 519 for | On TPC 519 for
transmit fiber transmit fiber transmit fiber transmit fiber
515: Y on 515:STS2Con | 515: Yon 515: STS 2C on
channels 1-4 channels 5-6; channels 1-4; channels 5-6;
STS 6C on STS 1on STS 2Con
On TPC 525 for | channels 7-12 channel 7 channels 11-12
receive fiber protecting protecting layer
508: X on On TPC 525 for | TDM,; 2/3 subpipe
channels 1-4 receive fiber STS 3C on
508: STS 2C on | channels 8-10 On TPC 525 for
channels 5-6; protecting receive fiber
STS 6C on TDM 508: STS 2C on
channels 7-12 channels 5-6;
On TPC 525 for | STS 2C on
receive fiber channels 11-12
508: X on protecting layer
channels 1-4; 2/3 subpipe b
STS 1 on
channel 7
protecting
TDM,;
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channel 1; channels 5-6; STS 3C on STS 6C on On TPC 525 for On TPC 525 for
channel s 2-4 channels 7-12 receive fiber receive fiber 508: Y on 508: STS
2C on On wB@2m2®9f or On TPC 525 for channels 1-4; channel #CFAGP1/500¢Lei ve
fiber receive fiber STS 1 on STS 2C on 508: Y on 508: STS 2C on channel 7
channel s _11-12 channels 1-4, channels 5-6:. protecting protecting |ayer
where Y |is STS 6C on TDM 2/3 subpi pe dB®ES pdohi cul pr channels 7-12 STS 3C
on arrangenent channels 8-10 protecting chiilAS900n| TPC 519 for |[On TPC 519
for On TPC 519 for On TPC 519 for transmrbtebtider trpnsmit fiber|transmt
fiber transmt fiber 515: Y on 515: STSg&wen 515: Y on 515: STS 2C on
channel s I-4channelf s 5-0; hannel s 1-4; channels 5-6; SIS oc om STS 1 on
STS 2C on On TPC 525 for channels 7-12 channel 7 channels 11-12 receive
fiber protect i[ﬂ@Oii] ot dnta'ddigoh &ythe refpogranmxhiog oOrhe TPCsS52e ckass cdidldct AbRs

subpi pe n ceive fiber STS 3C gn.5Q8: STS 2C o hannel s 8-10
on TPC 52"%&6}8? %O@ﬁ dﬂfé Ca5 35 alfﬁfﬁy‘f %@Pf‘ﬁ@gel}’e ity e mple’ deyaitse aBAVer OV 508:
STS 2C onyafeibasnalee u%er%%n&?mgsat%bﬁe 4@05?1%1%2@ f'IQ)rexgﬁﬁ tﬁl@e%}n [eecei ve

fi ber channels 11-12 8: X on %rotectlng ayer channels 1- % 3 subpi pe
b STS 1 assumpimtdic trafﬁc from these three users is sw1tch1ng into the ring in node 431 from

the PCC 507 through the packet mesh 550, that the traffic from the first and second user is

exiting the ring at node 441 through PCC 505 after being switched through the packet
mesh 550, and that the traffic from the third user is exiting the ring at node 439 through
PCC 505 after being switched through the packet mesh 550. While there is not a failure,
the traffic from all three users is transmitted from the IL2/3PC 533 across the packet mesh
to the EL2/3PC 529 according to the forward tables, which refer to logical interfaces, and
transmitted in the layer 2/3 pipe by TPC 525. While there is a failure of the fibers
connecting into 431’s PCC 503, the logical interfaces are modified so that the traffic from
the three users is switched through the packet mesh from IL2/3PC 533 to the EL2/3PC 523
and transmitted in the pfotecting layer 2/3 pipe to node 439 by the TPC 519 which has
been reprogrammed as described above. |

[00056] In node 439, while there is not a failure, the traffic from the third user is
received at the IL2/3PC 521 and switched through the packet mesh to EL2/3PC 541.
While there is a failure, the node 439 is modified so that the traffic for the three users
received from node 431 on node 439’s PCC 503 in the protecting layer 2/3 channel is
switched to the protecting layer 2/3 channel to node 441. This switch will go through the
cross connect, and is in fact a BLSR pass-through. An additional change for the dropping
of the third users traffic is in the next paragraph.

[00057] In node 441, while there is not a failure, the traffic from all three users
is received at the IL2/3PC 521 and switched through the packet mesh: the first and second
users’ traffic is switched to EL2/3PC 541, while the third user’s traffic is switched to
EL2/3PC 529. While there is a failure between two adjacentf nodes, the logical interfaces
are modified because of the failure so that the traffic for the first and second users received
from node 439 on node 441's PCC 503 is switched through the packet mesh 550 from the
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protecting TDM 13 WO 02/060097 PCT/US01/50012 STS 3C on channels 8-10
protecting TDM[00055] In addition to the reprogramm ng of the TPCs, the
cross corweak/ot@bt es and the logical interfaces are altered/imsovsid: ngly.
As in the exanpl e described above, traffic for three users enter the ring
at node 431 of Figure 4c. To extend this exanple, assune that the traffic
from t hes&.V/BPES2Useile ELQ/SE@Séhhmgtranstrﬂttdzdmtroifttg ring thmﬂlghcﬂl&:]PCE(EGGS t he PCC

507 throu sh 550 h raffic fro second
aser 1o SRe AR S ke T Dt iorbghuli RecheBrnenis e TG S20q ched
through t ke magket 529888 tak@nitdd But he PCB3tdnahé kv%ﬂ&ﬁgrﬁyéﬁm Chidndy gser is

exiting the ring at node 439 through PCC 505 after beihg sw tched through

t he packehodaeddP osihe TRE: $25. t Hherteaffie fipt the thied wser is received at naded 439 dtitlhom al |
th t t k
e BLo) 3BECeTy B Mtk idyef 7o' det A Puched ARRAR e pifa BRSThs0T o

i nt er f acesfronathd EI/BBGSSTJlttbﬁCb EI2/8PE 5 ayesiccdtdngd w&hlmefm@xa& tabl¥y 4@ t here
is afailure of the fibers connecting into 431's PCC 503, the |ogical

i nt erfaceéra‘é?’é‘ttﬁ%amf?fébeE}BgPMétte]f%Sp affic from the three users is

swi tched throu Qg%nﬁ}h 23 and
transmtted i nmtohg*}grot ectl n gtﬁgﬁ %?g@g{%%ﬁ%%@nﬁggoﬁﬁgﬁggﬁc 519

whi ch has harhﬂemprcﬁmtmgrswmhchsmdémﬂhebmg odifboguze 4¢ BAOBLHHerl GCASBLSRBI In whi | e
there is nat..a failure, .the aff r third yser ceived at the
157 SpC 539 ks anietieRtaton B i g oIkt biimiaitd PecanpmpeuldBe. vin | e
there is anpRideHfe to baanm@ﬁﬁé%&weén PRA Sk BE 187 r DIPdhahhg ahf &ef L Grebi@ig t he

three users  received fromnode 431 on node 439's PCC 503 in the progt ecting
| ayer 2/ 3laynadRehaine] (sgv mutietink BPPhATM SABcetc g Alsmyassundd hatdzahoéthet 0 node

pass- t hr oBois iidlite FORRBHERLAS e pETREC b GRR R ol et B8R o
traffic i $O03 S0hend&BY afb’:tha%ﬁdﬂﬁt aldR0&IV¢ pAiRrespettivél For tBHas: shh@raaditgatnOt a
failure, the traffic fromall three users is received at the |L2/3PC 521

and swi t cHEdPChy Nnd HY 3a thedrangmitipnd repsiviej pairespeetivedit fs ghe West span.

Thus, while there is a failure requiring a ring switch on the East span of a node: 1) traffic

coming in PCC 505 is protection switched to PCC 503; and 2) the redirect/concatenations
of the TPCs 519 and 531 must be altered. Whereas while there is a failure requiring a ring
switch on the West span of a node: 1) traffic coming in PCC 507 is protection switched to
PCC S01; and 2) the redirect/concatenations of the TPCs 525 and 537 must be altered. In
addition, while there is a failure requiring a ring switch on a midspan node, the
redirect/concatenations of the TPCs 531 and 537 must be altered accordingly. The
redirect/concatenations of the TCPs 519 and 525 are not affected because of the
assumption that TPCs 519 and 525 correspond to working channels.

[00059] To provide a more specific example, assume that while there is not a
failure, node 431 transmits TDM traffic as STS-12¢ and STS-24c through the PCC 503 to
node 441. The channels used for the STS-12¢ and STS-24c traffic are collectively referred
to as the working TDM pipe. Node 431 transmits over the layer 2/3 pipe STS-12c and
STS-48c of traffic through PCC 503 and PCC 505 respectively to node 441 of Figure 4C.
The same configuration of traffic is transmitted to node 439 from node 431 through PCCs
501 and 507. If the span corresponding to PCC 503 is lost (e.g., the card having PCC 503

is removed, the fibers 506 and 508 are severed, etc.), the control card 509 detects the
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users' traffic is swtched to EL2/3PC 541, while the third user's traffic
is switched to EL2/3PC 529. Wile there is a failure between two adjacent
nodes, thwoloegsmwal i nterfaces are nodified because of thechaisous@iszo t hat
the traffic for the first and second users received fromnode 439 on node
441's PCC 503 is switched through the packet nesh 550 fromthe 14 WO

02/ 06009 7faRGHe, WeditéHihe BLSR itk IRAChng /ardaeprograis2h8PECHAT. and TPCHBIkt t ed
out of the ring through the PCC 505, The traffic for the third user is
swi t ched TRSEIIRTERL Baiabdbe paSienstinps: fhannl spditsesscets., pbTPE A5 EABRERC 520
and transgg fool I r g&gll, 0 node
439 by thg&,lztl'(}DheC&SCgiég SO‘FE% t?%??@?rﬁ%&%nﬁﬁ%ﬁﬁﬁ%dﬁggg SPEA ?%rg%?ve gaEtO node 439
at the PRCC508 now ishmnsmwittedoged thy epanodrespradingl to RULC 504, tiddned thehwakify t he

packet ne 50 fromthe. lL2/3PC 521 to the 541 in accordance with
the for wai@nl\ialpfé‘ﬂfié‘éorg‘ﬁlé layer aésF?‘H"? ?LEH‘VSERrO‘(thE]%ﬁ[E%B' ng by the PCC 505.
[00058] To pr op00g601anak Beth sprBRedd nddBe43 ERIdEN A ME spén 8drrdspendiit t O
handl e a protection switch, assune that the ring of Figure 4¢c is a 4 fiber

OC. 48 BLSPCC 504 and the spapepiespondinerie BECGISbArctlod (¢ gvashics 686, 8| ditand
bal i i i fli b h
o Rie s " TR ERIN ALY MM CorRE PP CET R £ s BN, 06, it BRE YR | "

mul ti - 1'i niwilPBRur AThe SéiRrol etud J09 vAlllsieteass tHilrd dfahe sak betvebh @odeRAde anof
Figure 4c . is inpl emented as the network element illustrated in Figure 5;
that the Peckhserntiohgard$ed syl uvpdaie fheBlsR stagipachinee rapeogsam T Reatedbd vel y
for the : e a re 4 1 t,and
rocei ve part PRERA AN Apg IARUER IR, Ml The SR Bid 12 Hh B8 g

fail ure r&B0is3ilng nmtch thg cemdatanhtions, thvandasdiressantcqof APEIRS: Hepcd, taffid c
comng in PCC 505 is .protection it ched P ; d 2) the .

redi rect / 8B&E %Hﬁ‘?ﬁ%‘ﬁg‘?h&n 194 gy&n%c%giﬁéﬁhro%i?%géégg@re PLIAFmIRL eas
whi | e t hefigohsh PcEaoyure requiring a ring switch on the West span of a ‘
node: 1) traffic comng in PCC 507 is protection swtched to PCC S01; and
2) the redirect0086hkcat ©nshe nndes adjagenbtothetilpes thelggsalinienfaeestyalldet ered. I n

addi tion, ile theare. i .al b ur Lri i sWic n dspan
node, ¢ nerPresifbtf ufe foskBitol S R sk e Roddy M bE A (B3P T, o
accor di nghyeffddief haddp te6 bwichmatinihisgrsvidingtaternd@RspHis) aanthdhis @ag not

af fected because of the assunption that TPCs 519 and 525 correspond to
wor ki ng cRefrhsaiequirgdypptienr implegiesiatiqns)a Anpliematixe prpedigieahenudd bessune t hat

whi e t hepa s Rl v 4 Sk S MRASR fdlorbdaalid: S 1 ngfs STS-12¢
and STS- M@Pltﬁlr"*@%gh ha E@%pg% g trelorbdsARmfiec e ah Bltbinii
embodiment, the packet mesh would be subordinate to the cross-connect since all traffic

including packet switched traffic would pass through the cross-connect when entering or
_ exiting the box.

[00062] Figure 6 is a flowchart for allocating a layer 2/3 pipe and subpipes in an
optical ring according to one embodiment of the invention. At block 601, a network
administrator configures timeslots as working and protection channels on each node of a
ring. At block 603, 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 605, 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 607. At block 609, 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 611.
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node 441. The channel s used for the STS-12c and STS-24c traffic are
collectively referred to as the working TDM pi pe. Node 431 transmts over
t he | ayerwd/o2/opiope STS- 12c and STS-48c of traffic througieCP@SoEOB1AANd PCC
505 respectively to node 441 of Figure 4C. The same configuration of
traffic is transmtted to node 439 fromnode 431 through PCCs 501 and 507.
| f the spéblwkitdspibadiodgctromPaiCasdtheifsilire sd ouéler ®odes lrhﬂ’xeﬁﬁgd An@ydclﬁgﬂecg 283
IS renove e fibers. 506 and 5Q8. are severe etc.), the control car
detects t ﬂ@ Ofge N\RAIES 788 Hs U i L7y §Bnect tapjes apd 1%&?&!%@fQCH%IHBLSR state
machi ne, asubrdMRE AUNARE thiluee ddEt&BHy thElBelfls éo"‘a% is reprogramed to match
t he concatenations, channel redirects, etc., of TPC 525. A span sw tch
occurs so t hat [00863k r ok ﬁ@tb?feqmmﬁsn@ttof thesnyentien, tbwprotetdman siperfiace table

r tre ver the rresponding to
PCC 505, Pt Rl s Raltett b SA0BRN b ioR G r i ar i et S Eien v e
t hrough PEE5@S. The06£edl Wdrkingtldfteﬁml‘t@anidﬁﬁgfb DpiR aﬂﬁanmeétﬂilg totahe span
correspondin PCC 503 and_ the span correspondl ng to PCC 505)" are | ost
(e.g. cabf ré’%sg@bgberé@&?% Pttigdestinadiop p @odesegotng ingairpferad digediioniongh®©CCs 503
d 505 r The contral card
500 vi 11 - g bare Recupfordoich ififribe cosihlol Elanolfer phsfd bon S0Rrh A 6,

control ct;ranisrﬁt)ﬁbw delstmﬁmjbr thetrfode IXLBEt gding i theoppasite dire@iodghd Poddisly531, and
the failure. The control card 509

d 43 d
e oo o ifesriigEs e B AR b e S HAI g8 |YGR A fervareae tede o

t of TiGal NG t
hode’ 491 IelbAletert RS logicad vioking ?‘F‘%‘%@%@%‘eéﬁ&?ﬂﬁeﬁrﬁ%& 2%‘*}1%‘*?%835%] on

t he nodesfailifa éeelogicel intrsfaceardfens ¢o theﬂegmzdgwamqmnmfaea; E&hile tHe faidure is

hanged (et inc i EigHRler AR 1B Riere TR R e e, i ng

al ternat i sgothatetbodafetWs khe inbérBiolBy roufigé nldfagel dbkiE R ntbFacdt B8 another
i npl ementations). An alternative enbodi ment coul d be | npl emented with a

single paftingangagesaksmateaiertaem o fetwork B@I@Iﬁllsémtfﬁlct)@ﬁgmcs al@maeenbodl ment ,
the packef, fB38s W%gt‘ﬁ%%%f ’Pﬁéﬁteﬁaté ﬂl?er? %ﬁm%&t"ﬁ c(n’er g2 | traffic

i ncl udi ng packet switc i C wou ass fou ag?)nnect when
entering strucum: itd fefey tl2elopioal infeDROG&AYhith @mrmarﬁge(%ﬁtkfeh@ﬂéﬁbw rhafiagér One

al l ocatin ! r 2/ 3 pe an sub | optical ring according to
one enb:)d&]@ﬁ f‘ﬁ%‘%a“teﬁ & 1}1%\%}?& VEHdngn aSFaS‘E Whgm e othefdnigepge Wﬂlgbe 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 another embodiment of the invention, the TDM process
instead of the layer 2/3 process updates a data structure indicating protection interfaces.
[00064] The owner of the optical ring can now offer protected service to
multiple customers. Typically, only the traffic traveling in the working channel was sold
to customers since consumers did not want to purchase a service which may be interrupted
(e.g., for days). Alternatively, a consumer may choose to purchase at a reduced cost, the
extra traffic service from 2 providers. This consumer would alternate between these
providers as failures occurred. With a layer 2/3 pipe, the owner of the optical ring can
offer multiple classes of service. In addition to the traditional constant rate TDM traffic
service, the network owner or provider can offer a variable rate TDM traffic service to

customers because the payloads are layer 2/3 units of traffic. For example, if bandwidth
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adm ni strator configures tineslots as working and protection channels on
each node of a ring. At block 603, the network adm ni strator determ nes
whi ch tineeloaeooni | | be processed as layer 2/3 traffic amdTwsoobooil nesl ots
will be processed as TDMtraffic. At block 605 a TDM process running on a
control card of a node in the ring detects a failure in one of the node's
spans. Theoridehbitlife 8551y BB @spearahbiMits HOS Bt OMNVO ' i

managed on the co%%:rol gard g’p bl ock 607. At bl ogﬁeggggg\ﬁ{rﬁg@&ﬁlﬁ%gess
sends a PesdHeorsspondingde thy 18yqr2ét eubpineadihe awnerprtpmevifler danoéfer Thervicayer

measage. ErtRAbE s of 20 Rk el B0k it A AT bl oL ARESARE Bt 50012
At bl ock &tb3nd.t Tikisvatsble pareusrvicaices bé bferkditd thuktiplOpaiphedintkadesDM t he ring.

At bl ock 61?, t he, ot her n_odefs in the ring update their cross connect
t abl es anbPYORYS @5 1ay ek P Pare el traffic o i addition ghaaripblepate sagviagean be offeredd by

the det ecliHg groge rJtQ&g)?igdmé O ?ﬂgﬁln?ercoﬁég? G B hor®] thl B@n%:ﬂ“{"g)%\;ig bof;he

protection Interface ta RS ata structure wth a reference
| ogi cal wdekiptigalinetveorkaisarotifical tbegheradonpteatr eell atonreducetienitad®e, offtheir| ogi cal

wor ki ng ipnterface. correspopds to a physi.cal jport connecting to a transmt
fiber to panaicn, dngiowinEel proider Gt s ol of 15 hengid Hith ek comidnetiam ect i on
on the rpfN@andhhETDM E&G?Hce ROAHRGHIHAPleirie ATINMGE@! r esponds to anot her
physical port connected to a transmt fiber destined for the node X but

goi ng i n the o90863k e Aicpriinyusnobemmbqsimenty exist fonthsugtensohe Pnroodesd ofi t he

reters totrennh N ACERRb e B R o& Wolsiot CH 88 Py of B iy 1 !

there is eontindihuk an etdbedingit 6ally utilizipll ke 2r1rotestiéd AR embodintat utligsect i on
interface. While the failure |s corrected, the Iogi cal interface is

updat ed t BLABrRIpterion has alisgiiy hrengseiteg. rodier smiodiment effbe fventédodi ment
of the i “f’e?:?ésleﬂﬁheg el r??@%r]@c&@ﬁ@%oﬁtﬂ%ﬁ wiicﬂ&@fagéﬁﬁéi tr@frﬁt (R ﬂ‘ﬁ(iﬁ ) routine

manages al ternat € i1 nt aces. networ k adm nistrator configurés ernate
i nt er f acepadiat mestedfnveky byteidemttworkisderaditt of a&RISR. nArembodimeatafzhe Wi | |

Create a data. stru re refer to 2.logical, interfaces which are managed
by the | niTRFRURbI DY BL SR aCorerentife i o0pt cidat M Fart BB B Er R
i nterfacepmbjl e the other interface will be the protecting interface. In
the layer 2/3 forwarding table, a circuit identifier is associated to
ei ther a | ogi cH0066k erFigores JA-ZC dllustrpisanexamplerdf draéfic pwimgahongh aBa.SR

r th ata

‘notificati t he. al t.ernat i.nterface manager W ll alt
St ot ur e 00 APEciRi R Rers g heTe AT RARERE A bhe o Bob b B ect i ng
i nt er f aceinventia OFigafe EANRAIARS traffic fldvang MreigH k6 BUISRewliMhefeds as6a
failure according to one embodiment of the invention. In Figure 7A, the BLSR includes
five nodes 701, 703, 705, 707, and 709. The BLSR can be divided into two logical rings:

an outer ring and an inner ring. Links 725, 733, 731, 729, and 727 form the inner ring and

carry traffic in a counter-clockwise direction. Links 715,717,719, 721, and 723 form the
outer ring and carry traffic in a clockwise direction. Each link is divided into a working
channel 737 and a protecting channel 739 by a line 710. Each working channel 737 is
conceptually divided into a working optical pipe 741 and a working layer 2/3 pipe 743
separated by a dashed line 735. A set of layer 2/3 traffic 711 enters the BLSR through the
packet mesh of node 707. The set of traffic is destined for node 701. In this example, the
set of traffic is placed on the outer ring path and transmitted over the protecting channel
739 and the working layer 2/3 pipe 743 of the links 721 and 723 to node 701. At node
701, the set of traffic 711 exits the ring through the packet mesh of node 701. A set of
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I nstead of the layer 2/3 process updates a data structure indicating
protection interfaces. [00064] The owner of the optical ring can now offer
prot ect edwOar®s@e7to rmnul tiple custoners. Typically, onlyPcCrasot/sfoiiz c
traveling in the working channel was sold to custonmers since consuners did
not want to purchase a service which may be interrupted (e.g., for days).
Al t er nat i lagky2/3araffon? Lialso emtyrs¢hoosgthraughithe packet meshrofmede 06T Thsdet of he
extra traffj rvi.ce. fraom 2 iders. Thi onsuner woul d alternate
bet ween t%tf’fé 7513%9‘?%‘8P§?‘§§‘0F1g|r78%r gktg’ﬁcﬁi‘ﬁ?li’ dﬁle\ﬂi’tt‘?ft%?fﬁ‘"aﬁb}ls?}@%%él}e t he
owner of {fier ARE FEtﬁ'anﬂ agdsiARRd o0b BE pmeeckihg'cﬁmﬁleﬁmd%rﬁﬁ{g\ﬁﬁ? ?{? Pipe
e he

addition to the'traditional constant rate TDMtraffic service,
owner or ptoof delinkaiA2dandT27 Thersetdd teaffia &3 ol the ting throegr the packiebmesh

custoners c the. re layer 2 uni.ts of traffic. For exanple,
i f bandwi 8?%0‘%7%@}@%8%@%%%%%@6 88%5‘29"%‘6&&85( R : 3""8 nodSSer 2/ 3
pi pe trangod, 7933105 702be709, baOehliregadeist of tRefic BECAIAT 18 ddifkBsedTBOSRE LS
corresponding to _the | ayer 2/ 3 subpi pes, the owner or provider can offer a

service Yudreardieg.ng a rate of 20 megabits per second with a maxi mum of
100 nmegabits p C ' ' Vi f o)

mul tiple peopl @0&6 Ceoﬁggreﬁgﬁlug%f:%{gx gxar lglt%%crﬂygﬁggﬁlfseggjggﬂ#c. I n
addi ti on, theheis\dailalelbeforat eowampyirowcalaletdes thé fatluadaccuididy @ ok Sbpdipienct i on
time of 50 mlliseconds._. Furihernore, the owger_qr praqvider of _the optical
netvor k, PLIRGVHEPRel Figots Thahe San2ebres g 70 an] T8 tbed Re s 0ot of
their baga%ﬁsmutaﬁﬁi@mgﬁeeti&{ svpi'i&l\fﬁgjﬁrreéiﬁﬁ%esﬁlthe fHAR 9a|t lihd $4PRARMedt N W th

t he conbi nat I on of stan ar_d TDM servi.ce an the vari able rate TDM servi ce.
[ 00065] Atheghvisionpitlf pretesting elsannel BRiisto ffpyotecting lapsredid pipe.74Gandae end of

the continuumdis a nbodi pent _onl y ,ut LlLi zi.n r.pt ecti.on. On.the other
ond ot nBrotRsin opfiest ERSS IATEH BB Mt ORI St fiels BELARG oy ung o o
An enbodi BBt ridg tHakt Hiodt trBlebbetiedt f6des 01 bAs 768 fs%‘;bﬁhth&ﬂ@ﬁh&%@fécﬁbgd- _

Anot her enbodi nent_ of the invention representing the layer 2/3 end of this

cont i nuunPBiFa pines/ 42 Hf dhe inner ringaflfikewise,optighn syvatched ipidic travelingoves ther y
hybrid ne d | . . i ' in a

221" ber BLLE £ BRI EE Sel Dim R PV en AP ShaT7ON iUt b ol gl e
herei n. [ 0pQ&H pigei 7garof she/duteiGing. | Siader the tayan2/Bxeuffid waveling oafilie ing isowi ng

t hrough a BLSR ile there is an ile there is not a failure according
to one enBBHF %&sﬁﬁlﬁepacl%ﬂve?@i ﬁtmw@&rlélwt eRtogaliealyctiiohst 19 £50% ow ng
through t emBLAIR Mol ih BRESVHiR thQE i failure, the routing protocol has not detected the -

failure between nodes 701 and 705. Therefore, the set of traffic 711 continues to be

t wor k

transmitted to node 705, but in a smaller bandwidth because of the protection switched
traffic which now occupies the protecting optical pipe 742 of the link 721. Until the
routing protocol updates forwarding tables in response to the ring failure, some of the set
of traffic 711 is dropped at node 705. The set of traffic 713 is transmitted in a reduced
pipe because of the BLSR automatic protection switch.

[00068] Figure 7C illustrates the example traffic flow through the BLSR while
there is a failure after the routing protocol detects the failure according to one embodiment
of the invention. In Figure 7C, the routing protocol has recalculated a path for the set of
traffic 711. Although any number of paths may result, this example describes the fastest
alternative path as being through nodes 709 and 703. The set of traffic 711 is no longer
transmitted from node 707 to node 705. As a result of routing calculations, the set of

traffic 711 is transmitted on the inner ring. The sets of traffic 711 and 713 are statistically
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failure according to one enbodi nent of the invention. In Figure 7A, the
BLSR i ncl udes five nodes 701, 703, 705, 707, and 709. The BLSR can be
di vi ded iwD®20091 ogi cal rings: an outer ring and an i nn@CTrisags00iit nks
725, 733, 731, 729, and 727 formthe inner ring and carry traffic in a
counter-clockw se direction. Links 715, 717, 719, 721, and 723 formthe
out er ri nyultipdexed together &f be sarismittedcdvse ki veakidigayer 2GnpipEamdhthe prikedtmgdi vi ded

into a rKi channel a .protecti el b i ne 710.
Each vvo\r,\/(lz]l‘e1 ?j%%glr?ﬁéﬁnq%#?i an‘@ﬁ%ﬁ?&ﬁt ‘?}Sls?tﬁ oggeﬁ‘}?g?iaﬁgﬁgsk}%‘? ®ng opti cal

pi pe 741 wdwadtherdiag byoge wotkidg Piyee2/34 z&ﬂﬁéﬁﬂo&dh 1yefBs | imag 735.
A set of |ayer t2 3 tlfhglf f}?%l_ 711 e%?dgras t?}bgpeBLS%t routlhgtaﬁrg pz??gt'rresh of
node 707.m?%’@1‘?§é€1 seffoftyagfiq is depatediasraffie d 12 oAt Aedre’ 07 the sehoft traflic dkifpl e, t he

set of traffhcql ' d ] ver the
protecti nﬁé‘g hg%hgﬁ&t%gqgﬁgoéﬁgh%%‘g{%g{e a?/@?(}d§/7g§]'p;rgée§é;}? %#ﬂ%fb hlcei i nks 721
and 723 toontiades atbuind At ringde nodt0l]1 dveethedink 251 Aahbde 7011 theeset dfstraffie ri ng

t hrough the packet sh_qf pode 701. A set of 1 / 060097

T/ U0 B S it of e R hrtieh s Y TR of 80 chige ng through the
packet mesh offonggn 70 echBisuifiht ftne fvalddCulibheliaydi 0% hroglbiets e 703

In this exanple, the set of traffic 7 I's placed on the inner ring path
and t r ansddliveebestetorttsheyiqerand elifféragfiatdtosendte 1286 Quaditywolr Sarmige (@9 21 3 pi pe

743 of th I nks 7 d 727. The.set ffic 713 ' th ' th h
{he packermhesdients g fverden ookifibe S-SR dperonteh ek drapLafle e
ring thougtle 8N¥elREr biRardtbaBsepaeEeRvel (0. FidBodifieRts of thé iRVentidf falikig only the

sets of traffic 711 and 713 are focused for ease of understanding. [00067]
Fi gure 7Bbétweersthess e extiemer arepible tordghivera mixsuge of pastigh laviebQpB SResitiffast
there is al . b - ' cel. I ) ccordi ng
to one en%e(g{r];?%sn a&c(ﬁhﬁ%cglvﬁ \‘/"gntblhp .apdr’ngéegi giﬁfrf%gﬁfg?éfﬁéag%éﬁésﬁlég %%na nodes
701 and 7@mriaeéd, but tthtficEd GEitepBdskd bstatisticahprefeteree OVadibaDEmotlithets 06§ i n
response to the failure. Aline 740 indicates ¢the division of the

prot ect i ngedmERHER casbe ARRISA 40 B Pefok eRgnding op the Bathic charaalgrisiicy of the
protecting..@gi cal pipe 742 on every link. Optically switched traffic
traveling over the outer ring that would travel between nodes 701 and 705
i s switched td006E0]pr dferekample, ifpayiec 23 tpiffietravidingfoverttbe kingay errdtigr

Li kew se, optically swtched traffic traveling over, the inner.ring that
woul d t r aQ&r %&é‘éﬁ aﬁ&&@ﬁ%ﬁ“ aﬁh’efﬁgnﬁgn &M@dﬁ%‘&d‘fs Of pRargy S?decti ng
optical phaRiwidR PowsBan@WAES to'rkMdin i@eN Fr EXEnplesSsun® ety Afahd B dré avel i ng
on the ring is swtched through the packet nmesh of each node, it is not

aut ormat i cahdrgnteed 1@ Nbdtsfsec of hragwidth. Even though one user may only be using 2
Mbits/sec of bandwidth, the other user cannot go beyond 10 Mbits/sec of bandwidth.

Embodiments of the invention similar to that illustrated in Figures 7A-7C , statistically
multiplex all traffic from users over the available bandwidth. Using the example above,
users A and B are provided 20 Mbits/sec of bandwidth. If one user only uses 2 Mbits/sec,
then 18 Mbits/sec of bandwidth is available to the other user. In addition, switching
traffic through the packet mesh makes available the variety of services available with layer
2/3 traffic (e.g., prioritization, traffic shaping, QoS signaling, etc.).

[00071] Furthermore, an embodiment of the invention utilizing layer 2/3
protection allows varying pipe sizes around the ring. A network administrator can adjust
the amount of working channel bandwidth allocated to the working optical pipe and the
working layer 2/3 pipe in accordance with traffic characteristics on a span by spaﬁ basis.

The ability to customize part of the ring increases efficient utilization of the ring.
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path. At this point in tine while there is a failure, the routing protocol
has not detected the failure between nodes 701 and 705. Therefore, the set
of traffiwod26m@onti nues to be transmitted to node 705, paw/tisal/sosmal |l er
bandw dt h because of the protection switched traffic which now occupies
the protecting optical pipe 742 of the link 721. Until the routing
protocol updat[@8072]r Fgudes QA SBhillesirdtecx@uie powisichiddef varyigg kit bipee, some of
the set of tra fI_:S 711 .is .drog ed at node 705. The set of traffic 713 is
transm tt ¥QUpHha anging & dRNSHCCRIH P are ambodimentoidhet ect i on
switch. [ j I ] ] I J: t he
BLSR wni 13 O RGy of PHRGrG it LURIHIEHEver 8 pk AR A cb e cprBtleb A AT
failure adheactvory ctementetodrabdidiaringswiwh, askeme thaetiteirong. of [HigdreIAGCTi€a 2 he

routing pgot I ulated, a pa r the set of traffic 711.

Al t hough éﬁvqﬁ@r}%@%ﬁﬁgﬁ% WW%&P@?%@S@%B{&%‘]%@ igeeh fiserdiophe f ast est
al t er nat i X&oR8§uindhab&IcASf tHY Ided ofEIgaRs 7TA7@NG enl&tasifl n@lvot af fic 711
is no longer transmtted fromnode 707 to node 705. As a result of routing

cal cul at | dpmentiastesed wrFiganef fHigurg 84 illystratesriarying eencatenatiensiovpther i ng. The

sets of t i 1 .St EG . 02/.06009.7

PCT/ US01/ gggffzo% ﬁrﬁl‘f’%ﬁaﬂ J@@%E&fﬁ%ﬁ"’?#ﬁ%@% %&é‘%ﬁ%‘g{ °e°é‘ec?8g’|"8‘t‘%eé“ MR ng

| ayer 2/ 3inpepéorarid Fifee B0 teMBLSR) of Fayeds 721—3Cmia$)ear9n1g|p'ciipﬁ<§izeﬁbﬁ cadiellini29
(i.e. the_sets of traffic 711 and 713 share the bandw dth provi ded by the
wor ki ng | B3y link i liheg“él ‘ﬁ’r‘i]ﬂo?%%fatb? Siterst Aigta idomiify shedype plegoncatagationy| t i pl exed

set of tr LG ;l atfi . ] affic
I e B e
set of trefdmple ¢driforns dmecurmne standayds)d In Hes exangpld, theendize Fdtectiug chdnnel isi nk

725. At node .70 t S of..traffic 7 is switched out of the ri

(oo ah ¢ Fed shetbse D5 il ®hine fr8leli Sor St etct mRUIReRRAAn A $010%nt | on
uti i zi NgwbANRS cidndelPte4THie GbddBe idsntdidehebMise 4R ta¥Ed inABS provdding thageyisce and
differentiated service |l evel Quality of Service (QS). An enbodi nent of

t he i nven¢dnsatepafed ayBTPi6giin thisesmple.olneddtermptive embadimentsapart of ha a BLSR i s

Fal i ng - BirsiEs SHAELEFCR S8 Kkl s abRaies YRRRIE M oo, o ™ "

servi ce | gxemif@edin tBe storkihf GhinnebId¢hdred hSWaASafer@PM teffic thankivitidd tif enet
guarantees. Differentiated service does not offer a guarantee, but traffic
i s treat eWoBdRSehasackis denaied Wb ef er ence. Vari ous enbodi nents of the

i nvention can be applied to %ﬁéﬂ%&&%ﬁ&%%@m& he traffic

characteristics of the netwiTk.

A : B C

STS-1 STS-3c STS-3c, STS-1, STS-1
t

STS-3¢c, STS-1, STS-1 | STS-3c © | STS-1
p

[00076] The concatenations corresponding to the letter A provide for a larger
amount of bandwidth to layer 2/3 traffic. The concatenations corresponding to the letter C
allot a larger amount of bandwidth to optically switched traffic. The concatenations
corresponding to the letter B evenly allocate bandwidth to layer 2/3 traffic and optically

switched traffic.
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i f

| ayer 2/3 traffic traveling over the ring is
an enbodi nent of the invention which provides

f or guar awoaeseoobandwi dth al | ows bandwi dth to remain idl ePCFarSOez@MpI €,

assune users A and B are

one user
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t he
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letters
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TSy tﬂel Tk

o Identi

OlI.T U'FIO L:UI T C

type
PUIIUI Ilg

L Y

abeted—w
tion. Table

At At oy
o cat-enatiof

? ES%ntlflec

t he

exanpl e conformto current standards).

T U

In th|

s exanpl e,

IQ I II'TIII J

the entire

protecting Che[ﬂﬂ@fS]' S F@'{%@%Bflﬂﬁst{a%éearfaﬁﬁx% ih E&fﬁlﬁ‘ﬁ@o’r@mg ge6e 1S not a
t hé concat enati ons of

need be ieabadifienichiiibe imventic. | IntFigure 8B, the lmke 8@} mde&ltlu qognediag metles %1
and 705 fail. The BLSR performs an automatic protection switch in response to the failure

failure.

Hence, only

r ki ng

channel

traffic

of the links. The switch does not affect the concatenations of the traffic transmitted in the

working channels of the ring (excluding the failed links). The concatenations of the traffic

transmitted in the protecting channels are adjusted for the automatic protection switch as
indicated in Table 3.
Table 3: Concatenation of Traffic While There Is A Failure

Wt Wp Pt Pp
Inner Ring
705->707 STS-3c STS-3c STS-1 STS-3c, STS-1,
STS-1
707->709 STS-3c STS-3c STS-1 STS-3c, STS-1,
STS-1
709->703 STS-3c, STS-1, | STS-1 STS-1 STS-3c, STS-1,
STS-1 STS-1
703->701 STS-3c, STS-1, | STS-1 STS-1 STS-3c, STS-1,
STS-1 STS-1
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concatenated as STS-6¢ in this exanple. In alternative' enbodi nents, part of
the protecting channel can be used for other types of traffic. Optically
swi t ched woakis@97transmtted in the working channel is decoisdy/sa®idnN .
Layer 2/3 traffic transmtted in the worki ng channel is denoted as W. :
Tabl e 1: Concatenation of Pipes A B C STS-1 STS-3c STS-3c, STS-1, STS-1t

STS- 3c, dter Rinpo L [olo- 3C SIS T P [00076] The concatenatT ons

correspo Lhe Igailsl Py oV for—atparger anotmt et —bandw-dth to

| ayer 2/B ralj i C. I% &ogédasgresn%tl%ﬁlcorresp Jggr;l3 to the S]fgt Ser C allot

a | ar ger papupt—of—banggWtdth—te—epiiecatbrsw-ieghedtraffi¢—The

concat en 09 ng toit S‘E%_t_t_er B SI/‘ST;J’IC\/ allog %TS‘Q%nd\M' ditlh to

| ayer 2/ 3799'31‘7970 and p°r3<€:al ly SWS -3tied traf BT8:3c21 WO 03TE6B097

PCT/ USO1 [000' ? bte—2- the atenat for—each |ink
for both‘_? |nner rlnsgsaﬁdtheo gl')"rl:lsfll?i’s génlylaygﬁg S trafffic

w Il travel—ntheproetecting chan..\,. H-rg—the—colum—wth the

header "Pt" remai ns enpty. Table 2: Concatenatlon of Traffic Wiile There Is

STS 3¢ 515, a0 PG ACYbBIELLI gt IO RIS e Mok Ay 0]

STS-1 STSe6wr thﬁ]‘l@te:btlﬁg ghatgl 8¢ Sr@ifjedSTBe prot&itBgicheielGof thSilfﬁeﬂ_n@ aer Ring

7014703 STc? usted baSs-gi? o:L theS\-ml;ngng trz%ﬁc switched from the outer ring. The protecting
channels of the outer ring are adjusted based on the working traffic switched from the
inner ring. Since the Wt traffic which previously traveled over the outer ring link between
nodes 701 and 705 was transmitted as STS-1, then STS-1 of the protecting channel of the
inner ring is used for the protection switched traffic. Likewise, since the Wt traffic which
previously traveled over the inner ring link between nodes 701 and 705 was transmitted as
STS-3c, then STS-3c of the protecting channel of the outer ring is used for the protection
switched traffic from the inner ring. Hence, each node’s TPC transmitting traffic in the
protecting channel through the inner ring is reprogrammed from transmitting STS-3c of
layer 2/3 traffic to transmitting STS-1 of optically switched traffic, 2 STS-1s of layer 2/3
traffic, and an STS-3c of layer 2/3 traffic. Each node’s TPC transmitting traffic in the
protecting channel of the outer ring is reprogrammed from transmitting STS-6c of layer
2/3 traffic to transmitting an STS-3c of layer 2/3 traffic-and an STS-3c of optically
switched traffic.

[00080] As indicated above, such an embodiment of the invention can also be
applied to a 4-fiber BLSR or n-fiber BLSR.

[00081] 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.
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STS-1 703-709 STS-3c STS-3c STS-6¢  709->707 STS-3c STS-3c STS-6¢  707-' 705
STS-1 STS-3c, STS-1, STS-6¢ STS-1 7054701 STS-1 STS-3c, STS-1, STS-6¢
STS-1 [0wO0M8kedwbyure 8B illustrates a failure in the BLSRCaamsor/sionzy t o one
enbodi nent of the invention. In Figure 8B, the links 801 and 811 connecting
nodes 701 and 705 fail. The BLSR perforns an automatic protection sw tch
in response tdOPPR2]f alwmlethedﬂanlﬁenlhamk@ndfkmbsdmntehnsiofemvam affect the

t I tted wor Ki n nnels f the
T g (o PR Shis Pt 1AL i e 0SB KBl inal e infRation Brpl Limiggfe fhe
transmtt aﬂbmnfehg REQIHRA! AMGoGHRME ehvenBbehadicds Ue@ribed wﬁtht%eﬁf&e@ﬁi the
protection swtch as  indicated in Table 3. Table 3. Concatenation of

Traffic WAPMe forﬁ)e?fémﬂgal@“mhmgr the igyentipean heapplieRinanyZosnor opf@l 3¢ STS- 3¢
SIS 1 STyt G SIS e AT SIE b
703701 ST®lddigon, siﬁﬁnyentﬁﬂi&as b&NSiekcriked-vdicth re§gedt fo a 2 Hb& ahdFTibek BI&{,W&
STS 30 SPATE 7oAt 16 o0t ErEns: Seecle TS 5 709. 707 STS. 3¢ STS e
STS-3c STS-3C [00083]  Furthermore, while the invention has been described in terms of
switching the traffic in the layer 2/3 pipe through the packet mesh of each node while
there is not a failure, a variety of configurations are possible for an optical ring with a
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.
[00084] 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.
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707-705 STS-1 STS-3c, STS-1, STS-3c STS-3c STS-1 [00079] As illustrated in
Tabl e 3, the concatenations for the traffic transmtted over the

prot ecti rgoakacme! are nodified. The protecting channel s @®@CTtusevsmmner ring
are adjusted based on the working traffic switched fromthe outer ring.
The protecting channels of the outer ring are adjusted based on the working
traffic sw tcHed085omTHeenethohand appagusSifnleinyértioflcah baptdcticathwith

pr evi ousl vel ed er the qut ng l.ink between nodes 701 and 705 was
transm tt‘éﬁélg’g 'ﬂﬁ”sajfioall g‘ﬁg’l‘ie}lﬁ ri'fgmﬁts‘b‘fp&ot ithfprpragedclams. dhe i nner
ring is UgRekipiitin i MigusRb Bk 8&dak R 8\WItseRRe nkRAd bf:hmhi %QW tﬁ§ nvehie the W
traffic which previously travel ed over the inner bet ween nodes
701 and 705 was transmtted as STS-3c, then STS-3C of the protecting
channel of the outer ring is used for the protection switched traffic from
the inner ring. Hence, each node's TPC transmtting traffic in the
protecting channel through the inner ring is reprogramred fromtransmtting
STS-3c of layer 2/3 traffic to transmtting STS-1 of optically sw tched
traffic, 2 STS-1s of layer 2/3 traffic, and an STS-3c of |ayer 2/3
traffic. Each node's TPC transmtting traffic in the protecting channel of
the outer ring is reprogranmed fromtransmtting STS-6¢ of |ayer 2/3
traffic to transmtting an STS-3c of layer 2/3 traffic and an STS-3c of
optically switched traffic. [00080] As indicated above, such an enbodi nent
of the invention can also be applied to a 4-fiber BLSR or n-fiber BLSR

[ 00081] The techni ques shown in the figures can be inplenented using code
and data stored and executed on conputers. Such conputers store and
comunicate (internally and with other conmputers over a network) code and
data usi ng machi ne- readable nmedia, such as magnetic di sks; optical disks;
random access nenory; read only nenory; flash nmenory devices; electrical
optical, acoustical or other formof propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.); etc. O course, one or
nore parts of the invention may be inplenented using any conbi nati on of
software, firmvare, and/or hardware. 23 WO 02/ 060097 PCT/ US01/50012

[ 00082] While the invention has been described in terns of several

enbodi nents, those skilled in the art will recognize that the invention is
not limted to the
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enbodi nents described. Although the invention has been described with
reference to the TDM form of optical switching, the invention can be

appl i ed twoangpedoor m of optical sw tching including wave @CTIG00M012

mul ti pl exi ng, dense wave division nmultiplexing, etc. In addition, the

i nvention has been described with respect to a 2 fiber and 4 fiber BLSR,
but can be sc3®edainw ot her n-fiber architectures of BLSR [00083]
Furthernore, while the invention has been described in ternms of sw tching
the traffic in the |ayer 2/3 pipe through the packet nmesh of each node
while there igrﬁ@ﬁmact)@};ﬁghg, a variety of configurations are possible for
an optical ring with a_ layer 2/3 pipe. In a five node ring, a first node
may have a | ay®foviding pifise cammunicationeservice withadirstgyaraateet dbandvoidh, ghecond

i rect connect on 878 PR b ahs Rl oRE AR g ¥ coona

node. The fi rsprovidieg reyconld somhamnicasiohayeevicoBthpioptical efnighge sevordl a | ogi cal
direct connection to a fifth node through the fourth node's cross connect.
An optical ring may SORBPBICHIARRASEIGHhhavENSE maRyim handsidibrand 8 swasaptesdand 2
nodes whi ch are TDMQRiNum Btk €l ements. The TDM only network el ements
may only act as regenerators between the hybrid network elenents. A first
hybrid node may have a |layer 2/3 pipe defined to a second |ayer 2/3 pipe

t hrough a,TDM qnl ode.. The first. hybrid node na have a | ayer 2/3 pipe
defined t -the%eg‘?ﬂ‘@)fﬁlad@ {,\Hﬁ?féma‘%%ﬁﬁ ﬁ%‘fﬂn}“&%ﬁ‘”fl%%‘?eplé is defined
fromthe HRMoaHMhicdAst 0 the second hybrid node. These exanples are
provided to aid in the understanding of the invention and not neant to be
limting upon the invention. [00084] In addition, although the traffic
that is pgssin V. e, (hei rovi.ded to th node on a
span of t%’e ri ﬁ‘a& g-%egﬁ' e?%éaq%nr gﬂ“&‘%ﬁ%‘é’%ﬁg@ C?%g:?mhc ggnsosﬁfvmeaﬁﬁ%%er span of

t he ring) commuaicationy. 3 pi pes may be switched through the packet nesh of
that node, the traffic is not considered to be termnated fromthe ring at
that node, but is rather considered to still be on the ring (simlar to
the manney in L | : l b : i not be

t erm nat e% f romﬂtbl%tem)r{(?dn% : Ilzllto{/vbev\k}grreﬁ{%?%%Cgﬁgéwggﬁg@&?gﬂﬁ%ﬁgrd %{sased

i ndi vi duakbmmusipagbmhi ng i s not needed as with a VT ring. 24 WD 02/ 060097
PCT/ US01/ 50012 [000851 The method and apparatus of the invention can be
practiced with nodification and alteration within the spirit and scope of

the appe nQed ¢ IAalin in(-:[?e%dable medium that provides instructions, which when executed by a

set of processors, cause said set of processors to perform operations comprising:
allocating a pipe from part of a working channel and at least part of a protecting
channel of a span of a bi-directional line switched ring (BLSR), the pipe
having a bandwidth;
transmitting a set of layer 2/3 traffic in the pipe; and

reducing the pipe’s bandwidth when a failure occurs in the ring.

6. The machine-readable medium of claim 5 wherein said set of layer 2/3 traffic is
transmitted in the working channel part of the pipe while there is a failure and a second set
of Layer 2/3 traffic is transmitted in the remaining protection channel part of the pipe

while there is a failure.
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description is thus to be regarded as illustrative instead of Iimting on
the invention. 25 WO 02/060097 PCT/US01/50012 W claim 1. A nethod
conpri si Ngo openwPti ng a first comruni cations service w thPaTfUSOEE0012

guar ant eed bandwi dth, the first comunications service being offered over
an optical ring; and providing a second comuni cations service on the
optical ring, ThemaeliaogeadablBmmutiGabLE Olafin S iR sNAYatG 1&PBivmeR Randwi dt h
and a guarant eed m ni num bandwi dth. 2. The nethod of clai'm 1 wherein the
first conmuhiRleter st aigeone eetiof Layes |28 wakkignvhilgtthesn s a Rilurerendites hod of claim
1 wherein i } QN jce. | nications. 4. The
et hodof e R Sy ARy RHLA0R (RIHEE i deo@hRed BRI RS B

comuni cafailores. 5. A machi ne-readabl e nedi um that provides instructions,

whi ch when executed by a set of processors, cause said set of processors
to performoperations conprising: allocating a pipe frompart of a working
channel agd at TheasthiReud ' ' i

bi -directional |ine smﬁtéﬁggeﬁfﬁgﬁ?gfgggeSﬁﬂgﬁg?%3&%ﬁ§3§ﬁgqﬁ9%éﬁéﬁff?h;
transmi t t issyyitgherbentethe protection channelfffatofithe nefhecegipire; byaBUSR adwoiatig t he

pi pe' s bapdw dth failure. occyrs in the ring. 6. The machi ne-readabl e
medi um ofprgrggﬁgﬁ%léwﬁmﬁgrrlg?ﬁr@%%%e %Seattcaﬁ T ayer 2/3 traffic is transmtted in
t he worki ng channel part of the pipe while there is a failure and a second
set of Layer 2/3 traffic is transmtted in the remaining protection

channel p#&rt ofhe machkpgracadgple meedivia pbclpin § wherein the wakingohamed snbo 7

PCT/ US01/ ) .ne- A medi um of claim5 wherein said set
of | ayer @?%ﬁ?%g?%négf% F%C{A%B{@gg&\@\ﬁﬁ%h a second set of Layer 2/3 traffic
while there is a failure and the nultiplexed set of Layer 2/3 traffic is

transmtt in_the reduced pipe while there is.a
f(? The machine feada eened\{\lﬁfm o?clalrlln 5 wherein the working channel and

protecting channel comprise a set of frequencies.

11.  The machine-readable medium of claim 5 wherein the pipe is provisioned on every
span of the BLSR.

12. The machine-readable medium of claim 5 further comprising:
prioritizing the set of layer 2/3 traffic and a second set of layer 2/3 traffic while
there is a failure;
multiplexing the prioritized set of layer 2/3 traffic and the second set of layer 2/3
traffic; and
transmitting the multiplexed set of layer 2/3 traffic and the second set of layer 2/3

traffic in the reduced pipe while there is a failure.

13.  The machine-readable medium of claim 5 further comprising changing
concatenation of the set of layer 2/3 traffic when the failure occurs and when the failure is

corrected.

14.  The machine-readable medium of claim 5 further comprising allocating a second

pipe having a second bandwidth on a second span of the BLSR.
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failure. 8. The machi ne-readabl e nmediumof claim5 wherein a second set of
Layer 2/3 traffic is switched onto the protection channel part of the
reduced pwpe2ywoBLSR aut omati c protection sw tching whil @Crhesoesi0s2 a
failure. 9. The machi ne-readabl e medium of claimb5 wherein the working
channel and protecting channel conprise a set of tineslots. 10. The

machi ne- r ghdabAemsstdhdirea@ible bt tndt @ides inBeusMdnk | wikicl haBmetecafed by a
protecting channel conprise a set of frequencies. 11. The nachi ne-readabl e
medi um of S&¢ PAPFACSSSRFfe PSR Stidset AT REOGessopy o\neEioBR @RcIBHoRs QOMPrisiigan of t he

BLSR. 12. The Lnesr. I ”%&h r -1.si.nQ:
prioritizing the sgﬁggf@g@grp 26/ t?%?fg@gﬁ%ﬁ%@%%n@%% %sae@B%Pﬁ]%éé}g? 2/ 3
traffic while ther &onspat éizd proteetingrehanngl| cxibirglirtttidorat ling switched ringt  of

| ayer 2/ 3 traffic a e second set of layer 2/3 traffic; and. i
transnitting the rruﬁ?{“%ﬁ)a% WQIIngFIpg g@/"é‘?g %gf?tgm idth %‘Hdﬁ?l’l@@gﬁ%ﬁweset of
layer 2/3 traffic havihpe sé@dBRAGWIdRE While there is a failure. 13. The
machi ne-readabl e medi umof claim5 further conprising changi ng

concat enat i on tRnsnhietinges fivst st f yer]/3 tnafficf iithe wheking pipe find therpeotocting s and
when the failure is_. %erect ed. 14. The nmchi ne-readabl e mediumof claimb5
further conprising Bif%cat i ng a second pipe having a second bandwi dth on a

second span of Ffd@tiBhSRitcRiﬁg‘é@eQ&/ﬁ&Q&Q&' optichl Walit/ibbha of e prbtecting
machi ne-r eadabl e medj um t hat gﬁreovi des_instructions, which when executed by

a set of processor shanoghwhile it s adaibre pp iedBb¥Rs to perform operations
Cor 1o o 00,0105 R g P AR GEEIRS

protecting -pi pe m part of a protect nal |ine
switched ring (BLSHKspondedo werpkdtegtiqui petdhavi ng a first bandwi dth and the

protecting pipe having,a_.second bandw dth;.transmttin first .set of
ayer 2130t T af FRETOHTESE SERRRIG D e RITE b PoreaE Pl Wil here i S
failure on the BLSR; and .
transmitting a second set of layer 2/3 traffic in the protecting while there is a
failure on the BLSR.

16.  The machine-readable medium of claim 15 wherein the protecting pipe utilizes less

than all of the protecting channel while there is not a failure on the BLSR.

17.  The machine-readable medium of claim 15 wherein the second set of layer 2/3

traffic is switched into the protecting pipe by BLSR automatic protection switching.

18.  The machine-readable medium of claim 15 wherein the working channel and

protecting channel comprise a set of timeslots.

19.  The machine-readable medium of claim 15 wherein the working channel and

protecting channel comprise a set of frequencies.

20.  The machine-readable medium of claim 15 wherein the working pipe and the

protecting pipe are provisioned on every span of the BLSR.
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protection switching a set of protected optical traffic into part of the
protecting channel while there is a failure on the BLSR reducing the
conbi ned werndins@dh of the working pipe and the protectingPpiTpso0i/mo12 esponse
to the protection switch; transmtting the first set of layer 2/3 traffic
in the working pipe while there is a failure on the BLSR and transmtting
a second 3kt oThd myteanJr&dablaﬁﬂddmm of tlaen p5 ddrdet compriding ehdngige is a
failure on the BLSR % The mach gﬁi afg d| um of cI r{m 15 wherein

t he prote%ot“ic?fﬁnaﬁ}oﬂé’fﬁ firs} and pegou Settﬁ yef ¢/ 6‘@ {HE tHgPESp ES @Rdnnel whil e
there is REbndsd 8F dybe2BNrdifi€inBhSRorkdidg pibRand Bty YeBrivapgli um of

claim 15 wherein thé second set of layer 2/3 ‘traffic is swtched into the
protecting pipe by BLSR automatic prot ection switching. 18. The

machi ne-rgada [ k|n channel. and
protecti n%?chg’kﬁeeﬁ%%?agg&a Se Mﬁfn@gg@&h Rg)vf?l%éng Badabl e
medi um of secbd Wbﬂ&ng\b@éfﬂdm b l@@:om Wﬁrlﬂﬁg ehmmeﬁéndaer@coﬁ pogetihdfipé fidane |
conprise a set of frequencies. machj ne-r eadabl e nmedi um of claim 15

wher ei n t560RbpIfssEng channghef the §LSBr &eéé@WgW?f#% nipehaying e merdhanheeyer v
span of the ?ﬂ%fgaﬁtg\r%d% &%9&% oF%ﬁ%ﬁ%%/hg%?g%t 1e%§tt JHfR H&%@J@ﬁ readabl e

medi um of clalm er co sin conca enatron of the first
and second set of layer 2/3 traffl c totransmt said first and second set

of |ayer 3traffic in wor ki n i pe, and rotectln e res i vely.

o e B i tnasinssieaihie eregt te PSS me i iogs. v MhBS RSB RO on! g
a secondgsepgf ﬁio@&hs@fspéa\fsé Q4T Aet ST PREL sSHRY tol Jaskofih %P&%ho&%n%rﬁ ggond
protecting pipe froma second protecting channel of the t he second

wor ki ng pi pe halldcagng e pimsricom ipar of havorking ohannplbandvat deast Imnbbftamrotsetmmd
protecting pipe havi 0 east the. first ndw dt ne- readabl e
medi um t hat provi de$ q%ﬁ‘glt?g Stpa%ﬂg E{Kﬂ]ire Rﬂgﬂwé E?de WSE‘F

processors, cause saa\dngebaﬁw@ﬁmmwme& it GotefailaferdnBE BAISRONS conpri si ng:
allocating a pipe frompart of a working channel and at | east part of a

protecting chaWasmiginga sepahlayer 23 ppfliciindhq pigeral 1ine switched ring (BLSR),
the pipe havi ng,gnBNHEL Batiilifh WG FralifireWRbu? id et the BLSR

transmitting the set of layer 2/3 traffic in the reduced pipe while there is a failure.

24. The machine-readable medium of claim 23 wherein the working channel and

protecting channel comprise a set of timeslots.

25.  The machine-readable medium of claim 23 wherein the working channel and

protecting channel comprise a set of frequencies.

26.  The machine-readable medium of claim 23 wherein the pipe is provisioned on

every span of the BLSR.

27.  The machine-readable medium of claim 23 further comprising:
multiplexing said set of layer 2/3 traffic and a second set of layer 2/3 traffic; and
transmitting the multiplexed layer 2/3 traffic through the reduced pipe.

28.  The machine-readable medium of claim 23 further comprising:
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transmtting a set of layer 2/3 traffic in the pipe; reducing the pipe's
bandwi dt h when a failure occurs in the ring; and transmtting the set of

| ayer 2/ 3wbDroaf6aoe7in the reduced pipe while there is a faiPCOresoy/s@42 The
machi ne-r eadabl e medi um of cl ai m 23 wherein the working channel and
protecting channel conprise a set of tinmeslots. 25. The machi ne-readabl e
medi um of cl ai pn@x?otmhgtl&l sat ofHlayen@r kiraffic ahdagedondnet ofpsiyek Bt trafc;channel
conprise a set ofl requenci es,. 26.., The nachi ne-readabl e nedi um ‘of claim 23
wherein the pi PRliReHRgHheshodayesd/3 %#@FW@H&?GB‘?HQ%@@EM 2ptyaffipihased
machi ne-r eadabl e neghPﬁbﬁ{ .gh@i m 23 further conprising: nultiplexing said
set of layer 2/3 traffic and a second set of layer 2/3 traffic; and
transmtting twensmittingghe wwdtiplesedrlayzt 3/3 traffit KIUougirﬁlagd:dlmbxéplpeduced pi pe.
28. The machi ne-readabl e nedi um of claim 23 further conprising: 29 WO
02/ 060097 PCT/ US01/50012 prioritizing the set of layer 2/3 traffic and a

second sep9.of Wﬁaﬁ{ac%&réddamfelrﬁedmmkt:laﬁhQBlfﬁlﬂletrlasmﬁﬁhngfsh&@f@ 213 traffic
and the second set of layer 2/3 traffic based priori

t
transmtt Fwa'{en@u%@ﬁthﬁ F%)@ééﬁﬁé%/értmﬁﬁ%tottf@ﬁﬂﬂfdm sﬁt@ﬁ lver ’#/é tna&"mfbecmgp. pe.
29. The ?ﬁgpble medi um of claim 23 further conprising changing
concatenatlon o e set of layer 2/3 traffic to transmt the set of |ayer
2/ 3 traffic through the reduced pipe. 30. The machi ne-readabl e medi um of
clain123 rth risin | | ocat i a second . pi pe havjng.a second
bandwi dt h @ o The B8 n%ﬁ%ﬁﬁl%B o 0Bt 23 Ethes cHRESING AUGRIIBE AN ¢ hat
provides ppshhyie '2008ond Wi B 2 34 Bsh MABLBRL Of processors, cause
sai d set of procéssors to performoperations conprising:- allocating a pipe
frompart of a wor ki ng channel and at | east part of a protecting channel of

f di rect | hed. LSR),, .th
bandwi dt 2 | & prEnae-FR%hle et BSgices Rlrbgtions) vush iR Besuted B s
set of | aybf gfodedson, Ea&elsﬁidtsbt%fgiré&swﬂé foSpekfdeh dpbiatibf cotngridgtir € on  the

BLSR, reducing the pipe's bandw dth when a failure occurs in the BLSR
allocating a pipe from part of a working channel and at least part of a protecting

channel of a span of a bi-directional line switched ring (BLSR), the pipe
having a bandwidth while there is not a failure on the BLSR;

transmitting a first set of layer 2/3 traffic in the pipe while there is not a failure on
the BLSR;

reducing the pipe’s bandwidth when a failure occurs in the BLSR;

multiplexing said first set of layer 2/3 traffic and a second set of layer 2/3 traffic
while there is a failure; and

transmitting the multiplexed layer 2/3 traffic in the reduced pipe while there is a

failure.

32.  The machine-readable medium of claim 31 wherein the working channel and

protecting channel comprise a set of timeslots.

33.  The machine-readable medium of claim 31 wherein the working channel and

protecting channel comprise a set of frequencies.
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mul tiplexing said first set of layer 2/3 traffic and a second set of |ayer
2/3 traffic while there is a failure; and transmtting the nmultipl exed

| ayer 2/ 3wbDroaf6aoe7in the reduced pipe while there is a fa&drarser/s®22 The
machi ne-r eadabl e medi um of cl aim 31 wherein the working channel and
protecting channel conprise a set of tinmeslots. 33. The machi ne-readabl e
medi um of 34| ai Thafhavhiee-e¢adablenadiurk ofiglainh ahmékreamthe piedis Pedvisiéheaannel
conprise a set of fre cies. 30 WD 02/060097 PCT/ USO01/ 50012 34. The
machi ne- r BXGaHE %‘Eﬁﬂﬁggf claim 31 wherein the pipe is provisioned on
every span of the BLSR 35. The nmachi ne-readabl e nedi um of claim 31 further
conpri si ng prioritizing the first and second set of layer 2/3 traffic

bef ore mu¥i pl €k¢ mgchigereatinble measliiim of eleinal 3 b fgthee doruprivhg ptiaritini@the dirsther
conprisin i n nat i af t first and second set of l|ayer 2/3
traffic t%“ﬁ%gﬁlgim&tgogga‘gﬁfﬁlgr%ﬁﬁca%gom %Bﬁ]ﬁx@gt of layer 2/3 traffic through
the reduced pipe. 37. The nachi ne-readabl e nmedi um of claim 31 further

conprising allocating a second pipe having a second bandw dth on a second
span of t¥Re BLERE H@Btun%f‘?@@b\lérm@d&%ﬁéﬁﬂl%éﬂﬁﬁ@ aempusieehangingcard t o

detect faj I I I pe ndw dth . while
there is S afifh PR R sdebfbier b1 EENS Fufidlofingmi R Hiofaly
bandwi dt hsesbid setofitayer 2/8 traffic ehréughl the edaced fige.opti cal ring; and an opti cal
processing circuitry coupled to the control card, the optical processing

circuitry to transmt and receive a set of optically switched traffic, the

set of opyicalrhy mavhihehemiable Mddifn BAVERY 32 ffier eérfmbﬁéiﬁ%al%cﬁﬁ}ég Akddofia 39

The network el enent of claim 38 3vhere| n the optical  protessing circuitry

t r ansmi t spipe hevisg sefonidsapdwizitison a a¢cond spam afitke BE8Bced pi pe in response to
the control card perforns automatic protection switching. 40. The network
el ement of claim38 further conprising said optical processing circuitry

to transmig. tha mevokfcl@périteambsiapi t ched traffic through the pipe while
there is not a failure in the ring and to transmt the set of optically

swit ched tr af f # €ontil gaggHordetect aiures @n an optical ring, to reduce a pipe’s bandwidth
while there is a failure on the optical ring, and to restore the pipe’s

bandwidth while there is not a failure on the optical ring; and
an optical processing circuitry coupled to the control card, the optical processing
circuitry to transmit and receive a set of optically switched traffic, the set of

optically switched traffic having a set of layer 2/3 traffic.

39.  The network element of claim 38 wherein the optical processing circuitry transmits
the set of layer 2/3 traffic in the reduced pipe in response to the control card performs

automatic protection switching.

40.  The network element of claim 38 further comprising said optical processing
circuitry to transmit the set of optically switched traffic through the pipe while there is not
a failure in the ring and to transmit the set of optically switched traffic through the reduced

pipe while there is a failure in said ring.

41.  The network element of claim 38 further comprising a layer 2/3 processing

circuitry coupled to the optical processing circuitry, the layer 2/3 circuitry to receive a
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pipe while there is a failure in said ring. 41. The network el enent of
claim38 further conprising a layer 2/3 processing circuitry coupled to

t he opti c&b opewessi ng circuitry, the layer 2/3 circuitryPCo/usevsiove a 31
WO 02/ 060097 PCT/ US01/50012 second and third set of layer 2/3 traffic,

mul tiplex the second and third set of layer 2/3 traffic, and transmt the

mul ti pl exsgtoa¢tndthiddasgest 125/&& A3 &ﬁﬁﬁcpmﬁaﬁ@l&)@th@Qédoﬁahncpﬂﬁ’ﬁa%‘éﬁbﬂgyer@/i cuitry.
42. The netfvgprk el enent  of ué ailm38 further rising a | ayer 2/ 3
processi nfatts prd fransniche griipleted $sbobigysrdd tr@ﬁ['pédééfﬁ opjical preeqssing, t he

| ayer 2/ 3019&{1 itry to receive a second and third set of layer 2/3
traffic, prioritize the second and third set of layer 2/3 traffic,

mul tiplex the second and third set of layer 2/3 traffic based on priority,

d t | t t. 2/3.traffic to the optical
P ocessi niol ¢ Al ppyrork BeSkRoriTiimoi B EhasfRotiiech v A picGreR
conpri si ngiraaird c6@éd @ thé aptical Prodbdsft cu%ultfy itfella f&tzm&réﬁy}e{o rééadyd paffic to
ayer

a first segnment of the pipe and a second set of traffic to a
second seédffend apd thirg; sgt 9ﬁ lgzer 2 traffigeprienitigsrthe %ﬂlcembmd third seteofday@8 2f2ur t her

conprisin t r ns._when failur es
occur and &vﬁ ﬁl‘%’? gl S %gérogldcag(ri F lglcc[ Peg Oﬁ%]gercﬁg ?rgtf g?cggn B‘B?H)tﬁ adn
control ¢ &aﬁlsnﬁlotlﬂemﬁapleked b€ Ryein2/a taffitgto thOoptaAl@cessRigRchitRan dWI dt h

while there is a failure in the ring, and to restore the pipe"s bandw dth
while there is not a failure in the ring; a first processing circuitry

coupl ed t the ont r ol rd rocessing ciycuit to recelve a
ToroL Caet Tar "ohe ek SR AL hoRE TR sk ol onirol fard fo digger o
layer 2/ 3fitgt aétldrGayiet OB dittic td & ﬁ}st $&mé oPMeipf dnd SWESFNREof I fé /%

second processing circuitry coupled to the first processing c CU|try, t he
~second phaisdeiasgecandrsegimentofisaidipipiasit the extracted first set of |ayer

2/ 3 traffic through a packet mesh; a third processing circuitry coupled to
t he second processing circuitry, the third processing circuitry to receive

the first4get The hewaik eleteht 6 dlith 3PfLGESSoripiBing the Séntbstlcadflto |répf6graﬁ‘( 3

traffic, and to transmt the first set of layer 2/3 traffic;
concatenations when failures occur and when failures are corrected.

45.  An apparatus comprising:

a control card to detect failures in a ring, to reduce a pipe’s bandwidth while there

is a failure in the ring, and to restore the pipe’s bandwidth while there is
'not a failure in the ring;

a first processing circuitry coupled to the control card, the first processing circuitry
to receive a first set of optically switched traffic and to extract a first set of
layer 2/3 traffic from the first set of optically switched traffic;

a second processing circuitry coupled to the first processing circuitry, the second
processing circuitry to transmit the extracted first set of layer 2/3 traffic
through a packet mesh;

a third processing circuitry coupled to the second processing circuitry, the third
processing circuitry to receive the first set of layer 2/3 traffic, process the
first set of layer 2/3 traffic, and to transmit the first set of layer 2/3 traffic;

and
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32 WD 02/ 060097 PCT/ US01/50012 a fourth processing circuitry coupled to
the control card and the third processing circuitry, the fourth processing
ci rcui trywooeemei ve the first set of layer 2/3 traffic aca/usoas®mit the
first set of layer 2/3 traffic into the pipe. 46. The apparatus of claim45
wherein said first and fourth processing circuitry are tinme division

mul tiplex pr OCE?&jr!ﬁgprﬁ&ésgiﬂkQ:fr}fuitﬁ_%ouﬂi@@t@ﬁﬂ@%&?dlgaﬁfanﬁltﬁé Hirdprodasdigg n said

first and fourth processing circlitry are wave division nultiplex
processi ng circui trgirc8y, titéovaihrapeessisg ofrcuitrntameddive thetfirersetoinlpyérihg t he

control card to prote t first e f.la [R.traffic.with automatic
protection swtchi né?ﬁifgﬁ.nﬁ?ﬁgsrggﬁlﬁ@ist%e?é#133%?%%&%%‘8&’(%8Plp&)rrpri sing the
third processing circuitry to nultiplex the first set of layer 2/3 traffic
with a second set of layer 2/3 traffic while there is a failure on the

ring. 50.4Ghe APpapneraiys of claimytdivherein seidhirst anshionrts Pragessins ¢iFUitey Feocessi ng
circuitry -RELoC b . of layer 2/3 traffic and a second
set of Iag}ltélrgd?/qélbﬁ%?{flﬁlgxgﬁbge{sg{gséﬁﬁ%ﬂybl ex the first set of layer 2/3
traffic with the second set of layer 2/3 traffic based on priority while

there is g faiJure on the ring, 51. The, ar s of claim45 further
compr i 51 n§it he TEOARIFBHUSSS GRPLS BHFisUY S Db AELOBHAPTSREE CMH e, cal
third andwﬁapy&itvﬁi@{ﬁﬁgﬁﬁé,p&oggsgﬁgi&r&m&n response to the ring changing
between failure and nor-failure States’ 52. The apparatus of claim45

further conprising a second pipe on the ring, said second pipe having a

bandw dth, different fromsaid piLpe, 53. A.conputer i.nplenente hod
conpr 1 si g 33heprssiatabdsmBs st omeS e B Ghur R B B B BV par o
a wor ki ngsetbanyet 28nehfat witastonkaictprétctionvatciigl Nng channel of a span of a
bi -directional line switched ring (BLSR), the pipe having a bandw dt h;

transmtting a set of layer 2/3 traffic in the pipe; and reducing the

pi pe's bapgw d i ot i The..co: er

i npl enent 2%’ m?ﬂ%wu@f é?% gswﬁer elE go%g?%ﬁgteht% t@?d P%;é/%srs ﬂ:%/ec él% ﬁlr@]& Pi C
multiplex the first set of layer 2/3 traffic with a second set of layer 2/3 traffic while there is

a failure on the ring.

50.  The apparatus of claim 45 further comprising the third processing circuitry to
prioritize the first set of layer 2/3 traffic and a second set of layer 2/3 traffic and to
multiplex the first set of layer 2/3 traffic with the second set of layer 2/3 traffic based on

priority while there is a failure on the ring.
51.  The apparatus of claim 45 further comprising the control card to reprogram

concatenations on the optical third and fourth processing circuitry in response to the ring

changing between failure and non-failure states.

52.  The apparatus of claim 45 further comprising a second pipe on the ring, said

second pipe having a bandwidth different from said pipe.

53. A computer implemented method comprising:
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is transmtted in the working channel part of the pipe while there is a

failure and a second set of Layer 2/3 traffic is transmtted in the

r emai ni ngwprieewp? on channel part of the pipe while there@crasar/fmi? ure.

55. The conputer inplenmented nmethod of claim53 wherein said set of |ayer
2/3 traffic is nultiplexed with a second set of Layer 2/3 traffic while
there is a faiillocetigga ptpedrommprt bpa mddngehannél dnd)ae}eaﬂ/p%:ttdfafpfrbtectng

transmtted in the reduce pi pe is a e. The conput er
i mpl enent ed net hod SHR0BFLR rﬁ%’g"‘ %Lb&?“&o ’dﬁdw%kﬂe @éﬁgﬁh\% PIRSr af fic
is switched onto thga‘gﬁ%gggﬁdv@athchannel part of the reduced pi pe by BLSR

automatic protection swtching while there is a failure. 57. The conputer
i npl enent ed netrmanﬁmg(ﬂﬁtﬂflasenﬂﬁ%treﬁﬁ‘tmﬁ@pmlandg channel and protecting

channel conpris of he co r inplemented nmet hod of
cl ai m 53 wher efeﬁu?lﬁgmlﬁ?%%)%éﬁhWhegr?cfal-{%rf’a@fcé‘g S‘ &B&nnel conprise a set
of frequencies. 59. The conputer inplenented method of claimof claimb53

wherein the pl%rb% provi sioned on every span of the BLSR. 60. The
conput er spyier mepieraented miethod of £lgim A3 whegrippaid Mg)f laygy Z/értratfﬁczu ng

the set o /: ile
there is fgt%%?tﬁ&%eéﬁ&? Bl B3y wBll bRt filrt R bt
prioritizedofkhyerf2/3 ayffic i2{randnitéd inthardndihiag pestenidn chtnrel pirayfihe pip
traffic; Eg transm Ilng the nultiplexed set of layer 2/3 traffic and the
second se¥ ¢ thesgis 2 folwret raffic in the reduced pi pe while there is a
failure. 61. The conputer inplenented nethod of claimb53 further conprising
changi ng concatenation of the set of layer 2/3 traffic when the failure
occurs and.whefhe¢ bemputet i:nnpiem&lted:meﬁl@dtoédlairﬁ 33 witeecin saih aetenf layepRBrteatfied

met hod of . cI 53.fu ther a . S5eco nd_pi havi ng a
second bahdW Pk eh b gbor SEatLirr 2R RS g ahre SE5R S And e
multiplexed set of Layer 2/3 traffic is transmitted in the reduced pipe while there is a

failure.

56.  The computer implemented method of claim 53 wherein a second set of Layer 2/3
traffic is switched onto the protection channel part of the reduced pipe by BLSR automatic

protection switching while there is a failure.

57.  The computer implemented method of claim 53 wherein the working channel and

protecting channel comprise a set of timeslots.

58.  The computer implemented method of claim 53 wherein the working channel and

protecting channel comprise a set of frequencies.

59.  The computer implemented method of claim of claim 53 wherein the pipe is

provisioned on every span of the BLSR.

60.  The computer implemented method of claim 53 further comprising:
prioritizing the set of layer 2/3 traffic and a second set of layer 2/3 traffic while

there is a failure;
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multiplexing the prioritized set of layer 2/3 traffic and the second set of layer 2/3
traffic; and
transmitting the multiplexed set of layer 2/3 traffic and the second set of layer 2/3

traffic in the reduced pipe while there is a failure.
61.  The computer implemented method of claim 53 further comprising changing
concatenation of the set of layer 2/3 traffic when the failure occurs and when the failure is

corrected.

62.  The computer implemented method of claim 53 further comprising allocating a

second pipe having a second bandwidth on a second span of the BLSR.

35



