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WD 2005/ 036807 PCT/ US2004/ 027681 FORWARD ERRCR

VEORREOT6SON MAPPI NG AND DE- MAPPI NG TECHNI QUES @(J€ES2004/027681
Ref erence to Rel ated Patent Application [0001] The

present application is related to U S. Patent

App! iIEgRRRD ERROOCURBREIOTTION MAPRING AND DEORIAPPING

i nventors Poppi nga and Kauschke (Attorney Docket No.
P12259). Field [0002] T %fE tter d| scl osed

herein generally relates oé'ﬁwl error

correction mappi ng techni ques. Description of Rel at ed

oks RO celtd Relatéd PatnY. Alpiidicationer f aces for the
rca ransport t wor k (OTN) (Feb. 2001) descri bes
conventign for conyersion [ peg
[Qﬂ@ﬂ] cal triedpesent aprcﬁ&%F?j ?m}é‘ {jﬁa&mn
ei ther Synchronous Optical Network (SmEd%ﬁug
Ney 16H18180fileil diprihll, 20025 inventery BmpjngaanddeaugehkedAttogney Docket
descri bes forward error correction (FEC) as a manner
N Pegz8g)ol ling errors in transnmtted data. FEC
information 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 techniques for
determ ni ng and mappi ng FEC 20 information into

Fieldi gnat ed | ocations within an OTN frame as wel |l as
techni ques for processing and de- mappi ng FEC

[dd@&?r mati G 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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*300002 WD 2005/ 036807 PCT/ US2004/ 027681 Bri ef
WO28¢Y436803n of t he Drawi ngs [ 0004] The subj ect RGR/U$2004/027681
regarded as the invention is particularly pointed out
and distinctly clainmed in the concluding portion of
ﬁh ecificagj.o The invention, however, both as to

19110 S of operation may best be
understood by reference to 5 the follow ng detail ed

ripti r bdaddddn tRCIBQBIRAINVS PIrtih By Hhint
[(?tﬁsﬁh: gh: cpBFOO g?t @?%r%éﬁ degﬁct s an | n'pll @grrgnt{lgat\ﬂlyg%%}jfd out and

. q : ' .of t.h
d%}ﬂé@@ﬁ?%eygﬁ {%ﬁo&%%&%oxﬁ%&@? s%ﬁ(;ec?ﬂl:éga?fggg Eﬁ'ﬁ, ;rzven'ilox(le, however,
S P L T

2A to 2E depict frames of varying formats in o
the dellowing detaled deseniptiondien neadiwitlf the necompanyirtg drawings in which:
i nvention; [0008] FIG 3 depicts an encoder, in
or danc it ' resent

(88 ont 1 onf o efHledF 4B 3, RhithisRlyn oEE e BRI EE hystem st o use
st ream ngs;, and 15, [10010] FIG 5 depicts an enbodi nent

618#’0 ma%tégﬁﬂ}e,mﬁ?nge&s? ace with an enbodi nent of the
present invention. [0011] Note that use of the sane

R e R Rl
erfibddimérts gﬁﬁhi}&eﬂgﬂinbgﬂ}}oﬁmnt ation of a transnitter
that can use

system 1

[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.
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enbodi nents of the present invention. System 10 may
WRMB6H T net wor k 11, client signal processor PCA/US2004/027681
wr apper system 13, output system 14, and bus 15. 2 WO
2005/ 036807 PCT/ US2004/ 027681 [0013] Network 11 may

[og1ayi de i m&%ﬂmmaﬁwm@ iﬁ@érmﬁﬁauﬁfcgﬁ&??&we&?pﬁdwssor 12 and

ot her devi ces such as packet processor

o By By %‘f%é r e dgewt%@)?gng@reﬁﬁgneﬁ%abm (not

foll owi ng standards: Ten gabit Attachnment Uni
depictsdy.o MNetyozk ) h may @%@P%\@ah Ope grempregah &f follopug standards: Ten
802. 3ae, and 5 related standards), (Serial Peripheral
Gigalet Attachn{eBPUnjt In@Eace fXAEI)s(dbscsibed ot THEE 8Q2.8BEER &PBae, and
1394, G gabit Media | ndependent Interface (GMI)
rélded Ganbgds), (SdriEPerflitral InteHble (SPOY I3 enivend] §eladbes(USB), IEEE
standards), Peripheral Conponent Int er connect (PCT),
1'3941 CPighbit MR ﬁaaeﬁen(iéfxﬁll}merﬁw(ng éaﬁ%eﬁs’éd RRREE 8023, IEER

ol .. Bus 15 nmay

mult] osour ce agreement (M5A pro x _
568 34, 480 A0 SR, fﬁ%ﬂg\éﬁéﬁ sﬁteffﬁfe?éon%'aﬁﬁ?@ ten bit

out put stem 14 and ot her deyvjces such as neno

infeRAcedT ﬁﬁ@@nd/a% i"%‘i‘g)aﬂ)e © RpB-ypRescaEesnent AMSA) protocol.. Bus 15
depi cted). [0014] Processor 12 nmay perform nedi a

may peewde mitgrcanmuliv@jior betwdem glidnt sigoelhmbeessarel %, and/or wrapper
exanple with Ethernet (as described for exanple in

systedr 18 OahdAr amehut spdtérh 4d aat athidadeldges SAER P AlenfoyE Hevitd ot

may perform fram ng and wapping in conpliance 15 for

/or forward error
?ggrggjctglr%&( Ilggegrsg%@gglgﬁ)dcﬂé@d conpl i ance for exanple
with ITUT G975. Wapper system 13 nay use sone
[08ilodi menProcessor h2 muayeqweformimedimadcoss. coBrop(MASS) sneodinglin
may renove jitter fromsignals provided by w apper
ccﬁupliamt fot g&ﬁlﬂplﬂ\eﬂEEﬂleﬁm@ (@l desdribedtfopexcmpls IIERPD862.3 and
network 1

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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whi ch may be optical or electrical format. For
WO0p/8368Het work 16 may conply with 20 OTN. [ OBIBPS1004/027681
one inpl enentation, conponents of transmitter system
10 may be inplenented anong the sane integrated
hecui t a f
Cidonet ttﬁﬁs%?ﬁ@% é“@ﬁ"%ﬁ&fns% R R Em 28 ot gom wse
ircuits that nmuni cat.e usin for
chgbfieBls e ot et Bt SBER AATREHS o FiiPovstéth 22, de-
circuit board. 3 WO 2005/036807 PCT/ US2004/ 027681
WERRPEB $YStanE2 3, 1qkienbiigeal STasRSSoRpt ciebwerk 36 And pus2 7. clapntaystem 22
system 20 that can use enbodinents of the present
miay vegeiveomsigita} Stoema A&tworly 21 and pebparerthe sigual for/proeessRig, by receiver
de- w apper system 23, client signal processor 24,
SYRRIMV20 K FéPexaniile, Rhsut Systerh 20 WhaySoohiveran %pn%)éxghﬁpt?' éléttAcal

signal froma network 21 and prepare t he signal

fogl;i}gft:em %r;gnrrlgyc@onver %1 I ca gftg};glle ?)éméﬁ?r S?Etg*ht23 may

rat .an nov.e fr.oma signal fromt
porTEmRA e et e %L‘?@ﬁﬁ 9 TREN R B B sg tfompliance for
transport networ de-fram ng and de-w apping in

exagi WHRdEUr b O 7%%( anﬁp’éfcwvﬂw qrnay-correptiqpo(FEL ) prefessing in
forward error correction (FEC) processing in

coppliahtafur exéropleaxitin}ilI e T OAS.| Dg-WraGp@ AysteBPe23vmap mee some
system 23 nay use sonme 10 enbodi nents of the present

erhbbdefente be ther g?@@ﬁﬁﬂkrerﬂfbn”&h‘omécfr%rﬁlﬁﬂﬁérﬂorﬁﬁﬁ%ﬁ access control
contr ol MAC) processing in conpliance for exanple

(VA vi de
[ n?g ?8?1%5 at P‘%ﬂ}%&f{\}gén ﬁog@gﬁe@ tOand ot her
devi ces such as a packet processor (not depicted), a
[0&W] t ch f alNetiwork 26 mayepovite thisrcomnuthiwatiem betwteen processor 24 and
network (not depicted). Network 26 may utilize simlar
otlie@ It vites Aich@8 % packet processor (not depicted), 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
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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15 techni ques as those of network 11. Bus 27 may
WOR0IB680dt er contruni cati on between i nput syst eRGTZRS2004/027681
and/ or de-w apper 23 and/or processor 24 and ot her

devi ces such as a nenory device (not depicted) or

a@hﬂ%f%oﬂ%@?@?oé?rgiggi ﬂ‘ﬁﬂlie%ﬁg%l 400 A Havi Hx0H !:"engtzhoanr%t %/ fixed

enent a mponent s recerver system

be. inplenmepted anon he .,sa I nt ted cj it |
GBIV PSR TR T b e parcog o mPlag ol in abeordance
s_,%stem 20 may be inpl emented anong several integrated

withrtee: PONEThert OTNtséandaidsuni cat e using, for exanple, a

bus or conductive |eads of a printed circuit board.

CBERLS mef B H50)h P RESFIAR s g
B TR 5 08 A Ty o

i ncl ude managenent overhead, client data, 4 WD .
40Q0s1dreayH sreve (sobumpparsy infarmatian aswalbas ssacpae portion

portions. Franme format 400 nay have fixed |l ength and a .
reéfsepvedi formawlparityinformwation) The resesved space fot deduimhiparity thfiermation

portion may include data in accordance wth the SONET

mgy be‘&Mtgahﬁndﬁmfded MARZPIhe Tt PO fiGH. Brhme FOrmR 500 364y 6ke

irst portion that includes a m xture of 5 client

coﬁﬁgglr'a%e{ J?lglnlé E@mnﬁg Pg@n@efé%) )nu{n%egrg%o?%ﬁﬁgq S@thber of TOWS, the angle

rom or and reserve
space for .colu ari.ty nformation, gs .well . .
andhickness o FhesolimB erivatormationproyied vy et sl pogtion, and size
The reserved space for colum parit?/ informati on nmay X
ofirewdhazigy infpimyationoIihg darameters mayrhe sef tognaiptgin thgperqeniage of bits
format 500 may be configurable in the follow ng

repervedforr etient datan{fieom fhme dbmmat 400 hamb@,709 bverhesd information (from
angl e 10 and thi ckness of the colum parity

frgllﬁg gdrﬁﬁt 4O0) d¥ichy feiffe Porinat 400 Rethé sahd pdtSérth@as thatdin 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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of row parity information. The paranmeters may be set

WO 20mj05dsed n the percentage of bits reserved f ®CT/US2004/027681
client data (fromfranme fornmat 400) and G 709 overhead
information (from frame format 400) anong frane

[OP?,?:] g: 4Og@mef§ g?@?me?}ﬁs%i g LAAE Ft?lf‘ctﬁljéaats fiathd f:??ﬁ‘iﬁt SOOdbut with

ment ati on,
in FIG 4A frarres of t 500
cajwmu pedtyanfosmatien nserk @J R esped She for SRR ?Baﬁ’aﬁématm
frames. In this concatenation style, there m ght be
Frametfbrmatgap et beesintilaostsuctens s famerformis 04 fout b\ﬂwﬂrpw parity
500. Format 500 nay al so be processed using an

it nBkibe Aened i thb eeseriel spacedfoerateparityy hefdrmatiorl). §milar to format
Patent Application No 10/ 113,190, filed April 1,

R B EorkBtelt@ibrCotifterléavifl ed
Sﬁggémwg(g%{ahe%lﬁ aV| ng I%tf e may |tncﬁ‘,le§|§ty¢éS
stream ng franmes of format 500 as a continuous seri
[00B3]separ aFmnfer famast 4Mcogy besimilentoEame formet APQHEXePh a"o‘PaSt that
a single franme of format 500 is spread over nultiple

tlfere?t'EF Sorpéctiof pBRionoHy indRideicolumr sidavenmeiy infotrhationeand
or "frame format 500" may refer to streamng in

s%h%@&zg&@%w@%%‘%ézgﬂ Pl s gl o
e . .
S e AL PR Sy aion

reserved space for colu arity.infornmat.i

inffonmation 5uRY indigatsdocationsp $oF eftoran Al i B e Plmatiph P":@{“ frame
501 but with row parity information inserted in

forr@aes02e dSyapchmaization infermatiantiyay b getedwisHn aQir@ﬁqﬁélpd ﬂqgatlon
format 5 500, formats 501 and 502 may stream by

WiRC@E 8RBE Edifeclbn pbitinl i diintegforrnati403. In one implementation,

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



@

‘&OOZSJAEFrarre format 401 may be simlar to frame format
OAUBBERY at | east that the error correcti on REKUSHM/027681

may i nclude colum and row parity information and
synchroni zation informati on. For exanple, colum and

ehédileP 608, tavd %éﬁ‘oﬁﬁﬂﬁdﬁg@% TRYRéT8rendd Rislel th fidinfds Hab g formats 400,
order as that storéd in a frame of format 502.

I %Y [ ] ' ingdi gat e | ocati ons
5@?’@2[gén%%g%é@?g\%ﬁﬁ{ae?i“%&?%d{%rgr?u@?iy'gr{[ﬁ in frame
format 502. Synchronization information may be stored
[6RFhi n a [EneckddriG0Odndydseitipdementéd 45 anytdrer comitdnation of: hardwired
correction portion of franme format 401. In one

cor . e tormat 401 !
1d§gafa sEfRictdred by aSHERbYy RV &ehh®Bxdcnidd % in?ggﬁl‘gk*g%gg $irmware,

ined in each frame of format 40 1,
Ny A f, re N iS5 an
of BRSO BRI TR STy it i Bt ey
%q}roni zation information may be partitioned in a
(

hat every frame one fraction of the
synchroni zation information will be transmtted so

oobat it NMByndhMsEz@ 602 HthASREkNMhO BT ISatiths &f AMBSn 8hd i
[ft(;?nat 401y?vvhelrg Nis %?tgact er thanaolne% to transﬁ?v{panty

' Ao : : i g ; . . .
88 X0 300, SUAGTRE Pl e v ocations
b d.into locations in frame 401 that

o Bh 3 Ry PRD S orAten So s sofe S So Phsdh s, and
[0024) FIG 3 depicts an enbodi ment of the present
sepoRERAPRA 61, Symelneniaer602guay store syneluenization information within a

enbodi ment of the present invention. One

frammp bEformaed lorThef synelmonitetiobidformmyion hedyudpresent the timing and
synchroni zer 602, first mapper 604, columm encoder

pl%@@locﬁﬁbﬁs%f@@u%@pﬁﬁ%ﬁ%éf fnFordatidf Withad &9t 61 fthat 500.

08, and second mapper 610. Reference I's nade
frames having formats 400, 500, 501, 502, and 401
[0QRThi ct ed Firstimapperé(4mayeamyertzframe fiom 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 paﬁty 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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0025] Encoder 600 may be inplenented as any or a
{%H.?P %WBYn of. hardwired |ogic, software st orBeI/E§2094/027681

nmenory devi ce and executed by a m croprocessor,
firmvare, 5 an application specific integrated

stored i frarp@$dr@)at S60dCalculation ef chlpnagnd rowipagtygiatanativa Ynay be
(FPGA). [0026] Synchronizer 602 may track the bit

' ANCalb Mt R6f dolumh Bha FMphQry iftkd
Haagﬁgﬂng@g?@]in(%f&nig?ﬁ%%o@%yncﬁroni ze? 602 naybp’?@vlmcﬁé—m atlon may

' ' I w_Rarit
osbetobed O BhugfBre s 8% ol e ROlut e ol Patrnlters of ame format 02
d 10 d er 610. nchroni zer 602 may store
(R} el PHCATE O PHLEH 1B PURTORT Gl Olrns, FETber fronesy ggangle and
401. The synchronization information may represent the
thicknasg obithg copmars parity infoinationpndsize o rosnphritp mfpoanation.
information within a franme of fornat ?OO. f[0027]40
bhst M r om.f or
[(fdg bf or malltO %%88&%”&4 Er Esl 6 ?ﬁgﬁa&gﬁngg%{l @g&er YR f?x’fé“ﬂgg%’; o ?o&nat 401.
I ' i nf tiogn as well as space for 15 row
SET R Tl B o st o Gtons
depicted as "client data & OH', first mapper 604 may
insifigdhe frameof format 40 hitat angrsirgilardo thase ef fieratht 460 and may map
mapper 604 may initialize the bits reserved for

calomnrand aowt pacity indorhiation B$ welras syithichiZRio8 Snfolfa®ifinto the error
i npl enent ati on, encoder 600 may vary paraneters of a

cdrfedtiBn ?_Brtfoﬁrdf%t fraftlofIRSRsk 401, W EandoF Z‘E{S&t LeY ﬁ{agcﬂ‘e thalnSmitted to
protection. 20 [0028] Col umm encoder may i1 nsert

Qs i ' I ' i X e .reserved for
2 B Rk b op b OB orR or i ef R ont T o1 e 500,
Row encoder 608 may insert row parity information

[0030]0 spacEncaiee60®Emay providestivaper BEC @h€ddiBg pffectitn #han that
frame of format 500. For exanple, Bose, audhuri and

e iy, . | i
ISR aralv, (i e LT 6T A it over
syQt@fﬂsttP(at 'im&{d@'iﬁéﬂgr 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 WO 2005/ 036807 PCT/ US2004/ 027681 stored in frane
WQRE{03680D. Cal cul ation of columm and row par i PET/US2004/027681
i nformati on maybe based on processing client data.

Cal cul ation of colum and row parity informati on nay

[oebﬁo be bBeestied 700 alagRtifipiendntdl A%ng\oe & REAMBiNAloHTF: hardwired
paraneters of frame format 502 that include, but

lo%'ice sm% 'sf&écfgy g ﬁlgng)r? WEREE afd e ?ht‘éﬁgﬁ rflfé E)CE%EOI‘, firmware,

e an hickness o parit

a 6‘??3’@]1 (tggleﬁng %@?e o un‘,ggSE@); {dmat N crgpﬁble gate array

format 502 to forrrat 401. Second rrapper 610 may map
(ARl i ent data and nmanagenment overhead into | ocations
inside the frame of format 401 that are simlar to

[Ob%ﬁse of é mzAaQ%nQHl% r{@ﬁrac ?Wﬂh %rl%ﬂé& Iyﬂ@l'ifohi’iatlon

ormati O as we as sync roni zati on I nformat

i.nto.the error orr 0 rti.on, of, frame o
Qe BoE o D EoTEHet 4D} Syteptni gt Ormaihe frastor 702 may
a network such as an optical network or el ectrl cal
prﬁ@tdmwlocwma of celnaaad repmapty Infirefign inse figmpaf format 502.
encodi ng protection than that specified in G 709.

[(%ﬁord' ngthdmi HE091m eﬁ;@hat &t a$hihe ﬁ’blggﬁﬁﬁ @'T tg??rmat 502. For

nsmtt e ove syst i ntroduc

exﬁ ’?ee ﬁl{fwg&%g RO? ey rg%{e %?:\é@% X W frﬁgmlatlon that is stored

changing a |ine rate of managenent overhead and
in@piegRr corsackion portipa of adframe of %@natr% For examplecthirdgnapper 704
FIG 5 depicts an enbodi nent of the present invention
maystoeechel eclumiGndirow pattgomdemméaonint focationsih a dramenof fofmat 502
the present invention. One inplenentation of decoder
indidfted By theWnbllenRMfcinFetinfatiohOn | nfor mati on extractor
702, third mapper 704, colunmm and 20 row decoder

stages 706, and fourth napper 708. Reference is made
(09351 f r arrescﬂlimﬂﬁgd 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
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formats 400, 500, 501, 502, and 401 depicted in

VOIIRYEIE FI Gs. 2A to 2E. For exanple, decoddtCT/B§R004/027681
may process a frame of format 401 transmtted through

a network and froma transmtter using an encoder

twb R of cdloma @@ﬁn%) (For 8xMEbIROSHMR RE fow decoder stages 706 may
PCT/ US2004/ 027681 [ 0032] Decoder 700 may be

ait%fg%lt‘g ’rf)‘?égggtinv\gﬁf AlWovy o&% RSP RS all Bé‘lﬁﬂ'gfs 1089 frame of format

re stored by a nmenory device and executed

a,m crqprocessar,. fir re n_applicati :
B} ap TR BEFR 08 a el tormiat0Epr PRReH TR S ) eqtpmns, al rows,
progranmabl e gate array (FPGA). 5 [OOa:;é]
argl (agpind Al sakumens. Impee ienlementation, sekugm angxopedecedersiages 706 may
synchroni zation information froma frame of format
p&fidrm Gy processingziatthe foliowing manneynalbrawsasftadfirariz®@f foamat 502, all
provi de the | ocations of colunn and row parity

chlifAE BR4 Kathel oF férmidt 30B, (Rfaih LAl wsDQgain) b1 @8MimnED hddi(again) all

mapper 704 may convert a frame fromformt 401 to
s, TR Aol b ARy oo SIBBB gl 0 By i
el oSk 5754 et a3 0a8 g G Bl ™

colum and row parity information in |ocations in a

[obsgme of Fekrtapset 708 AeblyCRhfekt B frahldehrdii TeiMia 30236 Fdtthat 400 or
i nformati on. [0035] Colum and row decoder stages 706

c [ : .

fo?i‘;ﬂgt n‘gﬁé %ﬁgﬁ%é@bg@??gf \%gg éh% Flgéﬁrt ﬁﬁtg%gﬂ %nﬁécq{l&ﬂ ovErifad into
i npl.enent ation, . u 15.and, r decoder stages

il ipsadionSiids the e 67 et 40Y o o dStucthuRiis F (i pay use

and row bit informati on and determ ne whet her such

teghrdques seunilarde thase dassribedvwithirespeeidp saeandrmapnes 6 £Q ta eanvert a
Based on the processed colum and row bit information,

fraré ufiformatd5 020t format 401,

10



decoder stages 706 may performerror detection and/or
WORPEEIBBH of managenent overhead, client dat ZCEA§2004/027681

parity information. Colum and row decoder stages 706

may al so 20 calculate error statistics in the franes

of..format 500. For exanple, error statistics may
hdﬂ&ﬁ&ﬂgmﬁo t he percentage of the bandwi dth utilized by

a frane of format 500. For exanple, error statistics
[Odﬁ% rel atfgetRay dRIBRIfoMRIRAGkRYh gave @RAmPRE af the present

[0036] In one inplenmentation, colum and row decoder
. 70 -, fer at s Ofl s
iR T BE AR inyenfioh oy CEIPEY RY i limited by these

erform | east 9.WD 2005/036807 .RPCT/. US2004/ 027 .

spGic PRI ORI A0 Re o SR P Ui ER 18 AR Riion or

row decoder stages 706 may alternate processing of
nobsticl asdifferengestinstructure, fisrensionsun usgiaf materizhare possible. The

frame of format 502, and (again) all rows of a frane
scafe dfeherimveitith iort leastas bsoadgs givealbly the Fallovang glaims.ows,

and (again) all colums. In one inplenentation, colum

and row decoder stages 706 nay 5 perform bit

processing in the followi ng manner: all rows of a

frame of format 502, all columms of a franme of format
502, (again) all rows, (again) all colums, and
(again) all rows. In one inplenentation, colunnm and

row decoder stages 706 may perform concatenated
decodi ng by bit processing all rows and all col ums
once each. [0037] Fourth nmapper 708 may convert a
frame fromformat 502 to format 400 or 10 format 401
Fourth mapper 708 may map the client data and
managenent overhead into its original |ocations
inside the frame of format 400 or 401. Fourth mapper
708 may use techniques simlar to those described
with respect to second mapper 610 to convert a frane
of format 502 to format 401

11
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8) &gﬁ /036807 Modi fications PCT/ US2004/ 027681
drawi ngs and the forgoing descri pti dffgHe04/027681

exanpl es of the present invention. The scope of the
present invention, however, is by no nmeans limted by

dL'}ﬁ speci fic exanpl es. Nunerous vari ations, whether
*erp;&citly given in the specification or 5 not, such

as differences in structure, dinension, and use of
Wit é9 ¢lailmedds:e possi ble. The scope of the invention is
at | east as broad as given by the follow ng clainms. 11
WD 2005/ 036807 PCT/ US2004/ 027681 5 10 15 20 CLAI M5
Iwhat is cramsiQdicempmsing: net hod conpri sing: receiving
a first frame, wherein the first frane includes an

overhead port kQRighd, dak fi‘rfa% bhefin ﬁl@'ﬁf&rf}j] nﬁ@ln%ﬂﬁgs an overhead

first frane into a second frane, erelnt e secon

frame Co?g%i%‘ﬁsanﬁ'dg{a%n?mbl e size and wherein the

second f

converting the first frame into a second frame, 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 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.

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 second frame comprises a

configurable length and width,

12
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i ncl udes colum and row parity information and the
WOSP@A68030r t i on and the data portion; specifyRGRJUS2004/027681
| ocations of colum and row parity i nformati on within

the second franme, wherein a synchronization

4i nf or mat i Qhe RAREPENCRirh NEWh6QInRB caRthr M 183 atri(}' 1nfonnat10n
i nformati on | ocati ons; and converti ng the second

ldc ﬁ&hsqut%] ﬂge;gc ﬁa*‘g?ﬁ%@g{aﬂﬁném rd frane incl udes

e over a portion, the colum and
rom1 parity |nfornation, and the synchroni zation
information. 2. The nethod of Claim1l, wherein a
percentage of the overhead portion and the data

portion wthin t con s equal, t he .
Sper cent a\é\bﬁ"s fmetﬂFFéie idwé‘HP‘ﬂ # CO[&\W&'H}&]@C éﬁftfﬁ ame into the
portion V\Athlntheflrst franme. 3. The nethod of Claim
secongyffameicompiiisessecond frame conprises a configurable
l ength and width. 12 WD 2005/ 036807 PCT/ US2004/ 027681

ar iy 1 nictvath sfth Bhd oo R Boridfe RRMe Ao Bphmes anc

are programmuable. 5. The nethod of Claim1l, wherein

t he conv einseringtthecdlims tand rewrparitytinformeatiold withirothe reserved
frame conprises: reserving colum and row parity

| ocafpbgtisnsWM t hin the second frame; and inserting the
colum and row parity information within the reserved

| ocati ons.

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



S

10

15

20

The method of Caim1l, wherein the converting
Wﬁ)ezof' 793%8%% rame into the second frame conpri seRCT/US2004/027681
perform ng Bose, Chaudhuri and Hocquenghem encoding to
provi de the colum and row parity information. 7. The

gret hod of Theahethdd ofORIRI I whefeik BRUERY Fathelifhelshhittsize as that of
frame into the 15 second frane conprises performng

tE@ﬁggtgq}ngrmn encoding to provide the colum and row
parity information. 8. The nethod of Caim1, wherein

the third frame conprises an error correction portion
and further conprising storing the synchronization
information within 20 the error correction portion

3 WO 200 36 7. P US2004/ 027681 9. The thod
lél aimi, m@ od ﬂfg(aﬁpﬁdwﬁprgmet grqg{gmglg S¥ze/18 bgged on the
EP f theflrst frame. 10. The nethod of Claim1,

@FS@FWW@O@P&e is based on the 5 |evel
of forvvard error correction encoding. 11. The net hod
of Caim1l, further conprising specifying | ocations of
the synchroni zation information within the third
frane. 10 12. The nmethod of Claim1l, wherein a
1toncat enaflhe method of @aim hefusthenowprisagespesifying bevations of the
streamor block oriented. 13. A nethod conpri sing:

synehminviatign infoinigionf wigtiiB theAgd giamd, he first frame
i ncludes an overhead 15 portion, data portion, and a

synchroni zation i nfornmation;

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



converting the first frame into a second fane, wherein
YRLQHB6#Y frame conprises a programabl e si zePGRHS2004/027681
i ncl udes colum and row parity information and

further includes the overhead portion and the data

1portion; prL LRI CIAMES, Gifkdif &%&&ﬁﬁr@r@fh%@ﬁb 8t Hafe into the

second frame; and 20 converting the second frane into
third forane, wherein the third frame includes the

S‘%%“Pﬁ%‘&& FBWPHAE t he data portion. 14 WO

2005/ 036807 5 10 PCT/ US2004/ 027681 14. The net hod of

d ai m 13, dsbeiifting lbbiof®0l 5l @nd bew baritytinformation within the
the second frane further conprises: determ ning

| ocatd ' | p@n within
the R e B B A R b
i nformati on; and providing the colum and row parity
5 i nf or mat i provigingthe cohwnmiatdaiow pesity itfomaatioorvsithin the determined
met hod of C aim 13, wherein the performng forward
er r docgtivngecti on conprises performng iterative
forward error correction. 16. The nmethod of O aim 13,
wherein the performng forward error correction
conprises perform ng concatenated forward error
correction. . 17. The method of Caim 13, wherein the
15per for m nphd MEiRH Sf e1dif 13 WheRsh terforming forward error correction

comprises performing iterative forward error correction.

10

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

15 comprises performing Bose, Chaudhuri and Hocquenghem processing.

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

comprises performing Reed Solomon processing.

20 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
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15 con:g}rises perform ng Bose, Chaudhuri and

$<m processing. 18. The nethod of O ai MABUS2004/027681
wherein the performng forward error correction
conpri ses perform ng Reed Sol onon processing. 20 19.

20he net hogth@inddhdd &f CRRim M 8K Edr&inttheertdt dodh eEﬁéWEomon includes
further includes an error correction portion and

ing the synchroni zation
c§?'3pﬁg{|oﬁﬂébfﬁﬁﬁnﬁ%ﬁé error correction portion. is
WD 2005/ 036807 PCT/ US2004/ 027681 20. The met hod of
Claim 19, wherein the error correction portion
i ncludes colum and row parity information. 21. The
zggtrrgogi g];’l’ggal % rdyg.er Q!f'l%e?% hl gﬁgffrra%gs xskﬁp same size as that of
a%paratus conprising: a first mapper to convert a
metiframeare i nto a second frame, wherein the first
frame includes an overhead portion and data portion
and wherein the second frame 10 conprises a
progranmabl e size and wherein the second frane
i ncludes columm and row parity information and the
2bver head Anapparatuardmpiigingat a portion; a synchroni zer
to specify Iocations of colum and row parity
informatio the sec nd.frane, wher
synchr oni azﬁ’is B}?I’P?ff BFH’&Y‘?% st fipme o 2 Sf’ﬁ%n‘i %ﬂpﬁﬁﬁh"o{ﬁ‘& the first
row parity information |ocations; 15 an encoder to
i nseameweludas am gverbeadportienyanddata pertionand mtherain ghe second frame
second franme; and
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;

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 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.
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\? second nmapper to convert the second frane into a
Ri2PE/ PP, wherein the third frame incl udes RGEUS2004/027681

over head portion, the data portion, the colum and row
parity information, and the synchronization

24.nf or mat | The agphrads ol ORiMERAWAE S Bif sédchidifranzs coviprists A
a percentage of the overhead portion and the data

C@ﬁfﬁb}%whémiﬁd%gthsecond frane is equal to the
Y

ercent age”of the overhead portion and the data
portion wthin the first frane. 16 WO 2005/ 036807
PCT/ US2004/ 027681 24. The apparatus of Caim 22,

wherein the second frane conprises a configurable

ength and, Wi dth. 25. The . gpparatus of. Cl ajm 22 - .
23her ei n tﬂ'ge YA HHS gglaf%\%apgﬁﬁeﬁp &’HPSP’HH’( ?"?rfogi parity information
| ocations within the second frane_are programabl e.
loggfionsyathip Higrsseond amearginsogrammyghlg.ei n the fir st
mapper to convert the first frame into the second
frame is to perform Bose, Chaudhuri and Hocquenghem
encoding to determne the columm and row parity
informati on. 10 27. The apparatus of Caim 22, wherein
26.he fir st ThaggrarattoofCaine 22, whereini the first imapper torconverhthe first
second frane is to perform Reed Sol onon encoding to
fraing Bitotheactif] framé 150 pefforni Bos® AHaudhird ot HoéqueAghérb encoding to
28. The apparatus of Caim22, wherein the third frane

d&é}-ﬂﬁﬁéﬁ,@%ﬁﬂnpﬁﬁgmtfﬁggﬁﬁhtgmti on to store the

synchroni zation i n

27. 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.

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

level of forward error correction encoding.

17



29. The apparatus of Caim22, wherein the third frame

WO 20380 E size as that . of the first frame. POTAB2004/027681
The apparatus of Caim 22, wherein the progranmbl e

size is based on the |evel of forward error correction
encodi ng. 17 WD 2005/ 036807 PCT/ US2004/ 027681 31. The
apparatus of O aim 22, wherein the second mapper is to

speci fy locations of the synchronization infornmation

34 t hi n t heThendppdratusanféClaitn 22 whknein dipsacahdimapperGh & specify

22, wherein a concatenation style of the second frane

locutiohs btthe syneecnidtionl infkmatideWitRR: the third¥Ra@@par at us
conprising: a synchronizer to determ ne | ocations of

colum and row parity information 10 within a first
frame; a first mapper to convert the first frame into
a second frane, wherein the first frame includes an

5 3gverhead pgfel E‘I’amﬂ.g%tf@lﬁ 39, Yher, éﬂgg fcﬁnéa)félﬁl%x? OhASh tgg second

|nfornat|on a erein e ’secon rame conprrses
Si z | udes col um and rom1par|ty
ﬁ@@%&hegﬂ8f$HPFﬁﬁwn@ﬁc|udes the overhead 15
portlon and the data portion; a decoder to perform
forward error correction on the second franme; and a
second mapper to convert the second franme into a third

rane, wherein the third frane i ncludes the overhead
3%orti on aAd! 3DRETAHCATRBISINGN .

a synchronizer to determine locations of column 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 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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5030 apparatus of Caim 33, wherein the first
ﬁig)pig{é}ar/m}g&to store colum and row parity i nfor Rel/lUg04/027681

within the second frane based on the synchronization

i nformation. 18 WD 2005/ 036807 PCT/ US2004/ 027681 35.

3fhe appar dthesippratiisaif @l8a 33ytvetreetin thiddecdderad perfonm forward error
performforward error correction is to perform

cotrestivni iv 6o Herforay iterafiveforwRdedfor coRection36- The
apparatus of C aim 33, wherein the decoder to perform

forward error 5 correction is to perform concatenat ed

forward error correction. 37. The apparatus of Caim
33, wherein the decoder to performforward error

36Orrecti Ofpie$, I hapydhuri . an

Hocquenghem p Pfg%g@E iolir: gjﬁfg%; gv.he%rg{’h%p%glr)%et? lﬁcg p%rff orgt ‘Eﬂr%ard error

erein the decaqder erformforward error

cgrgercrt lxél?:ltl ¥ gorp T éor@ocoagﬁ?r&tﬁt Ioﬂé% Brd<Eiop SpHesHBc essi ng.  39.

The apparatus of C aim 33, wherein the third franme

further includes an error correction portion to store

the synchroni zation informati on. 15 40. The appar at us .
f daim 3@6 wherein_the error correction portion

3 ncl udes Thepppasatumef Claimsadr whereinthe desadeste perforntiseward error
apparatus of Caim33, wherein the third frame is the
careaetion iszte perforth &osefChaldhiri asd Hbcqmaghdii pAitessingy st em

conprising: 19

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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0 6807 5 10 15 PCT/ US2004/ 027681 a data
%o%’ggggg&conpri sing: a first mapper to convert PET/US2004/027681
first frame into a second frane, wherein the
first-frame includes an overhead portion and data
portion and wherdatmprobesssecomptidiigne conpri ses a
progranmabl e size and wherein the second frane

i ncl udes col um and 7t Bappdrito chife?t MBist BamRHktold Rcond frame,
over head portion and the data portion, a synchroni zer

to specify | ocaty ) .and, row par,| .
informati on w ?k}}egélfl ﬁlﬁé%@ﬁ%ﬁ%@ﬁ 1?02%98 E\M&F% e%éfgortlon and data
synchroni zation information yepresents the columm and

row parity i nf PCHAR AT W %@atfﬁ%?@pnéﬁragwwmmﬁsoa programmable
insert colum and row parity information into the .
second frane, &g and sherminl theesspend frame inohetes cohunn and row parity
second franme into a third frame, wherein the third

frame incl udes itformaticar dndatle posrhéqportibe andithiealata portion,
portion, the colum and row parity information, and
the synchronization information; and an, int erace to

provi de and recei ve ASYRFEPUZEL 19 3pecity lggations of celuayyand 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 XAUI

44, The system of Claim 42, wherein the interface is compatible with IEEE

1394,
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2‘5[;@/0 temof Caim42, wherein the interface is
npat |3§§¥e with XAU - 20 44.The system of O ai nP4P/US2004/027681
V\,herel n the interface is conpatible with | EEE 1394. f
20 WD 2005/ 036807 PCT/ US2004/ 027681 45. The system of
48 ai m 42, Theeysem dfii#ainrd 2 vlecenitise mterfaae isdompatible with PCI.
PCl. 46. The systemof Caim42, further conprising a
switch fabric coupled to the 4 interface. 5 47. The
systemof C aim42, further conprising a packet
processor coupled to the interface. 48. The system of
461 ai m 42, Thekydieh oFOMR 41, Fotier R @m@é“d@ﬁ!&ﬁ%ﬁﬁ&&ﬁb&d to the
with 10 the data processor 49. The system of
uﬁéfacgurther conprising a menmory device coupl ed to the
50. The system of Claim42, wherein the data
processor is to performnedi a 15 access control in
conpliance with | EEE 802. 3. 51. The systemof Caim

42, wher ei n the data processor is to performoptical

i ance th ITUT
47t ?83 por t e sy e[n% og &lafnrnaﬂ %ﬂ'tﬂe? c&%p 1s1|ng a paclggt processor coupled to

the interface.

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
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The system of C aim 42, wherein the data
éﬁ%g@%ﬁpﬁ s to performforward error correcti oRCT/US2004/027681
processing in conpliance with ITUT G 975. 53. A
system conprising: 21 WO 2005/036807 5 10 and

PCT/ US2004/dath/§r8dessordtinpriRinge essor conprising: a
synchroni zer to determ ne | ocations of colum and row

parity

i nf or mitsbrﬁ%lﬁ%itzaj 10 d@?e‘i‘l'hfn%tloéarti%ﬁ? of @olﬁthasaﬁl row parity

mapper to conver

e first frane Into a seco ane,

wherein the, first frarrer{iﬁtcr:é_# es an overhead portion,
0)

dat a port? ﬂl:maého&l ‘glthlgf o

(] . . H
Zation i nformati on and

wherein the second frame conprises a programmable
si ze and i ncl uddlsiGRAPPIN tEEEhvER \thedRst frymb Mkio arsaterthframe,
and further includes the overhead portion and the

data port W@reiﬁhlﬁ%@pﬁi é ﬁmcﬂﬁfeg o BYdrREAMBISi6H, 'dafa portion, and a
- frame: & t'o

correction on t

e secon secona mapper

convert the second. fr. into third franme wherein .
Che thi r aSmefRion iR Em s v iedin ot g SHRE Biibrises a
data portion; and ap interface to provide and (eceive

signal s fPorampablgsize gpd dacdudss colpmngnd roppagify infgirpgtion and
Claim53, wherein the interface is conpatible with

XAUI .

and

54.

S5,

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 XAUIL.

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

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

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

22
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15

m@ﬁ g stemof C aimb53, wherein the interface is
VMPE with | EEE 1394. 20 56. The syst em oPCTUS2084/027681
53, wherein the interface is conpatible with PCl. 57.
The system of Caim53, further conprising a switch
fabric coupled to the interface. 22 W 2005/ 036807
PCT/ US2004/ 027681 58. The system of Caim53, further
onpri si ngr a packet processor coupled to the
5g'nt er f ace. Ihs sgdemph £lajpnsi fsherciompmssg, a rfagketipaocessor coupled to
conprising a bus to exchange signals with the data
theriotee@sor. . 60. The systemof Caim59, further
conprising a nmenory device coupled to the bus. 10 61.
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 Caim53, wherein the
s9lat a pr oc g @ystérh of Gl 539 bfkisi i i
net wor k de-frggm ng in conpﬁpgl%ggbg\n@t ﬁm%_ﬁnjbﬁl_ﬁr%éé%gﬁg%%gnals with
theRBtSet & of C aim 53, wherein the data processor is
to performforward error correction processing in
conpliance with ITUT G 975. 23

~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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