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mul ti-channel data being transferred via a plurality of wavel engths in an
optical 5 network. BACKGROUND OF THE I NVENTI ON A point-to-nulti -point
passi ve opti cal A ( tem by

br oadcast i RSPt it rrats e HEE U%W.téﬁﬁéﬁ%ﬁﬁ ferein terned
an optical line term natlon (O_T) to optical network term nations 10
(ONTs). The signals are transferred fromthe OLT to the ONTs via fibre
optic cables and passive optical splitters, which conprise the physical
fabric of the network. For upstream comunication, each ONT nust be able
to transmt signals which are not interfered with by other ONTs. One of

t he met hods known in the art for perform ng such upstreamand 15
downstream transm ssions is by using tine division nmultiple access (TDWVA),
wherein each ONT is allocated a wi ndow when only it can transmt, and where
the OLT also has windows for transm ssion to specific ONTs. O her nethods
for avoiding interference FIREPQE THEINYENTION signals at different

wavel engt hs, en%es Yr?s)eﬁﬁ'&I Flelzgésvge?l'eﬁny qyld%fapﬂrﬁxsﬁpcaﬁrasspéé’f\%} ‘10

Conbi nati ons o afe also known in’'the art. Signals are
typi cal | ymultaehnmel t@tﬁ h#mgntransfh@edbm apbsaldy o wavcleagthwotanmhcaéased on

t hese th d Upstream of the OLT, signals are typically transferred via
an |ndustry s{ andard data transm ssion protocol, such as an Ethernet
protocol. As demand on L S g&é ses, the need for

i mproving the 25 erxi%éW@Mgﬁﬁfqu rkghglﬁé?ai ncreases. One way in
whi ch network Al esinbid-intulyi-payt plagi\jen@memeﬁbﬂarSrkb;(Pembb;bdmeselaerrants of the
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protocols via a passive optical
10 (ONTs). The signals are transferred from the OLT to the ONTSs via fibre optic cables

and passive optical splitters, which comprise the physical fabric of the network. For

upstream communication, each ONT must be able to transmit signals which are not
interfered with by other ONTs.

One of the methods known in the art for performing such upstream and

15 downstream transmissions 1s by using time division multiple access (TDMA),

wherein each ONT is allocated a window when only it can transmit, and where the

OLT also has windows for transmission to specific ONTs. Other methods for

avoiding interference include trailsmitting signals at different wavelengths, using

wavelength division mulﬁple access {(WDMA). Combinations of TDMA and WDMA

20 are also known in the art. Signals are typically transmitted within the PON according

| to an protocol based on these methods. Upsiream of the OLT, signals are typically

transferred via an industry-standard data transmission protocol, such as an Ethernet

protocol.

As demand on transmission networks increases, the need for improving the

25  flexibility of the networks also increases. One way in which network flexibility may

be increased is by enabling elements of the network to convey data via more than one

protocol.




network (PON). In a preferred enbodi nent of the present invention, an
optical line termnation (OLT) nay comunicate at its upStPEER{Z0de with
data service lines, each |ine operating according to a respective

i ndustry-standard protocol. Each Iine nay be able to transfer a set of
data channels., and nay bETIMAREOFRTHE RSVENTIQNa one of a first plurality

of ~channel ingerfac gmg(gilﬁ):m% ﬂ‘ra? ﬁg‘?"gﬁ%’?‘g&g [ ag% E:aoq?%%deor AL sltxjibtuﬁn ownst r eam

side the OLT communi cates w plurality of optical

i nt er f acedqtOrlEMNYy travsmitied reofdinghiio hplnmlitycofnvetpcalm eriaos passive opfiical t he dat a
channel s Qe wgepokile PON and the O F card by nodul ation of opti cal

radi ation. The O F cards may be able to convey the data channels regardl ess
of the protocll2 weferpd cmbpiimey of thegresenhdive@icn, s ppticabline tefmizgtipmi r of

wavel engt fg y @&nﬂ&ﬁ&%te faPits FRNDSE S RAMM L8NSR $h@ each e Qi%% wavel engt h

of the pair being used for upstreamtransm ssion. A connectivity unit in
the OLT nifyordinge a raspectioy mdegrydsandpand nrotecad) Fack sinelmay bahide troramefst i vity uni t

is inplenenkeddse cfieﬁ'ﬁrels»,a%\ﬁ ngytheCc%ﬁglle@ﬁﬂth@Mlqig oﬁ@é?% R p%ﬂ%ﬁgiﬂpl ed, so as

to transfer one or nore data channel s between the an cards. The

i mpl enent depRshintesfage €FIE) easdscopprisesingiy ByT-a main central processor (MCOP) in
the OLT, and Amys BSwREEIR RN BDIE GHRATEGH fhe BON %&pf??écbl\{f? of the

protocol of the data channels. Enabling variable routing of data channels
bet ween atyraliyrferiepl dxerfacg QI rrds agagh of whigh Mhayseonudy erseorprase 6Eol , nay

al | ow exthenBlaycahd BEGENARNEON ARSHINTBNE2r8 WY hYHAIRGd0BS opipad enabl e
hi gh bandw dth | evels for transmtted channels. 'In order to Ii’ransfer

~ downst r eaffiaRna The G ¢rids eraerie ablratorrontentha detachansslsmegardlossiof tini t, the
data frompreaed ofite cEandIsBY B8 bl LT 88k fh Ijag%%%beﬂsﬁ@?s mdyBRRR&L | ve menory

as it enters the connectivity unit, and its destination OF card may also
be i dent ifPT dawpsireppetragsapsion; e wihedwavelprgih Mfptheagein deingrysed fakri es of

steps Whgk®dah ©akRiskibam each CIF card is read, in units of a size set by
managenent software controlling the data transfer. The data nay be routed
through the CcORPEEETNYIURtyAthe ngm@Y@llpl%ﬂmﬁIﬁ opggls apgh ghe(PIF qapdsd assi gned

to the cheRnShnectifiB uniSismfRmefted 88 tHE fny EIFRYd 5rf21ran§'{|h§‘ecgf&erﬂiy glownst r eam

transm ssion. During the routing and storage, channel bounddries may be

i nsert ed “QRRied e 35 FRpEY 0ag or maEdlataghgnnelsbetwrendhe IR apdQLrefdsy red. A
simlar preeepemeRtidtis BRIGMIBE tdhhed BEa Matn dRrhirARRESE (N1aP) #HRRL r eam dat a

fr Om OLT, and may be performed in a dynamic manner, irrespective of the protocol of the
data channels. Enabling variable routing of data channels between any CIF card and
any OIF card, regardless of the protocol, may allow extremely flexible channel
assignment configurations, and enable high bandwidth levels for transmitted channels.
In order to transfer downstream data from different channels via the
connectivity unit, the data from each CIF card may be buffered by channel in a
respective memory as it enters the connectivity ﬁnit, and its destination OIF card may
also be identified in the respective memory. The MCP may perform a series of steps
~ wherein data from each CIF card is read, in units of a size set by management
. software controlling the data transfer. The data may be routed through the
connectivity unit to an OIF memory for the OIF card assigned to the channel, then
stored in the OIF memory for subsequent downstream transmission. During the
routing and storage, channel boundaries may be inserted and then removed as
necessary, as the data is transferred.
A similar process may be performed by the MCP in transferring upstream data

from




2 8 January 2007 a specific OF card to a CIF card assigned to the
channel . The connectivity unit may al so be inplenented t o8 daBne?4cal
"cross- connection"” of channels within the PON via the OF cards. Thus, an
upstream channel signal received by one OF card may be "l ooped-back" by
the connectivity unit to a downstr anLc annel, via a different OF card.
The abili% @et’lgc&15§§dé%ﬁﬁ:g:c?aréf‘?§‘r$ﬁ%qe@t H$22¥opi ng signal s back may al | ow
flexibly defimeg whdnbstalityl @GImagr g met wipldasentedVicAblsplet iochle“drogst enent ed
between the ONTs_ coupl eﬁf t_o,tq_g PON. . Inagﬁ:cor ce with a first aspect of
the presefnsGHgRNPY Annetsygfhin | Pﬁﬁj‘(}?&? 8 U3 A upRLeAm habne s

corrplri Zi nﬁgna@refciefvﬁﬂ bP b BIF tatd Qfay@ei“ﬁjbbed-ﬁidkr’fngclee aaunhécsiyitﬁdmigtced to be .
coupl ed to networ service_lines so as .to send and recei carried by
the servi¢VNS{rFRs Clil"ﬁ‘n%}cﬁlﬁraofghlﬁrém Qﬁt%r‘f‘é{?ﬁé‘i’ﬁ’ﬂ’/? (ieiin oﬁllleccg?kil aélﬁélgr ot ocol s,
the cliengy ig¥p@fsl AgRaI4IBhS mafClldeH flgkiblly defimsd vidnial docabnctasmtwods cl i ent
interface units that are adapted to nicate.w respective first and
second ch@feNs tope inkplenpenf %SW%fQCWEB%gio&Q%\%@&W th different,
respective firptacabdasecmida firNtageol 6 tha ppaeanidvqtion,ahért yis plovoledi cal
interface units, adapted to be .coupled to a passive optical network (PON)
and t o notARFBYHCAGRPS RIS ACEPIYAS T esponsive to the data so as to convey
the data over j§ Hgstp@Naligndd diestoinreefatd whitsy adupitdd, tocsupduplidito nebrrky t he data
between the cljent interface, units and.t tical .interf its, while
mappi ng t $EVIEHEREP &5 {%of éndo‘f?f‘?%%ﬁata f’?ﬂ”@‘??%@% Sﬁrﬁ%teélng%ﬁtaﬁgﬁggﬁlg? a fromthe
first andwsgeapetichannbbicithngastoéedy thecliEnt warfate omits ibgludingaoleasthe opti cal
interface_units to first and second users af the passi ' net wor k
comuni cafifShgpdsepy IF’i‘}éW?r}’i’% u @%@?tcﬁiﬁ% ap\t/ﬁ%ttﬂ c?lﬁrélg?llﬁ%%é %ﬂggﬁbéscg%%nd

pr ot ocol sfirsPraafiescabldy chaack of tHehdatopdpetaaibg i int ewchalerceumithsdiffesenbe adapt ed
to convey the a fromthe first and the second channels fromthe first

. dat
and t he s@é?ﬁ?ﬂvﬁg‘@?%ndﬁfcqnﬂgmt(bcgési ve optical network, and the connectivity
unit nmay be adapdcesd plaralivpofiopeca imtatace ahissn adiptedco bheoupled$e a péssiont i nt er f ace

unit and the secon nel to second .cl.ient i it
Pr ef er abl §PUCBLRHW (fﬂg?%m?‘ﬁ%% %lcﬁf%lfhc'ﬁ%% s Onﬁﬁég%?ﬁgg%g atrses pective
i ndust r y- &l Rads e GafBE itleatGNyangr ot ocol .

a connectivity unit, coupled to convey the data between the client interface

units and the optical interface units, while mapping the channels to the optical
interface units so that data from the first and second channels is carried in alternation
by one of the optical interface units to first and second users of the passive optical
network communicating respectively in accordance with the first and second
protocols. _

Preferably, each of the optical interface units may be adapted to convey the
data from the first and the second channels from the first and the second users of the

passive optical network, and the connectivity unit may be adapted to map the first

channel to the first client interface unit and the second channel to the second client
interface unit.

Preferably, each of the communication protocols may comprise a respective
industry-standard communication protocol.

Preferably, the data may be transferred in the PON via a time division
multiplexed method.

Preferably, each of the optical interface units may convey the data via a

respective




Preferably, the data may be transferred in the PON via a tinme division

nul ti pl exed method. Preferably, each of the optical interfde@aghidld may
convey the data via a respective 3 8 January 2007 pair of wavel engths, so
that the data nmay be transferred in the PON by a wavel ength division

mul ti pl exed nethod. Preferably, the connectivi.t i.t,may include a first
pl ur al i t ypaif ofreanstangids, spiihas theadats BARPE Fans: egtl’ﬂ)%lhé’mw ﬁd"ﬁ"ﬁ?n l(rl?nti on for

channel s 8%'&4}%&@%1@74&1%}1@“ recei ved by respective client interface
units. Further preferably, each of the firs g)l urality of. nmennries may
b P 2 R

include a dowResfarahiyn thaisernertivir yibgapiadudeet s PEare G¥TRG i nf or mati on

i ndi cati ve, o +h8daRit iCabrel AL@ES BESmIARbA fori etahaleds e dhe ssecodd plurality
of uni ts,glth% \Aﬂ%ﬁ?chapgomﬁst rrgam ata. included in the channels of the data is

to be senteceippdbrreapseijve qlise IBEHAMEN ity unit nay include a second
plurality of MpBEd:&SefeMblyCBadhr 6 ARaREEPlukditsbomenofi inry inclide mat i on for

channel s of the data sent "and received by respective.opti.cal -j.nterface
uni ts. Fudewstrepindghst gismory slapid & S“P?‘Fetg“é é%%lﬁ% “Bfglﬁ?aéif’il tuild?%afw?rg%hr%i es may

i ncl ude an,; Upshé-ERMhRIRINITRIP I sty o8 it td Which duwhstgainf or mat i on
indicative of the client interface unit, included in the first plurality

of units, deie inghided inibe ehasndls abifa dotp AP BAET i n the channels of the data is
to be sent. Pr @F&é@hkr,\’the thcapityasit iyt Mcludd 4 sevayd pinciligdef memetiesr y

i ncluding nmanagenment software,, whetr ein. tt}e nenagenent . 39 ts\@ﬁr&di s adapt ed
t 0. convey vhirh argadaptebianetere Torking rigrRation 8% PRRBCIY Of % 53 The Opti cal

i nt erfacerwgivwbj, Fbsg&ﬁaeémjcﬁﬁmeﬁ‘@détﬂlgs,a predeterm ned m ni mum si ze. Further
pref erably, the hanagenent softv\g?rfe n%y Ige @da({:%t ed Lo hﬁ?‘?@&u&é nnel
boundari es in thehagwephly. eash of PP RWBYY THEORSRREr Boundari es after
the data Bas.RerBeCARNEYadaptBl & sfoabiie, rotite sdeoadopindiative pf dfc opti cal

opt | cal 1 eientiaeEndireR, ingeq HtecHRBrUD Yt e Berafitel £o Convey
upst r eam gatdcd e ind SRMhnkIB of e detativtofbeqsntt he first optical interface unit
as downstream %?éfgra%ﬂ?/, ttf}llg cszgn%%cqgvigyntu%{tf %ﬁ:a?/ l’flli](!hgde aandménti'oq'yu%rﬂﬁ?gm and
management software, wherein the management software is adapted to convey the
data between the client interface units and the optical interface units in data-umnits
having a predetermined minimum size.
Further preferably, the management software may be adapted to insert channel
boundaries in the conveyed data and to remove the channel boundaries after the data
has been conveyed.
Preferably, the second plurality of optical interface units may include a first
optical interface unit and a second optical interface unit, and the connectivity unit
may be coupled to convey upstream data included in the data from the first optical
interface unit as downstream data to the second interface unit, and the upstream and
downstream data may be included in an identical channel.
In accordance with a second aspect of the present invention, there is provided
a method for transferring data, comprising:
providing a first plurality of client interface units, adapted to be coupled to
network service lines so as to send and receive the data carried by the service lines in
accordance with respective communication protocols, the client interface units

including at least first and second client interface units that are adapted to




downstream data nmay be included in an identical channel. |In accordance with
a second aspect of the present invention, there is provi dédanvary@dhod for
transferring data, conprising: providing a first plurality of client
interface units, adapted to be coupled to network service lines so as to
send and receive the data carpied erv'{ S in accordance with

g)y thﬁ ce, i n&

respect i VEUBIAGIG ¥abkiTSsep St Btbrad seepnd ppmisls phther #1212 @PEATIS ™ | el udi ng
at | east ddcordincamdthsleftaad, epeeide firfit-ad kaomd prdtoeslst hat are adapted to 4 8
January 2007 comunicate wth respective first and cond channel s of the
dat a operatindPH m%éé%“?&%ﬁf&‘éalw ?%H?”ﬁf‘g?@ﬁ? ',Jm&eg‘%gt(?ﬁi?‘(/lée $9P'$% “Und second
pr ot ocol s4 pgsiey bticaDndaws&o@MWN) phd taiotylate fopigil raidiioh HtPohisaeaould t s, adapt ed
to be coupled t a si,ve optjc network (PON) and to nodul ate optical
radi at i on‘Pafae%’paSzos‘f({%%a%efi%ov‘gét‘eaﬁélg’ as to convey the data over the PON;
coupl i ng a conmeglingw ¢opnettivity heit beevert the chidnt eéntrficatuaitd acleheioptical and t he

optical .pterface units so as onv t he data therebetween; and mappi ng
t he channlg{égfg?eounftﬁéo g&gicglgﬁeyi?lhet%faftﬁ%rg eg%?eflsanélo that data fromthe first

and second chanappling ths claanels edthe wpacal heeroangiet sovthatydatinfrém thenfiat t er nat i on
by one of_the gpéi call .nter ace units ttot first gtnd seclgynd UZE{HS of the
passi ve oPFieRPd SRIAREE & CTErnIR RA PTG EE SRt P EFPHoR s A dhte with the
first andpsiedomtripeonoitols firffr &fdesabhd/ usenoli thé phiséveoppticsbhetwotler f ace units
may be ad Bltmecrilictagn Cr%mégt){ve& hlen cgoq"glzglcg (qut ter}iestfaimri séc falg' dro%obxe)lssecond channel s
fromthe FITst Andt THe SECond ts s 6t t}her pasgl\c/’e Bp I'cal network, and

t he connect i viRrgfetahlyt eavhyfhibe aglapl mtkrface nmEp théyebd adapted tchameglthd 0 t he first

client interfac it t he con hannel to .the second cl..ent
i nterf ace&"’lﬁ’lntif’r n_l?f‘gﬁgr]stearngg %/S,m%%d(s:%a%l?e?st %%m(%nérrﬁtn?ngat ?%eﬁorbr%steg’coglﬂge may i ncl ude
a respectpavsve opigelsietyers) amidthe domoeotivityl @t mey bpradémeblo mis dfeefimbl y, t he

met hod nmay _i.necl ude transf.erri t he ain e P la a _ ti,ne division
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convey t hetedfadeamniti a a respective pair of wavel engths, and the nethod may

i ncl ude transf i th a in_the.PON wayvel t h_di vj.Si on
m.l| t | p| exe d WEFE'%%%Q@PF% e? at Q unication pro (%01% may mcfurargréi resg}ec{we

ycl, e connectivity-uni y include a first
pl ur al i t yindfstryretandarésgmmunication protocol.

Preferably, the method may include transferring the data in the PON via a
time division multiplexed method.

Preferably, each of the optical interface units may convey the data via a
respective pair of wavelengths, and the method may include transferring the data in
the PON by a wavelength division multiplexed method.

Preferably, the connectivity unit may include a first plurality of memories,
and the method includes comprising storing routing information for channels of the
data sent and received by client interface units in the respective memories.

Further preferably, cach of the first plurality of memories may include a
downstream label memory adapted to store the routing information indicative of the
optical interface unit, included in the second plurality of units, to which downstream
data included in the channels of the data is to be sent.

Preferably, the connectivity unit may include a second plurality of memories,
and the method may include storing routing information for channels of the data sent

and received by optical interface units in the respective memories.

Further preferably, each of the second plurality of memories may include an




and the nethod includes conprising storing routing information for channels
of the data sent and received by client interface units Bdanusey 2@5pecti ve
menories. Further preferably, each of the first plurality of nenories may

include a downstream | abel nenory adapted to store the routing information

i Pdi cati veps&fe%\% _haoﬁl d@mﬂoeﬁladdplfadetrofﬂ&e_tu@:r&uéin'g ﬂﬁfoﬁdﬁfbni iﬁdf&:ﬁtﬁrlescﬂ'ct%ﬁéldhpl gr ality
of units, to i ownstream data included in the_ channels the data is
to be sen?l.lenPF’éffrgaF‘éblPS'i’, ‘“P‘ngadclﬂiﬁﬁ%@ﬁt ?P‘F?Pt&ﬁ a1\ iwhiqhy ppatrepny datgy n g

pl ural i t yinofud€tEiiehd &annelddtdhd diga i7ed Fog@nray i ncl ude storing routing

i nformati on fo}érefeﬁha nnels of the data,sent . a recei ved %g@ﬁt.i cal

interface unit Fre Mo SPRAEIVY 1itoMags IRt Ae MeBPRE Y8 each of the
second pl tedgeiynt GbftweRPindeihie MByhodnad yuilelnas covePing @tUdty bAOEA theipst r eam

| abel nermllree?\g adapt ed to stgre th’e. ro#iti nﬁ. i nf or mat.i %g indicative of the
client int&PFRAEMEGRMPS 390G GRIF MTRES PSS BITUEFi"EY 8 TAMYEY to which
upst r eam slad deteriniiet bgl @itk mamapditent idtwied. s of the data is to be sent.
Preferably, t onnectivyjty. unit y_incl ud menory conprj si ng
managenent sof %@?&,Pf&ﬁ%ﬁ%bnethﬁe‘f*ﬂh@arw i“?f’i‘fq%dg‘ecgﬁ sy f?féw‘ﬁ%lta bet ween
t he cli eiteriing ehiraek bomhdagicana théeoapdyed adatd Ahériemoeinyg nthe Schaimetlat a- uni t s
havi ng a é/];)ini nmum . Si ge def erm ne t he managenent software. Further

pr ef er abl §PUREHES AREHBAIHR PSP ‘f?%@g%éﬂ'e managenment software inserting
channel boundaPrefesably) thehecomnplemtty afadpsica rittcrfareDusits gnalyHaclodeon fisst
oA < DS LR o AR BRI e e
unit and consedandiacht carmlectivity @nftapetreani data aothdedin thetha tomayie firsc| ude
oY il GBS e o B8 AT A WG S o
I nt er f ac eupstredm anhdvenisticainhdata mpEbe delniaind ad ddentiddl elamelat a may be incl uded
0,209 ol SEUIRL i ASSNMANSE heA bt S ARGl P ooE
pl ur al i t yconfmglidagnhs dppretut,aomptising:s, adapted to be coupled to network
servi e LLnes RSB Vi S e e oo 11 s
i nt er f acesemmice linek Re buth sead add leeded datd carded ynthe sevizndined inentordanter f ace units
that are \?"9}?' pésge(%:ti%g cgrgmmu%geitﬁn%tp?otc\g\éotlst] tl{eecﬁigr?tcitn%e\llgice units including at least
first and second client interface units that are adapted to communicate with respective
first and second channels of the data operating in accordance with different,
respective first and second protocols;
a second plurality of network interface units, adapted to be coupled to a data
transfer network and to convey the data over the network; and
a connectivity unit, coupled to convey the data between the client interface
units and the network interface units, while mapping the channels to the network
interface units so that data from the first and second channels is carried in alternation
by one of the network interface units to first and second users of the data transfer
network communicating respectively in accordance with the first and second
protocols.
In accordance with a fourth aspect of the present invention, there is provided a
method for transferring data, comprising:

providing a first plurality of client interface units, adapted to be coupled to




first and second channels of the data operating in accordance with
different, respective first and second protocols; a secoRddPRB#0/ty of
net wor k iw esdftmcssizini ts, adapted to be coupl ed to a datecr/iamassfiesesnet wor k
and to convey the data over the network; and a connectivity unit, coupled
to convey the data between the client interface units and the network

i nt er f aceneiwprksservgsi lings sagspio send 4nd redsivisrieg data eprnerebynthe wervice lingstiar f ace units

so that d f .he g LS. : i i |.t ernation
by ono. of A RhA il esbdcAbe WhnRRRANH DRAODE Sl SR Hifeck s BT IR
transfer inobidimgr kt ¢esimimstcatd weponésqent imvedfacei mugc dat dancalapted ot he fi r st
and second r ot (%col. . In ﬁcc r %glﬁe Wi th ha fgur%&ba%%ect of. the present

i nvent i on®CTPRBMNEAS Wl BRFEYE At fRf oo Fhanpel Of dbs ARG PSS dBnpr i si ng:

pr ov: d_z Ngacofdan@&iwi diffadent, yespdctied firetdndisbdond bageolsni t's, adapt /ed to be

coupled to 6 ------------------- -- 8 January 2007 004/ 008318
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protocols, the client interface urnits including at |east first and second
client interf aupling a epnnerdivity pait betwpenaiie pleent @@frf?mwf@ﬁtaed\ﬁhetl‘rﬂW@k-pecti ve
first and seao0RNBN0G! Bndl hifufRbRRARELALINO 10 5 accordance wi th
different, respective first and secong pré%ocols; provi ding a second
pluraldty of nasppigkthe nhaanéladethenetwork mesfatechitsao et dava floadthe fiosta dat a
transfer nefwork, and to convey.the data.aver .the network; coupling a-
connect | viySeEIc e TG i {08 FOmAE B e M ARG Y FREOE B nor &

i nt er f acendtvbiks i@ fa26 dn@ts GONNRY ahd) ecbibiaudefie b s IR Nrandfed nkBvdTRPPI NG t he
channels to the network interface units so_that data fromthe first and

second cheREPRICaIgS sgpeqiively inaogordpreecyrfbe tiistandyseeamdiprotodlsal t er nation by
one of the NeiypbesddlifhaGe wiftideSmbft hillyStn@ibodChoR dnbSBlicwpk the data

transfer net comuni cat1 ng respectiveély I n accordance with the first
and sé&tondetpitedt desaringion Tighgprefard ambedmentsnthevietd, tiken rogegher withytheander st ood
fromthe f,ollow.ng,.15 detail ed description of the preferred enbodi nents
t her eof , f’%%’l%s’t%g“é‘t‘ er with the draw ngs, in which:




7 8 January 2007 WD 2004/008318 PCT/ 1L21103/ 000563 BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. | is a schematic diagramillustrating aSFanpem2087 an
opti cal wiostoni/dugsison system according to a preferredreriapdiosmniseof the
present invention; Fig. 2 is a schematic diagram show ng structure of a

section of an optical line 5 termnation (OLT) in the systemof Fig. 1,.
according to a pref cBREGF DERCRIPHION OF THEeDRAVEENGS | nvention; Fig. 3 is a

flowchart show ng . . ferr [ tﬁf@f‘}i >tion from
optical inter f%‘cg I%I%%ﬁggﬁ%rcd@a%%ﬁ?ﬂ%@&ﬁ&d? (l)&gﬁtlr]%ynzt%%t er ggirgﬁ?%il F) cards in
the OLTsystms acabirdigg tooa prefemefi embedimendyd dherpeesentofivenhen;pr esent i nvention; 10
Fig. 4 is a flowhart showi ng howdata is transferred,.in a.d stream

di rection froh\ggl*—s %%Pﬁa@ﬂ‘ﬂ%d'g?ﬁmé&?‘a@,’o’s %F&?ﬁﬁeﬁﬁgngfﬁ?@%ﬁﬁfﬁﬂe enbodi nent
of the RIARAALN (OWENThitRnyseRdfFigl, Rcbding 166 prifitedentdbdaienthfaty am
illustrating elenents of the optical distribution systemof Fig. 1 used
for | ocaPres@titiVeRi¥% upstream data, according to a 15 preferred enbodi nent
of the presentidi §YenhhAtharBehBwilAMeds %20 %ns R 2004 VIAEAABdirecti

PCT/ 1L2003/ oogfsg"as_ “hERtans DE%%RI PTI ON O:_SPREFERREJE*)QEI\/BODIHI\?EI{?IPS Ref er ence
i s now nfider owsichl terface (AT Ivaids im thec@Ehae cldendinteffana (Cf)uesrdsanithy a | ayout
of an opty,cal distrjbutli I3 a preferred enbodi nent
of the ?J‘ggﬁ orcﬁ%gnatqrgf(r%&ec%@%iﬁn%%gb%@?}%%is%{ég}gr geltétﬁoenr’ ally simlar service

| i negol2, eachigof4 & thBowehani shewingnbsw bdatangs erbdséerted inr andivestrebat a accor di ng

to an industry-sta rd protgogcol. For .exanple,.a first.service line 12 may
Comr i 6 HSGa o CAB e S SRE o AR Fap Pt HEPOUBEN. Bres at 10
Mit/s ondibghenid,@8d a second service line 12 may conprise a twsted
wire pair adapted to transfer data-franmes at_ rates of the order_ of |

Ghit/s; and aFiehi & sechemaatic| blaek dreway lsiwings elamentpef dhg oPr®E,

transmtti f ' Yo tdisdlo Net wor k

( SONET) Sd%sg}%od%%?ysg)rﬁg? %{%ge@gﬁﬁq?ﬁé&s“ﬂ3§8§§ e‘ﬁrgma %?18% %‘% 0t ransferring
dat a i | Iprdferrédemboidanent of thhpeserg kivemted. in the art; all such types and

met hods are considered to be within the scope of the present




invention.. Service lines 12 are coupled to an optical |line term nation
(OLT) 14 which is 15 able to receive downstream data frobJ2neewi2987| i nes
.12, and whDe#ndiogssadl e to transmt upstream data to theP€@ihiteRotdFdIes. OLT
14 conveys downstream data received from service lines 12 to a passive

optical network gr O\I}E 16, and conveiﬂ l%“gstream data recejved from PON 16
to the servi ceDETAILEDRESERIPHANOFP MBOBIMENTS, point and an

overal | ContrO%éfbﬂaﬂcedﬁ\ﬁ'o%emi&rto?YgSt]e@héQ1s P@&@maﬁca&@ﬁys&s@ﬁﬁl en OLT 20

14 and PON 16 by one or nore ber optic lines using a pluralify of

di screte layeweifangiptica rdatrpzitippsysteni AD,) accrdlie, to[arprpferred .ennéaérmev@a@fa engt h
group conprises . a firs o t
downst rea e(i)é'?sgntfllbven{ Ié%%gbgﬁ%wseggecon% rg\;ae-l;lséﬁn% ]%?ﬁ eﬁ% the OLT
recei ves ﬂh&emashnaammm& tﬁctnanslfehelatgramqndm'g’ttmm mdumxtyestanslartdnwts&oér red within

PON 16 by._a wave th diwvi exed met ho 6 .S term nated
at its donAsPPER %Bsé Sff‘”c&i‘ ?%PW chg %‘5631‘9 ﬁgﬁg\tﬁé 23 nati ons
(ONTs) 18E&ﬁmeﬂgata:fram§meqblMemﬁ%engﬁengate@ch REdoRl Servd@ChndONT mdfy oper ati ng
at one of the wavel ength groups. Each ONT 18 then di strl but es recei ved

data to ofem¥ise GwistaditirgRay aPTé‘éES’n‘T@ﬁ@f datarramss af 1Ats§Pf theeo@¥tof laccor di ng
to one of iR aff QURROLSLS ASID b doiistChv bfiftal B debsmfEafNa4T 18

preferably al50 acts as a 30 collection point” for data transmtted upstream
by redpectiames nordinggo s Serhciurh@umphca! Rissvorpr(8OREAD Isianddrdr Okarctipssavel engt h

group, data.tran r n |y varying
time divi 8?16 f?ﬁgﬁl extgéfng dé?"‘ . ]1%;88' ggeggri{%tg:ngﬁleof such a
et hod i s aflj Albsuch Mypds Snd pathetd arapphsideedd tﬁrbelﬂitlﬁii:&hé%pe of Weipdsents assi gned

to the assignee of the present application and which is incorporated 9 8
January 200%2H90O 2004/ 008318 PCT/ 1L2003/ 000563 herein by ref erence.

Al ternatively, Séilﬁk@llﬁé%rlzeﬁ%odﬁ%\d% &mgﬁﬁbagn@@@r&ﬂnaﬂ&f ?ﬁr)bﬁﬁmams OLT 14 and
ONTs 18 by anot her TDM net hod known in the art. 4 conprises a first

pl ur alldt y abie tgyeseeveHeynstieam date fom wcq ]r*ﬂ%rlfzaé@ (vtqch)ls ablpite gasmit each unit
bei ng COU%L&%%&% Y STREHRE! 814! cbBESs J‘ﬁ’ys. feafiGatf reclb @ sromh POT L S-

Typical l'y, ort conprises a feren connection. By way of
exanpl e i rsersmsﬂleem D0to 4 pmssws eptwabaethrke(i’ONa B, eandoonp\regsi upstrepmdataports to a

second O F<iiFd ram PANA Bl E8vit BES: 1013 8 Bolrat BRI o G F unie
20. 1t W lpbinbsdapRivesll abaebllidpatevie@fod system 10. Data is conveyed between OLT
20 14 and PON 16 by one or moré fiber optic lines using a plurality of discrete
wavelength groups [A1], [A2], [A3], [A4), .... Each wavelength group comprises a first
wavelength at which OLT 14 transmits the downstream data for the group and a
second wavelength at which the OLT receives the upstream data for the group. Thus,
data is transferred within PON 16 by a wavelength division multiplexed method. PON
25 16 is terminated at its domstréam side by generally similar optical network
terminations (ONTS) 18 acting as respective receiving end points, each ONT 18
operating at one of the wavelength groups. Each ONT 18 then distnbutes recerved
data to one or more end users, each end user recelving the data according to one of the
protocols transmitted by service line 12. Each ONT 18 preferably also acts as a
30  collection point for data transmitted upstream by respective end users of the ONT.
Most preferably, for each wavelength group, data transfers between OLT 14
and ONTs 18 by a dynamically varying time division multiplexed {TDM) method. A
detailed description of such a method 1s given in U.S. patent application 10/016,584 ,

which is assigned to the assignee of the present application and which is incorporated
9




ClF unit 20 may be coupled to virtually any nunber of seryice |lines. Each
CIF unit 20 10 operates to transfer data between its resp denuge d%vi ce

| i nes andOQUIH/aM318%and is preferably inplenented as a RATALE368it card.
It will be appreciated that each CIF wunit 20 may be inpl enmented by ot her

nmeans known . ip the art, such as one. or re . application. specific
i nt egr at a8 glilﬁ‘?r}?@F‘ceHé\l@WB‘éq?%ﬂ%méPFe i Y& efﬁgtgrgéo@ltﬁaﬂgfreﬁf e to as G F

cards 20.orHP18kdd HATaN S By GRGREITING nfetiRO@BHnR theali ty of generally simlar
optical interface (y T) units 24, each OF unit_24 transfer[gig&% dat a

bet ween OLT 1£Tahd4 semppser aiferst plaralipne’ gmeraly sypilpe clegng tneriace [XI], [A21,
[ A3l, [A4]; . r ' N ¥ ' | ength
group to%ﬁ%ﬂ ZP t 8%&@%\?\%&%% éllcé] p%?ﬁﬁgo%lﬁg%%%éq%ég%t@g; ifg\ tdentrefloe{}tq?é\llxgl y, each

O F uni t pdas.t Temsdlby $a¢h pormaemposaytd dffeoamy physicahdofiregnomdiyneiak of6 20 usi ng
two separate fi.ber opti.cs. As for. the, ClF uni each Of f | 4 1is
preferablefl‘amiﬂﬁ'df’éﬁ%ﬁl{?el ’ goé"r gerb”rclgr%]tné%?%Frreccﬁ)ll@e‘gé}'é?mg’ro rt%c{ %lrﬁn?‘r’létcl%el y by

ot her neajmi JONOWE séridict Mides BX hre coupibd 88 tAO @ofs toDsoRPPIH wdt 2@randpeci fic
ke 2 5 S Te i ok s S e flres Lo =2 OF
| ndust ry-5kaRdandndyBeBBhSied #ovifhalkRay SBMYAIOE st BndsOEMAI (IR vhitgocard i's
connect ed, exanpl es of ich are given above. Each CIF card 20 acts as a
dat a uf foperatelsophirdnsfer Watst basupanalitl ragpestie seraiee linag and RAdhl4eiadcisrd 20 al so
acts as a tran r g enQ/L: r | ' and the
QLT. Si mﬂféﬁfa@ﬁ Pl éﬁ%@% aéa(ra&dm; - %}SE@ cg@' g%g{ﬂg aﬁ%‘?ﬁgg}!’a ?%F eaﬁlﬁs@? eam and
downst r eamitdt may Badhple@nkntedibgl ofier alesw lamiia iasheart, rsacls eluarerorgoereer t i ng
R L KT T e e
channel upsiresato one of CIF cards 20, each CIF card 20 acting as a

recei ver of the ugst ream data before transmtting .the data. on its coupl ed
servilde |ine( QLH 34 alsp corprises t pesand pluradit ofggneralie nmidaropggg! dnterfaces ynct i ons

as a firsp ' hFr€Gid DOt | b streamto
one 10 gﬁ] ‘n%g?;ﬁ 428%%%V\D Zﬂo%)ﬁt/r%}g PS%T(&O%%%}] %@%Og} go%g%g %{8}?&%\4@ cards 24,
each OF dar che2df the wiangjerash grongscidiy § €2 lofAsl Haq4H owRefembiy, ebsh Ol6efior e

transm’ttingtge dat a o&igés respect | edomstr;&m.wavel th..Data is
t r ansf er rédTEFETRAS VRYCHENEE FEUD i AN BERE 59 u5Pg of° SRR ORRY vi ty uni t
22 in OLTaHAnativeRNBRAOIFiuhi 24 Rakisfer2its Svavdl @fef @bhyytol B FOMBHeskas a printed

circuit card. _ : ) _ ]
20  using two separate fiber optics. As for the CIF units, each OIF unit 24 is preferably

implemented as a printed circuit card, or alternatively by other means known in the
art, such as one or more application specific integrated circuits. Herembelow, OIF
units 24 are also referred to as OIF cards 24.
Each CIF card 20 15 impler%ﬁented to operate in the industry-standard formats
25  of the service lines to which the 'éard is connected, examples of which are given
above. Each CIF card 20 acts as a data buffer, both for upstream and downstream
data. Each CIF card 20 also acts as a data transducer between 1ts one or more service
lines and the OLT. Simiiarly, each OIF card 24 acts as a data buffer for upstream and
downstream data. Each OIF card 24 also acts as a transducer converting between
30 optical and electronic signals. For upstream data flow each OIF éard 24 functions as a
first element in directing data for a specific channel upstream to one of CIF cards 20,
gach CIF card 20 acting as a receiver of the upstream data before transmitting the data
on its coupled service line(s) 12. For downstream data flow, each CIF card 20

functions as a first element in directing data for a specific channel downstream to one




5 Alternatively, connectivity unit 22 may be inpl enented b¥ any ot her neans
known in the art. Further details of the operation of C #/d¥ey2098 and OLF
cards 24VepagPo8igdbnnectivity unit 22 are descri bed bel REH/NLSOB/OVES6HDSE
preferably conprises a main central processor (MCP) 26, which acts as an

overall coptroller for_ transfer of data bet n CIlF card 0.,and O F cards
2. 10 Figt OF ‘iaéd%a?‘*sEar?érﬂ%lficéfdd%a?@Pm‘ﬁﬁ\ggﬁﬁﬂ%VB?@a@f‘f"éﬁz@é‘_&fﬁ on of OLT
14, accopdif@ihe 1 aitsfoﬁrifsefésé&emdam&em wal@eddiIL IO iJ BMBRidean. For
clarity, only oné CIF card 20 and sets of elenents used by the CIF card

are shownbgtwes §IF zardy 2§ adeOlipserdeiZd v agcopneqtiyity a8y ngdint BLBel4oupl ed to
one servi W =Skl L ar rd .2 nd. S el enent s
used by tﬁgn@ﬁ]‘ga’rlﬁm gr ezwskllsg r:¥fer| tf}ﬂw}{rf}@@eent% %g[?r eP(%:llﬂ ge?eglr'?ﬁgtc%fj 14

conpr i 5 es Astetnstireht, icarrlegtigiyrinit22 nwwtbs iwplemkrtadby anyfasher @agghs KgloPm isard 20 and
each OF card comprised.in OLT 14, F a card 24
is coupl eg’et%ﬁzi‘huﬁﬁ%}' %gﬂeoor%ﬁff g%eéatlmﬁl %fg(gl%g%ﬁsv%(f%{aﬂ%ﬁ? @Q Z%Hf?:i s al so,
coupl ed t eore@ivid unffQR aeaddsciilield behd 1T 1hmbe preferably upsiprieamdaha menory
L ) N S
respect i VglieenUirtcarid 28 2@ 0008REd 5es, for each CIF card 20, an upstream
channel nmermory (CM) 42, a downstream DM 44, a downstream | abel nenory 60,

and al@ownst r eBigh &Nk s6scheipaticr dagrramhepinesssighire of gisgetipn oft OLIolfes 424, 428,
242G, and JeBrafi\ LBWAHCN SHEbEMeACH! e Bitkad iR F0r LG, 8AYGRe 1OA 468,
, e Zz o the

46C, and nes correspondl ng wavel engt roups [?,1],
[ A21, [ A3LJF fa¢d20med pes bf vieynts EseeltbyGhé Ctiacatd 26 showpni Fes Zamdihst r eam

o e Gl o e B S0 BBV 538G, 0oL o2
Cl F card 20r ah®i024 GAATEAsSESelameltyisid Baahd=I0HO carimereysh6GnamdwilDbest r eam
upstr B SEREKEEP 0 QL% SaPTE=s BONHSI o A0 GERIES! S48 19050b ClBbeh G F-
ogi c 65, g R R R B o B o O ponding
SERDES | ogard 283s couplgl thanbuy §0 200Frisei\d 20044008308 22CMCE 260846800563 For
each A F %(?Jp?ed%éblgshﬁ{e is an upstream | abel nmenory 54 in unit 22. Unit 22
For each CIF card 20 there is an upstream data memory (DM) 40 in unit 22,
20 DM 40 being sub-divided into zones 40A, 40B, 40C, and 40D which are dedicated to
wavelength groups [A11, [A2], [A3], [A4] respectively. Unit 22 also comprises, for
each CIF card 20, an upstream channe! memory (CM) 42, a downstream DM 44, a
downstream label memory 60, and a downstream CM 46. Upstream CM 42 1s sub-
ﬁvided into zones 424, 42B, 42C; and 42D, and downstream CM 46 is sub-divided-
25 - into zones 46A, 46B, 46C, and 46D, the zones corresponding to the wavelength
'groups A1) (A2l [A3), [A4] respectively. Each CIF card 20 comprises an upstream
 first-in first-out (FIFO) memory 69 for upstream data storage, and upstream senalizer-
deserializer (SERDES) logic 65 for transferring the data. Each CIF card 20 also
comprises a downstream FIFO memory 68 and downstream SERDES logic 64 for
30 transferring downstream data. Unit 22 comprises an upstream SERDES logic 63 and a
downstream SERDES logic 62 for each CIF card 20. Each SERDES logic 63
communicates with its corresponding SERDES logic 65, and each SERDES logic 64

communicates with its corresponding SERDES logic 62.
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al so conprises an upstream SERDES | ogic 76 and a downstream SERDES | ogic 77
for each OF card 24. Each OF card 24 conprises an upstr &&AenE80%enory 74
and upsWEHH/BBRIBES | ogic 72. Each O F card 24 al so corgilges/a0ddwnst r eam
FIFO 5 nenory 75 and downstream SERDES | ogi ¢ 73. Each SERDES | ogic 72

communi cates with its_cor ondi ng SE l,ogi c_7§, .and .. SERDES | ogi ¢
P Communt carss Cosiy GIF ol 5 PR Brrs ok riagg ok iy 7 U132 o

appr eci at agh bdhristehd @sksreat SBRDED RIS A4d ASdd#iistBanSEBRIBE S legic g7 units
descri bed herein maﬁ bg used for transferring data, For exanple, data may

be 10 tr@nsIBQEga aeh OHi gapd & posmnisgs anyrsheatn FIFQMeMADT $rindet ween
serial an I N o 2L pUEH o4 HhEsreonsheered to be
conpri sed%ﬂgﬁght gi%sg%%eﬁgfﬂt hgﬁ: Bégsez#%rcnv ni'??%%.d OLT 14 uses its CF
car ds 20, m@nfryc dbden@AdowmstreannSERDES dogiainTx Bach oSERJMER logisafRel s bet ween
any service line 12 .an a E. l. €, ;Eﬁ[fﬁﬁgl 5 group.
The routi %oén %?nlc@éeishmghlgsn%g?/es osnﬁfngr’;%ﬁsgun?ef;lst Iggl c?gt%ﬁ;igaﬁé\% 0 a stgg\‘fi,%e | evel

agr eenent cdmehmsefesavifl iewotiespoadind SERDES lédie7hannel and an operator of
system 10, en_LBe channel .is i ﬂ_jlﬁ i al I\é set or.tr i SISi on within
the system THEWIbAEEA BCI?FEQ/%E“’_(? Qe ipap methnsis usng P8fer tine.
The oper afy,ffs B{HHES hérBR, Friay e RBed for @8Il Fhth CROP dxakple, BRAWaY bed and. each
downst ream | abel nmenory 60, using 20 managenent software 58 conprised in a

menor 0 5otraftesen sekstaniiplly diggetly, with nofranslaiop hstvees pend gnd wapllelsindny  channel
to be rout dei Fa&%] A conEbPthed 1S @
fIovvchar%gﬁgﬁﬁgﬁﬁ%ﬁﬂ%}gﬁg&ﬁ%%ggﬁﬁ |np%1gdug§t rnggmé%)ﬂect ieon from
O F car dsp2#ent mvédtiencar ds 20, according to a preferred enbodi nent of the

25 present iny, Lon. | i ni t] te 00 the operator system 10 sets
up a routing f(g]pf agﬁesdﬁaﬁﬁgﬁ&ﬁéph s°3fcgv%ér%“d§§,“n%‘%vlt¥1&?“%@ r?étewi Il be
awar e of wahgdls Géthvegatly 28vicanfewd gl &yFOTRCEd2M, iis. tmybeavaaghf or each
channel . For each OF card 24 the r,outli ng is entered into.respective

upst r Bam EgHe| TheeFRYS 4 caghichang} ir Bleminiggeccprhing a@ PeErEnies?

transm tt adedient BEWSRHY 8RN oS HRURS @fe éh%e@%cfi_anﬂﬂg'a@r@%‘Qleﬂgl@e”"een 30
the channels and their CIF card 20s. The |abel is attached to data of a
speci fi ¢ whemthelchawiskis ioidiely feirupt forntrarshussion| within ttheasiesteint (Tdd reutmgm

downst r eam 1 i - AN - ifier t he. ¢k |. Al so,
| abel s f'o?’a@%ﬁw%%ggnbﬁgpg??%ﬁgfngtq t]%%t@e' g@tgﬁg%tbg—’ &8%?%‘353&5‘%%? %{}gr ed in
respecti vepstresimr fabsl 3@nmby t fe adr dach ldowastzemohebeb t pmdi92 60upsingeam dat a

arriving at each OF card 24 is entered .. .
2 g management software compnsed n a memory 59 of connectivity unit 22. The

stored routing enables any channel to be routed between any CIF card 20 and any OIF
card 24. -
Fig. 3 1s a flowchart showing how data is transferred in an upstream direction
from OIF cards 24 to CIF cards 20, according to a preferred embodiment of the
25  present invention. In an initial step 100 the operator of system 10 sets up a routing for
each channel uéing software 58, so that MCP 26 will be aware of which CIF card 20
and which OIF card 24 is to be used for each channel. For each OIF card 24 the
routing is entered into respective upstream label memory 54, which stores a label for
each channel transmitted by the wavelength group of the card, and a mapping between
30  the channels and their CIF card 20s. The label is attached to data of a specific channel
when data for that channel! is transmitted (from downstream ONTs 18), and 1s used as
an identifier of the channel. Also, labels for each channel transmitted by each CIF
card 20 are stored in respective memories 30 of the cards.

In a second step 102, upstream data armiving at each OIF card 24 is antered
_ _ 12 _




12 8 January 2007 WO 2004/008318 PCT/1L2003/000563 into_the respective
upstream FI FO nenory 74 for the card. The upstream data i$J21ugem®07i ed by
channel agcondiongg1$0 the | abel attached to the data. Thecmpsboeasssglata i s
then transferred out of each nenory 74 by respective SERDES logic 72 in
card 24, via the corresponding SERDES |ogic 76, to bus 50, boundaries being
i nserted ido et werestivchapatesrs FIFQ memory (4 ot dip 9a0d, Theownseeam vrtayisuni t 22

reads the. ?ﬁ‘uﬁif r wites the
data to if':fseFl nappbgrd‘{ h%{ihg\”'g%?fd’ "acg}g%%?erllé&%gkfﬁgge @ggeﬁggﬂsﬁga%%lgﬁ and

accor di ngtheo ttahefermatqpit vg esdhanemars MthyrrespertiveddiRDESbpecid meatdabkl  nenory
54. The data,is witten i a opri.ate..section of each ClE upstream
data 10 n¥tols 9?6’,“@.“3’.“? #%I&)%gﬁggggfgdq rbélﬁ]es& (I?—bo ‘%ﬂeszﬁ’elé’grlpﬁegﬁgndi ng to
wavel engt Betgedidhandels. 2], the data is witten into zone 40B of nenory 40 of

the specific CIF card 20 determ ned by |abel nenory 54. Unit 22 reads the
data from each®G ﬁ“’@aﬁt@ Y4, icpPnegii b INH R4 1 Sath‘f)ltré’éﬁé%/réerdn‘i‘ﬁﬁg&‘“hfjﬁ?num si ze,

pref er abl yof04Eh Btk @5rd J4NRASIRE BEIIRY 16 & maByedSOIiFt AR %._c&;gdin%‘{ot fgugh
software 58 nmay be used to set any ot her convenient unit 15 size.

Subst ant i kbehonithe gaia and astording It the imapping that wassiserd Beeeh Teaprstive lalel
tivit i i into th
cobropr i aEnon Bl e gty hfifaihid e BRRAQ RUG EOSEF CIPlpdibE, AR T 11O e

-~ descr lbedmehowed0, etegrfbr dnadread droad@femsk 34 carrespladmgrie wargleddh groapwri tt en

into zone 42B. 20 In a.fourth st 106, unit, 2 eads. da se ntiall
fr om dat alan®F falcs fgitte ln@p@(‘}?gﬁg mRemagy 40 ,tﬁ%mqqﬂ%aqgﬁ ‘Ef‘é‘?gsrrermryy40

i's clear edeediing by fabbl SbBOry 18 UnsladrarcbRafle Uh@Mdr 8achiPOR £drg 2daha menory 40
is sent to the <corresponding CF card 20, using SERDES |ogic 63 to convert

the data uwitshayingapredetesmined minimvansizs; aresTrelly foe butes.dhe Bowbrieg s8s bet ween
the channgl 3, e&g s%ramof@-f SR SE R bé%sédggepa@r&ﬁgr ao%&n%lta%nﬁe“ al data,
SO0 sent wthitfs r

and the chanfe ata’ s correspondi ng channel |abel. In
a finabk ssiep 110, each CIF card 20 receives its serial data The data is

SR = =1 M I N A
channel | gfieh? vit@ORR RATerAaddichdds bRl Gats i @6k dppropriRIBAY inddhcR! t he
speet fie glllallzlnt(a:larggmcgrg ’42.61 'In'lgusyvfh0$ I?het erlzgmlpl?abd%lsc%bed above, start and end addresses |

in data memory 40 are written into zone 42B.
20 In a fourth step 106, unit 22 reads data sequentially from data memory 40 fora
specific CIF card 20, until all data memory 40 is cleared.

In a fifth step 108, data read from the specific data memory 40 1s sent to the
corresponding CIF card 20, using SERDES logic 63 to convert the data to a serial
form and then transfer the data. Boundaries between the channels read from data

25 - memory 40 are inserted into the senal data, and the channel data is also sent with its
corresponding channel label. :

In a final step 110, each CIF card 20 receives its serial data The data is
converted in SERDES logic 65, the channel boundaries are removed, and labels are
recovered from the converted paraliel data. Each recovered channel label is compared

- 30 with labels stored in a memory 30 of the specific CIF card 20, and when the labels
correspond, the data is written, according o channel, into the upstream FIFO memory

69 comprised in the card. |
Fig. 4 is a flowchart showing how data 1s transferred in a downstream

direction from CIF cards 20 to OIF cards 24, according to a preferred embodiment of
) 13 :




correspond, the data is witten, according to channel, én(’) t he upstream
FI FO menory 69 conprised in the card. Fig. 4is a rovvch qnualy, g how
data i s woarmed/esssd i n a downstream direction from Cl PGIALA®3IDNBD ON
cards 24, according to a preferred enbodi nrent of 13 8 January 2007 WO
2004/ 008318 PCT/ 1L2003/ 000563, . t he % esent invention. pjﬁagf initial step
120, dowribe PEATRt FyERTRg Imainaial sigR 120, Spwasiten™ roRaRAEH & Al 3°8d vi a each

ClF card 2Qnie %r%sﬁ‘ﬁﬁé& JidefAQ WIS Liga0id abek imsﬁeﬁﬁié%i mbR r@&gect ive

card, using software 58. The routing stored in each nenory I ndi cat es
the O F cthedespactive eand, cusing softveasa msel The rréﬁﬁ“!gwéto@d:“b&?l@ rr@rrtoav t§8 sent. 5
Sof tware jaf;, Ei%eﬁﬁﬁvéa?:f§4ttg' L APELR hPnBPEDm B8 iy 20. In a
second step eam ta arriving at each I car 20 |s entered

into the Scﬁsmia alsp Idovmathehhletd:@clﬁf&sﬁeohva 6F cad . A | abel, chosen from
t hose prowddb o the specifi a ttached to
each channel %‘é’ng mét? ‘g’&ﬂ% ata’l‘%@“&%\ﬂg%%cr C&ﬁ\ Brglt 1s emt%hg

transf erriggh &@trespfectﬁacdamemmym&) by forlfie tdagl. rﬁeskmt;tdh‘cb&nSERDEEodeogl c 64 in
card 20, V|a SERDES | ogi c b In a third step 12 it 22
writes tHEovidedas %’%?"@ff a‘f’é"etsﬁe‘i‘ﬁ%%ffe%aﬁ%%q |‘§/%“a° seﬁ‘?}b&’rﬁ“beitog nmory 44 of
the GF C@Jvﬂxsﬂéé}?&ét@%b%bwsﬁﬁmtd&?a @&\é@%ﬁﬁ&%a@tﬂk%f bath Mérhdrd @8 byuni t 22

wites start and end addresses of each channel into one of zones 46A, 46B,
46C, Hr 4bDrespectivPERPES fagitehinerrd@®nye EBRDESTh@ic fdrfe busS@et er mi ned from

15 | abel memony SQd Qe h8UD 251 Ghied 8wl (SARETELECW Card 24 1

read fromthe " appropriateé ‘zone of each da nenory F card 20
until al | delaisaednodats memomosieofhbs CHeeand. Sahﬂantfﬁhgadﬂteaiomswaﬁndqm @ced on bus

50, for suhsequent_tr.ansfer 4 corres i n t he zone.
20" 1 {VHAR SEE02 1S SHOVIRS SPbATrRISe 4t BT T CORutF (150 RCHetaF %8 1 card 24
I s transigy sed &f /D mvé@nwnacméﬂﬁelrﬁm?%vmeS%QE&db@@mﬁ@d filbm and the
SERDES Iogl c 72 of the OF card. Channel boundaries are introduced and

removEd blpbelmen®ERAES | ogi cs, substantially as described above for step
110. It [ t t t 0 th
wil bg agg&{ Cuf ode ! 02 hath fofia %@&ﬁ% 85 cd0287 rd&0frofCthel Ne

fl owcharts of orned at substantially any tinme
duri ng opappadpriate @he sﬂwhrdatbonemcbrwrﬂme)f &mh €IF cardt29euntih gl defa fohthesyst em

operat or znoen?a%l ngeen rea%p?ﬁet Jath 1s%£énn]giac%]:i on bus 9)6, for subsequent transfer to the
OIF card 24 corresponding to the zone.
20 In a final step 128, downstream data directed to a specific OIF card 24 is
transferred from bus 50 via the respective SERDES logics 76, and the SERDES logic
72 of the OIF card. Channel boundaries are introduced and removed by the SERDES
logics, substantially as described above for step 110.
It will be appreciated that initial steps 100 and 120, for the flowcharts of Figs.
25 3 and 4, may be performed at substantially any time during operation of system 10,
for example, in the case of the system operator needing to update routing of one or
more channels, introduce new channels to the system, or delete existing channels from
the system. It will further be appreciated that downstream data from a particular CIF
card 20 may be multicast to more than one OIF card 24, by the system operator
30  making appropriate entries in channel memory 46 and/or label memory 60.
It will be understood that system 10 enables a data channel to be transferred
between any CIF card 20 supporting the protocol of the data channel and any OIF
card 24 and its corresponding wavelength group. Since the OIF card may be chosen

independent of the protocol of the data channel, system 10 enables implementation of
' 14




nore channel s, introduce new channels to the system or dgl ete existing

channel's from the system It will further be appreci at ed® {HEAY, stream
data frofYQ 200838l ar CIF card 20 may be nulticast toPprawiezdbhemnsgne O F
card 24, by the systemoperator 30 naking appropriate entries in channel

menory 46 and/ or ..l abel ry. 60. It will be understood that system 10
enabl es ah@gfyaf?mﬁa@“"‘geﬁﬂg 14op Qﬁ%rfté‘? Parlengly srawns od e wrEme 1430)
suppor t i Nendbke efTcPdn® 68 of WavbRBgth 8fcdp Ghaingh, and any O F card 24 and its
correspondi ng wavel ength group. Since the OF card nay be chosen

i ndependent of Fighelsgrsheredic tipckidngramilbusediing ebimentsyed sester 00 exedtfbres -
DU ETI i 6 6 A8 e 200, 200G T 2003 00050

hi ghly flexible channel "al'l ocation over the wave
syst enf amtertnasFigehwsideneraldy simtleetotFig Lebwionvdaray, e dutgroopolvaditwi dt h.  Fi g.

5is a sc LG [.a millustrat.i e nts.of system 10 used for
| ocal rou[b ?@ %‘iﬁlnﬁ%g’%lé%%% géﬁ a g%tc%llp&inn‘a rﬁ%‘ %ie%‘ra%‘%dztﬂne@ %‘?‘Pﬁ%ﬂ'f%nt of the
present  Bpstmwersnd clownbirgum Gatasasgizesibal layow With @6spk@ 16 Bles. 2, aduly, for
clarity, elenents ﬂﬁ% involved in locally routing upstream data are not

d

shown in BSE™ &Y ep Cfi%t PToMOTOVRSITERR ridter shappels, Homy & Arst NE @eA4t r eam dat a
as descri heeinabew OiTt Batiesech Eeologélgisrou%dad%dreépgcgwjfeya&%tlﬁn @bl es one or

nor e u&st ream data channels froma first OLF car , herein ternmed OF
card 24A chagngisto aoregend O nardes, hereindenmed QL saddBs Thelwal dantmg bychannel s to

a second wdmerein - d, 24B.- Thae. | ocal. youting may be
perfornedgager\?\gfnlgdég, E!ci)'lr r{{'PLI)IItl g@g@ gf’g"!’:%“%ta{"n%%?“’g‘ﬁé Q@e%ﬁ?z@’ [’ffrﬁmcard 20,
herein ttemyed COF Rash 26M2(M the rfolldveing odebmipiing slfScdsi At iIB)randsMf fiexes A, B,

and Mare__a ded 1o identifiers of elenents associ ated respectively with

card 24A, apggﬁ%%gagﬁnﬁﬁ?{a Ogﬁfﬁﬁle%ﬁfso‘i’gte$6esf"?cﬁ'ﬁglﬁ’ é’i"ah?f” B&tr Hhannel ~ of

data fromufddardcng 24A to becone a downstream channel into OF card 24B,
tream | abel nenory 54A for card 24A to store the

softvvz e 58 se@s up g

upst r éam channk) raaste] o URRbRAR tshaanel ahdata eam QIF 4k £6A totleForemed 20M  Dat a
s writtefobSmBRAY '%%N%M@hé’dm@% s then
written, usi n%r managemént sof t war e’ 58, ?ﬁ%‘#{%&%%ﬁ?ﬁnﬁ? 20 75B via
SERDES | ofr ¢ard 278 ta sigre7d 8 upstispmicharmiehdldtainalowaietsan dredlmaimonetdvhfost eps 126

e 320 CRRTAERGE S T L B A el ool
above W tduta &f thereneieed, uisiiggnanagement software 58, from memory 44M into FIFO

20 75B via SERDES logics 77B and 73B, substantially as described above in steps 126
and 128 wth reference to Fig. 4.. OIF card 24B is then able to transmit the data from
FIFO 75B as downstream data, substantially as described above with reference to Fig,
2. It will be appreciated that in order for the data to be written into FIFQ 75B,
software 58 requires read access to data memory 44M. The read access may be

25  provided by any means known in the art.

It will be understood that by enabling local routing of wupstream data to
downstream data, ONTs 18 in system 10 may be effectively configured in the form of
virtual local area networks (VLANS), the configuration of the VLANs being
controlled by the local routing set by software 58.

30 It will be further understood that preferred embodiments of the present
invention may be implemented in a data transfer network other than a passive optical
network such as PON 16, such as data transfer networks which are implemented at
least partly using a transmission medium such as conductive cabling, and/or

transmission over-the-air. All such data networks are included within the scope of the
15 '




2. It will be appreciated that in order for the data to be witt into
FI FO 75B, software 58 requires read access to data nennrgjﬁﬂmﬁﬁﬁﬁ@ read
access may heyoe@31pr ovi ded by any neans known in the arRCT/ALROGKODES6BHe
understood that by enabling |local routing of upstreamdata to downstream
data, ONTs 18 in system 10 may be effectively configured in the form of
virtual |peshtigyasgiomet wor ks (VLANs), . the configuration of the VLANs being
control | ed by lLac, I [ t : : iJel arbe further
under st ood thétbggégégbgﬁﬁgﬁgggiﬁg F%xg%p%%gﬁggggg€F§QF%£§%%fbﬁpnay be

i npl ement@@diby waydeft examplen sheé than Stewredentomiention hianotalipaed fovehy gt cal

networ k 'such as. PON 16, sucgh, as.data tr far.,ne i

i npl enent ang?nmwggg%mggr ﬁﬁhﬂgPﬁgkge?égﬁgn?%@ﬁbﬁwﬁggﬁhﬁﬁgggﬁgéﬁ conducti ve
cabl i ng, avshtien indladed Haitks Siralinmioas afid eubabmbinafidns safcthe dratiqusnfestwes ks ar e
included within the scope of .the .15 8 January 2007 004/ 008318

PCT/ | L200%5¢r054 @srelf&g%@eﬁ% well e yenaiens P‘Ida W&ﬁg%{?néﬂﬁfe\é’\gwi?g’dw?‘ﬁgt t he

pref err ed, 2abpRdirBA SilesEthd 8 uBSPNAdAL the foida6iflg R¥saiplohndewaigp! e, and
that the present invention is not limted to what has been particularly
shown andareestatischoser indheprialsBve. Rat her, the scope of the present 5

i nvention includes both conbi nati ons and subconbi nati ons of the various
features described hereinabove, as well as variations and nodifications
thereof which would occur to persons skilled in the art upon reading the

f oregoi ng description and which are not disclosed in the prior art. 16 8
January 2007 WD 2004/008318 PCT/1L2003/ 000563 CLAI M5 1. Communi cations
apparatus, conprising: a first plurality of client interface units, adapted
to be coupled to network service lines so as to send and receive data
carried by the service lines in accordance 5 with respective comrunication
protocols, the client interface units including at |least first and second
client interface units that are adapted to conmunicate with respective
first and second channels of the data operating in accordance with

di fferent,

16




respective first and second protocols; a second plurality_ of opt

interface units, adapted to be coupled to a passive 10 op Wé‘ﬁ’%’é?mrk
(PON) andv®aoubdesiait e optical radiation responsive to thermahes ®0s@as to
convey the data over the PON, and a connectivity unit, coupled to convey
the data between the client interface wunits and the optical interface
units, while mapping the channel s ¢pAfMs optical interface units so that
data fromthe first and second channels is carried in alternation 15 by one

of the optical cgrﬂﬁlaﬁlﬁamsuma}a&ust ao:ﬁlbrfsﬁtg and second users of the passive
optical network comruni cating respectively in accordance with the first

and second prafiEtPluwality of st wiqiace ypisy afsred © ke seupled towersvelikn each of
the opti calibdifds'AGE tdEnki Sind ?ecel"ilr @BE%%%@b?gxgavﬁﬁ' ideNGhed @ A chiaqipet he first
and the second channels fromthe tirst second users of the
passi vé opith G%ﬁpeqiveﬁmmmmmﬁ%bmwgmﬂm thén eliand mierbace unmgnnulmdmglaslwstapt ed to
map the f fIF I|e terface. and the second
channel t}(;{sf%inedc%%g@ nd e%:tﬁ?%ﬁ?c P}aa%rg auar?t':tdn[0 §°m%fpumc t""‘qu[slrl rﬁ@&‘gfvﬁ ing to

cl ai m 1 ofirst|anid nse2ondMebarmiels efad’fe dhtat dyerating NiMU Bicoriah@N wWithotidfeedng conpri ses
a respectlve i.ndustry- st%gdard ormunl cation 25 protocol. 4. Apparatus
accor di ngTtRFCHYR St a0IS5sE PRt herein the data is transferred in the PON

via a tinme di visceid piiatityIreyeshl iRses unik, ad%Bﬂﬁ&@ﬁ@&@%%@pE@w%o any of
claims 1-4, wherein each of the optical interface units conveys the data

via alf esprticel neavqrkiPODp whipenediiath epticabradiatien resrongire 4o theGlajassotasansf er r ed
in the PQY by el bl fHi ghon mul tipl exed nethod. 6- Apparatus
according to \é yw ?%gns l‘165 Elﬁ\l;vherel n the second plurality of optical
interface uni t$ccumnqjmtseentawupiesittoapnvayame ideta erefveeen thmnchermmdeﬁacsecond
optical 17 8 Japuary. 04/0 8318 .PCT/ 1 L2003/ 000 i nterface
uni t, and™WRedd H° Cﬁ%w% Eé_@f? \}'ﬂ e, TARpIg, i & 8N %)P tifllt r eam dat a

conpr i sedinteffatdreni€ @b shah damntohethk | Iﬁl&si tan® PdcbEbthabidl 5 fcag iR d Wi hlker@Giofl OWNSt r eam
dat a Lf the se nd i.nterface unit, and wherejn the upstream and downstream
e

dat a t&YOWEﬁ'? 8 O3 AtFY g fo fifgh Aprbsecond ‘?Gefsﬁﬁfpﬁ? Regye el di ng to any
of cl ai mepelwbrk VhEMBAIBatinRe r&ERRR0QY T M h¥cotiahle with the first and second

protocols.

2, Apparatus according to claim 1, wherein each of the optical interface units is

adapted io convey the data from the first and the second channels from the first and
20  the second users of the passive optical network, and wherein the connectivity unit is
adapted to map the first channel to the first chient interface unit and the second

channel to the second client interface unit.

3. Apparatus according to claim 1 or claim 2, wherein each of the
communication protocols comprises a respective industry-standard communication

25  protocol.

4. Apparatus according to any of claims 1-3, wherein the data is transferred in

the PON via a time division multiplexed method.

5. Apparatus according to any of claims 1-4, wherein each of the optical
interface units conveys the data via a respective pair of wavelengths, so that the data

30  1s transferred in the PON by a wavelength division multiplexed method,

6. Apparatus according to any of claims 1-5, wherein the second plurality of

optical interface units comprises a first optical interface unit and a second optical
.17




conprises a first plurality of menories which are adapted 50 st%g routing
information for channels of the data sent and received by3Waned07ve
client iwoemhaessignits. 8. Apparatus according to cl ai MCA/ILM#8I0&ISA3 each of
the first plurality of nenories conprises a downstream | abel nenory
adapted to store the routing 10 information jndicative of the optical
i nt er f acentenface ungornsy Wesein jthe eAIBCLVEY HE' 1 %ﬂ“&ieaﬁ?/ CORVeY PBERATY (i ch
downstream d - j i g ; oh® dath tBe@hsent. 9.
Appar at U?QB%%?dﬁgyg%ggg? tg? h@#é’?&nﬁp?ﬁ%,ﬁcﬁl‘éﬁgi@ﬁgﬁ% connectjivity unit
conpri sese@nd eaatfatepinity aidi whereif threunsireans adhdaynstipam dafapreePninsised ore rout i ng
i nformati.on for.tcgpqnnel s of the data sent and received by respective
opti cal i pidenfes! © nits. 10. Apparatus according to claim9, wherein
each of the second plurality of i e I: BadbRsdik e | abel
menory adapt edPPHARS AEOHRE POV, ﬁ};%{n?ﬁ E?Ganﬁ%ééﬁgﬁ?\%?catl@%{yo the client
interfac %on?HEes AGRBIPSIAY of etrofied whish apladspadd tbistaré routing informaomhi ch
upstream data conprised in %%e channel s of. tae Fat[a i S t'ﬁs be sent. 20 11.
Appar at ugonghasnels ¢fghe drasept 21 TRgeRyefbY fespectip el GRS MBnect i vity unit
conprises a nenory conprisin nagenepnt software, a erein the
managenert  s@fPPHERE %@Ofé‘%pg%gﬁﬂ’ﬁ Eoﬁ’g%‘ﬁmt F\%’\ﬁgﬁf?%%ﬁe\ﬂgﬂmﬁh’e(’tl i ent
| nter face, UAlis Ad0e s BRidsGedm |IBLN ARGy URishBAl @ SlakAtHnidulnbavi ng a

m ni

predet erm né msize. 12. Apparatus according to claim1l, wherein
t he m@nagefoemstiomchtivetive of thearfwipaldnterfa® und, ¢omensised BhikAsegondelRIRY i es in the

d dat d, t the I [ t ta h b
Conveyed o 1 B WatR sh T Hip IR RBAR i 1 A L e Bt o e R fir ot

conveyed. rans
plurality of c]ient interfac

o ‘ rovi k
Service 19nes ARPAGLS, U8 00 A t8§ claﬁgs""m’ﬁqﬁrﬁe(?e;}?ethg%mdﬁgwgpuntpet wor

ceive thé data carrie y "'t he service
lines in ¢o3%ra&ear saage phirdtiy refsmembiisse whivhmarai adabiedntopsioteovmitisg t he cl i ent
interface units including ﬁh’@l east first an& second. cl i e%.ig\%erface units
that are fumsian o5 chapelrghihe A sRptand rerepyed Py JEPPPIIVE OPHF) WHIRd channel s
of the d operating in 18 8 January 2007 WD 2004/008318
PCT/ 1T, 20 000563 accordance with different, respective first and second

pr ot ocol siq pr oVl iLRG. 3c5RARANG Pt 3l ik oADK bedle bt hRirunirt s, adapt ed
to be cou}o(f'ed ,%(%}1 %&pas?y ve optical network (P and topﬁrrﬁdul_ate opti cal
radi at i onmemsp@nsomprises anhapstream label memory adapted to store the routing

information indicative of the client interface unit, comprised in the first plurality of

units, to which upstream data comprised in the channels of the data is to be sent.

20 11.  Apparatus according to any of claims 1-7, wherein the connectivity untt
comprises a memory comprising management software, and wherein the management
software is adapted to convey the data between the client interface units and the

optical interface units in data-units having a predetermined minimum size.

12.  Apparatus according to claim 11, wherein the management software is adapted
75 1o insert channel boundaries in the conveyed data and to remove the channel

boundaries after the data has been conveyed.

13. A method for transferring data, compnsing:
providing a first plurality of client interface units, adapted to be coupled to
network service lines so as to send and receive the data carried by the service lines in
30. .accordance with respective communication protocols, the client interface units
including at least first and second client interface units that are adapted to

communicate with respective first and second channels of the data operating n
' 18 :




data so as to convey the data over the PON, 5 coupling a ﬁnnecﬁé Lty unit
between the client interface units and the optical inter 404 50 as
to conveyWORS-HWEHSt her ebet ween; and mappi ng t he channelrsTin2dobevosst i cal
interface units so that data fromthe first and second channels is

carried, via the co tivity unit n alternation by one of the optical
i nt er f ace AFATHACE thﬂggefe“éﬁﬁﬁpéﬁb’éﬁﬂ“é%‘bfreﬁm@fpf?tﬁ@ l5assi ve optical network
10 communi cat i Bﬁbvfcﬁ‘xﬁ%es‘é'&éﬂéﬁﬂlﬁ(rah@ o%ﬁmaﬁa&%cme &d'aﬁea kd 654 o%ggd%cﬁcond
protocols. 14. A nmet h accordihg to claim 13, wherein each e opti cal
i nt er f ace apfistee 4’@031&'@&@?&({?@5) eerh icepodilate damcal fadtatron hespbisiet toamd t he
second ch he second users of the passive optical
net wor k, "ii'a eSl)%SFO Ggm#ﬁge {]:Aégn‘?l&ee(r: ql\gf unit is adapted to map the first
channel5 to thecdiuphsg acbm@ntmtymmrﬁm@nuhm theansttdriace asicond thd bptapnnel to

t he second c |entt| nterface ﬁ#]j’ b met hod according to claim 13 or
clai m 14, HREEEIHS R ?OntVFV eé%‘ APEXEPY™r ot ocol s conpri ses a
respective i nduﬁpmyg fHeavhahifeth 16 QS calathietace i1s6 @Rt -dathBrrorf iR O

accordi ng tg y. of clajnms 13-15, and conprising transferring the 20 data
in the PO¥ F%f%d ¢happelgiis\agiednviatia F9sneskEEY Mt i gltemationbyneneridheac cor di ng
to any of oglidi MherkRe lbhitsWMaCHRE Angaeknaf ustegeop d E sive! gﬁtﬁélf AGGotn! ts
conveys the data via a respective palr wave the conpri si ng
transfl@rr |09@ntuhléata=3tr@spmtwl§en mrdﬁycawniathefmmdﬁedond Isntwnolsrul tipl exed

met hod. 18. A nethod according to any of clainms 13-17, wherein the second
pluralityléf 2Adnesimd aseprdingtte chme 83 umheregn emhmfrﬂssecqmaalflmeﬁ’acnpﬁts mal

interface C tic erfac n|t nd risj
conveyi ng’ %})téd t?@gnv% f\tﬁeec{]ig\?lgﬁydju%ﬁt an{}é tSF%’ 3’%“5‘5% glg the dat a
fromthe fthers&torﬂpiser@af thenjagyi feagpricalnictwaal, Adwitetdieam dhahectivly ulieis second

nd downstream data are conprised in

interface uynit, wherein_the ggstre&%%

an i dent PEARCLRAAR e St £8 StatlieaF ditPIGRcE dingchihecteands 13- 18,
wher eilp t BRarGENG BRlcbabnl ¥lid idterf:cOME | Ses a first plurality of menories, and
conprising stori ng routing information for channels of the data sent and

recei ved By cl seReiolt SachARR: Y6 isnd N3t e dBRPLE! iMBrein %ol JANYRATY 2007 WO
2004/ 008315 PCH 1Ea083/G0DEms © anm {13 reirt“each “61" tfY
commmunication protocols comprises a respective industry-standard communication

protocol.

16. A method according to any of claims 13-15, and comprising transferring the

20 data in the PON via a time division multiplexed method.

17. A method according to any of claims 13-16, wheremn each of the optical
Interface units conveys the data via a respective pair of wavelengths, and comprising

transferring the data in the PON by a wavelength division multiplexed method.

18. A method according to any of claims 13-17, wherein the second plurality of

25 optical interface units compnses a first optical interface unit and a second optical
interface unit, and comprising conveying, via the connectivity unit, upstream data
comprsed in the data from the first optical interface unit as downstream data to the

" second nterface umt, wherein the upstream and downstream data are comprised in an

1dentical channel.

30 19 A method according to any of claims 13-18, wherein the connectivity unit
comprses a first plurality of memories, and comprising storing routing information
for channels of the data sent and received by client interface units in the respective

19




20. A nethod according to claim19, wherein each of the f%rst B}n@o?lity of
menori es conprises a downstream | abel nenory adapted to s Jpnya outing

i nf or mat Weh2G#thiSsHt i ve of the optical interface unit, CcROHHZEBAVNG3t he
second plurality 5 of units, to which downstream data conprised in the
channel s of the data is to be sent. 21. A nethod according to any of

clai ng 13M4YON&kherei n the connectivity unit conprises a second plurality
of menories, and conprising storing ro}%‘.i ng ingor tifon [or, channel s of
the data ent Arfeethet erspedngyio FFCAY: MRERT 8aC8 nthestish PRI &pect i ve
Menor | eS-m%@m?e%- c %gb%dd@%ﬂe%nﬁbélomgﬂn@b%%temrs%@ tRAcki@k the second

plurality menories conprises an upstream | abel nenory adapted to store
t he rout iinfprmptdnoindsetiverpfithel prseel imterfote wive comprsed 1 Hecetmédlwality, conpri sed
in the first..pluralit i.t.S I i.sed in the
channg S %f?mftgégggicg #‘gg{%eaﬁ]gd aﬁsaecr?{rfp 9%1‘?[!1 X{L ncg%&qg@:eg{?%ﬁ%%%&ghy of clains
13- 19, rein,the connectivity undf . CRIM EE%H% ri sing
managene 'sof'%V\nr/(l;{a e?do%lcrgar%%:ﬂ(%r%r%gi %gél%lf)n%\?lév’yl ng He?%zﬂ%a a %}%(nvt\igﬁ}?t he client
i nt er f acecottiprises ardoridyduralityi of aleniontes hdcemprisidgstirmgdattmgunfotmsationavi ng a

t he, managenent. sloft&are. met hod accordi ng

i ni det b 24. A
[n omclmziimmsg ggha&ﬁ%}g{? H{l?(ra a3 %&t EMlTeRR rptieal JBeEaRe s i e FePREVE hannel

boundar i egehpridshe conveyed data and renoving the channel 20 boundaries
after the data has been conveyed. 25. Communi cati ons apparatus, conprising:

a firgf plural i tyeddd SdcoRiMg b8 28 SwHEteinSeacRAERhS dedond PRuraRYRIFEd to
network service lines so as to send and receive data carried by the

servi ce |mgmeridsn ceropaIes aafc alpstigath labek meamary cadepiefiini 69t 81 FeUWNBcol s, the
S se e PO el . S
cirent | %Fornn?tg&xt %Q{ctaﬁve' &;%ggll%g ibrrdcE 8k, otn tﬂeSEc\?\}nt ﬂ]@qirﬁgg@?%%'f' en

interface uni are to comunhi C res e first and
second chatinabsvhidh ufireatatzta cpaprased mghé chaapdoofthadsa wito be shinf.f er ent |
respective first and second protocols; a second plurality of network

i nt erfaceuni t4 makaphedrding heanyoofptisehst 16-1, delfezein theatmihestivivgtmidr k and to
conveijlsthe data over the network; and 30 conneﬁti Vi t.é unit, coupled to

conveld t HOTRPIISE SNSRI, COMBTIHINS BianageRieRt soltware, \FRf CQmRHYNE KENEERor k

i nt er f ac et Yhth Detwilah HR dRRPBFE @6 RAN B loprit D idtBgace ehPmkdataufiter f ace units
so that data fromthe first and second channels is carried in alternation
20 8 Januavipgaopipimum size determined by the management software.

24. A method according to clajm 23, and comprising the management software
inserting channel boundaries in the conveyed data and removing the channel

20  boundaries after the data has been conveyed.

25.  Communications apparatus, COmprsing;

a first plurality of client ir_iterface units, adapted to be coupled to network
service lines so as to send and receive data carried by the service lines in accordance
with respective communication protocols, the client interface units including at least

25  first and second client interface units that are adapted to communicate with respective
first and second channels of the data operating in accordance with different,
respective first and second protocols;

a second plurality of network interface units, adapted to be coupled to a data
transfer network and to convey the data over the network; and -

30 a connectivity unit, coupled to convey the data between the client interface
units and the network interface units, while mapping the channels to the network
interface units so that data from the first and second channels 15 carned in alternation

20




WD 2004/ 0118318 PCT/1L2003/ 000563 by one of the network Et erfa:ﬁ) units to
first and second users of the data transfer network co @
respect i vBIQ200#H0%8or dance with the first and second proTacelosooies A

met hod for transferring data conprising: 5 providing a first plurality of
client |nterface nlts g%ﬂca to be_coupled to network service lines so

as to send”aMf ¥l %P\?%*"’f‘haﬁ upHs 1o Bt B teRendsesers efethe idagransfer accor dance
Wi th respeshiore comuiibgiagi REpRARIPGH! &coﬁmechﬁtﬁn&e' ﬂPsFrJnécﬁecHHHtS
including at least first and second client interface units that are adapted
to conmurA™8EYSwith respective first and second channels of the data
operating |n 10 accordance with different, respective first and second

pr ot ocol s; prov"f Brhed &r Serderang dafe.aompyising: network interface units, adapted
to be qoupl ed ptRidngatmstt la.gﬁé,eg t he over the
network; coupling a connecﬁ Vi yfudrqulgﬁtwg{e a&%%’h%d% ﬁ%tbe cﬁ?pg?ci E’ce units
and t he neewmrk servige dndsso @s imsend asd)reae;vetthedaawyxeﬁ be tlekasesvidelBiee et ween; and
15 mappin the network interfac its so that data from
the first %é&gm(ségg\giﬁg rg %%nel EORIRUEton pjotogels, fhﬁeabeé‘ﬁri%@#f‘% itsunit, in

al t er nat i ncldginprae lofst t fivet aﬂ@tswcsdd ichdnerih@eBeel RhitsS thed k' Sda %Hdtosecond
users of the data transfer net communj cating respecti veI y I'n

accor danc ECWPTHRPR ™M Fespecliyg tcB‘f‘ijds‘?fP'éﬁ Ghasmals of 1the data operating in

10 accordance with different, respective first and second protocols;

providing a second pluralit;r of network interface units, adapted to be coupled
to a data transfer network and to convey the data over the network:
coupling a connectivity unit between the client interface units and the network
interface units so as to convey the data therebetween; and
15 mapping the channels to th_'é network interface units so that data from the first
and second channels is carried, via the connectivity unit, in alternation by one of the
network mterface units to first and second users of the data transfer network

communicating respectively in accordance with the first and second protocols.
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