10

15

20

WD 2005/ 036807 PCT/ US2004/ 027681 FORWARD ERRCR

CORRECTI ON MAPPI NG AND DE- MAPPI NG TECHNI QUES Cross
woed0s/08630E t 0 Rel ated Patent Application [ 0001kCTN82004/027681

present application is related to U S. Patent

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

i nvg SN
P12259) Fi el 0002i Tﬁe subj ect rrlg{dtger di SC%@I{;%E\IG
herein generally relate d error 10
correction mappi ng techip%ﬁggﬂigg cription of Related
Art [0003] ITUT G 709/Y.1331 Interfaces for the
CréftRefarents eRplatdd PleteOAppliédildn (Feb. 2001) descri bes
a convention for conversion of signals between the
tical transport 15 network (OT st andar d and
tooeft her SYHRERICsEaBPles3tiPR & e e (RegsgtAppdieation
Synchronous Digital H erarchy (SDH) standards. G 709
Nodt¥t13, bk ﬁﬂ@rxﬁaﬂﬂdl e0p2rinventers Eoppioge {FEQ usabkea(Adtomnagyr Docket
of controlling errors in transmtted data. FEC
Noi Pf225eption is transmtted wth data and can be used
by the receiver to check and correct the data. G 709
descri bes Reed- Sol onon coder/ decoder techni ques for
determ ni ng and mappi ng FEC 20 information into
.designated | ocations within an OIN frane as well as

chni ques for processing and de- mappi ng FEC
information. 1 WD 2005/036807 PCT/ US2004/ 027681

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

correction mapping techniques.

Description of Related Art

[0003] 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 a 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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Brief Description of the Drawi ngs [0004] The subj ect

matter regarded as the invention is particularly
w@eisha@doput and distinctly clainmed in the copcl/usiongo27681

portion of the specification. The invention, however,

both as to organi zati on and nethod of operation may
be understood by reference to 5 the foll ow ng
geDssqriptioncelthe BrawMashen read with the acconpanyi ng

drawi ngs in which: [0005] FIG 1A depicts an

h4{p! emen [ i : ; -
[00b41P TR btgif'feét? aftet fegé‘r%l@l bd Bk ieREGM 006cj1ﬁ%fy dB’ocﬂitgd out and

enbodi nent s e preSent invention; |

. icks_an.ippl enmentation. of ceiver syst em t hat
s (ot it P RERBARE 00 ol BRI Ry PV b, nowever,
0007] FI.Gs, 2A to 2E depict, franmes of varying formats
bot{‘n AS iergrRizHion %dtmetﬁw ofdRseioRay it bendssbadiy reference to
i nvention; [0008] FIG 3 depicts an encoder, in
the deltwyvidg deteiled descriptiemivbeti read withfthe aesompargiegdrawings in which:
i nvention; [0009] FIGs. 4A and 4B depict exanple franme
ream ngs+: 4N 001 Fl.G. 5 depicts. an enbodi nent
100" & e a2 optcte e PRt o £ Rl vER R B s
]?%ﬁsent iq}\%ention,. 0011] Note that use of the sane
embQXERt OL tGUHBREREIVERIN} f erent figures indicates the
same or |ike elenments. Detailed Description 20 [0012]
[006d]G | A HRPi1H depdts hRh BBt dPOY Decdvid FREH ﬂlﬁtedt'an use

system 10 that can use  enbodi ments of thé presen

' ' ] y include a network 11, client
em%%rﬁ%tkggghgﬁé%gﬁni%t% apper system 13, output system
14, and bus 15.

[0007] FIGs. 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.

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.



10

15

20

2 WO 2005/ 036807 PCT/ US2004/ 027681 [0013] Network 11

may provide interconmmuni cati on between processor 12
w@pas/osdsher devi ces such as a packet processorP(CTU82004/027681

depi cted), and/or a switch fabric (not depicted).

Network 11 may conply with one or nore of the

00} 9} 'e?¥“a2 SR bl il%l%ﬁ%’ﬁ@ﬁ@%@%?’&’&@&%0f 12end
othepdexiets sud ”%ﬁslae{cﬁi%t&gg%ﬁ%?r epiedagy gl 'Esswgfeéégbnq @er

1394, G gabit Media l ndependent Interface %
depieted)e r Ne&tprk A | nEwreogmdy withjomepr npegpofshe folmngé agdlazgs: Ten
standards), Peripheral Conponent I|nterconnect (PCl),
Gigabit Attachmient Gnit aer f{CBRIXA Ul fdbscribed iv $BEB 802 3eERE 802.3ae, and
mul ti-source agreenent (MSA) protocol.. Bus 15 nay

remé@ythﬁ@rdsr)t (‘S’éﬁ@l@ﬁﬂi@h@@l s fRe(SEeN’c) B Vdrs sl lbus (USB), IEEE
processor and/ or wrapper 10 system 13, and/or

13%&3\/*(}2%4131 ( notﬁﬁ%&e@e@{%ﬁ t&?&ce& %}S@gicg@g% ??{E@‘@Ms IEEE
80%5% 640 Bhed SRS ASERERI kg @ﬁﬁcﬁ%@&%ﬁ ton bit

nmple wi th Ethernet (as descri bed for exa

mtffr@EE (@é@ G VEEPRIRSGIICTRHE SPHSP agﬁ?@ﬁﬁ?ﬁ%@’ﬁ%?@ﬁﬁ@h Bus 15
may perform fram ng and wapping in conpliance 15 for

mag peonieintuir¢dmmTicati@d ogeerssithbsigiad pressoe d 2.cand/or wrapper
correction (FEC) encoding in conpliance for exanple

systénh 3 | ahldkoF opAT Systafi 240 ped othysdeaited Sudhrys miGBoyAURice (not
enbodi nents of the present invention. Qutput system 14

deﬂl@%d)r ﬁﬁﬁ’l‘i/di"oﬂn‘oéés%r (BBP&Ep‘?dt&I)a' s provided by w apper
syst’em 13 and prepare Signals for transmission to a
network 16, which may be optical or electrical

[0014)r mat . Brocesspnidmay patfown nedigcaesy coningll IAK) encoding in
OTN.

compliance for example with Ethernet (as described for example in IEEE 802.3 and

related standards). Wrapper system 13 may perform framing and wrapping in compliance
for example 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. Output system 14 may remove jitter from signals
provided by wrapper system 13 and prepare signals for transmission to a network 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.
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[0015] In one inplenmentation, conmponents of
transmtter system 10 may be inplenented anong the
W@ 2008/08G80Egrated circuit. I n another inplenmentBCT/082004/027681
conponents of transmtter system 10 may be
I mpl ement ed anong several integrated circuits that

i nterco i,cafe. usin Qr .exa e, .a
10016 duct | UG 1 g by ey e BT Sy et 20 gt can e
2005/ 036807 PCT/ Us2004/ 027681 0016] . FI G .1B depi c
embpdimenis ehibs PASERiHNBENLQN, é’%tP%er[ 835 {n]éhﬁdﬁ 6 (M S ééede'
enbodi nents of the present invention. System 20 may
wrapperl systemel3, chig sigoglspreeasear, 24d aetwintlappand Hys 2 &ndipet System 22
client signal processor 24, network 26, and bus 27.
may feebive 8)&inaNTraA a etworkeXeindegyrepase theaignhl fompeocasstinglvkreceiver
21 and prepare the signal for processing by receiver 5

sysRUSAE g&@xaﬁ fe, BPBIRSRm 20RIY cON R cphicHBi g0 By €ledtriadl

optic signal to el'ectrical”™ format and/or renove

[Itt froma.si I ) -
fonlg@tsafﬁf SRR B0 B S RE, PSR Bty g may
e-fram ng and de- w appi ip conpliance for .exanple
per{gipDF ) HnEportRe TGO G5 WP et G aigpPing i Gbliznce for
(FEC)_ﬁrocessin in conpliance for exanple with |TUT
exa@pberwith BEUwE Gpfd0; andjen forvard ey corsection feE@hprocessing in
enbodi ments of the present invention. Processor 24 nay
coniftiahog for eRathple adtheld8J-TahOT Dl De(viviider pyssea2Simay wse some
conpliance for exanple with Ethernet. [0017] Network

emBRliMBYts BE M Hgseht thesRRATPI @8dor 2 nikEipYefAin BRiiesEess cdfitrol
d other devices such as a packet processor (not

an
Lct . i.k-ch f j I .£ied), and/or an
e e T e LU i P T
simlar comuni cations 15 techni ques as those of
[00T®t wor k Mdtwoski26 2aaypryvige dNérdeminuhierGombatweempiooessor 24 and
between input system 22 and/or de-w apper 23 and/or
oth& RERLE Nichd apadkphsessde fidt depisked)) aawiteh 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
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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menory device (not depicted) or mcroprocessor (not
depicted). [0018] In one inplenentation, conponents of

WO e@eisesn7 system 20 may be i npl enented anong PEEUSHNE027681
integrated circuit. In another inplenentation,
conponents 20 of receiver system 20 may be

and. Cnﬁltp Pgﬁgt ad a cﬂ% ¥ ?éﬁ% fb#mbm n%f ﬁéifecﬁ){?‘&%ﬁgh LRBY fixed

anS ng, or

cond ctlv Ieads of d circuit boa 0019
e T 1lp o cauppice P lif E¥amorilbay it dokiap dttordance
400 500 501 502, and 401. Franme format 400 may
witle hepQNR ol QIR% stendayds. OTU2 frane format, al t hough
other formats may be used. Frane for mat 400 may

| pcl ude t | t
100380 036'3%81%%%%&%%82@8%6 ERIERbR it inchudi e rabxure of
por t i Fra for ve, fi xed a
clie sy v i ) 20 gk B omiEon R et gl
portion ma |ncI ude data in accordance with the SONET
4003 andrrsestestrparaior coloopataript nfRspEPRat WSHes Asscond et
a first portion that includes a mxture of 5 client
resétasdfof koo pefityeintorietiomt THOG)erved spRee freoheauparity information
information (fromframe format 400), and reserved

may Bé‘ﬁﬁgé@dﬂyﬁﬁbﬂﬂ@d Pathit the First pofdhi Traras fodeat 5EBmay be
second portion reserved for row parity information.

cong gﬁgﬁ)gesiﬁ il fﬁ)ll%%?ﬁ%ﬁ%et%&l b fic ?Pﬁrﬂﬂgf AR P RowdTRle angle

ona n the Tirst portion. Fra

B 7 B S UAE e ISP T, s

angl e 10 and thickness of the columm parit
of oW RFiRRITRIMAbOBY Il He BARMEFHnAY, be pstie fnabr&ﬁm.t%enperamage of bits
size of row parity information. The paraneters may be
resare¢d foo chentriata (fronhEape farent 400 aofl Gy Boverksadrintogmpiaen (from
client data (fromframe fornmat 400) and G 709 overhead
frat® FfaR B 0®nidngdame format 400 as the same percentage as that in frame format

500.

[0021] In one implementation, 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
in 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 information of a
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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frame format 400) anong frame format 400 as the sane
percentage as that in frame format 500. 15 [0021] In

woe@siosgshenment ati on, depicted in FIG 4A frankGST/082004/027681
format 500 might streamin a concatenation style as
conti nuous series of separate frames. In this

Cog e SR T s oty g v

500 al so he processed using an ipter]eaving st .
colg RVRY TBIEPAGTL PRSI ioe e babe or RBHLRATYS 3tkggation.
10/ 113,190, filed April 1, 2002, inventors Poppinga
Fragecfornaat 542 sesylds. a sml@emt@q a$ frame rmppS50t Rt with row parity
interleaving style may include stream ng franes of
infératativd ifsGfedin the tgatved Meues faavivgmriof inf@petiah e Simdarde format
except colum parity information of a single frane of
500‘ %rﬁms SA%NIS 03 RESAGreaMESy dBbAthd¥Rn lof diTBSeading Bylant
. Herein, reférences to “format 500" or "frams
format 500" may refer to streanming in either th
[002dncat enBramsrfoanati4fd anayelpsimyarsioyiage Osm%doé)%s?’lﬁ% tpast that
PCT/ US2004/ 027681 [0022] Franme format 501 nmay be a
the strot ta@tectivn pottionenasintiudereolimnrant r&O Pabityt infuirtation ehdinm
parity information inserted in the reserved space for

syn@HﬂonEﬁtl&ﬁfn'férﬁlahBﬁ OFbBR&:ta@iple, chludifPardGbWeiaripPdfomyatiot nday be
simlar structure as frarre forrrat 501 but with row

stoﬁa 1115¥1m123[? Pde?% 'tlﬁf'st'ofé%lq a dtane ttﬂﬁ?it%éir ‘Sglqc}ﬁgﬁ‘iﬁldcnor

ormat| on or mat

for nmat s 501 and, 50 rea con natlon
inforkialPn Gy jaealony ﬁ@jmft?f&ﬁ%%%f rHGigH o frame
simlar to frame format 400 except at east t hat the
forgat Y. comeluonizahorpBfermsHoRRYi beeiiek WEbin mpred ?fgne]ddwaﬁon
parity information and synchronization infornmation.
withinrthe saoqpdoereciiad portion ol framesferarat #1.i Inf averiapl aomentationbe

synchronization information 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

encoder 600 may include synchronizer 602, first mapper 604, column encoder 606, row
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stored in a simlar order as that stored in a franme of
format 502. Synchroni zation 10 i nformation may

WO pads03d8e7 | ocati ons of columm and row parity PCT/US2004/027681
information within frame format 502. Synchroni zation
informati on may be stored within a predefined | ocation

encﬁﬁgg&q%h alghﬁsee%g,%@gﬁ,g&r&@} RRRrARE ,shaad@{o é{@égglafvﬁ{g%hnats 400,

ntation, synchroniza
' ryaati o oul d be. defined jn, e ame of format
3 Od4 3@ ,?’ 52%1 artcgﬂ(?luéjeauggfmgﬁi?ggﬁlvq lffbé"vgﬁgBO kﬁf rames of
format 401, where N is an integer greater than one. 15

[00£8]t er nat Ex&ddér 60(Ba$ BB hiplenicaRt iad any 6f HEsHEbin@Ror &Y hd@wired
partitioned in a way that every frame one fraction of

og Sy RS 57} LR LAt S EBRREE e,
on BRI B S AP BRI TS P o HLDS R bGP Bele amay
frame of format 401. Managenent overhead and client

(FP§)a may be mapped into locations in frame 401 that
are 20 simlar to those locations in frane 400.

[00%6{1024] _ FsGhchiorfisRiebd gmea?Qra%HMiﬁﬁeﬁti&fs 8gtégluﬁﬁleat%ﬁ'}g¥]v parity

vention 1 n an enco 600, I N accordance w

1nf<?er%ﬁglhrgvﬁ&%q {1) grﬁ}ngfeof ?crér}e%g S@QI %Bﬁpﬁ@z%ir Iq@] ﬁa&g provide the bit locations
synchroni zer 602, first mapper 604, columm encqder
of gy prdrosv PEsity arfsrmaede © ader/a§Srosn encaderdisy and

608, and second nmapper 610. Reference is made to
seconcimeppdrt Dn§yhadhromizer 600anay B0 sysdioni&a®n infodmaiddn within a

depicted in respective FIG. 2A to 2E. [0025] Encoder
frarf Of fornab40 1. M ecsyRciiretizatorsinforaation aRyRépradenOthe¥iming and

hardwired 1ogic, software stored by a nenory device

phaR0 thef¥GEHRIIM hd oG RBEPRES R ion WithY& F8me of féhat 500.
application specific integrated circuit (ASIC), and/or

a field le_rograrrrrabl e gate arra
[0027] irst mapper 604 may convert a frame from format 400 to format 500.

First mapper 604 may reserve space for éolumn 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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(FPGA). [0026] Synchronizer 602 may track the bit

| ocations of colum and row parity information within
w@2dosassonf format 500. Synchroni zer 602 nmay pPOWUSm®04/027681

the bit locations of columm and row parity

informati on to col um encoder 606, row encoder 608,

stofdddn Haneaeansd 508PRRIcufton oBYNEMhORIZ6% fp?gléle ﬂg(%i’n‘%ﬁeﬁ fhay be

synchroni zation information within a or mat
l.7za ks ' r esent t.he
bastl o R G B o 3 O ST s LB el may
information within fra of format, 500. [0Q27]
alseePy BistRap Brathsiets Ruh 2SO ORERY RO g PRFRGiRte S Of s format 502
to format 500. First mapper 604 may reserve space for
thatisiclyde, v efernot linfited ieta minbes ofiedlimas, nyprbee of wws] Herapgle and
parity information. In the | ocations inside format 500
thickapssatfelte erdurha phetyt infhaimatidh, @hll size bf rost parip peforifidonray
insert client data and managenent overhead. First
pper 6Q4 initialize th jts feserved for
001D aRePoREIpapaP U et Crivet e diie SR dounat g2 format 401.
i mpl ement ati on, encoder 600 mac{mvary parameters of a
Secopé mapper ¢lomest mep thardisatdanandiaanagesienicayereadlintoflogations
protection. 20 [0028] Columm encoder 606 may insert

insicle thenframeof foymatrd(dr thettare siniilat o thpsecs forrestelOdadd ity map
colum parity information in a franme of format 500.

colin@/aBd sl BAirit§ GBforMNtion A3SR81E asl sSQUERBAizANOD IRFRABbA Mo the error
into space reserved for row parity information in a

corlfﬁgﬁ(g@%(%gi n fr??% g%f_rbe%g?oxagag 30 g’éﬁrﬁgrﬁe otffgéﬁat Afaﬁ'g%é {raB¥tted to

cqu onon enco
techni ques_may.be used to .determ ne colum and row
a n%‘gﬂqi i}‘%ﬁ 5 89 ARG H&?’Oaﬁ%ﬁf%lﬁﬁé B86*PeCT/ US2004/ 027681
stored in frame format 500. Calculation of colum and
[00309W par i Eacodef 600nmaky provitR¥tBEger FEC encoding protection than that
specified in G.709. Accordingly, by use of encoder 600, signals can be transmitted over
systems that introduce higher bit etrors. 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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based on processing client data. Cal cul ation of colum
and row parity information may al so be based on
w@asaneiser s such as over head val ues and par aneP€r/ESwh4/027681
frame format 502 that include, but are not limted
to, a nunber of columms, nunber of rows, the angle and
t hi ckn ] ' LR Lo o1 XN .
[OO%}T] Pesodet 76@312@2% 3 lieH?ﬁfeH 'a%é 8f Q@&rhﬂlﬂan&pgfijoﬁhﬁ%lred

row parity infor 0029 cond napper
na onver t frame fr m.forraat 502.10 format 401.
1°g§e)&(%fﬁ‘ﬁarﬁ8{%°e‘f Oy BIORARLY fpics #! 2Pr kY E’3é| & fCIOREpCeSSor, firmware,

managenent qverhead into, | i on i nsi.de the frane

an GIDICGGRAPeaiE RIRGRIAAECRit (B> 4150159 Srogramab Bty array
and may map colum and row parity information as well

(FP&sA)synchroni zation information into the error 10
correction portion of a frame of format 401. A frane

formag. 401 may. be transm twork such .as.
008 opt i oy hbpaieRapoBRERR xgftol 207 Bl Sh¥BE Sy et hifttion
. .Encoder, 600 _may pr.ovi de_stronger  FEC encodin
infosstian fioghe AR of Fogpnat Plecrymc pnization Foet %&@%&Wﬁ@r ¥02 may
by use of encoder 600, signals can be transmitted over
progifsttesivcatinns of pelnoaand row phdty ibfarmetipnins: frEme of érmeoH02.
may provide stronger FEC 15 protection than that
00 ageme i el o4 iy i Bty KR 6 f Rhmat 502. For
transmtted frame strugcture 0031] FIG 5 _.depicts an
exagilio gRHLEDRSE 7DRe 3 eAEE B Gh v e REUBR P ghat fystored

. accordance with an enbodi nent of the present

in gnrepeen cowectiompertioipentamae] iormetf40d e dod examplgohird ynapper 704
i ncl ude synchroni zation information extractor 702,

may btioredthereplpem add4owqakitninf@natio th fooatiche dwa dranwtefdesnat 502
706, and fourth mapper 708. Reference is made to

indfcéfé_ﬂ%? theWinoBroh ARG mfd@Mtior00, 501, 502, and 401
depicted in respective FIG. 2A to 2E. For exanpl e,

decoder 700 may process a frane of format 401 )
[0035] ansni t Celymnrandagty dgcorer sioges Heanay dasede celpamgmnil row bit

usi ng an encoder simlar to encoder 600.
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
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8 WO 2005/ 036807 PCT/ US2004/ 027681 [0032] Decoder 700
may be inplenented as any or a conbi nation of.
whasodmsaset | ogi c, software stored by a nenoryPCEUSZE4/027681
and executed by a microprocessor, firmvare, an
application specific integrated circuit (ASIC), and/or

twogc/)(x) (ﬁjr Ohth bt on | ergaLenid, YluntdB#bw cﬁc&@é?%iﬁ%es 706 may

ormat1 on éxtractor 702 may extract

S DA o TSR AT MR e of oo

provide the | ocations of colum and row par.i

502;, andfagain) 6l rowis of 7 frame obformat 3 OIH@QCGSSIPé@iS,a Yeyppng, all rows,
mapper 704 may convert a frame fromformat 401 to

andf(again} albEslumfar In excamplesentationdoatepend o4 decoger sfages 706 may
the columm and row parity information that is stored

perﬂ&mi Bt foc&snglin @R foR6Wingmamkt:ialltowh ofa faarwfddrniad SORtall
or exanple, third nmapper 704 may store the

col é’{ﬂqa ?ngxe B?%rﬁ%gj@y (éh%fr@ aatﬁg’BWQ Nagdin) AFES1ARS ahd (fzain) all

ams 0 or mat he synchr oni zation

formation. and. r 6
rovisn % QB SER B A ST E J° ﬁ%?%é?s"i% HEPERn
frame of format 502 For exanp
concagnapd Aecedingpy lablpr@ﬁwsmwﬂaﬁws a%@valé é@%’é‘? ongepsh- 706
may utilize BCH or RS techniques to process the colum

[00?‘7|jd row Pb&rtq lﬂ%ﬁs&%g Ray 20HvAES Bh e BRONRRERES0540Brmat 400 or

ocessed and row bit information are correct.
o, i SECTRE O MLl b 4 e
s S SR B 5 b et AR i g mey e

decoder stages 706 may al so 20 cal culate error
teckrtigudsssimidar to thash describpd withfrespgettase®nd mapper @bldgsoavert a
error statistics may
frame of format 502 to format 401.

10



relate to the percentage of the bandwidth utilized by
a franme of format 500. For exanple, error statistics
woreysoadsat e t o managenment over head and client PEL/aS2004/027681
[0036] In one inplenmentation, colum and row decoder
stages 706 may perform iterative decodi ng by
al ternating processing of rows and col ums and
Mogiicitoongi ng at | east 9 WO 2005/ 036807
PCT/ US2004/ 027681 two row or colum processings. For

anpl e,~col unm der
00 e nat BR8N RS Rg BB B S MGy ¢ SRRt oL he prosen
inv%gié'gi ﬁ!}el %(F:’I(’)é g 'g]gg pge;selgt igl}geglﬁnlgngl{ov;egqragg% b)glgg%fgpgsnl(;mﬂed by these
processing of all colums, all rows, and (again) all.
specific exameples. nNumerqusyPEsHORs v hasher explicifly shiea 1R B spegBertion or
stages 706 may 5 performbit processing in the
notfsath edifigremeeniarstruafute, donensivh, and vsernf nofterfadyaraposide. The
all colums of a frame of format 502, (again) al
scop@Ythe (RGN is@lk leaSiOls HAGHR. as@ebn(byahe RlloRtihg clalig. | N
one I nplenentation, 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 franme fromformat 502 to
format 400 or 10 format 401. Fourth napper 708 nay
map the client data and nanagenent overhead into its
original locations inside the frame of format 400 or
401. Fourth mapper 708 may use techniques simlar to
those described with respect to second napper 610 to
convert a frame of format 502 to format 401. 10 WO
2005/ 036807 PCT/ US2004/ 027681 Mbodifications

11
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[0038] The drawi ngs and the forgoing description gave
exanpl es of the present invention. The scope of the

wEe@sessoT nvent i on, however, is by no neans | iPdT/E82004027681

these specific exanples. Nunerous variations, whether
explicitly given in the specification or 5 not, such
as differences in structure, dinension, and use of

CLAMMSrial , are possible. The scope of the invention is

at least as broad as given by the following clains. 11

Wh\é\f)ls%r JpL9R6807 PCT/US2004/ 027681 CLAI M5 What is
claln )

1.

2.

ed is’ 1. A nethod conprising: receiving a first
franme, wherein the first frame includes an overhead 5
porti on Annethed eorpmisingon; converting the first frame

into a second frame, wherein the second frane

conprises a progra | e.size .and erelp the second

franme incl udrggglggqg SS@%‘“?@”V@%%&P%%/{WSLEWWQ% S 4R gverhead
t he overhead portion and the data portion; 10

speci f yi Pitipbargd dadmBodiong ol urm and row parity
information within the second frame, wherein a
synchroni zat i of b RinQ"HBiLsP RamE LB 3&BE chdl fifine, SR1HIR 1R Wcond
row parity informaticon | ocations; and converting the
second fgranme into a third fr . wherein .t hir

frane i rEndaeepied anbramr T vl e tedard frame
the colum and row 15 parit,y_i{]forr,ration and. the .
synchro ninsldesoeolvmAR gRdEaW parity information and the overhead portion and

the data portion;

specifying locations of column 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.

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 second frame comprises a

configurable length and width.

12
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2. The nethod of Claim1l, wherein a percentage of the
overhead portion and the data portion within the

W@ ewsnshsdT ane i s equal to the percentage of thRBCT/US2004/027681
overhead portion and the data portion within the
first frame. 20 3. The nmethod of Caim1l1, wherein the

second f [ [ :
4 Siacn. 1OREeBBRRIOIEE, S MERT GEARE AERA feiormation
t hod,.of .Cl aim wherein the  umm and row parity
IOC‘;‘IEEFHI’S YRR the Se?%@;??%ﬁge\mqgﬁ?rﬂmﬁﬁ@' second frame are
progranmabl e. 5. The nethod of Claim1l, wherein the
converting the first frame into the 5 second frane
conprises: reserving colum and row parity |ocations
within the second frame; and, 6 inserting the_colum_ and
5. row par i The methodwaGlasm Livihserein theeconzeriing dhe finshirame e the
10 6. The nmethod of Claim1l, wherein the converting
secomkfrine somprisase i nto the second frame conpri ses
perform ng Bose, Chaudhuri and Hocquenghem encoding to

provide the colu and. row parity.information. 7. .The
et hod ofesci Mg ol m it gt bty lackiions, WG theopyq Gpme; and
frame into the 15 second frane conprises perform ng

Reed Sol pR@&#ing feQsdluitn bid Rvoparde idfbAnainudithia fitk rekdved
parity information. 8. The nethod of Caim1l1, wherein

t hegbhidd frame conprises an error

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

row parity information.

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

the error correction portion.

13
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correction portion and further conprising storing the
synchroni zation information within 20 the error

W@ 00s503d8dbn portion. 13 WO 2005/ 036807 PCT/US2004/027681
PCT/ US2004/ 027681 9. The nethod of Claim1l, wherein
the third frame is the sane size as that of the first
frame. 1 L: ' e :

5. progr am“rggf @gg}ozﬁg& :@fgﬁ ais’evg{egéﬁﬁ]tt ethwg%{agi/égftt%saygrs\}\%aerag that of

the;}rrofr ceorrecti on encoding. 11. The nethod of Claim1,
U H%HS conmpri si ng speci fying | ocations of the
synchroni zation information within the third franme. 10
12. The nmethod of Claim 1, wherein a concatenation
style of the second frane is either stream or bl ock
oriented., 13. A nethod conprising: receiving a, first

104 rame, wihbs Biethodind Glaipsst, whezsia therrpgiganable g isthasgsd on the
15 portion, data portion, and a synchroni zation

levelndfdpmeard empr enoregtion empdinge first frame into a second
frame, wherein the second frame conprises a
progranmabl e si ze and includes colum and row parity
information and further includes the overhead portion
and the data portion; performng forward error

11.corr ect i The methodef€Rgiant frtksreomprising Gpedfyuey fotatihnk bEthe
second frane into a third frame, wherein the third

synfgféﬁﬁﬁzggbmﬁmomﬁtma{enﬁﬁ@ﬁﬁ%.ti on and the data
| .

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

converting the second frame into a third frame, wherein the third frame

includes the overhead portion and the data portion.

14
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WD 2005/ 036807 PCT/ US2004/ 027681 14. The nethod of
Claim 13, wherein the converting the first frane into
wao b@s/osseond frame further conprises: determ nPEIUS2004/027681
| ocations of colum and row parity information wthin
the second frane based on the synchronization

i nf or matj,on; an hdi £ I
14. ot or macngneifoRPRCBRE {dol Behriis S AR AR ch e BRihiote
met hod of Claim 13, wherein the performng forward
secandiprme BREE¢qmRIISeEonpri ses perfornming iterative
forward error correction. 10 16. The nethod of C aim
13, whergiddntfife RRAAGISTERIILES MRS Wtk iBf inFGHini-i6h vthin the
conprises pertormng concatenated forward error
correction. 17. .Th . ' Wharein the
persf’%m tﬁ@n? %"ll’s\%gf) E’i%éer o?&ggl%té% @g%iign’ygﬁpri ses
perform ng Bose, Chaudhuri and Hocquenghem processi ng.
18. The previding thé cdliminnmd 3ow phetyeiformagorpwithinr the defermined
forward error correction conprises perform ng Reed
Soljggfonpr ocessing. 20 19. The nethod of O aim 13
wherein the third frame further includes an error
correction portion and further conprising storing the
synchroni zation information within the error
correction portion. 15 WO 2005/ 036807

15, PCT/ US20084/ 04768 gaf Chitn 1§h\§7h55%h{‘ﬂl? ngrefglgliﬁé RBridrd YRG! @tRction

“the error cofrection portion inc

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.

15



colum and row parity information. 21. The nethod of
Claim 13, wherein the third frane is the sane size as

W@ bab/0ad807 5 the first frame. 22. An apparat us PCT/US2004/027681
conprising: a first mapper to convert a first frane
into a second frame, wherein the first frame includes
an over hgad [t d [ Lt

20.Scond { [opetgg of GRS, BhreBRtl LAO: ARfectiDR pBibr Atudes
wherein the second franme includes colum and row

colygp pRYIOPHIBALIOFRIUN t he over head portion and the
data portion; a synchronizer to specify |ocations of
colum and row parity information wthin the second
frame, wherein a synchronization information
represents the colum and row parity_ inforpation

21.1 ocat i onEle msthad oé fdmeel3, vibercHsbe it frie 1Lia SpBgsize as that of
parity information into the second frame; and a

5 the$iegdracherapper to convert the second frane into a third

frame, wherein the third franme includes the overhead
portion, the data portion, the colum and row parity
i nformati on, and the synchronization information. 20
23. The apparatus of Caim 22, wherein a percentage of

22.t he overNﬁgng@@@b@@_ﬂgﬁg the data portion within the
second frane is equal to the percentage of the

overhead portion and the data portion within th )

first frafist megbeto 29@%@@@%@@%@@9@@@”@7@% Iﬁleﬂ? the first
The apparatus of C aim 22, wherein the second frane
confams éshales an overhead portion and data portion and wherein the second frame

10 comprises a programmable size and wherein the second frame includes column 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;

15 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.

20 23, The apparatus of Claim 22, 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.

16



configurable |l ength and w dth. 25. The apparatus of
Claim 22, wherein the colum and row parity
w0 nfosiosmdT on 5 | ocations within the second freemEUs2004/027681
programmabl e. 26. The apparatus of C aim 22, wherein
the first mapper to convert the first frame into the

24,5€C0ONd f lgerr%?p ialsat&(f.oof@%iﬁ(-)ﬂ)ﬁf'1 Féin t}g@E&M.mé‘B&n rises a

is
"Hocqueng ncodi ng determ ne the colum and row
ar i information. 10 27. The apparatus of Caim 22,
“m%B@PE%HG%HEag??@ﬁﬂnapper to convert the first frane
into the second frane is to perform Reed Sol onon
encoding to determne the colum and row parity

information. 15 28. The apparatus of Caim 22, wherein
the third frame conprises an error correction portion
25.t 0 st or eThewppeiatesiSripiEn22,orharein dharalyran andrpw peygy information

apparatus of Caim22, wherein the third franme is the

5 locstivme wiihiretha sedondtfranef are ppogramsbler ane. 20 30. The
apparatus of C aim 22, wherein the progranmabl e size
is based on the Ilevel of forward error correction
encodi ng. 17 WD 2005/ 036807 PCT/ US2004/ 027681 31. The
apparatus of C aim 22, wherein the second nmapper is to

26.Speci fy Thogpht@Sor@laih2, Sytieedih iy #8t mapper 06 osveltithefirst
within the third frame. 5 32. The apparatus of Caim

frarfié intHR Bk h P R0 36 BBRbinP Bosd ChGudHurl 448 FgR&thhem encoding to

determine the column and row parity information.
10

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 determine the

column and row parity information.

15 28. The apparatus of Claim 22, wherein the third frame comprises 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.
20

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

level of forward error correction encoding.

17



frame is either streamor block oriented. 33. An
apparatus conprising: a synchronizer to determ ne

wo cwansasns of col utm and row parity informati oPCT/LS2004/027681
within a first frame; a first napper to convert the
first frame into a second franme, wherein the first
frame includes an overhead portion, data portion, and
a synchroni zation information and wherein the second
frame conprises a programmabl e size and includes

31.col um aTikk gpargias oftGlainn 22y rwiedréin theasedofidmbpyear is tocdpacifs
the overhead 15 portion and the data portion; a

locHRm € fhel 9naRbARAB iafoMihdoEWithin MO HHiREkiAE On the
second franme; 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. 20 34. The apparatus of Cl aim 33, wherein the
first ' ‘nAaLd

5 32 nf or mat FRR R PO BRE2E QiR Aone LM BEEMAYof the sccond

synchroni zation.informtion. 18 WO 2005/ 036807

fra /?éﬁbﬁﬁ?ﬁ??ggT&“§§Q%¥he apparatus of C ai m 33,
wherein the decoder to performforward error
correction is to performiterative forward error
correction. 36. The apparatus of C aim 33, wherein the
decoder to performforward error 5 correctionis to

33.per f or m CBIBRATAHACRUPHEERSar d error correction. 37. The
apparatus of C aim 33, wherein the decoder to perform

fcg ;‘S’SL S . ?E}Ear%g:o'qo%g [ RGtdRind BchtbrRDF EQUMNBRAYG ow parity information

cquenghem processi ng.

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 portion, 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
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10 38. The apparatus of Caim 33, wherein the decoder
to performforward error correction is to perform
wRe®d/o8sDDNON processi ng. 39. The apparat us of PC/ERIU04/027681
33, wherein the third frane further includes an error
correction portion to store the synchronization
35,1 N OF ML {RN kD 00 c‘ﬁaﬁn g@ ROEALY I OhocGha) B8Rt RS Rl Cerror
the error c&)rec i’on nclud r ow
r&ﬁrltY i nf qr mat.i on. e appar t us of ClaIW133
corrHpR 3 {0 PR OIEHMtF@“V? aY CHHEOTEMsi ze as that  of
the first frame. 20 42. A system conprising: 19 WO
2005/ 036807 PCT/ US2004/ 027681 a data processor
conprising: a first mapper to convert a first frame
into a second frame, wherein the first- fra
36.i ncl udesThmanpreatwreeldClasn 83.onhauein tidesodsrge PPHprR ferward orror
wherein the second frame conprises a progranmable 5
corgdictien &rtd petfeme condatenated fomcrd eraorecormectiordes col utm and
row parity information and the overhead portion and
the data portion, a synchronizer to specify | ocations
of columm and row parity information within the
second frane, wherein a synchronization informtion

37. lf epr esentke ifparaed 68 Takn a3, viwrgaihd decbidras peifben fokard error
ocati ons,

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:
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an encoder to insert colum and row parity information
into the second frame, and a second mapper to convert

wo b@ssasond frane into a third frane, wherei nPEHES2004/027681

third frame includes the overhead portion, the 15
data portion, the colum and row parity information,

and the Sy”¢“£8££§?&a%&8rh&£§ﬁﬁé]ﬁ‘é;‘ on; and an interface
S

to provide and recelve sign romthe data

processor. 43. The temof Claim4 erei.n the
interface is conpat ﬁé%gla\m’?rﬁoﬁﬁﬂe.ﬁaéﬁt ﬁ%ﬂewg asgEqnd frame,
of Claim42, wherein the interface is conpatible wth

| EEE 1394. 2wheseintbobreyEeswingdatysesxyedicad pegion ang data
The system of C aim 42, wherein the interface is

conpat i bl e wi pdrtiBChnd whereifhihe sgnéd draofe dOhgirisest@programmable
further conprising a switch fabric coupled to the

interface. 5 ¢7o anh@hd¥iattBesbnEhramaidcdudds¢olunel and row parity
conprising a packet processor coupled to the

interface. ;‘8%1&}&18%{ ﬁﬁ(ﬁfﬂe%efﬂeg@]gﬁ)ﬁi%n _aﬁﬁ fetBta portion,

conpri si ng us to exchange si S Wt 10 the data
processor. 49. The system of Caim48, further
conpri si ng a menorysyhelionizec tugpeeidy tagations 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; and

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

43, The system of Claim 42, wherein the interface is compatible with XAUIL
44, The system of Claim 42, wherein the interface is compatible with IEEE
1394.
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the bus. 50. The systemof C aim42, wherein the data

processor is to performnedia 15 access control in
w@owpls@nrte with | EEE 802.3. 51. The system of PC/E52004/027681

42, wherein the data processor is to performoptica

transport netmork de-framing in conpliance with ITUT
45,G 709. 28 5%/3&3 ﬁﬁﬁfﬂ %er&hgﬁﬂné&facmo% ibREwHAber.

processor 0 per ornrformar error correction

processing in conpliance with ITUT G 975. 53. A

system conprising: 21 WO 2005/ 036807 PCT/ US2004/ 027681

a data processor corrpri sing: a synchronizer to

deternr ocatlo and IOMI ar.| .

6-i nf or mat y\ﬁefrh‘? 4?3311%% IPriging; svp{cﬁ?'ﬁﬁ%récr oqupled to the
~convert the first frane into a second frame, 5 wherein
interfaee.fi rst frame includes an overhead portion, data

portion, and a synchronization information and

wherein the second franme conprises a programmabl e

size and includes colum and row parity information

and further includes the overhead portion and the
47.dat a porThesystem ofeClothe A2 mrtberdoomsgxgramo&et@m@ﬁsor coupled to

correction on the second frame, 10 and a second
the RE&PRE. t0 convert the second franme into a third frane,

wherein the third franme includes the overhead portion

and the data portion;

48. The system of Claim 42, further comprising a bus to exchange signals 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 compliance with IEEE 802.3.

51. The system of Claim 42, wherein the data processor is to perform optical

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

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

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

53. A system comprising:
21



10

15

20

and an i

nterface to provide and receive signals from

the data processor. 15 54. The system of C aim53,
wob@soss0t he i nterface is conpatible with XAU PCT/B52004/027681

The syst

emof Claim53, wherein the interface is

conpatible with IEEE 1394. 20 56. The systemof Claim

53, wher

ein the in Mﬂ .S conpatible with PCl. 57.
The systae(#ﬂt%?roffsg?ling ) ?anL%"t her conprising a switch
fabric coupled to t

he jnferface. 22 \WD.2Q05/ 036807 .
PCT/ US2004/ 0278 ghrogigzer *r?%’t%egﬁ?%‘font%?(ﬁ?%,ang IO REPY

conpri si

ng a packet processor coupled to the

i nt er f adeforBation withia asijest Eamesf O aim 53, further

conpri Si

ng a bus to exchange signals with the data

processor. 60, gIh& S ettg %rﬁjert(al?feiglt tﬁ%me{ixﬁtgtagb%ﬁond frame,

conpri si
The syst

ng a nenory Vi Ce coup us. 10 61.

CHEE LR SR RN SR A

to perfo

| EEE 802.3. 62. The systemof Caim 53, wherein the .
dat a pr cveeyenizption infoseetion andyherer the sepopd frgeomprises a

net wor k

de-framing in conpliance with ITUT G 709. 63.

The systmop@mnibi sitSs)d nbledes eolurhe anthtoay pariy defoonation and
to performforward

and

54.

55.

1394,

56.

57.

interface.

further includes 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 XAUL

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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error correction processing in conpliance with ITUT
G 975. 23
WO 2005/036807 PCT/US2004/027681

58. The system of Claim 53, further comprising a packet processor coupled to

the interface.

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 perform forward

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