; e3ext 0<6$Tx2,1 7 MAR 20f14 WD 0I/18999 PCT/ US00/ 24104 OPTI CAL PONER
MANAGEMENT | N AN OPTI CAL NETWORK CROSS- REFERENCES TO RELATEF7A@@# TIONS 5
This application clainms priority fromco-pending U S. Provisional Patent
Appl i cat ive0d 060899%2, 480 fil ed Septenber 3, 1999, the di scl oBaT&ISHH24MH ch i s
incorporated in its entirety herein by reference for all purposes. This
application also claims priority fromcorpending U S Provisional Patent
Application 60I166 278 filed Novenber 18, 1999, the disclosure of which is
i ncor por a 'umm tirety herein by reference for all purposes. 10 FIELD
OF THE | resent invention relates generally to information

net wor ks, and*mbﬁe particularly, to the configuration and operation of an
optical network. BACKGROUND OF THE I NVENTION In an optical network, it is
essential tORTEEAL FOWER MARAGEMENT INAN OPITO fthNEﬁWGRI@U”bef
of optical signals that may have varying power |evels. IS 1s required
because signal power |levels dynam cally change as signals are switched and

routed throughout th rectional

| i ne-switched ring (gﬁ%ﬁm&mﬁhggiﬁg’%ﬁﬁ&&%m pairs are
routed around the nmmpishcaASn alarrﬂ§1blrhént9ffroﬂ€&c\0@érlﬁ1r?gouSSWPP&'EE:&QI BMEQLS, the
wor ki ng and praotect channel s na%/ be routed on different signal paths, with

each si gnaPPlisatipn ﬁ%(\}ﬁ%ﬁsgﬁéﬁdfsfe@ egher P o299 therdisslaskresfiwhichiin insorpiotatédsin

possi bl e n and ect
channel ﬁg%?ﬁlcr:g%\ hﬁ*}yavneg%ll e{r?éeynf{a; %‘? 8 %P?esoagl}@o éhc VV%'[Isﬁl gag%‘f Pﬁ%f?t?' gﬁ?”b an
result i m&mﬂm%‘é@ BrQVI&wmad)PaueattAppl(cBER) 6@66,028 filkd@NovpmbeT18¢ hogmede. 25

FIG | il d k hi
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channel pairs. A wor k| ng path contains two channels, 1 and 2, with

i ndi ywindual channel power of A pr ot ect path has two
chan\rlllgl s, 3 and 4, with indi w‘ﬂﬁ&?’h@ﬁ?ﬁeﬁ%ﬁﬁgﬁf A as shown at 104. In a
typi cal system théThMrksdngm&BﬂldWr@Ia%t eBERIN &) B FRN SEndtRBEKE hndirfore

di fferent 4 WD 01/18999 PCT 00/ 24104 signal paths that have
di fferentpagicﬁll?é]y’ Foo@g Ce gUBtiay angiqperationsf an pptiaal netwprk. he di fferent routing
pat hs, the working and protect channels nay have different signal power

| evel s at sone point in the nefwork as shown at 1 106 For exanple, after

bei ng routed via one pat h, BAGKFRPYND FTHE ANYENHSM el power of B; and
after being routed Miad 03NS REFvRRL I power
of C. After bei ng‘r mul t|°g| exed togelphs é%ﬂﬁgh aﬁlﬁg ‘{’elﬁ&ﬁé’%% faglqﬁ their
respeéét i VanseahhEreqsimeberjofoptical signals Hev max hpwmryﬁmg\pemdieﬁéler'ém isal as

hown at f 8 _bet th
or ot oot AFaied PeeuBD Wahal VR Il ERERLaML el P HERT we TRaREH ivefed

channel s thmayglan ¢hemneswarnkal | evel that is too low to be adequatel y

transmtted and recei vedtf%g the petwork. 10 In addition to the signal |oss

associ ated with di fR&r¥AIIOEHIRYA b’p‘&fﬂ‘fgomﬂW&eﬁmedlr&ge(p}iﬂlf&)éﬁéﬁ‘ﬂrhal 108
bet ween thgkingaki Bebtet Ehitire! Sfits arh ARG a?oﬂﬁiytfﬂe H‘é%ﬂ?eﬂ@%luﬁ ?8 étbvgﬁca' S are
anplified. For exanple, the aggregate channels, as shown a %

i npui0t o SWHChIRBEY¢1te the Warkinsqnsinreisstechagaalsimay be mt&éd‘ @cdlﬁfemwsagmh] lpytht he

relative nd 2. atur effects may
result i nwﬁggﬁg?fl%gxﬁ a ﬁ%%#% %Ialtffég%rgﬁls\?\%%a%eﬁ%lf i nc lgé’c’?sh Q'ﬁb?tlaf’ﬁde
di f f er enggivgh pod8 in the(mt)mrkt hworkdsgiard prgteampﬂanﬁd:lepdxr%mg RadediffereRip@al as
shown at &%ere\%’l {rg Qe saturati n effec%cﬁ the anplifier, channels 1
and 2 refdlve gFeater s H?)tfqnfciaﬁa‘fsi“ A {1eLesehbif pEpirates SBERYon the lawergsishel s 1
and 2 havkammBhnnel power of D, and channels 3 and 4 have channel power of
Eg resulting increased power |level differential is shown at 112. This
I ar g& pover di f f er EKgi hillustates haywipatb vegaiionsrdyg e typial mrmltchmgavgnal s
are furt ,{:r;b%g et wor typ| cal
opti cal Egﬁ%g eac?ia%g)gseﬁﬁ%m E‘I"%e%g}"{]gg n?r%p c?n? p815%r§ eoq“ﬁ
accor danpethyontainis twe ehiastheds glaadl 2!\&1111 m@wdmltchmepmrlof AgyshewaRpl@®. preset

att enuat f|x re ins tedln si gnal
t r ansni sglﬂ% %§ ar.ﬁ%\éé g‘g |”ﬁ?115’l %{‘{‘g ’in h“%‘faig}ﬁdmg]ﬁ’é’wﬁét’ @R showp gt

addi ti onléd Maetyp:tmltﬂyem ansoerkigemdWrdtectivhbiind Omay BOFbuddR i biffkent
saturation, nanually configuring each node in an optical network presents a

nunber of robI ens. First, manually configuring each node is
prone to m M@mﬂm if a node is confi gured inproperly, it nust be
manual |y rec agai n thereby adding costs. Second, each node nust be
engi neered peff®2e. This neans that the nodes are not identically 30

configured, and therefore each node nust be custom zed. Third, it is
d|ff| cult to upgrade ‘any netvvork corrponents For exarrpl e, upgradi ng a

o B Y Y T o e o



WO 01/18999 ~ 1.7 MAR 2004 PCT/ US00/ 24104 3 difficult to add nodes to an
exi sting network, since the added node and each node it affﬁg &Armst be
manual |y configured. For exanple, manual configuration may R@odes to
be added {yh @/pRCi fic sequence or introduce a |limtation ®CUsbordI8er of
new nodes that may be added. Finally, the network may becone unstable if
due to signal routing or switching events, the signal |levels are not as
anti ci pated when the nmanual configuratioh occurred. For exanple, if signal

power | evelghacihanodatisave difeseitlsigahl iasstbhmblekstiosl AGhiregniedand diffebet kdiiting al
manual configuration of a network el enent ma¥ result in that el enent being
fe

unabl e t o PR&Adhe Wosking apd sxmph@awﬂmwé@m popermigrels /A4 RINL1O
The preses els in
an opt i calt HEEEMAR RECHLORR, FroF kRl uflr (RHIARADE 4 SR hBing el

i nventi on,and12dlen$cl$a:mntpmﬁrpﬁ8 poiter peing waned ‘emgndnhcxspaﬂmcharmehe?daridef% ween
nelghb in twork ele ts, dn.a OBSLR.networ S anst t t he
o ghal S podre TePEr AL At Pee Rty hether BF SRR s PR B | |
enough, oOYé&pedi¢ chahhdl power ROEIE dntl Bived ipdvie 1eh] meﬁemnk], astshowh faBIi(OS tm
ability of the netwgfék t.o carréwgraffl c.. This localjzes power managenent

wi thin  ea®RWgbEeldI @ntlhlpl&ﬁbﬁ p theaverkingrapd prateq ghannelsanay IsWbist ant . As
a resull, ReNGle BHIANGRENho G crlpdf el MR SARPSsignd IR 130isqho RAPR be

node' s i nteFnal conrponent confiduration and optical “path variations.
t hi s st r atadeguasly trammlﬁhdaxgimanwd’mﬂaeacmmol ded into a small set of

oper at j,ng nodes. 20 In noth power, nmana nt..s r ovi ded by t he
inven{] on, signal H%Mf"élrg\é\e]flfﬁs aa?Q%fagﬁ% @%’f&ﬁi‘%@ ﬁ‘ﬁ

scenari 0s paier tewalqugﬁreni{mu@s Detwdefi tRROSSK gl PrAIedt chaRIstrhigy @ux%bi@xbh@x

si gnal -t o- noi se ratio (lSNR in the network at the cost of calculating

storing ante dsrAbarrgiamplidicgnher somele. fisreameedr shanslsnes Sthﬁyn&bﬂ%amayr#& vvor k
I'n anot hey n@? 4n %Pﬁg&ﬁ?ﬁtexﬁéﬁe%é‘s%m%ﬁ\é'eﬁf@ﬁ s BYust DBy 'tl{er‘éﬂhb&g’hx T
power paramnmeters fo ere network switching scenharios arée pre- corrput ed
and stor edlt:veThfacfpnaelsdrapduﬂe&hvaatuagomcffmtdma)armlyufmcm hedanemkliGtaivent s t o

par ambtr S o RRetan eIy oD RS b e R iR SR o,

a met hod fappearassgwigatslilonBue-to- the&@ﬁmnohevfe&@ofﬂheaﬁlpﬁﬂét GRAnneRt MK | S
provi ded. The optical network conprises a plurality of 30 nodes having

|l ogic to FesEBieRECHFRIEPIHIFaNeR thepe @apl%ag% Ehw@ha@eﬂﬂ Liang 2 havegshapeal wor k
I nt erCO““?‘;S%v'ePEkSD M%ﬁ?ﬂaﬁ@fﬂméﬂh%éh&% cﬁfE Fekidthi m@ dggf wede
nodes configuration paraneters; configurihg each the no es ased on the
conf i gur ati¢vehdiffedtial is58698 anl 121 Thls\MeQaneﬁdlﬂﬁﬁnsalOdom'ﬂﬁmespaummed S;

exchagpgi n aranet er |nfor etveen t he _ngdes guring at
| east agom%3 ér%\é\% fgs‘lg'e’ > f’f"ﬁ}%erﬁomer dpa%g e & 3‘ii ATOPRet € ﬁ’calé}?ﬁv?r peati ng

t he steps of eXChanghlﬁ:@)ﬁdetﬁ@{ﬁétlwfotlguwcﬂgodmhj/ bt hﬁn@aﬂlyl @akighedwe bierhte
fully confl g&‘:ﬁ so that the ogt' 5| g al s have_ sel ected signal power

| evel's. PR pERYed PR Foriexpmpler pie aﬁswaaaﬁh
variatio n%aﬁldv' Batifig Ta)fgdeﬁ AtteRRLHYRVALS Wd ﬁxgﬁr@g 1eYighdl %aﬁ?rHlsEx%ﬁ B!atths kdsd? QignhI

| evel vari ations; 2 shows a portion of an optical network constructed
in accor daﬁwavwnhrcmdtlmwemk invention; 10 FIG 3 shows a detailed view
of ne rk el enents t E f unct j.onal
di agrtezlgn\?of a first I gda E? f) %b J;llgsoégn%{)crklaé&{)‘gg% é&]oétagg Whgg {\
with the maselhy conﬂ@nhgeabkn‘:ﬁrdemm optical mmmcesehemammberﬂ‘adcﬁnaﬁws a

ar amet er le f use with the first of i1nternal onent .shown in
El G 4 proabl?ems ngrst manually conth gurfng each nc}éi%?s prone to errors. Thus f anode 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



15 FIG b shows a functional diagramof a second type of internal conponent
constructed in accordance with the present invention for us'é- MAR 29& wor k
el ement; RLGo14sspgows a paraneter table for use with the seeomasoypsoof

i nternal conponent shown in FIG 6; FIG 8 shows a diagramof a first
network el ement constructed in accor danc? 20 with the present invention;
FIG 9 shows a nethod of operating the frrst network el enent shown in FIG
8 in accordanhgt 16iadd nbd& tpas efisling ienestki dnce tht GideliGoddansethdiodgitafieot a
second network el enent constructed in accor dancggwi t.h the present

i nvent i on;Mps) beraanuelly serftgired. For BRANRIF TopeakaaniguraHen BRY SRAMTTON6T fe be

el enment shown sk : | - L& BSEHEr o Loy 12
shows a di agrg'rlrr?%g ﬁ%@#ﬁg&ﬁg? %&%%&%lggggﬁtt?%ct ed ridr{%\gggltg'gg%r?gg&\% th
t he preserite addednFimiiy, the Getwbtk mhphecomedinatgblant dife ta sigaelwoukng beswatthing
constrycted in accordance 30 with the present. invention FlIG 14 sh a
ot ai | 9d cHHSBH EmEn) YR Srathes JUEPaRE fieh e sl gottiguraudh of gl Hr,
det ai | ed eshaadiaaniindhovbeletal ¥anke & LBt 6f Dhetiwbfk svaichinglevénfylis izl WO
0l /18999 PCT/ USOOr 14104 FIG 19 shows a diagram of routing, paths through a
networ k el maRya corigyratinn of RaREv ok glemspamayresalt Hebhaof Ruett g weblsde hardled
in accord 3 r t invention for use in a four fiber optical

AREReY sihel (AR

‘net wor k; node 2 fiber BLSR network constructed in
accordance with the present invention; FIG 22 shows a diagramof a node

i ncluded in the network of Flﬁnﬁém Dﬁaﬁl@f‘m a diagram of a VOA
control |oop constructed in accor angtra&vmﬂ{gt e present invention.

DESCRI,RTI ON OF THE VR S 10 I, y of
t he prleosent i nventi gﬁgep %%ﬁgéeg a é’ggr?g?;g?%anslﬁ%&%gpﬁ%%g%%gr \/\;N\fz}we‘%fgsﬁﬁ

bet ween neirgdphizal mgwort Vinoke pbetraninmgemern sER&ERpmoeidad bl thmmeitameat neans

t hat the signal gower | evel between, network %ements wi.l.l .not chapge

ST gni 11 cartoPyBALAYRC RAVEF PemyR Sl EHT MG TRaReh RSOBRET T ThorRERGBYES ¢ o
affect thejahkhdtya OBIIRendRbMOdontistesBthEahs tHatHd stgnal Pbwer 106 beAREnpover
managenment wi thin each node 15 since_ input power levels to the nodes remain
const ant.. metwerk elements wlbnetchprgesigmidicently epougheoves BNOFKItEuRS pRIIIGOTY irihe | on
of ea node’ S, ' [ : e

Vart atibonar e ik AL AT s IR P BERE pEIe O e e R e PR s are
provi ded frasngzemenswithinregcicnalssince inpacpovosrdeveds toekenades esmaih comstmondstas  at

each network .elenent. As 20 these inter-card connecti.ons arge, nade, .power
_managemant“"ﬁ'ﬂ&ll!i’l"&?r ﬁ’é@‘%ﬁ’sfr&f‘b}of ﬁ’@ ne ﬁ’&?‘?&‘eé &Iﬁ%q’qn&f §F§‘ ‘_E)Qfgrs lé‘&éﬂalcar d
i nt er f ace. colfj%en! @vakSraAbLakOspRieh gt arRasks. aatkls siaspnal aoleihdenarios
interface power |evels and the optical path |loss far the card and are

stored i n #afelded Bito ¢ applbset of pparging Meddsi on, internal connections are used
to autmatically co 'gggg BLnd 8 Ceh b At valtRgsighaopt i cal
pat h tjhbr ough t he nem‘or “‘Ef ner{tn%l\#%%’g gﬁtégﬁm y v Psigtla

: 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



25 each network el enment can conpute a constant output power he%ﬁa %
analyzing the internal optical paths that result from protecti. B ni

sSwi t chi ng)ws%f,\/l{g@g A protection event is an event wherein sighgsoorBioshe
network are re-routed to their destinations to overcone network problens,
such as damage or loss of a signal |ink between network el enents. At any
network el ement, the card provisioning actounts for protection events so

t hat the - [ n :

pr ot ect i onPEamsLs gratRiitivel Biinld HALANARN AN, Alde B Miibuine 5
to track nddasisoste rtddes vses bn degevauppramedteefosmationt; and dipeatngihe sepnaf i 0s
associated w,th different network. .~ T.MAR 2an-~. 011 18999, PCTNSQOO 24104
6 cont | gur SXTBRETR A0 g PR ER P! R PUTA GV RDG i UR GORERTEF AT RE.

Al t hough ttabﬁcamaggnmeawetseildmada,qg@[pméﬂMQ tables to be accounted for,

t he best possible SNR for the overall network can be achieved. FIG 2 shows
a bl ock diagramof a portion of an optical network 200 constructed in
accordagpce with the presergRIFVORSCRIPTION OPPLHE DR ARINGIK 200 wil | be used
to denonstrate how power managenent is |localized to the network el enents in
accordance with the pl@skilusirzoehaw ath veRationstdusik typoer! setyark swiiching ewentsr
net wor k el ' 206 and 208. The nodes are interconnected
by si gnal féﬁ%ﬁ&%@éeﬁ% gﬁ§9’216. The signal 10 links are used to
transmt optical sigFaGs2 Sewseeportidreonhadasicallimgwsikpoaktridtak i acerdaiawitias

i ndi vi dual | inks but _conprise bi-directional transm ssion paths. For
exanpl e, siifrRIFsER Wk‘erg? »conprises a transmt signal path from node 202 to
node 206 and a recei ¥EGS3 gddls Qe diicinady BPa@waHOe bR e theQdticAlsletidork 160;
signal |inks, optical signals nmay be transmtted around the network over a
variety of routing pé{i(&s‘!g shpsyspHanetinnak diggramad isofiishtype o6 iemakepmppnent

| nf o Mati 0Qoldiksq ol BecofBflee GRE ulliheddfintifor Af QLB RAubhSmaLe used to
transmt information, such as adm'istrative Information or Signal
paraneters, between FIe hsives.a pEnemetaf mbleedr wae withnths fastdypdef integredl | i nks
may be separate |inks or y be conbined into one Link that carries both

si gnal s an§°TRYSPhHOMEH? l:[me“’i nformation links forman Optical Supervisory
Channelj5 (OSC) whi ch 206G cpaiaestaSuidtionah@apagess d decbitLryppbf GtmielowpokentUsi ng
the OSC, network el enents provide information to each ot her about the

si gnal | evepustigsted inyprapedapeg wih thearssent inventinpclor pstangnateark elemems k. The

nodes al so have para i t gZ? . .

parameter inputs ar eﬁamé'edsr{ogggfgﬁﬁ%%?fgﬁra FS)ﬁ%ggng%egotngpgp%gapﬁgaﬁodes.
The confi goomaporent dowmandl@t&rs are used to configure internal conponents
wi thin the node and used,.to determ ne signal routing and/ or signal
power |evels. Al terngﬁ-ﬁﬁvaf’é db%ﬁrﬁrﬁec’tfért{pftﬁﬁu ° C?%ﬁ?tr‘fBH%g’é’ BBCRIHHT o
i nput  gonf girtRd preserpaivenidgr s for nultiple nodes, wherein the node
receiving the configuration paraneters distributes themto other nodes via

the information |inkEIGthdoysrdnghes of ereuatingths fipd neinsk slemest ghown in FIG.
informatio iﬁ'%c}%ﬁ'aﬁce @Hﬁ%%ﬁe&ﬂt Evbesst 30 network, so that it is possible
to downl oad configuration paraneters to the nodes via a renpte network
entity, such as a neFli@rl0 shdws nidsdgrah of astawd natwdB4lenent adubttucted in t he

Do ol RS B coull e0,dhgect Ly o Tocal eauiprent s shown at
nmode obsoperation. FIG. 11 shows a method of operating the second network element shown in
FIG. 10 in accordance with the pfesent 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;



WO 01118999 7 11 MAR ?i'~'~ PCT/ US00/ 24104 Each of the nOdﬁf has east and
west signal links that are used to add or drop signals fro Fk’é‘%?ﬁﬂbcal
networ k. JFon,ggeedpl €, west link 238 is used to add or dropPeT@sedziehat are
transmtted over signal link 212 and east link 240 is used to add or drop
signals that are transmtted over signal |ink 210. In one enbodi nent of the
present invention, the output signal po@ers of signals transmtted on the
signal |inks betwegngnes ghhald Sideifi Rbltif) SR/ thfouzh@ faeldlk alenASi St ent

out put power per wavel ength. ThiS 1s acconplished utilizing specialized

har dwar e and sof t weil6. 20 sheaeta diegraoy of aeswerktelerrgsyt cengigied In agserdanesnal

power |evels_.associated w th signal 1 r signal link 210 from
node 202 vi”gl WSé’éesﬁﬁtAfméefnémﬂg?rdJ ngn gtfosue{td(’?gﬂgl sc%deﬁ%'vg}g?v\er | evel per wavel ength
by hardware and/ or FGE 2Walicvd Dfoat acded fiberdsl SR Aetwiokl eor3@dctedvin achondanrei ves

t hese signals, also uses hardware and/or software of the present invention
to transiith BgPRFENINKETYPE: havi ng a consistent power |evel per wavel ength
over signal 1ink 2¥gat 02 QAR Z88grafSofts AR hdluddagh W HetRbRIGTFGON; av@nt s

wi || not change the signal power | evel s between nei ghboring _ nodes

si gni ficantly enoudHGt 83 slidveca diapramatfid VOV esintrobloop SORBRugESE in aesordangey
traffic. T &.CC(rmgltiiﬁ . hQyer managenent at each node, a configuration
process oCELS PAREY el each network el ement provisions its internal
conponents to determ ne output power as a function of network operating
nodes. Fox exanple, t t i Eg;-[:}orrral node, where
signals are routed th?’?&@%‘ﬁé&éﬁ%ﬁﬁ qu%g%mﬁﬁlg{r the 20 network

el emegrt may oper at eThepoaver migiagerhdnt btrategieof thin presergtiigveatisn arogidesat ed t hr ough
the network el enent via another path. Each of the operating nodes t he
et wor k oBHERD! gt Resiar BT AR BSREeR TSNP HOE BETHr H SPOREE ot RESLBNl s.
Once proviep Gt MndistehiBerdliRitiRe sig\QAT}BQ%Pfe%l'b%t&.éHMeﬂb&k eleR@nRak G0k

el ements I ndicate their output power [evels associated with various

oper at i neeheangresignificansiyginbugh, euereany\sivitching conditipmin themetyarkdo aHEE RIS or m t he
25 OSC. Aft.er r S i I i sl

regar di ngab(x)lﬁ?' 6&?’ %pn%\;\?‘/léérwlté\‘;eﬁggﬁcheihgﬁggarﬁ&ﬁ%)gé‘s%ﬁgga%%gﬁg%ﬁ&g P[}H g?cgﬁ;g %%

r ecal gul afime ihhe ppeeslevtlevelhs nabesgmiairscanstaet. & a optit,geiwepatahagemént fodj ust ed
out put power leve] may result fromthe recalculations, Informatio bout
Che ad] oenerobteopbaacspBIoL $he e RGN BUrRRR: SOETED BT EREh s
over theu@garﬁqgghg.ional re-cal cul ations occur if necessary: Thus, a

conti nuous process occurs wherein a network el ement determines its_ output
power |evel based dn ompgmbedimenyaf thedwyentipe\agnethnd pedeprsrasus ase proyiigd foTom
nei ghbor el enents over the.. 7 9 I 4104 8
G By bR ek sen e dee et bolBofidd A°Gth Regllheerleti 0

i nt er 7dethpe\vigter-tadebaneciibey &t oixle, powee nrodgdroent meodudes miegopiapothe input arag e ment
in an optical network in accordance. wth the present .i nventi woul d
per f or m t HEPYAEYEGRYTG é’ﬁ%dc lnﬁe’gﬁF'JW?F&%‘ieﬂsgmgﬁ?@?ﬁtﬁfj ac%ar?gS%’gEP%“ of each
net wor k nﬁﬁ%b@ﬁngiﬁtéﬁﬁeiﬂéﬁfeﬂfeveﬁtaﬂ@ te oppicalafatnpsstanc cardl eidarBsiaign pover

paraneters Tor each operating npde at each network node; excha %‘@th power

par anet er RargaeigR@blesdrathisfeshiom ArtemabcqrBeqiinm apfoeRsd to agipmatisaty cp over
par amet er . »ai AR d
repeati ngéﬁﬁ% pg‘?gﬂé{)&gg&e&%@ﬁgﬁé‘?ﬁlghg%ﬁ Bﬁ%‘%&?@ﬂgﬁﬁn I Ith]e'?‘ ﬁg%nrgdes cgnﬂ{'}g{rg’ge on
a set29f ewhstawirk Eletrenocka qgompate 4 ennstapt outputapomnen devebbihamhilyring the interhel

t i i ,.th t si I f sij I 1 L1, he -
D SSent, | e L, e A BAL SRR PRI BT LA iy B
networ k. JReremCostiald ifi thd Merworkadd ird-touie toithdipddstihatiunspa badredng Setabek

exchanged between the nodes. The nodes_ use the additi oqal infxlr‘lmati on to
conput e SMRbleATosush ef Samagesydrasef@ SEmehliniebeveerR nevgRaFlemeRife Ahaes t hen

perform i pherialied e %Eﬂ&%ﬂ@ﬂ%%in‘g%%?& foP ProtdcRiof V&Mt @af ¥ wlopst ReHeUST

the received signal's’so as to achi éve the best SNR when transmtting the
si gnaB® t outputtevel isgiasanteed 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



20 I'n anot her enbodi nent of the present invention,. signal qw par anmet ers
of signals transmtted on the signal |inks are pre-conputed"f R or al1
swi t chi ng ey 81igees Nat may occur in the network. These pre- cCROPUSENL4104
paraneters are taen stored for future use. Therefore, instead of having to
spend tinme re-conputing power paraneters _as swi tching events occur, the
pre-conput ed val ues can be used to all ow”the network el enments to quickly 25
adj ust t o JnEEMIRGA Kavite! YRt dul & Wpkfalth P thoB¥EHdSptiEd] ?athé. alavepranahay | ed

vi ew of one enbodi ment of the network el enents that nake u The networ k
200. | n Flresul3n langer praampter ables tpba accawiieddBC the h%sp@as@lmwﬁ%btm oyeratihat

the resul tj i LT jagramw ||l aid in providing a clear description
of the conr%g‘g%%tcgpbggg%?\r’l% he network el ements. 30 The network el ements
202, 204, 206 and 2(EGa2ahsweowbldek diagram of Dpatibe of gaoopeichisnetworki 200i ng of

i abl tical att t (V 310, t.ical | tipl 312
opt | o dREPTICHRACETaat: YGH B RIESEHIN iR STReDPHSHDer Tl 20N e el os
301 ) 302,153@30a0ehSRw pdiier Hx‘ﬁﬁ%‘gﬁx‘énﬁk IR 186 AR eaYenfOin Skl ks

different 1 7 MAR 200 WO 01/18999 PCT/ US00/ 24104 9 conponent arrangenents
whi ch denowith thgtpeesenhiaverdmoh net wor k el ement can be flexibly configured to

suit various networ lﬁR?lli tq L devi at |

operation of the prle<Tsen |§1r\%eir9t% %%W%%%&%%@%&g?g%gnggg’%ﬁug 6e
opti cal siapdal08. e adfessirabltecaineeted dy isignalJinkalt®2$2, Hdrand 246 Tae siznal
optical si,gnal having a |level.of .-5.dBm may, be attenuated.by 5 dB to

o odudl 2 HHaEi B FERarTHL GRS SETALRAPYGR b Bodfin T he mEn Sk afe showd as

nul ti pl exepgivafug) Ka&hut fha§BRIpASe BiBreeliofPiensPRlsidiAatsl dRkarhPlE, Shamnel s)
into a single optical signhal that contains all the channels and maf ntains

t hei r respgeutdeopwnises 3 ansimyt sigunl pathdram podevdSRZ Ko nefdeadld apdatreesivatignaiel s -
may be confli i I t 4ncl . . rKi t ect
10" channel BUnfi T idue 288 5o Rtz L b et B Rbiied SBaE miyid BpmR
denul ti pl exeursl the retudekloter asfakiety cimowtjvigipats. Si gnal into two or nore optical

signals that may represent conponent channel s._ The. opti cal lifiers are
used tlg_ amplify an g@ﬁ’l’,". fs e Im'ﬁ?"f‘%‘?cfﬁgg’ﬁ ‘ajf?ﬂf‘?‘fq“gllfﬂ‘égtlﬁ'%’ éggﬂ'éﬂs The
ring swt cipamogigh@rsrh e Miks ARCused tdRERmiNRFYrmadicH) dhch as@Bfhim¥rdipes (or
redirects) the input signals to one or nore signal outputs. The signal

| i nks, forinfoxaatinreorishgnal garameters; ketween themgdes) Thednformepmnlinks and thermgnaho

i | t .S i | t t Kk
and the ot e nay beBhetale1inkts 61 B B BB AT Rlo BV e AR RO IR 1
net wor k eliefoembisor? OPheainfbr@dom inkssformman Wiptibal \Buparvizdy Ginaneli0SE) widspl | fiers

34 in. the signal,. pathg for, sign lin 0. This arrangenent is used to
ot ovi 48 5GBS L AnCar AR SR ToEy STrTedhe PR CoIROTCHERe s BEbaga 1)
when the ngioAaKorLlotAEN btheAiKbUS BRATHaERVAY ofsi Sl einh B4rdRGEed dver aRYptias!t .
the network el enents 202 and 206 are shown without the optical anplifiers
314 in th&e¥@fKal path 212. This arrangenent is used when the network
el ements are cl ose r rqgﬁjj L I Ik | f e
signals is not requ;eir‘}feé bﬁ%ﬂg?gér}glpagﬁéet%u |%%1%%yatg§e@rjégh?$}eéé@%' 1’[:1e ring
swi t ch nocharaseteriaputs ext used rompet copfigeratiorspayambtersttd theumpdes. HEhenarinfignkation

cl o, POFRIRRI St { GOVORCL Pare RORP ek g Hisrote Srbtbane todFpace

net wor k el deeiine ssgrah futidg4ne/ot SiEtal pbeerRSéls.i ARernatdfely) AGRradtier ifp@ 2% ogdal
324 is routed along signal link 212 to node 202, and further routed_ al ong

signal | i feds sen boisedde inpyk cofHiguEtion Pasemeters fos mitdiriep prdest whereinbe aeds
term nal qbcdififg iRARnfiERMBYEparatBRH dstibG@@iheln BloteLA ek
ot herw se p%avalgl abl e,l ring fsJ%rvl toh 301 redirects .tlﬁe %‘F%na 324 10 formthe
si gnal 32dink¥héhgpayauieted Rputssmaiybe exiipteddk an infoumptios ngmeark,| suolk aparpEthernebde
206 and t u t.0. node 1d £} nal Q_node 4. This.alternate
path- 201 ol et RishaERaiey iBlfiosd BNl b PR A pSad gt 0 ©
MAR pOp~ WEmMOEInkBASR ehfity] Nish(ib 24kBxork AQdmxasister showh &t 23S Vntaddisien, thhat t he
alternate path mgy be | onger and have a different |oss characteristic {han
he or | ot TSRS B DR CAELCOATEHE b EaLATTRAe 76 SOPV A 0e 8 vaRionds
account f Qionfipierhti By pRaHSteARAFRIY B thehoddian ASAPMEISEE dppdtion! 1S possible to
re-route signals while maintainlng adequate power |evels. 5 Wen a signal
is routed through a network elenent, it nmay experience signal |oss due to

t he conponents within the network elenent. This signal |oss may vary based
on the different types of conponents used in the network el enment and the
routing path of the signal through the network elenment. As a result, to
obtain consistent transmtted signal power |evels, the |losses of the
internal conponents of the network el ement and the signal 10 path

o, o N A 21




A VQOA positioned before the receive anplifier to control thq A i?,g\@l i nput
power. The working and protect paths through a node al vvay?, le)}zﬁgge

di fferemvd mase®. To conpensate, two VOAs equalize the wo ki ng and pr ot ect
‘output channel s i ndependently before being nmultiplexed by a working/ protect
WDM The nodul es used to inplenent |ocaly, power managenent may be

i npl emented via any conbi nati on of hardware and/or software within a
network el enent. ThEaftobfthevhatps hss eestanidefesbsigna) links et arpasedda #id 81 dbel oped
in accordance with the present, ifnventian, w,t.h i (JPo) f the
modul es pFlER3LHEAM W‘:&PH&] NEROFK- Y CHPIpig ‘gesi&]n]ég)g%%edﬁg&o ov\g? dk%n% erlrsgnt |
Modul e A Rayel MABAGRARNEr SRRk 2 1Ngdwaktink 248 ¢husedtovadkoredrepreignals that one
enbodi ment, the Power Managenent nodul e conprises a Central Power
Manageneneretempipittasaneesisr inkgl®i t hi n each node and communi cating with
Proxy power 15 Minagegrnl ﬁdﬁ'ﬁ%mt'E'P@Hél)p??s.cf?tﬂﬁ@enrtiﬁﬂ, 198 ogalkigl gobsaiet | nes

referred to as an internal conponent) w thin a node. i nt er nal
connect i osignals erapsritied oo tieeckigred limksrbetwesed oeighberingrarvetkesleomendsars Aaldrat | evel s

‘paraneters. at the card interfaces., Ipn.eff : { mul ate how

g i gnal pofRpSISIE) QP?L&P?‘TV“CH%WGE‘: sgtly @Hgfssa%%%%%g g? ég?%lg%%gr ngdo card

through t BerdR@eeandl$gwarMiehel fswbiasend@OBsr sxample tiersignahpower leveler nal

menory. The CPM then 20 downl oads the power paranete oth dldl v q al

PPM nodul essotiated wigh signale HiatsmaBiediover HgnabHnk 20 §opr Ii%%szﬁgf%ﬁ‘é‘l%eir i h‘? tion

In pagj@m&é@% C&%%kéﬁ k@%taltegeq APy, S h 88 FPhardWsre RAL/BPEI RV are cateA Rl h&t 202. al so
ated to 8 & $

pr opa adj acent nodes sO that power |evel paraneters
conput ed 2ode204ewhiot esceban thesTngmels, flop usdsdaysiwees andégrefofware afithnipIcse o be

' d h 25 | h ' dul
runson edetemar i Frps et ed b ARD P il plu PR HRERRARER R 0

modul es  deig@anine2 FAfochode ges.t As & adsdit,adgeorp pratectiparcaents wilt natrmjiasgathe t hi s
information in a paraneter table. The Power |

t I t
communi catsignal RAWEetelvhaErennsighbaB nadss B ngatgﬁ%?’gg%gg&yeégﬁﬁ ag g&%io{
i nt erflgcegggggwg%&ag@qﬁwent nmodul es that run in cards |ocated at the

east and west en a node comuni cate the power paraneters to upstream
and downst r eam nodesTo Aapinalishepoyer mansgententatisattonodeyopYniNgyERi108 Progags

01118999 12 1 7 ,NMAR 2004 PCT, 00/ 24104. The ) | d
cards wit RCRUSENTTHRE r]gaéqrg#gemcp %ﬁm@f)@s %%ﬁ Eg%@%RP ?%ﬁé F’gdég&{’ﬁ‘g‘{‘ﬁﬁ‘;‘ﬁ

MONi t Or S igafiét afd SurRUbR UE nétivafkadpeBing odes: eff s exdhple MBAs etwonk Eldmeatiipast abl e
attenuation and can respond quickly to smal]  ch gnes in the (le}geputt Royer
; RF 7

level to rRBEFA®INR ROTMA Fofe GRS S SN AEF rquisAdhrough thalyren via
assOCit I QRepbdLIHiAR hily BOUR inTEHIBUGER tnoddWhdOBEnik biti Buieh bV K

el emrent’ to guar ant ee the network el ements out&;t consi st ent_ out put
power per neavedkeberbént vvarotiienpgativb Batheofahesoperatingifaedes der the BHWPHE B€MER each

network el ement to pravide networ | j I f FRAG ik O b Ptk hgtefngf Wor k
el ement . FOPY ER% g,“%‘%‘ﬁ’%‘ quétp\%éértiy\déﬁtt‘g%ﬁ?gﬂag' ?6{5?@5%1%&?0 switch its
node of op®mEidneits iy eomplee /ht nétevork etgmants indivatettheir swipticriveg levethaseociated
executing on the concerned network el enent .indicates.the swi. e to
associ at edVikDENHIPPSERRBE MPEAH1Q oy m@ﬁ? %@&R@&&“@H&? ﬁ%%%%gﬁ%% e A
Wavel enpgt hhdgnager nodul e operates in each network el ement to maintain 15 a

gl obal™"vi ew of wavel engths (channels) in the systemand their status with
respect to routing bAﬁm@nnswléelC@ﬁﬁsER?§WFH§PF%‘°F?M§§@C|5§&T%%&EHs on
networ k el ements _indi cat h R eafevelie
number of %‘gg{h}r%)lwser ?fﬁ'e ogg\é?l}{@dﬁ{aargéséfa}hateﬁoargﬁfec gﬂb"g??ﬁtﬁ e kel eng\;t h
nanager regiehy BSintéraalcdptionalathst Anusjuated outpat pewerdevehimayiresulriram then t o

concer ned x}égaai%ulgtrllgns?tlpl orrmlatri]cgnearb%%tl thg-%ﬁs‘}@f Q&t}smtvgotw@r Pevteﬂss %%Wée‘ﬁ HehedERnt -
30  network elements over the OSC. Additional re-calculations occur 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



20 Equi pnent Protection Mddul e An Equi prent Protection rmdu,l.'e.{gﬁgrat es on
each network elenent to signal an equi pnment protection event dM¥er ned

i nt ernal mﬂ?&@ts. During an equi pnent protection event, pdEUsSIWRIWGAI
conponents swich to an operating node whereby signals follow an alternate
path within the network el ement. 25 Exenplary Internal Conponents The
followng is a description of two intern&al conponents constructed in

accor dancegyy t ﬁvén%l]?rt‘ﬁﬁ QB ¥RMehRR oA S Uh b3kl oF chRdtantShtedbde pbwed ment s

of the present Invention. Follow ng the déscription of the internal
conponent devedxenpl ary enbodi nents of network el enents constructed utilizing

the internal conponents_.are descri.bed.. The internal ; scni bed
herein are exenpl ar jnhle'ﬁ&‘?haa’m@(? ?fr?e?ﬁﬁognglﬁcf’oﬁvgtrQ?‘R?%egnfg"gw%pﬁ}%%lg&&%‘%

MAR 2004 \\©a6kbtd B99QitheHNRR thierkich3wbid pesfpoen e follbeingatepsonponent s whi ch
can be constructed in accordance with the present invention. FIG 4_shows a

bl ock @i agr am reepr e PEoHisionig injernalrompppents pf pashaiegrk Sigap 8% a fincipp of
constructed fo ! etwork el ement in accordance with the present 5
i nvention.” c’e_r[(iog?rgwﬁgw%g%ﬁponent 400 can be designed as a detachable
modul e or renpwabl e desbdinidgpowe parasiendrs &yl each operatireg modk atedaehrperworkhade;

i nternal conponent 400 conprises a power, managepent nodul e 402 o@ga&)’ ed. to

card | ogic 404.° | n SRENBABEAOMERPAULIECHOREN Cofh RrenErAMNRgad PE and
operates to corgmuni W | 6 de bedmHn  the Fecaiel Bew

enbodi ment them;;gmeﬁf%?rgt}l gtgﬁg%??r%éru %@rlsg?%y@tdgnd al one th PMthgt (e:ran
handl & 0povwaramaeragarent functions for the internal conponent 400, and

communi cation with other, P | ocat.ed on .other internal. co nents within a
network el enent® It Tip3afing °a§§e§ﬁﬁé8x°thﬂ’é¥m$ﬁ8‘q BP)‘%é‘r“gﬁ‘&HQg‘gﬁEﬁfs TOdEEE T & a

PPM A parapst &hstahRmab phhcRvaent ai ns parameters used during the
provi si oning of the interngl conmponent is coupled to the PPM Provisioning

i.s the process of 15neoethempmbadimenteof the presenyinvention, ths quiRitsiga] rRY&s of
inputs to produce sel ect ' JBNR Hehe

i nt er nal c%%agsntéarﬁﬁ?#%eongﬁcg%g# Bﬁ%lgsé 9‘??@8&3&‘?@% éo)?'{se 6(:sﬁﬁbrl oute fg% stored
i n t helspar aweeiletetivadil dokdcomplish thiay atiditogiat ind@nation perametars awt xehangkd

di fferent processing, fupgtions and/or, ,signal .routing that t i.n n
conponent Weﬂe‘ﬁf ngFé : %6 P°%§é‘ﬁ$ﬂ@,adgﬁlgg5&dp£§’@8‘éﬁ’%%ccgm%e Eg}}r'@g@%ﬁ géln

SWi tch mat fdciB®ihirdieied SigdR! ThehedesWhéCh@fbrindnRiiad powsr Gafdgement
Alternatively, the card logic can represent a signal nultiplexes or 1\?rl(gnal

derul ti pl esadeulations to datgroineshayntel astjust thegaprivastesisnsds sanasite aghigyq the best S

respectivel o form qutput. si I he card | ogi c has signal inputs 408,
where one 9§ é%%métﬁlpg@glsq)%}ag‘ngggh%éigd%hput, and signal outputs 410, where
one oragrore signal s rsfothet @hbodiiasted theprebent prveoters sigarl powerdatamatére ot ar d

| ogi c, power |evel 25 changes n.occur between the input, and,out

signal s duSeRals Fransmatieson tﬂ?é‘@?&ﬂﬁms §Yeg‘ﬁ51°°518m5r{h?%sgofnes&gailaﬁmgc&m%[EtQ'lgrllté that
and/ or i nt grPdktcur ASERSIetwore Phéve $02cdiptted! phratheteps ird ehenastatet dr fotuvs ase.
control channel 412. The PPM uses the control channel to select card |ogic

si gnal pat Bhgrefoss, instagd of hpying WP NG FB-CPBRYURSRAW S DA ARES 35 EWHIIEH e

i nput si gnal st f 1 LONAKR- MRk Getwid?R efdRMnesAB qlidkBCt
30 the car %'W%E)sgol%gmglmgpt;%gorg@%tgér}%m%%%%r@lustg&gfoc%%bi ng tewo i r?put nsi gr?gl sgfo
form o2& ouadjpstito scopmmodaiemetwark lswitckhiogfevenis.at i on, the PPM can direct the

card logic via the ¢ rol channel. to split _ane i.npu j | nt

output signals. The @&'a 5&‘8\3’?&%%M%Hgﬁ%flo.nﬁg}"@ag‘ C&&Oé@g%l%{rm%l? e%fiéﬂgsnd a
drop out puthat@ke e d8Evdrk P00, InSFIGS 80tht @an@tbidranpits sndO8Cirks atdveot shoven

| ogi c for WO 01118999 14 1 7 MAR 20p. PCT/ US00/, 24104 processing...For
exanpl e, L& Het e gealting sieplifird dliagram vl 2kl RrAYENG eaﬁé‘eﬁ‘iﬂ%’i‘)ﬁg’a B th the

i nput si gn%m{:&eﬁ@rﬁ}&ﬂ%ﬂh@t@kﬁk Qigeal. The drop output is used to provide
a local output signal path, so that for exanple, signals split fromthe

i nput 30 gnal by the Theuetivork elersents Be2, 30626 and 288 aye slowHerolminipsub-

i ncludes a _network adnini strat] kM Al : 418 can
be coupl ed “YBPYR tcﬁﬂ?ﬂm%)r%vﬁ?ésq{fg_ﬁ&éa%%’ga%%q%@%md% % eln;{ 3%%%\%% 0 a
CPM and/ or (DM} W; sptedhilsmstipiekéry 8 1 € ruptityl. anipidieadhidarstirirgt swiechenedules may
then provi de operat.i na informti orl‘h%bout t he ,net rkoeﬁ.e@hﬁ%n the data
network, arBl.COAsERABALPY, TR OPHEleHFYF A9 Thg™Rdug gt Lithal
conponent 400. The adm nistrative port 418 may 10 be coupled to a data
networ k, such as an Ethernet network, which also couples to the
admnistrative entity. The network adm nistrative entity can exchange
operating paraneters with the PPMvia the Ethernet connection. The

adm ni strative port 418 can also be coupled to equipnent that is local to
the network el ement to allow the network el ement and the internal conponent
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15 I n one enbodi nent, the PPM 402 comuni cates via the admpbsﬁxﬁz&ye bus
to a CPMoperating in the network el enent. The CPM control s the power
manageneno pingobe net wor k el ement and downl oads par amet er SPEBUSHE24MA\ f or
storage in the paraneter table. In a situation where exact |oss values for
the card logic are stored in the inter n?l conmponent 400, these exact | oss
val ues can be transmtted fromthe PPMto the CPMfor use in 20 perform ng
power nNenageisReht diingéhaiswhirh dembiiratd thdt efddtderParkai@h et Taf BO flegbsent from
the CPMto the PPMfor use by the internal conponent. |n another

enbodi mergonfigheddo seie vasione netieragpphsaionsydiiont deyigiingNron the sPAPAfes t he
adm ni strati ’ jcate wwth other PMs in the network el enent.
In one er%é%{ﬁog%q,tﬁetﬁgsegm%logénds its paranmeter table to other PMs
operating in other 2B VO®sriflareasaprattehsatevoptivahsighals by adiustablelagapuation| n

return, the PM 402 can receiyv ar ter tabl bej ng used b hese her
PV, hu;,acﬁofs'ilg?rﬁé@&ﬁiaé”fﬂ’l‘ﬁgl SF%%%{%% ﬁéﬁﬂﬁ?&‘ﬁi‘e 38‘8%33) > 980 can
recei ve i fffRodikiaRbudositndl heviape idve] 6-10fdB NEhe bptiRI MaltipioEppae Rt tohat
are connected to it. In another enbodi ment, the PM 402 has nonitor jnputs

422 and 4combimyEvaor meveapbealisigals Sorphannels) antg a)sigle erticelsigeal iR COBRINS nput
and out pu Vel q i X e gﬁgg{ i nput s
al l ow t heﬁlbﬁh%}tggannr%gss%fl gn t(%@g?\egrﬁ% elét?‘%c}%ﬁegﬁgrvgﬁ ?ﬁp%)m%g’e‘gar gf%‘gi c) the
power | evproteof cleannels hpuytbe cbgibaled irgs ohé sigmpl ftirad fachules bpthtths wgridhg lad/progeca

sel ected &%\Ner | evel . .Thus, the PM can use tlhe contro{ ianut1 to configure
the cird FBGRYs ¥y maintaningher reigHve POY go§Ye CTRISRIIC2 44T 4Bl k HE AT ur e

i nput  andeoQptipatt o AR ghd? b Swd Or HlefeRIpiitd) 8ighla Bt rﬂx@&@{)res&{ﬁ angpsneassoci at ed
with particular card | o?i c configurations. These signal |evels are, then
stored i nchanaelpad heraptisal srapiifierysg used o aEpdify aueptcahagnal i ioam ancnpliss: her

i nt er nal oS Th0 Fé{%] L. | Q¥ £

i nput and&g%gﬂ ﬁ%b@?nﬁg\%ﬁgﬁ@ﬁgesﬁc cang’r<1';1ecd(?Bgrl]f??t‘3 1{;}%1& E%B%{Hnygr inraéti:;l ?st) s due
t 0 conponedireasji thg inpBosipndihie daPkt aode tigrel Piviphay &ha signat lotkscfonexahplenput
426. The switch, c roJ.input 426 receives swtch control infarmation from
 swi Yoh SERRITBKS AL (enBE SRGRRS B Tve SEE! PERGORE BA fTIOORHS:
function gfndiparhsot £EufAQRE hdtlvoNDMd!tRe dtfierti® alcB@RENRCRRISORIdhal PHOBIRAL i ON
regardi ng operating nodes of the network elenent in the data network, 10
and then §guRd thsins™erkor mation via the switch control input 426 to the

i nternal conponents ﬁﬁ%ﬁ)ﬁ- WP & HAMREK

el enent may be operg@i;?légta?rnwﬂ&%gzégw tc r?tr)égéeh.ro The SV\IIk/@tAE:S}’]ﬁCOﬂt rogflH nodul e
recei ves smpkfiapéi4in the signflgratintforoigrfal bmk 2 He Thés aangemedt isused Wasovitlet o t he
interpnal ¢ onents .of the network el enent. The PPMs (PM _ of the internal
conpotbnt EBE RevamR Rt PorerRp G eesTArg VR8s e G IRt R e
defined byepahu€edlSy & gfedt disthce. I \Sorirake i Inktwdrk RléneaRR0QWne 206 RAV¥HLWN
paranmeters . may change. For _exanpl the PPM 402 uses the swtch caqntrol

: : le, t
i nf or mat i YithPEdRs ORierahemplifiers )4 wrheganal apthiZzd gu T hipsrangereeit igesed fighen the
oper at i ngnMﬁ(eaEmkﬁg afel] eleﬂgﬁéfrto% hé YA dd@fondl afrlpBheRonRFRIB RS isindt t he

parameter table reflect the internal conponent’s |l 0ss characterrstics. FIG
5 shows arequitedrpiitesignapatteanatiosymayilid isq®ed. f or use with the internal 20

conposent 400. The [aneter .t 5 i 1.t ¢ch -
col umf'g | abel ed, Noﬁﬁn%fm%Ml,tc}ﬁ%ri%ﬁgwag?3%%285‘#\{%0%\6&%%??%ﬂ%%‘@m%%%&%,
Equi pnent elSwiehic Hns0fheaasts,ahdepticalligndicart raited fodbypudstanietwottederhas. For

correspondi ng .i nput and out put power |evels shown as ro | abel ed, I nput
| evel 5129*8(5%1%9 dewpastrats how a ggngl maybegputed &3 bypassa pEWPRNLFIeDEmh 887%!n t he

third rowssnensRANEwkiiSnduP8Endd2n089Tht Signd1NLE i RLAAMRRNEHal haeeth @0 the
switch node. For 25 exanple, in the Norral h node, the expected input

switc ,
si gnal | evede 202, agd fmihennouited aéongsignrlk linkg? 10U pade 204where liteaxits thesnetGomRin
Thi s pr gse Lnternal. | r er
tabi ¢ Gos iR Aele o tiRae PP sholfd BanaF URKP10 PELnadedir BHCARE ST
nmodes of ttevailalile)riveg swih30h esdirects ki8 sighab B farrh thecdigrchi A2y, aTind ©ignad 38€cond
type of ,internal .c opnent 60 constructed in acgordance w th.the

Y Boent | IAJBHER DRCK SR stEar ik 71045 s A0tERE hestioftrade BScARekkss Tl s v
cont r ol | ehod MR THIO Atz RAPpAH allGwSthe ioHFl‘dhl S 8 byRdLsignb EnlVOR0.CBfom this
attenuate the input signal by adjustable attenuation factors to produce.an
attenuat ed signal 615. The attenuated signal is processed by card | ogic 610
to produce an out put signal ~~ z ~ zoos WO 01/18999 PCT/ USQCO 24104 16
614. The VOAC couples to the VOA to provide a control |oop that can adj ust
the VOA attenuation based on power |evel changes that occur to the input
signal. For exanple, the VOAC adjusts the attenuation of the VOA so that
smal | power fluctuations on the input signal 612 produce a constant target

- T o o o o " ~ N~ o



The internal conponent 600 also includes a power nanagenent | e 606. In
one enbodi nent the power nenagenent nodule is a PPM In anot n#8Yi nent
the 20 poyer ggenent nodule is a PM It will be assunmed ﬁ@fm§“§4mr pose
of the foll WIE% di scussion that the power managenment nodule is the PPM A
parameter table 608 is coupled to the PPM The PPMis coupled to the card

|l ogic 610 by a logic control line 632. Te card logic is representative of

o1 gnal s e HERE da8R S serBie e AlBAB R p L rokaBb R PR et ieb olp e
to 25 the cRibbibstid i ke ﬁhaﬂﬁﬁﬁﬂaatﬁzgmbwinﬁéﬁtsﬁﬂﬂt rebdift imRMibe aiercﬁﬁlgﬂ&dto
information fromthe paraneter table 608 to the VOAC. So, for exanp

based on 2REUBPEF s4ShRY-PASEEPHRUIQHR the netwesr sq:f@ﬁbléﬁfemss'@ttoto rﬁﬂeutﬁalﬁaﬁét er
tabl e cont\@dlfgena:g@tgﬁ;;pgtﬁ &uﬂ@ﬁ%bﬂk&@s expected input signal |evels and
resul ting signal output leve these paraneters can be transmtted to the
VOAC ffom t he PPM aYdhansesigrad nsdeut;drthmegh hpetvork atemnuattm@mempqugml ch

result in 30 Si evel s. co tent W, £ i t
(Tonal 1 oddrdit HiRe chP¥ S SORE I whh fehtf, TRETEE 1Ml BRbRM B )
operating thmdlffaﬂ:nn@pmﬂ@oﬁtpeﬂ&nt usedlig t}@tém@mtdlah&xttahe tipoveatingpabgetent in

the network el enent and downl oads paraneters tq the PPM for storage in the
par amet er Stggg| tBrough the netwerkisieinenin &g & result, to qhign sopsistoh trrnSEtRgFigny!l

PCT/ US00/ g,éwteeeq@qg e JoR&s omteqﬁenta@t:?xtqgsn&?srdtttegercvogt Betiht £ th@s@%‘?
i nternal c¢onponent 600, these exact s values can be transmtted " fromthe
PPM t d0t h@amamnsumughtmmﬂwmdQnMWt beacagentedi forf uncti ons, and then

addi ti onal paraneter,s n from the BRM for

i nternal conponent . oﬁ}? g g‘trﬁ8f%h§r%%sﬁpwmngppﬁse? OWh atr?SMClgﬁﬂ th %??13}/1 Sé? Wor k

el enent. athfrétyinb6@6204stodmodé 208 VDA S 1 Oraftdogpled &d sxgﬂm faﬁblstotﬂ’t&lgpﬁmﬂfto the

managenent fqr %-}%%ﬁé res ectl ve jnternal_ conponent. e internal
n

PiVs
conponent STHERle e 9‘% Erﬁv’éééﬁlué'tahgra“ﬂ‘%?npﬁ do éﬂfrﬁlgﬂa& # \} ethus and
can CoMMURYoGR}s&albE Bal@ﬁ@ed'ﬂ%f&& ey sifRfese Wi B d ket ahusafe Eﬁ%nﬁ?ﬁﬁ? sed

via the admnistrative bus. 10 A switch control input 624 i's coupled t
bot h tlhe VEwCsimldr pavecrevels When eomitiined ansiraxperienic pmxlaréoaasewhcrotrptswmqﬁe

k f d o
net e SRS TR b B o PR en R R A B AR € e
card | ogi ché §igmdciesisr YeenFatanexdinpl e, if the network node is to operate in

a ring switch node,  the svmtch cor}trol i nput i ndi cates t 4‘-& node to the
VOAC and the PPM THRORREDOHMERPTIREPTERRAt SIRRRID: SBYAT#SPoqulFsAr fritted Sithimy

access sel %W&k&%ﬁ?i&ﬁ?plérﬁ&ﬂééaﬁp&%ﬁﬁﬁﬁgém&ﬁb'Iﬁxrf'n% 16861 phikne VOA
attenuation settings which result in signal levels consistent wwth the
expect28d imgageraend, loss yalues ghrgngh a netwerlgelcmh@t anebawsd lenawminaldessarluehigsor t
626 can c -
i i ot r Snh B RoRSLAR 1A HE MR LRt el NS bt P o
configuri ngaxtulf@mra'rcxalxbmgomvﬂméls ﬁmdadtmfph@nmaﬂmladmpnnatts abithae ekarht dorssmtluen to
t he PPMa he operation of net rk.. A wavel engt h mapagenent, j nput
630 15 codft S dueREoqREn: Gop B Gr e s il BHOPE G A FRH SR Brb i
stat us |ndetBi‘mﬂ1%B@1el’lB§sVﬁ'ld%s f6ro¥i griderdted thiolgh  AeMorB eRARht. MY initially -
conpri se four wavel engths (channels), wherern the VOA is configured to 25
recei V& correspondi TGS SFENFANANASHBENT QRROWST In the SYSEETR @REHES WHEN daoRdibionyt hs i n
e ol but ALERBbIGHBINCE ol A Rallp! #BE Y S/AURRG SYPR At bROL ARG Gpetd e
wavel engt h manageneht |nput rovides in |cat| ons o ese changes to
VOAC. The M@ﬁ@kmkmsmt hSrsali pcbwrrmtcmamnsaardcaﬂmsueﬂ IﬁB‘ auftomtte:aayﬂaerktamcomtrdlact or
of the VOAr lﬂ gldég . 1f.so ge .VOAC u s gatt nuat i on contr ol
line 616 tO°Hdj 8&5 K P‘E?e?ﬁ g7 dhen Rer F“‘éerpctvtfé 6&"’tg %}@é?"é‘s‘? t he .
30 chan g e VOAltb @uspblxgﬁg%fcnﬁindﬂaﬂbﬁtrsn ar H?O@é%?ﬂgaégﬁmd cﬁh@b@vgto\tgaésyiemt(&g g
inter conponent i ncor porat es the an to provide
f1exi &%% i tryl&%“%fﬁ eyt 81 § Fhanngl fapureh aviyeh may gesull dndacal té&’é‘t %etttssgtee@uce
accept abl Ehp@h'tfe@tﬁc tard evels. In addition, a wavel ength managenent input
MAR

provi des 00 WO 011 18999 PCT/ US00/ 24104 18
The power management controls are:




i nformati on about network routing events that may affect thf nunber of
channels in the input signal, and therefore affect the powe T MAR 004 Even i f
t he nunb 091f/1§§@’e| engt hs does not change, adjustnents to POEUSBRANM t he
VOAC can be nade to respond to changes in the input signal power caused by
routing events or signal loss fromother,means. 5 FIG 7 show an exenpl ary
paraneter table 700 for use with the seddnd type of internal conponent 600.
The paraneter tgble itfo ' Snpigehtoonel tHeBsticahmplabel ed,
Normal 702, Ri ng SW%\?@A%EJ%@B%?%&E?ESHT&%W 706, Equi pgrent gvm tch
708 and opdwesr. 710. Each of the switch nodes has corresponding i nput and

out put power |evels_show.as ro apel ed, | nput |.ev el 714
and Internal |o8s 7}:3‘? Wfé“%?“‘ﬁﬁ(‘ﬁlﬁ%?%%tﬁsl WI?“W@ N e %ﬂ@%%&ﬁgdn%egde{?fe{eﬁ%e’
expect ed 3Rl To BHdendatd 8o MO ASediBIZAME widiking @fd bidtatg omplipihiansilgnal | evel

is -6 dBm This results in an internal |oss of 3 dB shown. The paraneter
tabl e ¥00inderepdenidy befess being mpkiplesrd Ry g SBRGBREOPIW P8 to indicate the
hunber of wavel engt bg i aaliidatkd iﬁgﬁﬁieHPMEal%Whan%dﬁ?ﬁtm?'bS can be a

w de range in the nunmber ot wavel engths 1 n the i nput Signal, the section of
t he tabl eirsplenmntad viE2ty tombinatioe of bardwarschndéorsefiwars within haetwonk elementyt put

and | oss I can. be derived for,different nunber : i.n the
i nput  si g?fg? .}Jﬁ%‘i‘ﬂgg, ‘%aﬁa‘%&?%ﬁwe?{qlgg}ogu%é S‘ﬁq%pené? lgi%&%g?ﬂg%\;s\)’etﬁ%e%g?egpas
they rel aifehtor, RetHUSEIRE dedcriptivsd eMbt hvdures phevidedinotiet greeabnsafdhis he

vari ous operating nodes of the internal conponent 600. Exenplary Network
El ereh®s gocumeatfol lowing is a description of two network el enents
constructed in accordance with the present invention and suitable for use
in enbodi E@Eﬁmgag,ﬁnpmgm i nvention. Follow ng the description of the
net work elements, exenplary methods of operating the network elenments in
accordance with t he ApPeserivanagemant oadule Bingewthin pech newerk elganenkt RGNk

el enents desct.i be ein.are int ended
S0 o5 | & nrEphey BBV h g ETnahe DS X AERN by @ MaiRmit
accor danc eCPM dduk: RALIHE Mithimy&htriode andtdhménichtivgswith PeoxyrRomar y net wor k
el enent 800 constructed I n accordance 'th%gtpe r.ese%%. i nvention., The
_net worR eﬂ‘@ﬂ%ﬁﬁmgﬁépmﬂqdé@é that raLon Fﬁ\@%r"ﬁ SB’&E&‘J’Bﬁ% ?ellaé?ﬁ%?}emeéﬁ ve of
the inter RghGRHPARRIE aHode WAk ¢hteRb PednféRIoRE afGhravisitaEd BatwedEd) thrrTPMO

400(3). For exanple, the internal conponents could be confj %}Ijr ed as a WM
for 400( 1)¥eteamiogs pewertarals xarpmeterscrd (i caghintes fagpess I sHectotbe SPM Fristoeniidiek

el ement 8QQ is suj lie, & oL - F'M\ﬁ: a?@t% 56h fresoonal oa
in an ms%gzwﬁfe%n\%g?i\g%o]g‘Feelég%fly%ﬁgﬁe %sp% ca %ﬁg%ltté/\g?%n]da 8%%'r d{];ﬁrdo y ?(E)}Eluce an
optical ouibgelt Tlsd QP st&@d theFOpowdrararanysters reitnigttemalknehenye The SFY theows

details of a signal path in one diyectio ver. it wll be are t.o

Choce 2 ¢ HowRfaefs Ths rbier aframetia: Chebtos PPNFERvES HBb e 2 Pad o ihe

addi ti onalpphAGiigreltRe pRAMLRr RECANM oS i FPRFhmBRE Mubled 16daeed @Vl Cardi TRELi On from

the one shown. The |ogic which forns the second. si g%nal path is shO\\ll\g_ at 850
[

and pr ocepsmmeterdafoonatiomip atsogreprarted s CPY s i adiscet podesSorrt QVEUEVEi gnal
854. Thus, .1 ' I£GhUh ; ingnhal pat hs
in the OBSMR né{}%%?&gﬁ%ﬁgﬁ%n%%gcﬁ?cﬁ% shoﬁgoi grlgg?g%)flsﬂ 0 ftgci litate a
cl ear desdranghited.to i@mlhe three i nternal conponents 400(1-3} are coupl ed
together so that the input signal 802,can :

i nterrfal conponents ‘F8® Brﬁmlgoﬁrﬁgﬁoﬁ?%ﬁ?r @%&%&%@g@%@ﬁ&eﬁu@#&e{a&gﬁ% %802
is input tade Akamdk afteBufbiimrlenePo%efMahsgetent motdwles Hetdmine pard eigeto8adl of
the input signal is split off and_i_nPut to internal coppo n;} 400(1). The
si gnal derfdBe¢ PRV enRaramsters assiorathyy iniamelen P PERALCE O r it d™eBC bus 810.
A second ' ' | (bl Q41¥BVéf each

el enent 8 ?{%rg%%”ggéf\me%st ngmhﬁa%%&{bﬁgﬁlﬁg;o %goégl(ﬂ%t@g%ar%h% %)n i nt er nal
conmponent sami interface. nEheiBewearMardgement moduies thRnrindo aerds losatied atihe RashampPM 826
nodul e vi a_a, ne rk adm ni stratjve ion
of th niefha SR e Rk PoleSpaeiek 1S M BERR doaBe P REES) 07
the 20 internal conponents based on their respective operating nodes. As

i nt er - car v arizbecOpticah # ttameaterg VA | Xloddale t he CPM conput es i nput and out put
power |evels over each interface and downl oads the paraneters into the
paranmeter tables 406(1-3) associated with the PPMs. Dependi ng on the
specific card, the CPM nmay have several interfaces for which it nust nodel.
Each interface specifies: 25 The average input power |evel per wavel ength
received at an interface. The average output power |evel per wavel ength
transmtted fromthe interface. The output power |level is calcul ated based
on inputs fromother card interfaces, the internal configuration of the
card and its associated loss, and the internal path | oss between each

Y ~NrN - .




a change occurs anywhere along the path (e.g. a card is remoy ?W@gjded
or the input ~ 7 MAR 2004 WO 01/18999 20 PCTNSOO/ 24104 powe

changes avowhessset work el enent boundary), for all connecti BREUSPHHE41%% e

i npacted the CPMrecal cul ates the interface power |evels and downl oads the
new paranmeters to the associ ated paranefger tables. This allows the CPMto
adapt the network el enent to changes in configuration during installation
and hardwar e upgr adéke VOAsmreinsaedioodelnsed cardhwitiiowech mawarkesiements Encit egy

per ol R sl EBp Bt B d oy ST W IR IR hone. L e

CPM anal ypgreside ad;justabrr aighufiohi alcapadspendtqadkly ©Stall chisges pi thie égput power
switching, The worst-case output |evel is SI nal ed to the downstream

nei ghbor . [CYHdS BARIFR.A ATECH ALPWIRAYE leyel Jhsi P & aredisedim assasiaion it sey fral

Nt Worsk e &v&%arﬁg@rﬁe&%ﬁddo@ QLR the HEtWoﬁPélExﬂEnt% giMranted IHACThY AEMRIR

t hough, are expec during provisioning of the systemtoward a conplete
ring. V%e@lh@PntﬁhétP@PMnﬁsmmgutvubpqsmmla\mvcmgﬁut power to the next node
depends on the adm nistrative state. In another enbodi ment, the power
rranagerrenswﬁwlg% g@ af€auires that each network el enent corrpute si gnal power
| evels to best possible SNR for the 15 overall network. Based
on received paranet ArSwnttﬁmrgMbdmIre optraes Mhnaﬂw)ozleslemba to ptevidehetoptk cal
paths to deternmne howto, recei ved signal s al n thﬁé?est

possi bl e BKehgn Hep Wé Hﬁ'ﬁ‘f“k BIGWERt S2F S¥A% ?é"’ AELHOn

el emeryt  afeuit@MRUEEhiiR cheadTeBefalbn ﬁ@%oﬁﬁal% kinB QWb ke St Imaa1E Chi ng
events. These preconputed values are stored for future use. As a result, -

when net wWBeRUERE Qrethie sgnesyrasnetworkedemgn! indirates shadyileh sventim ssaeieted ¥ Qe
stored pagay I themto quickly adjust to switching events.
The tinme ne%ﬁ)awg%%urﬁg#ogw%omr paranmeters as switching events occur is
saved. The CPM supports a duplicate set of power paraneters used for

f or ecast i WMgvelanzth ddanage §. These forecast power |evels are maintained

by all cards and si ] : ound t ring, betwe e nent Thi s
supports the addi tlgnrwgfgﬁrf@? ﬁalnggegn}) ueaoé’e%feér’i%f’a ﬁém[eﬁ% Ebmeﬁtﬁ}rgaxp "B he
ring 15duri p@bal viEwbe sl elenghd tctibinet e the eyblentvaiidithait btafRWEIth tegyRt & routing
reconputed ahead of tine. K Then as new conponents are brought into the

traffic peitween purqesnddsstinaign nadesh Beeidanagerspanetvark slemeaisdndisatadj ust t he
i nternal &%@%%Ntat%?%&ﬂ»\?&ﬁ R&flcse e Rk ﬂ'reg{#eﬁjrr?@pof%ﬁnﬁéhﬁﬂl 2 (fé@tlé[pfr sifal OW Nng

is further description of net wor’k ortion 808 of
t he i nputpath gheaigesy rﬁbbeWgprsngih aeang gdrieceimes thercanned) status @ud Iu)dlcaieqdhtsduce a
first out npu ernal, co ent
400( 2) migx:f&erm%glgn to @o%c];lln 3 t\/(?’k'} En"iit ot@grgntex%af &) nnglﬁf wr}?un t %E%twa? léglcrg;%gp

out put 814. An add S|gnal i nput 816 1 7 MAR 2004 MD 01I18999 21

PCT/ L&Olmmmsﬂlpj%um card logic 404(2) so that optical signals may

be added to the fi rin E%%}P ent ?’roqectlon 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 intemal components and not intended to limit



812. A drop signal output 818 couples to card |ogic 404(2) sgi% ﬂ']gnal S
may be dropped (and locally received) fromeither the first na
812, or ifweasheshl e, the add i nput signal 816. Note that i RCEUFP/24104
conponents 400( 1 ) and 400(3 ) may al so have add and drop 5 lines (see
FIG 4), however, in this exanple, they ?ge not used and so are not shown
in FIG 8. The second output 814 is input"to internal conponent 400(3)
where it i ﬂueﬂﬁﬁ@ﬁi&ﬁdﬂni)%oﬁ@bﬁknkmlﬁieh e oniteucprdde ueeridiee Wihrtde prebat
signal 820, The third output signal 820 is input to signal conbiner 822,
where is iinV€BWM-ned with the OSC bus 810 to 10 formthe output signal 804,

whi ch can be transm : j I : I B net wor k

el enent. Anot her si gtr}:gﬁ %?ﬂsﬂi@@%?&%ﬁg%eﬂﬁ&\é%&?e %g%%}gﬁg?ﬁg%#er nal
conponent scadp¢rien8 00 avrstrastsd firamsenh APRMBork Gien8in zmdrdasesovitiathedresgntanet er s
tabl es 406( 1-3 especti,vely. Si t he interacti f..the .PPMs wWith
their assso VERRA ¢ p%gfcﬁléoﬁ%gn%ég@%@sgrdief%é%ﬁdgaégv%?%g?ﬂg Fneofl erenhce to FIG
4, it will renodvabie chdd tHasisdheslldbirie a nétwerPBlmenr. €rhednigtrat cérapdreat 400

adm ni strative . bus 828 so that paraneters be exchanged_bet ween f{he CPM
and PPMs. FHEPRISRI2RAY cE Magagsesy wgéulﬁﬁg%mmddﬁ cwflﬁglaﬁ%%eél RFARRAdIRER | e

824 via t hﬂmeﬁﬂvgc?in%ﬁéérhé{ﬁ mYdSie iIQPPﬁDMdidg@ra?égm&hﬁﬁhﬁaﬁ@&i!fh i geniRMp of

ot her net wor ements via the OSC bus 8 The network adm nistration bus
826 coupl esetvonictinorekt. Adranpthst erabadireerd the powe? a3gement moduleRd/h atadd aleae PPVG

nt or ni 1 of (e B THEE g SURRTE L E A Hane HaEe e PrRE D

adm ni st r atémmuaivhtiby withotie PMY I88décon @hadhtsmaPEIrhsdieh® Ritiin BRywerk a
device or application that is local to the network el enent 800 and coupl ed

to the buscBZEnt At Nt ke prsusEA ket theqroviepmapaeemepiPdYe i5? PR adni ni strati on
bus 828 10 25 recei vVey BebWoleKaB M 408 WHih dont-H s Bakdrilers WO duhghifd WOr K

adm ni strative entity.” The network switch control 834 conmunicates network
swi t chi ng previsioning ohtheanteime! PR 15 ThipledpnthetPNIuPravesiomag isthe prosess of

i nfor ion th PMs ,assocl at ed wit,h.each rd. e o} 4
coor di Tt oBoRBE (it B IR0 AP TR B EPERE B roalliCecidoteat i Naclfly |
el enent s oweropeftinghodeus telidterid Cordp@izpl. EThetsighafobd Baomplitedfomaith troute

paranmeters, indicating the power |evel of signals transmtted fromthe

net wor k el 8REFPTHOD thopaypeteriablef88es, via the OSC bus 810. . Thus it is
possible for the netvwgek,gl ram%@@%rfege {RGELY Sifffent PRULssHGRRidARYAd)Er DOt h
a data signal and'%\g%%n?lgrlﬁétgi on, s Ii'Pathe t wo a[rjla?{a, sSr gcesslthe dalfa

si gnal to sighalzoufingRhapihe im@nalidongooent AOTpeISTeIs2 F004xapmplé.dhercard lagic pant  dat a
si gnal ,, pr h C i nformation,..nor ce new Lnf %masti i ne
t he ne%\? OS%%?% rcl)%an%f%‘nm\?\nmf( ﬁﬂfeﬁéemgllrl}tsbﬁ}ag at %lgcﬁ’ﬁ%% ,g{ltglﬁqg? rahs}r%‘lﬂfm%i ﬁg@?&
conbi ned stigrnatdlogic canaepresenn e bighilkmetigineanior signd! emOB G en eherrikput fsighals9
shows a bl ock di.agram of. a net hod .9Q0 far o&eratig?ﬁ tjlilﬁ neé\l(\or.k el enrent 800
in an opti 8% CORATGT ¥ PH! 2RAEOFIRTTELS Wi 1P FOTHhH P SHBAtS THYEATE 1 WE PaFient hod
900 provi dgpuds KBNWHSH dHeld? Tad?é BH1R2Psi YA BE thput) @nd BlgBAINRApUEPMI0 RBBESorfe QP (

+ 1-3 ) are configured to transport signals oveéer various signal paths based
on the opeP®r¢ figngls aresepitputh Pasasddraghe process perienmod by the eard Aegic, pewver ksvek nal

| osses,f or t I angl; [ es at
each |%§t erna %(Q:%r%g’o%é:ﬁf G"‘%g‘%{f{hg&'&g‘g I on |t$11¥1 gl{gﬁnglts idg?]ur@f)lrg%églﬁlﬁﬁﬁgg f%@gﬂll
possi bl e oubmpbinirg, gipahl dphivaigantifooitérha lossesasor k el enment is transmitted to an

downst r eam adj acent e . Apstrea | acent el ement ransi ej
configuration infor rrglt}ﬁeg%% 801 E&oﬂéf’%ﬁgé 8?&%‘3 v%ﬁﬁ?“%ﬁémﬁg}%aige PPM
conponent s ugds@hé s cBMmeoRBREtaR ok a1 gnaTithee bulting OF PRickRheSandibnk thew
path | oss paraneters are conputed based on the received information. The

conf i gur at Mt OPerRISraethE inpul sigagaioforn dieavgad signalp Betrxampds, fisrBEM can direct

30  the card logic via the control channel to combine two input signals 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



15 el ements. This process continues until all the network egwé ettle
on stable configuration val ues, whereby the |oss for every t ugh a
net wor k @Jces@mboowi | | be accounted for. At block 902, the nRETWHSR/HI¥nent
800 is coupled to the network adm nistrative entity via the admnistrative
bus but is not yet coupled to the to d network. 20 As a result, the
networ k el enent 800 does not receive i(rﬁ) t signals fromthe network fiber

nor does frBeesoink PBbr éxatipd, IdcaDeiEidlepraeided e e adEmbupiy be acsibinet edthake t he
network fiber to other elenents in the network. At block 904, the network

adni ni st r @pRtsieTshta foym thaaite ggnab rkhegliPmeRBHt 18 sedtarEpde g 1993L08PRY 826 and
t he PPNV i of ,gﬂ{sm i: L s kYeCead® IdMiScBHe. The
confi gura%};%atrllggtgr%ntg%tgﬁe e cérzi@%éﬁ%gwlt (Serﬁi%l?léta% ntg:!llé%:agﬁ%oner?ts daglrkzc

provi si onedputdogallycess si gnal s under several operating nodes. For exanpl e,

in a normal node of,.0 ti.on, .the interpal _caonponent 400Q( he .
confi gq(jred to derrulﬁ%ﬁy _@2@%‘?&&5?"&5’@9{{&“%‘%&3%?8?‘ﬁgr é‘h)ggﬂrr%érﬁgntxve

si gnal s fgdrt 4 1Wekn HeQolipled tdd RétRatk ARnRREElNe KRO(HEh mbReolpit el PPMaoraponent
400( 2) rraéBbe configured to add a new conponent signal via the 30 add input

and nmay dEBM andlorgmepyark administeative snina Toe pminisEatiye SpLgUPHthen pRRy1de

resul ti ngo,gegmg%ﬁﬁf&m Aot B fe Elteh,gnti'fﬁhé B8 hBlork UHR QBRMuéRB( 3)

whi ch nmay be Igured to multiplex conponent signals together to form
an out put almiugtheloptrating mads nf ths iintamehcanipondat 400n ihgadiinistragyepprtigidgnayy3 1 7

MAR 200t PCT/ USQ0/ 24104 At bl ock 906...t he CPM si nul. f4guration
of eag(g i ?%‘?"‘r‘?ﬁq t88@68%%”&%”&577%?@5“&g%tgiozlf’e%l?%glgo %’)a é%’eottgéirwg for

si gnal pahdindesaed aitef Thd fetRakiadanifisitivegnibdean ekbeagelopsmting pamekcers ar e
stored internally at the CPM At bl ock 908, the conputed %)oss aéarret rs are
t ransmi t t &dthttlee REMpyigthgEthame cornggton. nThgrdminisgapucrqr 41  CURt es.

The path {oo%ﬁﬁgﬁ‘?ént fat 1%«‘%& (b the 8&"&%‘?}& @fg\x}r\iglﬂtttg Ai1B% tRehAWReElchiRRY Shdthé

represents 0SS 0 e car gl ¢ when operating in specific nodes.
Thus, at {renaaopipenindA0®fo i locllyd@8figuied apdmamsained.t abl es of the PPMs wil |

descripe power |oss;characteristics eir re I,s i . ent
assoc#gt ed with varPloclP§ eaﬁygﬁg?qnﬁfdﬁ%ggl&g%d}ﬁ?nx?U%PzggiWé?lhé, %ﬁé&ﬂj@?%’%%

el ement 8QEPN op&rbifetid thendriverk@ihehtN TheOPM tontfalcthic powee inantgenanpirt the
signals fromupstream nodes and to transmt_processed signals to d stream

nodes. ThaeeuptiFrgntand dawelvags paigmerrstiadhaniitMopksiererihtic@gtrmalss tre
acconpl i shed ﬁtiggm&%lexmx&s valies ﬁfrttl‘ﬂél)fagd RbRR s @NinEe REMal dompenertect ed

to the network, an operator physica connecting network fiber to the
net wor k ekedmhdse ekact koss taAuestan e tradsmisted Svm thie PP tavbe ICRY dowe in s

physi gal | oupled to the data_.networ | [ | s of
t he ngﬁwo E%%T’ﬁ%ﬁ?w%éﬂa"ﬁéemﬁn (glbné:nl\ﬁgsn'tgp %&%&aﬁi?ﬁxgﬁﬁ%‘é}%ﬁﬂ%% ‘f!h[1 gg%ﬂg ﬁ%\?\n’a t ches
internal tie Chd toeico®AN fel eebpthe ihtensal abmpweena net wor k admi ni strator to

remotely couple the network elenent with the data network, .sendj
i nstructions over tMWﬁFSP&&WV&W&%PRWFBWWW Wﬁga¥ﬁi %?ﬂg{&%

swi tches. p2pud ¢l Mni@%ﬁivletﬂaﬁl 16 6B hiBROV 16 6 flel BSLs PRI WRIOb%k elérerithtn OSC

channel that describe the level of the input signal which wll be received
from an adpacwmhediment thedM 462 senda its patamgter tabithito athertiMa aperatiRe Bty t he

networ,k el.epent that transm ' t "elg | . The

par am% erg" z“i"rntaalt ‘:roglgéjflelrétfjw\ﬁ}?ué] tﬁg%g@g%‘&%{y I{.}ﬁ%ﬁ%sg%cﬂ%? rogl e%ecg 4 and

f or war ded paranickes t4BRlbeig ustd by thesaiother BMe TR, dits potsiblp thatthetRiV 08 wéthet he
OSC 25 to.an adj acent d stream nqgde (.not,sho . lnitial .the parameters
i ndi cat e t‘?\‘&?‘aﬂ%’r’%ﬂ%i"ﬁI48$ga’bfe§§‘§ﬁE‘}c}g"%%ioﬁﬁb??ta‘ﬁgh??té%‘. O@Lééf‘{%gfa?dat a

si gnal s argmpbitts the: drd\eorneét@idit. and signal power |evels are detected, one
or nore configuration scenarios may occur. In a first scenariq, _shown at A

in FIG 9, the exi st anpthessmbgdiment.dhe BY 4032 sramiekingptsdandd@4r &8¢l ts in
acceptghl ol ingdho3 00BN in@ PHNAR mbdHER iripult Bhd UButl fbvdifevlil 6 RO k.

In a Second scenari o, e downstream node cannot
handl e t hdogit.gRad examalesiiie mandtof inpmistatiewrtbe R o retasms(bas@®n thegonfiguration

duction. T f i ' .
T anal 1 i SruloR feeaer i aan aurb S et AP AR IR Sl e,

third scenaletiad powenisvet Thus, the PM can use the control input to configure the card logic and




~ 7 MAR 200 WO 01118999 PCT/ USQO 74104 24 FIG 9, the inter@?l mnent
400(2) cannot handl e the signal received fromthe internal WB(R)‘?: 400( 1
), and sGyohffesst s a power reduction.  To conpensate for t RETAIEOYYPY e
signal, the signal levels are adjusted in accordance with the present

I nvention. The nmethod 900 denonstrates we three scenarios in the follow ng
description. 5 At block 918, the scenari® A begi ns when paraneter

i nfor mat i @an fepdr@hpUPaid Sapit peivecRIELs dReriifle sighsidevel ginaiged aswadised hat
will be transmtted to the network el enment, 800. The pararretgr.s are

transm t t with petieulenesrdisiaernfisaasions dThspe sigaaldeslt A SIEd ge which in
turns for g@&g&e{ 361048 Will %V%%%l@z% trérn@lgxitga% %ﬁ’feﬁ: HIRh B nigdReht9 fSthpar amet er s
CO 1 an

for the interna nponent the determ nes that the expected 10
si gnal | enewsrkcademére. aBedimertlyimorpioniog siweinpinand putpsis pewaoleyels, the PNitan cpm
stores_these re conputed ar?rrefpers in itts.i nternal storage. At bl ock 920,
the CPM r&CeUHIok etrﬁé“?tﬂ%ﬁ US HCBRPGH 3% paraneters for the card

400(2) based on theppfpdas BBM shdRRé BNEiRES skich cbgtraldnslit 406/ The switth CPM
determ nes that the expected signal |evels cap be adeguately : c&;sed by
the card eowpEbinputd26saeives swilsh coprpldpigrpation B arswifs r?ﬁﬁ?%ldn%‘?ea ters for

200(2) 1 Netl oty WHHE 18 oSk Bfenfl THY @g&&?&«yg R6ir P81 GBI IOS rbdbvel NpUL

and out put T oss paraneters for the card 400(3 sed on the updates to
par anet er getfvork infoemation reg@niii®) opeTaimg@Rdded ef therrietwesrkichement irethedpeaeteprki gnal

| evel d tel : d by th d 4
stor el0 ¢ neubhrEbEaas Bk R8T BF sWich Sy bipu 24 ltoe AREp A onklfet b
At bl ock 8R3etvidiR efeRMnbaEorcREBpR] 8¢ netdiRlcaient Alag bk aberatisg frod risd switdhe

i nternal conponents and downl oads these parangeters to.the PPMs of the
i nt ernal BWApoREHIVtchgoatrpmRdHE Jecstyes tis 9mqt}ngrlg§>§@e}l?q,§0fnﬁg/gpﬁgprk and

cormponent Erog?d%gﬂ tQtheliflferlaf Eﬁhﬁgﬁnﬁg{%%&k MNmBi0aihe PPis (PiVE) SE now

knows t he“expected I nputs sig ~fromthe 25 upstream node and the
| 0ss expeitterdalfcomponénes isetthe switchoamprohimferna@gion toradiustigne} patkydefiged hethe

signal _|I evff{sh-l a%é-? éﬁéﬁ?ghﬁpﬁ,ﬁ%@@”ﬁuﬁﬁggﬁé%&% n?gé’ﬁ% e.ell:oq'@%}gplgwﬁe

accor #ancé aranerers propaga own t he

net wor k, eapiu@alseih skkieesttrdl pefoiaiontrecdividdedt fed switthroneol inpard2fed er
tables and the resulting revised paraneters, are {ransmtted to. the next

el ement i Ahange theaREAtig TRsle o ierRardlogics IpaRme sPedieier THBAERS I e 30 node
-upstream égﬁme{ep?abﬂ:elIeﬁQ&K%@i'nwtcoﬁiggﬁléxft’ﬁ&ts cRUBkrisg¥el s transnitted from

t he upstream node, then the network el ement 800 woul d update its internal
conmponents to refl| eEIG.theowsahareoplanmirametastable J00donelevsittethepriempkt ers to

the d stream ne rk el enent. ~[ | nai oa
At bl QK SSBPORER 1 1 °e%{a“b% sialp 808 nd i %ggléﬁ\ﬁ%’g&#gﬁq ﬁ%%‘g@%’% labefil e,

then the MRHARIERORINGr SWiEMHS0ANR gt SwishPdso ThmdHice Et hipnrar Switle50& anld| ottser of
the internal conponents with the new rdecei vedar%ar ameters.. | f, no different
par anet er 316, Baghef ghe switch modes has corresponding input 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 intémal 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



then the nmethod 900 continues on path 930. At bl ock 932, the data network
continues to nove toward stabilization. Even though no new a7 eMa 2006 were
recei ved by the network el ement 800, other network el emant? g&ﬁ 02{41“ be
updat i ng wheins®dcal paraneters tables based on newy rece ¢ ?) rameter
information at those nodes. Eventually, the network will conpletely

- stabilize when no different paraneter inkormation propagates to any node in

t he network, whereby all 10 the network el ementf have stabﬁhe ﬁg ter
tabl es. A614 HHEhe YOAG coupkes tp ghesV Pértopreyide & poisel 199R that £7n fdist wi l |

be_account @8y vatBeof AERE le0eIRndIE R baleto fieYhtt GBAl. Fevelanthanges are

made to acconmno e 1 nadequate signal levels. The 'scenario B begins when
new par an¥OAG adjusts viee atentdt®netthoVIO Actcetiratrsma8aower Brstustiong pn theiamitnode.

The new paraneters jndicate that the 15 power |evel. o i

t r ansni tt%‘&“am%d PTRICE A SPRYHH IHEEPINET 85@“\;@63%%0?@&5 B;g]‘?ﬁ% %{% W K

el emeny  8Q0npdMenPb@Lki193¢ thet VIO ANGDY tsgfcam 186 Sapabiity focoperitd bved aovide t he OSC
and received by the OSC controller 8

_ 4, vvhic_hinturnsfo%; rds t{) to the
CPM 826. dynamiprange of inpytisignaltlpeels. o khqugh dhadpiemal Foyppangat %ﬁ%ﬂ @gwponent
400(1 ) a ﬁt 1t ﬂ@ﬁh%'% ftl?,eot%% SRARhER 5 i8Rall LMRInents MuyiRvademiat el y

processed e car e CPM stores these re-conputed paraneters
in its inteuphal toshooutget sigtal 614 okmagbave hisepapi Y @Acorplad toseachof theguputand

out put | oss, paraneter.s for.t d 400 b :

par anet er gf% 8‘?‘{ ?‘f‘f@“tcé?‘cflgf’ﬁﬁ( qﬁw}ﬁ%eﬁf’é’ @ﬁoapéi%ér%% S(r?lé(;% H}ﬁ%FR gﬁatéag%%ét ed

si gnajg | exehpenAtssT Bsivovaim] YOR®wERaHe hiyerhdl @ompontnd A EdYsibi2 vitodt so,

the CPM stores these re-corTPut ed paranmeters in its internal storage. At
a

bl ock 938devipwngiiopmthe seoRpat tis RPN WPERUOAND out put | oss parameters for the
card 400(3) based Oﬁ‘h%%&@%@fe?é theatRAL AR ELSr ¥i24n biuaddehtd( Rle 6TEhe CPM

determ nes that the expected signa evels can be adequately processed by
the card 468{(8) betanch the VOAandihd ¥OMNG sTwh eigeal devet mopitering ipputafb.d28 in its

internal storage.. 30 At ck 9...1he I eLer

cal cul at | SAP'F B 18P} Sﬁ‘ép %ﬁtaé\dgtﬁf ?%%’r?ﬁtg%g%ga@%gg%mﬁ %gdgegﬁ%ﬁ%@bg}’ amet er s
t o t hes PPMDAE uséiethe RioRitBfhg HRURGISNEZ0 to HeecRiRjal ienry] chelngestand keadjust the
respective internal conponents based on t recei ved&%%{% ters. 41] 7 MAR
200 WO 01A4G9B50p fctRrpf US00P AP RENIAYS B FRFCKICATEE! RATET bW SRt he

expect ed Ei%ph'ltél?i gnal level fromthe upstream node and the | oss expected
fromthe ifmternal conmponent 800. The CPMtransmits these signal |evel
parameters to a dowTdiensamabcrapeent 60t alser ikclodesrepowep managemenomedule$06.

accordance with the invention, as the power, par ter t he
net wor k, &AERe ?f@%@éﬂ?“ '1?‘8 REWET ’ﬁlﬁﬁaa&eg‘f“'iprp\é\&ﬂ%?searﬂgﬁ g%%npog%egﬁﬁ%gggna%gpgr

t abl egp angoiveemiagsthiennBot gl iiSLEMal aikbe asumee farmanmurpodeed theofotlbwingext
elenent in the network. At block 942 t(? dﬁ-ﬁmﬁ’@s? node debFr@' nes from
the new y dissewiqrediaiihe RRKEORanagsaent RRdWs 5iar PP &t PRemPer (816 88dF ve from
t he network,aLement PBAP iThe PPM I BipRAG GRMARLI0HIE 630 8JHAdEE YorRfddliass82l. The
downstream node transmts a request over the OSC to 10 the network e| enent

800 to redihesaid logicus paprespaakive ofdosic to Tite; cpmbingstplit or pravids QEWT BEPCEECPM
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 sigﬁal 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



At block 944, the CPMdeternmines if the signal |evel can bg 7 egrcagh at the
card 400(3). However, the card 400(3) does not include a VOA ang ﬁg“cannot
reduce twoOeigal | evel. 15 At bl ock 946, the CPM determ FEI Y002 si gnal
| evel can be reduced at the card 400(2). However, the card 400(2) does not
i nclude a VOA and so cannot reduce the gygnal level. At block 948, the CPM
determnes if the signal |evel can be reduced at the card 400( 1 ).

However, exfst toss waluerofor thejcagblegicrasg stpige inide inferpelcommenes 608nthete sXa¢iles t he

20 si gnal yLE¥eian HeliradbBfited IRl tle DM M kDol IpeiBBh[EBWALe Lhat 1t

cannot han e expe st ghal "power level and request ecrease in
t he | evel mahhgemenqfiestions andithen additiotah par@8€ersttan belsent Aonbthe {°N 5Rthet he

upstream rk el epent, decreases the signal |evel of the 25 input signal.
Ei t her thgﬁm@f?lé%w&%é?fﬁma?ﬁ%pqrﬁﬁﬁ'c to decrease the signal level or the
upstresm el enent r eQu@sdtBernfbodinddnt, therels oaCRM tih et rfetvadtk @ldhesnt. NEASNEN
entities further upstreamon the transm ssion path for the signal. Once the

si gnal | e6@f isiasstendcalengsmadule that eonsrolsetherpey errpanagerpert frther sespestiyprantemal

tabl es an ' ; ‘%’Iﬁ? 0 At
bl ock 954?0%1{%%{&3%??% p%&%?@@@%@é&g&g cwgor?g}gnhl\t@{etg wﬂrhom ﬁ‘é‘g’g‘gé tﬂ% eam
node over afihmisB@Gvabes amben\cehninidateewi@®EEMs ambthet dasles 8@24he GRCovhicincanirens
forwards themto.the M.826. The CPMre-conputes the | oss paraneters for
the int er ASACSESHRRE mA‘B&‘(a“i’c};“s- 1 7 MAR 200 WD 01/18999 PCTI US00124104 27

and deg erm nes that A fgit@vdeaabadpsi 29ad cdupieghs b thdreOadesiahe PPMIrIiessed
by the card 400( 1. ). The CPM stores these re-cqonputed paraneters in its

i nternal §W5?}h§fé1‘f°A%npb‘F Beed oroyife netpRrk SvilchmsuREmatRR., o Hdh basrd Wibput
| oss par ag\ggfﬂ @o?@B%ﬁg%&gﬁrg eOR62kPPERE QR at ,{1}9 HPYR £8nd Be Wi\f‘@iﬁ{e é\jdgx%tf or

the card eterm nes that e expected signa S can
be adequath® cardlogizd$ seckséary t Far examgle4ite)etwankdiodois to loper@RNh strmgeswitthese

re-conputed paraneters in its internal. storage..At, blo e

e comput BdBrbE MR ot atriptntiortst B 38 00 VOAC utf e BV FROVER G ased
on t hes UpEal 8% thOsWRSIAERHRI ffbreHatibh @ 43¢ séi&epararhbersGrdvh died pirathetes t hat
t he expected S|gnal_levels can be adequately processed by the card 400(3),

10 and sotabigie oY 04 atiguationseitigapwhich resik dmtigedl deviels qopaistepl with e

storage. A,Rlackn 9394 ol "EthMll |s<conpl et ed paraneter calculations for all
the inter ﬁa‘f cco onents? g)nd own oasds t hese paraneters to the PPMs of the

i nternal conponent s ThEmetwRPhBdmenystatdpupaert 62fecan coaplpée & nevorinadmmsadtration
conmponent s based on the received paranmeters.. .15 At block 960,  the now
nows. ¢ he DU BoEEstgt &ESRisHER v BH B Syt tbedt Bmdan SRS PR | oos
expeched s u¥ntiperingdhechrl logie BP0 asdio p0de ddiginfshMited iafsation id@s @PM gnal

| evel paraneters to a downstream adj acent network el enent over the OSC. The
request t @PKdheRReEationoigte™Pkyel has been satisfied so the downstream

node can_now handl e A Rgysbditinahseflefit inp@301id LRP1ano M VO AL WREHae! ement
800. 20 The downstream ‘F\et%?k aei?ggrr\gnt1 E)r opaéat%g its r?ew par a\r%gt ers to

ot her el eimfntrgation regerdingtwayelengtistatusch dhreadata natworke Fonexammpe.Woe kpuksgrahges
£ ) _ > . o o
B

happens over 4 eri vary dependi n

si gni 5 canerivelcotrbontdipipaglaby®@ierdeielss UMhe hambachivevelRigihe in the inyeit wignkl

el ements affected. 25 At b] ock 926, if different p%rameters are received
fromthe ﬁbg‘tg'eééhlf ltfbeléfetwor routing event for instance, t ¢ wave ength 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



then the method 900 proceed on path 928 to update the pararret er tables of
the internal conponents with the newy received paranmeters. It MAB 0¥ f er ent

par aneter%,qa\ﬁlzlsé@cel ved, then the nethod 900 conti nues on pp@ﬁug&ﬁzudx
bl ock 932 at a netvvork continues to nove toward stabilization. Even 30

t hough no new paranmeters were received by the network el enent 800, other
network el enments may still be updati ng tlBeir local paraneters tables based
on newy received ar anmet orrratl at t 1y t he
net wor k V\n’?ef?)”%%'r?ﬁl gf’%ﬁ’&f s?rgﬁ?‘fqinfeevﬁﬂé o mayid H}é eﬁgg r%g?ra(!r‘:frvega ;’ﬂ z)ﬁr‘?ratl on

pr opagat esnpu® sighal, aiickBerieford fffedh eHevigdiner lewher}B&yi ifthk nunibeﬂ'oME%/e}ﬂrgt-hsWBes
01118999 28 pcTi usqQo/iaioa the network_ el eére §F have stabl e aéameter

tabl es. ADOt Hizpeshaipstmenido this¥Opdy tg ¥QA mage o FERPYTO FEERRS B2 e |

be aCCOU”tn?ﬁtE@ﬁalpB%réﬁ@&%;}fbu@nQ@&%’ib%rr §lo'§9‘ﬁ‘o§1 SR&iméage! changes are
made to accommvdat e i nadequdt e signal vels. The scenari o C begi ns when

di ff er &nt par anet er §1G. 'é$h0|w@ exemplezy nenamtek tablle ARt forgsowithdhg sacendpper eam

node.  The ShALSHeRRALATRY oF R bAthSEH el 09 RURL bEL sl e T onal

transmtte n € 1S not as expecte wor k

el ement 8Q@Blurmis ahd mbbleaaﬁonﬁameoulmﬁgswﬁtth pod, Rirg SmtchlPesstTla'nmIEmdpmmr
the OSC and .recei vgg] by th ntrol{her 824, which in turns forward

themto tR&itEPNP82 °t’bﬁ"e7li)0 %PWP e Y fmades has qopeesposding iaput androyipyt he
i nternal ?amamea& KD Geldond Nshetll Bipit 12081 7t1ha©u{ﬂae 1REPEQ B TRieaitlosk 9Y8! S

can be adequately processed by F\e card 400{ . The CPM stores these
r e- corfut &or pm%aueﬂse WNormiat swntcﬁnt xaccrlmlthesqmp@tgémpm SIBnaidkve®64-3 dE\l@ agphe

re- conput es t. a tp t r based
on the upd%stu téngt tp%glsl nlq%v lsf_g”r %af &%E}‘?E’i r{@ﬁ-.ﬁ}ﬂ?g e erm nes
t hat the expected Sﬂ@lﬂ@brahﬁkeekaﬁnldlmio ﬂneluaeleﬂbﬂahﬁ:leyobwmmﬁ o ‘llrsaocard

400(2). The,CPM determ nes that the apti.ci ated Si | eyel is too ig
The CPM stiffigaie Ehr‘?é%‘B‘bFEOfc‘ﬁ%lﬁ“gﬂlsb%Fﬂ%‘#ét‘%F ) %‘é‘F"n CreGA0 g e m

bl ock 966 r5iden %Mu%egbmvﬂ%?edg{hstlﬁﬁxcﬁhﬂﬂ%i bEYIRd seeBbn BEthE e4bIE Sithvat ast'ﬂl@

card 400( 17). However, the card 400( 1 ) does not include a VOA and so
cannotl 5r ecar be rapeated asnegded so téqtenputmutbmt@@d I%Qalqeﬁ sargmererifprdifereat

upst 1 eam QadBef Nt i AN DARH SetierpipaRatbianatlidetnhanal | evel

and reques ecrease ereq ues 'S ver the
OSC channgloweAlevels as the9 télate tdithe lmpﬁﬂ:me@ﬁmmﬂmgtﬂs in Itl&mapnt st ewdthe viatieus
signal level of the 25 |nput signal {)&er the upstream el enent has | ogic
to decreas°§e’iaHBgQOSFFa‘PftP%\Péqm%FO’E“ﬁBn eam el ement requests a signal

| evel reduction fromother network entities further upstreamon the

transm smmwmmom@enﬁn@al Once the signal level is decreased, the

upstream el enent updates 1ts paraneter tables and transmts updat ed

paramefers to the ndhgdpliovene Herfesgiryionad twe npiwnrk etpmentsqoastiiied ¥y
par amet er s,:a8§r8arick IRMthE bfeterk iR HPardR B8 RrRE%n 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



over the OSC and received by the OSC controller 824, whichqipyaRr2oe
forwards themto the CPM 826. The CPMre-conputes the |oss paraneters for
the i nt enpgby/m@sponent 400(1) and 1 7 MAR 2004 WD 01| 189BGT/2§00/24104

Pcrl usoonai oa determ nes that the expected signal |evels can be adequately
processed by the card 400( 1 ). The CP 9stores t hese re-conput ed paraneters
inits internal storage. At block 974, tthe CPM re-conputes the input and

out put | OgSnFEANEHLEWSTH R'reddiie SodpticdQ8)sidabell ol proéudepaiaipeisaltontput
paranmeters for the card 400(1 ). The CPM determ nes that the expected

signal | euga88n now be adequately processed by the card 400(2), and so,
The CPM stores the%%&aﬁ%%&ﬁ&g ARG 00 shdbid dSail U dlal pitRinERe Al

bl ock 976, the CPM're-conputes tﬂe I nput and output |oss parameters for the
card 400(&yechas dobwenertiheillipoapperent 1 thescavith skild irf the artthatdhe getyOd{ glymenthe CPM

determy nes .t hat the expect signal level g can, be ad nr d by
Che. cor st contn BAIRGH e CPTn eatiead savety BF B 1Rl R RLAGERSR] O
i ts interpalonssuyverheAbgib Wasdh Brs theRecdnlvighabpatb igdhetvacht BAO ampretesses
calculations for all the internal conponents and downl oads these Qararret ers

to the PPwescond inpat signabBhdlo Rredyssieeand optput sigRg! Sody dusfep nefer clement
respect i vgyg i%%&%reﬁ@%%‘l@%? ﬁ%ﬂﬁ tH3in HREOBSER nERForR MR BRI ST paftpis Al
the exp

bl ock 978, now knows ected I nputs si gnal level fromthe
upst r eam siosia iaddtat! he facisste expracdesdriptiaom t he i nt ernal conponent 800. The

CPM det ermi nes expegt ed out put. signal evel ]
si gnat” | evel par arreefl?eertg”etedm m3h qngrétﬁggggléic)eaﬁ C%g{ilvmro EE@F&Z%&% tgé\;gl?ﬁtt he
OSC. The genIShe eabdibyasdd ) aMbirde iffeBBGRhSEhentsto Pesdupatteeitmr sighal ot her

20 el enments in the network. Each elenent in the dgt Betwork exgiganges
conf i gur aBPbnl isdnpyrstearkBQisis inPyE 1o ,Benah §eBUltplRXeT (%%\8 FT5 @ SR OFK s
happens oyer. L: | K6 : i - trhe
signifi Caﬁ%o@?ﬁ?hgﬁgl HBFI aelsg{ﬂlggf%? r%ﬂtirgylgx %ﬁgﬁﬁﬁfr%%let?gg I?ntg'?work

el enent s sigha demditiplixebale spl@O6f OST sigialewbich foramn amOSErbusH18. etssdided from
t he upstream raode .%5 theH t he t hod 900 proceed on path 928 to update the
par amt er SERY IAERUYIPIEXAEISSAPWR AE3O orponent s with the newl y recei ved

- paraneters. |f no diMithe! @8hePariaBRNASSEY Proxg@aiwes tarapanerit{BPRS tinait e300
continues on path 930. At block 932, the data n?tmrﬁgﬁg?)&' nues to .nmpve

toward st 483113 &N Shintemyal SOmRORRGE WAL AV aiket TP w éﬁ%‘?%ﬂf“ﬂ@a‘? he
net wor k ehﬁzﬂ%m@%@g [n%hgef viE‘gEWolfk Bl SABOE Sud®DB. StHel dPMIEnsdRIAENY t hei r
| ocal paraneters tables based on newy received paranmeter information at
t hose nodeperationesfithminteynal thmpomentscanid oan compeephmit @hg ospubpewerdevels of the
20  intemal 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 e The average input power level per wavelength received at an interface.

¢ 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



when no different paraneter information propagates to any node in the
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The VOAC maintains the |ocal data required to conpute VOA §t7t E@gg@hon
settings. This data consists of: The nunber of wavel engths 't a VOA
under no?\ﬂ%ms i prent switching, and ring sw tching condidrngsee24r04t he
nunber of wavel engths vary due. to these events. The 30 adm nistrative
entity provides this data as part of configuring the system Adjustnents to
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into the 2VQRceppstohamdple 8P4eviz Bsmdminiairative bpenTher€PM qaeworaBunisasrwith then i s
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ring switch
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 contro! 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 transmitted from the network
element 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



events during protection switching. These events are used to notify the
VOACs to adjust the VOA attenuation val ue based on the appﬂdplﬂntm;power
| evel and wavel ength information for the ring switch event. A wavel ength
nmanagenerwowni18994032 is al so included in the network el eneﬁmmw.z‘"%e
wavel engt h managenent unit 1032 couples to the adm nistration bus 1027 to
recei ve wavel ength information fromtheynetwork adm nistration. The

wavel engt h managenent unit distributes the wavel ength information to the
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hout 10O 0§ A0 PR GO ARG BEHR PHTRBFCCLIIES CHESRENGT s o
i ncl uged bRnielR, MaiWRbkes@LaRGEs uHAPA thERR W efedibiniDicktes onlale coupl es to

t he adm nistration bus 1027 to receive configuration inforpation fromthe
net wor k aeenfigusatioatviabies.avierehyaheloss fos avanpeathibrongh 2 nepverk glament ikl he 30
internal gonpanepts. The internal conponents can exchange paranmeters with
each other Via the OSC bus 1014. The OSC bus 1014 couples to the input
signals 1002, 1004 andldack@02ubgurtwsikgpiethent 8006 cobPBd toithe mitwoatkt i pl exer s

1010, xxx and.nul.tiplexers, 1022, . XXX 1.7 MAR Zpp~ 11,18999, 34

PoT/ Usoo) 3 ou St Bty gia e adinmisatys it s SBFCoRBIRaR e s mrkn e
par angd er s\ rekulQ tHeaienierk WRidenE8 ENEIEE ottt €tiphosifids fpini thahemetiniibér. A
CPM 1038 is also included in the network el ement 1000. The CPM co Lrol S

| ocal powePT feasAlreriipit sigRATmR MeFt vk SRmsnt Bel tanemeticd Ctﬂo‘haaf%éh?l FrdPwor k

el ements yha, tREHS5H jer 1036. The internal conponents 400(4) and
600( 1, 2) Egt%(rara?xg as ggg%wge'd above. with reference to FIG 4 and FIG 6,

to provide signal pAcbiskiong thadetporkeadminisaativesantity dexnlbads qopfigeratipe
t k el 1000. ~Si t i j t
Vone. "t he PRSP o GEN S5t s PhosaP s ARG R e e debRRAE P
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handl e net work swi tchi ng evepts wherei n the, .
provisioned to process signals under several operafing modes. For example, in a normal

2]

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 éomponcnt signal via the
30  add input and may drop one of the component signals via the drop 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.
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AFAR 2004 nm@wwme&&rwéxtmmomng Abmbirbﬁbemmﬁe nd:tmerlneibmnk Ie Iaerrent

1000 cou led to net wor k iye enti theamm trative
bus b&? Biati}ié{’et&%‘ﬁﬂce‘lf“f’ﬁrkt fi”(t)lﬂg’[ o ie Qﬁtl“io 9 Hfet wor k
el ement 1 t@ﬂ@&ut?@tsxérﬁﬁ%f‘ﬂ?c rlefPbKk &én%h@bﬁlﬁéﬁﬂbﬁé?ﬁcﬂ@}m&dheﬁbh%dﬁﬁr does
t he out put signal omthe network el enent get transmtted on the network

fiber to asWEswitrkasdriemal to thteetwerkplerrent AT his| aéléwszxmmvorﬂwérrmﬁmpkto

admi ni st rq%&g%%{,g%){hﬁg o&%‘{‘é}};ﬁ@%th‘iﬂpﬁét?HE@O&QWB%@H%& s d! Bﬁ}PM

1038 and t I nterna onen Vi a nistra
1027. The admmixsrgamrvahemdpmrcmmfblethsunlemalrsubtehdmow the internal conponents are

provi si.oned to proc S| I nder veral operating.nd Eor | e,
20 1 n28 normal mode ABPISH N G e HEmERIDTFe Yo PSSR I DB ODIC TR be
conf i gur ediescribe eaukbvdl B g% ififie sighPlubhich Gfldbe tdati9e® AONDIN m;ﬁ@nc@m@wrtode
signals for input to the internal conponent 400(4). The internal nponent

400(4) nayshewny .Exsruquaal neels bsingdhe BEWEENR AmER] thatransmys ﬂﬂéaléd‘éi thenput
and may d MaRvd %lementt :ftﬁ) er§ hl%r}éée?vew\ﬁa {hg%ﬂf %95 ﬁph%%sc -Egﬁtroll

resul ti ng conponent signals are Input to the Internal onent 600(
whi ch 15 B¢ abéfmaxfdle@mdePMnﬁbthlpbmurs,ﬂe(bﬂﬁpnmmmpuagmwksww@m(ﬁ& to

e com bl anBet] Resliem GRFS oL RrGm o P E PR k8 Safur os

associ at eds preséntlp deingriaémitle@r signal paths associated with each operating
node in each of the internal conponents. 20 At bl ock 1108, the corrput ed
| oss parameters areAsashahdata sanalyars At soibe mEF Uk gndgienal Pewen levels asect i ve

par amet er de?eQIeasoneU?%&@&fhdga&%oﬁgﬁen%ﬁGMQ%chrs £ R4t R6krahb OsHolhg: a@@t f?am?t er

tabl e and represents the | oSs of e card when operating in a2 specif
nmode. Thi F1Gefubnedstingranfgyratioredfithe hetwiork elemeant &Q@rrpsni@nn acegnteb np@trﬁ@dt ed

for al t%%g%llgggﬁﬁl f]é\%ﬁrfgg&%g -[m;'ﬁ%t scr&b Iﬁgg%eo?ltd'sgghag , Bl B rid'9,

par arret er t
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



25 loss characteristics of their respective internal conponent associ ated
wi th various operating nodes. At block 1114, with the inter dl MARpoanent s
confi gureq,oslly@9§1)etmrk el ement 1000 is coupled to the OBSLE11gksR4io4t O
recei ve network 1'nputs signals fromupstream nodes and to transmt
processed signals to downstream nodes. The coupling and decoupling 30 of
the network el enent 1000 can be acconpli®hed in several ways. The network

el enent ¢ b t : r. physical ly
connect i na TGoiiaE it fngleciRER R h Rabil? SARERNE Signat cBH BPRER R BT

t he net worckmpbeered00(13, 4ad\ss| glidsys £pdipdracduction.NTo dahperste o thie etudésivehe

i nput and oukgg%ﬂ Si&‘%i“ls of the network element can be, (1 T LIAR ?nn t WO
011 18999 BIER . vals are B sdiErACrgrdange; Wit the pressdnysnfion s Thgmethpd ches
i nternal  to90BRoREME the HrEdBRhariobh ShedolIOWRed&pHBRk admi nistrator to
renotely couple the network element wth the data network, by sending
instruétions over t Kt ek s thescenasionkbeginkwhen pasameter infdrmation Foman

Swi t ches. ' oL ' f i on and
power rranélgg&rf%rﬁ 5@%‘#@? ﬁ%%ghgﬁﬂeﬁgggéﬁ %oé}ﬂ?&%ﬁo‘ggrle%ﬁ ﬁg’(%%uﬁd% pﬁor%(%&%escri bed
with a pereinent BO@ The poahiewoy aragasshlitteth evernhe O8&l and oenaeé by sheo®SC he

network el enent, the foll ow ng.nethods are, al I C to configuring
one or norcgmﬁ%ré&é’d‘ﬁé‘ﬂi’ ?%f“é’?%‘ﬁﬁrwfgﬁgﬁﬁé'ﬁttge F%R%gﬁgh‘k‘%g%w '(’f"(‘)‘fﬂ"?@ﬁersége

net wor k eliepatameléts Sor thd farérahl @Wipadedti000d and 8t RErMaRE tHaltHeRkpdcadd ¥ 10
configure a network el enent or to configuré newy added conponents to a
previ dbs| piznahievels catbetdequatelyaocssspddrictbe eard #00( 10t The GBM stares thesdws- el erment
800 recei via the annel that describe the |Ievel of the
i nput si gﬁgﬁp\aﬁﬁgﬁgﬁ{t‘%‘g bne&sf lé]écerfléggr%]e()m an adj acent upstream node (not
shown). The upstreamutick 929, ttg CHM raebimpuies eednpntand batput Iossinarh&ers ifgnal s
to the 15 networ nment 1000.. The paraneters are |V the OSC
control | _etlhel‘i%\%“éq{gg FW&@P%@%‘*R%@ ﬁ%g@ﬂhﬂeﬁ%{oﬂ’ me§a5£§(fp?b; efg‘ﬁgﬁ)éﬂ’M out put s
par amet er ge@wainet it Belxboctadsighli RN caﬂ%%ﬁ&cflﬁ&ﬂ@' Proe&ssed By the hdds0b (s,
paraneters indicate that no signal is present being transmtted. AS

si gnalls arBd sh3e CPM stpes trasass-rompuied Bargmater PO(REipdisgntgmal sferaget ed, one
20 or nore confi gurag, nari l. ! i wn at
Ain FIG 1L the en ecoRe e OMIBLRBEHE e aht bbuRE 1Ak S 1t
results i thecacdp@G(B) based prthaumsiates topiramiegnafor tieveatds4do?). The GRMt he dat a

network. In a secgnd.scenari p,. shown at in Fl 11, the downstr node
Cannot  hafdieEm PRGNS BranProieh iR (IS B SRR koSt EReTE CE9J805ma. o,
requests an@eiRhe CENLIGbicOfhesd fe-CRNPIRBE pArBmbRFs foPBORIFRIRIiMBmal 8B@be. t e
signal_levels are 25 adjusted in_accordance with the present invention. In

a thi P8 scenario, sHEWE:923, the GANGhas compleisd maramats gricelatiprsfensl theo( 4)
cannot haggial fiinndhalant 6 %E%atrﬁ}ﬁetkﬁttﬁEMPM?@HRE‘E{EémQOOK L), and
so, requests a power reduction. To conpensate for the excessive signal

| evel , t heompgmeilts. | BheetPMs magjadgisttiteir mespectoredateoe! varhporiehts bpsedoanhe

i nvention., The nethod 1100 denonstrates the three scenarios in the

fol |l ow ngr%%’sv(?fiipﬁal"b 30 At bl ock 1118, the scenario A begi ns when

paramet er informati ot bisckm2ANtHTHM @R iadwa ks éxpeerde inpitt satabRevel fiathe

Ievelné that. wl Iq&ﬁe transmtted to the network el ement 1000. The i
par amét er ¥PSfream podsand thelgspexnected Sopsthe AptgmabemrasgntiAP0; The EEM Banimits | er

1036) whi b B oh AI r.ea t he
O B AR b D e e Pl B s ork et Moot it

i nternal ¢emipvention, 2K0b¢ phwearphrathetersqirepagateaiowrhthe netwerle epaioietslonki eipmadnt

| evel s ca dequat el rocessed t.he card 400(.1 ). .The CPM stores the
o compur SHCASTERIE FrBETTBRGmeR! ilE fR1h; S3Mpg evishlFrami AR co ¢ he

i nput and nmusrpig:ted tothe npmr'%ﬁggzgriﬁ t}feQTcrt]\Eorﬂ(hQTOS axﬁnﬂg,ﬁfﬂdwﬁa%dﬁpﬂhtésh@thépgat es
to paraneters for the car 1. T eternjnes that t expect e

st gnaPll cvereuemd _ ?@ %%%395%9 ROfer L3P tABTRIA 5 frgmdhe o,
stores t h@pfaadiRide! heR BfnbRkEiMhéM 800 & ouf! ShdARG (At E5mRsddedts 1Mt bl ock
1122, the CPMre-conputes the input and output |oss paraneters for the

card 600( Mflestibess dangesand raasmy theadivstetparametersgp thegownsirernpewak The CPM
10 deterrrie%% fhat the expected signal |evels can be adequately processed
by the car 680(2), and so, stores the paraneters associated with the card
600(2) internally.




At bl ock 1123, the CPM has conpl eted paraneter cal culations for all the
internal conponents and downl oads these paraneters to the PFAVE MR Bk

i nternal conponents. The PPMs nmay. adj ust their respective ig%l%%l 4
conmponent WHE8%M%n the 15 recei ved paranmeters. At bl ock 184 B8\ now
knows the expected inputs signal |evel fromthe upstream node and the | oss
expected fromthe internal conponents ofz2sthe network el enent 1000. The CPM
al so determ nes the expected out put signal power |evels and transmts these
signal |evel paranetdblock$28, ’éé&?méﬁﬁ%ﬁr&é@ﬁﬁc%‘&d\/@m the wsrRYm npge,
accor dancqni 0 ofd¥oadRoipRkEl b Batn 398 1 E>RRNRE pRARAMRLANS: SriORAGHA down
the network, each network el enent updates 1ts internal conponents

par anet er doaipoeentawith threenemdy tdceivedparemietsesd I ao diffdrent paraneeters aresnedivedd t o
further d stream el nts in the wor k. For example, if power |evel
updat es tg t&?SEEG@éq%f@ COPTRmE? °P39/tglrb§btransm tted fromthe node A that is

upstream from the neftwiddk 93D etie Rhta hefbrk toftintRs td Reve aded stabiiRatidhe Bveh wor k
el enent 800 woul d update its 25 internal conponents to reflect these

changes arfBoUBRAIRSIM PAHRCIERA W FEE Eacilet Byrtheaeavark elameny B othes astwrsk wor k
el ement. Al li@Ckay] 4dBbe hfdafhd fh‘%g{'gggab ﬁ%ﬂ:@%&se{aﬁlegﬁ eﬁ%ﬁ‘?fe%;dré&ﬁﬁgat he

upstream node, then the method Foceeds on path 1128 t0o update the
par anet er pesdmeser informéteoni ahthmse addeso kyentuallys the ndtwortkewillesoinypletelyastabilize
paranmeters,, |f no.different paraneters are. received, .30 then the netho
200 cont B Eeg ISER PRrTesey  RE GoRroRasas %6 ey Biied fit DOTRTE SHETERYAL ¢ o
nmove tigwarthe fétabil dlemértohaveBble fdrangbr tAbleneW: Mt potat, EicSlovefoe eva@ g eignald by
the network el epnent 1000, other network elenents may still be updating
their Ioceﬂaﬂ‘p‘ér‘gg@eﬁ%@@‘ Yilheascymiedfobn newl y received 11 MAR 200 WO

0111 8999 38 PCT/ USO Day i Al
e A S S Rt TR A S

Eventual ly, the network w conplete ize

par anet er acedmmpagatt madgqueisaignablevels Bhgsasoargo Brbegine whetwewkparashesews ayrival |

h | h bl les. At th int, |
for every Aok e RNCe RL AT e Foak  Tnchim pleameBr Adichleuntilfs 1 05
denongtr atpesehipwelsifgidiglagtadsntihied 16 th¢ epsiRen Hode aCER AFBLMcRd biagequat e

signal levels. The scenario B begins when different paraneters arrive at
the networnEMETE eny¥W from the upstream node. The different parameters

indicate that the poWelock®3g!hOhew B@raﬁie%?@hret&ﬂﬂﬁﬁkhto‘%gr-ﬁm@@q@ HpalLeam
node is not as expected by the network el enent 1000. 10 At bl ock 1134, the

di f f er ent hydha@efaontrelias 824, inttuhs fomyardhibedSe e @PMed26. Tod ORM tdie OSC

controller i i forwards themt 1038. The., CPM
o ot et pifs L& Dathdalt B ORIBES RolBEH A0bAT aid et BAfing
det er 2Onesxpdradd digranl xele carebk sdequatlylpesebseddynhbdearadoqUat Thy OPMewrssed by

the logic gf card 60%%. The .CPM . stores these reconputed paraneters in its
i nternal P3FSAEEYRPYE amqtgrs A 1tf iierpalisiergge.t he CPM re- conput es t he i nput

and output |oss par 2BIRk936Qhe LR RACITpHI (e jpas &k &np.sthsss%gaﬁaérstf&

paraneters for the card 600(1). The CPMdeterm nes that the expected signal

| evel s carthyeard d@e{hbased opths vpdafetitorparamnasens def the oardd@P)40be HPMand so,
bl ock 1138 FRECOIR BEExRRIATTREI b cit Be A EAEE prB 0 e AR DOCA: 20
the card 6D0EQ)thdbEBMstars thes epoatpaedtiparpastensin is mtéroal stdregecard 400(4). The
CPM 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.



determ nes that the expected signal |evels can be adequately Er ocessed by
the card 600{2), and so, stores these reconputed pararreters1 NARs 20060t er nal
paranmeter table. At block 1139, the CPM has conpl eted para

cal cul at i WRAa1| the internal conponents and downl oadsri;?tﬁglssgo%‘g%rret ers
to the PPMs of the internal 25 conponents. The PPMs may adjust their
respective internal conponents based on 2he recei ved paranmeters. At bl ock
1140, the CPM now kn t.h inputs signal. Leyv £ t upstream
node and the | oss ex’iQot\é%cslf’ %%&?Oﬁﬁ%ﬁ@drfor\‘? gf}%‘,"éﬁ ttsleco %Stﬁgﬁxfp%%ﬁb%’%mfﬁée]wc

det er m nesipstxR@chedt adt theiloss egutatedfeore thel igtealab camsbriche8OMThe CPM &ensadignal

| evel paranmeters 30 to a downstream adj acent network el enent oveg$ he OSC.

I n accor ddhess signehleyflearamueiere it/ doWBRSTSIm RGNt NSHY ORI BTt RYeE - Hown

the networkeo8arR wigl MRhikveatisNBR the Psladrardntetert &to'fﬁgh?é dHie ReRforiR a et er
tables and the resulting revised paraneters are transmtted to the next

el emenf i metwark glemyant kpdates B iDtimaa SOmp@eent Pariinitey tables Badrthgsesultmigaaviged bl ock

1142 the d%‘[‘Wet‘{{g%fge‘?r%%?ﬂQ%%@rtﬁgsg‘fgﬁg}eﬁ?%ﬁ“qﬁeﬁé‘%m- l evel it is to recei.ve

from the H&tWor and cannot be adequately
processed. The downsArisack Mdde idoensieatrsnalerdegnaiies Gomrthé hewi@oéeivedt he

e B B e R RIS BRI o
can be reqyged b@tadécﬂﬁté???ﬂ'icgggé?he ?b@ﬁs@rc%ﬁ%oﬁ@frgnm%(a%)ezﬁﬁtsokpﬁleggt'to&p2( 2)

coupled to 1ts output, possi bl e that the VOA can be adjuste

at t enuét e thheetyotkpelemenig¥f) o redusa its ofiput pewerdepgh sThis fequest igksosivadryathe node.
The CPM recpcl\gnput es the input and output |oss paraneters for the card
600(2) in order to achieve an output signal power |evel acceptable to the
downstream node 10 akgblstio9£s thehER®! detoranineds éf the kignaltievel cdreeraduced anthy. At

bl ock 1146, downl oads i.ts internal  para rs to the PPM associ at ed
i o the. CAELADE). datte e g0 (OPLE) FRE TSR O Al Sp SFERLIECE B e
with the r prepett ed parameters. At block 1148, the VOAC 604(2) receives

t he updated paraneters fromthe 15 paraneter table via the PPM and adjusts

the VOA 602(2) to i Mtrijack@4tGiths ¢ ergines i the pignaltlevel pan bauredieed 8t Gnal
1020 in ac e W - r r ' i.gpal
poner | evart SRS R 1R BEXABBCATBICIST Mo i B T
t he CPM t rsigmanfevsl. t he updat ed signal |evel parameters to the downstream
adj acent network el epent over th C. 20 At_block 1152, the downstream
network el ement updéft _°‘Fli 45, meeq??k%%em}fﬁéﬁg%s‘%aéweﬁﬁn tfe_de &d ABtE i nput
| evel s anc.Rf ARRDALIESwEVES, tHEVArR A0BITE UBEsSndt TncldRArV @SB RS Sarlndt fB8cRE WOT K.
Each el ement in the data network exchanges power paraneters as descri be

above 20Thisigngkblgseli at i on process happens over a selected tine period which

may vary dependi ng o O [AT lg[;}& i I i s and
t he nunber of 25 netj\Q/\toélEa(e?se%ant%ﬁa ggg%%%ﬁ%ﬁ@‘bﬁ%?“ﬁ?&ﬁ%%ﬂt\-
par anet er expeaed Sgmdl podef levah andecqpstrakoreaseds thet leeel. Theregpedh comddeOdyer

proceed o 128 .to update the paraneter tables of the internal
conmponent rslhgﬁgﬁ ‘i}’ﬁ%neﬁewl y received paraneters. If no different paraneters

are received, then tAwpiggt 957 theliHatreSh hetiel elememcddirebses b 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 turns forwards them to
the CPM 826. The CPM re-computes the loss parameters for the internal component 400(1)



30 At bl ock 1132, the data network continues to nove toward stabilization.
Even t hough no new paraneters were received by the net wor H 2IMARe2004 1000,
ot her network el ements may still be updating their |ocal pararsee/24184t abl es
based onwﬂé’\Ml§99Pecei ved paraneter information at those nodes. Eventually,
the network will conpletely stabilize WO 01118999 40 1 7 ~(AR 200

PCTI USO0/ 24104 when no different par aneér infornmation propagates to any

node | 1 LG QELIL IS Siol Lighl19e B! Ak kRN srodad it ibbadpar amt or

tabl es. AP 0SS r every signal p in the network will
be accounfgeg ) drhe G sarertheseare@othputed paraatesers im0t iBiegabsioTaggel changes are

de t date i had t ' | 1 | s -Th j '
11 or ot par anet or &t BoFE Gubrde CRE Reerme ehen e Ba | Perp P RA R AN e
node. Theydifli&/0RNt) HRASSASHERE ipdatBioGatandidta fortiecapd9@0(1). &Rl CRM t he si gnal

transmtted %rom t(%?e upstream node is not as expected b¥ tt]‘% net r}é
el enenst 1d@mings thatdbkexpesed signel gy els eandpn adsanasle peacessed by § é:ﬁ'sdra?@{ d over

the OSC and, 10 .r ived b ) i3 Qsertiibtetackn turns forwards
themto tangi %Pmem.&fﬁse%%%rce- ggfr%g&{aga@%tﬁgelﬁ%és epar arregers for the

i nternal conponent A0Block 958 ahe CHdL eercrimpegestthainputaad oxipst lostpaagaArs Pevel s
can be adequat el rocessed by .the |ogic of .card TheEpgPM st or es

t hese rec@ﬁﬁﬁ’fde‘lpy%g)rbéﬁﬂ@ ei‘%d?tf’*%tol Hr f?)rgir;%cnag?gé&(g ?’;ibThe. ﬁ bl ock |
164, the é%?éﬁniiﬁemﬁmue ERpdch sighlitevalb BarDbi Mshudtely prazassadrby erecafdf00(B), t he
card 400(4) based on the updates to paraneters for th@scard 600(1 ). The

CPM dEt er mdwss theHaR Mt steresthsereepmputrdparqresiers i us gt RI48F t o be
adequatel y pr OCesseg} gy%gg?%,l)tg? oM hac@nh 1400 Himetdn@u&liMoh et allaBks

upstreamfromthe c or a way to reduce the signal level. At
bl ock 116ferhhieccapvhkmowsd ddvahlobdsthesepdraBters b the PAMsedés intemal/ 0A 20 602(

| ). The CPMre-conputes the | qQss paraneters.for the in onent
600( 1) compoRemirdd RIS B PORSt BRGEPPVF IR rerpe BB G0 ey
t he pomraécg%bgemwrgs of the card 400(4). The CPM stores these

reconputed parameters in its internal paraneter tab)e. At bl qck %168% t he
CPM r BS conput es t he At binsk 9%Adthe GRM now kagws therpectsdsinpys sighdl levg! FOREE 4)

based on |56 RIS Inlt InABEATELEES O tht iferh ARk 800, THOEPIRMAREns

det er ni ne$§PY € expecte ignal levels can be adequately q%r acessed by
the card 4R9é dinaldedt] parametens wsa dovenspraam adiaeens netyovicelament axer e ORC-chhg

400(4) internally. At bl ock 1169,.the CPM r.e-co i out put
| oss par aﬁ%l“é?téoflﬁ?reﬁsﬁéh%%?wréﬁffa E?s%eggé%s lndg%{eﬂgééggfﬁé%ﬂ}%wgg%%ﬁe&?ers for
the card 400{id}ne sIifal (Vbls d@h&hiTicA ot thanetwiek expreat 800. si gnal | evel s can be
adequately processed by the card 600(2), 30 and so, stores the paraneters

assocR@ted with the Thardewssiogap) netwoss ﬂ)afF’F‘}‘.Pr%agthﬁﬁkneﬁ?ﬁamFWés B has
COMP! et o0 RLATFLhe FALGHL BAHRAGE pobl dehieraungacpmmgnisorand
parameters as describe above. This negotiation process happens over a selected time peniod
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 ;he 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



1 7 AFAR TUO4 WO A /18999 PCTNS00124104 41 conponents. The PPMs may adj ust
their respective internal conmponents based on the received barMrepers. At

bl ock 1171, the VOAC 604(1) receives the updated paraneters fromthe

par anet erwiahhieessi a t he PPM and adj usts the VOA 602(1) to iPETUSE0/24104

addi tional attenuation to the output signal 1020 in accordance with the new
paraneters, thereby reducing the signal ,power |evel to satisfy the request
of the card 400(4). At block 1172, the M now knows the expected inputs

si gnal | evied ndtwork dl¢reenipbivestaricmademandalilbe Anthst mipe tieddssf fooeverhsighalt er nal

conponent s _of. the network .el enen 00. The CPM al so determ nes the
expected && lﬂtthes?eéﬁg%ip lil\/}?@racf%*?geldi“gﬁnd transmits these 10 signal |evel
paraneters to a dowTikkesmaad] RaRAbrAe! WY K@il BVRNEhankBs AeGRddéance with the
invention, as the power paraneters propagate down the network, each network

el ement uFaeRARROHAS InaAeauAte SiEnabispdin e Rhesscepsriodrbeins whsn diffesent persenatass ul ti ng
revi Selsj PRk Hc el Srid A TBod £6mltRe %Mﬁ%ﬁ&%ﬁé i P%nﬁgg{m&e?s 1n'afctanee
: aftect power

net wor For exanple, if power |evel updates to a node evel s
transm tt ¢kt ftireopnwen devebolithdsighd) atansrsitted Sbmethenupstreat ieleiSnoteds\wapécteal Bnent
1000, the upstream nod«? éhen t he network el enent 1000 woul d update its

i nt er nal (% OHE e%erfl?}‘ ;88 Tect these changes and transmt the adjusted

parameters to the downsdck®aD)thetifRidnt paraieiRts ardtraRdmitiéd bldrkhe DI WSt ream
networ k el enent, updates its internal conponents to adjust to the new i nput

| evel s ande$sHGHRYaReISEicentzligr §a¢: avhicteingums forwaeds themdp geeGPM §26. The

net woik. g0 I r; Dangss r

descr?%e abové?LTh sEsn%gééspg%%ﬁéﬁﬁgggéﬁﬁ%gens ovg?‘?%ﬁg)e?@c%é%&ﬁ%éﬁﬁ
peri od whitkehexpasted sigyaldeypisan by adequbtely mdcpssddi yathe eanif 4000B. TheGRM $teres|

adj ust rrenaﬁesgpeqctheutg nmher tof .ngt\/\?rk ekerrents affected. At block 1126, if
di f f er ent "BAF AneT SR ECOPRAPLEISIT Iy HEBH IR pst r eam node) 25 then t he

met hod 1100 proceedst®locRIbh, the EBR feQokipilss hd MBuPAIds RS R NodsPatBset&t férhe

i nt er nal corrpongnts with the newly received paraneters. If no different.

par anet er $heraEd K] Rased on hewpdaes tewarmeters 5o thoeard 408d) oRbp &P 1130. At
bl ocky413 I r il iqan. Even
Chough mooair e e et S I B Ao o s R AR o her
net wor k 3600(2xnEhe SPieqetermiinds thpe thepaiticipatgd sigealrievel éatoopugha nEheCBM: sitrles s

Paced o M SRSl RRTRL phbARor 2, {hose nodes, Eventually.
i nformati on propagatAeslidck 986)\tha)CB®! deferiniiies iEthweighal MhEc@Rbe 8dduced atkhe | NAR
card 400(1). However, the card 400(1) does not include a VOA and so cannot reduce the
2004 WO 011 8%%? 4%1 PCT/ USCO 24104
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  input signal. 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 transmitted 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



the network el enents have stable paraneter tables. At that #Bqi pag sgie | oss
for every signal path in the network will be accounted for. In the above
met hods, WHe149put ati ons perforned by the CPMs can be var PEHUSEP 24481 eve
specific network goals. For exanple, in one enbodinment, the CPMs operate to
i ncl ude cal'cul ati on of the maxi mum | oss éor m ni nrum power) across the all
possi bl e signal paths and operating nodés, resulting in the storage of the
WOr st casg@eRARMEBIES the expdche siparElsRslecant ddequadtely phoceseedibg dhereand 460E jral |
paranmeter table is required and | ess infaqrmation 1needs to be exchanged

bet ween ndhaémM stoesthass re-pempiied parppelersdp itg fnteTRal SIPR8E case paraneters
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t he
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entri eg dé@@ﬂ‘lﬂegg‘a& ﬁ‘g eﬁé‘?ﬁ[ﬁeﬁﬂ%’?{sle?g% C?ﬁéotvg?% ? %%%%l)%%sg%%j frfrllgtgg? The
M ni Mum pewyei2)i MdGa) The ERMdtssthese!rb-cpmplied iparapmtdrs ouitantesua storages, not
against all scenarios. In this 15 enbodi nent, pore ricﬁ?l e qntri es arec
required and nore cd¥diockide, the CPMEEe-computes the HpuLang QHtRHIoss PRAmeTs &
determ ne 4 g,g 0637 basPAbR IR BARC! @ pasiinet iR 6 hE8HA 40018, rhe DPMxChanged

between the networks elenents. This results in the best possible SNR for
t he over aldetemmings that thEleapscted sigratisuels carcbradequatelymsasessasiyahe AErdr3086):

conpl exity and SN al e man e, i ations for a
dynam’% n@PaéP’léﬁigPhﬁgﬂ‘Fs hﬁ?eereéc \r/ngngf a egaﬁétﬁﬁltg@}rg%br%ﬁ?%m , Wwhile

of fline cal cul ati on &fb104RA700ME OPM his wipléted pirasieteShiRculatdns fosall thee ot her
enbodi ment. The offline calcul ation for network, c Q,Mgu tion V\PU| d use

mul tipl e iiAsmeheBPYENSHRd Q?ﬁ@Pi“isﬁPﬁiﬁé’éa“?%%t%hf% oot r GS. 9 and
10, where ctoﬂﬁoh&ﬁ;aﬂ?ﬁeﬁpm el §aRLOREE FPRAOU e Nedn el Bage@mmuthat i on in

t he various network el enents” being configured. 25 FlI 12 shows a bl ock
di agr am ofreceitdd packrmet¢rgor Kk el enent 1200 constructed in accordance with the

present i nvention. Wgalct)ﬁrl]c![ﬁ\% t]%?% Eo&lkﬁg@%‘h}eo ggﬁg@[@ﬁis%afﬁwﬁﬁémtﬂ@es

of internal conpone apparen erson skilled in the art
that the iupsgedrhodoandaneitsexpactthomethobnémel cmponedt 90, ThoPNf which are

t d i bed i ific detail in this d t. b t i
o Cor danCeARTTIAGS REPSH DR FgDUROGh vl ang Hassmits fiFsk el RS PSP S Ly
i nternal  coIRANERL Sk R bR firfen: FobiShe @SC. manner of i nter nal

conmponent s sult use 1n a network el ement can be constructed by
i ncor porating vari ouBherdosmbtesm netwotkoglermers dropaghtes He NPV SIEmet§TR LM oN.

WO 01118999 43 ~. ~ 7 NMAR 2p04, P 4 g doRabh&bhi rd
net wor¥ el ERBRTS Tz%f)n?ﬂ"@rli' P%aéhﬁgn% %ié%éghﬁ%%gﬁ&%ﬁe Ioi nlg prfearrp 1202
recei ves aparthéteisidbsribphboval Thaisgregbtiation proossshapppts ok akelbetrd tingeeand t he

i ne preanp, | 204 recejives and transmts optical si.gnals. over east.,optical
fiber 1208%hiehmavednt dePepding ?%@eﬁf@?ﬁcﬁgcea&tethﬁﬁgﬂﬁelgv%% e ﬁrr’gcm?es 1210
and 1212. Jhgber ot el eldHediOeffatedl 210 couples to the |ine preanp 1202 and
demul ti pl exes the received input signal into wor ki_ngqlégg\kgrot ect si %nal S

shown at 1214. The ciebined 926u1{/dDderant PRIBIRFIGTS &FF fEeEY ¢ RPSHGATRPCHr ot ect
o ek / . .
St gnal 5 Shipup ggetr{,%zgéqﬁ? otk bh B GRS th g HeGaPindl idblles 8F B8 Mueirll

transnissi on preanp Mux/ Demux 1212 couples to
the |ine pcaapgnei2@dthaheneldyutdeivet paametdre Hewaliffendnt pasarmetsisgnarecPive

wor ki ng and protec si gnal s sho t 1218. The channel Mix~Denux 1212
al so recei $8 t%pgh?ég%@%ﬁpﬁsggtpaw al s shown at 1220 and nmul ti pl exes
theminto an output & geal 9320 thetdativestivorki contilyesith dvie newsrd aaibilizafior . Evien

optical switch matrix 1222 is used, by the netwqrk ele t 1200 to,sw tch

si gnal pat Hiugh nopeY eARMSICHYFTS r?%‘&’éﬁ\?é(ﬂhq 9%%%%6@5%&% n&‘ﬁw Pver s

1206, g'(?OSBle;rrllgﬁts%paty' shtlbe 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



15 switch matrix 1222 al so switches signal paths of optical signals
received fromwest transponders 1224 and east transponders HW228R The

transpond&,bsmﬂég)gl de a way for optical signals to be droppegcfiuaziiod
optical network”so that they may be received as |ocal signals 1228. The

transponders al so provide a way for local signals 1228 to be added to the
optical network for transm ssion to othe& network el enents. 20 The

t ranspondgl, , .
capoct | valeqre Rk eI FRRBIC A ABEEh el BRTHSS S e simnal
1234, | 236athe|$ﬂfeotehmakywlﬂﬁcelcbramhd\lox/ Denux | 234, 1236 couple to the
optical switch matr] . _The sign th fro the trans ers t he
optical swtch mat rFﬁG lﬁfé%vssap&ﬁgﬂgﬁ{yogrg‘g ’6‘8’&9 53891’86’65"6‘? gregemepht‘o%o
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provi des and an additironal signal path to allow signals to cross over from
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Si de. _Th Sne 4ol 16050 R PR Y Rails ORSEALNAL, 1AL Ui

simlar function are channe coup I ng ansponder coup I'n
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| t t
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about si geatput signal # @06 riThe mubrmleomphmemoaﬁhﬂ) meeWODRs 602(&,2vanegleitgt h

managenent nodul 1246 tri.bu el en mation t | ected
Toda ea npRdtHe o e ek (o2 4ok ST 1 A05HHS PR SR Bl AR 61

1248. A Chvuiedidighal débuk 3080 Wﬁex@ﬁﬂpﬂeﬁﬁj sxgﬁaltﬂ@ez asisphrﬂ bifttheinpiesigias 1 24Rdt o
al l ow configuration paraneters to be downl oaded fromthe network entity to

the CAM PREt tepls Mteragy rommongdh AP (e Thg sigraldemuxniod Oalse splits efifizne00 and

i P, d
roamp. 12657 4hed SEAOSEHAE) 6] trkllr SRERTORE e Blun® BV iehimtl 7,
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f t t l.e 252 Wit h
ot ons b o B S, SR B 0 R D B LB, 5382
to OSC coititerndllcempoistit 400G operafes td prodilza seebihd ohtper K016iwdticH Bébepled to the

inforpation received fromother, network elenents to the internal corrponents
of the nethFA CETBARTR 69960 | P ImiFERCTAORERGOOR PEEISS 1o Riegugsaehird

controll €b#tp & RR0WE& ié%o}ﬂ%fui%rdf(ﬁm e dg©ebud i’tﬁ4q?§4g§\91rmﬁ>{ ?(?1182 ?dd%e fne ot her
net wor k el emsnts Thus, information 8ararret ers can be exc d between the

i nternal ewppolddht Fheg scgnatsrfeomdlw(as bus areeembined \oxttlhwweﬂ@m;lgnalmmt he
opti cal C ne the interna one ts. of the
net wor k e?’get%do‘tlﬁ % l‘|lsﬁbc Tuge lﬁ%f\]@ @&é‘ﬁg%&]e)am %Mo%ﬁ{fénd@%%éw ts’ﬁgl
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Several operating nodes nmay be confrgured. For each of thé configured

oper at i nginsERl somapRANt 4A(4pophiat "ﬁBWé’k sigzalapap be gropped from the network signal

path to form local signals.



for each of the internal conmponents are determ ned. The power paraneters at
any particul ar 17 MAR 2004 WO 01118999 PCTNS00124104 45 c,ggponent
represent the signal |oss through the conponent as a result MARWVINE i s
configured. FIG 13 shows an enbodi ment of a network el ement | 300

const ruct &b dmisaecor dance with the present invention. The nBEWPRZI¥nent
1300 includes internal 5 conponents 600(4), 600(5) and 400(5). Each of the
internal conponents includes a PM nodul esgonstructed in accordance with the
present invention. The PM nodul es operate to provi de power managenent in a
manner simlar to tHEhemeywork clgngnt 000 aldo includhea nettwads kdnsinistretite LEAO027 | n

t he network .el enen 30 the PM modules act.as..stan ohe nndul 10
ol e e EaRPRL o g e KSR ERE < THF adfini L AR o2 GS SR Bgiera
exanpl e, trhedufid viEOR provilid Ridijeaabfustidmlipenfaodisnip toeelly managenspial bowet | ons
for the internal conponent 6_0%3%, The, PM 1302 t hen conmmruni cEt es E)ower

par anet er €%l rA AWl APHIA Bpit d Pod Isiseupied (o the SebYTk AdPIistTaton RS 1QIEQRbYK

el enens. HRAvEMEwithng ifS rhAfA £ 18brdvi& HRShiFARGNE tﬁ’@%ﬁi]%@rﬂ?%&of the
network el ement, communicate power parameters to adjacent 15 upstream and
downst r eamingt imterkaleshiteb bus 1 030 sPecwitching infonGatidnideserives variokstopetatiog
configuratiopn of the, network elenent 1.200 constructed.in _accardance with
Che presortod Pertie Ry Besinyo G ik opbBNRb ihPL 8ol pHEE o

el ement 12Q8mpleptheeetnigrkleieni 425 opérddinanthglsétfeh niddeSr mkdy-obrasdia\@hodmal
detailed configurations of the network el enents 202, 20 204, 206 and 208,
respect i vaRgAe: Thactvomk ety W8+ k coupladdnithe admigistratiyebusicen ssleqithetdads Hfur at i ons

of i ntgrnalpeRABRARARE ﬁet"&{%ﬁc %49%@ 1080 A ovliing T iﬁ?&ﬁaﬁé@ﬂi@hf@%ﬁaﬁ%oﬁ he

present invention. It will be apagre_nt to a person wth skill “in the art
t hat ot herto erEwitghreanirolnitof028 ewiish kn tire pevices shasvitehirighhfermptianogtvarious

devi ating t ' r | ty Kthion of a Network
Node 25 | rl{lf’ %‘ﬁ@g Sedn}ggl%:&%g%tg%? 1 '{Iﬁnen% Brgrztg’gstrlff h %@gr}{(ﬁ}ggs @’6]"483{2% cations to the
power managenent al géachtVOA $0P{102)thas adentugldoddiesplerritedbyaitpiseociatéd ¥OAdTle i s
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smoot h- t r APRTRITIATTIRG RRNE POVER /8 the Vouabagies e sy postering o v
ManagqRe Nty a@dddy tht Rlnber S OwiRIAE s In 2R IGARSHhA e QHEPIPRPIRer PET wavel engt h
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the 1 2 TR SR a8 RoRaBie Rk S RERS LA FoflorRighelr e f
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el enent nmay be required . to change. To pr nt. di sruption.of tr i uring
an upgrade scenari o,gofﬁéar}SB‘RiéWe‘?T&\ﬂ%fén&’he\yﬁf‘g@FF‘f‘ﬂ?ﬁ581'“!68’\}%% }ﬁ’é\ﬁgﬁac s
bet weep neiwelckg®l BEEBLSord & ehdttifopdiy &.LaRAKGRNS Bl JFrifgatien). friem
the current converged set of network power |evel" and associ ated VOA

at t enuat i oO4§) antematicaly apensdhe erntapd Fopeand waits forap updptewnydiat hasirhapgedi s f or

this mgrati tJ ] | I I and
assoct at ed MR GHE mbies Lk M sl Bikitmofi 16RO e VRIS

whi | e t he tw@#justaht angsiatior faadyr of thedv O At teaecounhfor sheeddygedtcanditiorss eABertzef or e
and after .t pgr.a X rk traffic i.s constantly, 10 s orted. na
o note. HoEattaiprne SHATaGOs B forieelTadzo  ERE s His/BEE B vl P
updat @d Withe\VOAbEABAGH Ydw ¥etdifdsor mati on and send indications over the OSC
channel to nei ghboring nodes as new wavel ength outPut power levels are

conput ed. The ring wihe VA& meiataipsthe lqcel dashirgried togempuireViOdeatteyation

st eady- st AL&inBO Bhis ldaMeoSsidedrassoci ated VOA 15 settings (a 2 second
hyst eresi s ﬁlg? - 11§ ?éé iorr%)1 enented to ensure the | oop has converged before

not i f yi ng eVOBke nimbhaw iveavgiehgthathresph a VKA endeh eonmalyveugpenme switcumg and he
ring continues to.qgperate.wth the origipal set .of VOA gttenuation val ues,
thus suppor ¢ TG YIRS Eondilnse- feBuBine” ahF ret B R REARES T (G, | Onee
the ri3pg cony@hietrafile Eftety PRIWVidERItMS Satatal @att O 8bnHSIfing el sySlem| QQPSSHAERS to

the wavelength numbers are made as wave]chgth status events are recetved due to

failures in the system.



20 notified of new target values for each switch condition. The VOA Control
| oops enforce the slow mgration by noving to the new target] piyjagnspgs i on
val ues over 40 increnments spaced 200 m|liseconds apart. This slow sl ew
rate ensur@soi/fgbe N0 power surges occur in the network to dPET/UP00/24ae i C
as the network noves to a new power profile. During this mgration network
traffic i s supported, and this support i%sznmai ntai ned while the VOAs 25
increnent to their final settings. Wen e VOAs reach their final
settings, & heheeapRbbwel@hididngtsforhortd® aktepYofeetio fceaioe MHRP PN loH @ife cakd1US
conpleting the upgrade wi thout affecting the flow of traffic in the

net wor k. \\av@rendgsihipinfomeitioni ng The objective is to allow cards to be

power | ovel o TBEIAR PLnH Alverme s et 8 T OR e Ahs R b0E Tt AR Rk o
are encapsul atie¢hfbfndtfea. cr oss- connect and upstream downstream connecti on
nodel s for that card. WD 01/18999 47 1 ? MAR 2~4 PCTN500I 241 04 Just
pr ovi sidoni hg Tae M ACionerates thyeaniral Jeap tawrovife thetabgity §o 5@ the Beximyimpet ween
cards. Only i hSyi i r : < :

S0EaBof MARELY Ol i iSERIRh R 8 aulh AR En Bp Rl

upst r eani downs am con S S exchange power

nformtion o set erBUEhANGACKRR: LRSI Ty ASIIR SR, IGR 1B 081 b aver a0e

out put specifies the average in ream car he I nput
| evel changesufesthacambified dpticalgyanet estha Videw uefersghRe avdrige povsar by dividing -
nom nal | oss through the card. is change is C ni cat.ed t he _next card
if a connd®f iU %PXFhWr ag%épn{!w&g%‘w °Hﬁ‘é°rtrﬁ‘f°6%%th§3fléécfr@8 cards
as upslpr eaib@oE ARG ddAREAFb BroVRitandBckidd boWeCR it ufplt. PEhiP FRbSdKIBES adilsls
connected in any order. 10 Local Power nagenment The follown escription

provi des ifat vamatons in 1bA bekavidr of weY Ofratha drenwsmitter pasers of theab andlossead
the ring &H%@?pgﬂﬁégginﬁwt&%@% I%YseJal?o%fatM@‘é e%ﬁ?&?ﬂ%ég%%k?g&g%é f

nei ghbor s e -manages’ power ernalTy using |
power | evalhanfigds traversing tharMO Apwhich igtgpeesllypestable wetgng However idtherstnt @fm

node. The Power I\/gn epent nodul es .rﬁlor 02% PMs) assgoci Eit ed wt.h cards

W Lhin o HOHPEHR GRS (oharuPe R H OF REET DrAk oA R e E SRR FOReTs

nmade hgt WeRdin tMObRRId tThe chRlufatibA GhH #8$ebRENOVON adja¥tRene XWRd Bindbrrédnd

nor mal wor Ki ng, equi pnent protection, 20 ring protection, ring swtched,
et

and ring pheatbertregsas dera ehangg indhe mpohes of hanaele thravgha Vi amesld kesdynamic

i nformati oF I Lt S s : } v, RS For
each connect {llglr??mtghoeftcgﬁplﬁ%bﬁgﬂt}%ﬁ rgvgpﬁ?:gér’\ﬁ ée%gé:lﬁgg\lﬁ%tc ie(r}l-gcrc%gr? it Olbl1gl S
conput ed uwsidrigsabhng trensnssers,amptiealtsivitohingsening transmi¢teesitb differemttwavielengths bput

| evel is cor’%ut ege\ﬁs e _mni mum power |evel resulting 25 over various
paths for HOPE&PY PQ@H‘B"’,COB’Q’BF nt protection, ring protection passthru,

ring pootection sw tOheRlethb@tdhdndR thOEHenpgindRE n@iBELSichRaidShegiybyequi pent
protect scenar.ios. The m ninumresulting output power | evel sets the

guar ant eedlestipaen aarve! @ragningBuktal iRRYHPQHE st e {n desectingsutha from
or ki ng” arilpr by ai epg RaBE et Uiy DRy ARE G o out put
| evel . | rebaraithefeedbrshdiapeiopenst' ard maingaims theeksrent MQ@A stting Ging yolage: o '
produce t hc%rr%ﬁé dr &gﬁl%ln l1Dr|1p(?1t 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 conirol loop to stabilize the VOA output at that power level pending

further information.



SNR for the overall network. WO 01/18999 48 1 1 LIAR 2004 Pc~riusoonai oa
I n anot her enbodi nent, the output power |evels for sone or h?lme%mprk
switching events are pre-conputed and stored. Each network el enent ¢

access t{RsA/RIN- conput ed val ues to quickly adapt to chan@CT@SeeRH04 k
conditions. FIG 19 illustrates ten paths that are considered during power
managenent. S Wrking traffic added org sane side of network el enent.
Working traffic added on opposite side df network el enment and switched back

during ring protectyRRwsidth 6ol 1059 di &48h hE@fotk cleRRASHIYldhésThrpdwiltdne
equalized to working traffic added on the sane side of the network

el ement ) .evews dpring protectipmswitehingy kheproeycpicke s8d W PRIYGhE MORLHIoAdBEE thén
swteh) VEAdeuiR hhE b§y@d o R el bW IREL ?ﬁaw&l&{g% b Rof it CN)
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during equi pnent p f”é&‘!f]?%h f‘ﬁ’g?gﬁgleeg ggzds &ﬁgﬁvﬁﬁ} E‘H%&e?mentt
protect SMjobCIThe 3a0elehMR m4afsgealtat Wi NEB2icetpeaidte admnﬁgtmnag bwmm traffic
sw tched back onto the protect path and incom ng protect traffic swtched

back ont oeediee wayatgnggh mﬁmauqm@g@ thaneiworks gdminigiratiqry | Hip wedeagth o 20 t he
| ncom ng gl %eﬁ%ﬁt&?ﬁ HYOM BB forliyion 8 {hfﬁﬁémal Pérfx GienRBFthd 0SSes.

A node mai ntarns Const n?s aver age out put power |rre a network
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downst r eajapiesi §ab 0002t recdiRedby e h@waEk dlethentnabo.powedhahsslehe addédigr new i nput
value. This may cause each network elenent in the ring to re- cogeerg? on a
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card mai nd)fathmslat/ﬁmg‘tmlsb(ﬂmt abprpelfeilures are lpropefly repririedrdufing rmg@m'te(ttmnerface it

cui 1 A 1 obA. G walteranY Baaciini B kPR Rntl ot o B RS, T

connect i Odbsdﬂﬁtldﬂxshoﬂ@r TRis wa@eldh@heighalig 1§lgséﬁ\mbtr16hfyh£bnlv6ﬂ@éléménmgrosmﬂ tieeh
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are noti fFé&IWBF“‘%"’ﬁ%@ Lossoff Sramal €05 ocers aldhe Aestingtiqn, & thersoptcg has {jled or

recei ved, p&nGaindd BAVAI mﬁhgtﬂ%ﬁﬁfsr&ﬁ?ﬁs 6\H¥ wraeééﬂgtﬁﬂ&ﬁéer(g%n&ategmwy
notify CWDM output 1s too high if required to match passthru channels) and

ei t her 15wavslength sdtgesvemltﬁemcthmlﬁg&is t B ig #leo rsepamsiblefpsiseurcing theigng sléfs t he
send sxgnahrngqg a\{eflcn H‘% tha?g}é' ardﬁéejd d&{}gggfe% kg Q’Q'F@reeat b a%@fn gﬁ‘% Eﬁd ons.

| f seTfidi ng®ca reques an alarm con I on.
The out putiropfoutpue 16262anp rmdul e requires the COI’ISI der ation of four possible

T L et o e A Yk B P b B 0.5
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



2. The power saturation |level for the EDFA nodule. Pin < EDFAout - G - 10
Logo (Nchns * Nmax) Where: 25 Pin is the maxi mum anplifier 1 hMAR; 206DFAout

is the maxi numanplifier output; Gis the anplifier gain; Nnmax = Maxi mum

nunber ofvoBandset hrough the Anplifier. Using the relati onsh‘i:]foﬁwfit“Hlé

previ ous step, Pout can be solved as; 30 Pout = EDFAout - 10 Logo (Nchns *

Nmax) 3. An equalization of the anplifi output level with that of the
first band added on the opposite side of a passthru node. This prevents
unequal waspetievedy, o alldw theMhRrZA) QoMBPokthtsli8 XX Chdn e ParbimdSDONh biler pewerks

bet ween passthru bands and added bands for the normal case of working

traffic pFAERIMYCARISEID M IMICARRWOr exanpl e, an upstream node is

instructed to reduc“gc@m Rois E%Wxnblﬂdéﬂ%thé‘ﬁ&%ﬂgelleﬁxﬁﬂ10‘0@ traeceivph to
mat ch added traffic on the other side of the S network el enent. Pout -

Passt hr u_doosslsfleashpener mMaecmenwn@mmttepg\p@rmameta@do rgjgeenynetyark
equal i zate{l%gengg vxta'i'ﬁe gg‘e CPL SherAY ? ut level with that of the first band

added on safne passthru node through the | oopback in the RSM
This prevents uneqUEic 1mmmllemgpmm/m0$4)bmﬂ\6@@ﬁ Pagetdte as deacritedahoveaditted 10

bands when_th [ tch d d tect traff I d
back to TRETSGR kY HE aniIE: 6BroveeSautlarer e Rs Sd BT EFERI . T
Transm t tl?‘é’x-;tﬁﬁﬁgﬁ the ﬁéﬂ@o}koe?&ngrhel 000 € 8Re Mt iRtsind] QYR orﬂEﬁ@s%d@@l Sahcdrporhfee

m ni nmum o possi bl e out put |evels: 15 Pout = N (Pin + ‘Gai n, EDFAout
-10 Logo Y®Akstse hemelX}:Len@pHmOt\eﬂﬂb%’@mtaldﬂm ﬁmwéangma@auu adoputput signal

Passt rulosf om a I, er, Near I

passtlh urod s irgeRinn i b AR R E RO oA el BRSboreinhe o

3888 consfhpmt](chh&dutplmlt Ei@?ﬂﬁﬁﬂ[vdﬁﬂe earyirigipoivee lgveRS amesa sigrealet arecalédhe net wor k
can performall of the p uy scl.osed, .aho

W T oo RETSSEY. or enePle bRt TRy U h20) RETOA FRAC SER srossSufpFinAde

const r uct nedwhRWlerhéd Wil 2Rl GR khe Qi¥R signb NES06 HAGIHEAEse e tpRNRr IevePaeNt s,

and power nmanagenent strategies in accordance with the present. Exenplary

Enbodi menthe pswaninpwdaguirenentsafche ﬁe‘ﬁﬂStWemt‘b?iﬂq gmefPower namnagement system
B s 2 e o P
or rate (BERSCIegt@iiati036 8 sHovavas behrecbrohidad &l sswpwlvmry exidatealt0d0in the e
oF & 2 I RBBPPRSIETROPO It FH P CE G Of BLSRIARGPENSD B Ba
sSW t chi NomaEhYeRinasgdith& R ildiBdLBID &1 eid &%6@%@&%% within the network element,
For example, many components within the network element contain processors 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 1nforrnatlon to the network element
30 1000. Based on the received information, new path loss parameters are computcd 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.



1 7 MAR 200 WO 01118999 51 PCT/ US00I 24104 Thi s enbodi nent aﬁ;% s_m ni mal
channel disruption by trying to maintain the optical power 2Pkl for
al | channel ) 12@9 constant |evel regardless of the path thepepassakios
travels. MOY NR of each channel is within an acceptable range, the BER
for a channel will also be within an acceg)t abl e range. Thus, channel
integrity is maintained when 5 the optlcé path of a channel changes. The
recei ved power and N I | e range
by network control C?‘ Eﬁ%qu(ﬁq %I%SEI% HQ)OW@QJu %ﬁgﬁ@g@%@?l s This
enbodi ne ntadinﬁnisﬁfﬁxi\&rmm}edxalthe idmmtragesbusmun stnot ybte:onpltedw.rr the c@ddta getwatk. on

I's defined, This vol ves speci fying, the nunber, of nod traffi

bat ter . 25  Frsnl i eoaneleara! N dore pareRs WP RdiP eIk SBE The
first st agr?or‘%é@thb Gﬁil%igﬁgnﬂeﬂ;cﬁﬁ MHeHeRGork REervé F@M&n§ﬂiﬁeﬁ%ﬁ&h@xf)et\\/@k fedeelto

er bi um doped f EDFA) target values. The second stage

i nvol vés |¢th@nt¥lﬂmmtmglthheemhmrk and turning on the traffic Optical power
control within the n I f the VOA
and EDFA control Ioolgéméﬁ”é q%mﬁg'?%%gnﬁmgﬂﬁh‘%ﬁ% }{%3%%@3% eady to
handl e f aidonfigumtion paramesdrotothe GRM V@38 and the PPMs df |t1nesmtes:ta;hgcanp¢dcetsrvm ther k

I s desi gned, hased. o equired. traffic an _exa this
erbod; man AR PTE e 02 e iR vt AR et 4o5cae s e PR 100

repr esent i gngdnéntk h@ﬁroﬁ'&@ﬁe@ﬁiﬂi@éé&s 8gnals @nferi sevérhiGpering hiddesd. "Ebréi&hpleone
fiber carries clockvm se (CW traffic while the other carries

count ekl c| isakwiIrmel modyyf epesdtioncthe Trtgma] eomponent GRMGHAMABNRE WnEBWEd 1t each
node with f. | tical
Corvi ce. orosltSits b BTN ROSAEH B hob R el 3 i SP AT

t he avai l ad:dnq;dnamdmodft)hlmfumamaf ¢dmlsoneés4m)(4)eaay be conrﬁgare\i\M/h@q/a;nem t he
nunber of channel s, av |Ja n a fiber s d bet ween .t Workl rg and
D ot ect | orCHBAERA S Hadhe a4, PR 56 Tody ORGpt P e CAPHACILS GTAIA ViAie

equi pment Qftek! ge revdirg éa&rpoa&ttergeaig&r@rr@uwoqh@ﬁﬁ@ﬁal%gaxpaﬁém BYO(RPwhichg t he
af fected working channels in the opposite direction around the ring, using

pr ot eck’ orméhhm@ﬁ&%qﬁatelmgltlpm the Gosapement sigNals1QEEIBer to FOrETAIATEPY SIZRIHOF | ber
can vary H?srsfcﬂ%ethg\ﬂgﬂ &ﬁ well, the path that a given traffic

channel takes oma par r transmtter (Tx) to a particular receiver
(Rx) can also vary. AnblocldétO& thesGPMssimhgws thssandigunation af gachgntetmahnel count

and varyin ath loss, 30 a conbingtion .and Vi ar.e use

£ hr oughout TP AE R R P A R B T DS AR PR Gspistg i cach

att enuat i ogperdiRig@nédRAHich&flof the ent@ial onkmst 0 establish a network where
all channel's maintain an acceptabl e BER i ndependent of the different paths

taken 201 T M 1R 200AtYWIogk 11 ¢ ¢ie cpmputed loss parameters 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



PCT/ USOOr | 4104 during the operation of the network. As sho in FIG 21,
preanps and/ or postanps nmay be used on i ncom ng and out goi T MAR 2an:
respecti v@lg/oiy@ed ovi de gain. For exanple, Node 1 shows a rEREU§02303 and
postanp 2104 on its East side but only a postanp 2106 on its West side. The
assignment of anplifiers is dependent ugi(gn t he span | oss and conponent 5
insertion | oss between a selected Tx and Rx. The procedure used to

det er m ne ipdepesdently softchddAsand Pisingpewitcliesiarent enthe meowork pimenasThiand
insertion |oss of passive conponents at a ngde. Onge |nportant aspect of the
EDFA oper é%lpw_ﬁagﬂﬁf\?ﬂﬁﬁ§dgﬁ%mt9féﬂfewewavplf theyreark glerhent SEIRCEE A8 gai n
flattenedpelfdrk] B AARY iAFRISASIvePhe biinfitRliVE Ret®BA S nadiltne hasmgl s 10
experience Si mlar gain for a variation in input power. This approach
ensures miswitehgs. gain tilt in the anplifier. Further, the EDFA can handl e

i nput power |evel fl ' . Y. ] . and
total fiber fail uresﬁ‘sz;t%]g?a& (kahggglrlé;‘%lﬁgtrqggn‘%%nqsdggco@ﬁg Cﬁﬁ?@%g{%%ngﬁﬁv%gchani sm

i n the nemumagernanttfimctddéof thbacivwork plementd®0.aAlthoughidesctitmadeditiod pedspeztivat i on

for all channels passjing.through it. The placenent of 15 _VOAs at node is
shown in P @nflzsz{rpwﬁlﬁﬂguaerﬂ% {npawésepfit&f PPAERAF BB e ﬁ@%‘if‘ﬁ WS traff
¢ and the ;ai1g0hdlichbIR!td bonfRArRL bl & 16 ey {Med Rfismal ddnigtnene iR ment,

the VOA on the incom ng side at?enuat es all "channels. This is shown as VOA
1 and 2 i pirfFadg configurdmetwrok slemgol. ibhusi e followdngathods eanulsoubed ¢o invwdly by a

mul ti phexer. ~This i \/! i 4.6 110 1 G .2 Thi s
pair gpovi%afégglpﬁéngg}@g%%&g rtterﬁzaaﬁé&%\%” @&gé'% Csdmcﬁo ngﬁtgg%g 5 boyu%g'i fferent
amount s bebnfigurtd el¢neheasupgtidps eccael. | n this enbodi ment, the protection and
wor ki ng channel s are, the suhsets.. The itching fabric determnes ich
protection and wor kiAhtgbqe%Hﬁgi 'i‘eﬁ}cg‘e?bfﬁwéaceb‘(fts%ﬁ’fanl"l‘%s MERIERS cb‘g’taH;‘AQﬁ}éatEast
and Vst gest@ibe thelehBICEIThd@BpMQfmal WalcRkiBBe feckiVel HEm AadjhdEnPhstrehin §@dé O
prevent overload of a preanp at the node. The outgoi ng Zé.VC_)As can be used
t o preventnehsbpwahdlles upstrpais nadqbairge actworeelpmgrt, thayiragaeits signals taba i s
used fol | Quw | s..1 rder ew.ch a power
evel Sun ekt st 1500, MR o) sty OB ERABRE a6, PO
bei ng dr ofpedirdeico phsSEN. t A¢ thisgdrctdethe OB& oip e phriaf@tdroovatheORCitplgxer s
and denul tipl exers are use 0, ,c‘gng‘igne and s_egar ate the various o t'bc.al
vavel engt RYAGHHIAY NS LA Edﬁbalﬁa Y thé PaFametEs waisate thy norﬁlmérprf‘%;nﬁy Fia8t
agai nst f ajzhsthRiegvents, the traffic in a BLSR network is switched away from
the failure point. Thus, each node nust consider four cases: 1 ) Nornal.

11 MAR 2004 WO 01/ | g9n9gmsts a1y inRuhty thenetwarka ard/signal powaelesels arssdedecte3 pnii ng
SwW t chpa tenS r,=SQ0 ?Mﬁéet eis
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cases can egting confegunatitinent tioef netwankreddnsenit h0Garetuliy@acteptabieddputtandohguge as

wel |l as the optical. power far each channel into the VOA. In.o r,.to ensure
Uraffic cOlRNSHTo e e dhamaert I e ssemres suoy e it ity ride B
attenuat i Gowaep@nths QnndtHatdle GRstgial@aiiatfed Forh The ARRBANIBGRN ODDandat ur e
of the network, a given VOA may have a different optimal setti ng lfor each

t

of the fodp: 1683sY 2 Ryweredustiorer To serapensae fasithe eucresiie signpl.the signaitlevgliae a
VO 1 2% gor el B ATSFIBEL Wt M A 1P AR Enarld REBTR CRER T e
under al | 1di theentemial samhpaients4)8(Brcanant hgndiethe igndl retdieed ftemaheriniémg t he pat h

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 th.e OSC

controller 1036, which in turns forwards them to the CPM 1038. The CPM re-computes the



performance of each channel, the fiber and conponent | osses are either
measured or estimated. As a result, an optimal attenuation'VE M\ @k ned
for each VOA for all four 15 scenarios. |In nany cases, thepgtiusouxtoon

val ue forWQ W% s the sane for a nunber of cases and as a result, the VOA
wi Il comonly junp between only two target val ues. These target val ues can
be stored as attenuation values or as a7 optical power per channel. In

d to handle th t t
ol eent B8 ausai rieptea) Gt ot nte detiidinds ihe SRS
follows t Q%MQ@V&S?‘% teladb e 1 prok b seleh i @ard2RI001 )u St Gmdmwheret-he t ot al

opti cal r at the output of the VOA 2304. The PIN detector output is
sanpl ed vmompawdamrrwgermtmajm al converter (ADC). The result is processed

by a mcrocontroller A gg,gmgh #fand d&tpub fozk pRraimerters for
regardi ng the numef‘to?&gr}é%gﬁs ﬁtr ouc ?\ﬁt he b it catr?udet erm ne the

power per tgherdedo(4Ybissd onfrerupdsteoto pasmm@sétu the eﬁfdé()@@w A8e6E8Mated with

the node to the m.,crqcontrol | er t.he 2 ¢ ion's
b opt | c APepDIRSH Uk T e ramah By Earf e R B PRt b9 the 4k ADNAY, o7
m cr oclc; nt 5%;)!% E@Ijsta(-h@the pﬁjaﬂieteaé a%?béﬂﬂdzigﬁb tt)lcegnﬁvc:aﬁm(w\«/) inBAdllyand subsequent

gai n or e design shown in 0 e in

out put are cal i br at e.blagki 1 224 the (BM Trerompiss ‘“8{5%3%‘10@}%“? gp%%%e\%gfor
control }%qgaa PhEdters tthahY C¥rd0oW) dEhe TPMI get
attenuat| Cara%&)& BE&' Oﬁtca e eg)E’OpaPl Ntlss not. used. m%o T?le se(é@p&armde

of opagpat ideteringnenttert metdxpedx/éaoslgtai tavpls sarn be pclegwtew poResHrelthyrhe Gerd OWer .
In this case, the PINis used as ﬂé’“ﬁgﬁ 1rﬁéﬂml us creating a

closed corAsp: qt?fS?)thelﬁéfi’é‘P’F&?rﬁ@SSBﬂ req I'rene the VOA circuit
may use one or both efpibéle] 12BEHRe DPM ﬁim&rblétémpnrmpmbcdlculatGdebr alhthe
circuit. 1 7 MAR 200 WO 01118999 54 PCTNS00/ Z%%ﬁgﬁeﬂ g_& VC?Q\ isin
at t enuat i dntemsdleomporentsargd down|ogdnthess RIFAERFIEH i £e J¥F9Eh to a
pre-calibrg g)gngrﬁ.k U?Re wgﬁ['t? a?f%d\ﬂ%hkﬁ rdsPedivBitemaNédniionemd Basediom thent r ol

et ec

| oop is 168 and t orcircuit provides the feedback. In this
node) 13t t angpdieedypacameters. t 0 hol d the out put power for the VOA constant for

changes at the input %&Rlﬁniﬁé BSQ%%Q%E%J&%C?W ?Gis@%n%lffc%lsfrom the

occurring in the net arou e ri hat all nodes are

made awar g fafredrh fof@hrY B ARG eﬁpe@téd fori the uitennabcmoabma of the netwerelament Fl G
21, this information is transmtted around the ring on,a ﬁ&glgratemﬁpfm&el
speci fi cal 10p0. dmeSPtN elso dstermingsthe P o3P} SRR AP WEL JgYe R NP dat e

onit's sta %tyasr’lcvtehﬁqr%%‘.\fh;s% g%%wﬁgt &H%%dc@ﬂ%eﬁﬂ&km@ém' BVa&lcerdane: Withded and

conver ged & net wor uations can exi st Wnerg 2 prot ection
event :nilccuunscxatonaamtrhd@o'azlawanttreeterfsfp@’;‘zptag'qlﬁ2 d?%‘%ﬁﬁ%@‘ PaFh ORYEIC t and

channel i RELIS YO can &eﬁtﬁeqﬂa‘?mﬁél BOIES Xrﬁl'thefreshhﬁxgr}e\hmrﬁﬁrmé@fs@él on

passed aro IpteTRg! FHPR service channel. In events like
these, a Vighsatined @quﬁﬁérrdemmdeelmmhﬂts sﬂdaeacm@pklEm exsxmtﬂr ifposyer layét uat i on

before it is notified of the c e thro cal In
order to hepfites o gingds giiect gPWer g S'é?i’sg‘lltg%rh? |s |en%Iﬂear§rg{1¥ﬁ gr%v\#llere '?L
VOA CONLT OherlyBAPeIYnkt 100D, tﬂpﬁﬁﬁxtehxﬂgloﬁél tdrOme detnaip clemeat 800pesult apdate its
current attenuation, If it sees a power delta beyond, a certain val :i}getat t he

det ect2f . iftemalmompohentotarefitdt thasorpnges %‘dé{apéfﬁﬁélﬁet phiugied RarametersdoO R j £ i ed
of the new netvvork SE‘% S élﬁen?nt'l a timer has expired and the input is

stabl e agaffAvD§FeaBijie IILE power value is provided, the |oop in closed
and the new out put pmrocksm@rnﬂchffgmdt fapamelthrs apgereceized ﬁP@cﬂ‘w ppsHeaE: node, When

the VOA is operated in m ned
at t enuat i offiegibe Prog ! 16@PT°§?F@F °F§’atg' I1§§ up‘(lup(}%%dt hggggra'hj\eé?ér?nt&cb?%sgoofﬁéfgﬁ eél The
VOA set ti ngohofidts With Bl picoibengesmétersi Bint difievent parameters are received,

30 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

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



25 B) Wien the VOA is operated in closed | oop node, the al gﬁzi mi as
follows: 1 ) Startup is in open |oop node with a predeterm héed uation
2) Once tygohfddys to the VOA has stabilized, the VOA contr ®CTIusop24184 cl osed
and the VOA i s adjusted until the target output power is converged upon. 3)
If there is a power delta | arger than. édB at the "input, the VOA sw tches
to 30 open | oop node and holds it's cur 8nt attenuati on. 4) |If there is a

pr ot ect i ORaQmeted $iBFAdticAMt 688 hoded PEREREallyR iieier@bikaniliedonglettly stdllizet 0 t he
VOA first. Second, a new target output power is sent to the VOA. After a

peri od of whenpo diffeseny@aramstaripiormaiign propagates 4o any. BRAFAR (B e Otk harshy all
optical o J - I L@ﬁpe n
addi ti ona:{ﬁ‘?ﬁegg?’ﬁr%\éﬁ%%%qtﬂaéglgsﬁ ar%{;}‘%]ts y?ﬁg% éﬁg%gi)ﬁgtn?%r {g t hat %4%%@\1/%6\ on
t he i ncomipath is ittbeneoivorkheillieciecansaufor.s for |ink | oss variations. Wen this
VOA is_operated in osed |l.ogp, node, changes in the fiber spap |oss can be
accounfed for with t%lllié SQRBATIO %r‘lf\??cﬁ‘éﬁatlsﬁ 0‘8/55“?19%%1"11%{}5‘3@3@1%%‘{}% ni num

at t enuat i QReonfhSdROHal&futilelsigfal 4EEI8I ThEksendhd BltRgihs Whehlifferemfraiers i s
that the continuity of channels can be maintained in an optically sw tched

networ k whive 2t te rigtyerk ciamasad A0G fromihe upsiisam npde h Ahg Tarent pAMELS agai nst
faitures. iJiide BIPAYLORA Ll OISl frahGhit @Bt HEJbHEGS ndde)s 181
Co C

i npl enent.ati on uses I nati on open and cl ose ontrol loops to

10 mai nt aieRpextsdtyaht nawoeineiatniesnl 90d const ant optical power per channel out

of the VOA for cases en .ipfo tiLon regarding the n er o nel s
througﬂ the VOA is b‘ﬁwcgdéaﬁ tégalft?ﬁ?ﬁé’ : e%'s %eﬁﬁnﬁfﬂg{gglogﬁ?%mg‘%ysed to
det er m ne [LQeveAibgRd D0 BRENERN 086,0616h IrPREnsTBEY ABEThehORRhe/CAVOIE3BATHhON.

The al gorithmis based on power deltas at the input to the VOA 15 and al so

networ k i ¥RV mexcoroputsethe lass parsmetrs fathe tiasnal companens 60D aphdetemunesdby. 3)

A Uni . -. . . : . t
2 Tecat vern? Gpekipfbigfal {858 R tEa Bl Broisd Bl nd BER of RO O THEO ! ook
from a tr alRMistorerthéss recompueidyerametyrs Théts ne¢malrpgaramsetprtabkel | br at ed f or

optical path |oss. ifi I optical path 20 loss for all channels
is ei ﬁﬁer neasur ed %%i%‘ﬁ(llﬁg%e%éﬁ% {Rﬁr - %E%ua%?/satgﬁé’?i"%é?dnﬁuﬁgtelasﬁp@r%%ﬂts e VOA
under openRh@&dd 40®8FEaskd R tHeQipdhics @parhMetetsor thaldaflSO0E . tTHe GRMt es a node
may be in. The present invention provides a_nethod and a ggrat us faor

managi ng plsieeminee that theiewpestedopignat aveliarnde rdequetely procensed By Hiedpdic Pbcafios e
with skil |40'0th,t£‘ﬁ s@rgtogepﬁu%smgg%b?tg{l P%gﬁ}eié?s fnhEs iAROYS gmﬁa@@d

enbodi ment s noccur w t hout romthe 25 sCope of the present
i nvention. Accor di ngityplodkHe 38 the ICFPMireesoraputesths cnpup andostpheloss paramesers for

T TS e B o957k

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 ﬁccordance 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.



1 ? MAR pQQ 56 WHAT IS CLAIMED IS: 1 1. A nethod for manadith@arignal power
| evel s of optical signals in an 2 optical network so that ﬁ‘g‘g?%hl ﬁ)gl

si gnal s wav/1828%ct ed power characteristics, wherein the ~ L4 1% et wor k
-conprises a plurality of nodes that receive and transmt the optical
signals 4 over optical fibers, the net conprising steps of: 5 ~
configuring one or nore nodes based on configuration paraneters; 6 ,
accessi ng power parAtitbdek Bl42ehadownstteamorode deterrpines thatiths signaldeved itis 19 ng

f th d t Lf tical t '
cont | gur JAStF RAFR(ET P of fIEF G 0GR & eO RiRrecE Rt Al plthske. e

char act erdowrs&im 208k QarsBri QEQ BT dved tH@SOto temerwmietemenh 8000tth eednpt i cal
signals do not have the 10 sel ected power characteristics. 1 2. The nethod

of ~cl ai mis,outRI¥ PRWET EBehprinds reguest Hregsivsd bryéB%_g?M‘rg the steps 2 of
accessing, determ nAtncgoﬂpier‘tefh%QfﬁMQi‘éfehﬂ&eyﬁtthé sich8 100 bafbe fa8iMRakthe S
fully~configured so 3 that the optical signals have the selected power
char act erdasd 6Q0§2). 1SiSce thbeands0BEX) ha$ the VD ME02(X) goupled taighptpui ihis nessiblep of

repeating, th eps of ,.accessi n determ ni.n nd_re-confiqurl unti |
the opti 351“ tﬁ%wﬁaﬁ@ ?dél‘FSI?“iﬁetE’&HF ?@8 °§g’1“éslgﬁ%}$°f%tés?%{g'teir% ‘ﬁ%&s“‘ufg’%m s have
the sel ecidchsREOME ho)aTRCCEM Bldoffputedliey iapit dnldeugnit duk pekamewsy fod the card
characteristics occur when the optical signals have a cgnsi\sﬂt?%nt out put

pover perSORER)En eFdsr ko arhifve i OHINE FIGRY POMEH Ly sLasseptablg toy Framanody 4
The RS NothdQtorEd Mol durarhdteds i is SRR MbdGLA step of repeating the steps 2
eter

of accessi ng, ning and re-configuring until the optical network is
fully configured soAsblbtiat146)thedPRMakmwngiagn #k snteragkpardmetesite thed®Mower

characteristi.cs rein the sel ec r ar 2r i St awhen
Cha oot caspocitia it HSiplbrbdl SomBeiah Bla@haThe PP RIaRS B palkbl 85 idlIEN
of cl ai m e rd-bérhp@aed paametesd. Ny a step of repeating the steps 2 of
accessing, determni nq and re-confle‘%lcjrl ng_ unt.i | the@) tjcal net

blp P4 (%),

‘i
fully configured soAtblediall4® e Y8 IFRAYSS thay : %%P@E‘F%;’b@:ﬁ;r
char & er;sm,haﬁr R ﬁgpe taﬁcgix«ﬁ%t?ﬁxcw_ﬁréoﬁfﬁrﬂ@hﬁﬁdﬁéé SddittonaPaHtataen

sel ect’'ed 'si gna nne ptical signals are bal anced to have s
sel ect ed paheoutpattsigna] 10206in attedansetvdth thé new paramsters. theigby redueipg theisignah

step of using,th 0 araneters, to adjust,a selected node to
corrpensat%o“fegrlev gf/\ﬁﬁa\ﬁ%&\}é"rgﬂﬂﬁsﬁﬁgﬁetq‘m@s%% LP%9% the 3 network due a change
in network conditi oAsblodk 71501 i OBVInaGs@its Heaipdatkd sighel level patamesdrein thé
accessing conprises a step 2 of receiving the power paraneters from at

| east onedavarsiraadidsens netwogk etlemenheYsdhf @¥Ccl ai m 7, wherein the step of

receiydng conprisesap,SLEeP) &, tle dRGRINANA etttk BRARN BB Ghemal 2

sel ected node fromat |east one nei ghbor node, . 3 wherein the power

par anet er somprrkntd ¢s adjustteatherriew ippwdeveleans prppegaiastitsmew paramgeters 4o gthept i cal
network conpri sed. of ugal, N odes, a3 ' ' and
transmt %g%e B g’lgélﬁgfogk‘oggérh %%??‘I‘:ta{ﬁ?’%%éir]s, a&ﬁ%@%@#gﬁ%@gﬁpﬁgﬁsi gnal
power 3 | gssetise sfovt hThismicpridtion ipgotebshappess ored a aeldcted dnemietivé ovhiohanaya

sel ected node, the nethod 4, conprisjng s s.of. s confiquring.the.sel ected

node base¥a%HeRSEMERT HE F‘Sﬂlfﬁé?%tté‘? ggn% ?‘18’ &é‘glyfwnﬁﬁbar% heePE

i nforpati F&ng@gg&,g,gtpgffgyﬁg@r | evel s of the optical 7 signals to be received
e; 8

at the selected no etermning fromthe power paraneter information if
the optical signal sAtbloble 1826, abdifferstt parampferssase eeceivigd fpanthy #peressl deed

power chapact.eristi €$;naal [ e- JQUL . t he
opti cal sghﬁrﬁ%}fesm%ém?\ao ar\E/;(('éﬁ'let9 hog%ﬁ?g{eqsggtuggggg%aﬁgrhg@g@tﬂ 15? iggﬁeéeg?ﬁm h 7
W~R ~00~ edngonthts wittetheaewycrecdivad paramé&ersf Uf hddifferentparagictays aregeaspycdf

repeating the 2 ste recei ving, erm ning, and re-configuring until
the opti cmcni*fegfﬁa‘ﬁ’gg?b&{o@ﬂ#e&%ﬁ%%‘%?F ‘the sel ected node have the sel ected
power zgharact eri sti @gplodk 1132, theddiBh&radriodontin@estodnoveuoWasy stabilizatiosi ng a
step of repeati ng{_,the 2 steps of receiving, determ njng, and re-confi

i - uring
unti| t heEupn theugh e pevaparamsteneweisdesaied bytthg netweork glegicnb o e
sel ected §]'exg1@§tls ﬂa?%%ﬂ'b%%pﬁ@tﬁﬂgotheir local parameters tables based on newly received

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




1 ~ 12. The nmethod of claim9, further conprising a step of {z% }DEg the 2
steps of receiving, determning, and re-configuring until 'Ignal
channel s Qf I’Dﬁ‘aﬁ% optical signals are bal anced to have sel emmusq@am
ratios. 1 % e method of claim9, further conprising a step of repeating
the 2 steps of receiving, determ ning, %ﬂd re-configuring until the optical
signal s received at the 3 selected node fave a consistent output power per

wavel engt Q, etk nd4ifrer ?ﬁ& peeihack 19forﬁllaﬁ6r{7i>r8{3ag%ﬁ@ k€hdy ddae i ieMmeRfork ewkaety gUr i ng

conpri ses steps 0 3 re-configurin sel ect ed node, when the optical
si gnal s dthematwbrkvedernénss Hawettable ea;alpmﬁableﬁ ah btbatenaing the doss OravsRy signa

re- conflgur%': 2}51 |nfornv13 bea ener d when the node is re-configured; 6
and 7 usi RgHt! ?e&vggi con |gur |on information to adjust the selected
node to 8 conpensat ghkQeerReivaT déreoatratehmg signilhate! deanpes drantade tmet wor k due

a change in network, 9 COI’ldItIOI’l? g The., n§ hod o Iﬁ. % furéeher
conpri 8i ngeesmapedate inadequatgsighal ‘?Vﬁé é. fesenanig G heeias whar o }r-?ﬁ?q BAFAREEY i bi ng
pover | evels,of tﬁé‘xﬁ‘et@oﬂcpéléxﬁérlt 1900 'ﬂ%}nsthé Q?Maﬁrn@8§ MThd @efefenoparimetessel ect ed

node; 4 determning iIf ﬁélca sig s to be transmtted fromthe
sel ect ed mnrﬁeathﬁmeth; m&leedﬁve fﬁbmgnaihranmﬂe‘i fremjthe upsiigamaofe isigh % gur i ng

the sel ected node signals to be transmtted do 7 not have
the sel ect® éaecb%ﬁ%ythgﬁlﬁ ongIre?rgH g@o ~ 7 MAR ~pp4 59 1 16. The net hod of

claim 15, further coxgblock h@Zathstdeﬂﬁcretft pRENRES argmaimmze@bwshmosc and

be 3 1D angmvepyrhe RaCneaNec E6, wouk Hhiwstosianind fReaRoi g ° ©°
ratios. 1 dphy JREm gEEeE'% 1885 ok héterk For thalikdied csﬁa&idnssmlﬁmﬂt@&rﬁmnes that

repeating the 2 steps of transmtting, determ ning, and re- conflgurlng
until sel abg wesiegm@nabkadmeﬁrsbmﬁdegmelzPtﬂﬁ?fisé%lby diedogir of eard 688(1xnZkd t o

have sel e ratios ifg1d5, further
conpri si ndu’rg\qssfoéﬁ“ 59 rgﬁ%g?lftﬁ%p %ﬁe‘flnﬁétgghgﬁgtp%%@ﬁl&t t |1%g, det erm ni ng,
and re-configuring uatblbck his4pheiCRM recgnputss the axpsm:td dutpmi@ss tphensidrefired

node have a consi stent qut put er wave, thod of

cl ai mi25, thfesrd #R0¢) basedn ths “‘F‘gt‘?é?} HGWFICHT O’é{g‘grﬁ?'id 6&’88}3 EPES:

re-confi gufetdighired %‘ha’i ALbpREted Gighal wmsrhr& R 1o todaladequatsdy prodessaoby theve the
4 sel ected power characteristics; storing re-configuration information

gener at ed logieof c4rd 490¢f0. The CEM &wd@qhs apstregmfrem the rardd0U(hifos ¢ raydo

re-confi gur@ Qgel nfa rlmﬁl on to adjust the selected node to 8 conpensate
for power TFevF ﬂ%ges hat occur in the network due a change in network 9
condi tions. 1 20 AnAOIbEIC Bl 660 BfeVERM kapes tiat thet:ar&(ﬁﬁ@@mcéu@nate YOher |evels

of opti cal nal s in an optical netwrk s at th tlca al s have
sel ect?dd pQ%élr grﬂ’ércfé\flé? FQIPPQ %IW@Wt?ﬁg’ E)ttﬁlf“@ ?@é?ﬂ es a
plural ity igf.A0g@fsDAbusRERbY BoRNHe 0R0600(1) tblihﬁbet)@klpﬁazbr l@véllrgdilai'cs oftter
optical fibers, the optical network conprising: 5 neans for conflqutr)lng one

or more nowed 404k dT MBMnS{‘PYQWh&ﬁ‘? ’Gﬁ°‘B@%‘%4TE?t’?P§‘erS6n » qriemplnaramaten

performng steps of @ lo%??ésmm%fcorﬂﬁﬁ@m%%p%tﬁﬂ@dthQoisq;a%ﬁeté}ﬁ féror e
nodes; 9 determ ning fromthe accessed power paraneters 1f the optical

net wor k 10the saxﬂLAOK)gA)cbasn‘dl @uhe dp@tesnh anramieterofor theadards6Qihl The&PMt he

sel ect Ed power . r(l:ehsa ac eeg,{pségt'eg s1gna evels 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) ihternal]y.
At block 1170, the CPM has completed parameter calculations for all the

internal components and downloads these parameters to the PPMs of the internal



1 7 MAR ~pQ~ 60 11 re-configuring one or nore nodes, when the opti cal
signals do not have 12 the sel ected power characteristics. 19 2ZIMARTARBY
optical network of claim20, further conprising neans for Zp¢gpsaidng the
steps of WErHESPWg, determi ning and re-configuring until the optical
network is 3 fully configured so that the optical signals have the selected
power characteristics. 1 22. The optical4lnetwork of claim 20, further

i Si f ti t he. st . of. ' 1, 1. d
"o Coni QUPRGHGHE | ThecHMb ey cattshBrwarron e BT HRApr SEREN TR IR P e

optical sigRala hawedie sel ected power characteristics, wherein 4 the
sel ected power cCharacteristics occur when the optical nal s gsg%e %'f
g 23,

he. Si
consi stent out put 5 4sdleak )ple?rl,Kh&\)/é?"éﬁ(jpﬂ(llbé‘ic\ﬁlé’éﬁth’?éipgﬁﬁgg?rﬁﬁleﬁ
The optical network. of ' , i) ${0 e r6BRR 28 atteR@Aéd Ng
the steps? ciéé\g%gsifigg,tﬁ%g@r%ﬁl%n%di%Esgtﬁgvgeé‘:%(}I?gdt}rﬂan untill Itlhé1 opti cal
net wor § i o fhefaukpuy sipall 1020rie dccvodanbatvithiiee mqyt paratnetersy therebyitadusingribe sgpadct ed
power characteristics, erein 4%tletpe sgl ‘(3)§{4 d power characteristics occur
when t he @PVEEVelipsausly thersauest didhecardd 'S‘nal -to5 noise ratio. 1 24. The

optical network of cda)j5ak2f172f theldPM n6RABRIOWS kiGexpRABS irpats stgnakipeclifiongtht he
steps of accessing, determning and re-configuring until

t he opti cal
net wor k i sip@rdam hydecandfthelaseexpsoted fzpm thedntgme] eampPaiep!s o éhewa’%de% ﬁ@"&ﬂéi ect ed
power char eri sH L Red Weh §R(stAE indhdnkits tB&eUr
when sel e tgg{)j g%’%?\%ﬁ%}ﬁgﬁ%ﬁé&ath%%gp%gétdﬁ%% S%%g‘\ﬁg‘f% 5 are bal anced to have
sel ectigd pipner leveitpaeanetdrs 252 dotwestomati abdcentiengetk amentalmaczordanger Witethe

conprising means for using 2 the power ranet er j ed node
to conpen é‘&‘fe@tlf’&rasﬂ%%‘?w STRAEAMEEHS E&??g‘itﬁ g? Wg%bec%%r"&i%h g%‘lﬁ‘gl %En“é%\l/(\% ?ek&% e a
change in u:%gﬁt}é@{tg it Qe donfdfentd phbametbrealied artbthe Resutiaightedibedyapdnmet&l® are

0

further c rising neans. for 2 receiving the power pararrfte S at . a
‘sel ect ed nodemitredrte furter dowasiraani gJerpents Hole netwopk. Fatrxample, HpoWsEISEr k of

cl aim 26, erein th I VAN i - Shstbarh §O8/1 the NO
t he power u\;g’g?tﬁ?ntﬁ aé?%aeeaatrf%t% ﬂéo‘gégllee‘{:c?s gtgén‘é}g gedfﬁr-%{r?n@%ﬁol%g%? hagtrl\_e‘ﬁb?f nei ghbqtr
node, 1sherneiwork etenpaine00)ahcumstreas node; tumhethe actwozln siaimentpldNe wdudd, gdate its

par anet er ., 1.7 MAR 200 61 1 28. A node erable to. i ower

| evel s of IBiSFIaLSPMBPRFAL 1S fFfPFCéﬁ‘e? %Pg%saalngE%@m%}tghes%dj‘g%a@h?ﬁ@étggﬁ o

si gnal s haygmsgtasheshopeeRmeahar acteri stics, wherein the 3 optical network
includes a plurality of nodes that receive and transm:t the¥ }ogt i ?(ial signal s

over 4 optical fiberAtblpiel htddthedommsireampetworkelgmentypdatey i ng the
node based on configur.ati ; $ts hew peeinfcpureiodhé&t eps
of: 7 receﬁompﬁag%%%%}gﬂngﬁg@%tgé‘%ﬁiﬁfg&)rg%ié?%?bisng power Irevel s of the
8 optixal eérgerat & the nbevarkec Eactegleraenttim therdathanetgotkeaxehangas PRV ETIPGTAMSHES Bower

paraneter {nfqQrmation_jf the.optical 10 signals > ' : node
have sel ect%d’ d e'c"ﬁéﬁsé‘ég%tﬁt‘gf‘ipE%CFSS;}WBP?L & %%ﬁ?‘%du‘:“ﬁgghi{fﬁwﬁ‘tS%@Men
the opti Cajarphgnalimedn thokighmtendee tHedsigeil vebalijpaments ahdteotiebesef cs. 1

29. The node of claim 28, turther conprising neans for repeating the steps
2 of receinatyerk demennpfiedied and re-configuring until the optical signals

to be received at {hg, Gobpderd)WEARtIR: SRAAGEAGPRNEHCE RBIARE BpdtehinGRde 1 30
The node of claim 28, further conprising nmeans for repeating the steps 2 of

r ecei viing, thelethermethod i} 00eprdceeds on pathgd 2 kyupdetq the prramsiritables ofithmintesial o pe

ived at the 3 h | ect ' = ' j ived N
node. of ol RES P REPLEB ST R ARRRE” Find STRRAE et arg s d UF

recei vi ng, thegiRIMetRbM Y1 0(PEhtihBescamPatlgUr3tng until sel ected signal channel s
of the optical 3 signals are_ bal apced to have sel ected power i 1 32.
The node of clai m 284t P@Fkﬁé?z’a%%‘? E‘?t?‘l’_@ﬂ?feoéﬁgu?sotf’ W%Vﬁég‘f’\#\lﬁﬁtat%ﬂgag?%ps 2 of
recelving, Egﬁtﬁ&%lgﬁd’ge%gm:-:ie?e'r§@9tfe'r9éﬁi¢dﬂgayqﬂé hktwioe elepiehCHI00 Sotherateswork

e e

recei ved at ve a consistent output power per wavel ength. 1 33.
The nodle oélembnts mazsitillkicaipdating their lesahrarametersdables hasse OB REWIISHFIVC 1 e2

configuring coml S8 3nalBa L ol ndREl BULHeRM1yS ifeARRrk will completely stabilize

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




3 re-configuring the sel ected node, when the optical signals do not have
the 4 sel ected power characteristics; 1 7 MAR 2004 62 5 q ?%g&qz 345
6 7 8 storing re-configuration information generated when tﬂ bs
re-confi Wb?‘i‘ﬁlss@@d using the stored re-configuration informariso24aoad] ust
the sel ected node to conpensate for power |evel changes that occur in the
networ k due a change in network conditions. 34. The node of claim 28,
further conprising neans for perform ng4§teps of: transmtting power

par amet er 4 i i by I i i to be
transmtt éﬁ%ﬂ&%ﬂ%ﬂg@ﬁéﬂeeﬁ b%pdag?ﬂ%grt%??ﬁg nﬁétntg{ni éoriktﬁhgletcl)%s? ?J():raeﬁ)eg’?g%%l] s to
be tr ansnptthed tematwbtiewsdiescteuhtetoide have sel ect ed power characteristics;

and re-configuring the sel ecte e t he i i e
transmitted do not ﬁ%&eag%ﬁ‘ée g]gﬁjgréﬁglgfcg‘éﬁ%“éﬂy%@?@%?éy?*Lesq&%ﬁgé’?b?he node
of cl ai m 34ried wrdchieve epatifid ritworkngeans Fooexamg e at oregenibvalimerapthe TRMSs
transmtting, determning, and _re-configyri until the optical, sijgnals to
be tr ahsnPPERHF 18 IRqluds ¢adlaignof H};F\IE?’%’_HE%‘H%%R&J“&‘@H’A‘IB%‘%F!_ #res heio. 1 36,
The node gfGhiakigh3 _atﬁsue{nﬁfégéraﬁﬂgﬁ{oﬁé‘ RGuINBENSthE QlordRRER Werst fBe St eps 2 of
transnitting, determning, and re-configuring until selected signal

channel s pératiieterp it the plaragetsr ¢gatdd. sindhie ephpdimentce smalhparametet wbiedd resuived

[he. ot eps 231 56" (RAGIHCR R, O BRERH PRy ooen aontors iepegly ARy orRf R "

optical sighabst édsapsfinietdrs MetnishBat3n Bérthén Mamed stepoOihs netviik ekuicptilarpaioes per
wavel ength. 1 3 8. The node of claim 34, wherein the nmeans for performng
the st@p dikelydo reayimeiapayenlFvebiasrseses means for perfor ni ng steps of: 3

re-configuring the nEee adhRPehbSdiRRhl GRlcombBaRbml ARuROtor R RmbhEaRefoect ed
4 power characteristics; 5 storing re-configuration information generated

when t he medisulas operatngmogdesraselindgpendently stared, remltingrin agably Wi aygultipdicsy or ed
-re-configurat,. i nf.or ion t i e I r
9 f ntn?%%%s@n mgqﬁel%ar%rﬂgtegq'{)rtm%% g&%gcen?gggﬁar% n3HRS %%V\H@PE“%% ﬁa%y\e

O
| evel changeés occur e ne ange 1n I ons.

1 2 3 4 Sigcalcated dVerlall phths 18 parficdlar stenatids, kbt hinshall atemaribs. elnghisnt oper abl e
to manage signal power |evels of optical signhals in ag?gt{)ticgl network so

that the SEbPEEDCNs;TRersItbIneRBesUr &EuEed AmBOTechshs RUSE P s5ered dRABE & n t he

optical nelWerikg bl 46l 8SeniRd tHe@bhbdt pRfamRREES UsbaMore ey BavBRg bk ansmit the
optical signals over optical fibers, the network el enent conprising: node

| ogi ¢ t haex¢hopedlestwaen thoneowrky eemenier Thipreselésdn vke bast pessible ifestheporti on
of the optjca ignal s.a i 1 . ] st a

o cond oob 3l Sh PR, T L:PeP Lo ANl BT o S 2
to the node | ogi c arRkaComphiadhggnenasf the MOA tenfigecstione for ardyngmicaidtoork

par a ers to configure the pnetwork el.enent:..a pr.ocessor.op e to
perf(r)nﬁ{)n s gt 'B‘_Preraéigé‘i“%eﬁﬁsﬂ pe 5Rpy : By WP‘H‘F B&Lrﬁet ?%Wqﬁ%ﬁ@ﬁg power
level s of cbhgpirhticis BPbdst INRGhight'ese @R dthéH emiboliedn®. THe dIRineRaRLMEEN &1 t he
optical receiver; determnin romthe power paraneter information if the:

first pormesyprsronfgurainn wenld spqmultiple ipstances elctbr plegrithm defsribpst Wil recei ver
e T L T e e
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  in a similar fashion to other internal components discussed hcfein. 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.



1 40. The network el ement of claim39, wherein the selecteds ?%r@ﬁ
characteristics occur when the optical signals have a consis 'tput
power perwoavesongth. 1 41. The network el enent of clai m 3BCTHREYHI t he
sel ected power 2 characteristics occur when the optical signals have

sel ected signal-to-noise ratios. 1 42. ?e networ k el ement of claim 39,
wherein the selected power 2 characteristics occur when sel ected signal
channel s of the opt irzatposdtghialthe third nbacak elethefin]l 208\aee Bnspreampe 02 (Roavsr
ratios. 5%07 .2004 64 1 2 3,12345612345678910 ]fﬂi 12 1 2
1 2 43. ThedhelRiomme risamrMO2geceiyesiand gansmilsaptical sigrals v weg optical IOGE t her

oper abl e {md a{rfmﬁmih? are,aﬁgqlgézt relcBivés @@%ﬂﬁ?n@&maksisﬁa@m ehQ opeidlFibepoOVeEr
Sl

|l evel s of the optica gga s transmtted fromthe Second network el enent.

44. The n&2Qfor kovpledimthe fine preainps 3% chaymst Muw/Denapnoddes b3 10 andfl2i2 hEhe

oper ahd e r f; YA req t ' .evel s of
Che opt i corolfiaRlBeFhENR S boul S5 oI R el AR QeGP ° P
power | eviipat sgndllisto wairkinglhnd pyreat sgialadhomwntat €211 4. rTha dhasgng) dMwoDkmek aaeMt i n
response to the, request. 45. A syst for nagi i.gnal power | evels of
optical SHigneEiveR g l%ﬁdcapt%%(waﬁ@lﬂw% I o srudfipleyesshemdpan outpu
conpri si NgenA 6t frHsliRBnDbyRO {ihIpreSiflp § 202 The bhaingl PRWESenid! BIRI@BleE &)
.said optical network, and an attenuator circuit associated with at |east
one node thedinemasangutZy and damuisiplexestha recoiyed et sigar antolyearkimgand padtectpover
par ang{ er in6lo 0 | :

char 2}3}( er ?ié? @%%Mv%%@g?% gé\% co%tk?%?bfégﬂdjf (llzzfg)%‘érﬂ?%feﬁéﬁgiﬁgrnk?@"%[d %rgiegtul ation
of sai d psigeals pleovan®t1228 afdmultiplakeoemdalo anetumit kignalrfdr whresnession bypthie

recei pt O[i i nfor rr;%hz?n fromat | east one node, said control |ogic processes
sai d i nf offaPi°8HP Te-cal cul ates said power parameters, when said optical
si gnal does not havansiphifalSRiEE kRGPS €3ADFHREhdbikdemédR 12008 SWisdhem
according to claim45, "'wherein said attenuatof circuit is a fixed ‘

at t enuat o¥igeal pathistof optrcal vignals yeseivpd Gemshei¢asyandovest fibens 4806, 208 eThe opfick!]
attenuat o ' I 1, 1 | - att :Cl | . 48, ystem
accorfc‘;‘?ng&?’%&h{: gflrfr)ﬁ %223}5}3?%@?&%5%]&%2# ﬁog%étrl]&}igl %ﬂ% F%cr%’vgggo}gﬁie associ at ed
with at | easpondss h2ilflcandredst thagedden 1 226. dTpavesppeeampeddds 2 wagrfor gpticed t o 3
anplify said,optjcal signal, ~ 7 ~R 2004 65.1 49. The system according to
ol ai m 45, SEHUF 8 b SapereiBer g onfiogmenveTE & (] PR Ty RedosVad Sl g s
based on $¥9g Crhetedhspdtlderstl R praNiODway forQocal sighfls $¥2H RBeadaed & the opGeat! ai m
49, wherein said switch control 2 information’includes a sw tched status,
sai d swi t etearkfoatngnsmisgipe ke athey ngtwaskdlemsnise-route a 3 signal. 1 , 51. The
syst according to | wWhey, e ' [Pelsf | said
powerempar anmeters bagg%:léglagpé@%e{ em ébinzg)‘lst% ?g&e?é;%a&gn%ltﬁdg%b%ﬁggazsﬁ% %}Z&s}ystem
accor di ngrespectivalymTht chavdnel BMiur/Teanct 12361 232 comde td mamd MuxyDesioxt 1234, 236t her

conpri SeSre‘:'f;lyg]ec%l?/eelry‘jjl g%a}u? M%l%énlljurxel 23]:1, 1%%'6%03]3/12 ttoe {He 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 wesi 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 sighal 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




1 53. The system according to claimb51, wherein said systemcondition 2
information further conprises an age of a selected system q?ry)ggﬁ(%@ 1 54.
The system according to claim45, wherein said control |ogi in 2 a
single capbhplsopy ocessing unit. 1 2 3 456 7 8 9 10 11 12 polynysbosssiss em for
managi ng signal power levels of optical signals in an optical network
having a plurality of nodes, conprising: control logic configured to

cal cul ate power paraneters for said opt #¢al network; and an anplifier
circuit a t t d

par amet erg&@é@gﬁf?ﬂa‘r’i‘g%ﬁe& %’J&F@% a%gﬁ opt ?%é;{lido eg%a sgc%gflﬁgk ggg%%élﬁ t%tal

si gnal wi e channel wpbng é%@m&ﬁrarxspmdzctmxpﬂmgﬂd@ wherein said control logic

perfornms an initialcal ti,on i araneters, for sai i cal
net work; and wher elTl? u%‘éﬁq? denp t12§6 ERFB‘;{ﬁEﬂ%&f‘WB %W‘@E%‘Mﬁ%éq%&e
sai d cont r@llommmﬁe&am éhtity{odotfBhniracht @ AekhtBe fdlG1ek 8f B8 néogk Power
paranef ers id aptical ﬁﬁﬂ @éldoes not have said sel ected power

a

a
char a erFlg'E"F’(’:‘sl%é SEWIEHNELPRire 8l dthis previdedivithipgthe neforeslementhatsi ng
an att enugduplesfo ﬁieraﬁﬂ’xﬁls@ﬁﬁ@q:}ugtl 84, %ﬁ@g@&cb&fﬁa&%tﬁ 1%0991@6123%%&19?; igured to
attenuate said optical signal. e sys em according to claim
55, wher engtworki &!vlt;bmgrmforﬂnammaxm distribueatheswsehihginfoemation mrgeleeted madake on

switch co ti.on. temac or dj to claimb57, erein
oh o ow ¢ hERerBHPABRN S o fwitthing R R S Bt ArhopGeriert mOSRE 1208 £ ched
st at us i nebupéesitttheadnsistritivebas 11 240 %@re@exﬁés@iﬂ@elm&tmfoﬂﬁﬁoﬁﬂﬁ&ﬁ HieAsE Or di ng
to claim55, wherein said control logic 2 cal cul ates said power paraneters

based!‘bn Emﬁﬁﬁdc%vﬁaf%%ﬁ%lﬁﬁa‘f%t iT5R Wazele@sthwasgxgerérm%%mﬁ tmneq ai m
59, wher ejna vmaeln%m ﬁ@%&ﬁﬁ% 5188 ed? n{dahfég W?tth’irﬁﬂxe A IR leldrfdt | 26T

operating tenperature of said system e systemaccording to cI aim
59, wher eVAvaefigth wgnagemenosil2ndn 2 |nformat| on further corrprl ses an age of

aherein sai o contr ot CrARTIUGEct R8s RS s SR RRE Al Bl EidiRanem . 1

63. A systafighnartionpaagiettss Hitgiawnisuded flogvdk se@forRBhfitgab tisd OPFI The TPV 2
opt i cgiu net vvo[k having a plurality of nodes, conprising: 3 control |ogic

conf i Gur etPG! R mapRgepeayithin thsrpbiracns 1204 andheommpricates withP¥Msor k: 5 an
at t enuat ogssgdlgtwmth%&pﬁbgﬁ]g d@‘sfxw | east one node and configured to 6
attenuate an optical signal based on said power parameters so that said
optical signal wil |Tmlmmem é%Q?ererwmo mHspkes taed ﬂsmuh$lcmr0$fahmnel

pover o phr et be ROk et e M B b Aot e RS eregl 208 Rekibsc o o

opti cal stognwlhpm lahd hemempaudnrfscseﬂxmaemspw thereasftaﬁhghit&alaﬁ& rec&ﬁbe&\fher ein
cal cul ati on of said

id trol initial
oar anit or Pheal el s RROFrBe harsccourid 12 D eararaers ioan anlddsh Tis
i nf or mat | OBCfchRid1Rks HiSbhiteQRRBAESH resaived FrQl'i’ltcftﬂér rleRAb& ejre‘]‘na{t? GRS ffernal d

information and re-cal cul ates said power paraneters, when sald optica

si gnal 15cQmRrescHs ol thanetvark dlement 20vip enEIS Cotvmtrat bes 1258, C'Ehe 0SG- 7 A-4R
20p4 67 1 63, _wher.ein s nuat or
ciTouit | oy Hle e AR Rl LY kB RenlilR S o AP ERSH ARGt o
cl ai m 63, eleihentsi Thwsainforatation patanreters czmjbet excBargzed bEﬁﬁdeﬂbh@m@drﬁaﬁﬁUﬂb@rﬂents

circ 6. Th stem accordi n aim63, wh S cont r ol Ioglc
2 cal C5L| aélft °2%W8%%¥@?“f&338§’§f g‘:ﬂg‘%ﬁﬁég ed’rP“§% ’teé‘ﬁmi‘o‘ﬂ? ﬂt?l 8#&1"54‘“‘5‘“ on.

67. The system accosllbNgheliBemaPédtshenWorif itrwaikCbianbitaR o6 aiddelppRis
information includes a swtched status, said swtched status indicating a

need to r@orHawe)-alte BPMsspuply tosthe adminigmative brs d 240 @i raegivocarifighration
wherei n sgi-gh GOy ﬁ#th’e%{n?mgtrzﬁ@l:%g 1311_@1%&@{51)? gl accgﬁgﬁx"é‘{@taerreﬁ aaged _on

system condl tion information he's ng P4ith 68,
wher ei n s%qn&gwga@mfdbﬂmntmdrcomplonéms rmtthatrbaiadrdrtmropbmﬁrgnﬁ@c& sglectgaier at i ng

tempeyat u&lSut%;gn%@' e 3563 tto produce selected output signals. Several 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



1 70. The system according to claim68, wherein said systemcondition 2
information further conprises an age of a selected system cdﬂﬂo%t?(m?l.
The system according to claim63, wherein said control |ogi ectesoddsodin 2 a
single ceMQ % 188%cessing unit. 1 2 3456 7 8 9 10 72. In an optical
network conprised of a plurality of nodes each receiving and transmtting
optical signals, a systemfor nanagi ng s#gnal power |evels of an optical
signal received and trangmitted froma | ect ed e

conpri si nFOMPRENSFPIEEGE e SRR 196 ﬁﬁoﬁggﬁﬁ%ﬁuﬁ) Oﬁegp%o%%mgﬁ%o?e?gs for said
sel ected nodgpy@Rd an attenuator circuit associated with said sel ected node
and confi gureé to . attenuate said optical_si %al ased 88 sai d fhoyer
paraneters so that SHIG13shownan emberdimen;qfja neRyerkelsaent ddUGapsiucted 1o
characteristigs, Mbor &l hids Obrhk AivforP Bleh¥n B30 ink Mtiés itderral cul at i on
of said po%g?r ;a)%crearﬁgtgg{re&r%g}rﬁqgg%;@el ect ed rﬁo'de; and 1 7 MAR Zpp~ 68 11
wher ei 15, U@Biponente PO(4Rf600(F) anddPG). Faairafahnisterntsompgnersaiiciudes 48 Mont r ol
12 |l ogic processes saigd.inforpmation,and re-cal cul S QYR opPafeanet er s
for said SBPEYEERASIACIGHHRaC c%giltaq}bep‘frf%élfﬁlsvlg%a'eg%es S\%ﬁ F1§\?8 sai d )
sel ected pPOWeKiec $BREATRRIdeRlchCin a tharfibr sihiiRar Sy the@ayaic sqmravided incheheaivok72,
wherein said attfenuator circuit is a 2 fixed attenuator circuit. 1 74. The
system accd;mji:m@oﬂ@ claim 72, wherein said attenuator circuit is a 2
variable attenuator gifeyllonlcitBrent {¥00SHE PITHRRGAS oS sidhd Glode Moiies o
further conprising an anpli Prer circuit associated with_said sel ected
node ary, hasedemposer thapsgperenpstraicgiesat sactcintena) gprmponent 3Fangxample, Baifd!
optical signal. 1 76. The system according to s ' | fhent
control | ofid modis epFraEele fOE“dﬁWeer’ annger% né?‘lsn%bg}%%%réﬂ#lg%ﬁ{tazﬁég%ﬁf Tol

i nf or mat i oggo(d). Fhe PI€L 39Y HieRPoatRaticitiponer phaielcZsoverhiendminigetide bus t ch
control 2 information includes a sw tche %@%.us, H%ql d sdgi ttghed st at ucf

i ndi cat i ngl304ieather @’_M%mrtbwéwaﬂgelsmgwaﬂ e 1 8%? ShICESFEMET o

ol ai m 72, Whekelel Sl Ar AR Abud Bbhént 2ofBhatLAL powerpdamareio REsaREl er s
based on systemcondition information. 1 79. The system according to claim
78, whes ei opshreiudl aay shemsteantndtivork demetarrasperdyely.urt her conprises an
operating tenperatur f. said sy 1 : [tRgpd 0 cl aim
78, wherein said sysﬁeﬁnl&fﬁa\"f?éﬁ%ﬁgg‘}lﬁ?no@g%tﬁg%f?%féﬁgk&g%%ﬁpﬁ ses an age of
a sel ect ed §y&heBY GPITREARNALe with & prideat myeritm Secerat! VO staye Ticaiprrafed, into

wherein said control logic resides in 2 a_ si Bgl_e ggéral processing unit. 1
82. In an Sstrietwork stamant k200 frraxamplcnt 1405 14 Iaf“'tly?/ * nodes each recei ving

2 and transnitting Oﬁgéﬁ?i's-ﬁq' I sSy deaiRY ShEMANIrMorEUTAEH MEw Sk NethenROd02(
| evel s of an opti cal Signal recelved and transmtted froma sel gct ed

node, tbe 29426MacdaP8,irssmegtively.1The founpetpooaelgmentsdipgtraty diffgrgpicoaj BFRIM ed

to cal cul at e. power paraneter r [ . - iidd er
cirouit acCbiTaradoRPPRATaTY Lo ea s S RahR nl et B frduaiien

par amet er s Jt WIfd Hpardt fot pFendini wiyh sidlldn tistartthat shgrahfigwaténstof sevgriopt i cal
signal wll 8 have sel ected power, char acttgri Sti m 9 \A@e%genivgmso%i d control

| ogi ¢ per f GlmenEraTe Ressibke WethPw dexiatips Tgp BgsePRs e A FAFY % s for said
sel ected node; and .11 wherein, upon receipt of information froma

‘nei ghbor i ngy AR, ofSATSwWeRNE& 12 | 0gi c processes said information and
re-cal cul ates sard power paraneters_ for said selected

. .%3 nod?,t when 1_sai d
opti cal25si gnal does Awenhambodiment afdhepieatnt RXFBHORHRPdiEEAONS {F PEPOYeTg3
The system accordi i1 @l db Wb ERGEs. GRS pRYifamodt tedidad ffthe
circuit ass%%nﬁg?rg%{?\%}éoﬁﬂ%g?u s?gﬁ%lé)ct eggnodse and coirjlf fqgur ed to attenuate said
optical si gredork, 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 compléte network elements from the



1 84. The system according to claim82, wherein said contr?# :'H??gi c 2

cal cul ates said power paraneters based on switch control i [} t200h. 1 85.
The system according to claim84, wherein said switch cont | yief mation
i ncl udes Y¥O&##%hed status, said switched status indicati n{ée-lémﬁ%dé%flt 0
re-route a 3 signal. 1 86. The system according to claim82, wherein said
control logic 2 calculates said power pédbpaneters based on system condition

i nformation, 7...The s em according to,claim86, wherein said system
condi ¢ ror B8 P EFIsF S abERsPrEGhs it dnf oReilt e Phckstafh ford EatE
system Iln&@@orklélemsitsheybaregaired dthbgec! ai m 86, wherein said system
condition 2 information further conprise an age of a sel ected system
conponent. 1 89. Thdodydicadisniptenipifiaifipdeing 3n Waradgisesnana, thapeveont r ol

| ogi ¢ resj I i seég,,r, I i I pti cal

net wor k c{c’)‘%g?g.‘:?%é‘g%lg°§{h§%¢°éf Ity %F‘@l%ﬁ’gﬁg? r ecgfﬁl?\%@%c}gﬁéatrb rugnsm' tting
opticdl senfordesa skvvwsnigratiornf iomiteeagrenycaivenged sgofestwoBypiveerdévehandpt i cal 3

Compri si pos B YO BRI} Vi bR RagraE bR ivEie e 0% 3 PR wsisdte

par anet er thif @igrawdris 3edt €5d @akingdtigrding andlcheing pbWer 161416 bnd asassifed 1Al wi th
sai d sel ected ngde and configured to 6 attenuate said optical signal based
on said piﬁné?gsgsl@rsaﬁ%?ré frafficgnihenetwarke Fopexample, syhils the VO seftings gee adiysted: ed
power chapagkef indlsidagy-sa e Jaf2AQF the b &l é{ﬂ’c ' i d

'sel ected node and, b}alts?ed gnelggfﬁ@dgc?v\lﬂgrt ng%Hrre%’gr@@?%En I gﬁ?%’%fﬁf‘??’anm ify
sai d dpt i spiposedgnal so that said optical signal will 10 have said sel ected

power characteristigs: 11 wherei.n i,d control .l ogic _perforns an initjal
Poloul at ton of sai o HisaneioHEidadRare PP Sl se e sRELGE iR olsfbeh
wherei n, areapdited siipinedf connbaiviltihformitiodnng sée ighibstidns @veratie OSErdAnA€Iné r ol

14 | ogi ¢ pr.ocesses said informati on and re-cal cul ates sai d_power paraneters
for sai d SUERRATEE NPECHRRAEW WRKTIengR PIBRROWAT leyels Ari coppatedn dhe mageviai d

sel ected POURNNENATRALGEEI £Rew det 8F stedd)EstY BOHER 1BFeROAMl ALhbdiRe BN 90,
wherein said attenuator circuit Is a 2 fixed attenuator circurt. 1 92. The
syst elh acsattingsiig 2tsecasiddiyaiesssis hohdep Hiinimpl¢reratd torensiro thedoorhdstconverged

vari abl e X bAcuit. 1 .93, The,system according to claim90,
wherein sgél%%&%% %FC\}I(%I%? Eélxrfwcgf%eal"%lf‘%sg‘ sai d power paraneters based on
switch control i nfolWtileithéicorveBnceldtrusytht ey a6tinued todhpetate With thdchgiwdler ei n
said switch g%gtg{ol 2 i.nformation includes & svx&ltched status, sajd swtched
status i ntht CAYE AGTWaHOR ¥alpes. fys suprernediadiiain the nefyorkryhile campiingdBer di ng

to clai m 98y vilied DAL Bing @Bk VePtesloRThEnedy SALGUINR1RA] TBAIRRWE fooBRhARMEL €r S
based on systemcondition Information. 1 96. The system according to claim

95, wifer enetificsliaf neyotareet valvesi for eash 3witelf egnditionoThe 02/% &ongohloppsedorsa the
operati ng I .said . stem,accordi ng. t | ai m
05 aner o RS b BB R R e uar b SO RE LS TERBH LB g or
a sel ect e20Gysitissvondsyyane Mhis sloy slew ffdRnAaBsthitfindfhwer Bergsy sdofriragheor di ng to

cl aim90, wherein,.said caontrql | oqgi resides in a single central. processin
uni t network to disrupt traf?lc as 8'16 netv:cf'or]% moves t0 a new power protile. Bunngt 1s P g

. AFU@ Af OmAgr&@n Adtwbsidtratfic Al &pgenéke any thAk s%&ﬁcﬁ‘( Adndntaiti¥d bl EhVOIR. A A A2. A
Ae. A AN AAA@A A9 An. AECA AE A3l A AR Af. AL YE. Af. A H Al . A A2 AY5L. Ah.

A3. A. K@ . mergnert i3thas final settings A Wiren the XOAsreash sheinfing! pettings thegwtyerka

; L5+Z8RLdgtahili : : :

EO=1 K-yt o 821 O Cal ol al s Of G2y EIR°E AP IstMuss  OquR] i s vpaTads Mt 1 efing ca ¢
a] ca] ca] cthiedced teaffic a1 theldetedrkRaU] ca] cal] ca! KSgi | aNv9>

t*k""""D#{vqgl gb] X]] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] cgl.cal. i]oca ca] ca] ca] ca] cal] ca! DH##&S$SASSS( YCWBOBBRNEEKE N U' "'
#(o(q(((! Sen “Y]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]c
aJ ca] ca] ca] ca] ca] callhabbjadtire]is & alMe edréatb &3 haddddcmb dmbreahrideted, without aq/ / - 0041

112 B2D22237334" 4i 44 : . :
\éa66§(€ql @ﬂd‘]‘rif' ﬁ&}’ea"}a&&r dafRfiinaepapen Ve beipesy eatit afhedey dafresificddraag ca) ¢
a] ca] ca] cajtcAleact ¢and 6] cndpsalaedlif MLabHaloBRE8 SR Hream/downstream connection
; @<<<<<=e===3>??UAvAABKBB" CDD{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] calredyis &uthat|ceedy] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DD1EEE7FF
FFFGGpCH
H HIG&iIHHI [ 1 IMUWXPdPPPMQSUX| wgl gb] XI gb] X] ] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca]c
aU] ca] cal] ca] cal] ca] caU] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca
Xc[ K[ p[[] “aneeeeeee
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5 e Working traffic added on same side of network element.
o Working traffic added on opposite side of network element and switched back
during ring protection switch.
e Working traffic passthru (should be equalized to working traffic added on the
same side of the network element).
10 . Pro.tect traffic switched back to working (ring protection switch)
» Working traffic switched back to protect (ring protection switch)
* Protect traffic passthru (ring protection passthru).
e Protect access traffic add same side
e Protect access traffic passthru,

15 e Working traffic added on same side during equipment protection.

o  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 level. This change is signaled to the
downstream neighbor. Changes propagate around ring until all node input/output levels

converge.
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-- Input eve received from connection during normal, equipment, ring switch

local, ring switch passthru; and
- Output level transmitted to connection during normal, equipment, ring switch
10 local, ring switch passthru.
e When a connection is made between two interfaces, the cards are notified of their
neighbors by the Administrative entity.
e When received, a card power model determines any restrictions (e.g. BWDM may notify
CWDM output is too high if required to match passthru channels) and either
15 acknowledges 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. .
e 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
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prevents unequal wavelength powers between passthru bands and added
10 bands when the node is in a ring switch mode and protect traffic is looped
back to the working traffic.
Pout - Passthru_loss_from_amplifier = Transmitter_power - add_loss
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_]oss_ffom_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 syétems, 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.



10 10f 8#10%& ()-6 "10%& ()- @" 10%&' () - pwwxx zz<{}[<_= F NgIOO/&'é)-IS@
%40%"' & ()- !l @Y%0%& ()- !N@Y%0%:& ()- F Y

1098 () - F! oot/% {)-<({yl| |} -2X6 =k, # %d0%525& ()-1f, # Y40Per/Bishorzside ¥
0d0v& ()ROSR ()-1S@%0% ' & ()-! N@BYLOY&' ()- rS410% () - sL10%R: () -
10" 10' ' 10" 1S@YA0%" & ()-!S@io% "’ & ()-F

90109%&’ () - +OPdEr S410nt 109G& () - ! 10968 51) - " 109%G7& (

306 ST0%CK: () & Lol R BoRL W@%@é@ﬁ@m&} Y8 & b (-

10%G& () -tl@d)d;ﬁpdﬁ?pc(v)er pet MHEST o) all LHAKEGEAYS) constant1004EghdlesTrofHEPattONd | & () -
10G 10G 1ge 9Y" 1

0% )
6" 10%C&P§angl §7 féhf Qﬁ%ﬁgﬁﬁﬁﬁ%%ﬁéé’&‘h(’) an acgqpiekle range, the BERofor 8 ()-v1
$10% | " | &hﬁrﬁeﬂvﬁ@dﬁb&e@xmﬁﬂ k| ARk ge.ngn\. Thild Ma%nél(?ﬁﬂeéﬂlty:igﬁaldtamed whcn
10t t]! @$10% [t]& ()- 3 1094 & ()-! @F910% t & ( FO%10%]| o] & () -
- #8&1098| &'tite orfsicalusavie of a mgb@mnggs Th¢ g Rojrer EIld %U%&at@)reomw&m)&k{)- 1}
%d09&' ()-)."
! N710%(23&'W’ h’“}g’f&?&@b%&)%gy%%p%”wmﬁg&ﬁ? 319 YOS S558EEY - 1 N $100& () - bC
IN " 100/<z&' ()-S109%Z& ()-L&10%& ()-"Y10%Z& ()- 10Z

Implementation Details

This embodiment is implemented in two stages. First, the network
configuration is defined. This involves specifying the number of nodes, the traffic pattern,

10  the link parameters and the hardware required at each node. The first stage also includes
determining the various settings of VOA and erbium doped fiber amplifier (EDFA) target
values. The second stage involves initializing the network and turning on the traffic. Optical
power control within the network is dominated by the closing/opening of the VOA and
EDFA control loops. Once the network has initialized, it is ready to handle failure and

15  restoration events.

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. Inring 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 opticél 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
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are gain locked and gain flattened. Utilizing an amplifier of this nature ensures all channels
10  experience similar gain for a variation in input power. This approach ensures minimal gain
tilt in the amplifier. Further, the EDFA can handle input power level fluctuations created by
dynamic channel add/drop and total fiber failures and restorations.

The second major control mechanism in the network is the VOA. The VOA

provides a variable level of attenuation for all channels passing through it. The placement of
15 VOAs at a node is shown in FIG. 22.

Within a node, a VOA is placed both on the incoming traffic and the outgoing
traffic on both sides of the node. In this embodiment, the VOA on the incoming side
attenuates all channels. This is shown as VOA 1 and 2 in FIG. 22. For the outgoing side,
two VOAs are used followed by a multiplexer. This is shown as VOA pairs 3,5 and 4,6 in

20  FIG. 22. This pair provides the option to attenuate two subsets of channels by different
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 traffic in a BLSR network is

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

1) Normal.
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which case the node is in. Depending on the nature of the network, a given VOA may have

a different optimal setting for each of the four cases. On the other hand, the situations may
10 exist where 2 VOA may have the same setting for more than one case.

In order to determine VOA target values for each case, the path performance
for each channel under all different switch scenarios is analyzed. When determining the path
performance of each channel, the fiber and component losses are either measured or
estimated. As a result, an optimal attenuation is determined for each VOA for all four

15 scenarios. In many cases, the attenuation value for a VOA is the same for a number of cases
and as a result, the VOA will commonly jump between only two target values.

These target values can be stored as attenuation values or as an optical power
per channel. In order to handle these 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 targét attenuation’s and optical power settings. The attenuation of the VOA is
set by the microcontroller 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 provide a constant output
power. In this case, the PIN is used as a feedback mechanism, thus creating a closed cohtrol

- loop. Depending on the network requirements, the VOA circuit may use one or both of the

open and closed loop capabilities of the circuit.
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wavelength. As shown in FIG. 21, this information is transmitted around the ring on a
separate channel, specifically, an optical service channel 2110. Once each node has an
update on it’s status, the new target attenuations and power levels are loaded and converged
10 upon.
| 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 passed around the ring through the 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 optical service channel. In order to
handle this type of case, an algorithm is implemented where the VOA control loop will, if
operating in closed loop mode, open to it’s current attenuation, if it sees a power delta
beyond a certain value at the detector. The control loop will hold this attenuation until it is
notified of the new network status or until a timer has expired and the input is stable again. If
20  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 Joop is closed
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.
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1) The implementation uses a combination of open and closed VOA control loops to
10  maintain constant attenuation and constant optical power per channel out of the VOA for
cases when information regarding the number of channels through the VOA is both known
and unknown.

2) A unique algorithm is used to determine the migration between closed loop and

open loop VOA operation. The algorithm is based on power deltas at the input to the VOA
15  and also network information sent to the microprocessor controlling the VOA loop.

3) A unique algorithm is used to maintain a constant received optical power at a
receiver for all channels regardless of the optical path the channel took from a transmitter to
areceiver.

4) The network is precalibrated 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.
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6 . accessmg power parameters relative to one or more nodes;
7 determining from the accessed power parameters if the optical network is fully
8  configured so that the optical signals have the selected power characteristics; and

9 re-configuring one or more nodes, when the optical signals do not have the

10  selected power characteristics.

1 2. The method of claim 1, further comprising a step of repeating the steps
2  of accessing, determining and re-configuring until the optical network is fully configured so

3 that the optical signals have the selected power characteristics.

3. The method of claim 1, further comprising a step of repeating the steps

of accessing, determining and re-configuring until the optical network is fully configured so
that the optical signals have the selected power characteristics, wherein the selected power

characteristics ocour when the optical signals have a consistent output power per wavelength

b A W N

between neighboring nodes.
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6. The method of claim 1, further comprising a step of using the power

parameters to adjust a selected node to compensate for power level changes that occur in the

network due a change in network conditions.

7. The method of claim 1, wherein the step of accessing comprises a step

of receiving the power parameters from at least one neighbor node.

8. The method of claim 7, wherein the step of receiving comprises a step
of receiving the power parameters at a selected node from at least one neighbor node, .

wherein the power parameters includes a transmit power level parameter.

' 9. In an optical network comprised of a plurality of nodes having logic to
receive and transmit optical signals over optical fibers, a method for managing signal power
levels of the optical signals received and transmitted from a selected node, the method
comprising steps of:

configuring the selected node based on configuration parameters;
receiving power parameter information describing power levels of the optical
signals to be received at the selected node; _
determining from the power parameter information if the optical signals to be
received at the selected node have selected power characteristics; and
| re-configuring the selected node, when the optical signals do not have the

selected power characteristics.

()-
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1 | 12.  The method of claim 9, further comprising a step of repeating the
2 steps of receiving, determining, and re-configuring until selected signal channels of the

3 optical signals are balanced to have selected power ratios.

13. The method of claim 9, further comprising a step of repeating the
2 steps of receiving, determining, and re-configuring until the 6ptica1 signals received at the

3 selected node have a consistent output power per wavelength.

1 14, The method of claim 9, wherein the step of re-configuring comprises

2 steps of:

3 re-configuring the selected node, when the optical signals do not have the

4  selected power characteristics; _

5 storing re-configuration information generated when the node is re-configured,;
6 and

7 using the stored re-configuration information to adjust the selected node to

8  compensate for power level changes that occur in the network due a change in network

9 conditions.

1 15. The method of claim 9, further comprising steps of:

2 transmitting power parameter information describing power levels of the

3 optical signals to be transmitfed from the selected node;

4 determining if the optical signals to be transmitted from the selected node have
5  selected power characteristics; and

6 ré-conﬁguring the selected node, when the optical signals to be transmitted do

7  not have the selected power characteristics.
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3 transmitted from the selected node have selected signal-to-noise ratios.

l 17. The method of claim 15, further comprising a step of repeating the

2 steps of transmitting, determining, and re-configuring until selected signal channels of the

3 optical signals are balanced to have selected power ratios.

1 18. The method of claim 15, further comprising a step of repeating the
2 steps of transmitting, determining, and re-configuring until the optical signals transmit from

3 the selected node have a consistent output power per wavelength.

1 19. The method of claim 15, wherein the step of re-configuring comprises

2 stepsof:

3 re-configuring the selected node, when the optical signals do not have the

4  selected power characteristics;

5 storing re-configuration information generated when the node is re-configured;

6 and _

7 using the stored re-configuration information to adjust the selected node to

8 compensate for power level changes that occur in the network d.ue a change in network

9  conditions.

1 20.  An optical network operable to manage signal power levels of optical

2  signals in an optical network so that the optical signals have selected power characteristics,

3 wherein the optical network includes a plurality of nodes that receive and transmit the optical

4  signals over optical fibers, the optical network comprising:

5 means for configuring one or more nodes based on configuration parameters;

6 and |

7 means for performing steps of:

8 accessing power parameters relative to one or more nodes;

9 determining from the accessed power parameters if the optical network
10 | is fully configured so that the optical signals have the selected power characteristics; and
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~ 22. The optical network of claim 20, further comprising means for
repeating the steps of accessing, determining and re-configuring until the optical network is
fully configured so that the optical signals have the selected power characteristics, wherein
the selected power characteristics occur when the optical signals have a consistent output

power per wavelength between neighboring nodes.
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23. The optical network of claim 20, further comprising means for
repeating the steps of accessing, determining and re-configuring until the optical network is
fully configured so that the optical signals have the selected power characteristics, wherein

the selected power characteristics occur when the optical signals have a selected signal-to-

[, T~ U'% TR NG R

noise ratio.

24.  The optical network of claim 20, further comprising means for
repeating the steps of acceséipg, determining and re-configuring until the optical network is
fully configured so that the optical signals have the selected power characteristics, wherein

the selected power characteristics occur when selected signal channels of the optical signals
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are balanced to have selected power ratios.

[y

25. The optical network of claim 20, further comprising means for using .
2 the power parameters to adjust a selected node to compensate for power level changes that

3 occur in the network due a change in network conditions.

1 26.  The optical network of claim 20, further comprising means for

2 receiving the power parameters at a selected node from a selected neighbor node.

27.  The optical network of claim 26, wherein the means for receiving
2 .. comprises a step of receiving the power parameters at the selected node from at least one

3 neighbor node, wherein the power parameters includes a transmit power level parameter.
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28. A nmnode operable to manage signal power levels of optical signals in an
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optical network so that the optical signals have selected power characteristics, wherein the
optical network includes a plurality of nodes that receive and transmit the optical signals over
optical fibers, the node comprising:
means for configuring the node based on configuration parameters; and
means for performing steps of:
receiving power parameter information describing power levels of the

optical signals to be received at the node;
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determining from the power parameter information if the optical

—
(=]

signals to be received at the node have selected power characteristics; and

—
oy

re-configuring the node, when the optical signals do not have the

—
[\S}

selected power characteristics.

1 29. The node of claim 28, further comprising means for repeating the steps
2 ofreceiving, determining, and re-configuring until the optical signals to be received at the

3 node have the selected power characteristics.

1 30.  The node of claim 28, further comprising means for repeating the steps
2 ofreceiving, determining, and re-configuring until the optical signals to be received at the

3 node have a selected signal-to-noise ratio.

1 31. The node of claim 28, further comprising means for repeating the steps
2 ofreceiving, determining, and re-configuring until selected signal channels of the optical

3 signals are balanced to have selected power ratios.

32.  The node of claim 28, further comprising means for repeating the steps
2 ofreceiving, determining, and re-configuring until the optical signals received at the node

have a consistent output power per wavelength.

33. The node of claim 28, wherein the means for performing the step of re-
configuring comprises means for performing steps of:

re-configuring the selected node, when the optical signals do not have the

oW N =

selected power characteristics;
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1 34.  The node of claim 28, further comprising means for performing steps

2 of:

3 - transmitting power parameter information describing power levels of the

4  optical signals to be transmitted from the selected node;

5 determining if the optical signals to be transmitted from the selected node have
6  selected power characteristics; and

7 | re-conﬁguﬁng the selected node, when the optical signals to be transmitted do
8  not have the selected power characteristics.

—

35.  The node of claim 34, further comprising means for repeating the steps
2  of transmitting, determining, and re-configuring until the optical signals to be transmitted

3  from the node have a selected signal-to-noise ratio.

1 36. The node of claim 34, further comprising means for repeating the steps
2 of transmitting, determining, and re-configuring until selected signal channels of the optical

3 signals are balanced to have selected power ratios.

1 37.  The node of claim 34, further comprising means for repeating the steps

2 of transmitting, determining, and re-configuring until the optical signals transmit from the

node have a consistent output power per wavelength.

38. The node of claim 34, wherein the means for performing the step of re-
configuring comprises means for performing steps of:

re-configuring the node, when the optical signals do not have the selected
power characteristics;

storing re-configuration information generated when the node is re-configured;
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and
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4  signals over optical fibers, the network element comprising:

node logic that includes an optical receiver to receive at least a first portion of
the optical sighals and an optical transmitter to transmit at least a second portion of the
optical signals; and

power management logic coupled to the node logic and comprising:
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an input to receive configuration parameters to configure the network
10  element; '

11 a processor operable to perform steps of:

12 receiving power parameter information describing power levels
13 of the first portion of the optical signals to be received at the optical receiver;

14 detexmim'ng' from the power parameter information if the first
15  portion of the optical signals to be received at the optical receiver have selected power

16  characteristics; and |

17 re-configuring the node logic, when the optical signals do not

18  have the selected power characteristics.

40.  The network element of claim 39, wherein the selected power

2 characteristics occur when the optical signals have a consistent output power per wavelength.

1 41. The network element of claim 39, wherein the selected power

2 characteristics occur when the optical signals have selected signal-to-noise ratios.

42. The network element of claim 39, wherein the selected power
2 characteristics occur when selected signal channels of the optical signals are balanced to have

3 selected power ratios.
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4  from the network element; and
5 adjusting the power levels of the optical signals transmitted from the network

element in response to the request.

1 45. A system for managing signal power levels of optical signals in an

2  optical network having a plurality of nodes, comprising:

3 control logic configured to calculate power parameters for.said optical

4  network; and _ .

5 an attenuator circuit associated with at least one node and configured to

6  attenuate an optical signal based on said power parameters so that said optical signal will

7  have selected power characteristics;

8 wherein said control logic performs an initial calculation of said power

9  parameters for said optical network; and
10 wherein, upon receipt of information from at least one node, said control logic
11 processes said information and re-calculates said power parameters, when said optical signal
12 does not have said selected power characteristics. '

1 | 46.  The system according to claim 45, wherein said attenuator circuit is a

2  fixed attenuator circuit.

1 47. The system according to claim 45, wherein said attenuator circuit is a

2 variable attenuator circuit.

1 48.  The system according to claim 45, further comprising an amplifier
2 circuit associated with at least one node and, based on said power parameters, configured to

3 amplify said optical signal.
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2 calculates said power parameters based on system condition information.

1 52. " The system according to claim 51, wherein said system condition

2 information furthér comprises an operating temperature of said system.

1 53. The system according to claim 51, wherein said system condition

2 information further comprises an age of a selected system component.

54, The system according to claim 45, wherein said control logic resides in

2  asingle central processing unit.

1 55. A system for managing signal power levels of optical s1gnals in an

2  optical network having a plurality of nodes, comprising:

3 control logic configured to calculate power parameters for said optical

4 network; and

5 an amplifier circuit associated with at least one node and, based on said power

6  parameters, configured to amplify an optical signal so that said optical signal will have

7  selected power characteristics;

8 wherein said control logic performs an initial calculation of said power

9  parameters for said optical network; and
10 | wherein, upon receipt of information from at least one node, said control logic
11 processes said information and re-calculates said power parameters, when said optical signal
12 does not have said selected power characteristics. |

56.  The system according to claim 55, further comprising an attenuator
2 circuit associated with at least one node and configured to attenuate said optical signal.
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2 information includes a switched status, said switched status indicating a need to re-route a

3 signal.

l 59. The system according to claim 55, wherein said control logic

2 calculates sdid power parameters based on system condition information.

1 ' 60. The system according to claim 59, wherein said system condition

2  information further comprises an operating temperature of said system.

61. The system according to claim 59, wherein said system condition

2  information further comprises an age of a selected system component.

1 62. The system according to claim 55, wherein said control logic resides in

a single central processing unit.

1 63. A'system for managing signal power levels of optical signals in an

2 optical network having a plurality of nodes, comprising:

3 control logic configured to calculate power parameters for said optical

4  network;

5 an attenuator circuit associated with at least one node and configured to

6 attenuate an optical signal based on said power parameters so that said optical signal will

7  have selected power characteristics; and

8 an amplifier circuit associated with at least one node and, based on said power

9 - parameters, configured to amplify said optical signal so that said optical signal will have said
10  selected power characteristics; |
11 wherein said control logic performs an initial calculation of said power
12 parameters for said optical network; and
13 wherein, upon receipt of information from at least one node, said control logic
14  processes said information and re-calculates said power parameters, when said optical signal
15  does not have said selected power characteristics.
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Ki"hqs system accor%mg to claim 64, wherein said switch control

2 information includes a switched status, said switched status indicating a need to re-route a

3  signal

68. The system according to claim 64, wherein said control logic

- 2 calculates said power parameters based on system condition information.

69. The system according to claim 68, wherein said system condition

2 information further comprises an operating temperature of said system.

70. The system according to claim 68, wherein said system condition

2  information further comprises an age of a selected system component.

71. The system according to claim 63, wherein said control logic resides in

a single central processing unit.
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72. In an optical network comprised of a plurality of nodes each receiving

and transmitting optical signals, a system for managing signal power levels of an optical

signal received and transmitted from a selected node, the system comprising:

control logic configured to calculate power parameters for said selected node;

an attenuator circuit associated with said selected node and configured to

- attenuate said optical signal based on said power parameters so that said optical signal will

have selected power characteristics;

wherein said control logic performs an initial calculation of said power

parameters for said selected node; and
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75. The system according to claim 72, further comprising an amplifier

2 circuit associated with said selected node and, based on said power parameters, configured to

amplify said optical signal.

I 76.  The system according to claim 72, wherein said control logic

2 caleulates said power parameters based on switch control information.

1 77. The system according to claim 76, wherein said switch control
2  information includes a switched status, said switched status indicating a need to re-route a

3  signal.

1 78.  The system according to claim 72, wherein said control logic

2 calculates said power parameters based on system condition information.

1 79.  The system according to claim 78, wherein said system cond1t10n

2  information further comprises an operating temperature of said system.

1 80.  The system according to claim 78, wherein said system condition

2  information further comprises an age of a selected system component.

1 81.  The system according to claim 72, wherein said control logic resides in

2  asingle central processing unit.

1 82.  In an optical network comprised of a plurality of nodes each receiving

2 and transmitting optical signals, a system for managing signal power levels of an optical

3 signal received and transmitted from a selected node, the system comprising:
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.. The system according to claim 82, further comprising an attenuator

2 circuit associated with said selected node and configured to attenuate said optical signal.

1 84.  The system according to claim 82, wherein said control logic

2 calculates said power parameters based on switch control information.

1 85. The system according to claim 84, wherein said switch control

2  information includes a switched status, said switched status indicating a need to re-route a

signal.

1 86. The system according to claim 82, wherein said control logic
2 calculates said power parameters based on system condition information.

1 87.  The system according to claim 86, wherein said system condition

2  information further comprise an operating temperature of said system.

I 88.  The system according to claim 86, wherein said system condition

2 information further comprise an age of a selected system component.

1 &09. The system according to claim 82, wherein said control logic resides in

2  asingle central processing unit.

1 90.  In an optical network comprised of a plurality of nodes each receiving
2 and transmitting optical signals, a system for managing signal power levels of an optical

3  signal received and transmitted from a selected node, the system comprising:
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13 wherein, upon receipt of information from a neighboring node, said control
14  logic processes said information and re-calculates said power parameters for said selected

15  node, when said optical signal does not have said selected power characteristics.

1 91.  The system according to claim 90, wherein said attenuator circuit is a

2  fixed attenuator circuit.

1 92. The system according to claim 90, wherein said attenuator circuit is a

2 variable attenuator circuit.

93.  The system according to claim 90, wherein said control logic
2 calculates said power parameters based on switch control information. -

1 94.  The system according to claim 93, wherein said switch control
2 information includes a switched status, said switched status indicates a need to re-route a

3 signal.

1 95.  The system according to claim 90, wherein said control logic

2 calculates said power parameters based on system condition information.

1 96.  The system according to claim 95, wherein said system condition

2 information further comprises an operating temperature of said system.

97.  The system according to claim 95, wherein said system condition

2  information further comprises an age of a selected system component.
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1 98. The system according to claim 90, wherein said control logic resides in

2 asingle central processing unit.



