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The present invention relates generally to information networks, and nore
particularly, to the configuration and operation of an optical network.
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In an optical network, it is essential that each network element be able to

15  transport a large number of optical signals that may have varying power levels. This is
requiréd because signal power levels dynamically change as signals are switched and routed
throughout the network.

In a two fiber optical bi-directional line-switched ring (OBSLR) network,
working and protect channel pairs are routed around the network. As a result of network

20  switching events, the working and protect channels may be routed on different signal paths,
with each signal path having a different loss characteristic. Thus, it is possible that at any
given point in the network, a working and protect channel pair can have different signal
power levels. This situation can result in increased bit error rates (BER) on the lower power
channel. '

25 FIG. 1 illustrates how path variations due to typical network switching events
can result in power level variations between working and protect channel pairs. A working
path contains two channels, 1 and 2, with individual channel power of A as shown at 102.
The protect path has two channels, 3 and 4, with individual channel power of A as shown at

104. In a typical system, the working and protect channels may be routed via different
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nodes to be In typical optical networks, each node may be manually configured to operate

in accordance with intended signal routing in the network. For example, preset attenuation
pads, having a fixed attenuation value, are inserted in signal transmission paths to set signal
attenuation around the network.

25 In addition to the problems associated with path loss and amplifier saturation,
manually configuring each node in an optical network presents a number of additional
problems. First, manually configuring each node is prone to errors. Thus, if a node is
configured improperly, it must be manually reconfigured again thereby adding costs.
Second, each node must be engineered per site. This means that the nodes are not identically

30 configured, and therefore each node must be customized. Thifd, it is difficult to upgrade any
network components. For example, upgrading a component in a node may affect other
components in the node. Changing a node may affect adjacent nodes. Thus, upgrades and

maintenance for manually configured networks is difficult and expensive. Fourth, it is
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are folded into a small set of operating modes.

20 In another power management strategy provided by the invention, signal
power parameters for different network switching scenarios are tracked. Thus, it is possible
to optimize the available signal-to-noise ratio (SNR) in the network at the cost of calculating,
storing and exchanging signal power parameters around the optical network.

In another power management strategy provided by the invention, signal

25  power parameters for different network switching scenarios are pre-computed and stored.
The pre-computed values provide a way for network elements to quickly react to switching
events without necessarily having to re-compute parameters as each event occurs.

In an embodiment of the present invention, a method for managing signal
power levels in an optical network is provided. The optical network comprises a plurality of

30 nodes having logic to receive and transmit optical signals over a plurality of network
interconnections. The method comprising steps of: providing each of the nodes

configuration parameters; configuring each of the nodes based on the configuration



exchangi ng and re-configuring until the optical network is fully configured
so that the optical signals have selected signal power |levels. 5 BRIEF
DESCRI PT, (;E obHE DRAWNGS FIG- 1 illustrates how path ngin%gbmopue to
typi cal ne ?( switching events can result in power |evel variations;

FIG 2 shows a portion of an optical network constructed in accordance with
the present invention; 10 FIG 3 shows 4 detail ed view of network el ements
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element; FIG 7 shows a parameter table for use with the second type of

|nternal conponent shown in FIG 6; FIG 8 shows a diagramof a first
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shows a g}:%a an}a Qi third network el enent constructed in accordance with
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FIG. 5 shows a parameter table for use with the first type of internal

component shown in FIG. 4;
15 FIG. 6 shows a functional diagram of a second type of internal component
constructed in accordance with the present invention for use in a network element;
FIG. 7 shows a parameter table for use with the second type of internal
component shown in FIG. 6; |
FIG. 8 shows a diagram of a first network element constructed in accordance
20  with the present invention;
FIG. 9 shows a method of operating the first network element shown in FIG.
8 in accordance with the present invention.
FIG. 10 shows a diagram of a second network element constructed in
accordance with the present invention;
25 FIG. 11 shows a method of operating the second network element shown in
FIG. 10 in accordance with the present invention;
FIG. 12 shows a diagram of a third network element constructed in
accordance with the present invention;
FIG. 13 shows a diagram of a network element constructed in accordance
30  with the present invention;
FIG. 14 shows a detailed embodiment of the network element of FIG. 12;
FIGS. 15-18 show detailed embodiments of the network elements of FIG. 3;




.FIG 20 shows a diagramof a network el enent constructed in accordance
with the present invention for use in a four fiber optical network; FIG 21
shows a four node 2 fiber BLSR network constructed in accpé.fl Qgﬁz 105 W th
the pres¥aOii#?®ntion; FIG 22 shows a diagram of a node 1Hcl U 2P0t he
network of FIG 21; and FIG 23 shows a diagram of a VOA control | oop
constructed in accordance w th the pré&sent invention. DESCRI PTI ON OF THE
SPECI FI C EMBODI ME The power nagenent strate of the present

i nvention provi degli;- %gé]i‘%’fss‘t ASTA LS lwtlb‘épg@\géﬁwéﬁl@gﬁmﬁ%‘émen

nei ghbori ng net worgGeheeRdWsSa diRg@m G2l iBtwdiR eldnidht cérRittéted fccoRaite that the
signal power |evel between network elenents will not change significantly

enough, witlethepagsestinvensiondorcisadn # foyn fiber qpticalmetwerkk, to affect the ability
of the network to ﬁ%r.ﬂ'tsﬁ&?sf d & J&é‘ﬁ%%ﬁ&@&%&%&ﬁﬁ% a(rll%%&hl n

each node 15 since 1 nput power |evels odes remal n cons As a
resulst, wpihwie preseagianemionf or the network becomes a function of each node's

erbodi ment of ¢ no FIGe 8RN » SaRariila ARan kel i the "EPoTk PERIGI! Bl

provi si oni ng Cr oS SFIE0RA §kdvk L a8 VTV O RIBHAS 1069 ERRABRES irPdccSramitenet wor k
element. As 20 these inter-card connections are nade, power nanagenent

modul es wishyteipgesentinventiogput and output | evel s over each card interface.
These | evel s are conputed at each card from nei ghboring interface power
| evel s and the optical path |loss for the card and are stored in paraneter

tables. In this fashDPESCRIRTION QF TR SEECITLSEMBODBMENTS aut omatical |y

conpyfe signal p i i : h t hrough

t he network el eman?. %k%gmagg&g“aecﬂaﬁéﬁodﬁhﬁrg%%? grg({r%)tﬂcpggrr%g e a constant
out put pansistehemeputippwanpdryeavalgngth detween heizhboriny net@brkeddnientd inat OBSERI t
fromprotectio or switchin event{s. A.protection event is an.event

wher e} n RGeS CobsteRnps A Rreanl B Pl bt erharogemant MFEoY o

over cONEchaRg\REKificdtlyRh6WEh, 0GetGhy 8%ittlaAREshdRTon iA3Re AdtwarkS tddaTedct thenk bet ween
network el enents. At any network elenent, the card provisioning accounts

for protailityof thenehverk 4@ camytraffine Thislecaligesnowro menegsment within qash geder ant eed
overyal | ;net. | . har, ' igavention,
T R oREPREAE e SRR Eph Lol X oFEARE EF gt B
i ndi vi duht neteerikabécomes 8 Surctian efileach mhdels iftemairompehewicknfigration]f@ Sptical
PCT/ US00/ 24104 .. 6 configurations having particul ar operati ng nodes and
opti cal ¥R hough this may

In one embodiment of the invention, 2 method and apparatus are provided for

provisioning cross-connections between internal components at each network element. As
20  these inter-card connections are made, power management modules negotiate the input and
output levels over each card interface. These levels are computed at each card from
neighboring interface power levels and the optical path loss for the card and are stored in
parameter tables. In this fashion, internal connections are used to automatically compute
signal power levels at each point along an optical path through the network element. Thus,
25  each network element can compute a constant output power level by analyzing the internal
optical paths that result from protection (or switching) events. A protection event is an event
wherein signals in the network are re-routed to their destinations to overcome network
problems, such as damage or loss of a signal link between network elements. At any
network element, the card provisioning accounts for protectioh events so that the worst-case
30 output level is guaranteed over all network protection events.
In another embodiment of the invention, it is possible to track not just the

worst case output levels, but individual scenarios associated with different network



result in larger paraneter tables to be accounted for, the best possible
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20  connects all the nodes in the optical network. Using the OSC, network elements provide

information to each other about the signal levels of signals being transmitted over the optical
network.
The nodes also have parameter inputs shown at 226, 228, 230 and 232. The
parameter inputs are used to input configuration parameters to the nodes. The configuration
25  parameters are used to configure internal components within the node and may be used to
determine signal routing and/or signal power levels. Alternatively, a parameter input at one
node can be used to input configuration parametel:s for multiple nodes, wherein the node
receiving the configuration parameters distributes them to other nodes via the information
links. The parameter inputs may be coupled to an information network, such as an Ethernet
30 network, so that it is possible to download configuration paraﬁxeters to the nodes viaa
remote network entity, such as a network administrator shown at 234. In addition, the
parameter inputs may be coupled directly to local equipment, as shown at 236, to download

configuration parameters directly to the nodes in a local mode of operation.
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20  network element may operate in a ring switch mode, where signals are routed through the

network element via another path. Each of the operating modes for the network element

may result in a different routing path for network signals. Once provisioning of the internal

components is complete, the network elements indicate their output power levels associated

with various operating modes to neighbor nodes via the information links which form the
25 OSC.

After the network elements receive information over the OSC regarding
output power levels of neighbor nodes, each network element recalculates the power levels
along its internal optical paths. An adjusted output power level may result from the
recalculations. Information about the adjusted output power levels is exchanged between

30 network elements over the OSC. Additional re-calculations oocur if necessary. Thus, a
continuous process occurs wherein a network element determines its output power level

based on updated input power level indications received from neighbor elements over the



OSC. Eventually, the network el enents converge on a set of constant s |
i nternode power |evels. Therefore, a method for perform ng power
managenegt 6'71 ?!L; optical network in accordance with the f:‘?‘ﬁf‘daﬁ ndibyention
woul d perform e followng steps: 5 provisioning internal conponents of
each network node as a function of network operating nodes; determ ning
power paraneters for each operating nod® at each network node; exchangi ng
power t ted ne odes: pdating the
power par@gntgtg?%tlgﬂ%gg%%eﬁggdﬁg@g%%%%% TR émgeodls%ﬂ ém% BS¥Fanet er s;
and repdatelsng t he steps of exchangi ng and updat| ng until the nodes
converge on a set gonsta %‘ {l?ter ode gower | evel s. I .n anot her

enbodi ment of the J?‘@rse 9FF> 3 MethAd fpertpmuing peYen managrment in AR PRticH netyoghal s

t ransni t tigaccofdabbewith @iredehtiferftiof vﬁﬂﬂd %é?fo‘?ﬁﬂﬂé'?tﬁlo Wi & possi bl e SNR
for the 15 overall network. To acconplish this, additional information

par amBters are excDmg%@ln&EﬁmwompenmgaclﬁmwnMeuse ferietiondfli t | onal

i nfor natl %ﬁoﬁyR informati on associated with received signals.
The nodes % minternal power managenent cal culations to determ ne
how to adj ust .t he dewfivit fHwePparsmeRrs¥or &dth dpBratNLmols abRsh n&WBrk HARN
transnmitting the signals to other nodes. 20 In anotf her enbodi nent of the
present inventi on, ¢XGhgnging E@eraﬁﬁﬂﬁ%béﬁ'@%ﬁdja@ﬁngmnsdﬁﬁaﬁswwknws,on t he

cLanel 1Tk 90 PURMASEISd BirBE: fndl e BRASUE: FUERLEYR, (

futui® uperamefengmefiore, instead of having to spend tine re-conputing power
parameters as switchin vents occur, . the pre-conputed val ues can be used
to allow the fet mFﬁPe@Pf&{gﬁftgpSth eﬁﬁh‘%‘ﬂ“ﬁ and updptipgruntibthg sederroavrEe ot wor k
sw t chi nget%‘f%&is?antﬁt&no&;ﬁﬁ&éﬁ@av@lsda ail ed view of one enbodi nent of the
network el enments that make up the network 200. In FIG 3, the paraneter

i nputs and OSC | i nksangther nmbOQMDf thopreseat uchﬁlmeﬁmldntm sighalylomfersaaf

di agram | | ear . desc opents used
in the ne Jﬂ?%r{gﬂe&)@&)% gbg"%ne Ret esetg Pé?‘iﬁgﬁReob 19%4813}83%@ $d 208 are
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302, 303a@66ﬁat394v1th-59&1%@ts als. he WBadsthéH gerfohfliiteRal boveer thrdbirhent di f  er ent
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calculations to determine how to adjust the received signals so as to achieve the best SNR

when transmitting the signals to other nodes.

20 In another embodiment of the present invention, signal power parameters of
signals transmitted on the signal links are pre-computed for some or all switching events that
may occur in the network. These pre-computed parameters are then stored for future use.
Therefore, instead of having to spend time re-computing power parameters as switching
events occur, the pre-computed values can be used to allow the network elements to quickly

25  adjust to accommodate network switching events.

FIG. 3 shows a detailed view of one embodiment of the network elements
that make up the network 200. In FIG. 3, the parameter inputs and OSC links are not shown
so that the resulting simplified diagram will aid in providing a clear description of the
components used in the network elements. .

30 The network elements 202, 204, 206 and 208 are shown broken into sub-
components consisting of variable optical attenuators (VOA) 310, optical multiplexers
(WDM) 312, optical demuitiplexers 316, optical amplifiers 314 and ring switch modules
301, 302, 303 and 304. The network elements are shown having slightly different



.9 conponent arrangenents which denonstrates that each network el enent can
be flexibly configured to suit various network applications vm' t hout
deviating fromthe scope or operation of the present inv (?.I. &e VOAs
310 are WQA8H189? at t enuat e optical signals by adjustable f At

factors. For exanple, an optical signal having a |l evel of -5 dBm may be
attenuated by 5 dB to produce an outp®t signal having a |l evel of -10 dBm
The optical nultiplexers are used to conbine two or nore o tlca, signal s

(or chanfRETROpeRtATEANgeMRen{y Waich demenstratss Shateaghmatwerk flgment can pe fleyalychannel s
and i ”Ecﬂiﬂ#ﬁr&d%%ﬁu VERRE Dkiwbek %ﬂ)@ﬁ&ndxﬁ‘(ﬁlh%ut E&ﬁatﬁg‘;l?aﬁlkncl &ég and

pr ot ect nel's may be conbi ne to one signal es both the
wor ki ng epatatipmoifdlee pregent vemtising whil e mai ntaining their relative power

nto two or nore. ofd doAsdif sl Bed i edentBe ppif sBets by MhiRBhle RemBlifE .
The opti gtorsMdrickin@pl, &1 @tusm@ﬁaohwﬁg 4 feyeldt -BB16 alayHeGiRtahuated Byos dB an

anplified optical signal. The ring swtch nmodul es ceiye one or nore
i nput si irrrpduce AR Ui signa hayigg a levelipf <l 0 dBmy e Pawf e 46 UsRddO or

nore sig blﬂUW&'Blsmop’tS)téélQ'iﬁlaljsl (bRannd19)i mlgoﬂtﬁ:a?hgﬁ@ltha{t bHtgin€10 and

212, are shown as havi two signal paths. One Is a clockw se signal
pat h 320alhtheichannetseandanaintals Alveir nemcmmwarsle\alsc (ﬁmtem;blg,okwkm agidgnal path

Vons 5 1opmert el AR e cBiraf 8 bife FeiTiti Snchintes B0 Qo lifie RN |1

210. 10 hi shaahels MeieRRMintaidingIRElr felative @uiveElevelf). '&Hdbﬁtidﬁﬂ&émtﬂtlﬁlﬁﬁérs are used
anplificatiogn (or itenuat ion if necessary) when the network el enents are

separ at etp it a0 gpticat signal dnt ko of morepticalsignalsithat 1ax fspIesAt EABAPREND02 and
206 are shpweis. Whi BpKtal srhsn@&; hx‘é%'se@ﬁ%rhflifﬁ&ﬁo&%l §iBnd1"6 forhCPdmMALh 212

Thi s arrangerrent I s used net work” el ements "are cl ose enough
t oget her optiral siguali The nag swnﬁl mﬁdldas Teegivebna oranetedrput signalsend switehgsi(oed but

signal a h d used to
ot e optToa Ol heEenils SRk Bbre gl bl pR el Bl 112
opti ¢tsl siggaldinks at@aﬁd)medretsho\bnym@nsg et sigiak psthe NOné¢ pathris a cle&aﬂpé e, to
denonstrate how SI nay b out ed to bypass ? getwork el errent si gnal
324 ent efignilpat e Bitwtkandsbgoth T asegmsrcloshwisesigmagl Rty 32 ong

si gnal Imlﬁngﬂ}%,{egvorﬁpde 202, and further routed along signal link 210 to
node 204 where it exits the network at 30 the east term nal of the node.

However, shoul d si §henetworkelementyH20%andedddareshoymeithWVOAs 3i0andioptiedle, ring
switch 3 I T 326
o' out oL T8 bk Ul AR orighad ok 3107 IS 3R e AR VBT | 000
208 20d hdditibnay signal am;rlﬁicaﬁhh (ot J{ttcnuaidnef nedessapgdtwhealthonawbikeelanémgs aral
signal t O 2¥a@c%s Y at 1st|ancv:k Ir% g'c?ntrasFt t enetrwlwork elements 202 and 206 are shown

without the optical amplifiers 314 in the signal path 212. This arrangement is used when the

network elements are close enough together that additional amplification of the signals is not
required but signal attenuation may be required.

25 The ring switch modules are used to route optical signals through the network
element. In some cases, the optical signals are routed to bypass a network element. For
example, to demonstrate how a signal may be routed to bypass a network element, signal
324 enters the west input of node 206. The signal 324 is routed along signal link 212 to
node 202, and further routed along signal link 210 to node 204 where it exits the network at

30 the east terminal of the node. However, should signal link 216 be damaged or otherwise
unavailable, ring switch 301 redirects the signal 324 to form the signal 326. The signal 326
is routed back through signal link 212 to node 206 and then routed to node 208 and finally to
node 204. This alternate path allows the original signal to bypass signal link 210. From this
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path may be | onger and have a different | oss <characteristic than the
original path. Enbodi nents of the present invention are desil%ned to

account WOOI48BAR by- pass operation of the network so that PET/US/HIMsi bl e to
re-route signals while maintaining adequate power |evels. 5 Wen a signal
is routed through a network el enent, ifjpnmay experience signal |oss due to

t he conponents within the network el enent. This signal |oss nmay vary based
on the E¥amRle #ig easy feseedhat dhmalismate patiyme be fongereanddtave aldifférentdoss and t he

routing : | gRal 0 the ne rk_elenent,. As result, to
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alhre h. t?}ﬁ ne ﬁel ege
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fromsode 204 to nwhen 2CEnaMONSutetilBraabR aGetWIrR dichfent htgﬁé’}{ Sxpfibite s%:lalbei ng
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input to the nultiplexer 312. The Vi provi de adjustabl e attenuation to
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the pr eséorw TR shheg?ﬁseg‘?rﬁ%? Interg) fampanspis.of e petyotl-flement aﬁgf}%ﬁo‘?@abl ement
to i Mpl epatiiariaions thhsuphrthé RAREA Bléthent BMist BadcOGbd foper 20 managenent, | oss
val ues through a network el enent are based on nom nal |oss values for each

i nternal conponentARgthetifpatuneof thernresent iaventiontds shawiney 850. On thestragsmiissivnssi bl e
t o obt ai guth FBM bgBrédi 4.pternal
corrponenl'fhs,_ soﬁoﬁg?gi%%@lzgg’s@?g?gégg{# grﬁp%gfz%&?ﬁ{fseﬁfglggg%én é’gfé %‘én be
deri ved mulbiplexpr3 12al The Vi@ Anprovideadiistable attenmalion testhd signals detiat thefred t he | oss

val ues f ' d .t hrough networ k el enent . The actjve
rranageneélat'we?)% 9‘%‘?@2’? faigﬁ (f%egorg;'i%t %%Hazs‘caéﬁpgl?%ﬁ@ﬁd%%?gﬁﬁi ﬁ‘éﬁ’l et i cal
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eac net nt. S Joower uctuations, are adjuste or i

aut onat i aé‘ﬁﬁf ?“@ﬁegedxﬂh’b‘ﬁ?’? GPng‘fté% He nopglipsar amplidicationsiirsts thecgeld reswdtiif ¢ he

rel ati vahgsighils Rdd sot DedibBansey. el engt h cause the VOA to suspend attenuation
control. The VOAs are alerted to changes in the system(e.g. 30 ring switch

event or a channellnpr¢ ¢erbedimeniinfihe prasent isyenition; severat miodwlarsaised wiglsinbei ng
updat ed fQ+cORRERIAE & im%&?%@l M@%ﬁﬁé‘eﬂne%? nlt)lrugfrllgs loggl%ower

20  management, loss values through a network element are based on nominal loss values for

each internal component within the network element. However, it is also possible to obtain
manufacturer calibration values for each of the internal components, so that exact loss values
for each internal component can be derived from the calibration values and can be used to
determined the loss values for signals routed through a network element.

25 The active management of power in the system occurs when a condition
causes optical paths to change drastically. The VOAs control power fluctuations within each
network element. Small power fluctuations are adjusted for automatically by VOA control
loops. Power level changes larger than the relative power of a single wavelength cause the
VOA to suspend attenuation control. The VOAs are alerted to changes in the system (e.g.

30  ring switch event or a channel failure), which may result in loéal VOA settings being
updated to compensate.

The power management controls are:
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two VOAYWQ

anplifier to control the optical input power. The working*and protect
pat hs through a node al ways experience different | osses. ApRwsat e,
Qfg'é'P?%e t he working and protect output channel sPé |§r? épendent | y

before being multiplexed by a working/protect WDM The nodul es used to

i mpl enent | ocal power managenent nmay bd inplenmented via any conbination of
har dwar e and/ or so e W.thi network element. The follawi.ng is a
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i nventi ofhwapM th detail ed descriptions of the nodul es provided in other
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Managenent nodul e ¢ [ QYSki t M dul e
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( PPMs nosidépeadéhBibefara being eattiplesdby(asworkingimsteceWdNMed to as an i nternal
conmponent) within 'ﬁgﬁ?Od .. As i nternal c?nnfctions are provi si oned between

cards, the CPM det®&HP %S‘E_S‘J\Primpé%‘?r’é ar BT QAZIMINEWACd i nter f aces.
I'n ef f ecinpidhéntéd Moy SorhBinstidh fHafiwHO M b Lo fwaROWMIHin aGMBY Gk Mnleng hange as

signal s propagate fromcard to card through the node. The CPM stores these
power paFlmisilewingisapbricf verdew af theanedues deMelompiinapentdage withrtheprgsent he
power pafs ters. { b Ndi. Vi PP I t n .card. The
PPV st orguTied ih SetalE Skl Bt ol B acd ool BechBn BB 0T o
car dio Théocupentaneter information is al so propagated to CPMs of adj acent
nodes so that power |evel paraneters conputed at those nodes can account

for the power,. |l evels qf signals to be transmtted to them 25 In another
enbodi negﬁgéﬂWMent modul e runs on each card in a node. As

cards are confi gurg®owelPlahgyienMh0AES AR witfA bichhetedk lelBnitt. CRI sheedge t O
card edge power &gram&ters and store this information in a paraneter '

tabl e. TeEbqliment haRayerdMepaseinl wedylscampatanafrentebPow rMansgrmenther to
negot ! at @y ¥bauiE Kfiing W fiin S8 hodE 3h8 coiBhica: wilfl Prdi ifcinagenent
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Vari abl €eo }‘;[t')in(e:r% wi }nezp e rAs(ir\xltgro‘rkal %bn%léétlecon\s/\lzx)reop%ai%ggd g)ecf;l;éelﬂsc%s?t % M
determines power levels parameters at the card interfaces. In effect, the CPM acts to simulate
how signal power levels will change as signals propagate from card to card through the
node. The CPM stores these power parameters in its internal memory. The CPM then

20  downloads the power parameters to the individual PPM modules that run on each card. The
PPMs store the parameter information in parameter tables located on each card. The
parameter information is also propagated to CPMs of adjacent nodes so that power level
parameters computed at those nodes can account for the power levels of signals to be
transmitted to them.

25 In another embodiment, a Power Management module runs on each card in a
node. As cards are configured, the Power Management modules determine card edge to card
edge power parameters and store this information in a parameter table. The Power
Management modules then communicate with each other to negotiate power levels over each

card interface. The Power Management modules that run in cards located at the east and

30  west end of a node communicate the power parameters to upstream and downstream nodes.

Variable Optical Attenuator (VOA) Module



12 The VOAs are |located on selected cards within each network el enent. Each

VOA has a control loop that nonitors input and output signal power |evels.
The VOAs provide adjustable attenuation and can respond quickly to small
changes iWOOK&8MNput power level to maintain a target ou?‘ffﬁ’” 14| evel . .
The VOAs are used in association with several 5 power managenent functions
within the network el ement to guaranteeshat the network elenents out put
consi stent output power per wavel ength. Switching Mdule A Switching Mdule

operates in each nellfofRAspeacated on selastadsardsavithin kachqgtwarkieleent fEachat i on
W thin t f . | epent, .S 10
required h?gﬂ?va\g? é: En?%l?%gt 15?&1%0‘3%?1&? {I %’Zr‘ii roms%aﬁo%? ié”?‘ﬁ'ngﬁ%xq’fh, t he
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switch event .to associated VOAsS and power nagenent. nmodul es. Wavel ength

Manager NBHOISPATRT & farg t%%ﬁ%‘ﬁ%‘:]e‘f?gdﬁ%v%ﬁg? %ngi%a%a@hﬂ%w%we@ﬂ ement

t 0 maisnt giower ifanageptenbAinctidrWittin WR\RHGIR eltteht oAt thdl tidRnsdkt em and

their status with respect to routing between source and destination nodes.
I\/t':maf%“é%1

Peer NP CRBY RieR ou RV PRWETT Wavelengilvel engt h st at us bet ween
nodes. Thus, as the nunber of channels in a particular signal path changes,
t he VvelgyiehihgMb@aer receives the channel status and indicates this
information to concerned VOAs and ot her internal conmponents within the
network el enent. ZoSwichipgMedulerapemtssiin padhtigtwark Alenteqtifoprevitle Retebdct | on

nodul e oRer . . t ignal , an, equi pnent .protection
event to %%%fé@? ﬁ@gnﬁﬂﬁg rﬂgﬂt‘% ?ﬁ%oggt%@"eﬂg rlTsoﬁ g"%{ﬂplsq‘ﬁﬁ‘ W@WWBS %‘?’B‘fﬂt tn
eventl) t hrequireti¢s switchcicnpodecoftaperitibh bmi iormal topitizawiitel, the switoer @biulsi gnal s
foll ow an achh.er natteo‘%‘%th vithi n.the network el ement. 25 Exenp] ar&ént er nal
Conponent“5°°RHBS PB e SRPRRYsknetwarkslyment insicatgs the pvitoh eYERfAp a3soRidisd R4S
const r uctagd pbwer tflamiGRodifidsh t he present invention and suitable for use
i n enbodi nents of the present invention. Follow ng the description of the

i nternal conponents, exenplary enbodi nents of network el enents constructed
utilizi n%@%ﬂ%@%nents are described. The internal 30 conponents
described herein anewayQBRRManhsb $idiRle GHRIRRNS Bich Ao Yer ok

limt WO 01/18999 PCT/ US% 24104£gr13 tke type o? ciTlnt er n%%ie&%%ﬁg@nmm ch

can Bé cemiehalivieweiiwavelengthsitehannels) irthe system endtheir status with respect to routing
between source and destination nodes. Peer Managers on network elements indicate

wavelength status between nodes. Thus, as the number of channels in a particular signal
path changes, the Wavelength manager receives the channel status and indicates this

information to concerned VOAs and other internal components within the network element.

20  Equipment Protection Module
An Equipment Protection module operates on each network element to signal
an equipment protection event to concerned internal components. During an equipment
protection event, the internal components switch to an operating mode whereby signals

follow an alternate path within the network element.

25  Exemplary Internal Components

The following is a description of two internal components constructed in
accordance with the present invention and suitable for use in embodiments of the present
invention. Following the description of the internal components, exemplary embodiments of
network elements constructed utilizing the internal components are described. The internal

30 components described herein are exemplary internal components and not intended to limit



i nvention. FIG 4 shows 'a bl ock diagramrepresentative of one type of

I nternal conponent 400 constructed for use in a network elenent in
accordance with the present 5 invention. The internal co ﬁfo Q&Q can be
desi gned V¥@0H1838% achabl e nodul e or renovable card that is EiEan;Fa abl'e in a
network el enent. The internal conponent 400 conprises a power nanagenent
nodul e 402 coupled to card | ogic 404. 113 one enbodi nent the power
managenent nodule is a PPM and operates to comunicate with a CPMin a

net wor k ehe hPsof temakROMPERCTHYBIEN FaMh Pe PORSPERR in 3rSAMIgRTRMth MSIRsENt s a
stand al qgentidnPM that can handl e power management functions for the

i nternal conponent 400, and conmmunication with other PMs | ocated on other
i nt ernal conponent FIf. #ishewsa blotkdiagrametepresentativietof\ang typgof itemaled t hat t he
power managenen dul e i PM. [t A i ns

par anet er% LPsogﬁétdl 3;5 icﬁﬁsqfuﬁ%d%%ljra%ss i‘%?%%ia{?g{%'%‘%? %tég?%\ct%éé%g %qng%ﬁrg%?i S

coupl &d tiavértion PRNE iftéraxl ohtponérg 406 cirhiee ddsizmes as otietadableanddudeiss ng t he card
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oper at i ngreWBM@ﬁ%Farfiﬁ}éat ngﬁ%lgﬁ’&%%&t? et iﬁ@ﬁ’é?mﬁcfg?pl"ge'\%ﬁ@ut ed for
each rout@miales $pOW&niMgthént RYRIEIR colifel fo &R 102104 ahGnt BbEdiftHAt | S
representative of different processing functions and/or signal routing

t hat the thapewershanagmpeontaneduls 2 IM endrgperates tocoommpirucate with@{/MMiiwgi ¢ can

20 represent Wi t ch, mat i X . I nput signal r v hehed, t ut put
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henhgs |
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out put signal s due Apatamstes table406which aeptaiss parametessossd dnmeg thei gnal
splittin [ . T ' tQ . gic
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20 represent a switch matrix where input signals are switched to output signals. Alternatively,

the card logic can represent a signal multiplexer or signal demultiplexer where input signals
are combined or split apart, respectively, to form output signals. The card logic has signal
inputs 408, where one or more optical signals are input, and signal outputs 410, where one or
more signals are output. Based on the process performed by the card logic, power level

25  changes can occur between the input and output signals due to the signal routing, signal
combining, signal splitting and/or internal losses.

The PPM 402 is coupled to the card logic via control channel 412. The PPM
uses the control channel to select card logic signal paths, routing or processing functions that
will operate on the input signals to form the output signals. For example, the PPM can direct

30 the card logic via the control channel to combine two input siénals to form one output signal.
In another configuration, the PPM can direct the card logic via the control channel to split
one input signal into two output signals. The card logic optionally includes an add input 414
and a drop output 416. The add input is used to add local signals to the card logic for



processi ng. For exanple, |local signals provided via the add input nmay be -
conbined with the input signal to formthe output signal. The drop out put
is used to provide a |local output signal path, so that for exanple,

si gnal swe{18999r om t he i nput signal by the card | ogic caﬁC"B’é’S"%{TfF%t

| ocally. 5 The PPM 402 includes a network adm nistrative port 418. The

adm ni strative port 418 can be couplggd to a network adm nistrative bus

whi ch may couple the PPMto a CPM and/or a network admnistrative entity.
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i nformati gn about, the operation of other_internal conponents that are
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al | ow t Heapithationwhgsgxact(Ibssswatites fortthecard tigiqare storadrinitles intepfal téraparwntl | ogi c)

the powgho! fde'exsl 148 vOHELHh b2't9RGhired S hl BpM RThEEPM RYLsSfhonal having a-

20  performing power management functions, and then additional parameters can be sent from

the CPM to the PPM for use by the internal component.

In another embodiment, where the power management module is a PM, the

PM uses the administrative port to communicate with other PMs in the network element. In
one embodiment, the PM 402 sends its parameter table to other PMs operating in other
25  internal components within the network element. In return, the PM 402 can receive
parameter tables being used by these other PMs. Thus, it is possible that the PM 402 of the
internal component 400 can receive information about the operation of other internal
components that are connected to it.
In another embodiment, the PM 402 has monitor inputs 422 and 424. The
30  monitor inputs 422, 424 allow the PM to monitor input and oﬁtput power levels of the card

logic. For example, the monitor inputs allow the PM to measure (based on the configuration
of the card logic) the power level of an output signal resulting from an input signal having a

selected power level. Thus, the PM can use the control input to configure the card logic and




sel ected power |level. Thus, the PMcan use the control input to configure
the card logic and WO 01/ 18999 PCT/ US00/ 24104 15 then neasure input and

out put power levels to determ ne signal |evel changes associ at i th
particul aWXUA§%%gi c configurations. These signal |evels é’tcginfﬂglﬁ%%or ed

in the paraneter table and will eventually be transmtted to other
I nternal conponents in the network elefdgnt. By directly nonitoring the

i nput and ,out put power levels, the PM can 5 account  for power variations
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paraneter ,table reflec he i nternal conponent's | oss characteristics. FIG
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conponent méae. THOSwibd RRbEhoddd R e hiSpefdting iﬁ%ﬁ&f@@&ﬁ&éﬁﬂ%ﬂﬁg
colums | abel ed, Normal 502, Ring Swtch 504, "Ring Switch Pass ru 506,

Equi prent PrOXides K toths intsmnabeqraponents of theqetwerk element wThe PPMis (BN ofithe

corr espong i . | . . . T ows.. | abel nput
over 512 Gt cObadfthg PRl SR N A siphe] s Ry e

t hi r d1¥ owcard dbgihodisa reselt) inmg ahth ootpghpdve parniretdrginag ohapee For asgle, @ t he
switch no r 25.exanmpl e, .in. the Normal switch npde, the, expected input
si gnal | eeglw 4:02 uses RSV %CWQP‘#@?WIPP ﬁeé‘eﬁﬁ%imﬁh‘?’e SVyruFonteol iput 42619 dBm
Thi's repr emape thedperatihgfndde of he 2ardl logic dfh dsing 58 Wferert PaBamdtdis iP@k anet er

t abl e descri bes s*’%ggh@gower | evel s as they relate to various operating

nodes of PHEMPIRFEE Hsdntsmal cqmponent’s;logyehazactaristins. di agr am for a second
type of internal coppepPReRLWERP %@H | wth the
present invention. The i nt‘gr na xe?ﬁ:rlr%-gﬁen g%gaqlllénc %ggged‘gl ﬁl@f lgfﬁ“a nd a VOA
cont r¥f} | esonipe@ent)4080 7 he pagainster tableaFOa has ditve swijtiaodéshowness \YGMimns labeled,

Normal 502, Ring Switch 504, Ring Switch Pass Thru 506, Equipment Switch 508 and other

510. Each of the switch modes has corresponding input and output power levels shown as

rows labeled, Input level 512, Output level 514. An Internal loss 516 is represented in the

third row and shows the loss through the internal component based on the switch mode. For
25  example, in the Normal switch mode, the expected input signal level is ~3 dBm and the
resulting output signal level is —6 dBm. This represents an internal loss of 3 dB as shown.
Thus, the parameter table describes signal power levels as they relate to various operating
modes of the internal component.
FIG. 6 shows a block diagram for a second type of internal component 600
30  constructed in accordance with the present invention. The intérnal component 600 includes
a VOA 602 and a VOA controller (VOAC) 604 coupled to an input signal 612. The VOA
can attenuate the input signal by adjustable attenuation factors to produce an attenuated

signal 615. The attenuated signal is processed by card logic 610 to produce an output signal



can attenuate the input signal by adjustable attenuation factors to produce
an attenuated signal 615. The attenuated signal is processed by card | ogic
610 to produce an output signal WD 01/18999 PCT/ US00/24104 16 614. The
VOAC comy ess189%9 the VOA to provide a control |oop that cEZ6TAY241% he vOA.
attenuati on based on power |evel changes that occur to the input signal.

For exanple, the VOAC adjusts the attjgnhuation of the VOA so that small
power fluctuations on the input signal 612 produce a constant target power
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si glal Ipewet management module is a PM. It will be assumed for the purpose of the following

discussion that the power management module is the PPM. A parameter table 608 is
coupled to the PPM. The PPM is coupled to the card logic 610 by a logic control line 632.
The card logic is representative of logic to route, combine, split or provide other processing
of the input signals as necessary to produce the output signal 614. The VOAC is coupled to
25 the PPM by a VOAC channel 622, which allows the PPM to transmit information from the
parameter table 608 to the VOAC. So, for example, based on the operating mode of the
internal component 600, the parameter table contains parameters describing expected input
signal levels and resulting signal output levels, these parameters can be transmitted to the
VOAC from the PPM and used to determine the VOA attenuation setting which result in
30  signal levels consistent with the expected input and output sighal levels.
The PPM communicates via an administrative bus 626 to a CPM operating in
the network element. The CPM controls the power management in the network element and

downloads parameters to the PPM for storage in the parameter table. In a situation where




The PPM conmuni cates via an adm nistrative bus 626 to a CPM operating in
the network el enment. The CPM controls the power managenent in the network
el enent and dggélnl oads paraneters to the PPMfor storage pariRGoiasfnet er
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for the
20  for configuring the card logic 610 and to provide administrative information to the PPM

about the operation of the network.

A wavelength management input 630 is coupled to the VOAC to provide
information regarding wavelength status in the data network. For example, the input signal
may initially comprise four wavelengths (channels), wherein the VOA is configured to

25  receive corresponding signal power levels. If the number of wavelengths in the input signal
changes, due to a network routing event for instance, the wavelength management input
provides indications of these changes to the VOAC. The VOAC uses this information to
determine if the attenuation factor of the VOA should be adjusted. If so, the VOAC uses the
attenuation control line 616 to adjust the attenuation factor of the VOA to compensate for the

30 change in the number of wavelengths in the input signal. .

Thus, the internal component 600 incorporates the VOA 602 and the VOAC
604 to provide flexibility to allow a greater range of input power levels to produce

acceptable output power levels. In addition, a wavelength management input provides



30 change in the nunber of wavelengths in the input signal. Thus, the
I nternal conponent 600 incorporates the VOA 602 and the VOAC 604 to
provi de f Ibichdty to allow a greater range of input po o]
pr oduce ‘g‘?é’ég‘i’gﬁ e output power levels. In addition, a ﬁ\/céljl"zér?g{zim& )
managenent i nput provides WO 01/18999 PCT/ US00/ 24104 18 information about
network routing events that may affect 18he nunber of channels in the input
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. The two network el ene%ﬁltgé %g@%@ﬁalhgﬁg%ﬁi e eé@n%ﬁ%r%pcnef%lgﬂﬁel enent s
‘and not Powesiekets asdheygelatertp the nnmbiey pEwavelengthsdn khecihpursignal ad thévarivas be
construc ' aﬁﬁ C ] the present invention. FIG 8 shows an -
exenpl aré)} net]tn\%or gf’gﬁgﬁfﬁﬂﬁ%%%}?ﬁgfﬁ@ ed in accordance wth the present
i nvention. The network el ement 800 conprises three internal conponents

Exemplary Network Elements

20 The following is a description of two network elements constructed in
accordance with the present invention and suitable for use in embodiments of the present
invention. Following the description of the network elements, exemplary methods of
operating the network elements in accordance with the present invention are described. The
two network elements described herein are exemplary network elements and not intended to

25  limit the type of network elements which can be constructed in accordance with the present
invention.

FIG. 8 shows an exemplary network element 800 constructed in accordance
with the present invention. The network element 800 comprises three internal components
representative of the internal component 400 which are referenced as 400(1), 400(2) and

30 400(3). For example, the internal components could be configured as a WDM for 400(1), a
switch matrix for 400(2) and a WPS for 400(3). The network element 800 is suitable for use



representative of the internal conponent 400 which are referenced as
400(1), 400(2) and 30 400(3). For exanple, the internal conponents cou:cd be
configured as a WOM for 400(1), a switch matrix for 400( S for
400(3). PHROUE®Ibrk el enent 800 is suitable for use WO 01lzx)l%’ggg)mﬁ"w2

PCT/ US00/ 24104 19 in an OBSLR network to receive an optical input signal
802 and produce an optical output sign@ 804. For clarity, the network

el enent 800 shows details of .a signal path in one direction, however it
will be dpFRQBRLR BettMpsio frpaiYe anqntical ippytisignal §02 andiprodyice am opliak owWpBhent 5
800 nmay cgé{apgm.additional logic to forma second signal path in the
reverse ditection fromthe one shown. The |ogic which forns the second
signal path is shoviferalangphenniworkedarent 800 showesaistadlsiofip signal mattain @82 t o
produce a,. n i | a4 T .t he. ne ene 800 |

confi gur e‘g?eﬁggrhglﬁgﬁ%g&ti %ﬁis‘?é;aﬁ’gﬁ‘%gé oﬁg&:éﬁm sgﬁ H?ﬁ&%&% rfe?‘%?ﬂ( egerweﬁone
pat h i5s goandy contaiehdditionab 1dgietol fbfrﬂhee?nd kigaalhpiesmrth@f]evefse dirEctibhdronhr ee |
i nternal c¢onponents 40Q(1-3).are couple oget her. so, that the input signa
802 can ea%@g%ﬂsﬁgw w)heq%rfeenﬁ £ £799R s’@BﬁHﬂ?ﬂ_bﬁtS@%a‘pﬁsgoﬁéé’"%%ége&ut put
signal  8Décordipht Wital 85003 rodiE alsscdndRitput SRa1B59N hud BN Ok &hent 06
where a network data  portion 808 of the input signal is split off and

i nput t o §06tieconfigurshtp dandle tyeeigna! pathisin theiQPSLR detmork,ibyt evdss:ongp@tblmpl : ts
of f OSC sjgnal. hehef or N, OSC bus. 810. A second 15 signal denultipl exer
i s shown A wgéég%t?%faﬁ{?\t%gﬁlg \Aoersﬁné}oé"rrent 800, Proxy Power Managenent
(PPM1onodul es  402(The3hree tinternal donippharits 400{033) ardouplatd tbgethel B thaethedigat

el ement. The omruni cat.e ith.a CPM 826 npdul e via a network
adni ni st r%&qa&g@&ﬁ@%?c byl thisa ditemal rompggents {9 BRdege the gutppt signah|

conponent g4arnthe Gaput SRARME02 ié MR toaMbral il PRNG 306 WMRkSa RltwbiidAP | nter nal

conponents based on their respective operating nodes. As inter-card
connect i drestion$Q8 efgheimpntsignal 1ssphit difrnd nppliodatemapeampangnioAiOiL) Thower

| evel s o ke e . r LiH O, t.h ar anet er
ta\l:/)I e: 4V - alglgfc?g%l; ed p%&%fféﬁgl@%%k&}ggﬁi%ﬁgghg@ p%%?‘%’ln@ card,

t he ABM nsignahdemultiplererab shovwreatf886es for which it nust nodel . Eiach ]
interface specifies;,2b . The average i ower |evel per engt

recei ved at IOan i nt 3{5’#&’8&?‘3 “W@M‘a‘?}@gﬂ'{jégmr ﬁf&%wel}ma&? _enb&?x@d(}%‘?"éﬁgt h
transm t t4g(f-8phintonanteiabEdrschent’ W thiPibe Refwd?R WRMeh€ VEle PEMS 8ditiAicad based

on inputs fromother card interfaces, the internal configuration of the

card and Withsa £EM 82¢medule yiasa nefwerk administrativebus §38-hTheSEMympdrietheeach

| nt er f aC&peration of the internal components and can compute input and output power levels of the
20  internal components based on their respective operating modes. As inter-card connections
are established, the CPM computes input and output power levels over each interface and
downloads the parameters into the parameter tables 406(1-3) associated with the PPMs.
Depending on the specific card, the CPM may have several interfaces for

which it must model. Each interface specifies:
25 o The average input power level per wavelength received at an interface.

e The average output power level per wavelength transmitted from the interface. The
output power level is calculated based on inputs from other card interfaces, the internal
configuration of the card and its associated loss, and the internal path loss between each

interface.

30 Each card connection along an optical path has power information associated
with it. The complete path can be traced to the boundary of the network element. Whenever

a change occurs anywhere along the path (e.g. a card is removed or added, or the input



30 Each card connection along an optical path has power information
associated wth it. The conplete path can be traced to the boundary of the
network el enent. Wienever a change occurs anywhere al on (e.g. a
card i sWAMVPY or added, or the input WD 01/18999 PCT/ Ugﬁtﬁ%w%ﬂ& 20 power
| evel changes at the network el ement boundary), for all connections that
are inpacted the CPMrecal cul ates th20interface power |evels and downl oads

t he new par ters to the associated paganeter tables. * This.allows the
ot 1o RSt Il at e op Si SR heRAED: W il B s AL ARS AR

i nst al | Jkd OPMArechINALEYRE enteiife FAREr leDels BnddSwAGRIRIhd WV parkiiBteQViHe
managenent strategy rech res that each network el enent signal its output

aver age 2profiated patametesdabloss vinsalows the CEMeadrptshe netwpikiement tsehangeson

I nt er nal; ] . lf%ﬁﬁ'ﬁd | p.ernal optical paths that
resul t T“}gm rotlgig{alﬁgxrl\ég‘g\ntatc .“ﬁdé‘a e \x/'\%)r -%g'se out put level is signaled
to tBe downstr eamin oma epiimarmenfithe power managemeant stretegy reguaescthatsiach ent  out put

| evel fromt network.el e t over 10 all .networ ot ecti on events.

FI uct ua PR Semgut enss e SRR B8e nev el POVY SIeSRER GPVEREEsL y ot orn
toward feigAbdtk. BiRed b thterdilRbhfdctibiss tHeFNPNRAALY s Ihin€@id bptidal PathPtiat power to
the next node depends on the adm nistrative state. |In another enbodi nent,

the powsesulidiomypretastion swilghing, Theqverptecase autputdaial is sighalgd e the daymstreadnput e
si gnal | ' t i |l
metvor k Efibor, THEACeal IO Bt dOniEhs ARATIREP SN b RLImeR SOhE,
i nt @0 nakll netwark piotgeivh svents. dductuations, thaught are gxpagted dusiog proyibisriiggef the t o
obtain the b

cach nettirR 1uRa romplE sbeherthE CRTLAERLRS » Ehar BRRE e RS "

net wor K ngstirbo@é téj@néyeihe admhiiftsiautive stateconput ed val ues are stored for future
use. As a result,_when network swi tching events 20 occur, .the network
el enent access t hin &odics gmBadinieat SePoRisT managemenkstiatrgn reqings thak Fachadj ust

to swit ohiJagk B¥RBhSTomple SidiPpteedarid @ aSRE LA bE: PRYEIc BRRAQBLRT S as

swi tching events occur is saved. The CPM supports a duplicate set of power
par afret everall getvofls rBasgd en seceivad parapigten infommations the CPM araiyzes thedatgmal power

| evel s > ' i ne |- 1 . g bet ween
et vor k OBeaTBif @ it s solRhiEreBR e UBAR Sdemr R BsblE SRR, OO
‘networ k el ement s Iparokher embedifn@nt; pogergpapanidters it each aetwiothelementidre on) with
all power |eyels rec uted ahead.of tine. Then as new,_conponents are

br ought “PIRPYeS HAdvangedpisome qf 2 W%&EF%&EWV&‘%&V%‘&J&ES%M@ new val ues
used tocgdhited vali& drdkiBFeddbr MANFPANE As SREGIL, Rhen Abtwork SWREHIS: éveattnd t he

ring.
' gO occur, the network element access the stored parameters which allows them to quickly adjust

to switching events. The time needed to calculate power parameters as switching events
occur is saved.

The CPM supports a duplicate set of power parameters used for forecasting
upgrade scenarios. These forecast power levels are maintained by all cards and signaled

25  around the ring between network elements. This supports the addition of amplifiers or
additional network elements to the ring (during a protection switch condition) with all power
levels recomputed ahead of time. Then as new components are brought into the traffic path,
the forecast values become the new values used to adjust the internal component settings of
elements around the ring.

30 The following is further description of the netv(rork element 800. The data
portion 808 of the input signal undergoes processing by card logic 404(1) to produce a first
output 812. The first output 812 is input to the internal component 400(2) where it is
processed by card logic 404(2) to produce a second output 814. An add signal input 816




30 The following is further description of the network el enent 800. The
data portion 808 of the input signal undergoes processing by card | ogic
404(1) t@ouAgsee a first output 812. The first output 8peTiUs0/2{104 tO the
internal conponent 400(2) where it is processed by card logic 404(2) to
produce a second output 814. An add sig?al I nput 816 WD 01/ 18999

PCT/ US00/ 24104 21 couples to the card“fogic 404(2) so that optical signals

may be adggsled © thd'earl I5gié 40 étthatiopHiad] sighdld mah B ddBeFlodhe Firse bhiplf sighd
couples to card logic 04&21 so t hat S|gnals ngﬁ be dropped (and locally
r ecei ved)312r drfirep sigasl quinait £13 seuplpsite gard dogin 494(3)13o thatsigrisyeay badiopped he add

| nput  si g\?gdz sl renal y al so
have add (gﬁﬂbﬁ%&% ' | gtg s}teﬂgp ﬁﬁ%g?ﬁ A?)u@ﬂ%%?rl?’? gpéﬁrgﬁg%ﬁg{ﬁe@)?ﬂgy are
not used signdl &16. Mate that ikdrpalicompondatsF00g]) ant 408@3 oray atsothaue adilahd drop nput to
I nt erpal ,conpon 0(3). where it | rocessed by .card | ogjc 404(3) to
produge tlwgsr?gﬁ? F@'éﬁ’ﬂﬁ)&* & b’h@fs %}’Fe’l'ﬂ%yf’?ﬁrfo uf)“iﬁit%’ﬂts"a‘éq'b‘ﬁg O i s i nput

t o si gnalFiGogbi ner 822, where is it conmbined with the OSC bus 810 to 10

formthe output signpal 804, which can be transmtted over the opt.ical
network to an adj adBfsecoRd oWpRkS kA is iyt to injerah spmpongab0UBhwhereitis s shown

at 830. I1RLer = 3). a | PV
402(1-3) "an Séeggg%%dal? %ls 482@%%% e?lg?e’? gﬁ@g%&%ﬁ%@?‘@%gﬁg%ﬁ%ﬁ Si nce
t he i nt ersigmgl 29 ipinpuhte siiet cambiher §22cwhera ssio corabined withdhd O§Chuk &30 teen

' ith ref Fl 4. i i LI 15 t d h :
The P TareREquBlob ers PGP & Faneruicdayst @ ePBial ARy i o ANy
be exchangeebrbelenean Amhéchidnanebnttihds is sHeamRiPRBG.an al so exchange
information with n OSC control nodule 824 via the admnistrative bus. The

CPM can comuni cat &3¢} pHhe Hterngimompgnenss AUN1-3a haysraeseaaterbRRMs #p(1:Handsc
bus 810. ; tﬁ%y_’nl& o t4Y0 sﬁébﬁ 6 :

adni ni st rag%ai%l\?{ehaent i t;&gg%li%%%?os)f ﬁ:e CEM gn?‘?ﬁg{ e&é‘\e/gacg?ﬁpﬁg%ipﬁ%srvﬁ%
conponenttheir aberiatethtand dagiabisheemdescEb@l abaye with refierence wFIGE 4 mfoll nettheon bus

or networ her net t wor k. . The .Net wo mnistrative entity
may gé arér(%a% eeqﬁ':?hm%?ﬁgp%ﬁ ﬁoc‘fg&elgg%}ll\'%raﬁwgﬁ}%éwggﬁ%%c? Pt EAFPFEEMBn 1 hat
is | Oﬁa| bb(&xd:ﬂ&ﬁ%%ﬂemedﬂl the emm;}mwdancrhempi &duﬂsg) é;&agzriggé&‘mﬁggatioﬁm wor k
switch cont 4. co to e, adm nistration bus to 25 receive

net wor k %dﬂ?%"? H‘Pgﬁﬁg?f’ i the admingitrativg Bitsy iKhgGRM can sommpnicatgwiththe The

net wor k- cpitd 64 bthé hetwirk 8Rthen RV Hle T(EBudVOr kK swi tching information to
the CPM 826. The CPMcan further relay this information to the PPMs

associ ated with eadhe petwgrk Fdmingsaionbusido corplesvnetvioriaadmsinistrativeeentify i on
and tzba”%% %'si'hg '&P‘NI and the PPMs of the internal components. The administration bus 828 may
be any type of information bus or network, such as an Ethemnet network. The Network
administrative entity may be a remote network application or may be a device or application
that is local to the network element 800 and coupled to the bus 828.
A network switch control 834 couples to the administration bus 828 to
25  receive network switching information from the network administrative entity. The network
switch control 834 communicates network switching information to the CPM 826. The
CPM can further relay this information to the PPMs associated with each card.
The OSC control 824 coordinates the reception and transmission of
information between network elements over the OSC bus 810. For example, the CPM can
30 transmit parameters, indicating the power level of signals tranémitted from the network
clement 800 to adjacent nodes, via the OSC bus 810.
Thus it is possible for the network element 800 to receive an input signal

having both a data signal and OSC information, split the two apart, process the data signal to



i nformati on between network el enents over the OSC bus 810. For exanple, the
CPM can 30 transmt paraneters, indicating the power |evel of signals
transmt f the network el ement 800 to adjacent nodescriisfosdify OSC bus
810. Thugﬁ??l/flsggppossi ble for the network el enent 800 to receive an 4| nput .
signal having both a data signal and OSC i nformation, split the two apart,
process the data signal to WD 01/189992PCT/ USO0/ 24104 22 form an out put

dat : : : _ : !
Conbi ne_dp aRbAfad dend poced G BYC fbruflioh i50e et Bisq AEGEARMLTD. .
t he conbicombineghemew ©SConfompatiesr witke thewukput Hatasignal, and transShécombined k. FI G

9 shows a. bl pck di.aaram o net.h or operating the network 5
el enent §t%ag oﬁrf'f’t@%_ﬁe rLﬁ%ﬂﬁB#’ng%(%gg&gr‘ﬁ%@g with the present invention.
The nmethod 900 pr G¥GAPshowsabISdkAA QIff a cBAITDOIBLSRirdlingiBe hetvBiknal
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the parameters tables at I nt ernal conponent. on information
r epr esentconfigurdl taltrangpastsignals avet parious isignall pathes\bakesl dir theropératingpnewitch}| ement
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800. The i thepanleteOIPRE adath diteémaloaipohent! e:dnﬂgg@@bxpi&if&hﬂtids&fegfeg&ﬁinﬁ
I nforpmati ogn sq .t hat neévq?g?th | oss paraneters are conputed based on the

r eceit$ed all ppssitie PRiGHL s1 Bl ﬁ°§hﬁh5PP‘Eﬁ?ﬂF PFF@PB‘BEF Fé?ﬁmigf‘h@aﬁmﬁoé&’éﬁ%ﬁged wi th
ot her nefaﬂﬁ%éfﬁt elbmefit, Qﬁ%ﬁ%ﬁn dfabcht BleReft SranSitit HEHES, Hgﬁﬂg{imﬁx{lkbnﬁﬁoﬁ" { wor k
t efeby the

el enents settle on stable go_n | guration val ues, 0SS fTor every
pat h t hr hegietworkeiamank 8@0. chierintemial torhponents ae metenfiguosd bastd dyl the kec®B2d t he

net wor k 1 ' I t he networ k dmnistrative,entity via
he. adni GiaETion 3¢ tat B BB 88 pafirlois B iRplen B Balls bt ctwor k. 20
As a residformdtion. Tht varfiguedtiontiforniidndosgrimeichasgedivith dthetitervedrgnal s from
t he ﬁ‘two k fi bﬁ}' nor does the Ouigwthi nat romthe netw% k el ement get
trandti t EEMEBN- LAY ARt IRttt ol thsmgRyorg e H’iss‘e'iﬂﬁ"f‘ﬁ@. twork. At

bl ock 904enfigduatidftviReX vaiEbY R losd on@v&??ﬁthXh:@ﬁgﬁ‘ﬁ 9&@;@&&%&&%%&0“

paraneters to the CPM 826 and the PPMs of the internal conponents via the
adnmi ni st pepopnted fars bus 826. The configuration paranmeters describe how the

I nt ernal corrponen'lt%F Blobk ﬁ%’?é@éﬁ&p&q e'ié?ne?:l'i g@@ngggﬁé}?@w e U [y sever al

oper ati ng nodes. exa I n a norma operation, the internal
c onponenadnidistradiverentitheiadlddmjnistrativedbud bnuis mbpyed xoupied to the to data network.

20  As aresult, the network element 800 does not receive input signals from the network fiber

nor does the output signal from the network element get transmitted on the network fiber to
other elements in the network.
At block 904, the network administrative entity downloads configuration
parameters to the CPM 826 and the PPMs of the internal components via the administrative
25 bus 826. The configuration parameters describe how the internal components are
provisioned to process signals under several operating modes. For example, in a normal
mode of operation, the internal component 400(1) may be configured to demultiplex the
input signal into one or more component signals for input to the internal component 400(2).
The internal component 400(2) may be configured to add a new component signal via the
30 add input and may drop one of the component signals via the ﬂrop output. The resulting
component signals are input to the internal component 400(3) which may be configured to
multiplex the component signals together to form an output signal for transmission on the

data network.



I nput signal into one or nore conponent signals for input to the internal
conponent 400(2). The internal conponent 400(2) may be configured to add a
new comwag% g9¢ gnal via the 30-add input and nmay drop ongcmiséoraimonponent
signals via %e drop output. The resulting conponent signals are input to
the internal conponent 400(3) which may, be configured to multiplex the
conponent signals together to form an tput signal for transm ssion on the

data network. WO OAf Bl%&@@Od?@IUGﬁQ%ﬁ&l&%the?ﬁ%nﬁ%%rﬁﬁ&FKfe%@@intérh@! CPM

sinmul ates the configuration of each internal conponent and conputes
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node. Th 2 THEE BL6 LRt I CPM At bl ock 908,
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oper a1 roTeR SLBER FTBoTG Raramek RbIess | i RA ORI LoD F251s GRETER 19830e ( ho

par amet eparhbleftablRfant heprERiE théd loks SFREES Edrl fodi®WhEN op2StingGR IpR5HiSHbads CS Of
their re%fl)ect i ve internal conponent associated with various operating
1

nodes. g, algheeqmpietion efhlocks08p thie parameteritatdexofithe RBMs will dessribp powaSLR

net wor k | ' | ' .10

tr anan ¢ 5 SeBRRIfCIT R ohRYE bl Brpon kR MBI SO OGS oAty
decoupl imgdef t he network el ement 800 can be acconplished in several ways.

The twork el enen a nual | onn dtothe n rk, by an
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15 aut onitéide HBWOAEinphts 8ighals FREKuphi@ 4R RbdésSanB MY rhsthit Proc@ded Genditot he data
network, but the input and output signals of the network el enrent can be

i ndependéewnsireaminpdeie s souplingsnd degpyipling efiibe apavork glement$O0 eamntbige net wor k
el enent . | St B\ WreTelnsMak t he

net wor k aéﬁzgfr?éﬁtﬁleym%v?ﬁaz%%aﬁlet m%%ﬁ%x@én@é%?eﬂrgﬁﬁ@&%héﬁ%géggb g%/eer t he
admi ni st nekwprke by e eperitot physinatly obnrtebting mitworkafibes va the nesvork leAtenb|laak 916,

t he enent 800 receiyes par ters. via.the OS nel that esqgri be the
I eveﬁ of @ Q?Fgatlegwﬁmgir é’ﬁ&F&ﬁﬁ?gﬁ“\fﬁ ‘F%%S‘?“E"ééﬂé&ga’?@ﬁﬁaﬁ nﬁﬁ’]"ﬁggﬁi‘ stream
node ( nipusdh@wilput JigRals pHthe aaRoN0BlRmRE! dag b%hﬁie?@ﬁd&ﬁﬂii sPiteeavn nBAEE
transmts signals to the network elenent 800. The paraneters are received

via the ¥RKE BYichssintemeal testheasivark elegent. shhis alleys pRiPHemipistraler M As
thi's occihield BSuptPive AUiwk SleRRAA lﬁfe%taﬁavt?eﬁw&kll,eb%ﬁgi?r% nigﬁnﬁﬂoﬁfch%?ﬁ@t

downst ream node (not shown). Initially e parafne | cate at no
si gnal  admipistgtave neywordsite gontrod theninternad switches.

20 - At block 916, the element 800 receives parameters via the OSC channel that

describe the level of the input signal which will be received from an adjacent upstream node
(not shown). The upstream node being the network element that transmits signals to the
network element 800. The parameters are received via the OSC bus by the OSC controller
824 and forwarded to the CPM. As this occurs, the CPM outputs parameters over the OSC
25  to an adjacent downstream node (not shown). Initially the parameters indicate that no signal
is presently being transmitted.
As actual data signals are input to the network, and signal power levels are
detected, one or more configuration scenarios may occur. In a first scenario, shown at A in
FIG. 9, the existing configuration of the network element 800 results in acceptable input and
30  output signal levels for use in the data network. In a second séenario, shown at B in FIG. 9,
the downstream node cannot handle the signal transmitted from the network element 800,
and so, requests a power reduction. To compensate for the excessive signal, the signal levels

are adjusted in accordance with the present invention. In a third scenario, shown at C in



As actual data signals are input to the network, and signal power |evels
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i nternal céf‘gﬂ;(g()%l 386‘{%1?692 tespe ‘?r%g%@?ﬁﬁ?frgé&{‘iﬂe ﬁ’r‘?&ﬁf%and out put
| 0ss par deeintings thel the bXifeced sikndOeel cabﬁ»%%eﬂmaﬁﬁmuma BytheQaridfoapi ers for
the card 400(2). The M determ nes that the eé&)ect ed signal |evel's can be

adeqlidit ergd s theSBM $targs these re-spmputod parpmetesyfor 4 I (2) Imdtsdptornal gprage.t IheSE 0
re-conput ed parane A | C ,
the OPM nas corml e?ﬁéﬁ’s%?gﬁé{"%@a#?a %?ﬁe%gfl?@i ang Fe;?)o% Wik i f&l

card ¥ QPG Haseoon the epdatescdo pammetess ervardF00¢ int er na
ggggﬂgﬂt S T,heOtEPtIYE A agjsust:'?hgir resHect'&Ye I nt em cogm{a&&g@s based
on the  SeEuRes hiie aibecd SiERp! IgyEls ands pequatelypiortestd RS0 e ot od
i nputs  saghsd, tHedVRM storeythédeae-camputpd birameleRORBE460(0) inlis ihtefifl aypget ed from

he | rnal conponent 800. The CPMtransmts
the 55‘ terna P At Qlock 823, the SPM has completed parameter calculations for all the

internal components and downloads these parameters to the PPMs of the internal
components. The PPMs may adjust their respective internal components based on the
received parameters.
At block 924, the CPM now knows the expected inputs signal level from the
25  upstream node and the loss expected from the internal component 800. The CPM transmits
these signal level parameters to a downstream adj acent network element. In accordance with
the invention, as the power parameters propagate down the network, each network element
updates its internal component parameter tables and the resulting revised parameters are
transmitted to the next element in the network. For example, if power level updates to the
30 node upstream from the network element 800 affect power le\-'els transmitted from the
upstream node, then the network element 800 would update its internal components to
reflect these changes and transmit the adjusted parameters to the downstream network

element.



t hese signal |level paraneters to a downstream adj acent network elenent. In
accordance with the invention, as the power paraneters propagate down the
net wor k (ggﬁﬂ! tvvork el enent updates its internal conparErnisqaiBaet er
tables an € Tesulting revised paraneters are transmtted to the next

el enment in the network. For exanple, if power |evel updates to the 30 node
upstream from the network el enent 800 ¥ fect power levels transmtted from
the upstream nodew {eRoddsr dAEAH darh8 s ke AOGVAPNLS (HPHAYSarh nbad, ! ef nal
conponents to reflect t ese changes an transmt the adjusted par amet er s
to the dthensiemehod8Gprokeedaingating28 t\opdate mm/tmwﬁhimﬂDQS At bl ock

926, if different anet er.s arg recel ved the then the
ret hod oSt Baiiahe BRY§ ol pefe e iR B G AR E s,

i nt er nal thefi GeAEHOD SOMdﬂmmésEmrm 930.ecei ved par arret ers If no different
pararreters are recgl ved, en. the nmethod 900 continues on

ath 930. 5 At
bl ockd 932, the dat W@FW% 3 BRAWerk GontipKes tq H\%Fﬁf’%acrgﬁﬁapﬁlfgﬂnoﬁg’eﬁven

t hough "holiSihe AL Peiaficfer e rE&HRUBdhdNetlBik dGh¥RBY0REERIWAER0, ot her
net wor k ment s still be updating their |ocal paraneters tables based
on new yelemcetsmaa stxﬂdmaxpéatmg theif gcalmarwtqs tablesdasadoaswiFesatved| | y, t he
network wll co di ffer.ent l.af or mati on
br opagat s EE ormishk abhBt nddef EVBRPE hornhr Wiy SRRASRN il ST 00
have st afghen padidfeednt pmmlatee inforfiatioh @togagated to ahi Bol®imthé actwevig wo;hesabg afl

path in the network wll ccount ed f The scengﬁ%@éB denonsirates how

si gniy I@\?é‘let"t‘ﬂfﬁﬁ{j’g‘acn%}@"?rﬁa ePB‘““‘&EeE d At dhat pows s forguely sigdglel s. The

scenar i opB Redle RRWIR Vil BYaRBLAREESI S arrive at the network el ement 800
fromthe upstream node. The new paraneters indicate that the 15 power |evel

of the signal tranEhescenaria B damonsrates bowesignahlsuel changesarermadsdgect ed by t he

net wor k el t [ d over
t he OSC ang%ggé\(}ga eé%at?% gﬁhéé%ﬁcﬁ r%%n%vﬂl; glh&&'ﬁpa%}? E&%{;‘ %)lrflvvar ds
themto htitke m%ﬂeaemaﬁmsomn the upstrqar wRie! Mhe hasq:anmemmhﬂmte‘ that thre

i nter nd.determ nes that the 20 expecte nal | evels
can B BT IEVA b (B SR aLE o e Eorh i P JOd i B BB B s o

re- conpu;,&d,oﬂ@a@,ﬂ&h%g inits internal storage. At block 936, the CPM

re-conputes the input and output |oss paraneters for the card 400(2) based
on the updates to btablaﬁlé%‘r shefrpw parametsysdrapgmittedrpper tipPSQ andrespived t hat

the expegf fl S4@BaludIY 814 whith R BRI RINAIE RenPloAREEPR8SY, THATHIEE 400(2),

computes the loss parameters for the internal component 400(1) and determines that the

20  expected signal levels can be adequately processed by the card 400(1). The CPM stores
these re-computed parameters in its internal storage.

At block 936, the CPM re-computes the input and output loss parameters for
the card 400(2) based on the updates to parameters for the card 400(1). The CPM
determines that the expected signal levels can be adequately processed by the card 400(2),

25  and so, the CPM stores these re-computed parameters in its internal storage.

At block 938, the CPM re-computes the input and output loss parameters for
the card 400(3) based on the updates to parameters for the card 400(2). The CPM
determines that the expected signal levels can be adequately processed by the card 400(3),
and so, the CPM stores these re-computed parameters in its internal storage.

30 At block 939, the CPM has completed parametér calculations for all the
internal components and downloads these parameters to the PPMs of the internal
components. The PPMs may adjust their respective internal components based on the

received parameters.



25 and so, the CPM stores these re-conputed paranmeters in its internal
storage. At bl ock 938, the CPMre-conputes the input and output | oss
paranmeters for the card 400(3) -based on the updates to pﬁlE #ﬁ{ﬁmfor t he
card 400Y9VIENR cpM deternines that the expected signal” T€vals ‘can be
adequately processed by the card 400(3), and so, the CPM stores these

re-conputed parameters in its internal 26torage. 30 At bl ock 939, the CPM

has conpl et ed par angt C ' | j - | GO nents and
downl oads t hese pai%r?gtgcgf%bt%%w Bé"ﬁ/smé‘f'ghﬁg&?%tteedrlnéﬁg E%%ﬂﬁ%‘%gﬁ?@%erhe
PPMs nay upsiiresnt nddeaind theclopeexpested framahaimterna npmpeindns 806G STk OPM! th@smitecei ved
parameterﬁ. WO 01/ 18999 PCT/g\%gJ 24104 6 At bl o% 940, the, CPM_now knows
the expedi¥q SiBRpUELC! DpggIery OWTSEEAM AYacenh RV Sepem oXerdhe QSG dus
expect ed abédBadcB Yith'the frivehtidh) BPMB Bowverti#PamdtBS ptopikitt ABSH e nerkbtRS&ack! gnal

| evel paraneters to a downstream adj acent network el enent over the OSC. In
accor danaéetwark glepieat updates its énternakcompenens peranmster sahlesand thy ropitng wvisedn t he
net wor k, gﬁﬁﬂi : W& i ' nal conponent paraneter
tabl es aRd t é%%?%.g'ﬁ‘gtéﬁ%%& paréa?&mla %‘?gktg‘%ogﬁ'transmned to the next
el ement in the netvdbiockA4?2 itheadvmStieint hedediztermines fronnthe @ea bt receaivedes from

the newy received araneters .that the.signal leyel it is to receive from
the not verETEAET Bt B SETATSYRld i fogrecit om IR BB et 4084 top highaad oo
The downghiRase ately3i6¢8sécd. The ABWASFeaMMiRide tARsHR G teGuekPotdd ehd GRS K

el ement 800 to reduce its output power level. This request is received by

t he 1@pMmthemetworkclensem 80Q toredymglisoutnupponser lpvel.t Hhis seqyastiis feseized bythebe
reduced gippyyhe card 400(3). However, the card 400(3) does not include a
VOA and so cannot reduce the signal level. 15 At bl ock 946, the CPM
determnes if the #ithlhaek té\thé CENhddaminadufthd signaltliree] capbearedd@d2) theHowever ,

the card 4Q0 does not..inclu VOA and,s ot .reduce.the i gnal
| evel . Af I‘@@b)g }”W?{J’&ﬁf\’ﬁ%@?@ﬁ??ﬁe@%FQCIQ‘%@C@QM Sp &graot E“gﬁc"o@er educed
at the gighsli14@(1). However, the card 400(1) does not include a VOA and so

cannQt reduce the 20 sj anal | evel . At block 950, the CPMnotifies the
upst A8am node t hat Af blogk §#%ithe,GhM determines il the sigal level pan beysdrgedjabthel and

request s ;449625 afBweler! 1he chia\Wlb2) GBS ot tHihiite ol VORBAA s8 ¥ainot FdRcdRE

channel
signal level.

At block 948, the CPM determines if the signal level can be reduced at the

card 400(1). However, the card 400(1) does not include a VOA and so cannot reduce the
20  signal level.

At block 950, the CPM notifies the upstream node that it cannot handle the
expected signal power level and requests a decrease in the level. The request is made over
the OSC channel.

At block 952, the upstream network element decreases the signal level of the

25 inputsignal. Either the upstream element has logic to decrease the signal level or the
upstream element requests a signal level reduction from other network entities further
upstream on the transmission path for the signal. Once the signal level is decreased, the
upstream element updates its parameter tables and transmits updated parameters to the
network element 800.

30 At block 954, the updated parameters that are transmitted from the upstream
node over the OSC are received by the OSC controller 824, which in tums forwards them to
the CPM 826. The CPM re-computes the loss parameters for the internal component 400(1)



‘At bl ock 952, the upstream network el enent decreases the signal |evel of
the 25 input signal. Either the upstreamelenent has logic to decrease the
signal | gy9infset he upstream el-ement requests a signal |pgelosomriyes i on
from ot her netvvork entities further wupstreamon the transm ssion path for
the signal. Once the signal |level is decreased, the upstream el enent
updates its paraneter tables and transri’t s updat ed paraneters to the

net wor k B8 are
transm t%gg@%ﬁ?@gaﬁggﬁe%ﬁ%%gﬂgeggﬁ%%H)éi%gﬁé&iig?gfr ecel \I%/’Zdﬁél;kia/‘h% he OSC
control | e400824The\,ﬁ3|PMstpresttlmsnse~¢qmmmdjmram¢msmlts mien@mnrsaea The CPM

re-conputes the |os h YLRL & "alnt

01/ 18999 PCT/ US00/ 2‘%1!’3‘% @53 aﬁ?@g SRS F.a’% e e%% %%eﬁvgrevel s
can be adieecai eOQ(zpbasee 81 etk updateh mmﬂeteﬂﬂ'&(th) caﬂIM&O(IE’Mrhé CPR5 ht hese
re-conputed para rsinits ernal ora At ock 956, M

r e- corputdste "B F}E’f) eéﬂ?ft?ﬁﬁ‘@'@? q"5]§§a‘b é‘iF@lg’%tFlé’ progessed 6%9%3&5@?) based
on the upgdatesné CPRAEIE HRES el Ampuli ;ra%ﬁeté@% itd intkhAl stdedded determines that
the expected signal |evels can be adequately processed by the card 400(2),

and so, the CPM st dktddookiR§8ethe €PMD mmmwtwhamuem quiputtlessipatagreteas for

storage. At b r co ut.es d—ou | oss

par arretergé?%h%éiﬁ?%g?ég%&%%{e ﬁ%ﬁémﬁﬁ 0@@ Bg?g‘m ers for the
card 400(d¥jermities tHaPile edpécﬁadmgrﬁg 1et/bla(baﬁ bea&)qnﬁelyqdo&hﬁﬂaigp theved aoa(anh be
adeq teI pr o by the card 400(3), 10 an t.he M stores these
e e B S dba hBFEscres fnose & ompiaarisngria dors ST GIEERO. tho_ CPM has
conpl et ed par amet eraGidckWso! the tPM s (%leétg@parhﬂrsﬁf BAbul SRR P5EAi the 2N

downl oads these paraneters to the of the internal conponents. The
PPMs may iatgimabeomprsients ppd gesvnlogds thm@rarmetmtqun@m@ dfskecigtepmplt he  recei ved
par anet er M. now kn C n si gnal

| evel frocgmlp?%l§e ’H{eﬁi‘e‘ﬁ%sgﬁg Y8 JQ%&E{) ﬁresﬁ the V\gnel‘lcl:lt‘%a]%? s %‘lsga ﬁ%}gr nal
corrponentrec&ﬁ&dp“ﬂmm@?M transmts these si gnal | evel paraneters to a

downgtream adj acent, n er t OSC. The r st .t o decrease
t he nger I evJeI étﬁgﬁwéﬁttﬁgwn%% RS H’S\ﬁﬁ@f%%’dﬁ?\‘fﬁﬁ'&ﬂégﬁv%&ﬂf“ &ndl e
the sig na‘bstk@yxeﬁcﬁietaha e Thés xfledté PffbhiiBe HRdHA hmPbRR 800.88R: CBNI tmﬁmus

downst ream networ k el ement propagates its new paraneters to other elenents
i n t he ndkesesignaliaveh parpmgient tojarfopmstrepm adjn@qnv\mnwémlﬁm@;@yewnﬂsghrﬂm on

paranet e réqtf'é& td g?&@%g ?hvﬂ%%e? Iev-gmla% b@grg Qe{tfsﬁ%d %gthg Fcligflﬁ%&gﬁlgrgoﬁg Lan Byw" @

selected t depeén icance of the
si gnal | dwandle dl:bj sigrtahiemels tranmlhlttbdaﬁom the network element 800.

20 The downstream network element propagates its new parameters to other

(

elements in the network. Each element in the data network exchanges configuration
parameters as describe above. This negotiation process happens over a selected time period
which may vary depending on the significance of the signal level adjustments and the
number of network elements affected.

25 At block 926, if different parameters are received from the upstream node,
then the method 900 proceed on path 928 to update the parameter tables of the internal
components with the newly received parameters. If no different parameters are received,
then the method 900 continues on path 930.

At block 932, the data network continues to move toward stabilization. Even

30  though no new parameters were received by the network element 800, other network
elements may still be updating their local parameters tables based on newly received
parameter information at those nodes. Eventually, the network will completely stabilize

when no different parameter information propagates to any node in the network, whereby all



nunber of network el enents affected. 25 At block 926, if different
paraneters are received fromthe upstream node, then the nethod 900

proceed 928 to update the paranmeter tables of thepdptisioRos
corrponerwgomgﬂgthe newy received paraneters. If no d|f1?l,e¢ent par anet ers

are received, then the nethod 900 continues on path 930. At bl ock 932, the
data network conti nues to nove toward 38 abilization. Even 30 though no new

par amet egs, \RH | exyRid:

el enentsﬂérfay S&Ik 1 Eg up g%{?fr’}g?’t e‘(@{t%(l:%[ par at?g%ers t°Q§F r@@%{ﬁ@{gg on newy
recei vedpatbamﬂlmteervorkrmﬂbﬂmccountedﬁbn hose nodes. Eventually, the network

w il conpletely stabilize. . enn | £ferent. paraneter information
propagates to any ﬁgﬁﬁcef’?f“f 5 ho Wr’?égné‘b@ ve] Ghanggs gig m

PCT/ USOOA&ﬁﬁ%da%anmquﬁteugaﬂHemse ”ﬂi&k&eﬂ&ﬁﬁ@ Sdgadyl %d’ﬁ&ﬁﬂ'@f&hﬁiardtﬂéié@s At
thatu£0| nt, the loss for every signal path in the network will be

accouht e@rrivgat themetwiark glement 90 feam therupsirea pess. %ﬂaﬁfemmww@sca@r e
made 10 y3cGQ @fe@el'd?%%eﬂ%&éi ﬁlam #ed frdefa s rIQﬁ‘ nﬁ&ce%gﬂ)# Pﬁ ?}5 when
e at e networ errent 8 pstream

dlfferent par ters 5 arri
node. Th&ledletwcarkemnepa&wmters |nd| cate that the power Ievel of the 5|gnal

bl ament 800, A bl ALRISERBEE MR R Sarftobic R S HRERE ober e IR CTRLS over
the OSC aiéived BE &He\TSC bontidlier $BACwhiUhtih Girhefor®ids tm&n ®'thé TPMISZE: Ther war ds
themto the CPM 826. The 10 CPM re-conputes the | oss g@rarreters for the

i nt ethal CEMhiscreemutesdhy loys @ﬁﬁﬂnfa@tsé?rrfhﬁégemﬂa:pmppn@tész ¢ prehdedergyngs thaty e s
can be a&@gygéc%dym PRFES 85h BY adel}Batb piﬂoc%&% %}m %ﬁgé @%wﬁgh@ e

re-conputed paraneters I1n Its 1 nternal storage.
re- corrputhesr-'Itekv@mmpﬂdtpamt@mmmtemstpmgarreters for the card 400(2) based

on the updates to t he card M 15 determ nes
Chat 't he expect ed T SRS #h T CPv i SamPiSs (et mad §Spptibbsrdetif ot fie “c.ar o
400(2). fﬁbeaMGEﬂﬁdﬁdﬂhdiﬂhehﬁtﬁtes&@par&ﬂblefﬁtbﬁﬂﬁdaﬁi@ﬂ)@]) IThe@PM S t oo high.

The CPM stores e re-c rrput d ranet er ts internal storage. At
bl ock 96 ewa%éfm PP BEnA feyelhagn 5?3@51? Y Rrgressed betgead at the

card 400460&2 HOWRYENT def rehﬁme@fhdt tﬁ@%d&péiaﬁﬁgmlevbmltmgﬁ YA CaRfstaRs cannot
reduce the 20 signal level. At block 968, 'the CPM notifies the upstream

node thaﬂle$etfet99m§tedm&me€ef¥h’eltSIE‘}@E@é:ﬁteﬂgFransm tted signal |evel and
requests a decreasg pigcy 5@5, He BN dRRUMInes iFife 51&&&1’?@%1 ¢4 be reduced at the

card 400(1). However, the card 400(1) does not include a VOA and so cannot reduce the

~

20  signal level.

At block 968, the CPM notifies the upstream node that it cannot handle the
expected transmitted signal level and requests a decrease in the signal power. The request is
made over the OSC channel.

At block 970, the upstream network element decreases the signal level of the

25  inputsignal. Either the upstream element has logic to decrease the signal level or the
upstream element requests a signal level reduction from other network entities further
upstream on the transmission path for the signal. Once the signal level is decreased, the
upstream element updates its parameter tables and transmits updated parameters to the
network element 800.

30 At block 972, the updated parameters are transinitted from the upstream node
over the OSC and received by the OSC controller 824, which in turns forwards them to the
CPM 826. The CPM re-computes the loss parameters for the internal component 400(1) and



-made over the OSC channel. At bl ock 970, the upstream network el enent
decreases the signal level of the 25 input signal. Either the upstream

el ement _has | ogic to decrease the signal level or the upghRdTRAbsTEN

. request ¥OOII8INal 1 evel reduction fromother network entities further
upstreamon the transm ssion path for the signal. Once the signal level is
decreased, the upstream elenent updat2%s its paraneter tables and transnits

updat ed r anet to th networ k., el ement, 800, 30 At _hl ock 97 e
ipeiat o SaRsahd e abprica SEMIT0AeR BE et Plelbed S stle0pl® s and
recei vedrllia/hcpmestéieammrdaiﬂpated&aml etdis irhitd iRteimul B%ﬁrzfg@r\rll\lards thernI to the
CPM 826. The CPM re-co tes t 0SS paraneters r the interna onponent
400(1) and WO 01/ L SRlock S %?dg?el‘éﬁﬁamp‘fgs t*%?‘%‘r?wgg“%%&’sstﬂ?éa‘%%‘é%?fed
signal | gueh] 40(2) BesRIAINShSIaYes RS BEARERE Y tHelktGrd 40 A GRe Bpm The CPM
stores these re-conputed paranmeters in its internal storagg.tAt bl ock 974,
14

t he GPM deteroungsithasshe ¢xpectesignal develscap now besdequatelyrprasesse hetoared car d

400(2) b th t f t.he . d 40 ..he CPM 5
det e m rABONR iop IEERE e BB EPTRY Lol S F Be huel sag o ocesceo
by the car dI 4?0( %tblaﬂﬁ9mﬁme'@lg\$lg?w?rﬁlpﬂbc§meﬁﬁyﬁﬁend e?tpﬂrmf]ﬂpﬁlarﬂaf:am; ers in
its internal storage. oC , the re-co s the input an

out put | eSS AR Paied onghe uy %%Pﬁ%@ﬁe‘%ﬂr %g@%ﬁ@h%&%ﬁgs to

par amet e&éeﬂir{s?ﬁesttﬂﬂ thdEpedbdighal 1VeR et W ad&fulell) ﬁl'ﬁéeskélﬁﬁar thB earerdonehH ed

signal |eve can be adequately processed by tHe card 400(3), 10 and so,
t he PM sndmoethet(RM stores-thesaperceripyed paremeters intsiimtgrmiahstenagel st or age. At

bl ock 977, the CP et anet calc ti {0 t he

i nt er nal comonen{\%@ﬁ%}?% eofglﬁ\sd%%%g%plg{ggg%{?apgkeg c?@nﬁﬂén%ﬁg’fe t he

i nt er nal integndRoMPochts ahldleoRiMadstigseshirathétetshe the FRMP6ELthe rernslt er nal
conponents based Q e receive araneters. 15 At block 978, the CPM now
knows th@%@ﬁ‘%’é‘?e@ﬁ? fﬁﬁwéwi st &Pgme?twsmﬁ@?cmr&e@am(fe téfhd the | oss
expect edreb4i080 pdrSmétaiser nal conponent 800. The CPM determ nes expected

out put signal power levels and transmts these signal |evel parameters to
a dolhst r eam adj acathlogle?7%o tie @M memknows the ¢expectetinputssignalievel framtheet wor k

el ement plRRAA3bES ald fie REVCRALATHA! e e Qb BlmpchSuldBTaRL LM Lhe net vor k.
Each el ement 1'n e data net'work exchanges confiiguration pafameters as
descri bedatdérmines expectedmgmitisinalopower tevesand appsmits thes sighab levelqiaedindtérse

peri od Wni&h mag va&.g degendikn on the tﬁi %rgéicance of the signal |evel
adj ust metr?tas ayypgtr adjacent network €lement over the .

g

The downstream network element propagates its new parameters to other
20  elements in the network. Each element in the data network exchanges configuration
parameters as describe above. This negotiation process happens over a selected time period
which may vary depending on the significance of the signal level adjustments and the
number of network elements affected.
At block 926, if different parameters are received from the upstream node,
25  then the method 900 proceed on path 928 to update the parameter tables of the internal
components with the newly received parameters. If no different parameters are received,
then the method 900 continues on path 930.
At block 932, the data network continnes to move toward stabilization. Even
though no new parameters were received by the network element 800, other network
30 elements may still be updating their local parameters tables bésed on newly received
parameter information at those nodes. Eventually, the network will completely stabilize

when no different parameter information propagates to any node in the network, whereby all



nunber of network elenents affected. At block 926, if different paraneters”
are received fromthe upstream node, 25 then the nethod 900 proceed on
path 928 to update the paraneter tables of the internal conponents wth
the new yWPO3$998d paraneters. |If no different parameters BfEUFWE4I0 g,
then the nethod 900 continues on path 930. At bl ock 932, the data network
continues to nove toward stabilization.3gEven though no new paraneters were
recei ved by the network elenment 800, other network 30 el ements may still be
updat i ng fPRastworlpelsments haygstehle parampisstables.c At that pein, therlessdorewsry signadnet er

I nf or mat i t ly, the network will conpletely
thé H%%@p??ﬂ?ﬁe adc¥ @bk

stabiliz en n erent paraneter information propagates to any node
in the network, wheéfI&hy0 shdwsih xempREDEMBdImeR®Ta24dind nefibrk bleneat 100K

el enents have stabl e ramet.er . tables. At.th poj nt he | for. every

i gnal panHoyered iR aSoRaBGE pith the PSR inygRsinRe & beaetwaek elemeat E3bDyis Suebie
exenplsar Yo iiedtl aOBSIH néwdaCOecenloplEY i Sihhls 106DanC0d hd & Hddhdes
accordance with the present invention. The network el enent 1000 is suitable

5 for useptifaloutrussignals d0Qfand 1098, respsetivelvpt i cal i nput signals 1002 and
1004 and to produc | Eif)"%".' g?zﬁ@l lyely.
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input to the internal conponent 600(1). The signal dermux 1010 also splits
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20  input to the internal component 600(1). The signal demux 1010 also splits off signals

associated with an OSC bus 1014. A similar demux 1011 is used in the reverse signal path.
The data signal 1012 is coupled to the internal component 600(1) which

operates to produce a first output 1016 that is coupled to the internal component 400(4). The

internal component 400(4) operates to produce a second output 1018 which is coupled to the

25  internal component 600(2). The internal component 600(2) operates to produce a third
output 1020 which is combined with the OSC bus 1014 at signal mux 1022 to produce the
output 1006. Thus, signals from the OSC bus are combined with network data signals to
extend the OSC bus between upstream and downstream network elements. A similar signal
mux 1023 is provided for signals in the reverse signal path.

30 An add input 1024 is provided by the internal éomponent 400(4), so that local
signals may be added to the network signal path. A drop output 1026 is provided by the
internal component 400(4), so that network signals can be dropped from the network signal
path to form local signals.
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I nput power to the VOA and adj usts the output po to a constant level 15
basdd orbasddeontherbumberfofweayelengths inghé inpuhand the targeAnutpuhpowerpget  out put power
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changing i nmedi ately. .For a ] arge power changes, the assunes sonet hi ng
has chaﬁ&%‘b‘s%@eaﬁﬁx\ﬁﬁ%ﬁgﬁg‘t“ﬁ“gf’?ﬁla?v@htion or network topology (e.g. a
transponder fail U'F%ra%%éﬁd%r%l‘l\h%@p thevayﬁge@MﬁhgﬁﬂéﬂénQM§ the

control loop and waits Tor an update on what has change
20  wavelength distribution or network topology (e.g. a transponder failure, or ring switch). The

-

VOAC automatically opens the control loop and waits for an update on what has changed.
Inputs from other modules, such as the switch control module 1030, are used by the VOAC
to adjust the attenuation factor of the VOA to account for the changed conditions. After a
hold-off period, the VOAC closes the control loop to “fine tune” the output power level of
25  the VOA based on the new settings.
The VOAC maintains the local data required to compute VOA attenuation
settings. This data consists of:
¢ The number of wavelengths through a VOA under normal, equipment switching, and
ring switching conditions -- the number of wavelengths vary due to these events. The
30 administrative entity provides this data as part of conﬁguﬁng the system. Adjustments to
the wévelength numbers are made as wavelength status events are received due to

failures in the system.



| nputs from ot her nodul es, such as the switch control nodule 1030, are used
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and disabling transmitters, optical switching, tuning transmitters to different wavelengths or
tuning optical add/drop components.

20 One method to handle the change in the number of channels begins by
detecting an abrupt change in the total input power level to the VOA. On detecting such a
change, which may be outside the range of the normally expected variations mentioned
above, the feedback loop "opens” and maintains the current VOA setting (i.e. voltage,
current or position input into the VOA component). The loop remains open until new

25 information is received at the VOAC about the abrupt power change, for example,
information about a change in the number of channels. After this information is received,
the loop is "closed" and the VOA output power level is adjusted, using the feedback loop, to
a new average power calculated using the new number of channels. If the information
update to the VOAC is delayed, but the power level after the abrupt change is stable, it is

30 possible for the VOA control loop to stabilize the VOA output at that power level pending

further information.
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destination node. This wavelength signaling is used to notify network elements around the

ring whenever a Loss of Signal (LOS) occurs at the destination, or the source has failed or
been turned off. As wavelength status changes, the wavelength manager generates internal
wavelength status events to the PPMs. It is also responsible for sourcing the ring status
25  signaling for wavelengths that are added or dropped, for example at the add input 1024 and
drop output 1026.
An OSC controller unit 1036 is also included in the network element 1000.
The OSC controller 1036 couples to the administration bus 1027 to receive configuration
information from the network administration and operates an OSC bus 1014 to couple to the
30 internal components. The internal components can exchange -parameters with each other via
the OSC bus 1014. The OSC bus 1014 couples to the input signals 1002, 1004 and the
output signals 1006, 1008 via demultiplexers 1010, xxx and multiplexers 1022, xxx



been turned off. As wavel ength status changes, the wavel ength nmanager
generates internal wavelength status events to the PPMs. It is also
responsi bl e for sourcing the ring status 25 signaling for_wavel engt hs t hat
are addeWIVi§¥pped, for exanple at the add input 1024 aRGT"@P%ﬁ‘q%t put
1026. An OSC controller unit 1036 is also included in the network el ement
1000. The OSC controller 1036 couples3go the adm nistration bus 1027 to
recei ve confi uEati on information fromthe network adm nistration and

oper at es TEIPEEIEED, (R allqyy theiptepal camapangnis fexshangenarasmaters yithotkarnstworke

i nternal GoRRR\&pRdI6th baARgavyRr ameters with each other via the OSC
bus 1014. The OSC bus 1014 couples to the input signals 1002, 1004 and the

out put signal s 1006\ CRNDBO38 is alde included irethe metwibdkd elementx1 (000 The ICPIVD| exer S
1022, xx PCT/ /24104 34 respectively, to allow the

i nt er nal )88 gﬁr?%lg n%(géﬁgoq’?% @g#ﬁ%«g %‘i&%‘é P gwﬂip RATARFiRES 10 ﬁé’?ﬁﬁfi‘? ReWaks nent s
coupl éd tetentdnts vipthedd$C pentwadlek 1036. CPM 1038 is al so included in the network
el enent 1000. The M, conirols | oc ower managenent and transmts power
parameters to adj a%ﬁfmmmg’t\%?@@ﬂ‘@ 620G rperatiasdsperibsiisboveitis. The
i nt er nal r¢RARAOREIE. 4084 #liGG.ae‘,lgoﬁQO{dé si@x_algd?éée@éiﬁ%ﬁédp 3 &frﬁﬁﬁgerg‘%gve Wi th

reference. to FIG 4 and F , to provide sign cessin power
managenedlexibility ko tienetwork glement HYOWSince thedintemal ¢@OPonedts6OO(1,2)dncanparataal

conponent ' I M he.networ k el enent 1000 wi.ll be
able to égj) ‘ggt% e?%er%)’%’#‘f}?\%f‘%‘g lla‘?n&;;“d%“ ik %{?tagi{}’ts%’f 5@%{18"180‘“?‘3\?83‘ oYt ent s
and tiber éével rqaitemens srabtherefove Aarsditsbldthandle nswcilrla bo?vlnaxiﬂg ﬁmn& W\K&éiﬁ:ﬂ{b the
i nput and out put signal s may have varyin ower |evels, These signals are
scal ed ad™® _@‘E‘g%‘g_%‘? ’g“f"%rm@yﬁh’r‘fﬁl"%ry‘"&}yw legléﬁc_ beterienaliqraasaledas(2), so
that progessidig fot &xainpld, B the \POW0L(191aBIWTA Bb3(2), 56 Bkt brocBssinigGrittih fidt
signal 1006 having a sel ected power l'evel to neet the power "I nput

requi r emBpiripelemgat Wil igsilt in she orspwisigalkl 09fdnving a5elected ponyer leved tcORBEL1038,

swi tch C%t OQJCI' ?r%é@req%éﬁpg{ttﬁe Wamjn%ggorﬁ@%metgpe OSC controller 1036

are shown ds be pro I'n a supervisory no "1040 in the network
el emdht 1000, all Altboughthe CRM 1058, switgir dontrdl H28pwevelengtiDmanapef 1032raad

nodul es ;t may,. Hun ether or .individyally on one or r rocessors
ot hi e s ORG S 1O S nelte it e B Bmmeile fftinie

net wor k atteaE¢lementtt 1900, 41 the e miay BealompriSed 6Fbnd@r trftke SetharehRdAss OCi at ed
wi th each of the aboxe mpdyl es.. Thus, the nodul es naﬁ_be distributed to

execute t gray iy toget Prad wgpallygn enepr MPEe PROCHISPR Ve metwaricelemens hows a
bllock di g6 SinpR, mAn{ebMPshehts QR tHARMREAIrk RbnlelEodhEliXBdtessors that can run

20  the software associated with each of the above modules. Thus, the modules may be

distributed to execute on different processors within the network element.
FIG. 11 shows a block diagram for a method 1100 of operating the network
element of FIG. 10 in accordance with the present invention. The method 1100 provides for
a configuration process wherein each network element in the network produces output
25  signals having selected output power for every network switching event. The internal losses
for each path through the network element are determined and stored in the parameters tables
at each internal component. Configuration information representing all possible output
signal levels from one network element is transmitted to a downstream element. An
upstream adjacent element transmits its configuration information to the network element
30 1000. Based on the received information, new path loss paraxheters are computed. Updated
configuration information is transmitted to the downstream network element. This process
continues until all the network elements settle on stable configuration values, whereby the

loss for every path through every network element will be accounted for.



el ement of FIG 10 in accordance with the present invention. The nethod
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t r ansni t ppetating meddinRiath 6fthe memalacg»mpongnthel r respective paraneter tables.
The bg th loss for %‘B{}Jcﬁzﬁ& tl?e c%rﬁ%p%e%qoésn;}agarﬁggrs are transmitted to each PPM for

storage in their respective parameter tables. The path loss for each card is entered into the

parameter table and represents the loss of the card when operating in a specific mode. This
sequence occurs for all the internal components and is repeated for all the operating modes.
Thus, at the completion of block 908, the parameter tables of the PPMs will describe power
25  loss characteristics of their respective internal component associated with various operating
modes.
At block 1114, with the internal components configured, the network element
1000 is coupled to the OBSLR network to receive network inputs signals from upstream
nodes and to transmit processed signals to downstream nodes. The coupling and decoupling
30 of the network element 1000 can be accomplished in several Ways. The network element
can be manually connected to the network, by an operator physically connecting network
fiber to the network element. In an automated method, the network element is physically

coupled to the data network, but the input and output signals of the network element can be
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20 or more configuration scenarios may occur. In a first scenario, shown at A in FIG. 11, the

existing configuration of the network element 1000 results in acceptable input and output
signal levels for use in the data network. In a second scenario, shown at B in FIG. 11, the
downstream node cannot handle the signal transmitted from the network element 1000, and
so, requests a power reduction. To compensate for the excessive signal, the signal levels are

25  adjusted in accordance with the present invention. In a third scenario, shown at C in FIG.
11, the internal component 400(4) cannot handle the signal received from the internal
component 600(1), and so, requests a power reduction. To compensate for the excessive
signal level, the signal level is adjusted in accordance with the present invention. The
method 1100 demonstrates the three scenarios in the following description.

30 At block 1118, the scenario A begins when pafameter information from an
upstream adjacent node indicates signal levels that will be transmitted to the network
element 1000. The parameters are transmitted over the OSC and received by the OSC
controller 1036, which in turns forwards them to the CPM 1038. The CPM re-computes the

e
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signal level parameters to a downstream adjacent network element. In accordance with the

20 invention, as the power parameters propagate down the network, each network element
updates its internal components’ parameter tables and the resulting revised parameters are
transmitted to further downstream elements in the network. For example, if power level
updates to a node affect power levels transmitted from the node A, that is upstream from the
network element 1000, the upstream node, then the network element 800 would update its

25  internal components to reflect these changes and transmit the adjusted parameters to the
downstream network element.

At block 1126, if different parameters are received from the upstream node,
then the method 1100 proceeds on path 1128 to update the parameter tables of the internal
components with the newly received parameters. If no different parameters are received,

30 then the method 1100 continues on path 1130. |

Atblock 1132, the data network continues to move toward stabilization.
Even though no new parameters were received by the network element 1000, other network

elements may still be updating their local parameters tables based on newly received
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20  the card 600(2) based on the updates to parameters for the card 400(4). The CPM

determines that the expected signal levels can be adequately processed by the card 600(2),
and so, stores these recomputed parameters in its internal parameter table.

At block 1139, the CPM has completed parameter calculations for all the
internal components and downloads these parameters to the PPMs of the internal

25 components. The PPMs may adjust their respective internal components based on the
received parameters.

At block 1140, the CPM now knows the expected inputs signal level from the
upstream node and the loss expected from the internal component 1000. The CPM
determines expected output signal power levels and transmits these signal level parameters

30 to a downstream adjacent network element over the OSC. In 5ccordance with the invention,
as the power parameters propagate down the network, each network element updates its
internal component parameter tables and the resulting revised parameters are transmitted to

the next element in the network.
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20 At block 1152, the downstream network element updates its internal
components to adjust to the new input levels and propagates its new parameters to other
elements in the network. Each element in the data network exchanges power parameters as
describe above. This negotiation process happens over a selected time period which may
vary depending on the significance of the signal level adjustments and the number of

25  network elements affected.

At block 1126, if different parameters are received from the upstream node,
then the method 1100 proceed on path 1128 to update the parameter tables of the internal
components with the newly received parameters. If no different parameters are received,
then the method 1100 continues on path 1130.

30 At block 1132, the data network continues to rﬁove toward stabilization.
Even though no new parameters were received by the network element 1000, other network
elements may still be updating their local parameters tables based on newly received

parameter information at those nodes. Eventually, the network will completely stabilize
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At block 1166, the CPM knows that the card 600(1) includes the VOA
20 602(1). The CPM re-computes the loss parameters for the internal component 600(1) to
include additional attenuation from the VOA 602(1) to meet the power level requires of the
card 400(4). The CPM stores these recomputed parameters in its internal parameter table.

At block 1168, the CPM re-computes the input and output loss parameters for
the card 400(4) based on the updates to parameters for the card 600(1). The CPM

25  determines that the expected signal levels can be adequately processed by the card 400(4),
and so, stores the parameters associated with the card 400(4) internally.

At block 1169, the CPM re-computes the input and output loss parameters for
the card 600(2) based on the updates to parameters for the card 400(4). The CPM
determines that the expected signal levels can be adequately processed by the card 600(2),

30  and so, stores the parameters associated with the card 600(2) iﬁternally.
At block 1170, the CPM has completed parameter calculations for all the

internal components and downloads these parameters to the PPMs of the internal
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20 elements in the network. Each element in the data network exchanges power parameters as
describe above. This negotiation process happens over a selected time period which may
vary depending on the significance of the signal level adjustments and the number of
network elements affected.

Atblock 1126, if different parameters are received from the upstream node,

25  then the method 1100 proceeds on path 1128 to update the parameter tables of the internal
components with the newly received parameters. If no different parameters are received,
then the method 1100 continues on path 1130.

At block 1132, the data network continues to move toward stabilization.
Even though no new parameters were received by the network element 1000, other network

30 elements may still be updating their local parameters tables baéed on newly received

parameter information at those nodes. Eventually, the network will completely stabilize

when no different parameter information propagates to any node in the network, whereby all
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cal cul ated over all paths in particular scenarios, not against all

scenar i oseverall nefivarks Shusyp dradenthresulirdrebvecamplestnntation camplexisy and 8NRand nor e
cases nust be sear ggphfly Ial8efhent of the VOA configurations for a dynamic network

20  might more advantageous with one embodiment, while offline calculation of VOA

configurations for best SNR might use the other embodiment. The offline calculation for
network configuration would use multiple instances of the algorithm described with
reference to FIGS. 9 and 10, where the instances of the algdrithm would simulate the
computation in the various network elements being configured.

25 FIG. 12 shows a block diagram of a third network element 1200 constructed
in accordance with the present invention. The third network element 1200 comprises several
types of internal components. It will be apparent to a person skilled in the art that the
internal components in the network element 1200, some of which are not described in
specific detail in this document, can be constructed in accordance with the present invention

30  ina similar fashion to other internal components discussed hei'ein. Thus, all manner of
internal components suitable for use in a network element can be constructed by

incorporating various modules in accordance with the present invention.
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i by 1222 also suhl GRE3oRdI 24P 1 98%00hie 0 bhster MuPBux’ 5368 Fadd O™
respectively. The channel Mux/Demux 1230, 1232 couple to band Mux/Demux 1234, 1236
respectively. The band Mux/Demux 1234, 1236 couple to the optical switch matrix 1222.

The signal paths from the transponders to the optical switch matrix allows signals to be
added or dropped from the optical network. For example, a local signal received at west

25  transponders 1224 may be multiplex together with other signals at channel Mux/Demux
1230 and then may be multiplexed into a signal band at band Mux/Demux 1234. This signal
band may be added to the optical signal path via the optical switch matrix 1222 for
transmission on the west fiber 1206. Similarly, signals received from the west fiber 1206
may be dropped from the network by following the reverse path to the west transponders

30  1224. The east transponders provide the same functionality for signal on the east fiber
1208.

A band coupling 1238 between the band Mux/Demux 1234 and 1236

provides and an additional signal path to allow signals to cross over from the west side to the
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20 optical signals. The OSC channels are coupled to OSC controllers 1254 and 1256. The

OSC controllers distribute information received from other network elements to the internal
components of the network element 1200 via an OSC control bus 1258. The OSC
controllers also receive information from the CPM for transmission to other network
elements. Thus, information parameters can be exchanged between the internal components
25  of the network element and other elements in the optical network via the OSC channel.
All of the internal components of the network element 1200 include PPMs
(not shown). The PPMs couple to the administrative bus 1240 to receive configuration
parameters from the administrative entity. The configuration parameters are used to
configure each of the internal components, so that based on an operating mode, selected
30 input signals are used to produce selected output signals. Sev-eral operating modes may be
configured. For each of the configured operating modes input and output power parameters

for each of the internal components are determined. The power parameters at any particular




15 control power managenment within the el enent 1200 and communicates with
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FIGS. 15-18 shows a detailed configurations of the network elements 202,

20 204, 206 and 208, respectively. The four network elements illustrate different configurations
of internal components and VOAs that are all suitable embodiments of the present invention.
It will be apparent to a person with skill in the art that other configurations of network

elements are possible without deviating from the scope of the present invention.

Addition of a Network Node

25 In one embodiment of the present invention, modifications to the power
management algorithm support node upgrades. For example, if a node is added to the
network, the power management algorithm adjusts to allow a smooth transition of power
levels.

The basic strategy of the power management algorithm is to maintain

30  constant output power per wavelength between network elements. There are conditions,

though, that cause these power "boundaries" to change (i.e. in support for upgrades of

network elements to add/remove bands or add/remove complete network elements from the



15 upstream and downstream network el enments, respectively. FIG 14 shows a
detail ed configuration of the network elenent 1200 constructed in

accorda ] g the present invention. Several VOAs are i $ehafegd i nto
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new values. Once the ring converges on the new values, the local VOA control loops are

20 notified of new target values for each switch condition. The VOA Control loops enforce the
slow migration by moving to the new target attenuation values over 40 increments spaced
200 milliseconds apart. This slow slew rate ensures that no power surges occur in the
network to disrupt traffic as the network moves to a new power profile. During this
migration network traffic is supported, and this support is maintained while the VOAs

25 increment to their final settings. When the VOASs reach their final settings, the network
stabilizes at the new set of converged values, thus completing the upgrade without affecting
the flow of traffic in the network.

Wavelength Provisioning

The objective is to allow cards to be added and-interconnected without a
30 central TC application to coordinate power levels between cards. The levels specified in and
out of each card are encapsnlated in the cross-connect and upstream/downstream connection

models for that card.




15 settings (a 2 second hysteresis hold-off is inplenented to ensure the

| oop has converged before notifying VOAs of new target values). Wiile the
convergwﬁ:{/ﬁgwrs, the ring continues to operate wth themusogi2smet set of
VOA attenuation val ues, thus supporting traffic in the network while
conputing the new values. Once the ring converges on the new val ues, the

| ocal VOA control | oops are 20 notifiéd of new target values for each
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PCT/ USOQGdId41¢2éds t4 be prsiisigried\and corrico@d #n ey ekdery t he system has no affect on
power |evels between cards. Only when a connection is defined (e.g.

Cross- caqnne or st reani downstream connectivity pointers) do cards

exc ngMM@%ﬂ?&wr n to set the average power |evels between them 5
A card's average Offieffbllowigdeicripbion pRVANS iFGendtioR bh 1663 péRer HABEheRaM
card. As the input level changes for a card, it conputes a new average
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cards to bé&oprouveghbomsd and connected in any order. 10 Local Power
Managenment The, foll owi ng description proyides (nformatjo n | ocal power
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aver age Wayglpafisiwer perRhveléigti B a downstream node.

e The Power Management modules (or proxy PMs) associated with cards within a node

exchange power level information whenever a connection is made between two points.
* This includes the power level expected during normal working, equipment protection,
20 ring protection, ring switched, and ring protect passthru.

e Local power management maintains loss information for all the internal cross
connections of a circuit pack. For each connection, the output power level for each
switching condition is computed using this cross connection loss.

¢ In one embodiment, the output level is computed as the minimum power level resulting

25 over various paths for normal working , equipment protection, ring protection passthru,
ring protection switched (both the working and protect paths), or equipment protect
scenarios. The minimum resulting output power level sets the guaranteed output
wavelength power from the node. Usually, this result from a ring protection condition
and means that for normal operation, both the Working and Protect VOAs are adjusting

30 the transmit power to this output level.

¢ In another embodiment, the output power level is computed to produce the best possible

SNR for the overall network.



fromto neighbors. 15 A node nanages power internally using its VOAs to
adj ust power levels for a constant output power per wavelength to a

downstre The Power Managenment nodul es (or proxy BMplusasiseed at ed
W th car%({}ﬁgﬁgn a node exchange power | evel information whenever a

connection is made between two points. This includes the power |evel
expect ed during nornmal working, equipndht protection, 20 ring protection,

ring switched, and ri rof ect sst hr u. ocal power managenent mai ntains
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operation, both 4. WaEkidicci@AdwiEpt ect VOAs are adjusting 30 the transmit
power to this out pu% I evel. I n another enbodi nent, the output power |evel

i's conput ed te PVodkingtraffie pissthru (sbewld b equalingi fooworking toaffic addedmatthwr k. WO
01/ 18999 PCT/ USQQ/ 24 04f 48e | n, apot her enbodi nent, the output power |evels
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net wpg k el enedt peatactafafRe Switdhed Badk 18 -woking (196k protdctiesswitchjui ckly adapt to
changi ng network conditions. FIG 19 illustrates ten paths that are

consi dered duri njorkingsraffie swijehed dack toproteg{(King proteciipn switehdded on sane si de
of network el emgnt.. King.traffi ded posite side of network

el enrent and swﬁﬁi@%tgﬁt%}g{‘kp“ |ﬁ‘é‘grp?%§&lﬁpc??§s&rﬁgn swtch. Wrking traffic
passt hru (shosl réectedesst tréffié 4da sxme kideg traffi c added on the sane side of
the network elenent). 10 Protect traffic switched back to working (ring

protection swet digtect aggask fralfictpegstiic swi t ched back to protect (ring
protggtion swt ng?(%l}gst{agﬁgg&dehroﬂf %Jhgsﬂgﬁﬁﬁntﬂé Yiprh & pPdtOhfont | On passthru).

Prot€ct access tra 4 Sanme s
e Working traffic passthru during equipment protection
In the case of a passthru node, the ring protect switch case involves analyzing
two paths — incoming working traffic switched back onto the protect path and incoming
protect traffic switched back onto the working path. These paths offer differing losses to
20 the incoming signal because the BWDM modules have different directional losses.

» A node maintains a constant average output power. The only time a network element
output power level may change is during a configuration upgrade in the network (e.g.
adding a Band or inserting a new network element). When a configuration change
causes the output level to change, the node signals downstream neighbor to re-compute

25 internal power levels using new input value. This may cause each network element in
the ring to re-converge on a new set of power levels (i.e. new internal OV A settings for
each switch condition).

e A node continuously monitors changes in input power level. When a change occurs, all
internal paths adjust input/output levels per card. The adjustments along the path may

30 cause the WPS to set a new node output lcvei. This change is signaled to the
downstream neighbor. Changes propagate around ring until all node input/output levels

converge.

i ”ihi



Protect access traffic passthru, 15 Wrking traffic added on sane side

during equi pnment protection. Working traffic passthru during equi pnent
protecti og}]@n é@e case of a passthru node, the ring prote@cTausonesotase
i nvol ves ™ I’V I'ng two paths - incomng working traffic switched back onto

the protect path and incomng protect traffic switched back onto the
wor ki ng path. These paths offer differi49g | osses to 20 the inconing signal
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confi gur at i 8¥UBsange causes the output | evel to change, the node signals
downstregm ﬁgﬁgm% do8s ﬁ&‘&é&‘iﬁﬁ%s ebdl cRirpRl ilPRURimt. CORIpht 165419 arePRdet NPUL
val ue. This cause each net rYZ elenment Tn the ring to re-converge on a
new set of passdionlveorst-arse ringswitchscemarior nal OVA settings for each switch

condition). _ A noge continu | y. moni tars.changes in input wet, .l evel .
Wien a ch'an&édb‘éaé'g mamtaing e&ﬁﬁﬁlﬂ&@ﬁﬁ% %elé%ﬁ‘a’lﬂg?%anféﬁweg’ﬁ%%?&? R8s per
card. The adj ust rrermﬁgﬁé&engecbheq mmmcﬁoa@uﬁaﬁﬁmm,&qmm rhgtswitchew
node output level. This change is signaled to the downstream nei ghbor.
Changes propagat e deealrdng switchppassthrugand node i nput/out put | evel s converge.
'n: | i~i~ W0 01/ I : Ay Qi igm@’t- nwiteRf fi C,
all internal VOA atlé 'Ztﬁﬁtalg ‘I%O[n Se.?i{tt}%%‘%o?éngé@wa%g?%ﬁ%%ﬂ%%ﬁ sul t nc?% a

re-corver gence ar e lotagersvatohydaystimaom t he original settings to the new

settings. Ring switch dges not result .in power |evel ch S.l.n.real tine.
Qut put | e¥elVéhemracqppection 1s mage, betyeeh W piertagesshe cpidy aﬁ/ﬁ@@i%gggh‘r‘?gri 0. Each

card mai nt ai,BshbAs vl Md AnBLstRAVEEndtpvel I nformation for every interface it
has: -- | nput Pevel recei ved from connection during normal, equipnent, ring

switch | ecaVhenrrecajvesiva card powss tiodel: detemeiines aqyrestictipesdsig. BWRNhingy aefify o
connection ' nornal . .equi n [] | aring switch
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notifjsed of atlipiwledges the change to the power levels, or instructs the sending power model of

any required changes to adhere to any restrictions. If sending card can’t meet requested
level, it sets an alarm condition.
¢ The output of the Preamp module requires the consideration of four possible restraints to

determine the output level for a connection:

20 1. The gain of the amplifier for the wavelength input levels.
Pout=Pin+G
2. The power saturation level for the EDFA module.
Pin < EDFAout — G — 10 Log;o (Nchns * Nmax)
Where:
25 Pin is the maximum amplifier input;

EDFAout is the maximum amplifier output;
G is the amplifier gain;
Nmax = Maximum number of Bands through the Amplifier.
Using the relationship in the previous step, Pout can be solved as;
30 Pout = EDFAout — 10 Log;o (Nchns * Nmax)

3. An equalization of the amplifier output level with that of the first band added

on the opposite side of a passthru node. This prevents unequal wavelength



nei ghbors by the Adm nistrative entity. When received, a card power nodel
determ nes any restrictions (e.g. BWDM may notify CWM output is too high
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The Preamp output level must be set to the minimum of these possible output
levels:
15 Pout = MIN (Pin + Gain, EDFAout - 10 Log;o (Nchns * Nmax),
Opposite_Transmitter_power - add_loss +
Passthru_loss_from_amplifier,
Near_transmitter power - add_loss + Passthru loss_from_amplifier)

FIG. 20 shows a diagram of a network element 2000 constructed in
20  accordance with the present invention. The network 2000 can perform all of the power
management techniques disclosed above with respect to a two fiber network element. Thus,
it is possible to construct a four fiber optical network that includes systems, components, and

power management strategies in accordance with the present.

Exemplary Embodiment

25 An exemplary embodiment of an optical power management system included
in the present invention will now be discussed. The optical power management system
allows an optical network to reconfigure with no bit error rate (BER) degradation on
unswitched channels and a restoration time typically under 50 ms for switched channels. The
implementation is provided for a 2-fiber bidirectional line switched ring (BLSR) where

30  optical switching serves as the prime restoration mechanism.
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In the first stage, the network is designed based on the required traffic pattern.
As an example, this embodiment will be discussed with reference to a four node ring 2100
representing a 2-fiber BLSR network as shown in FIG. 21. In ring 2100, one fiber carries
clockwise (CW) traffic while the other carries counter-clockwise (CCW) traffic. Traffic is
20 added and dropped at each node with network information passed around the ring on a
separate optical service channel. The protection and working capacity are divided between
the available bandwidth of one fiber. As a result, in a WDM system, the number of channels
available in a fiber is divided between the working and protection channels.
In a network of this nature, failures such as equipment problems and fiber
25  breaks are protected against by routing the affected working channels in the opposite
direction around the ring, using protection channel capacity. As a result, the number of
channels in a fiber can vary during these events. As well, the path that a given traffic channel
takes from a particular transmitter (Tx) to a particular receiver (Rx) can also vary.
In order to solve these issues of varying channel count and varying path loss,
30 acombination of EDFAs and VOAs are used throughout the network to provide calculated
amounts of gain and attenuation where required. The end goal is to establish a network

where all channels maintain an acceptable BER independent of the different paths taken



val ues. The second stage involves initializing the network and turning on -
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amounts before they are multiplexed. In this embodiment, the protection and working

channels are the subsets. The switching fabric determines which protection and working
channels are routed out of the node on both the East and West side. The incoming VOA,
listed as 7 in FIG. 22, is also used to prevent overload of a preamp at the node. The outgoing

25  VOAs can be used to prevent overload of a postamp used at the node. An additional VOA is
used following the added channels in order set the new channels to a power level, which is
compatible with channels incoming from the fibers but not being dropped and passed
through the node. A combination of multiplexers and demultiplexers are used to combine
and separate the various optical wavelengths on the add and drop side of the node.

30 In order to protect against failure events, the tréfﬁc in a BLSR network is

switched away from the failure point. Thus, each node must consider four cases:

1) Normal.
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per channel. In order t e two variations, a circuit 2300 for the VOA is
implemented as shown in FIG. 23. In this circuit, a tap coupler 2302 follows the VOA 2304
20  with a PIN detector 2310 used to measure the total optical power at the output of the VOA

2304. The PIN detector output is sampled with an analog to digital converter (ADC). The

result is processed by a microcontroller 2306. When the microcontroller has information
regarding the number of channels through the VOA, it can determine the power per channel.
This information is passed from a CPU associated with the node to the microcontroller in the

25  form of new target attenuation’s and optical power settings. The attenuation of the VOA is
set by the microcontrolier via a digital to analog converter (DAC) and subsequent gain.

For the design shown in FIG. 23, both the VOA input and the PIN output are
calibrated. This allows two modes of operation for the VOA control loop. The first is open
loop where the VOA provides a target attenuation value. In this case, the PIN is not used.

30 The second mode of operation is where the VOA attempts to i)rovide a constant output
power. In this case, the PIN is used as a feedback mechanism, thus creating a closed control
loop. Depending on the network requirements, the VOA circuit may use one or both of the

open and closed loop capabilities of the circuit.



for each channel under all different switch scenarios is analyzed. Wen
determ ning the path performance of each channel, the fiber and conponent
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result is proces E"R%e ni crocontrol l er has
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associ at oW1 the ipg s Boden aremedetane pighe Bathichangss ocourring for af new
target athaiRsShalidfd, @@'mﬂ%&@ﬁ;ﬂt BEmitOPaBhA LR FE QR 20T Lhe VOR
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subsequerfepayaiershammsl, spenificadlyi zgmptiladvmrwm dhiatthel 2810. lEhich eadhmo\lémas aput and
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at t eriat iuponyval ue I n th| s case, the PINis not used. 30 The second node of

operation is vvhere tterrpts to provide a constant output power. In
this case, the PINI ‘ﬁg%t&” Sléuaﬁle%ﬂmﬁw@ﬁr&mmﬁsectéweetr@msﬁga Bodd osed

control Jnaem effRpende Bnges fnltBarifRl Mnkaﬁc?&ﬁhﬁﬁ%gg&fat al %ﬁpﬁa’c&f&%@ may

use one or both of the en and cl osed | oop ca Ities o e clrcuit.
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changes occurring for a wavelength. As shown in FI G this I nformation
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the new target attenuations and power conver 10
upon20  anew target power value is provided, the loop in closed and the new output power is

converged to. The general algorithm is:

A) When the VOA is operated in open loop mode, the VOA is driven to a
predetermined attenuation and the drive level is only updated by the microcontroller. The
VOA setting is not affected by changes in input power.
25 B) When the VOA is operated in closed loop mode, the algorithm is as follows:
1) Startup is in open loop mode with a predetermined attenuation
2) Once the input to the VOA has stabilized, the VOA control loop is closéd
and the VOA is adjusted until the target output power is converged upon.
3) If there is a power delta larger than X dB at.the input, the VOA switches to
30 open loop mode and holds it’s current attenuation.
4) If there is a protection or restoration event, updated target attenuation is
sent to the VOA first. Second, a new target output power is sent to the VOA. After a period

of Y ms, the VOA control loop closes and converges on the new optical output power.



.In this network, situations can exist where a protection event occurs at a
node and the effect of the changes in channel count and channel power at a
VOA can precede the arrival of.the network information Hﬁ%ﬁ\?@ﬂﬂéﬁﬂ”nd t he
ring thPQUYASRe optical service channel. In events like these, a VOA at a
downstream node will see an optical power 15 fluctuation before it is
notified of the change through the optSiScaI service channel. In order to
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power i Sn8@fkndwh.t he VOA. After a period of Y nms, the VOA control |oop
cl oses and converges on the new optical_ output power. WO 01/18999
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channel s changes to protect against failures. This enbodi nent includes the
fol | owi /g ¥R@¥ures. 1) The inplenentation uses a conbi nation of open and

closed VOA cayirhehetwdfPR ph&alibrated for optical path loss. Specifically, the optical path

20 loss for all channels is either measured or estimated with these values being used to set the

VOA under open and closed loop conditions for the various switch states a node may be in.
The present invention provides a method and apparatus for managing power

levels in an optical network. It will be apparent to those with skill in the art that
modifications to the above methods and embodiments can occur without deviating from the

25  scope of the present invention. Accordingly, the disclosures and descriptions herein are
intended to be illustrative, but not limiting, of the scope of the invention which is set forth in

the following claims.



10 mai ntain constant attenuation and constant optical power per channel out
of the VOA for cases when information regardi ng the nunber of channels

t hr ough is both known and unknown. 2) A unique a i is used
to det er&?&h‘%—,\”tgﬁg m gration between cl osed | oop and open Fggfgs%bﬁ
operation. The algorithmis based on power deltas at the input to the VOA
15 and al so network infornmation sent té&6the m croprocessor controlling the
VOA | oopwRATASWH AgeBligorithmis used to maintain a constant received
opti cal —GVF_HreC Tver for all channels regardless of the optical
path the channel took froma transmtter to a receiver. 4) The network is
precalibrated for d)ptl célmﬁh@mfdrmagla)sgndllpomet levels o€optiral szg:halspatah 20
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