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.OR MORE OPTI CAL" RI NG NETWORKS 5 ' The present invention
‘rel ates generally to optical ring networks. A
.self-healing optical ring network has three or nore ring elenments
(al so call ed nodes) connected in 10 a logical loop. Each ring

el enent is connected to two other ring el enents by working fiber
and spare fibers (al so call ed channels). Wen wavel ength divi sion
mul tiplexing (WDM is used a working channel and a spare channel
can be carried on SNETEM AND METHOD FORASHARING A WOAR] NHL e AMONE r THQ
traffic between ring el enents QR MORE ORTIOAM RINGr NETWORHE of operation. A

spar e chamnel al so carries traffic between ring elenents, but a
spare channel onlyfﬁﬁg e t [ I

in the ring experiences a fali u?gégfﬁk 1¥ec3bn leg@é?ngggggﬁggfségan
i ncl ude an add/ dr ogptical ringnpetwsir&eer (ADM). An ADM can pass traffic

between the ring n%{V&*ﬂf-@i?éil%g%p%%h@@mhgswhwaﬁkanasIeﬁféécal
br oadband digital crossconnect swtch (DXC) and_|

e t er m nal
equi pnent . 25 or more ring |§fepenks déﬂsﬁppéléﬁchPSﬁF& %98“?8E%€sln
Optical Network (SONEJgiddnadldwgs Wordachand ndDilienehtidés connectedatbatware

det ecti on uni h .
uni t t aét}gee% 619111%: m&ee%e%tcsh%@n%lorking fiber and spare fibers

(also called channels). When wavelength division

multiplexing (WDM) is used a working channel and a
spare channel can be carried on one or more fibers. A

15 working channel carries traffic between ring elements
during a normal mode of operation. A spare channel
also carries traffic between ring elements, but a spare
channel only does so when one of the working channels
in the ring experiences a failure.

20 Ring elements can include an add/drop
multiplexer (ADM). An ADM can pass traffic between the
ring network and other equipment such as an electrical
broadband digital crossconnect switch (DXC) and line
terminal equipment.

25 In a typical opto-electronic Sychronous
Optical Network (SONET) ring network, and ADM includes
a failure detection unit that detects when a channel
failure has occurred. For example, an ADM detection
unit will detect a channel failure if it senses a loss

30 of signal condition. In response to detecting
a failure, the ADM sends a failure indication (also
known as an alarm indication) to a central network
management system, and the ADM switches traffic onto a
spare channel using loopback to provide ring

35 restoration.
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Fig. 1A illustrates an elafh e r-uikHates an it SptSiecal %ﬁlarjrg‘%tv\or k

havi ng four ri mptEiaientindg 0Btwork havin£ouk06imyd el@hentrs @2yl node,
the working ch I 10, 4 d I t d the
AVE, 106 and 10811010 Mot mdtil) LHR QAR (B BN

ringinabs | recti on aré C anne S
and 124 are idl30 V\Viléfg*":a 1 | @ned dclcﬁjrc@nny atianground the g@gmig gaw &t | on

the spgre Chamﬁrﬁ;l@tdlﬁ:fécﬁﬁtcﬁﬁ N8 R spare cha@idiy 913",© 1391 yaied and
route the traffic_around t fault, .in the opp05|te direction. 10

FIG 1B illust @éldesl%%@%érdéﬁ -on Y¥ery aseﬁafllure occursndg) Engidstical ring
when wor ki ng Cftaﬁffdlgu]ﬂa&.ldml athd $pare chanmas giRed alfF eediedy by aftd C

bet I . ' a'I re.
Ater ring - fAiling A ackiyated Sl RRR N ARy CRAKEIELO, 15
ring el ement Afswlttchies theafddposdrtrd \dingeainiomor ki ng _ channel 116
onto gpare channel 124 i %‘1116&6 lcﬁag.cis.l.'uts%_rates the %'pre%%ttli%@x %ff tah%etlrfa-f fic

flow on morkln%lchqnnel X
ealing optical ring when working channel 110, which is

designed to carry traffic between ring element A and
ring element B, experiences a failure. After ring
element A detects a failure in working channel 110,

15 ring element A switches traffic arriving on working
channel 116 onto spare channel 124 in the opposite
direction of the traffic flow on working channel 116.
Similarly, after ring element B detects a failure in
working channel 110, ring element B switches traffic

20 arriving on spare channel 120 onto working channel 112
in the opposite direction of the traffic flow on spare
channel 120. In this manner, the ring self-heals upon
sensing a break in the ring;

While a present-day opto-electronic SONET

25 ring design has the advantages of simplicity and fast
switching speed, it has the drawback of an inefficient
spare to working capacity ratio. The spare to working
capacity ratio is the ratio of the number of spare
channels to the number of working channels. In opto-

30 electronic SONENT ring networks the spare to working
capacity ratio is 1:1. That is, for each working
channel there must be a corresponding spare channel.

A self-healing optical network is needed that
retains the speed and simplicity of a self-healing
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Simlarly, after ring elenent B detects a failure in \mﬂd%#®

channel 110, WOYAEPLnent B switches traffic 20 arrivi n§CEYSeY
channel 120 onto working channel 112 in the opposite direction of
the traffic flow on spare channel 120. In this manner, the ring
sel f-heal s upon sensing a break in the ring.

vgile a present-day opto-electronic SONET 25 ring design has the
advant ages of si [\ . f : Lt ghj e '

drawback of an ine |g$§h sietiork g%é%& ngkggg#ﬁgméggagff§é%§§?dﬁgghe

spare to working of spare chga@eyp-ratio is the ratio of the nunber of
spare channel s to tfg pHERRntOfinwRnkiBE £R8PNEES. al 8eDPReaBlhg
el ectronic SONENT ring networks the spare to workin . capacj t
ratio is 1:1. ThattRECFoMIMRIF SR G tains Ehe, ABRRGI 2RflcFUTRELELTE a
correspongi ng spargr Gha¥ie -healing optical ring AegebikheRilaegpoptridialg

rrespo . e L
network f's needed (AL orcsctant WG ol obi2e RREHnEY BYRELSALYGL & o

PCT/ US99/ 00768 more opticalSENRE mietgomdswshkrehal spprevebimyehor e
efficient use - | s. : t
crpzeifh IR svage, o poring, epndly PEEEAS

I nvention provides a’se opt i net ( "the
speed and sinplicity 5 Aagforgiggl ftohéhlei pgesprtcalveRhgonet wokkshhi | e
providingg op & e fd it gUe i)l (9R@)e1shappeba1 by Baubnaatve £r

first ring element of a first optical ring network, and
is optically coupled to a first ring element of a
second optical ring network. A second OSU is optically
coupled to a second ring element of the first optical
15 ring network, and is optically coupled to a second ring
element of a second optical ring network. The first
0SU and second OSU are optically coupled by a spare
channel that is to be shared by the first and second
optical ring networks. The first OSU optically couples
20 either the first ring element of the first optical ring
network or the first ring element of the second optical
ring network to the spare channel. The second OSU
optically couples either the second ring element of the
first optical ring network or the second ring element
25 of the second optical ring network to the spare
channel. In this manner the spare channel can be
shared among two or more optical ring networks.
Additionally, according to the present
invention, the first ring element of the first optical
30 ring network and the first ring element of the second
optical ring network each send messages to the first
0SU. The second ring element of the first optical ring
network and the second ring element of the second
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nore optical ring networks share a spare channel, t her eby

decr easi ngWMOf833Mare to working capacity ratio. PCT/US99/00768
According to the present invention a first 10 optical swtching unit
(OSU) is optically coupled to a first ring element of a first
optical ring network, and is optically coupled to a first ring

el emrent of a second optical ring network. A second GsU i s
optically

. d d f the | 15
Tho netvork, SRiFELoRRd.PB;AeRR:RREn beHoChERASPRnso Ene' S8 ofRemont of

a second optic@BUring network. The first OSU and second OSU are
optically coupled by a spar a S shared by the
first and second Eﬁ 8 flrFt embBH agkké? #ﬁé P£83€§ U optically
coupl es 20 invepthen. tﬁbefﬁigstrthGeﬁéﬁ@ﬁntoandhéhelsscongtrmag ring

net worg or theeﬁéﬁéhtrb@gtﬁbeﬁEEEtOBpEE@aﬁeﬁQﬁg Aatieak, HROR senéiﬂ?
network to the spare channe|. The se¢cond OSU optically coupfes

ei ther the secﬁngaFﬁﬁﬁeeWéﬁEﬁP Shet harst °Pt10a¥|F§FgoBFFUaFkr|ﬁ@nﬁeﬁmork
or the second akBg mkesasgk 25d10ﬁt1n@fthéef§ﬁgﬁﬂd eattﬁé|fit§g @é%Mka to
t he spare han e In_this nner t cha can, be
shared anong t%%do § bEPICEFSPFﬁ 1¥§?¥Drkglm9?arly' CRE! ££20¢

Addi tionally, acnqrdﬂagenb ahd peeerdt ring elemenhvefit tha, sebenﬂlrst ring

el emepy of the, %EE&E%OEEhﬁahe§Qork u Bhngeﬂgﬁﬁgog @leﬁp ﬁinrkﬂg

el enment of the sen nessages to

the first SeCOﬂéSQPtIﬁélséé@ﬁdnﬁtwgrbbeﬁ@h@ af daha messageptical ring
network and thengeegndnki RecCk8ABAkeOtot PReSEELBE 05U and
_3- VO 075760430 THe errorEhe and secend, 084, 00768

respectlvely Upon receiving a failure indication from
a ring element, the first OSU optically couples that

15 ring element to the spare channel if that ring element
is not using the spare channel as a result of a failure
event. Similarly, the second 0SU, upon receiving a
failure indication from a ring element, optically

~ couples that ring element to the spare channel.

20 Consequently, when a failure occurs in the first
optical ring network, the spare channel will be
available to the first ring, and when a failure occurs
in the second optical ring network, the spare channel
will be available to the second ring.

25 In an alternative embodiment of the present
invention, the first OSU transmits a status message to
each ring element optically coupled to the first 0OSU.
The second OSU transmits a status message to each ring
element optically coupled to the second 0SU. A ring

30 element optically coupled to the first 0SU will
transmit a data message containing a switch command to
the first 0SU if the ring element is not using the
spare channel and the ring element senses a failure.
Similarly, a ring element optically coupled to the
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opti cal &ingnﬁftm2€k each send nessages to the second OsU
In a first: enDSHMEME of the present | i nvention, the FFTASIY07¢8

el enent and the second ring 5 ‘el ement of the first optical ring
"networ k, upon sensing a failure within the first optical ring
network, send a data nessage indicating the failure to the first
osuU and second OSU, respectively. Simlarly, the first

ring el ement and sgeonh rdS"tﬂ vﬁllqn%'}ranginltthﬁ ag?,gnﬁleégage conQQil’l ding
net wor k, upon sensing a lure within ond optica rlng

network, send a’ dafvl Wand to the| ﬁ&p@aﬂu A§Ut hé taelnmgt@l@rh@mx%t

OsU and second OSWot optlcallrye%%tlbueltb tHBOQpéﬁéebHaﬂﬂeﬁ 434 | LK€ ring
i ndi cation from arin first Etlcally couples

nent, the
that 15 ri ngeleﬁ%tsecn(?eg’hé §Bé|18r8hanﬁ89nl FeFﬁé‘t’l Iy Sreheh
is not usBng the spamamharirl fdssa aadukkecohdaokuai bptEcally coupEé’elfﬁe

Simlarly, the secand U on.receiving,a . all di cation
froma ring el emarﬁmgo% r&ytha% Sent ggﬁpfgétFﬂa?oﬁ“f‘?‘@ e?%n@h‘? Rt he
spare channel . 20channek1wwequently, when a failure occurs in the first

optical ring network, the S%%&%h%ga@ﬁgku?hglaﬁﬁ adv%nta%coﬁ%t @? e to the

first ring, and when a fail uré occur rcal ring
network, the spar ®asf@ielinvention, ﬂﬁIWe&é aﬂathab$§ru@¢4¢ﬁe¢m¢ond ring.

25 10 ogdtad Al 18 Rall %G seBR8HhTRBh L &f Ehéh@rﬁéé‘é‘é t
invention, the first OSU transmts a status nessage t each ring

el enent optical | y 0GR 0 3Fe desFEibeduin detall bﬁ%@W§@HahdF%ﬁﬁ¥ence

transmts a statuzdmessagRdompaaging Bgawings. el enent optically coupl ed
to the second GSU. A ring 30 el enent optically coupled to the first

osU wi |

BRIEF DESCRIPTION OF THE DRAWINGS
15 The accompanying drawings, which are
incorporated herein and form part of the specification,
illustrate the present invention and, together with the
description, further serve to explain the principles of
the invention and to enable a person skilled in the
20 pertinent art to make and use the invention.

Fig. 1A is a diagram of an optical ring
network in a normal mode.

Fig. 1B is a diagram of an optical ring
network in a failure mode.

25 Fig. 2 is a diagram of two optical ring
networks that have a common span.

Fig. 3 is a diagram of a network
configuration according to the present invention that
allows two optical ring networks to share a spare

30 channel.

Fig., 4 is a detailed diagram showing the
components of OCCS controller 306.

Fig. 5 is a detailed diagram of the common
span portion of FIG. 3 further showing a network
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transmt a data nmessage containing a switch command to .the first

OSU i f theWOMP7842enent is not using the spare chaPERUSHNE768he
ring el ement- senses a failure. Simlarly, aring element optically
coupled to the -4- WO 99/ 37042
PCT/ US99/ 00768 second GSU wW Il transmt a data nessage
containing a switch command to the second OSU if the ring el enent

S not ' . CO e s %gggeL the ri

el enent senses %&Eail‘f‘g}r%e’l%bg%écre%% vé rl\:g]o a&gévﬁfrg lna"'r‘g’qltcloorﬁ*naln t he
first and secoral @S oprd ceptticabuping tietworks to Shar@@,esmethat sent
the switch commnd 4o t he spare channel .

Further features and advant ages_of the present invention, as well

as the structure and 10 Figs. dperand B ok LIRS RLS SR EYWERELRT t he

presents tabTWeHtrd Pl e Seid b@:@hmﬂ@%ﬂlﬂh@%ﬂé’éé’ﬂﬂ h reference
to the acconpan | éhdraMAngs Rl EF DESCRI PTI ON OF

THE DRAW NGS 1 The acconpanyi ng drawnngs, whi ch are
i ncor porated herein and fmidn parilnisttﬂ‘wt@spea:irﬁéﬂaid dfior sharing allustrate

the present | nv%p%xlhe }%}gnef vpeén "‘éﬁé‘ ]H]r?g networks dffﬁ{é@}é@é"d ifrlxth her

serve to expl ai prlnC|pIes 0
FIG. 2 according to one embodiment of the present

10 | invention.

Fig. 8 illustrates a method for sharing a
spare channel between the ring networks illustrated in
Fig. 2 according to a second embodiment of the present

_ invention.

15 Fig. 9 is a diagram of a network
configuration according to another embodiment of the
present invention that allows two optical ring networks
that have a common span to share a spare channel.

The present invention is described with

20 reference to the accompanying drawings. In the
drawings, like reference numbers indicate identical orxr
functionally similar elements. Additionally, the left-
most digit(s) of a reference number identifies the
drawing in which the reference number first appears.

25. The present invention provides a system and
method for sharing at least one spare channel among two
or more optical ring networks, thereby providing more
efficient use of spare channels.

The present invention is described in the

30 example environment of a fiber optic communications
network having two optical rings that have a common
span. Description of the invention in this environment
is provided for convenience only. It is not intended
that the invention be limited to application in this

-6-



the invertion_and to enable a person skilled in the 20 pertinent art

to make and u¥®PHE%2nventi on. Fig. 1A i s BCHUSH/MASof
‘an optical ring network in ‘a normal node. Fi g.
.1B is a diagramof an optical ring network in a failure node. 25
Fig. 2 is a diagramof two optical ring net wor ks that have a
common span. Fig. 3 is a diagramof a network

conf i gurati on accoLdl gkl PEESAIN | AT QLB ene £o110Rthg"s (O

optical ring networ Rare a Spare
Fig. 4 is a detai I@elsqr:agtmshbwmlt feecome apparwmpaneat perkolCCS

control l er 306. skilled. in the Jceﬁ.élra}urt tah%%t%b|QQQQEﬁgﬁ@n¥ﬂg the

comon span portion, of er show n
99/ 37042 invention in alternatlve envp@ppggggp@07gg particular,

confi gurat§ on accoigiwglt OoéEend ' Asiter tHRRY iteN 1EnB§Ement the igvbAWSOHWO
optical ring networks to share a s

Figs. 6A and 6B .|+%s??a$%Y%£&P@ﬁﬁ¢1ﬂhqﬁfs?ny numb@&bpésoﬁEéﬁﬁﬁlﬁbngﬁ BRAB

exanpl e of the presigate any numbémveiggeire channels. Fig. 7

f h h b h
netuorks 1 11ustrated in 109 Zidrustrassditag BetiRELeRobN, RBRYODES! ne

pr esent 202 and 204 that have a common span 201. A span is a

10 path or route between two locations. As shown in FIG.
2, ring network 202 has a ring element 214 at location
X that is connected to a ring element 218 at location Y
by aﬂworking channel 206 and a spare channel 208.
Similarly, ring network 204 has a ring element 216 at

15 location X that is connected to a ring element 220 at
location Y by a working channel 212 and a spare channel
210.

As a result of ring network 202 and ring

network 204 having a common route between location X
20 and location Y, there are four optical communication
channels 206, 208, 210, 212 connecting locations X and
Y. Of the four optical communication channels 206,
208, 210, 212, two are spare channels 208, 210. Spare
channel 208 serves ring network 202 and a spare channel
25 210 serves ring network 204.

Spare channels are idle when a ring network
is in normal mode (i.e., no ring failure).
Consequently, when two or more rings share a common
span, idle capacity exists between a pair of locations.

30 Prior to the present invention, 100% idle capacity was
necessary to support the self-healing restoration
performed independently by both ring networks 202, 204.

FIG. 3 illustrates a network configuration

300 according to the present invention that enables

-7-
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10 i nvention. Fig. 8 illustrates a nethod for
sharing a WO99/37042 spare channel between the ring networks RCI/USHOBI68d i n

Fig. 2 according to a second enbodi nent of the present i nventi on.
15 _ Fig. 9 is a diagramof a network configuration
according to anot her enbodi nent of the present invention that
allows two optical ring networks that have a conmon span to share
a spare channel_, T I esg i nve escribed with
20 r ef er ¥ (R TIERE A ART ré}ﬁdr TR asre qﬁ% 'Spllfs dr awi ngs,

| i ke reference charrexk 316:ii€e§aisetircbarhé@ﬂ=temrlocatlons ¥wwdivnaldy simlar
el ements. Addi td g qﬂ]lypt{g@l l&nflftchlng un1 u)di g (stg I;Pfaé%d %rgr ence

nunber identifie which the re ence nunber first
appears. 25  location X and’h% ﬁiﬁ tosm\ﬁém iigh Phasedies dogaian and

met hod sf or sharg ng @dy | $ESt 1 AERLEHRTE SV oI EHI0 d Mk s - connect OF Nnore

optical ring networKks, thereg¥ grOV|d|n ef ficient use of
spare channel s.switch (OCCS) 30 %rtéé&tﬁil?ﬁferﬂcf% g dShed in
the 30 eXFW) CaredVOS® BENt iél wdds herseynd aursnBli T aidupled to

gts\(l:\?lrlp()t ihgxl 219 Eltml‘éecfcﬁ%’% (?éf%%lﬁ? Sif%‘?ﬁ%ﬁs%vfoo cﬁg@%os and |Oscc%fow ded for
conveni ence onlgonttolbkenod06 tamdbolrm one intedwal turelt roemamresist i mit ed
to apply cation AQ {$f separate units coupled toge ch t é% QOCCS
W99/ 37042 R B3 odVes
controller 306 can transmit and receive data from oCccCs
308. The same is true for OCCS 312 and OCCS controller
310.
An OCCS is a device that can switch optical
15 paths between a plurality of optical ports. In one
example, any one of the plurality of optical ports can
be internally optically coupled to any other port
within the OCCS. '
OCCS controllers 306, 310 control the
20 switching of OCCS 308, 312 respectively. For example,
OCCS controllers 306, 310 send and receive status and
switch commands to and from OCCS 308, 312,
respectively. More specifically, for example, OCCS 308
and 312 receive port coupling and decoupling commands
25 from OCCS controllers 306 and 310, respectively. A
port coupling command causes an OCCS to internally
optically couple a first port of the OCCS to a second
port of the OCCS. A port decoupling command causes an
OCCS to internally optically decouple a first port of
30 the OCCS from a second port of the OCCS.
‘FIG. 4 further illustrates OCCS controller
306. OCCS controller 310 has the same configuration as
OCCS controller 306. OCCS controller 306 includes a
system processor 402, control logic 404 to be executed

-8-



envi ronngnt . fact after reading the foll ow ng description, it
will becone aWBzf?’é to a person . skilled in the rel RGHISI0768:y

to i nplenent the i nvention*in'alternative environments. In

particular, 5 it will becone apparent how to inplenent the invention
I n an environnent where any nunber of optical rings can share any
nunber of spare channels FIG 2 illustrates two optical

ring networks bxutsgs ﬁ\ Wg?Qc%Qéo% i rfdsxp?sr{:c%qég Appan is :"‘

10 pat h or oca ons
ring network 202 Restacpingiagesbatuiaf a@CCFS)ciiaﬁﬁorﬁWltChlng baktlieatd 0i8s

connected to a r'Bglﬁbegﬁﬂkeal§naﬁeﬁ6¥§g46%‘\GCCS interfid MY gl channel
206 and a spare channél imlarly, rlng net wor 204 has a

ring elenent 216 SPUR3ING OCCHoeaRt¥mde¥ HR0 12 @i At &ateng el ement
220 at 5 | Ae8UbPR Ynbursaser ki NGEERARNG 1P GUUE BSRAI 1U00

210. esu nf network 202 and ring
net wor k 204 haV|n&oaacSHWBHn?SﬁF%O%e?hﬁERF FRtFO 20 and | ocation
Y, there are four optical CEmunSC:Bllmtrates the @Iaarmeies:wfé@ﬁ, 1206t idhE,

212 connecting | ogagrgngoélaggeater dgz 0A§ gé}? I%Illecal three

communi cati on channé WO are spare channel s
208, 210. Spare ports Ofcﬁéﬂﬁew&o@@letsvefs, rﬁngpmiatMotaCeZ@Eta-lwléIYSpare

channel 26 3&Qp§saVEé EhPSerﬁ%{ﬁﬁl%éKBbcs 312 (ports 5 a?ﬁaﬁ§

channel s are idl e when a ring_ networ nor ma nD no

ring failure). by an ozéhgéaubh@kyw%merﬂ‘hwnﬁlqﬂr é:qmwg@cgmp@ a isémmon

span, idle capaci wc@ﬁaéBSthewe@;swcméh&inéwatw&kqng%hannel Brigor to
the present invention, 100%i gjllglga necessary to support

the sel f-healing PREFBr SPRBRAC an‘bé’r"?]ﬂ?% R FEnddtl y by both ring
net wor ks 202, 2048pecifically, port 5 d&ff ®Cs ijdausiy afpas calnet woripled

Configurfgion to port 5 of OCCS 312 by working channel 314; port 6 of
OCCS 308 is optically coupled to port 6 of OCCS 312 by
spare channel 316; and port 7 of OCCS 308 is optically
coupled to port 7 of OCCS 312 by working channel 318.

. It should be noted that the working channels
20 314, 318 and spare channel 316 can exist in separate
| fiber optic cables as shown in FIG. 5, or they can be
multiplexed onto a single fiber by wavelength division
multiplexers (WDMs),as is shown in FIG. 9.
Data network interface 412 of OCCS controller
25 306 is coupled to network management port 582 of
element A and to network management port 580 of element
K by communication channel 564. Similarly, data
network interface 412 of OCCS controller 310 is coupled
to network management port 586 of element F and to
30 network management port 584 of element G by
communication channel 568.
In one embodiment, all ring elements are add-
drop multiplexers (ADMS). After an ADM senses a ring
failure, the ADM transmits a standard ring failure
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300 according to the present invention that enables

-7- WO WB3794¢/ 37042 PCT/US99/00768
PCT1US99/ 00768 ring netmorks 202 and 204 to share a single
spare channel 316 existing between |ocations X and Y. A

first optical switching unit (OSU) 305 is pl aced at | ocation X and
a second OSU 307 is placed at location 5 Y. (OSsU 305 |ncludes a first

optical cross- con ec swi tch 308 coupled to a rst OCCS

control | er 1CaHRON QRERXSY Y C%%Je%“ q'éaé?b#d ctcRJpI ed to
a second OCCS ciind rmod tvesr IffanLQfEer80 Soatd. O@E&sequently,(:dﬁdaﬂiéear 306 can
formone int egrqé%éjgéé%gfofﬁg %con ro?lf%lre%g%o tﬁ’i‘?e Senaré a]}]% units coypl ed

t oget her such t can ttansmt and receive
data from OCCS managemenasorThef sakement t4 (And leadres R XlhurahadCCS

controlsl er commusi®ation channel 564, OoCe &XHS-dB & 0RYd Geifpat can
swtch optical 15 pat hs between a plurality of optlcal ports. In one

exanpl e, any orfeeERIYhetPINER i 1BAFanTATPbrekenent A and elqgent
internal ly optigal Icvn@@pm@@st@o@mm&emwrwln know 1ﬁMatrm Retidre CCS.

OCCS controller 306 310 contyol I;g OCCS 308, 312
respectively. s npfeurs in el&m%’oﬁ]r o’ﬂr& 6;786°r 2 senth shd
receive status ssimilar manner, OCCS controller 310 will know if and

10 when a failure occurs in either optical ring 202 or

204.

When ring 202 experiences a channel failure
between two elements, ring 202 will not be able to
self-heal unless it has a spare path between ring

15 elements K and G. Similarly, when ring 204 experiences
a channel failure between two elements, the ring will
not be able to self-heal unless a spare path exists
between ring elements A and F. By sharing only one
spare channel between ring networks 202 and 204, unlike

20 existing opto-electronic SONET rings, the system of the
present invention creates a spare path between ring
elements X and G when a failure in ring 202 occurs and
creates a spare path between ring elements A and F when
a failure in ring 204 occurs.

25 FIG. 7 is a flow chart illustrating method
700 for creating a spare path between ring elements K
and G when a failure in ring 202 occurs and a procedure
for creating a spare path between ring elements A and F
when a failure in ring 204 occurs, according to one

30 embodiment of the present invention. Method 700 is i
described below.

Method 700 begins at step 701 where control
immediately passes to step 702. In step 702, ring
element A is optically coupled to port 3 and port 4 of

-10-



switch commands to and from OCCS 308, 312, respectivel Nor e
speci fical | y, Wo@9/3&éanpl e, OCCS 308 and 312 receive ’p’?@ﬁﬁFlng
~and decoupl i ng -commands 25 from OCCS control |l ers 306 and 310,
respectively. A port coupling command causes an OCCS to
internally optically couple a first port of the OCCS to a second
port of the OCCS. A port decoupling command causes an OCCS to

internally opti caldw%ye s%af I 3baRALE gE?SQn% xfyork% &1 o3 2

second port of th 1T ustrates OCCS
controller - regeRItivedqs cétextol Bfen93§@em§§ttﬁelga%tk@ﬁaﬂ)gurat ion as

OCCS controll er YT
contr(ﬂ%t‘@%& ®Ln308orRchudesodcs 312 by System

processor 402, | c 404 to be éxecuted
-8- ng/q;mgel 62 and working channel 560, respectp'fﬁ}%S%?%?GB

by systemsprocessofp/A02, NBHDS i efl‘éfne%TtOGI Ag bpeically ceapledotlin
status of OCCS 308, SMAtChIn tag%6 b o sit(or(g@!5 g g

406, OCCS interfa®PHd fgpd port 2 o cgﬁﬁﬁ ﬁ&zcﬁfsw85ﬁ%?%l?%?nﬁ%bnfo an
OCCS, and data 5 and spaied vmralhriellt ai5i8ac eedp2ctadvetpupbteg TUES. cofexbl | er

400 to a comruni cati.on, channel. e FI G
5 illustrates the:EBE% qi&f%t?%ﬁfg lQ Egﬁ&Eﬁd t% EPrt 1r%%?éport

detail. As shown ih dil @CCH 30ﬂ%hy working cp@ppg1054@[@gﬁggga{9o¢h@nge16

and D) o opticaldyy 1 ogpect SAMR) 6 WRk§e PRELErOELEFTR8] 2cbROFSE 5.

passes to step 710.

In step 710, a switching table for OCCS
controllers 306 and 310 is created. Given the network
configuration shown in FIG. 5, the switching table

15 created for OCCS controller 306 will be identical to
switching table 600 (see FIG. 6A) and the switching
table created for OCCS controller 310 will be identical
to switching table 602 (see FIG. 6B).

A switching table is a table having at least

20 two columns, an event column 604 and an action column
606. That is, for every event that is detected by an
0CCS controller, there is a corresponding course of
action that the OCCS controller will take.

In one embodiment of the present invention,

25 OCCS controllers 306 and 310 detect three events. The
first event being system initiation, the second event
being a channel failure in ring network 202, and the
third event being a channel failure in ring network
204. As was described above, OCCS controller 306

30 detects a channel failure in ring network 202 and ring
network 204 when OCCS controller 306 receives a failure
indication from element K and ring element A,
respectively. Similarly, OCCS controller 310 détects a
channel failure in ring networks 202 and 204 when OCCS

-11-



by an optical |ink 392. The optical conmmunication |ink I ncl udes
t hree opti C¥P9%¥HA#Nnel s: worki ng channel 314, sparePchHsnmhwﬁl6
and wor ki ng channel 318. Specifically, port 5 of OCCS 308 is
optically coupled 15 to port 5 of OCCS 312 by worki ng channel 314;
port 6 of OCCS 308 is optically coupled to port 6 of OCCS 312 hy
spare channel 316; and port 7 of OCCS 308 Is optically coEpIFg Lo
ort 7 of OCCS Kk shou e
ﬁoted that the é%%ﬁp%bfgﬁa%gglggggpsés %ﬁﬂ;u§ﬁ8l%$ﬂc%ﬁﬁ?% %?@Wwﬁ&n%16 can
exi st in separagkement G andlbemqo@l$memabFesrespe¢mmwe1y FICid5 ~or they
can be mul tipl ex n g V. I vi sion
mul ti pl exers (VDMB), as |sﬁ§%%w%8 éVéﬁP i% ddbeEey M@-;ﬂﬁ%@&@ Dat a net wor k
interface 412 of° %%ﬁtr%h?é@cg% contr0¥&E¢|%1bbu@¢mﬁulb fieg wor k
managersent portswS2c®ing table t&! SSBSEMIENhd O B NE Ky g%?&f‘%@k& port
580 of el enent nmuni cati on channel 564. Simlarly, data
network i nterfat®912 %}I‘ec%c%?ﬁ?%? 19T 3L} sthepppesform thoset o net wor k
managenent porta&8btoms$. el enent F and to 30 netmork managenent port
584 of elenment G b n t i,on c
I n one embodi nent, yaI I rlzhfgt% e%tés‘sa‘f%h "edres e o iRl ¢ fteRer s

(ADVB). After ahlQDV cembesl :passes to step '1‘1921 urkn s&@m,trmnts a
standapd ring f@bhtF&S11ers 306 %@%f&%lt for an event .to occur.

PCT/ US99/ 00768 I ndi cati on onto a conmunication C annel
connected to a system initiation event occurs, control passes to
step 720 (step 714). 1If a channel failure in ring
network 202 occurs, control passes to step 722 (step
716) . If a channel failure in ring 204 occurs, control
15 passes to step 732 (step 718).

In step 720, OCCS controllers 306 and 310
will perform the actions that correspond to a system
initiation event. That is OCCS controllers 306 and 310
will consult their respective switching tables to
20 determine the actions that correspond to a system .
initiation event and then perform according to those |
actions.
As shown in FIG. 6, rows 608 and 610 of
switching tables 600 and 602, respectively, contain the
25 actions that correspond to a system initiation event.
Row 608 of switching table 600 instructs 0OCCS
controller 306 to command OCCS 308 to optically couple
port 1 to port 5, port 2 to port 6, port 3 to port 8,

and port 4 to port 7. Similarly, row 610 of switching
30 - table 602 instructs OCCS controller 310 to common OCCS
312 to optically couple port 1 to port 5, port 2 to
port 6, port 3 to port 8, and port 4 to port 7.
As a result of the above OCCS internal port
couplings, working channel 548 is optically coupled

-12-




its network nmanagenent port. Consequently, because OCCS controller
306 is coupl eWAYMHE net wor k management port of el eRENUSK/AAE

el enent K through 5 comuni cati on channel 564, OCCS controller 306
wil | receive failure indications fromelenent A and el enent

K. Thus, OCCS controller 306 will know if and when a failure
occurs in either optical ring 202 or 204. In a simlar manner,

OCCS control I er 310, wi || [ 1 phHLe i N
i ther opt (cal 11 ShvoEity | dndiity ase, enetlB) BrbabiHbqliarkenln,
experi ences a charprth fegtween ring elemgmtite&nanfloCel ef2RL$2T 1Y ngWOBLIHW| |

not be able to channeBf&42 healogill @33 y eoi@ied #Re@hewBakingetMgeneli Ng
15 elenments K and G Simlarly, when ring 204 eégerlences a

channel failure bel%entheRrRY GHARAENG Fe WOTKGDW PREh between pinge apie to

sel f - heal sunl ess aep@ReRtPat XISt s Spare chanelWse0 Lsngpeieakbys A and
F. By sharing only one i

) spar e channel_ _hetween ring_netwrks 202 and
204, unlike 20 coupled Wi 6iR -%ﬂqgﬁﬂ4§% éSQCN efﬁﬁﬁsgr?ﬁ 189sfem of
t he pr esesparéventh dretoreat ed emespia € pathGhet heehlyi ngpare
el ements K and G when ilure in.ri gg! IS . an : : r a
spare path bet wee%?%rge{e?ée%n%njtss OE}taln %}\Zk%fg%%aléd t:'g gpglg %}| ﬁ?ﬂé&i %il I?%%g
204 occurs. 25 588, and spardidharnels 56 liswopitdcally| aevpiedngOnet hod

700 for ceating s tal PR T REINRAN J90NT ahfPRLS Ke seen by 8REmEnyhgn a

failure in ring 2 occurs and a Pprocedure for creating a spare
path between ring Bf@ments A and F when a failure in ring 204

occurs, according to one 30 1t sho@HH WHedfhiahe apr agbit rapyeshoLbe
Met hod 700 is dgscri bed bel

begins at step 701ahdPRER oM prically counpa spars ﬁhaﬁél?%g@%@og%ggomz.
In step 702, ring spare chamheedH8 A tilerailyi caldatingupl egare path 3 and
port 4 OHS between ring elements K and Gllohpon system initiation,
the system would have behaved the same had the spare
path been initially created between ring elements A and
F.
It should also be noted that spare channels
20 554 and 562 are optically coupled to optical idle
signals 588 and 590, respectively, so that ring
elements A and F will not detect a failure in their
respective spare channels. A person having ordinary
skill in the relevant art will appreciate that there
25 are no other mechanisms for accomplishing this goal,
and that the invention is not limited to using optical
idle signals.
After step 720, ring networks 202 and 204 are
fully functional; a working link exists between each
30 ring element of ring network 202 and a working link
exists between each ring element of ring network 204.
Consequently, both ring networks can begin carrying
data traffic. After step 720, control returns to step

712,
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OCCS 308 byY@P¥#@4Zhannel 554 and working channel 552, PCT/US99/00768
respectively: Next, ring elenent F is optically coupled to port 3
and port 4 of OCCS 312 by spare channel 562 and wor ki ng channe
560, respectively (step 5 704). Next, ring elenment Gis optically
coupled to port 1 and port 2 of CCCS 312 by wor ki ng channel 556

and spare channel 558, respegtiv (ste . Next . . .ring el ement
Kis optically coupled tg%p%%tb %gﬁd( port "%en §51&Précé§ 388%y wor ki ng
channel 548 an@edpork Gf2nesicur@), OCCS550ntredject 306l wi(ldt epcédSe. a After

step 708, cont r=Ql; S 7 In step
710, a smntchlEglgggfélndlq%§§§% fE%n§EqB€b%$FgFPErS 8§6Tand 310 is

created. G venSORBURdCRGAEn channel 564fi gadaOCEs shofmroilieE Gl05wiflAe

swi tchfng tabl getlive a g;a&qgt:@d ﬁ@rlcgl@g%ng%%hoghgﬁ %Q@m%ltl cPvidenti cal
to SMAtC in e e an e sw tching
tabl e created F@ 6$P€&e§1éﬁﬁ IIAgéeFdéﬁﬁpcapz controlt g

swi t chi ng tabl@a&@és(seesEbﬁ.7@B)and 728 in parallel. A switching table is

a table having at | east l.ums., . a ven ol y 604 and an

action col um 6§g.s$ﬁ§t7?g? ﬁgF%eﬁgpﬁrg& %Hgtwﬁ @F@@ﬂ@& by an

OCCS control | edtst issrigchd ng ¢abdespondbmgrmdnesehefactlons itaetiian tpath

t he cont r gL her lehy n Loent of the
S Qhker iW lthet @k@nt of rece1v1ng goga grglgnggggg%gﬁ

present invention, 25 controll ) hr ee
events. The from ring element K. In this example, switching table

600 instructs OCCS controller 306 to direct OCCS 308
to: (1) optically couple port 2 to port 6; and (2)
optically couple port 3 to port 8. After step 724
15 control passes to step 726. In step 726, OCCS
controller 306 will perform those actions by sending
the appropriate port coupling commands to OCCS 308.

It should be noted that if ports 2 and 3 were

coupled with ports 6 and 8, respectively, prior to OCCS

20 controller 306 sending the port coupling commands to
OCCS 308, then OCCS 308 would simply ignore those port
coupling commands. But if ports 2 and 3 were not.
coupled to ports 6 and 8, respectively, prior to OCCS
controller 306 sending the port coupling commands to

25 OCCS 308, then, after receiving the port coupling
commands, OCCS 308 would first decouple ports 2 and 3
from the ports to which they were coupled.

In steps 728 and 730, OCCS controller 310
will perform the same steps described above with

30 respect to OCCS controller 306.

After steps 726 and 730 are performed, spare
channel 550 will be optically coupled to one end of
spare channel 316 and spare channel 558 will be
optically coupled to the other end of spare channel

-14-




first eveant beLng ‘ysten1|n|t|at|on t he second event beingma
%370 $768

channel fai| urk® g network 202, and the third eRGHUS
channel failure' in ring network 204. As was descri bed above, OCCS
controll er 306 30 detects a channel failure in ring network 202 and
ring net wor k 204 when OCCS controller 306 receives a failure

I ndication fromelenment K and ring el enent A respectively.

Simlarly, OCCS I 4 h b4 ' '
et wor ks’ 208 and 200 GhER BACE Soe i % snage, parf BeRRleetking? 11 1IN0

PCT/ US99/ 00768 - elements K apiiGol |Aften Bhegcdidpeand 7301 ucenti@ilcat i on

fromring g;l;g@fgn[c,ag{a@g d¥ 419 mlenent F respectively.
When an event is d%tected by ntroll er, the, OCCS

controller will consult its 1% "step T3 ticifi - ng é ?élaBFérﬁPnglpﬁe
actions it5 needs tmetwork 204 tede®ursihe QXSS woniricdllleer 306! Witherepebitar ;m

t hose athalfu nd Af t eer t he sgl t%hl ng tables are
created (step 5303 %%ﬁﬁ%?ﬂ ﬁﬁ%ﬂuﬁfqg &t g2t el step 712, OCCS
10 controlIecemﬁmmneamhdﬁibhunner(iﬁlanamme@CCBoconcmollerf310 will a

systeminitiation £dE 8%v80£“%§11&¥%“rﬁﬁld¥¥¥%§sﬂf%mkr}89 elefbfR £20 (step

714). 1f a channel ure in occurs, control
passes to step 722Af{%expstep 732, QQRDrOM1Pa§S@ﬁaﬁ@eBtﬁﬁlV@ﬂeanﬁ 7BBginr04

occurs, cgntrol 155315311 ePass@Sedd ﬁ@@ﬂ@%r@ﬁ%ﬂ:&@al to steps 724-
In step 720, OCCS gggtrollers 306 and 3

Upon the completion of steps 736 and 740,
spare channel 554 will be optically coupled to one end
of spare channel 316 and spare channel 562 will be

15 optically coupled to the other end of spare channel
316, thereby creating a spare path between ring
elements A and F. After steps 736 and 740, control
passes back to step 712.

To summarize, the above described method

20 allows ring network 202 and ring network 204 to share
spare channel 316. Spare channel 316 is used to create
a spare path between ring elements A and F when ring
network 204 experiences a failure, and spare channel
316 is used to create a spare path between ring

25 elements G and K when ring network 202 experiences a
failure.

In a second embodiment of the present
invention, OCCS controllers 306 and 310 do not have
switching tables. Instead, ring elements A, F, G, and

30 K each having a switching table. Method 800, shown in
FIG. 8, is a procedure for sharing spare channel 316
between ring networks 202 and 204 in the environment of
the second embodiment. Method 800 is described below.
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will performthe actions that correspond to a system initiation

event. ThatW@8%3%043S control |l ers 306 and 310 wi || cposubysdobesi r
respective switching tables to 20 determ ne the actions that _
correspond to a system initiation event and then perform according
to those actions. As shown in FIG 6, rows 608
and 610 of swi tching tables 600 and 602, respectively, contain Ehe
25 actions that cor S) stenllnlt atl event oW
608 of switching table 6 g‘?tgé; ruc s Eﬁﬁ IreRe el

comand OCCS -308medipte vl passesipte step 802. pthIe;is t&0 B a8 5report 2 to
port 6, port 3 {QPofdiaB. to %t]:eps 760G PO dnd C%E%q{ét 7be c,[%]!f%r row

610 of switching 30 602 I nstructs contro 0 common
OCCS FgAiR rb%??ca%@t%uﬁﬂ%l’pﬁﬂ& 1CQT6:WtPQSSS€§ﬁ)rttO & ttep

port 65 port 3 gxpport 8, and port 4 to port 7. As a
result of the above CCCS:EnternaI fo couplings, working channe
548 is optically coupled I® step 810, a switching table is created for

WD 99/ 37042 ring elements A F, G, and X. AftéiC'HdéEQQl’lQﬂ7Q§mttﬁoblt e
\rN: ;g \Qféﬁéﬂgsc@%ﬁsﬁ% w ‘f%flhzg%na pv\a/{)rra annel 552p?s op'?i \(,:VSI |y
coupl ed with working chaﬁhelstep 812, (BBIY adrdrmillenr extd nglld weairkd ng path
betweqp ring 5 tyo stfhEBUSLHHNGJer @i ANSE a2dds %Ll',c%lnlé/
status message for ring element A and the other status
message for ring element K. The status message for
ring element A informs ring element A whether spare-
channel 554 is optically coupled to spare channel 316
15 (i.e., whether OCCS 308 has internally optically
coupled port 3 with port 6). Similarly, the status
message for ring element K informs. ring element K
whether spare channel 550 is optically coupled to spare
channel 316 (i.e., whether OCCS 308 has internally
20 optically coupled port 2 with port 6).
In step 814, OCCS controller 310 will send
two status messages over communication channel 587, one
status message for ring element F and the other status
message for ring element G. The status message for.
25 ring element F informs ring element F whether spare
channel 562 is optically coupled to spare channel 316.
Similarly, the status message for ring element G
informs ring element G whether spare channel 558 is
optically coupled to spare channel 316. After step 812
30 and 814 control passes to step 815.
In step 815 OCCS controllers 306 and 310 wait
for ring failure to occur. If a failure occurs in ring
network 202, control passes to step 818, otherwise
control passes to step 828.
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coupled with s are channel 558, thereby creating a are

bet ween el emeWPI'R’UAd G Lastly, spare channel 554 ﬁg?
.coupled to optlcal i dl e signal 588, and spare channel 562 S
optically coupled to 10 optical idle signal 590. This can be seen by
exam ni ng FIG 5. It should be noted that an
arbitrary choice was made to optically couple spare channel 550

Wi th spare channel 1558c5N@ngbY16Eeal bAEnEs SRAEL PELR 1P sense
between ring elenents K and G, Upon systeminitiation, the system

‘woul d have behavedhh&addgend® FHaIspeFEork 202. FRt FesRISE i al | v
created between ridgehSlmRBiNeS fAialge, elementk K and G w1ll use thelt
shoul d al so be noted t hat s ar e %SP n # g g 62 optically
coupl ed to opticalSHaHYE me Jsage g §¥5 EvﬁnﬁeggﬁYege bt t?@gﬁy' so t hat
ring 5 elemmnﬁrdanyrdﬂ%amahﬁ pgtsdebeaerodléani 3U0 e r@spémﬁively,

ti h '
o evant art w1 SopREa e T g Lrd: 63008t cqupled obd MRRER s
for acconpli shi ng ltimk dal (step 820). ald ehemenhhe Knmdut@oanre sahiogady m t ed
to using optical l.gnal.s 720,
%Eﬁ%%ﬁi%§‘ﬂdﬁﬁie@ ab SPaFF l%nk 316, hen éﬁéﬁgnéée@

ring networks 202 unctlon 1 nk
exi sts between ead@ndB@E will Qﬁerlgpéﬁénﬁhﬁnaﬁlrﬁﬁ@ aBd wo? & 29?51%1?\%!‘1361"%903( ki ng

i nk 10 ©eXi St dieterean eaghrehieRy %Eegﬁaﬁeﬁfz ki 08 @@ﬁvw&@aoﬂly
Consequently, both ring networks can begin carr atr

f
After step 720, cdﬁ?ﬁﬁﬁx¥éFUF@§rﬁol§P5p 16, th ?g?ment x wilf Sonddl
-13- its switching table and, based on the contents of the

gIC

table, send a switch command to OCCS controller 306
over communication channel 564, The switch command

15 will direct OCCS controller 306 to issue a command to
OCCS 308 so that element K will be optically coupled to
spare channel 316 (step 824). Similarly, if element G
is not optically coupled to spare link 316, element G
will consult its switching table and, based on the

20 contents of the table, send a switch command to OCCS
controller 310 over communication channel 568. The
switch command will direct OCCS controller 310 to issue
a command to OCCS 312 so that element G will be
optically coupled to spare channel 316(step 826).

25 Elements A and F follow the same procedure as
elements K and G in the event of a ring failure in ring
204 (steps 828-936). After steps 826 and 836 control
passes back to step 812.

By using the above procedure, a spare path

30 operating between ring elements K and G will be created
when a failure in ring 202 occurs, and a spare path
between ring elements A and F will be created when a
failure in ring 204 occurs. In this manner, ring 202
and 204 share the spare channel 316.

-17-



WD 99/ 37042 PCTI US99/ 00768 .

In step 720WQPY¥042 when a failure in ring net wor k BO’EIUSMDV@)
OCCS controlter 306 will receive a failure indication fromring
el ement K over conmmuni cati on channel 564, and OCCS controller 310
wll 5 receive a failure indication fromring el enent G over

communi cati on channel 568. After step 722, control passes to step

724 and 728 in parallel. pra. 9 111 strate Aﬁbﬁ{%g 7121__4eran‘ﬁ?, controller

306 will exam ne Its swiching fa bIE 10 termne e actions it
will 10 - teeedimene @f de dregent AnNent a4 urks ishihoatinFIG.

fromring el emeqf dpticdn ZHH]@ @(Ziwﬂklﬁcﬁvﬂé thlé!ﬂ Ed’i@;@clcally & #H%
instructs OCCS contro (Hserr&i di rect optically
3 rogc 3

coupl e port 2 t&pdr 12, mcn}ﬂﬁﬁ @QW%}L% éilﬁ@rscloalto por t
8. Aftér step #afitdfplexer (WDMYI08 RasS DM O 151 efonfted behlier BocdOCCS

controller 306 yill r se i b i . the

appropri ate porﬂ%oﬁ‘?ii@é@o hds@% %%W d¥2 are optically | t

shoul d be not eccoumited foypaiilser? Sk, 3 WBM 908 is optm]lalled:miﬁ]hadi)afds 6
and 8, respecti rior t he port
coupling commnEy &’s e éﬁd% 2(%‘8CS %%g{%cq} rrpqlgz ‘i gnore

t hose port Spare d&ﬁmmﬂg el W@tklnq Penne Ml 3 Were not

coupl g¢ to por tgedpaith Foly espeﬁmyfe{myprwmt 412 O.&C%Etlcany APy | er

306 sending the port coupling commands to then, after

receiving the pd? tPWeHIing  and 7 O%d?ﬁ%%d%lz é@t@’o}@@%lﬂf@ﬂﬂﬁ%t
decoupl e ports R aendsgare channel roIg | f‘emd)ﬁzfdﬁdtrﬁj V&Héﬂhélh%sl\er e coupl ed.

In steps 728 and 730 cong.rol | e mthe sane
st eps descri bed SERS tﬁy i% r%hls éfternatlve emboé%mené){ ing

WDMs) functions exactly the same as the preferred

15 embodiment. In other words, switching tables 600 and
602 and methods 700 and 800, as described above, also
apply to this WDM embodiment of the present invention
as would be apparent to a person skilled in the
relevant art.

20 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
those skilled in the art that various changes in form

25 and detail may be made therein without departing from
the spirit and scope of the invention as defined by the
following claims. Thus the breadth and scope of the
present invention should not be limited by any of the
above-described exemplary embodiments, but should be

30 defined only in accordance with the following claims
and their equivalents.

-18-



30 .respect to OCCS controller 306. After steps 726

and 730 are p 8, spare channel 550 will be opt PERUSPWEnI ed
to one end of - spare channel 316 and spare channel 558 will be
-optically coupled to the other end of spare channel

-14- WD 99/ 37042

PCTI US99/ 00769 316, thereby creating a spare path between
ring el emephgtKrang; Gimbht 4. step 726 and 730, control

passes back to step 712. In step 732 (i.e., when a
failure inring 5 networ k 204 occurs), OCCS controller 306 wll
receive aj 1.failure pAdbpBLEQDN Edmffihi ik RIITRis AP HRIving a

conmuni cati on channel 367 contraoller_ 310 w |l receive a

.and OCCS .
failure indicatio 1FF8rrPPFﬁijagl Ergptnetwork and a gecandiQRiiped Idd: r of
passes to3step 73deawdrk38whardédn the fpesaldeticalSteipty hdtwtik W= a
I dentical ,to stepg,724- _. 730, . Upqn th
conpletid% of ste%%z%EGIéﬁg 3%8?en§ and a %ﬁﬁﬁ%g(ﬁﬁﬂﬁuﬁlﬁﬂéﬁﬁMlﬁn e
optical | y5 coupl edwherenn thd second opwuicabaring hretvwelrk3ttsard fhpate

channel %2 w1 pendSetenontOphs CBbLISUBLELIgNE AiEr et spare

channel thereby creating a spa nNrin
elements A and F. After stepsfiyBstapptigal swiicloing unit optigeddy back to
step 712.3 coupled to the first ring element of the first optical

9 ring network and to the first ring element of the

10 second optical ring network;

11 a second optical switching unit optically

12 coupled to the second ring element of the first optical

13 ring network and to the second ring element of the

14 second optical ring network; and

15 a spare channel optically coupled between

16 said first optical switching unit and said second

17 optical switching unit, wherein

18 said first optical switching unit selectively

19 optically couples one of the first ring element of the

20 first optical ring and the first ring element of the

21 second optical ring to said spare channel, and

22 said second optical switching unit

23 selectively optically couples one of the second ring

24 element of the first optical ring and the second ring

25 element of the second optical ring to said spare

26 channel.

1 2. The system of claim 1, wherein said first

2 optical switching unit comprises a first optical cross-

3 connect switch coupled to a first controller, and said

4 second optical switching unit comprises a second

-19-
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To summari ze, the above described nethod 20 all ows ring network.202
and ring nMoMw¥0204 to share spare channel 316. 3pcmesosleorssel 316
is used to create a spare path between ring elenments A and F when
ring net wor k 204 experiences a failure, and spare channel

316 is used to create a spare path between ring 25 el ements G and K
when ring network 202 experiences a failure. I n

a secopd enbodi nent__aof the present . i nventjion, OCCS cantrollers 306
and 310 do not IEaT cros GRS Syiteh SSUbLeG 512 PERERS ements A F,
G andé630 - coteamdilidmaving a swtching table. Method 800, shown in

FIG 8, is a procedure for sharing spare channel 316 bet ween ring
networ ks 202 and 204 in the environnent of t he second enbodi nent.
Met hod1800 is @escri bed Fdlepwystem of claim 2, wherein said first -15-

WO 99/ 37042 controller includes first receivingPﬁE%H§9%EQOZ@%eiving
Met hod_800 begins with step 801 where contral | mredi atel y passes to

step 882, sStepfaddurgpdngications fromydhe ddirsty rdaghelpgentogta fdieni | |
not begdescribedrst optical0aimden@d fAldmeths 61 328 rigenidl@napasess to

step g o %%% second optical ring.lnstep 810, a switching table is

create
1 4. The system of claim 3, wherein said
2 controller includes second receiving means for
3 receiving failure indications from the second ring
4 element of the first optical ring and from the second
5 ring element of the second optical ring.
1 5. The system of claim 4, wherein the first ring
2 element of the first optical ring transmits a first
3 ring failure indication to said first controller upon
4 the first ring element of the first optical ring
5 sensing a ring failure in the first optical ring.
1 6. The system of claim 5, wherein the second
2 ring element of the first optical ring transmits a
3 second ring failure indication to said second
4 controller upon the second ring element of the first
5 optical ring sensing a ring failure in the first
6 optical ring.
1 7. The system of claim 6, wherein said first
2 controller includes a first switching table, said first
3 switching table having an event column and an action
4 column.

-20- I
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ring elements A, F, G and K After step 810, control passes to
step 812 and ¥439%31%43aral | el . In step 812, PODIUS99/00768
controller 306 wll send 10 two status nmessages over conmuni cation
channel 364, one status nmessage for ring elenment A and the other
status nmessage for ring elenent K The status nessage for

ring element A infornms ring el enent A whether spare channel 554 is
optically coupled §0 spare qﬂﬁp 316 . (i,e.. whether 308 has
i nt er nal Iy1 opti cal ?y cor%[oslte ﬁ(j)f?tc%lvm\n o B’gFFeé?. S&id; %éﬂ;ﬁ t he
st at us 2 meserigeot ber reonpul teredti K filisdr switchgnegl eakhé ®pon

whet her spare chanpgde 55fhd Ss Rt iCaldy LAP!Rd 142 SRAES cat channel
316 (i.e., whether OCCS 308 has interngﬁl$p20 © ggtfggf??'coupled port
2 wth port 6). In step 814, OCCS controller 310 will
send 1 two $fat us NMesHages s JFOBTEANCAL | QReEBBANgL 1 38Firope

status nessage for_rin ﬁsement and the qther status, nmessage for
ring el emént G Thcéoréftg‘? e?re%?ﬁggeafﬁro%nd COTTeSRENEiRFeR? &0 aFEEM ring
el ement F3whet her fHpageid first swiltahiely %6Blies topbhtal Fyrsoupbetlcd0 spare
channel 356. Simlarl i

vk f I G
i nfornms riling el enefto e 'v%%rfrhee?'e/fﬁ}&? gm?ﬁ%ﬁ?% régig%?gmgrsgwgfiﬁgggglt |y

coupl ed t& spare céwimeiiBicablaf.ter step 812 30 and 814 control
passes to step 815. In step 815 OCCS controllers 306 and
310 wai t for ring failure to occur. If a failure occurs in ring
network 202, contrl- passes The Svssergod, cdendyr % swherein sai@oseeondpasses
to step 828. optical switching unit includes alBezcond switMB 917042
PCT/U899/90768 , , , _
table, said second switching table having an event

4 column and an action column.

1 11. The system of claim 10, wherein said second

2 controller consults said second switching table upon

receiving said second ring failure indication.

1 12. The system of claim 11, wherein said second
2 controller sends a command corresponding to an action
3 in said second switching table to said second optical
4 cross-connect switch after consulting said second

5 switching table.

1 13. The system of claim 1, wherein the first ring
2 element of the first optical ring is an add-drop-

3 multiplexer.

1 14, The system of claim 1, wherein said first

2 optical switching unit sends status information to the
3 first ring element of the first optical ring.

21~
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In step 818 ring elenments K and Gw | sense the failure.in ring

net wor k 20W0 9937¢dsponse to sensing the failure, AGENRPEEand G
will use the status nmessage that they have received from OCCS 5
controller 306 and OCCS controller 310, respectively, to determ ne
if they are optically coupled to spare link 316 (step 820). If
elements K and G are already optically coupled to spare link 316,

t hen el enents ch

respechl vel y 15’5 (stép 81“'?2%%4“[ Igoltsecvlzd%% |q’f4 qﬁlrr%g]net §1Ir( 'S not opt ically
coupl e@ to sparming rid Bt tdferthe digrat loptiiidale g ttransmits & t s

swi tching tabl g.ar L'f&esa‘}l@tﬁritsft PptitR1 switchird@RIigt send a

switch“command to contr ol over., communi cat.i on channe

564. THe switciwhesmidil figrst ringyiglemgnte @f ddyss fddtt ANECE0FYRT i ssue a

conmmang to senses':xﬁpsr £ s plerdn lsasd |sﬂai:xm3tﬂr£fadﬁn§aﬂ1®1pl ed to
spare channel 316 (st 4 Si m arI I f, ele I.S. not

optlcaﬁly coupl%ﬁp¥9? F rﬁﬁﬂn rgals not qﬁqﬁcﬁé&ﬁgult its
swi t ching t abl Ecc&mil.ed)ascectltm ﬁ:lh&tZG:lng elamntenfs tife thirstalbpgicdnd a
swi t ch ;,command rti)nOCCS controller 310 over communi cati on channel
568. Tﬁe $witch command will direct OCCS controller 310 to issue
a command to OCCS 312 so that element Gw il be optically coupl ed
to spane Channii g 316(st epﬂ{g@ystfén of claim 1, wherd@Myyiq A@at F fol l ow
t he sarre proce ure as ments K and Gin the event of ring
failurd in ringptical switpphinrg aiiigos gawneted ity il $/F 836
control op PASSE SswREdh 1y Siet 8. an optical link. By using the
above procedure, a spare path 30 operating between ring elenents K
and Gwill be created

1 17. The system of claim 16, wherein said optical
link includes a spare fiber optic cable, said spare
fiber optic cable connecting a first port of said first
optical switching unit with a first port of said second
optical switching unit, wherein said spare fiber optic

S b AW

cable carries said spare channel.

18. The system of claim 16, wherein said optical
1ink includes first and second wavelength division
multiplexers (WDMs), wherein said first WDM is
connected to said second WDM by a fiber optic cable,

w»m kW

said fiber optic cable carrying said spare channel.

19. A method for sharing a spare channel between
a first and second optical ring, wherein the first
optical ring has a first ring element and a second ring
element, the second optical ring has a first ring
element and second ring element, the first ring element
of the first optical ring and the first ring element of
the second optical ring being optically coupled to a

00 ~1 O W b W =

first optical cross-connect switch, the second ring

22-
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when a failure,in ring 202 occurs, and a spare path bet ween ring

elenents A an®¥F9%H42 be created when a failure in riPRE/USBH00768
occurs. In this manner, ring 202 and 204 share the spare channe
316. -17- WD 99/ 37042

PCTI US99/ 00768 FIG 9 illustrates another
alternative enbodi ment of the present invention. As shown in FIG

9, lg 1'i nk 39 h ] I

andoggcga 12I nl ncI%deﬁs{\&v\gve en}‘rgef'dld'lé\aC go%olnc 1 %lgou%ﬂﬁt tg%??f”?ﬁ@% and
WDM 912 cléhnect ed ekemerh c{tcréhe second @08 caid rd8gSbeinag vPwMieadlmnd WM
912 are optically coupled t&oéépié'ébéﬁi’ J&ﬁ%&%&gg%ﬁﬂé ESS\%? Lal ilﬁ{goz,

coupled tg anhe
spar e chak¥nel 904, t%dswfkl @T@nrﬂﬂt%lﬂ@ouplmgr éhﬁeé@rsél gnd

Simlarly, WM 9125é§or@dptcb}]9\:3‘iééﬁ. Q%H%lse-@onnect swik@nBQrt $na m@tngRd 7 of
OCCs 312 mnrqug channg spare channel 916, and worki ng

y
channel 9%, F%ﬁﬁﬂﬂn?hﬁﬂ%Fepﬁﬂ9§’alternatlve embodi nent (addi ng
VDVB) funkStlons exactly the tanereasivieigprefférsedfidliure inaftbadisBnfrom I N

ot her mor sw tchin es..600 and ods, 700. and_800,
as descri ed above&%?%%at%e e X5t FPY SLETERS O%\Dﬁﬁ?nﬁ&ﬁ?ﬁeﬂ‘t)tb?a}hﬁlng
present ilfvention and the figsstwoulnd led exepdr ofit the aependoopskchleding;t he

rel evant grt. (b) optically coupling the first ring element
19 of the first optical ring with the spare channel if the
20 first ring element of the first optical ring
21 transmitted the first failure indication; anad
22 (c) optically coupling the first ring element
23 of the second optical ring with the spare channel if
24 the first ring element of the second optical ring
25 transmitted the first failure indication.
1 20. The method of claim 19, further comprising
2 the steps of;
3 (d) receiving a second failure indication
4 from one of the second ring element of the first
5 optical ring and the second ring element of the second
6 optical ring;
7 (e) optically coupling the second ring
8 element of the first optical ring with the spare
9 channel if the second ring element of the first optical
10 ring transmitted the second failure indication; and
11 (f) optically coupling the second ring
12 element of the second optical ring with the spare
13 channel if the second ring element of the second
14 optical ring transmitted the second failure indication.

23-
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20 VWi | e various enbodi nents of the present ) .

i nventi on WoO/%9/3sen descri bed above, it should be ROTMESO00%68 t hat
t hey have been presented by way of exanple, and not limtation. It
wi || be understood by those skilled in the art that various
changes in form 25 and detail may be nmade therein w thout departing
from the spirit and scope of the invention as defined by the

followng claing. Thus t br e e af t sent
i nvent f on shoul®d *not be &%ﬂiﬂé?ﬂﬁ% %y gﬁlﬁh ¥, wherein a5 &F8- gézcribed
exenpl ary enbodnmanides hlte svepsd dfe cddsultingdef ifiedtosivitichiagcor dance

‘_Mlg‘ t&‘e foll 0% ;:%ending a s%%c&lh@ognm%%@ Y:%lr?c%tsﬁonding to an

PCT1US%9/ 00768 action in said \figst switshipg téble tp the first An
opticak conmmuni tfdgységgggagdﬁﬁ@cggs%le%h first optical ring network
and a second opfical ring netmnrk wherein the first optical ring
network has a

1 22. The method of claim 21, wherein step (e)

2 includes the steps of consulting a second switching

3 table and sending a switch command corresponding to an

4 action in said second switching table to the second

5 optical cross-connect switch.

1 23. A method for sharing a spare channel between
2 a first and second optical ring network, wherein the

3 first optical ring network has a first ring element and
4 a second ring element, the second optical ring network
5 has a first ring element and second ring element, the

6 first ring element of the first optical ring and the

7 first ring element of the second optical ring being

8 optically coupled to a first optical switching unit,

9 the second ring element of the first optical ring and
10 the second ring element of the second optical ring

11 being optically coupled to a second optical switching
12 unit, and the spare channel optically coupling the

13 first and second optical switching units, the method

14 comprising the steps of:

15 (a) sending a first status message from the
16 first optical switching unit to the first ring element
17 of the first optical ring and to the first ring element
18 of the second optical ring:;

19 (b) detecting a ring failure in the first

20 optical ring:;

* C L M S *



4 first enment and a second ring elenent, and 5 wherein
t he second op?{ c%% ?‘leng network has a first 6 ring el eRERUSHH 768
"second ring elenment, conprising: 7 a first optica

swi tching unit optically 8 coupled to the first ring el enent of the
first optical 9 ring network and to the first ring el enment of the
10 second optical ring network; 11 a second optica
SwW t chi n@iuni t optlcally 12(c) uSIn@ogghgdfagsghgtggﬁgnﬂeggggeelenent of

t he flrsbzoptlcal ring network and to the second ring el enent of
the 14 séc %ﬁﬂ%Qﬁﬂg|Wﬁ%§hﬁ€t%BPk figf§ ring element of "the Hixphre

channel dﬁtlcalIyommmﬁaﬂjﬂmﬂgma&nopiﬁcally c&ﬁpde&lEéttﬁétsﬁéfesﬁﬁéﬂﬁéﬁg
uni t andzgald second 17 g&t %Chlng T s %i
said first optical smntchlngq3 FeéfF§ | inggelement ?é ¥upl es
one of tR8 first mptgcalermm dfs nbé opBically tougle@ptocmerspsrgr@nd t he
first ri el ement.f e d said sp

ng inddie é%kdlng a g??gg sﬁ? Ica#ﬁggf @ﬂgﬁdﬂ&ﬁ 1r§%

channel, and 22 Sécon
selectlvély opt i cding edgplesd @ﬁetbﬁ thQSSeophdcalnglﬂ@ to the efinent of

t he flrsggoptlcaldﬁﬁykaqn@wga%hgggogglglngn35 elenent of the second
optlcaln?éng to said spare 2 ( ) on %egnne 1 The system
of clai wherein said firl§ 3P SbYFBQISG%Ft%hW$E)%Wﬁﬁchxﬁﬁﬁméné a
first opBdcal cross- the flrstc@pn@@hlswieehgﬁwﬁﬁﬂttOoﬁtida[ﬁy UG
- and sald3f %EPO%%rSQtE%%B o e%ggkngf ﬂe glr £'§§flééfgﬁﬁﬂftx>
-19-

32 said spare channel through the first optical switching

33 unit,

| 24, The method of claim 23, further including the

2 step of (f) sending a second status message from the

3 second optical switching unit to the second ring

4 element of the first optical ring and to the second

5 ring element of the second optical ring.

1 25. An apparatus for sharing a spare channel

2 between a first and second optical ring network,

3 wherein the first optical ring network has a first ring

4 element and a second ring element, and the second

5 optical ring network has a first ring element and

6 second ring element comprising:

7 first receiving means for receiving a first

8 failure indication from one of the first ring element

9 of the first optical ring and the first ring element of

10 the second optical ring; and

11 first coupling means responsive to said first

12 receiving means for optically coupling the first ring

13 element of the first optical ring with the spare

14 channel when the first ring element of the first

-25-
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WD 99/ 37042 PCT/ US99/ 00768 . 5.

optical crd¥9%¥h4ect switch coupled to a second 6 cOPET/EPI90768 1
3. " The systemof claim2, wherein said first 2 controller
includes first receiving neans for receiving 3 failure indications
fromthe first ring elenment of the 4 first optical ring and fromthe
first ring elenent of 5 t he second opti cal ring

1 4.
The system of claim.3) WgLelp.38he 2 cne £1£00LERHIGL 1 ighdes: secopd

recei vi‘ng means®¥ recer vi ng ure in rom Second
ring 416 el eaedtfmrstheecexmn@pme@m. ramng Eomd wwa@hby s@@mblusg

ring ef-gment Oftﬁgef§?§9n9198téféﬁeﬁtnSf thd secondﬁ%ptlcal rif¢ wyshem of
claim4, wherein the ng el epent of the first o ical ring
transm8s a firshe3spare chapgel avherethadfLsast oflRe %%ﬁ@???r% EdRtrol | er
upon 49 t hgefbhdt opt NEa el ?ﬂﬁ@t t?énéﬂﬂftél Eﬁé @pts@afaﬂ@QeS
sen5|2ﬁba ring fallure Iin the f é g

syst entbf cl ai niB 1ﬁﬂEF8?nt?h§a§@c Ha E rece1V} %dm%?%ﬁent of the first

optical ring transmts a

The

1 26. The system of claim 25, further comprising:

2 second receiving means for receiving a second
3 failure indication from one of the second ring element
4 of the first optical ring and the second ring element

5 of the second optical ring; and

6 second coupling means responsive to said

7 second receiving means for optically coupling the

8 second ring element of the first optical ring with the
9 spare channel when the second ring element of the first
10 optical ring transmits the second failure indication to
11 said second receiving means, and for optically coupling
12 the second ring element of the second optical ring with
13 the spare channel when the second ring element of the
14 second optical ring transmits the second failure

15 indication to said second receiving means.

-26-
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3 second ring failure indication to said second 4 r
upon t he secoW@”@%ljzel ement of the first 5 opti cal r| nﬁc'g@#gﬁhég

ring failure in the first 6 optical ring. 1 The
systemof claim®6, wherein said first 2 controller |ncludes a first
switching table, said first 3 swi tchi g abl e having an event col um
and an action 4 col um. - 20-
W) 9937042 PCT/ US99/ 00768 1

8. The systemof claim 7, wherein said first 2 controller
consults said first swtching tabl e upon 3 receiving said first ring
failure indication. 1 9. systemof claim@8, wherein said

first 2 controller sends a come,
in said first switching table to s
switch after consulting said fir

.responding to an action 3
ticalg Cross-connect
i hlqg table
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1 10. The systemof claim9, wherein said second 2 .

optical sWOOBMBTE2unit includes a second switching 3 PCERISE9/00368 o
second switching table having an event 4 colum and an action col um.
1 11. The system of claim 10, wherein said second 2
controller consults said second switchin bl e upon 3 receiving said
second ring failure indication. 1 2. The system of claim 11,
wherein said sgcond 2 controller sends a conmand corresponding to an
action 3 g n said second switching table to said second optical 4
Cross- connect Lt ch aft sonqsul ting sa¥?d second 5 swi tching table.
1 13. Z§ The syste{pc ) . f fir ring 2 .
el ement of thePirst optifal rf add-drop- 3 | tiplexer. 1
14. The & stem of crarprl, whereig said first opti cal
switching unit sen statpis/informati on”to the 3 finst\ring el ement
of the first optical ri -21-
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WD 99/ 37042 PCT1US99100768 1

15. TheWO2E3&¥2of claim 14, wherein the first 2 r PEHUROSS: of
the first optical ring transmts a 3 switch command to said first
optical switching unit 4 when the first ring element of the first
optical ring 5 senses a ring failure?fgd when said status information
6 I ndi cates that said spare channel Ts not optically 7 coupl ed
to the first ring elenent of the first optical 8 ring. 1 16.
The systemof claim1l, wherein said first 2 optical switching unit is
connected to said second 3 optical s%®itching unj an optical I|ink.
1 17. She syst gm gf f , f H ?,pt cal 2 l'i nk
i ncl udes a spare fiber optijc Ca pare 3 i optic cable
connectingafirst\ggt of - first 4 opti cal rtgh\ng unit wth a
first port of said sé€cond opticalgswitchi ng unit, eNein said

inlsgd

spare fiber optic 6
The system of claim 16

and second wavel ength &
first WDMis

apl e carries said spare channel.
eyein said optical 2 link inc\u
| gizon 3 mul ti pl exers (VDVB), o
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4 connected to said second WOM by a fiber optic cable, 5 said

fiber opti W@aMWIxarryi ng said spare channel . 1 19pcr/Us99/00fsgnet hod
for sharing a spare channel between 2 a first and second opti cal

ring, wherein the first 3 optical ring has a first ring elenent and a
second ring 4 el ement, the second 9? ycal ring has a first ring 5

el emrent and second ring elenent, the firs ing elenent 6 of the
first optical ring and the first ring el enent of 7 t he second opti cal
ring being optically coupled to a 8 first optical cross-connect
switch, the second ring - -22- WO
99/ 37042 PCT/ US99/ 00768 9

el enent of the first optical ring and the second ring 10 el enent of
the second optical ring being optically 11 coupled to a second
optical cross-connect switch, and 12 t he spare channel optically
coupling the first and 13 second optical cross-connect swtches, the
met hod 14 coffprismg the gteps_ ol 115 (a) receiving
a first failure ind|cation from 16m%‘§ bne of the first r{ng el ement of
the first optical ring 17 an@Bhe flrst ring element pf the second
optical ring; 18 (53¢&%ti:ally coupling theffirst ring

el enent 19 of the first oﬁfirg?"?in1 with the spare channel if the

\410

FIG.4

OCCS
Interface
System Processor
Control Logic
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408/
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20 first ring element of the first optical ring 21 transmtted

the first fai Wor93r¢ai cation; and 22 (c) opt PEEUSYP/00768
coupling the first ring elenment 23 of the second optical ring with
t he spare channel if 24 the first ring element of the second optical
ring 25 transmtted the first faiIurs@ndication. 1 20.
The method of claim 19, further conprising the steps of; 3
(d) receiving a second failure indication 4 fromone of the second
ring elenent of the first 5 optical ring and the second ring el enent
of the second 6 optical ring;, 7 (e) optically 0
coupling the secog<d ring 8 el enment of the figst optical ring wthes
the spare 9 c channel if the second ring elemed of the first opti cg
10 ring tragnitted the,second failure indicat§on; and 1 TR
(f) optically couing the segond ring 12 el edent of thelsecond
optical ring withShe spare| 1B channel if theSecond r|ng el ement of
t he second 14 r —eptical & .ng..t.r.a.ns.mi tted the spcond.falllig dndicatiqn.
- 23- WO 99/ 37042 I i
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1 21. The nethod of claim 20, wherein step (b) 2 . i ncl udes
the steps sfowmen2l ting a first swtching 3 t abl e andPCIPURDLON6E

swi tch command corresponding to an 4 action in said first switching
table to the first 5 optical cross-connect swtch. 1 22.

The nethod of claim 21, wherein step (e)ﬁ% i ncl udes the steps of
consulting a second swtching 3 ta 9and sending a switch command
corresponding to an 4 action in said second switching table to the
second 5 optical cross-connect swtch. 1 23. A et hod
for sharing a spare channel between 2 a first and second optical ring
networ k, wherein the 3 first optical ring network.has a first ring

el enent and 4 a second ring elenment, the second optical ring network
5 has a first ring el enent_and second ring elenent, the 6 first
ring element of the first ogtiqal rirg and fthe 7 first ring el enent
of the second optical ri ng Rei fjg «Beo oot i $gldy qoupled to a first
optical switching unit, 98 |Z |l ®he® decond | -getwenent of the first
optical ring and 10 N@H dirigd o B8R Lof| the second opti cal
ring 11 bei ng optical lfw dogpped t8 3 s%:g%gopti cal switching 12
unit, and the spare channel 6‘?:)1 I caPl y cBuplf rgSthe 13 first and
second optical switching unijts||] b nethll 1£NNS c%ri sing the steps
of: 15 (a) senfling alfirst Istatus ngs e fromthe 16

first optical switching unitf tf the flirst, rli ng el emgnt(®L7 of the
first optical ring and to_tfe i& rli GEellenreng 18 "T'f of the second
optical ring:; 19 S |- ‘g‘E(b) gegectingga rifjng tailure in the first
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20 .optical ring;

WD 99137042 WO 99/37042

(c) using said first status message, 2%
ring element of the first 23 opti!g

-24-
PCTI US99/ 007BET/US99/00768
determ ni ng whether the first
ring is optically coupled to the

spare channel; 24 (d) if the fa01st ring el enent of the
first 25 optical ring is not ooupl ed to the spare 26
channel , sgogling a first switch conmasd o't he fi rst,037 ring

el enent of the first optical rirRg—to—the—fFrrst—28 / optical sw tching
unit; and 2% : e?’PEPﬁWg’gg %‘Wn‘s‘hi d first switch command
30 at The first optical bw . e-d | %&coupl ing 31

the first ring el ement of the f-sd eer—t+ ,’B sai d spare
channel through the first opti faPrtis#y mﬁgmenw unit. 1 24,

i ncl i 2

The nmet hod of claim 23, furthe

step of (f) sending a
788i t chi ng unit to the
and to the second

|

second status nessage fromthe
el ement of

second ring 4

e S o'ep-nd—e-p-t—i—ea
t Gresically 5)@3%%%63@'@@?“‘ &i r)é

_ | 708
Optically couple ring element K /
to OCCS 308
| 710
Create switching tables
T g 712
/
Wait for an event et

718

Ring Network

Ring Network
202 failure? 2

204 tailure?

System initiation
event?

720 732
OCCS controllers 306 and 308}/ OCCS controller 306 wil |
will examine their respective receive a failure indication
switching tables and perform from ring element A, and
the actions corresponding to a OCCS controller 310 will
system initiation event recelve a faliure indication
listed therein from ring element F
\ ] 722 N 2 v /7
0CCS controlter 306 will |

&)

recelve a failure indication
from ring element K, and
OCCS controller 310 will
receive a faliure indication
from ring element G

OCCS controller
306 will examine
its switching table
to determine the
necessary actions

OCCS controlier
310 will examine
its switching table
o determine the

necessary actions

Y

Y

724 \ * * 728 OCCS controller |} OCCS controlier
/ 306 will send the 310 will send the
OCCS controller QCCS controller appropriate appropriate
306 will examine 310 will examine commands to commands to
its switching table ]} its switching table OCCS 308 OCCS 312
to determine the 1o determine the
necessary actions |{ necessary actions 736 / \ 240
\ Y 730
OCCS controlier OCCS controller /
306 will send the || 310 will send the
appropriate appropriate
commands 1o commands to
OCCS 308 OCCS 312
Y Y \ \/
Fig. 7
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5 ring element of the second optical ring. 1 25. An
appar at us W0 9931842 ng a spare channel 2 bet ween a fi re¢Tress/oemsond
optical ring network, 3 wherein the first optical ring network has a
first ring 4 el ement and a second ring elenent, and the second 5
optical ring network has a first réﬂg el ement and 6 second ring

el ement conprising: 7 first receiving nmeans for receiving a
first 8 failure indication_fromone the first ring elenment 9

of the first optical ring and tfhe &gwrst Ying el enent of 10 t he second
optical ring; and 11 =St coupling nmeans responsive to

said first 12 I € Cio= for aoptically &ipling the first ring
13 el emrent of tha f i Opticatiptoupie Fing ¢lergenhAt h e spare 14 channel
when the first ring el doent of HﬂQQ%?FQQ
- 25- WO 99/ 37042 804 PCTI US99/ 00768
15 optical ring tfranptiéatly édapie tihg @émérai! ur § i ndi cation to 16
said first receiving ngans, and %0 OEC§82cal ly colipling 17 the first
ring elenment of the second optical Ying wth 138 og the spare channel
when the first ring e'G”E”bMHaM&ﬁmJ%memmmuﬁeco optical ring transmts
the first failure 20 I ndi‘aabcos 31® said fifst receiving neans.
v 808
Optically couple ring element K /
to OCCS 308
y 810
Create switching tables for ring /

elements A, F, G, K

from
( 824, 834 ) * Bzfé?rgss
812 | 2 Y Y 514

\ OCCS 306 will send a status OCCS 310 will send a status
message to ring element A messags to ring element F
and ring element K and ring element G
L |
v /815

P  Wait for a ring failure  |«g—

816

Ring failure No

’ Ring failure
in network 202?

in network 2027

818 828
Ring elements / Ring elements /
K & G will sense A & F will sense
the ring failure the ring failure
822 832
/ 820 830 N
Begin | Yes are K& G are A& F Begin
using spare optically coupled optically coupled using spare
path o fiber 3167 lo fiber 3167 path
824 826 834 836
AN Y / AN / Y /

K will send switch || G will send switch || A will send switch || F will send switch
command to OCCS {} command to OCCS | | command to OCCS }| command to OCCS
controller 306 controller 310 controller 306 controller 306
fan
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1 26. . The system of claim 25, further conprising: 2

second recei VWR$IREMAs for receiving a second 3 f ai | ur ePEHYUPLAOT8N
-fromone of the second ring el enent 4 of the first optical ring and
the second ring elenment 5 of the second optical ring; and 6
. second coupling neans responsive to said 7 second receiving neans for
optically coupling the 8 second ri ngﬂgment of the first optical
ring with the 9 spare c nel when t second ring elenment of the
first 10 optical <in srritstheégo faklure indication to 11
sai d second receivi ns,Xand for optic \}/ co éé‘nqq 12 t he second
ring el ement of the seécond oftical ring with ¥3 _ [ <4 he_spare_channel
when the second iring el enent |of the 14 eco optical ring transnits
the second faildre 15 1] [Igprcartom to safgTIecpnd recei vi ng freans.
| 1
! v 7 ! Location X
) \ / Vi ! |
e s :
I o R4 ' 1
: \ /1 Pasocos |
( [ /7 ! 1
' \ ’ | i
| 3 ' :
| 5 6 7 I
i 1
| 902\ 904\ 906\ !
i | : ?
} ] 1 ¥
E ! WDM ! E
| 1
: | 908 | |
1 1 1 I
) 1 ] 1
| 1 ] |
] t ] ]
] 1 1 1
1 1 1 ]
b-———? ------------------------------------- - ———— -l
i \ '
| 910 f\agz
R P —— S e -
1 1 ] ]
| i } !
1 H ] !
P ' :
b 912 ! «
t ] t ]
o A
i i
! i WDM E | “Location Y
| t ] §
1 H ' )
I H ) )
| : 914 N 916\_ 918__\___________} :
i :
1 |
: 5 6 7 \
: ' N \ |
! ! \ \ /312 OCCS |
! / N |
1 8 ';\ \ \ |
! N N :
: LA N :
| 1] ]2 - 13]]4 |
i :
L o

556 5\ 562

FIG. 9

SUBSTITUTE SHEET ( ruie 26)



- 2_.6'

(22) International Filing Date: 14 January 1999 (14.01.99)
(30) Priority Data:
09/006,962 14 January 1998 (14.01.98) Us

) Applicant' MCI WORLDCOM, INC, [US/US); 515 East Amite
‘Stieet, Jackson, MS 39201 (US).

(72) Inventors: NATHAN, Sridhar; 716 Sunkist Lane, Plano, TX
75025 (US). FEE, Johmn, A.; 2517 Regal Road, Plano, TX
75075 (US).

{74) Agent: GROLZ, Edward, W_; Scully, Scott, Murphy & Presses,
400 Garden City Plaza, Garden City, NY 11530 (US).

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Publication Number: WO 99/37042
gg:? 112(,0028 Ilzll(?:g iggg gg:? 1112.162 0, Al (43) International Publication Date: 22 July 1999 (22.07.99)
3A4, H04L 1/00, 12/26, G01R 3]/08,
- GOGF 11/00, GOSC 15/00
'-(21) Tnternational Application Number: PCT/US99/00768 | (81) Designated States: CA, JP, MX, SG, Buropean patent (AT,

BE, CH, CY, DE, DK, ES, FI, FR,

GB, GR, IE, IT, LU,
MC, NL, PT, SE). :

Published
With international search report.

| span 1316) A first optical

(£2)] Title: SYSTEM AND METHOD FOR SHARING A SPARE CHANNEL AMONG TWO OR MORE OPTICAL RING NETWORKS

{57) Abstract

A system and method
for sharing a spare channel
(316) amonhg two or more
optical 1ing networks (202,

204) that bave a common

cross—connect switch OCCS
(308) and a fist OCCS
controller (306) are placed at
one end of the span (316) and
a second OCCS switch (312)
and a second OCCS controller
(310) are placed at the other
end of the span (316). The
first OCCS (308) and the first
OCCS ontroller (306) are W
coupled fo 'a first ADM (X, R

A) from each optical ring,

and the second OCCS switch
(312) and the second OCCS H

controller (310) are coupled
to a second ADM (G, F)
from each optical ring. The
first OCCS controller (306)
receives alarm  indications
from each ADM that it is
coupled to that senses a ring

Location Y

failure. The second OCCS controller (310) receives alarm indications from each ADM that it is coupled to that senses a ring failure.
Upon receiving an alarm indication, the first OCCS controller (306) directs the first OCCS switch (308) to optically couple the ADM that
originated the alarm indication to the spare channel (316), and the second OCCS controller (310) directs the second OCCS switch (312) to
opticaily couple the ADM that originated the alarm indication to the spare channel (316),




