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optical switched networks typically use wavel ength

routing techniques, which require that
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BACKGROUND INFORMATION

[0003] Transmission bandwidth demands in telecommunication networks (e.g., the
Internet) appear to be ever increasing and solutions are being sought to support this
bandwidth demand. One solution to this problem is to use fiber-optic networks, where
wavelength-division-multiplexing (WDM) technology is used to support the ever-growing

demand in optical networks for higher data rates.

[0004] Conventional optical switched networks typically use wavelength routing
techniques, which require that optical-electrical-optical (O-E-O) conversion of optical
signals be done at the optical switches. O-E-O conversion at each switching node in the

optical network is not only very slow operation (typically about ten milliseconds), but it is

1



very costly, and potentially creates a traffic

bottl eneck for the optical switched network. In
w@edunsam the current optical switch technol oRCEES2004/002830

cannot efficiently support "bursty" traffic that is

of ten experienced in packet communication applications
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2004/ 080110 PCT/ US2004/ 002830 [0009] Figure 3 is a

BRIEF DEISCRIBPIGNON THEIDRAWINGS sw t chi ng node nodul e for
use in a photonic burst-swtched (PBS) network,

according to one enbodi nent of the present
[0006] Non-limiting and non-exhaustive embodiments of the present invention are

described with reference to the following figures, wherein like reference numerals refer to

like parts throughout the various views unless otherwise specified.

[0007] Figure 1 is a simplified block diagram illustrating a photonic burst-switched
(PBS) network with variable time slot provisioning, according to one embodiment of the

present invention.

[0008] Figure 2 is a simplified flow diagram illustrating the operation of a photonic

burst-switched (PBS) network, according to one embodiment of the present invention.



i nvention. [0010] Figures 4A and 4B are di agram

illustrating the format of an optical data burst and
wa@reooafpsilic@l control burst for use in a photoni BCT/US2004/002830

burst-sw tched network, according to one enbodi nent

of the present invention. [0011] Figure 5 is a flow

dlagramlllust at i t he eration of a switchi ode .
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photgein st setthadi  (PBShmetveuki a¢capdng $ai auehembodiment of the present
(GQWPLS) - based architecture for a PBS network,
inveatomor di ng to one enbodi ment of the present i nvent i on.
[0013] Figure 7 is a diagramillustrating PBS optica

urst_fl ow bet n es in PBS networ k, .accor.d
0018h O FiEwRb b D B walarlélggrﬂtmgﬁl}%ﬁ thgh Of b @pligal data burst
Figure 8 is a diagramillustrating generic PBS fram ng
and froepticel cmtroﬁbbsrsb fariusain a phaterie bugstewitehedgetwordneccording to one
enbodi nent of the present invention. [0015] Figure 9
embodinentofate prasentlinsdntiahi ng a PBS optical control burst
fram ng format, according to one enbodi nent of the

res |nvent| .0016] ure i s a_.diagram
[0017] |'; lglarp.Sngs 4 P E‘aF s éfeﬁgper@rl%%g A fsgyitiyaing node
according to one enbodlnent of the present invention.
modfgoaceprdtngyter enclemtiogliraerd iodheanresent wyentiemi ng frani ng of
mul tiple Ethernet frames in a PBS optlcal data burst,

001 2ES R0 4 & R e R SR N RS g bvcting
2004/ 080110 PCT/ US2004/ 002830 . [0018],. gure 1
(GMPLS)bases; ashifeqhistiohiact BRimstwaly peqpading ﬁegnen@%lmﬂ«lwent of the

10, according to one enbodi nent of the present
pres¢gnjvmreniiom. The term photonic burst is used herein to
refer to statistically-nultiplexed packets (e.g.,

[001511t erPnlgure t Oﬁlagra(m 11%us at11¥gei)ﬁsoc§pt1%5p§1§rgte hof rl?etwegn nodes in a

PBS network, according to one embodiment of the present invention.

[0014] Figure 8 is a diagram illustrating generic PBS framing format for PBS optical

bursts, according to one embodiment of the present invention.

[0015] Figure 9 is a diagram illustrating a PBS optical control burst framing format,

according to one embodiment of the present invention.

[0016] Figure 10 is a diagram illustrating a PBS optical data burst framing format,

according to one embodiment of the present invention.

[0017] Figure 11 is a diagram illustrating framing of multiple Ethernet frames in a

PBS optical data burst, according to one embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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having simlar routing requirenents). A photonic burst
typically includes a photonic |abel containing the
wheadogoiand ot her routing information of the |RCpasioet/802830
and a payload containing the data segnents of the
packets. [0019] This enbodi nent of PBS network 10

pncl ydes |.acal, area t wor ks L -13N and a .

001410, H38Ee 4R ARTRYE toRgmuebsd, CRRK 29Xy gcording to
enbodi ment . of PBS network 10 includes ingress nodes

one eyehodimgnt ofithe prasery ipvsaEen.1 Fie term photenie jrist i usad herein to refer
181-18K. PBS network 10 can include other ingress,

to stasigtiesdly-mnbipbawied phikets (agddsterieh protedvd WiP) patiats arEthernet frames)
i nterconnected with the swi tching nodes shown in

havirtgl gmiler doutihpeequilgicesy ApthoRaichgsNoRslRimRIAkS 8 photonic label
referred to herein as edge nodes in that they

contdi@glk GBé Inéaddresiddgimat r&ﬂﬁg%ﬁﬁﬁ%ﬁoﬁ hit EBIPNGiMRisKand R &ayload
f p bet ween

edge nodes, in effect, ovide an interfac

Conta%hgiﬁ%%geo%%?%ﬁée\%%‘f%tﬁegﬁat&%t?al " networks (i.e., external

he swi tching nodes of the
PBS network. In this enbodi ment, the ingress, egress

[001%nd Taw t @hbsimedest MBS | AReNe N0 edndtddd 116481 lat@entetworks
nodul es. This enbodi nent can be used, for exanple, as
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of PR bR 1108 S b e 31 T ol r BT IR o TEy 5 cgress
conver si of recejved optical signals, and include,
nodeg, {2 Fio n P ESRSTEPLK 100casMede Gllaet INGHeEs,\A8Ress A angiching nodes
until they are sent to the appropriate LAN. In
(not gheavi)i thet, atenintearpmneaserh sthntbatssvitching novgs sbewndddSigadeso The

performelectrical-optical (E-O conversion of the

ingreseaa] vgdssehaiet mrcalko séfgrred so hekin & édp@yncalee in that they IOEically
transmtted to switching nodes 171-17M of PBS networ

residd @t tié d8Qe Z10A¢ PBB1ALWEKT/ PR2CA QOFB3M efrQ92dhviag  £SRterface

nodes are inplenented with optical swtching units or

betwdBAdHE %?or%@x@ﬁti(ﬁfe ne SRR, i"gﬁgtgrg%gi.é.e%ge}ﬁfal ?@Elgaﬁgﬁ§ gﬁf%ork) and

si gnal's from ot her nodes 0 networ

{ hem . . .
the swﬂghmg nodes of the PBS network. In this embodiment, the ingress, egress and
switching nodes are implemented with intelligent modules. This embodiment can be used,
for example, as a metropolitan.area network connecting a large number of LANs within

the metropolitan area to a large optical backbone network.

[0020] In some embodiments, the ingress nodes perform optical-electrical (O-E)
conversion of received optical signals, and include electronic memory to buffer the
received signals until they are sent to the appropriate LAN. In addition, in some
embodiments, the ingress nodes also perform electrical-optical (E-O) conversion of the
received electrical signals before they are transmitted to switching nodes 17;-17y of PBS

network 10,



to the optical WAN or other external networks. Egress
nodes can al so receive optical signals fromthe
wWopitosi110\MAN or ot her external network and senpCT/HS2004/002830
the appropriate node of PBS network 10. In one
enbodi nent, egress node 181 perforns O-E-O conversion
r Lved aptical {si S, Malel} i
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con W@@% fegfgmﬁpﬁc[%wgls at e‘iﬁ%aoqe‘?sgﬁ?ﬁﬁa@“&?ik @mr route them
implemented with optical switching units or nodul es )
to thehenticak &ANcHr etber pxjernabingtyy orlse eEgissopedasatansilgmsgosive optical
fromother switching nodes and appropriately route
signilh érorethei opgidalopiaig al othegegbmal wetebtkesndswsintl cldm gp thedgpropriate
of PBS network 10. As is described below the

nodeS Wt BBE NHetfee $0.PeMh 068 GhiBo@neanV egiskP hodt 180 Hetomhs O-E-O
control bursts and network nanagenment control Dburst

conv%ksgmbfsrec%i(}%(g tgggcra& @@ng,i e{}ﬁrﬁhéludéM§&fo%gc{J ﬁl%ﬁ'loryp bR received

ursts an nagenent contro rsts are
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"data" bursts (as opposed to control bursts and
WANSt wor k managenent control bursts) signals in such
enbodi ments, even though the control bursts and
t : _feont ro Mo el wde s s -
[0022@ V\Dg&fltc 1 ?‘%rﬁgrggml 1C79 ér% fm dhedtea gd}%ﬁ%l g\‘ynchmg units or

cessary | onfor a‘particular

opti.cal data burst sjgnal.s. The contrpl a dat.a, .

mocff Wikl Gif et hineElatpraity opiealpily BomidhelBiGhisg nofes and
sone enbodi nents (also referred to herein as .

apprepriately - Fatiel tBe gieasived)optical signplsr tae pthadi pEieng candes pf PBS
and data information may be sent on the sane

netweelv &0.e gt Issdes¢abesiobalew etheenwitchirgen@len pasform-®dR@ conversion of
signaling). In another enbodi nent, optical contro

optidaUr &dnrol NAIYE! kndTBibRGEINE RianeLethdd! chtfo3t BursBNGerdR, i C&l some
data burst signals nay be propagated on the sane
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propagate optical “data” bursts (as opposed to control bursts and network management
control bursts) signals in such embodiments, even though the control bursts and network
management control bursts may include necessary information for a particular group of
optical data burst signals. The control and data information is transmitted on separate
wavelengths in some embodiments (also referred to herein as out-of-band signaling). In
other embodiments, control and data information may be sent on the same wavelengths
(also referred to herein as in-band signaling). In another embodiment, optical control
bursts, network management control bursts, and optical data burst signals may be

propagated on the same wavelength(s) using different encoding schemes such as different



managenent control bursts are sent asynchronously
relative to its correspondi ng optical data burst
wGa@aag@E10 I n still anot her enbodi nent, the optPCHIUS2004/002830
control bursts and other control signals are
propagated at different transm ssi on rates as the
I gna 3 h nod
modib Forflhy 23, PH Ea%%?c%%ﬂefies? b erEl o A hetwork
control signals, |nth|se the SV\IItChI
mangaggica! RO b DB ACOMIB G Bt 1 FevoOAgaE optical
data burst_si %nal s. Rat her, SVVI t chi nIg nodes 171-17L
data u¥st gignals.pli iljanefher embodinient imeptisel eanérob pristsendchhes control
burst signals. Thus, the sw tching nodes can include
sign®d} eetpropugetediat dilﬁ’fe’r@m titnsisitaoe raaeschs phoogial ddte sighalem ng
optical control bursts and network managenent contr ol
rst were.converted to an electro form an
028t ol POl Brotso Tedr TG SRR G Chgpatarion of the
swtch settings, and to properly route the optical
opticgheentersignals, gn s cobodiseontie syitchingmedspdpawtt perform O-E-O
control bursts. The new control bursts, which replace
convetsenpo tieoostioab dbtaohurkiusighads. b Raetekro mwitdflﬂ'ngl @0deLit 17y perform
information, are converted to an optical control

pureBi &bl svﬁ&ﬂuﬂg of fheld; g@ﬁﬁrﬂatté Békst Qghdle MeUS, Bk RENIAG nBles can
egress nodes. Enbodi nents of the swi t ching nodes are

nc SN EMERELs DL ORI LIRS ol IR Pl anc
e ARG 8o LSRR o RSPtk e e s

. . 151-15M and egress nodes 181-18K are connected to sone
inforgpatiginite eoitgTré pReiNICDIIgt AWilgh seibipes.ca tpinsepesly route the optical
Switching nodes 171-17L are also interconnected to
data dash signhlsrcoviespaplings t tifei dpeics] controk dlrsds. ¢ Alhk et centtad bursts,
forma relatively [large nunber of Iightpaths or
whichpleblad thd pls/ist v&efl thiests Bascdsen RS asw ﬁﬁﬁingeﬁlﬂﬁ‘ﬁﬁtion, are
i ngress nodes 151-15L and egress nodes 181-1
1?(51’1?1%6&11 egress

convlal‘il&ﬁ{ol M oftfe Sri 8? s@iléleaﬁchﬁ i 9&%&1&&1‘#00@% hheko

S
he swtching no 71-17L to eac he endpol ni

f net 1 he 851 and egress
nOdeg gé% §%lrmee nﬁpgﬁ)l&? %‘?’1 C}Wg ﬂ?o%: éﬁéieﬁ%?%g&wqﬁ (WGI tiple
I [ ght paths 6 WD 2004/080110 PCT/ US2004/ 002830
[0024] Flements of exemplary PBS network 10 are interconnected as follows.

LANs 13;-13x are connected to corresponding ones of ingress nodes 15;-15y. Within
PBS network 10, ingress nodes 15;-15y and egress nodes 18,-18x are connected to some
of switching nodes 17;-17y via optical fibers. Switching nodes 17;-17; are also
interconnected to each other via optical fibers in mesh architecture to form a relatively
large number of lightpaths or optical links between the ingress nodes, and between ingress
nodes 15;-15;, and egress nodes 18,-18k. Ideally, there are more than one lightpath to
connect the switching nodes 17,-17y, to each of the endpoints of PBS network 10 (i.e., the

ingress nodes and egress nodes are endpoints within PBS network 10). Multiple lightpaths
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bet ween swi t chi ng nodes, ingress nodes, and egress

nodes enabl e protection switching when one or nore
woome/08Ei1d S, or can enable features such as prPOHD$20841002830

secondary route to destination. [0025] As descri bed

bel ow i n conj unction with Figure 2, the i ngress

eqress wi t.chin des_of PBS n tvvor

betwe%rhfswgaﬁaa oo dFF BP O PRL GRS BPfCaebleo idHsfion switching

bursts, optical data burst, and other control signal s

whep QB¢ ok mOrgAYds Bilsos caBIenalle dsadies 8ickisas RrENAY gpd gaeandary route
the optical control bursts and control |abels on

to dgstimatgml ect ed wavel engt h(s) and optical data burst or
payl oads on different presel ected wavel ength(s). StiH
turther, e nodes .of .PBS network 1Q. can

Nméﬁ | 51 detshbed by of %91@%“9%“’? 0t Ao eSS Grgpess and
of. PBS network 10 (either optical or electrical).

switctope gpdes) of S Qetworla L0 per eonfigiied dp spnd arskien repsigioptical control
PBS network 10, according to one enbodinent of the

burstsy epstanal ditavoenst, and. othRef emtriohsighads Hiatyarcewavielength multiplexed so as
photoni ¢ burst sw tching network 10 operates as

to pfophgmwghe bMAY LoflBH mettvand chhtrslelabily @ maskRttdf wordlength(s)
LANs 131-13N. In one enbodi nent, PBS network 10

and 5RE8] Y88 b3t B ads 8h dﬁff‘e% eé%fé@?eﬁ wavkiehg(s)TRill further, the

recei ved packets can be in ect ronic formrather

edge %o%fr%s o? pRRL | 'e{f\%arl(tﬂf ég[ eégetnfi 1 al CO?HI’OPPI?IQ{ ﬁggals fv&%ﬂe seﬂ(%ng data

conver
des tore the received

ress n
out %%{ﬁ?@wgh%]& &HWI’ tlF?zl orﬁ?%mf@ 20 represents this

operation. [0028] For clarity, the rest of the
[002@}:—‘S C rF1§|5ﬂe Qnﬂlﬁgtrzft&ethg Fplf?’ef‘attloﬁﬂaﬂo& P WERS nd? §§rk [§ L5 inklto one

focuse e trans information from.] ngr ess

de 1 The .tr
embMiEpr Y b PR ImPB0E nRatertiE s ARREST cayitia ohpigue burst
) of her egre nodes) is substantially simlar.
Swﬂf?imgc}twm PIERlFs m%élpwrsaba (i.e., an optical
control bur st) and optical payload (i.e., an optical

28at a j f ' _PRCKE! lshbodi
[00 gﬁe el%%é%:?&ﬁ)&giﬁl?l()?%%&?\geg sﬁaggétg heor §5aty el PRy dne 'ethbodiment,
PBS network 10 receives IP packets at ingress nodes 15,-15y. The received packets can
be in electronic form rather than in optical form, or received in optical form and then

converted to electronic form. In this embodiment, the ingress nodes store the received

packets electronically. A block 20 represents this operation.

[0028] For clarity, the rest of the description of the operational flow of PBS
network 10 focuses on the transport of information from ingress node 15; to egress
node 18;. The transport of information from ingress nodes 15,-15y to egress node 18; (or

other egress nodes) is substantially similar.

[00Z9] An optical burst label (i.e., an optical control burst) and optical payload (i.e., an

optical data burst) is formed from the received packets. In one embodiment, ingress
7



WO 2004/ 080110 PCT/ US2004/ 002830 node 151 uses
statistical multiplexing techniques to formthe
wopikosiiidat a burst fromthe received |IP (I ntBCTEE2004/002830
Protocol) packets stored in ingress node 151. For
exanpl e, packets received by ingress node 151 and
having to pass through egress node 181 on, their paths
node t% usas d@ﬁ@ti[l)qabmwﬁpl%ﬁg Fé%ﬁ%%{ﬂ gﬂnﬁ Yiﬁd)l’&ﬁalo‘g%t? PEHS% fom the
data burst payload. A block 21 represents this
received dP qlritanet POORO]) Rakansiotdd oningrespaeds 1. djswiexample, packets
channel and/or fiber is reserved to transport the
receive@bly GAbreSiati e dr shd hiviag ghpBBroeghwegrissiihdel 18, ondheir paths to
enbodi ment, ingress node 15, reserves a tine slot

§ilatin » i At in®f 2R oMl NGl Jadlodd. gPbiceRl1dag@sents
2 des@%ﬁ%lcagé}%ﬁgt& 1r ouglrlg1 PaBSOB-net wor k 10.lj ?’hi s tinme slot

hi magtbe fixed-tinme duration and/or variable-tine

this O™ on with either uniformor non-uniformtim ng
gaps between adjacent time slots. Further, in one

[0030¢ MDOFAERAHh desRaifdwipttd] chanied aad/vefibdras reaetvidrbo transport the
period sufficient to transport the optical burst from

optica{cl’ Igrgrtgi ].‘gl?l%[ g%?"r%@ﬁ ?g ’Stntgﬂtct}ﬁ 189£ 88 BRBSdinfeRS, ilrad¥Rlode 15 reserves

i ngress, egress, and sw tching

. des. i nt ai t ' f
o im0 P ATeL R 21 B AR Sk T R op Bl BTN thcougy Ps
e e S P e SR U BB GRh wi

herein as a TDM channel), that in _different )
eitherewrdifrotinmenmen-weforbetindng gaps detiveeat 3digeent time slots. Further, in one
vari abl e-duration, may be in one wavelength of one
emboflinkatt, tha beldwidtail reeradrfend timerpesiod sufficiqt € transport the optical
wavel engths and nultiple optical fibers. A block 22

burst rﬁeo%ﬁ anebiest Dbde RPEE 2kt nodd) 0B e by, an sbi@re@fiddiments, the
and/ or egress node reserves bandw dth or when

ingre%’sﬁgg{\g%sg%?%%\?itcahrilr?éﬁét\gesgna%{tﬁl Fand{p Rl 1S Pdf 2d BHA ghailable time

control Fer (not shown) updates
r

the list. In one enbodj nment, .t t wor k

o i 5% 4 o28 OGS B Y85 KRB Bibbnays o
process using various burst or packet schedul

opticall ghwrs.+ Fives, Bassseveddime slet Gles TaBIc thdewEt kS # ADY chauneD, that
and traffic patterns. The avail abl e variabl e-duration

in diffEWht babodihentswhay be axf dixgdrducationadt varlablzadivatiansdnaypbe in one
all the ingress, switching, and egress

wavelength of one fiber, and/or can be spread across multiple wavelengths and multiple

optical fibers. A block 22 represents this operation.

[0031] When an ingress and/or egress node reserves bandwidth or when bandwidth is
released after an optical data burst is transported, a network controller (not shown) updates
the list. In one embodiment, the network controller and the ingress or egress nodes
perform this updating process using various burst or packet scheduling algorithms based
on the available network resources and traffic patterns. The available variable-duration

TDM channels, which are periodically broadcasted to all the ingress, switching, and egress

8



8 WO 2004/ 080110 PCT/ US2004/ 002830 nodes, are
transmtted on the sane wavel ength as the optica
wa@omogl1ibur sts or on a different common preseCEUSHA4/002830
wavel engt h t hroughout the optical network. The network
controller function can reside in one of the ingress
Qr e ss -nodes, ,or can be .distribyted..across .two or
nod 3t pEO IR SEs St B BT Rnih s Mk i BF GRRR B or om o
...t he network ontroller i art of control unit_ 37
different cqpEnos) preglfein ganciPhEh (V! She AR BEGULs ohs, network
[0032] The optical control bursts, network managenent
contgodler fgictipalsen sesidenial angtafdhe ingzasa or lggress godaseot eambe distributed
transported through photonic burst swtching network
acrod0twa drhmoree $iegryRdand/ormmegsésonodus. TIiM thidaombbdimlent, ohe network
enbodi nent, ingress node 151 transmts the contro
contRMESTs paft drREnIE NI M AORY whit QRtih&@ade one or more processors.
| abel -swi tched path (O.SP) determ ned by the network
controller. In this enbodi nent, the network controller
[003gk es Thecwtiselrepntiol ustechetwenltmangggmentaootro] labgls, and optical data
mul ti-protocol |abel switching (MPLS)] over one or
burststare thenatralspogtd shrowphdglicesiit hearst Beitokiat mwasdkelol @ Gk Se¥erved
to the egress node. [0033] In one enbodinent, the

time G rOTDIVRBRANnER! $9 0h&TeRibb8khdn® REFRY ﬂo@él% &8RHiR! the control
burst) is transmtted asynchronously ahead of the

0 e -

s BN 1342 e oo SLLLELE R, (Ao by e
cqgntral burst d the.data, burst allo each of the,

netwg f@ﬁfﬂgr-nﬁa 4B G RRIRENS the ety Sibesorlialier. B3 4 GRSt based
photonic_ burst switches to appropriately switch

routipgf pofocohd e ati-pegtoedi elabelr swdighingi ﬂ\g{Pﬁ&]a Olyglr SMe Or more
The term photonic burst switch is used herein to refer

wavdlengtlastp derinoel the best ebhaikbleAl. SR thetegreysaodd: E- O

conversion. [0034] In one enbodi nent, ingress node 151
en _asynchronously. transmts e optical . data burst
00335 T AR & W@?H?ﬁb@nﬁﬁ%@wﬁ%ﬂ @?@%ﬁ%ﬂ@éﬂo Bl 1 Sqrgrol burst)
. experience little or no tinme delay and no O-E-O _
is trapspvtiedagynchirensiuslyealegadoef thee phojonishidatg heesnd Tore a different
optical control burst is always sent before the
wavalargtle spd/oddiffprap tfibeal Thiatime fifsst bdtwedrr teivhtrbEblurst and the data

burst allows each of the switching nodes to process the label and configure the photonic
burst switches to appropriately switch before the arrival of the corresponding data burst.
The term photonic burst switch is used herein to refer to fast optical switches that do not

use O-E-O conversion.

[0034] In one embodiment, ingress node 15; then asynchronously transmits the optical
data bursts to the switching nodes where the optical data bursts experience little or no time
delay and no O-E-O conversion within each of the switching nodes. The optical control

burst is always sent before the corresponding optical data burst is transmitted.



9 WD 2004/ 080110 PCT/ US2004/ 002830 [0035] In sone

enbodi nents, the switching node may perform O E-O
weornesEilon of the control bursts so that thePeDUS20086002830

extract and process the routing information contained

in the label. Further, in sone enbodi nents, the TDM

annel 0 at.e he s@ wave t at .
[0"3’31“ 8t MRRRAEY 5ok Bvi 5 BB BLERYLGT: ENBfversion of
| abe yloads an be nDduIa ed on the sane
the fﬁ SPnt%@h dhe; Ange spR | SHRCY PRb PIRSShghe dpyiing dpfprmation
nodul ation formats. For exanple, optical |abels can be
contgipechihe dzhel. uEernivrsonreeanuhadiments.dhe TDWRZhamsd il propagated in
format, while optical payloads are transmtted using
the saafteuvweiamgﬂ:erthat(di’z)usm)ﬁul pabpagatiipiatals. Abenaptdlgahe labels and
burst is transmtted fromone swtching node to

paylédtiot R@r b WhdduiiteW oROGhe datheawaldlbdgih iHBMRB eJalﬂénbf)tllcal Hber using
optical control and data bursts are term nated at

dlffef%ggxa% l%%gﬁ foiitats AFB %ﬁ%@g %ﬁﬁ%ﬁfs&%@l‘é Scaﬁ ri)'e ra%@ﬁlg?etd' 195'ﬁ1g non-

e oper ati onal

wor kK i.s
remrﬁﬁﬂrzer,& Q?E%Z% aé‘ﬁ’Pe@élﬂ?fs viile OE}}CQE@HY Oﬁd% H"e@ transinited using
operatignal flow  [0Q37] If the target network is an
fetufaﬁ?wzerﬂ (RN moihatingt feraiat.| abbe optigalphyrsbds tsangpmitesl from one
are forned. In this enbodi ment, egress node 181
switqhirgpeodedo ahethaeswitgting addel in laeslimﬁndnarpmy uotidths iogtied] sontkol and
bl ock 25 represents this operation. [0038] The new
data bpistscigd tekabatedaind lf@@yﬂl(ﬂﬁd 8ar & BIS&3 feprisentt Hdopatidie
target net wor k (| ., WANin this case). In this
i ment, egress node 181 i ncludes an optica
[003ﬂnt efffhﬁ@@era@l@nfelrféws At this printgfspprds| on whethenihd targpt megwork is an
to the optical WAN. A block 26 represents this
opticep @AY ona LANIOBHlodHodenepreserits thisbrohacik tRé opdratidmai foty.
network is a LAN, the optical data burst is
I sa mhl ed t ract th ackets or thern
10037} S aE e et oo drotiee WaPb e arisg! el Roghiyslond signals
the optical data burst to electronic signals that
are fpgpedss Inghis amhodimant, meese 99de b81r preperss thhmewapptical label and
segnent of each of the packets. A block 27 represents
payldadisggnals. A block 25 represents this operation.

[0038] The new optical label and payload are then transmitted to the target network
(i.e., WAN in this case). In this embodiment, egress node 18; includes an optical interface
to transmit the optical label and payload to the optical WAN. A block 26 represents this

operation.

[0039] However, if in block 24 the target network is a LAN, the optical data burst is
disassembled to extract the IP packets or Ethernet frames. In this embodiment, egress
node 18, converts the optical data burst to electronic signals that egress node 18; can
process to recover the data segment of each of the packets. A block 27 represents this

operation.
10



operation. 10 WO 2004/ 080110 PCT/ US2004/ 002830 [ 0040]

The extracted | P data packets or Ethernet franmes are
w@e@amosEed, conbined with the correspondi ng | RCT/akmi0£002830

and then routed to the target network (i.e., LANin

this case). In this enbodinent egress node 181 forns

es e resents

10040 C P SR icB T Bfae &P%G%ff?ﬁs%a%er%ﬂ%wﬁ Eorpiged it
t he ta shown jin bl ock

the cper&aaqnd%gélﬂ b ileencraﬁte APHo BT B BTk coclabl 0 s ca50)
efficiency through the additional flexibility

In thig embeEipnchly egtess Tola thalarmed theseAnewidB glackats. sAebd@nb P&mgpresents
enbodi nent descri bed above includes an optical MAN

this tygarati. | Hlor ws [P padlechiraghaanthnseitedlsts tho desettmetwaltql.e., LAN)
multiple LANs to an optical WAN backbone, in other

as shephodibeRRt2s. t he networ ks do not have to be LANSs,
optical MANs or WAN backbones. That is, PBS network

Iy i nclude a nunber of relatively small networks

[004ilhat are netourps|l8dcary aghices dngroased bandyddthneffistanky t thegugh the
inturn is coupled to a backbone network. [0042]

additrorglir Bex@bility usfardédeshya thedTDI 1ohahngls.Us €Alifough this exemplary
swi tching node in photonic burst swtching network 10

embddi@h Gesklibe@b&ediditide? aﬁn@ptﬁzﬁp@@kﬂeﬁﬁvug 1ﬁfﬁ'§ss9 rs%@ﬁ‘ihg and

invention. In this enbodi nent, nodul e i ncl udes
egr es%o%og%s A%J \/\#1&1?&6 VA@NIEE%(Q%A% sg' t%ﬂhﬁﬁ OBt cgf I%JIAI\'I pi)act)f(%one in other

N T

in_this enbodi nent, each I nput flber coul d
Thatcléf P Saneé\a_{?rkolfo wayeipeludn gt pemper. of relatiyely waroBl| ratwotls)that are
al though in other enbodinents the input optical fibers
coupteshto @aelniively tdrgaringtvorkuldsén turmis evapked en gbhskbolbd dutverrit.7
woul d also include a set of N x N photonic burst

21-32B, wher.e t he nunber, of
mo“ﬁnpu gdﬂ’ dsa E‘Pd%]ﬁglﬁ fgﬁ Bt & SHHiFling ngdg i ghotonic burst
Thus, | n this enbodi nent, the nmaxi num nunber of
sw1tc\]s3g‘gepq;w@flq~,g0 ghigesdp, ?ﬂ?@l‘%‘?ﬁ to one embodiment of the present invention.

In this embodiment, module 17 includes a set of optical wavelength division
demultiplexers 30,-304, where 4 represents the number of input optical fibers used for
propagating payloads, labels, and other network resources to the module. For example, in
this embodiment, each input fiber could carry a set of C wavelengths (i.e., WDM
wavelengths), although in other embodiments the input optical fibers may carry differing
numbers of wavelengths. Module 17 would also include a set of N x N photonic burst
switches 32,-32p, where N is the number of input/output ports of each photonic burst
switch. Thus, in this embodiment, the maximum number of wavelengths at each photonic
burst switch is 4-C, where N > 4-C+1. For embodiments in which N is greater than 4-C,
the extra input/output ports can be used to loop back an optical signal for buffering.
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burst switch is ,4-C, where N>_ AC+l. For enbodi nents
in which Nis greater than AC, the extra input/output
w@orssman be used to | oop back an optical si gPel/Uszm04/002830
buffering. 11 WO 2004/ 080110 PCT/ US2004/ 002830 [0043]
Furt her, although photonic burst sw tches 321-32B are
shown as separate units, they cap be inplenented as N .
[0043) N FHE e P EhsiEh oG BT IShAY AriPestiF SABYE S aFREBHE units,
architecture. Mdule 17 also includes a set of optical |
they wan dlecingtlémetited 95 dhx MuhotqpieReiss syitchesqusing agptsutigble switch
optical -to-electrical signal converters 36 (e.g.,
archiphaire- defehillors) alsa Gabides| aurdet 87, optidl awsetlength division
el ectrical-to-optical signal converters 38 (e.g.,
multip8S@Fs34, 34Nt et UPidptidA-tPRYedR®Ne HH® OfonRBit@s 36 (e.g., photo-
processors to execute software or firmmare prograns.
. - ¢ . 4in _
secd 008 oML BTk e B Skt ihepd 5 .
01-30A are_connected to a set of A input tizcal
laserf (mEiol Rt 37 GRSRUAPEE PHIATE riseds S PieuRopps or fimware
ot her switching nodes of photonic burst switching
progr@gsnwor k 10 (Figure 10). The out put | eads of the
optical denmultiplexers are connected to the set of B

[0044pL" € ﬁ{%éérlgr%lgt? @E)?h@%g%%%ﬁé@ﬁ@gf ABGuIk 37 Re rrﬁajc?ﬁ{egféal as follows.

nve optical denulti plexer 301

OptigH AGHIEP BP0 FEhEe g3 EdaBpn (oL, TofBuE PG foers tha
| ead of optical demultiplexer 30, to one input |ead of .
propagei imvbopkiFa signaly frami other) switehing npdessel Btona by switching
| ead connected to optical signal converter 36. [0045]
netwdhel® (Figute 10¢.ad%he afutyph deadniof thriostical demuhiptexgmiarg 2Bnnected to

are connected to optical nultiplexers 341-34A. For

the sBXGPbére PAOAIARIiChEB51325 Whd edofRh] Kigsal Aotwdrfen86) Farlexample,
connected to i nput |eads of optical nultiplexers

optic?&&%%ﬁlﬁg&éferte%ol 13588 Qe aéigg@lg}egfedﬁg HRPidads BEhSphotonic burst

one i nput each opti cal

swito?%:légbgg% gzg_,'eﬂl%tacguq%ﬁp%%f gttop 1(':&2'&%13@&%16}(6@'369 tF*Bnd 'I}H)Lﬁtt lead of
el ectrical -to-optical sjgnal converter 38. . .
each photonic burst switch) and at least one output lead comnected to optical signal

converter 36.

[0045] The output leads of photonic burst switches 32;-32p are connected to optical
multiplexers 34,-34a. For example, photonic burst switch 32, has 4 output leads
connected to input leads of optical multiplexers 34;-344 (i.e., one output lead of photonic
burst switch 32; to one input lead of each optical multiplexer). Each optical multiplexer
also an input lead connected to an output lead of electrical-to-optical signal converter 38.
Control unit 37 has an input lead or port connected to the output lead or port of optical-to-
electrical signal converter 36. The output leads of control unit 37 are connected to the

control leads of photonic burst switches 321-32p and electrical-to-optical signal

12



Control unit 37 has an input |ead or port connected to

the output lead or port of optical-to- electrical
w@k@aagoiconverter 36. The out put | eads of contPGI/USI004/002830

37 are connected to the <control |eads of photonic

burst swi tches 321-32B and el ectrical -to-opti cal

o8, AR I S Rl s
SRR RN R S

and networ k managenent control bursts. In one
netwepp oringgement tqeatrobbistst  Hhoae sibodimenid theopptic‘@b|data bursts and
control bursts have transm ssion formats as shown in
optidel camted bditsdrade &BnsrhiSidibTorfantyuas ahdvin il Figatasaitteand 412
for mat of an optical data burst for use in PBS
(F e 1 ccord odi nent of,
1004fe " Fichwg e ks olre PRAEDE e ABIEH oGt POSoRr use in PBS
opti cal data burst has a start guard band 40 an | P
netwgay | Abigtiee B, aeegdinatto spe erbadimpntaefethesprgsrshinvention, In this
payl oad sync segnent 43 (typically a small nunber of
embdditsht, eoh @micehdatguiburst band didrt aguashdand 46, i difr payldad data
In some enbodi nents, |P payload data segnment 41
segmeﬂt:hydais IPm@eaaaarségsﬁén@ ab| ¥ -payldaldpéyexestochRntlad § tythztéS small

Et hernet frames used to form the burst. Al t'houg

, I
numl?érr%lf ﬁAnE Qﬁ’l oagﬁ]ﬁld %Q%A %’_%?ﬁ ?%wn @'ﬁ@g"éqlﬁs In'EP)%iéSe%b]thments
t t h { b
IP EYIRRT B FERTEN rnrwas] dhe SRR TGP e Ckate rppetcts or
in this enbadi nent the optlcal data bursts and optica
Ethepghdfastespiedt b Fatethe beal  shlgiaueh Jdigere Hhispovs tﬁfsaayload as

network 10, and may | oose their significance at the
contigpousg atnoduiaN7 (RosTks Fiaglonds 4B al MBI r &remt.t hdufthemyain some
of an optical control burst for use in photonic burst

emb&dbinkAiithe) dae thost karl Be (dpintbated! dver natESIE ATDN dhan@ile It should be
enbodi nent of the present invention. In this

pmmgg1§>:ag tﬂgig nﬂ{dthhsg&ﬁg%d‘?ﬁ%tctﬁé @?&ﬁ gtgﬂg l%g%ﬁ%%&‘ Qﬁtlc%l §61’Flfcg bursts have
localsshfn%ﬁﬁg aent y 1n8Pl§§ chwor i and may ioose {f;%lr 51gn1ﬁcance )at’ the optical

WAN.

[0047] Figure 4B illustrates the format of an optical control burst for use in photonic
burst switching network 10 (Figure 1), according to one embodiment of the present
invention. In this embodiment, each optical control burst has a start guard band 46, an IP
label data segment 47, a label sync segment 48 (typically a small number of bits), and an
end guard band 49 as shown in Figure 4B. In this embodiment, label data segment 45
contains all the necessary routing and timing information of the IP packets to form the
optical burst. Although Figure 4B shows the payload as contiguous, in this embodiment

module 17 transmits labels in a TDM format.
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end guard band 49 as shown in Figure 4B. In this
enbodi nent, |abel data segnent 45 contains all the
woe@essHLy routing and timng information of tPET/UR2004/002830
packets to formthe optical burst. Al though Figure 4B
shows the payload as contiguous, in this enbodi nent
nodul e 17 transmts |labels in a TDMformat. 13 WO
[0048P004h 08¢l GridCTHNUSED 01y ODRER ety o4 BN genacpfgeontrol label (not
enbodi nents, an optical network nmanagenent contro
showr)aBeliso(wsetl in IBSWtvicsk 40 (Bigusel). | n RRE emsbaddmkntgpeach optical
Figure 1). In such enbodi nents, each optical network

networe rfﬁﬂl%?@fﬁéntc&ﬁ‘ft{op hubsrigdludeRe hudes guards badd signider cobstant] guard
simlar to start guard band 46; a network nanagenent

band 4 Lag élé&?\%}:? Q{S‘L%r?]dg@%{eﬁ{ ak9 ?él%tsﬁﬁﬁﬁptto Ahita BedtBEMATK 2 network

nen egnent pically a small nunber of

iSSP ShER e G AL s AR et sy
embodi nent, networ k nanagenent '

e g o 2388 TR 5 S e,
transm ssions over the network. In sone enbodi nents,

netwdrienzpgémalt daet sugnent pentaige netmorle srNpgAMEN irformation needed to
transmitted in a TDMformat. [0049] Figure 5

coordidatdI EhistieSodN6veR AR akivasil Thisoweodmbmdinlents,1 the( Fhtigak retwork
3), according to one enbodi ment of the present

mana.g&}{grﬁtcbﬁt@ol lﬁ?sr:tqf Fhiohili&d fl OPDesfogmannd 5, nodul e 17
es as fol

per at ows. [0050] Module 17 receives an

optical signal with TDM | abel and data signals. In
(00491 hi SFigerb®diusentes theodpdratianz! fleweifaedun 19 Figee 3), according to
control signal (e.g., an optical control burst) and

one @fbRhkEALf 488 Predean Myehiiont. , Reforrigt toc Figulet 2 aodiSs tmodule 17
I's enbodi nent) at one or two of the optical

th
eyl i xers. For exanpl th '
dLE npl e, the optical control
CWEHgﬁgﬁaé may be nodul ated on a first wavel ength of an

optical signal received by optical demultiplexer 30A,
[005Mhi | ®1dduke 1 Dpickivas aidapticat signall witls TROM lakel e defa gignals. In this

second wavel ength of the optical signal received by
embd?l%bﬁ?%noﬁﬁ@ﬂﬁ 1eBtiO¥LAn 3PHsal bontesdnsgraniiogli armpscaltdostrol burst)

optical control signal may be
and an optical data signal (i.e., an optical data burst in this embodiment) at one or two of
the optical demultiplexers. For example, the optical control signal may be modulated on a
first wavelength of an optical signal received by optical demultiplexer 304, while the
optical data signal is modulated on a second wavelength of the optical signal received by
optical demultiplexer 305. In some embodiments, the optical control signal may be
received by a first optical demultiplexer while the optical data signal is received by a

second optical demultiplexer. Further, in some cases, only an optical control signal (e.g., a

network management control burst) is received. A block 51 represents this operation.

[0051] Module 17 converts the optical control signal into an electrical signal. In this

embodiment, the optical control signal is the optical control burst signal, which is
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received by a first optical demultiplexer while the
optical data signal is received by a second optical
waleomlosiipd exer. Further, in some cases, only aPCDP51004002830
control signal (e.g., a network nmanagenent contro
burst) is received. A block 51 represents this
| OR. dul,e 17 converts t tical
sepafBEL BRI ge&itvith ol Rk i Slanf BY S BplaF Rt Eprer and sent 1o
.embodi nent,, .the optical control signal is the optical |
ot G FisP L th SEL egRiarter i Zhofher chOMhgseptecmsibabeontol signa
PCT/ US2004/ 002830 separated fromthe received optical
can hetaanagrkamapgecnat ephirelabursietpng ioysie describad i evonjunetion with
optical -to-electrical signal converter 36. In other
Figuerdbiodi @phita;totehetriqad istamb]l cantertel 36 cgnakts thamphiealacontrol signal
net wor k managenent control burst (previously described
into iaR SledHicHIGigrAN ok Nexafripti i ohB) emKdimEm! edcB-S3r86A 10rGRE TDM
signal converter 36 converts the optical contro
j o l.ectiLi.C I gna ' .
conth 3L i\ PhEaR ESFHEAAEY il Thhy CREBASIRLES sleflaSJeccived
caonyert to an electrical signal, .Th lectrical.
by oGARY Bhlt 32 alorPlesEEl G nsy et 5P Minh 35 EAsPadiment, contro
.. processed to forma, new control signal. In this
unit & BOESABAProcesTss ot infprmation rortegicddn dicentl sigsals. 1 block 53
information contained in the control signals. A block
represgnts thaperssainns thi s operation. [0052] Mbdul e 17 then
routes the optical data signals (i.e., optical data

rst . in.thi enbodi ment ). to, one of tical g
00521+ e P TR B8 Bolied Sl Seiin b4 ophepgrburst in this
contained in the control signal. In this enbodi nent, )
embe@menty| toyRne of7 opiiend eyliplexges ordtinolbasesyoat rqusing information
extract the routing and timng informati on and sends
contaipgst mpthe sowr@Bignat ohf thipuerabodimesti goreitad unit A7heosassesathie Bontrol
phot oni ¢ burst swi tches 321-32B to re-configure each

burstofto t &@raphahe ntoitibpr sid Sthingh@fofation 6A sdRls appropriate PBS
correspondi ng optical data bursts. A block 55

confizBRKBS Sndlsith s QRSFRL d}iﬂﬁﬁonig %QI%?’FWN&%Q |3§}-%21? gJ‘ngchc%néiggre each

converts the processed electrical contro

or A BRP 7 v SSE by A B RRS by A b 5
represents this operation.

[0053] Module 17 then converts the processed electrical control signal to a new optical
control burst. In this embodiment, control unit 37 provides TDM channel alignment so
that reconverted or new optical control bursts are generated in the desired wavelength and
TDM time slot pattern. The new control burst may be modulated on a wavelength and/or
time slot different from the wavelength and/or time slot of the control burst received in

block 51. A block 57 represents this operation.

[0054] Module 17 then sends the optical control burst to the next switching node in the

route. In this embodiment, electrical-to-optical signal generator 38 sends the new optical
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that reconverted or new optical control bursts are

generated in the desired wavel ength and TDM tine sl ot
WQaioums0110 The new control burst may be nodul at BOT/082084/002830

wavel ength and/or tinme slot different fromthe

wavel ength and/or time slot of the control burst

received in block 51. | ock.57. represents i .
contr@lp@rr@&tpc?ﬁprogﬁﬁe@zﬂpthw@P%%e& ?r%?Pt%ﬁﬁ%‘ﬁtPﬁ e&ﬁ‘ﬂ%f* to achieve
control burst to the next switching node in the
the rautait 4 bldck SOnepresamtsdliisrmparation] ectri cal -t o- optii cal
signal generator 38 sends the new optical 15 WO

ALt T L

mul tiplexers 341-34A to achieve th 0 bl ock 5

to ong gpbadigpng 0? tePressal RyeHien. [iebeg %ﬁg@? ?@Pﬁsﬂg? pﬁp@?@col&
a GWLS-based architecture for a PBS network )

each af her@VIRg S protoorls cambotiodifind wfextandedicewpnert PRSeeripns and
Starting with the GWLS suite of protocols, each of

opticklhéntei¥iieS phile ostill Sneapotatngoiief GAAPIS potaenbiédvarmus  traffic-
support PBS operations and optical interfaces while

engin%EIiiﬁ% thRGOT PRY 3hitbRAtcdNEBSMRY:S RicRi@E@kSinclude i PBS data services
traftic- engineering tasks. The integrated PBS | ayer

T L T
t . I S,. ) ,
won B30 LR kB b T By P g o

provisioning conponent 64, a signaling conponent 65, a
provisipningneprernmgaifdnt Bgnaling| SaBRIonCHEh YA dOR mlg”gew@eﬁgﬁp@ a label
67, a link managenent conponent 68, and a protection
managethent esmpoant 67 & dinko nenbgdent | congomenteidp catidne mrgtection and
t hese conponents are nodified or have added

restofoR REIPORerk B! 1S SRR EfbbiienenBStHedy edrtpdifdntiZare modifiey or have
in this enbodi nent, GWLS suite 63 is al so extended

e A 1, ROy TGS e gATR:, L

] Fo
b | ) [ | i . t 6 . H .l .
suite§o piop SRR [t ot ooretiuch YA g hERReRRA: and
provigﬁéig@”ﬁm?%%{aoﬁ%?%. burst Iength, and burst

[0056] For example, signaling component 65 can include extensions specific to PBS

networks such as, for example, burst start time, burst type, burst length, and burst priority,

etc. Link management component 68 can be implemented based on the well known link

management protocol (LMP) (that currently supports only SONET/SDH networks), with
‘

extensions added to support PBS networks. Protection and restoration component 69 can,

for example, be modified to cover PBS networks.

[0057] Further, for example, label management component 67 can be modified to
support a PBS control channel label space. In one embodiment, the label operations are

performed after control channel signals are O-E converted. The ingress nodes of the PBS
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etc. Link managenent conponent 68 can be inpl enented
based on the well known |ink nmanagenent protocol

W@ bodpsithat currently supports only SONET/ SDHPCT/US2004/002830
networks), with extensions added to support PBS
networks. Protection and restoration conponent 69 can,

rmdl f net wor ks, A
netwflgur Fﬁe S'TPF %g i Llig%i IWhﬁrl%n agenres{mgo §hart isgl%’el switch
nodi f ed to ort a PBS co rol .chann
rourgra A Pacn ?%e%n@%ns 8 Hhe it CELFE %e?ubéﬁerl%lfx GAgtinuously

are erformsd after control channel signals are OE
providing @Et efdtheTigbels wirtbe $Bfodeisvorf. tHus PESpon@it\a@n advantageously
2004/ 080110 PCT/ US2004/ 002830 network act as | abel
increasky ther quatdro$ cohrdsohandni] | centelie regviketad by gerforheiag acpreastablished
| abel switch routers (LSRs). An egress node acts as
labelalﬁolﬁ-ﬁ?W@a@%‘?h&%ﬁﬁ&@f&:b@ér'aﬁuﬁ@ﬁﬁt@@OUS| y providing
the | abel s of the PBS network. This conponent
can advantageously increase the speed of control
[0058handagure 8’r18us¢tat¢séiBS entigal byt few bervdengodes in an exemplary PBS
pre-established |abel |ook-up instead of having to
netwodct0(e acardinglto omntmbkadimehtOfIRe prasentrigventioh] Sgitemt7®9 includes
PBS optical burst flow between nodes in an exenplary

ingrdsBRodB 91 Wo§ kwiRBingassderdd Ngn te@drQBenhREegi ARNSthef nbéﬂﬁ (egress,
present invention. System 700 1 ncludes ingress node

swit 2 afld %%Eé%%ﬂgir@ RQ%hZJvﬁ ’to %9018%%§<§%1n%0ﬂ§ dzs]cf]iPﬁ&? of the optical

ot

burst ﬁf)wthwr}h]&rfg‘{l (f(#ll%ﬁ}?‘tbﬁfehu{l*%ggteaﬁﬁgﬁgﬁéﬁ to'f?ﬁ%rgss sw1tch1ng and
illustrated conponents of ingress, swtchi ng@and

egressgiades 7 Hodd3 and§14 pioimplemented asiagimgnhineeisadable gisiyctions that
machi ne-readabl e i nstructions that cause a nachi ne

caus¢ e ngachimg (prgocegorsyor) do penférmr nparpeomst thanalovhéte mldbote transfer
the nodes to transfer infornmation to and from ot her

inforiR€68 td And HOPBHeN BbARIil thd PBSMetwerkanpl tBis dxafiple, the lightpath
lightpath for the optl cal burst flowis fromingress

o 008 B DR300 LSOO e v
egres@%%’d%%,' ayer conponent 720 having a

[0059] Ingress node 710 includes an ingress PBS MAC layer component 720 having a
data burst assembler 721, a data burst scheduler 722, an offset time manager 724, a control
burst builder 726 and a burst framer 728. In one embodiment, data burst assembler 721
assembles the data bursts to be optically transmitted over PBS network 10 (Figure 1). In
one embodiment, the size of the data burst is determined based on many different network
parameters such as quality-of-service (QoS), number of available optical channels, the size

of electronic buffering at the ingress nodes, the specific burst assembly algorithm, etc.

[0060] Data burst scheduler 722, in this embodiment, schedules the data burst

transmission over PBS network 10 (Figure 1). In this embodiment, ingress PBS MAC
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data burst assenbler 721, a data burst schedul er 722,

an of fset tinme manager 724, a control burst buil der
w(@2@4msd1@ burst franer 728. I n one enbodi nent PCTHESZ04/002830

burst assembler 721 assenbles the data bursts to be

optically transmtted over PBS network 10 (Figure 1).

e S PARERPSL L o 18051 Bk B0 558 g o
s 3ED G B3 5. TR Vi e 2

the ingress nodes, the specific burst assenbly .

also geupspies Hip schedule (@ owbidepat offSstitize (Sereaiise manager 124 described
this enmbodi ment, schedul es the data burst

belot) amsitbwsfoorthe werioRBodestindtkS hotvw(dek d0rte rirpcesk rthd kostrol burst
enbodi nent, ingress PBS MAC 17 WO 2004/ 080110

befoRRGhé biS30QAAARESHAst dridye®r conmponent 710 generates a
bandwi dt h request for insertion into the control burst
associated with the data burst being fornmed. In one.

[006&hhodn paAembedinactiueliiict ewanulager 728detenmynesyibn @ffaeletime based
the schedule to include an offset time (from of fset

on vaanayectwitd mwheanstelsegichbas| dw example) dw hombéhef \haps aleg the
nodes in PBS network 10 to process the control burst

seledd@f Hglﬁgétﬁ,etlﬁ%ﬁﬁé’ésﬁhg deRigtad chel &ﬁit@ﬁﬁg'])'i@@e, 112806 Idadb Bor specific

one enbodi nent, offset tine manager 724 determ nes the

Hgmgé£§?%?gbg§0p$§ﬁg?ﬁﬁﬂﬁ&ﬁ%hgus net wor k paraneters such

exanpl e, nunber of hops al ong the
sel ected lightpath, the processing delay at each
[0062 t diengcontrdE buttst afiflder 7R6,athsthisoembpdiaiehi, builds the control burst
i ght paths, and class of service requirenents. [0062]

usin% REPmARdhIAth BY iRt reQiird dBIndéA@h, bitst hed@HROhE&ERband or out-
uilds the control burst using information such as

" Ny . . - ban
oro e L Bbe0lblhe BSL SEHSGU \pdl g R hnnc
ta b t..1 th,. data b t ch I el engt h,
waveihelh S amE B iet B S« ho 11 ke. [ 0063]  Bur st
framer 728 frames the control and data bursts (using
[0063Pte Bt endonBatamtane chiesl Rglaaw st gﬁﬁrﬂ;’%‘ fe! ding format
W

h Figures 7-10 in sonme enbodi nents).
described below in conjunction with Figures 7-10 in some embodiments). Burst
framer 728 then transmits the control burst over PBS network 10 via a physical optical
interface (not shown), as indicated by an arrow 750. In this embodiment, the control burst
is transmitted out of band (OOB) to switching node 712, as indicated by an optical control
burst 756 and PBS TDM channel 757 in Figure 7. Burst framer 728 then transmits the
data burst according to the schedule generated by burst scheduler 722 to switching
node 712 over the PBS network via the physical optical interface, as indicated by an

optical burst 758 and PBS TDM channel 759 in Figure 7. The time delay between optical

bursts 756 (control burst) and 758 (data burst) in indicated as an OFFSET)] in Figure 7.
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framer 728 then transmts the control burst over PBS
network 10 via a physical optical interface (not
W@ bam3qii@s i ndi cated by an arrow 750. | n thi SPCT/US2004/002830

enbodi nent, the control burst is transmtted out of

band (OOB) to switching node 712, as indicated by an

optical control _burst 756_and PBS TDM chappel 737 in
[0064}i gubwitghinguioge 712 dpelpdesos PﬁSe?W%&a?@m"?]Qr ?ﬂé thag i‘{ag a control

burst according to the schedul e generated by burst )
burstpeirestihgcom@hent’ 3k tutst figmer(deréramep 734 ard & hardeggs PBS switch

network via the physical optical interface, as
(notgﬁqhyated by an optical burst 758 and PBS TDM channe

759 in Figure 7. The tine delay between optica

bursts 756 (control burst) and 75 ,(data@&ytst) in, .
[0063]ndi &mtles cxsmply, opfsstconitl PGLTY 7. TERIVID Yo aplysiseh gptical

PCT/ US2004/ 002830 [0064] Swi tching node 712 includes
interfac®BHt showrhamboptical switcly §ottshawnhawd eonssHed ¢ eldstricst signals

processi ng conponent 732, a burst framer/de-franer 734
(i.c., NG GorRBfsHARr CCHBD] Bikrdt Cramdrfietfraha W) . dd-ROEE] tHencdricd burst

exanpl e, optical control burst 756 is received via a

: e ORt h Nt e; 0 0 Phirsial i
mforﬂllaﬁt&lé h?xbc}] o?}dg&%\%\n thdt &5tRe € irffBRhatDAOWD) BRFoIOPhrsAl processing

SW ) and converted to electrical signals
i.e..,~O E conyversion t f I :
comp 732, B0 ik s FOBL ot BARELAS Sl iRRution
provides the control jnformation to control burst
deterpigiBE S5 S9BToRBIEHR DRSS QORI DENAL D gPeCELpppxt contro
conponent 732 processes the information, determning

hop, toreral tabebspappitigagicdat a burst's destination, bandwi dth
reservation, next control hop, control |abe

wapping, .etc. [ 0066] PBS swi,tch n .

00655 B o SRR s AL B 5L RORRHRYS conco
configure the optical switch (not sho to swi.tch the

and. GRTEEY tera PRGN SHitcRt (00 ého‘é{‘&)p b 5Wth]E 5 oo gt the
to the next node (i.e., egress node 714 in this

apprepréatglis)e duratidneto éwopet nedeatigelegrash nederdl 4 itb s gEmRle) at the
if the reserved bandwi dth is not avail able, PBS

propéMéiaghelC Ot Joald enbedimenneiftthd 3Genad Haakwidipps opr aaileble, PBS

action. For exanple, in one
switch controller component 730 can take appropriate action. For example, in one
embodiment PBS switch controller 730 can: (a) determine a different lightpath to avoid
the unavailable optical channel (e.g., deflection routing); (b) delay the data bursts using
integrated buffering elements within the PBS switch fabric such as fiber delay lines; (c)
use a different optical channel (e.g. by using tunable wavelength converters); and/or (d)
drop only the coetaneous data bursts. Some embodiments of PBS switch controller

component 730 may also send a negative acknowledgment message back to ingress

node 710 to re-transmit the dropped burst.

[0067] However, if the bandwidth can be found and reserved for the data burst, PBS

switch controller component 730 provides appropriate control of the hardware PBS switch
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enbodi ment PBS switch controller 730 can: (a)
determne a different |ightpath to avoid the
waoeanagdiabl e optical channel (e.g., defl ecti onPCT/US2004/002830
routing); (b) delay the data bursts using integrated
buffering elements within the PBS switch fabric such
Ne) haes:.. (C ' r-ant tical
(ot ot o L84, PEE S onati DudiohtR AR« Epgy sontol
and/ o d),, drop . only the coetaneous data bursts. Sone |
bursty ::hﬁ‘é%‘{ ré’ht e p s%/ﬁs‘?rc‘fﬁd cgarﬂd?"’é‘%ﬁe&ronb oﬁ‘ﬁ&‘? nij“f?‘é QProcessing
may al so send a negative acknow edgnent nessage back
compasienhy(le 88d the dwaitande tRBY ectwerksiesouredse dr cbusstr Gemer/de-
[0067] However, if the bandwi dth can be found and
framees¥r thed ffamrestthe rekhtidt bemsid buRBSvhishiis cirencoptioatll |teamsmitted to
conponent 730 provides appropriate control of the

egrefyafodwdn & vilBhe ;;Wyii@zh opli8aM&teZQ60H (B GHAWN) and the ogtical switch (not
PCT/ US2004/ 002830 (not shown). In addition, PBS

i I CPRRP e :
Sho@?n%fg?&edk}%s ggged onrb?l e“%gg%t% glg %Igtso ?S/agd&@gr?}jvauasttg% m
Fi u;er./om control burst processing conponent 732 and the
EUN4i | abl e PBS network resources. Control bur st
framer/de- framer 734 then frames the re-built control
[0068Ur StSub¥dueitly, S Wihen aRt | 6tiday tdanSHinkt edoftrspoBESSto  the
node 714 via the physical optical interface (not

receiP YR R0 cBﬂEoé%&#%ﬁflre(?é%éqc B%ésgﬁ&hiélﬁ%%?’u?ﬁ}e hardware PBS

I ndi cated by channe and~an optitca

eontral . burst 7 in. Figure.7 0063] , Subsequent].y,
switdip P SsiudA o apich R bich L8 BRI EteD o8 114 In other
. received/ processed contrql burst is received b
situadQps, SWitRYNH Sade 7hDcan Hwitththgepticalpiaty bussh toch da%erent node (e.g.,
al ready configured to switch the optical data burst to
anothey rsegtchingdeodeldot showat ke Figusé 7uatThenepticslvdatahburgt frothe ingress
712 can switch the optical data burst to a different

nodervadeds (lRng@witchaiotdpedss avilé T, ng indicited i PBROMPM ¢hannel 767 and
Figure 7). The optical data burst fromingress node

Q1 dsta bERN7 S BPEES ERbERARES oPRIE ddihbyrdFsBAGS G ical

o O%y PBSa TDM channel 767 and aﬁoglgt ?catl 43&%& Z] Eur gtg _&9 optica

data g\i@ﬁ‘{ 58 %)Ht'eé b? Weofga'r%ge’Pﬁév{d?c%l (ngfa sth%w%{rbsl’ft pgsss§b%‘y ‘Ansmitted
Si nply optical

in a different TDM channel. The time delay between optical control burst 766 and optical

data burst 758A is indicated by an OFFSET; in Figure 7, which is smaller than OFFSET;

due, for example, to processing delay and other timing errors in switching node 712.

[0069] Egress node 714 includes a PBS MAC component 740 that has a data
demultiplexer 742, a data burst re-assembler 744, a control burst processing

component 746, and a data burst de-framer 748.

[0070] Egress node 714 receives the optical control burst as indicated by an arrow 770

in Figure 7. Burst de-framer 748 receives and de-frames the control burst via a physical
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data burst 758 re-routed by the hardware PBS sw tch

(not shown), but possibly transmtted in a different
waDMuokEmmel . The time del ay between optical cpet/U81004/002830

burst 766 and optical data burst 758A is indicated by

an OFFSET2 in Figure 7, which is smaller than OFFSET,

due,. for exa e Q processi del nd other timn
0-B ifigice nt Sibventndin BaEoG L oo} Yied L oBishBis oyPpféht 746
i ncl udes a PBS MAC conponent 740 that has @ ggya, )
procesaenthe dpifiamed cpnipol turgdde axtpmet the neginggteqpbiolpddagss infprmation.
control burst processing conponent 746, and a data
ur st - 14 : I 714.: i
007k oot BBk it POERGS REROPE 5 RANSPL MBE: st
in F.gure 7. Burst de-franmer 748 receives_an -
corregBondidlsc ek oBob Sy o it gL FE arBN5g2 g Figure 7. 1n
~ 2004/ 080110 PCT/ US2004/ 002830, O E interface (not
this e¥aewNg.. ceress tierle 7 rbrsaivier e oRtisat fae vt sftep patedysphgFr SET:,
conponent 746 processes the de-framed control burst
relative tesxthe ed of He @atol henst.  boameasingasidriles $o that desrathed mbove for
[00711 After the control burst is received, egress

receiR@dl Gonftdct bueR§ives delfeanttat74s hedestdsshd deofiareaibe diangbirst. Data
the received control burst, as indicated by an arrow

burst&%%ské?nﬁla%ﬁh@n PM&FSSEQ HR SXRIRLE dat8 BueS So BRGRL f?ﬂé‘data (and to

recelves e optica ata burst after a delay o

CEESET relative ¢ he. en f t t.
re'asgerﬁ@ﬁnép s I%talthet gafah%%u%a evggsri g@@gﬁg@g %lfl Bllrﬂ{g@ei vlg%a de-
control bursts, burst de-fr. r (48 recei,ves an .
rultipler i a4 4P PRORPELY ST BRIRRCS (o 60 AT o nrpiggion to
then processes the de-franmed data burst to extract the

the agprrogrigtgrigstination éwhish eéatbbea npisvotlapther than iee RRSY actyiprikr
was a fragnmented data burst). Data de- nultiplexer 742

en rQpri ately de-muliiplexes the t .
007307 aBRRERP LR s 2500 B8 B R RO TR} R £ kBt burses,
(which can be a network other than the P twor k) ..
accofdypge torone; eypbadiment|of the preseas myepEtie @eﬁsg’w gﬁ’inﬁé& includes a
format 800 for PBS optical bursts, according to one
PBS epherit busttheaflert 408 qodaddp$ binst payloash8 04Gavhich eanprSsithen asontrol
800 includes a PBS generic burst header 802 and a PBS
burstoor stdapapheed Bigdre(8\ise insladesben expanded aicwonf PAS generic burst

header 802 and PBS burst payload 804.

[0073] PBS generic burst header 802 is common for all types of PBS bursts and
includes a version number (VN) field 810, a payload type (PT) field 812, a control priority
(CP) field 814, an in-band signaling (IB) field 816, a label present (LP) field 818, a header
error correction (HEC) present (HP) field 819, a burst length field 822, and a burst ID
field 824. In some embodiments, PBS generic burst header also includes a reserved
field 820 and a HEC field 826. Specific field sizes and definitions are described below for
framing format having 32-bit words; however, in other embodiments, the sizes, order and

definitions can be different.
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burst or a data burst). Figure 8 also includes an
expanded vi ew of PBS generic burst header 802 and PBS
wheoogs@ayl oad 804. [ 00731 PBS generic burst heer®s2080@2830
is comon for all types of PBS bursts and includes a
version nunber (VN) field 810, a payl oad type (PT)

field 812, i ori. field 814
007 pdn i egﬁg° %taﬁt?%@%r seere by hegoqr 4R s 6r‘é§”é’ﬁ‘? by T
field 818, a der_ _error correctlong,(HEC prese
first @pmerwoéw@q@s W sisiE310, @oid B el GP ek 8 A ebia) 46 and LP

ID field 824. In some enbodi nents, PBS generic burst
fieldrtd8deWNafiski SI@CimﬂlieseEm;dwrmbbdimbmi i 82cbinMiglda (d4ECDits 0-3)
field 826. Specific field sizes and definitions are

defiies ¢lid hedioaehabdraif the PBY RGiniifs Teimdi Beingustd- 0l frame the PBS
words; however, in other enbodi ments, the sizes, order

f
bursgcﬁltgg%%%d%%ggggm%éggl ks J&hﬁ@gs t&lfgygég%f@é%g{%rd but

T TV
CP field 814, IB field 816 and LP field 818. VN field

[0078[L0 IPT tlRiSSEXNTR! Abi RNDBIITETT) that definddi thef pasllchd type. For
(e. g , blts O 3) defining the version nunber of the

exanF IEI S enbo IH%; 1&?1\?;'%@;;1}3F§%8l1338f15ﬁg€§%sl ned as tﬁ%ﬁfe binary
oord Bl B 7ol bW st

st or limted to 4-bits, [0Q75] PT field_ 81
PBS.@Jr%r ig- %manage@vedlt Obrst-s 1a .ty Wﬂ&@?ﬁ Rgsflﬁ?lﬁél%@ detiged s the
type. For exanple, binary "0000" may indicate that
secondh d-tRBST e st word bubincotherembodithérite ibherdmpt be dgosecond 4-bits,
i ndi cates that the PBS burst is a control burst, and

in thbifin@myord A Iitdddidekitses that the PBS burst is a
management burst. In this enbodinment, PT field 812 is
ed as the. second 4-hits of theflrst wor d, but

[0076h ot@rperﬁeéf}r%]&d iserckil field thilsd- ﬂbtth%éieﬁﬁés thecbywat's priority. For
4-bits, inthe first word, or limted to 4-bits.

exan[qﬂ@,?lﬁjla@F"OK)i' ehay Billicatesa ac@adinriokite wdhile diinary 8'09Y indieates a high
defines the burst's priority. For

priority. In this embodiment, PT field 812 is defined bits 8 and 9 of the first word, but in

other embodiments, it need not be bits 8 and 9, in the first word, or limited to 2-bits.

[0077] IB field 816 is a one-bit field (bit 10) that indicates whether the PBS control
burst is being signaled in-band or OOB. For example, binary "0" may indicate OOB
signaling while binary "1" indicates in-band signaling. In this embodiment, IB field 816 is
defined as bit 10 of the first word, but in other embodiments, it need not be bit 10, in the

first word, or limited to one-bit.

[0078] LP field 818 is a one-bit field (bit 11) used to indicate whether a label has been

established for the lightpath carrying this header. In this embodiment, LP field 818 is
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exanpl e, binary "00" may indicate a normal priority

while binary "OLl" indicates a high priority. In this
weedaaseemt, PT field 812 is defined bits 8 anelCPUS$004/002830

the first word, but in other enmbodi nents, it need not

be bits 8 and 9, in the first word, or Iinited to

hits 00{7]~ 1B fi it f|
deﬁf%f})ast‘% A1 e ol B s e ety feelipe B i 1, in the
g | ed | -band or OOB. For exanple, blnary 0"
ﬁmtﬁ@ ’PﬁnggﬁéoéﬂB Iisi gnal i ng while binary "1" indicates
i n-band signaling. In this enbodinent, IB field 816 is

[007§]ef| ned 834016 1Q %56 Bﬁe(bfﬂ r].g ‘Qgcg%.igﬁltc#enwggtﬂg{ header error

odlnents it need not

Comééﬁél‘i’ 5 g bty Fi C&r%ﬁ&ga% SERE AT TR

been stabllshedfor the lightpath carryin
as bif ﬁ? of HE%%@ weid, H‘i B @H%ﬁﬁh%ﬂlen@Pltfne@ﬂ@%Sbs higl12, ég the first
WO 2004/ 080110 PCT/ US2004/ 002830 defined as bit 11 of
wordg s lirnited touend-bithuThe inosdde bite ifhite il Bedd Sorm tfiedd(e)l 820tthat are
be bit 11, in the first word, or limted to one-bit.

currepQ n8}sedRntl iredece8 ¥Or fusuraugme-bit (bit 12) used to
i ndi cate whet her header error correction is being
sed_in this_control burst. In this enbodi nent, HP
[008% el dhg1gpepad Juendniy PBSs eeparic: buist hepder802s tin ibisdembediment,
in other enbodinents, it need not be bit 12, in the
containy BBS wwstdength ﬂﬁildﬁBdeVhioh aesddi to. stdieea lbims;e&alla'e tegual to the
(bits 13-31) formfield(s) 820 that are currently

lengthi s esmberch e s rin @B Sf blfrstfpaZWa@ 8082 In (19 8@bodidRnE SRLPHS burst
word in PBS generic burst header 802, in this

lengtBTRAMIBNDits. GPHIB &b &ébﬁﬂéfﬁﬁs' tl‘gn llll,la efll %ﬁtz%eed not be in

which is used to store I nar

the %asagmraglf%ﬁg{gggﬁ?@&% jen PBS bur st payl oad 804.

burst length field is
32-bits. In other enbodlnents PBS burst length field
[008H22 Redds Rbobiendnt thé HerER6RNEh PBS heabise bershBbadet 804 @&ﬁams

to 32-bits. [0081] In this enbodinment, the third word
PBS biksPBS NS4, GHhYl Rt s&?ﬁ)dﬁ{)re%d‘é&%c@tlgﬁ number for this burst. In
this embodiment, PBS burst ID field 824 is 32-bits generated by the ingress node (e.g.,
ingress node 710 in Figure 7). In other embodiments, PBS burst ID field 824 need not be

in the third word and is not limited to 32-bits.

[0082] The fourth word in PBS generic burst header 802, in this embodiment, contains
generic burst header HEC field 826, which is used to store an error correction word. In
this embodiment, generic burst header HEC field 826 is 32-bits generated using any
suitable known error correction technique. In other embodiments, generic burst header
HEC field 826 need not be in the fourth word and is not limited to 32-bits. As in indicated

in Figure 8, generic burst header HEC field 826 is optional in that if error correction is not
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PBS burst ID field 824, which is used to store an
identification nunmber for this burst. In this
weedamserent , PBS burst ID field 824 is 32-bit SPCT/US2004/002830

generated by the ingress node (e.g., 1ingress node 710

in Figure 7). In other enbodinents, PBS burst IDfield

824 need not in.the thir is not limted
used GodBE M by BOBLIHRL F56Ri (1? NBFe RO BBS" e ety urst header

burst header 802, in this enbodi nent, contains
HECqfesiié B2 isot étcludisd die PBSEendricehwsidadend®2ch i s used to

store an error correcti on word. In t his enmbodi nent,

o0sincraf BEPEoaRT SobnibfAeilined Fr e P ng e
PBS s %ﬁﬁloa@@e?éeg it e ggy'ﬁ%@%@[%?%%?ﬁp%{mg it check

not limted to 32-bits. As in indicated in Figure 8,
sequeppadFCE) Held$Boheader HEC fiel d 826 is optional in that
if error correction is not 23 WD 2004/ 080110

PCT/ US2004/ 002830  us fille

o0sd" TEABS CRRETY ettt ERe sPo Shary Do feapikalijh the firs
HEC field 826 is nqt jncluded in PB ne urs

part @ dOpe s%zmomo’ggégpefsf’% gtlrswwlea@? Sha é é“g‘hﬁé}ﬁlof‘% header
all types of PBS bursts and includes a PBS specific

field (333 [forzaicdndimdl burst iseleecr®e@ belawpayheradetailan dowgmtl(mnﬂlﬂaﬂgure 9.
payl oad franme check sequence (FCS) field 836. [00841

Similalyl Bheeifex pagabad YieRdsadionandata BBfSt ?is) dedckibed pajolvo &d conjunction
header 832 is the first part (i.e., one or nore

W1th‘W£19§b qulpg:ggy @gEcﬁhc B@Mb&?ﬁea@@ﬂﬁel@@gg lifdlGddR b @A thore fields for

der for a control burst is described

1nf01§ };nip re ategong(:: t%lﬁ#rsﬁ,ggl gé #irB‘?]t %ﬁ%&%ﬁ%%}l@éq gl? ao% contamed n
h .
o SSSEL o o Con i Gn L uiD ELgua 8

one or nore fields for information related to a data

[0088ET StPazl’é%BQﬂtac EQldboﬁﬁhtﬁﬁsf etnDbBnRHY, St thd ﬁ&ltfpo?tﬁon of PBS burst

cont ai anot urst associated with'this burst

e, R T, L s 085 s me
next port f PBS t ’
be om?tzc(ed cﬁrocronlca?r? aﬂ ZEros. P%lfl rdgta bursts, payload data field 834 may be relatively

large (e.g., containing multiple IP packets or Ethernet frames).

[0086] Payload FCS field 836, in this embodiment, in the next portion of PBS burst
payload. In this embodiment, payload FCS field 836 is a one-word field (i.e., 32-bits)
used in error detection and/or correction. As in indicated in Figure 8, payload FCS
field 836 is optional in that if error detection/correction is not used, the field may be filled
with all zeros. In other embodiments, payload FCS field 836 is not included in PBS burst

payload 804.

[0087]  Figure 9 illustrates a PBS optical control burst framing format 900, according

to one embodiment of the present invention. To help improve clarity, Figure 9 includes
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payl oad 804. In sone enbodi nents, control bursts have

no payl oad data, so this field may be omtted or
w@omsasni@l | zeros. For data bursts, payl oad de€®EUB10e4/ah2830

834 may be relatively large (e.g., containing

mul tiple | P packets or Ethernet franes). [00861

Payl qad ECS fi.e 836, in th ne
the EAGH bt bscEctepisy bd hefdF aft 1@6’&4&” 7 peyioad 804
payl oad FCS field 836 is a one-word field
(pre\sgus(b/ tdegeribgd By GomjwICHeR ikt EeEuroR): kil Gr et @épanﬁwn of PBS
As in indicated in Figure 8, payload FCS field 836 is
paylogpt headed figld 8] édesblﬁb@rbabwwmh@cparbﬂf z oonteed thuost. s thio example,
used, the field my be filled wth all zeros. In

the Tt Aield iesdp ot 0T nd sndigay taathe BGSt id £Lachti®BOutss T CP field is set to
i ncluded in PBS burst payload 804. [00871 Figure 9

"O" tb'lhdﬁ@été a8 T PR D20 RbirkA ri%ﬁfy rphe BTSN i§ S@Th ng" {PRBRbe that
0, according to one enbo I'ment of the present

the ﬁzﬁ*@%“?ﬁ@ﬂ%@é”%ﬁ’%“"%%ﬁoﬁf%s%bto P oTplehahH e is no

ews of P eneri c burst header 802 and PBS bur st
labddé hﬁ#ﬁmgﬁﬁgn%breviously described in conjunction with
Figure 8), with a further expansion of PBS payl oad

[OﬂggFad qf thisedhx@n$B2y (Gaveihas Q)fbe? pRY) coMAeD LRAL PR S}ﬁgload header

ontrol burst. In th's exanple, the PT field

ey B8y GO L O %ﬁéerctﬁgﬁtf oo a
has nor ty. The field i

addr?%%o%%t(g% ﬁfﬁﬁd &qua peiyleed ﬁ’gsugqe?@t éﬁﬁﬁﬁ%ﬁi@;n@ conpgl channel
LP field is set to "0" to indicate that there is no

wavelenash fielshk 920n e glatrochanoel wurebangtl] Hld P21 a PBS kbelxiaetg O24ya PBS
enbodi nent of a PBS control burst, PBS payl oad header

data binet EngiBXidld 0261deRBS dalRBSrst stattriivhe field®3b; 4 PBISAHa8DRrstatime-to-
ext ended header (EH) field 906; an address type (AT)

live {TE1)0F$18932;3 BaY sl pF@ﬁWﬁ&@@Bh 4 PHE ddt£brsPdtindtion address

control channel wavel ength field 920; a data channel

£ I field 924; a PBS

ﬁeld%t}ga Ut ({bt]lfog%gg ﬁe%ﬁ F%dEE@elh@Q@BS data burst start
time fleld 930; a PBS data burst tine-to-

[0089] In this embodiment, the first word of PBS payload header 832 includes PBS
control length field 902, which is used for storing the length of the control header in bytes.
In this embodiment, PBS control length field 902 is a 16-bit field (bits 0-15) calculated by
control burst builder 726 (Figure 7) or control burst processor 732 (Figure 7). In other
embodiments, PBS control length field 902 need not be the first 16-bits, in the first word,
or limited to 16-bits. A reserved field 904 (bits 16-27) is included in PBS payload

header 832 in this embodiment. In other embodiments, these bits may be used for other

field(s).

[0090] The first word of PBS payload header 832 also includes EH field 906, which is

used in this embodiment to indicate whether an extended header is present in the burst. In
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live (TTL) field 932; a data burst priority field 934;
a PBS data burst destination address field 938; and
wa@pooafpsilomal ext ended header field 940. [ 0089]PCTUBIME002830
enbodi nent, the first word of PBS payl oad header 832
~~‘““"ifncludes PBS control length field 902, which is used
. for storing the length of the contr eader byt es
this arbadmente b AORLING. SPBSLBNEE) (RePOk h IF GheF gobodieRss, BH
16-bit field (bits 0-15) cal culated by control burst
field P06 hatdmo7BGLIE B8 garrie the) finst womshat r ol  bur st processor 732
(Figure 7). In other enbodinents, PBS control |ength

o0 585 R B 35y GREpE o7 BByt RSt i

bits 16- 27) is included in PBS pay| head 3
used 1(11h ithis embedimeahto indicage Hisr adéiﬁ%éd}ﬂ?ﬁe%ﬁ © %Sﬁ%%%e% &)ﬁ% ﬁ%aé@ burst's

be used for other field(s). [0090] The first word
destirfiSn p ajdromdmpadis 2882ssatype mac budesPEMd¢ss| (@ 200874, IPV6) a
which is wused in this enbodiment to indicate whether

netwélt Sorvied dReeshamdey (NSAPY edéitss,i an Eiecriatr sddressnor BtheWBype of
2004/ 080110 PCT/ US2004/ 002830 this enbodi nent, EH

addrécsb el gl iy e'mcboﬁmlrerﬁ' tA.".[f iRl fodPiid a28bit E@ldowlﬁér 29-30). In other

ment s, field 906 need not be bit 28, or in

e B R Ty g

in this enbodinment to |nd|cate the address type of the

[009@]88 0%k HiLEMBREMER thetirksSk 018l of PBH payidaddizaddr@32 ekwrintlades PH
the address type nay be an | P address (e.g., |Pv4,

field gr@,g%lﬂcl?ls ﬁb%&‘(%’frl&éa% Wh@tﬁ 2L 58ASaPRCS ks ﬁt’é@ﬂ? din ﬁ%@ﬁs ,In this

ernet address or ot er t'ype of address.

o SRS kBT SR, ooty s, o

be bits 17-18, in the first word, or limted to
need pohpe it 16,[aydobe it Words embodi ment, the first word of
PBS payload header 832 al so includes PH field 910,

iC d |, P 6hi |
[009#1es gl"n Ucﬁ}%hw&glu bP?B‘Sa%%l%gFﬁ&ﬂﬁ%@}(%O?% r‘%?ﬁdegatgzﬁngént includes
contrg&'clpz}nélpﬁwgb%ength 'fie CF 95(}) ! hlg’t:xl %S usela t%tltﬂ Glcate s %Ms wa%length in
which the control burst is supposed to be modulated. In this embodiment, control channel

wavelength field 920 is a 16-bit field (bits 0-15). In other embodiments, control channel

wavelength field 920 need not be bits 0-15, in the second word, or limited to 16-bits.

[0094] In this embodiment, the second word of PBS payload header 832 also includes
data channel wavelength field 922, which is used to indicate a WDM wavelength in which
the data burst is to be modulated. In this embodiment, data channel wavelength field 922
is a 16-bit field (bits 16-31). In other embodiments, data channel wavelength field 922

need not be bits 16-31, in the second word, or limited to 16-bits.

[0095) A third word of PBS payload header 832 includes PBS label field 924, which is

used in this embodiment to store the label (if any) for the lightpath being used by the burst.
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need not be bit 16, or in the first word. [0093] The
second word of PBS payl oad header 832, in this
weoedagserent , i ncl udes control channel wavel enptyUs20e4/002830
920, which is used to indicate a WDM wavel ength in
whi ch the control burst is supposed to be nodul at ed.
In this enbodi nent, control channel wavelength field
In thB2@mibedands- Hhe ldhed| i§ @bP2-Hitowpsd . gqugragicthdy Tabel management
enbodi nents, control channel wavelength field 920
compb@ed 6NPFighe @i s ofhed Embodintehis, BBS dabe] fieldd240reed nof hesthe third
to 16-bits. [0094] In this enbodi nent, the second word

word,erl#@@d%%bQﬁ@. header 832 al so includes data channel
wavel ength field 922, which is used to indicate a DM

wavel ength in which the data burst is to be
[0096ipdubafoedh werd bf EBSnbudeate headerddl indhudes FTESelpta bt fenath
field 922 is a 16-bit field (bits 16-3 1). In other
field €10 dh MERt Snbadihentc HenPBE duty dlissh gertptl ik B20B2 werdedIn other
not be bits 16-31, in the second word, or limted to

embodBadtid PRI 899 Blirsfidn3it Hetmand eEd RBShp e fatth veadeor Bded to
I ncl udes PBS label field 924, which is wused in this

32_bif,én‘oodimant to store the label (if any) for the
I ght path being used by the burst. 26 WO 2004/080110
PCT/ US2004/ 002830 In this enbodinent, the label is a

[009722- biat filrorg esfeP BS @dyloyd Ihabidr 882 riagedsn?BS catpbmehstart time
7 (Figure 6). In other enbodi nents, PBS | abel field

field %F RERE AMHodRedt e PBIST dhta ¥@EtarPfimkiisth B2bittword, generated by
32-bits. [0096] A fourth word of PBS payl oad header

832 i ncl . P d r . h ' del
burstsﬁ%egiaPeﬁgH? ?ilﬁﬁ%%@ﬁ GURL Rl FiRRLTEBY b iant Anfdtidld 930
wor d. I n ot her nb.odj ts, PBS data b t | th
s LA RPN, TR B bt . e, or 1 1 o
32-bits. [0097] A fifth word of PBS payl oad header 832
[0098]"¢! WAESHRARIATPH adealdr BDMBcluddseiBE 820 TTINGERI%S2. In
J he PB at

nbodi ment, t a burst start tinme is a 32-bit
. r t.ed Sk gl ¢ 110 .
i BTSN PSS N6 149 Epuotefl s
PBS MAC component 720 (Figure 7). For example, in one embodiment, burst
scheduler 722 (Figure 7) of ingress PBS MAC component 720 can generate the TTL

value. In other embodiments, PBS data TTL field 932 need not be bits 0-15, in the sixth

word, or limited to 16-bits.

[0099] The sixth word of PBS payload header 832 also includes data burst priority
field 932. In this embodiment, data burst priority field 932 is an 8-bit field (bits 16-23),
generated by ingress PBS MAC component 720 (Figure 7). For example, in one
embodiment, burst scheduler 722 (Figure 7) of ingress PBS MAC component 720 can
generate the data burst priority value. In other embodiments, data burst priority field 932

need not be bits 16-23, in the sixth word, or limited to 8-bits. Further, in this embodiment,
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need not be the fifth word, or limted to 32-bits.
[0098] A sixth word of PBS payl oad header 832 i ncl udes
weBB4astia0 TTL field 932. In this enbodi nent, RBBUSEDH002830
TTL field 732 is a 16-bit (bits 0-15) field, generated
by ingress PBS MAC conponent 720 (Figure 7). For
i n_one enbodi nent, burst ch gule

the sixe @@rcboﬁBB%paylﬁ@c} aaderie inpledesissran 19 536 {hits 24-31) which
generate the TTL value. In other enbodlnents, PBS

can ltatsed frthe flutetaifop 8thenBeld(spot be bits 0-15, in the sixth
word, or limted to 16-bits. [0099] The sixth word of

S ayl oa hea
100117 P 578 o gl B TR BB oy ALAC S dta burst
r|or|t field 932 is an 8- b|t field (Dbi "
destipatiney sdbessuell 3 od8 NSt &&%@mz@rﬁtﬁl@e@m address
For exanple, in one enbodiment, burst schedul er 722
field OBB gs narigbleolength fidd sstPB® MAC &;mgi@dﬂ@t wped) ferglarity. In other
generate the data burst priority value. In other

emb&iieflis|TBBS Slatadairé destiisitionfaddicsd §icltlioeB dieSBRot eckmitedto 32-bits.
be bits 16-23, in the sixth word, or limted to

o R0, SRR By i

d header 832 includes a reserved field 936 (bits
Angejlle{é&g which can be used in the future for other
field(s). [00100] A seventh word of PBS payl oad header

[0016B2 aAsS Gigiclveele of ABSS dalyballUn&ider 883s ohinahtlade actebndsd header
field 938. In this enbodi nent, PBS data burst

fieldY §t '”f‘ﬁits'l%gd&déiﬁeo%guseﬁ't%l%lg%ﬁle'r%d@é'r' Bkl ﬁlalt a9t Be used in the

shown as a single bit word for clarity. In

s sﬁambggbﬁ@é? N, P SO g

gth of the address may var d ng on the
Feld S0 dad 9o e 6o oGRSl beah SoepPECA 808, [ 00101] An
ei ght word of PBS payl oad header 832 can include

[Oﬂlﬁ%]'t er}qg‘greq%QHﬁ ratefs ik t@}ﬂt%al JL % H?ﬁ'%@gﬁiﬁﬂ{l?@d@@%cbﬂing to

hea at a at nmay e use

one embodiment of the present invention. To help improve clarity, Figure 10 includes the
expanded views of PBS generic burst header 802 and PBS burst payload 804 (previously
described in conjunction with Figure 8), with a further expansion of PBS payload header
field 832 (described below) and PBS payload data field 834, when part of a data burst. In
this example, the PT field is set to "0" to indicate that the burst is a data burst. The CP
field is set to "0" to indicate that the burst has normal priority. The IB field is set to "0" to
indicate that the burst is using OOB signaling. The LP field is set to "0" to indicate that

there is no label for this data burst.

[00103] In this exemplary embodiment of a PBS data burst, PBS payload header
field 832 includes a reserved field 1002 (i.e., 20 bits in this example), a segment ID

field 1004, another reserved field 1006 (i.e., 1-bit in this exemplary embodiment), a
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future. When this header is used, EH field 906 is set.
In this enbodi nent, payload data field 834 and
w@aykosd1-CS field 836 have been descri bed aboR€T/US2004/002830
[00102] Figure 10 illustrates a PBS optical data burst
fram ng format 1000, according to one enbodi nent of
t he present .invention, hel p i mprove clarjty, . Figure
segmentefl e andicater (Eﬁbaﬁﬂ%aomae%coarat@@ée el ingidior (CPD
header 802 and PBS bur st yl oad 804 (previously
field debe andoepayiloadlb pmcﬂtdmlcﬁwlﬁ Figure 8), with a
further expansion of PBS payl oad header fi el d 832

oon7? 6 St St o S B SR ABRCo RS gy e
0" to indicate that the_ burst is a data

scgrmii 1 HelfHQ0@PvEigh 6 Whe oreArgr 5 Fo B piRgTLlins oopgpented data
the burst has nornmal priority. The IB field is set to

burst” 0t this enihodineent eseghgnt Bh&cldui0dd is an §diihfieldabits 20-27) calculated
signaling. The LP field is set to "0" to indicate that

by cdnfi@l Buiss bilitder AR K Fiore 7)vir sosked] bubst psdces§dd 73D FFighre T)hila other
exenpl ary enbodi nent of a PBS data burst, PBS payl oad

embmﬁgl% se%hl%htdﬂ)gﬁ@ld' 1064 HELSH AR bé egeryed tﬁé Girst QR42d, or limited to

ts in this exanple), a segnent ID field
8b1téLOO4 another reserved field 1006 (i.e., 1-bit inthis
exenpl ary enbodi nent), a 28 WD 2004/080110
PCT/ US2004/ 002830 segment ed burst indicator (SB)

[00165]e! ®¥BEOPBloal keaderd nabe thchaleh GBIfielddiood) OPI i€l )010 and PH
field 1010 and a payl oad FCS present field 1012.

field [1@ 9%1 1& enﬁé hi §reer@§5é‘éh{3@§‘hség tcPindRRteIRhGnHY 'i:l%t PB§%§ta burst is

er 832 i ncludes segnment IDfield 10 4,
segmggtgﬁg H}e aura gg}tlg rcb ?&{cggn?tﬁdl Blc{n% &%?Sl?oaﬁsﬁéggg ﬁl(i DIn this
el 004 eld it 0- at ed
eribq. eran iplgs 18§$ 01 S@pﬂé@ﬁ §56.- élrtﬁgfdr @1%225 orespectwelw

burst processor 732 (Figure 7). In other enbodl ment s,
In otkespmthediments, tbesq febbmasekaimapnedde differantigtspqr injwiords ether than
first word, or limted to 8-bits. [00105] PBS payl oad

the fingt acted 08BB Sqiag?h)a'd headed 832. SBnlikecd BBS@agloaCReader édrch HBS Gontrol
and PH

burst, this embodiment of a PBS payload header for a data burst has only one 32-bit word.
However, the PBS payload header for a PBS data burst in other embodiments may be

more than word in length.

[00106] In this embodiment of a PBS data burst, PBS payload data field 834 includes a
PBS burst payload length field 1020 and a payload data segment 1022, as well as payload
FCS field 836. PBS burst payload length field 1020, in one embodiment, is used to
contain a binary value representing the length of the payload in bytes. In this embodiment,
PBS burst payload length field 1020 is the first 32-bit word of payload data field §834. In
other embodiments, the field may be mapped to a different location and/or have a different

size. Payload FCS field 836 has been described previously.
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field 1012. These fields are respectively used to
i ndi cate whether: the PBS data burst is segnented,
w0 b@4losirise payl oad i s concatenated; and a payl PemUFI084/002830

is present. In this enbodinment, fields 1008, 1010 and

1012 are 1-bit field (bits 29, 30 and 31,

respectively). In other enbodinents, these fields na¥
(0010 rRgyed 1 tibudiatdseraning of mailtipe Eilkerogs fepmestiney P qatical data

the first word of PBS payl oad header 832. Unlike a PBS
burst, Rdydreme tbendesmbstimantti#She gnésent invbutict , ToHiedp improve clarity,

enbodi nrent of a PBS payl oad header for a data burst

i i 0 saRbidd Wk of HBEegeNerict bersPBSadayfield802, PBS
Iﬁgﬂ{ggéggﬁggrﬂg P § dat a burgt in gther enbodi nments nay

oo S 5 YELREED P8 SR Mab i s

834 includes a . PBS burst l o l ength fjel.
descripl i qpuyIosRn sk Eieiriband Y25 A B sa%l% §§ 54 Ehemet
FCS field 836. PBS burst payload length field 1020, in
frameddescehbllilowht , is used to contain a binary val ue

representing the length of the payload in bytes. In
' di t B '
ool SHERESLTRIL 1 P B SESeLEr STi §l g8080 P

ot her enbodinents, the field be ed,t . nom

Feld it t S0 DR aIeRetoe I iy S5 B o B ® (i ds set 10 0" to
Payl oad FCS field 836 has been descr.ibed previqusl

indica2@ thADHRODAS 0BG I@mRLYieIgy 0 Ode0d 89l is BefotP0 P tﬁﬂ@‘ﬁ?ée fhpt the
illustrates framng of nmultiple Ethernet franes in a

burst RBSi@pOOMbigdlaliny. Dhe EP fiekbismetiny)"tto indieate thasdherens no label
of the present invention. To help inprove clarity,

ﬂxthEHﬂHﬂﬁuéﬁ i ncl udes the expanded views of PBS generic
urst header field 802, PBS payload header field 832

(for a PBS data burst), and payl oad data field 8%?

[00109r eCouiirsling thie sxainpled ﬁeldswﬁ?léﬁdtawmdvmaﬁelrﬁ@@r gge set as
and 10), with a further expansion of an Ethernet _
followd. 8B Aei@3$008 hetSapl feill 100D8E68] to ' "tthiisdieata it éhe burst is not

fields of PBS generic burst header 802 are set as

Lé 948 - thfRT haf b6 lsberhantIBt ¢RI fi&d 1090 it 6@l B fohiatlichleethat the
seem 1Str stﬁﬁﬁs as’dat a bggr st. The CP field is set to "0" to

payload has multiple payloads that need to be concatenated. PH field 1012 is set to "0" to
indicate that payload data field 834 (for itself as a whole) does not have a FCS. As will be
described below, payload data field 834 may include FCSs for subsections of the payload

data field.

[00110] Payload data field 834, in this example, has encapsulated three Ethernet
frames 1001-1003. In payload data field 834, Ethernet frames 1001-1003 are preceded by
PBS burst payload length fields 1020,-1020, respectively. As previously described in
conjunction with Figure 10, the PBS burst payload length fields indicate the length of the
payload burst in bytes. In this exemplary embodiment, PBS burst payload length

field 1020, indicates the length of Ethernet frame 1001, and so on.
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indicate that the burst has normal priority. The IB

field is set to "0" to indicate that the burst is
wa@200ags@BB si gnaling. The LP field is set to "PCT/US2004/002830

indicate that there is no label for this data burst.

[00109] Continuing this exanple fields of PBS payl oad

header fi eI 832 ar et a I'lo SB f 1008 .
(00148} g 15 el lﬂap%@@ g SFame, Gotpaik BioFRg) MEAG gy inctudes a
the burst is not nented and, thus, has no segnent
7-bykD pre@miblé ﬂ@ldlltﬂ,oa. gbmt stag off "franee jdelimater eﬁftlﬁég 12,he 6-byte
payl oad has nmultiple payl oads that need to be
destinatienbédradsefield PH1 4,i £16ebyt® 3@urcs adéest field0'l 1bpa I-hyglieclabgh/type
that payload data field 834 (for itself as a whole)

fielddaes, HotAdavientddtiBeld sl 20 (Withesizél esfdddgdihesl0w in length/type
payl oad data field 834 rmy i ncl ude FCSs for

I
ﬁeldéﬂki?ga%ldgg?la yic 13'(% %%th{ PI 2 tﬁféaa%{t(lgﬁp ﬁ;he&r%ii&lles are separated
sul at e ree t.her net ra
reau i RO B P T RN PP U0 BRYOCh o
preceded by PBS burst payload length fields

[0013820 In 19203 embB&RRS, iRl 1bad Afat D ITRYA 9345 Inyayd @RGIdeDEEG ifitld (not
conjunction with Figure 10, the PBS burst payl oad

shovlgﬁ ? ﬁfelagtI) %?hérﬂ% iﬁ'h@ éég 1'@1?. ntl)ﬁ E&Fﬁgwc@gents the IFG
relagh kg SR iR 16 6 51 iﬁégﬁqw%‘% lv%%bﬁ% flights. For

PCT/ US2004/ 002830 [00111] As is well known

exarmmlp,dppae embaungnt, the IFGdicd may het Mabytes h%)ﬁql%éwruld)élsoo Mb/s
a 7-byte preanble field 1110, a 1-byte start of frane

& 1/d61Ghfs Ederdet ditachet.] 12 other Gmbydiments;e gitei egaessorvdadshedsgure 1) may
field 1114, a 6-byte source address field 1116, a

be 0811 &1 1oeievide thPEFG fiheh thelBth@menddAG elttRd Wathat no IFG field
eld 1120 (wth a size defined by the value in

ISnée&q}g%%/lga)ﬂqgtaﬁélglgnglllS) and a 4-byte FCS field 1122.

tion, Ethernet franes are separated required
to be separated by a period of tinme known as the
[00113} erEfibatimentapof ifeod {180 dfiRkatis feo meplenisotingrenpbotonic burst
payl oad data field 834 may include IFG field (not
switching network are described herein. In the above description, numerous specific

details are set forth to provide a thorough understanding of embodiments of the invention.
One skilled in the relevant art will recognize, however, that embodiments of the invention
can be practiced without one or more of the specific details, or with other methods,
components, materials, etc. In other instances, well-known structures, materials, or
operations are not shown or described in detail to avoid obscuring this description.

[1

[00114] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present

invention. Thus, the appearances of the phrases “in one embodiment” or “in an
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shown) before each Ethernet franme (e.g., frame 1101).

In sone enbodi nents, the IFG fieldis filled with
walcompsdat a to enmul ate the | FG required bet weePCT/US2004/002830

Et hernet frames. For exanple, in one enbodi nent, the

IFG field may be a 12-bytes long field for 10/100 Mo/s

embgglln'g,g %gfsélrlgé ol net Jpjgunﬁo%@ns ks)%ec&ta %gagrlggg&t %écessharﬂy all
provi de the | FG when the Ethernet data is extracted so

refelmat torfhe |spget GrRPQfliment. h Ewgharmopayhe Rartisytas feptares, stguctures, or
[00113] Enbodi ments of nethod and apparatus for

charpotprisioe mangoea cphbimedi ¢ bay's suitable topkiralgmasnenorik enee or more
descri bed herein. In the above description, numerous

embédieehfsi c details are set forth to provide a thorough
under st andi ng of enbodi nents of the invention. Che
skilled in the relevant art will recognize, howeve

[001dfk; Ewsosmhedmentss of hes jnyorin BAY b@aliﬁeééls et ﬁueé@rt software
wi t hout one or nore of the specific details, or with

progernh executadnpds some dompo nEprossssimgtcerd (aich asghe CPlLhofist ¢ramputer or a
i nstances, well-known structures, materials, or

procegzer af h ansludy) @rdliersivevithplymahesicon Rellzdd et @i Withi@ a machine-
avoi d obscuring this description. [00114] Reference

readhtlE %’élllﬁﬁﬂt A hhenaRechddbfR ide@fint thelRie aﬁWﬂéﬂhﬁﬁ@ﬁl foP'storing or

‘an enbodi ment" neans that a particular feature
h t n c
trans\?mﬁlﬁﬁfgt ﬁfo%‘n nﬁéon dﬁl rngr? rg da clb(é' o xglﬁl ﬁh«gf %g?mg{l_]} S tP‘o? example,
enbodi of .the pres i_.nvention. .Thus,
a mag w&#ﬁ@ﬁesmsﬁmfrh %Wﬁl@%éuﬂ} DA LSHIB ST &QM):. frandom
an 31 WD 2004/080110 PCT/ US2004/ 002830 enbodi nent"
accepshmgaord (RAM)a e asagnktio dishoiteragch medisp esiopiicalt Stoagaimedia; and a
not necessarily all referring to the sane enbodi nent.
flashFundrhey ndewdce, t bre. pdnt additied, feabhcliiesresghblaciedasn «n include
characteristics nmay be conbined in any suitable

prop@l_%i téC 3lgnARNRRK dsNeleBEicAl ofRER, a&ITRACH "&Nbher O bPlpropagated
enbodi nents of this invention nay be used as ‘or

sign%l? (e';#J PRREiL: Rk V\ﬁfrﬁr (ﬁ%ngsaﬁﬁgﬁ&(les%xb N jgon sone form

ocessi ng core conputer or a

[00116] In the foregoing specification, embodiments of the invention have been
described. It will, however, be evident that various modifications and changes may be
made thereto without departing from the broader spirit and scope as set forth in the
appended claims. The specification and drawings are, accordingly, to be regarded in an

illustrative rather than a restrictive sense.
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processor of a nodule) or otherw se inplenmented or
realized upon or within a machi ne- readabl e nedium A
wora@hiosra10 eadabl e medi um i ncl udes any nechani sPECT/082004/002830
storing or transmtting information in a form
readabl e by a machine (e.g., a conputer). For exanple,
CLAgwﬁichine-readable medi um can i ncl ude such as a read
menory (ROM); a random access nenory (RAM; a
magneti ¢ di sk storage nedia; an optical storage nedia;
and a flash nmenory device, etc. In addition, a
machi ne- r eadabl e nmedi um can i nclude propagated
Whag ispheiinsddtich as el ectrical, optical, acoustical or
ot her form of propagated signals (e.g., carrier
waves, infrared signals, digital signals, etc.).
[00116] In the foregoing specification, enbodi nents of

1. thg Rwenthonsdave Parlkngdesisidethultiglewd (WDN@WBNSbaic burst
be evi dent that varlous nDdlflcatlons and changes nay

swﬁ%i%d(ﬁ?g eg\l;}glrkeh% #b E}%rtl ng fromthe broader

scope in the appended cl ai ns.

?28 SRS T e A PR AR T LY bl o

sense. 32 WO 2004/ 080110 PCT/ US2004/ 002830 CLAI M5
the Kipdmeiveorky dienkdlS jbyrst frame & ickideraPBYsurptaheader having fields to

~_Wwavel engt h-di vision nul tiplexed (WDM photonic burst
indicee wiedtleet: (PBS) network, the system conprising: a burst
framer to format information in a PBS burst frame to

be tranh@PBEsurovMEime {sEPBBS MR bafsk, t he PBS bur st
frame to include a PBS burst header having fields to

i ndi cat Vﬁi‘)‘ﬁhgﬁf)urs{ Léetrfrgl%lt@éﬂ' & a W en gﬁl &ifFeR%t GRIM 1Rl of an

bur st ; t e control urst I1s transmtted on a

wavel en i rent fromthat of an associ ated PBS
HoFSOFRPL PES O ahd

the PBS burst frame has a label for use in a generalized multi-protocol label

swapping (GMPLS)-based system.

2. The system of claim 1 wherein the PBS burst header further includes a field to
indicate a header error correction (HEC) value and a field to indicate whether the HEC

value is present.

3. The system of claim 1 wherein the PBS burst header further includes a field to

indicate the priority of the PBS burst.

4, The system of claim 1 wherein the PBS burst header further includes a field to

indicate the length of the PBS burst.
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the PBS burst frane has a | abel for use in a
generalized nmulti-protocol |abel swapping
wo SvR®)ibased system 2. The system of cl ai m BCTMIS2064/602830

the PBS burst header further includes a field to
indicate a header error correction (HEC) value and a
field to indicate whether the HEC val ye is present

5. 3.Theneysteyselptnian 1 svhearein theRBS st fFranep RIS ingludes qgpS burst
further includes a field to indicate the priority of

payloatidaFIBS alpayloud hdadem fieldsid tagraylobd drtaifitld. wherein t he
PBS burst header further includes a field to indicate
the length of the PBS burst. 33 WD 2004/ 080110
PCT/ US2004/ 002830 5. The system of claim 1 wherein

6. L hﬁ}eps?gteﬁ‘l“&%laifn{ 3Bhefdth téllﬂ,ﬁﬁagﬂl&‘al nes FelPBStRTSdudes a field to

0 a he

pay ving a payl oa der field and a payl oad

. .. d field 6. ' ' .
i o o e PR G B B DS v

i ndicate the wavel ength of the PBS control burst if
contrphIrMBS purst frame contains a PBS control burst. 7.
The system of claimb5 wherein the payl oad header field
further includes a field to indicate the
information's address type. 8. The systemof claim5
7. WElieiRtehhef glainh 6acheheindies pdyiledddhdadert fied fimiedriddsdes a field to
field to indicate the wavel ength of the associ ated

indicBRIIREGRKORT addredpdBS burst frame contains a PBS
control burst. 9. The systemof claim5 wherein the

payl oad header field further includes a field to
indicate the | abel of the PBS burst frame if the PBS

burst frame,.contains a PBS control . burst 0.. Th
8. Sy'g]geems@fm ef clapm V%}Pé?lgit e ijo%g%aggrdﬁﬂé gd% erfllnglpges a field to
further includes a field to . .
indicate the wavelength of the associated PBS data burst if the PBS burst frame contains a

PBS control burst.

9. The system of claim 5 wherein the payload header field further includes a field to
indicate the label of the PBS burst frame if the PBS burst frame contains a PBS control

burst.

10.  The system of claim 5 wherein the payload header field further includes a field to
indicate a start time of the associated PBS data burst if the PBS burst frame contains a

PBS control burst.

11.  The system of claim 5 wherein the payload header field includes a field to indicate
whether the payload data field contains data to be concatenated if the PBS burst frame

contains a PBS data burst.
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indicate a start tinme of the associ ated PBS data burst
if the PBS burst franme contains a PBS control burst.
wda 2004/088168yst em of claim5 wherein the payl oadP¢EHESN4/002830
field includes a field to indicate whether the
payl oad data field contains data to be concatenated if
the PBS burst franme contains a PBS data burst. 34 WO
2004/ 080110 PCT/ US2004/ 002830 12. The systens of
claimb5 wherein the payl oad header field includes a
12. fi d@hd systemsnefi elaine Swivbetetr thehpaylegd daadedafieldfingludes a field to
contains segnented data if the PBS burst frane
indicata vhkethsr theRBSlddtdatd fiekit contdins Jdpenenyeslt data of thel BBInbiizst frame
wherei n the payl oad header field further includes a
Cmﬁ&heh@gghmdwgg@ate t he payload data field s segnent ID
the PBS data burst contains segnented data. 14.
The system of claim 12 wherein the payl oad header
field i ncludes a field to indicate whether the
oad  dat ield nt.ains a.frame.c sequen
13. asw@mﬁ ol L R S AR RN Ol SR TILb AedGtfs  fld to
wavel engt h-di vision _multiplexed (WDM photonic
lndlcw &lﬁ paviped Add fickisseemenidbt i th qlﬁ%’s Hete heEst eomips spgpented data.
formatting the information in a PBS burst frane, the
PBS burst franme including a PBS burst header having
fields for indicating whether: the PBS burst frane is

14. a BBS syeeir of chimsI2, whbeirc ald haylobdinshddrsfitldamshided @dfield to
on a wavelength different fromthat of an associ ated

1nd1<P ?Eswﬁé}h@r tﬁygﬁloa@&g fbg JP oRRiRY $4md £ s%&n@e | abel

use in genera I zed mul ti-protocol | abel
smapplng (GQWPLS) - based system and optically
transmtting the PBS burst frame over the PBS network.
16.. The met hod of claim 15 wherein the PBS burst
15. heAqBrthod, toreammynirafg dafogmation hetvgen nodes m a wavelength-division

multiplexed (WDM) photonic burst switched (PBS) network, the method comprising:
formatting the information in a PBS burst frame, the PBS burst frame including a
PBS burst header having fields for indicating whether:
the PBS burst frame is a PBS control burst,
the control burst is transmitted on a wavelength different from that of an
associated PBS data burst, and
the PBS burst frame has a label for use in a generalized multi-protocol label
swapping (GMPLS)-based system; and

optically transmitting the PBS burst frame over the PBS network.

16.  The method of claim 15 wherein the PBS burst header further includes a field to
indicate a header error correction (HEC) value and a field to indicate whether the HEC

value is present.
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indicate a header error correction (HEC) val ue and a
field to indicate whether the HEC value is present.
wWE20003@ADO4/ 080110 PCT/ US2004/ 002830 17. The Per/Osmo©602830
clai m 15 wherein the PBS burst header further includes
a field to indicate the priority of the PBS burst.
18. The nethod of claim 15 wherein the PBS burst
header further includes a field to indicate the
l ength of the PBS burst. 19. The net of claiml
ARe Partrogectoaia bl SYhersinthe PES MY PEMAr JUBGeTanpdRs a field to
burst payl oad having a payl oad header field and a
indigasgythe gtiodan of thg BB bur®d. The net hod of claim 19 wherein
t he payl oad header field further includes a field to
i ndicate the wavel ength of the PBS control burst if
the PBS burst frane contains a PBS control burst. 21.

18. Thenhoeidaam &f clgindi sMvdQrath @JeePES et Payde? %ﬁrtﬁ‘éaraiﬁglhdes a field to

field further includes a field to indicate
type. 22.. The nethod of cI aim

mdldfgg%%g{ &tﬁe?gg %gsgd header f| eld further includes a

field to indi cate t he wavel ength of the associ at ed

PBS data burst if the PBS burst frane contains a PBS

control burst. 23. The nethod of claim19 wherein the
19. paYhoastheddetaim; 1s) whergin: the PBSHars dessneafunther nclugles a PBS burst

indicate the | abel of the PBS burst frane if the PBS
payload etvirfgr sapey laadriteaderSiekd 8RS payhdadadata fieidst . 36 WO

2004/ 080110 PCT/ US2004/ 002830 24. The nethod of claim

19 wherein the payl oad header field further includes a

field to indicate the start time of the associ ated

20. PBPhdaethol' 0t Slaith 10t ER Ty Fdad HedE MPPhAHHRS ikludes a field to

17. wh

indicate the wavelength of the PBS control burst if the PBS burst frame contains a PBS

~ control burst.

21.  The method of claim 19 wherein the payload header field further includes a field to

indicate the information's address type.

22.- The method of claim 19 wherein the payload header field further includes a field to
indicate the wavelength of the associated PBS data burst if the PBS burst frame contains a

PBS control burst.

23.  The method of claim 19 wherein the payload header field further includes a field to
indicate the label of the PBS burst frame if the PBS burst frame contains a PBS control

burst.
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PBS control burst. 25. The nmethod of claim 19 wherein
t he payl oad header field includes a field to indicate
wob@tlogrila he payl oad data field contai ns data POI/D82004/002830
concatenated if the PBS burst frane contains a PBS
data burst. 26. The nethod of claim 19 wherein the
pa oad d.incl des a di
24§ R BRI S el 1 B Se el Ag i E8 i iold o
|f the PBS burs L franme contains a PBS data burst. 27.
indice hectarb BGTO LN aPTAODB AORS FH UG pEGIe SR R B contains o
field further includes a field to indicate the
PBSpopiroblelirstat a fiel d's segnent ID if the PBS data burst
contai ns segnented data. 28. The nethod of claim19
wherei n the payl oad header field includes a field to
i ndi cate whet her the payl oad data field contains a

25. T r ame Gheck cTeduRnee. wl?e?em&hér%g}loraa He%é&aﬁlﬂ%l Hﬁ:ﬂldéﬁnat Gield to
provi de instructions, which when executed

1nd1£5?§ %Qt‘ﬁer ﬁl%'\“})sa?IGOtaH afﬁaﬁglh Q:Snttaﬂxs ff&ﬁf@ Q&SE%W If 1]‘118 "'PBS burst

Ina wa ngt h-division

hot onl c t ched (PBS) netvvork t he operations
ﬁa”@ W%éga@P%ﬂF%ing information in a PBS burst
frane the PBS burst frane including a PBS burst
header having fields for indicating whether: the PBS
burst frane is a PBS control burst, 37 WD 2004/080110
26. PCThe)Sa¢tbdd @d2d3ih 19 hehergintthelpalpload thdadert fialds imicludes aofield to
a wavel ength different fromthat of an associated PBS

indichtd &hbthes the gayloddn@ntPBRldedntding EcpienbdS daa lifbR! PBOburst frame
use in a generalized nmulti-protocol |abel swapping

Cmﬁgﬁ§g2§?(9@?9g3§ystenl and optically transmtting the

PBS rame over the PBS network. 30. The
machi ne-r eadabl e nedi um of claim?29 wherein the PBS
burst header further

27.  The method of claim 26 wherein the payload header field further includes a field to

indicate the payload data field's segment ID if the PBS data burst contains segmented data.

28.  The method of claim 19 wherein the payload header field includes a field to

indicate whether the payload data field contains a frame check sequence.

29. A machine-readable medium to provide instructions, which when executed by a
machine, cause the machine to perform operations for use in a wavelength-division
multiplexed (WDM) photonic burst switched (PBS) network, the operations comprising:

formatting information in a PBS burst frame, the PBS burst frame including a PBS
burst header having fields for indicating whether:

the PBS burst frame is a PBS control burst,

37



includes a field to indicate a header error correction
(HEC) value and a field to indicate whether the HEC

WO 20040801%0 present . 31. The machi ne-readabl e nePCT/IOS2H4/002830
clai m 29 wherein the PBS burst header further
includes a field to indicate the priority of the PBS

burst. 32. The chi.ne-rea e _nedi
wher ei ntiereo bRl BB & ESTRER of o Vet el p e itn dhag of an
to indic th of the PBS burst. 33. The
na@ﬁpﬁéeaggﬁ%%ﬁé @Wﬁ1of cl ai m 29 wherein the PBS
burst frame further includes a PBS burst payl oad
havi ng thedd3S badt fiamel bas 4 labtldonwst in agepthigeddatiti-protocol label
field. 34. The nmachi ne-readabl e medi um of claim 33

swappiiey @VMPLBRbawylspstemhaailer field further includes a
field to indicate the wavel ength of the PBS control

bu Bﬁﬁcallg ntahﬁnﬁ%% DRSS b3 CORE BB @n&iRagont r ol
bur'st 5. The machi ne-readabl e nedi um of cl aim 33

wherei n the payl oad header field further includes a
field to indicate the information's address type. 38

004/ 080110 2004 028 36.. The
30. pohe mech daacﬂag LA U TRL7 I aarei SfecP RS yest header further
payl oad header field further includes a field to

lnclqdﬁwcﬁ&i%tq Helicags, & heardgr o conetion {BEGtvainerBe o ficll to indicate

burst if the PBS burst frane contains a PBS contro
whetherthe HEZ7valihés presehi.ne- r eadabl e nedi um of cl ai m 33

wherei n the payl oad header field further includes a

field to indicate the | abel of the PBS burst frane if

the PBS burst frame contains a PBS control burst. 38.

31. Th’?hé@ﬁbl‘uﬂ@ Pflée @dﬁ?xﬂtﬁrﬂﬂﬁeﬂf 2|93 L@E 1D the Vf]?ﬁ %gfkt 4R8der further

payl oad hea es a

. PN rt ti.me omated PBS dat a

incl 853%@‘1% de"ﬁ?‘v%é%l??l@i ﬁpghgg Eﬁfﬁ‘ai ns a PBS control
burst. 39. The machi ne-readabl e nedi um of cl ai m 33
wherei n the payl oad header field

32. The machine-readable medium of claim 29 wherein the PBS burst header further

includes a field to indicate the length of the PBS burst.

33, The machine-readable medium of claim 29 wherein the PBS burst frame further

includes a PBS burst payload having a payload header field and a payload data field.

34.  The machine-readable medium of claim 33 wherein the payload header field
further includes a field to indicate the wavelength of the PBS control burst if the PBS burst

frame contains a PBS control burst.

35.  The machine-readable medium of claim 33 wherein the payload header field

further includes a field to indicate the information's address type.
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includes a field to indicate whether the payl oad data
field contains data to be concatenated if the PBS
whenognsfin@ne contains a PBS data burst. 40. TheCT/US2004/002830
machi ne-r eadabl e medi um of claim 33 wherein the
payl oad header field includes a field to indicate
whet her the payload data field contains a frane check
sequence. 41. The nachi ne-readabl e medi um of clain133
wherein the | oad header field includes a field
36. i ndne dP%CI\HPF‘e’Eq%éi"bI? Hecdium ohgladmi3d Pherin dbaayiesd header field
segnented data if the PBS burst frame contains a PBS
furthga treelusies ot field 9o Wi the 080t knghGTT] thS280¢1a08PBRY dathZburst if the
The machi ne-readabl e nedi um of claim41l wherein the
PBSaydt diachchwachins £ PBS dontfalbiifyer i ncludes a field to
i ndicate the payload data field' s segnent IDif the
PBS data burst contains segnented data. 43. A system
conprising a first network; and a photonic bur st

37. hég@gc ﬁeBl%)adz};bq% % HO4P lcﬁagmth %grefiﬂ & phe]{omg rhl%'adezr field

et wo er conmprising a no

e ATt T8 SRRt

network, the PBS burst franme to include a PBS burst
COﬂtﬁé&@i@’BSWtfﬁbblﬂﬁfel ds to indicate whether: the PBS
burst frame is a PBS control burst; the control burst
is transmtted on a wavelength different fromthat of
an associ ated PBS data burst; and the PBS burst frame

38. hashé rhalehe-feadabls nddiurd SeORIABBZ GtlesB the payRh@aRhder field
| abel swappi ng (GWPLS) - based system
further includes a field to indicate the start time of the associated PBS data burst if the

PBS burst frame contains a PBS control burst.

39.  The machine-readable medium of claim 33 wherein the payload header field
includes a field to indicate whether the payload data field contains data to be concatenated

if the PBS burst frame contains a PBS data burst.

40.  The machine-readable medium of claim 33 wherein the payload header field
includes a field to indicate whether the payload data field contains a frame check

sequence.

41.  The machine-readable medium of claim 33 wherein the payload header field
includes a field to indicate whether the payload data field contains segmented data if the

PBS burst frame contains a PBS data burst.
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44. The system of claim43 wherein the PBS burst

header further includes a field to indicate a header
w@eensaor recti on (HEC) value and a field to iPci/usi0e4/002830

whet her the HEC value is present. 45. The system of

claim 43 wherein the PBS burst header further includes

sk e ST R

n.the PBS burst h er further includ
furtr G e o] (nGTE ey 8 geie KK PegnIR i e PBS data burs
The system of claim43 wherein the PBS burst frane
Contﬁli}???%‘?emfﬁicd%es a PBS burst payl oad having a payl oad
header field and a payl oad data field. 48. The system
of claim47 wherein the payl oad header field further
includes a field to indicate the wavel ength of the
43. PBS systehd @mpisigt; i f the PBS burst frame contains a
PBS control burst. 49. The system of claim47 wherein
th der field further includes a field to
|n§|ﬁg§¥12f%f(ﬁléhiﬁﬁfor mation's address type. 50. The

7o PR Bl Bt etERR) Rt GRIBRR o RS Micrebfogy e PBS

% associated P S data burst if the PBS burst

netWPI%‘Lr#‘ét EOTRIHING2 nesisdhatdnelndas; burst. 51. The system of
cl ai m 47 wherein the payl oad header field further
i ncl udes barst fremdr tooformatdinfoametiothm 4 BBS[buctt finhe tBBS transmitted
burst frame if the PBS burst frane contains a PBS

over ¢lenPB® netviutk sthe PBR. bufdi€rasystoditiode § PBISBidst hoh@dr@latinkTRIds to
payl oad header field further includes a field to
indichfadische: @ start time of the associated PBS data burst
if the PBS burst frane contains a PBS control burst.

the PBS burst frame is a PBS control burst;

the control burst is transmitted on a wavelength different from that
of an associated PBS data burst; and

the PBS burst frame has a label for use in a generalized multi-

protocol label swapping (GMPLS)-based system.
44.  The system of claim 43 wherein the PBS burst header further includes a field to
indicate a header error correction (HEC) value and a field to indicate whether the HEC

value is present.

45.  The system of claim 43 wherein the PBS burst header further includes a field to

indicate the priority of the PBS burst.
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41 WO 2004/ 080110 PCT/ US2004/ 002830 53. The system of
claim47 wherein the payl oad header field includes a

w0 p@hastioo i ndi cat e whet her the payl oad data fPer/tiS2004/002830
contains data to be concatenated if the PBS burst
frame contains a PBS data burst. 54. The system of

46. C! @#%?szem%&ﬂiﬁ[@h%gr? ll%atci#he g 88%‘%8 g?%ﬁ]e%ngcf fidesth field to
0 se data if the PBS burst frane

indiq @:}%3 %thaogggggg%ﬁr%urst . 55. The system of claim 47
wherei n the payl oad header field includes a field to
i ndi cate whether the payload data field contains a
frame check sequence. 56. The system of claimb55

47. whEhesystdrhef payh dadvittesia dre PRE bdrst draiteefurthacindiddss @ PBS burst
field to indicate the payload data field s segnent ID

paylodd HakrihgRBSaytstideh chdbir Hel CAMt Bp 3 o-sempeniigd data. 42

48.  The system of claim 47 wherein the payload header field further includes a field to
indicate the wavelength of the PBS control burst if the PBS burst frame contains a PBS

control burst.

49.  The system of claim 47 wherein the payload header field further includes a field to

indicate the information's address type.

50.  The system of claim 47 wherein the payload header field further includes a field to
indicate the wavelength of the associated PBS data burst if the PBS burst frame contains a

PBS control burst.

51.  The system of claim 47 wherein the payload header field further includes a field to
indicate the label of the PBS burst frame if the PBS burst frame contains a PBS control

burst.

52.  The system of claim 47 wherein the payload header field further includes a field to
indicate a start time of the associated PBS data burst if the PBS burst frame contains a

PBS control burst.
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53.  The system of claim 47 wherein the payload header field includes a field to
indicate whether the payload data field contains data to be concatenated if the PBS burst

frame contains a PBS data burst.

54.  The system of claim 47 wherein the payload header field includes a field to

indicate whether the payload data field contains segmented data if the PBS burst frame

contains a PBS data burst,

55.  The system of claim 47 wherein the payload header field includes a field to

indicate whether the payload data field contains a frame check sequence.

56.  The system of claim 55 wherein the payload header field further includes a field to

indicate the payload data field's segment ID if the PBS data burst contains segmented data.
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