RESERVATI ON PROTOCCL SI GNALI NG EXTENSI ONS FOR OPTI CAL
SW TCHED NETWORKS CROSS REFERENCE TO RELATED
WARBEHGATI ONS [ 0001] The present application i BCTEFRDE0R4395
to U.S. Patent Application No. 10/126,091, filed Apri
17, 2002; U. S. Patent Application No. 10/183, 111,

by ’ : : . !
PP TOR ER ROk SN AL SO NGO TOR opTICAL
Application No. 10/SWITE€HED NEOWORKSary 28, 2003;
U S. Patent Application No. 10/377,580 filed February
28, 2003; U. S. Patent Application No. 10/417,823 filed
ril 16, 2003; U.S. Patent plication No. 10/417, 487
SSREINBRENCE/TO REIATHD & PRRdE AFHONSp! i cati on No.
(ﬁutorney Docket No. 42P16183) filed May 19, 2003,
5 [0001B. PieantseApppplcatiomms fdated At Ud. rfmyeanjpéit:atkm No. 10/126,091,
42P16552) filed June 18, 2003, and U. S. Patent

fileARAbrICER, i2002;N0.S. PAtchoApBlcates Red. 10 8342P)! fik84ahe D5 Bab2; U. S.
June 24, 2003 FIELD OF THE | NVENTI ON | 0002] An

Pat@ﬂ@ﬂﬁbl’i@ﬁ%n No. tﬁ%ﬁ £Ae gfled HECGhb@ ™4, 0D ?1 .8 OI(’)é)cQﬁt' &Bplication

networks in genera nmor e speC|f|ca Y,

Nosa(ggfuf éﬁgtf? : ngSI onh SISOZOQ btUgggf t?rg Iéca%lgril ﬁk&cgcl(a/377 580 filed
el RRHN BN LoDO Soh APRIFSSH S5 BUAGE &t Rlcth ARG R003; US.

tel ecommuni cati on networks (e.g., the Internet) appear
10 Patpgy B@phﬂﬂélpnuhi@ﬂ@éfblﬂrf’Waﬁ]@dsApmﬂt i1 8n2003; U SeiRatent cpyfitcation No.

to support this bandw dth demand. One solution to this
(Attorodyt @ockst No. URP161839r filept May Nk, vanoB s U.8h@atent Application No.
wavel engt h-di vi sion-nul ti pl exi ng (WDM technol ogy

(Atea8)} BockdaNs AP 1855 fiad Hihd kg t R0oB! aMAE RS Pﬁb&{ttAﬁhﬁzauon No.
pi eces of data concufrently.[0004] Conventi onal

(At?oﬁgu%;f%gcléwoﬁi‘ﬁq6%2’9)"%?1%5%&%[ 5§03 Y use wavel ength

15  FIELD OF THE INVENTION
[0002] An embodiment of the present invention relates to optical networks in general;
and, more specifically, to signaling extensions to the generic multi-protocol label

switching (GMPLS) protocol for use within optical burst-switched networks.

20 BACKGROUND INFORMATION

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

25  transport multiple pieces of data concurrently.
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techni ques, which require that

optical -electrical-optical (OE-O conversion of
wopioso#2735i gnal s be done at the optical sw tcheGT/UR0B4/R4395

conversion at each swi tching node in the optical

network is not only a very slow operation (typically

[0084PUt ddRReffidnhi %?ﬁ@aﬂdﬁ/ﬁchl%?tné ofk§ %ﬁ{c\éll{f Ode! Yrav@lBbth routing

potentially creates a traf ott eck” for the
al t .
tecﬁﬁ%pilte%alwh%% % cﬂl?r? tf[jlﬁt \§$ (1)cga|1- ectgg%l OCRth Ci)-CElhg)P] tcionvgralag o?ﬁ optical
st ffl G hat often experjenced . in cket )
Sl%ﬂgﬁhﬁ et B Oag SEHEhS sé%eogconwrﬁ@n@ﬁ%%m&mg node in the

[ 0005] A | arge conmmuni cation network can be
0pt1qarbnféweﬂ1 isdotienlii way slom opstdsiondtyminaly abegrter mithseeonds), but it
| arge network to support Internet traffic can be
is vdiweatty, andtpotantiny geates atteffiobottledeak ifvrethy optiwd] lswitclosisisetwork.
net wor ks operated by Internet service providers

In 4ddBRsn, , thyluEbntagRicaP swit@m técﬁn@l W@@é"’@@ﬁnd@fefﬁﬁéﬁtgp@ﬁpﬂoﬁn“bursty”

area networ ks (Opti cal ich are in turn

;

e ok ks I P RN (b
bandvvl dth than | ocal -area networ ks (LANs) in order to

[0008]ovi de lamge actenatieaticey abtwaik s@nvbe angéomentkei] ubingt Sesieral sub-
hi gh-end users. Furthermore, as LAN speeds/bandw dth

netivBEds© TR ewhihplel AMRAr8Y Bekwiorle b MPBMt, Inteit @rakfc Ban be divided into a
correspondl ng need for increasi ng MAN WAN

lar%nﬁrrg%{ By gl&g%lysgk Oegzgl s RRAGSHL 368%13{%'6' Wintaﬂétsgervwe providers

enes ave ener a proms

bur.sty dat t r.af
asB Phigrs ser e Whaisies S HdrRaltLrenbsprd @piwal MANG),
practical opportunity bet ween t he current tical )
w J@hra&m g Feuplednlg alaese thackhesegvide aes n ﬁéwﬁg&)s kEke optical
swi tching technol ogies. It has been shown that under
MAQNy aradl WA ipidaly sequitee 0B rdehdwaltlattandved-area networks (LANs)
hi gh- bandw dt h utilization and cl ass-of-service (CoS)

in bideelto rprovitie @n adeqaiteclevealndf sdvoict | RARBHS] &S thefrelighlend users.
of the O-E-0 conversion occurring at sw tching nodes,

Furfdfmbié, 48 1N &pORR/bARtw RIAH 1cPea88 JvifAREMW 9L technology, there is a

reservation

corresponding need for increasing MAN/WAN speeds/bandwidth.

[0006] Recently, optical burst switching (OBS) schemes have emerged as a promising
solution to support high-speed bursty data traffic over WDM optical networks. The OBS
scheme offers a practical opportunity between the current optical circuit-switching and the
emerging all optical packet switching technologies. It has been shown that under certain
conditions, the OBS scheme achieves high-bandwidth utilization and class-of-service
(CoS) by elimination of electronic bottlenecks as a result of the O-E-O conversion
occurring at switching nodes, and by using a one-way end-to-end bandwidth reservation

scheme with variable time slot duration provisioning scheduled by the ingress nodes.
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scheme with variable tinme slot duration provisioning
schedul ed by the ingress nodes. Optical sw tching
wo asioce7are attractive because they offer at PEHBES20041624395
or nore orders of nagnitude | ower power consunption
with a smaller formfactor than conparable O E-0
Op el AT ng TR e alBS v Thoch S g BIIEL X P S VE R oders of
kbone dat a networ (L.e. lnterpet w de network
ma S IR g e it fontic s seES PR MGG i fBiitaple 0-B-0
W th | arge number of ipput/output ports (i.e.
SWI%@%z%@)V,eV plPELA the e ibppiisted work ARBP @Y Mg Tocgsrg on the
requiring extensive buffering. Thus, these WM
nexégienerpiean paskboneodaie netovoplsell. caldernelr yidexpewmerky asing high capacity
manuf acture. In contrast, there is a growi ng demand to
(l.esuppiiyt) WDhbdewiteli i febrycsotvith am dage t dumslesireef inp@t/output ports (i.e.,
appl i cations such as storage area networks (SANs) and
256%56), ropeta Mdnhélsast,, af t aher g ivan ing.
Wi de)l- ??g a net wor k? EBRIOEg/aIE’)%gh(%?%Lﬂafclﬁl rg]&_ﬁ }FIEIE éé%%l\%vﬁcguffermg
Thllso%z; WL E\kfmﬂeb rf@ncfi{bdben&gné@éy ﬁg& ye%l/&e )ﬁﬁgﬁgé 05 o fcture. In
the present 1 nvention are cribe PHref erence t6
he f.oll owm ng f.igures, .wherein |ike reference nuneragls ..
confedfin ey 3§ REPHRE eTRAY S8 GHORE! § MUK AFH GO B Ia-dervanding
unl ess ot herwi se specified. [0008] Fi ?ure lis a
appdicHANS Fedasyiterage acageiaverky (SaNy and mylémpdiamaiieast at a low cost
burst-swi tched (PBS) network with variable tinme slot
for pothMo il end wife-aexnetdiorig. t o one enbodi ment of the
present invention. [0009] Figure 2 is a sinplified
flow diagramillustrating the operation of a photonic
BRIHF BESSRIPTION OFPESE DRAWINKGS according to one
enbodi nent of the present invention. [0010] Figure 3
is a block diagramilluystrating a _swtching node | )
[00ffqul SNongimifigg and Borsevehagsiive epbadimenis1Qihidg pregesy invention are
networ k, according to one enbodi nent of the present
des¢mbedrwithoref¢reace1p the fpllowing figures, dvlwpinlike réfasheanimeyaks refer to
generalized nulti-protocol |abel swtching
like parts throughout the various views unless otherwise specified.

[0008] Figure 1 is a simplified block diagram illustrating a photonic burst-switched
(PBS) network with variable time slot provisioning, according to one embodiment of the

present invention.

[0009] 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.

[0010] Figure 3 is a block diagram illustrating a switching node module for use in a
photonic burst-switched (PBS) network, according to one embodiment of the present

invention.
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(GQWPLS) - based architecture for a PBS network,
accordi ng to one enbodi nent of the present invention.
WO 0®3A])82F gure 5 is a block diagramill ustratiPQI/US2004/024395
GWPLS- based PBS | abel format, according to one
enbodi mnent of the present invention. [0013] Figure 6

00 &, SRR AL g Omre a1l i
BB SRSRS y FUS T AT B SIS ot

nmessage.flows in connection with RSVP nessages. [0015]
pregeng Vel 8b, and 8c are data structures
corresponding to an RSVP- TE- based Pat h nessage

[0013)C! Ugng. eXiEQSHIGRS (ﬁr']%éiﬁg PRQLtatig CORITS-B4R4 "PBS label format,

resource reservation nismin-accordance wt one

wco G IR o kRS bREPL 720 Pes 1 20er

request object of the Path nessage data structure of

[00E3]0ur Eidie 6[iH dotlentatie diagpand ﬁmmgg% aiDéxeiptardabeof GMPLS-based

structures corresponding to an P- TE- based Resv
PBEbeR%m lgsfédl'iﬂ'cﬂﬂne%ﬁ&? R3nBstid da%é'ﬁ’&e%sta EREPLS-based PBS control
coarse-grdin resource reservation nechanismin
accordance wth one enbodi nent of the invention.
net‘f’ﬁ%w] Figure is a data structure corresponding to an
RSVP- TE- based Pat hTear nessage including extensions to

[00SHPPOFigr&ar isd9WlodX diagmed iltRtrk mB§de@NBowd) in connection with
accor dagr?ge W th one eni%lgldi nment %?get he igﬁventi on. [ 0019]

RSV s a data structure corresponding to an

E%%ﬁgs%g?%ased ResvTear nessage including extensions to
support tear down of resource reservations in

[00%5]c or Figures &, Bh, amnieBccarb daliaventtunk chirespondimgtto an RSVP-TE-based

Path message including extensions to support a coarse-grain resource reservation

mechanism in accordance with one embodiment of the invention.

[0016] Figure 9 is a data structure corresponding to a generalized PBS label request

object of the Path message data structure of Figure 8a.

[0017] Figures 10a, and 10b are data structures corresponding to an RSVP-TE-based
Resv message including extensions to support the coarse-grain resource reservation

mechanism in accordance with one embodiment of the invention.

[0018] Figure 11 is a data structure corresponding to an RSVP-TE-based PathTear
message including extensions to support tear down of resource reservations in accordance

with one embodiment of the invention.
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[0020] Figure 13 is diagramillustrating a data

structure corresponding to a sender descriptor object
wapasaif2rdow descri ptor object that includes a PCEUS004/024395

contai ning a bandw dth % val ue used to request

reservation of resources supporting a % of the

[001%3” dWF%tuPe 5 QY i,0edh Bifuctie e oRsRINIRRSto AP REIP-TEWAERS ResvTear

a and 14b coll ectively conprises respective portions

mes% eainglluﬁﬁfé%%etnsfohé H‘f’H ﬁ{njt Qe(%ﬁ ldgglncof ?&%ulocg%s%wa(ﬁlaﬁs in accordance
pé?forne uring a |8 pa reservati on process,
., accor dll)(%ﬁ to e enbodi ment of the present invention.
with pppebedingRtol e IXenliof; aqr am i |l ustrating a routing
tabl e includi ng possible |ightpaths between nodes A

[0020]d Dr@hurd i gus Qiie%rmﬁqggsﬂatiﬁggyﬂﬁa 1Bub@rd c8PORAihE to a sender

di'fagram il lustrating conponénts of a Path nessage

s 0 RT3 1 Bk LR P 5 AR RuRE F Bencvia
s P b SR3OS o8 1L i

used in connection explaining the |ightpath
proyidedby sudhgasoyreséess of Fi gures 14a and 14b. [ 0025]

Figure 17b contains a list of entries fromthe

soukce reservatd Fi . havi r i

003 S AR B b Bl Grsbd g portihsoe'd HBwehar
.., reservation request. [0026] Figure 18 is a_.schemat.c
illugFeBER a9 e PREFHARS ¢ f diipe & ReBipaffodeispition process,

enpl oyed in_an exanple |ightpath reservati on process
accerdmgds pon dinhgdimsnioighe presainventior7] Figure 19 is a

schemati c di agram of a PBS swi tchi ng node

chi tectu a rdi Q. one i t.aof the . .
o0y PR T8 SRR BB BRI g At ighpacs
EMBODI MENTS [0028] In the follow ng detail ed
betyrsadiodst fAgrd D %ﬁﬁ‘gﬁerﬁ%nts of the invention are
di scl osed wth reference to their use in a photonic

[00234" St Fitird §564 2 (BREDatlReENBEH i1RstERRg components of a Path message

employed in an example lightpath reservation process corresponding to Figures 14a.

[0024] Figure 17a is a diagram illustrating an exemplary resource reservation table
hosted by node B of Figure 6 and containing data used in connection explaining the

lightpath reservation process of Figures 14a and 14b.

[0025] Figure 17b contains a list of entries from the resource reservation table of

Figure 17a having a time period overlapping the time period of a new reservation request.

[0026] Figure 18 is a schematic diagram illustrating components of a Resv message

employed in an example lightpath reservation process corresponding to Figures 14b.

[0027] Figure 19 is a schematic diagram of a PBS switching node architecture,

according to one embodiment of the invention.
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network is a type of optical sw tched network,
typically conprising a high-speed hop and

W@ pasocnst rai ned networ k, such as an ent er pri BET/US2004/024395
network. The term "photonic burst” is used herein to
refer to statistically-nmultiplexed packets (e.qg.,

DETRISEH ﬁES@@g?‘f@N dr PREPERRETSEMBAHGEREE franes)

aving sim routing requirenents. Although
conceptually simlar to backbone-based OBS networks,
[0028e d&sithm,foldpeingt deniledadescpptidmsy; rewtodimensiafetheninyenifon are
t hese hi gh-speed hop and span-constrai ned networ ks may

disddssed ivfifhereBiténce o WRYClise ih fa potdnidiBurbtaichtd B hadtwbike A PBS

teaching and principles disclosed herein nay be

netAOHR! ik Q%ee%fto%gl?ﬁlwltcﬂlcpﬁ%’? Q?élbéﬂ co%’ﬁﬁrfsﬁfgeaghggﬁts‘ﬁ@éd@op and

as wel | Fi gure s an exenpl
e BTN e e‘h."%i%nént%#la%?s&”r sﬁ@rﬁn‘#"ha&%lg burst" i
usega}? | g}n{gggﬁg{%ﬁﬁ@tgggﬁ WE a e¥£(2 ggfégt%grgtt \%%lftRcol (IP) packets

i ncludes | ocal area networks (LANs) -13N and a
or Hiberketdreanasphirieg similr (aveing semwsinentsn Adibangh eonceptypldy similar to
enbodi mnent of PBS network 10 includes ingress nodes 15

backidneMasaiVOBShhetgorkadee dedign] dpdratian diné gesfommaied asquifements of
-18k PBS network 10 can include other ingress, egress

theRMigti¥fickd hb}? End§fA8 coh HUinINRMIIkE Bl bBldefferent. However, it will be
i nterconnected with the switching nodes shown in

undgfs rdethea‘[ %@ %ﬁdcﬂgfgeeﬁﬁi 9@9{] ggaogﬁdﬁéﬁlﬁrﬁa)ﬁbé @pplicable to other

erre erern as es Int

| o e.at .the edge of the PBS netmork The
UTﬁﬂggmﬁgﬂégﬁ%%ﬁp @%ﬁaSﬁFﬁvide an interface bet ween
the af orenenti oned "external" networks {i.e., external

[009) th @1g%?§1 MEIsHatek in 3REMPIRS ﬁi@tdrﬁ@bﬁl@t-m@&éd QPBspﬁet%Ek 10 in

network. In this enbodlnent the ingress, egress and

TR IS A ) s, g
SR B 0, B SO A @@Fssﬂe%work 0

backbone network. [0030] In sone enbodi nents

inclugesr losal aneadeaiwpeksf(bAMNSHpBi- b3y ansd @ bagkbeng or@at)\?VAN (not shown).

In addition, this embodiment of PBS network 10 includes ingress nodes 15;-15y,
switching nodes 17;-17., and egress nodes 18,-18x. PBS network 10 can include other
ingress, egress and switching nodes (not shown) that are interconnected with the switching
nodes shown in Figure 1. The ingress and egress nodes are also referred to herein as edge
nodes in that they logically reside at the edge of the PBS network. The edge nodes, in
effect, provide an interface between the aforementioned "external" networks (i.e., external
to the PBS network) and the switching nodes of the PBS network. In this embodiment, the

ingress, egress and switching nodes are implemented with intelligent modules. This
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conversion of received optical signals, and include
el ectronic nenory to buffer the received signals until
WO b@g/oss2e3 sent to the appropriate LAN. | n addi pCDOS20041024395
some enbodi nents, the ingress nodes al so perform
el ectrical -optical (E-O conversion of the received

emb;%ldﬁﬁérnc leGibe ﬁg&ﬁ %ﬁeﬁ%{;&f ?s b BE¥roBbfitah ra?éﬁosrfet%rz)&dc&lﬂectmg a large

hing no PBS network 1 0031

o 52253478 BBSTRLheCBRA G hu bR e

optical signals from other nodes of PBS network 10 and

[0030Qut el ReMet @nbdiemet) @) inMddsOfiodet Nedifoeit eptiall-electrical (O-E)
net wor ks. Egress nodes can al so receive optica

con§érgABﬁ‘| of ferc {B%n@ﬁt kioR1s, WM HchiehBkctRadi@ hdtho EoW‘B{lﬁ"er the

send t ppropri ate node of PBS nefwork

i ment ss node fo
e, ReBRSHETE) Hiechi e SPPEGY PR O na&%ﬁa%ls in some
el ectronj c nenory uf f ey re ei ved si.gn unt i
embogggenss, dh T O agame Frrlaft gpiifal 3@50}1 Q?WS’F%EOH of the
(or to the optical WAN). [0032] Swi tching nodes 17 -17
receiveslr ededtrigl gignals ddfont thv:ycqm iraasmitiod tacswitediingnedes di/1-17y of PBS
nodul es that are each configured to receive optica
networ§ndl s from ot her swi tching nodes and appropriately
route the received opti cal signals to other swtching
nqodes_of PBS network 10. descri bed bel ow, e
[0031); ¢ cRetegs posiss et eFfied Bith BB SPUPBHEGRIT ot piogles that ae
control bursts and network managenent control burst
con§gymdlts receive optienl signelsi framother npdssef RS petivodo ped route them
bursts and network managenent control bursts are
to the opAGAtWANOGE Wthen epteamt nemioekk. Wagrlse ngddsscanTieo receive optical
presel ected wavel engths do not propagate opti cal

signafldkém thubSical (WBEN QR RARE Uxibmhal Adtivoat aﬁ&lﬁeﬂi&héﬁ do the appropriate
net wor kK menagenent control bursts) signals in such

g T T R e
necess or

i nf.or mat.i on rtlcular r ou
conversion o ré/celved optical s1gna{s an 1n%ﬁ1des electroni menﬁ)ry to buffer received

signals until they are sent to the appropriate node of PBS network 10 (or to the optical

WAN).

[0032] Switching nodes 17;-17;, are implemented with optical switching units or
modules that are each configured to receive optical signals from other switching nodes and
appropriately route the received optical signals to other switching nodes of PBS
network 10. As is described below, the switching nodes perform O-E-O conversion of
optical control bursts and network management control burst signals. In some
embodiments, these optical control bursts and network management control bursts are
propagated only on preselected wavelengths. The preselected wavelengths do not

propagate optical “data” bursts (as opposed to control bursts and network management

7
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optical data burst signals. The control and data
information is transmtted on separate wavel engths in

wa oo/ oesziodi nents (al so referred to herein as PCT/US2004/024395
out - of -band (OOB) signaling). In other enbodi nents,
control and data information may be sent on the sane

con%wﬁdrggg&gﬁa& ?]H %hrfﬁ&fd‘hﬁéht& QvBR HfRJudh e bohtRAMYrstd Bld network

signali anot her enbodi ment, opti cal contr ol
marggggg%ucrogfr% %rﬁtgn%nﬁa%crﬁgdy ner%g{séxé ftnf(gﬂ{ f01aQ gaﬁwﬁ laf %roup of
optiy st GRS %tgéaﬁil Kl daf GIoRe eﬁﬁ% Zﬁ%ﬁﬁe@&eﬂfwm

the optical control bursts and netmork managenment
wavstemgihs| inh spme sembedigents s etfeaedusl hereial a8 | ew-afband S(OOB)
correspondi ng optical data burst signals. In still
sigratiogheln chdrcaibudivhents, rventrplt andadata ofidnncitiob umest Ise semdl on the same
ot her control signals are propagated at different

wa\Ie[e'lh |(818b @é¥efrad &S hé®int A€indhl gﬁk) dAadAing). gﬁﬁhﬁothér%@cﬁﬂdlment
ough switching nodes 17 -17 L may perform O E-0

f ol ly . t
optﬁﬁlbné’og&rai 8151‘319 éettbg%é’ C l?ﬂneﬁggéelgt@é gﬁ%sgs? ahg ]ph@al %asburst signals
nver si n, of e bur st SI na S
ma B DEREG S s o ard %ffa‘ﬂba%ﬁvs 1 AT SR ling SiiRle such as
_of the oElt ical data burst signals. Thus, the swt ch;D
differsa snadghtipn clormatseite o t Mosifhel APPEQ#chy {het aptigab canigplybursts and
process the incom ng optical control bursts and
netwerkvwnanagemesigrentnt burststare benb asygickronhusly wela@veconieeareegponding
to an electronic formand use this information to
optiesindatguret sl Mhatilunsthessthibatmest thergsicalaodtrdlbursts and other
properly route the optical data burst signals
con&@f GiSRORd b RGhakRed E@dlﬁ@fehf:@énsﬁﬂd%kfnqlateb 4§ %Iesoptl&ﬁiafheéﬁgnals
ontfol burst's, which replace the previous control
bursts based on the new routing information, are
[0033nv e Adthduglo satchipgi nades ¢ Bt fomayi perdrm &RB-Otcangersion of the
transmtted to the next switching or egress nodes.

opticabesitist Bighalef int hés embdditenity tirogheischane nddscdd hetdperform O-E-O
further bel ow. [0034] Elenents of exenplary PBS network

con¥&sfhof ME e(fé)?l@ﬁl”@ﬁ& RlrRSidnals! ORBthel ANGtchRg dodlds @‘7@17L perform

connected to correspondi ng ones of "i ngress nodes
purélg75o|\14iicew sth}{chg of the optical data burst signals. Thus, the switching nodes can

include electronic circuitry to store and process the incoming optical control bursts and
network management control bursts that were converted to an electronic form and use this
information to configure photonic burst switch settings, and to properly route the optical
data burst signals corresponding to the optical control bursts. The new control bursts,
which replace the previous control bursts based on the new routing information, are
converted to an optical control signal, and it is transmitted to the next switching or egress

nodes. Embodiments of the switching nodes are described further below.
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PBS network 10, ingress nodes 15 -15M and egress nodes
18 -18k are connected to sone of sw tching nodes 17
WO 1005018 7opt i cal fibers. Switching nodes 17 - 1FCT/E8M04/024395
al so interconnected to each other via optical fibers
in mesh architecture to forma relatively | arge nunber

0094 | Qt@gﬁ%&%%f‘)ﬁx&ﬁﬁlﬁﬁat{’ﬂg REBVRRUDEER GRBrcbRSHCRRS as follows.

nodes, et ween i ngress nodes -15L and egress nodes
<18, . 14 deal | her, e t ' t oy
LANS B B St B8 5Oh SalBifs S of M O AEu3 A5 within
ndpoi nts of PBS ne i.e., the ingress nodes an
PBE priork 36 dggress %ﬁﬁﬁﬁ@m b, Fiisrsnslss TSP %51?0%65 to some
Mul tiple |ightpaths between swi tching nodes, ingress
of pwiehing appfleadreds it captisplabiberspr obwiehing BodosdHi-hg are also
when one or nore node fails, or can enable features
intesaonhedsd fr eavhr gthamvia optical déreys moutesh trhdedtirentat foom. a relatively
[ 0035] As described below in conjunction with Figure
largé nubdber 6NEIRSAhs QO RRS! 1aikd betMees it gftadfsdef andBBtween ingress
network 10 are configured to send and/or receive

nod8§’15'19f§|L %n%ﬁgs ﬁ%ﬁfe?ﬁ%—l&pt icfe?fly,dt‘fi & Qlérrﬁ&ie @9 ot ll%[;tpath to

control” sig s that are wavel ength multiplexed so

to . propagate th tical cantrol burst ont r ol .
conpesdhe S ER B teter L0 LI ol e B spdnortR ot S By orkaf0s e the
. burst_or payl oads on different_ presel ected ) )
ngiggs/anden @IPCE%@)”S.S heley #re £dRofES MiHEPR getvwosdQ)- Jlujsigle lightpaths

network 10 can send optical control burst signals o
betwignl switching ngdesaingresstnoges, PBS egmesgorodes ehatle prajpetionaswitching

or electrical). [0036] Figure 2 illustrates the
whep&ieadri ot nolde dxilso br EBSenablevbitkired Quclaac pritibrygaridseodivlary route

enbodi nent of the present invention. Referring to
to dEbigafies 1 and 2, photonic burst sw tching network 10

operates as follows. [0037] The process begins in a

bl ock 20, wherein PBS network 10 receives packets from
[0035Ns As3désciibedohelopnmio gpmjpnetionPBShnBigweer X the ingtees,vemgess and

| P packets at ingressnodes -15M The recei ved packets
switthihghedes oL PBStieomdrk 10arencodiduesd fohsend iandopidcedle dpoicah control
bursts, optical data burst, and other control signals that are wavelength multiplexed so as
to propagate the optical control bursts and control labels on pre-selected wavelength(s)
and optical data burst or payloads on different preselected wavelength(s). Still further, the
edge nodes of PBS network 10 can send optical control burst signals while sending data

out of PBS network 10 (either optical or electrical).

[0036] Figure 2 illustrates the operational flow of PBS network 10, according to one
embodiment of the present invention. Referring to Figures 1 and 2, photonic burst

switching network 10 operates as follows.

[0037] The process begins in a block 20, wherein PBS network 10 receives packets

from LANs 13;-13n. In one embodiment, PBS network 10 receives IP packets at ingress
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or received in optical formand then converted to
el ectronic form In this enbodi nent, the ingress nodes
wGar@seihe recei ved packets el ectronically. [ OPGBUS$604/024395
clarity, the rest of the description of the
operational flow of PBS network 10 focuses on the
nodéd B)SBRL TR red A ABkdtO8n| UeAMel RBDHR For thel Thdiin optical form,

egress node . The transport of information from

| 0 ar, re.€Qr : )
or e pBRET B B P GO Godo RiRE o, P PGB ment,the
. label, (i.e., an optical control burst) and optical
lngrﬁ%%ﬂoéﬁés"?ﬁe.t@‘? {ecglﬁg%mqigt&e?e@gpglcﬂgfst ) ) is for Prelol(:?1 rom

the received packets, as depicted by a block 21. In
[003¥}€ eg?to@la 1t the! RGY Q)?Sth'éoggscﬂi%iél?‘%ﬁ' fleabphticidl flow of PBS

mul ti pl exing 'techniques to formthe optical data burst
fr t cej ved r. [glo] k
nen B TDREHSS G} SEE oy b iBhpRIGL ASRL InBEEENE 151 o cpres
received by ingress node 15 and having .t qg_pass throu
nodg §F e botsh OF RESHABEE 60 BEses0 Beitriae H 18 Bepuoe 181 (or
assenbl ed into an optical data burst payl oad. [0040]
othemiegress noflea) i sehskanially samlani dth on a specific optical
channel and/or fiber is reserved to transport the
tical data,bur rough P . .
100 o cfmehBo ol Bbet (o DaiD Bt Bustoring opllpf Biond Gie., an
(i.e., ati sl of _.a TDM gyste in an tical dat
optléfflg% bw& wnft%ﬂwﬁéﬂmﬁbwsw PROIGE, a Apcies % ilggk 21 In one
maybe fixed-time duration and/or variable-tinme .
embgdimagnt.oingress hods kShasesusiatisticsh rovltiplsringricelmiqres iterforgn the optical
gaps between adjacent time slots. Further, in one

datacstdiome tite, retdieedoPn(@ntenhiehPiosocobgacketsl stbred ia ingrass node 15;. For
period sufficient to transport the optical burst from

exafpR, bzﬂﬂk&@&éceﬁk%@%yti?%&&%&ﬁ rgs andRAeng fofasehadipheogrds node 18,

sonme enbodi nment s, e ingress, egress, and swtching

[ i i Sit: of :
on GORERLTIL SR 92 S\ xS U i,
and distributed over nultiple wavel engt hs and opti cal

[0040] ber Nex{] 3, block 225 Bandd/idth roa slspécifi@bptical channel and/or fiber is
reserved to transport the optical data burst through PBS network 10. In one embodiment,
ingress node 15, reserves a time slot (i.e., a time slot of a TDM system) in an optical data
signal path through PBS network 10. This time slot maybe fixed-time duration and/or
variable-time duration with either uniform or non-uniform timing gaps between adjacent
time slots. Further, in one embodiment, the bandwidth is reserved for a time period
sufficient to transport the optical burst from the ingress node to the egress node. For
example, in some embodiments, the ingress, egress, and switching nodes maintain an
updated list of all used and available time slots. The time slots can be allocated and
distributed over multiple wavelengths and optical fibers. Thus, a reserved time slot (also

referred to herein as a TDM channel), which in different embodiments may be of fixed-
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referred to herein as a TDM channel ), which in
di fferent enbodi nents nay be of fixedduration or
wQ 200544283 dur ati on, may be in one wavel engt h OPCDIE2004/024395
fiber, and/or can be spread across nmultiple
wavel engt hs and nmultiple optical fibers. [0041] Wen
dureaﬁg'oﬁl gﬁﬁﬁe-g?%fi,gﬁ, RY 658 HRAGVERABH\FInt ﬁ'Blgx",V'aﬂ&/Br €4n be spread

n bandw I's re€l eased after an optical data burst
IS 1 [ e rl.ler (not shown)
sorc 08 FRL PRy SR RER BB (R’ netvor
controller and the ingress or egress nodes perform
[0041)i s WpRatannfgREORRIiS egfdsh Bodafesaruss tumdstidthror perekdandwidth is
scheduling al gorithns based on the avail abl e network
releés%ﬁ%ﬂ%f%ﬁo fedl ddi @bk Cis RBh4FRIES, a iR okMBNtr8R:Enot s_hown? updates

vari a uration TDM channel s, which are periodically
r pa e . e | L.t.ching,. r
the Bafiadt b ot PUELRUE IOuslth 1B AT 1n PR BFRRSs nodes
optical cgontrol bursts or, on a different, conqmon .
perfgia JhiF SpHEPERIOETE HGIE HPBLBHSUET PAREoshr L merpleqiships bascd
The network controller function can reside _in one of )
on thaavpilgpleseiwerk egperses pedefficopatierns. bEhedpwilablsutasigble-duration
across two or nore ingress and/or egress nodes. [0042]
TDNihshampls, edlichcara pedditailydireadcaseduor 8] thra neyesseswitabong, aod egress
| abel s, and optical data bursts are then transported

nodéd)r2¢ dfnphftedndit il Edihe SWiveRERTas teWeticall @ontolt B@sts or on a
reserved tinme slot or TDM channel, as depicted by a

diff?JﬁfPtC&)n%ﬁon #)ﬁ‘ggl'a@te@ %Qfgi?ﬂgtﬂtthrdu%% SR ggg&tl hel RS (':T;l'fesnetwork

e contro urst to the  next ode a he opt1l

el -sw t ched th (QL determ._ned b he network. ..
cono i ifition CoF TeRf & SRl iSO st it b e B flspiouted
uses a constraint-based routing protocol [e.qg.,
acrasf fWe OpgtedRgIesy APAT eglsE By (MPLS)] over one or
nore wavel engths to determ ne the best avail able OLSP
th 04 ' :
10048 | P EpEREEP AT buisl eth ol Inilee RERASNIB fabelk, W0d optical data
urst) is transm.tted asynchr,onqusl.y, ahead of the
bursh et BaniR e b S, BRYAEL GRR AR el A o the reserved
_and/or different fiber. The time offset between fhe .
time: slot ra5) TBNF shamssl ashdenigied, by a block 23. In one embodiment, ingress

node 15; transmits the control burst to the next node along the optical label-switched path
(OLSP) determined by the network controller. In this embodiment, the network controller
uses a constraint-based routing protocol [e.g., multi-protocol label switching (MPLS)]

over one or more wavelengths to determine the best available OLSP to the egress node.

[0043] In one embodiment, the control label (also referred to herein as a control burst)
is transmitted asynchronously ahead of the photonic data burst and on a different
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.
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burst allows each of the swi tching nodes to process
the | abel and configure the photonic burst switches to
wappsom2rately switch before the arrival of theCT/US2004/024395
correspondi ng data burst. The term photoni c burst
switch is used herein to refer to fast optical
The $¥¥nt gl:i_]ggérglz kst 99itB01s 38 h@(ﬁ:ﬁq ) GEDVE TS BPticdl Q%téﬂles' tfat do not
one I ment, 1ngress node then asynchronously
data bursts to the switching

r he opt| cal
use ?6% grr%nt he optical data bursts experience little
no time delay and no O E-0 conversion wthin each

[0041? t h &Weﬁmﬂi@ﬁﬁ@eﬂﬂ,@dﬁﬁess ddie 18p thedakyrbrdnoakly itanshiits the optical
ways sent before the corresponding optical data

data%&sﬂ oI the E%ﬁﬂﬁﬂ%%&?ég Wl{epé)ﬁlé {61 %Qﬂ%u%@%eﬁgﬂoeshtﬂé Bfno time

SW t c ing no perform E—O conversi on of

dela%%glgglgs kfiﬁ Sctroigl\j?r%mth w%]%% Ir%rgr% ?fgﬁlecso cﬁfﬁ% %IE% a@'ﬁe optical control
| abel . Furth n some Odl e t he TDM channel

burst is 3y @yt b the sreresEnte 10é%?%‘gur§'ﬂafraa$feﬂﬁéed

for propagating |abels. AI ter natively, the | abels and

[0043;1’3” oﬁlds%n%a&n%’(giﬂaﬁ’g Ak %Qlt‘éﬁ‘ing heds a5 PaNeheNH.-B ddhversion of

e sane opt| usi ng di fferent nodul ati on
t , {
e PG recl BERH ool Setr s 80 Ik amying fmsion
contaige i heqlsdr SU(the) Tt SOPGTBE e | DY Tapte gsg;,r%gagated in

burst is transmtted from one SW tchl ng node to
the samast Waevelengthscthipharerised fomrprapagating abelsnnibernatiicaly, theidabels and
optical control and data bursts are term nated at
paylegdsesan bedaodiBated [041R] sahie waeetangthnig thetsaafe optical fiber using
operations pertains to egress node operations. Upon

différ8fehyiNsidn R rilaka FWekhmpleNEptRAl BHSIsNAH et fRfHEdEDh®S: non-
it to extract the IP packets or Ethernet frames in a

retum- c_: r%%gTR?g rﬁ@cﬁﬂ ﬂ}?lof'd Whlfeg bftical E)%?ﬁ)ag.ﬁ g%/ee Eaﬁsntnﬁgd using

urs I‘OI’]IC SI g ress

node ca oce to recover segnen

renuBriop g R GHEIING: dFERALT | ARG OB E Ty Epergt from one
_depends on whet her the o

switching node to another switching node in a similar manner until the optical control and

data bursts are terminated at egress node 18;.

[0046] The remaining set of operations pertains to egress node operations. Upon
receiving the data burst, the egress node disassembles it to extract the IP packets or
Ethernet frames in a block 24. In one embodiment, egress node 18; converts the optical
data burst to electronic signals that egress node 18; can process to recover the data
segment of each of the packets. The operational flow at this point depends on whether the

target network is an optical WAN or a LAN, as depicted by a decision block 25.

[0047] If the target network is an optical WAN, new optical label and payload signals

are formed in a block 26. In this embodiment, egress node 18; prepares the new optical
12
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target network is an optical WAN or a LAN, as depicted
by a decision block 25. [0047] If the target network

wo g00a0182p3 | cal WAN, new optical |abel and payl pamus2004/024395
signals are forned in a block 26. In this enbodi nent,
egress node prepares the new optical | abel and payl oad

labe? 88 BhPoad Bigni1EWTAR hiewdpticaligbel 2R (pﬁ?])bla&’ Ak AER tlah@fitted to the
transmtted to the target network (ie., WAN in this

targ @%e?\%lfgl{k&ég 8 24 fis cz%s@} £ ﬁPW dinrfﬁﬁth%%!IS?c’lﬁ,eék?gsg node 18;

€3 an optica nterrace to transm

L R R R
determined to be a LAN, the |logic proceeds to a bl ock

[004F. ARBREMNFLY bldcResed thakt fdwbik HabRRREHSS B% gmAN, the logic

Ethernet franes are processed, conbined with t
S ' WPl al rQut
proGi Rt SRAPA 28, MEoqrBh i bl T M G of B Bf Bcs e
egress node for these new I P kets. The new | P
prodsSiede CaMBIngd, Wich the AASrILRLAE 5 [0S 3 dhharHes do the target
(i.e., Léa}). as_ shown in block 29. [0049] PBS network
netwgkdan, hAM avhisicass)e s tds eraberiments ogiesy 2edendy femsghess new IP
the additional flexibility afforded by the TDM
packdtanTde siewAlR hackgts arhitberetcenmsplitied) tee theodigee metwiek .. h&AN) as
above includes an optical MAN havi ng ingress,
showiMist Bldtkng9.and egress nodes to couple nultiple LANs to
an optical WAN backbone, in other enbodi nents the
networ ks do not have to_be LANs, optical MANs or WAN
[00494c k bBR8 snetwhgk 1G san prBiayet inererserlo bardwidihc lefiEriensy through the
nunber of relatively small networks that are coupl ed
additional rlekailityebffotdadgby thet @M thamnelsn t Atthough dbaspkerginplary
to a backbone network. [0050] Figure 3 illustrates a

embbathde dederfRl abofe dficladeWt 6Py NMANE hivin® MA@, Gwitching and
burst switching network 10 (Figure 1), according to

egrédf endiftbog) %Bﬁ%lggfnuﬁt@e Pﬂgﬁgn{o P\ %gﬁéﬂnWAN_ rbQ+l<:°bone, in other

enbodi ment, nodul e includes a set of optica
e FREERL hePh A T S o BLEAS et RSy P Sy Yaspoones.

That is, PBS network 10 may include a number of relatively small networks that are

coupled to a relatively larger network that in turn is coupled to a backbone network.

[0050] Figure 3 illustrates a module 17 for use as a switching node in photonic burst
switching network 10 (Figure 1), according to one embodiment of the present invention.
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 resources to the module. For example, in
this embodiment, each input fiber could carry a set of C wavelengths (i.e., WDM
wavelengths), although in other embodiments the input optical fibers may carry differing

numbers of wavelengths. Module 17 would also include a set of N x N photonic burst
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propagati ng payl oads, |abels, and other network

resources to the nodule. For exanple, in this
wepodiszent , each input fiber could carry a seeCDUSI004/024395

wavel engths (i.e., WDM wavel engt hs), although in other

enbodi nents the input optical fibers may carry

swit%efslfﬁ{-i_’a@& RHE SISN ole WEMBLCOOIRY odBIUbStsl F VRN Eh(gcgﬁ@ burst

I'nclude a set o X N photoni ¢ burstswtches 32 -

: er .is fthe n r_of i nput/;out f :

swithy 5 B Bt S Py BE bR RY b8 Wiy %Ay & e Bllotonic
maxi mum nunber of wavel er%gt hs_ at, each photonjc burst

bursg givitethisi 4 Cavere gr& CiL A Fes pmbpdimeatg dy e sisigheaigi thap 4-C,
Nis greater than A C, the extra input/output ports

the exana itygutlosait portd copbebmektodnoppadkeal opsicglrsagnat for buffering.
buffering. [0051] Further, although photonic burst

itches 32 -32 B are .shown as .separate units, the .
00838 B ahE R a iR R R B 2t b S st i pate units,
usi ng any suitable switch architecture. Mdule 17 also
theyi ¢as| bridmplgmeatedofs Yt NeBROtORIG d1UEH givFichps, using pny suitable switch

mul ti pl exers 34 -34A, a set of optical-to-electrical
archittgnzl cdvivduledis a6 (ieclgdes phosaddefeopticad) ,waveleopthr adivision
unit 37, and a set of electrical-to-optical signal

mulGHIBNRE BAL,38a (Rt Bf. optRaRfosdlect04lt SighaluBbriveRdrsiBEY (Y ephoto-
one or nore processors to execute software or firmare

detegtré)gsg,: ?Eglatrégt?ﬂggff , [agggag%ét _lsgﬁ’ %ﬁecﬁ‘?&ﬁ-’f&hpt‘é’c{‘ﬂ ISWF%I &d1fverters 38 (e.g.,

e elenents

oso B LA B b 52 5t S BOIR BB Bt
of A input optical fibers_that propagate input optical
progiargh sl wther gatans plegontiy wihs hefeslsers egge]ﬁﬁ’otoni c burst

switching network 10 (Figure 10). The output |eads of

e ' Lt -1 , t : t
003502 734 P E B By 80P ARG 20 hrchfBeluftows
erter. 36.

can For, .exanpl e I cal denul tiplexer. 30
optfS d5hiiplsiers 0530~ B ettt b Anpdio] datBupiBlipd oers tat

phot oni ¢ burst switches 32 -32 B (i.e., one output o
propagalg ipputpticalsizepdsiiion pihex switdyng 6106%0#0 Apipnic st spvitching

each photonic burst switch) and at | east one out put
netwaekd0 ¢Biguerct®d The apputdeddssifghebptical demultiplexers are connected to
the set of B core optical switches 32;-32p and to optical signal converter 36. For example,
optical demultiplexer 30; has B output leads connected to input leads of the photonic burst
switches 32;-32g (i.e., one output lead of optical demultiplexer 30; to one input lead of

each photonic burst switch) and at least one output lead connected to optical signal

converter 36.

[0053] The output leads of photonic burst switches 32;-32p are connected to optical
multiplexers 34;-345. For example, photonic burst switch 32; has 4 output leads
connected to input leads of optical multiplexers 341-344 (i.e., one output lead of photonic

burst switch 32; to one input lead of each optical multiplexer). Each optical multiplexer
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converter 36. [0053] The output |eads of photonic
burst switches 32 -32 B are connected to opti cal
woredosiopd2exers 34 -34 A For exanpl e, photoni c PCF/ES$2004/024395
switch 32 has A output |eads connected to input |eads
of optical nultiplexers 34 -34 A (i.e., one output
also af e}ﬂb@flea@%ﬁéﬁt& RUrSbutpyy 1&5&10&1&&1@&&010@9@@1 sig@@acaHverter 38.

each optical mul t| pl exer). Each opti cal

Con{%ella%l to*/ee (ra\agltlr dI JII I‘t Aoﬁﬁ?ct&fﬂgQE l?tg%tf/ lgz}c?grr %W&ptical-to-

clecfgl GeEsont it 3Er Sgw”?dtﬁw%ﬁ% SEs B ratic °a2§?>‘3§$%aeaﬁ to the
converter 36. The out | eads of control uni F

contedd n Arads el t phatomdc ¢ bWtsg otwitchgsd21012ep Had o flcEtTisa g{—optlca signal

swtches 3 -32 B and electrical-to-optical signal
conveoav®3.t er 38. [0054] In accordance with further
aspects of the invention, a coarse-grained OLSP

schedul i ng nmecha n nal i ext ensi ons 1.0
0053 crpps BB PR TR Saed AoeRBh 0 ooty JoLs®
An overview of a GWLS- based control schene for
schedulingmrchanisphFERloyHE ssnghng PREnENIsSAs G Lvalased Famework for
I mpl emented in accordance with one enbodi nent is
a PBS hetstorlaiseptovidedi dur evetvieBtcdrat GNIPLG-based hentGNBLigme farer PBS
of protocols, each of the GWLS protocols can be

netwBRE i Wesktothe &xdrRNAE extensisnidPay be RBDleamakal inorsoriatce with one
optical interfaces while still incorporating the GWLS

embBEHAE R 1ﬁ1éstr;§gerd' ﬁ‘l‘?&é af fS SRR R GRPLSARKS of B—lkb‘t‘ocols each of

Integrate arc |tecture i ncl ude PBS data

the é@fFﬁ.@CQrgbocE;% cgné c%ﬂ%%cp ﬁr ger}%gd gos s%grt }q%/SeB%eé%atw caﬂd optical
. known that the GWLS-ba ed %ocol s syite (indigcated
interigoen Whidse Rt 08cqrROTR{ipg riae he| POECO8” praby %.t@ﬁf Gigngineering
conponent 404, a signali ng conponent 405, a routi néy
tasksoﬁb@meegrata@BBSéayeab@hltmgmh&ﬂ PBY d@térselmceawer 400 on top of
i nk managenent conponent 408, and a protection and
a PBSMAC dhyep A0 t,onhioh éndn 461Pof 4 PBSoptet@ritsokdyeretdls, It ihesd known
conmponents are nodified or
that the GMPLS-based protocols suite (indicated by a block 403 in Figure 4) includes a
provisioning component 404, a signaling component 405, a routing component 406, a
label management component 407, a link management component 408, and a protection
and restoration component 409. In some embodiments, these components are modified or
have added extensions that support the PBS layers 400-402. Further, in this embodiment,
GMPLS-based suite 403 is also extended to include an operation, administration,

management and provisioning (OAM&P) component 410. Further information on GMPLS

architecture can be found at http://www.ietf.org/internet-drafts/draft-ietf-ccamp-gmpls-

architecture-07.txt. In addition, a functional description of basic GMPLS signaling can be

found at http://www.ietf . org/rfc/rfc3471.1xt.
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have added extensions that support the PBS | ayers
400-402. Further, in this enbodi nent, GVPLS-based
wGE06018208 i s al so extended to include an operBCT/0U82004/024395
adm ni strati on, managenent and provi sioni ng ( CAM&P)
conmponent 410. Further information on GWLS
[00 ]Chl irf&éc‘dfcﬁn&@%tﬁeo/rf 014t AF the invention, 31gna11n% component 405 can

wwy. 1 etf.org/intenet-drafts/draft-iett-ccanp-gm

incl clleS gxtg cgn%cﬁjgélﬁg tg Z’B%(ﬁ‘;ﬂﬁgljkg sﬁ&d § 'fgpexaﬁ‘lp qﬁ%é&%gh%a?me, burst

escrlp I on asi c |gna I’'ng ¢an

I/ . f.org/rfclrfc txt.[O In .
typer bt denih G ROHbp e 3 dﬁ%@%%ﬁ?ﬁ’]&ﬁ gy GMPLS
conmponent 405 can include extensions speC|f|c to
signalingextresiensaiie disclosask fop rrabhing ressrmation seheduling waing th@r&ﬁVP -TE
type, burst length, and burst priority, etc. As
(ReSa3atiob 8cbtocol F-Urb flierEngateatihg)ebtovol. Gi Basaggneht cgmponent 408
extensions are disclosed for enabling reservation

can B binBtted Vabd b ehdRR¥R:KhbwhResie mdabg@ienP 2610661 (I:MP) (that

Traf fic Engi neering) protocol. Link managenent

cun%ﬁtfi? gﬁlﬁi&ts% gmgg%}h&@gﬁ%focﬁ?%%@ Q8nd Ekgded to support PBS
etk naronet ek R i oo el G b )ﬁn&vi"sfc?? gpdifid t

and_restoration conponent 409 can, for exarrpl e,
coVefp I PBRedneyoBSyer BRS¢t IbOTRRHORy ¢he LMInt GRat beon foynd  at
LMP can be/found at

atme-084xif t - i et f - ccanp- |
np- 09 txt . [0056] Label rranagerrent conmponent 407 can

f ed to s ort a PBS contrao e
10084] ol Famp EerfetR R naRg A0 Aot pertab S@g@ﬁeﬁ P once!
are _perforned after control, channe| signals are
chagnghJabel gpfice ahwelln dp eae empadigieat, theBbSHDeHtions are %@éfonalgd after
| abel edge routers (LERs) while the sw tching nodes

contick chagnél sigralssane QR coowerteds THeSRgiess wodes gf dssPBH detwork act as
acts simlarly as an egress LER, continuously

labepredpé edutgs ILEROF white tHeadveltchigf nddee aBB&G labélvevitch Waters (LSRs).
i ngress node can propose a | abel to be used on the

An ggrggbtrﬂﬂﬁ RcR QEREBRLY a{stan'e%ré'éQ DREC E&HinuBuslPPlovidifg all of the labels of
wnst ream node W the déciding one in selecting
the I’gg ne@po‘%i(. An ingress node can propose a label to be used on the lightpath segment
it is connected to, but the downstream node will be the deciding one in selecting the label
value, potentially rejecting the proposed label and selecting its own label. A label list can
also be proposed by a node to its downstream node. This component can advantageously
increase the speed of control channel context retrieval (by performing a pre-established
label look-up instead of having to recover a full context). Further details of label

configuration and usage are discussed in co-pending U.S. Patent Application No.

(Attorney Docket No. 42P16847).
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val ue, potentially rejecting the proposed | abel and

selecting its own |label. A label list can also be
wWEe@posRe® by a node to its downstream node. ThPGT/US2004/024395

conmponent can advant ageously increase the speed of

control channel context retrieval (by performng a

[00%7]€- €3bBhd1s @9@ AedPEkid ORMERiH o 9 & %nsﬁﬁl\ﬁbﬂl Qeﬁx%rks such as

recover a fu context). Further details of I|abel

ent 68r%f7el ¢ gﬂp%e% ilﬂ%sﬁa(ﬁéﬁtag%%g g(?k %)gtgn{)o Wdﬁagg%rotocols
PB .
suitg es%ﬁgce%ﬁ@ Tl T8 RECHolecRoaR Rt o DEReSSIoBreS aofG: gy gtching

and the like, it is advant ageous to extend the
nodesvPUgdésatbe &MPES@@&ﬁdsfr%mewr 1 Bher RBD Y &dayaids tlored to perform
optical interfaces at both ingress/egress nodes and
the differeatiPB$ opedeons Wde rstitl ieco@drhitgdhths ddPLB-dassdotrdffic tthgineering
PBS MAC | ayer is tailored to performthe different PBS

feat@RE hAd RgREoNY ok Boritdl Iburst BOREHIE 8f ¢datset giginNRlofr fR6RM to days or
traffic engineering features and functions for control

[

lon%lﬁ ﬁ%’r lé"'ﬂ;)ﬁrg &aggg{he eaegé{sgﬂgﬁtléig%céf %9@ dsprEQnflNy a PBS

lbleservatlon pr ot ocol and represented by a PBS | abel .

a ﬁ0058] In inportant aspect of the present invention
pertains to | abel signaling, whereby coarse-grain

[0058]9ht nﬁtl o §pfabedhenFedent aivbnabs @RediGnas lébel signaling,
uni que | abel . The PBS'| abel has only |ightpath

e R R L e
S R B T B e 1

for ht path set-u tear down, and mai ntenance is

exeRipley Pﬁﬁé@l@hf%ﬁlab%i shown by Figpre vith it peraesponding fields, further
Engi neeri ng Task Force) Resource Reservation

detafils aif oxctuth Freadifdussednioglowe rThegsigREVP-ofBBS Mbelks for lightpath set-up,
i nformati on on GVWPLS signaling with RSVP-TE extensions

tearcdownh @ndl astitteincis gorle/ thwenigh einf extengionf diY IETBATReinet Engineering

Task Force) Resource Reservation Protocol-Traffic Engineering (RSVP-TE). More
information on GMPLS signaling with RSVP-TE extensions can be found at

http://www.ietf. org/rf/rfc3473.txt.

[0059] The PBS label, which identifies the data burst input fiber, wavelength, and
lightpath segment, optical channel spacing, is used on the control path to enable one to
make soft reservation request of the network resources (through corresponding Resv
messages). If the request is fulfilled (through the Path message), each switching node
along the selected lightpath commits the requested resources, and the lightpath is
established with the appropriate segment-to-segment labels. Each switching node is

responsible for updating the initial PBS label through the signaling mechanism, indicating
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[0059] The PBS | abel, which identifies the data burst

i nput fiber, wavel ength, and |ightpath segnent,
wepiso27xhannel spacing, is used on the cont rpCT/psion4/024395

to enable one to nake soft reservation request of the

networ k resources (through correspondi ng Resv

to tﬁ%&%ﬁgﬁsss}w1tél§né e tBABST J: its fl%'lﬁtgéthls %rﬁéﬁth TPHE I?fid%@t cannot be

nessage each svvltc I ng g the seleécted

fulf llleg hc%rpa}i Errc?rogg] bR ; Pgrﬁésgg%meﬁés%ahmgs%ur on 13?1”% el back to the
) nment egment | abel s ach VVI tchj ng ode. | -
orig R oits ekt dg GPPIOBHAE] fr?&om{g A Qfﬁgqlthtqi‘\a@&%lstwsl

the signaling mechanism indicatingto the previous
Thugiihe dmplegnentsdion tof éhe BBE| labad thiopgh siggalingaenabies gumegificient MPLS
the request cannot be fulfilled or an error occurred,
typealookgs fog ehalesttrol bursgpiobessingn ditiis processingentpréddandent of theeontrol
originator to take the appropriate action (i.e.,

burst @t @é’éh sYehiAg Mol SMub&tthe EddRIraE bEtdt $nkCiSotwedd S cohtsl and data
i npl ementati on of the PBS |abel through signaling

burs‘gy ?&hﬁﬁlrg% aft irh] &V@(’J}EByplet%vc}rK rﬁﬁoh%ﬂ)lﬁ'tj Bad ﬁﬁuééaeenﬁocg teh@ Ilatency
st p OCGSSI rocessin npr ovenent
control burst at each smntchlng node reduces the
[00603qui Ireatiditidnstetthd sofevdre blveknetcheted byptthoPBArRdnidsltmocessor, there
bursts, resulting in an inproved PBS network

are ts@*féi’éﬂgbtﬁbht ke GotpAHERS (B dsupPo® RS HeBRGiKing[ B RHonk Ndescribed

dition to the software blocks execut ed by the PBS

nt t
here‘h? np][,olﬁié nlffﬁﬁcfggﬁ}%ﬁg SB%@S%&&%@ ??%’35%.1%18 f(i}g pr gfi ing PBS network
bed her Li nk 8

tranﬁ%%‘bfﬁwg 518 TG A5 TBRSPHSY R0 RES OF LRL &y The gomponent
status information such as |ink up/down, |oss of

rung jtgAWn lakcmanpgemeginpreipsat o ﬁwchnfrgl ehanel ni orenepeaiment, the
protocol on the control channel. In one enbodi nent,

IETFHink makageinekt pmdage (eMP) pravod db ekteMiyd pir stppoul PBS interfaces.
extended to support PBS interfaces. Link protection

Linldpelote @Ot réxforidsid 06@pdnehP209 s reppmville bloe cofiputing alternate
conputing alternate optical paths anmong the various

opt1§\ﬂ" eﬁa‘f’lﬁ' nr%‘) Pﬁﬁz@ﬁﬁ? gw‘?c@hﬁigr tog%’ss Béé%& rond@fridﬂ@ dsErddeiil %rlterla

ure is rep y the |1 nk nmanagenent
when® 3P RRE nf’allure I\1/slg‘|:;reported by the link management component. OAM&P

component 410 is responsible for performing various administrative tasks such as device

provisioning.

[0061] Additionally, routing component 406 provides routing information to establish
the route for control and data burst paths to their final destination. For PBS networks with
bufferless switch fabrics, this component also plays an important role in making PBS a
more reliable transport network by providing backup route information that is used to

reduce contention.
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conmponent 410 is responsible for performng various
adm ni strative tasks such as device provisioning.

wQ 0@6A)822%1di ti onal | y, routing conponent 406 prPVI/USR04/024395
routing information to establish the route for control
and data burst paths to their final destination. For

[oodifs n?ﬁé"@afblé sfgkélﬁfgwhfa&%!&stﬁe %steﬁ@ r{véalﬁdrf:%du&&' fhe e PBS offset

conponent a S an | nmpor ant n mak I Ng

timern&ter%éqechi{goﬁﬁgqr%léﬁrt] Soﬁ O[%me bl)/ofzggg% éldgl’lglgd q%%‘épaﬁl This is
cchigye B EXPRUBHLHD 1\1%3%@%23{&%%%%% 3P ATy PRl fghipath segment

reduci ng the anount of tine it takes to process a
withgi grealBY nbivephik psing 2 uptqus lakel slefined/mda BSdabadsiaeg Thiveuse of a
GWPLS- based framework to identify each Iightpath
PBSShydiespecdy thithie PRE cBBiTolnatrytoprkscassing dyaallowing ¢hd edatol interface
defined in a PBS | abel space. The use of a PBS | abel

unitSPERA ShePBS BRitEIBS: 708, MliclPproséssey BE @oatrs1bulY, @l lbeMipi@levant
the control interface unit within the PBS sw tchi ng

phyﬁgzﬁ Wﬁfg ﬂf&&gﬁ S%3 o6& ?eﬁ&a'hp @éé'ésﬁfé% dstt ie lhbgrgéﬁu Bn the label

S|ca routing

rel evan r i n I

infoF i Gt O PECEP e %sff?ﬁ?%l??%@waﬁﬁwé?%%b P switching node
| ookup. Thus each PBS swi tching node has access in

has agpess Betea fodkweroreralan {uthe rﬁ@llcfvang sRAP YR Hdpianagien, among others: 1)
informati on, anong others: 1) the address of the next

the hdjpess @f $lermkxt hep twosenddhe pentf buwst to? 2) infbumativni abautathe otitgoing
the outgoing fiber and wavel ength; 3) |abel to use on

fibet AR RRXEleaSBMBNlabel tWAEK0AGh Redk deghreht Hawekinddes labul-based
4) data needed to update the scheduling requirenent

modeQhnd BEdP ﬁ@éd‘eﬁ% @id tHRQLhe RN eBIAEH for tlﬂeo%éﬂﬁc input port
% i o 45

eturnl ng to Figure 5 1n one e nment PBS | abel

and anPl s five fields, including an input fiber port

12Er§ @ an input wavel ength field 504, a Iightpath

segnment | D field 506, an optical channel spacing (D)
[0063] €] dR&REin@BSFigufeeS & ¥Rslethblithe B S THdel $000¢tmprises five fields,
including an input fiber port field 502, an input wavelength field 504, a lightpath segment
ID field 506, an optical channel spacing (A) field 508, and a reserved field 510. The input
fiber port field 502 comprises an 8-bit field that specifies the input fiber port of the data
channel identified by the label (which itself is carried on the control wavelength. The
input wavelength field 504 comprises a 32-bit field that describes the input data
wavelength used on the input fiber port specified by input fiber port field 502, and is
described in further detail below. The lightpath segment ID field 506 comprises a 16-bit
field that describes the lightpath segment ID on a specific wavelength and a fiber cable.

Lightpath segment ID's are predefined values that are determined based on the PBS

network topology. The channel spacing field 508 comprises a 4-bit field used for
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fiber port field 502 conprises an 8-bit field that
specifies the input fiber port of the data channel

w0 desnif2red by the [ abel (which itself is carrP@dusw04/024395
the control wavel ength. The input wavel ength field 504
conprises a 32-bit field that describes the input data

< PPN Bl P GRS s e
furt her. d W, ~Ih

1&0% eé whp Elobﬁ]etanﬁeqe ‘ha tegreesee %I‘{ﬁo Is8eerved for

ht pat h segment I D on a specific vvavel ength and a
lmPhHE?@Fat’@HWP%CI 1¢ PRessa PRl SUYRERPAI9s are predefi ned
val ues that are determ ned based on the PBS network

[Oﬁ(iifjgi‘)lt ﬁ?%fne %ﬁﬁocﬁ%@@gﬁle 'gﬁﬁ_‘:\?ﬁ’&lé‘n f] s@RIPIIREEEE (Institute

use yi ng the channel spatci ng

of G RGP RGAHHRY HAERESES oA AP 5 pERBIRTine pon
d field 51 d
formit et ML SRR B arl ol 80 CAeR % SeRisBirsp pponent

[0064] In one enbodi ment, the input wavel ength is )

e, ané prﬁebmﬁ@dtlml hge IrﬁEEI(Shmsbthmleﬂnﬁf fOEmét:tiliC? thel repregentation of
El ectroni c Engi neers) standard 754 for single

realplu@tbies iogiviehdgs | ng- point format. The 32-bit word is
divided into a 1-bit sign indicator S, an 8-bit biased
exponent e, and a 2 -bit fraction. The rel ationship
bet ween, t hiss for nd the representati on of real
nunber —rls oi Qéﬁ% @Hﬁ}) )(;ao.)‘n{ckfzzeaf L0 <neraBBized”

<e < VaI 2 (0 + /) denorrrallzed e

Viersa or iﬁﬂ%}@%f R e

of 19 200 THz, orres ond)gng to a wavel engt h of
1520. Wﬁpﬂﬂﬂ@' diGel OFRerWii@sented by setting s =

Eq.
(1)
[0065] One of the optical channels in the C band has a frequency of 197.200 THz,
corresponding to a wavelength of 1520.25 nm. This channel is represented by setting s =
0, e= 134, and = 0.540625. The adjacent channel separation can be 50 GHz, 100 GHz,
200 GHz, or other spacing. For 50 GHz channel separation, it can be written as: A = 0.05

=1.627(s=0,e=122,f= 0.6). Thus, the frequency of the nth channel is given by:

fm)=fO-@m-1)-A Eq.
(2)
[0066] Thus, according to equation (2), the optical channel frequency is given by » and

the specific value of A, which can be provided as part of the initial network set-up. For

example, using the standard ITU-T (International Telecommunications Union) grid C and
20
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0, e = 134, and/= 0.540625. The adj acent channel

separation can be 50 GHz, 100 GHz, 200 GHz, or other
waepasim73 For 50 GHz channel separation, it caPCDES2004/024395

witten as: D=0.05=.625 (s =, e 122,/=10.6).

Thus, the frequency of the nth channel is given by: /

L Hands, j A b llfmt@&'to 24'9?1 cox@es?%dlﬁg)to (2088 call Ridguer AT 4800 THz.

to équation ( e opti cal channel frequency 'S
Ho&é‘ye? n%tg%r gpst?cg }ﬁarﬁ%Flsﬁgc@eg&g gﬂﬁﬁ% t e- Fﬁthon%agagge or other

pr ovi
th dITU—T ternatlon
wa e)éq%g ‘f?ﬁ‘ﬁ?ﬁ aénvgavlsg &l)all;@dl q;og}gid awgscanr})q so defined using
limted to 249, corresponding to an optical frequency
equatiom@). 800 THz. However, other optical channel
frequenci es outside the above nmenti oned range or ot her

vel ) d. ar
lﬂﬂxﬂcan%@g*aﬁpé?*%ﬁ% Sf”%‘f 39%3%2@?1‘%?%? iy swﬁ%md PBS
on,. of a lLemented i.n
nete QOB ERs ok QD ors O, MK b ROTIRFiR; g of various
6. Network 600, which may conprise one of various
tYPfESy@%QetWDrkﬁetSm R an soterpress natwerks eppiping dowePROr Ryitching nodes,
contains four PBS sw tching nodes, |abeled B, C E,

labdedBFC, Enand Roareldge igdesdtslabdled Abargirid. DietWetlo€nokis @00pled at
is coupled at one end to a LAN or WAN network 602 and

one@®ndANa ANGNWIEK Wetwork @82 ahd a1HN8F WEAR neWheHk&0R aP BlBer end,

A and D operate as edge nodes. For the follow ng
t ; .
GRS AT U AR ol AL R s
d t ' d
roulg e B g0 E RN B bR ER e s L LS g s
an egress node. [0068] The various sw tching nodes
nodg) operatghgs 1 HigEes 8O, athilsyedes gadeRt(he. sﬁ)@rﬁéﬁfﬂ%aﬂ@mnode) operates

LP2, LP3, LP4, LP5, LP6, LP7, LP8 and LP9, as shown in
asaﬁiegmsen@le. There are al so

[0068] The various switching nodes B, C, E, and F are coupled by lightpath segments
LP1, LP2, LP3, LP4, LP5, LP6, LP7, LP8 and LP9, as shown in Figure 6. There are also
other lightpath segments cross-connecting switching nodes B, C, E, and F, which are not
shown for clarity. A lightpath segment comprises an optical connection via optical fibers
between any adjacent nodes. A lightpath comprises the optical path traveled between
source and destination nodes, and typically will comprises a plurality of lightpath
segments. In the illustrated example discussed below, one of the lightpaths between the
source node (ingress node A) and the destination node (egress node D) comprises lightpath

segments LP1, LP4, and LP6.

[0069] As further shown in Figure 6, exemplary PBS labels A-B-0 and A-B-1 are

assigned to the path between nodes 4 and B at times #, and #;, respectively; labels B-C-0
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ot her lightpath segnments cross-connecting swtching

nodes B, , E, and F, which are not shown for clarity.
woR00s92pat h segnent conpri ses an optical connECTL/U8004/024395

via optical fibers between any adj acent nodes. A

i ghtpath conprises the optical path travel ed between

and BAU/1C4e %E’s(ilgr%%'tﬁé‘bétﬁrbeﬂﬁ&%snod@@@ dndnC @8léyatWirhds ) and #; and
conprises a plurality of lightpath segnents. In the

labe :%E)E(g g %gdlg elxaq‘nBLs? %dstg 'tﬁésr?a‘#h Q@Lg@@(z n&s @En& b?lod& at times £

etmeen source no I Ngress no

and_t he desti nation_n node c
o fi Srﬂraﬁr r?u@@aﬁeﬁﬁmwﬂwh@ TR ERR S Gobbp S ABF lgﬁ Pr&rsegments
in Figure 6, exenplary PBS | abels A-B-O a
LPIALEZ LB, dP4s LP§wad LES arp éeﬁﬁa%twelye@%@ﬁ a8 §8Q0Ta 0&99025 0x0003,
at tinmes and t\ , respectively; |abels B-C Gand B-C-I
0x00de 03159 medl 0 @06h dn patdrdee weithh foreghisg Bspeats of RRStagiworks, a
at times and t and |l abels CGD- O and CGD- 1 are assigned

partﬂ:@laf ngPP@ab ch@pyiee lighpsalbssegmentd dhplogag diferbhtinwavaletgths. As
t\ . For the purpose of sinplicity, the |ightpath

SuCh[%gWg él'stgatéd eI mbleARbI 4 IB- §Qﬂﬁﬁé§t fheliRk. of'-fnzo%tkp 2P frequency of

and LP6 are respectively defined as

on R0 BRSO PR A R Ry e 1304 i
BB S B TSRS OB ZSHEERLS ot 1956 T

illustrated exanple | abel A-B-O defines the use of an
(0x08pBOEFAD). f r@uuthacyanfiram 74 2oTH, theo REBsldms-mayket| wgagsts resource
B-C-O defines the use of a frequency of 196.4 THz
resefvax 618 Gh2 7 6l[{ghtpaah csepmbat-byCsdanont dbsine@.et AP 1udeP4pfand LP6). For
frequency of 195.6 THz (Ox08680EFD). On the way from A

exarthPle RdeBR08é ANRhIdIB BafkRS t6 BRURN SoafRS@binGBservation of a selected
reservation on a li ght pat h segment - by-segnment basi s

lightphth: O k’rpt!he ik 411%&@&1 gr%entF%ltaﬁ b8e FERRKIER Hhs sufficient

equests resour eate a CO rse-graln

A N LT T LR ——

sufficient resources to satisfy the request

baclgtnethe' ariginaier efhée reansslr ocigke fhe @@ﬁd&laéﬁwa%wwﬂw{r% Sefgbanother

request or select another lightpath. If it has enough resources, it makes a soft reservation

of these resources, and forwards it to the next switching node, wherein the operations are
repeated until the destination node D is reached. When node D receives the soft

reservation request, it checks if it can be fulfilled.

[0070] In order to support coarse-grain scheduling of OLSP's, a reservation
mechanism is implemented that employs extensions to the RSVP-TE protocol. In general,
the RSVP-TE protocol is itself an extension of the RSVP protocol, as specified in IETF
RFC 2205. RSVP was designed to enable the senders, receivers, and routers of

communication sessions (either multicast or unicast) to communicate with each other in
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back to the originator of the request to take the
appropriate action such as send anot her request or
waedosois2anot her |ightpath. If it has enough r eBOUDS®E4/024395
it makes a soft reservation of these resources, and
forwards it to the next sw tching node, wherein the

ordQPRY &l g‘%eaﬁ ek og%ﬁ% Ul o M@ﬁ?xﬁ %Yib??tlf%séaogﬁﬁﬁunication

I's reache en receive e SO reservation
r.eque it checks if it.can be fulfilled. [.0070 .
serj il RbyPLlpRURE € spuwishishlh, Sciol il egtupbinpiehl of Begtination
reservati on nechanismis inpl enented that enploys .
addgss, SRS Y EF RROCRSYPE-ped SFeingtien port AUGEFe %\,’f‘ewt a routing

RSVP- TE protocol is itself an extension of the RSVP
profecels bulolatheads mpredy fiseddoirpserENRSRECG A0 aiRgivierlydg route, which
designed to enable the senders, receivers, and routers

undef canwemitmatptitiives sesefictdby(aiotitieg protdcol.cast or
uni cast) to conmunicate with each other inorder to set

the, necessary router state to support various . i
1007 b Bisioe, MR iy PORING.0f G Toeshy ettt srsviog. igvolving one
conmuni cati on session by the conbi nation of
traffie sendeat $ bnandd dhree draffie apespesrs, - Reydr Rrl.oemd RGYd, Upsiream

and destination port nunber. RSVP is not a routing
megpiges 00 hnd Gowngtehmemedssgasd0R kgnt besrkeh Gendes 81 \aad receivers RCV1,
resources along an underlying route, which under

RCY2VHRINRCON e RIAGE {}ig%uﬁ@ SRRAabAE (DY, 3witethp A8des) R1, R2, R3,
protocol. [0071] Figure shows an exanple of RSVP for

b [ [ [ j e ) e o
ond R A ke dfftar] FRSLAR: WBPLY FOAIRHR bRt BRI Yy orginates
Upst y eam nessa 700 and downst.ream.nmessages,. 702 sent .
From B3 S SR i 11E AGuERnes: RRURE OREIGBIes BRI e eeivers.
routed via routing conponents (e.g., sSw tching nodes) .
Thepprimgyy, rofes, ofathg Fuh mussagsrarenditst ieelsstal devaisepubijpg REPin each
are the Path nessage, which originates fromthe
router afldrige thwepatly andirsdcdrile toRpsowideds smgerswhiitbhinforgitinat absut the

fromthe traffic receivers. The primary roles of the
chaf3etehisti®SsTane saider fraffidtantl @nd-As-tad bath & &l @hdyo¢Hni igke appropriate
state in each router along the path, and second to

resd?¥R6h F6sheb 8 C Eh¥ Bithaly fofe b thO RIB! hORaGPRYS chrliPreservation requests

to the routers along the distribution tree between receivers and senders.

[0072] Connection creations requests are issued via a Path message. Details of a Path
message 800 with signaling extensions in accordance with an embodiment of the invention
is shown in Figures 8a-c. For clarity, Path message 800 only shows fields that are
pertinent to reservation signaling mechanism described herein; it will be understood that
the Path message may further include additional fields specified by the RSVP-TE
protocol. Also for clarity, fields that are augmented or added to the standard RSVP-TE
data structures are shown in bold. Finally, objects contained in square brackets ([...]) are

optional.

23



10

15

20

characteristics of the sender traffic and end-to-end
path so that they can nmake appropriate reservation
w0 e@aes233 The primary role of the Resv nessageCT/BS1004/024395
carry reservation requests to the routers along the
distribution tree between receivers and senders.
[00778D7 2] THeA @Rt dshi S Lt PAAEEGE 8D IR d SSMRH A
Pat h message. Det g\i |ls of a Pafﬁ% nessage 800 VVIH!]I & %802’ an
optfondN At XSEQT RAAS 4 el i th di nent
pof BB 0P XAHTEL RDA)S o) Bedlid C'ﬂ) gﬁrg(%(\é,\” 8u._ éﬁ% o 10D %Eject 808, a

the invention 1s shown I n
: Wiy, Pat ssage 800 .0 shows fields that are _
ngée‘r&{{a?ﬁneé ntOHE ¢ P gﬁ; erVat (?pglr?ngli %éﬂwﬁgﬁg@te hei e§ﬁ1% Hesdr i gragralized

in, it wll, L be understoqod that the Path nessage
PBE:';F%FEERFHB?SH ReleaR! Zadant ioptamalt iLabek Seipeetiestdd4byar heptional
RSVP-TE protocol. Also for clarity, fields that are
Adminy disieseebient 836.deBestinatioe PRSanddress RR@PSTE wigdiace PBS Address
structures are shown in bold. Finally, objects

objent 32, anexptional Rypliay DAy abjeert822( dnd a dehdér dscriptor object 824.
optional .[0073] The illustrated objects of Path nmessage
0 include a mmn Header 802, an optional Integrity
[00%4); ec&ﬁgﬁmlo%l %g%rlﬂﬁr?biﬂﬂ 84 cazges craptopsybicHinta tshjushenticate the
.808, a TineJVal ues object 810, an opti onal
origimabing aogle madtoevesify dist coBtenis of the RENVP mzwage. The Session object 806
PBS_Label _Request object 812, an optional Label _Set
contafijsetht IB Béstination pddressalDediidiess) ahe IP QBI16651 IBL8nd 8ome form of
Desti nati on_PBS_address object 818, a

gen&alizsrdBmt N PorS o Ain8 GlspSdfe s@&BioRRb: AR %lthegghjieg%ém%w. In

obj ect 822, and a sender descriptor object

' : vt i.ect 804 ' : :
one BRSAASTAL 800 9B b BEuE Gt yrim g ssion
nd.to venciéb%. the contents of the RSVP nessage.

is St‘rf]‘%gel%gg%sil%"bé?ﬁ 806 contains the |IP destination

address (Dest Address), the IP protocol ID, and sone
0075pr m REvge ; LAl oft Hpl
[0073) Sveensp abijezedogentibale ﬂ”n%cgﬁ?ésrs of tﬁ% W%\lﬁ%bﬁennode that

specific Session for the other ects
[ i nf.or Jon identifying an L
ot R0 s S B U3 ARG R R e
handI¢ LSﬁiSI %%\Fbtijl-leo%t ogj%gt's for downstream messages are known as PHOP

("previous hop") objects, while upstream RSVP_Hop objects are known as NHOP ("next
hop") objects. Thus PHOP RSVP Hop objects are labeled 808P, while NHOP

RSVP_Hop objects are labeled 808N herein.

[0076]  Under conventional practice, Time Values object 810 would contain the value
for the refresh period used by the creator of the message. However, in accordance with
principles of the invention, the object is used to store time values specifying the start and

end of an OLSP reservation.

[0077] The signaling protocol also supports explicit routing. This is accomplished via

the explicit route object 811. This object encapsulates a concatenation of hops that
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[0075] RSVP_Hop object 808 carries the | P address of
t he RSVP-capabl e node that sent the nessage (the nost

WO e@enis2rh t he chain of nodes) and a | ogi cal oRCTyUR2004/024395
interface handle LIH RSVPJHop objects for downstream
messages are known as PHOP ("previous hop") objects,

R e S
P i . RSP ' .
eSS A0 M AT R B oLt o

Time Val yes object 8§10 would contain the val ye for the
eXPP%IFrEE’EQHtegé%aF}bB%g%&gwlftl??éw&lrye%?@@%egf o} fgoRatcallyecompute by a
_However, in accordance with principles of the o
suithblo eantitsohased e QpP dQuality efsBervice) sndpeliyi rrauiements, taking into

specifying the start and end of an OLSP reservation.
confid€ratidn THeeprsvajliag netgropk etatec oln gnsmal, uafip corhputetigal can be control-
routing. This is acconplished via the explicit route

driveRioe @htafiriveh SisQRbERLst618 €RPISIH dhiRata. CONCAt enat i on of
hops thatconstitute the explicitly routed path. Using

t he object, the paths taken by |abel-swtched .

[00F&vP- idetads fof GvgenemhizasePBB el abst &eaperé @bjechdigpomaahin asicordance
conventional IP routing. The explicitly routed path

witle mne bentadiertsdre ashowel iy Bigeei 9.1 €the objeetist fommhi dadlides a length
conpute by a suitable entity based on QS (Quality of

fiel P90V, LElhsANImFRId 9072, AQCHlyHE FERILTDA, irﬁi‘ébt]'&t oBiitents 906. The values
consi deration the prevailing network state. In

in bgg‘{]g{agg-Nuﬂlaﬁad o8P éITﬁg fﬁeﬂ{b@?ar Qgﬁﬁﬁft%?fé :frg g{ﬁggardized once

riven, 1S used t tore explicit rou

078] Detai | f a generalized PBS Label Request
o pigipeatieogs shpkPdie FRAERE dPiskncth RPE ATQRGIERbOMD R rontents 906
...are shown in Figure 9. The object's format includes a
inclpde,g PRSflakal hagpga formef showmgHigyre Sqndgescribedalgnse
field 904, and object contents 906. The values in both

00 TIVTLPACLE A 008 £ TP, Kl B0, 8,800 o

node ttg gdS%{ gf gcrcggtgble llalgbe?sr.] %‘hlesnltl)nq%t%%natlﬁpligsb b %tpe(r: %g}t) %gglg ?{(_lb% 3271

discusses four cases where a label set is useful in the optical domain. The first case is
where the end equipment is only capable of transmitting on a small specific set of
wavelengths/bands. The second case is where there is a sequence of interfaces that cannot
support wavelength conversion (Cl-incapable) and require the same wavelength be used
end-to-end over a sequence of hops, or even an entire path. The third case is where it is
desirable to limit the amount of wavelength conversion being performed to reduce the
distortion on the optical signals. The last case is where two ends of a link support

different sets of wavelengths.

[0080] The Label Set object 814 is used to restrict label ranges that may be used for a

particular LSP between two peers. The receiver of a Label Set must restrict its choice of
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include a PBS | abel having a format shown in Figure 5
and descri bed above. [0079] The Label Set object 814

w0 2000882730 | imt the |abel choices of a downsPCEEN2004/024395
node to a set of acceptable labels. This limtation
applies on a per hop basis. RFC 3271 di scusses four

1abe@@1%eoiew¢1ﬁaﬁara sh@Gdd Behe Labet SRt Bl4.1 IQIuElli‘ BkORdrefla Label_Set 814

domain. The fitst case is whiere the end equi prren

R ALY -
PR T (R N e —

same wavel ength be used end-to-end over a sequence of
cap#uliises. dFhievase iarexpentéd to pathie. norefor iodes with eongersiveripcapable
it is desirable to [imt the amount of wavel ength

(Cleapst1 o) @rerfaeésIgTheub® bt Labdl €S B24tiB@pebsdlOfft hd predent, all
the optical signals. The |ast case is where two ends

| t f t t
labqu fr@%l] ﬂh_(%hkveaﬁﬁgg%i 13 Iﬁ’lg? g(@:tusgcgﬁi‘logée se\ﬂ%’l %@%E%ce of a specific

LabBIaSet obl]]e%?agg’heg Sl re]%st (fbé%cz \x@lggeo\gq,lue R a{ya eﬁ16§8 flﬁq?&ahd labels.

restrict its choice oflabels to one which are

[oosIpeci Theddinin t9raud abjedt S36tis Bded.-to MUGH dack @ode hRBglthe %th of the
n

Label Set 814 may be present across nultiple hops.

statﬁﬂfsanq?ﬁe SarR 115‘1%%&%%”1@ c%§seﬁtb§/ QU n O &%b@ gfl I%E:g% policy and

Label Set p033| bl'y on the”incom ng _
the §rr2)§ %att bc% har d nding nﬁ“’ﬁ% 1%% Iglbelgt%alg\%,s 't I’J{E o%yec‘?%neayl Be inserted in
conver si on i nca able (Cl-incapapl e) |nterfaces. The
eithgrslary pr Rew messeges gbiheghispretiongiithe,gress (for fath Pessagss) or egress
all labels fromthe valid | abel range may be used.

(for Bemcmpssagds) yoddse absence of a specific Label _Set
object inplies a Label Set object whose value is {U},

[OO%E i ecfﬁ%% Fgatffgeghg ﬁ%?%sﬁﬁ %gtoﬁjgn 8815'&1 g%n}]%ﬁtea%b%g% of the

of .the tus of an LSP. Statgl informatiaon is
destpgjatien &8 %I , BEceereS 0dBhs & discussrdanbaysy this infarmatins may be

pro agated in the correspondi ng outgoi ng nessages. The
prox@dﬁ ot theasespien abjestit &t ¢larity it is shown as separate data in Figure 8a.

Similarly, the Source PBS_Address object 820 contains the IP address of the source node

(i.e., the ingress node).

[0083] Further details of sender descriptor 824 for unidirectional and bi-directional
PBS light paths are respectively shown in Figures 8a and 8b. Figure 8a shows a
unidirectional sender descriptor 824A that includes a sender template object 826 and a
PBS_Sender TSpec object 828. The bi-directional sender descrjptor 824B further
includes an upstream label 830 in addition to a sender template object 826 and a

PBS_Sender_TSpec object 828.
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either Path or Resv nessages at the discretion of the
ingress (for Path nessages) or egress (for Resv
wore®sages) nodes. [0082] The Desti nati on_PBS_Apir/ES®04/024395
obj ect 818 contains the | P address of the destination
node (i.e., the egress node). As discussed above, this

[ooézpf or P@hf&@%bﬁ)bﬂﬁlﬁﬁkﬂ@%e‘ Varldi oBRER! &M @Q&ﬁ&%§sagelooo in

arit own as separate data in Figure 8
the nt

scogilcr it opd SGoGRUEE ST IRETTPR KSVP BLERH Rel messnge
node).. [0083] . Further, detail s of der descri r..8
is RSN di RECHNEn AP TETEOBS 4003 S7R1 BB g ccaadewéya Resv

are respectively shown in Flgures 8a and 8b. Figure 8a
messagoid08  alpdrel rraanyi it swithe Patle seeshaediV08 2inpludiigt a common

i ncl udes a sender tenplate object 826 and a
hea®RBB0Sdntberityldjedt 86b; SxstioB ABjecti3®, BSV® Heptobfroa808; AixderValues

descriptor 824B further includes an upstream | abel 830

objdch8 BBl A HimaN Stxdus oBRBOEN6, aBHPPHcY Dhhestjed362anth addition, Resv
PBS Sender “TSpec obj ect 828.[0084] Fi gur es 10a and 10b

€
mesk%ée;ﬁ?@g?%geﬁ%@%&?%&gﬁ’ r@ﬁjoogﬁjé‘ct%oé 5%3%’1 e Bo529606- 428 a flow
convent i RSVP practice, a Resv nessage is issued
des%ipt(gqbéccg?@(#%ﬁg node in response to a Path nessage.
Accordi ngly, Resv nmessage 1000 shares many object with

[0083t h RESSAHRN &R irhfonUsHi g (ReKO TBRArMERIA hat@Pdata that is used
Integrity object 804, SeSS|on obj ect 806, RSVPJHop

to cggﬁec X %%%vat;gn g%élat%olél%§ g ]J?)ggrtgsog?%m F‘urﬁxeg cfiét&nls of resource

v nmessa 0 rese fiquration obj.ec
rese Qns A&y %s%rltgg B@Pwloo ear(?g]egt f(fb W%alétgl&sl z{t%rﬂdentlfymg the
obj ect 1008. ﬁ%‘: 085]. Reser vat ion confirmtion object
reseqYa4ig0 st fiier. B Fotsd Hberasdisfinchreseixptipn anpexplicy Sélafi?r s¢lggtion),
a reservation for a correspondi ng PBS resource.
SE Shetcddixpliett aishared fesewstion e explicit sender selection), and WF (Wildcard

Filter — shared reservation and wildcard sender selection).

[0086] Flow descriptor 1008 contains objects for describing data flows. These objects

include a PBS Flowspec 1010, a Filter Spec 1012, and a Generalized PBS_Label 1014,

[0087] A PathTear message 1100 employed to request the deletion of a connection is
shown in Figure 11. The PathTear message 1100 includes objects that are corollary with
Path message 800. These objects include a Common Header 802, an optional Integrity
object 804, a Session object806, an RSVP Hop object808, and optional

Admin_Status 816, and a sender descriptor 824.

[0088] A ResvTear message 1200 issued in response to a PathTear message 1100 is

shown in Figure 12. The ResvTear message 1200 includes a Common Header 802, an
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reservations are described below Style object 1006
contains data identifying the reservation style, i.e.,
wo-BooS@iseesl Filter - distinct reservation and er@I/U81004/024395
sender selection), SE (Shared Explicit - shared
reservation and explicit sender selection), and W

optioWil %@gggy':bt L& 04, shaeedhd @BREY8Gd, Oth ﬂ%cg? gkt 808, and

sender ect’i on [0086] Fl ow des@ri pt or

d
o RS, RRRGTHS.L S@éﬂ B b FgE
1012, and a Generalized PBS Label 1014 [0087] A

[0089t hTaarcommssadermidOiserpiplysed f PBSUSSidet Spde! 68j6A®28 and
of a connection is shown in Figure 11I. The Pat hTear

PBYHRS ltggedt Rei¢id eEac‘belg b E&tSinkhAks &r féggﬁ’ir ﬁéjéﬂf%g}”'at Olass-Num

Pat h e 800. These ects 1 nclu

ﬁe@'zg(gzlegngtg-b é‘”ﬁeg@gké’ &%{%/Pceq‘i%éﬁﬁéf bﬁgcf"téﬁsg%gnﬁemnos and a
bengi ol 1'%‘,;\0@3;3&159@841;3@%%5@@%32? A B FlowRag ehissts 1010

to a PathTear nessage 1100 is shown in Figure 12. The
canReddensified b Shriiesnez0ne Chss-needC-Typovatues. Howdwluegio bandwidth %
anoptional Integrity object 804, a Session object 806,

fieldih3 REMprddomts aly embu@O&, bamderiditekpreaded Adirihie_ifteamhedia8 ifode as a
a Style object 1006, and a flow descriptor 1200.

erde80 8P the/AvaNABIB Mah W idBe on & | 1 i QErRBS._Sends é TSiate nod
P rec object 828 and PBS_Fl ogev\gegglﬁ% ectgﬂiom Each pibetate fiode

("6'1%'05%11“?1“5 £ péinl:08L P%t‘j%‘é‘iagg c8if e%ﬁ@%’%%ﬁﬂg of its
oufofsf IR FaFL e ceael " e SRUIE Boddl I blndSp oty bandwidn

1010 can be identified by the|r respective
alloggtipastablgniorathythe Neomiag labrh geapgsts @nd fletsaming idtin can satisfy each

field 1310 represents the amount of bandw dth
banéwisitlersguestby t he i nternedi ate node as a percent of the

avai | abl e bandwi dth on a given Iightpath segnment . An

oo BEPLAREa25 b ol LSRRI kOB i
performed during a PBS label-based lightpath reservation process in accordance with one
embodiment of the invention proceeds as follows. The process beings in a block 1400,
wherein a list of one or more‘possible lightpaths between a source node and a destination
node defining end points of the OSLP to be scheduled is built. In general, routing
components (e.g., routers, switches, etc.) have built-in logic to facilitate automatic route
selection. The IP addresses of the source and destination nodes are provided, and one or
more routing paths (lightpaths) are determined to route signals between the source and
destination nodes, wherein each lightpath comprises a concatenation of hops that
constitutes a complete routed path. Such routing information may be stored in a routing

table at one or more of the nodes.
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outgoing link. This enables each of the sw tching
nodes to build-up its bandw dth allocation table for
w@bkdospise73 ncom ng | abel requests and det er mi nePCT/UB1004/024395

can satisfy each bandw dth request. [0090] Wth
reference to the flowhart of Figures 14a and 14b,

[0092PeT atdrahanphd al Rﬂtiﬁ%] Re1d 03500Rd il WiduR@ 18 doBRiins a set of lightpath
| abel -based | i ght path reservation process in
C ap t : ' oy

rout%sr gc?ﬁg ﬂggtgmgz%* 1141 esuﬁ;ﬁﬁipe‘?%g}g%egfgg te@ BeWEN Kifice I?Ode A and

ceeds ["ows. Ings in a bloc

1400 ein.a |list . one 0 [ ssi bl e
destTiAGRH BATD AR RE - b5 GaTRISaR HeRPAd Clugifies o gpdered set of
.. node defining end points of the OSLP to b schedﬁked
linkgdslighfpath segmeyis At e t¢ BattﬁaﬁgrS%FPpsﬂ@wﬁ? 1gute. Routing data,
routers, switches, etc.) have built-in logic to
suchf ascihbi slwiven mutoutieg table K0, swlychs fined athdetpmiaed ireadesce, or
of the source and destination nodes are provided, and
mayBededdrniiBédedymutically. Pid Reduéd thghrizadingy reutmgdebles aiprierdtization
to route signals between the source and destination

algoRBAS Sof B Ef8iolls @GIpaths GiRT AT HbIEOMRY Itkeemployed.  Specifically, the
concat enati on of "hops that constitutes a conpl ete

oA A g B ORI ot 18 TR 0505 o
B SR R B B

support routing of signals between source node A and X
whiches tsinglet wgﬁelmﬁle ipngse thyoygheutdhe ropte)nprsasek Appstign of the routing
| i ght path conprises an ordered set of |inked |ightpath
availbiitg nit $hé hiate Gre, tond©SPFa(pes stiottest gatip fiett.eIEHe RFC 1131)).
route. Routing data, such as that shown in routing
Optioafllye alieMilt fRMd B8lef doxeshins Bristigddigigshthspretheasig eletermined
or may be determ ned dynanmically. To reduce the size

by altﬁaorﬁengd Fihd Fg%ﬁ@la&ﬁilﬁsﬂéﬁri tht 3@t in?riairy@é 89pioyBM Flirthermore,

e vari ous tpaths 1n the table be enpl oyed.

the RS a the ghERER N Ialis b b2 By Rt (A, pensiogiized)
. or nore specific transm ssjon-related criteria, such
if & ghangierig|E AR ST ABHGIRON FORGHIO] Sclciodiody Agadhd Chapee in network

topology of if there is a need to balance the traffic loads across the network to achieve a

desired performance. For dynamic routing, the IP address of the destination node is
provided, and the routing protocol navigates the network topology from the source node to
the destination node to determine the best available lightpath routes based on the various
lightpath segment combinations that are connected to reach the destination node. In the
case of pre-built fixed tables, the ordering of the lightpaths may be determined based on
observation of network behavior, e.g., through use statistical traffic data or employing a
heuristic traffic prediction algorithm. Lightpath selection techniques of this sort are well-
known in the art, so no further explanation of how this operation is performed is included

herein.
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whi ch a single wavelength is used throughout the
route) or as a function of the routing availability at

w0 b@soisres (e. g., using OSPF (open shortest patPCT/USRD4/024395
| ETF RFC 1131)). Optionally, a pre-built fixed table
containing prioritized Iightpaths previously

[0098t er f F&Qr&%c@%fﬁ%ﬁ#g gg%.@’? opfheq}ivéﬁ‘ioﬁ,dﬁ%lﬂgaﬁM a9 be further

or the I'tke may be enp Furt her nor e,

prioritizatign of th otent i | .ght S gan _be .
el bidefitt B el MR, (Bhimslt BREY, FOLetFplgemottite
. .in network transm ssion conditions i s detected, such i
lightpaths rapyaspse thesams [ineth a%&we&@wgcfn frgnspygsiqus resoyrags gppploying
to balance the traffic | oads across the network to
congrgring eavgledgthis rasel spppdristnnoee oEanougyefathieclighypath mggments. In
the | P address of the destination node is provided,
support of hihisr cast, agrips o aowingn aablgE004. hiag beeexprnded to incorporate
topol ogy fromthe source node to the destination node
lightpatidte tefipldyigs the BigStendVeirhERAtionl 'o@h%@éléhg%wtsﬁgp&?eﬁe%y the

on the various |lightpath segnent conbinations that are

o PRIE SO s | P00 ORI o WP i
Y e e T

traffic data or enploying a heuristic traffic
segipertd Ll i VS, and &PP shprort watelgngths sedidi’en t echni ques

of this sort are wellknown in the art, so no further

pl anation of how. this operation i erfor IS ..
roof3f?) AT i & mOR sk oty RS 18R dndiiEy % angitions concen
aspect . of the invention, |ightpaths nay be further Lo
detegpning Hithde giesay lightpeHs cREPEFes dishwalbrsegments cgprlphioswitching
segnents. For exanple, nultiple lightpaths may span
or enfhgodesrthat] dag IprpadhsuBginetresountasrio suppositraffic dased on transmission
resources enploying concurrent wavel engths are

requitenipatst fo afyituentme perivd.e 0 thet oHowinghdxamiple, sleghgipahs shown in
support of this case, entries in routing table 1500A

1850A R ' iRold S .
Y IOBRCE L) LSCORRBE UL DN B AIPEAILIB, o 14

the respective lightpath segnents. This is exenplified
[00941 enTh¢ essosieewnfficiengy rdsterimgtion process begins at the source node, as

identified by a start block 1401. In a block 1402, a first potential lightpath is selected from
the list built in block 1400. In this example, the first potential lightpath (1A.) contained in
routing table 1500B, LP1A1-to-LP3A1-to-LP5A1 is used. Next, in a block 1403, a first
Path message is generated, which includes embedded PBS labels for each of the lightpath

segments in the lightpath.

[0095] Figure 16 shows details of an exemplary Path message 1600 corresponding to a
first pass of the resource reservation process. The destination PBS address 818 contains

the IP address of the destination node D, while source PBS address 820 contains the IP
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tabl e 1500B corresponding to lightpath 1 of routing

tabl e 1500, wherein each of lightpath segnents L LP3,
waeashR73upport wavel engths | , and [0093] AfPET/USVO4/024395

or nore lightpaths are determ ned, the next set of

operations concern determning if there are any

addiesd Bf‘ E@Jrl?@ n6QIR | %ﬁrg}g tht HYPHdAns ﬁ&ﬁeg)é o 't}ﬁdm%%age is the

sw tching or end nodes that can provi CI ent

souERE SrRVERAPBEer AP b BiER, St ¥ s

foll ow ng exanple, the |ightpaths shown |n routing

[0096D! emE&atfionr s;]ﬁ RB) tly ervmisdidvhehdals Ofol€Fespective lightpath
beginning with lTightpath 1 (or 1A). [0094] The

ol GEPUGEE AP0k SRS SRIPASS I PR

I n block 4 aflrst pot ent i htpath is
D-LESH b siouetl 1t éh?lt #6814 élpdﬁugqnﬁraﬂlﬁedgl’%éklgae&dequq% opjeets312. Each
exanple, the first potential lightpath (I A) contained
label imchuala$ informtagioh edehEifiiig ah Rlput fibérgrottHdr the-receitiRg nbée {(esg., input
used. Next, in a block 1403, a first Path nessage is

ﬁbeﬂ?ﬂﬁ 'l36t%fiv1’£c‘i‘ilhig<31’ibdel’B)I bl gpue R elide %th REB3er dARMSIADEigBAE Rvill be
the lightpath segnents in the [ightpath. [0095]

tran{r.hg%ﬁeon]tﬁe %ﬁﬁiﬂgoﬂgé@t& %qu?lgﬁl‘%g?ﬁﬁg?ggﬁgﬁﬁl@ BSY& that the

COFfGSpO to a fi urce

r.eser hon The ;destin 1
ot S a1t B S SRl R S B A B RS G gt Whvelengtn
il e soyrce PBS address 820 conta ns the | Paddr ess
field o0 end A gl 08, 25 FeeustbabRB r 4 oBesatie VRS @S&ggsmgiz Hﬁlstfaﬁve
the nessage is the source node A RSVP Hop object 808P
purpgses) adndsthe fightprthassgments!D (rg.nbBY far tl{ed@m}aﬂu aoenledbétoren the
specifying the transm ssion neans for respective
sendinghidetéivingasdes. s al ong the lightpath route is
contained in Iabels A-B-LPI | , B-CLP3II , and CD
LP5I | stored in_|abel set 814 under generalized PBS
[0097pel Ap difgused ohpeethg 1SRN (oabfMadn cppgEse coarse-grain time
information identifying an input fiber port for the
perip@ geservatipns oxperegponging fonpguturef iseheduledrvses off vistyiatl aistwgrk links
node B), an input wavel ength under which data signals
comptiking dfghtpaths made up of multiple connected lightpath segments. Accordingly,

time period data corresponding to Time Values object 810 comprising a start and end time
for a corresponding coarse-grain reservation time period are respectively stored in a start
time object 810A and an end time object 810B. For illustrative purposes, the start time
depicts 12:00:00 (i.e. 12 noon) and 14:00:00 (i.e., 2:00 PM); in an actual implementation

date information would be included as well, either in the same fields or additional fields.

[0098] Explicit route information is contained in Explicit Route object 811. In this
instance, the Explicit Route 811, LP1-to-LP3-to-LP5 specifies the hop-to-hop node
address corresponding to light segments, LP1, LP3, and LP5, respectively. The explicit

route data are stored in explicit route object 811.
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transmtted on the fiber coupled to the input fiber
port (195.6 THz) (it is noted that the input
woerwsles2gi h is actually determi ned as a functiPer/os20041624395
val ues in input wavelength field 504 and D field 508,
as di scussed above - a specific value is used here for

[0099]! UStY abdot@arRET AR CRbect@ M thBCinkbHnDabiersRWAE Yor It use of
(e.g., LPl) for the |Iightpath coupl ed between the

o507 A9, 0" 555 MBS, R 8, B 3HRSF ot oy
T I R e

conprising |ightpaths made up of nultjple connected
defipingta brndwidib girdar the tasesvationigey be stored Webandwidiht’a field 1310 of
correspondi ng to Ti ne_Val ues object 810 conprising a
sendstr lescriphmt obprat 824re A ovill beqmadeadmocsergattomafios eesgriae mequest that
reservation tine period are respectively stored in a

con§iindst lebd fHAn QY &fhl GlEA wed Aailae bahdRidabifeci gBi@Bresource are
For illustrative purposes, the start tine depicts

acoepted WHAQ rédéleﬁs thg WARIMon&Fe ﬂifavgﬁa@? bAddvRdth will0R BMed.
I'n an actual 1nplenentation date information woul d be
included as well, either in the sanme fields or

[00HD]li t Theakbxtf seelod vpefaio@B8indlqeic eret perGurned i infaolowainigomanner, as
is contained in Explicit_Route object 8 In this

indit#ted _B? 6rt dnb@nétedp BlbéksRaot an®1405, ls{%kﬁﬁgﬁatts%tchmgl;ﬁae B, which
specities the hop-to-hop node address corresponding to

co é))'lzlg theCAILE rc‘:'io%es&'-@zitchh?no@éqg Lt?%inézﬁ%?ﬁ@l@dﬁﬂh&ligﬁﬂ%th. The

Icit route data ar store € cit route

ope?aﬁéﬁﬁﬁ@?%%?'d?g@%%aﬂ HREER, PP el _199;‘?5’1%? é%q%p%% ﬁ%ﬂgnned in an
it TEHC Gk, SSHA G Eaals (A (g LMD SoBRgginEes been

bandwi dth i s used. As discussed above, information
evaliieteil rfon gvaildbalitsni 45 hised herein, Hhe tesge ' arenp modelyidgatifies that the
stored in bandwidth %field 1310 of sender descri ptor
opefHioas tireBBdng perfvinhdd itea madie fazl which thesealuattd dighfpath segment is

resource request that consunmes |ess than or equal to
recdiVil, U PeMerdVakbitatlde" Rpncdehd i AGk nddSiy 812 KBS §6n e chain.
When the logic loops back to start loop block 1404 from end loop block 1405, the next

node becomes the current node.

[00101] In ablock 1406, the Path message is processed at the receiving node to extract
a corresponding resource reservation request for the node, based on the Path message
objects and the embedded PBS label. For example, at this point switching node B has
received a resource reservation request to reserve 30% of the 195.6 THz signal bandwidth

for lightpath segment LP1 during coarse-grain time period from 12:00:00 to 14:00:00.

[00102] Next, in a decision block 1508, a determination is made by the node to whether

it has sufficient resources to satisfy the request. An indication of sufficient resources
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accepted, while requests that would consune

unavai |l abl e bandwi dth wll be denied. [00100] The next
w@edsois20per ati ons and | ogi ¢ are performed i n BCT/OS®0410R4395

manner, as indicated by start and end | oop bl ocks 1404

and 1405, starting at sw tching node B, which

medh8 TRAt1tBE Spdcifedf debdifreC (123 @R bavigil IQQué%Pﬂﬁth@rfr ency of for the
i ngress side of the |1 ght pat h. The operations defined

lighﬁ?a'ﬂ}’\?ergﬁge gt ?Jc{aw@@g 4 Q:utrgﬁﬁmokalefﬁa{@rfojf $9& @ﬁgtoﬁﬁgaaﬁﬁéd%led for use

In an I erative manner or ea

ovel G haBh o ghe Shraiidie Py r‘lnﬁ%%oerﬂad@r?lﬁntbﬁﬁsemfwon may

current node" identifies that t he operations are
be Belpgnpe tRetden KEOWOH SBRITYAHPT WRPEHP ﬂartéeSe\st@rftﬁa@te&ach node, as
i ghtpath segnent is received. The term "next node"
exemppfied byt s resourcaaxservaiive fahletl60 |shgivnpiat Figsesgtnt The resource
chain. When the logic | oops back to start | oop bl ock
reselvdlibn fraercemaink dap pbitgiaing 1d Odft"t((hguesed, bapgke thbe oorfimed) and
the current node. [00101] In a block 1406, the Path

"haftP E88EnIsR) RERRARBRI LA int NArib RO RhieilEbiclP HobReE PRI by the
a correspondlng resource reservation request for

nodg Od[%(tjs gagac‘ %ngﬁ%dtlg Seve E;g Qomﬁaﬁl%lu%%{ge%% 8}%&;}1‘31 I(%V column 1702, an

bel . rexampl e

. t chi ng node as .received a,resour rvat

iDL SO B LD 28 UG A g g 04 G Gehtpah Sogment D
bandwi dth for |ightpath segnment LPlI during

colusomi 08, g st timeecqlennddld.rand end ctm@@oltlmnlwléo apbandwidth %
[ 00102] Next, in a decision block 1508, a

colwhet &7, aad ammivatimastetuh)f(stztthf) cobohén 10 6whet her it has
sufficient resources to satisfy the request An

i cation, of ficien rsour ans t the
100@3 e@&ott&fbﬁﬂ)@eﬂ?rﬁs é'keyt oS aRIF SR -o B eq gbodipent, the
frequenc of for the |ightpath segnent received at the
keywnwmtln%met}oquamn%t@ the esspion sbject 8ffeelithe Lat/omessage. In
use over any portion of the specified tine period. In
anothee enbatineent thet keyw is nfeivedt ifiom naycdmsbidetoar mif ndata in fields
based on resource reservation | ookup tables stored at

cor@gsdnd , tha PEXXRIBBI (ifel, 68 iyt Hibe POHT courh® $P04, dhpr@Nwavelength
table I700 shown in LI gureﬁqu?a T%g resource 4 s

column 1706, and lightpath segment ID column 1708). This enables quick lookup of

reservation entries in response to processing control bursts containing specific PBS

resource allocation requests.

[00104] The input fiber port, input wavelength, and lightpath segment ID are
respectively stored in input fiber port column 1704, input wavelength column 1706, and
lightpath segment ID column 1708. The start time for the requested (and previously
confirmed) time period is stored in start time column 1710, while the corresponding end
time period is stored in end time column 1712. The bandwidth % for the request, as well

as previously allocated bandwidth %'s, are stored in bandwidth % column 1714, Status
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reservation table contains data pertaining to "soft"
(requested, but yet to be confirnmed) and "hard"

w@ ewabis2med) reservations for the various tranBei/ES1004024395
resources provided by the node. This data is stored in
several colums, including an optional key colum

bits YOG elﬂ% uhERHrmbl REY aROEdnfEREY T b{PatidB akd thl;ed in reservation

wave th colum "1706, a lightpath segnment 1D col um

17 rt time colum 1710, and end tine colum
sta%@%m@li%éﬁdw dth % colum 1714, and a reservation

status (status) colum 1716. [00103] Key colum 1702

[00105Pr €F BnK @¥pdeql ree@tbe hadiladilite Gordétermimedneasediugd e bindwidth
the key contains information corresponding to the

avaig%%lo' G8r AR RGlesBAqidhbpatih ?eglﬁ%g i??%tsv@ﬁ%lengﬂl, ANQLHRS %e%riod. For

iment, the key i's derive m a conbi nation

dat a-i n_fiegl ondi to the I . (] .
exaf il | LSS BhERE B AR e AR OBFpfpging o e
col utm 1706, and Iight&ath segment | D caql umm 7Q£%,
curr; EsEHIedgui X FYLREFCBE TesiFvials gHogled Pardyidth for the
response to processing control bursts containin ) )
requepte dintd peripRSs (68 %o (108e tal %k altiiv noted dlps $n¥ enjrpoviBup timeeperiod
i nput fiber port, input wavel ength, and |ightpath
oveldgpicenthel fdqaested émpepdriodednd bavinge dinhiter i paparhetéisbter the aequested
colum 1704, input wavel ength colum 1706, and

resoutc@n$ BetsideS@l B bah Bwidwh Yeerk 0F%he dit€esSik abirebato® i@y with the
the requested (and previously confirmed) tine perio

reqde§te§ %Qﬁcﬁﬁgjchn P {h%gh{nlt d.nfgﬁe Gé}ldkig&h 14d8as é\’gélle&e& ﬂzgesthlolrglevalue (e.g.,

correspondil ng en period 1Is stor In e

| u 712. The bandwidt h %for the request, as [ 1.

10053 il 1o i S R0, 200 P e S aceTHIE RespyfRy W sty he
bandwi dt h % col um 1714. Statusbits identifyi n% .

requgsls BiFRitingdp aNG) apsiverde desisien §lqok)14PR.s & (peponspstig degic proceeds
stored in reservation status colum 1716. [00105] In

to adheckal$p @ dn whicksamerce naessddedbigl, iReyvhrs) Westnirbrack del thsaariginator of
on the bandwi dth availability for the requested

the fl:dqgéﬁt 024, the sgured hodd) N P hddisive toe 1A, thfideshioEmpe be Gét. to allow

or

under- and over-provisioning of the resource.

[00106] If there are sufficient resources to satisfy the reservation request, the logic
proceeds to a block 1414 in which a soft reservation is made for the current lightpath
segment, In one embodiment, the soft reservation is stored in the reservation table by
setting the status bit for the new entry to a "0". Under the current example, the answer to

decision block 1408 would be YES for a 100% threshold.

[00107] Next, a determination is made in a decision block 1414 to whether the
destination node has been reached. If it has, the logic proceeds to the next portion of the
flowchart illustrated in Figure 14b. If it has not, the logic proceeds to a block 1416,

wherein the Path message and embedded PSB label to be employed for the next node are
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exanple, Figure 17b shows entries in resource
reservation table 1700 corresponding to the current
WO e®onIR2es r equest . As can be seen, the previ ouBCT/US2004/024395
al l ocated bandwi dth for the requests tine period is
65% (40% + 25% . It is noted that any entry with a

upditbdSo fe! Ré;(lt q}ljg%gdaﬁp RéAfed: NeTHEHAREER fabdPwREhbRre®&Ence the

avi ng S m gr aneters to the request ed resource is
e
oo e L SR L LS B s

tinmes, there are |nadequate resources to satisfy the
Pathy mepsaga wilk kssuridated do raflegt they rodeWeis now the EHO oredst ock
1408. I n response, the Ioglc proceeds to a block 1510

[001t0§] Vm’tl?egrre?og rﬁ%re erval, ont ﬁgﬁee egdlgal{nn e/ cha% elgt%eg?snttheg i xjévarded
node).. In addition to. 100% .the t hreshold ma ,
to ﬂ%eon%ﬁndewnaﬁﬁ%} node aghe FiEHrkRg §}°61Fﬂ“|1r°§;“ o a?q?ég'c}nés a‘aﬁb gnd loop
00106] If there are sufficient resources to sa
blockHid0p e dsrdisaubied abosdt operMESTSBPIOGSF b 408,01 HOp ik 1414
1414 in which a soft reservation is made for the

and 4116 eind tHenglepezadd) as egpmptiate] in améteeative dnammet untihéhesdsstination
reservation is stored in the reservation table by

nod§ %tﬂeadhgdtﬂeﬁdﬁﬁgﬂﬁltasyhstreg‘u@trfoi B&i WL 1413, Olndaccdance with the
Under the current exanpl e, the answer to decision

exalﬂéﬁc&urﬂ‘fégtﬁ? WU PR is \Ee?lffe‘aftg& s%éﬁﬁlg%ﬁé Iﬂ%o!:djﬁl E%}&Fﬁgﬁmm’c

ermmation s made in a decision
her the destination n been re ched
resopfoeh 48 e T BTEMH D S HOPTEH - hatEe B GG P lihtpat
flomchart illustrated in Figure 14b. If it has_not,
segimérg LRigiso e awatde ofboperitians keondears, restesee pyrilehdityden lightpath
message and enbedded PSB | abel to be enployed for the

segriEnt . P3QA & anblehiE All @ecdiviid dt BRitetexg nbdeoD! pathis &RgeRtdetermined
The applicable label will now reference the |ightpath

that %%gﬁerﬁoeé{g ﬂaQIF gﬁﬁﬁl&?i‘eﬁoﬁﬂcm %Jbaﬁﬁ&?ﬁ‘?@ tcmél Qla%l@n%cg within the

rou I'nc I'ng new | nput
mv%b?reaﬁét £68 1ghtpéthls£:g1%grﬂl Pc.’»?bllhus theI; Sns%v%\r/?c‘)] I&leo iSi0 431eocf( 1408 is

NO, and a PathErr message is sent back to node A indicating that insufficient resources
are available (i.e., the route is not available). In response, node A selects the next
lightpath (1B.) in routing table 1500B in block 1402 and generates a new Path message
and set of PBS labels in block 1403 and resource reservation operations are performed for

this new potential lightpath.

[00109] During the processing of the new lightpath 1B, it is determined that the
resources provide by node C for lightpath segment LP3 at wavelength A2 are inadequate.
A corresponding PathErr message is generated in block 1410 and propagated back to node

A, which then selects the next applicable lightpath in routing table 1500B. In one
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Path nmessage will be updated to reflect that node B is
now t he PHOP node. [00108] The resource reservation

w0 egaes27xont ai ni ng the updated | abel is then POF/vs200€024395
to the next downstream node via the signaling
mechani smin accordance with end | oop bl ock 1405. As

sedi.a
emt%ﬁr%&ﬁ 113(%126 &%@%ﬁtﬁﬂg Q@%g?%ég%% h\ihélgiéfglt@}é ﬁatl‘lﬁ)& tratf#O%hether or

notg;lD%tnlpeﬁ;l gﬁ ath ot g%{enjt trlg 2@%1'1%}% { esuﬂfet Ir%sg}\{a 10111 eégcorgmém, when
SDPISRSA{S, BOUCHA RGeS T st i et gepe gévsviV?eQQHOWﬁ%Pnonw ifitis

swi t chi ng node B could provi de sufficient resources to
lﬂlowalﬁhatélahh@ﬂb%mmﬁ@wwawmmg%twns wiil met werk od
request for lightpath segnent LPlI, so the next set of
0 rp.r val | abi | [ ht
[ooPﬂ)g 98{%58 Ml the %ﬁg?% wh& e éll%gﬂeé&g%{tlal et a%h Bifered is
no .cas s, det i ned th
lishBE HCs ThEChstrif Plsined it rods Crh Proradn il siasources for
and wavel ength within the tinme period request for .
lightpagth sqzment E83 rag iwaveR8gth THu end tiree desssweant portiew jof ithmreservation
bl ock 1408 is NO and a PathErr nessage is sent back

reqiielt RQApletéd) dIt GahdtBd thad Arin S procésedoff REQUEES RSer@hton entries
avai lable (i.e., the route Is not available). In

are AW&REAO #fe re Iésé%tﬁ)ﬁtti‘?lgggg o8 hodek gjﬁrﬂ%h (IB.) in

routing table 1500B 1 n 1402 and generates a new
Pat h nessage and set of PBS | abels in block 1403 and

[001H3 ouNert, mesrovetdi torthe pertiahiofriise Howclpet flmwreth Figoret hibs which
new potential Iightpath. [00109] During the processing

repieentdtBe DpKitdahOpuraad bf thBresetvation EB%)E@E& mAReds pbiat the@rrent node is
resources provide by node for |ightpath segment LP3 at

the YRUE1G09 R dL D 25E dé ade ogf?rﬁl%gﬁ ﬁg%poqgg ) o?@fﬁb@f{tlﬁns are

message i s generat In propagat é

fepﬁa%é‘h%ﬁaeeﬁl of'h oﬁ?fieﬁga'f?lf%ilh%cstf%a%g%ahﬁoximaaﬁﬂ‘a’%'s%??%%%F-Pmpagaﬂon

ode A maintains |ightpath segnent av ability data
techDifRe: fiese RBCAHEEHEE C{} m??é%d Y §lafte?nd P%loaatHO%glMtand 1424.

is available for the reservation. Accordingly, when
The operations are performed at each node, in reverse sequence to the downstream

traversal of the lightpath using a Resv message that is created in a block 1422,

[00112] An exemplary Resv message 1800 corresponding to the current state is shown
in Figure 18. Many of the objects contained in Resv message 1800 contain similar values
to like-numbered objects contained in Path message 1600, including Session object 806,
and start and end time objects 810A and 810B. As discussed above, the Resv message
contains a flow descriptor 1008 that includes a PBS Flowspec 1010, a Filter Spec 1012,
and a Generalized PBS Label 1014. In a similar manner to PBS_Sender TSpec 828 of
Path message 1600, PBS Flowspec 1010 includes a filter field 1310 value of 30%. Also,

the Generalized PBS_Label 1014 will have a form similar to generalized PBS label 500
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appropriate, potential lightpaths in the list may be
ski pped or given a lower priority if it is known that
wo p@hhparh segnent @wavel engt h conbi nati ons wWedT/US29D4/024395
wor k. [00110] Continuing with the routing table, the
next potential |ightpath considered is |ightpath 1C
dlsc{libfeg hibovEaSth thik inStafl@! nénpEM 1iaic-pay %o&e%ﬁdﬁ?%‘ 8htpath

ficient resources for |ightpath segnent
ion of the
Segﬁﬁ%\sfz‘rp\%gt% ?Tgmsggthg? ttﬁﬁgn g@ﬂ@?&%@%{@dﬁgﬁs not ed t hat
during this process, soft resource reservation entries
[00EI3f added tHeOinitind ResH auyssaer i6 SReated, i the 16giblpescealls kwthe looping
nodes C and D. [00111] Next, we proceed to the portion
opef@fioh Q1iddaRNCRALthrt 209WHd 'I(pr':‘bl%l{sel@é bindagh T‘h%pﬁﬁfsﬁfétrﬁlon in

the upstream'portion of the reservation request.

the o'ab BT o WISACteBhe iRl gk e AESLING! 1P B GHirProce i

jcte sSta

ns, are repeat for each,.of the nodes al on
upggifed ?%Pilefdeffsw %&Pﬁ?hea&qrrﬁsmdanwéwrﬁ%ﬁrgg%ra 2. Tnis is
t echni these operations are delineated b
reflegipd @hghan@u}g the oekes nAPSrEtien 1aus cqin@ndﬂééa%m@ ras"Oéir(éoft Le.,
perfornmed at each node, in reverse sequence to the
uncaldisnsty a1’ (lard) isa| conﬁrmdrde nieaging plad tesaistesgpracdesntted).
nmessage that is created in a block 1422. [00112] An

exenpl ar Revmss e 1800 corr onding to th
00i4F okt o, UmE At ORI D1, (anGmgfsnppbots) 606A. and
obj ects Qont ained in Resv nessage 1800 cont ain simlar
6065 athu switghing inpde Buarb shewn dbFigee 6c oVthan eI PBR 1pbkal Hnformation is
nmessage 1600, including Session object 806, and start
transmitted felg.t fom wdajeek tsn@ibd@H, andft 8kOFatids isdnsdeu sedes B, C, and D,
above, the Resv nessage contains a flow descriptor

as ddfd8iBed Astvel Moy dRtnde FIHA Ebewp Rt 8 @ kapshofdfl thefes@PEifon table
1012, and a Generalized PBS Label 1014. In a simlar

R 0
B R 30 R PSRBT 8 o e
30% Al bel 1014 .
e £ w8 AP D) (BRI Biomcii oot Shtset e o
ove, In this_ instance, the PBS | abel C-D- O
stat@d:pp)e@ Fehie hgndisatingghe E@aspwatlon is not confirmed (i.e., a soft reservation).

Time instance 606B corresponds to the change in the table that is made to reservation
status column 1716 when the reservation is confirmed on the return path from node D to

node A.

[00115] Following the operation of block 1426, a determination is made to whether the
source node has been reached in a decision block 1428. If it has, the process is completed,
and all segments on the lightpath are reserved for a subsequent scheduled use. If not, the
process proceeds to a block 1430 in which the Resv message and PBS label are updated
for the next lightpath segment. The process then repeats itself for the next (now current)

switching node until the source node is reached. At this point, all the nodes along the
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segnment LP6 conprises the first formof the enbedded

| abel . [00113] After the initial Resv nessage is
wee@anest73 t he | ogi ¢ proceeds to the | oopi ng opRCHUBZINA/024395

delineated by start and end | oop bl ocks 1423 and 1424.

The first operation in the | oop occurs in a block

1igh%§1§gwﬂlﬂ43§&eeh£}cgég.%.,%%Bﬁifiﬁé &3 EI0RLT 811 fRN erthe 1EHIpaNWill be

I's upgra to a hard reservation, and the
respondi n eSO .ar ‘ [ -
B S5 ER A HEQRA BaPR Tl Pebgr
colum 1716 froma "0" (soft, i.e., unconfirned) to a
[0011&] (Aafgther ifdicat€DBy itheRbels Mepibicddn tHigure &S thar abels doea given
commtted). [00114] For exanple, timne-based
ek ' i ' t i k
noc GHEYR. 5. B0t b el MTRARIEREAC By BOP SR o perver
topoicgggre FEE{’“?}S%I%? g%e#% f&%gﬁa\gag?et@ fbrstiﬁlésagsaml tllt .eﬂle(lg%% 1aé)tefsrnag ggeigdicate

reservatiron 1's nma

) , and S cribed above. Ti [
o igglpelToeein oL bk S b s e sretis ar 197 i P8 4, and
node B is shown in Figure 6 shortly after a soft )
195 6Bz, vasnegiivilns Ibsemirashdé 1 # mortipnsofcthe goutingepath and frequencies
reservation status (Status) colum 1716 val ue, which
havebevardhssgedasidhahatahe lightpath route is LB st LB4 i EP3, ustngswavelengths
to O, indicating the reservation is not confirnmed
of 1§7.2 CHz, 29561 &sL1954 THR) . Ti ne i nstance 606B
corresponds to the change in the table that is nmade to
reservation status colum 1716 when the reservation is
[001d3hf | Ansithpbified théookediagranpi09 of enkBd dwviphing peslgearghitecture in
[00115] Follow ng the operation of block 1426, a
accal@inee mittadbneoembalinmaateis tshowd éd Fegurd he Thearictelligonteswitching node
been reached in a decision block 1428. If it has, the

archREQERSH lozieAyndiflded inRNEbrdlol pRa@TEdHhSoreAtst 44R1 data plane. The
i ghtpath are reserved for a subsequent schedul ed use.

conk Pl PIEAR 2SR PABEET by Lot A Bk ) 02
coupqgéétplc !slﬁgﬁ%?{qg9ﬁg%%?tﬁow¥%§} %&%{e)%ssosr {éﬁfb 1r9%ge§1tafc’ runs software

components stored in a storage device 1907 to perform the resource reservations

operations 1908 disclosed herein. Network processor 1902 is also coupled to one or more
banks of SDRAM (synchronous dynamic random access memory) memory 1910, which is
used for general memory operations. The data plane architecture comprises a non-
blocking PBS fabric 32, coupled to optical multiplexers 1912, de-multiplexers 1914, and
optical transceivers (as depicted by an optical receiver (Rx) block 1916 and an optical

transmitter (Tx) block 1918).

[00118] The burst assembly and framing, burst scheduling and control, which are part
of the PBS MAC layer and related tasks are performed by network processor 1902.

Network processors are very powerful processors with flexible micro-architecture that are
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swi tching node until the source node is reached. At

this point, all the nodes along thelightpath will have
whaod/o(s27&. , confirmed) reservations, and the BOI/USM04/024395

l'ightpath will be schedul ed for use during the

i ndi cated tinmeframe contained in the reservation

suitdo®@P16- 811899& 1§1de’9t§nééJ e NGdcichi gk&%s‘ﬁ% B¥skk hend1@hgd Sclassification,
ed’ I n [ abel s d

epi ct Igure’6, the for a given node pair

may change over .tine.to reflect..a ¢ch e iyn the

metqH g SR GUEIER BT BRESo TEOPoPIBg s oy Fapmplfe the lfel®
PBS | abel values for tines and . The PBS | abels at

IXP2§() B+ whigh [is et pmone ewbediment, hps 16 sirpangines|thet, capsppiprt the
wavel engt hs of 197.2 THz, 196.4 THz, and 195.6 THz,

exeaquaspet tip vel493 mivromginedsstrucibng perpaplot it @ packfet tdie of 15 million
routing path and frequenci es have been changed, such

packelAter k&@nl fGTOPEHIN afi 4 ERCck Satd- B 1UGHL4 to LP5, using
wavel engt hs of 197.2 THz, 195.6 THz, and 195.6 THz.

[00117] A sinplified block dLa%ran11900 of a PBS

[00149] t clni ong evaknslimenthihecptigpleswitphafgbae Bamstactly npn-bipsking space-
enbodi ment is shown in Figure 19. The intelligent

division tacdhiitacfureowrith dhsthi<t 8 us)eswischimggtioeb lapd divh digdted ndumber of
control plane conponents and data plane. The contro

inpuPbBPat oG Ngjs ~AENDK D). UBKEL 37 t&”ﬁic@iﬁi@oﬁi gg%bwgr fiber links

processor 1902, colpled to glue logic and a
.control. prgcesso 19 at .. S0f re ..
ypief et SR Rcdret Yo ot Rgh e ThE RSB AU Suhigy, pag no or
. .the resource. reservatigons operations 1908 discl.qgsed .
timifeg etieal RNAER Tofrig. Budeims: Spsstiodl BWSGSWHEHIE qViflen gngariable-
or nore banks of SDRAM (synchronous dynam c¢ random
duragion dises Hetrhetwgenthernpyt arshoutpwitiiosts. TEnagdedl theeptipahbyfiiring can
nmenory operations. The data plane architecture
be impleptentedusingniivepldelalilings FHI §)adwr segerdPunused pbes] suich as taught in
optical multiplexers 1912, de-multipl exers 1914, and

L. XPtHCE. HetRESHRI G Rouklas, deailmiRes Tyr aptiedlt kbt Switching and
receiver (RX) block 1916 and an optical transmtter

on bl SHAEL TR T PoT e B8 . e
specific optical buffering architecture, such as feed-forward or feedback, will generally
depend on the particular characteristics of the switching node and PBS network in which it
is deployed. However, the amount of optical buffering is expected to be relatively small
compared with conventional packet switching fabric, since the FDLs can carry multiple
data burst wavelengths. Other possible contention resolution schemes include deflection
routing and using tunable wavelength converters, as discussed above. In one embodiment,
contention resolution schemes disclosed by D. J. Blumenthal, B. E. Olson, G. Rossi, T. E.
Dimmick, L. Rau, M. Masanovic, O. Lavrova, R. Doshi, O. Jerphagnon, J. E. Bowers, V.
Kaman, L. Coldren, and J. Barton, “All-Optical Label Swapping Networks and

Technologies,” IEEE J. of Lightwave Technology 18, 2058-2075 (2000) may be
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of the PBS MAC | ayer and rel ated tasks are perforned

by network processor 1902. Network processors are very
w@owsiszl3 processors with fl exi bl e m cro-ar chi PEDUS2004/024395

that aresuitable to support w de-range of packet

processi ng tasks, including classification, netering,
impRElehfEUNIThE PRYGREV O @M RAAES Qithad delhti@ly sfall number of control

schedul i ng. For exanple the Intel (r) I XP2800 NP,

n enbod n as_16 croengin

warglingly o S oot edxegonard iindle Thh" Dl Vaetengtt.

m croengi ne i nstructions per packet at a packet rat
Furthermoze,nibe| B sydich clebrie ean abgdo pRerats with @Egk?nwa&elength using

clock rate of 1.4 GHz. [00119] In one enbodi nent, the
multipleifibats; Beweveh, figther detailaof gtis inaplémentatioriire akt dvgclosed herein.

spaced|V|S|on architecture with fast (< 100 ns)

Ltchin t ed of
100 i3l P PritoT S Cpalb Seneedfler b R By B s ot P (008) on
i ncom ng or outgoing fiber links typically carri
sepaﬁatpwmﬁgl ehanaelpyr Ber thgv@PBngask. theneptisy @éef? PuBisi ?Lfe statistically
which has no or limted optical buffering fabric,
switobed arangivert wavelengtlbetwees thesinputcandraytwit tpeits vethin a variable time
vari abl eduration tinme slot between the input and

durgish byt the @BSSfablié basea@dadhe tdierve@bwitel confiduedtiongasasendremically
i mpl enented using fiber-delay-1ines (FDLs) on several

by %@h{géﬁ(dpﬁ%sts& 1999C hN@SIQbQLIQ hés 1pbﬁ‘sﬂﬂe tg%xttl"ct ﬁg}e 108fih® $nformation

G~ Rouskas, "Techni ques tical Packet

i tchi and [

frorg it b RShe iR phE ﬁﬁ“ﬁ%?‘%ﬁ"%@fgﬁﬁeﬁ% of fhe PBS, switch
optical bufferi architectu h as feed-forwa

resagfoet S CRIUTIOR [Ualfobies 3 41 HEDRAE AP HRERIRE .cemr%ldbursts for
characteristics of the switching node and PBS network

the nextWHBE lswitching nedplopythe pathotmthe regrash doderp dptadgition, the network
optical buffering is expected to be relatively snal

pro@esup apedides t bvecahViRBS | metabrkp achegersant t fnctignafigbriased on then
since the FDLs can carry nmultiple data burst

extefB¥E GIMOIL $1.9ascd AfheweESdifuSsed Abo @&t IFa thee B Icide, ®Bth the control
schenmes include deflection routing and using tunable

andm%\[gg gﬁfk@ i %}{ 1€l So @ ﬁ%@ GU3RR Y BRO VG écﬁm%‘i‘ einterface unit.
enbo o)

ment,” con entlon re utlon schenes dISC osed by
How?e've%'NFllgaE ?énr(])?és the 1ncom1ng Sﬂa{:]l bursts basesc’lI on the gﬂrst payload header

information. Similarly, the transmitted control bursts are ignored at the PBS fabric since
the switch configuration has not been reserved for them. One advantage of this approach
is that it is simpler and cost less to implement since it reduces the number of required

wavelengths.

[00121] Another approach for IB signaling is to use different modulation formats for
the control bursts and the data bursts. For example, the control bursts are non-return to
zero (NRZ) modulated while the data bursts are return to zero (RZ) modulated. Thus, only
the NRZ control bursts are demodulated at the receiver in the PBS control interface unit
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Dinmm ck, L. Rau, M Masanovic, . Lavrova, R Doshi, .
Jer phagnon, J. E. Bowers, V. Kaman, L. Coldren, and J.
w®aoos018273 Al | - Opti cal Label Swappi ng Networ ks BEIUS2004/024395
Technol ogi es,” | EEE . of Lightwave Technol ogy 18,
2058-2075 (2000) may bei npl emented. The PBS network
whiledhe REe(fa@J Bur taﬂ: 1@1161%!1 atrhy §lekifRBOB PFUBRBAtrOf siSRHMnE @Lheme to

wavel engt hs ), since they can be shared anong

be S?ﬁ%%?gsaag,ghg\g %ld% g{dgﬁ Furthernore, the PBS switch

pera e with a single wavel ength using
multiple fi bers, however, further details of this
[00122p! eRBbbATents dntethet ardl apphratirg dohignpdérhentn@Ali2Qjurdeheservation
control bursts can be sent either in-band (IB) or out

sché?ifulelgaiﬁd (PRPBhi 0 BuREBRtEHiBs MREWGRI ar6 NRBARER. hdrbin, T l’t? the above
case, the optical data bursts are statisticall

desc%‘llﬁtt%ﬁ rﬁlqne%{)usa \Hglf‘lx i nraemx "ﬂeegég Fcle}tht 6 %\gﬁe El?ﬁorbﬁ%}’ﬁqcﬁmandmg of

a varila uratlon

Y o TR .

IS responsible to extract the routl ng | nforrratl on from
thatignebodiments A theowmemionganiespragiicsd vaithagt PRK 8 GRage jofthe specific

reservation of the PBS swtch resources for the
detailecpresitle otheimmathiods, sompomants, frateriatey etch dn wghwr mstagoes gyell-known

control bursts for the next PBS swtching node on the

strubtafds, fndtetiil, QUsREMioAER not Bh@dbit dddbribddia deetiMorakoid obscuring
processor pr ovi des overal |l PBS network nmanagenent

ality based on then extended GWLS- based

thlsfd#%n@\ls\lg?k di scussed above. For the IB case, both the
control and data bursts are transmtted to the PBS

[00128]] t cRefeadnck c throughoont thsl spetificdtmoe tani‘one HoweodamentRiPor “an
1902 ignores the incom ng data bursts based on the

emtdiridnt P Adad dhireadRrtidult ofefttd, GRuctbrd]l drathayactérid€ic described in
transmtted cont roI bursts are ignored at the PBS

COILII&%E)hQN Oeeﬁi %ﬁ NnGRadd ﬂluﬁtalte?sqt nRASnBYAmMEREST the present

reserve vantage o |s approach is

t hat | r and c |l ess ta.j £ 1t
mv“ine‘Bﬂce Wﬁeaﬁnﬁwlaragfesr 8@3%? &t r%%?/elnengrie gm%dlﬁeﬂ{; o “in an
embodiment” in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable optical manner in one or more

embodiments.

[00124] Thus, embodiments of this invention may be used as or to support software
program executed upon some form of processing core (such as the CPU of a computer or a
processor of a module) or otherwise implemented or realized upon or within a machine-
readable medium. A machine-readable medium includes any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer). For example,

a machine-readable medium can include such as a read only memory (ROM); a random
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[00121] Anot her approach for IB signaling is to use
different nodulation formats for the control bursts
wanpwspie7slat a bursts. For exanpl e, the contr ol POIIUS1084/024395
are non-return to zero (NRZ) nodul ated while the data
bursts are return to zero (RZ) nodul ated. Thus, only

0 gl i b8! and a
e FERERRBS e PBFRY B ERINIR FEofhet rigr e
bursts are .i gnored ecij f e
flasty Gy BF Y Pig. dBnMETE bebEuiErafelie %%5%‘1“. o ST oelude
dependent . [00122] Enbodlnents of E.ﬁhod gﬁgga atus d
propegated signalietich iy elerlagdlu PRdcaleaeauslt 8t jpRopgsate
photonic burst switching network are descrlbed her ei n.
signils (¢ pecatioveaesiofrastisignalsndisialoigmalspele)f i ¢ detail s
are set forth to provide a thorough understandlng of

t he i nyention, I in .t
00i33 o e, FrSeging “pelliEore bmsingl 4rhte' Bn e e
of the invention can be Practlced wi t hout one or
descgibed. h&f Wb diopieyery e gvident ghat KpgppsoRAGHICRRANS g, chaniges may be
conponents, materials, etc. In other instances, )
madugthéretonwithowst dapettingefomnthecbrioades  spisit @mbscam'@oaﬁs segrforth in the
not shown or described in detail to avoid obscuring
appdnlled cRgRST The bpnifidad6d 28§ dRafiegemepaddordinglhotat be tigarded in an
specification to "one enbodi nent” or "an enbodi nent"”
111us{f§ﬁ'é9ra’éﬂ%@¥haﬁ aRadilitiedls@hsef eature, structure, or
characteristic described in connection with the
enbodi nent is included in at |east one enbodi nent of
the present invention. Thus, the appearances of the
phrases "in one enbodi nent” or "in an enbodi nent" in
vari ous places throughout this specification are not
necessarily all referring to the sane enbodi nent.
Furthernore, the particular features, structures, or
characteristics nmay be conbined in any suitable
optical manner in one or nore enbodi nents. [00124]
Thus, enbodi nents of this invention may be used as or
to support software
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program execut ed upon sonme form of processing core

(such as the CPU of a conputer or a processor of a
worp@sheR7dr ot herw se i npl emented or real i zed RPQPDOSIN4/024395

wi t hi n a machi nereadabl e medi um A machi ne-readabl e

medi um i ncl udes any nmechani smfor storing or
CLAMﬁsm tting information in a formreadable by a

chine (e.g., a conputer). For exanple, a

machi ne-readabl e medi um can include such as a read

only nmenory (ROM; a randomaccess nenory (RAM; a

magneti c. .di sk storage nedi a; an optical storage nedia;
Wh%ﬁgglﬁlr?qdalé‘h menory device, etc. In addition, a

machi ne-readabl e medi um can i ncl ude propagated signals

such as electrical, optical, acoustical or other form

of propagated signals {e.g., carrier waves, infrared

5 1. si goalethoddfogicttablishirgnatearseegmined rg@Ok2I6h ofa lidhepath traversing a

foregoi ng specification, enbodinments of the invention

plutiBoP6Qhe6ied AighBRth sédmtitd betwRenR¥eice 8 @LtiAAMN AORE in an

various nodifications and changes may be nade thereto

Wt [ﬁm [ :om.t he broader spirit and scope as
Opué%ﬁqggé? |n5%%g&g%%gﬁ%ed claims. The specification
and _dr.aw ngs.are ccordingly, to be regarded in an ..
| e ot e ah e e et SUTLEAS TepArRl lishipath
What is clained is: 1. A nethod for establi shi n%, a
segenp Semypmpnaethebwalityafi lighingth seemegtis: Pisrseftiessreation ff the node
plurality of connected |ightpath segnents between
10  resomougs cerreapdndieg té aathiednled didesparioddor whichdhé lightpatblietequested to
net wor k, conprising: making a soft reservation of node
be répwddf ces supporting respective |ightpath segnments
fromanong the plurality of |ightpath segnents, the

SOfcfeteh%ﬁﬁﬁdg’@it ARk dd¥8 BQRPcds B0 W ERHIE %6 RIBYRGD Buring the
to a scheduled tine period for which the lightpath is

AR T B b

resourc are avadl

making a hard reservation of the node resources corresponding to the scheduled

15  time period if adequate node resources are determined to be available.

2. The method of claim 1, wherein the optical switched network comprises a photonic

burst switched (PBS) network.

20 3. The method of claim 2, wherein the optical burst switched network comprises a

waveiength—division multiplexed (WDM) PBS network.

4, The method of claim 1, further comprising storing resource reservation data at each
node, including resource reservation status indicia indicating whether a resource has a

25  corresponding soft or hard reservation.
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schedul ed tine period to support traversal of the

entire |ightpath; and nmaking a hard reservation of the
woeee/018230ur ces correspondi ng to the schedul edP€T/DE2004/024395

period i f adequate node resources are determ ned to be

avai l able. 2. The nethod of claim1, wherein the

optical sw tched network conprises a photonic burst

switched (PBS) network. 3. The method of claim 2,

wh C 'ﬁnjﬂ‘tﬁ‘i: hed network conprises a
> mgﬁj]ggﬁléglﬁdﬁed&\?%lg%n t| p iéi%(lé (V\Dl\/p PBS network. 4.
The er _conprisin st rin
¢ o SBTTIE 1R P IePOR S Hose NOEe PICIAa? Fgpmocted to the
resource reservation status indicia, i ndi catl ng whet her
lightpathesegiments Wag dawasiFgany géypdﬁa& g)fstgp tlightpathy the resource reservation
reservation.5. The nmethod of claim4, further
requestipessagernigeluging sésoyres ressswation eformsaionat i on r equest
nmessage between the nodes connected to the |ightpath
SegrReMtBigl thearedomns tressavation ainésrakionf frémethel gRbM@E hreservation
the resource reservation request message including
reqUeQSR4ELR; r eservation information; extracting the
resource reservation information fromthe resource

SR A MG A YL AR P23 e s
o e S RRAETG R ST,

for a node resource the resource is determ ned to be

avaidkilg @ spBrresereationnog @ eefler fepeurpe theotpsowce Thdetganigd to be

of claimb5, wherein the resource reservation request
avaiiabiaesﬁ»gﬁleimhdedlﬂi@istimegm alized nulti-protocol

| abel -swi tching (GQVWPLS) - based | abel defi ning

transm ssion paraneters for a |lightpath segnent to

whi ch the GWPLS-based | abel corresponds.

0. The method of claim 5, wherein the resource reservation request message includes

a generalized multi-protocol label-switching (GMPLS)-based label defining transmission

parameters for a lightpath segment to which the GMPLS-based label corresponds.

7. The method of claim 6, wherein the GMPLS-based label includes at least one field
identifying an input wavelength employed for carrying signals over a lightpath segment

identified by the GMPLS-based label.
8. The method of claim 5, wherein the resource reservation request message

comprises a Path message having a format based on an extension to the RSVP-TE

(ReSerVation Protocol — Traffic Engineering) signaling protocol.
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7. The nmethod of claim6, wherein the GWLS- based

| abel includes at |east one field identifying an input
woroeles2gs h enpl oyed for carrying signal s overP@EI/US2004/024395

i ght path segnment identified by the GWLS-based | abel.

8. The nethod of claim5, wherein the resource

9. I egREVvAtthed of QMRS WIRSSAURe GOIBRIdeSRudt RbimiRmS AgRides data
having a format based on an extension to the RSVP-TE

. ' : - Traffic Engineering) signaling
deﬁ%@%?%%%ﬁ&gQQFﬁéghggﬂ%d of claim5, wherein the

resource request information includes data defining

the scheduled time period. . The nethod of claimb5,

further conprising: passing .a resource reservation
10-regﬁﬁﬁ@%mﬁﬁggéﬂﬁl%é?%ﬁ%ﬁoﬁ%gmﬁgdes coupled to the

i ght path segnents in an upstreamtraversal of the

| i phsspag drespiree ressovaticerasporse vaassage bebgeashe nedssagupled to the

i ncludi ng resource reservati on response information;
lightpsill sepnengs irftin agshtedio dewvetshieof @& liphipathesies Y&bURE reservation

response information fromthe resource reservation

reqlfegtsxﬁé’s@ig% igﬁlﬁgﬁg% ARG rERARGLA GespaisesRoMARAL, the soft

2SO
reserv of the node resource to a hard

r eség{rch}n'go Dt eélcﬁ' 0-5 ethgel%go%gceo;esgljvgﬁéﬂ fleg oﬁ’é@ ﬁﬁﬁ'n@laﬁ(gF from the
reSourcest és&rvatl on response nessage c%nprlses a Resv
nessage having a fornmat based on an extension to the

resoﬁ@@lﬁs%ﬁ’afl%@%?féﬁei%ﬁsﬁeb? ol Traffic Engineering)
signaling protocol. 12. The nethod of claim1, further
cosprngingigat engh| eideg the el tressrvasionetorithe nodgHeprires to a hard
bet ween the source and destination nodes; selecting a

resefvatish. potential lightpath in the list; determning if
sufficient resources are available to reserve node
resour ces

11.  The method of claim 10, wherein the resource reservation response message
comprises a Resv message having a format based on an extension to the RSVP-TE

(ReSerVation Protocol — Traffic Engineering) signaling protocol.

12.  The method of claim 1, further comprising:

building a list of potential lightpaths between the source and destination nodes;

selecting a first potential lightpath in the list;

determining if sufficient resources are available to reserve node resources
supporting lightpath segments defined by the first potential lightpath for the scheduled
time period; and

processing a next potential lightpath in the list to determine if sufficient resources

are available to reserve node resources supporting lightpath segments defined by the next
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supporting lightpath segnents defined by the first
potential lightpath for the scheduled tine period; and
wEe@sesRing a next potential |ightpath in the PCHUS1004/024395
determine if sufficient resources are available to
reserve node resources supporting |ightpath segments

lighfafl ﬂﬁ‘%@)ﬁcﬁeﬂﬁleﬂ%ﬁﬁé peid Pt if BdtetnhiBed HAC déloBEtel sBFporting the

period if i s determ ned that resources supportl ng

hghprEth g&@ﬁ@gﬁ@eﬁﬁg@&ﬁmpﬁ%ﬁtp b mbuRgERO LA

i Cl en rep eat ng t%e previ ous

oper atj.on _for subsequ ext ot e t hs, i.n .
© hEERAEE fectre i aretpy P sisBeEhaT ng ol s 1 the tist
resources is identified or the Ilst |s exhausted 13.
untifrgithera lighipathrhaying suiticrent resopncey 1sd@erﬁ§1|ﬁ|e pﬁﬁle list is exhausted.
prioritizing the potential |ightpaths in the |ist
based on at | east one transmi ssion-related criteria.
14. The method of claim 13, further conprising
13. dy r@wgiséhdd of pinh 02, futthén@nigtiingoprvtitizitlg the gbtapéhiNsghitpuths in
the list in response to a detected change in network
the f\}ﬁ%ﬁscé@ ot WA CAnbARSion kelatedliitdHal hod of claim 13,
erein the potential |ightpaths are prioritized based
on traffic bal ancing considerations. 16. The nethod of
claim 13, furt her conpri si ng dynam' cally

reprlorlt t.he tenti al htpaths in the |ist,
14.  eslisnasth d@?%%?g g@”m% MRy 3|g§§mn§¢ng the

The net hod of claim 12, wherein the determ nation of
potentiel Hightpathe iuthedist di sesperss tard defoeiPd shingedn netwyerkefansmission

node conpri ses: aggregating any existing reservations
condlitiond. he node resource corresponding to a specified

bandw dth and the scheduled tinme period to obtain an

exi sting resource allocation;adding the bandw dth

percentage corresponding to a resource reservation

15. F €aYRShey {'xgd BP %'1 LRGeS0 H)ro‘t‘e?lti i hOfre o8 Based on
f esour Ce;

a reques ocalon or the node

traffic balancing considerations.

16. The method of claim 13, further comprising dynamically reprioritizing the

potential lightpaths in the list in response to a detected change in network topology.

17.  The method of claim 12, wherein the determination of whether adequate resources
are available at a given node comprises:

aggregating any existing reservations for the node resource corresponding to a
specified bandwidth and the scheduled time period to obtain an existing resource

allocation;
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determining if the requested allocation exceeds a
threshold. 18. The nmethod of claim, wherein a parti al
waos@s50i8223 node resource may be reserved. 19. TPET/De10hg024395
of claim 18, wherein the partial use conprises a
bandw dt h percentage use of a lightpath segnent. 20. A

SW ddMgtheaRawalthl pefcefitap$ eofr@paxmlegkd ﬁ%sowet ef&¥ation request
networ k, conprising: optical switch fabric, having at

to t%g@ gﬁgtl %du'f ogbt?cﬁf toQ)‘BFatm Qpé‘au & ?cfc%tu? ?or%'é r?c#féa Jeiogrce;

(v
control unit, opera y cou

| .t.h t | t
o %@g 588 rfsep! ?liqcam?%@%dsoﬂe B, ot very

coupled to said at | east one processor containing
machi ne- execut abl e i nstructions, which when executed
by said at |east one processor perforn1operat|ons

18.i ncThameifod oécleiny il nyheremaspautial eise eSenedet iesourcemae be reserved.
froma first node, said resource reservation request
including data pertaining to a first |ightpath segnent
between the first node and the sw tching apparat us,

19.Whi ks SOMKBA o8 8RR 18 SFRAEinAR
period for which rgsourcgg g@?ﬁ?ﬂﬁe%o ?Bﬁgﬁgﬁgggggg ercentage

1me%?§h &ﬁkgg?ﬁo be reserved; and nmeking a soft
rese |on f esources supporting comruni cation via

t he flrst I i ght path segnent for the scheduled tine
peri od; receiving a reservation response; andchangi ng
the soft reservation of the resources supporting

20. cominsyitehing eppayatys faraise iragx opticglvpiched sefgiodn comprising:
hard reservation to commt the resources for the
s ¢ hapdlighlegvitdbnfabper hayihg &1leastloae snput dthen goappdratiest ohe output
claim 20, wherein execution of the instructions
fibelr poiteid
a control unit, operatively coupled to control the optical switch fabric, including at
least one processor and a first storage device operatively coupled to said at least one
processor containing machine-executable instructions, which when executed by said at
least one processor perform operations, including:
receiving a resource reservation request from a first node, said resource
reservation request including data pertaining to a first lightpath segment between
the first node and the switching apparatus, which comprises a second node, and a
scheduled time period for which resources for the switching apparatus are
requested to be reserved; and
making a soft reservation of resources supporting communication via the

first lightpath segment for the scheduled time period;

receiving a reservation response; and
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perfornms the operation of storing resource reservation

data on one of the first storage device or a second
wGar@sage7dlevi ce operatively coupled to said atPCEES1004/024395

one processor, said resource reservation data

i ncluding resource reservation status indicia

i ndi cat idgnmhetiesort rds8SatbE 8f MRS redo0és afpenRRigNébne@iication
or hard reservation. 22. The sw tching apparatus of

I
s e T ST

The I tchin aratus of claim22, wherein the
optsf’%\l:{qu]i%\%r{l%ﬂeé etwork conprises a
wavel engt h-di vi sion nmulti pl exed (WDM PBS network; and
the optical switching fabric provides swtching of
optical signals conprising different wavel engt hs

21. carTheewitshmg appaaty of ickamP0f wherefmgxeoationesiibe tinspmictions further
coupled to said at |east one input fiber port and said

perfofm$ &8s bpitor0of poting irburdeOfebervaion ddte dBvbheCbf fig first storage
apparatus of claim 20, wherein the resource

faVs OaNedst
GBS0 ESDHIED @LORTBAA L i

resqu(f:%lhr?%errlgaﬁ o%%?amn?lﬁg]glg rgﬁﬁ%ﬁgi%r‘ﬁatlog tattlﬁqn& ira%fld1 atn}gawhether a

i'ng appara s of
20, wherein th e reservatlon request message
13“%%%ﬂ¥§§é§“§mpﬁ’ﬁg 95 AARESTREOR: for mat based on an
extension to the RSVPTE (ReSerVation Protocol -
Traffic Engi neering) signaling protocol. 26. The
swi t ching apparatus of claim 20, wherein the resource
22. r esHrev avitcing esppants of siEge0c onjxreine thea ol sveschad enetwork
having a format based on an extension to the RSVPTE

condpReSed Medtbrad bitisOéwaeded (PBS Afetw6rkEngi neeri ng) signal i ng
protocol. 27. The sw tching apparatus of claim 20,

wherei n execution of the instructions further perforns
the operations of: extracting a location of a third

nodﬁlecou lch%r?g ta%p%r% sS\(/)\% tc aim aveffergl%t He oi)tlcal"il switched network
comprises a wavelength-division multiplexed (WDM) PBS network; and the optical
switching fabric provides switching of optical signals comprising different wavelengths
carried over common fibers that may be respectively coupled to said at least one input

fiber port and said at least one output fiber port.
24.  The switching apparatus of claim 20, wherein the resource reservation request

message includes a generalized multi-protocol label-switching (GMPLS)-based label

defining transmission parameters for the first lightpath segment.
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second |lightpath segnment fromthe resource reservation
request; and forwarding the resource reservation

WO e@ses273 0 the third node. 28. The swi tchi ng BOPESADUG24395
of claim 20, wherein execution of the instructions
further performs the operations of: determning if

25. SUffiieCévRiRthinge 8APHrABS ol aiftVAY, [vARIréinttBe SURRBEL reservation request
communi cat i on VI a the first [i ght pat h segnment for the

mes?%%iecgﬁﬂp?g d{a % Pl ng%ag%ﬂ&lgig%ﬂdt 'ﬂ)gsé?lrbr{e% ?)Eteﬁ@?&% fPfhe RSVP-

at ere are not sufrticlent

pic e R TS s U

a network pr ocessor. 30. The swi tching appar at us of
claim 20, wherein said at | east one processor further
i ncl udes a control processor. 31. A nachine-readabl e
26. medihenswitehingoappdetisnef claon 26nwhenshi ie whancexescutation iygsponse
a processor in a switching apparatus conprising a

meskdgeSdonipeides & Refnmeghie Bhvingh tfoined basidvar kn exiatssen tdithe RSVP-
sw tching apparatus to perform operations conpri sing:

TE (I@e%%f\)’dtfbﬁ PRotofAQUT fafid Eﬁ@ﬁéﬁ@ﬁq@?ﬂgﬁa@ﬂ%%&toéélo m a second
hode, said resource reservati on request including data

pertaining to a |lightpath segnent between the second
node and the sw tching apparat us and a schedul ed tine

od f.or. which res t he switchi a rat us
B R e CLPEAPBE o SLEP O PR PO e AREE O further
VI a the lightpath segnent; determning if resources
perfgyras @VQPPI‘&I%P@Q fo support communication via the
| i ght path segnent during the scheduled tinme period,
ancaxirfcting, a fedating of @& dfitd nedecogiiédio die swiching epparatus via a
supporting comruni cation via the
second lightpath segment from the resource reservation request; and

forwarding the resource reservation request to the third node.

28.  The switching apparatus of claim 20, wherein execution of the instructions further
performs the operations of:

determining if sufficient resources are available to support communication via the
first lightpath segment for the scheduled timeframe; and

generating an error message if it is determined that there are not sufficient

resources available.

29.  The switching apparatus of claim 20, wherein said at least one processor includes a

network processor.
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first lightpath segnent for the schedul ed tinme period,

receiving a reservation response; and changing the
wa@odos/oreser vati on of the resources supporting PCT/US2004/024395

communi cation via the first lightpath segnent to a

hard reservation to commt the resources for the

30. Schadubaghihb rﬁ%ﬁﬁ%ﬂs it clad 20T RéhehEg Rbidest riead akk %rc%%éﬁob' Murther

of cl ai m 31, erein execution of the instructions

. rfor t he operations of: storing resource
1nchIdé§ b Qgﬁt{clﬁg)ﬁécgegﬁ

reserva on a storage device operatively
coupled to the processor, said resource reservation
data including resource reservation status indicia

i ndi cati ng whet her a resource has a correspondi ng soft

31. or Angreghineseadgblei mediam, toTHavide dpstetipnss Avdrthe wher eyeaubsd by a
claim 31, wherein execution of the instructions

procdssbeima sweschide ifparatedenuEziseg 8ot nedsinaneopgivali dvatshed agtwork,
a given node by perform ng operations including:

cause gy SEahinihppiunetb pifoth sResionglcoMpsisingsr the node
resource corresponding to a specified bandw dth and

thee gAY e&ohicBereR&Y iR tré?iuggt Foth 8N sEohAt A8, said resource

resource al [ ocation; adding the bandw dth percentage
cor.respondi.ng to a.re I I 1 [

resefi3HiEF RGP eI De ek B § 3 IRl Seb il FRlyes 8 Second
al l ocation for the node resqurce; and, determ.ning if

nodg ppd the guaiching anpaaRaERGA seledaleddinae peiacking PichyaSoursgs for the
machi ne-r eadabl e medi um of claim 31, wherein the _

switehing cabaretust alkerbqnestatbiik beoreperived te support communication via the

wavel engt h-di vi sion rmultiplexed (WDM photoni ¢ bur st
lightpaihtsefi@dnt{ PBS) net wor k.

determining if resources are available to support communication via the lightpath
segment during the scheduled time period, and if so,
making a soft reservation of resources supporting communication via the
first lightpath segment for the scheduled time period;
receiving a reservation response; and
changing the soft reservation of the resources supporting communication
via the first lightpath segment to a hard reservation to commit the resources for the

scheduled time period.

32. The machine-readable medium of claim 31, wherein execution of the instructions
further performs the operations of:

storing resource reservation data on a storage device operatively coupled to the
processor, said resource reservation data including resource reservation status indicia

indicating whether a resource has-a corresponding soft or hard reservation.
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33.  The machine-readable medium of claim 31, wherein execution of the instructions
determines whether adequate resources are available at a given node by performing
operations including:

aggregating any existing reservations for the node resource corresponding to a
specified bandwidth and the scheduled time period to obtain an existing resource
allocation;

adding the bandwidth percentage corresponding to a resource reservation request
to the existing resource allocation to obtain a requested allocation for the node resource;
and

determining if the requested allocation exceeds a threshold.

34,  The machine-readable medium of claim 31, wherein the optical switched network

comprise a wavelength-division multiplexed (WDM) photonic burst switched (PBS)

network.
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