SYSTEM AND METHOD FOR | NCREASI NG THE ROBUSTNESS OF AN OPTI CAL RI NG NETWORK
The present invention relates generally to optical networks and fiber optic
comuni cations. Two types of self-healing data transport network topol ogies
are comonlWOP¥Wted to as "ring" and "mesh." In a ring topelLygesarh ring
node is connected to exactly two other ring nodes. For selfhealing, a ring
t opol ogy network | oops back traffic on a spare path to bypass a break in
the ring. The ring topology is attractive for its sinplicity and sw tching
speed (around 50ns) . Trafflc IS nalntalned on the spare path until the
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may connected to exactly two other ring nodes. For self-

10 healing, a ring topoiogy network loops back traffic on
a spare path to bypaés a break in the ring. The ring
topology'is attractive for its simplicity and
switching speed (around 50ms) .

. Traffic is maintained on the spare path

15 until the failure is physically repaired. Under most
circumstances, only a few hours are needed to find and
repair a link:. The time to repailr a link stretches to
several days, however, when the fiber cut location is
inaccessible due to natural disaster, train

20 derailment, plane crashés, etc. During the time that
repair is ongoing, the ring is vulnerable to any
subsequent failure along the ring. This results
because the ring’s only spare prath has been dedicated
to restoration of the first failed link.

25 In contrast to the ring, a properly equlpped
mesh network does not exhibit this degree of
susceptibility to multiple failures. Mesh structures
contain nodes that are connected to more than two
adjacent nodes. Thus, traffic between two nodes may‘

30 traverse one or a plurality of possible routes in the
network.. Mesh architectures require more

sophisticated actions to be taken in response to a



traverse one or a plurality of possible routes in the network. Mesh
architectures require nore sophisticated actions to be taken in response to
afailure. If there is a sudden failure of several links, switches in

nei ghbor i ng"WRF884%8an perform a coordi nated switching to di vBET/USPRO0TG2af i C
around the failure. For this purpose, nost of the spans in a nesh network
are equi pped with extra spare |inks that %an be called upon in response to
a failure. Even though a nesh network offers nore flexibility in
circunmventing failures, the mesh restoration is nore conplex and nore time
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alternate complex and more time consuming. Typical mesh
10 networks require on the order of a few seconds to a
few minutes to restore a link failure.

Thus, in many installations, a ring network
is preferred over a mesh network for providing fast
recovery of critical traffic among sites. The

15 simplicity of the ring also makes it easier for
network and field engineers to readily predict the
risks associated with maintenance activities, such as
forced switch over te repair or calibrate a network
element. |

20 What is needed, therefore, is a system and
method for improving the robustness of a ring network
in a multiple'failure scenario.

The present invention relates to a system
and method that enables a self healing optical ring

25 network to withstand multiple coincident failures by
borrowing capacity from a neighboring alternate
network, such as. a mesh network.

A tYpicai self healing optical ring netwofk
can withstand a failure in one link of the network by

30 switching from a normal mode to a failure mode.



network, such as a mesh network. A typical self healing optical ring
network can withstand a failure in one link of the network by switching
froma nornal node to a failure node. However, once the failure occurs, the
optical rinyomeswegsk can not withstand a subsequent failure B@T/Ubgd/db%zfl‘l‘ st
failure has been repaired. Repair of a failed |ink can typically take from
a few hours to a few days. The present invention enables a self healing
optical ring network to withstand a failule in nore than one of its |inks
even if the second failure occurred only a few seconds after the first
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10 invention includes a plurality of ring nodes and a
plurality of optical 1inks optically coupled between
the plurality of ring nodes for carrying optical data
traffic. In the preferred embodiment, a first optical
cross connect switch is optically coupled to a first

15 ring node in the optical ring network. A second
optical cross connect switch is optically coupled to a
second ring node in the optical ring network. The
first ring node and the second ring node are connected
via a first optical link of the optical ring network.

20 The first and second optical cross connect switches
are configured to switch optical data traffic from the
first link to an alternate path of an alternate
network upon a failure of the first 1link.

When all of the links are operative, the

25 optical ring network operates in the normal mode.

When a link fails, the optical ring network switches
to operate in the failure mode until the link is
either repaired or’appeafs repaired to the optical
ring network. A link appears repaired to the ring

30 nodes, when an alternate path between the two ring
nodes is established.



When a link fails, the optical ring network switches to operate in the
failure node until the link is either repaired or appears repaired to the
optical ring network. A link appears repaired to the ring nodes, when an

al ternat e @ 9/35843veen the two ring nodes is established. MoreTamesiéiscal |y,
after the optical ring network switches to the failure node because of a
failure in the first link, the first and second optical cross connect

swi tches operate to couple the first rlné node and the second ring node to
the alternate path. Once the two ring nodes are coupled to the alternate

path, the first |ink appesss etwork, thereby
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causi ng the optlgal rlq? network to tranS|t| he ™n node. In
the normal rmodeSEEPTF cBYL tehes tharthe §alkykmande &edsaseeed she first and
second ring notEslwia imetmétﬁifﬁﬂEﬂiﬁﬁlltﬁﬂﬁfﬁﬁﬁd(aﬂd lsleR@nget wor k can then
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to the repair oftardaid %@tﬂn Bfdd Stpd | %Oﬁfm;gh%o'&"ets"‘%”é Another feature

of the present_invention is that an optical net work cam B(L)Lle ow spare

capacity from#h H et hat e diet i3 1 o-Iadid 1 I]11rlilll<s agbeple opbadalkdri ng
networ k. The dozonpanysnicalr aminghetMired) altfereby causing the

optical ring network to transition back to the normal

10 mode. In the normal mode, optical data traffic is
transmitted between the'first and second ring nodes
via the alternate path. The optical ring network can
then withstand a subéequent failure in another 1link
despite the existing failure in the first link.

15 A feature of the present invention is that
an optical ring network can withstand a failure in a
second link of the network, prior to the repair of a
failure in a first link of the network.

- Another feature of the present invention is

20 that an optical ring network can borrow spare capacity
from an alternate network to back up links of the
optical ring netwerk.

The accompanying drawings, which are
incorporated‘herein and form part of the

25 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 relevant art to make and use
the invention.

30 FIGS. 1A and 1B illustrate the operation of
a first embodiment of a communications system.
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the operation of a first enbodi ment of a communications systemFIGS. 2A and
2B illustrate the operation of a second _enbodi nent pf a communi cations

system FIG 3 is an action table used for controlling swtching of optical
cross connect sw tches, according to an enbodi nent of the present

invention. FIG 4A is a Enedr oia fdev 38 agriamdeiiesen 'dﬂ%ﬂa‘%‘io?ip Eat! on of

t url first failure scenario.
o o e e%ﬂocﬁj ?a%ea SPeTatt 1cﬁ‘?tdfomtsn6'53"(,56?r?|’i’un| catl ons

system during a second FEF! u?el%cmnaﬂqnonThabmeesmﬁd ifmtenti on will
Qg’@% rc@gs%g% In fhe draw ngs,
entic aly

simlar elenents.

control flow

descri bed wi t hedef &5 NGy t Qo idie §

i ke refgence nu ers indicate i

ly, THe-GRes- rﬁfs‘fo"cﬁjdfc—{ t(%)arbfe“}i)qdé#@f’én@é rt@rﬁb@tretsyepmcal ly

Addi ti on

agram represen Fhy

unct I ona

identifies theimreviiitgys. i n which the reference nunber first appears.

les a self
present invention pertall;&t e ssysat ecrgnatrol lré%d dtlg%tra?nnab

heal i ng optical ring

10

15

20

25

30

representing the operation of the communications
system, during a first failure scenario.

FIG. 4B.is a control flow diagram
representing the operation of the communications
system, during a second failure scenario.

The present invention will now be described
with reference to the accompanying drawings. In the
drawings, like reférence numbers indicate identical or
functionally similar elements. Additionally, the
left-most digit(s) of a reference number typically
identifies the drawings in which the reference number
first appears.

Thg bresent invention pertains to a system
and method that enables a self healing optical ring
network to withstand multiple coincident failures by
borrowing capacity from a neighboring network. 1In a
ring topology, ring nodes are connected in a series
along a closed path forming a circle. Each ring node
is connected to two adjacent ring nodes of the ring
network via links. Optical data traffic is
transmitted between ring nodes via the links. Eachr
link includes a. primary fiber and a spare fiber. The
collection of primary fibers connecting the ring nodes
form a primary path{. The collection of spare fibers

Bis a

now be

The



network to withstand nultiple coincident failures by borrow ng capacity
froma neighboring network. In a ring topology, ring nodes are connected in
a series along a closed path formng a circle. Each ring node is connected
to two adj XRAY3I¥¥ng nodes of the ring network via |links. Omdmoedssdaisa
traffic is transmtted between ring nodes via the |inks. Each link includes
a primary fiber and a spare fiber. The callection of primary fibers

connecting the ring nodes forma prinmary-path. The collection of spare
fi bersconnecting the ring nodes in the ring forma spare path. In the
present inventéghedc L cafd tem.j.s pr.Qui ded where optical cross
-connect switches ( S) are usé;??%é/%olgg}egler B]r’%g’gn%g’ggl i°n S®R6pti cal ring
network with #H3%tnate nodes in an alternate network (e.g., nesh network).

The OCCSs can be sw tcherh tth@rpvedh @ {dvaiiictsi @n d%ﬁ&nQ%%%%Bstm ring
nodes vi a eithgeyr ta%;?]oipéicgvlén Vg{ the optical ring network or an
alternate path-of the alfermate MBS 0P FEQRSTEPPESE. if the optical
link fails) , SWicabEEss(QAIHs)guree tusadrauteuplal fiiag haaeR thedybet ween
the two ring il a1 : f al t er nat.e network. FIGS.

1A, IB, 2A ang 28%?%?%3%%' 0 %gptg%%r%lc}:rﬁrt@a%ieoﬁls?%ffstlgmagccor ding to the
present invent3 oGRS AREWIHY (Retdvor esdo Netsloxdds rithg wades &ia- 122 and

opti cal |inks He2dniidhe tiey ic 1 oItk ahi%1isBglohoes «HO05SE ,224- 149 and
alternate l'”@%ng nodes via either'an optical link of the opti
ptical

10 ring network or an alternate path of the alternate
network. When required (e.g. if the optical link
fails), the OCCSs configure to reroute traffic
transmitted betweén the two ring nodes wvia an:
alternate path of the alternate network.

15 FIGS. 1A, 1B, 2A, and 2B are diagrams of a
communications system according to the present
invention. Optical~fing network 100 includes ring
nodes 112-122 and optical links 124-134. Alternate
network 102 includes OCCSs 104-110 and alternate links

20 150-154. Opticalfring network 200 includes ring nodes
212-222 and optical links 224-234. Alternate network
202 includes OCCSs 204-210 and alternate links 250-
254, Elements of the optical ring networks and
alternate networks are discussed in further detail

25 below.

FIG. 1A is a block diagram of a first
embodiment of the communications system of the present
invention. Optical data traffic is transmitted |
between ring nodes 112, 114, 116, 118, 120 and 122 via

30 links 124, 126, 128, 130, 132 and 134 of optical ring
network 100. 1In a preferred embodiment, ring nodes



150-154. Optical ring network 200 includes ring nodes 212-222 and opti cal

| i nks 224-234. Alternate network 202 includes OCCSs 204-210 and alternate

| i nks 250- 254. Elenents of the optical ring networks and alternate

net wor ks ar®0@p8Wdssed in further detail below FIG 1A is anJi‘/UdemiV&igr am
of a first enbodi mnent of the communi cations system of the present

invention. Optical data traffic is transmtted between ring nodes 112, 114,
116, 118, 120 and 122 via links 124, 1267-128, 130, 132 and 134 of optical
ring network 100. In a preferred enbodi ment, ring nodes112-122 are add/drop
mul ti pl exers ( k includes a primary fiber and a spare fiber.

Ai%l/ls . Each ] \t/> .

For exanpl e, 5K 1122 @5hAGHEE W Mty liegers1 36DMAY - spBrehf Lhak 138. The
ring nodes ar erdilsgisssed ﬂmnfaﬂyt fferbedetaaid abelewe RiBgrnodectl2 is coupl ed
to OCCS 104. aode and OCCS 106
are coupl ed t?){%ﬁ{} Z}]ﬁ%(ﬁ? 10" CIu éDrd‘BﬁﬁP’eSIPS E?ér ARHeSPRFRK 152 of

al ternate netidher 038 occhel(xan% n@:ld@@ eoepldgd cussabit énndtiechkbirnk 150 of
al ternat e net waitai10%be A o1 Natify. dddak 14924 AlLAHAALE b BESMO and

alternate- Ii 150 fq(/)%m an alternate path can carr at a %rafflc

through al ter d® e led |t€Cqu§I$ &105pr| QGW fPBepndin Iinks
124- 134 f or m ©RAQ8rY0 Hatrte Zk:5:61mfed)p:td Qdlnk i12g .neberrk 18001 sThessol | ection

of spare fi Perc%drgléd Ve ARt d ISR AL 42800 QRELSE, Ting
OCCS 106 is also coupled to alternate-link 150

10 of alternate network 102. Alternate-link 152,
alternate link 154,;énd alternate-link 150 form an
alternate path that can carry data traffic through
alternate network 102.

The collection of primary fibers in links

15 124-134 form primary path 156 of optical ring network
100. The collection of spare fibers in links 124-134
form spare path 158 of optical ring network 100. When
all of the links 124-134 are operative (e.g, no fiber
cuts): OCCS 104 couples ring node 112 to link 124 and

20 OCCS 106 couples ring hode 114 to 1link 124.
Generally, when all of the links are operative,
optical data traffic is transmitted around optical
ring network 100 via primary fibers of primary path
156.

25 During a normal mode of operation, all
optical data tréffic is transmitted in one direction
(clockwise or counterclockwise) via primary fibers of
primary path 156 of optical ring network 100. Spare
fibers of spare path 158, used during the ring's

30 failure mode, carry optical data traffic in the

reverse or opposite .direction as compared to primary



f the links 124-134 are operative (e.g, no fiber cuts) : OCCS 104
2LLpFes ring node 112 to |ink 124 and OCCS 106 couples ring node 114 to
link 124. Generally, when all of the links are operative, optical data
traffic i s woamsmiited around optical ring network 100 via mcmgg/oiﬁd@eps
of primary path 156. During a normal node of operation, all optical data
traffic is transmtted in one direction (clockw se or counterclockw se) via
primary fibers of primary path 156 of opt#cal ring network 100. Spare
fibers of spare path 158, used during the ring's failure node, carry

dto
optical data traf n the reverse or opposite direction as conpare
pPlnarypath 1564t é ﬁséelfFﬁéaﬁﬁﬁﬁ hSB@FEQP PPR§CALt WORR TOOWdVIOPE0back

optical data tAabbisc backaopeiensedadar eehifencakang §Q@é§sé§§?féc£§ogpare
paLh 159 {0 PYRISAeR LRG0 0B GBlhel BALRCL IR KL I00 EETOW TSR

ssion of how_ optical ring nef Poper
ngﬁgtand a fatPdr8tenly §Pﬁ@Féloﬁén§fnﬁtyorknRQOby Belong ideaspare fibers

of spare path a&acuAsauneOEhabwdaptmgamowﬁ!; Hegﬁorgpio&a&%gpg@egs " 156
tted ing dlre n on_prinar ers of prinmary pat
g;agzglcaﬁ r:ngangb§o%éaigﬁ ﬁ g? HéFESF?H?f?Cf?%é%§%1%@e@ $¥mieing
node 116 to rlﬁgenééelmézlunhsebs oaipgi Mheyspaber si886s , od Aokl 144 of
respective fibgpthi nkg, 126, 124, and 134. Thus, the optical data traffic is

transmtted: Assume that during normal mode, optical data

10 is transmitted in a clockwise direction on primary
fibers of primary path 156 of optical ring network
100. Optical data traffic transmitted from ring node
116 to ring node 122 travels on primary fibers 136,
142 and 144 of respective fiber links 126, 124, and

15 134. Thus,'the optiqal data traffic is transmitted:
from ring node 116 to ring node 114, from ring node
114 to ring.ﬂode 112, ‘and finally from ring node 112
to ring node 122.

Addltlonally, assume that a failure occurred

20 at llnk 124. Such a failure may be caused by a fiber
cut. During a failure of a link, the failed link
shall be considered inoperative. When this failure
occurs, nodeé ilz'and 114, which are adjacent to
failed linkA124 recognize the failure and operate to

25 transfer optical data traffic in the reverse direction
(counterclockwise) along fibers of spare path 158,
Data originating from node 116 and destined for node
122 now travels via the following route: from node 116
to node 114 via the primary fiber 136 of link 126;

30 from node 114 back to node 116 via the spare fiber 138
of link 126; the data continues to travel



fromring node 116 to ring node 114, fromring node 114 to ring node 112,
and finally fromring node 112 to ring node 122. Additionally, assune that
a failure occurred at link 124. Such a failure may be caused by a fiber
cut. Durind"@%%3M43ure of a link, the failed Iink shall be cocIusspeers

i noperative. Wien this failure occurs, nodes 112 and 114, which are

adj acent to failed |ink 124 recogni ze th‘? failure and operate to transfer
optical data traffic in the reverse direction (counterclockw se) al ong
fibers of spare path 158. Data originating fromnode 116 and destined for

node 122 now té@&ﬁtér&écmﬁsé%i V‘%ﬁ'&réo eerlél ﬁaﬁodﬁe 18 &]ecif,%gde 114 vi a

t he prlmaryfl er 136 _of r om no via the
spare fiber 138°3F PRk ]_‘L%@ t? h%o‘é%t Bl &onfrouerds tliéve crmgia drxd,ockw se

via spare fi beandoflﬁ@mg paoh 168e f 1D wdeodel 640, neds 118, firm node 118
to node 120, I f e 120 to e 122. tical ri ng net wor k
100 now o eraﬁg‘g %’1 ali %r%g‘m)%égr%%e%pbrbsgaol ' FCUEPPRSES f - heal i ng
optical ring ne?vweeknak medeactive for its si rrpl icity and fast swi tching

speed (around 50ns) . Hoxeyefs- lqiéléj_ﬂggtgt@c {4 rgfr{d %t%%tkthe fl rst
failure is bein gtblg%%swalé repaired,  the optical Ting network is

vul nerable to 3 CEVE FQF | br2sSimpkl &} tif R hRAS T hiing mpdest of
optical ring néaxoukd 190nsr e pHeierabl yaARMy .tHReH GRS RASYANEhat

the first failure is being physically repaired, the
10 optical ring network is vulnerable to subsequent
failures.

As stated above, the ring nodes of optical
ring network 100 are preferably ADMs. Besides passing
optical data from one link to another, the ring nodes

15 also provide a point 6f access and egress for signals
into and out of the‘hétwork. The ring nodes can also
switch optical data traffic from a primary fiber to a
reverse-direction Spare fiber when a failure in a 1link
occurs. Each rlng node has ports to support

20 connect1v1ty to two adjacent spans, wherein each span
includes a prlmary fiber and a spare fiber. When the
links of the optical ring network are operative,
optical data traffic enters and exits the ring node on
the primary fibers. When one of the links fails (and

25 optical ring‘network changes from normal mode to
failure mode), the ring nodes adjacent to the failed
link sw1tch traffic back in the reverse dlrectlon on
the spare fiber as described above,

FIGS. 1A and 1B show optical switching units

30 (OSUs) 180 and 182. O0SU 182 includes OCCS 106 and
OCCS-controller 162.° OSU 180 includes OCCS 104 and



optical data fromone link to another, the ring nodes also provide a point
of access and egress for signals into and out of the network. The ring
nodes can also switch optical data traffic froma primary fiber to a
reverse -diVed®PYMd3spare fiber when a failure in a |ink occuP€T/Us®amhe2r i ng
node has ports to support connectivity to two adjacent spans, wherein each
span includes a primary fiber and a spare fiber. Wien the Iinks of the
optical ring network are operative, optf%%f data traffic enters and exits
the ring node on the primary fibers. Wien one of the links fails (and

optical ring n [ f no t fa| ur e ring
ngdes adj acentsé%\gt Oﬁ? ]9?% ié) f n%mé]ﬁ? é)l Cﬁcﬁgﬁ% \?é’f%
direction on t@n%c§p%@’ét¥9bé?ra%5%le§@¥mb@@leahot&qraql @Sllt_L.A amd | B show

optical sw tCh&ﬂ@tH@rtéml()@Qﬁénﬂgoo@@Si 182. ar@%é@@éc&}%f&% 106 and
OCCS - controller 162. OsU 180 inclu andOCCS- controller 160. In

one embodi ment £X OO 18P 3ﬁﬁt%d@§lt%o%‘?‘r‘%]r?%rt%‘§2dﬁﬁ fie hfttegral unit.
| n anot he¥ enb@@ﬁiﬁe@@ntmnowandam&‘ﬁanmﬁ ramd ereddidraards HaME regpar at e

uni ts coupl ed geget hes . sueh bhias QOCS: Lo AL &1 162 gan Lransml and

recei ve data f£ OCCS -control isTa separuﬁet unit from
OCCS 106, they T 9%%?19@at @’Wt?@bn@wmt%@@'ptdmlammmetvvork

100 or alternatea n@;bu\bdickl 192ng Thet were 1 ®o tdlu%.lf@rr% rﬂ%ﬁfzp{gﬁ 2
-control | er ?ﬂ? %ﬂ@gfi’rt@g&eegbgdééggtiof c{'%CCS contrcooller 160.

control s rrul t
In a further embodlment a single OCCS-controller

controls multiple OCCSs.

:AnfOCCS is a device that can switch optical
paths between a plurality of optical ports. In one
embodiment, any one of ‘a plurality of optical ports on

15 one face'of the OCCS can be internally optically
coupled to any port on a second face of the 0OCCS. For
example, in FIG 1A, OCCS 106 is configured so that
optical signals passing through the 0OCCS pass from:
port 1 of side 106A to port 10 of side 106B; and from

20 port 2 of side 106A to port 9 of side 106B.

Generally, any one ofvthe plurality of optical ports
can be internally optically coupled to any other port
within the OcCCs.

The operation of the OCCSs is transparent to

25 the ring nodés. In other words, ring nodes are not
aware of the presence of 0OCCSs, they simply respond to
the signal conditionsithey see.

OCCS-controllers 160, 162 control the
switdhing of OCCSs 104,.106, respectively. For

30 example, OCCS-controllers 160, 162 send and receive
status and switch commands to and from OCCSs 104, 106,



An OCCS is a device that can switch optical paths between a plurality of
optical ports. In one enbodinent, any one of a plurality of optical ports
on one face of the OCCS can be internally optically coupled to any port on
a second f ¥®9%¥043he OCCS. For exanple, in FIG 1A, OCCS 106 PcI/usogborgur ed
so that optical signals passing through the OCCS pass from port 1 of side
106A to port 10 of side 106B; and fromport 2 of side 106A to port 9 of
side 106B. Cenerally, any one of the leﬂ%ﬂi ty of optical ports can be
internally optically coupled to any other port within the OCCS. The
operation of thefXGSs,diS, tr rent to th i ng nodes. I n_other words,

ri ng nodes aréhﬁ%t améﬁgiaf ?ﬁ%ggﬁggéﬁgpf;Fﬁf%c§gﬂméﬁ sPRpEGer espond to
the signal comfi%y GRARHAT seel dBOoSPldmat comnensis160A p62tcontrol the

i tching of A, i wel ~control |
160, 162 sond ans 7 seely e Srat e . o o o AR a1 Y eppERE boss 104

160, 162 send recei,ve status and: sw tch conmman
106,respectivgﬁ§%tE$§ﬁ%1é§§ S WEEh B0 RmERFS PN P e OfoEhecO@EL ng and

decoupl i Rg comands. A [Eerstidesupldspgoedrmmayd meaises ia E%%%%@edggternally
ge . Besi des

fggg;gtﬁvgi;sggﬁﬁ?%ffgO%psﬁggﬁggggt%8jﬁ%%%diggf%E%Eé%-cSﬁPrBFP%rs 160 and
162 can al so MORMGF the ot Fing nodes of optiical ring netwerk 100.
Addi tional I'y, 100CS 2@@itiekaeny, 16@csl62n¢2B1¢a0TUNEGAt ¢4 Lh an al ternate
net wor k ”anag%gﬁRhnicate‘with an alternate network management
10 system (not'shown) of alternate network 102. With
information from these‘sources, OCCS-controllers 160,
162 can control the switching of 0OCCSs 104, 10s.

‘Consider OCCS 106, face 106A of OCCS 106
includes ports 1-6, of which ports 1 and 2 are

15 optically coupled to ring node 114. An opposite 0OCCS
face 106B has ports 7-12, of which: ports 10 and 9,
respectivély, are thicélly coupled to primary fiber
140 and spare fiber 142 both of 1link 124; and ports 12
and 11 respectively, are optically coupled to primary

20 line1164_and spare 1ine‘166 both of alternate link
150. Depending on whether alternate link 150 is an
optical link or an electrical link, additional
equipment such as a linear terminal may be required.
Optical signals received at any of ports 1-6 of face

25 106A can be switched to exit any of ports 7-12 of face
106B.

Specific software and/or hardware
implementations for addressing, monitoring, and
controlling OCCS 106_through OCCS-controller 162 based

30 on the number of ports and switch configurations would



system (not shown) of alternate network 102. Wth information fromthese
sources, OCCS -controllers 160, 162 can control the switching of OCCSs 104,
106. Consider OCCS 106, face 106A of OCCS 106 includes ports 1-6, of which
ports 1 and”99&98“épt|cally coupled to ring node 114. An oppRGI/USIYDERS f ace
106B has ports 7-12, of which: ports 10 and 9 , respectively, are optically
coupled to primary fiber 140 and spare fiber 142 both of link 124; and
ports 12 and 11 respectively, are opticaﬂPV coupled to primary line 164 and
spare line 166 both of alternate |ink 150. Dependi ng on whether alternate

l'ink 150 is anpt] trical Link, _additional e ment
such as a |inear t%é'rnéar*@ktoo Pe rsglﬁ'lclr éidcinq:#ﬁ Cgrelgvaﬁgl &TFece 9€§Sat any
of ports 1-6 o@?%é@tlmwwmmwéd’et moexist. any of ports 7 12 of face

106B. Specific software and/omhay %‘&%fﬂﬁ'o@ ops for _addressing,
moni toring, and.controlling OCCS 106 throug %g@%og IP%? based on

the nunber of POHE &P ST R GfieFmesE @ﬁé:hwéﬁlrdbﬁaaspasemontofone
skilled i & t he apdlimsdntdeara .tr@EEST aetwerin 6ot Hiahedolast ¥el ¥8: PALLS.

Al ternate netwgr 0 anetwor es_an alternate path
for transm ssi onllhof qgept?@ﬁ{ Slé)gt)t a rg_‘ W% lgﬁep\fégﬁ@{(m%bg RY¥nbaEe 8r¥opti cal
ring network 1G®POAQ%ET ﬁéltc‘éuﬁétr\mbkltl@@trréymhaeé anymeshol pgxgj nghadi ng but

not limted topsast-dd-pbintNd R Rl 3rREERteqg! Brb B8 RLEL €T red enbodi ment,
alternate network 102 is a mesh network, wherein each

10 alternate network node‘includes an OCCS. Alternate
network nodes of alternate network 102 include occs
104, ocCs 106, ocCS 110, and OCCS 108. Alternate
network 102 can include an arbitrary number of nodes.
OCCS 104 and OCCS 106 are essential to the present

15 invention. However, the alternate network nodes of
alternate network 102, which do not include either
OCCS 104 or OCCS 106, do not need to include an 0OCCS.
Thus, OCCS 108 and OCCS 110 are not essential to the
present invention.

20 OCCS 104 and OCCS 106, are coupled to
optical ring network 100. OCCS 104 and OCCS 106
enable optical data traffic between ring node 112 and
ring node 114 to be transmitted via link 124, or via
alternate links 150, 154, and 152 in alternate network

25 102.

The alternate path through alternate network
102 need not be a 'dedicated backup to optical ring
network 100. Preferably, the alternate path is
reserved on an as needed basis and comprises an

30 arbitrary number of spans in alternate network 102.



alternate network 102 is a nmesh network, wherein each alternate network
node i ncludes an OCCS. Alternate network nodes of alternate network 102

i nclude OCCS 104, OCCS 106, OCCS 110, and OCCS 108. Alternate network 102
can includevaely3mwi t rary nunber of nodes. OCCS 104 and OCCS BEOGUSIID0762
essential to the present invention. However, the alternate network nodes of
alternate network 102, which do not include either OCCS 104 or OCCS 106, do
not need to include an OCCS. Thus, ocCs 498 and OCCS 110 are not essenti al
to the present invention. OCCS 104 and OCCS 106, are coupled to optical

ring network 100. OCCS 1 OCCS, 106 .e e optical data traffic between
ring node 112 and ring nzgg%&%gﬁt? onebtew%'kagﬁsao% e FA LSk a4, or via
al ternate |inkPNG1hgd byamh Mxematie dfatateer netamadentd?. sTheecal t er nat e

pat h t hrough atgmé@{&@qﬁmrbg@%mg notybe a dedigated backup to
optical ring net ywor k%lo .. Preferably, the alternate path’is reserved on an
0

as needed basis ant § SEO P LRt FasRRsed Vel vs samg tiod aheer nat e
network 102. Al swrtrdtiqietfivrdc SLOD 4 Srdmiday adeand E0RH0Lhed by can

fcont ol Lo 160 Snd CBLS, oot R Fg e e VB Learier di tEhEnsw t chi ng

of OCCS 104 arfil ‘carstediMy rhq henst eftertued séubadismenid; chiteé ngCESen

~cont rol | er's commdata angdii el nate: B! Qcsead,SLaLus Si anal s

i ndi cati ng when

required.

10 FIGS. 4A and 4B are flow charts showing the
operation of the communications system of the present
invention. In these flowcharts, the following
conventions are employed: a rounded box indicates a
step in which a process starts or stops, a diamond-

15 shaped box indicates a decision step that results in a
branch, and a rectangular box indicates a step in
which some action trénspires. FIG. 4A describes the
operation of a First Multiple Link Failure Scenario.
FIG. 4B describes the operation of a Second Multiple

20 Link Failure Scenario. Because operation of the
present invention is similar for the embodiments shown
in FIGS. 1A and 1B and FIGS. 2A and 2B, FIGS. 4A and
4B will be described in relation to only FIGS. 1A and
1B.

25 The purpose of FIGS. 4A and 4B is to
demonstrate that the present invention enables an
optical'ring'nétwork to withstand two coinciding
failed links, whether or not the first link that
failed is the link‘for which an alternate path is

30 provided.



an alternate path through alternate network 102 is required. FIGS. 4A and
4B are flow charts show ng the operation of the comunications system of
the present invention. In these flowharts, the follow ng conventions are
enpl oyed:  FQWHBBd box indicates a step in which a process Petrarsss/oans: 4
stops, a dianond - shaped box indicates a decision step that results in a
branch, and a rectangul ar box indicates a step in which some action
transpires. FIG 4A describes the operatifon of a First Miltiple Li nk
Failure Scenario. FIG 4B describes the operation of a Second Miltiple Link

Fai l ure Scenario. Becau atj.on of .th resent invention is simlar for
t he enbodi nents shown iﬁﬁtﬁggg fﬁ”aﬁ&nF§°§n§e§FE§.a§A35ﬁ8 g%? #és. 4A and
4B wi |l be desé&Wegidatiad v slomtiiometso tonlsyepl €84 . 1ATandteB. 4The parpese of
FIGS. A and 48l sdemnaldidie 1nalinkne 20 eRER! h ByenLEen, goables an
optical ring n tmoaé to w thstand two coinciding failed T'i'nks, “Whether or
not the firstsﬁﬁﬁk- Rat i Peddid utke iS5 ArtpEES Fehlankal2érnate path is
provi ded5l n FloBti4¢Al cetiwoalk hegi m&la&ixfsiiﬁéﬁg4920?nﬁlokm_ H’*“Ea%'z%"fﬁ?n i ][llugsv
to step 404. In. o 1af ai,l.ure is_.detecte ! in :

continges to g?é%h S%Qﬁﬁ ééfggﬁ réogé déﬁééféanﬁngE.HEGlga; bpEF cal
network 100 t P@RS tilensngy grngomnedle Adde resofisil apeimeiledahast ep 406.

Referring to kk@ffic Udth@en the. two ring nodes along spare fibers
of spare‘path 158 (more specifically the spare fibers

10 of links 126, 128, 130, 132 and 134). Once in failure
mode, opticél ring network 100 is susceptible to a
subsequent failure which would cause at least one ring
node of optical ring network 100 to be isolated from
the other ring nodes.

15 To ensure that optical ring network 100 can
withstand a subsequent failure, the present invention
borrows capacity from alternate network 102. in step
408, OCCSs 104, 106 couple ring nodes 112, 114 of the
optical ring network 100 to an alternate path'of

20 alternate network 102. In the preferred embodiment,
OCCS-controller 162 monitors ring node 114 and
communicates with the alternate-NMS. By monitoring
ring node 114, OCCS-controller 162 can detect a
failure in link 124. :Upon receiving a link failure

25 indication, OCCS-controller 162 consults an action
table. FIG. 3 illustrates an example of such an
action téblé. Action. table 302 includes two dolumns,
event column 304 and action column 306. This table
structure allows OCCS-controller 162 to automatically

30 determine a response to an event. For example, when
OCCS-controller ‘162 receives an indication of a



node 112 and ring node 114 reroute optical data traffic between the two
ring nodes along spare fibers of spare path 158 (more specifically the
spare fibers of links 126, 128, 130, 132 and 134) . Once in failure node,
optical rinyoPeadsk 100 is susceptible to a subsequent f ai | Bceushy/anevoul d
cause at | east one ring node of optical ring network 100 to be isolated -
fromthe other ring nodes . To ensure thfg_opticaliring network 100 can

wi thstand a subsequent failure, the present invention borrows capacity from
alternate network 102. In step 408, OCCSs 104, 106 couple ring nodes 112,

114 of the optigalu¥éngn netNorio 40040, analternate Lj’llraje%f\/fglft%%l at e

network 102. In the preferred enmpodjnment, OCCS -contro . .'tors
ring node 114 3P TH | AR vt 49 19 natle NIVE:s BRseonioCeisi-ng ring
node 114, OCCSomordlbételsd62imert detens wd aidur@)i mdddule 15240 Ypon

receiving a link L indj caty o -controller 162 cqnsults an
action tgbl e. PFI g&g #%fhs??ht ?S) aéneceagrrpﬁ epoork szuctjﬁoérh PR gn t'd8l e. Action
tabl e 302 i ncl CRIR1E RPED| LinkrR , P@ent2 ic gindm( B304 carpd eagioran 2c abounm  306.

This table strpsttres al | ovss Q&S r&OMF ol d 21y 1562 its%u%u%?)ﬁto%(gglalt% det er m ne
a response to an, event. For_exanpl e, when OCCS -controller recei ves an

i ndi cation of arAFFurETRERFKEAZECT NP e Estace ShGrdisNghevent and
associ at ed act¢omadsds dent ifésshsdny t hicoreasris QEESeOREr allak 462 directs

00T 520 19; () ok dod (4B ANUT JPi0dcd 197001RE P11 2 Trom
'10

corresponds to the actions in action table 302.
OCES-controller 160 follows the same
procedure described above. The end result is an

alternate path (including alternate links 150, 154,

and 152) through alterndte network 102, which provides

15 a working path between'ring node 112 and ring node
114. FIG. 1B shows the connections of OCCS 104 and
OCCS 106 upon a failure of link 124. Ring node 112 is
now coupled through OCCS 104 to alternate link 152;
and ring node 114 is'now coupled through OCCS 106 to

20 alternate link 150. This process is represented by
step 408. Alternate links 152, 150, and 154 form the
alternate path through alternate network 102. The
alternate path is not limited to three links of
alternate network 102.

25 Continuing to step 410, once the alternate
path ‘is established, .the failed link appears operative
to ring nodes 112 and. 114. Ring node 112 and ring
node 114 then transition from the failure mode to the
normal mode.A Optical data traffic that had normally

30 traveled via primary fiber 140 of 1link 124, now

travels via primary lines 164, 172, and 168 of



1 to port 12; and (4) couple port 2 to port 11. OCCS-controller
iggpkflpo{gsue apBropriate smﬁgch comands to OCCS 106 provided that such
comands are necessary. Commands won't be necessary if the current
conf i gur at M6hI%Y048CCS 106 al ready corresponds to the acti on?dmgsae/gomzt:
tabl e 302. OCCS-controller 160 follows the sanme procedure describe ?52ve.
The end result is an alternate path (|nplqg|ng alternate |inks 150,th ,
and 152) through alternate network 102, Mrii ch provides a working pa o
between ring node 112 and ring node 114. FIG 1B shows the connections

OCCS 104 and QGGRRAdIRAE faid ung of .a'nig”'}g%_z,“ rﬁ?bggﬁng%lggllz IS now
coupl ed t hrough 104 to alternate’lin ; a Fhg e 114 is nowt q
coupl ed throug}?% T36'% &edWeEFndd [Hisnkoyseapahile pfocefs i streep;teﬁen e
by step 408. Miltérstatmiﬂrngnlas;h@%egh%%tegﬁgtlg%a%%léiﬁggEg%:ﬁiai rsnépga tg thr ee
It ih:ﬂczgggf alalt '? ;%gg%%%ﬁﬁ%%ﬁf , O%oﬁﬁtrjrﬁiaﬁrg Tt89sPepvatl, 18Acearheodl t er nat e
path i s Establfusifédon e ihai lspa riei Al neppaars mpenatajrxuelvo,rbf'gt Egdfezl |13r2e
oo adening e 1sonodstidsknanatLapsitianefoom e oy,
\r/riogepﬁ |OmtaP§ Pio[)g?l 128(1311\] ';kgﬁﬁﬁ?pné\kzt'révéleé’revménp!iiiﬂarilsmm@s 464, 172,
and 168 ofa|t@pnam@thbmkiihﬁO1215ﬁasabéeﬁ52ep&Q§§§Qt'YE'Yaigpé'ffﬂkrlng
network 100 ii2@°Ws¢%@§Qﬁ?eﬁt then in step 414 OCCS-controllers 160
10 and 162 return traffic from alternate links 150, 154,
and 152 to link_124.-'Upon receiving an indication
that link 124‘is'operative (i.e., repaired), oOCCS-
controllers 160, 162 consult action table 302 and
perform the action associated with the event "first
15 link is operative." .In this case, the corresponding
action is for the OCCS-controllers 160 and 162 to
direct respective OCCSs 104 and 106 to: (1) decouple
port 1 from port 12; (2) decouple port 2 from port 11;
(3) couple port 1 to port 10; and (4) couplé_port 2 to
20 port 9. Thus in step 414, nodes 112 and 114 are
coupled back to link 124.

When link 124 is repaired, optical data
traffic should be switched from the alternate path to
link 124 without a disturbance in performance. In one

25 embodiment, false failure signals are sent to ring
nodes 112 and 114 indicating a failure in the path
between the two nodes.. Upon receiving the false
failure signals, optical ring network 100 will
transition to failure mode with ring nodes 112 and 114

30 switching traffic to spare fibers of spare path 158.
During the failure mode, OCCSs 104, 106 decouple ring



i thstanding a subsequent failure because the selfhealing operation of

\(l)mpti cal ri ng networkqloo can now function using spare lines 166, 170, and
174, of alternate links 150, 154, and 152 respectively. Next in step 412, a
det er ni nat iI"OA°TY%%ade as to whether Iink 124 has been repai rREF/US9p/08762 | ed
link 124 is repaired, then in step 414 OCCS -controllers 160 and 162 return
traffic fromalternate links 150, 154, and 152 to link 124. Upon receiving
an indication that link 124 is operative (i.e., repaired), OCCScontrollers
160, 162 consult action table 302 and performthe action associated with

o for the OO aontil Lets G606 aa 100 Toruty oot e cpuptecPeads, o0t Lnd

i : t .and- 0, di

|136]c ?g:t?i) decoduegﬁog'l[)%’r tﬁrfsftroo(r)}llﬁg?tl . (PPrdecBapre pérthe frdaeport 11;

(3) coupl e porfaiflune pornalls, amticdl cdmy eeponrk2 100 Qﬁahgas-lloilblésllzz -
WAmand rlde Gou . .

Ceoni red. opti s ot AR R, Rtk rifls BfRe AP orhA

i ti.cal data traffic shoul e swtc Y K&t e pat h
[gp?: nid?ZEpV\;j‘fﬁOlﬁr%é’edisstvdraom#rr?dpérlﬁ& f@dce. Thiksenbyenbodgnehe, fal se
failure signalfalaee feentunte igpleodesatt2 cavdnli4ahadiceahi Rgog £gLlure in

' LV he.fal se failure signals,
E)B'?i (IC:):It hr Pﬁ;“ﬁg{tﬁéﬁé‘%%ﬁdﬁs rr;%%%iqﬁreﬁﬁitl\éwgiztﬁu?’étﬁﬁﬁé ®ith ring godes
112 and 114 sWidHifdgantafdisgurdispare fibers of spare path 158.
If in step 412, link 124 is not yet

10 repaired, then a determination is made in step 416 of
whether a subsequent failure is detected in another
link of optical ring network 100 or in a link of the
alternate patn through alternate network 102. If a
subsequent failure isidetected, optical ring network

15 100 changes from normal mode to failure mode in step
418. At this instance, optical ring network 100 has
withstood two link failures. For example, if optical
link 130 fails:'optical ring network 100 changes to
failure mode; and adjacent ring nodes 118 and 120

20 operate to transmit optical data traffic on reVerse-
direction spare fibers of spare path 158 and spare
lines 166, 174, and 170 of the alternate path.
Alternatively, if a failure occurs in any link 150,
152, or 154 of the alternate path: optical ring

25 network 100 changes to failure mode; and ring nodes
112 and 114 operate to transmit optical data traffic
on reverse-directien spare fibers of spare path 158,
Note that ring nodesAllz and 114 need not be adjacent
to the failure to effect the loopback. Ring nodes 112

30 and 114 Will effect a loopback if any one of the links
in the alternate path fails.



During the failure node, OCCSs 104, 106 decouple ringnodes 112, 114 from
the alternate path and couple ring nodes 112, 114 to |ink 124. Upon renoval
of the false failure signals, optical ring network 100 changes back to

nor mal nodeWAhW3(944f fi ¢ bet ween ring nodes 112 and 114 travelPETRissse@pai r ed
i nk 124. Thus, by using the false failure signals, traffic can transition
fromthe alternate path to repaired link_124 w thout a significant

di sruption. If in step 412, link 124 i s REE yet repaired, then a
determination is made in step 416 of whether a subsequent failure is
detected in another |ink ; Lcal JEL Kk or in a link of the
alternate path through a‘?gﬁgg%gg%ef&ggg ?%é&g%faéggﬁb%%q Tt failure is
detect ed, opti CRFTRFAERNLEWSFR POGSERANEBYCRE PR ndvudal asote ¢lardge | ure node

in step 418. Aobttibhs rasyaneewoeRt 08l febM0saet WPE knd@O has, ifdst ood tWOk
ring networ

link failures. I anple, 1f optical _Link 130 fails: optical,
100 changes tomggﬁfggegﬁ%déybﬁﬁaegaﬁaggﬁ#ur?nbnn%d%§cﬂ3§ 2K 199 operate to
transmt ®pti cappdaredt pafibirctontheveepedireftiimkspade fibers of spare

path 158 and spare IinesTg@GPrégéntaggvézg??%kg?g%aéégéggég ﬁath.

Alternatively, if a failure occurs in any 54 of the
alternate pat hVi6pEteBr FPAguKEERSr kaidorenanfetwe ol inks urevemdeiemnd ring

nodes 112 and thé opakatBatOrkraBSHELE1eRt B6ak ﬁ@%ahéééfiﬁcaégbéf%i

-direction spaLe fibeEs of gparg ?ath 15?. Not e that, ring nodes
need not be adfacghtat® Path.” For'example, assume link 130 fails
10

and ring nodes 118 and 120 are not connected into an

e
]_éand 114

alternate network through OCCSs. Optical ring
network 100'wi11 enter failure mode and place optical
data traffic on the spare fibers of spare path 158 to
bypass the failure. If the second failure occurs at
15 link'124, link 124 can be restored through an
alternate path of alternate network 102 as discussed
above.- Thus, optical ring network 100 can withstand
two failures even if the first failure occurs on a
link that is not backed up by an alternate network.
20 This multiple link failure scenario is illustrated in
FIGS. 4A and 4B.
First in step 405 of FIG. 1A a determination
is made as to whether a failure has occurred in a 1link
other then link 124. If a failure is detected in a
25 link other than 1link 124, then the process flow jumps
to step 456 of FIG. 4B. FIG. 4B describes the
operation of the Second Multiple Link Failure ‘
Scenario. Following detection of a failure in a link
other than link 124, optical ring network 100 changes
30 from normal mode to failure mode in step 456. In the
above example, if link ‘130 fails and ring nodes 118



to the failure to effect the |oopback. R ng nodes 112 and 114 will effect a
| oopback if any one of the links in the alternate path fails. Additional
steps can be added to the operation of the present invention such as to
change optiWQI9967H§ network 100 fromfailure node to nornal rotwsddootére
subsequent failure in a second link is repaired prior to the repair of link
124. The present invention al so operates 140 w t hst and concurrent failures
of two links, even where the link that flrst fail ed does not have an

associ at ed aI ternate path. For exanple, assune link 130 fails and ring

nodes 118 and 420 BI® 4wk CONNSGIRELIdH O AMpld dale ”%t‘@gi‘% Lhrough
OCCSs. Optical_rin tvvgﬂ; 100, wll enter failure AT ce optica
data traffic o??%%‘%%%ﬁ‘ § 7S ]cﬁ Iharle ﬁi‘éitq?klgﬁ’atfélﬁy}@a@@ the failure.

| f the second s$watelr®iloecurst aetpahrenlpa]é}{l 13d nk 124 can be resto[rﬁdst hr ough
an alternate path of alt 1 sed .above. u

optical ring network 100@%%?1}@%%%%?%%) 4?5% etsﬁ’fvgrjrnﬁ)‘f O%hétﬁprst
failure otcur<th kas ibgen aPairemdt thakedh W dpy 48 aipttércrAt einet wor K.
This mul tipl e détkofiailor e1saena itdm 1d1ustd ARl ik %'ogﬁal“éoﬁ%d 4B.

e as er a
:‘::'ilrishrlenhztsegcﬁrg%tg# ::415%;1 Iﬁ%}gﬁe#gl?tﬁwq%%k@%ﬂmpéeﬁaltMre is
detected i n a dhargettwriaianrd imddel 24, dthan 4595 HI06RES vikOWeaHNPS to step
456 of FIG 4E§:eﬂ:allci'ecf'8 tfjr?e%{:rﬂlﬁesf ohfproceeds to step 462 to
10 determine if a subsequent failure has been detected in
link 124. 1If a subsequent failure has been detected
in link 124, then the flow proceeds to step 464. 1In
step 464: OCCS-controller 160 directs 0CCS 104 to
decouple ring node 112 from link 124 and to couple
15 ring node 112 to the alternate path; and 0CCS-
contfoller 162 directs OCCS 106 to decouple ring node
114 from link 124 and to couple ring node 114 to the
alternate path. Thus, in step 464, nodes 112 and 114
are coupled to the alternate path. At this inStance
20 optical ring network 100 has withstood two coinciding
| failures.
The operation of OCCS-controllers 160, 162
can be changed by modifying the action table shown in
FIG. 3. In one embodiment, if a failure occurs in
25 link 124, OCCS-controllers 160, 162 can be programed
to wait until a second failure is detected in one of
the other links 126-134, before communicating with the
alternate-NMS to establish an alternate path. 1In |
another embodiment, once a failure occurs in link 124,
30 the OCCS¥controllers can be programmed to communicate
with the alternate-NMS to reserve the spare path, so



operation of the Second Miltiple Link Failure Scenario. Follow ng detection
of a failure in alink other than |ink 124, optical ring network 100
changes fromnornmal node to failure node in step 456. In the above exanpl e,
if link 130M0A%38304nd ring nodes 118and 120 are not connect e#CTasa900762
alternate network, ring nodes 118 and 120 will switch traffic onto the
spare fibers of spare path 158. Continuing to step 458, if the link of step
454 has been repaired, then in step 460" 6Pfi cal ring network 100 changes
fromfailure node to normal node. In step 458, if the failed |ink that

: faj I 4 has not ye een repaired,
Phen the 1l ow praceshs™t o o egaR0Cr s b o ole{ T B i 1o | ur e has
been detected PRREFnkinka 126 -1h34ubsequeBEs f edntrel heass man detected in

Lo o Erhegtheuyr seseds socsien o9 netan BTG o
rlifsggdlngggtil%d?h%lgﬁ?ﬁaﬁgg’gg PBPRE kA CEESchhta o4 R s Dafirect s 0OCS
106 to détouplkddingonaﬂeréégoﬁseﬁ1tan&t%&i;m%ﬁfg&%quﬁg@j%EQ%gﬁgnglgg Eﬁe
;Ihtee?ln;te;ng;tehfpééAlpaf}{Pgs?ﬁéP%‘?\%’:%P%ggi%%& x??%gb%eq%;‘?%]%&%}?aéﬁlt%t ood two
coi nci ding fai F&pe8s. TReeoperbsion wWheOBSS teame dil erltekfhitelGawan be
changed by nodahyyeg whecRChle8rhabl oWy i fsdlGn 3e Jd PG PO nent,
't afailure qgggéglig‘or-automatically.

10 FIGS. 2A and 2B show an alternative
embodiment of the present invention. In FIG. 2A
optical data traffic is transmitted between ring node
212 and ring node 214 via link 224. FIG. 2B shows the
connections of OCCS 204 and OCCS 206 during a failure

15 of link 224. As in FIGS. 1A and 1B, FIGS. 2A and 2B
show the OCCSs( operation to establish an alternate
path through an alternate network 202 to bypass a
failed 1link of the optical ring network 200. Note
that in FIGS. 2A and 2B: both link 226 and 224 are

20 connected through OCCS 206; and both link 224 and 234
are connected through OCCS 204. In this embodiment,
OCCSs 204 and 206 can operate in concert with the
additional OCCSs (not shown) associated with nodes 226
and 222 to provide an alternate path for links 226 and

25 234. The robustness of the optical ring network 200
can be further increased with the provision of
additional OCCSs throughout optical ring network 200.
Thus, by addiﬁg additional OCCSs to other ring nodes
of optical ring network 200, optical ring network 200

30 could withstand more than two coinciding link
failures.



link 124, OCCS -controllers 160, 162 can be progranmed to wait until a
second failure is detected in one of the other links 126-134, before
comunicating with the alternate-NVS to establish an alternate path. In
anot her enb¥Ri%M8MM¥3 once a failure occurs in link 124, the OBCBUS99/00762
-controllers can be programmed to conmunicate with the alternate-NMS to -
reserve the spare path, sothat if a subgfﬂuent failure occurs in one of the
ot her links 126-134, the OCCS -controllets can i medi ately switch opti cal
data traffic, between ring node 112 and ring node 114, to the alternate

path. Additional respons@s:to xpéﬂ%umﬂao%%ént%k ffa' 'h‘érgsce rios are
possi bl e and nay_ be add d to the action tab ecl ether to use

an alternate %ﬁ&ﬁ?) INF Qe 1SS %ﬁa@WOW@ uéé saouBé per f or med
manual |y or aunu'maistomdd ythaH %eﬂ&léﬁf&d b%%rlslib@és@@lt@'dt ekNakkVve renbodi nment

of the presentg,jnyenti I 2 al_datag traffi oS transnltted
bet ween ring node 212 an&’r?ﬁgiﬁg)e Vi nk%fzwl 11 &2 2B shows the

connecti ohs of\EES s 4l tOoES mldmd Ag ahlaialtr ehaft Maekod24. As in
FIGS. 1A and Idharfddss. 124 and 28 smwltﬂaem%% m@Rer 2hi0Q {0 establish an
al ternate path Hﬂ{oqgg agﬁgﬂy%kgfte network 202 to bypass a failed |ink of
the optical ring ret 8% o SﬁlFPéSan§As§ﬁ@eZBf 55&h |ink 226
and 224 are comWsNtEdN O GHT I0ECS. 206 heanpphatibdl tnkiAdd4 amgdy334 are
connect ed thrqgﬂbrﬁ&é%ﬁéﬂ*%nd %édﬂe Sgmhedl TRRben veng4 and 206 can

operate_in concert wth t ion shoul
10 not be 1lmlted by any of the above-described exemplary

embodiments, but should be defined only in accordance

with the following claims and their equivalents.



addi ti onal OCCSs (not shown) associated with nodes 226 and 222 to provide
an alternate path for links 226 and 234. The robustness of the optical ring
network 200 can be further increased with the provision of additional OCCSs
t hr oughout WBEP8HH3 ri ng network 200. Thus, by addi ng additi oPEI/USBOS:2t O

ot her ring nodes of optical ring network 200, optical ring network 200 -
could withstand nore than two coinciding link failures .Wile various
enbodi ments of the present invention havé%een descri bed above, it should
be understood that they have been presented by way of exanple only, and not
limtation. It wialdl e dndefed god by those skilled in the art that various
changes in formand details may be nmade therein wi thout departing fromthe
spirit and scope of the invention as defined in the appended clai ns. Thus,
the breadfth and scope of it.he apresenhicareshsoByshenl deBpb-beihiM ted by any
of the abgve -described gxenpl ary,enbodinents, but should be defined only
in accordance with the follow ng ¢l &M ﬁﬁawPﬁéiFnﬁgﬂﬁéﬁgeﬁts.VMat I's
dained 18 : 1Pluxadémivumifcatingnsodest emd eoppuirailhgy ap eptieal ring
networ k iacl udiingxa phraliity ebub n p ity of _optica

l'i nks optécallﬁgggupEgd bgtwgéngggP%gppggggfﬁyggidr#%ggﬁ%ﬁgg ?%rP%%?rying

optical data t et FRFSY 106t PR&LCALtodataokreéfiewni tch optical ly
coupled té6 a first ring moderism sgidcapt teaksr E88n88E Wy Ki .aNd

7 optically coupled to a first ring node in said optical
8 ring network; and

9 a second optical cross connect switch

10 optically coupled to a second ring node in said

11 optical ring nétwork,‘said first ring node and said
12 second ring node connected via at least one optical
13 link,
14 wherein said first and second optical cross
15 connect switches are configured to switch optical data
16 traffic from said at least one optical 1link to an
17 alternate'path of_an alternate network upon a failure
18 of said at least one optical link.

1 2. The communications system of claim 1,

2 wherein

3 when said failure of said at least one link
4 is repaired, said first and second optical cross

5 connect switches switch optical data traffic from said
6 alternate path to said at least one optical link.

1 3. The communications system of claim 1,
2 wherein each optical link includes a primary fiber and
3 a spare fiber,.whereby_said optical ring network can



a second optical cross connect switch optically coupled to a second ring
node in said optical ring network, said first ring node and said second
ring node connected via at |east one optical |ink, wherein said first and
second opt i WAI9987¥3s connect switches are configured to swi t pOTaRYY/@aé2 dat a
traffic fromsaid at |east one optical link to an alternate path of an
alternate network upon a failure of saiq2§g | east one optical link. 2 . The
comuni cations systemof claim1l , wherei'n when said failure of said at

| east one link is repaired, said first and second optical cross connect
Switches sw tcbropbingl ofgtaal rabiacctipmeaid aliernahe nahlo qai d at

| east one optical link. 3,. The comrunications systemof claim1l  wherein
each optital |PRR2PACRUBRLIUIBroHedy PPBEFahnti® spare fiber, whereby said
optical r3ng network canwhansitoppitsnl dged actded fd ¢ O Saighispare fibers
to bypass,a fai o] L -Link, erein optical data traffic is
transnitt%d ar%%ﬁ%gga%a§§p§§%%§§#iﬁ%n e?%%#?f%r%%i%ié%ﬁsQﬁaﬁﬁﬁqHﬁ?qbn sai d
primary f?ber sCRn#édifePtinaspt f dherearnd twhéfein ieptticaisniateed in a second
di rections on satdfsparesf tbghsniwbeaein sais-seeond-clidest i 4.5 P

di rection, oppogite_s irst direction, and wherein said optical ring

id f !
network can wi ?%%f%ﬁ%%%r nERET RYR £ 57 A S AN i F SRt 1 WastS Gne

8 direction opposite said first direction, and

9 : . wherein said optical ring network can
10 withstand a coinciding_failure of said at least one
11 optical link and of a second optical 1link, by

12 transmittiné optical data via a route including said
13 alternate path and said spare fibers.

4. The communications system of claim 1,
wherein said alternate network comprises a mesh
network.

5. The chmunications system of claim 1,

wherein said first ring node and said second ring node

w

comprise.add/drop multiplexers.

6. The communications system of claim 1,
wherein switching of said first optical cross connect
switch is controlled by a first optical cross connect
switch controller and wherein switching of said second

optical cross connect switch is controlled by a second

(o2 NN © 2 BN~ VS I NG B

optical cross connect switch controller.

7. The communications system of claim 6,

wherein said first optical cross connect switch and



optical link and of a second optical link, by transmtting optical data via
a route including said alternate path and said spare fibers. 4 . The
comuni cations systemof claim1l , wherein said alternate network conprises
a mesh net WPRY3W43 The communi cations systemof claim1l , vineressesasd »
first ring node and said second ring node conprise add/drop nultiplexers. 6
The communi cations systemof claiml , oyherein switching of said first
optical cross connect switch is controlled by a first optical cross connect
switch controller and wherein switching of said second optical cross
connect sﬁntchsasdcdntsmlbpd1by1acseeendoﬁﬁEteabwﬁﬁéﬁScﬁ§2€§?%e§21BCPIrst
ntrolle 7 e.c C ystem
ggtlcal c?oss gg%ﬁéctgg&y?%h§gkgg g |rst 3B§ %%?r%?%s§ah%nﬁ%%ﬁn%mntch
control | ef forﬁP§1§?ﬁgFé°§ﬁté@nEBCQnSWltahdamﬂeselﬂ sacdnse@@@ﬂ:@ptlcal

Ccross conaect &kaéhc@ﬁﬂeﬁﬂlQw§€§ﬁngoﬁ9}b§@ércf8 % §ORRELL SW
control | et forn1 fur her .single integral unit g Tﬁg c&%nuﬁPE% §ons
syst em of clain1 ePEFE said first optical cross connect switch and

sai d second optlcal cross connect switch controller are separate units that

I
can transgrit data betweeg ong,an wherein said second optica
Cross conagct switch andgsald geggﬂﬁunl€?€é NEr 08t T rivect &l toh

control | ef arewgéﬁﬁﬂatéaaﬁlférﬁhapptamalrensn$tcmhméct switch and

3 saild second optical cross connect switch controller

4 are separate unitsAthaﬁ can transmit data between one
5 anothef, and wherein séid second optical cross connect
6 switch and said second optical cross connect switch

7 controller are separéte units that can transmit data

8 between one another.

1 9. 1In-an environment having an optical ring
2 network including aiplﬁrality of ring nodes and a

3 plurality of opticai links optically coupled between

4 the plurality of ring nodes for carrying optical data
5 traffic, a first optical cross connect switch

6 optically‘coupled~td_a first ring node in the optical
7 ring network, a secénd optical cross connect switch

8 optically coupled to a second ring node in the optical
9 ring network, the first ring node and the second ring
10 node connected via at least one optical 1link, a

11 restoration method comprising the steps of:
12 (1) deteéting a failure in the at least one
13 optical link; 7
14 (2) switching the optical ring network from
15 a normal mode to a .failure mode to bypass said failure

16 in the at least one optical link;



bet ween one another. . In an environnment having an optical ring network
including a plurality of ring nodes and a plurality of optical |inks
optically coupled between the plurality of ring nodes for carrying optical
data traffiWO%3183st optical cross connect switch optical | yPeDUSI9ad7620 a
first ring node in the optical ring network, a second optical cross connect
switch optically coupled to a second rin95node in the optical ring network,
the first ring node and the second ring node connected via at |east one
optical link, a restoration method conprising the steps of: (1) detecting a
failure ih the at |east ome og&ieﬁmlﬁénghe(éargwwgdaﬂgghgggaéﬂg|dgy ring
network fgom a, ggga %g to a failure node by ass said fallure in the
at | east one op |caI 35 shriehi iy ?Qﬁ??ﬁ%%ﬁ 1S ddrd foptsitcal cross
connect s tch@@dt%e@pmdczaimg/ rodep$ etd hen fd rtstrrand: seoonrdi,i RGdredes to an
al t er nat &1 net ﬂ{gg S he first. ring node and the
VWO & s £ LEanSH éﬂé”k#?%ﬁ“?ﬁ%&- éf{efﬁ§¥é: Hat wor k:

second rlﬂg node is_via an alternat.e pat and
(4) switching TFROTUDITERE BPFQY hetWer I ridrhesaiad o aidtlr efmsdedt o a nor nal

node, wher ei n skt elrmot e e tshek § nedades transm ssion via said alternate

path of said alternate ng mork ql The nethod of claim9 , further
conpr|5|ng the step of: switcling the optical ring network from

said failure mode to a normal mode, wherein said

9 normal ‘mode includes transmission via said alternate
10 path of said alternate network.

1 10. The method of claim 9, further

2 comprising the step of:

3 (5) sw1tch1ng the first and second optical

4 cross connect switches to optically couple the first

5 and second ring nodes to the at least one optical link

6 of the optical ring network when said failure of the

7 at least oneé optical link is repaired, wherein

8 transmissipn between the first ring node and the

9 second ring node is via the at least one optical link.

11.. The method of claim 10, wherein said
step (5) further comprises the steps of:

_(a) ‘sending a false failure signal
simulating a failure in said alternate rath when said
failure of the at least one optical link is repaired;

(b) Switching the optical ring network from
said normal_mode to said failure mode; |

(c) switching the first and second optical

W o 3 o LT > W N

cross connect switches to optically couple the first



(5) switching the first and second optical cross connect switches to
optically couple the first and second ring nodes to the at |east one

optical link of the optical ring network when said failure of the at |east
one optical MAME7PE repaired, wherein transm ssion between tRETSYS00762 Ng
node and the second ring node is via the at |east one optical link. 11. The

met hod of claim 10, wherein said step (5, further conprises the steps of:
(a) sending a false failure signal simulating a failure in said alternate
path when said failure of the at |east one optical link is repaired; (b)
swi t chi nglthe epi salconidng imet weidesk tomcsai d:-noEHBL BRAE LE;said failure
node; (c)zsmﬁtqqk?% %%ﬁ-first and second optical cross connect switches to
optically couple e firstand second ring nodes to the at | east one optical

link; and3(d) switching tide opmitahingngheebwol kalr enhgahdcfaik ufgogode to
sai d normal nodeiawraneiRedabact Fangyi; it the first ring node and
the second ring node.is vﬁ% the at Ieastﬁgﬁggﬁrﬁggelzw?eﬁﬁ%nné?h%d of claim
9 , furthdr cofmpfisSiig ErePetysesr thest 156kt hndgnede apdithe ring networ k
from sai dénor malecopde rtiagsaodef disl wie ABEeatUPeRs8 SHbseguent failure of an
additional optical link of the optical ring network while the at |east one

optical link is inoperative, wherein said failure node
1 12. The method of claim 9, further

comprising the step of:

(5) 'switching the optical ring network from
said normal mode to said failure mode, upon a
subsequent failure of an additional optical link of
the optical ring network while the at least one
optical link is inoperative, wherein said failure mode

includes transmission of traffic over said alternate

W o J o U i w

path of said alternate network.

13. In an environment having an optical
ring network including. a plurality of ring nodes and a
plurality of optical 1links optically coupled between
the plurality of ring nodes for carrying optical data
traffic, a first optical cross connect switch
optically coupled to a-first ring node in the optical
ring netWork,.a second optical cross connect switch
optically coupled to a second ring node in the optical

ring network/'the first ring node and the second ring

© W W N oUW N R

=

node connected via a first optical link of the

'_I
=

plurality'qf optical links, a restoration method

[y
[\

comprising the steps of:

funy
w

(1) detecting a failure in a second optical
link of the plurality of optical links;

[y
>



i ncludes transm ssion of traffic over said alternate path of said alternate
network. 13 . In an environnent having an optical ring network including a
plurality of ring nodes and a plurality of optical |inks optically coupled
bet ween t h&PpIVA783 ty of ring nodes for carrying optical daP&Tiusashereéz a
first optical cross connect swtch op_ti;;_ally coupled to a first ring node
in the optical ring network, a second Optical cross connect switch
optically coupled to a second ring node in the optical ring network, the
first ging node and t se j4 q_q%eﬁp&- t ed: vi i st ical |ink
of thelipl urality of og(‘tazi)calcswll:jcriﬂs%?ﬂ;a restor a{}%g)lnegrle%igld@%%éf}?jfsﬁo% t he
steps of: (B n@eTedt Magien Haid ded iure madried dptiass $ak oFilwmesplurality
of optical linnks:i(2)sWrT g dhe 16ptd calnd i ng network froma normal node
to a :‘N?i | ure node to byRass said failyre in said (iecond optical link; and
(3) swtching the first an&”@éfgﬁdlgo&t A TF oA E Ot KR EEFRS to
opticably ceuplse tdoanfdatstswanatgecad dgptigaiadescdup an twld efnade net wor k
when a_.subs ent_ fai e ] tected in-the first optical .link prior to
repai r°of sgl91 s%ée(%%l g{oltef\llglczllo%%lsn%,o ﬁnerae%tne]ir%aatn%rﬁ%@f%rﬁ{ BEtWeeh the first
ri ng nédde asdbikgusedord idiung redeldteatied am dteriatst patti ofl sai d

al terngte netyario: ;14 coThegmuhed of il AldBdd ofidder: gapprising the

step of:
9 wherein transmission between the first ring node and

10 the second ring node is via an alternate path of said
11 alternate network.

1 14. The method of claim 13, further

2 comprising the step of:

3 (4) switching the optical ring to normal

4 mode when said second optical link is repaired,

5 wherein transmission between the first ring node and
6 the second ring node is via said alternate path.

15. The method of claim 14, further
comprising the step of:

(5) switching the first and second optical
cross connect switches to optically couple the first
and second ring nodes to the first link when the first
link is repaired, wherein transmission between the

first ring node and the second ring node is wvia the

0 3 O ok W N

first optical link.

16. The method of claim 15, further

comprising the steps of:



(4) switching the optical ring to nornmal node when said second optical |ink
is repaired, wherein transm ssion between the first ring node and the
second ring node is via said alternate path. 15. The nethod of claim 14,
further coMg9%37:4p t he step of: (5) switching the first andrpezasosoesi cal
cross connect switches to optically couple the first and second ring nodes
to the first link when the first link is repaired, wherein transm ssion
between the first ring node and the secéfd ring node is via the first
optical link. 16. The nmethod of claim15, further conprising the steps

of : (a) sending a fal se | ug | nal si Ia afaJIureln sai d

al ter natg pat h when sai c&g; %Pé lg? theot] ‘% Teat 9K i s repaired; (b)
swi t chi ng t hesépuila&ingi ﬁgfﬁeﬁmeklﬁreﬁi@aﬂltﬂmm pmtde whersadadid ai | ure

mode; (c} swi Esmaget be fcheshegé éﬁE?EQlOPih}QaisCf nect switches to
optlcallgcoupe he first and second ring nodes to e I'rTst optical link;
and (d) %witching the opP! caFv¥iFREIRSt %?kOPFb?ﬁJsa&”ng aﬁ@‘ijffcér o said

nor mal n®de, waeaenarﬁlauambaans,m bhed betweea hmd@ first ring node and the

second réng node is via Ve 2%5 chlgtlgge klrst and second optical

7 cross coﬁnect-sw1tches to optically couple the first

8 and second ring nodes to the first optical link; and

9 (d) switching the optical ring network from
10 said failure mode to séid normal mode, wherein data
11 transmitted between ﬁhe’first ring node and the second

12 ring node is via the first optical link.



