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(57) Abstract

A plurality of optical cross—connect switches (OCCS B, OCCS C, OCCS D) are freely interconnected (302, 304, 306, 308, 310,
312) to form a mesh type network (202). At least three of the optical cross—connect switches are switched to form a line-switched ring
network, thereby forming a ring/mesh network (202). Simply by changing the switching logic of the optical cross—connect swithes within
the ring/mesh network, new rings can be created and existing rings can be modified, thereby providing a great deal of fiexibility to make
changes to the network as traffic patterns change without incurring hardware costs or significant network downtime. Another advantage of
the ring/mesh design approach is that spare capacity within the line—switched ring can be utilized by the mesh network, and spare capacity
within the mesh network can be utilized by the line-switched ring, thereby significantly increasing the spare efficiency.




25 mlliseconds. A drawback of the ADMring architecture S
that it is iywpegmsssal to inplenent |arge networks aPCT/USI903103
ring. Another drawback is that ADMring networks require that
there be a 1:1 protect ratio (i.e., one spare connection for each
wor ki ng 30 connection) in order to inplenent ring recovery.

In a mesh architecture nodes of a network can be connected to nore
than two ot her nodes, and a given signal may have many possible
routes by which to traverse the network. A network covering a

| ar ge _ geo ge a to the mesh
design. As "t he netmnrgé op IbiL ﬂﬁ%ﬁa “be added at the

periphegy and be connected to other nodes in any manner as needed.
In addition, nodes can be easily be added 5 i nside the network to
provi de nore dense coveragehi¥ BMvention redifdsasonendedield s espect to

network restorati architecture allows for
sophi sticated adt %&ﬁgl data tr??ﬁ?ﬁ??aﬁ%ﬁw?ﬁkFesponse to a failure. For
exanple, if a faiThere dreeweo abredomensdhonseoworrks suddenly

f within 10 nga%q%%]tfgisﬁfé @fﬁg OﬁgigaihﬁaEStWQ %s%ort

perform a coordlnate I Ng opera I'on
networks. These network archltectures are commonly

referred to as “ring” and “mesh”.

In a ring network architecture each node of
the network is connected to exactly two adjacent nodes
to form a ring topology. When a break occurs in the

15 ring, data traffic is looped back along a reverse
direction spare path to bypass the break in the ring.
Present day optical ring networks are implemented with
devices. known as add/drop multiplexers (ADMs). An ADM
is an all optical switch that either chooses (or is

20 commanded to select) either a working path or spare
restoration path and switches traffic itself to these
paths.

The ADM ring architecture is attractive for
its simplicity and recovery speed, which is around 50

25 milliseconds. A drawback of the ADM ring architecture
is that it is impractical to implement large networks
as a single ring. Another drawback is that ADM ring
networks require that there be a 1:1 protect ratio
(i.e., one spare connection for each working

30 connection) in order to implement ring recovery.

In a mesh architecture nodes of a network can
be connected to more than two other nodes, and a given
signal may have many possible routes by which to
traverse the network. A network covering a large



traffic around the failure. For this purpose, nost of v t he spans

wthin a rk are equi pped with extra con e.
spare conﬁ@?*’%ﬁg\ot hat are used for 15 ener gency bagelglt %@%ﬁgne or
nore wor ki ng connecti ons fail. V\her eas an ADM
ring architecture requires a 1:1 protect ratio, the nesh
architecture allows a considerably | ower protect ratio due to the
flexibility 20 - of the nesh switching. The tradeoff is that nmesh
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Cross-connect tmﬂctecttask,eras.mm&m&aa) taDes faudure For example, if
- 2- a failure of several connections occurs suddenly within -
10 the network, the switches within the network can
perform a coordinated switching operation to divert
traffic around the failure. For this purpose, most of
the spans within a mesh network are equipped with extra
connections (i.e., spare connections) that are used for
15 emergency backup when one or more working connections
fail. | |
Whereas an ADM ring architecture requires a
1:1 protect ratio, the mesh architecture allows a
considerably lower protect ratio due to the flexibility
20 of the mesh switching. The tradeoff is that mesh
restoration is more complex and more time consuming.
Mesh restoration requires on the order of 1 or 2
seconds to restor a span failure.
What is needed is a nefwork design approach
25 that exhibits the simplicity and fast switching of an
ADM ring network yet offers the spare efficiency and
ease of growth characteristics of a mesh network.
The present invention provides a network
design that exhibits the simplicity and fast switching
30 of ADM ring networks yet offers the spare efficiency
and ease of growth characteristics of mesh networks.
The present invention accomplishes this by using
optical cross-connect switches, as opposed to ADMs, to

2-



create self-healing optical ring networks. By creating

sel f-heal | nGygRblss@s ring networks using optical cross- PCT/US99/03103
switches the ring networks can be seam essly integrated with a
mesh network of optical cross-connect 5 swi tches, thereby creating a
ri ng/ mesh network in which an optical cross-connect swtch can
participate in both the ring and nesh network. An optical

Cr oss- connect Cc tICI tes in.both the ri
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optical 515 s%{OERe§PNBREeBY £EBAE %elr&n@méyh MRIt&vd#en which
switched ring confi uratl ns_are created qQm at | east t hree of

the optical cros3®c ﬁ%ﬁ? sﬁf?éﬁegongﬁﬁﬁlﬁwﬂfCh can Pa?ﬂﬁﬁﬁﬁqﬁft%ﬁabOth
switching logic ﬂmethEngpandameshoaetwork An opUieeil vdgdasomddd n the

100/ meeh el vor iy, BN e copa€B) S bELAOSCE B CreBleand st no
others a great dewlpobvisésnbngi eyfivskaketclodngestisowithin thefuptmnatwk

as trafffgi c patteéﬁg gh@gﬂﬁ Wt BYtoh ¢ urt: or
significant network ° © downt Fne © %uppb%%tchlgptﬁﬁ{lc of optlcal

cross- connect prOVISlgﬂ}?ghésSEQHnﬁeSS%pP§s§@EtﬁnW@MhﬂﬂuqﬁftQRﬂk%ﬁbr set

of | oglccrmlaémﬂﬂécthﬁlﬁwht ebi BEpbe&itC megh redfie: .
expressed by a data struct%r . Of rOVISI ters

associ ated with each switch pore/ ?ﬁ% 36 Buolk aﬁF8§gﬁngara ORI Ever

is not intended imvdmtion is a network of freely interconnected optlcal

15 cross-connect switches wherein one or more line-
switched ring configurations are created from at least
three of the optical cross-connect switches. Simply by
changing the switching logic of the optical cross-
connect switches within the ring/mesh network, new

20 optical rings can be created and existing optical rings
can be modified. This gives the network managers and
others a great deal of flexibility to make changes to
the network as traffic patterns change without
incurring hardware costs or significant network

25 downtime. The switching logic of optical cross-connect
switches can be expressed in switching tables or set of
logic equations. The switching logic may also be
expressed by a data structure of provisioning
parameters associated with each switch port. The

30 present invéntion) however, is not intended to be
limited to any particular switching logic.

Another advantage of the ring/mesh network

design is that it can provide a high spare efficiency.

-3-



limted to any particular switching logic. « Anet her

advantage I ng/ mesh net wor k design is that J vi de a
hi gh spare é?hQﬁﬁéncy. ﬂégﬁﬁﬁhﬁmﬁ

For exanple, nmultiple rings can be created having a comopn span
Spare capacity can then be shared anong t hese rings, thereby

| owering the spare to morking capacity ratio from1l:1 to 1. N
Furthernore, the spare capacity of the ring networks can al so be

shared with For exa@m%eneﬁﬁlﬁé?kﬁrRlngﬁe¢%%yb¢n@?@éE?ﬂghéﬁanG afficiency.

That is, spar ecmmeléyamthsﬁaﬁerd:ma@ﬂyloégnca@ebebe shared HRBfgt 0 carry
mesh trafflc in the event of thin the nesh ne?mnrk

However, in on %&%ﬂﬁﬂ%gsthghﬁfpby ibw??ﬁﬁgnE?%o?R%r%ahohﬁ9€ka90r|ty of
use with respesdpdoity ratio frm@ BpBrBocBﬂncltEurthermore, the spareStII

o ossconneot 1 Ehit P Gt bhors an RERS AL (eHEAd BRER ST
arbitrary deptn:h%m@es:lamqts«rork thereby meaa%SnQrware effrhailencycr ease.’
For exanpl e, ‘That is, spare capacity within a ring network can be
used to carry mesh traffic in the event of a failure
within the mesh network. However, in one example, the
10 ring networks can have priority of use with respect to
ring spare capacity.

Still another advantage of implementing ring
networks using optical cross-connect switches is that
the ring networks can be of arbitrary depth and can

15 easily scale as traffic demands increase. For example,
using 18 port OCCSs, one can construct a 6 fiber ring,
or with a 24 port OCCSs, an 8 fiber ring network can be
built. The maximum number of fibers an optical ring
can be constructed with using OCCSs is only limited by

20 the port counts of the OCCSs. Conventional optical
ring systems constructed using ADMs, however, can
support only two/four fiber bi-directional rings or two
fiber unidirectional path switching.

Further features and advantages of the

25 present invention, as well as the structure and
operation of various embodiments of the present
invention, are described in detail below with reference
to the accompanying drawings.

The accompanying drawings, which are

30 incorporated herein and form part of the specification,
illustrate the present invention and, together with the
description, further serve to explain the principles of



usi ng 18 port; OCCSg, one can construct a 6 fiber ring, or with a

24 port oidafs fi ber ring network can be bui | t . PERUSHUIBIRm
nunber of fibers an optical ring can be constructed with using
OCCSs is only limted by 20 the port counts of the OCCSs.
Conventional optical " ring systens constructed usi ng ADMs, however,
can support only two/four fiber bi-directional rings or two

fi ber unidireCt'€H@|1Hgéﬁt§$htﬁhhngo enable a person sﬁﬁiréé‘ nf@gdures

and advant ages o resent I nvention, as as the structure
and opeP@r FbReBE B&Fi Gesméil%m%w dhe HOVRIESIan -

i nvent'i on, are descri bed lFlgetélhsb%|QWEWdﬁk'&ﬂﬁﬁﬁﬂPQ11ustrat1ﬁ@ 4 he
acconpanyi ng dr gccqQnpanyi ng draw ngs, which

are 30 dﬂ?igrﬁFEU°ﬁ5rEpﬂséﬁﬁlpgrﬂﬁx%ﬂ?%ﬁa%tﬁ¥ GIREET on,
illustrate the psesechesnaadt aoriagd netogekheondiidtifte of add-drop

description, furth o0 explain the principles of
- 4- mu££l§?é¥§eglnventlon and to enable a person skilled in the
Fig. 2 is a network diagram illustrating a

network design according to one embodiment of the
present invention.

10 Fig. 3 illustrates in greater detail an
example configuration of optical cross-connect switches
in the ring network of Fig. 2.

Fig. 4 illustrates an example ring failure
scenario in the ring network of Fig. 2.

15 Fig. 5 illustrates an example configuration
of optical cross-connect switches in the ring network
of Fig. 2 in response to a failure occurring in a
working optical channel within the mesh network.

Fig. 6 illustrates an example failure

20 scenario where more than one failure has occurred
within a ring network.
_ Fig. 7 is a block diagram illustrating an
optical cross-connect switch controller.
Fig. 8 illustrates an example switching
25 table.

Fig. 9 is a diagram illustrating a four node
six fiber line-switched optical ring network according
to the present invention.

Fig. 10 illustrates an example failure

30 scenario for the ring network of Fig. 9.

The present invention is described with
reference to the accompanying drawings. In the
drawings, like reference numbers indicate identical or

-5-



pertinent art to nmake and use the invention. N Fig. 1is a
net wor k d_i@grggﬂ%‘ilgl ustrating a mesh networ k consi sgdpssfesat i cal
Cross-connect switches and a ring network consisting of add-drop
mul ti pl exers. Fig. 2 is a network diagramillustrating a
net wor k desi gn accordi ng to one enbodi nent of the pr esent

I nvention. 10 Fig. 3 illustrates in greater detail an
exanpl e config ' Pt k r - ect Lt ches in the
ri ng network O?ﬁ€%5£838119.5iﬁfia9 gfémgﬁggFigéag&%FPﬁg}}Xfe§h§n1§£§ﬁple
ring failure most digigéshrod anrefierenng nunberkidenEifies, the _
Fig. S illustraigsisg fﬂaﬁHiShCEHé'ﬂéféiéﬁee number f?§ Epgbgggrs.
cross-connect switches in the rlng network = 0 Elg. I'n response
to a failure occurring ifeanore cleariyrdehineptechhecnangentw thin the

nmesh rfetwork. invention, an efforfi s MRadé! tBibagR6usNtREampl e failure 20

scenari o where nDrefthaQ.one fai Lure has OCCU£red . wthin a ring
net wor K. specification &9 adhere totReLIQLLgVLRei FRESt rating an
optical cross-defhimiticnstad comsistértly as possible. Fig. 8

Il lustrates an exanpl e i £ chi 2 ” ble.. _ Fig. 9
is a diagran1i||ustratiﬁgﬁ% ?%ﬁ? n%%%n ’ aﬁé‘eq%+¥a}?ﬁa§ FRitegdi t ched
optical ring re@fRrF ktackdpaiimger route betweém anesew¢ nodeationd '
Fig. 190 illustéggdescaD SXEamd bd@hdar e@rzﬁgacent ofcﬁgﬁréﬁ %ér?]éll'lé hﬁo&égg

network of Fig. present 1nven escri bed

9.
with - - g‘}e?r%rérﬁaeﬂt%‘i@?éddz%‘aﬁ%yiwgem%@éfa@%.nod%th@hich
draw ngs, |ikeid€fheiensg: icabeswi t i it &l et s Can@/or endpoint

nodes, which include line terminal equipment (LTE).
. The term “optical channel”, “channel”, and

15 equivalents thereof, refer to any type of optical
connection for transporting an optical signal between
two points.

The present invention provides a network
_ design that exhibits the simplicity and fast switching

20 of ring networks yet offers the spare efficiency and
ease of growth characteristics of mesh networks. The
present invention accomplishes this by implementing
ring networks using optical cross-connect switches as
opposed to using add-drop multiplexers. By

25 implementing ring networks with optical cross-connect
switches, the ring networks can be integrated with an
optical cross-connect mesh network. Optical cross-
connect switches that implement the ring networks can
form part of the mesh network.

30 The seamless integration of the ring and mesh
networks enable network engineers to configure ring
networks within a mesh optical cross-connect switch
network by provisioning optical cross-connect switches

-6-



- 5- ; 3 functlonally simlar elenents. Additionally, the

| eft- woosts digit(s) or a reference nunber identifi esPCHAIS99/03103
drawing in which the reference nunber first appears. To .
nore clearly delineate the present 5 i nvention, an effort is nade

t hr oughout the specification to adhere to the following term
definitions as consistently as possible. The term

"span", and eqU|vaIents t here refer to a path or route between

any two nodes. tOaSHpPOTt m%%%na%%hré%?ehapﬁéPﬁééﬁ -adfrecepnfdgure
non- adj acent nodeRiitional rlwgamtwmsﬁxﬂeﬁﬁobﬁt eBghnkalar AR IRPes,

hodes, whi ch i ndGHET (e (T HE PR PR1E FF bl oBRReRY SRR
term"optical cleamngcts wwikinkel the anting fmesh neegarkabadt petrihapsofadd ef er
to any sype of QR{diG&onal capacf%?"%@ttﬂ@ ﬁQEw%EﬁnSDQﬁ%hg%lﬁ%hg%ﬁlCm

si gnal between two po
i nvention provu%&g%flﬂﬁwﬁﬁqécal °r°ssd%%¢©ﬁcthawl§%hﬁﬁlPgnth@ sinplicity

and fast switchigd@prébsed in witsinetvabkssyst sbfepg thgispare

efficiency and equations. The switching logic may also be expressed

by a data structure of provisioning parameters

10 - associated with each switch port. For ease of
understanding the present invention, the invention will
be described in an environment where the switching
logic is expressed in switching tables. The present
invention, however, is not intended to be limited to

15 such an environment.

Fig. 1 illustrates the problem recognized by

the inventors in integrating mesh and ADM ring networks
where significant traffic demand exists among nodes B,
C, and D. Fig. 1 shows a network having an optical

20 mesh network 102 and a conventional ADM ring network
110. Due to the traffic demands among nodes B, C, and
D, ADMs 1, 2, and 3 are placed at those nodes to form"
ring network 110. Optical cross-connect switches can -
be placed at nodes A-K, where the traffic is not as

25 critical, to form mesh network 102. '

Whereas the network design of Fig. 1 suffices

for the situation where traffic is heaviest and most
important among locations B, C, and D, a problem arises
when some of the initial design parameters change. For

30 example, some time after the network has been deployed,
new traffic demands might make locations B, D, and E a
candidate for a ring network in addition to or in
replace of the initial ring network 110. In fact, at

-7



ease of growth characteristics of nesh networks. The ‘ pr esent

I nvention shes this by inplenenting ring nﬁéﬂg I ng
opti cal %@g’g@%ﬂ%ect switches as opposed to using a é%?’%g’%

nultiplexers. By 25 i mpl ementing ring networks with optical

Cross- connect swi tches, the ring networks can be integrated with
an optical cross-connect nesh network. Optical cross-

connect switches that inplenent the ring networks can formpart of
the mesh net wodRy @fven point of timeThassvaabesizedt byr &hieon of the ring

and nesh 1nveﬂ€éﬁ9rkéh@”ﬁ@tﬁofﬁtMQ§KteﬂSéEeﬁéslhﬁlﬁﬁQBEQHrEsr'”9

networks within a, nesh tical cross-connect swt by

provi si oni ng optRFEEe! ¥r% %hcﬁﬁn%%ta%MAFE%%énathH °f rings.

gd t | , The pn@]pllzém wteh end déBﬂghOBE| pgyes1 18 ega]fcl gﬂ\ e
addi ticonal ring ne rk_engi peer y the
SMAtcﬁlng |Og|%b%¥e¥$&9%ﬁ& §%¥05+%gsgegworf Pege %6nﬁé€@§nﬁPFﬁYn t he

ring/ mesh net wimgl emeh ped hapsa adiing Sstructunddusingahpmapacity to the
network. - The SYii&dfely, 1 theb@%r8'aOBihSaluELPST250RRCEs SW tches

can be
alter the ring or convert it to be part of the mesh

network, hardware would have to be retrofitted

10 incurring considerable cost and network downtime. It
would be impractical to alter the network design on the
fly, as a function of the time of day, for example.
Another disadvantage of implementing ring and mesh
networks using different hardware is that it '

15 complicates the sharing of spare capacity that exists
in each network.

Fig. 2 is a network diagram illustrating a
network design according to one embodiment of the
present invention. The network design of the present

20 invention overcomes the disadvantages of the network
design approach shown in Fig. 1 by implementing both -
ring and mesh networks using optical cross-connect
switches (OCCSs). An OCCS is a switch that switches an
optical signal from one port to anther without optical-

25 to-electrical conversion and is bit-rate independent.
The switching of an OCCS is commonly controlled by an
OCCS controller (see Fig. 7). OCCS controllers detect

failures within a network by receiving failure
indications from line terminating equipment (LTEs) or
30 other fast, reliable fault detection system. Upon
receiving a failure indication, an OCCS controller will
consult a switching table to determine the switching
commands that it should send to its corresponding OCCS.

-8-



expressed in switching tables or set of logic equations. The

swi tchi ng | Qg 6o/d9ays al so be expressed by a data strpCTAUSe9/e3t03
provi si oni ng parameters 10 associated with each switch port. For
ease of ' under standi ng the present invention, the invention wll
be described in an environnment where the sw tching logic is
expressed in switching tables. The present I nvention, however, is

not intended tq be.l.im.t t such .an envi rpnnent . .

Fig. 1illustr e_g‘htl‘r?e“b??%befrg'mgbcoo%?ﬁ A ghes Qra%gl?_hgoi ﬁV@ﬁfiors in

hntegéatlngfneihm&uieﬁ?an;ﬁprngWunﬁh. " Eﬁerelslgnlflcagt tr?Lflc

enmand exi sts anbng nodesi &, . _ '
Veing the ocoge B9 Ui Indyr bIPA eRn

havi ng an optical 20 a conven ADM i ng
net wor k ring) @etpiprks aldows £97 cthrentermpleasoninhedeatBonCofand

D, ADM 1, 2, 3363 nmitdi@CRD aind hRssh siasolte 1@ M my integEthnaetwk
110. Optical cross-connect sw.tches can . be_ placed at "nodes "A-K
~ where the traf fit@9 &%o™ Retworks o 45 j hpwn 110 1B néshthet REerens2.

 \Wereas the netinwehtdesi of fafrFirpmelraus fiefsures and aé@ént?@e&ikdati%n c
where traffic i | est a I ,portant_anp cations B, C,
and D, a problgﬁfgﬁgég%%heIgiégﬁ%ﬂﬁﬁ?%ﬁﬁn?%ﬁt ?m??+ﬁ¥i%?gﬂ8§ggn par anet er s
change. For 30designsgxanple, sone tinme after the network has been

 depl oypd, | new { palddGridpmngs ue g die 1iA5alt P83 By and E a
- candidate for a ring network in addition to or in fepl'ace of the
initial ring nB@WPEkL2O2 Af foymedusing OCCSs B, C, and D of mesh

-7- network 102. OCCSs B, C, and D participate in both
ring network 202 and mesh network 102 by provisioning a
first set of ports within each 0CCS to support ring

I5 traffic and by provisioning a second set of ports to
support mesh traffic. Fig. 3 illustrates in greater
detail the configuration of 0OCCSs B, C, and D. As
shown in Fig. 3, ports 2, 3, 7, 8, 9, 10 of OCCS B are
provisioned to support ring traffic. Ports 1, 4, 5,

20 and 16 are provisioned to support working mesh traffic.
Ports 14 and 15 are provisioned to support spare mesh
traffic. Mesh traffic can include traffic between
OCCSs or traffic between an LTE and an OCCS. Like OCCS
B, OCCS C and OCCS D both have a first set of ports to

25 support ring traffic and a second set of ports to
support working and/or spare mesh traffic.

In addition to provisioning the ports of OCCS
B, C, and D, ring network 202 is formed by providing at
least one working optical channel (w) and one spare

30 optical channel (s) between each 0CCS that forms ring
network 202. Specifically, working optical channel 302
and spare optical channel 304 optically couple OCCS B
to OCCS D. Working optical channel 306 and spare

9.



any given point of time, as recognized by the I nventors, the
network m Rsqk Pe inplenmented as entirely nmeshpSfuss/Bius

conbi nati on 5? rings The problemw th the design of

Fig. 1is that 5 conventional ADMring network 110 is permanently

I npl emented as a ring structure usi ng ADMS. Consequently, if there
were a subsequent desire to alter the ring or convert it to be

part of the g channgftﬂﬁﬁk gﬁégfggecpﬁﬁeg Bﬁ&g botgeoeﬁgrgfltted 10

i ncurring con era | e cost and networ ul"d be
i npractical tbaati¥r varkirgwepkigaii ghappeindl0 and SParByOPESCalfunctlon

of the tinme ofngaNelf9t2ex28PbBtically coupalinBetibsadvantageaal

i npl ementing ring and nesh net works using different hardware is
that it 15 OCC c%nplicates the sharing of spare capacity that exists
in edch network. OCCSs B, C, ahd@gD aresswitehwar sudhagha® port

Il lustrating e k.design accordi.ng., one, epbodi t of the
present inven i%%.L?ﬂe3%Qt3§?QPE%§$£%Y0?°FBieﬁr§§éﬁtP?Bt Hbog Eﬁ ention
over conmes t he324 sasiiagtwgrking obticalwochénnel 310. dBsirgn3appr D@Eh shown

in Fig. 1 by isplene ?ﬁtf@a?ﬁﬁhcoafleﬂ w1%%£§g?€dln8§2£%§tﬁﬁﬁkﬁsyﬁ

optical cross-connec IS"a SMA?Ch t hat
switches an working eptieal chapaelf3din onBopbr3 ©6 BBEh324wishout

optigal - optically coupled with port 2 of LTE 322 using working
optical channel 306.

OCCSs B, C, and D are also switched to form
spare optical channel ring 330, which is used for
carrying traffic in the event of a failure in ome of

15 the working optical channels 302, 306, or 310. As
shown in Fig. 3, spare optical channel ring 330
includes spare optical channels 304, 308, and 312,
which are part of ring network 202. Spare optical
channel ring 330 is created by having OCCS B connect

20 spare optical channel 304 to spare optical channel 312,
OCCS D connect spare optical channel 304 to spare
optical channel 308, and OCCS C connect spare optical
channel 308 to spare optical channel 312. OCCS B
connects spare optical channel 304 to spare optical

25 channel 312 by switching port 8 to port 9. O0OCCS D
connects spare optical channel 304 to spare optical
channel 308 by switching port 13 to port 12. OCCS C
connects spare optical channel 308 to spare optical
channel 312 by switching port 5 to port 4.

30 Ring network 202 operates with fast, self-
healing behavior similar to that of ring network 110.
When a failure occurs in one of the working optical
channels 302, 306, 310 of ring network 202, data

-10-



25 to-ekectrical conversion and is bit-rate independent. The
swi tchi ng ofwene433e$ i s commonly controlled by an OCeETAIN99/03103 er
(see Fig. 7). OCCS controllers detect failures within a network by
receiving failure indications fromline term nating equi pnment
(LTEs) or 30 other fast, reliable fault detection system Upon
receiving a failure indication, an OCCS controller wll consult a

switching table_t ermi i & Chi co nds,that it_should
send to its congggggéi%glgéegg%'ggé& %fgﬁg a reverse directlon spargg
In this manner, pabhOCGSbymaisshédet (fafiflied vorduizigl optical chanheies An the

“net wor k. ; ' @GS difd™ qﬁg& bpt h h and
ri ng networks aff(gﬁgl?o;atlﬁg&?e%%etgg?]i nt egr_égg? on or? - F ?lgﬁg %etwork
202 and nesh neihdHRtIBEes pybingakydd ithe ring betweer QFESnBsandePGEFks,

as shown in Figp, 2, thhaypaesehthe ring faile! i gDl ££4 6 DENBELWEHEAL UT €S
and advant ages t

and 0vant 29e5 §2cs 5 ana GRAR,BER, HAF e TLaHes STk B o netvor

includes spare optical channels 312 and 308. The data
traffic is placed on the spare path simply by having
OCCS B switch the optical signal received on port 3 to

10 port 9, instead of switching it to port 7, and by
having OCCS D switch the optical signal received on
port 12 to port 1, instead of switching it to port 13.
Because only this simple switching need take place to
recover from a ring failure, recovery occurs very

15 guickly.

If spare optical channel ring 330 was not

created, then it would have been necessary for OCCS C
to connect spare optical channel 312 to spare optical
channel 308 in response to the failure. But because

20 spare optical channel ring 330 was initially created;
OCCS C did not have to.perform any actions for ring
recovery to occur. In short, spare optical channel
ring 330 facilitates ring recovery by reducing the
number of OCCS that have to respond to a span failure.

25 _ As discussed above, ring network 202
maintains the simplicity and fast switching of ring
networks implemented using ADMs. Furthermore, because
ring network 202 is integrated with mesh network 102,
the sharing of spare capacity between the networks is

30 facilitated. As an example, spare optical channels
304, 308, 312 of ring network 202 can easily be used as
backup paths by mesh network 102 in the event of a
failure in the mesh network. For example, assuming a

-11-



network 202 is fornmed using OCCSs B, C, and D of nesh " net wor k 102.
OCCSs B, participate in both ring networ kl,&ﬂgsggmglmgesh
net wor k 18%°§§QBE%visioning a first set of ports within each OCCS

to support ring 15 traffic and by provisioning a second set of ports
to support nmesh traffic. Fig. 3 illustrates in greater

detail the configuration of OCCSs B, C, and D. As shown in Fig. 3,
ports 2, 3, 7, 8, 9, 10 of OCCS B are provi sioned to support ring

traffic. Port$ailuge gn pesh netwprl 102aceqyrsyils emaking amparal wor ki ng
mesh traffic. channel 318Qrwhith ap¥ita1ake Bl Ored WO (JRRYS Bpare

mesh trafflc.,Nbih traffic_can include traffic between
OCCSs or traf fPe FERRELS ATOMTE &QdBaFaBoES - reMEedosdgough 0CCS K occs ©
and OCCS D bothdhecesacfi(ssle $6G.05)por Thet @eovery padhpFydm r0ows tgaffic

and qssecond %gtO&Espgrhie%oﬁﬁaggdPPti%gﬁgg%%.m%yréﬁ% and/ or spare nesh

traffic. ] C1-on _ i“fg the ports of OCCS
B, C, and D, ring net wFEG202 iidlhstmedepsy theocotifiguaiation for |east one

b Send Bt BogSbemekl 88 wsneacgorle, o o 9945 IR
wor ki ng opti cAR WRakidep gpfical channgdq3dBapé BesihcaetMesindi02304 As
optically couphgwCeR BIG. 5, port0106ESLBE WonKHRJopRY el £ Rpaled306 and
sparﬁ) to port 2 of LTE 520 through OCCS B, C, K, and A and
spare optical channels 312, 317, and 504. In the
configuration shown in FIG. 5, spare:optical channel
312, which is part of ring network 202, is utilized by
, the mesh network. By sharing spare optical channels
15 between the ring and mesh networks, the network
realizes a significant increase in spare efficiency.
Ring network 202 can be given prioritylbf use over
spare optical channel 312 so that mesh traffic will be
carried by spare optical channel 312 only when there
20 _ are no failures in ring network 202.

In addition to mesh network 102 being able to
utilize spare capacity in ring network 202, ring '
network 202 can utilize spare capacity within mesh
-network 102. Ring networks constructed using ADMs are

25 not able to recover from more than one failure within
the ring. However, the networkzdesign of the present
invention enables ring networks to recover from more
than one failure by utilizing spare capacity within the
mesh network. This is a powerful'feature not found in

30 ‘conventional optical ADM ring networks.

Fig. 6 illustrates an example failure
scenario where more than one failure has occurred
within ring network 202. 1In the example of Fig. 6,

-12-



optical channel 308.optically couple OCCS Dto OCCS C. Lastly,

wor ki ng opt i &y goahpgnel 310 and spare opti cal channelpcih@s9a/05103

. optically coupled between OCCS C and OCCs B. 5

. OCCSs B, C, and D are switched such that port 2 of LTE 320 is
optically coupled with port 2 of LTE 324 using working optical

: channel 310. Port 3 of LTE 320 is optically coupled with port 1 of

- LTE 322 ' t h 2. P f L E 324 10
opti oo 1y coupl &RSHE D FARR HAuEIENEEs S anaobbed B anBlATC |

- channel 306. failure between @IGHSB Bnd, 0GAE ©. ar Boakscovenrt Eweth t o form
spare optical CHAPleddd GrPdatfied 1 #966 §05, ring crafRiLYLA9)l BRI TIC

in the event of ‘afailure i'n chan
302, 306, or 31@witghed onto SW@F@@-@Y ‘Bltbpar@eg tnéawoé:kaﬁﬁél ring

330 5 | nglgudgmwibalne Pl §$‘§ﬂ”§|§f3ﬂ'fE 398 i8ndo@léptically
whi ch are part of ring netgrk 202, %%are og channel ring 330
is created by h&AYRY S zép‘é}“émdﬁbl PRF1ERANREPSS04 t o

‘ ggare opti cal Chfmﬁféct-BJs?ﬂlt(Thes B zQCQSl Ehﬁ@noeaﬁdsgpaeeoabt@_ahlchannel |
: 4 to spare t nne conne are optica
channel 308 to m%ﬁo éc]azfl %6] nett %1 7&&&"%53 spare OBiﬁﬁégts spar e
optical channel c3@&hnel spare spde atapdcity withinneesBlRebwogki 1ORIi.Ng port

8 to ppyt 9. OGS n spare
opti ca? C lgr?'rfey'SCPBO]i)Lg vrﬁ lﬁ?ﬁf\%gr?g éﬁ?ﬁcﬁ}ff{} ?éuggégs%

~ connects spare ®9rtcdl athdfifel 23'@8'—h"c‘9‘%%r@’@p@$ba¢ross conneghannel 312 by
. smntchlng port Wit dhdd B éﬂ)K C, and D and $H&LeNs %E@Eglzgﬁaﬁﬁéiétes

e Tat el 50 A IR ot el L, Tl 8Ll gt vor &

: 506, and 316 are spare capacity of mesh network 102.

15 The network shown in Fig. 6 is but one example of how
ring network 202 can utilize spare capacity within mesh
network 102.

Additionally, in the interest of brevity,

Fig. 2 only shows one ring network 202 configured

20 within mesh network 102. The present invention is not
intended to be so limited. Any arbitrary number of
rings can be configured within mesh network 102
according to the present invention, as would be
apparent to a person skilled in the art given this

25 description. For example, using the same technique
described above to create a ring connecting nodes B, C,
and D, a ring connecting nodes E, G, H, and I or K, I,
H, and J, can also be created. Aadditionally, if two
rings are created wherein the rings share a common

30 span, such as rings B-C-D and A-B-C-K, then the
opportunity to share a spare optical channel between
the two rings is presented.
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channel s 302, 306, 310 of ring.netmork 202, data

- 10- traffic is | ooped back along a re ' tion
spare wo9914sd(1;f h to bypass the fail ed working optical c\klllgc;me 9%%25
exanple failure scenario is shown in Fig. 4. Fig. 4 illustrates a
break in the ring between OCCS B and OCCS 5 D. To bypass the ring
failure, data traffic between OCCS B and OCCS Dis carried by

spare path 402, which igﬁludes sgare‘optlcal channel s 312 and 308.
The data traf 23 PRtedRROVen the SWirehpaencti apl PCEY Agdvi ng

OCCS Bdsvvic t Chqéﬂﬂﬁmmé@abysamned:cs eﬁmawﬁdlD@r_DOOCCgh&O_pﬁﬁollersF[))OFt_ 9, .
I nstead of swtching.1t,t0 Dport an ‘ avl n CEES swtch the
opti cal signgﬁe?%%%ig%iﬂ%ﬁeg w1tgin %d??¥q3r¥db%oygc§}v%ﬁgt gaIBFeswﬁtching
it to port 13indications Becemskinal jyermisatingl eqeipnentnL®Bsdl dake pl ace
to s "SERYET £AOIM Pel{ 0 & CELULE L ECOUREN BOGHERSYS! Mol

sp C e

qui ckly. o } are optica annet ring 33gpmas not
created, thenreéeeiping dmabalibees HRebaahigni oan VLSS (controllerto connect

spare optical cghanies BlgwiOckPig Pl Cd determine the switching
commands that it should send to its corresponding OCCS.
Fig. 7 is a diagram illustrating the OCCS controller
10 702 corresponding to OCCS B. OCCS controller 702
includes a system processor 704, control logic (e.g.,
computer software) 706 to be executed by system
processor 704, memory 708 for storing switching table
710, OCCS interface 712 for coupling OCCS controller
15 702 to OCCS B, and data network interface 714 for
coupling OCCS controller 702 to a data network for
receiving network failure indications.
Switching table 710 determines the port
configuration of OCCS B. As shown in Fig. 8, switching
20 table 710 incudes three columns. An event column 802,
an action column 804, and a comments column 806. The
event column contains network events to which OCCS B
responds. For each network event listed in the event
column, there is a corresponding switching action that

25 OCCS B performs in response to the event. These -
switching actions are stored in the switching column
804.

For example, one network event shown in event
column 802 is the network initiation event. The
30 switching action that OCCS B performs in response to
- this event is to switch port 1 with port 16, port 2
with bort 10, port 3 with port 7, port 4 with port 5,
and port 8 with port 9, as shown in action column 804.
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channel 308 i.n response to the failure. But because 20 spare opti cal
channel ringy@gsaes initially created , OCCS C di d PeT/URMB193
perform any actions for ring recovery to occur. In short, spare
optical channel ring 330 facilitates ring recovery by reducing the
nunber of OCCS that have to respond to a span failure. 25

As di scussed above, ring network 202 mai ntains the sinplicity and

fast switching r e
Furt her nor e, bég%%s£QQUIt of OCC§ E“gt%%oEﬁ%b%”%%&%%iegratéﬁﬁ%? ?Ftlo?f
network 102, can be $ﬁ@nshHrﬁﬁgméﬂl§9apgc§a§a@ﬁt}H&ﬂﬁ&ﬁﬂt&d&#ﬁmﬁ&ﬁwks is

30 facilijat eﬂnotﬁéraeveﬁerrahawnsaﬁr %v%tt' %@Juﬁﬁﬁm Sis'a B-p 304,
308, 312 of ring network 202 can_easi | é be used backup pat hs by
mesh network 109P#® FRE 8VERE-of IR resbonse F&IQ&%§|@Y%§E§rﬁ%ﬁﬂﬁ%tmork

For exanpl e, ES@@Iﬁhrﬁﬂ 804 directs OCCS B to dlfsm\;\:lhnWe%U rpdf&sha rﬁmrlk 102
occurs in worki opLic a n 313 | QptJ coupl es
OCCS A to OCCs % glscoPHSCFrgPrlcaf%ERPApPStB$CaFQ43%%ﬁg’ #%%ugh
OCCS K 3 amdpﬁffSSC (Fég.FEGL13nstThdase tinec opnfatdudatoiorO@ES C 5
to OCCS B uses spasegopl| Efﬂa EQQHEebf?’LZB -D space cut. Aanothd? @veéht

illustrates the confrgurati
shown 1n event column 802 is a A-B span cut event. If

10 spare optical channel 312 is not being used to restore
optical ring network 202, then in response to an A-B
span cut OCCS B disconnects port 8 from port 9,
disconnects port 1 from port 16, and switches port 1
with 9. In this manner ring network 202 is given

15 ' priority over the spare channels that comprise the
ring. Fig. 5 illuétrates the configuration of OCCS B
in the event of an A-B span cut.

Each OCCS within mesh network 102 is

associated with a switching table equivalent to the one

20 shown in Fig. 8. Simply by changing the contents of
the switching tables, new rings within mesh network 102
can be formed without incurring a significant amount of
network downtime and without provisioning new hardware.

Another advantage to implementing rings using

25 optical cross-connect switches is that it enables one -
to implement rings of arbitrary depth and to scale the
size of the rings as needed. Rihgs built using ADMs
are limited to four fibers. Consequently, when traffic
is increased such that a four fiber ring is

30 insufficient to handle the increase, a new ring must be
created. With the present invention, however, an N
fiber ring can be built by using optical cross-connect
switches having at last 3N ports. The ability to
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OCCSs A, B, Cand Kin response to a failure occurring . -1 n working

optical c @'3?/'31?513 of mesh network 102. As showpd-udobfesies, port
1 of LTE S optically coupled 10 to port 2 of LTE 520 through
OCCsS B, C, K, and A and spare optical channels 312, 317, and 504.
In the configuration shown in FIG 5, spare optical channe

312, which is part of ring network 202, is utilized by t he nmesh
netmork By sharing spare optical channels 15 bet ween the ring and

mesh net wor ksconfdgnsewsnkN fiber ripgspirp¥ddgssiaggirataiealndcdsse in

spare efficCi eRg¢¥xibility thBhNEGnNRDWOLKnd0AcedBdrRE %HW%EI%E‘yﬁdﬂtéﬁ use
T over. spare opt]cal channel %%2 so t hat EE sh traffic wll _be

carried by spéPefBBFlé& eTRanndf S5T3T5ALy IRRWE -t rigg can simply,
failures in rgpgwnalongkwi@B. it, as opposed to hakingddiol bwilid aiesh

netwoy k 102 bel ble t ar acity..n ring network
202, Ting nt3r8 8?“0%%n90§°canp§?ehe§% ?%grgxﬁggégﬁféaﬂ%rnngnesh
network 102. R ng net woRksexempileufovt nodegsABMEilesr 23ng 900 not able to
recover fro”‘HEES{hgﬂg QBetB@'bQEEeWEtEthntlon is Eﬁﬁ St ddowver. the

networ k. desi pr esent I nvention enables ring networks to
recover from fbge 9. AS shpWanisnEigai Pur EOBY GFﬁSﬁzPEQISQQﬁe 88facity

wﬂthin t he an? 9osra§a aahw@@&reahta Eéfﬁ ReWs’ heltwbed! Vo . nowak@und In6
convent i ona | ADMLr ne
|IIU§Qrates afl e§§ 8“? Pﬁgﬁﬁ as agglegégoéé BOoHkEre RGFES ?ﬁgnléne 9

fallure has oopuicaM1y coupledwtbh0QCBi A4nkywahke20@orkinghepediaanl e of

Flg. 6, channels 920 and by three spare 6ﬁgical channels 922.

In a like manner, OCCS 902 is optically coupled to OCCS

, 908 by working optical channels 932 and spare optical

15 channels 934. OCCS 904 is optically coupled to OCCS
906 by working optical channels 924 and spare optical
channels 926. OCCS 906 is optically coupled to OCCS
908 by working optical channels 928 and spare optical
channels 930. Ring network 900 is switched to form

20 three spare optical channel rings 960 using spare
optical channels 922, 926, 930 and 934.

Ring network: 900 operates equivalently to
ring network 202. When a failure occurs in ring
network 900, working traffic is switched onto a spare

25 path in the opposite direction to avoid the failure
(see Fig. 10). Fig. 10 illustrates an example failure
scenario for ring network 900. Data traffic between
ports 4, 5, 6, and LTE 940 and ports 1, 2, 3 of LTE 942
is normally carried over working opticai channels 920

30 (see Fig. 7). When a failure occurs in working optical
channels 920, this failure will be detected by an OCCS
controller and/or network management system, for
example, and a switch command will be transmitted to
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there is a failure between OCCS B and OCCS D and a failure between
OCCS B and ¥¢%9/4311570 recover from nore than one fai paraishoonong
202, ring traffic will be swi tched onto spare capacity within nesh
network 102. 5 As shown in Fig. 6, port 2 of LTE 320 is now
optically ' coupled with port 2 of LTE 324 through optical cross-
connect switches B, A K, and C and spare opti cal channel s 314,

- 504, and 317. These spare qpti cal channel s are space capacity
wi thin mesh net R6FR 282 apgd OCCS 3§84y | Fhe swidigh TewmamgE geoti soopELsal |y

coupled to 902CWIQQLLt c%u@fedb-é@se*@%zt {Hd)lgléifbr{]&ﬁnﬂé‘é;’é §69§§'@9ng§gk (5386
switches B, A n an are opt,ic annel s - , ,
316, and 308. sﬁz{wé@t %E&f“ RTRS °Pf§-,°aal C%anne%?)éz%_r@@_ﬂa%re_ spare
capacity of nesbphétadily tORplESthose jB%§§¥HdW§ﬂaﬁ%KH§ti@aflQhaﬁnéibet

I f . I C utilize are capacity
W thinomesn OS¢ by, eptica11sH dEBHnG Tor U 6 o R OIERFE S ol he
i nterest of brepbry, 14 and porfi §. t2 @ont sifowst @OCCS i ML neaswskow2in

configured 20 ; ht hi B34 e resent inventj I s not
i ntended to be gégfi%Pfedslﬁﬁéegggir?ggy%%éﬁ%%}h%?ﬁhéhéiSentr?ﬂg§8€§n be
configured wit h?R4n¥3dhlneawsek OEGL 904 to dismmundialy partsel pr2seand 3

invention, as wegl grhesd2 from w@&k%%nbpttqc%lp%fh%‘}{he%% 14 561 éﬁdtﬁ& art

QIVen i s 25 ooe1c8895" LBULYY tnode BSatl To ‘thard articar chopnidue

926 by 6ptica11y coupling port 1 to port 18, port 2 to

port 17, and port 3 to port 16 of 0OCCS 904. Spare

optical channels 926 are optically coupled to spare

optical channels 934 through spare optical channels 930

15 and OCCSs 906 and 908. Thus, spare optical channels
926, 930, and 934 provide an alternate data traffic
path that allows optical data signals to be transmitted
between ports 4, 5, and 6 of LTE 940 and ports 1, 2,
and 3 of LTE 942, thereby restoring the network when a

20 failure occurs in working optical channels 920.

As would be apparent to a person skilled in
the art given the above description of a six fiber
optical ring, the present invention can be used to
create an N fiber optical ring, where N is a positive

25 . integer. An N fiber ring can be built by using optical
cross-connect switches having at least 3 N ports. As
stated above, the ability to configure an N fiber ring
provides a great deal more flexibility than an ADM ring
network, which is limited to four fibers.

30 While various embodiments of the present
invention have been described above, it should be
understood that they have been presented by way of
example, and not limitation. It will be understood by
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descri bed above to create a ring connecting nodes B, C, . .and D, a
ring conn i des E, G H and | or K, 1, H, Soofosfds d! SO
be creat eéﬁbgﬁ%l? onally, if two rings are creat emﬂérei n the

rings share a conmmon 30 span, such as rings B-C-D and A-B-C-K, then
t he opportunity to share a spare optical channel between

the two rings is presented. - 13-

As noted above, the switching of an OCCS is controlled by an OCCS

control | er. OtBeseoskidiliegr $n the releyamdc@rftaithate yastichish changasor k by

recei ving faikyreorm and deltAdiCaahOBe Wadd s -di¢l Witddylg equi pnent
(LTEs) or . 5 -Qther_ fast, reliahle fault detection systens. Upon

f
recei ving a fSEPAr&ingteom &he shicatsanshicopee et the Invenfian s a
swi t chi ng t abdefiaedebyr thee Fiod csMinigciladms. Thus,caR@BIeddi drdd shoul d

send fo its correspondi E;g;gg . Fig...7 i%ée%i ram.i.l.l rating

t he cont P6PP&r %%0 che Eftc&rnrveegﬁé"ﬁ&i r‘?&otu& %% W%’Z roller

702 any of the above-described exemplary embodiments, but
should be defined only in accordance with the following

claims and their equivalents.
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I ncl udes a system processor 704, control logic (e.qg., conput er
software) 7Q®) doRa3s executed by system processor 70£CTEN9910310508
for storing switching table 710, OCCS inte -—12—for coupling

OCCS control ler 15 702 to OCCS B, a ata network ‘E rface 714 for

!L ecei vi ng

ot hor o For e et om0 @ 9@ et AN W INA VWA ce: ¥

determ nes the port . opfiguration of *OCES B. As shown in Fig. 8,
swi tching 20 ﬁhatt%%l%laﬁﬂeﬁn %des three columms. An event colum 802,
an action colum 804, and a comments colunn 806. The event colum’
contai s network events t ' 18,90 ;. I ds.3 é?ggb t wor k
event Fisted ihfthe eventﬂth#Eg? coﬁgw%fktﬁgféufg%gogbﬁ?ggﬁgn |ngéﬂp

swi tch2ng act i opirtaetwork withirsap ppEf6ads Meshy a§i#I& 10 the event.
These 3 éymﬁgbgpgiactions are stored in the switching colum

804. or exanpl e, one network event shown in event

col um4802 is the netmorkaiH%PFgg?Sﬁ 8£eﬁppl?ﬁé §E0ss - conngGte FYERES on
that O8CS B perig¢Imdifigr £6psbseseélond, and thiArd oysilcals drpssmv tch port 1
W th p%rt 16, por W th aort 10, port 3 with port 7, port 4 with

Soipdenosrischeth 88

port 5, t 9, as shown in action colum 804.
-14- 7 a plurality of working and spare optical
8 channels to interconnect said plurality of optical
9 cross-connect switches to form the optical mesh
10 - network.
11 wherein the first optical ring network
12 includes said first, second, and third optical cross-
13 connect switches, and includes at least three spare
14 optical channels and at least three working optical
15 channels, wherein a working optical channel and a spare
16 optical channel are provided between each pair of
17 adjacent optical cross-connect switches in the first:
18 optical ring network. '
i 2. The optical network of claim 1, wherein the
2 first optical ring network further comprises a spare
3 optical channel ring, said spare optical channel ring
4 comprising said at least three spare optical channels.
1 3. The optical network of claim 1, wherein one
2 of said at least three spare optical channels is shared
3 with the mesh network such that in the event of a
4 failure in the mesh network said one of said at least
5 three spare optical channels carries data traffic that
6 originated in the mesh network.
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The result of OCCS.B perforning these sw tching—aetions . can be

Shown 1 cOBBIEs 50, s & B D raifl‘iu"ﬂ\flﬂﬂmm!\evem A Tesponse (o

this event, action 5 - colum- 8 to di sconnect port 3

from port 7, disconnect port '8 fron1port 9, and switch port

3 to port 9. Fig. 4 |IIustrates t he conflguratlon of OCCS B in the
event of a B-D space cut._Another event in_event colum 802

is a LB span &ut event. The pptical nebwoxk,ef; G&Ialghé*nnéﬁ eyein £hfvt being

used tp restor€irst opticapt rdalg hetgorikt Wﬁbhu&% meagis ifd esponse to an
B _di_sconn cts port f rom

9, \
i osorhects poPELEDLIRIES: ¢ %15 Ind U DELREE 6 FoL1d Spare opfigely
thi s mhnner rirbanseloshazed witdi vbe mesh netpoirkr isughovdvatt saishar e

channed s that QPQ%%CgﬁtEEQI channel %hﬁﬁedFWch5thE| PRI wddk is

confi gur at I on he event span cut.

Each &CS wi t hPEikdgrdnBYnSHe I‘thl getwork °nléfs§50|t§teé'§ \ﬁlrlenné) FANShi ng
tabl e .equi val eshit@rklse one 20 shown in Fig. 8.  Sinply by changing
t he contents of the switching tables, new rings wthin nmesh
network 102 can be formed without incurring a significant anount
of I neswor k downThee optid cailt hetiwopkowifs caaiimg 1nedulrahewar e.
orossbonnect CorpErediB B RRLLRA BREIRa ko Retvort MR che | o
of arFtrary d@pthcéhdmﬁéhsééFEOFKe ' size of the rings as needed.
Rings built using ADMs are limted to four fibers. Consequently,
when traffic ¢ 'S phBCLgR3 g1 SHERWEDR o8 LU 5PChnEr M n Saia
2 first and second optical ring networks have a common
.3 span, and wherein a spare optical channel is shared
4 between said first and second optical ring networks.
1 7. . The optical network of claim 1, further
2 including means for utilizing spare capacity within the
3 mesh network to recover from mo:e.than'one failure
4 within the first optical ring network.
1 8. An optical network, comprising:
2 ' a plurality of optical cross-connect
3 switches, including first, second, and third optical
4 cross-connect switches;
5 a plurality of spare 6ptica1 channels; and
6 a plurality of working optical channels,
7 wherein
8 said plurality of optical cross-connect
- 9 switches are optically coupled in a ring configuration
10 using said plurality of working optical channels and

said plurality of spare optical channels such that N

[
i
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30 insufficient to handl e the |n\cr?ase,\ new ri ng must be

created. W tyhobhigsipg €sent invention, f Plowruses/esgox an
be built by using optical cross-conne ﬁ[ ”I ﬂ es haV| ng at last 3N
ports. The ability to /rﬂ

configure an N fiber ring provides a great deal® nﬁre erxibiIity

t han an ADNIring netmnrk mhlch is limted to four fibers. As 4
traffic groms along with_it, as oppose
to havih g to bui® F%l?n cr{gﬁl}?]es nae%lr‘}]g‘@"%%lgﬁpgpgi‘rﬁﬁ@ chandelst i ng
ring. are prov1d@mi detween feach npalkr sof aabat:entngp&(ieal

di to th u t n
Shown IﬂgF.S o CrPEE AP Tyl A g SA18! Pnb"cone sgurariofy ol v ed
to formtring nebRiNE G0 intager @reater gthamezévo; tESebiragoamingasin 18

ports. 50CCS 90%ptical rin I;gq;wcplqélyarg@upl ed to OCCS 904 by three working
opti cal channel s 920 .and by three spare optical channels 922.

In a li%e manner, OCCS 9020 &H&HGVERT |26 PF e92i@ Bogsrking optiged by
wor ki ng7 opt i cal chiaamedlss pidar ialell ewedPld CRlrst pair of adjacent

8 opitcal cross-connect switches are not available for

9 carrying data traffic, said plurality of optical cross-
10 connect switches are switched to loop-back said data
11 traffic from said working channels onto said plurality
12 of spare optical channels except said N spare optical
13 channels provided between said first pair of adjacent
14 optical cross-connect switches.

1 9. The optical network of claim 8, wherein N is
2 greater than 2.

1 10. The optical network of claim 9, wherein said
2 plurality of optical cross-connect switches are

3 switched to form N spare optical channel rings using

4 said N spare optical channels provided between said

5 each pair of adjacent optical cross-connect switches in
6 said ring configuration.

1 11. The optical network of claim 8, wherein at

2 least two of said plurality of optical cross-connect

3 switches are optically coupled to-one or more optical
4 cross-connect switches that form part of a mesh

5 network.

| 12, The optical network of claim 11, wherein one
2 of said plurality of spare optical channels is shared

21-



15 channel s 934. (OCCS 904 is opticatHy—eoupl ed to OCCS . 906
by wor ki n | channel s 924 | .cal PCIARY 26.
OCCS 906 ig‘é&g%ﬁh?al |y coupl ed tu,mr"ﬂLm’_” i&OS by wor ki ng opf%s?:g

* [ L @

channel s 928 and spare opti cal 930. Ring network 900 is
switched to form 20 three spare optical channel rings 960 using spare
optical channels 922, 926, 930 and 934. Ri ng network 900
operates equivalently to ring network 202. Wien a failure occurs
in rilng withnsaindrkesbonewokknguchathat in shet elredtontfoaa spare 25
patha n the opppeute Sh!Eai&cRell AUOWIrkNSaldl biibCor saig prb8FskL0. 10).
Fig. 10 illustrates an exanple failure = Scenarro-fof ring network
900. 3Dat a tr a®f i ePpEeWRRRical channghpsigagrigs datanyraf€igl0 and ports 1,
2, 340f LTE 9%9Piginating {8 88{8Bhé¥hCR&EWSHKOVEr working optical channels
920 30 (see Fig. 7). Wen a failure occurs in working optical
channel s 920, this failure will be detected by an OCCS controll er
and/ dr net work3 managenehhe sgsttoal fmetwork of ceximple, wAdraiswskel

commgnd wi 1 & franspifdedelork includes means for establishing a - 16-
priority of use of said spare optical channel shared '
with said mesh network such that said spare optical
channel shared with said mesh network is utilized by

said mesh network only when there are no failures in

N Oy bW

said optical ring network.

14. A method for creating an optical network that
exhibits the simplicity and fast switching of an ADM
ring network and offers the spare efficiency and ease,
~of growth characteristics of a mesh network, comprising
the steps of:
optically coupling a plurality of optical

cross-connect switches in a ring configuration using a
plurality of working optical channels and a plurality
of spare optical channels such that a spare optical
channel and a working optical channel is provided
between each pair of adjacent optical cross-connect

W.00 N AW N —

[T S —
Laanl =

switches in said ring configuration; _
transmitting data traffic between a first
pair of adjacent optical cross-connect switches using
said working optical channel provided between said
first pair of adjacent optical cross-connect switches;
optically coupling at least two of said

— e et ek e
N W h W N

plurality of optical cross-connect switches to one or
more optical cross-connect switches that form part of

DWW N e

an optical mesh network; and

-22-



- OCCS 902 and QOCCS 904. The switch 02”ﬂ,_;yan 902 will
~ cause OCCs 9@ %ﬂgsconnect ports 4, LTE 94¢T1fUusome3103
wor ki ng optlcal annels 920 and to A\“\“u ‘Nt\\ I coupl e those ports
i

: to spare optical channels y cobupling port 4 to port

: 15, port 5 to port 14 and port 6 %o port 13 of OCCS 902, as shown
I n Fig. 10. Simlarly, the switch command sent to OCCS
904 wi | cause OCCS 904 tq di p f TE 942
from V\Dlikl ng opti cal channerps t 95_11(8 Qror]%ing gP l (‘:%13 ose

- ports t?3 spare mqwﬂedeémm%n Sald flr%QGP@yropfl ééﬂayea@uplpltng:aﬁort 1
to port3l8, poricrpdd: connect swPiéhdd 1§0H090§ta§15819055 16 of COCCS 904.

Spar e optical, channel s 926 are, optica cou pare
opt i cal 4channel $TERERIL iR 358 et%ﬁ%‘ét %ﬁ%ﬁ@%tgag §ld d"itaand OCCSs

906 ands908. T%fﬁ@%méﬁ%af@aﬂﬂﬁéﬁ pair of a8f8ceH80opai¢al34
provide_,an alternate data tr al tlcal dat a

si gnal s®to be t ChRSH TGP ect SW1t°?ﬁﬁvﬁﬁﬁpgo??%é4p£3raiﬁﬁy6° f SPRES940 and
ports 17 2, opticancciamielTe®ddpt t bei@bypaesat opthgalhehaahear k when a

22 o el Lo BN RN o 08" L2 BRTELE Siacept gpyafane

above d®scri pti erasts cainedt lgwitches. - optical ring, the present

i nvention can be used to create an N fiber optical ring, where N
is a positive 25 integer. An_N fiber ring can be built by u5|n%
opticall 15r 0ss- coripe Maiiad ek ®haimgl tfvebber 3campsisingashe

. stated zbove, tkeeppids tmﬂ&mmjlw& ﬁrufaii@ﬁrofléﬁtmal crosgL ovides a
gr eat al nore erX| work, which is

ity than a
linmtedfto four P tﬁ tCth &' f5in'a "are %H%%% chBBaPieRt8%f the
present4 ualmmrnam fglavm loiden o sspatedopbbes]l chashebkd be

- understood that they have been presented by way of

16. The method of claims 14 further comprising
the step of sharing one of said plurality of spare -
optical channels with said mesh network such that in
the event of a failure in said mesh network said one of
said plurality of spare optical channels carries data

N W bW N e

traffic originating in said mesh network.

17. The method of claim 16 further comprising the
step of establishing a priority of use of said spare
optical channel shared with said mesh network such that
said spare optical channel shared with said mesh
network is utilized by said mesh network only when
there are no failures in said plurality of working

N O bW =

optical channels.

1 18. The method of claim 14, further comprising
2 the step of utilizing spare capacity within said mesh

23-



exanple, and not limtation. It will be understood by .

;:ﬁ;;lges WOSYASKY, ¢ 65rm ;Egsgets?al ROt ev?g;[ na\r/\: t Flioﬁ é@fokﬂﬂs
departing fromthe spirit and scc”“’lm"mmmlmron as defined by
the followi ng clainms. Thus, the breadthtany 5 * scope of the present
I nvention should not be |imted by any of the above-described
exenpl ary enbodi nents, but shoul d be defined only in accordance
with the fol | petwgrk to receverméramdmoirei lthwupml éuatldure within

2 said ring configuration. : :

1 19. A method for enabling an optical cross-

2 connect switch to participate in both a ring

3 configuration and a mesh configuration, comprising the

4 steps of:

5 provisioning a first set of ports in the

6 optical cross-connect switch to support ring traffic;

7 and _

8 provisioning a second set of ports in the

9 optical cross-connect switch to support mesh traffic.

1 20. The method of claim 19, further comprising

2 the steps of:

3 connecting a first port from said first set

4 to a first working optical channel;

5 connecting a second port from said first set

6 to a first spare optical channel;

7 connecting a third port from said first set

8 to a second working optical channel;

9 . connecting a fourth port from said first set

10 to a second spare optical channel;

11 connecting a fifth port from said first set

12 to a first network node; and

13 connecting a sixth port from said first set

14 to a second network node.

1 21. The method of claim 20, further comprising

2 the steps of: _

1 switching said fifth port to said first port,

2 wherein an optical signal transmitted from said first

24



What Is Cained Is:, 1 1. ”‘AFT optlcal net includin

first opti cgdo;,m,ns ring network wthi m“m“‘ [netms%‘ 3103
conprising: 4 a pluralit 3 ‘ -connect swi tches
5 including first, second, and third+opti dal "cross- connect
switches; and 7 a plurality of worki ng and spare optical 8
channels to interconnect said plurality of optical Cross-connect
switchgs to for p I I 1

MMGFEIﬁ t he flrﬂ%{@8¥?cgkﬁglﬁHEEPaﬁQm&tted Bﬁkﬂpﬁ%%dhgﬁgiimﬂfrﬁﬁ% ,
second?2 and th|¢ﬁtb§@10§haé¥lé $- 13 connect switches, and includes at

| east t3hree spare 14 stEthﬂb shaanghstangoic It@asgaltmrtﬁem@r;kd»m.

opti cal chanpnel s, n Ki_n ti ca annel and a spare 16
optical channelw%‘?EebFoéPdBB Bﬁ?bxeéﬁgé‘&é gﬁ&'&ft{i"ﬁl rom ‘gc%%cfmg‘gtl cal
Cross-@onnect spétwdeR hodehésf tlrahsfaatted ontpt isadld rdetpmketwariking 1

2. The o cal of Ia|n11 wherein the 2 first optical
ring nétwork fu$?hé? %oﬁ%%ﬁags a %pare 3 optical channel ring, said
spare @ptical channel ringwdtching eesigr sacmgtds@od‘tattd easitd tiowetlspar e
opticalg channel T Pl gﬂgf fimi,
mhereln one 2 ﬁort, hggﬁ of éonggFlP rggl% are o t rnués IS shared

channel to said second spare optlcal channel

22. The method of claim 21, further comprising
the step of switching said fifth port to said fourth
port in the event of a failure in said first working

W N -

optical channel.
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3 with the mesh network such that in.the event of a 4 . failure
in the mesh_network said one of said at |least 5 three s I cal
channel s caMQ&¥} 1 5 traffic that 6 originated i-n the Egiﬁmﬁg¢ﬂ§fk.

-19- 1 4. The optical -network of claim3, wherein
the 2 first optical ring network hgp% des neans for 3 _
establishing a priority of use of said Spalfe optical 4 - channel
shared with the nmesh network such that said 5 spare optical channel
shared with the mesh network is 6 utilized by the nesh network only
if there are no ring & failures. 1 5. The opti cal
network- of claiml, fugther 2 - conprising a second optical ring
network within the 3 @ optical nmesh network. 1 6. The
optical network of cl@&m5, wherein said
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2 first .and second optical ring networks have a common 3 span,

and wherei n wosasAasopti cal channel is shar ed 4 bet ween FCI/USIIBHB

- and second optical ring networks. The optical network

. of claiml1, further 2 i ncl udi ng rreals éor utilizing spare capacity
within the 3 mesh network to recoved/¥dom rmre than one failure 4
within the first optical ring network. . An opti cal
network, conprising: 2 a pIurallty of optical cross-connect
3 swi tches, incl udl-ﬁg first, second, and third optical 4
Cross-connect sw tches; 5; a plurality of spare optical
channel's; and 6 @ a plurality of working optical channels, 7
wherein 8 Zsai d plurality of optical cross-connect 9
switches are optically co ?)ged in aring configuration 10 using said
plurality of working opti®al channels and 11 said plurality of spare
opti cal channels such tha\AN - 20-

(0]
TR
o

FIG. 2

Optical Cross-connect Switch
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I spare optical channels and N working optical channels 2. .are

provi ded ach pair of adjacent optical 3 CI OSPE1764d

Swi t ches Bﬁbgg{?‘ﬁli ng configuration, N 4 bei ng' an i nt eger gfréglg?er

than zero, thereby formng an 5 optical ring network, and 6

in the event any of said N working op@/) 7 channel s provi ded

between a first pair of adjacent 8 opitcal cross-connect switches are

not available for 9 carrying data traffic, said plurality of optical

cross- 10 connect switches are switched to | oop-back said data 11
traffic fromsaid working channels onto said plurality 12 : of spare

optical channels except said N spare optical 13- - channel s provided

between said first pa¢x of adjacent 14 optical cross-connect swtches.

1 9. Theootetical network of claim8, wherein Nis 2

greater than 2. 1 O 10. The optical network of claim9, wherein

said 2 pluralitg® of optical cross-connect switches are 3

switched to form N spage optical channel ri ngsgjsi ng 4 said N spare

optical channels provi gled between said 5 seach pair of adjacent

optical cross-connect gwitches in 6 8 sai dgrgng configgur ati on. 11.

The opti calggnet wor k ' er(e'w at 2 O,N | east ‘Bwo of said

i o c O

plurality o optica £
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network is utilized by

failures in

3 switches are optically coupled to one or nore optical 4
Cr 0Ss- connecyovdigsrapes that formpart of a nesh 5 ~ net woPKT/US99/03103
12. The optical network of claim11l, wherein one 2 of said
plurality of spare optical channels is shared

C-21- 1 with said mesh ngf#k such that in the event of a
2 failure in said nmesh network said one of said plurality 3 of
spare optical channels carries data traffic 4 originating in said
mesh networKk. 1 13. The optical network of claim 12, wherein
said 2 optical ring network includes neans for establishing a 3
priority of use of said spare optical channel shared 4 with said nesh
network such that said are optical 5 channel shared with said nesh

said nmesh network only when there are no
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7 said optical ring network. 1 14. A net hod {£or

creating ag,qd43 network that 2 exhi bits the sinplpetiooiiishsl ast
swi t chi ng o hb%%l\ll ring network and offers the spare e?flm ency
and ease, of growth characteristics of a nmesh network, conprising 5
the steps of. 6 opti cadyf¥Qcoupling a plurality of optical 7
cross-connect switches in a ring configuration using a 8 plurality of
wor ki ng optical channels and a plurality 9 of spare optical channels
such that a spare optical 10 channel and a working optical channel is
provided 11 bet ween each pair of adjacent optical cross-connect 12
swtches in said ring configuration; 13 transmtting data
traffic between a first 14 pai r of adj ac;?gt opt|§ Cross-connect
sw tches using 15 said wor ki ng opti cal ded between said
16 first pair ¢of adj @ent optical cross- c@ ect ches; 1
optically coupling 68 | eas@pHwo of said 2 ,.pl ural ||2y of optical
cross-connect switct@® to @e or 3 nore op | crpss- connect
switches that form Rt Qfl-4 8 an optlcal k; and
"22- A 4 AP
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1 . I n the event said working optical channels 2
provi ded betygosgzips d first pair of adjacent optical 3 BCDUSI%BhedeCt
switches is not available for 4 transnmitting data traffic,
transmtting said data 5 traffic 867 n said first pair of adjacent
optical 6 cross-connect sw tches Jﬂ@esai d plurality of spare 7
optical channels except said spare optical channel 8 : provi ded between
said first pair of adjacdnt optical 9 cross-connect sw tches. 1
- 15. The method of dlaim 14 further conprisingyghe 2 step of
~switching said pluralityjof optical cross- 3 gnnect switches to form
a spare optic channel == ng#‘ﬁ using said plu jty of spare optical
channel s. 1§ 1/ 1o Nh® m\t hod of clains &S urther conprising 2
" the step of shaag dne {f said plur

ity of spare ¥ opti cal®hannel s
with said negh n&mot® sych at in t he eveé of afailuryan sai d
mesh network |sai d,jonk..of |5 OO0 saigl| plurality of yspare opti cal nnel s
carries data q£ (torafficoorigi n&tjng in said sh network. .
17. Thq -Aetlfeei @ ; trtper conprisifng the 2 . step of
establishingla prijorfty dgf use of saij\spare 3 opti cal channel shared
wth said nmegh_n&ljwolR o sai d spare optical channel shared
. With said nesh : '
| \ 2232
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5 network is utilized by said mesh network only when:6 : there
are no failur p said plurality of working 7 opti ca, SORRIG- 1
18. #@Eségp od of claim 14, further conprising 2 Cﬁﬂe stg% of
utilizing spare capacity within said nesh

- 23- 1 network to recpfpQ fromnore than one failure
wthin 2 said .ring configuration. 1 19. A net hod for
enabling an optical cross- 2 connect switch to participate in both a
ring 3 configuration and a mesh configuration, conprising the 4
steps of: 5 _ provisioning a first set of ports in the 6
“optical cross-connect switch to support ring traffic; 7 and
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8 . provi sioning a second set of ports in the 9 opti cal

cross-conneﬁb@%hgh to support nesh traffic. 1 - 20. PCT/USYYR303
met hod of claim 19, further conprising 2 the steps of: 3
connecting a first port fromsaid firstgﬁ 4 to a first working
optical channel; 5 conn Gg a second port fromsaid first
set 6 to a first spare optical channel; 7 connecti ng
a third port fromsaid first set 8 to a second working optical
channel ; 9 connecting a fourth port fromsaid first set 10
to a second spare optical channel; 11 connecting a fifth
port fromsaid first set 12 to a first network node; and 13
connecting a sixth port fromsaid first set 14 to a second network
node. 1 21. The met hod of claim 20, further conprising 2
the steps of: 1 switching said fifth port to said first
port, 2 . wherein an optical signal transmtted fromsaid first
-24-
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1 netvvork node is transmtted onto said first working 2 =« opti cal

channel ; switching said sixth port to saifchikdhsprt, 4
wherein anw(?p?fﬁgf signal transmtted fromsaid second 5 net wor k node
is transmtted onto said second working 6 optical channel; and 7
swi tching said second port to said foug¥ ﬁ port, thereby connecting
said first spare optical 9 chann 0 said second spare optical
channel . 1 22. The net hod of claim 21, further conprising 2
the step of switching said fifth port to said fourth 3 port in the
event of a fai I_uge in said first working 4 = & optical channel.
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