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demand. One solution to this problemis to use
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wavel engt h-di vision-nmul ti pl exing (WDM technology is '
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networ ks for higher data rates. [0004] Conventional

optical sw tched networks typically use wavel ength
routing techniques, which require that
| - e| ' -optical (O E-O conversion of

FIELE%WS?SP:'EWENQJI@%M done at the optical swtches.

Q- E-O conversion at each switching node in the
[0003)ht i an ermleadiment of shanpreseniligventioy redatemtooypeicalt Bayworks in general;

(typically about ten nmilliseconds), but it is 1
-and, more specifically, to formatting and framing of optical control and data bursts in

photonic burst switched networks.

BACKGROUND INFORMATION

[0003) Transmission bandwidth demands in telecommunication networks (e.g., the
Interriet) appear to be ever increasing and solutions are being sought to support fhis
ba'ndwidth demand. One solution fo 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
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t y creates a traffic bottleneck for th
%273@45118@151(}“ tched network. In addition, the chFyHtSZ"M‘"’ZS?’O

opt| cal switch technol ogi es cannot ef fici ent| y support
"bursty" traffic that is often experienced in packet
vexyoonstlpj anlt parentBifly| dreasdsi D trafficeb@iienetlb €orl Mk &¥pfiedl) switched network.
[ 0005] A | arge communi cation network can be

In iag@kieAEMHeedrksi B?néa@\é%t%h t§élﬂold|%?ésvﬁﬁh§t E&{enaga%gb& “bursty”

a large network to support I|nternet traf IC ca

ativ
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(1SPs), whi ch are coupled to a nunber of netropolitan
[00dSEa netladek soinfuhicatiin MNGdk chibe Ninffl8mbmted Wshe several sub-
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bandw dt h th n'loc area net n or
' ua evel of service d ded b the

tarfl HES A FBPEI il s Som SR st PD Smet ernce providers
Jf’ ‘f e-wth jinproved technol ogy, there is a need

(ISP3)y Wiy arB SO NI aSE l FuEnnnGaRa NBRIGERS (Optical MANS)
DESCRI PTI ON' OF THE DRAW NGS [ 0006] Non-liniting and

whigh rare ithios cowpdedetvbo birgre ftasktamet hédpars alntwork\(BNRN The optical
are described with reference to the follow ng

MNNmrdEW,ANmB_ﬁﬁﬁiany lrédt@rerEhigh@ AIRUAR rtlﬁinsloéﬁfa%a hddworks (LANS)
li ke parts throughout the various views unless

in’ QBetMpPSidPeq! %c? ﬁgate[lg‘p@ 9f Eérgfd% eda]mdnge@b | iR it t@%ﬁgand users.

bl ock diagrami strating a photonic burs
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0
fOTLWa%IPS OVAREsresdybandyhdtBf a phot oni ¢
bur st - svmtched (PBS) network, according to one
embodi nent _of the I_?r esent invention. 2 WO 2004/080110

BRIGETEBORBATION O T HE DRYIWINGGure 3 is a bl ock di agram

illustrating a switching node nodule for use in a

[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 I 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.




phot oni ¢ burst-sw tched (PBS) network, according to

one enbodi nent of the present invention. [0010]

VED gepd8018\ and 4B are diagramillustrating t hePGIAVT2He4/002830
of an optical data. burst and an optical control

burst for use in a photonic burst swi t ched network,

B i L AT AR G e
Ph‘?iﬁ‘é‘r S n ot h?d i Béﬁg%@%@ggﬁ%mﬂ?ﬁ% E’Bﬁaeﬁlgs{dgrlggl%m%gwepresem

6 is a d| agramillustrating a generalized
invafiani - pr ot ocol | abel switching (GWPLS)-based
architecture for a PBS network, according to one

odi resent i.nv 0013
00307 5 B s T e o Peiiireali Rt B Ho0acds s fitict fua burs
bet ween nodes in a PBS network, according to one
andeHIticAGPRire} lfrﬁtefopH&eg@mplw%#urarﬁwwecinftmﬂ@@.ceorémg to one
Is a diagramillustrating generic PBS fram ng format
empaiimBBS ¢t presdnt ilvendrs, accordi ng to one enbodi nent
of the present invention. [0015] Figure 9 is a diagram

| us ratl g. a PBS opti cal rol _burst fra
(001, e 3ok iy e RSO GRratin B oakiiching node
invention. [0016] Figure 10 is a diagramillustrating -
modulppscygingdalone gabadipgnte! the piebery ifvsptien., accor di ng
to one enbodl msnt of the present invention. [0017]

004101 Bigbtecb e B iePth I utleh? o' Rhtslfzed Al Profieg! ppeL pwitching

rdin one enbo nt of the present invention.
(GNERES bases mesbimr e &E’%@E@E@cm@a em@@d/@mt of the
2004/ 080110 PCTIU82004/002830 [0018] Figure 1

Prcﬂemmgm‘f@mes a photonic burst-swi tched (PBS) network
according to one enbodi nent of the present

[001,3‘(1]\!2?{7@%?6 7 18 g cflziegrrgileﬁ%t%ﬁng P%lér tlcaf burs‘te%o Bgtween nodes in a

et

PBS network, according to one embediment 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.

[0615]  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 illusirating framing of multiple Bthernet frames in a

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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to statistically-nultiplexed packets (e.g., Internet
\gr otocol (IP) packets or Ethernet franes) having
PRIMABGut i ng requirements). A photonic bur SRCT/US2004/002830

typically includes a photonic | abel containing the
header and other routing information of the |IP packets

(06287 2 20tk 0GP A ApAY BB AR A P SETRY 00 ing to

pa}c]:lket s@f[ 0015? Thi 'sberrbogi men;g Wcl)t?h%g n tl%gg{irkll@? according to
' I | _area.network LA 131: 13N and .

o e L G AN RS K™ At i EPbis voeh herein to rfer

di.jent. . of PBS network 10 includes ingress nodes.

to SBRE T mulipficed REFIRB LS - AEmmEh protanl Bypeaker ordibsmet frames)
181-1SK. PBS network 10 can include other ingress,

having smdlagreytisgiequitemgniab dé pholonist busstaywikalyhiatludesa photonic label
[ nt er connect ed with the switching nodes shown in _

confiigug éhd heddee andngthers fouding i@ffreason 0dahe aP aek&d and a payload
referred to herein as edge nodes in that they

contdd@hg Hel data deBRleHR RthelfeLQdIe of the PBS network. The
edge nodes, I'n effect, provide an interface between

: t he af orenmenti oned "external” networks (i.e., external
- [001Y] t héhPBSmrhedimek) odn®BS hectwoilt bhi hghrlesle$ocal fdee networks
PBS network. In this enbodiment, the ingress, egress
(LAY 13 8Y8) il BadkBE@Sopcal W eARLeRnM tihhdatid! biigembodiment
nodul es. This enbodi nent can be used,” for exanple, as

~of Pgi;cﬂ"ﬁét{?v%ﬂ@m eluds %?gr&%tﬂ’éﬂ%é(}ﬁgf%e, %Mfaﬂltng Aéﬁ%% %gfﬂ? Ghd egress

ANs within the netropolitan areéa

i Gal bane wWor k.. 02 l.Ln some enbodj nents,

nOd?%egl'iclﬁ T 2@@ NG eoggg r%r‘ﬂ%lkg Pgﬁr Ingress, PREsy apeostehing nodes - -

conversion of received optical signals, and include

(note E’Pﬁ St crsrimercgniested with the pwitching iodesdshsivgni Figure 1. The

~until they are sent to the appropriate LAN. In

- Ingreggdini agress inndsoare alwniebutiadetotlsrein e cdpgneds inatlsisthay degically
performel ectrical -optical (E-O conversion of the

resideeatehy edge be tHel PR et (3Ra | Thelfp@ R dE) QY e, provide an interface
transmtted to switching nodes 171- 17M of PBE net wor k

betwkn b M@r&q%ﬁbﬁ&@%gﬁﬂ /nh%fés“@%@,%%&[xal[tB%Q]PB%gﬁ&%%rk) and
: nodes are inplemented with optical” swtching units or

‘the M&ﬂln%sng(ﬁ?tofatflg 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 appropriéte .LAN. In addition, in .some
~ embodiments, the ingress nodes also perform electrical-optical tE-O) conversion of the
received electrical signals before they are transmitted to sIWirtching nodeé 171-17w of PBS

network 10.




configured to receive optical signals from other nodes

of PBS network 10 and route them to the optical WAN

Vo 20¢H ext ernal networks. Egress nodes can di(EUS2004/002836
receive optical signals fromthe optical WA N or

ot her external network and send themto the

[ﬁﬁam I OAghék @odEOse uﬂbleﬁﬁﬁteﬂQ&lﬁ@é}kicipswﬂdmmlts or modules that are

odi nent, egress node 181 perforns O-E-O conversion
co ufé?ict@'r&%@f icﬁf"éloﬁlg othél'%dlaé"sf Pﬁ?%eﬁir&ﬁtlb%ﬂ%ute them
nory t buf er reBelve signals unti ey are sent

t he of ,PB rk
to &1&%&1&?1 ! oG SRl bRy s ERes P aifpefecewe optical
enment ed W|th optical switching units or nodule
‘lgﬂfﬁ%ﬁmé‘rtée arugal AN gurther edrrpad dsiwuk opd send ﬂ@%ﬁ%h@ appropriate
fromother switching nodes and appropriately route
nodehef ridg®i natatodptd. caln sngnahodimemt hagress wirddehi higperdates O-E-O
of PBS network 10.. As is described bel ow, the

condtstonhifMgeadadiesptiRe dioidi, GhEifIIeRp ERE&LRI0 iémor9 b ibtler received
control bursts and network managenent control bur st

rQl :
B0k SRR DAL BRIAS ol Sl 800 6
W opagat ed only on presel ected wavel engt hs. The

esel ected wavel engths do not propagate optical

"data" bursts (as opposed to control bursts and

[00ZHt WOKK OB IRGRAY 7,-CAN IO imPRARLEN HitfNeptcal %wiiﬂéﬁﬁig units or
enbodi nents, even though the control bursts and

mo&]ﬁésvmﬁi}{are a&?ﬂg{l&d g !Batcélgle Efgéa? § ?n?fgﬁoh{]gﬁlgldﬁ?rltchmg nodes and

necessary I nfo rgroup
The c ntr and

dat a .bur st . si,g
eppfiralRa P Foher Pow Teelindy tider SapiehBEqpedes; f PBS
sone .enbodi msnt_sgqial SO referyeo_l to herel n as )
netwerk-18f - Hant descghed balgy, thaswielveg nedasqenrfasm 9-E-€brenvsrsion of
and data informati on nay be sent on the sane
optiealv ebxngjt bersts( ahd onetebet rmshagembsr ebmirals burst bsipehls. In some
“signaling). In another enbodi nent, optical control

emtodirBirs, tHEJe\Sritlcal BORER MRIts (éﬁ@txfeﬁ{/o&%ﬁﬁa%enﬁﬁﬂ cOiittd] ORtsts are
data burst signals may be propagated on the sane

Pl BB " R P PRSP N ot

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 conirol and data information s iransmitted on separate
wavelengths in some embodiments (also referred to herein és out-of-band signaling). In
_ oﬂ_ler 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 opti_cal data burst signals may -be

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




nodul ation formats, etc. In either approach, the
Jofi 80i:lgntrol bursts and network nanagenent contr ol
ursts are sent asynchronously relative to itsPCT/US2004/602830
corresponding optical data burst signals. In still
anot her enbodi nment, the optical control bursts' and :
medigtonc tmets) efcsi i aitherangprpachp ab@topdcdt catitfdl anestt and network
transm ssion rates as the optical data signals. [0023]

malabraeg feosith ]l Bk Gré @&ﬁsasﬁch&l%lusl?ﬁlﬂaﬁ% k@5 cgn%ﬁ@nding optical

conversion of the optical control signals, in this

eihpdis , | ' ; rform O E- '
e Ta B N S il a0 N B I B0 her conteo
. sw t.chi ng node 1-17L perform purely optical -
sigils i bRt AR ottt S Bispn e D4t B DR deviasals he

swi tching nodes can include electronic circuitry to

[06179r € Akbugh O§EhiAd) Si0HEC PN 7Y 19@% ir;%%nﬁ%tﬁ-% RUEERn of the

and network managenent control sts that were

: : . oni c form and, use this
o BB T R SPGB e Bgppot perform O-B-0
settin f anéi_t properly route the optical data
coR{57d¢r 8 dheaprricab dbtacatiatplt o RaETo PR @orer bii-17L perform
bursts. The new control bursts, which replace the
puishientisaksvathingoo! theropticalidataburstsigirds. nFhus, dhit swijching nodes can
_information, are converted to an optical control
nchidgreddefromin idchitiystot staresatid predest @hd hoRfd ofiéall ohREl Biirsts and
egress nodes. Enbodi ments of the switching nodes are

net@OSCHbmRRImbal ddnab] BEkRhat[WDL4dn g(grﬁi?zgf?lgfztr(ﬁﬁg Ec%@gﬁld use this -

PBS network 10 are interconnecte WSs.
inf ; A correspondi n nes of. ingress .
infearde W b HTGRS o\ BedPiEE RERRES 6 78 Brasl BHlsche optica
4 tl?’l-\ill\?M ﬂnd e%r esa. nodes 181-18K are connected to sone

AL PSP ELHP FTHRPELIng 7. the | onlira] coptrpk hyrstsi pd&he new control bursts,

Switching nodes 171-17L are also interconnected to
whigh fgplagen e prexiosptdostipl bitsts based oretife mew hiouting infermation, are

forma relatively 1large nunber of |ightpaths or
conpgstdddalan loptiked coatrulesignd hand ingriessmitedeas th@nektRALBRR or egress

i ngress nodes 151-15L and egress nodes 181- 18x.
nodegl ERhibodimbMe 6L 1R iR Hodadare A8scr PR&{? connect

the sw tching nodes 17I-17L Etlo e%%fﬁg% t Ebéﬁaﬁboi nts
' of PBS network 10 (i.e., the ingress nodes and egress

[0034) d e sElgmentsnap otxemplagyt RBS RBS/onkel Ooade iprcohbictédlae follows.

l'ightpaths 6 _

LANs 13;-13y are cogmected to corresponding ones of ingress nodes 15;-15y. Within

PBS network 10, ingress nodes 15,-15y; and egress nodes 181-181; are connected to some
| of switching nodes 17,-17;, 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;-18x. Ideally, there are more than one lightpath to
connect the switching nodes 17;-17,, 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

6




WD 2004/ 080110 PCT/ US2004/ 002830 between swi tching
and egress nodes enabl e

s. . 1.ngress nodes, -
V%?%@%@?Pgﬂ switching when one or nore node f AIGTEUS2{(H/002830
can enable features such as primary and secondary
route to destination. [00251 As described below in
bet@ef) UREtHiIAH nottd) ifigredsl fodds, difieehBAr RSdes AGbIESFoRBAon switching
swi tching nodes of PBS network 10 are configured to
L& Bk BNR6R! nd RYGAY ©r OB & : |
s dat a %r st ’n and ot’hér col[rfla?)!}eo Q@?%%gfgggﬁg%ﬁg gﬁﬁ ééﬁ%dary route
velength nmultiplexed so as to propagate the optica
to SIS bursts and control |abels on pre-sel ected
wavel engt h(s) and optical data burst or payl oads on

[oodsf f enenticdRriBseIberieth VAWRLeNG! B Figakd b ey [ﬂgli\%l%,’ egress and

the edge nodes of PBS network 10 can send optica

SWiﬁCZlEH\%I?{deg gf %‘iei"iStSrLeg\D&lkgl OV\A'H? lc&lfg’g%]?d.e%?sre?@;a%i{og F%ﬁ?g&(ﬁ (E&l%a] control

er optical ore
burﬁé?%&a]z@% L\i% gl% i%ﬁjgtr Ig:gn 0 ggg%tékgggt! qlffg:ﬁx?avx\rls Ilgrﬁggultiplexed 50 as
~ present invention. Referring to Figures 1 and 2,
to [HRPRESH teptise] capfot Buisirgrndetambiok laimlwe pet-eadecied wavelength(s)
follows. [0027] PBS network 10 receives packets from
andlofiisal ate- i@, or ipayloads endiffdicnepisseleddBEwaed wth(s) OStill further, the
receives | P packets at ingress nodes 151-15M The

edgt Q68dsVEPBRGKRoTk $6Ran REnd HptREPES (IR iberst QMhlsaV MY sending data
than in optical form or received in optical form and

T e T

ess nodes store the received
packets el ectronically. A block 20 represents this
{00253 er aFigore 2 [I0388es Her opdrationbl flowhd FEBS heidfork 18, according to one
description of the operational flow of PBS network 10

embodikti SofOthe! PRsdrt aneRIch. ORekfiRE B! FiRllrds10Ghd BIpBSBnic burst
node 151 to egress node 181. The transport of

switii@iﬁjg?lgﬁdr%?gé%@ﬂeis DIFERN nodes 152-15M to egress node

egr ess noé’es) is substantially simlar.
100291 An optical burst |abel (i.e., an optical

- [00279Nnt r BBS etk 18ndceipds palketd dydra IOANE 18,-13,@N In @Ak ie@odiment,

data burst) is fornmed fromthe received packets. In
PBSOREwSAPAAOEREs I PRIERSt 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 descriptibn 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,

[00Z2] 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




' 7 WO 2004/ 080110 PCT/ US2004/ 002830 node 15, uses
statistical multiplexing techniques to formthe
OBt a burst fromthe received |IP (I ntePHEPS2004/002830
Protocol) packets stored in ingress node 151. For
exanpl e, packets received by ingress node 15, and

[ . : d 38 4.hel

nodd B % B RREE 4 SAERRRERE e Ypcbidia B From the
data_burst payl oad. bl ock 21 represent this .

recctysi B TGrTe] DOSSP VAR JoreeER EBHRR0H toro i eapmple, packes

- channel and/or fiber is reserved to transport the
recetysd ibydhgigst BodsUss and havugyte PBS thievgloegesonode d 8o e their paths to
enbodi nment, ingress node 15, reserves a tine slot

a deffination can bi meserlbddd info an FPiab dsthdnystipaymad.opt blogk 2datmesents -
signal path through PBS network 10. This tine slot

this BptREod. | xed-time duration and/or variable-tine
duration with either uniformor non-uniformtimng
gaps between adjacent tine slots. Further, in one

[00281rbo dBarsiwtidibtone: spacidhaiogtital icharmeb and/erdfifes is meservebto transport the
period sufficient to transport the optical burst from

optidahdata DYfsE HoNAORB S actiek ¢Qr Bssndankodiment, gaespede 15y reserves
some enbodi ments, the ingress, egress, and sw tching

a ti@ﬂ@f(&gﬁiarﬁrﬁé RofBf Hﬁ‘ﬂﬁh%ﬁst&h?h & oftidal U@ GigdAbpath through PBS
[ nme | ot T

avg bl’e E)I sl ot s. e tinme slots can be allocate
[ i but I ti.pl I . . i .
nebu Thin G e Uy Bl FR Pp B0 ff et wic

herein as a T channel), that in different .
eitheér%@éfeﬂﬁé’ﬁt@nﬁ%éoﬁ’é tgaﬁinsi)gﬁ% B%‘M’Fﬁlﬂ iaé}%"?ﬂi fime slots. Further, in one
variabl e-duration, may be in one wavelength of one )
embbdiprent, thnbindwidthns meerypd Ead tave psdodentiicighito transport the optical

wavel engths and nmultiple optical fibers. A block 22

‘burst fpmeibe tiigedshiodle ap elicbgros. ndde0Fh} eXrapleain sonyr embodiments, the
and/ or egress node reserves bandw dth or when

ingr@NAt M di svitchBb SRSt afip@Réd Blof §RSeddtidSdvailsble time
transported, a neétwork controller (not shown) updates

h i : i . atl
ook 5 5, S0P RS, Th ABIE) YK ARNE gt s

.p ess_usi ng varioys burst, or packet. schedul
optids] FEgts A oissved e it 3eise Fetbires tochsRgies Al chagneD, that
and traffic patterns. The avail abl e variabl e-duration |
in different embodiments may be of fixed-duration or variable-duration, may be in one

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

‘optical fibers. A block 22 represents this operatidn. _

[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 embédiment, the network coniroller and the ingress or egress nodes
perform this updating process using various burst or packet scﬁeduling 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




TDM channel s, which are periodically broadcasted to
the ingress, switching, and egress 8 WO

‘586‘4‘%‘6’@‘01&0 PCT/ US2004/ 002830 . fE nodes, are PCT/US2004/002830

transmtted on the sane mavelength as the optica

control bursts or on a different conmon presel ected

nod@y ete nghdinitied ciig lRUEanid &a0glEhER | asNBE VEitical EHRrIISSMEE or on a
controller function can reside in one of the ingress

A SEDCHE O SR % v
R8GO B B B

!%0032% The optical coptrol bursts, network managenent
ACTPGH Y HI0T| BBE VSIS JRISWAT HFSSIBRdES. bil dkis embodinent, the network

transported through photonic burst swtching network
cont@lenishs of esnirelenit X7 (Fizusd Bt whichToh Acdinderonelor niare prigessors.
enbodi nent, ingress node 15, transmts the contr ol

Qur st othe nex ode an theot '
005 %f{?&lﬁ%‘&oa ol bRy, Bei s A e 59111??1&&‘3%@%%1031 data
controller In this enbodiment, the network controller '
burgis @se thepdirspaitosk ipngdphoania bwigt priseliep nefvorky 10 in the reserved
mul ti-protocol |abel switching (MPLS)] over one or

 timergtoé oriEIV elmginkls Troomtetmbadinent, hegrbssiiodevia; [tabimitOEPcontrol

to the egress node. [0033] In one enbodi nment, the

bur6tolt the hekPh6de 418hS the ShtRial Bel Qvikle8iAHRBORS Hét&z% d by th
burst) is transrr;gtte aé}yncﬁronlous‘,3 ylﬁahggd lgjfj mec by the

t QR t I t h
S S B0 PR e b oL g e
t d.the. d t .all h f the
roufy iore) g e o el ek ?awqi“éxﬁaﬁ&g AP o¥gir 009 1 more
phot gni c . burst switches to appropriately switch

Wa‘ﬁkﬁpg?hé tg Agterning (b best avaHeble spdbriegressd@da bur st .

The term photonic burst switch is used herein to refer
f agt, | cal. | not
f"”jﬂnveﬁiﬁ’%ﬁé‘*‘?‘%@ﬁﬁ“ R “Eheb IRl oot i Ry p ot st
t hen ynchr nous ra s the gptical data bursts
is gL PR OH@“%% &ilgafuﬁg] r%etﬂef%ff i ysttaaneuprd different
experience |ittle or no time
wavelength and/or different fiber. The time offset between the control burst 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.




del ay and no O E-O conversion within each of the

' ' nodes. The optical control burst is
\géﬁﬁ{"ﬁ@g&g?e the correspondi ng optical data bur’ /ﬁgzyoiswoozsso
~transmitted. 9 WO 2004/080110 PCT/ US2004/ 002830
[0035] In sonme enbodi nents, the sw tching node may
[0836}1 f orlm sOxfe- enlmginments,i the seftchihd @odontay Perforin V-F-O%onversion of

that the node can extract and process the routing

thel Bé@FONEHIrGS soCat FNQBIS Rak NRHh@ADSAA pFatebd¥e rbftingOMRormation
enbodi nents, the TDM channel is propagated in th

Az wey.eliahgt . . tin abel s. .

coriiey AEVE LA PRrehott BhE SRSy BERERR hiel BfoRagated in
nodul at ed _on the sane wavel ength in the same optical

the SR St 1528 v T e o1 Pl g iVely. S labels and
exanpl e, optical |abels can be transmtted using non-

payleads rqant be aqdylatadi re Zhe medg| wevebengtiodmgdhe sami| eptical fiber using
opti cal payl oads are transmtted using return-to-zero

diffeRa) meddlatian ifomadtor Fet exahipde, apticdabbdisitsi be $ransmitted using non-
transmtted fromone swtching node to another

refnFiMid-Géto NGTRIDM trodBlafiod | FithA! wHBE Wftickn b?loéd@ Car@PrArsRlitted using
control and data bursts are term nated at egress node

31D ' e thi.s .qoperation. [0036]. Th

rereki b oo oo oA PRERES | He” aBRE RIS s e Rgheedfom one
target .network is.an. optical WAN or a LAN, bl ock 24

SW’@B%%&OSE?% atiofier srlehing Tofie fhs Slamﬁgr srangapnty thsppegbeentrol and
If the target network is an optical WAN, new opti cal

daty bysel argfermyagied abegresgmane 181arfe blogk A8 depresentshis operation.

enbodi ment, egress node 181 prepares the new optica
bel S| IR bl gck 25 represents this. .
o0l TS Bper a0 S i P P LR A S ot is an
.ar€ n t mited to the target network (i.e., WAN
optigg] %’i"?}&g‘i’f&a@ﬁs A f;lf% P4 Teressais A brangh in the apstationgflow.
includes an optical interface to transmt the optica

[00373bel If@ﬁ‘éjtaﬁ’ﬁ :ngt%rk % 4 EptRAt Wﬂ%&%@é ‘ri’:lb%? %ﬁ}gﬁfﬁ/load signals

represents operation.

2 target network i LAN, the optical,

are RS 2h WP hRbdol B SondR 1By Hrmberitisohask tigfl Tabel and
Et hernet fr s._ In this enbodi ment, egress

payload signals. Ab?(%i 25 represents this operation. J

{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 é 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 signalé that egress node 18; can
- process to recovér the data segment of each of the packets. A block 27 represents this

operation.
10




node 181 converts the optical data burst to electronic

at egress node 181 can process tor
tpglﬂ'glgt%ghgegnent of each of the packets. A bl oﬁéo/ﬁs{m"mmsm

represents this operation. 10 WO 2004/080110

PCT[ US2004/ 002830 [0040] The extracted |IP data
[0 k et Thoextfmcted IR datafpaskets onFtheprofresseate peeyasiode ombined with
with the corresponding IP |labels, and then routed to

thd terdsporgiat IPelabeds, land ithed: roule@Yo Ik hfeb n&RSN (z €5 AR $hiis case).
enbodi nent, egress node 1SI fornms these new |

In BAE léﬁltbﬁelmﬂl%npl gf‘e%s £8dd £ rfgﬁﬁg]ﬁﬁs? b ?]E’ %B?{] t%‘r%}gi-ﬁb s represents

new | P packet are then transm
00411 PBS

i R0 sy KRB e e opieaioae fnded e rcah dge. LAN)
flexibility afforded by the

t.hr ou addi ti onal
as F9F ‘g%%ﬁ?ﬂeﬁ . Although this exenplary enbodinent
descri bed above includes an optical MAN havi ng

N it Tt ST ——
0 PR SRS I8 POy i

: i.ncl ude a nunber of relatively small networks
enl ‘l‘ijé’ﬁw‘étr éeSC%bﬁsipﬁwet ischidese patapiiealyMAQY deringeingoask, $wiathing and
inturn is coupled to a backbone network. [00421

egresisguodes3ta | doupler atudiple DAl @o 1 fopricalS VAN @ackbone, in other
sw t ching node in photonic burst swtching network 10

emtddigesite thk) net@6keddi ke hafe RNBe EARQM) bgqﬁgz MANE Ig? WWﬁmkbones

i nvention. In this enbodi nent, 17 1 ncludes

'I‘ha% % prE.S %% eﬁ'm"\@éﬁ? AN ad u;{akbser Ut rFB%nﬁv Lt 'nﬁ%]jf)%gtgv%rks that are

re A represen e nu
ayloads | abel s,

' f.ib u gat i n
""“@ﬁgf ﬁeé%“"ﬁ@t @ﬁﬁ&ﬁ&?ﬁﬁ%&@@ 16 e acbackigne network.,
exanple, in this enbodi ment, each input fiber could

[004231 1 YFigufeed ilRktriedRYSIRNOIN ?or(dse @sa sWhmgeﬁo?feQH%ﬁlgﬁﬂc burst

al t hough i n ot her enbodi nents the I nput o cal

sw1t\j\ﬁi§bi1g géfvi;c}f‘k q bfg;’fg&%ée]%a a@éé?@%é §RI one ﬁm&e Len B? Blm,'vgrgegelm 1nvention |

al so i
In this embodiment, module 17 includes a set of optical wavelength division

demultiplexers 30,-304, where A represents the number of input optical fibers used for
propagating payloads, labels, and other network resourcés 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 photdnic 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
bqrst switch is 4-C, where N > 4-C+1. For embodimenté 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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swi tches 321-32B, where N is the nunber of

‘#ﬁg@ //0?( L ut ports of each photonic burst swtch.
H%hi s enbodi nent, the maxi mum nunber o‘?CT/U520“4/002330

wavel engt hs at each photom Cc burst swtchis ,4-C

where N= AC+l1l. For enbodinments in which N s greater
0 an t it
[o&fg gggﬁeﬂ B o dith @ﬁ?ﬂoﬂﬁtﬁlﬁe%ﬁeﬁ%u 219 %?eﬂsmﬂeseepaﬁte units,

an op S|gna for ering. 11

2004/ 080110 PCT/ US 0043] .Furt her
tho B3 SEGEINREOH & fuf of POGITCrRY 5 ot B ol svich
separate units, they can be inplenented as
archiestani ¢ ladyle 1w dlshemcligeng2antt oo t‘?;i’rf%‘lcg1 sW"Y%?Pgth division
architecture. Mdule 17 also includes a set of optical .
mubiglestrsiigt-A4di i st vl opiidalitplekereics! 3ighaB4spvatesede ok.g., photo-
- optical-to-electrical signal converters 36 (e.qg.

detqebtna @eteLuni 87, ard £ 0ftt 60¢le¢ttitd]l-t3-bptieal Gignal sefvarfors 38 (e.g.
el ectrical-to-optical signal converters 38 (e.g.,
laselrsas oddrol SR T by YN ondlor Fdre c%sé&?setoche&% Software or firmware
ocessors to execute softwar firmmvare prograns.
' m%fgogA] The el enments of this errbodl nment of nodule 17
P & nt er connected as fol | ows. Optical demrultiplexers
301- 30A are connected to a set of A input optical

jooddjber $h¢ bRinenRrINRG Aot cPRiddnR) 15 g Naletcohhedted as follows.

ot her switching nodes of photonic burst swtching

Optﬂ:@f ‘ﬁg Jllﬁltéﬁ)e)&f g r39A ]Egé'. comgctgd"tt(pl'g Sé eafj% ﬂﬁautt tlcal ﬁbers that

'eXers are connecte

proia%%%e%ﬁ“ Sisal Pepid i plhe? Sgyeh %gfn%s%?ﬁf Pﬁ%@&? ypswitching
has B out put | eads connect ed to input |eads of the
netysbtl§Fiemu @ Thaputpwdsadsoaf tho Bptl?al slemuliplexsi a@tconnected to

1 ead of optical denultiplexer 30, to one input |ead of
the sshofi Bloot optical dwitches 33w 32phgndan dp‘actal sigaglt conmerter ibp Hor example,
| ead connected to optical signal converter 36. [0045]

optiddlQlcrattiiéxet 8@das F otp@tiefscobilicsdd ©hiue Nesls 32 Thedidtonic burst
are connected to optical nultiplexers 341-34A. For

switBKa9, -%2 RNO! G SutBFtre gcé oM (Jpﬁ@&l%rlld'f%e}&r@@ﬁ R&'onk 8RR lead of

connett ed to I nput opt It|p exers

each pﬁotomc ﬂurst sW1tc§H}ean%l.JatD Petast Sr?ed oﬁgpup Iie °0drhected to optical mgnal

- converter 36,

[0045]  The output leads of photonic burst switches 32,-32p are connected to optical
multiplexers 34,-34,. For example, photonic burst switch 321. has 4 output leads
- connected to input leads of optical multiplexers 34,-34,4 (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 connecied 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

confrol I_eads of photonic burst switches 32;-32g and electrical-to-optical -_sigr_lal

T 12




burst switch 32, to one input |ead of each optical

mul tipl exer). Each optical nmultiplexer also an input
weaHddHmkct ed to an output | ead of PCT/US2604/602830
el ectrical -to-optical signal converter 38. ~ Control

unit 37 has an input |lead or port connected to the

cofehBi g | ead deicriBal beRly APtbiGahctod- wih aRt rﬂo%aldla%wﬁ alf Figure 5,
converter 36. The output |eads of control unit are

[ f I
oIS 85 SR B B B0 o s s
WO 2004/ 080110 P US2004/ 002830 onverter 38.
neROEt MANag BT WFPI{ BRsiPuntt PR ClRbP RTINS Fﬁ‘Fo‘W“&Fﬂaﬁ%"térﬁmS’tg and
of Figure 5, nodule 17 is used to receive and -
opitqeherswiol buistsibext rawtissin foumets s sloprn ndfizerss 4Aud<Bs

and netvvork rmnagemsnt control bursts. In one

od| rsts an pti cal .
(003BP07 PR ey BRE0E: % (oD Ph AR SRRl Bl buRDiir pye in PBS
e% 4A and 4B. [ 0046] F| ure 4A il lustrates the
ﬂetwe%niﬂ JGgugd optaordife dneBe 6 th“#%&t of fbe jprespisinvention.  In this
network 10 (Figure 1), according to one enbodi nent of
embosbmpnte wech aptivandate rhurst phashi sstare rgherdi het 40, e P payload data
optical data burst has a start guard band 40, an IP
segieyil 419 Chnd @ dheaded Rilentdd, ApaylBadagte fseslﬂ&ﬁﬁﬁt( ma]@y a small

payl oad sync segnent 43 (typically a smal | er of
n n
nun%ncrr ?gﬁg@e%}o rren Si‘@ﬁalqlgb%gﬁé sgig\gﬂ?jré t% %%S e4}rlre %II): LSHE @mﬁ&:hments
E

t he st ti 1§ xed L ket
P é%%?ﬁﬂétr R iRy s Vel Re R et ﬁ% hackets or
ure 4A shows ayl oad a contj guous, nodule 17
Fthgrpghn Gaes BES 15 b e oriing AUBAGRY FHONY A&; shaws Gignaayload as
enbodi nents the data burst can be segnented over
contigyausp|modobivi € haansaiits . pastloasodd cdr BEDMpdbrngd ofwrtitenatin some
in this enbodi nent the optical data bursts and opti cal

embodithémsd tHeutast Burkiaoad belsegabntsd gnérf in0RIPLETDM YhanfelB® should be
network 10, and may | oose their significance at the

poifd®d bstdhat WANs ehfd@difdent H&LH'p%cﬁiEﬁa'tA bisfsraal %gtléenecoflﬁ’&lr@ﬁsts have

of an optical control burst for use in photonic burst

. locag %:fggxgﬂhﬂ& nﬂﬁf{ ‘ﬂf%ﬁs Jﬁ%tv%: k%r gndll)nay 15 o%grt enn ggm%canc% at the optical |

ment o resent
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 emﬁodiment, each optical conirol 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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[ nventi on. In this enbodi nent, each opti cal cont roI
‘gé % s a start guard band 46 an | P | abel dat
é a | abel sync segnent 48 (typicall yP%T’y%’Pf"msm
_..nunber of blts) and an end guard band 49 as shown in
Fi gure 4B. In this enbodi ment, |abel data segnent 45

[OO{SEf or nfsqngflhleg% ?‘lﬁ]éenl esa'snaroétl{a? Li{e't\{)t%kaﬂ&l | Mg contrlol label (not

pac ormt optica

shoxglgbgiéit ooy t hou B%F;]gt%%%gg (ﬁgﬁy\t‘%’s l)f.[glglufugﬁ q{qﬁaérﬁgl?#,t %ach optical

| abel s i n a TDM format. 13 WD 2004/080110 4
neivRERT/fiBREEMA00R830! bpodsliudey: 8dit enpisdPanshsisilag o start guar
optical network nmanagenent control |abel (not shown)

band 56:34 S@tvisEdninecBRSHNditackma® (iFilgute dbja ségmaudh; a network.
embodi nents, each optical network management contr ol

mang%%r?%lt i %fgll‘; Lt‘égﬁlema (§hRally GUamngll Bamsbes i 6 bRE) bitmibk abt label sync |

a hetwor k managenent data segnent

sertgilinind B L QoRGEA it €, A8 HBH bR sbfment
B

managemnent data segnent contai ns network nman
cooridivfatr tratsiossionseaied the netwedk. dilh spme t@l&@iﬁl@ﬁﬁ»oﬁé QW@%I network
the network. In some enbodi nents, the optical network
mandBehRGE 0Bitol Gant {satanbmitsdd iha TDMrfemdtt ed in a TDM
format. [0049] Figure 5 illustrates the operational
flow of nodule 17 (Figure, 3 acc rdin
[0049%b ockigeret> Bhusirsies éxeecgo@rﬂnop%ivf&w Sbiodafh LF miggeay, according to

Figures 3 and 5, nodule 17 o apes as_foll ows.
one [@EAImédedl thel Fresedeinvesican Refarnng tei Gigaresd ard Fpmodule 17
"l abel and data signals. In this enbodi nent, nodule 17

op elafRG 8t ¥%wan optical control signal (e.g., an optical
control burst) and an optical data signal (i.e., an

optical data burst in this enbodinen t. O
[6056f tMgddptl’?g‘gq:eImgm qpqu]ey gnat with kD ]g(lgﬁtﬁq aélr& Qap;pemglm% In this
optical control signal may be nodul ated on a first
embodivienengbdulel7 ascedus ianaptisilgreairol signilVed..an epficat gentrol bur st)
demul ti pl exer 30A, while the
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 304. 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 s
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optical data signal is nodulated on a second
wavel engt h of the optical signal received by optica
WORAIWYI3B1¥8xer 30A. In sone enbodiments, the opPFEAS2004/002830
control signal may be received by a first optica
demul ti pl exer while the optical data signal is
separart \fadh e feceived OpGead RataCaknl ®pithé 'oPH@aﬁ ecfemﬂl_'ﬂz'ﬁl&}t@ Fand sent to
- in sone cases, only an optical control signal (e.g., a
- 17 I h.S 1 ived, A Dblock, .
oY eRoRAPGEIT RonfA 38, 1RYIERE bipbBuaf, i applCaLOci signa
ver the optical coptrol signal into a l.ectrical .
caff o8 hbiSiopk FreRBErihs sapfrel Purs{ o GpteE 4PscEie ig) conjunction with
.sig3§$ Eéﬂthe optical control burst signal, which is .
Figure (- o Stpicaklo el it simpb oangoesn comepiarthe etitalgrnirol signal
_ the received optical data signal by the optical '
intg eaputle¢tpralxsgnaan P emtantpe, ioptnccahbddmehteedchi gation of the TDM
signal converter 36. In other enbodinents, the optical

comiooltsignll B @naértedcdnnberifR ALK THOAGEPBAL c@Rl &Rhals received
burst (previously described in conjunction wth

by Ebirsl @n#t By .ardPob&Rla forofith 8 Gt c,l%glh'gfél grlﬂlazlt (I_)r? gﬁé’ Ehb&Eim2:, control

converts the optical control s

; i.calsy .sianal .., For. ex le, in,ong enbodjnent each
S Bl P @ thd iR cPigaiard P Tcrriinl sl dblock 53
el ectri.cal signal. The electrical control 'signals

TePFeseRs JYOPeE3®ont rol unit 37 are processed to form a

new control signal. In this enbodinent, control unit
st [ rmat i op contai Ln . ..
0057, SHEPAETYPRAIHERS 16 Bl LA 0 PR Wb i

2r ation. [0052] Mdule 17 th routes the optical. )
emégd;ﬁ%%%t;) gs af"ge (Og %Ptfcag &ﬁgg‘exﬁréggl“ﬁgﬁﬂsbaﬁeﬂ P iputing  information
enbodi nent) to one of optical multiplexers 341-34A,
COHE?é%f‘éidﬂgﬁe Festial signalnflprthateansipdinoentt contretiuiin 37 peocesses ttied control
signal. In this enbodi nent, control unit 37 processes
‘burgthéo cairactolthe bonting tamdeiming t infdreation't hil) s2As tppidigiate PBS
i nformati on and sends appropriate PBS configuration

configgnadssipnalt Reths bt of B%h@fbﬁk%ﬂrfﬁ SHchbs S8 Se-configure each

321-32B to re-configure each of the photonic burst

of HIRVSHARES Rﬁlgii' %&é?’lt((ﬂnggtot RAtHAhE g&@%ﬂgﬁcﬂgg 88tt1<|:a‘f AhiadREs. A block 55

bur st s.
represents this operation.

[0053]  Module 17 then converts the processed electrical control signal to a new optical
control burst. In this embodiment, contro! 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 contrdl 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

15




represents this operation. [0053] Mddule 17 then
converts the processed electrical control signal to a
Weaod8801¢hl  control burst. In this enbodi mentPCT/US2004/002830
control unit 37 provides TDM channel alignnment so
that reconverted or new optical control bursts are
e tedlnthedsre and DM tJ slot ..
configitRistS en@riia 2B OB S S al b TR 45 bebieve
wavel ength and/or time slqot different fromthe
the Qatee | R K5gﬁ@?réfi€nf3|th’é0§?r@f10%f the control burst
received in block 51. A block 57 represents this

[00°" BELA0. ¢ A0QGAL: NRlibes bed e ReARo s HEPRRLLAR. according

nt ro SW tc I'Ng no
rout this enbodi.nent, electrica
to ogg Eﬂg?dlﬁ‘é’ﬁk?%’?% Prosgnt JRYRpLoRy STRENG }_‘fb‘i1 tﬁ%ﬁ?ﬁ@ §igife of protocols,
2004/ 080110 PCT/ US2004/ 002830 control burst to
cachphthe SIYIBLS popesalaranche mpdifiss er esendssitp sgpport PBS operations and
mul ti pl exers 341-34A to achieve the route. A block 59
- opticapimaénts Wwhils stifie fadorpamatie0 Ghd | GHP§ S @rétocdls’ustriate draffic-
- a GQWLS-based architecture for a PBS network,

enalﬁ@é‘rﬁfodwaﬂs tnqeoweg@ﬂb@qrmnéyeefalém@cﬁﬁ»@sgaﬁde mum@nsemces
Starting with the GWLS suite of protocols, each of

e S 5L 08 ke, R 1 6 5 55 BOAH . 1
ek SRRSO GEIAEHR Y 3 BEPATS S s s

architecture include PBS data services |ayer 60 on
provisipnieg campBBTVAG 3 sigapling coMpIaRt S DROUEE GIIRPIPEING, 2 label
: photonics |ayer 62. It is well known that the GWLS
_mansgénlmt (donttionertesd, ly liak hhaege®anti coEponeneo$) andal podectian and
provi si oni ng conponent 64, a signaling conponent 65, a

rcstdr%ﬂ RENFORERBYE NG sbfhe ebodBRBdnts, TBRB 8ABMBheOBRANAGIfied or have
7, a |i'nk managenent conponent 68, and a protection

addeﬂrégitenﬁﬁﬁé ALk gﬂﬁ&‘%‘@@g&l& 663) &E{E‘P ﬁg%gghﬁﬁﬁﬁﬁent GMPLS

these corrpone are no ave

t ensions that, sup the  PBS.| aye 2. Furthe '

suite G o1, AR F Tt ThL &0 opire Owﬂli@mm%&ﬁ%xwﬁa%e&m and

to i.nclude an operation, admnistration, managenent
provigigning (OAM&P) component 70.

[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,

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

management protocol (LMP) (that currently supportslonly 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 fo
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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provi si oni ng (OAM&P) conponent 70. [0056] For exanpl e,
si%nalin conponent 65 can include extensions specific

WO 2¢8801h&t wor ks such as, for exanple, burst sE@HYS2004/002830
time, burst type, burst |length, and burst priority,

etc. Link managenent conponent 68 can be inpl enented

tasied & 4Bk okl i , | .
_ne( LNP) ct?eEEhIgP Cé[/j%r entl 13’@?562 ﬁhélggg?s%%ﬁé%ﬁ{g%ﬁ%& as label switch

, WLt X S Qps. .a p P .
ol S e GOSN e B s SRy sqppinuousty
for. ex , be modifi to cover _PBS networks. [0Q057
proyfing, éﬁ,@é G laﬁ%lwgéfwﬁ ePetRHG g ciish CORBORSTh SAR sgpantigeously
. can be nodified to support a PBS control channel )
incregpethesirged of (cantoplechentsd diontsnt retiidual Ilabafrfopungani masstablished
are perforned after control channel signals are OE
labeldnelenp @ticadild havigg esscovad eguidtoitbe).PBS 16 WO
2004/ 080110 PCT/ US2004/ 002830 network act as | abel
_ Sgﬁe routers (LERsS) while the sw tching nodes act as
[005p8he| Figiire RllustgtRs iRy qntigpkhurstAlpvie hetaesn pedrs 18 @R sxqmplary PBS
an egress LER substantially continuously providing
netwprk ‘810, a¢pording & encoimiddem@BS{ e puesdat iMMentiorc oBystene 00 includes
can advant ageously increase the speed of control
ingebamnodd 70mnd ewitchiag rody al2,( £y epekd abdk MY and other nodes (egress,
pre-established |abel |ook-up instead of having to

. Y, : .+ Ei Q. i t .
SvIRERY B Bufe 8 0% Pt ot B0 By o MUBIA R B opic
nt _of th

' etwor.k 700.,. accoxrdi.ng .t ne enbodi .
burkt ¢ T SRS o € Mot e EmBER FERends pifehing and
710, .a i tching_node 712, an egress node 714 and )
CEIESE ﬁ@#esnilgfeéf% é@‘? glkare lgwﬁtwwge%% sachigedeadaplegpstgicgions that
not shown to avoi d obscuring the description of the
caugsp meahine keigs & rrpesgior) lorperfors epstsivnselmt allowehe nodes to transfer
illustrated conponents of ingress, swtching and
inforgagastonatelomltheriodeqitdthe IPBR hetvionp! @it @gdaripleNge lightpath
- machi ne-readabl e i nstructions that cause a machine

for (iR EpticaPbRsP ABHSR! frorh InHeES REAL PRE &@%mteging Nilde ¥ QW then to

the nodes to transfer Tnformation to an rom ot her

yny the PBS network. In this exanple, the
o iR,

[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 enibodiment, 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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for the optical burst flowis fromingress node 710,
M i ng node 712 and then to egress nod
‘f@é@gﬁo&'ﬁ%r ess node 710 includes an ingress P%@%OOWM%
| ayer conmponent 720 having a data burst assenbl er
721, a data burst scheduler 722, an offset tine
layam netgpencnd] 0 genwaies ol bantwidth rdnuwiestdfor iF@ftian thia theicentrol burst
framer 728. In one enbodi ment, data burst assenbl er

assodidted addetibldat Buig béRpdolmbdstTh ohe eb®oliptdnt alaty/burst scheduler 722
transmtted over PBS network 10 (Figure 1). In one

als6 BBRYh A Rl schbB8118 i d facRide taﬂeofﬂ@l{( BYESHn st %a%ﬁggrnﬁq described
b d rk- t as

ased on many different netwo paraneters suc

Lity-of ~service .n r of . i.lable optical i
bR e’ oh ghd v forsPods dR B, hecSiou Y Byt oG i, ESbrol burs
I ngr ess nodes, the specific burst assenbly al gorithm
beg%‘feg.{le agspeBEL deif WrH@FEeSschedul er 722, in this

enbodi nent, schedul es the data burst transm ssion

oY TESRBEAR R 7 AR Ry e b

~_layer co nent 710 generates a bandw,dth reque for '

on R4S, FERRN OISR 0P Bilr St TGS Bketubh Hophalong the
data burst being fornmed. In one enbodi nent, data burst

selestaddightrath, 7ho progesyngdelay at eashtsvatchingerndee treffid leafuthe specific
an offset tinme (from offset manager 724 descri bed '

lightysithnend dasd dfeerficr reqiisemeats. ous nodes i n PBS net wor k
10 to process the control burst before the associated

ta rst arrives. [.0061] I|.n one enbodi nent, .offset
00§flre iR seR b bTSblides 7, if R GratscimeRtBulds e Cosirol burst
_various network paraneters such as, for exanple, the
using infemation Fepsasatbengquited bagdwigi, duirdtisgheduling timehén-band or out-
processi ng del ay at each switching node, traffic | oads
of-thod sigeding] durdti géstipaidis addvask, cdas shirkt $&@igt,C8ata burst channel
~requirenments. [0062] Then control burst buil der 726,
waveRnpth SEr@A R, PRbfitiesObd M8 1ikfle control burst using
information such as the required bandwi dth, burst
scheduling time, in-band or out- of-band signaling,
[00630)r st Bust friamst i70% frathds 8wssontiat andodats butsenising tHefimaming format
bur st channel _ _ )
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
intgrface (not shown), as indicated by an arrow 750. In this embodiinent, 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 iﬁdicated 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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wavel ength, offset tinme, priorities, and the I|ike.

\&8%‘?‘} EH pst framer 728 frames the control and data
ur's using the framing format described bef%Ql{PpPso+002830

conjunction with Figures 7-10 in some enbodi nents).
Burst franmer 728 then transnits the control burst

[00?¥]ef @%cﬁﬁgvm% 719 ﬁ{élﬁd% PR SRk HreAks 7301&@.1& fh%Q% control

as indi cat y an arrow 750
di r :
burg‘[ é)ﬁ(gce(s%%m%]%& Wenf fﬁ% F%é}rs?}gr er/ Qi—%raglg??%ﬁ%& f? H%@Wareolt‘BS switch
'W]gl control burst 756 and PBS TDM channel 757 in :
(no q@ 7. Burst framer 728 then transnmits the data
burst according to the schedul e generated by burst

[ooﬁfg]hed fhis %%t%ﬁ[gf%p ghrteﬁ‘ NioRfol Bﬁ‘éﬁ%l?s R¥&ed '%s%a E{%ysmai optical

t wor Vi a si cal OptIC I nterface,

at e cal 1 and PBS.T
mtey%@@f ﬂ%\ﬁ% anfl }%ﬁtg g\'&% 90\6 W;dd %onarslft?cgglcr eﬂ Qmaf signals R
bursts 756 (control burst and 758 (data burst)
(i AYECERVESI).a f-eotiobbyrst jfrmer/gerdiamer 734 d@érmﬂh@s@mrel burst
PCT/ US2004/ 002830 [0064) Switching node 712 incl udes
infomPBS swid cprogivies r el eson®8D infilermatias 4o coentradl buksir processing
processi ng conponent 732, a burst franer/de-framer 734

congdded@ 783/ dGaneolPBirst Wrédbsing ROIpSHQIMTE2 frofdd®édlhd mformation,
this exanple, optical control burst 756 is recelved

dete\Hnﬁu [}Q%%h‘é on?ﬁg'd%%hburét@td%ﬁ ﬁ@n (Hﬁﬂﬁwgmﬁj ﬁ&h next control

opt1 c SW t converte ect ri cal
na O E conversion). Control bur st
hOPf?Oglntfé)Waagl SPVI‘aBH%llg 45y de-frames the control burst

informati on and provides the control information to

| [006@Nt I PBSRWASE cHfBSIRS $b gon&l@ PP AR50 DS 110 M fofthatidt t control
processi ng conponent 732 processes the information,

and ﬂr%hﬁé{ﬂ‘e”{hegoﬁtﬁﬁl g&ﬁ@?ﬁf?&”ﬁ{o%g%t Guilll 8l Sptical data Rurst at the

nati on reservation; next ontro

appRgReedime ARRlind 15 2 Ak oHE 1l otmetsfode g ip ﬁFlarmmP!ﬁ% at the

to control and confjgure the optl cal swi.tch (no
propsk shppnet. o I spme gmbreaingssts, dathegaservastpandwadihy i ot avaﬂablea PBS

switch controller component 730 can take appropriate action. For example, in one

' ¢mbodiment PBS switch controller 730 can: () determine a different lightpath to avqid
the unavailable 6ptical 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 negativé 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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appropriate tinme duration to the next node (i.e.,

egress node 714 in this exanple) at the proper
WOrAMIEI110| n somre enmbodi nents, if the reservedPCT/US2004/002830

bandwi dth is not available, PBS switch controller
conponent 730 can take appropriate action. For

(notes?h@ﬂfﬁb eIn hdiieHe PENRRRIHEMroBEScMpdreht DONSdnaldi&y a Bté@ control

can: (a) deternine a different lightpath to avoid

BV 1 BB FORAE, P, AR, e, g
b ff ' h BS
it IR U8 MR o i

channel (e.g usi ng tunabl e wavel ength converters);
framg a%ﬂh@d&am@ﬁ 31@ gt chetred detrsinebish igdben pptically. tragstaticd to
enbodi nents of PBS switch controller conponent 730
egresmyodd dd We e ghysiegladpticel mcdcfaowdied ghewt) arekthagptibaicdwitch (not
to ingress node 710 to re-transmt the dropped burst.

shodD0Gs) inktlelvey ey PBRE tThalbaatv g6l £Anabe ﬁﬁ@zﬂné’oﬁf& burst 766 in

reserved for the data burst, PBS switch control

Figuﬁ onaponent 730 provides appropriate control of the
ardware PBS switch 19 WD 2004/080110 -

PCT/ US2004/ 002830 (not shown). I'n addition, PBS

[0068] t Qubsapienidy,| ewh@onpanenptichB0 d@enebatses carrd@onding to  the
control burst based on the updated reserved bandvvl dt h

recelfvé@/ﬁl‘déeé%ﬂ QRbnfslr BilrstPlsOe8siSed Gy s@@féﬁﬁ’l?eﬁtfdeﬁé andnif%are PBS

avail abl e PBS networ k resour ces burst

sw1t{)l:{ f%s eér\g\ﬁ fﬂ’%ﬁs ttH 75%’1:0}1 noftrc)%pﬁ?ﬁg?ﬁ)ﬁfﬁt #(%e g%{'lé%sl Itloééegfr]le Sgﬂn other

en optrc

node 714 via th sical. gpti cal |nterface (.no

_s:tuagﬂw)w tehing mgde gﬁp%aﬁwgw glgrpp@ﬁ%}t atashwso a ggfferent node (e.g.,
i ndi cat ed by PBS TDM channel 764 and an opti cal

anotegg ntwitshingunede n@eshown | giguee 7). [Thee@ticsldsteqomst fipm ingress
when the optical data burst corresponding to the

noderd0as thed/spitohabinagrae nbdol 14 us siditased BEPBR DMy channel 767 and
swi tching node 712, the hardware PBS switch is

* an optlchPady bERNTILUI BOiiOermbbdimbnt BEHi@PHALS Hurda58BY rsﬁﬁp]& @ptical
- ‘egress node 714. In other sifuations, swtching nod

daia gw}rgl 7%?%:?{%'&& iﬂy ttﬂ%ena?c%ér%eﬁBSdﬁlﬁhq%tsstho%%),anug 'pggs rl% _rtlltansmltted
.~ node (e.g., :
in a different TDM channel. The time delay between opﬁcal contrel 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 ﬁroceSsing

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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anot her swi tchi ng node not shown in Figure 7). The

t.ical ta burst fromingress node 710 is then
‘SM@Z"&H?O egress node 714, as indicated by PEI7Y§3(p+/002830
channel 767 and an optical data burst 758A. In this

enbodi ment, optical data burst 758A.is sinply optical
0-B a;llt@rfﬁbéf@lbt dthfvr) € 16 @b ephbb¥intdhe coAtreMVBLr& ﬂ?@&s&ﬁg tcghponent 746

(not shown), but possi ny transmitted in a different

prof et 6 B8 TrempR SplrblTndlE, PArisERERIRR! CERoUARILE dhyoppation.
an OFFSET2 in F| gure 7, which is smaller than OFFSET,

[06Gue, fAfterakamphten] Huost s oebstnepres|myde dnd redeives the ditadurst(s)
errors in switching node 712. [00691 Egress node 714

cortd3pbMHES tcAthEBRIMAE LAPIORARL ay AidaRAtbyh@SarRoWlFVR in Figure 7. In

enul tiplexer 742, a data burst re-assenbler 744, a

d
S ST T O P R
relqtlﬂfgrﬁg Sl?flr gn 9 tré?ltrag rr?f; Sa Iifagxghgr%%ﬂd]@%éj @’ﬁﬁg rs%%%’ec? aTg)ove for

de-frames the control burst via a physical 20 WO

- receipgh rgEml b@rsm’pptasﬁe@zwm%%@ece@ssan%td@ﬁaa@é thp data burst. Data
shown). In this enbodi nent, control burst processing

burstariaesearitier741@ ther poesssestht hle-feeaddr date tusdiut exptachihesiata (and to
to extract the pertinent control/address informtion.

re-dsQRfbiE Akt @dta t TEtheORAth Oburb fvpds hSﬁE?ﬁéité’&ddatﬁgfu?ﬁ)S Data de-
node 714 receives the data. burst(s corresponding to

1??111%%}{519?4% gagfg gﬁgfbtp%igﬂel)pﬁé-ﬁ{uﬂtgﬁ&%s r}gé ggitrf%gescp ﬁ%tggoééﬁﬁé%msmn to
e SRR LGB 5 08 DR T BB B
a manner simlar to that described above for received

[Oﬂmm F elguRUg Sistralld raséengﬁc @B@r@ﬁmﬁésfoﬁﬁ%ﬂﬂ%r @'@@1 optlcal bursts,
-frames the data burst. Data burst re-assenbler 74

accégja il t? 08(% %ﬁl%gﬁlplee:gg(s)g@e f Q@%{?%&,?abk%ﬁ% p%at aan%c’étOOt Bgludes a
PBY, gt %Wna Sggeqésf gﬁ)@m&@ B ‘%%t@?@ea@ B ol ol B Bkt ¥ control

for transm ssion to the aﬁgroprl ate destination
burgtwmicHata dwrse  Figvee Sanlse chdes enaupatied PBSY st RIS Igpneric 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 conirol priority
(CP) field 814, an in-band signaling (IB) field 816, a label present (LP) ﬁeld 818, a header
error correction.(HE',C) 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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[0072] Figure 8 illustrates a generic PBS fram ng

for PBS optical bursts, according ope '
\{é@n%ﬂg}osrﬁ? [ [ Generic éé%lpgﬁ'ﬂﬂ"“zsm .

odi ment of the present invention.
800 includes a PBS generic burst header 802 and a PBS
burst payl oad 804 (which can be either a control
[007d} st larthiy eiabalideiis PBS dengtié @udt dbsder BOZ lisldeBwadRd header. The
expanded vi ew of PBS generic burst header 802 and PBS

firdd B sder RRYH %ﬂu&@w{fﬁﬂi@ﬂo PBS ﬁ@?:! i Sp Bdf, $14h?$Q§ﬁd 802and LP

is conmon for all types of PBS bur st § an

(VN),.field.810 l.oad t
el PO HER g rt“%hr < Gy Pt Ry R At e, bits 09
tl gld Si naI (IB field 816, a | abel present (LP
deffrigg 68‘16551 thy FEP loaming forant Orme) s de dipme the PBS
(HP) field 819, a burst length field 822, and a burst
bursiD Infthiglcthbediment. Vi dreid 8Hbis dicfimert &, thé’m‘stgbhrm picthb diwgtword, but
header al so includes a reserved field 820 and a HEC

in dthelechbBabmen®y dcided Giof becthe figsdt 2a5tsamahé G4t Bidrdl, R dingited to 4-bits.
described beIOM/for franing format having 32-bit
wever , her .enbodi nrents, the sizes, order

[‘mgﬂd &Tf ﬁﬁidtf’rlgn@ %é‘nblbé'lehi fiisr i) that1defmes oba peBoad gype. - For

PCT/ US2004/ 002830 [0074] In this enbodi ment, PBS
exagpie himarp Ji0600'heagemd8o2 tha the RBS hardn e’adsedata Tuest, while binary
first header word includes VN field 810, PT field 812,

"00CP" ihtifehds S thd PRS ibatst isShlénaorbhkt, ahil shrﬁrﬁ kﬁ)to‘r/%cfwa%ésothat the
810 in this exenpl ary enbodi nent is a 4-

PB§ %ut%t is Q'tﬁ&a%gr;l)ﬁ}}%tt eﬂl' Riglp%sge %ﬁ})&ﬁh@hf) %fw E[r,lfﬁmted as the

Framni ng

o o RO b BT o it
mtl;an?Odl ments, it _need not be the first 4-bits, in the

St woush ar limiited tod-bi% to 4-bits. [0075] PT field 812
is a4-bit field (bits 4- 7) that defi nes the payl oad

[Oﬁ‘f{ﬁpepggo%%lcri?;ﬁ:}gl :2 gt'tfnaeef Q%&Hh{[ageomeg tég %ﬁb%g%gmnty For
Sburst lsac rol bu

exagp i P S ey ARG 2 ToHRE Brivetty BB binan Q" ndicates a high

. managenent burst. In this enbodinent, PT field 812 IS
priogtst i dhisgambasément, PT field 812 is defined bits 8 and 9 of the first word, but in

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

[0077] 1B field 816 is a one-t)it 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 IhlS embodnnent LP field 818 is
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second 4-bits of the first word, but in other
enbodi nents, it need not be the second 4-bits, in the
WM, or limited to 4-bits. [0076] CP fiRCHUSWA4/002830
is a2-bit field (bits 8-9) that defines the burst's
priority. For exanple, binary "00" may indicate a
defRIdR biPI 1 Of iHeYardWb@, Bia Thoh G2 N80 b 11
priority. In this errboi(:'gzllllll ngrﬁ{helg?lbehﬂﬁédﬁgigﬁqeg & Eglellwstc}l’ n the
fi f first word, but in other
1n9#%§%§n%&@&%t89n%§§d not be blts 8 and 9, in the first
word, or limted to 2-bits. [0077] IBfield 816 is a
[00G8E- blfﬁPfﬁﬁﬂ@lQ bii ta 583-bith@hit 1Ppiced §§ M’ﬁﬁ&t@e%H&Fﬁga%er EITOr
. For

control burst is being signaled in-band

corE6BR i€heilé DAY c a ile
bi nar;/ 1 i nd |Iggtggg&|ﬁ%01 Igg{rjtstlt:{ g% glﬁs%%nocﬁm%ﬂt H%JT @el%ﬁé Is defined
f d t 10 of t
as FTR2 80 TE0 irtofbr RuiGin iR ntyimesit ied HobAS 6t 12bn the first
k é %y the flrst mord or limted to one-bit.
WO‘F’@(?? fited {9 opgrbiga g The ugussdebity (bitsi &3-31) tform fit)d(s)s82D that are
to i ndicate whether a | abel has been established for

- curgeRdy ppgedpad Feserved forfgturdiss. header. In this
enbodi nent, LP field 818 is 22 WO 2004/ 080110
bit 11 of the first

/U 04/ 002830, .defi
[“”%T %gt CoRRE e BrbBS: fhotie buret Resl BO%, o g tombodiment,
word, or I|mtedto one-bit. [0079] HP

rst
conehg ‘gBe% byt dengli el piiah F2yseddediare ai bidanyataue equal to the

whet her header error <correction is being used in this
lengtly thermimben of bytes in PR Susstpayload804. HRhid ehishd®hénti e PBS burst
defined as bit 12 of the first word, but in other

lengéeintieldi i9e32Lisits. i Th dt@&@n%ﬁtrﬁﬁlt@'ﬁlegurst R‘: erdil gﬁ need not be in
word, or limted to one-bit. eunuse |ts(8|ts :
[ currently unused

the S%goIﬁi]"}’OIf dg Pgﬂrl%ﬁéd tg%g bﬁtlgat [ SBSO] The Second WOr d | n

and reserve uturé use.
PBS generic burst header 802, in this enbodi ment,

[0082bnt dinrthisRBSodatimait, the ribird vdre lid ngeﬂéﬁb%rétsheﬂ&@@@ Qontains
store a binary value equal to the
PBS burst ID field 824, which is used to store an identification 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, cdntains
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 §, generic burst header HEC field 826 is optional in that if error correction is not
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Iength the nunber of bytes in PBS burst payl oad 804.
In this enbodinent, the PBS burst Ilength fieldis
VO 240080110 1 ot her embodi ment's, PBS burst | engtREHYE0¢#/002830

822 need not be in the second word and is not limted
to 32-bits. [0081] In this enbodinment, the third word

usefihe FRIBHAT HeCHRH! 3ien RS, & B Qe B UE buksPheader |
Hﬁﬁ%{?ﬁ?@émg@ el g IS et PR BERFT B | nr ess node

(e.q. i ngress node 710 in Figure 7). In other
[OOQVTOOd'P!ﬁQn&?rst PBR AWML 'chfﬂoﬁ'fgr 824yt med b%tq alnrc! 1nc1udes a

he third word and i1s not [imted to 32-bits.

ener.i a '
R A .
fiel 6 h is used to store an error correction
“ﬂH%FB?Féé)ﬁ@&gégenbodinent, generic burst header HEC
field 826 is 32-bits generated using any suitable
[Oﬂ}:‘ﬁbwnh? e x&ﬂgfaﬁc%irﬂgdﬁ%ﬁp rPﬁBJ echfic %5? c]‘l ge%der 832 1s the first

odi nent s neric burst head need

_ not be in the faou ot m t

ooy e gy Wﬁ&{' g tehf's it B ada“ e EPP 2 pplqad header

der HEC fi 826 is optlonal |nthat if error

ﬁelfé 337 kv e C@ﬁtrplsblﬁﬁﬁls dexgripgd bede ippiote detrib conpmstipw withJaeure 9.
used, the field my be filled with all zeros. In other :

Simdatipdipeetficspayipadefi¢ld 882 fert a etdeurst idEERsEiilBddb8d@6 ingconjunction
not i ncluded in PBS generic burst header 802. [0033]

B, STy d;ﬁ@adly(;) 8pecBlitdpdytoad Glendyn flehy 83 inchiipesnedr itf3® ficlds for
bursts and includes a PBS specific payl oad header

mfo?rﬁ@tll(%x R3ged %o B EP% sf, 'vﬂhfﬁ L @éélége %E}Helaﬂusoﬁﬂﬂspﬁﬁlf bABtained in

sequence 0084

fi l oad _h
anofiE T Ra Yo GfIB tﬁ‘?ﬁi buigh g AR i BB o oL P
bur st payl oad 804 SpeC|f| c payl oad header field 832

[0083)r aPHAGLT @hta F1HI S B34, Sn ABIE GhibREndiR] RWhE MelDp6rtidL IRIHBS burst
in conjunction with Figure 9. Simlarly, specific

pale%W g%ﬁjdlu néo?ﬂcderﬁ@(?dufngﬁts acoﬂﬂf)]‘%lﬁ’&g filve o SRIGHd R sOBiOWeld may
be omitted or contain all zeros. For data 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 correctién. As in indicated in Figure 8, payload FCS
. field 836 is optional in that if error detection/correction is not uséd, ihé field may be filled

with all zeros. In other embodiments, payload FCS field 836 is not included in PBS burst

payload 804.

[0037]  Figure 9 illustrates a PBS optical control burst framing format 900, according

to one embodlment of the present invention. To help 1mpr0ve clarity, Figure 9 includes
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with Figure 9. Typically, specific payload header

i i ncl udes one or nore fields for informti
‘&éﬁ@g@g‘%ﬁ% a data burst, which can be either twguszommozsso
burst itself or contained in another burst associ ated
with this burst (i.e., when this burst is a control

thebeksdntied [W&8S]ofPRBEOa¢hediat Burki BksHeB842 d4nd PBISS burst payload 804
enbodi ment, is the next portion of PBS burst payl oag

byy
@r@@éﬁsﬂz gieﬁ?ﬁdqso : LHEH 1§ Iglo%i)é @é o?n{ tﬁtigx@}[lgrr Q&)antsmn of PBS

pay oad data

eros | oad dat a f 8
paﬁsadr e o 352 (& arébeté E,ow BB oGt e Bl oo Sranmple
Fe s or Ethernet framas&\ [ 0086] Pay Ioad FCS field
fh‘?é’é"e el s gehfos Qeln%én%ﬁﬁ that the bt w&&onﬁg} burstn e ERGeld is set to
burst payload. In this enbodi nent, payload FCS field
"0"gg éndicate thah thotprst Has ebmna] iprierity. hetliRt 89ld iuss do I'01' terindicate that
detection and/or correction. As in indicated in Figure '
theGurqdy ugiag OIS sidratihgl §86 rirsfiglatis e&ab "on b hadicdté 194t tRére is no
detection/correction is not used, the field may be

Iabgllfggﬁggm%gpbﬂgtj zeros. In other enbodiments, payl oad
CS field 836 1's not included in PBS burst payl oad

804. [0087] Figure 9 illustrates a PBS optical control
[00BRIr st i ilmiengmplaryrembefinenaot ar BBS gontrol buret, B ghytesnd header
of the present invention. To help inprove clarity,

fielF 882 ixfchllek:NE PBE @ntrdlieNBh 204968 Q4 bQ1REdd HS2BP £ f—i@ﬁ@% an

t he expanded vi ews of S generic burst header 80

addP§§.t€¢]éL f}%’l&)ﬁﬁﬂdﬁi}‘ﬁp%géalyl&z@) F@S .%‘%sle}{t Eﬁ!f)[c 1cﬁe§é )(()E)%n%ontrol channel

conj

wax%kgé’@ﬁg?lﬁ@% S atearel penE RS s el Tekoasra pBs
field is set to d to indicate that the burst is a

- dataclystrieneth fiekk 9267A PEGata burgt start Hae fiebd 9302 BB flefelibuest gme-to-
that the burst has normal priority. The IB field is

lived&L) dietdP32; @ datebwrat gridritatiicld 984; UPBS dita husstnigsi@@Bon address
signaling. The LP field is set to "0" to indicate that

field 9B38; @nd an BetioadbakndedhehdirFietPo(, 0l burst. [0088] In
this exenpl ary enbodl ment of a PBS control burst, PBS

8oayl oad header
[0089 In this embodiment, the first word of PBS payload header 832 includes PBS

control length field 902, whxch 18 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
cpntrol burst builder 726 (Figure 7) or control burst processor 732 (Figure 7). In oth_er
| 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 includeé 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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field 832 includes: a PBS control length field 902; an

ext ended header (EH) field 906; an address type (AT)

WQ 2104/0838° a payl oad FCS present (PH) field 9IET/HS2004/002830
control channel wavelength field 920; a data channe

‘wavel ength field 922; a PBS | abel field 924, a PBS

dat.a el d ta
thlst?%m?rp Eg—g?é &(@B afﬁqb{le d t(§§ IIP asr%% ents, EH
field 932; a burst_priority fleld 934 a PBS dat a
fielg)ptspecd wet b%é‘f S%r?félaﬁieé'%tw?ﬁ del d 938; and an opti onal
ext ended header field 940. [0089] In this enbodi nent,

[005{1@6 “rfxéiﬁls‘f‘%ﬁd €1f eﬁ’@ﬁg@ééﬂ 8 ﬂﬁaﬂﬁéo glgﬁldbm‘ruﬂfﬁla oBBSwhich is

ntro engt 'S us for storing

he .l.en in bytes .
used i gt ke SenlSC AR &F@ﬁﬁf i of B S5jogiatfy BBy ata bursts
fleld bits O- 15) cal cul ated by control, burst bU|%$
destnpgon.Fitgy rexampleg fhecediress| type ity b ae 4B afress e gilfytelPvo), 2
7). In other enbodinents, PBS control length field
netvB@R seedck notesh@oitt eNSAR) addedsi tag, Eiharneh edfiiess torwether, type of
or limted to 16-bits. A reserved field 904 (bits

addrk6s. 27hh 1h%s embbdiged: i ATPBSJTHR! Bagd 2-brafidd @38 1R300 Sin other
. enbodi nent. In other embodi ments, these bits may be

embﬁal%]‘?eoa oAl é(]& 90%%%3%' xﬂfé%é Ib}]t%: f?ﬁg@] méﬂég é(te fn@}%\%m VAEefd 5 Bbits.

is used |n this enmbodi nent to indicate whether an
[0092%t enkalishkahdaimdns, the &8s mtord of PRS phylosd hedder 825al¥®includes PH
2004/ 080110 PCT/ US2004/ 002830 this enbodi ment, EH

ﬁeld‘ 91@' d«h&,@lﬁis m&@oln&lbﬁtefw@r&r @it 1038)FCY R pRSsRAI in the burst. In this

|nents field 906 need not be bit 28, or in

ot 2y B0 08 64 1) B o

nee! n ﬁgelb nbodi t to jndicate the address type of the

dOIFiB HHBLWBItst' s destination. For exanpl e,
the address type may be an I P address (e.g., |Pv4,
[0095 he,aseceffa ‘O@E&f oTSBN g@;ﬁe&& B @B@t in( mmba@mreﬁﬁ Sincludes
a ernet addr ess or addr ess. th

contr%g? cgaljn ‘vgfﬂ%tlh % eléi 988 wiuch 18 usgd tco incﬁeéage &%b‘M wavelength 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
-déta 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 i6—3 1, 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 embodlment to store the label (if any) for the lightpath being used by the burst
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enbodi nents, AT field 908 need not be bits 17- 18 in

-the first vvord or limted to 2-bits. [0092] [
VERBUHREAY . the first word. of PBS payl oad heao'gfwg%z?‘“mms”
al so incl udes PH field 910, which is used to indicate
whet her a payload FCS is present in the burst. In this

+ B T LR Bt 8 g e
it o {55 P S ST 0

control channel wavelength field 920, which is used to
word i lingited ta 3WDEkswavel ength in  which the control burst
is supposed to be nDduIated. In this enbodi nent,

0Tl of s wortsgt PFS Bote berios Heeled S el burst length
channel wavel ength field 920 need not be bits 0-1

field 926 hén dlis smbodinat, e PRfidatdbwist ¥oet issa 32gbauprd, pn other
this enbodi nent, the second word of PBS payl oad header

embBdZnelss ¥RSNEta) dest lelgthafield 06 ekedvasteheethg tfourth stogd,omrdimited to

~ which is used to indicate a WODM wavel ength i n which

32 fifae data burst is to be nodulated. In this enbodi nent,
data channel wavelength field 922 is a 16-bit field
(bits 16-3 1). In other enbodi nents, data channel

[0097v el Arfigfth woordlofl PRS2 payleastiheasier BE Iriclusles £B3) datp burgtestart time
second word, or limted to 16-bits. [0095] A third _

fieldwmod IﬁﬁhiE’Bﬁb@diﬁieﬁﬁdhdﬁE‘Bﬂ datadRist istaetl timkes aPBShit sdvedl, generated by
field 924, which is wused in this enbodinent to store

ERAPBRY &htA Bukis @erbyme feld 930
burg E&eha@ﬁ%z( (F/\;)gﬁ@&/ %Ig%ﬂl}%lgﬁg’cér%szow 002830 " In this

ne 5 bit word generated by
neecflgag ﬂ}ﬁaﬁﬁ% €0 ‘ﬁ%(ﬁegtbﬁ%? (Figure 6). In other
enbodi nment s, PBS | abel -field 924 need not be the third

fooswgr d, A Qfxth aid S0PBD é:aﬂob.ﬂ headel @00ALkIvdef PBStdataldTH fiedd 932. In
PBS payl oad header 832 includes PBS data. burst |ength

- this Fﬁlﬁb({ﬂﬂéﬁp PBbe&:@T L SRERPAH B 16-5iD@iS B N e, @éﬁé‘lﬁted by ingress

t word. In other  enbodi ments,

PBS\Ag%[ng %F)fc’nltppllﬂﬁer{t’] 255' Ll‘l:gure 7‘?26 FGE° %xzﬂx%le,b Snt Bfe fé}ﬂfﬁd}ment, 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 h_eader 832 also includes data burst priority
- field 932. In this embodiment, data burst pridrity field 932 is an 8-bit field (bits 16-23),
_ .generated by ingress PBS MAC component 720 (Figure 7). For example, jn one
embodiment, burst scheduler 722 (Figure 7) of ingress PBS MAC component 720 can
generate the data burst priority value. In other embodiments, da’éa burst priority field 332

need not be bits 16-23, in the sixth word, or limited to 8-bits. Further, in this embodiment, -

27




32-bits. [0097] Afifth word of PBS payl oad header 832
i ncl udes PBS data burst start tinme field 930. In this
VEQBYWAOBHAY . the PBS data burst start time is PEUUSRP4/002830
word, generated by burst scheduler 722 (Figure 7). In
ot her enbodi nents, PBS data burst start tinme field 930

e PSRt Ry e B iy e

PBS data TTL field 932: In this enbodi nent, PBS data
carpriuseq @) e 7itipre for ofhetsielis)-(bi ts 0-15) field, generated
by ingress PBS MAC conponent 720 (Figure 7) For

[00?@“"}@ ’S%ferﬂlt}? Mg ’H?%gg%&mg WS Her S%@hﬁgug élgéluie%zms data burst

ure I ngress conponent

el drad b To i o, B80Sl W e Bgppaoss

or limted to 16-bits. [0099] The sixth word

ﬁeld@é? payroaklc Herslle fichB Zhawa orsi femaie 32b: worl fagt clarity. ' other

priority field 932. In this enbodi ment, data burst .
emiprdiments,yPRY dhtd ba82 deginanoBaddressfficdd 83§ béetdsnO_Iﬁaezlﬂl)u,ted to 32-bits.
generated by ingress PBS MAC conponent 720 (Figure 7).

ThehRuR XS1ER 6f tHehdees nl , e péndirU6ss thesdeldesty vgfe akZddicated in
(Figure 7) of ingress PBS NA conponent 720 can

e the data burst priority value. In other
AT%nE%ﬁt nts, data burst priority field 932 need not
be bits 16-23, in the sixth word, or limted to .
[00B01)i t 3un Eight hesrd of PBISI pa@oid diendontd32 &n Wolude extended header
2004/ 080110 PCT/ US2004/ 002830 the sixth word of PBS
ﬁempm 0?%%@4&%1& cB38e Iu@&i ksl B8] dBothEs BEade dhtagrhsl 93 b(eb|h§e§ in the

which can be used in the future for ot

L AMENRID Sl e

e ettt b IR b ger oAt o 1 engt n

field, shovvn as a single 32-bit word for clarity. In

“‘“ﬁ@?é%@?’ﬂgg %ctés %g’ﬁ? %ﬁgag 39%2&%55%%@%@91@6& hESRding to
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 wifh 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 QOB signaling. The LP field is set to "0" to indicate that

‘there is no label for this data burst.

100103] In this exempléry 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., I-bit in this exemplary embodiment), a




The actual length of the address may vary, depending
on the address type as indicated in AT field 908.
WO PPYIAN ei ght word of PBS payl oad header 83BCHH$R004/002830
i ncl ude extended header field 940. This header can be
used to hold other header data that may be used in the
seg&%ﬁfrﬁebur\g]nglg %:erérn t(gﬁg 1%2(20 f dCDnEeE'rF 38%23? g %d?c%{or (CPI)
| oad, FCS fi 836 h v n descri bed above.
.ﬁelﬁgé!&)?}d ?:P@ﬂ?*’éﬁji(gs PTqSEIE‘t’F Sa PBS optical data burst
fram ng format 1000, according to one enbodi nent of

te 0 h r I3t WendEl
mo&b&ql PR %@gs tLLb\ﬁ‘ﬁﬁLﬁt &aggm 8448 Hulp ggg Adddl NeadEd G Grcludes

expanded views of’ nerlc bur st

sega gli[ %eglgzl Oﬁ Bﬁﬂfg‘ijﬁgiﬁm\%f%hl%aﬁ% &@Oﬁé’r %3 asswjﬁJ 3 segmented data

urt her expansi on of PBS payl gad. header

“fftd d8 &his sEROdiEIcy) scamen ?Jé;lp%éﬁ %@'Qlffﬁféqi &bIM-ZMUIﬂted

part of a data burst. In this exanple, the PT field
by ¢antrobbursiobetililer 726 {Figuredd er tdvatoel bivst processor 32 (Kigts 7). In other
burst. The CP field is set to "0" to indicate that
embiddimdiss, Stoas IDAidal 0®F herdinbybe Tie20-B7,fih eledfiiswhRL, of Umited to
"0" to indicate that the burst is using OOB _
gpsdgnaling. The LP field is set to "0" to indicate that
there is no label for this data burst. [00103] In this
exenpl ary enbodi nent of a PBS data burst, PBS payl oad
[OOI{lSahdePBS-fpagloddSﬁﬁdérrSGlzLaimwsinalud&s&B\f&adid £ 0GH, CHIOREId 1010 and PH
(i.e., 20 bits in this exanple), a segnent ID field

field 002, BINRE RIS £8 Qés;f:@&nfel)ﬁhééd]@@x&h&dte vhethbr:biht PHS 84th Burst is
exenpl ary enbodi nen a 28 WD 2004/080110

se it IH0040R 0 ge&m@%&@%&o ;ég)lg bEEFSS (SHerent. In this

oncat enat e I Ca

emtpFica g f RN @Lséd SgL8, i)

&% yl oad header 832 incl udes %?rrent ID field 1004
In offgef embedimenisqthess figlde man§e amppest toodiiferentbibs 9bin wgrds other than

segmented data burst. In this enbodi nent, segnent |ID
the firisewdrdldf(PBS paydondShdatier §32e Lhlikb iatPiSSZ;&yBﬂaﬂ Iratierfbrs EBS control
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 payl_oad 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 payloaei length field 1020 is the first 32-bit word of payload data field 834, In
-other smbodiments, the field may be mapped to a different location and/or have a ﬂifferent

size. Payload FCS field 836 has bceh described previously.
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by control burst builder 726 (Figure 7) or control

burst processor 732 (Figure 7). In other enbodi nents,
V%%WH?‘“H) field 1004 need not be bits 20-27, FGI/Y§ra04/002830
~ first word, or limted to 8-bits. [00105] PBS payl oad
header 832 also includes SB field 1008, CPlI field 1010

and PH field 1012. These.fiel ds.ar ey

o015 K £ fipbief rerping opmafip s HRRRS b K3 ks WARan data
the burst payload is concatenated;, and a ,ga%ll Pad FCS larity

bursi, sceréisgrie onprenghadiment i ghe RESHEDT VEILPL- 1608 C P BRI OYHE
1012 are 1-bit field (bits 29, 30 and 31,.

FigufeeBIp@efidee! 1y . exphrdedt Wiews enfoBES ngentesic burets beades| fidd Redy FBS
be mapped to different bits, or in words other than

paylbiEndaibSticaand @ PBESPaNA padhhemtlpayl8sP datdnfidlé 834 (RBGously
payl oad header for a PBS control burst, this

descﬁggcp %h@mncﬂf)% gvﬁfﬁg\%e)ré g%ﬁgg 3@k af Bfth@ SPhAsiBW6Stn Ethernet

one ver, the PBS payl oad

header, faor _a PBS data burst in other enbodi nents may
ﬁ'amﬁégesﬁ%l?eéi ¥ -word in I ength. [00106] In this
- enmbodi nent of a PBS data burst, PBS payload data field

TR ki 3s BEPBE geadticondst iesagded 802 @t detl32llows. PT
[OME% yg@g?@%&ﬁgaﬁg gegrrentgé1022, Zs wel | as payload ; '

ECS fi 836,. vV i efk0s ’ neyH
ﬁeldotﬁ éetéthg{g)git%%u,:ﬁ??nz& lﬂﬁesblflgtalg ag%}qa !bﬁfkg.t Ank i @ ljél)%(%et to"mO" to

used C ain a binary val ue

_ _representing . the | ength of e Load i.n_ hytes,;

indiquiy BB UTAAAP SorpUPTts, THETP R Restiin ) B ipdl i that the
is the first 32-bit word of payload data. field 834. In

bursbshemgedOBdiignating, Thed ] fieldds atiyio 8" i pisicnts thap there is no label
different |ocation and/or have a different size.

for tiRahtedersECS fiel d 836 has been described previously.
29 WD 2004/ 080110 PCT/ US2004/002830 [00107] Figure 11

illustrdtes fram ng of pulti Et her n fra L, a
(001pRis Girriommectner U heldt 6B P GIBRE e R i e set as
of the present invention. To help inprove clarity, )
folloRisg WRefiglll 1008 land BT fieldehP4 mcrespt i EXS tomdispts @éhéﬁibéﬂst 1s not

- burst header field 802, PBS payload header field 832
segniehfdl adPBSs dadsancbspsteht ITaNAPPAyldoHH Odatset toi"dl' do @Blicate that the

(previously _
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 'thié example, has encapsulated three Ethernet
frames 1001-1003. In payload data field 834, Ethernet frémes_ 1001-1003 are preceded by
PBS burst payload length fields 1020-1020s, respectively. As previously described in
conjunction with Figure 10, the PRS 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,

30




described in conjunction with Figures 8 and 10), wth
a further expansion of an Ethernet frame (described
WREYMP0II$H0108] In this exanple, fields of PBI(JeHEpI002830
burst header 802 are set as follows. PT field is set

"0" to indicate that the burst is a data burst. The

to

i el d:.i - @ {.ndi gat et

(0dFT] PALs lP Blowif an il 4k 6 B 060 B ibtudes o
i ndi cat et burst is using OOB .signali The

745 bl SN, 2olBy' S o e en aphitfr LTS @ 6-oyte
| abel for this data burst. [00109] Continuing this

desgipaipgn addresselield 1414, PRS-y porer hedigwr ligldd ] 46,68 2-Byfte length/type
set as follows. SB field 1008 and S-1D field 1004 are

fieklelt] 18,00 MAC tebientrdhitx fitld t1BAwithe dimer d¢fined bydhe value in length/type
segnented and, thus, has no segnent ID. CPlI field 1010

fieldsi 198}, dn@ & ¥ bytte FOMFert 2t haln hitBtiomaghead: Mases are separatéd
mul ti pl e payl oads that need to be concatenated. PH _

ool & g S g SL R kg bR Rl G AR RR
FCS. As will be described below, payload data field

[00832] miy sonel adbodifiSatsf payleabsiatit fiekst3df mahanplagt d&G ficld (not
data field. [00110] Payl oad data field 834, in this |,

sho@?ﬁ%'ﬁ@fe@e eh@s ESRARP Tkt @ ! #h:8€ 1 R her Belomd EABB&iments, the IFG
1001-1003. In payload data field 834, Ethernet franes

ﬁelgi_i%é ﬁ%%d)‘%g]i g&ﬁfgé‘gagjf el nite O éy’ ?Jqﬁgreg ?éi{\/n{%% S]’E{tlgeﬂl%t I}rames.. For

respectr vel

- descr.i bed | .conj unct | ith Fi 10,, the P
exfigis it By Poler e MCONB Hichs 212 b IpR ek oF 19Hg0 Mbs
payl oad burst in bytes. In this exenplary enbodi nent,
& IpHEGh(srithepay fremes. | bnether embagingente 2ba epigay redee(ses Higure 1) may
| ength of Ethernet frane 1001, and so on. 30 WO -
be @Mfign@80d pBoVREThLIPGOMHBORS Ftherfid @htalis eARadted wetlat no IFG field
known, an Ethernet frame (i.e., an Ethernet MAC frane)

is nbéiin peetoa@datd ot g34pr eanbl e field 1110, a 1-byte start
of frame delimter field 1112, a 6-byte destination

address field 1114, a 6-byte source address field
[001K} 6, Eglbgdlmem@s oénggthed yipe apparatus for implementing a photonic burst

switchimg 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 embodifnents of the invention
can be practiced without one or more of the specific details, or with other methods,
components, materials, efc. In other instances, well-known structures, méterials_,I or

operations are not shown or described in detail to avoid obscuring this description.

[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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field 1118, a MAC client data field 1120 (with a. size
defined by the value in length/type field 111S), and

WO 20M0¥BIECS field 1122, In addition, EthernetPGI/E§A&H002830
are separated required to be separated by a period of
time known as the inter-frame gap (IFG. [00112] In

emB OB R0 vERBES plRaY |tﬂ%g%ﬂﬁlﬁ Ahfs %ééifﬁ:%ﬂow? ¢ | Mfd€ssarily all

IFG field (not shown) before each Ethernet frane

. . .. 1ln s e dijent s. he | FG
refffind o, 06 3Rp Sl ymdel, RgBAR, W P Bkl structures, o
requi red between hernet franmes, For .  exanple, in one .
chanpitine ibay ti5e CPEEImE efid 2y SWiable 9Pl t Bannesnip opg| of more
for -110/100 Mo/s & 1/10 Go/s Ethernet franes. In other :
cmppdiBgitient s, the egress node (see Figure 1) may be
configured to provide the | FG when the Ethernet data

Ls.extracted sp that . I.LFG field -is need in, payl oad

oo Ra1E 8 e mb)S of A htslioRufig bE moHE i oh |G ANPIRRt software
apparatus for inplenmenting a _photonic burst sw tching

- Progiin,greRutsd Spefesns Bl efgredepsing pore achigsihe CPU of a computer or a
description, numerous specific details are set forth

progesseir v medule) ho pheghise idglesieated iongeaized mpow ormevithsn @fmachine-
the invention. One skilled in the relevant art wll

readadbogRiie. AOWRAVENe-réddable endReh RETugesOinyt RRChAMYDN Fb10foring or
can be practiced w thout one or nore of the specific :

trangﬁxgtﬁhé ﬁalfoﬂﬁati‘%till? a %%f%eg?ﬂl%gg 3 macﬁﬁfg@.?ﬁ _%Lc%glmter). For example,

matertals, etc. In ances, we
r.Uct ur. terials, .0 operations _are not or

2 R AR o Fact e R S 2LAsRH i ety BROHB; 8 'random
descriptiogn. [00114] Reference thrqQughout this .

ACCESS ARGTRGTY RAg )[:taomﬁ%wéwéh%ﬁfpmﬁtmede@; angppticehpiorAgsanedia; and a
nmeans that a particular feature, structure, or

flask hmemerye rdesicec eteschi kddition, ac amvbukirenmdae mddinan can include
enbodi ment is included in at | east one enbodi nent of

profiaeteprsigaiy suchnye BlecRital, Tdptisal, tldeustioflear ateeSonh dMpropagated
phrases "in one enbodi nent” or "in an 31 WO

signdQ4LQBAKEPwREEY LHRRA0NI A0RBAN aPUBRAL TRAY" i n vari ous

: pl acés througholut this 3peéificatfon aré& not
necessarily all referring to the sanme enbodi nent.

[00186] t hler thor doregding pspetificatian, émbddimests of rthic tinvemsion ohave 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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characteristics may be conbined in any suitable

‘%ﬁ%(ﬁ% nner in one or nore enbodinments. [0011 ;
odi ments of this invention may be usetCHES39p4/002830

to support software program executed upon sonme form
of processing core (such as the CPU of a conputer or a

Clprinviessor of a nodul e) or otherw se inplenented or
reali zed upon or within a machi ne- readable nedium A

machi ne-readabl e medi um i ncl udes any nechani sm for
storing or transmtting information in a form

y a machine (e.g., a conputer). For exanple,
Wﬂa??sdﬁﬁlnﬁg?sr eadabl e nmedi um can i ncl ude such as a read

only nmenory (ROM; a random access nenory (RAM; a
magneti c di sk storage nedia; an optical storage nedia;
and a flash nmenory device, etc. In addition, a
1. rachi st Reabiceinne dvandsagih- dinislondeultiplapd gAVEMI) photonic burst
signals such as electrical, optical, acoustical or
switthed (PBS) metedrkpthe pagehedm g’illsﬁgm S (e g., carrier
waves, infrared signals, digital signals, etc.).

[ 004 b6kt ke ifo%hﬁrgﬁ?ﬂl%aﬁﬁﬁ Gh b 1@? b&’n@t ffgﬁe Qg 'b%%ﬁmﬂied over

the i nventi on have been describ

o 5 A SO s A AP e

4 ﬁ|r|t and scope as set forth in the appended clains.
indicgie WhSHeTf i cation and drawings are, accordingly, to be
regarded in an illustrative rather than a restrictive
‘sense. 3be i8S osh fegeid @ PBSTOoWSR0049002830 CLAI M
What is clainmed is: 1. A systemfor use in a

wavel endhdeatitsd] Suest isnlahirited od { WbMlemhb doférendB6S! that of an
swi tched (PBS) network, the system conprising: a burst

fr@gﬁmagéaﬁmﬂagbhﬂft%gatl on in a PBS burst franme to
be transmtted over ~ the PBS network, the PBS burst

frame tgnd piss Bt RamBRabY ik REALEN ahge\ﬁepa%ze& uﬂl-pro(%ocol 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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i ndi cate whether: the PBS burst frame is a PBS contro
burst: the control burst is transmtted on a
WRIMHORYY different fromthat of an associ at BeH/BE§4/002830
data burst; and the PBS burst frame has a | abel for
use in a generalized nulti-protocol | abel  swappi ng
1}';@%; As G RYT %Fﬂ in tﬂ;@?Bg %]S‘s% g?‘a%e ﬁ'e{qdflctlmg LPBS burst
urs eader TUrt I'nc es afle 0
icate a r er or c rrecti val ue and a
Paﬂqa&ha‘f% 2iPAYC ‘g ?lﬂé’fﬁ @WQYIHE%H %EEE% is present.
3. The systemof claim1 wherein the PBS burst header
further includes a field to indicate the priority of
: the PBS burst. 4. The systemof claimi wherein the
6. PBIHeyysterrhefadaim § wihehedin thenelylohd headdrifeddl firther imdadeataeficld to
the length of the PBS burst. 33 WO 2004/ 080110

mdlé’giér/th@%@%lél 38 6he ﬁBS RarsySi-eny e PBSIbst Aed BbMlains a PBS

_ he PBS burst frane further includes a PBS burst
d having a payl oad header field and a payl oad

con &¥599|e|d 6. The systemof claim5 wherein the
- payl oad header field further includes a field to
i ndi cate the wavel ength of the PBS control burst if
the PBS burst franme contains a PBS control burst.

7. Thelhsysystem affclaimal mhsreimthearaload diepdey (fiskd iudsn érclwdeé Rofield to
further includes a field to indicate the

indicaié dreiaformation'sudidress syfieype. 8. The system of claims
wherei n the payl oad header field further includes a
field to "indicate the wavel ength of the associ ated
PBS data burst if the PBS burst franme contains a

8. The system of claim 5 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. '

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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PBS control burst. 9. The systemof claim5 wherein

d header field further includes a fi
Wﬂg?@aﬁ%@q?he | abel of the PBS burst franme if tlﬁéﬂg@%mmozmo
burst frame contains a PBS control burst. 10. The
system of claim5 wherein the payl oad header field
further includes a field to indicate a start tine of
t he associ ated PBS data burst if the PBS burst frane

12C0NtRE Srs@ms P(ﬁscféﬁlg g&h e]c Péﬁ%adl-rﬁgfli(fé}‘ Sﬁqu lﬁélu?%sa%l Meld to

5 wherern t udes

et h data fie
indi 3% BB o e %%1 ot gmene e B e b fame
PBS data burst. 34 WD 2004/ 080110 PCT/ US2004/ 002830
conpins FRESp&3 BHE: of claim 5 wherein the payl oad header
field includes a field to indicate whether the
payl oad data field contains segnented data if the PBS
burst frane contains a PBS data burst. 13. The system

13.0f  Thakyseh? onlaie 1D wHaksiP thél Rarbad fastRy ﬁel@ﬁﬂhfeﬂmbnﬁés a field to

includes a field to indicate the payload data fiel

e t
ind 3RO b hd ot IO B A 2 i PSR o AR ‘E%éﬁ%%aeawd data.

header field |ncI udes a fietd to indicate whether the

payl-oad data field contains a frame check sequence.

15. nmet hod to comrunj cate i nformation between nodes _

SEVEEENe: Rladm £ sybereinntiie: panieade Begdppield Hagladasca field to

_ burst swi tched (PBS) network, the nmethod conprising:
indfcatervehiethion ghet eyl dadfdatanfictld omtains a ik dhaclsteqiemuwe, t he

PBS burst franme including a PBS burst header having

fields for indicating whether: the PBS burst franme is

a PBS control burst, the control burst is transmtted

15.0N & HaUE4 8 bihntintdgr ﬁﬂ(t.ﬁrn{artﬁﬁqbteﬂ%enoﬁocﬁg in 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 indicaﬁng whether:
the PBS burst frame is a PBS céntrol burst,
the control burst is transmitted on a wavelength different from that of an
~ associated PBS data burst, and
| the PBS burst fraﬁle 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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associ ated PBS data burst, and the PBS burst franme has
a |label for use in a general ized multi-protocol | abel

WQRaHH%Y 1¢ GWPLS) - based system and optically PCT/US2004/602830
transmtting the PBS burst franme over the PBS network.

16. The nethod of claim15 wherein the PBS bur st
header further includes a field to indicate a header
error correction (HEC) value and a field to indicate

17 Lol B Gait B4 Wheldtn MeBRS g Yt e TP field to

qt PBS bur st Qeader further includes a field to

in 1??6‘?@5?8"{%%0% ¢ BBP®OYrsbf the PBS burst. 18. The met hod
of claim 15 wherein the PBS burst header further
includes a field to indicate the length of the PBS
burst. 19. The nethod of claim 15 wherein the PBS

18.bur She hiettioel dfUglhinels weteiles PREBIPUESler DAYrGAudes a field to
having a payl oad header field and a payl oad data

1ndf1da€‘e!tﬁe le%gfhoﬁq&epggtﬂ,gg of claim 19 wherein the payl oad
header freld further |ncI udes a field to indicate the

wavel engt h of the PBS control burst if the PBS burst
fr’ams contains a PBS control burst. 21. The nethod of

a,t 19 V\lg rejn the payl oad header field further
9.i ncFRf@sthad of glaimilg Wherein dba KBS kerst Spgie fitheringludes a PBS burst

address type. 22. The method of claim 19 wherein the
paypepd heuia g heanwad healed fitdranderpaylvet ddasfiedd.f i el d t o

i ndicate the wavel ength of the associ ated PBS data

burst if the PBS burst frame contains a PBS control

burst. 23. The method of claim 19 wherein the payl oad

2. 1 e D B L R AP i

ind QB4R %v&efg%? of M fﬁé control burst if the PBS burst frame contains a PBS

* contro] 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 bontrol

burst.
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burst. 36 WO 2004/080110 PCT/ US2004/ 002830 24. The

met hod of claim 19 wherein the payl oad header field
WUR2PHEBEIC] udes a field to indicate the starRCRPHA04/002830

of the associated PBS data burst if the PBS burst
frane cont ains a PBS control burst. 25. The net hod of

.94?: 2: 6 éé}%ﬁe e H gﬁﬂ?ﬁ@ﬂ%ﬁﬁe&lﬁﬁ gﬂ?ﬂ %gﬁu@esaﬁeld to
m?%?%%@“ iﬂ? ﬁt o3 %»%%%o I G s lﬁﬁsﬁ)’ﬁ% R fpme contans a

4 aim19 mhereln t he payl oad header field includes a

PR3 oot Bust ndi cat e whet her t he payl oad data field
contai ns segnented data if the PBS burst frane
contains a PBS data burst. 27. The method of claim 26
wherei n the payl oad header field further includes a

25f i elTtie traethbd difcalhien 19 avirasth aRel pdatoad flicalidl Sc@emRMbs laDficld to
if the PBS data burst contains segnented data. 28

- indiBfe WREDedme 3910%? fagt'é’l@ %Bﬁh s [dhe Bay &%gatgﬁﬁg@ if tile PBS burst

field includ |cate whe

ontalns a frame check sequence.
ﬂa%yco éﬁ‘é@ ﬁe{j%tgéﬁrggl e mediumto provide instructions,
whi ch when executed by a nmachine, cause the machi ne
to performoperations for use in a wavel engt h-di vi si on
mul ti pl exed (VWDM photoni c burst swi tched (PBS)
26.net Woe lmethark of pdaimt 1% mdiedimpize paylgad foadrat figldgincludes a field to
information in a PBS burst franme, the PBS burst frane

indidatd whéther the PRSloall Wast filldadefaidtaen@niel &la@s iff i PBS burst frame
i ndi cating whether: the PBS burst frane is a PBS

cort8hs 4 PBS R urst. 37 WO 2004/ 080110 PCT/ US2004/ 002830
the control burst is transmtted on a wavel ength
different fromthat of an : '

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 whén executed by a
'maqhine, cause the machine to perfoﬁn 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,
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associ ated PBS data burst, and the PBS burst frane has

wol288 r use in a generalized nulti-protocol |abel :
S\S\)/azgg@r?gﬁ GWPLS) - based system and optically k’CTf?JIgZ{)()-l/OOZS:SD

transmtting the PBS burst franme over the PBS network.

30. The nmchi ne-readabl e medi um of claim29 wherein

t he PBS By sonthddaest i§ unhdnsitted oncl waeseripih ideffelediOfrom that of an
i ndicate a header error correction (HEC) val ue and a

fi elagsotRidd BT ke buwpehher the HEC value is present.

31. The machi ne-readabl e medi um of claim 29 wherein _

the PBS ' udes a field to.

i ndi cate th%ﬁ%?ﬁ%?ﬁ%ryfe%{% §%]Ea@elgggﬁ%eufﬂsatge .hz%‘ﬂ]émﬂl'pmmwl label

nmachi pe- bl e, medi um of claim29 wherein the PBS
Snggﬁlgg&ﬁglg‘ggg%]aiﬁ%@%t@n;? ludes a field to indicate the

l ength of the PBS burst. 33. The nachi ne-readabl e

med PRy tenaniiing theddehustifirencrBSr the RBS hetarek.f ur t her

i ncl udes a PBS burst payl oad having a payl oad header

field and a payl oad data field. 34. The
irachi ne-r eadabl e nedi um of claim 33 wherein the

30.payrhashabeiadecadabR! Mledifitr $@kind 2 Lu f1 der |
i ndi cate the wavel engtlh of thitre1 %‘ég gg%tl ?“& P%%%él%sqihfeadm further

: . ' i .PB t | b . 5.. ..
inchid6s PHEIOHS lticald EEdD OBl (@bl RHER] " ffle A 2 gl indicate
er.field further includes a field to

l.pa a
Whﬁﬁét@%ﬁg@wiuq P08t i on' s address type. 38 WO
2004/ 080110 PCT/ US2004/ 002830 36. The
machi ne-readabl e medi um of cl ai m 33 wherein the
payl oad header field further includes a field to
31.| ndTteamechinreresdetele englilm of cldie 29sebhekent ©d FEBShoRt Beader further
burst if the PBS burst franme contains a PBS control

incloddssd fiel@ fo infilvatd e pribey' Fastabb e piRgi um of clai 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 frane

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 wher_ein 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 PRS 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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contains a PBS control burst. 38. The machi ne-readabl e
\Pﬁ%tﬁ&ﬁfl cl aim 33 wherein the payl oad header field

ificl udes a field to indicate the startPGE 084002830
t he associated PBS data burst if the PBS burst frane
contains a PBS control burst. 39. The machi ne-readabl e

medi um of claim 33 wherein the payl oad header field
includes a field to indicate whether the payl oad data

i i ns..da .} L f PB

36 1 OROSaNe 8 FEBE 1% ey o 15, 65P e
ol lLe. nedi f [ 3, wh in t .

oA SR B S B P E di br i

et h%% t he Payl oad data field contains a frame check
FBg e cpptaing el i3 et bishdabl e medi um of cl ai m 33

- wherein the payl oad header field includes a field to
i ndi cate whether the payl oad data field contains
segnented data if the PBS burst frame contains a PBS

37.dat he unsthine32a 84012 0RAMAB LA RCTE USRQLH 0R283A0ad Beader field

The machi ne-readabl e nedi um of claim41 wherei'n the

furfpey e Rech g ART tofi#@ilcgte t éﬁ'éf)%] o tljaspg]hgl T ?raHegk ﬁ}ﬁt I?%Se burst frame

i ndicate the payload data fiel segnent

r st ontai ns segnented data. 43. A system
: conga(?%p%?%lgﬁggtr&abufﬁrst net wor k; and a photoni c burst
switched (PBS) network coupled to the first network,
the PBS network further conprising a node that
i ncludes; a burst framer to format information in a
38. peSIhsumachinegpadable mediunmres ndleitedd wheeeint the PB%oad header field
network, the PBS burst frame to include a PBS burst
furtheraidelndeny ifief td Blditatd e stargtigRted thbatddRlated 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 contain.s 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 containis a PBS data burst.
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* the PBS burst frane is a PBS control burst; the
control burst is transmtted on a wavel ength different
WO YA of an associ ated PBS data burst; af@H¥R004/062830
PBS burst frame has a | abel for use in a generalized
mul ti- protocol |abel swapping (GWLS)-based system

42.44. THO en&Yiicaen @i hﬁudmnil%ﬂ/\élﬁiéﬁhﬂ &151% d]ﬁBﬁebH{gﬁﬁad header field

header further includes a fiel cate

ol B P P A A D

ccmiaz 3 \M&%r ein the PBS bur st header further includes
?stqua P54 9By cate the priority of the PBS burst. 40
WO 2004/ 080110 PCT/ US2004/ 002830 46. The system of
cl ai m 43 wherein the PBS burst header further includes
a field to indicate the |length of the PBS burst. 47.
43. TheA sysi¢mrombrisingi m 43 wherein the PBS burst frane
further includes a PBS burst payload having a payl oad

heagi@rst hdt@bek; ahg a payl oad data field. 48. The system
of claim 47 wher ei n the payl oad header field further

15 40 ke LS EBEECRL rs

PB nt rol .burst ) st em of claim47 wherein
“et‘ﬁ{g ﬁrS I SOFPHag amoge &381“1‘5 includes afield to
indicate the information's addr ess type. 50. The
syst em @fouEstdame fo fimatinformasiopay h 6&G thastdeamd tosbedtransmitted
further includes a field to indicate the wavel ength
overthe PRE reteadi tecRBPBSstikdrae humslude & FBRbIREShdadeskaving fields to
franme contains a PBS control burst. 51. The system of

indiedté@ivhetiér: wher ei n t he payl oad header field further
|ncludes afieldto
the PBS burst frame 1s 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 thé PBS burst.
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indicate the | abel of the PBS burst franme if the PBS

burst franme contains a PBS control burst. 52. The
WOPUMBBKIO c| ai m 47 wherein the payl oad header PGEUSR004/002830
further includes a field to indicate a start tine of

t he associated PBS data burst if the PBS burst frane

46CONTTAL Rstdm JIRPiRAY (kLS 4
PCT/ U baaT oo g ftere ehgypsﬁsg?’#%&%%f %}&fg‘%‘ﬁ%ﬁsnﬁ field to

g b - field includes a field to indicate
ln%éﬁﬁﬁggéﬁﬁgoggéggg&uggta.fieId contains data to be
concatenated if the PBS burst frane contains a PBS
data burst. 54. The system of claim47 wherein the
ayl oad header field includes a field to indicate

Y ! . -
47whetTherystene opalpim 43 vdwten ticelBS borst &ams feserentledestaPBS burst
if the PBS burst frane contains a PBS data burst. 55.

paylteel Iy stgenpayloadiheibder 4iéldhdragiapldan€apaidi@ad header
field includes a field to indicate whether the

payl oad data field contains a frame check sequence.
56. The system of claimb55 wherein the payl oad header

fi i . ield t i .ndj.cat h
a1 ot DACIGE AFA 5367, sl AEb SRl et o
- indi%gt@ttﬁé r\;%vglgggqﬁ %tf eﬂgje gﬁg ac'ontréllzburst 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.

S 0.  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 containsa -

PBS controi burst.

5. 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 contral 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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