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ERROR CORRECTI ON MAPPI NG AND DE- MAPPI NG TECHNI QUES ~
Wooess/i3eéer ence to Rel ated Patent Application [%2004/027681
The present application is related to U.S. Pate

Application 5 No. 10/113,190, filed April 1, 2002

i nve y Docket |
plzz?ﬁﬁﬁiﬁ@%%@%ﬁc% b BENE AP MaFEING
di scl osed herein general relates to forward error ,
10 correction mappi ng te@ylﬂﬁ QUESescri ption of

Rel at ed. Art [0003] ITUT G 709/Y 1331 Interfaces for
Ss RBfekEfle td TRIRRE Phid hka6QTN)  (Feb. 2001)

sion of signals
bet ween the optical transport 15 network (OTN)

[60ahdar d &dhe pedsehiesppRyaionrio radated £0UISC 2hteMe whlidation
(SONET) or 3 Synchronous Digital Hierarchy (SDH)

Nel 20428 490, fiked Q%nﬁFSZUOQbﬁ%eﬁths"l%ﬁn m bR KaGQiHi sg}%ﬂ?l?)eg Docket

(FEC) as a manner of conhtrolling ors In tran
N%‘:i Cinformation is transmtted wth data and
can - e 'sed by the receiver to check and correct the

data. G 709 describes Reed- Sol onon coder/ decoder

techni ques for determning and mappi ng FEC 20
information I nto designated |ocations within an OIN

Fiddme as well as techniques for processing and
de- mappi ng FEC i nformation. i

[0002] The subject matter disclosed herein generally relates to forward error

correction mapping techniques.

Description of Related Art

[6003] ITU-T G.709/Y.1331 Interfaces for the Optical Transport Network (OTN)

- (Feb. 2001) describes a convention for conversion of signals between the optical transport

network (OTN) standard and either Synchronous Optical Network (SONET) or

- Synchronous Digital Hierarchy (SDH) standards. G.709 describes forward error

correction (FEC) as 2 manner of controlling errors in transmitted data. FEC information is

transmitted with data and can be used by the receiver to check and correct the data. G.709

 describes Reed-Solomon coder/decoder techniques for determining and mapping FEC

information into designated locations within an OTN frame as well as techniques for

processing and de-mapping FEC information.
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Description of the Drawi ngs [0004] The subject matter MAR 2007
MR Nosesks@s the invention is particularly point )

and distinctly clainmed in the concluding port inégrng#Bwoz%&

the specification. The invention, however, both as to

organi zati on and net hod of operation nay best be

BridED edceipdion\ofthé DigRi@st 0 5 the fol |l owi ng detail ed
description wnen read wth the acconpanyi ng draw ngs

i) ich: _[0005] FIG 1A depicts an inplenmentation of
lJQHQ“ﬁ\Qns mi t TR Subiest @ﬁﬁtwagar@%fﬁsa%mvms periicylasly poinded out and

(Egr(_esent i nvention; [0006] FIG 1B depicts an
istpctrelaimed brihe tomcludingpertion s e epedifiedtionaTheS@vention, however,
enbodi nents of the present invention; 10 [0007] FIGs. :

tbth o Degdeitioh ahd af¥iH VT _o}zﬁé‘aﬁbﬂ?m{r BEWeSinldErstood by reference to

accordance with an enbodi ment o he present

AR By SR B BOSFHElpd Bvings n e

i nvention; [0009] FIGs. 4A and 4B depict exanple frane
[8R05kani ngFIGahd depicfsGlifipldatebiation &€ pitehsmiter eyEuad ik bin use
of a decoder, in accordance with an enbodi nent of the

cpibediettits sT\BEpicoent il3QAd); Note that use of the same
reference nunbers in different figures indicates the

qs_oﬁée or | ggﬁ el enents. Detailed Description 20 [0012]
[ 1A dEHF B depicts ap implsmentation 0Ha regeiviensystein fhat can use

si/)st.em 10 that can use :
embodiments of the present invention;

f00073 F1Gs. 2A to 2E depict frames of varying formats in accordance with an

embodiment of the present invention;

[0008] FIG. 3 depicts an encoder, in accordance with an embodiment of the
present invention;

[0009] FIGs. 4A and 4B depict example frame streamings; and

[0010] FIG. 5 depicts an embodiment of a decoder, in accordance with an

embodiment of the present invention.

[0011] Note that use of the same reference numbers in different figures indicates

- the same or like elements.

20

Detailed Description

[0012] FIG. 1A depicts an implementation of a transmitter system 10 that can use
embodiments of the present invention. System 10 may include a network 11, client signal

processor 12, wrapper system 13, output system 14, and bus 15.
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enbodi nents of the joresent i nvention. System 10 mayms "
i nclude a network 11, client signal processor 12, MAR 2007

stem 13, output system 14, and bus 15, ;
WS 0 2005/ 036807 PCTI US2004/ 027681 [%Sfé*]sg"“*’“”“l
Network 11 may provide intercomuni cation between : :
HJrocessor 12 and other devices such as a packet
pPiddessor Networldébimey prvideaintbrommusieationbetwibam rotessdr 12 and
depicted). Network 11 may conply with one or nore of

dihe deolickomichgs atpasidapaessdeihot Rdably, atl/bacoReH bk tﬁot
Interface (XAUl) (described in | EEE 802. 3, |EEE

RS AL B g o O O o S U SR A e Ten
Gt AFpdRR UEiteRebd CRAD R BB T AR A, cbEp 892 306, and

st andards) ., Peripheral Conponent |nterconnect (PCl),
relatpdistandaids), ﬁwg Beriphgral Ints{agedSPR), {6 daiversplesstipl s (USB), IEEE
mul ti -source agreenent (MSA) protocol.. Bus 15 may

1gPé\Gigebit Mediackndepeniderd tlnterfade{GddH (ddscribed is IGRRI802.3, IEEE
processor 12, and/or wapper 10 system 13, and/or

8023peitand Yelbedsthftidats), Périjterd €ongREeMURRI@%ndR (PCY), ten bit
device (not depicted), or mcroprocessor (not

e & @) aﬁ%ﬂ%ﬁ%o? Cgfgzlr Iﬁéﬁﬁ_@}{%@%{%ﬁ Qﬁslé&? protocol.. Bus 15

access contr ol

l.g wi.th Eth t d i bed f le j _
s et G B R S i S gPlsonr 12y Sncli vwigpper
Sg%taéﬁgsrformfram n% and wrapping.in conpliance 15 for

A QrpupREsystem o gnd aier deviecs syl e memery device (not
correction (FEC) encoding in conpliance for exanple

depieted), punticrop@pessomMpapdapicted)st em 13 nay use some )
enbodi nents of the present invention. Qutput system 14

[dd%y) " enmov 9r<;cie§sto§ 2 Ha? 'Fe?iioglq zflll.es'clia access control (MAC) encoding in
compliance for example with Ethemnet (as described for example in IEEE 802.3 and
related standards). Wrapper system 13 may perform framing and wrapping in compliance
for exaniple with ITU-T G.709; and/or forward error correction (FEC) encoding in
compliance for example with ITU-T G.975. Wrapper system 13 may use some
embodiments of the present invention. Qutput system 14 may remove jitter from signals
provided by wrapper system 13 and prepare signals for transmission to a neﬁwvork 16,

which may be optical or electrical format. For example, network 16 may comply with
OTN.
[0015] In one implementation, components of transmitter system 10 may be

implemented among the same integrated circuit. In another implementation, components

of transmitter system 10 may be implemented among several integrated circuits that

. intercommunicate using, for example, a bus or conductive leads of a printed circuit board. .

3




provi ded by w apper system 13 and prepare signals for _
transmission to a network 16, which may be optical e MAR 2007

N sdoklsal; format. For exanple, network 16 may (
wth 20 OIN. [0015] In one inplenmentation, conm%gm”“]

of transmtter system 10 nmay be inplenented anong the
sane integrated circuit. In another inplenentation,
[eWponent $1Got B Wdepints ai impleneytatiomol 6 reveivebeystem 20 that can use
i mpl ement ed anong several integrated circuits that

ehiboIrBARSHIThE BfcBerd ShvRbtior. OSysera D nfy iﬁ’cl’@@@arpfn?ut ?stcm 22, de-
conductive |leads of a printed circuirt board. /3 MAR

s B L s
S AR B S ol B e R st

23, client signal processor 24, network 26, and bus '
system [2Qp dior expsilenipput sysigm 23 qeanconyets py galical pigapldo electrical
network 21 and prepare the signal for processing by

forewt and/or Srwys fidtar 26m akignabkamphe netwogut Deywatppar 22stemy23 may
convert an optical signal to electrical format and/or

DPEIEGRY Bptidal irspbft @8RS (OTRY dé-Hemikdend & Wedpping in compliance for
De- wr apper system 23 may performoptical transport
r
I

s A O
.ect i F j [ i f I :
STRBH s B RLERGAS 8. oSO DSy SO
enbodi nents of the present invention. Processor. 24 may
eyppqigieRisf dreprascab yertm: dupcessaurd)may st Es Regdip geoess control

conpliance for exanple with Ethernet. [0017] Network
(Ma.Grapyogesuing thecomplienediomendingze woik Bsbeémeten processor 24

and- ot her devices such as a packet processor (not
[Og?ﬂi cted) Nelg\lvosrw,'l% %]ayfpa}gxgiidg in(tgr%(t)nnql%%}c%&gg %etween processor 24 and
other devices such as a packet processor (not depiéted), a switch fabric (not depicted),
and/or an optical network (not depicted). Network 26 may utilize similar communications
techniques as those of network 11. Bus 27 may provide intercommunication between

input system 22 and/or de-wrapper 23 and/or processor 24 and other devices such as a

memory device (not depicted) or microprocessor (not depicted).

[0018] In one implementation, components of receiver system 20 may be

- implemented among the same integrated circuit. In another implementation, components

5
-
)
10
15
)
20

~of receiver system 20 may be implemented among several integrated circuits that

intercommunicate using, for example, a bus or conductive leads of a printed circuit board.

{0019] FIGs. 2A to 2E depict frames of respective formats 400, 500, 501, 502, and
_401 . Frame format 400 may comply with the G.709 OTU2 frame format, although other

- formats may be used. Frame format 400 may include management overhead, client data,

4
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and/or an optical network (not depicted). Network 26
may utilize simlar comunications 15 techniques as =8 MAR 2007

W6 Phgpet work 11. Bus 27 may provide ‘
I nt er?:omTunl cation between input system 22 ang/(:g,r'uszoo_4/027(81

de-w apper 23 and/or processor 24 and ot her devices -

such as a nenory device (not depicted) or

anil erropsancetemportions. Kremicfome) 40¢ 0@y 8hve fixeshlength and a fixed

i mpl ement ati on, conponents of receiver system 20 may
nfhbel FMLREEN 65k SERME, tiveclRandata portign atagdndudedits in dovordance
anot her i npl ement ati on, conponents 20 of receiver _

1::@9/0?@ RhgeENt ed anong several integrated
CI rcw ts t I ntercommuni cate using, for exanple, a

bus or conductive |eads of a printed circuit board.
[0020]19] Fl Gsam@Armat X0 mey irctude adirstpodtion thepiwchidesa mixture of
formats 400, 500, 501, 502, and 401. Frane format 400

cliBt daIBlovh Mhihé fdrhft H0)08. 709 dRedhe s fdrafatioh (framt feangformat
other formats may be used. Franme format 400 nmay

B eI AAE Rl N BBy 5 ion ™ Rl pod e porton

PR TR B B iaiho5e B B By maion
the client data, ortlon i ncl ude data |n a8 ordance
TGYthe didgengingerpVi mfhnsthgrﬁyi%trmsﬁoq duzios fenmgte §

500 may include a first portion that includes a
configumabde if the Solloiving pardateters: finmiver ofzeknins; rambea0ofrows, the angle
G 709 overhead i nformation (fromframe format 400),

and thidkRser ofele shaas phety iaMrmatorppiolidgd withtd thetfirerpaation, and size
wel|l as a second portion reserved for row parity

of vaPééTﬁ%r hﬁ@m&f&% r’ﬁl% Ya%%t@r@ ﬁﬁ? HeQEt t6 PhadHBirPRE b%ﬁ(:entage of bits

I nfo I on i agonal | y"provided wthin'the

re-rsfﬁrvga gg,o glﬂllto%’tahg{oa nfrgﬁ@ tf“&ﬁat 5@@) n%l%yG 9?9 Eédgﬁj& r?,gon (from

of rows,
frame format 4%)55 among fe ame format 400 as the same percentage as that in frame format

500.

[0021] In one implemeﬁtation, depicted in FIG. 4A, frames of format 500 might
stream in a concatenation style as continuous series of separate frames. In this
concatenation style, there might be no time gap between two successive frames of format
500. Format 500 may also be processed using an interleaving style such as one described
i U.S. Patent Application No. 10/113,190, filed April 1, 2002, inventors Poppinga and
Kauschke. As depicted in FIG. 4B, the interleaving style may include streaming frames of
format 500 as a continuous series of separate frames except column parity infonnat_ion ofa
single frame of format 500 is spread over multiple frames of format 500. Herein,
references to “format 500” or “frame format 500 may refer to streaming in either the -

concatenation or interleaving styles.
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10 and thickness of the columm parity information
provided within the first portion, and size of row =8 MAR 2007

j kEormati on. The paranmeters nmay be set ‘
%ﬂg%%shﬁ?he percentage of bits reserved for %ﬁlrléjﬁ%ommzmm
data (fromfrane format 400) and G 709 overhead

information (from franme format 400) anong frane

[§032Jrat  400Taase fonmasHienpebecesitagestasturhas finmeffoana 500 but with
format 500. 15 [0021] In one inplenentation, depicted
colminl garityfyforhiatloR snseifted rth@tes&Yed §5286 For colun@@padity ifformation. -
concatenation style as conti nuous series of separate '

FH iR RS mat 502“@%3%6 SRfak SRRhLe1s fhibk _m'ntlan 80f bﬂl?ﬂh 0§ parity

no time gap between two successSive frames .o or mat

.500. For.mat 500, may al S0 be processed. ysi ng. an . .
it B oGS By P evetien Sh e SHaREY gty Similar to format
Pat ent Application No. 10/113,190, filed April 1, :

S99 dormats, H2paphitirgm Beenoreneiios OF kierlony nggyiss.e d

in FIG 4B, the interleaving style may incl ude
: o : . .
e par ot B an 40t Bl okt @ i QDU SroBfid Rt tat
ingle.f .of f t. 500 i d_.ov. l.tipl ‘
th8 s €Shgripp Pivionspy melile Fotumn g K pady ipfprinatipngnd

500" or "frame format 500" may refer to streaming in

S}é}cgwerzatlﬂ%lnf@m@@ape ek eHmds: cPvmsyand oW Rerisy ifamanatign may be
MAR 2007 WD 2005/ 036807 PCT/ US2004/ 027681 [ 0022]

stpredrie a Sunitrords0 as thay stbredan giframeant fetmal S0 Syachroniaation
format 500 but with colum parity information

infBReELE ehayindibe IRaR64T cBRAGLarkdGb Wik hfg@ddtion within frame
information. Frame format 502 nay be a simlar

foR b U S mafrohiz866h iR o By B ktohd Bith@W RBAfNEd location
ﬁ or

| n1‘pr rTHtI on |1 ns_erte I n_ the réserve space row
S R R N

i nter]eavi styl es. . '
synghron%zat?on Q%onna%/ion could be defined in each frame of format 401, but could also

appear in every N frames of format 401, where N is an integer greater than one.

Alternatively, the synchronization information may be partitioned in a way that every
frame one fraction of the synchronization information will be transmitted so that it may
take an integer N number of frames of format 401 (where N is greater than one) to
transmit the entire synchronization information of a single frame of format 401.
Management overhead and client data may be mapped into locations in frame 401 that are

similar to those locations in frame 400.

[0024] FIG. 3 depicts an embodiment of the present invention in an encoder 600,

~in accordance with an embodiment of the present invention. One implementation of

éncoder_GOO may include synchronizer 602, first mapper 604, column encoder 606, row
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[0023] Frame format 401 may be simlar to frame format
400 except at least that the error correction portiof MAR 2007

wey20bdasskgide colum and row parity information @'E‘%’US 004/027681
synchroni zation infornmation. For exanple, colum an

row parity information may be stored in a simlar

or der tgat storedlnaframe of format 502,
e@%@ﬁﬁ@?ﬂﬁﬂ seeomd rornpat S0t afeangedy meda te rmes baving Hwmats 400,
of columm and row parity information within frane _
08y ¥Ht, S82.2nd 30 hdbpioteid Zataspestive FiGar@Ai tor2Bray be st ored
wWthin a predeflned | ocation wthin the error

I ectio of fra t- 401. In
(G0} o gl 0 s Rem b afd phacPoRmeton of pardwired
defined in each frarre of format 401, but could also
logip,seftviare goied Py R memgry lewice piad erneeuiad by agpisraprogessorafirmware,
i nteger greater than one. 15 Alternatively, the
ag ypplmation zpecifenintagtaedetauit{ ASEY), bed/pos field ppogdminmbie gate array
way that every franme one fraction of the
(BBGahroni zation information will be transmtted so
that it nmay take an integer N nunber of franes of
format 401 (where N is greater than one) to transmt
[%e) ent i r evRSeHFEHOZaRaYTFRokAchitoenidonse calusimagidrow parity
frame of format 401. Managenent overhead and client
infermzatienyvithén adpaprecbfifoteat 156¢.a8ymehsonizer 602 may40dvité die bit locations
are 20 simlar to those |locations in franme 400.

of &2t afdl fow BarigihiBatesh © FOREINERbIGT60ENRWERDEE 608, and

i nvention in an encoder 600 in accordance with an

scRBROHapB610! o &H‘Qﬁlgé’%(?k %’OSS&E Egﬂblhﬁ(a]?aélon information within a

. i npl enent ati on” of

200 036807, PCT/ US2004/ 027681 encoder 608 and second
B)@ et cplurg} AKlTew narifpméormation Bt g Eome@t ffmrwafieﬂ

fré%xg %Pfo?ﬂiaé%l 6% syfn'clgrgfnzertrt?cpnp nfon%géén 1%1%' o eng%mmg and

400
[0027] First mapper 604 may convert a frame from format 400 to format 500.

First mapper 604 may reserve space for column parity information as well as space for

row parity information. In the locations inside format 500 depicted as “client data & OH”,

first mapper 604 may insert client data and management overhead. First mapper 604 may -

initialize the bits reserved for column and row parity information to zeros, In one

‘implementation, encoder 600 may vary parameters of a frame of format 500 based on the

desired level of FEC protection.

[0028] Column encoder 606 may insert column parity information into space

reserved for column parity information in a frame of format 500. Row encoder 608 may

insert row parity information into space reserved for row parity information in a frame of

- format 500. For example, Bose, Chaudhuri and Hocquenghem (BCH) or Reed Solomon °

(RS) encoding techniques may be used to determine column and row parity information

7
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500, 501, 502, and 401 depicted in respective FIGs.
to 2E. [0025] Encoder 600 may be inplenmented as any or6 MAR 2007

on of. hardwired [logic, software Stﬁﬁlﬁjssz-lmz?ﬁsl
qure%ﬁ‘g}ro{'/@g{ew ce and executed by a m croprocessor,
firmvare, 5 an application specific integrated

' [ d a.fie ror nrabl e gate array
ety Fopig ot Sl chflonfuen Sisalrgnd Fat Rasiyapmation tnay be
| ocations of colum and row parity information within
based aprasessing dient &0 . Clgwlatinronicobmubaa! reay paitpifdemation may
the bit locations of columm and row parity

alsd be bastd on pheneerustoh ap 6 edheadoQbics bAMSRERERE 0588me format 502
and 10 second napper 610. Synchronizer 602 may store

tﬁ%ﬂﬁ&l{if_@@ 'bﬁ@ﬁl‘e%t 1imbeed {58 nBRbY $f¥ofinths, hhATE Frobl tH?%%gle and

he 'synchroni zati6n i nformation fay represent

R A R

Fl rst mapper 604 may convert a frarre fromforrrat 400

[0@29) or mat SedBnd mapies 610RRAPLONRDY fBMe TR ftf1af PEER fhfat 401.
colum parity information as well as space for 15 row.

Raénd Map dﬁég @n U?ﬁafy tgg tcﬁé}g(d%}'%ﬁﬁ H%ﬂﬁgén‘i‘éﬁ ggelfhgécgﬁxtton,gggﬂons

deplcte cllen

mana ove head

hBAShE Bt B Py ??glrﬁﬁ%%hoge PEiey a{dmd‘may map

nd row parity in ornatlon to zeros. In one
op ikt %P‘gtl?%‘ﬁy E@%@é@m aswoll angynghiopizstipa dperatiopfiny the error
frane of format 500 based on the desired |evel of FEC
coreptivaoion ofp fronoe] fodoaiitd. dntadeof GOMmad§] nag & transmitted to
colum parity information into space reserved for
a ootvenrk sy dstan dphitad mestdrkor lectiicdlmRo®f for mat 500.

Row encoder 608 may insert row parity information
information in a

| d f arit i
P07 Bt BOGRey D e B ppas i praiemiion i dhat -
Hocquen hem (BCH) or Reed Sol onobn (RS) encoding
SR€ ke iy 839%09%&3(19@11%@&&% we 9 eetodien@d(; signals cantie remsmitted over

parity informtion
systems that introduce higher bit errors. Encoder 600 may provide stronger FEC

protection than that specified in G.709 without changing a line rate of management

overhead and client data or the transmitted frame structure.

- [0031] FIG. 5 depicts an embodiment of the present invention in decoder 700, in

accordance with an embodiment of the present invention. One implementation of decoder
700 may include synchronization information extractor 702, third mapper 704, column and
row decoder stages 706, and fourth mapper 708. Reference is made to frames having

formats 400, 500, 501, 502, and 401 depicted in respective FIGs. 2A to 2E. For example,

decoder 700 may process a frame of format 401 transmitted through a network and from a

transmitter using an encoder similar to encoder 600.
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7 6 MAR 2007 WO 2005/ 036807 PCT/ US2004/ 027681 stored

in frame format 500. Calculation of colum and row ‘=g MAR 2007

ri i nformati on may be based on processing :
‘& tigb%gg%ul ation of colum and row parity inf 8&%&?@3’02%81
may al so be based on paraneters such as overhead : -
val ues and paraneters of frame format 502 that
[943¢] ude, Heacodere/ ORanay bentimpdeinended a8 any b @ combingtipn whdardwired
nunber of rows, the angle and 5 thickness of the ,
legit,Wofitwasy dtbned bpfagnémérdy@vicanad steceie@bynanicpdirodessor, firmware,
i nformati on. [0029] Second nmapper 610 may convert a

r +| . 1
R e TRle e SR QAR dRbor o FERARCERRRRIC goto array
(g?Q | ocations inside the frame of format 401 that

imlar to those of format 400 and may map col umm

and row parity informati on as well as synchronization

[003BPr mat | @yntibeizkde iQfdr@ktiddeaRicioe U2 atyRRthtteImrodization
frame of format 401. A franme of format 401 may be

RSN 8 B B U LA AR A AE AR 102
oSS AR ARReb P RS il s

can be transmtted over systens that introduce higher
[do3Y] er r or ThirEmepger 7@GQayRohvert@\iie: Sémhdogedt 46ECo fdrmat 502. For
protection than that specified in G 709 w t hout

e A6 thfd fndpbBE704ahsy Rhd FRNBAFEM I ro@)’ﬁrﬁf ﬁﬂ‘oﬁﬁ'ﬁiocl)l c;;%zit]is étored

cli'ent data or thetransmttedf'rames ructure. [
_ . . | £ ti
et BRSPS E M g 47 BT R bR sfber 704

the present invention. One inplenentation of decoder
g el s ORI NI IO T GAR i 1SR HRRS 1B A f@mer%\fgfpapat 502

. 702, third mapper 704, columm and 20 row decoder
@tc@ydsbwtb@:smﬁmnﬁmpnmfm@n 708. Reference is made

to frames having '
[0035] Column and row decoder stages 706 may decode column and row bit

information stored in a frame of format 502. For example in one implementation, column

and row decoder stages 706 may utilize BCH or RS techniques to process the column and

. row bit information and determine whether such processed column and row bit information

are correct. Based on the processed column and row bit information, column and row
decoder stages 706 may perform error detection and/or correction of management
overhead, client data and parity information. Column and row decoder stages 706 may also
calculate error statistics in the frames of format 500. For example, error statistics may

relate to the percentage of the bandwidth utilized by a frame of format 500. For example,

error statistics may relate to management overhead and client data.

: [0036] In one implementation, column and row decoder stages 706 may perform

iterative decoding by alternating processing of rows and columns and performing at least

9




10

formats 400, 500, 501, 502, and 401 depicted in -6 MAR 2007

respective FIG. 2A to 2E. For exanple, decoder 700 .
a frame of format 401 transmtted

ﬂ%“?a’o@%@’s’znd froma transmtter using an enco%ferﬂj‘égl?"mz-"681

simlar to encoder 600 8 6 MAR 7f1f7 WD 2005/ 036807

PCT/ US2004/ 027681 [ 0032] Decoder 700 may be

twepowms aelangroenssingt:. Kor exavaplgatalenn and ravadeppideictiages 706 may

| ogic, software stored by a nmenory device and executed

attymaterpromsssmg oésib tows dfiarfranes ef format 58PPIl edtmonof a frame of format

~specific integrated circuit (ASIC), and/or a field

509 O PEPRR) 8] ARk A% of E5REN502 Br pRRSRIng of all columns, all rows,

Syhchroni zat1on information extractor 702 may extract

LRGN, o AR 0 e Sy s o6

provi de the | ocatjons of colum row parity

PRY{PISR ﬂt&mﬁ@ssmg @ the Kllovins Perist 3{5‘@2,_5 0@%@@% ofigrmpgf 502, all
mapper 704 may convert a frame fromformat 401 to
colormmetof 8 Gmerafifornant $6p] (egain)ilt vwsp(agein) 7id dolaws, adagain) all
the columm and row parity information that is stored

rols. i In ol impledientdioh slimmambraw dstodér stagks d0@mal peabrmt

401. For exanple, third mapper 704 nay store the

I a
b Ol L e Rl L o
i nformati on.Rﬂ[IOOBS] Col utm and row decoder stages 706
[088Y] decod&oush manperV8 moy donvert i fiimefeam dnmwt 592 tb fommat 400 or
frame of format 502. For exanple in one
format 40k NFa@lribtonappes 708may kfapahelclicatvdste and afansgenges ovébead into
may utilize BCH or RS techniques to process the colum

1t§8ﬁg1§1@1"¥0@éﬂonb sRleBE trie BN EhrARAL S607D) IMIRLAR MmaPe708 may use
processed colum and row bit information are cCorrect.

te?%rﬁﬁ n%s an(}glﬁto Qﬁ(%% %%SSC?I%C&: %H’}Qsp%&% sgcvgnﬁ ntlappglf 8 fd%téo%ert a

frame of format 502 to format 401,

10




decoder stages 706 may performerror detection and/or
correction of managenent overhead, client data and = -6 MAR 2007
ormation. Colum and row decoder stae§§
vﬂ?ﬁdog%ézédgﬁéo calculate error statistics in the udBsvozrost
of format 500. For exanple, error statistics my
relate to the percentage of the bandwi dth utilized by
MAgikE ;of format 500. For exanple, error statistics:
te to nanagenent overhead and client data.
[0036] In one inplenmentation, colum and row decoder
[08%8hges 7OBhendrywinmes find he fotgeimatdeserinion gavmexanples of the present
alternating processing of rows and col utms and

inRekbA! ThdWeopé of BRphese invehtiiRcRIEr, W 2EDmEABARATed by these
- PCT/ US2004/ 027681 two row or col um processi ngs. For

sp?fiﬁgghﬁnpel‘éé? | \iReARY vﬁr‘g%’ﬁogﬁ PR er 8% ﬁgﬁﬁ){ gen 'i&?bhe speclﬁcatlon or

t er nat processi ng rows o rame of fornmat

ol ums ane of n

nof e iy SiErenpeRD Gpetirs PR sp. pfFRior agiis) W€ possie. The
processing of all_ columms, all agaj n) al

sceps fihe InVERHQINE 3 Ipatambrradas given n g |tfaﬂrr¥??1§ﬁ@§ %WI%% coder
stages 706 may 5 performbit processing in the-
following manner: all rows of a frane of fornmat 502,
all  colums of a franme of format 502, (again) al
rows, (again) all columms, and (again) all rows. In
one inplenmentation, colum and row decoder stages 706
may perform concatenated decodi ng by bit processing
all rows and all colums once each. [0037] Fourth
mapper 708 may convert a frame fromformat 502 to
format 400 or 10 format 401. Fourth napper 708 nay
map the client data and managenent overhead into its
original locations inside the frame of format 400 or
401. Fourth nmapper 708 nay use techniques simlar to
those described with respect to second napper 610 to
convert a frame of format 502 to format 401

11
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101 6 MAR 2007 WO 200/ 036807 PCT/ US2004/ 027681

Modi fications [0038] The draw ngs and the forgoi ng g MAR 2007

desmosics@n gave exanpl es of the present invempldAik004/027681
The scope of the present invention, however, is by no

nmeans limted by these specific exanples. Numerous
vari ations, whether explicitly given in the
Gpeivi$i cation or 5 not, such as differences in
structure, dinension, and use of material, are

)0ssi bl e. The scope of the invention is at |east as

asclawmed ien by the following claims. ii 6 MAR 2007

WO 2005/ 036807 PCT/ US2004/ 027681 CLAI M5 What i s
clainmed is4 conprising: receiving a first
11’ram=,\, mzﬁ}g%%hotéﬁgﬁ#ﬁg%fg'frane i ncl udes an overhead 5
portion and data portion; converting the first frame
into a second frecemeng affiestdrame, vhesarile dirstffraamesincludes an overhead
conprises a progranmbl e size and wherein the second
frame | n@budmsana@awp@rm}q row parity information and
the overhead portion and the data portion; 10

speci fying | ocations of colum and row rit .
i ﬁf or m);t i gn wi CPyerting the first frame mto a secoxlcl)gl fram)é, wherein the second

frame comprises a programmable size and wherein the second frame
includes column and row parity information and the overhead portion and
the data poi'tion;

specifying locations of columm and row parity information within
the second frame, wherein a synchronization information represents the

column and row parity information locations; and

converting the second frame into a third frame, wherein the third
frame includes the overhead portion, the data portion, the column and row

parity information, and the synchronization information.

2. The method of Claim 1, wherein a percentage of the overhead portion and

the data portion within the second frame is equal to the percentage of the overhead portion

and the data portion within the first frame.

3. The method of Claim 1, wherein the _s'econd‘frame comprises a

- configurable length and width.

12




the second frane, wherein a synchronization

i nformation represents the colum and row parity “"8 MAR 2007
i nformation | ocations; and converting the second f

VRSV o frame, wherein the third frame |H€FG§@%"4’027"’31

t he overhead portion, the data portion, the, colum

and row 15 parity inforrmtion and the

4synchr oni Zat inthdddiaClami 1 owherdin théeolidined ro# pelil #Mi¥ckmation
wherei n a percentage of the over head portion and the

' is equal to the
lggflgiesﬁ?g%%q%?yﬁch}eﬁgﬁgﬁreﬁe ortl%bqﬁgeand the data
portion within the first frame. 20 3. The net hod of
Claim1, wherein the second frame conprises a
configurable |l ength and wdth. 12 6 MAR 2007 WO

# 2005/ 0368 4] 0 76 et h d.of O ai.m
1. wher ei Eﬁlf’ q{&o;g%gﬂ %W’Bip? ?V‘V“ ﬁ%f Ifs frame into the
Iocat| ons within the second franme are programuable. 5.
5 sepead BRRSS@IHNISES: ai m 1, wherein the converting the
first frane into the 5 second frame conpri ses:
reserving, fﬁ’mn
second fraér?e [ nég%ﬁgéﬁ%éb%g Eéhﬁﬁg%\ém% g%/v&gg%% ¢ and
information within the reserved |ocations. 10 6. The
met hod of inGkdingtlis colimen @hd ravh pamityrivfermation witbinfthe sdserved
:r:-) frame into the second frane conprises performnm ng
Boseloc&i@igdhuri and Hocquenghem encoding to

S

10 6. The method of Claim 1, wherein the converting the first frame into the
second frame comprises performing Bose, Chaudhuri and Hocquenghem encoding to

%

provide the column and row parity information.

7. The method of Claim 1, wherein the converting the first frame into the

15 second frame comprises performing Reed Solomon encoding to provide the column and

R

row parity informatiox.

8. The method of Claim 1, wherein the third frame comprises an error
correction portion and further comprising storing the synchronization infor_matioﬁ within

20  the error correction portion.

13
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provide the colum and row parity information. 7. The MAR 7007
r@br}g&mg{;sog aiml, wherein the converting the fir ‘ b
franme into the 15 second frane conprises perf drém/Hep004/027631
Reed Sol onon encoding to provide the colum and row

parity information. 8. The nethod of Caim1, wherein

he third flhemsthodmsiGlaios 1 .amhezein dic thd fineetis the spoietsians that of
and further conprising storing the synchronization

ithef frstfidmen within 20 the error correction portion.

13 MAP 2007 WD 2005/036807 PCT/ US2004/ 027681 9. The

met hod of daim1l, wherein the third frane is the same

size as that of the first frame. 10. The nethod of

- Claim1l, wherein the programmabl e size is based on ¢

90| evel of Tﬁ@ﬁl\@@l%@ 0? ge?{? £ RS 1R :ﬂ:ﬁ%%rg&'aﬂgﬂzkés bastd on g

nmet hod of Clalm er conpris SPEcCI

' t he synchronization information within
{eﬁ%?ﬁ&%rﬁ’%%%@nf Offnc?ﬁ’@gnet hod of Claim 1, wherein

a concatenation style of the second franme is either
streamor block oriented. 13. A nethod conpri sing:
receiving a first frame, wherein the first frame

ncl udes o%%ghcﬁad 15 portion, data portion, and a
islynchr oni z o ollaim 1o firthebenmprisinggspeeiéying lasations of the
frame into a second frame, wherein the second frame
sypehpenisationdnforoapicimwithinghes third feansk. i ncl udes col um and

row parity information

12. The method of Claim 1, wherein a concatenation style of the second frame

is either stream or block oriented.

13, A method comprising:

receiving a first frame, wherein the first frame includes an overhead

portion, data portion, and a synchronization information;

converting the first frame into a second frame, wherein the second frame
comprises a programmable size and includes column and row parity information

and further includes the overhead portion and the data portion;
performing forward error correction on the second frame; and

conve;'ting the second frame into a third frame, wherein the third frame

includes the overhead portion and the data portion..

14
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and further incl udes Wt'he' 6v'er"h-é'é-1'd' portlon and thedata

portion; perfornming forward error correction on the=6 MAR 2007 _
frame; and 20 converting the second frane into .

‘ggtczﬁ%?l)a‘s%?a , wherein the third frame incl udBSTURa04/027681

over head portion and the data portion. 14 NMAR 2007 WO

2005/ 036807 PCT/ US2004/ 027681 14. The nethod of Caim

14.3, wher eTie B0 @A TR 139 whbir theSbnerdmibie Firgt fiduge into the
second frame further conprises: determ ning |ocations
-parity information within the
Segé%(g%%ﬂ??%rﬂ%ggg@ﬁfég%h the synchroni zati on i nformati on;
and 5 providing the colum and row parity infornmation
wi t hi n t hédetetatimngilomtiond efcatinomsnd b5y pafite infetrhatbnofithin the
Claim 13, wherein the performng forward error
COr r RBbhdRams6 BHIRI0BeBe HRIChRNPafi6n idfehditiongaddor war d
error correction. 10 16. The nmethod of C aim 13,
wherein the perform ng forward error correction )
conpri sesPipEIdngthe feluBwfadrew pety infrmafien ¥ithyy the determined
correction. 17. The method of Claim 13, wherein the
per flocationg. forward error correction 15 conprises
perform ng Bose, Chaudhuri and Hocquenghem processi ng.
it 18. The nethod of C aim 13, wherein the performng
forward error correction

15. The method of Claim 13, wherein the performing forward error correction

comprises performing iterative forward error correction.

16. The method of Claim 13, wherein the performing forward error correction

comprises performing concatenated forward error correction. .

17. The method of Claim 13, wherein the performing forward error correction

comprises performing Bose, Chaudhuri and Hocquenghem processing.

18. The method of Claim 13, wherein the performing forward error correction

comprises performing Reed Solomon processing,

19. The method of Claim 13, wherein the third frame further includes an error _

. ‘correction portion and further comprising storing the synchronization information within

the error correction portion.

13
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conprises perform ng Reed Sol onon processing. 20 19.
The method of Ol aim 13, wherein the third frame ~6 MAR 2007
,acl udes an error correction portion and

?ﬁ{%ﬁgém%gnprising storing the synchroni zati onFCT/US2004/027681
information within the error correction portion. 15 6

MAR 2007 WD 2005/ 036807 PCT/ US2004/ 027681 20. The

2fet hod of Tt avethdd®Pof Gihier £9,nvlidnen dierepror correatttn mmtion inclhades
portion includes colum and row parity infornmation.

c8limnldhd roRipane; Rorfda@ibin 13, wherein the third frame is

the sane size'as that of 5 the first frame. 22. An
apparatus conprising: a first mapper to convert a

first frame into a second frame, wherein the first

frame includes an overhead portion and data portion

nd wher ei ' . .
2g'rograrmab %hgﬁ%gﬁgﬁg%%Lgﬁgﬁﬁm%ggﬁﬁgggﬁ%ﬁ%ﬁg%gsmnesmeasﬁmrof
i ncl udes columm and row parity information and the '
ﬂEV%FH@%HPportion and the data portion; a synchronizer

to specify locations of colum and row parity :
information w thin the second franme, wherein a

synchroni zation information represents the colum and

row parity information |ocations; 15 an encoder to
2%.nsert coRumppaatiscomppsingty i nformation into the

second frame; and a second mapper to convert the

second fr [ t hi [ [ .

frame inC?ﬁgggﬂ@ﬁgﬁg&gﬁﬁ%%%ﬁggﬁ?ygﬁﬁﬁ%ﬁgmggpgm%%P@?%%ptheﬁnﬁ

the gol umm d row . . : '
fteme melides ah overhead portion and data portion and wherein the second frame

comprises a programmable size and wherein the second frame includes columm and

row parity information and the overhead portion and the data portion;

a synchronizer to specify locations of column and row parity information
within the second frame, wherein a synchronization information represents the

column and row parity information locations;

an encoder to insert column and row parity information into the second

frame; and

a second mapper to convert the second frame into a third frame, wherein
 the third frame includes the overhead portion, the data portion, the column and row

parity information, and the synchronization information.

| 23. The apparatus of Claim 22, wherein a percentage of the overhead poriion
- and the data portion within the second frame is equal to the percentage of the overhead

~ portion and the data portion within the first frame.

16
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arity information, and the synchroni zati on
D y =5 MAR 2007

Wwbs 20 23. The apparatus of Caim 22, V\herearw :
a gep@% age of the overhead portion and the dBtHUS2004/027681

portion within the second frame is equal to the

ercentage of the overhead portion and the data
g‘br tion wi The appatatusfofiGeing 22 rweherdin the setond fhiR AROFrsCHD

2005/ 036807 PCT/ US2004/ 027681 24. The apparatus of

EIndligttabR leniB 6ad Widthe second frame conprises a
configurable I ength and width. 25. The apparatus of

Claim 22, wherein the colum and row parity
information 5 locations within the second frane are
programmabl e. 26. The apparatus of C ai m 22, wherein

e first f: .
1is"‘;gcond frane ?%aggﬁgr%?%?{n% B@greu& ur| Wﬁarﬁpﬁ]formauon
n encodi to det erm the col urm and row

IpEFS W%ﬂwgtbﬁﬁ%qoa 6 359 DIOBREERIE at us of Ol ai m 22,
wherein the first mapper. to convert the first frame

into the second frane is to perform Reed Sol onon

encoding to determne the colum and row parity
i_nformation. 15 28. The apparatus of Caim 22, wherein

Zhe t hi r d The anparaloppf Cladm 2 wheted the Sest msppérda opuvart e first
to store the synchronization information. 29. The - _
fapsdntatibs sawbndhrammi©®, perfoemdase,t Clentiir ahd Hocqmehghenh encodmg to
same size as that '
determine the column and row parity information.

217. ' The apparatus of Claim 22, wherein the first mapper to convert the first
frame into the second frame is to perform Reed Solomon encoding to dcte’nni'ne the

column and row parity information.

28. 'I‘hé appatatus of Claim 22, wherein the third frame comprisés an error

correction portion to store the synchronization information.

29, The apparatus of Claim 22, wherein the third frame is the same size as that . -

of the first frame.

- 30. The apparatus of Claim 22, wherein the programmable size is based on- q

level of forward error correction encoding,

17
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of the first frarre20 30 '.I.'-H“émapaar at us Vo'f' Clrai m22
" wherein the progranmabl e size is based on Q |evel off MAR 2007

f%rvvaqrd error correction encoding. 17 ----------
WO 2005/036807 6 MAR 2907 WD 2005/ 036807 PCT/US2004/027681

PCT/ US2004/ 027681 31. The apparatus of Caim 22,
wherein the second mapper is to specify |[|ocations of
the synchroni zation information within the third
franme. 5 32. The apparatus of C aim 22, wherein a
concatenation style of the second frame is either )
34t r eam or HhespRraraius ehtiam 233whanginthp speenddnangenisite sprgity
a synchroni zer to determ ne | ocations of colum and
locatiomentithy synchommwativn mfotiativntwittin thefthirdfrafmeane; a
first mapper to convert the first frame into a second
frame, wherein the first frame includes an overhead
portion, data portion, and a synchroni zation

i nformati on and wherein the second franme conprises a

5 3progr ammelihe append BECIAMNCRUNRSeR0d suHRaRAJTOM IR tHeysecond
information and further includes the overhead - 15

ﬁ?ﬂ{etiéE’ighe?@g‘eérﬂﬁrgﬂﬁﬁoﬁg{t&ji.on; a decoder to perform
or war

error correction on the second frame; and a
second mapper to convert the second frane into a third
frame, wherein the third frame includes the overhead
portion and the data portion.

33. An apparatus comprising:
a synchronizer to determine locations of colurhn and row parity information
10 within a first frame;

a first mapper to convert the first frame into a second frame, wherein the
first frame includes an overhead portion, data pbrtion, and a synchronization
information and wherein the second frame comprises a programmable size and
includes column and row parity information and further includes the overhead

15 . portion and the data portion;
a decoder to perform forward error correction on the second frame; and

a second mapper to convert the second frame into a third frame, wherein-

the third frame includes the overhead portion and the data portion.

20 34  The apparatus of Claim 33, wherein the first mapper is to store column and

row parity information within the second frame based on the synchronization information.

18




10

15

20

20 34. The apparatus of Caim 33, wherein the first

mapper is to store colum and row parity information § MAR 2007

Wol Bbdledsbe second frame based on the synchroni j Y
information. 18 - 6 MAR 2007 WD 2005/ 036807 Prnioosnzrcst

PCT/ US2004/ 027681 35. The apparatus of C ai m 33,
wherein the decoder to performforward error
3or r ect i ofbegpparaiye of Gtami 3¢ pdieielethe deortder taparfirm forward error |
correction. 36. The apparatus of C aim 33, wherein the
cdeeditbaris toparirhatenativerfoawadd etropcorrdotionr rection is to
perform concatenated forward error correction. 37. The
apparatus of O aim 33, wherein the decoder to perform
forward error correction is to perform Bose,
Chaudhuri and Hocquenghem processing. 10 38. The
3gppar at us Tk afhaahtls SBCIARSBE Wherlefihe GEQHRS tcﬁ(};%rf‘b?ﬁlfﬁ%rd error
forward error " correction is to perform Reed Sol onon

' f i m.33, wherein the
BEEAEAL BhorfBn oG AR AR Hro L fS: - 20t on
portion to store the synchronization information. 15
40. The apparatus of Caim 39, wherein the error 7
correction portion includes colum and row parity -

41. The i m33, wherei

LnformatiqQn. arat us of

e t hir o 1 A SHCRERAG Shorgnbe frindcr tomepREmprgd error
frame. 20 42, A_systemconprising: 19 6 MAR 2007

correction is to perform Bose, Chaudhuri and Hocquenghem processing.

38. The apparatus of Claim 33, wherein the decoder to perform forward error

correction is to perform Reed Solomon processing.

39. The apparatus of Claim 33, wherein the third frame further includes an

error correction portion to store the synchronization information.

40. The apparatus of Claim 39, wherein the error correction portion includes

column and row parity information.

41. The apparatus of Claim 33, wherein the third frame is the same size as that

of the first frame.

42. - A system comprising:

i9
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WD 2005/ 036807 PCTUUS2004/ 027681 a data processor

conpri si ng: 3 ;I rst rmaﬁer to ccﬁnvfert a ;I rst franme_ 5 MAR 2007
t on ranme, erein the first frame i

"’"923‘\’/‘“2‘%%@2@ portion and data portion and V\heré)%ﬁ"[ké% T4i027681

second frane conprises a programmable 5 size and

wherein the second frane includes colum and row

parity i nformatdatrpresedsarkempyisingead portion and the

data portion, a synchronizer to specify l|ocations of

col um and row pari ¥irstindpperRt dodPertvh it Frdnieindes Svdnd frame, -
frame, wherein a synchronizati on i nformati on

represents L he sl ThedR £ RN al SIORIAICORod fhd dato
| ocati ons, an encoder to |nser unn an par
|nforrrat|on|nto thescondfrarre ndasc

mapper to conv&Pfiopad ¥hersinthe s qu%%eﬁem?ﬁl‘?eaapmgrammable
frame, wherein the third frame includes the overhead -
portion, the %3¢ aed whersin the second drams ipelndegeplvpyand row parity
parity i nformati on, and the synchroni zation

i nformati on; aifommtiontaad flaecevetlieag posticenndribe de goximn,

'signals fromthe data processor. 43. The system of

Cl aim42, wherein the terfaels ti bl i th .
XAU . 20 44. The s§/§¥fle¢ﬁ¥ %F%C@?g%ﬁs?%?ﬁco\tﬂi‘@n and row parity
interface is conpatible with EEE 1394. 20

information within the second frame, wherein a synchronization

information represents the column and row parity information

locations,

an encoder to insert column and row parity information iato

the second frame, and

a second mapper to convert the second frame into a third
frame, wherein the third frame includes the overhead portion, the
data portion, the column and row parity information, and the

synchronization information; and

an interface to provide and receive signals from the data processor.

43, : The system of Claim 42, wherein the interface is compatible with XAUL.
44, . The system of Claim 42, wherein the interface is compatible with IEEE

1394,

20
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* WD 2005/ 036807 MAR 2007 45. The system of C aim 42,

interface is conpatible with PCl. 46. Thef MAR 2007

r,el .
;@gtzg%%g%im% aim42, further conprising a switch fabric

coupled to the interface. | 5 47. The systemof Caim

42, further conprising a packet processor coupled to ‘
4he i nt er f Boesystbfh of Wieins Y3 wlmreih 16d mterfad@is coutgatible with PCI,
conprising a bus to exchange signals with 10 the data '
processor. 49. The system of C aim 48, further

conprising a nmenory device coupled to the bus. 50.

The systemof Caim42, wherein the data processor is '
44 perfor i | i i :
el B0z, 3 e e IR P2 TR chfipriye S Aok BIRE bR o the
i@l oProcessor: is to performoptical transport '
network framng in conpliance with ITUT G 709. 20 52.

The system of Cl aim 42, wherein the data processor is

to performforward error correction encoding in

conpliance with ITU T G.975. 53. A system conpri sing:

.21 6 MAR 218%7 V\DZO% 1,036807 PCT/ US2004/ 027681 a data _ .
%r ocessor CEITHTFE; g‘ialal 6 APIRBS A2 Baakst piosessor coupled to

| ocations of colum and row parity
the interface. -

48. The system of Claim 42, further comprising a bus to exc']iangeisignals with
the data processor.

49, The system of Claim 48, further comprising a memory device coupled to
the bus.

50. The system of Claim 42, wherein the data processor is to perform media

access control in compliéﬂce with IEEE 802.3.

51, The system of Claim 42, wherein the data proceséor isto pérfonﬁ oi)tical ,

transport network  framing in compliance with ITU-T G.709.

52. The_systEm of Claim 42, wherein the data processor is to perform forward

53. - A system comprising:
' 21
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information within a first frane, aflrst mapper to 7
convert the first frame into a second frame, 5 wher®ifnMAR 200
WRE20bkbske,f rame includes an overhead portion, 3@]%82004/027681

portion,

and a synchronization information an

vvherel n the second frane conprises a programmabl e
size and includes colum and row parity information

and

f ur t hdataipnadesshe sompasioger head portion and the

data portion, J a decoder to performforward error

correction on hignchesinng 16 d@bRuine lRawdit of corennshd row parity
mapper to convert the second frame into a third frame,

wherein t

dnbitofl iR S ¢lydes the overhead portion

and the dg?% portion; % an interface to provide and
receive signals fromthe data processor. 15 54. The
system of O ai mf58 mapiper i convérethi dirsiffamteiniea second frame,
conpatible with XAU . 55. The system of O aim53,

wher ei n t {@edeltt Be R rdnte BoRBe: dndvertivall Pottidnfdatd $odion, and a
20 56. The system of C aim53, wherein the interface

I s conpat LBl & afof gfonéazﬁn}ﬂg “ﬁﬁéfetn?fﬁe‘%fecéﬂtﬁ’riﬁié domprises a

further conprising a switc

ric coupled to

PCT/ US200BP82 7830 8'gC &

interface. 22 6 MAR 20 01%11&} Biao‘?‘é 05/ 03 gﬁg‘gﬁpé’fétylfl IP}%monand

corrprl Si njﬁ)rth packet rocessor

and

54.

5.

1394.

6,

57.

interface.

couplg?
er mcludes the overhead portion and the data portion,

a decoder to perform forward error correction on the second frame,

a second mapper to convert the second frame into a third frame,
wherein the third frame includes the overhead portion and the data portion;

and
an interface to provide and receive signals from the data processor.

The system of Claim 53, wherein the interface is compatible with XAUI.

The system of Claim 53, wherein the interface is compatible with IEEE

The system of Claim 53, wherein the interface is compatible with PCL.

The system of Claim 53, further comprising a switch fabric coupled to the

- 22
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the interface. 5 59. The systemof Caim53, further
conprising a bus to exchange signals with the data=8 MAR 2007
WhasRaSRy 60. The systemof C aim 59, furtherPC IS2004/027681
conprising a nmenory device coupled to the bus. Idj éf

The system of C aim 53, wherein the data processor is

to performnedia access control in conpliance with

| EEE 802.3. 62. The system of C aim53, wherein the

data processor is to performoptical 15 transport

SR L ARSI A M T e o

performforward error correction processing in

tQ
thegnistipeince with I TUT G 975. 23

59. The system of Claim 53, further comprising a bus to exchange signals with

the data processor.

- 60. The system of Claim 59, further comprising a memory device coupled to
the bus.
61. The system of Claim 53, wherein the data processor is to perform media

access control in compliance with IEEE 802.3.

62. The system of Claim 53, wherein the data processor is to perform optical

transport network de-framing in compliance with ITU-T G.709.

63, The system of Claim 53, wherein the data processor is to pérform forward

error correction processing in compliance with ITU-T G.975.
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