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data of different protocols wthin data transm ssion signals. BACKGROUND
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(WWN, the ne hi gh- speed transm ssion of data including video and
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custoners of high-speed networks may want to enploy a Hi gh Level Data Link
Control (RBLE QF DHEIDMIVENGHION ot her custonmers may want to enploy vari ous
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of these diefiheansinn relptss srastworkelements habepnhraress data of ddtarpit REto®@lnpl es of
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net wor k eMdfEhdaa (raRsmsio$1gnalsl  Signal (DS)-1 and DS-3 signal's, which
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such that a given port on a given line card processes data of a particular
protocol . pidh Hiifekadeléed fat vRAbHS tgpdsIT sBiides tHat inBbytdifféredt protocols.

For example, certain customers of high-speed networks may want to employ a High
Level Data Link Control (HDLC) protocol, while other customers may want to
employ various types of an Asynchronous Transfer Mode (ATM) protocol.
Additionally, other types of protocols that customers may desire include a voice over
Internet Protocol (IP) protocol.

Network elements are used to route or switch data of these different protocols
across such high-speed networks. Examples of the types of data signals that can be
transmitted and received by these network elements include Digital Signal (DS)-1 and
DS-3 signals, which include a number of channels. Examples of other types of data
signals that can be transmitted and received by these network elements signals based
on the Synchronous Optical Network (SONET) standard or Synchronous Digital
Hierarchy (SDH) standard. Moreover, these network elements typically include a
number of line cards that include a number of ports to receive and transmit these data
from. In order to accommodate the different protocol types, convenﬁonal network
elements are designed and provisioned such that a given port on a given line card

processes data of a particular protocol. In other words, a particular port to tied to a
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D sadvant ageously, this |imtation precludes the handling of data of

di f f er entwDyp@e3sef protocols for a given port of a networ kPCalEseeni087
SUMVARY OF THE | NVENTI ON A net hod and apparatus for processing data of
differing protocols within data transm ssion signals are described. In an
enbodi mentriRukBhpeof pritbddlieDida8eiabeBiek] Rlthis liaattioR Prechid@f e hawiefgei n t he
at | east one signal includes a nunmber of channels such that each of the
nunber of of BanaeliFfeean types bEp®tatolsifor £pived poit of ahstvaik eldnfeher ent
configurations for the different protocols. The nethod al so includes
processi n§UMVAR Y OIKEHE INVENIEIONf the nunber of channels in a predefined
order. In another enbodi nent, a nethod includes receiving at | east one
signal, wher eifnmethed and hppasatunfos psicgssang date pldiEsring protdnots withipglatai ons.
Each of the number of portions can be processed based on different

pr ot ocol s trapgmigsipn sigads areclessrihgdadn @hgmg@chmetlhé meithgdainghydesyieepi piag|as .
Additionally, the method i ncludes processi nIg at | east porti ops of data
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al so i ncl etermnin rotoco e channel based on the

configuration i I : i j idejermning a
configuration 21?5,?%%&%%1{0'61(:0 t’oa%/m? ﬁggéﬁg%gﬁggggdﬁgiﬁgﬁze Sé%ﬁaf’i guration

data. Mor gaéedin tHel® 16251 QR S fenal inklBe RIS of PEHISHASS ERIHOSIARS hitfibér dBr ot ocol
header of the data packet 1n the channel based on the protocol and the

confi gur abbAdnotart BeprobEseéPEREd o Hﬁfd%r@?ﬁﬁ@ddllgarﬁifdiffbﬁnc&t&ﬁigefatiahﬁbri ncl udes
saving the current state of the channel as the previous state of the
channel . BRY diffefoRS6ttdadlsOM ddfiti ohy DRAINEHGS ihatinded ipreoessnht ledsepomivent i on may
be best understood by referring to the follow ng description and

acconpany iofdatd pashiersgs thdhnwrhbdrloff peitioas ef thaahleast one signal.

In one embodiment, a method includes receiving data packets within a number
of channels of a signal. The method also includes processing the data packets within
the number of channels in an order. The processing of a channel of the number of
channels includes retrieving a previous state of the channel and the configuration data
of the channel. The processing of the channel also includes determining a protocol of
the channel based on the configuration data. Additionally, the processing includes
determining a configuration of the protocol of the channel based on the configuration
data. Moreover, the process of the channel includes processing a protocol header of
the data packet in the channel based on the protocol and the configuration of the
protocol. The processing of the channel also includes saving the current state of the
channel as the previous state of the channel.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention may be best understood by referring to the
following description and accompanying drawings which illustrate such

embodiments. The numbering scheme for the Figures included herein are such that



enbodi nents. The nunbering schenme for the Figures included herein are such
that 2 WO 02/ 063831 PCT/ US01/50087 the |eading nunber for a given el enent
in a Figuwe mwseissoci ated with the nunber of the Figure. POT/USRENOBE,
system 100 can be located in Figure 1. However, elenent. nunbers are the
sanme for those elenents that are the sane across different Figures. In the
draw ngs: ufel g 1?% #m&r%x‘)&givéd BI9FRM ihlal FiSire & 4s88ciRed WthaRR hit@berighCOr por at es
enbodi ment s o# e present invention, Figure 2 illustrates portions of

i n-ring neeVgpikre & FENBNGId, Q¥stdHA00 266 BE Ich@d it BigardDdHoReY&, démédte present
invention; Figure 3 is a block diagram of physical connection circuitry
210a-d, age@bérs AR the eametRdhore Bietnedts thitergthe semt acrovediffecent Figugisrdn 4 is a
nore detail ed bl ock di agram of another enbodi ment of physical connection
ci rcui trythddawitgs:accordi ng to enbodi nents of the present invention;

Figure 5 illustrates a flowhart for the processing of data being received
and transmitt elliguremisabloek disgkane|lbsisaiing satyssrdihaginf@PerRs GMeAendt t he
present invention; Figure 6 illustrates a nunber of channelized DS-3

si gnal s t hfithe presepyripeddioBd, according to embodi nents of the present
invention; Figure 7 illustrates a flowchart for the sing ,of data

bei ng transni t Figpre gillustragssPortinns ob iring BHYREK 1&‘6‘8@?%2’38?0“8%8% ments of
the present invention, and Fi ﬂ%ﬁ 8 is a block diagram of a SONET signal
carrying Hgmoodimerss of Hiy RESenEREIWIRent s of the present invention. DETAI LED
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protocols acr nne a signal's aré descrrbed. In

dotai s ol bR e Hheeeh A o Ror ough nder st andi ng of t he
present invent -ﬁﬁhre lytis Wldre B&aifed SI8EKE diagram of another embodiment of physical
connection circuitry 210a-d, according to embodiments of the present invention;
Figure 5 illustrates a flowchart for the processing of data being received and
transmitted from a network element, according to embodiments of the present
invention;
Figure 6 illustrates a number of channelized DS-3 signals that are processed,
according to embodiments of the present invention;
Figure 7 illustrates a flowchart for the processing of data being transmitted
out from a network element, according to embodiments of the present invention; and
Figure 8 is a block diagram of a SONET signal carrying data, according to

embodiments of the present invention.

DETAILED DESCRIPTION

A method and apparatus for processing data packets of differing protocols
across different channels within data signals are described. In the following
description, for purposes of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. It will be evident,
however, to one skilled in the art that the present invention may be practiced without

these specific details.



however, to one skilled in the art that the present invention may be
practiced without these specific details. 3 WO 02/063831 PCT/ US01/ 50087
SYSTEM DBSORRPBFISEN Figure 1 is block diagramillustratingpPaTdsst/smwst hat

i ncor porates enbodi nents of the present invention. In particular, Figure 1
illustrates system 100 that includes network ring 114, which is conprised
of in-ring network el ement 102, gy@Aufimcripgioner k el ement 104, in-ring
network el enent 106 and in-ring network el enent 108. System 100 al so

i ncl ude non-ri W 1VE blocR ldgigeah ilfubBatinodsystengthal @oBipbraldslentivdiméien- ri ng
network el ement 112, which are coupled to network ring 114 through in-ring
net wor k eloﬁﬂﬁ'}ireskﬂtzmverﬂrohl g paeitular, IFigire Meliistra@4 s psne 1100 tian ircheteswor k

el enent 106, respectively. In an enbodi nent, non-ring elenents 110-112 can
be rout er aetvank tiapdd4, wiich ckgwmpmusecbbhemrtqum@womfelmmdﬂk isirimgent t hat
switch data across a network. In one enbodi nent, the connection anong

i n-ri ng nettwark eleiment H4, IBEng network dgmne&l%randem@nemsmcwhelemm 135 net wor k
el ement 106 and in-ring network element 108 all ow for d| rectl onal
traffic. AystemdiOfqlsp inglndesngyi-riag petworloplamentaliPonen- 998 alem?Ws ltad ¢ edundancy
in the communj cation between the different networ ﬁF E ﬁuch that if
a given | MABTHE neBYRHkslcaent 12, iwhighyare counied pRelver aﬁr\‘% 4ROy {-UR& i t t ed

th b d h ded
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t ts dat ffi the diff

and non- et o g ERAT R TG Tﬁ?‘%"%%{%ﬂé% S andar d_
or Synchr %ﬁﬁg sd?o%e&?ypebb?ﬁ&%hyelg %H)thatl_s‘gwf:ﬁgﬁt’a acfoRDRHLARRES of the

present invention are not so l1m ta traffic anong the different

networ kel emengg fagm &lheﬁm{eecrohﬁ&nuﬁlamngmﬁhgh&%@k efemeh@ERNirssi on
st andar ds. ExarereS 0 ther types of transm ssion standards can incl ude,

but are nef, n'ei%rk%ﬁrﬁe‘ﬂt 104, in-Fidg nbWork Setieal 106RPH3n-ang neblorkie@n®ns. | n one

enbodi nent, data traffic am)ng in-ring network el ement 102, in-ring
net wor Kk e'l@ﬁ'ﬁﬂbw 16dbi-difectidmtraffic. Accordingly, this bi-directional capability allows

for redundancy in the communication between the different network elements, such
that if a given line of communication is lost, the data traffic to be transmitted thereon
can be rerouted in the opposite direction to reach its intended destination within the
ring architecture.

In an embodiment, system 100 transmits data traffic among the different
network elements, both in-ring and non-ring, employing the Synchronous Optical
Network (SONET) standard or Synchronous Digital Hierarchy (SDH). However,
embodiments of the present invention are not so limited, as data traffic among the
different network elements can be transferred usin g other types of transmission
standards. Examples of other types of transmission standards can include, but are not
limited to, T1, T3, Data Signal (DS)3 and DS1 signals. In one embodiment, data
traffic among in-ring network element 102, in-ring network element 104, in-ring
network element 106 and in-ring network element 108 includes TDM traffic and
packet traffic within a same Time Division Multiplexing (TDM) signal.

In this ring network, network elements are used that can transmit and receive

TDM ring traffic. In addition, at least certain of the network elements provide two



network el enent 106 and in-ring network el enent 108 includes TDMtraffic
and packet traffic within a sanme Tinme Division Miltiplexing (TDM signal.
In this rwog2netssor k, network el enents are used that can PCansni/s008nd
receive TDMring traffic. In addition, at |east certain of the network

el ements provide two 4 WO 02/ 063831 PCT/ US01/50087 different: swtching

t echni quegitfereHPMy RO P REkBGues MEDPERERIacidM TRE bAKePEWIYdHGIRprodided SAPPOr t any
nunber of protocols including layer 2 and | ayer 3 type protocols such as
ATM  Et heguppbrt ahly aimbEEdfPHotoedIs inclutlimddér Dandtlaydr\Bniypaprovmelsatuchas of a TDM
network el enent, the network elenents are inplenented to be able to:

1) pr ogr anx@M, \Ethehes Frapie Relayy EE. Hasidditioe td gipitabbperiteonsmfafiDd TDM traffic
to be extracted and packet swi tched rather than TDM swi t ched; and/or 2)
recei ve pagtiwetk elemertf the nietwaerk etementsfase implathented bebgpaldk&r: swi t ched.

Regardl ess of which switching technique is used, the switched traffic

goi ng back)porgrammiablyrselegt ¢arpSTS basiTeiaioefthe incaming FRNS afficde beut .

However, each tinme traffic is packet switched, that traffic cap be

stati sti cextragteduand ipaeksk switehedgather than FRM sy ichednansior recei e RaCkelyr opped
oyst em 1oBatiean SRR hFIOTBARS (o erkES i HRrD el G e e PR ¢ detai |
exanp! e afgrm gyedale SPnEd el st GRamsIHF KBRS TRl gt
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enbodi nent’s o e present ’nvention are not to the network ring

archi tecturesas A ket badcagibMofthd Yp&aden 5X3BRIERINdAROREWONPES Of
network architectures that can incorporate enbodi nents of the present

i nvent i onelein@flsWikeeinisifesefiBedidtmabre @efaitbefoy. @ poi nt-to-poi nt configurati on,
poi nt-to-nultipoint configuration and/or a hub configuration. In addition,

enbodi nent s of Théerchites@Btand confGniration cdsgsterntl 00 inby wdy pbexEbidleatdwor ks, but
al so applies to Wave Division Miltiplexing (WDM networKks.

not by way of limitation, as embodiments of the present invention can be incorporated

in other types of systems. For example, other such systems could incorporate less or

more network elements into the network ring and/or network elements attached

thereto. Moreover, embodiments of the present invention are not limited to the

network ring architecture as illustrated in Figure 1. Examples of other types of

network architectures that can incorporate embodiments of the present invention

include, but are not limited to, a point-to-point configuration, point-to-multipoint

configuration and/or a hub configuration. In addition, embodiments of the present

invention are not limited to TDM networks, but also applies to Wave Division

Multiplexing (WDM) networks.

NETWORK ELEMENT DESCRIPTION

Figure 2 illustrates portions of in-ring network elements 102-108 (for
purposes of Figure 2, hereinafter “network element 102”), according to embodiments
of the present invention. As shown, network element 102 includes line cards 202a-d

and control card(s) 220, such that control card(s) 220 are coupled to each of line cards



NETWORK ELEMENT DESCRI PTION Figure 2 illustrates portions of in-ring
network el enments 102-108 (for purposes of Figure 2, hereinafter "network
el enent 19D'op/oemacordi ng to enbodi nents of the present i mCartSoos008AS
shown, network el ement 102 includes |ine cards 202a-d and control card(s)
220, such that control card(s) 220 are coupled to each of line cards 5 WO
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for the sake of ‘sinplicity an y way o lTmtati as a | esser or

gr eat er wzg%f nﬂﬁtahbﬁ' 8s ﬁ@ésgér &%Pea’ﬁ:? nuftbk6tEicheat dii dan bB &iceded vatigarent  102.
Addi ti onal | network el enent I02 includes a first switch fabric, packet

mesh 226, n¥iiosielemehtbes Additidnlall fafbwsrkeleridha 0B atudes afirnawitah ds 202a- d
are coupled to one another. For exanple, line card 202a is coupled to line

cards 20f4vrid, pdekerupéshP26k@hichirsdude? @ fulHmeslv euch tharizach ofliviescacds 208e- pr esent
invention are not limted to a full nmesh for the transm ssion of packets
anong | i nd acacolpled@@ anelanothey. Hoyexampde,dine swidt 2024 nycavptaddd linpgards wi t ches
based on the addressing schene described herein can be incorporated into
enbodi men282ted thrheglppa@getnneshrménHoowven:@mbo@ﬂm|cef thg pregaméinyepéRN ment, |ine
cards 202a-d coul d be coupl ed together usin switch fabric, such that
the |ine ewm®s hant@dé%bllb@e%lbfoatk@dmnﬁw!sm@arog Packigiscam mecfégdeZQﬁa -dt he

swi t chi th Li d d
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roce55|n r t )
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SONET OC- N signal's reover, in an embodi ment, |ine cards 202a-d
net wor k ?ees%‘ﬁ %Qgergﬁy be connected to an el ectrical |ine such as a T1,
T3, El, E G gabit Ethernet, etc. However, enbodi ments of the

present invent e AF® 200h-d iheTudephysical &dhﬁe@hﬂ\tﬁ'cdﬁwmb&ﬁn@taﬁphaat as any

other type of optical or electrical data
processing circuitry 212a-d and egress packet processing 214a-d, respectively.
Physical connection circuitry 210a-d can be coupled to lines external to network
element 102, as shown, which can carry optical and/or electrical signals, which is
described in more detail below in conjunction with Figure 7. In one embodiment, line
cards 202a-d of network element 102 may be connected to an optical line transmitting
SONET OC-N signals. Moreover, in an embodiment, line cards 202a-d of network
element 102 may be connected to an electrical line such as a T1, T3, El, E3, Ethernet,
Gigabit Ethernet, etc. However, embodiments of the present invention are not limited
to the above-described examples, as any other type of optical or electrical data
transmission can be incorporated into embodiments of the present invention.
Additionally, control cards(s) 220 include TDM switching circuitry 216.

In an embodiment, each line card 202a-d can be coupled to four optical and/or

electrical lines. In another embodiment, each line card 202a-d can be coupled to eight
optical and/or electrical lines. However, embodiments of the present invention are not

so limited, as a lesser or greater number of optical and/or electrical lines can be

coupled to network element 102 through line cards 202a-d. Additionally, physical



transm ssion can be incorporated into enbodi ments of the present invention.
Additionally, control cards(s) 220 include TDM switching circuitry 216. In
an enbodiwen/oeasach |ine card 202a-d can be coupl ed to fo®cTasbi/smB7 and/ or

el ectrical lines. In another enbodi nent, each line card 202a-d can be
coupled to eight optical and/or electrical |lines. However, enbodinents of
the presepinjeRY&\it@itr?S BalPhre cd@plbd 8 ihBidss Bkt pro&sGihg @irc@ifr§ @ 84-dnunber  of
optical and/or electrical lines can be coupled to network el enent 102

t hrough | }dage&iaélq:Ssu%ﬂmqt%acl&@I dith ibermglredsivenfytsh el optibal\WRd2 REGR I
PCT/ US01/ 50087 connection circuitry 210a-d are coupled to ingress packet

processi nnes ik paestd froml@asidal conasquien tcirvatry 2 18ardho irtgxess packee pratagsingoei ng
received fromthe optical and/or electrical lines is passed from physi cal
connect i oviraiitrg Qi 2a-y, r2gp@ati ¢tly.oln orgreagwdpoark ghe packeedasa rsextracted fiomry 212a- d,
respectively. In one enbodiment, the packet data is extracted froma TDM
si gnal , WRDM sigsaldwishiipdebciihediprmorgaietaillbelsst.ow. | ngress packet processing
circuitry 212a-d is coupled to packet nesh 226. Accordingly, each ingress
packet processInggesspaeket pPropesSinE-Liguity Zdas lééo‘ﬂlﬂe‘éﬁ’&?Ck@dPﬁégzéac ket
processing circuitry 214a-d, respectively, .on her |ine cards 202a-d

t hrough pACRYEINgHS ﬁa@Z‘Bgre%P%?ii gceégp%g%c%gx @ﬁa'gﬂst)%?&dﬁﬁ eﬁ‘;fhr cuitry
214a-d is respectively .coupl ed hysical connection circuihtry 210a-d,
such that e%fﬁﬁégfﬁﬁﬂ%ceg??%?‘%%tr%%ﬁé}%& P e%@k’ﬁgcﬁc{?ﬁsgﬁrdﬁ%iq"?om i ngress
packet prgcessin I I cuisbEy -d I ) f - S :packet
processin rglfﬁjcqﬁg{(?ct)}nefﬁzgggd Moc%é%\%{/’%g(}:%f’ bﬁc@%ﬁ 8%‘%8?%% Cgrgﬂlﬁ?{l?g%i%a- d,

e t%oe Wgcra?ﬁfrﬁnte@tﬁni cri"rtcﬁitg[ﬁe] %Dc{/,r@ﬁ%hsthgtfparcﬁ& data€sent

respectiv LLn .
i nventi on?éasﬁ%cuhgltyecoﬁﬁm ose | ustr I ne cards 202a-d.

Mor eover, tr?a{:flﬁc d&ﬁﬁf{\gil'rkfr@rjn $eSiRD26 faMangteld SacREprbdcR@ng airéhigpnf i gurati ons

fromthat shown by |Iine cards 202a-d. For  exanple, a given in-ring network

el enment cowfd Rardnshiitedrdm epresd puker prodeesif@eidcdifta14cdno pepeiave and
transmt TDMtraffic(which may include packet trarfic) within network ring

114, enpl eyireeticniditduptre2itat&réspeasvetyor the receipt and transmittal of TDM
traffic. In another enbodinent, a given in-ring network el enent can include
a Line cards incorporated into embodiments of the present invention are not

limited to those illustrated by line cards 202a-d. Moreover, the network elements can

have different line card configurations from that shown by line cards 202a-d. For

example, a given in-ring network element could be limited to a single line card that

can receive and transmit TDM traffic(which may include packet traffic) within

network ring 114, employing multiple interfaces for the receipt and transmittal of

TDM traffic. In another embodiment, a given in-ring network element can include a

first line card to receive TDM traffic (which may include packet traffic) from another

in-ring element, while a second line card can transmit TDM traffic to another or same

in-ring network element. In one such embodiment, a third line card can be

incorporated into this given in-ring network element to add, drop and transmit

different types of traffic including different types of packet traffic, such as ATM,

Frame Relay, IP, etc, received and transmitted to a non-ring network element. In

another embodiment, a given network element may include a single line card with

multiple interfaces such that a first interface receives TDM traffic from another in-

ring network element, a second interface transmits TDM traffic to another in-ring



first line card to receive TDMtraffic (which may include packet traffic)
fromanother in-ring elenent, while a second line card can transmt TDM
traffic twoanosidser or same in-ring network el ement. |n omETAOI50087
enbodi nent, a third line card can be incorporated into this given in-ring
network el enment to add, drop and transmt different types of traffic

i ncl udi ngn&%fl@él@ﬁ%nﬁ%ﬂ%&hﬁﬁ iMégketadld, abdpsand SaadmiastrATY suckaapmkeel ay, |P,
etc, received and transmtted to a non-ring network elenent. In another

enbodi MeNtraffR tgia\Wen-riginondrkelanamnt may include a single line card with
mul tiple interfaces such that a first interface receives TDMtraffic from
anot her in- ri Agcordingty, k linkearlis psal etbentoconmice td @icia-timgmegwotks TDM traffic
to another in-ring 7 WO 02/ 063831 PCT/ US01/ 50087 network el enent and a
t hird i nt elefreoetoddus part pbile rimgdorn toPneyitle commynicatéon ‘wbﬁuta%flmgcket traffic
to a non-ring network el ement. Accordi ngly, a line card is used either to
connect t aeterk elemienly. AetiRyife S%F%Wﬁtp ftsd”*lﬂbf%ﬁ’iﬁiépta lge careeanpgged or t o
provi de comruni cation with out - of el enent s. rovi de sone
exanpl es W@H‘“roé‘@‘&f gng getyork ﬁlémc?atrd [‘?’gﬁ‘?@gt“ggéc FPmPuLRT-508 “8'f“P°tr]|( ng networ Kk
el enent er 2/ 3 traffic fromo net Jent. can cone
in, go th%% "Eaﬁé:oﬁﬁdﬂ’eﬁo ‘}?E%W’Ltﬂbe - ?HBCS@&PG Sr‘fﬂr\éﬁoctogaect?%fgr?n - ring
net work el.ene then nt e ET frane;
2) |ayerﬂ§$§€ttw°5€$€ glegofaﬁl (r%omgrelatgr)lﬂlou@%l?e p%e éi}gﬁéé% K e= e%e%ﬁl? an be
de- mapped (NEJ } T, S 4 €dd-thapdd Mk card
connect edlélygltéa)/% t[?in rlor?nggrﬁéo{&qvm%rjg& cff% o cftl&ﬁe r%églfj%) gnt O@Phe1 ring being
carried byoaEOy ETmfohgm e TOM smtfﬁmcftbf‘a 19@%&&&5%@@ Ahaffg ring

nme

net wor k eféerrent can c go through the TDM switch fabric to a line

card connggdRek tiemRht, hid meﬁguﬂ&{twdm@wmgumwﬁywmmﬁhmeyrﬁ)o the ring
being carried by a SONET frane; 4) TDMtraffic carrying layer 2/3 traffic

can be pr gpass@ffid congxg fded art fie-dfaigmedl @ktelanfidnt can sdrhdrint be tHrayghr the/ 3
traffic going through the packet nesh to a line card connected to an

i n-ring neDMEkWiteh Eeinto a éinel cartlvennested tomh én-ting netiwegk ekmenedndthea SONET
frame; layer 2/3 traffic comng forman out-of-ring network el enment can go
t hr ough t het gue ketringdeing airaed by nSONEFIdfraoerfe iR traffic carrying layer 2/3

traffic can be processed to extract the layer 2/3 traffic, with the layer 2/3 traffic going
through the packet mesh to a line card connected to an in-ring network element, and
then out onto the ring carried by a SONET frame; layer 2/3 traffic coming form an
out-of-ring network element can go through the packet mesh to an line card connected
to an out-of-ring network element, and then go out of the ring being carried by the
protocol of the interface of that egress line card; etc.

With regard to the TDM traffic, a second switch fabric (in addition to packet mesh
226) is formed among line cards 202a-d and TDM switching circuitry 216 of control
cards 220, as illustrated by the dashed lines in Figure 2. In particular, physical
connection circuitry 210a-d is coupled to TDM switching circuitry 216 for the
receiving and transmitting of TDM traffic into and out of network element 102.
Accordingly, TDM switching circuitry 216 receive TDM traffic from physical
connection circuitry 210a-d and switches this traffic to any of physical connection
circuitry 210a-d, based on configuration data for the timeslots of the TDM traffic. For

example, TDM switching circuitry 216 could be configured such that data within the



to an out-of-ring network el enent, and then go out of the ring being
carried by the protocol of the interface of that egress line card; etc.
Wth regawo otoeisbe TDM traffic, a second switch fabric (i mCadmot/smR7to
packet nesh 226) is formed anong |ine cards 202a-d and TDM sw t chi ng
circuitry 216 of control cards 220, as illustrated by the dashed lines in

Figure 2. gilddhalhdSitd 8f a TDIV $icAdl such Q8 ASONRIVSOH Sighdl! cd+&Porla Fissccoupl ed
to TDMswtching circuitry 21§ for the receiving and transmtting of TDM

traffic ipi@rRsdf physicil cortiev@skciRuaPENI0a ko forwArieabdi thgfiyst filOM swi t chi ng
circuitry 216 receive TDMtraffic from physical connection circuitry
210a-d anfimevoisaf@sSTDMissgriat Bifig aatstniaed owffrgphy Sirstahtefacenefqthysioal ci rcuitry
210a-d, based on configuration data for the tinmeslots of the TDMtraffic.
For exanpdmectidMiswittychiGdg circuitry 216 coul d be configured such that
data wthin the 8 WD 02/063831 PCT/US01/ 50087 first ten tineslots of a TDM
signal, such as a SONET/ SDH signal, received on a first interface of
physi cal connection circuitry 210a are forwarded out the first five
timeslots of a TDM sORRATINEQHY A GONNECTION CIRCUBIRY 210, st jnterface of
physical connection . circuitry. 21Qd. ERATI ON OF PHYSI CAL CONNECTI ON

Cl RCUI TRY 210 lgg\EFg iga F?f%dﬁéﬂ“éiltg%‘ika‘g;%famb‘?fd’éw“&?’afg}’%1%“8? CHEYEY cal

Comect |98, Ak & A9BSR FRRRE TR gl o
h i naft hysi.cal i on G i t -1 NG - A it 302,
(e B SO BB el diamag uni o

protocol Bralg,%f%?%iipﬂ)zuHéﬂaﬁgggng?gh%@&vi%r AScot bietsing G8L 36" arrays 3l6a-

i, menory c citcuit menory-control circuit 320. Additionally,

menory ¢ ing! 1 ppdcesiifte GRYBOE FediSteNBTARS B 1440 tre Bdiér isl3g6aenory
control C??%{Jnﬁlktm%%%}:(g If;‘foupl e%l to mem)éry uni t 310. I\/egr?lmryafg{)ynt rol circuit
342 is al pondothlcBAtrdIQirRai 638 andmeldty (Un@oEsistug 20, rAdditicnally memdry
(hereinafter egress packet processing circuitry 214), and menory contr ol
circuit 34éhtid craups4Xisicouplad texnsmpaoket 312 ohds siengry comml cirguit 24®a- d
(hereinafter ingress packet processing circuitry 212).

is coupled to memory unit 310. Memory control circuit 342 is also coupled to egress

packet processing circuitry 214a-d (hereinafter egress packet processing circuitry
214), and memory control circuit 340 is coupled to ingress packet processing circuitry
212a-d (hereinafter ingress packet processing circuitry 212).

Memory units 310 and 312 can be any type of read/write memory. In an
embodiment, memory units 310 and 312 are random access memories (RAMs). In
one such embodiment, memory units 310 and 312 can be static RAMS. Register
arrays 314a-i and register arrays 316a-i are also any type of read/write memory. In
one embodiment, register arrays 314a-i and register arrays 316a-i are registers.

Deframing unit 304 is coupled to receive signal 318. Additionally, deframing
unit 304 is coupled to receiving protocol processing unit 306, which is coupled to
memory control unit 340 and register arrays 316a-i. Framing unit 302 is coupled to
transmitting protocol processing unit 308, which is coupled to memory control unit
342 and register arrays 314a-i. Moreover, framing unit 302 transmits signal 320 out
from physical connection circuitry 210.

Figure 4 is a more detailed block diagram of another embodiment of physical



Menory units 310 and 312 can be any type of read/wite nenory. In an
enbodi nent, nenory units 310 and 312 are random access nenories (RAMs). In
one such wolwedsasent, nenory units 310 and 312 can be st at PCTRANMBS00REQI St er
arrays 314a-i and register arrays 316a-i are also any type of read/wite
menory. In one enbodi nent, register arrays 314a-i and regi ster arrays

3l6a-i ar T i A1 80 Hgtto 3Rbollitncn W tRSpleSent @RRhNEn. ST gnal  318.
Addi ti onal%?@r,?egggr; ?gﬁlntﬁggi%aﬁﬁ 304 igstocougl ed to rec%i vinng pr ot ocol

processi ng;ithtto H0embhliSBnt iBus Qi i8 Fidude 3MBERMPoSiaiEnt of phirical 340 and

regi ster arrays 316a-i. Framng unit 302 is coupled to transmtting
protocol pemEeas Cigeuitdy 21@0Bistravdd dhFiigrechinpludes framimgrumity302oddfraphingni t 342
and register arrays 314a-i. Mreover, framng unit 302 transmts signal 320

out fromuphpoitaateicioppeatodad pravessing w3061 Grandhitfingepratocel proepssing yaitai | ed

bl ock di agram of anot her enbodi nent of physical 9 WO 02/063831

PCT/ US01/ 3083%giseoamayst3 1da-iciegister amryysBl6a- onemewysoairakcircyiteiBsidment s of
the present invention. Simlar to the embodiment illustrated in Figure 3,
t he errbodinmmry@ontmwg'pexamo-céﬁﬁ@emlkmp&w%P@nrg?ctmquurt@s%wamé@d?% Fi gure
4 includes framng unit 302, deframng. .unit 304, recei r ot ocol

processi ndecgHilRg goenelizingan #97 sng t&“ﬁ%@)‘&ﬂg changelizing HRyt 4'?&6%0‘%% regi ster
menory cosBRIERE i A03 s SRS AR 4R g rynrrai A g R | 510
uni t 204, s g SORBR Mooy H kon i e b SRR dri e REEn ' 20
cont rast  BfABRESLF L0 hlopdf pHh R AR RecHh LB A0 Mo ner nal

to physical POﬁ\g&g&Jy%nﬁblr&f&hrm%l&u MarB e LheB 15 Wik the@d®y 1S coupl ed
to menory unit 312, "while nenory control circuit 340 is coupled to nenory

unit 310. MRREICYrcGi@ B0 B conbledd nedfbdy Uisit 316G OMefoHPE@EErol Gir@dr BEsis pRoket
processing circuitry 214a-d (hereinafter egress packet processing

Ci rcui try c3dgidd tPplesIpaEKeY proedising citculteld 14a3kBeienafeupiress gackétngr ess packet
processing circuitry 212a-d (hereinafter ingress packet processing
ci rcui t ry p2dc@)sing circuitry 214), and memory control circuit 340 is coupled to ingress packet
processing circuitry 212a-d (hereinafter ingress packet processing circuitry 212).
Memory units 310 and 312 can be any type of read/write memory. In an
embodiment, memory units 310 and 312 are random access memories (RAMs). In
one such embodiment, memory units 310 and 312 can be static RAMS. Register
arrays 314a-i and register arrays 316a-i are also any type of read/write memory. In
one embodiment, register arrays 314a-i and register arrays 316a-i are registers.
Deframing unit 304 is coupled to receive signal 318. Additionally, deframing
unit 304 is coupled to receiving channelizing unit 402. Receiving channelizing unit
402 is coupled to receiving protocol processing unit 306, which is coupled to memory
control unit 340 and register arrays 316a-i. Framing unit 302 is coupled to
transmitting channelizing unit 404. Transmitting channelizing unit 404 is coupled to
transmitting protocol processing unit 308, which is coupled to memory control unit
342 and register arrays 314a-i. Moreover, framing unit 302 transmits signal 320 out

from physical connection circuitry 210. The operation of physical connection

circuitry 210 will now be described in conjunction with Figures 5-8 below.
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Menory units 310 and 312 can be any type of read/wite nenory. In an
enbodi nent, nenory units 310 and 312 are random access nenories (RAMs). In
one such wolwedsasent, nenory units 310 and 312 can be st at PCTRANVBS00REQI St er
arrays 314a-i and register arrays 316a-i are also any type of read/wite
menory. In one enbodi nent, register arrays 314a-i and regi ster arrays
31l6a-i are registers. Deframng unit 304 is coupled to receive signal 318.
Additionally, deframing wunit 304 is coupled to receiving channelizing unit
402. Recei ving channel i zPROCESSING OFIDRTA BACKHTS REGEIMEDYr ecei Vi hg pr ot ocol
processing unit 306, which is coupled to nenory control unit 340 and

regi ster arr ay¥igwes-illustfatesrm fhyvamittfoshe pracessingodfedita bring regeised inte Ag
channelizing unit 404. Transmitting channelizing unit 404 is coupled to

t ransni t t npvopk elemenl, agrosdiag & ﬁgb@fgmnts 08 theigsent ingentionple gatiguldpnor y
control unit 342 and register arrays 3l4a-i. Ivbre?ver, fram'ge% udﬁit 302
transmi t s Figughainchdss methods 309 thasriljestrates thepraesseing of dita packels reerived The
operation of%ph sical connection .circuitr 0 wll now.E descrij bed in
conj unct i X SRELNEPGiAcabPcastyg gy 30 KCSBRCTISET M B39 B0

PROCESSI NG, OF DATA CKETS CElI VED, K 5 il f
the pr oceé)gflﬂﬂmﬁ?r zfﬁgmk?lsi %ﬁ?é@f‘&%@ ’ gynérgceass biﬁ’ék%@?'ﬁing e%{r)] &Pﬁ’gﬁ;@gﬁ di ggrg to

nbodi L] i on. .l j i ncl ud
et hod B0 el B BFRER inch PG AR or dRaBALRAE B e erfbtitencdr 14 by
recei ving gwfs%a‘?%%ner HAFERARH2 T itfus B in'\ﬁgﬁu@ft, RS Re6Pprdtdsting e

recei pt "a nunbe annel's wi thin signal 318, at process block 502.
I n an enbedi: #BHtecei ved thefdEBhel9 frofl@iRgles uhitgb4dm Ansrhbimsed] data packets.
For the enbodi nent of physical connection circuitry 210 illustrated in

Fi gure 3, deReMEMIMBUANEENCAR!sighaDSESHOMGN elttinial 30Hvorle eleimeas(nbhgmevnyhannel s
fromdefraner unit 304. I n an enbodi nent, deframer unit 304 receives

si gnal 31Returnimgan Figateet rahelp divstatk, pysiceintonfemionsirovitry.2 10REFiguné Big t o
Figure 1 to help illustrate, physical connection circuitry 210 of Figure 3
coul d be kouddtbedocstednvithin me-ring getwarkoletieal Kietntrecedve signat éi;%fm@ wingnal 318
fromnon- ring network elenent 110. Additionally, physical connection
ci r cui t ry ring@evforkielgmeat 110. Additionally, physical connection circuitry 210 of Figure

3 could be located within in-ring network element 102 to receive signal 318 from in-

ring network element 108.

For the embodiment of physical connection circuitry 210 illustrated in Figure

4, receiving protocol processing unit 306 receives these channels from receiving

channelizer unit 402. Receiving channelizer unit 402 receives the data for placement

into these channels from deframer unit 304. In an embodiment, receiving channelizer

unit 402 includes buffers 406a-i that are associated with the different channels to

which the data can be placed. In an embodiment, the number of buffers is four.

However, embodiments of the present invention are not so limited, as a lesser or

greater number of buffers can be included within receiving channelizer unit 402.

Additionally, in one embodiment, buffers 406a-i can associate a channel with a

number of SONET frames, which is described in more detail below in conjunction

with Figure 8.

In an embodiment, signal 318 is based on the DS-3 standard. In another

embodiment, signal 318 is based on the DS-1 standard. In one embodiment, signal
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3 could be located wthin in-ring network el ement 102 to receive signal 318
fromin- ring network el enent 108. For the enbodi nent of physical

connect i owoaizneisdtry 210 illustrated in Figure 4, receiVviPag/ys0os@sDl
processing unit 306 receives these channels fromreceiving channelizer

unit 402. Receiving channelizer unit 402 receives the data for placenent

into these;ghanngiried bRIMGBbEAITDS-IRighaB0th oddsudh eABHAINE he nurtei Vi Ng
channelizer unit 402 includes buffers 406a-i that are associated with the

di fferent oeDBMNGEFal ore iMblLEdH ih ASCET/SDHsigalplARIdatbnally iaanenbodi ment, the
nunber of buffers is four. However, enbodiments of the present i nventi on
are not senibbﬂilrﬂead,slgmal3%18!1e$$hanrmtizecngS<§5ts£gnamuEﬂgere @illubwdteeore can be

i ncluded within receiving channelizer unit 402. Additionally, in one
enmbodi menembbdinfeat of at0@abér of sharmekizadi R signalsannel with a nunber of SONET
frames, which is described in nore detail below in conjunction wth Figure
8. In an enbodllmefmwulgt,é‘"rlﬁ%lreiﬁllﬁuﬁitéat%aﬁs@ml@ﬁOfPﬂ@“[@l@dé%ﬁdtﬁl@s thay anot her
enbodi ment, signal 318 is based on the DS-1 standard. |n one enbodi nent,
signal 1arefuoesssas aeroidipgty eipedimanis of the paeseat inkeAlFNs S4théY a nunber of

DS- 3 I I h nbodi

el ué'ﬁg”%wfadlg?m‘é%ﬁg%% Sugrares ahiretel PSS Verats, Viee oal Rurle o onal 318
is a channgliz | | te f
nunber  of B sk e D5 Sy RS P RO, FarRfeood BRI O 2

n r di

e o OGNSR, aRldBRS o s RESRSSARaTRofr O 19 Lo
illustratg b?;@gielﬂ?’éﬂﬁﬁdeﬁ 56k D= 6 Sean TAMIH dbhidd oRBverciannel | zed

DS-3 signal's t’hat 1 ncludes channel 6001, channel 6002, channel 6003
through C%ﬂ@@ﬁbocﬁﬁf%%t eGSR se B88 3n Ad1sCAR el deGhBFereASp foldcgst rated, in an

embodi nent, channelized DS-3 signals 601 can include 684 channel s. Moreover
in one enbodi IFBPEhanfdleRdDS-B RRals @84, dhaamn6D61 Basonfigerkd dep@ceks idhear ent

protocol. For channelized DS-3 signals 601, channel 6001 is configured to

process dafaffic having a High-level Data Link Control (HDLC) protocol, while channel 6002
is configured to process data traffic (i.e., data packets) having an Asynchronous
Transfer Mode (ATM) protocol. Embodiments of the present invention can
incorporate different types of the ATM protocol including but not limited to direct
map, Physical Layer Convergence Protocol (PLCP) and ATM Adaptation Layer
(AALS). Additionally, channel 6003 is configured to process data traffic having a
Voice over Internet Protocol (VoIP) protocol, while channel 6683 is configured to
process data traffic having an HDLC protocol. The above-described protocols are by
way of example and not by way of limitation, as other types of protocols can be
incorporated into embodiments of the present invention. Moreover, channel 6684
illustrates another example of a mode, termed transparent mode, that data can be in
for processing by receiving protocol processing unit 306. In particular, in an
embodiment, a channel may not be associated with a protocol. Accordingly,
receiving protocol processing unit 306 forwards the data as a number of bits,
independent of a protocol.

Channel 6682 illustrates another type of data that can be transmitted within a

channel of channelized DS-3 signals 601. In particular, channel 6682 transmits
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traffic having a Hi gh-level Data Link Control (HDLG) protocol, while
channel 6002 is configured to process data traffic (i.e., data packets)
havi ng anwaagneissonous Transfer Mdde (ATM protocol. Enbeditmsoet/soosf the
present invention can incorporate different types of the ATM protocol
including but not limted to direct map, Physical Layer Convergence

Protocol Bl CPha@ne, oMol %Hlﬁaggfn%'ﬁt,:tl?ig???t{:&l%aﬁ“})r a gqgl\v bR chi¥nneffiannel

6003 is configured to process data havi ng ol ce over Internet

Protocol  (MGdiRkd RitAE PIs-3 VBhAI9r 6RaBN@L 28483 11 Sihpnthe B Pehdnfel. Process data
traffic having an HDLC protocol. The above-described protocols are by way

of exanpl &casdindflinkhe Wadsh dhbddimbhtabneXdhanfdlized DB-3 tigATafindideta9col s can be
i ncorporated into enbodi mrents of the present invention. Mreover, channel

6684 il usdnhélk @arrping thtrol wanpe.ec@itrobcimpeels), wdticteidcudessgateht  nmode, t hat
data can be in for processing by receiving protocol processing unit 306.

| n parti cchannel fontharchammehzai D8 sigrelcdrarmeintnohghanot] foecaab o6 diead8ddSwi t h a
protocol. Accordingly, receiving protocol processing unit 306 forwards the
data as almsignbler Ioan &inbedimentnd epetral ehannst isa pristegense dapHik(MDEBg2
illustrates another type of data that can be transmtted wthin a channel
of channefhanael, BSsknewvgimths ago In anethergmbadiment, a epiiohehangekis afaciilyni ts 12
WO 02/ 063831 PCT/US01/ 50087 . control data. In one such enbodinent, this
control dﬁ@&hPBKF%Lbﬂvgﬂdcﬁﬁﬁ%BPWEHhWﬁép'is associated with the DS-3

i | f the 28. DS- | t he DS-.3 . A di.ngl i
Suoh erod: menth ons ey fetidifertal ERgRErRsoRd BRGE prereSEa iR 2 " °"°
i trol dat i.. e, tral i i d trol
channel r BvEeertal isBine B oy SRARIRE Howlll Mahdfer T8 T each o
the 28 Dsérglba.{lb'gﬂ?hﬁese h{?fe%t eghadiHRREs lﬁir%gé}t‘)&?%edc\bﬁlﬂﬂg{h%éi&la mal nt enance

data |ink ¢hanne as I's known 1 nt ar I n an er enbodi ment, a

control chaEliod drcdithPfid dthploy Bl iBankpdént Whidde) HWIBElmbBGinentssrand in the

art. In one enmbodi nent’, these different control channels being processed
Wi thin  physdd dhvenRONRCUINARAGD i brhpl¥yRdt of 1) HPLOWotdobiGrmkot ocol . In

anot her
transparent mode for use in these different control channels, as other types of
protocols can be incorporated for the usage in these control channels.

Additionally, while channels in channelized DS-3 signals 601 can have a same
protocol, such channels can have different configurations for such a protocol. For
example, channel 6001 and channel 6683 both carry High-level Data Link Control
(HDLC) traffic. However, the configuration for HDLC for channel 6001 can be
different than the configuration for HDLC for channel 6683. For example, as is
known in the art, HDLC can support different scrambling modes, such as
Asynchronous Transfer Mode (ATM) type scrambling and Larscom scrambling.
According, the configuration for channel 6001 could include an ATM type
scrambling, while the configuration for channel 6683 could include Larscom
scrambling. Embodiments of the present invention are described in terms of a DS-3
or DS-1 signal. Hdwever, this is by Way of example and not by way of limitation, as
other types of signals carrying multiple protocols can be incorporated into
embodiments of the present invention.

Channelized DS-3 signals 601, which are being processed by embodiments of
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enbodi nent, these different control channels being processed wthin

physi cal connection circuitry 210 enpl oy the transparent node. However,
enbodi menwe wfieishe present invention are limted to the eapiwpems7 of the
HDLC protocol or the transparent node for use in these different control
channel s, as other types of protocols can be incorporated for the usage in

these confy.frechEND&] RN, A€Wyt [k ¥impehind foChaR e bElintagdiBoSthezed DS- 3

signals 601 can have a sane” protocol, such channels can have different

confi gur ai)jp@é"@f §i %{alﬁﬂcdi‘hei tPFeR o 6 figukions exAbdinEorpotadiniato G@bdimants channel
6683 both 'carry High-level Data Link Control (HDLG traffic. However, the

conf i gur abf the pfaenthiblebtibor Fohenanmgle, G0 oioticarentbedindink fié there art hanmble
configuration for HDLC for channel 6683. For exanple, as is known in the
art, HDLCofRS-Fsignds, podiohf ef these B8 r3anignalsmayrbelekanneligsd vehile thggthetsr onous
Transfer Mbde (ATM type scranbling and Larscom scranbling. According, the
conf i gur atiayefupehaphelined! Agoordinghyithe nuiabas@é channgls e by processed 6l i ng, whil e
the configuration for channel 6683 coul d include Lars?on1 scranbl i ng.

ErSrbodi rrenwlarycsippw@go%@é hyPs andawmbsnolipeorawgsignBe s e hasths of a DS 3 or
DS-1 signal . However, this is by way of exanple and not by way of
Iinitatioﬁ?ﬁ&§“nﬁpﬁgﬁu@y%%§ﬂé} signals carrying nultiple %rotgcols can be

i ted int di of t.h ' [ RQ. ' -
signals 6oL, e oSt R BBl A ek 85 e SRR 2/ Dpssar
PCT/ USO01/ 50087 .t t ' f: d b

of 1 7m t albaes of RGBS Rl B S el o Rln AT SUFTEL 0 oY one

can be | nERiRek Hiethch BF e HERMBIAIDS 5ighlR 2Rl 35 MlinfeRNRRDANLinkC!

exanpl e, I'n another e ( there -are a nunber of DS-3 signals,
por ti ons g hRSArASh Akl IRAL KB hdEhEhRSEd BSS whidle ToHirdbNers may be

unchannel i zed.” Accordingly, the number of channels to be processed can
vary depengisttseOif thegrtay RR 1 sikUHoRinnefizd dBSBisithaki dalxsciasnslized as t he

configuration of such signal(s). To help illustrate, if the signal included
12 unchanpal3 gighalShSnsmberalf sharineB to be processed would include (1) six data

channels and six control channels for the six unchannelized DS-3 signals and (2) 168

data channels for the DS-1 data channels and 168 Facility Data Link (FDL) control

channels for the DS-1s and 6 MDL control channels for the DS-3s.

Upon receipt of signal 318, deframer unit 304 removes the data from the
payload of the different frames of signal 318. Subsequently, for the embodiment of
physical connection circuitry 210 illustrated in Figure 3, deframer unit 304 forwards
this data to receiving protocol processing unit 306, which receives the data, at process
block 502. For the embodiment of physical connection circuitry 210 illustrated in
Figure 4, deframer unit 304 forwards this data to receiving channelizer unit 402,
which places the data into one of buffers 406a-i, which is associated with one of a
number of a channels for processing by receiving protocol processing unit 306.

Receiving protocol processing unit 306 determines which channel to process
within the signal, at process block 504. In an embodiment, receiving protocol
processing unit 306 determines which channel to process based on a table stored in

memory within physical connection circuitry 210 (not shown). Such a table sets the

order of traversal of the different channels of the signal being received by receiving
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nunber of channels to be processed would be 24, which would include 12 data
channel s for each of the unchannelized DS-3 signals and 12 Mii ntenance Data
Link (VDD ocosasspl channels for each of the unchannel i ze®CD&S81/s10§nhal s. To
further illustrate, if the signal included six unchannelized DS-3 signals
and six channelized DS-3 signals, the nunber of channels to be processed

woul d inCFHﬁﬁ:o( doc&dsth gdaliB06C IR BRGther &Mdﬁhemp@é@imF pedtacsIprseeb@ig t he six
unchannel I zed -3 signals and (2) 168 data channels for the DS-1 data

channel s aid3068etbasihés WiicPahahnkl tokprddebl Dase®bh b @rioricihaivnacherh®that he DS-1s
and 6 MDL control channels for the DS-3s. Upon receipt of signal 318,

def ramer udii be AMighedbyeassystom adiatiaisfratorot the giveaykoantk efentcne bhi anbtheent
frames of signal 318. Subsequently, for the enbodi nent of physical
connect i oembodiognt, this Bdritidatios sehemedan be Eonfigueedbasdé pn dreechanmdlt 304
forwards this data to receiving protocol processing unit 306, which

recei ves himangithedighest andwidils. Injone erabgdiment; gecei ing BIoERS@] BIOSESSHIE WHy s cal
connection circuitry 210 illustrated in Fi,gure 4 d f{)angr unit 304
forwards 80 eanghmamicslly oedar depyoesssing of thetifterrnichapnels bajRd oA usissces t he
data into_one of buffers 406a-i, fch is associated with.pne of.a nunber
of & chanRenelpBustiie g mgt by somre ot rcipr e UGG a06
Recei vi ng

' it 306 .d i i ch

i i REERREE pRESSTRE oty RS AITEROE T SnphRBERLG? (5 0%

pr ot ocol rro eSi Qv%hlunnrieéei%?lgcﬂg&n%hgérﬂﬁﬁﬂyﬂ.i ch channel to process based on
P%‘Fe@ﬁ? > nmenory w thin p

a table s ysi cal connection circuitry 210 (not

shown). Such a : h b r; i [ Withchannel s
of the signal B’{e‘?}ﬁggﬁ?%@g’?‘sﬁetaﬁﬁfﬁérg‘?esi £ ﬁéve?éf%\kﬁaé%qz%té%%‘igé@rﬁio{ﬁ50087

protocol prHGESR0 glgliﬂliohgl?’ OfanntNe6RA0 1A BhotRErRAHoARMNt, the 6RinnERGrdr Ot ocol

processing unit 306 determ nes which channel to process based on a

prioriti zptib@izedGhenat fdtairCeanhds GRPro@sdeddndty fizqGamlydmcamiphmiostto at or - of
the given network elenent. In another enbodinent, this prioritization

schene casgtheecianéls Guithattheaiadl ing feeciedtiyniceivingyiromcolipodessing shit
bandwi dt h. I n one enbodi nent, receiving, protocol processing unit 306 can
dynami cal B§6.oFatexample, poracd ssamglsafpicdlly ate hbteecquiteddhdasetvicedased on usage.
frequently in comparison to channels carrying data. Accordingly, channels 6001-
6003 and 6683-6684 are serviced by receiving protocol processing unit 306 more
frequently in comparison to channel 6682. The above embodiments of the order of
traversal are by way of example and not by way of limitation, as any other type of
order of traversal may be incorporated into embodiments of the present invention.
As illustrated, receiving protocol processing unit 306 can service or process all
of the channels within signal 318 prior to reservicing or reprocessing a channel again.
Accordingly, receiving protocol processing unit 306 is operating at a frequency that is
higher that the bandwidth of the incoming signal in order to process all of the
channels therein. In an embodiment, signal 318 can be 12 DS-3 signals, such that
each DS-3 signal is operating at approximately 44.35 Megabits/second (Mbits/sec).
Signal 318 is, therefore, operating at approximately 532.2. Megabits/second. In an
embodiment, receiving protocol processing unit 306 is operating at a frequency higher

than approximately 532.2 Mbits/sec. In one such embodiment, receiving protocol

processing unit 306 is operating at approximately 800 Mbits/sec, which is higher than
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To help illustrate, the enbodi nent of physical connection circuitry 210
illustrated in Figure 4 will process the channel for whose buffer is nore
full in coopansmen to the other buffers wthin receivingpcirarsaebioser unit
402. In one enbodi ment, the channels are traversed in sequential order
starting wwth channel 6001 up through channel 6684. |n another enbodinent,
t he channg{esopgya@ingqfehgé,{ctyio;qgDgigtgigrngl@jt certain channels are processed nore
frequently in conpari'son’to other channels wthin the signal being

recei ved by reeRoMide@rindiOwhich RhateE®i proceds)irtcei RS protevol prgegimrg, control
channels typically are not required to be serviced as frequently in
conpar i sonnit 06 kanaeks shecanfigiragon atdthe Acodowdi stge yf thoshevanmd] sat @d@ess 6003 and
6683- 6684 are serviced by receiving protocol processing unit 306 nore

f r equent | yldck 506.fraan sobodimenth ahysédal 68@RctioFharcalioy 2l inplodenesiomgef t he
order of traversal are by way of exanple and not by way of limtation, as
any ot her spagp@ssotiategrwigh eash channebwithin signal BE8.i Aeesdivelys 84N nt o enbodi nment s
of the present invention. As illustrated, receiving protocol processing
unit 306 emhodigent whersin fignit 848 inglydes b2 DSné signalsibiysicaliconnértiSngnal 318

| 00 SEa SPRESERR %60 FURRIE sPFR e SERELUTAL o 1
| er that ,t i dt t i i i | i
e r R SR
oueh (el e Sarlh O Bl 1Bl i PRRATLh i ARRIOKLTRL N Bt

appr oxi magfla 23 glaléodi%Q%Q;fttﬁé ifSéEﬂPQTveﬁtfbr@zﬁe nBIROFh &N s tHe€Cei Vi ng pr ot ocol

processing unit I'S operatl at a frequency higher than approxi mately

532.2 Mi Lghis&atidnhnd e b bR BPMe firent CBGfeYd 38 HRIs&3ré® 7l othél OCessi ng
unit 306 is operating at approxi mately 800 Miits/sec, which is higher than

15 WO 02/ Q6iatatifal ahiBBA 6BEOBEmoty e viiesr Bor ex@miples Guaitther@inbbdink¥mt,3 si gnal s.
Upon determ ning which channel to process, receiving protocol processing
unit 306 etdonéigetibieancaiévigus siteofor drdlifflenpehaunesisarsiaiteredfin bhg s
channel , at process block 506. In an enbodi nent, physical connection

ci r cui t r y nizhfbry hedatickeen physiaat egramection circuitry 210. Moreover, in another

embodiment, the configurations and previous states for the different channels can be
stored in a memory device external to physical connection circuitry 210.
Additionally, in another embodiment, the configuration and the previous state for a
channel can be stored in separate memory locations.

Once the configuration and the previous state for the selected channel has been
retrieved, receiving protocol processing unit 306 processes the data in the selected
channel based on the configuration and the previous state, at process block 508. In an
embodiment, the configuration includes whether the channel is enabled, the type of
protocol as well as the configurations associated with this protocol for the given
channel. For example, for the HDLC protocol, configurations could include whether
to enable scrambling as well as the type of scrambling that is enabled (e.g., ATM type
scrambling, Larscom scrambling, digital link, Kentrox, etc.).

Additionally, in an embodiment, the previous state for the selected channel
includes previous data received from the channel. In an embodiment, receiving

protocol processing unit 306 receives and processes one byte for a given channel.
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space associated with each channel wthin signal 318. Accordingly, in an
enbodi nent wherein signal 318 includes 12 DS-3 signals, physical connection
ci rcui t rywPb0/063881 udes storage space for 684 channel s. RetParAiSng5t087 Fi gur e
3, in an enbodinment, this storage space is provided by register arrays
316a-i such that each of these register arrays is associated with a

channel  wiat.hbRirdehe réd.egffﬁ% pREIBYproBERingaRlit 306RWRMEL nublipiRAdus]yof t he
present invention are not so limted, 'as the configuration and previous

state of tdeivdi bRk esrithigRaaiRl STEAMuNMET SF Bytesstofeddbhe gives oRdringlisat i ons

and/ or other nenory devices. For exanple, 1n another enbodinent, the

conf i gur adépenderand the protaios assbehited withrthislehardief.f er ent channel s can be stored
in one nenory |location on physical connection circuitry 210. Mreover, in
anot her  enbodiTowetp, illusteate dorf thg HRALC prdocmhdeqrivng prgosl arassssing unihe
different channels can be stored in a nenory device external to physical
connect i 0A0G carcpgrfary tin Glestufing”tipon sgceipt of i gap PHEPMbHASEAN MEAT KnaWie
configuration and the previous state annel can be stared in

f h
separ at e Hehsal lpene eohedimep;a b!‘f?@“’t?é'ﬂo?;ipgﬁf g%liléhlo_é ROIEHES HRER! ous state
Un t 306 SHOGEGSESIF S HRLE Trhtcends Eanbed dHouekn i bibduBbiRyfprome” 0°c%! "
fi i dt i t t. bl ock .508. .
tﬁﬁgoh?féﬁ%% gfrﬂgsnt&&rff}ffa%f‘§‘¥>'rt%fsefﬁ8?%@%@%@[%%35%?%0@%5%%Pmit Bena0i ed, the
eo rotacol a SOC] | hi
7m0 A skl
conf i gurafj,p gg? GiBHs r?ﬁll)lgkdtgfrt]éggﬁe%zg‘??f thé Bre%gﬁll?/l LBiteSof AERhhAgkI aBoMel | as the

type of scra I'ng tha e.g., type scranbling, Larscom

scranbl i !"Qxarﬁiﬁlg,iatﬁjeviloth%w d %he fleGioks staddohidinduby theibik an embodi ment ,
the previous state for the sel ected channel includes previous data

recei ved ts@Binkfiéh 61@00G1001! Whild tiRaaehtBIRE beififeebived goulimilwdehe pit ocessi ng
unit 306 receives and processes one byte for a given channel. 16 WO

02/ 063831 cHaBinkiSEHL66Q0 870 10AL cDhicdiangivy, bits @€ de\prexgoyr mitomodonpmotessi ng uni t
306 stores a nunber of previously received bytes for this channel. The
nunber of withtths fiest sixeitsfod theacugieunetryte inande ithe kit combination ‘0111110°,
thereby indicating that bit “destuffing” for the HDLC protocol is required.
However, embodiments of the present invention are not limited to the storage
of a single previous byte in the previous state, as different protocols may be more
demanding in the number of bytes needed to determine relevant information for the
given protocol. For example, for the ATM protocol the previous four bytes are stored
in the previous state in order to generate the Header Error Check (HEC) for the ATM
cells, as is known in the art. In an embodiment, the size of register arrays 316a-i are
large enough to accommodate the most demanding protocol.
Additionally, receiving protocol processing unit 306 forwards the data for the
given channel as part of a packet, such as an ATM cell to memory control circuit 340,
which stores this data into memory unit 310. Accordingly, ingress packet processing
circuitry 216 retrieves these processed packets from memory unit 310 through
memory control unit 340. The above description of the processing of a channel

within signal 318 is by way of example and not by way of limitation, as different

protocols require different configurations and calculations, thereby requiring the
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dependent on the protocol associated with this channel. To help illustrate,
for the HDLC protocol, receiving protocol processing unit 306 can perform
bit "destwbfozmgds3upon recei pt of a given bit conbination, PaI/uU®1/RGETN i N
the art. In one enbodinent, a bit conbination of ~0111110" indicates that
bit "destuffing" for the HDLC protocol is required. However, this bit
conbi nati gy /1B dﬁﬁréﬁ&ﬁﬁg ngzég dtfthe ﬁre@ilolaygtﬁ&s FGGRE YRFEOX ch&imelsvi Ng

: di ng

prot ocol processing uni Accor y, In an enbodi nent for the HDLC
protocol, recefyidiis QiReRksiRE Melftd ithe HiNéd citiffiels febgeprblobdi OUS byte as
part of the previous state for the channel. For exanple, a previous byte
stored i NpfddessRIgAMI30% s86rdd @e @ittt statehsutle ptdveoudistate foorivi pratessed of
©00101001" while the current byte being received could include the bit

conbi nat i etan@él witHih 10difidr arrale 8 16ak tat prooedsiblaxckdf10t e desenibiedabowythe i n
conjunction wth the first six bits of the current byte include the bit
combi nat i currénd $ieldhd' includehenwbleriof difeaert fgytes ldapending ordde typefafng” for t he
HDLC protocol is required. However, enbodinents of the present invention
are not | proteasd andprotasobeanfigyeationf a singl e previous byte in the previous
state, as different protocols my be nore demanding in the nunber of bytes
needed to determne relevant information for the given protocol. For
exanple, for the ATM protocol the preyj bytes are stored in the
previous state in or dertRASERINEPELATALACKET MIEHED heck (HEC) for the
ATM cells, as. s kna int art. . n.an enbodi the sjze regi ster
arrays 316a-i glf%'reﬁdﬁg%raéeﬁ WcthSrtzﬁ%rgtBﬁ%()&g%séngt rfgda#?obs "p%%%ﬁﬁﬁtén% pr ot ocol .
Addi tional ly, recej.Vvi r i i data for
the giv eﬂutcfﬁ%nnl AdE wé)rﬂ%le?lge%%%%%rdglgqg @ﬁlﬁb&g}?\‘l& df tﬁ@]%?%ﬁﬁgye@:égéoﬁ hg

A

_ _ as par a packet, "such as an ~to nenory
control Cbhiidhiar Fiflire 7‘9@&&5 HhhSB700th ifBdAtdsThOpBBERINS of'data padibis
Accordi ngly, 'Ingress packet processing circuitry 216 réetrieves these

processed Ragke ﬁaz thah SRR RO N brbeeddiRg Uit 308 thafBRREte € ATVNEAbryUmit 340. The
above descriptioh of the processing of 'a channel wthin signal 318 is by

way of exampl g Aréinbutimbi, WRY dafa patkets tat &8 stoaed idi héraogninit J12atocol s
require different configurations and cal cul ati ons, thereby requiring the
17 WD 02/ 86138 3dceREl/ftdn0d¢rb@Gficket processing circuitry 214a-d. Method 700

commences with determining which channel of signal 320 is to be processed, at

process block 702. Similar to receiving protocol processing unit 306, in an

embodiment, transmitting protocol processing unit 308 determines which channel to

process based on a table stored in memory within physical connection circuitry 210

(not shown) or a prioritization scheme. Such a table sets the order of traversal of the

different channels of signal 320.

Returning to Figure 6 to help illustrate, in one embodiment, the channels are
traversed in sequential order starting with channel 6001 up through channel 6684. In
another embodiment, the channels are prioritized such that certain channels are
processed more frequently in comparison to other channels within signal 320. For
example, control channels typically are not required to be serviced as frequently in
comparison to channels carrying data. Accordingly, channels 6001-6003 and 6683-
6684 are serviced by transmitting protocol processing unit 308 more frequently in

comparison to channel 6682. The above embodiments of the order of traversal are by

way of example and not by way of limitation, as any other type of order of traversal

18



storage of different types and sizes of the previous states for the
different channels. In addition to processing the data in the given
channel , wea®eiogdsay pr ot ocol processing unit 306 stores tReTAISOT/BN087 St at e
as the previous state for the processed channel within register arrays
316a-i, at process block 510. As described above, the current state can

i ncl ude aRYKReEcoRforsted iRb eMboliicat JeREpeidAdimentidie type of protocol and
protocol conhfiguration. PROCESSI NG OF DATA PACKETS TRANSM TTED Fi gure 7

illustrates a hldameRary, tfaasmitie: poacessoegsial udates katiagstiansmi tted out
froma network el ement, according to enbodi nents of the present invention.

I n  parti estfpfurationdor e éelected vistmaclyet procesy Bldck [164. Ak dagtribed elsoviche

processi ng of data packets received by transmtting protocol processing
unit 308 tdvhtchamrel sdroinebide a dififeremtyconfigurati@nfor aldifferantemidodisameit , such dat a
packets that are stored in nmenory unit 312 are being received from egress
packet pr po¢esi.nBorcixampie;, fnyarpambedimenit figd clromel earheenctEMpetecalet er mi ni ng
whi ch channel of signal 320 is to be processed, at process block 702.
Simlar t @yhm@ereAWMrgfpﬁrS@taa%mg orabeshanagl 1§ anablesygyhile 3 sgepn fEht |
transmtting protocol processing.unit 308 determ nes which channel to
process bakeleadhMpapireolwheren iW%@W&FV“gﬁWﬁifﬂf fyRinng 1888%@%% on

The order of « MiseneRbihichs BaRiepEpioht Rl P8 e e R IRs b, 0770 g
Fi hel.p, i ] j
L aver sea°l hodadfief i 43D BEMEnyhed B oETRRCINEinnel AR PRERMRA T channe

6684. In ranpt o&ﬁ@&d%dgggiseg &ﬁ&@ccﬁ&%ﬂﬁhﬁti oRJcbPprobdsédg uatt30st hat

certain channel's are pfo nore frequent I'n conpariSon to other

channel s wijt |\ e 34883 0fBOHioRO6S 2 EXAPRIEs urRPAltKRShINAMBEhtOf thedtiad | y are
not required to be serviced as frequently in conparison to channels

carrying gdahpacle &Y sbeRGtored @adielyunfiGQ2- 60k aaiple, §6:88ta pakdisar e ser vi ced
by transmitting protocol processing unit 308 nore frequently in conparison

t o channehaBf@an ATV padhicact, tembmiliing piosocof pobessmgdmit 308 detayw éresal are by
way of exanple and not by way of limtation, as any other type of order of
t raver sal relBeval of a portion of data for a given ATM cell until a threshold portion of the

payload has been stored in memory unit 312 by egress packet processing circuitry

214a-d. Moreover, in an embodiment, if a given channel is based on the ATM

protocol and the amount of data for the next ATM cell to be transmitted has not

exceeded the threshold for this channel, transmitting protocol processing unit 308

forwards an idle ATM cell to framing unit 302.

In one embodiment, transmitting protocol processing unit 308 checks this

threshold amount for the entire data packet for the first portion of the data packet

being processed by transmitting protocol processing unit 308. However,

embodiments of the present invention are not so limited, as certain data packets may

contain multiple data cells, depending on the protocol and protocol configuration. For

example, in an embodiment, a channel transmitting an ATM protocol may be

transmitting a data packet that can contain more than a single ATM cell therein. In

one such embodiment, transmitting protocol processing unit 308 checks if the

threshold value for an ATM cell within a given data packet and not just the entire data

packet for a given ATM cell has been reached prior to the transmission of the ATM

19



WO 02/ 063831 PCT/ US01/50087 nmmay be incorporated into enbodi nents of the
present invention. Additionally, transmtting protocol processing unit 308
retri eveswohe/nesenfi guration for the sel ected channel, at Ppramsessoobt ock
704. As descri bed above, each channel can include a different
configuration for a different and/or same protocol. For exanple, in an
enbodi nengellgbffrgiﬁﬁgugnqog_el can be an ATM protocol wherein ATMtype
scranbling for the channel is enabled, while a second channel can also be

a ATM pr ot ocol Tyaey @hod@mb@| & Bf B difftlehgrofoablstabevetiigRBE ofithe enabl ed.
Moreover, transmtting protocol processing unit 308 retrieves at |east a
portion gfffeseri@hannpBaif @tsainb drotocol ican benfigusnthis thteshbldvalnhe sel ect ed
channel, at process block 706. In one enbodi nent, for given protocols,

t ransm t t Embogimntcaf thp prses snvegtiomire 180Bmitde taaths tiahsmisgon pbyalle ell porti ons
of a data packet until a threshold anmount of the entire data packet has
been st or gdh¢ dataisant gomplete, 33 descrbed imecanjynetior with gher ATWeRIREOCE] abR¥&i ng an
ATM protocol, transmtting protocol processing unit 308 del ays cté)lie

retri eval Forexamplg.in amembodiment efghe ¥01g¢ vt IRPRtee]) ralseiting PEYie@ hol d
portion of the, payload has been stored in ry unit 312 hy egress packet
processi nGrasesHlg Yy 3080an setppnsmy the,preyious Ha%Et Fr%lﬂfcﬁ“f@h‘f ,anP‘?li' a given P

h | i h I ]
AT cel | AgdFR e i et el Rt SanBlSabi ToRLBNRD plioctiiiptloghl® "o
, 1 R . [ | idle ATM
Corl ot PATRG i R aB8f ORI hotd paRE e BEUPSERATE )" ©

processi ng,d é§/ P%lef,hfaﬁglﬁitﬁﬁ%ﬁro% cgf @l‘gp&gﬂg%ﬂﬁgﬂg Efr&ree&shﬁitﬁﬂfei re data

packet for I'rst ‘portion ta pdcket el ng processed by

transm t_thf&e&hggmﬁﬂs pREIRE BSeh@% Fningdf 3000V BFdingl £TRRGhedMgofol the
pr esent vention are not so limted, as certain data packets may contain

nul tiple gatshofBldios WaARMBRitHGE ProtdddEpidEedsgainitaB08 pascdides ahderamhingyr at i on.
For exanple, in an enbodi nent, a channel transmtting an ATM protocol may

be transwhidhi i goddidéd ahpetkeinsiniteihg paiowd ptogessimpmit 308atveandtiagt e ATM cel |
therein. In one such enbodinent, transmtting protocol processing unit 308
checks i f ehdigh df rdashmicketvatorepleErthatransiibier of the ehiim datagiagkst telat a packet
and not just the entire data
framing unit 302.
Moreover, upon determining which channel to process, transmitting protocol
processing unit 308 retrieves the previous state of this channel, at process block 708.
In an embodiment, physical connection circuitry 210 includes a storage space
associated with each channel within signal 320. Accordingly, in an embodimént
wherein signal 320 includes 12 DS-3 signals, physical connection circuitry 210
includes storage space for 684 channels. In one such embodiment, these 684 channels
can be for 336 DS-1data channels and 348 control channels related to the 336 DS-1
data channels and 12 DS-3 data channels.
Returning to Figure 3, in an embodiment, this storage space is provided by
register arrays 314a-i such that each of these data arrays is associated with a channel
within the signal being received. However, embodiments of the present invention are
not so limited, as the previous state of the different channels can be stored in other

configurations and/or other memory devices. For example, in another embodiment,

the previous states for the different channels can be stored in one memory location on
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packet for a given ATM cell has been reached prior to the transm ssion of
the ATM 19 WD 02/063831 PCT/ US01/ 50087 «cell to framng unit 302. In one
enbodi mrerwp oeacis3nf the different protocols as well as ea®oTafSot/m®s7

di fferent channels of a sanme protocol can configure this threshold val ue.
Enbodi ments of the present invention are not limted to the transm ssion of

a idl e cebhysidal coiMRclliH @rdufiryPL0. MMBRLAICIn ADHELEMbOARRN, BheLMBYiBAET i ON Wi th
t he ATM protocol above. For exanple, in an enbodi nent of the voice over IP

protocol , sffesdfSithé HiffegentRirmdERIcan PE SroRfISHh Adnembry d30Be erterabto ghysithl t he
previ ous packet for the given channel. Additionally, in an enbodinment, if
a t hr eshoteéhneatiotecifanitryp2 ). ven protocol and protocol configuration has not
been achi eved but the conpl eted packet has been stored in nmenory unit 312,
transmitting pOntotelpreviocssst fay timselecBRihpnued baslseeniretnievéte  pr ocessi ng of
this packet to send to framng unit 302. Accordingly, this checking of

t hr eshol dtrersmigiingipyotoeelpspdessing ynip Pt proeessey Be datgiim gheusglectedebapicbel udes
underrunning, which is condition wherein transmtting protocol Processi ng

unit 308 beed opdhe pravieus asuypregesublask AlGJaiae embodiint dhe Progessing

et or i i RCIRGRRATOTHEHIL (157 GBIGES epr b TR G blookBie e asst o+
708, I BRSO bRera Vil o erfiB i on sBhoRRBERE, ", "
storage Space, ASARCRALAL WhiRerSREGERANIE I eyl §1Rbodaits LRI T N1 Y,

. TEV
in an emb8ai IR érein signa Ignal's, physica

connecti o e@oﬁﬁgﬁx%ﬁéfns%gocie{t%ivﬂg s ProRRYfor IRAG Sed HanRE4 Fobardgpis, | n one

such enbodi ment; ese 684 channel s can be for~ 336 DS-1data channel s and
348 contr glr (&AL SrofRbRLESidRat e cSAE iRdPude wEkihét t6 BAMICbGarBbinglas DS- 3

data channels. Returning to Figure 3, in an enbodiment, this storage space
I's provi dwéntaythertzgé st RFardblimMBat3ddabled e gh ATMitygeharnflitghBascatat a arrays
a

is associated wt channel w thin the signal being received. However,
enbodi mensgambliigd) @igitabligitKenrogndte.nn ar e
Additionally, in an embodiment, the previous state for the selected channel
includes previous data received for the channel. In an embodiment, transmitting
protocol processing unit 308 retrieves and processes one byte for a given channel.
Accordingly, transmitting protocol processing unit 308 stores a number of previously
received bytes for this channel. The number of bytes stored for a given channel is
dependent on the protocol associated with this channel. To help illustrate, for the
HDLC protocol, transmitting protocol processing unit 308 determines whether to
perform bit stuffing so that five consecutive “1”’s are not inserted into the bit stream
for the payload of an HLDC packet. Accordingly, because this five bit combination
“11111” can be across two consecutive bytes being process by transmitting protocol
processing unit 308, the previous byte is stored as check for the possible need of bit
stuffing. This byte can be stored in the associated register array 314a-i., which is part
of the previous state for the given channel.
In addition to processing the data in the given channel, transmitting protocol

processing unit 308 stores the current state as the previous state for the processed

channel within register arrays 314a-i, at process block 710. As described above, the
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not so limted, as the previous state of the different channels can be
stored in other configurations and/or other nenory devices. For exanple,

i n anot hewoanessdnent, the previous states for the differemtusohameel s can
be stored in one nenory | ocation on 20 WO 02/063831 PCT/ US01/ 50087

physi cal connection circuitry 210. Mreover, in another enbodinent, the

previ ous afré}ﬁgé%eg&g ﬁé}&dege} AR &k dﬁ?@&ﬁ%})f&sgé}?kngﬁlf%rpﬂhggyﬂerbfa menory

. i .
devi ce extérna hysi ¢ connection circuitry 210. Oice the previous

state for ptiseob shEploRoLEMRalaibAS been retrieved, transmtting protocol
processing unit 308 processes the data in the selected channel based on

the previous sFatte eabolintmessplskakcorhbetionitiooieryedioatismrdd, in Higurer ocessi ng
of the data for this given channel includes encapsulating the data into a
parti cul aB, trfifsoiitiag protscod praxssshighini HIMBprwardy/diicpacketadatd 8. thé/rammger, i n an
enbodi ment, the previous state includes whether the channel is enabled,
the type ofhitp02tvdddi plaseswiaé packst dathfor thendivepuehannelnstostgnet 32t déprwhia h thi s
protocol for the given channel. For exanple, for the HDLC protacol,

conf i gur atinbedimepuefcphysichlLrpanediion isieuitry 24 A Awsérated ip Figuredy ESMENE as t he
type of scranmbling that is enabled (e.g., ATMtype scranbljng, Larscom
scranbl i ngrotefolprosessingHait 3ASfprwards élﬂScPafket/QéEﬁ tPitbﬁm%Hf?f‘;iP?BH%f%fg 4Q8bbdi ment ,
the previous state for the sel ected channel. includes preyjipous data

recel ved MBPCialed YiFhnglven changel witbiBdrRemiting FiRasiTe T of ocol

[ it .308 : f [ h | .
RL@S?Z?HS&#%&H% el AT AR TR B b e BB YL ninoer o
i . ' i : ) f b d f

B Given chbishafiiel Bt gRAERaltor h0eh A IRANE 1nd BERMIRZC O 1Y £hi S Channel

To help illust F[ﬂéggschg{ioﬁ Bfthe WtkcreR pP80&H! and mﬁgmahbmge m,;yca@wl

processi ng unit termnes whether to performbit stuffing so that

five consggihhiN@nd %tsoﬁbgy SO mitARA! ﬁseéihéﬂzpestd@r&b@q@mbﬁgwithfdaﬁerme payl oad
of an HLDC packet. Accordingly, because this five bit conbination "11111"

can be act@gfguriMOns OASBEcoperdid iato dIsbdiimpritooPthe phasehtrianaiioht IFog pr ot ocol
processing unit 308, the previous byte is stored as check for the possible
need of bkkample, embodiments of the present invention can incorporate a Frame Relay
protocol and various configurations thereof.
Embodiments of the present invention are not limited to the channelized DS-3
signals, as illustrated in Figure 6. In particular, embodiments of the present invention
can be incorporated into channelized DS-1 signals, unchannelized DS-3 signals,
unchannelized DS-1 signals as well as both channelized and unchannelized T1 and T3
signals. Further, in one embodiment, physical connection circuitry 210 is
incorporated into a single Application Specific Integrated Circuit (ASIC).
Moreover, embodiments of the present invention were described in terms of
the processing of a DS-3 and/or DS-1 signals. However, embodiments of the present
invention are not so limited, as other type of signals can be processed according to
embodiments of the present invention. For example, signals based on the
SONET/SDH standard can be incorporated into embodiments of the present
invention. In particular, signals based on the SONET/SDH standard can concatenate

Synchronous Transport Signal (STS)-1 frames such that different STS-1 frames

and/or the different concatenation of STS-1 frames can be processed by physical

22



stuffing. This byte can be stored in the associated register array 314a-i.,
which is part of the previous state for the given channel. In addition to
processi ngotokmezsat a i n the given channel, transmtting pr®Caamo1/5@8Dcessi ng
unit 308 stores the current state as the previous state for the processed
channel within register arrays 314a-i, at process block 710. As descri bed

above, t hgo b A QRARBBBALIREENNSAL 460ABd atiwer ent state can ncl ude a

nunber of different bytes depending on the type of protocol and protocol
confi gurati on. TEQelptilestRi) FgurR8 is ibldikyagah of @ SONET eignsli daryinigr y 210
illustrated in Figure 3, transmtting protocol processing unit 308

f orwar ds titasacpadigttodatbadingenthef the presery inveniion. 3DZpartidulahFigumc®s t he packet
data for the given channel into signal 320. For the enbodi nent of physical
connect i ofllwiratesia 0Gr4@ SONET signal awkidh coulfibg tragsmitted apnes gin-tinggetwerlt ocol
processing unit 308 forwards this packet data to the buffer of buffers
408a-i askmeniatl@d- 1A8of Figvee §i deshewanhetd {inmes of thisdAemdsignyahannel i zi ng
unit 404. Transmtting channelizing unit 404 forwards the packet data to
frani ng uApPROrBgEd mWﬂ?@ﬁ%‘l giewss. (In Paigeiapdatpdralfie B’r‘thtrh@lsg(i)e ®f¥hnel into

i Al S
et ST BSOS ER ISBRIR £
present | B3RS LABSHARY AR BRI Bl R Scts Alferge! v

limted t&?oﬁcgﬁﬁggtgg%%ﬂseﬁeﬁoﬁ?@glé 5§93 anes 3839 drtiebAcAleRdhel Rodet@t! fr 6. |0

parti cul ar, o} resent 1 nvention can be incorporated into

channel i zggl e BB dinehd B SoncABEARARE STE M wAtTh ERECNETISIHsiASk c&ed DS- 1

signals as well as both channelized and unchannelized Ti and T3 signals.
Further, b8 oPafy $APAMIRRRE anPloxsticiawitkiaNRESONBT/SDHGifiratsy whidl i§ S

incorporated into a single Application Specific Integrated Circuit (ASIC).
Mor eover, desghbel imanbre defailtine pateas applicatioretildddiAnyeSiee slekkcodakieniof n t er ms of

Concatenated Packet Data across TDM frames in a TDM signal” to Anurag Nigam

and David Stiles, filed on December 30, 2000, Serial No: 09/751,764, Attorney

Docket Number: 004906.P014, which is hereby incorporated by reference.

Therefore, each of the individual frames of the SONET/SDH signals and/or

concatenation of frames of the SONET/SDH signal can be processed by physical

connection circuitry 210 such that each frame and/or concatenation includes a

different protocol and/or protocol configuration, as described above in conjunction

with the DS-1/DS-3 signals. For example, SONET portion 802 could be configured

to process an ATM protocol having a first set of configurations, while SONET portion

804 could be configured to process a Frame Relay protocol having a first set of

configurations. Additionally, SONET portion 806 could be configured to process a

voice over IP protocol having a first set of configurations, while SONET portion 808

could be configured to process a PPP protocol having a first set of configurations.

Moreover, SONET portion 810 could be configured to process an IP protocol having

a first set of configurations, while SONET portion 812 could be configured to process

a Frame Relay protocol having a second set of configurations. SONET portion 814
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the processing of a DS-3 and/or DS-1 signals. However, enbodi nents of the
present invention are not so limted, as other type of signals can be
processedwamensiddng to enbodi nents of the present inventipem/USBUS008KanNpl e,
signal s based on the SONET/SDH standard can be incorporated into

enbodi nents of the present invention. In particular, signals based on the

SONET/ SDH: 18 Bl @bt ©P6&sE AR I prof)BE R Sechh @£ PO EonfiEugAdns( STS) - 1
frames such that different STS-1 franmes and/or the different concatenation

of STS-1 WhasBONENS Ecqildbesstitubd tolpysdesvin ATM/NobibDha83a REOASO1/ 50087
connection circuitry 210 differently as descri bed above. To help

i |1 ustrat est oFconfigar@idns. Mditoek, SONET portoh & 8Sonhdbesiogfighred & pipicesy  dat a,
according to enbodi nents of the present invention. In particular, Figure 8
i |1 ustrat eFrandRelag pSONDT heviggalthirdwet ohcardigueitions.t r ansmi tt ed anmong i n-ring
network elenments 102-108 of Figure 1. As shown, the 48 frames of this

OC- 48 signal afbe delnsetien anfbepnfigurtion pf ke SANKF sigpal illpsirated miFignra 8 dat a
traffic within this OC-48 si %nal is.located i S-ggﬁﬂ%'s STS10-11, STS12-21,
STS22- 23, Isdyspay efFxamplsEdpt by pay @) “Mt,ansl’r@&fsﬂl% 18038 ¥BETGR hi n SONET

ti 0 04, 806, 808, 810, , 14, 816 d 818 ively.
Accor di nghy STSe OGS 26 (ripEnss deieevb e BkaTPe Mo ah Bibbget her
F le,. STS f 24- 35 ; . t nbodi t,
the concaraifisiraienfoanstyipd puSGriRTREL AU WERERER Mbrsaldty C00""be of “any
si ze and AbOdimeRtY fltﬁecﬁrgée%?in%ﬁtliﬂﬂnnaré 6t 1 T(o%b?i', Pﬁi,sf' 1,“’1’@'0? his
described’in nore detail 1Tn a patent application titled "Any Si ze and

Locati on QHNER d 81203k PtyRE 0P asta TiAMrhis@6R Sigh tRat TBVbET gnal " to
Anur ag Niggh1 aﬁﬁé%ggﬁggspfﬁggé ?VlégU%noDecgnber §0, 2100, %erial No:

09/ 751, 764y0kbh HOWR Mo dIRGERIpoMisTREG¢h BRABER. Jdbtlchs cahbe Prdcesseér eby

i ncorporated by reference. Therefore, each of the individual franes of the
SONET/ SDHdﬁfe@mgsde@acﬂi@g on @RNIfEreMNEirbwoole fand/dAp@Eocof cdnfiguBes/ SDH si gnall

can be processed by physical connection circuitry 210 such that each frane

and/ or concat efat liaecards hublesmtal catdd ineluded impthe ddtarént At @k efenentsc ol

configuration, as described above in conjunction
include memories, processors and/or Application Specific Integrated Circuits
(ASICs). Such memory includes a machine-readable medium on which is stored a set
of instructions (i.e., software) embodying any one, or all, of the methodologies
described herein. Software can reside, completely or at least partially, within this
memory and/or within the processor and/or ASICs. For the purposes of this
specification, the term "machine-readable medium" shall be taken to include any
mechanism that provides (i.e., stores and/or transmits) information in a form readable
by a machine (e.g., a computer). For example, a machine-readable medium includes
read only memory (ROM); random access memory (RAM); magnetic disk storage
media; optical storage media; flash memory devices; electrical, optical, acoustical or
other form of propagated signals (e.g., carrier waves, infrared signals, digital signals,
etc.); etc.

Thus, a method and apparatus for switching data of different protocols and/or

protocol configurations through a network have been described. Although the

present invention has been described with reference to specific exemplary

embodiments, it will be evident that various modifications and changes may be made
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with the DS-1/DS-3 signals. For exanple, SONET portion 802 could be
configured to process an ATM protocol having a first set of

conf i gur awDe®e38ahi | e SONET portion 804 coul d be confi guPed/usol/posress a
Frame Rel ay protocol having a first set of configurations. Additionally,
SONET portion 806 could be configured to process a voice over |P protocol
havi ng a {d hsde e%ﬂiod%erﬁmithswcﬁPMHig frondihk &r&HaEshidndi sevpB&idhe coul d be
configured to process a PPP protocol having a first set of configurations.
Mor eover , invehioh. pRddording]§1Be epadifitation amhdiagingdré  terregaded ananl P pr ot ocol
having a first set of configurations, while SONET portion 812 could be
conf i gur edluswatprecathsstham a Festriei viRskmsg. pr ot ocol havi ng a second set of
configurations. SONET portion 814 23 WO 02/063831 PCT/US01/50087 could be
configured to process an I P protocol having a second set of configurations,
whi |l e SONET 816 could be configured to process an ATM protocol having a
second set of configurations. Moreover, SONET portion 818 coul d be
configured to process a Frane Relay protocol having a third set of
configurations. The delineation and configuration of the SONET signal
illustrated in Figure 8 is by way of exanple and not by way of limtation,
as ot her SONET signals wherein the STS or OC franmes are delineated
differently and/or the types of protocols and/or configurations

i ncorporated into such delineations are different. Mreover, enbodi nents of
the present invention are not limted to a DS-1, DS-3, Ti, T3 or

SONET- based signals. In particular, any type of data transm ssion signa
that can be broken down into different portions such that these portions
can be processed differently depending on the different protocols and/or
protocol configurations. The |ine cards and control cards included in the
different network elenents include nenories, processors and/or Application
Specific Integrated Circuits (ASICs). Such nmenory includes a

machi ne-readabl e medi um on which is stored a set of instructions (i.e.,
sof tware) enbodying any one, or all, of the nethodol ogies described
herein. Software can reside, conpletely or at least partially, within this
menory and/or within the processor and/or ASICs. For the purposes of this
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specification, the term "nmachi ne-readabl e nmedi unf shall be taken to include
any nechanismthat provides (i.e., stores and/or transmts) information in
a form r exdaRloesssby a machine (e.g., a conputer). For exam®praSoa50087

machi ne-readabl e medi umincludes read only nenory (ROM; random access
menory (RAM; magnetic disk storage nedia; optical storage nedia; flash
menory degi agsis €l ectrical, optical, acoustical or other form of
propagated signals (e.g., carrier waves, infrared signals, digital signals,
etc.); etwhathudaimadh®et hod and apparatus for switching data of different
protocol s and/or protocol configurations through a network have been
descri bed. Although the present invention has been described with
reference to specific exenplary enbodinents, it will be evident that
various mbdi f i Aanetbod camprisihginges nay be nade 24 WD 02/ 063831

PCT/ US01/ 50087 to these enbodi nents w t hout departing fromthe broader
spirit and scopsseiyingaideasi oneesigriabnvhergin dredit r*ng‘FS/‘?“etsl*%‘agﬁ'éBidﬁ 2AYMBH and
drawings are to be regarded in an _illu tr%ve.re}ther.gfhan arestrictive
sense. 250hghapnelpsmbIhatsesh pishe nsmderof chamielisaing Ui A RIPIYQs 1. A

net hod co ISl ng:. receiving_.at |least one signal, wherein the at |east one
si gnal ing;FC[J‘éI‘Z%mg‘t ﬁ?fﬁtgélfatm&g f@ﬁﬁ%ﬁﬁ?“&ﬁ@ﬁocto af"%ach of the nunber of

channel s can include different .proto S j : i ations for
the different B?%F%B’c?l@a %ggtﬁl}rg%aecéso?%lfnﬁ%ggg%iaéﬁéﬁ%aéfa%? ho t he nunmber

of channelal_sd }n a predefined order. 2. The nethod of claim 1, wherein the
pr edefi ne Srder is sequential. 3. The nethod of claim1l1, wherein the
predefined order is such that data packets wthin a first channel of the
nunber of channels is processed nore frequently than

2. The method of claim 1, wherein the predefined order is sequential.

3. The method of claim 1, wherein the predefined order is such that data packets
within a first channel of the number of channels is processed more frequently than

data packets within a second channel of the number of channels.

4. The method of claim 1, wherein the different protocols are selected from a

group consisting of Asynchronous Transfer Mode, HDLC and Voice over Internet

Protocol.

5. The method of claim 1, wherein the signal is based on a Synchronous Optical

Network standard.

6. The method of claim 1, wherein the signal includes at least one Data Signal

(DS)-3 signal.

7. The method Vof claim 1, wherein the receiving of the signal and the processing

of the data packets is executed on a single Application Specific Integrated Circuit.
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data packets wthin a second channel of the nunber of channels. 4. The

nmet hod of claim 1, wherein the different protocols are selected froma
group comapDIioeag3nf Asynchronous Transfer Mdde, HDLC and YoIrasoow®s7
Internet Protocol. 5. The nethod of claim1l, wherein the signal is based
on a Synchronous Optical Network standard. 6. The nmethod of claiml,
wherein tRe si g‘nﬁgthbﬂl@brﬁgﬁ§n%t | east one Data Signal (DS)-3 signal. 7. The
met hod of claim 1, wherein the receiving of the signal and the processing
of the data pageiving & lexeond sighadiwieran gl £ léppirecignabmchpesh humbémt egr at ed
Crcuit. 26 WO 02/ 063831 PCT/ US01/50087 8. A nethod conprising: receiving
at | east ofiporibgy)alich thivaraeh of thhmuatbet efgmirtianeas bgpaicessad bagkddna nunber  of
portions, such that each of the nunber of portions can be processed based
on di f f eddferenp puitoadd andaditfertnt ¢anfignrationnfor gherdiffergniprotacolshe di f f er ent
protocols; processing at |east portions of data packets in the nunber of
portions of therogessirngedeasopratiensyislata mekethin the pRBHCTAT ROrtiEIHOE thegler ei n t he
nunber of portions jnclude a nunber of channels within a Data Signal
(DS) - 3 si iastionesgnalfhe net hod of claim8, wherein the at |east one signal

i ncludes a signal based on a Synchronous Optical Network standard and
wherein the nunber of portions includes a nunber of STS-1 frames. 11. The

hod of ,cl ai | 8 in. i ff )
ar oup condi sti b BElRE R b v AR EN RN T B s SRR L0, e
| nt er net cl?qfn%]%%lhirﬂxaataaﬁ n%l DS%%'si Jag method of claim8, wherein the
0 nal an he

recei vi ng e 'sig rocessing of the data packets is executed
on a single Application Specific Integrated G rcuit. 13. The nethod of
claim8, wherein processing of the at |east portions of the data

10.  The method of claim 8, wherein the at least one signal includes a signal based
on a Synchronous Optical Network standard and wherein the number of portions

includes a number of STS-1 frames.

11.  The method of claim 8, wherein the different protocols are selected from a
group consisting of Asynchronous Transfer Mode, Frame Relay, Voice over Internet

Protocol (IP) and IP.

12.  The method of claim 8, wherein the receiving of the signal and the processing

of the data packets is executed on a single Application Specific Integrated Circuit.

13.  The method of claim 8, wherein processing of the at least portions of the data
packets includes processing of the at least portions of the data packets in a predefined

order.

14.  The method of claim 13, wherein the predefined order is sequential.
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packets includes processing of the at |east portions of the data packets in
a predefined order. 14. The nethod of claim 13., wherein the predefined
order is woegomedsdnl . 27 WD 02/063831 PCT/ US01/ 50087 15. pChasowsdoed of
claim 13, wherein the predefined order is such that data packets wthin a
first channel of the nunber of channels is processed nore frequently than

data packets WrhdiRitdrenid 18hanaeln taé pidaefinydadiaér iobudhhmnRtspackd®. A
met hod conprising: receiving data packets within a nunber of channels of a

si gnal ; awthindd fieesiEinAel dfhite alahier packainslsud plocesstdmoreufrbgrendy thahannel s i n
an order, wherein the processing of a channel of the nunber of channels
i ncl udes: datepaikets wighia apeevidahsnied ef eieahimbheofathanmads.; retri evi ng
configuration data of the channel; determ ning a protocol of the channel
based on the configuration data; determning a configuration of the
protocol of the channel based on the configuration data; processing a
prot ocol headeA wmethpheomprisingacket in the channel based on the protocol

and the configuration of the protocol; . an aving the current state of the
channel as t hel§sER¥IgARsa RACKES “6&‘"% ﬁ@“mé?fefﬁﬁgi”?ne%?‘?fwaﬁé’f‘ﬁod of claim 16,

wher ei n processing the protocgl header includes , determ ning whether to
performa bit B srsp}ggthg%tpgflagmw pt%%u%e[rﬁi&hweélnéﬁ%o " wherein

[ th t l. head ' i n] her t f
D1 ¢ dost PP B draErong SEEHanhd St misF bE kO MIRRET 1D BCteel g
t he protocol headerrfittﬁg\l&hlggir V%Qg{flgégg\}ﬁeamlﬁigader Error Check for an ATM
o) : e

protocol. 20. The ne claim rein the order is sequential. 28
retrieving configuration data of the channel;

determining a protocol of the channel based on the configuration data;
determining a configuration of the protocol of the channel based on the

configuration data;

processing a protocol header of the data packet in the channel based on
the protocol and the configuration of the protocol; and

saving the current state of the channel as the previous state of the

channel.

17.  The method of claim 16, wherein processing the protocol header includes

determining whether to perform a bit stuffing operation.

18.  The method of claim 16, wherein processing the protocol header includes

determining whether to perform a bit destuffing operation.

19. The method of claim 16, wherein processing the protocol header includes

generating a Header Error Check for an ATM protocol.

20. The method of claim 16, wherein the order is sequential.
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WO 02/ 063831 PCT/ US01/50087 21. The nethod of claim 16, wherein the order
is such that data packets within a first channel of the nunber of channels
is proceswod2sal f requently than data packets w thin a serarsdusisnnel of
t he nunber of channels. 22. The nethod of claim 16, wherein the different
protocols are selected froma group consisting of Asynchronous Transfer

Mode, HDLE] andTN®method\Eiclaimtlel WhereinRh©badedls. su2ks thal Bsta peéKeedwidiinal ai m 16,
wherein the signal is based on a Synchronous Optical Network standard. 24.
The met hofirsothainal of th&numbaraficharne’ is ppedsed noraiffequeatly teastataopaekat a
Signal (DS)-3 signal. 25. The nmethod of claim 16, wherein the receiving of
t he si gnawithinch seeend ghrapoelsHfitignuhber loéchpmnelspacket s is executed on a single
Application Specific Integrated Circuit. 26. An apparatus conprising:. a
first menory unit to store a nunber of data packets received on at |east

one rece| VI ng _signal fromat |east one external apparatus erein the at
| east one22r ec&h¢Mmsihodipdshen Lonwhergwdhed ﬁtﬁ%‘éﬁ’“ﬁf’“@gﬁrﬁﬁ@legwd oZ&ond menory

unit to store a nupber itted on | east one
t r ansni ttg‘ﬁ’g‘PéfP’@Sr\%ﬂ“gt(S ‘AtSHBgHP“‘? f‘“sg"ﬁé\& gﬁl-a D P AEYET I%%?tm n the at
| east g trazsm tting signal includes a nunber of channels; a nunber of
regi ster qt coupled to the first and second nenory units, each of the

nunber of register arrays to store a configuration and a previous state of
one of the nunmber of channels within the at | east one receiving signal and

the at |easgt opfe b cldimNg, wheea) trle SGonNR Qﬂe@@ﬁ%@ynm% &QOW a

recei vi ng packet processing unit coupled~to the nunber regis arrays
and the Nefwdrk3BARLM. unit, the receiving packet proce53|ng uni t to recei ve
and process

24.  The method of claim 16, wherein the signal includes at least one Data Signal

(DS)-3 signal.

25. The method of claim 16, wherein the receiving of the signal and the
processing of the data packets is executed on a single Application Specific Integrated

Circuit.

26. An apparatus comprising;:

a first memory unit to store a number of data packets received on at least one
receiving signal from at least one external apparatus, wherein the at least one
receiving channel includes a number of channels;

a second memory unit to store a number of data packets to be transmitted on at
least one transmitting signal to the at least one external apparatus, wherein the at least
one transmitting signal includes a number of channels;

a number of register arrays coupled to the first and second memory units, each
of the number of register arrays to store a configuration and a previous state of one of
the number of channels within the at least one receiving signal and the at least one

transmitting signal;
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portions of data packets fromthe nunber of channels of the at |east one
receiving signal, wherein the nunber of channels of the at | east one
recei vi ngweiognedsscan i ncl ude different protocols and dif P€ETArsn1/50087
configurations of the different protocols; and a transmtting packet
processing unit coupled to the nunber of register arrays and the second
nmenory unit, tReecelvRSpacked poceRdifl Bhit BOEB® t(RGnutAbér df PediQECArYSs apdr t i ons
of data packets fromthe second nenory unit and to place the portions of
the dat athedirkahsmomntunitatheusdetving packeeproedssingfunithe rareive @ad pravass
transmtting signal, wherein the nunber of channels of the at |east one
transmit t pogioss gihddta pakeisicdnu the rainfteeofcitanngls of e al kastrode dédefwengnt
configurations of the different protocols. 27. The apparatus of clai m 26,
wher ei n r sigealywherejirtbe oumbefebarelsef timattleasppreisseismgsignal eansingfide he dat a
packets fromthe nunmber of channels of the at | east one receiving signal
in an or déiffereng profeeolngskdiferest gmiigreatianoef thediteass™ profecdly @8 i s such t hat
the portions of the  data Eackets wthin afjrst ch of. the nunber of

nel
channel s is pr@d@BgigingpRacketrecssting poit coppledQrihe BURRELOL ISt HTaYS second

channel of the nunher of chanpels. 2.%_ The at%parat.us OE clai.m 26, wherein
the diffePhiheSPengaraory uaitste LApSIRIting RACKCT BIOCESHING BHIL FAKECHYE of

As h . T f d H i I [ . 30. Th
onar at uepuiopt 8l ShackBR dror s M, MG, Mha WOBRESH: pofiti P Bl 20, The

on a Syncaget(é)&?afets%t(j fﬁﬁmwto\ﬁ@ﬁ%nﬁfs%@%zﬁ 'l?agé?nﬁg%sﬁﬂﬂﬁé gigiﬁl, Qheelr2i m 26,

wherein t east one recelving Ssigna es at st one Data

Signal ( D@e’r%nﬁjegeﬁﬁhanﬁas YO REs&HL tﬁ%ikﬁ%s{ié&@gﬁ in%ﬁxde-ﬁn’ﬁer@fﬂpar atus of

claim 26, wherein the at [east one transmtting signal is based on a

Synchronogﬁ)tMsi Gl diffelenddntighanemy o thSgiffeldne papguiat us of clai m 26,
wherein the at |east one transmtting signal includes at |east one Data

Signal (DS)-3 signal. 34. A machine-readabl e nmedi umthat provides
instructions, which when executed
27.  The apparatus of claim 26, wherein receiving protocol processing unit

processes portions of the data packets from the number of channels of the at least one

receiving signal in an order.

28.  The apparatus of claim 26, wherein the order is such that the portions of the
data packets within a first channel of the number of channels is processed more

frequently than data packets within a second channel of the number of channels.

29.  The apparatus of claim 26, wherein the different protocols are selected from a

group consisting of Asynchronous Transfer Mode, HDLC and Voice over Internet

Protocol.

30.  The apparatus of claim 26, wherein the at least one receiving signal is based

on a Synchronous Optical Network standard.

31.  The apparatus of claim 26, wherein the at least one receiving signal includes at

least one Data Signal (DS)-3 signal.
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by a machi ne, cause said machine to perform operations conpri sing:
receiving at |east one signal, wherein the at |east one signal includes a
nunber oWwoaobasssel s such that each of the nunber of chann@ca/usansiosr| ude
different protocols and different configurations for the different
protocol s; and processing data packets in each of the nunber of channels in
a predefined order. 35. The nmachi ne-readabl e medi um of claim 34, wherein
the predefined order is such that data packets within a first channel of

the nunbessof thannRkfud & HiACES SG@reimieat fdasiqne ntanymittiegsigedl as paedket s
within a second channel of the nunber of channels. 36. The

machi ne- r ema8hhehromalis Optichl Nétaiork &dndandier ei n the different protocols are
sel ected froma group consisting of Asynchronous Transfer Mde, HDLC and
Voi ce over Internet Protocol. 37. The machi ne-readabl e nmedi um of cl ai m 34,
wherein the signal is based on a Synchronous Opti cal hbtmork standard. 38.
The machi A®- rea?uabmrmwmhm%mvmemnsme apfrapleing tlapemiytingsignalnc| udes at

| east one Data Si gnal %} 3 sign 31 WD 02/063831 PCT/ US01/50087 39.
The nachi H@lqdé%l&dmséoﬁ%aﬁ rﬁlgﬁalglp& -#signalherein the receiving of the signal
and the processing of the data packets is executed on a single Application
Specific Integrated Crcuit. 40. A machi ne-readabl e nmediumthat provides

i nst t wh whe hi
por f of m OB At f\dhéc'?wm iRy 2ot Bhs SREAS, 1 e

t | t h t hat h of th
ﬁunb:(rasof ngﬁsqlc lﬁlg C rs'ne %%%?‘8@8%%?{)% &%OM 9@%?% pro'f1 ocg?g agd ©
di fferent Com}&& “éastf&{es%ﬁ rﬂ?fr&ﬁ%{btat@éa%&{é%gnalH{cﬁfa%ﬁhﬂﬁb@:t | east

portions of data pa ets In er of portions Oof the at |east one

Si 9:‘?' 43¢ chhRBe IS BN thS-caSRERME AuABEl $iBhafinedd @inThdQde diRFei Protdwltunber  of
portions

and different configurations for the different protocols; and

processing data packets in each of the number of channels in a predefined

order.

35. The machine-readable medium of claim 34, wherein the predefined order is
such that data packets within a first channel of the number of channels is processed

more frequently than data packets within a second channel of the number of channels.

36. The machine-readable medium of claim 34, wherein the different protocols are
selected from a group consisting of Asynchronous Transfer Mode, HDLC and Voice

over Internet Protocol.

37.  The machine-readable medium of claim 34, wherein the signal is based on a

Synchronous Optical Network standard.

38. The machine-readable medium of claim 34, wherein the signal includes at

least one Data Signal (DS)-3 signal.
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i ncl ude a nunber of channels within a Data Signal (DS)-3 signal. 42. The
machi ne-readabl e nmedi um of claim40, wherein the at |east one signal

i ncl udes wolRMemsB1 based on a Synchronous Optical Network Canar/shosnd
wherein the nunber of portions includes a nunber of STS-1 frames. 43. The
machi ne-r eadabl e medi um of claim40, wherein the different protocols are

sel ect ed 6 0M fhOhRAHRMNE OBk nidigh of SN 1) WRGER thE PEivelg MaResighnane
Rel ay, Voice over Internet Protocol (IP) and IP. 44. The machi ne-readabl e

medi um of agd b Frét@ssindef the datapackebrisiextdag:dan 4 $isgls iApphtationBbetifie pr ocessi ng
of the data packets is executed on a single Application Specific

| nt egr at ethiégratediGircu#t5. A nachi ne-readabl e nedi um t hat provi des

i nstructions, which when executed by a nachine, cause said nmachine to
perform operations conprising: 32 WD 02/ 063831 PCT/ US01/50087 receiving
data packets within a nunber of channels of a signal; and processing the
dat a packé®.s wiAtmachindeeadahiomedigm hatprawidss ingtragiions.aelrich whge pxsgchtefine
processing of a channel of the nunmber of channels includes: retrieving a
previ ous BY amachine gause e MBFhing [ PSTEFMAPCRYARS GURBHS®: data of the

channel ; determ njng a protocol of the channel based on e configuration
dat a; detern‘ifﬁcﬁ’d"%%é%sf@lﬁ%%’]a AVhsFeTp HiE 451G ag st P‘t"ﬁb" Sﬁgﬁﬁrél})grbased on

h fi ' : [ | ket i

the channel Paks it ngiesCh PEFR b MRaRoRACEGan BERGErE ARR A D OTccol
d i ng..th ~ ' f th

hannel . Hetereon BUHEERT wRl AR o RuRREATRY RIRIERSIICEE, 11T Coassi ng

the protocol | Beadeind AOLASS Rl WHEHE Rlmber Igok@iBoR il de St UT Fi ng

operation. 47. 1um of clalim45, wherein processing
the prot ogQlt one signal.

41. The machine-readable medium of claim 40, wherein the number of portions

include a number of channels within a Data Signal (DS)-3 signal.

42.  The machine-readable medium of claim 40, wherein the at least one signal
includes a signal based on a Synchronous Optical Network standard and wherein the

number of portions includes a number of STS-1 frames.

43. The machine-readable medium of claim 40, wherein the different protocols are
selected from a group consisting of Asynchronous Transfer Mode, Frame Relay,

Voice over Internet Protocol (IP) and IP.

44.  The machine-readable medium of claim 40, wherein the receiving of the signal
and the processing of the data packets is executed on a single Application Specific

Integrated Circuit.

45. A machine-readable medium that provides instructions, which when executed

by a machine, cause said machine to perform operations comprising:

32



header includes determ ning whether to performa bit destuffing operation.
48. The nmachi ne-readabl e nmedi um of cl ai m 45, wherein processing the

pr ot ocol wb®ameas3i ncl udes generating a Header Error CheckPCorusansodsM
protocol. 33

receiving data packets within a number of channels of a signal; and
processing the data packets within the number of channels in an order,
wherein the processing of a channel of the number of channels includes:
retrieving a previous state of the channel;
retrieving configuration data of the channel;
determining a protocol of the channel based on the configuration data;
determining a configuration of the protocol of the channel based on the
configuration data;
processing a protocol header of the data packet in the channel based on
the protocol and the configuration of the protocol; and
saving the current state of the channel as the previous state of the

channel.

46.  The machine-readable medium of claim 45, wherein processing the protocol

header includes determining whether to perform a bit stuffing operation.

47.  The machine-readable medium of claim 45, wherein processing the protocol

header includes determining whether to perform a bit destuffing operation.

48. The machine-readable medium of claim 45, wherein processing the protocol

header includes generating a Header Error Check for an ATM protocol.
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