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ROUTE FI NDI NG | N COVMUNI CATI ONS NETWORKS
BACKGROUND OF THE | NVENTI ON 1. Field of the |Invention

This i nvent MOP844t es to a nethod of finding, or determn nPGHCBY/MYdte in a
5 communi cati on network; to a node arranged to performthe nethod; and to a
network conprising such nodes. A routejmay be needed to replace an existing
route which has failed, and such a route is referred to as a restoration

route, or a rout e ng an_exi sting route which
I s becom ng congested RS L:‘"‘"';‘..ltlonal rout e"
enbraces both restoration g@ ROUND OF T HEUNMVENTEORIAr Y r out es. 2.
Description of Related Art . It is knomn ‘for exanple fromthe
art'icle "The Seﬁ@ﬂaeéﬂﬁﬁﬁﬂﬁgpﬂork A Fast Distributed Restoration

Techni que For Netninenddii rRtatdd & b Fhethbd o8 FIRBIABLEL determilidg) b 18Ste in W/ D.
G qver, |EEE d obecom 87, and from US patent 4,956,835 15 (Wayne D. G over)
to respdhdCAPMUREaYQR, ERYRSK; E%ﬁoweaé"?%ﬁepu?"epﬁé?f&)‘he metb%n%’?ﬁ Ao a

failed spapetnork Qﬁﬁbﬂém@fsué‘h yReass.f Airbieemal AeThédlet ol teplaBe n' EALurdg ME
restoration process The failure nodes determ ne on the basis

of their uFAUBRIWhIRbRas TRilqc @REiSUFR @ route is refesmed/ip @5 TEsgtoraliqnsroyte. Srtder and
whi ch nodercigd Snap t@h(?&ﬁﬁ}éd(ﬁ:' SOpMBEMeRt ah dlistifPSbete HHchS!ifVifacoming

respectively). or each of %}he | inks of the failed span the
Sender r epEdasated. tAspesd tleée‘“' the 1 tem | “3aionyl £A3E c LMPEACES PP FeStRIation
si gnat WS rdifed drtt PbBARALEY PanaRdes (known as Tandem nodes) whi ch

forward flgod t he si gnaturfes to their neighbouring nodes. In
Description of Related Art

It is known, for example from the article "The Self-Healing Network: A
Fast Distributed Restoration Technique For Networks Using Digital Cross-Connect
Machines”, W.D. Grover, IEEE Globecom 87, and from US patent 4,956,835
15 (Wayne D. Grover) to respond at the two nodes (known as failure nodes)
connected to a failed span to receipt of a span failure alarm to initiate & real-time
restoration process.
The failure nodes determine on the basis of their unique network identities
{IDs) which node acts as Sender and which node acts as Chooser (also known as
20 Master and Slave, respectively).
For each of the links of the failed span the Sender repeatedly transmits
{(floods) respective route-finder signatures to its neighbouring nodes {known as
Tandem nodes) which forward flood the signatures to their neighbouring nodes. In
one embodiment in the abovementioned US patent a node knows only its own
25 identity (ID) and learns the ID of the node to which connectivity has been lost by
reading the last valid contents of a receive signature register on the affected
port{s) corresponding to the failed link(s), and in an alternative embodiment, a node
stores and maintains a neighbour node ID table.
. The node which decides to act as Chooser now enters a waiting state and
30 remains in it until it recéives a route-finder signature. Then it responds by
» transmitting a respective complementary reverse-linking signature (also known as a
confirmation or return signature) to the Tandem node from which the route-finder

sighature was received. The confirmation signature travels back through the



one enbodi ment in the abovenentioned US patent a node knows only its own 25
identity (ID) and learns the 1D of the node to which connectivity has been

| ost by reading the last valid contents of a receive signature

regi ster on the affected port(s) corresponding to the fﬁlj(% b %(s)
and in an al t\PAH#E64E enbodi ment, a node stores and maitT&THE g

nei ghbour node ID table. The node which decides to act as
Chooser now enters a waiting state and 3@ remains in it until it receives
a route-finder signature. Then it responds by transmtting a

respective CoORHARB4&Y ¥st5€néﬂfn'§efh'e'r@lﬁuu% ShRER tbAfRectidhs BethRWhGR iRput
confirmation or return signature) to the Tandem node from which the

rout e- f i nder 3nd outrut Begs, pad \pyentiallypryigs atrle Sender Mede; which; Ysataspses
travel s backibhémiugiy tHierespective route-finddp styHatft8<l4and proceeds to transmit on
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nodes est abl thahj pyvivhestablished cgstofptian rewyenthe: fraffie B‘é\"%beé’YP%d@VPanﬁn

and out puts PRGhSnit@R SnSHE BbiEddondiR ﬁrhV%Ftrfétfaﬁ{ber@ pnder node, which then
ceases transmtting the resp ec ive route- er signatures, and
proceeds to transnihe oabovememﬁrated n&s )pawttablsosdedloseasttbatatthemfelstnnatmrt he
traffic whi Cnue\éﬂéﬂlgn h@a‘ﬁebp%gdr r LR Ea?‘o@ns B W3 @ﬁ ;J(}Qs lyh < of
the failed sp he abovement one pat ent a I scl oses
that the r esnawmrk@m placinghtwh anflesmbetwedsewhichdt irsoiesw! mmomranaﬁﬁtsmehu ng
of new ci rcuiste rpbBMehfing cirey VBLHA! 'a.rbaﬂyplr@&'saadémdﬁeﬂ@&er REdUe SR Ch

it is desired to provi si on add ti onal (1.e. supplenentary) circuit
routes, di®eeegaid itorap Seifigial f%ﬁ bme?hesﬁﬁ%%d wedes. 107he 8 weuldpe
artificial f%&leb%*f#%ﬂﬁfdﬁ faak Q%ﬁqaﬁH?\dﬁéludPPethgoﬂﬁﬁbwl drddR routings
supplied with artificial fault information including the nunber of circuit
routi ngs thatgre beind BeYatd: sought . SUMVARY OF
THE | NVENTI ON Acco ‘u, 2 %Y OF THE § gt of the present

i nvention, there is provided a determ ni ng an additional route
ina fully or partfgcordioadg a f'fs"c@ﬁﬁﬁnﬁ’fcﬁlel BrRsent dnVstiRNotherf ifcBrovided aret hod
conpri si ngst ReetRdLPofOfdetGRIMNIAG 8n  additiondl Srdutd1ORr =51 @A BF Spdritp Mhizshaifle t o

a nei ghbouring node on a spare link of a span
communications network of nodes, the methad comprising the step of sending a

route-finder signature from a node to a neighbouring node on a spare link of a span
to the neighbouring node, and being characterised by the prior steps of :-
ranking the links of the span; and
20 determining on the basis of the respective unique network node identities
of the node and the neighbouring node whether the node is in a first or a second
ranking relationship with respect to the neighbouring node;
and the method being characterised in that said sending step comprises :-
if the node is in said first relationship, sending the route-finder signature to
25 the neighbouring node on the lowest rénking of currently available spare links of
said span; or
if the node is in said second relationship, sending the route-finder
sighature to the neighbouring node on the highest ranking of currently available
spare links of said span.
30 An advantage of the present invention is that the two nodes at opposite
' ends of a span can independently allocate links from the set of spare links in the
span for restoring failed routes, starting from the highest ranked and lowest ranked

spares, respectively, and thereby avoid contention for the spares, or, at worst,



~to the nei ghbouring node, and being characterised by the prior steps of :-
"ranking the links of the span; and 20 determ ning on the basis of
t he respective uni que network node identities of the node and the

nei ghbouri ng node ther the node is in a first or a second nn&@ﬂbi”g
relatlonshlp pect to the nei ghbouring node; and t 3

bei ng characterlsed I n that said sending step conprises I f the
node is in said first relationship, sendithg the route-finder signature to
25 the neighbouring node on the |owest ranking of currently available

spare |inks anit contedfish $¥3Re Pk situation in whch oot Rode GimultahbousR Haveecond
rel ati onshi p, sendi ng the route-finder nature to_the nei ghbouring

node on the MIgfAEeRally Blierargd Jhe ciameesrars °év5<§"ia espfas two 5{%‘1"'& Testakations. sai d

span. 30 Such coﬁfhrﬁdﬁ asltdage vitth bY@ GUnksitioh prodeeAl inOWhich, Blydtthd RRREMO
node$ at opposite of a span can independently al locate [inks from

the set of spapking phihe R prges knows; that "‘fso?'°Y'§§f’%Jr‘1“ﬁ§atf°&’i willibs gprfiseed,

starting f 5omnkhie o@REFinkirtN 6L thé Ro! RS knb@B Pt it musEBENELR: backtrack
respéctively, and thereby avoid contention for the spares, or, at worst,
WD 97/ 06644 signature for the capacity that is not available.

PCT/ GB96/ 01913 Preferably, when said route-finder signature is a return 3oute-f| det Mt
contention to the one situation in which both nhodes sinultaneousl %ave

provi si onal | yignargeqlhees 3rpdncluded tae siegs 8f “spares for two differ ent

restor at i ons. EH&I&tlﬁQWIﬁﬂtdrﬂ%rl odCibate ks bibshid sgaNvARK IIVe i@ Ol i N
whi ch, gp the hig ranki ng of the two nodes_knows that its

provi si on aﬂeFB@él?‘faé?F’ By the B%decfﬁ‘ﬁfal ’Fﬁ'@EFt"’"H"“t&HBe’FWédI'%\Rest'r BYPABUSt t he

two nodes Knaivdet Sighatufe §a¢s Eo a@%@&aﬁkﬁ fictiekare reques@Bdbiia %&&atl&mﬂ,ute
capacity that is._not avail Preferably, when said

rout e-fi nder 'd¢njifieddp & §e§°‘&d F“é‘t‘rﬂr'ﬁ“trecfﬂ'tdé' fiphRiuee subseg{egﬁmr ereived ffarp ahgy o

i ncl uded the gighBBufig node; and, in responseflet ecting when one or nore spare |inks
of said span which ve al re,adi\ﬁ 10 been al] ocat ed bg },he node for a
restoration route iMd&M "CABJSiIR 8 RrpPelprmigqd, oRe (¢fypad first and,spid s&cgRdi ure

sent to the neiagbhsMips, Ataintaidmgahe allcxgties beshid ofie or Mo sPadd kirks; 6out e
if the node is in the other of said first and said second relationships,
changing the aliocation of said one or more spare links from the restoration route
identified in said first return route-finder signature to the restoration route identified
in said second return route-finder ‘signature, sending to the slave end node which
20 originated said first return route-finder signature a corresponding backtrack
signature to cancel allocations for spare links corresponding to said one or more
spare links, rrzlodifying the first return route-finder signature by reducing the
content of a requested capacity field associated with the restoration route of said
first return route-finder signature by the capacity of said one or more spans, and
25 sending said modified first return route-finder signature to the neighbouring node.
Alternatively, when said route-finder signature is a return route-finder
signature, there are included the steps of :-
detecting that one or more spare links of said span which have already
been allocated by the node for a restoration route identified in a first return route-
30 finder signature sent to the neighbouring node are requested for a restoration route
identified in a second return route-finder signature subsequently received from the
neighbouring node; and, if the node is in a predetermined one of said first and said

second relationships, and it is not an end node for the restoration route identified in



/,—
identified in a second return route-finder signature subsequently received

fromthe nei ghbouri ng node; and, in response, I f the node
is in a predeterm ned one of said first and said second 15 rel ationshi ps,
mai ntaining the allocation of said one or nore spare |inks; ,0bcpogmnt

if the node MO 9P6644e ot her of said first and said second re atlonsal ps,
changing the allocation of said one or nore spare links fromthe
restoration route identified in said4irst return route-finder
signature to the restoration route identified in said second return

rout e-finder g4 8o € reti dolitk-fiiek heighbtake RibSediRffly Whdceived O froft | glenat ed
said first return route-finder signature a correspondi ng backtrack

si gnature t onIGHRONIING neeR; AAORIEIRINS®par e | i nks correspondi ng to said one

or nore spare rhélﬂﬁ%md"ﬁﬁ' Jllﬁhﬂ%nt&(’safd dridlornfdrt sPareQinke- f i nder signature
by reducing the content of a requested capacity field associated with

the restoration rdnedifyiig she geceivedfsecand retumy rruterfipdertsigRsvreshy feduging by
the capacig ytl'@fcc?t"i‘érq df e rddledtRl %a?ﬁﬁﬂ@sﬁel@ggso%ét&?%%e%@éﬂrmﬂ'rBut‘é%ff I rst

return route-finder signature to nel ghbouri ng node

Al ternati veI §ald vehe@n@ a¢tdmr oute-f mﬂmelsn@tpmav uhe qepacity of (Fejd PBRIOE-Meieder

si gnat ur e, g,f I ncl uded the steps of :- detecting that
one or nDre spare I nks of said span which have already been al | ocat ed
by the node for a se8dingr #pidormodilied: segend i retwry reptefinddrs (signatyse nt9 othiee- 30

finder signagit&nskdihg h& ﬁmr,gslnggpourl ng node are requested for a
restoration route 8en tifred in a second return route-finder S|gnature

subsequent@y recei Rfefff#h‘bnﬁlﬁese"dmg FiER (FIBIIFe §ening: theyketur roytadindeide i s
in a predet egghngr: m@am ofsﬁ‘leq\ fdv&e%& réHifhaS 8t Aighest raﬁns.gg ag tl'i@l:é‘ge' rﬁw b,ps,

and it is not "an end node for the restoration route identif
WO 97/ 06644 of the currently avallable spare links of the span, where n is the content of a

PCT/ GB96/ Olg;e%uested capacity field associated with the restoration route of the4eturn rota! d
second return route-finder signature subsequently received fromthe

nei ghbour i ng fiR@/&SISNaMAS- i n response, mai nt ai ning the allocation

of said ofg or norRcE&Rding tb |ar§’e‘éond as ect of the pré&at inviefitiori, hﬁemesﬁrmd&econd
return route-finder signature b UCII'GB 5 the content  of ar quuessed
k of noUes,

capacity fiePgdefroseaineg fulfv Ar ﬁ%‘yr'ﬁgf RAYRURiCATeRs gstwor

node being arranged to send, in use, a route-finder signature to a neighbouring
node on a spare link of a span to the neighbouring node, and characterised by
being arranged to determine, in use, on the basis of the respective unique network
20 node identities of the node and the neighbouring node whether the node is in a first
or a second ranking relationship with respect to the neighbouring node; and _
if in said first relationship, to send the route-finder signature on the spare
link corresponding to the lowest ranking of the node ports associated with said
span; 6r
25 if in said second relationship, o send the route-finder signature on the
spare link corresponding to the highest ranking of the node ports associated with
said span.
Preferably, the node is further arranged to. detect when, in use, one or
more spare links of said span which have been already aliocated by the node for a
30 restoration route identified in a first return route-finder signature sent to the
neighbouring node are requested for a restoration route identified in a second
return route-finder signature subsequently received from the neighbouring node;

and, in response,



said second return route-finder signature by the capacity of said one or

" nore spans; and sendi ng said nodified second return
route-finder signature to the correspondi ng nei ghbouring node. 10
Preferably, said sending step conprises sending the returnr % r
signature on N4 he n | owest ranking, or highest ranki ng&g@ dﬁ@g%as
may be, of the currently available spare links of the span, where n is
the content of a requested capacity fPeld associated with the
restoration route of the return route- finder signature. 15

According to a secengh$RaetisOh & setdeMmRdd loRY oY &b filsh&drid baid PLRyhgled a
node for use in a fully or partly meshed communi cations network of nodes,

t he node Bafiagshins, 3ngaintaip tallpcation ofswaid epe erupererspaedinksi nat ure to a

nei ghbouri ng n@ﬂ&eomo% ﬁnﬁrtﬁe | s d?fsaﬁi ARAANY SaldSeddRY QQIQRUﬁéhﬂQ ﬁ
and characterised by \rﬁl,g arranged to determne, 1 n use, on the aS|s

of the respeciiapge ﬁ*l*ﬁ alR?aHE't‘ rsR'dZQ)“e AbAere geae ilinke &ropt then eestasadomraute he
nei ghbouri gg ,aaﬂﬁlemﬁsasrf.réth@mwo%té-ﬁnaé? sfynbiursio the reﬁcﬁra@mﬁ %&@%&%E&g ng

relationship wth respect to the_nei ghbouring node;
said first rdnhseidosesand retum euitrifingdps signgtuse.f fonteag tgutgmiaypeenqudqwbplar e

li nk Corresp%}%h{%@e& %amheeéoﬂmer%turﬁ%hfmﬂat sﬁa?ﬁtd} dg o%%%“ r Oﬁbﬁ&%gkw th

sai d span or in said second re atlons O sen
rout e-fi nder %g@ﬁ'éfﬁdpeca(ﬁ'ﬁe't ﬁ@catwns fepapere|linkk cewrsnRo@ioa dPrRpid Bne loe Marghest

ranki ng of th&aRPftksP @hl So 23R &b &h€ thelhbburing nodead thodi2B- said second return
Preferably, the node is further arranged to detect when, in use, one or

mor e spar 801 | feKte-fides sigpatarmin WNFR fhengansers s @ ranyestas, caperity: Sield esegoiatad node

for a 30 resyAkhahkd %Er‘aﬂéﬁ’ réxﬁ@'ﬁf'sfaineéjecbﬂd Fethitd ﬁauté-ﬁﬁwrrslgr%re a§ irflREd
S|gnature sent to the nelg ourlng node are requeste for

restorati on riyuthe G2paeity 9fi sif Pne of e SRANS: return route-fi nder si gnature
subsequent |y recei vQgbradtR@lyl e Aededib BOMAdrNBraRgétEio determiAdvhenNin @s) QRS E,

WO 97/ 06644
PCT/ GB96/ 01919 more spare links of said span which have been aiready allocated by the node for
15 a restoration route identified in a first return route-finder signature sent to the
neighbouring node are requested for a restoration route identified in a second
return route-finder signature subsequently received from the neighbouring node;
and, in response,
if the node is in a predetermined one of said first and said second
20 relationships, to maintain the allocation of said one or more spare links; and
if the node is not an end node for the restoration route identified in said
second return route-finder signature subsequently received from the neighbouring
node, to send to the corresponding neighbouring node a modified said second
réturn route-finder signature in which the content of a requested capacity fieid
25 associated with the restoration route of said second return route-finder signature is
-reduced by the capacity of said one or more spans.
Preferably, the node is arranged to send, in use, the return route-finder
signature on each of the n lowest ranking, or highest ranking as the case may be,
of the currently available spare links of the span, where n is the content of a
30 requested capacity field associated with the restoration route of the return route-
finder signature.
According to a third aspect of the present invention, there is provided a

fully or partly meshed communications network of nodes, wherein the nodes are



/——'
if the node is in a predeterm ned one of said first and said second
rel ati onships, to naintain the allocation of said one or nore spare |inks;
or if the node is in the other of said first and said second
rel ati onshi ps, change the allocation of said one or cERRISs! | ks
fromthe restﬂWHF@8ﬂ4route 5 identified in said first return route- ?lnder
signature to the restoration route identified In said second return
route-finder signature, to send to the sl@&ve end node which ori gi nated
said second return route-finder signature a correspondi ng backtrack
signature to sppfaRtialffl ldesidal QRE ih YecsBande Withlahe GRESRE BSIEEL Y the piedefit ONe
or nore spare links, and to send to the nei ghbouring node a nodified
sai d second rRf&MIAM10 route- fi nder S|gnature in which the content of a
requested capacity field asgg hTiif prRAGANGSAt | on route of said
second return route-finder signature is reduced py the capacity of said
one or nore spans A specific embodimprtepfite] Rresept "t"ﬁ@t'?fblﬂ’éil paw ther deseribed Prnged

to determ e ks of said span which
57 A1 olfoghe b o S TBRRRRT e

have been al e no 15 a restoration route
identified in a fi fFigure ét-mﬁhagmm of ainatweerk of imerconnectadiodes t he

nei ghbouring node g qus%ﬁnqrgfee poftidnSottRE Akt bPHbGrel Gk fied in a
second return route-finder si gnat ure subsequently received fromthe
nei ghbouring node; Figure 3rig 2 dipgremsihigmdrg the connection of sppfe links betieen twen a
predet erm neq.,da@gop{hés,@étq,om rst and said second 20 relationships, to

mai ntain the allocation of sai d one or more_spar e Ilnks and
if the nod® is not anBEL ] LY REAR M@t ified in said

second return rout el %@fﬁcsagwfué& éﬂ’é}ﬁe&léeéﬁt .Mvérﬁﬁﬁlféa@bsf P& deliftime
nei ghbouring node, to send to the correspondi ng nei ghbouring node a

modi fi ed sai JeSWRMIAG Processfar (pstablishing |, destomtion Jolte 1§ A \RIMMURIEASIoES Nt ent

of a request astt@dAAGhd Xhd SR deddiplieh atift beViithited R this SithbagH anwilPyte of
said second return route-finder signature is reduced by the capacity

of said one OAPPRYsIated Jhplssuch a process needpqtrbe thy jole(!REORAIIPD Process: MnBed to

send, in uge,ndtii@rik Bitdan HeWontindd Wieh a pre-plaﬁﬂ\é]ﬂ@’sﬂéféiloﬁfbr@&%ﬂ of the n
| owest ranki ng, or highest ranklgg as the c

s
currently avail abl & % 11 hReds SPOYVRS %eﬁﬁ'ﬁq‘ iﬂépé igfinaso ft?‘n@"@é?ft%n'?‘"&?? a 30

request ed capgz, daehfHa@ind A66iQ6d a&mbruwdehnmanmsﬁpeﬁnsm raut ﬂleqfurfﬁmg
nat ur.e To a | I

return route- nder si
aspect of the®prig e‘ﬁﬁscf"?f\f’éht'?"(ﬁ‘ﬁ netivork, '9@"5'%\,?'8&?93' e tﬁ"l‘"if "etﬁéﬁ‘t ly
meshed conmunalthaisgh s praetive® theyodre machesical wivel eniy nbdes AaddSwill be referred to.

20 To avoid possible confusion the reference letter “1” is not used. Individual spans

14 will be referred to by the two node identities of the respective pair of nodes
between which a span is connected, e.g. span AB (or span BA, depending on, e.g.

the direction of a signature).
Of the many routes in the network 10 .between respective pairs of end
25 nodes, this description will consider only three existing routes having unique route
IDs “X", “Y”, and “Z". Route X is between end nodes A and E, passing through
intermediate (also known as tandem) nodes B, C and D, and comprising a
sequence of bidirectional links within spans AB, BC, CD, and DE; route Y is
between end nodes A and G, passing through intermediate nodes B, C and ¥ and
30 comprising a sequence of bidirectional links within spans AB, BC, CF, and FG; and
route Z is between end nodes D and J, passing through intermediate nodes C, and

H and comprising a sequence of bidirectional links within spans DC, CH, and HJ.
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substantially identical and in accordance with the second aspect of the
pr esent i nventi on. BRI EF DESCRI P H’?N'Pg: ;’ fE
DRAW NGS WO 97/06644 A speci fic embodi nent of the present invention wll
now be described by 5 way of exanple with reference to the drawings in
whi ch : - Figure 1 is a diagram of a network of interconnected
nodes; Figure 2 is an enlarged portion of the network of Figure
1, and h o re
i nks bet ween I-{ese nogésgéﬂogs %ngg ea%e nelpﬁuﬁ@?%%:c% ?or%?ém\? &B%[}N% EERS‘
DESCRI PTI ON GipaiEXEteRdmiRedENVBODI MENTS The specific enbodi nent of

the present inventiqy s[pSL?BS‘t%ve{eR e ES@és W'se V\{orklﬁéinﬁi a%r{uo{b { i esén{s he

establ i shing a restoration rou
fol | owi ng dessachptorbinguink lis pat bf mntsedcm\a unfitiue raditeh Rogke capamtv is &ressed

appreC|ate t. u r e he, sol e r Locess in
a 15" net V\S’I‘ k'ngé'tﬁsc%@%&égﬁﬁ?% S‘ t%%éacl?try eg &deﬁhgrds‘fb satc @ﬂ( "ET‘tSCess.
In Figure 1 there iWitsihowspan mmkaré&eqmals;t ramgjed fand M&mﬂbed byf am@lﬁies

L2, each havi gg. fud NP 35 PAbknbdSHALY scbLREAR, = PRS A o E AT

pur poses I es
reference | etsp@nFK has tenl Whthughhnkn qotoantlmqteshtaWByam eixrapasr imksllg tapd Raonl y

e ence’| o ShlvbniBficd. o Fad L iofhest hnkBa 3 3 B08RIBH SWGOHEHS | Wiipn

ref erence Iet I'S not use
to by the tOnowhyp@eshodiinmatthayve tog hlghestrreslpm)t |'Rhe lipks$ in afspardesconnectedttacen

whi ch a span ﬁ%{‘ec’g)&{gegtg gonrﬁ)cgon ?‘ngﬁiﬂeﬁ% é%@tpc?ihm%lcg%)ee ﬂﬁve%g Iranct’eﬁging'

the direction nat rou

net work 10 belsmmemgpmtthwéomtr@nbﬁd ohdonBspeoding, pmrta @it chegle raspocianedwi | |
consi der only, gci% Lee existing routes having unique route IDs "X, "Y",
and "Z". Route X'is between end nodes A and E, passing through

i ntermedi ate (al so IRrtbisnexesnpientisle) F lhedsthSpibsatmdlti)neuhuowmgmodgs rignlst

sequence b, t n Yis
bet ween eﬁlf an)vgée b@&b &%QJ(E, i giéérie\rll\b) @h?oﬁgﬁnﬁsntgﬁfrégf FQ‘ rfgd%se QESDJCQ,Q%'S
and 30 conpr ¢einegted toaprE i@ 10 i1 eferode dnalods Ik lhes mqrmemhbpmim mesBC

ICEt eggg legit eaﬁ.gh the links 34 9%% e cBrrBHoRERGly LBAndLRKlES dorilKhs)ro 086 Bt HEad KT OUON
Cénsnier that an excavator has severed a duct. close to node C and

containing at that point both span CD and span CF. In this case, the nodes C and

20 D, i.e. the failure nodes for route X, upon detecting the failure of span CD, decide
that a restoration route is to be found between nodes A and E, and similarly nodes
C and F decide that a restoration route is to be found between nodes A and G, and
nodes D and C decide that a restoration route is to t;e found between nodes D and
J.

25 For ease of explanation it will be assumed that no other rottes have failed,
although it will be understood that, in practice, the failure nodes wiill,
correspondingly, act to find a respective restoration route for each of any other
routes which have experienced a failed link. The order in which these restoration
routes are established may be predetermined by ranking the routes in priority order,

30 but such ranking is not part of the present invention and will not be described.

s Each failure node will, as the result of the abovementioned decision, now



H and conprising a sequence of bidirectional |inks within spans DC, CH, and
HJ. WD 97/ 06644

PCT/ GB96/ 10913 These
nodes and spans are shown in Figure 2 in which, for clarity, %ﬁﬁ

and spans W 6644t t ed. The spans between t hePROG82 conprlse
wor ki ng |inks and spare |inks, and each working link is part of a

respective unique route. Route capacity i8 expressed 5 in terns of
nunbers of circuits, but capacity is added, or subtracted, in link units.

Wthin a spangdnats a"kinmbe h%ﬁ:‘:QH Al Jr&efr@@lf&ﬂe.%ﬂﬂaé Qeﬁ% frhésdaddi fol st hi s

exanpl e, | ower case reference ters Specifically, with reference to
Figure 3, a%pqntenltalledsrou@n. m sandghe icamon help mess@ae to throteapeciive esi x
spare |inks ,dj.:&orrcmtes conveni ence, a has the lowest ranking in this

description (but ere 1s no reason 10 why a should not have the highest
ranking). The |i nksThus, sodepamwithsendicneeomend help messamﬂ)th! rpetes X, ihamd Z to

connecti on gNuRheL i, {Q “Ne%%&éeo{h fsQ a4 ¥ns hel éﬂgodrf?\ ?zﬂktﬁg eltlha(%es nodd Feg

connected to the lowest’” ranked of corresp s at associ a
nodes. will send lits cmmrmorelxas\mpieesagedderdétm{so epgthﬁ, spengde D willsend its

ahbour | | i | i.nk

(o b of span RS nE nleckape ol X0 RAGYER. il 84 bEard i iat bl ® °
node F. Node #odedd lsfa)tmlunenghlfgumumZmdebo an endmdde Far thatvogtes t o0 p are
correspondi ngly Cor}:%gﬁt? ﬂrﬁ%ts nitp stlf’sg @r?thgfreﬁg%%oﬁ pr c]ces%has g header

Consi der that an excava as se ere cl ose
cont ai ni ngtGat artdnatraqmm the hnaﬂér ispladingd fawdbit pianat@e. type fieldi sTheasarious kypenodes

C and 20 D, "rrgr&r?l Eﬁérﬂo%té‘ﬂﬁ&e’? (LI? réfgﬂlléaet[o)%sl Hw&dg%%ﬁﬁ% g&bé pﬁdérﬁl lure

of span CD, de estora
nodes A and Eevensd edimmbmrroyterfintiss (also lmomdaF backivard chmmon rasge-findarl.on

routelstob be n 9‘(&% n de
that a restorat ?é;ﬁg%(;’utéelgﬁ tc(BJ fo %k\xggﬁ nag 29% anEE% qm ) Z%IS .

For ease of esgifemationdn it will be assurred that no other routes have

failed, 15 al thougly inkonil hbn Q@cﬁm\dﬁ §tc‘39§lnc;nh%te-i‘lﬁbew§?&{a't@r§ coniiffisb@ial Ur e
nodes WI|| corresp on g , a respective restoration
route for eacprbfﬂtJWdaOHg? flel a four blt hop count field, a four bit route 1D count field,

one or more sixteen bit route ID fields, and a corresponding number of eight bit
circuit number fields.
The information section of a common help signature comprises a four bit

20 route ID count field, one or more sixteen bit route ID fields, and a corresponding
number of eight bit circuit number fields, so in the case of the signature sent from
node C to nodes B and H, its ID count field contains the number three, the three ID
fields contain, respectively, X, Y and Z, and the three associated circuit number
fields contain the respective capacities of these routes.

25 As the common help messageé'pass through their respective intermediate
nodes they break down connections in the corresponding failed route. Each node
will forward a received common help message on the link or links which
correspond to the route ID or IDs contained in the common help message.

Each node knows its own network ID and contains a table storing the

30 route IDs for which it is an end node, and the network 1Ds of the other end nodes.

When node B receives the common help message, it will check its stored
table to find out whether it is an end node for any of the identified routes, and

where, as in this case, it is not an end node for route X or for route Y, it will



vyl

routes which have experienced a failed Iink. The order in which these

restoration routes are established may be predeterm ned by ranking the
routes in priority order, 30 but such ranking is not part of the present

i nvention and will not be descri bed. Each fail BE?G&%C;@#‘

as the resul tWQP796K abovenenti oned deci si on, now 06644
PCT/ G3B96/ 01913 generate

a common help signature (referred to hergin as a help nessage) for its
associ ated failed routes, and send the common hel p nessage to the

respective end nodes of the rou send
its common hEPFTHELRE GRMMEP *?%t"é?s%e 9n 2hgy oytopine '@kﬁﬁégc’gegﬁﬂglﬁm‘ﬁ@cause
t hose aL elth&aufal (ghtwurf the Gpae @a3, Ardy brebicdéwh ake e&'aneaﬁﬂ% for thosekbdides ®¢nd i ts
common hel p nessage for route Y.tq node G and node D wi e | t,

comon hel p A, é{g’e heofo “F%Lﬁ"g Kok gatﬁo gmgits |cpnpgtipn H@blﬁppbga? 3'? éﬂ“‘fﬂﬁ'&(t

al t hough fomwdeisthé &omnfoalﬂewmeggz@etéaadgmute Zit is also an end node
for that route. t he var%@us Si natur s used in

restorati dh proces¥hpngode ﬁ‘e’&&@?’esﬁ’e commep %i"feéF & ) é‘&&eéf’"’?en@?hﬂl ng a

four bit sigizadnierd inpae fbi HedroutdteXVard ¥l and ypReed to def@nﬂerwaétheemn :
rout e-fi nder é; | so eferred to s f or war d Ecbom"ron r reverse

common rout eP JéP ing, 0% 6°“K?TOWH ng rRIAtYEE thecBRtRIH F ttée Pﬂ??ﬂéf‘ﬁ’ nodes,

rout e-tracer i.e.ak d6nMrod® Mrand @H@r, rdute i, raséd oA e nique NdtwoAO 106 @MlinalS
confirmation nformati on secti 1(i)n of a common rou(t?gfi nder

si gnat ure co%?'ﬂ?%%’é’s%the "°f"(’ﬁ]r %ﬂ?e forgwsg teadt Wil et as 2 master fiaden@Foc ount
field, a f@ukndih abalséenhdePnedelntand iifethd, latter thendt will Gor &s ai sidvechodei falsbout e

I D fields, dacorrsondln n er of [ . rcul nunber

fiel ds. fowlin 32 S GTRBRH neh T R sfomin Afe & fos . bisPat ks JRER k.
conpri ses a f{thanliicth ABde Eant e@od®G; and thusi @l weeipnef thie ammmrsmem aessdyet
routeIDfleI orrespondin bi t crcut nunber

fields, so iW f Her 85?@" ng Ad §ﬁ°§aﬁ§ﬁLﬁ"gte %ﬁtm?tta%% and noﬁéu'ae e%f B and

H, its I D comastéri el d contains the nunber three, the three ID f|eI ds
cont ai n, Jigspect_i Vgilr\'}fl’arlel(,’ w ezri\ngouzés E‘”S'nc} Q-e r;[apel;\?eet és Srgé:ple% “(,aed c%lmr"(‘:ouA th P urber
message, each will determine that it is an end node for a route identified in the
help message, and proceed to determine whether it is highe_r ranking or lower
ranking relative to the stored ID of the other end node for its associated route {X or
Y). In this example both nodes E and G have a lower ranking network ID than
20 node A, and thus on receipt of the common help message, each will, for
establishing a restoration route for routes X and Y, assume the role of slave.

Node A, as master, now broadcasts a common forward route-finder
signature for the failed routes X and Y, i.e. sends the signature on spare links to its
neighbouring nodes. They in turn forward the received signature, which thus floods

25 through the network. This signature contains the IDs of the routes X and Y, the
respective requested capacities for the routes, the number two in its route D
count field, and has its flood count field set to one. As the signature floods
through the network, the forwarding or relaying nodes {(i.e. those nodes which are
not end nodes for any route ID in the signature) increment the hop count field.

30 The relaying nodes forward the common signature on all spans. No check
is made to see whether the spare capacity on a span is sufficient for the total

capacity of a failed route, and the nodes do not mark that capacity as reserved.



fiel.ds contain the respective capacities of these routes. 25 As
"the common hel p nessages pass through their respective internedi ate
nodes they break down connections in the corresponding failed route. Each

node will forward a received conmon hel p nessage on the || nks
whi ch corWagyefed® t o the route ID or IDs contained in thgdg%w#el p
nmessage. Each node knows its own network I D and contains a
table storing the 30 route IDs for whichi0t is an end node, and the
network 1 Ds of the other end nodes. When node B receives the
conmon hel p nessagethd feldind n&lb@(‘dﬁebﬁ theShé 86lint of a feaBiVEd B@néﬂuFﬁjaﬁdﬂtake
whether it is an end node for any of the identified routes, wher e,

as in this ca8@actign iféhﬁhé?u"ﬁr‘rs Sfﬁateﬁé'éﬂé‘ 3 predetgpiged velpe £ Hiis F?iétaé"‘\" 1q they | |

WO 97/ 06644 geographlcal extent of flooding. In variants, flooding control additionally or .
PCT/ GB96/ 0191 9 transmt

t he common hePRlgernativaly) somarisasccheaking iankime iof losiginskisld iny thegsighature: 2nsk taking
routes (I4 nks ections for those
routes by ¥ n?eﬁ%ggﬁ%ﬂgﬁgﬁ@%ﬁ?gqgﬁg&%ﬁEL&3§?§F ﬁgﬁ@ﬁ?s connection table.
Node H similarly Thef anasterdsodeh &\, cwhemrit thes phraedpaatyghe gomowkn Joutedinder
Wien node A rgﬁﬁét‘(;?é We e‘f\EH?“P”q 3Qn{f%§a$é‘% abvtanV‘Ge'clmpgerIfeFéEb@&lJeh?e{tH}é{

is an end node for the routes Y, and proceed to detern ne wh

S hi gher sicapWresg or | ower ranklng relative to the stored IDs of the
other end nodes,  ypbn RoddE et ittt RigidadiOfs dQ for th foud
uni que network’ IDs (Sr’blﬂa o nmbers) of the r?o des. r?efﬁg‘éfor"ﬁer)<t htftahen

it wll aclOastagtsirigasrs) ﬁdueewaﬁ% ewm reqeips \af aeorrgspandingrowiadinder siguatlire t he
latter then Ieomamm@%e Sute @ﬂ &venmﬁ@s (n'#c%ag V\?Orplﬁ%%l ?e%taaﬁapqa% gode) .

In this exanpl e node A has a higher ranking n han both node E
and node G aMBkAGWS cgRatiyeeilhro Jrrwerd @smeheﬁlqs'aﬁnﬁgsfagéoute Xias| begror

establ i shing fedeRBld; %ara%e tifrfdout Peticas n?ﬁé‘@ Wil swieh 8 Bct BE maete? 16
master. 15 - imlarl when nodes E and G receive the respective

common hel p '°“tﬁéé§§§ée"6a"cﬁ"9\ﬁslaI'°‘dfétfl§‘F’Prﬁ FlgngtHee: tq fts ingichhowsing Rrsss: Put o
route idenisfiugd dsPeétBf restordfib isTRoE AR, oLk BredEMEMvERIdHCEAd Wil hothd her
it is higher ranking or | ower

described further.

On the first receipt of such a forward route-finder signature within the.
timeout, the slave node E generates a return signature {also called a route
confirmation signature) and sends it back via the node from which the forward

20 route-finder signature was received. This return signature is similar to the route-
finder signature, but differs in that the content of the signature type field is
changed to identify the signature as a return signature travelling towards the
master node A, the route ID count field is omitted, a single route ID field is used
containing the route ID X, and a single field is used for the requested capacity.

25 The slave node E ignores any subsequently received route-finder signatures for the
route X.

in this example, it has been assumed that non-disjoint restoration routes
are permissible, and that the first forward route-finder signature for route X
received by node E has traversed a route through nodes B, C, K and F; the first

30 forward route-finder signature for route Y received by node G has similarly
traversed a route through nodes B, C, K and F, and that the first forward route-

finder signature for route Z received by node J has traversed a route through nodes



ranking relative to the stored ID of the other end node for its associated
route (X or Y). In this exanple both nodes E and G have a | ower ranking
network 1D than 20 node A and thus on receipt of the conmon hel p rressage,
each will, for establishing a restoration route for routgg_ré g&g ,
assume the roMO HH0664ay e, Node A, as master, now RGeS
common forward route-finder signature for the falled routes X and Y

i .e. sends the signature on spare |inks tdlits nei ghbouri ng nodes.

They in turn forward the received signature, which thus floods 25 through

the network. AhtandiHINRLS R0 @BMEd $hdtRRe Fdduedied IdaBadi§Uiof Soutes XU YYand B€
respecti.ve requested capacities for, the routes, the nunber two in its route

| D count 2'¢jthieg, twmand taur, respectively count field set to one. As the

signature floods As atdtu@gdhdtlie pasiedthlough ke B&He\éaff%élﬁoﬁhtlél%ﬁ)ﬂa‘i‘ﬂn nodes
(i.e: those nodes V\/mch are not end nodes_ for P; route IDin the

si gnature) i nCME&IED Pﬁéh?ﬁ‘}p"‘i‘?&ﬁh’f‘eflfsel’“&at ggpacity is availahlge makes PPRrgPAEes

forward the ceunmesticisIPeWees 188 drlesSditity sWRcKt R8K, and cré&emembﬁc BRe
whet her the spare capacity on a span is sufficient for the t

capacity of .a"9ds; IPcfield.gintdwhighdt Mﬁeﬁﬁﬂégd?ﬂkp ndhe Rafk CPWQ@'eééb%l&quStad

reserved. apac:ty with ¥@ %!Qﬁ@%amty, and if the requested capacity is not greate
PCT/ GB96/ 01913 pacity J& ot greater

The rel ayi ng ¥8adte ayrilgkleiqapagityyt Wil meke Forpectiens fps dhesraguastad saracitytagi e

no action if i@ aeummﬂnss.gﬁﬁa;eereo tth@rheftt o8 i@ Pétential! rdGroratidnSroved.S 2
limt to the raphi cal extent of fl ooding variants, flooding

control adfl tT’BYY&Y‘F’ (ﬂ"e requested Sapagitvw g Igiﬁaé‘ifrﬁi?'? E*Psa‘(?ﬂilﬁk PARACIY( theenage

origin field {mt ﬁibﬁb &ﬂﬁaﬁdﬂsﬁoﬁﬂﬂ d@ﬁéﬁlﬂcap@cntf‘ﬁn&f&rhﬂfh thle digtRtdrk QA #hee 1S
ol der than a Rredeterm ned Iim master node A, when it

has broadcast "$RReTdR i Frapetied °F'i’??df(¥rf'e'd replacgg EY G'P% avajjgble capacity, andalsascent

state to awai feridefeettel sife ERBREdd b\WackRidk SignatureSediahing @Re ID of the route
Upon node E determ ni it is to act as slave for the failed route X,

n hat
it 10 startsa®q F’P"'g\{fjaé't’égf’1E the diffetsnee bgtwigen the reguastd eAPagity pd dus avritehls
route-findes &apdeRy 46 Qake domrdbme?mags thR ha0dlleReddy beeRNHAadd i the @agatityng a
potential restoration.rou |f no forward

rout e-fi nder E’]aéﬁi?'lﬁ’é’efeﬁfa% '%lfld@%hﬁbga'ﬁm@?f 'egm"aft@éé?'\?@d by the end of the
ti meout period, nodgpdn védelpt ufi the lreturn aignatite Nt MasfePmode A knows that a

restoration route now exists, as identified by the intermediate or relaying node IDs
in the signature, and knows the capacity of that particular restoration route, a.nd-

20 now sends a route-tracer signature to node E, via the restoration route, to inform it
of the intermediate nodes of the restoration route. Where the invention is used to
find a supplementary route, the route-tracer signature can be sent on the existing
route. This use of a route-tracer signature is known in fhe art and doee not form
part of the present invention..

25 In this specific example (Figure™3), it is assumed that the return signature
from node E (for route X) arrives at node F at substantially the same time as the
return signature (for route Z) arrives at node K from forwarding node H, and that E
is higher ranking than F, and H is higher ranking than K.

Node E will have sent the return signature on the lowest ranking spare link

30 of span EF, and this will have been received by node F on, say, port F15. Node F
now does a number of things, namely, :-

it determines the requested capacity for route X from the return signature

(three) and allocates ports F15, F16 and F17 (three spare links of the span FE) for



route X and send a reverse route-finder signature to its nei ghbouring
nodes, but 15 this aspect of restoration is not part of the present
invention and will not be descri bed further. On the first
recei pt of such a forward route-finder signature within the t,
the sl ave nod¥O@7§éhtérates a return signature (also called ap%ﬁ{ﬂﬁ%?ﬁg
confirmati on signature) and sends it back via the node fromwhich the
forward 20 route-finder signature was ret®ived. This return signature is
simlar to the route- finder signature, but differs in that the content
of the signatthe gestpratiohi utk. i sode E wilbhged atreadyddetemined hibatsisgaratElfr Badis a

return signat | owar ds the master node A, the route ID
count field .5§¥f§h%“tt‘t§é%l* °§B§‘?'{ﬁ’g| e route IDfield is used cont ai ni ng the

route ID X, and a iidegerenifescthe nedeuseavtiar itthas toespndsthedretapasigriayure Yor The
sl ave node E | ngz Sy B0y, t%up&equentl)sk received route-finder signatures for
t he rout £%%° inds tha '?ﬁ't 'exanple, it has been assuned that

non- di sj 0i Bt r est oftadHeeks HeIEpan FK foRtiee mnt&s icbbmtyaema fupah findmgf dhast
forward route-finder si atur f or .rout e| ved by node E has '

traversed a rBureMeRteg APaRRY g"ﬁ) ig, nog gé‘??de’FthaP e (SppLe; capgcity (sixl, new

route-fi gder pBodpeds 4o adetermined ttiee réfativec pinking difythBQGtﬁieﬁrdbﬁﬁt;]e"si ::ridnal’lk?énd g
traversed a route, t and that the first rwar

r out o- (aRtrtino dhehiE i, PaRE Tanking than Ry diogsoRabe JVAG Kivert renking bk aed o
rout e througlk, mogheism, for the restoration Yift® férdo0mé4X, making connectlons between the

PCT/ G|396/ qﬂjgla 1 F1 E ]

and H. heg pos £18eH16 ae FAenrdneesras Flab-tl 13204 F ‘r%ﬁ?'éw%‘dns and Z

are three twalramlkflpuﬁdmreersaam FKel y. As a return Si gnature

passes through the n des otentia tor n eac
t hese nodes checks' %fwaé‘gioati’l t)r/‘R re Mh&%l% "ﬁaﬁeg SBpF?ﬁﬁl &‘? '58""'l
connecti ons Ilsebsemmenthheeceives spomatieri() a sewutrcsigmaoure Sor matk Zr eat es an ei ght

bi t node I D f'%LrgﬂariynBQde"‘E d%F?]Etnque gfgﬁhlntgg rﬂa%ie |.D. The node conpares

t he requested capacl e capacrYy, and if the
request ed 16apaci ty it detnotnngs ela& @equested capacity {four) for route Z from the return

signature forwarded by node H and allocates four ports, K7, K8, K9 and K10 on
span KH, for the restoration route, node H will have already -determined that span
HK had sufficient spare capacity;
it determines the node to which it has to send the return signature for
20 route Z and finds that this is node F;
it checks the span KF for the requested capacity in the return signature for
route Z and, upon finding that the requested capacity (four) is not greater than the
spare capacity (six), now proceeds to determine the relative ranking of the node
identities K and F and, given that K is lower ranking than F, allocates the four
25 highest ranking links, p, 0, n and m, for the restoration route for route Z, making
respective connections between the four ports K7, K8, K9 and K10 on span KH,
and four ports K60, K569, K58 and K57, respectively corresponding to links p, 0, n
and m, on span KF;
it forwards the return signature to node F on link p, and subsequently
30 receives from node F a return signature for route X,
Node K will receive on spare link £ connected to its port K&5 the return
signature for route X requesting a capacity of three links, and will enter contention

mode, since it has already allocated and connected links p, o, » and m, and,



than the avail able capacity it will make connections for the requested

"capacity and send the return signature to the next node of the
potential restoration route. 10 However, if the requested capacity is
greater than the avajl able capacity, the node will make ge.p,a. hoas for
t he avail abl e%ﬂé”é?‘f‘y and forward the signature with the ngé 913n t he

requested capacity field replaced by the avail abl e capacity, and al so
send to the slave end node a backtrack sibhature containing the ID of the

route and the value of the difference between the requested capacity
and the avai | sxRligiyl Bod€ &R Irkdeitelort SiRe AP ORAEIRED tP RS pbRA1 182MHR rBturgady
been made for the capacity t hat cannaot be established on that

particul ar r&Q’!ﬂ*‘éﬁlth"’t‘%?é equesting a capacity effoHr firkseiapd vib episs CPEW}F‘ﬁ"

si gnature, thﬁo&@%ﬁrﬂ:@ D AEE alfed) QMBcAtER TN &, lanBQﬁt Qﬁ ik @38, QHEQ:OH&Wﬂ@K' sts,
as identified byt he intermediate or rel aying node I Ds t he

si gnature, antfiliifolfsreenast ohyaish iputs Wikigke Eéﬁ"?‘i’%?é’t"ef&%ﬁpﬁﬂ'%of spare, and
20 now semdsink ;OUt e-tracer signature to node E, via the restoration
routé, to informit of the internedi ate nodes of the restoration route.
Wher e the inventi orPn thelasig af Higher ranking ngde takes erasadence. pesn it will e
route-tracer si gnatiib&ate ARk RProSBBtetdf dififareéitsit ol x; route. This use of a
route-tracer signature is known in the art and does not form part of
the present invent ifefyvargshe return signatyrp feryoytesy avithy itg cepagity field wmamanded) | it
i's assuned t hgtnddeg:return signature fromnode E (for route X) arrives
at node F at substantially the sane tine as the return signature (for
route Z) d%ives atchABRRtR linkatpsasiondeiihngesiowdion;routador feyte £ to links pgo

hi gher ranki ngadpan F, and H is higher ranking than K Node E
will have sent the return signature_on the | owest ranking spare |ink 30 of

span EF, and this P2k JRIVR MFcRRPnpean RRIYeRR Porb &8/ mngithe £8(t Kifbppd meke Node

F now dogfew devA&tionMetvEdrstirt KBRERA ¥ port on the span KC; i t deternines the
requested capacity for route X fromthe return S|n£nat ure (three and
al locates ports F15IeNprAte 2nfagiirack (signatire for £oyte nk wilh t[‘ﬁe"a:!}t?aﬁ"?iliﬁ‘

WO 97/ 06646 capacity field to indicate the capacity deficit, and send the backtrack signature to
PCT/ GB96/ 01913 12 t he

restoration rofed? ViaRpst §1Qi 1| have already determined that span EF had
Since the two nodes connected to a span know the port numbers of the

spare links, it is sufficient for the return signature to be sent on the lowest ranking
{or highest ranking, as the case may be) spare link because the receiving node can
20 determine, for a requested capacity of n, the n jowest ranked spare links.
However, in variants, the forwarded signature can be updated by the forwarding
node to contain the identities of the allocated links, or a node can send the return
signature on all the spare finks allocated for a route.
Suppose that node F now receives the return signature for route Y from
25 node G, it will send a backtrack signaiure containing the deficit capacity that it
was not able to connect, in this case , two, and node G will respond by
broadcasting a reverse route-finder signature for route Y.
As mentioned above, the node A will know fro_rn the content of the circuit
number field in the received return signature for route X that the capacity of the
30 restoration route is the same as the requested value, and it will then send a route-
tracer signature on the restoration route A, B, C, K, F, E, to inform node E of the

identities of the tandem nodes.



sufficient spare capacity; It determ nes the node to which it
has to send the return signature for route X and finds that this is
node K; 5 it checks the span FK for the requested capacity and,
upon finding that the requested capacity (three) is not an
the spare capW@iofA668&i x), now proceeds to deternine the r e#l(/meélg
ranking of the node identities F and K and, assum ng that F is higher
ranki ng than K, allocates the three | owest4 r anki ng |inks, k, I, and m
for the restoration route for route X, nmaking connections between the 10

three ports F15, Fge #Hedothdr hany lhhthgecagé’rotfﬁ'ofﬂalﬁ-p nédel B dAdKkioMt From the

correspondi ng to links k, |, and on span FK; It forwards
the return sicgRteNt PE theCirryicnurken f@ﬁdf’éh? repeived raﬁwa* signatyie,fos fRrEAt] that

receives 1 OhAOME dipdeity dihe r§§t9&ﬁ51‘|'rr&n£?ﬁ FORLR, 4 is less than the reqabdtbh ar Y.

node K does a nunber hi ngs, nane It determ nes t
request ed caprapagity. (aﬂémﬂy svveirch rt@@pbazafsﬁadmmﬁe foretoytenZ for thej defigieney and

forwarded By auﬂﬁ@retle,@gﬂoalrloqe%t&% a‘ewse r?arta smﬁiﬂ gAéa.reK& .%gfL K10 on

span KH, for the restoration route, nod Thve al ready determ ned
t hat span HK h&m regeipt by ppde é}?&l‘lbﬁ b%qkéféFlf §ignature sent by "OdPtK dbe eleme nes

the node to whiseh Ls&v.tgﬂés {& €84 tn\%s{e?tﬁaa@ f§} Em%uxe Cgdriafatéd a fo J%ﬁn&rand

finds that this is no chec span KF for
request ed capgriatyeiwith e fioed gpvntsﬂegma@mwetwmrand with thet eequesied] cCapgsisy in

finding that &ﬂ%ﬁ%@%@% G b YAk igHantle GG St R ietan)

spare capacity ( now proceeds to termne the relative ranking of the
node i1@e randt sends it 4o dtsmeighbouting aadesiatThie signatyigeis alapietsred Haresra

al | ocates thgefQuL &ﬁe-f,naa@q;&urran 4 W Bel dipPecidted hat BighBhrdd with roda hfood

restoration route for rout maki ng respective connections between
the four por teUREE cxB be ideniifigd chﬁl@ﬁe%swnatr@mms madgn by 1tBe origippk MarED to K59,

K58 and K57, firysRerdstorlioh ¢6Wte IR NMat Gidrdtdred Kt even ﬂbod coditd &Bn 8B Span
KF; it forwards the return signature to node F on link p, and

subsequent | y SyeFRRNGINGSIdeRfiRd AR RYICFesEiveATtemPts Mada by the pginal slave. x

Node K wilylg recei Vel'h@rhoiiléaA&eéﬂdMs ko Citet fsceRA df Qa rdvrgeOFdutd<inider Nsigria@ird N
signature for route uesting a capacity of three links, and w]| enter

contention Sent Wd'é’ es'? eSWitc t%u%aaf ﬁ?%%&%ﬂ%a"%ﬂameﬁﬁw&f@zﬁm Aks p,

0, n and m aBflrn signature on the link on which the reverse route-finder signature was
received. This signature has the appropriate code for a return signature in its
signature type. field, has its flood count field set to two, and also has its circuit

20 number field set to the value in the received reverse route-finder signature.
The node E acting as a master and having sent out reverse route-finder
signatures, will now be in a waiting state.
The abovedescribed method of finding a restoration route in a network can
be used to find a supplementary route by sending instructions from a network
25 control centre to the two end nodes of a congested route so that they treat the
congested route as failed and initiate the method of the invention to find an
additional route (also known as an aiternative route) between the two end nodes.
It will be appreciated that although the embodiment has been described
with reference to a small network and that for convenience the number of links of
30 a span has been correspondingly small (sixteen), in a large network a span will
comprise hundreds of working links and hundreds of spare links.
An advantage of the abovedescribed embodiment is that the two nodes at

opposite ends of a span can independently allocate links from the set of spare links
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simlarly, node F will receive on spare link p connected to its part F116
the return nature for route Z requesting a capacity ofpdyp

and will enter ‘33 Pastt i on node, since it has already all oca?ﬂgm#l %s Kk,
| and m In this case, the contention Wil be in respect of which route
wi |l take precedence over the allocation of® spare 5 link m On
t he basis of higher ranking node takes precedence, node K w ||

alhl ocate |ink |mﬁé)sﬁah?of Eﬁsttfrfrhg%w:foﬁfé_%, SnrtingondrR th’e}i hlglhgst and lowestl r@AN&Y d
the return signature for route X with its capacit ield unanended . to
node & 10 ° 90arel! Feanetyel REY et arY AL SO RBRA T (PR oRet BT ditg o
for route Z t QithatidnSinfwhiéh both rivtids @rmultaneously have Mﬁ%ﬂ?%oédﬂ@dmi on
bet ween port K57 and the port ﬁ} 0 and ng connecti on between
port K57 and EPH&rY B Eher PR iffgrent Festotations. 'tdé' Arerecigted thatsugh a

signature fgr nrrrmﬁges:ﬂjaﬂrohrboh’fmmalddes PBE alwayb R cdd sineaRAE iréttaihing! gpafedor
i ndi cate the ca aci t f| cit, %bl end t he backtrack Si nat‘gre to node
ed

H via port K16P bres mily 5 provisign 9eatedyRY ABYSOIR AMRINEEMES bY BaPthRMOW

the port nunbepge @poh héberpt of IR Feturni didfisaturk thetdie smﬁtfdtﬁererudeﬁ@reaweo leREK N
signature to be sent ranki ng, as the

e lowest rankin hest
case may be) §b%1,a§al\apﬁkv 8 ipéu%sea'tdrf@a*eeﬁ%Pg’ivﬁ&“ﬁ'o%@%‘éPﬂ‘ Top a reRipEAtig] feutes or a
requested Cﬁpaufmyt &orﬁgntdlbn Wwhigh ok wesdr 'f) aiekledwﬂ'rp?igdohféﬁﬁon protoc&ﬂQN\@Mﬁéh in
variants, the forwarded signature can,k be updated. by t
node to cornPaithe {¥aber Frking Pfg eotwq Rades 'F’l?g‘fft I'tlsrﬂigv's'B?geP\‘vaﬁ?}é’"c‘é{W R&nd
the return conﬁmgmtawetheruower rifkihgs pRER twakdded keswed enbifl iormastrsentiea
Suppose that node now rece ﬁﬁs‘ithe return si gal refor route Y from 25
node G it wil acgté?ﬁf %Q't?é‘é'ﬁ °§P§‘H%Yt PESO8hE"APRy the deficit capacity
that it was not able to connect, in this case , two, and node G w ||
respond by broadcasting a reverse route-finder signature for route Y.
As mentioned above, the node A wll know fromthe content of the circuit
nunber field in the received return signature for route X that the capacity
of the 30 restoration route is the sanme as the requested value, and it wll
then send a route- tracer signature on the restoration route A B, C
K, F, E, to informnode E of the identities of the tandem nodes.
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CP)nCT{ ggg{ ﬁé?lﬁand, in tlj'\,e!l,(l:le’lﬂ,!“w’uuwm’z node D will know flfom t he

content of the circuit nunber field in the received return sj gwo%“gor
route Z that WO9706fd¢ t he capacity of the restoration routel%(%? K TH, J)
Is | ess than the requested capacity, and will switch to act as a sl ave
node for route Z for the deficiency and B await receipt fromnode J of a
reverse route-finder signature for route Z On recei pt by node
J of the backtrack signature sent by neggg the slave node J sw tches
to act as a master node for route X, generates a route-finder Si gnature
with its flodd couft methedgoisdetesrpiningoan agdditiqnat Frutedn ackylle of rarthameshed, in

t hi s signat ur, ; [ n i
circuit shor tc§ ai : E ,'éa%wgﬁﬁrgﬁoés&d%&tet Sgﬁf‘l‘g"%ﬁleg'ﬁgﬁﬁ'ﬂ%g ﬁtgéeosf.ese‘?ﬁilag 2
si gnat ure i s redtedindef signasuretfoora® npde to arngighbgwingoede -on mskare inlgobia span | t

will be apgregiad ﬁagﬁmhnghw@ 2AH Bird 'a,gryaggegissa fol-ne prfor%gésbt@to% .can be

t
identified as successive t_terfptsrrae e origlna er to find a
restoration route, rankihgtthatinks efthespar; andt h even fl ood counts can be

cor respondi ngl y ida%’»é,in G5 tRUGSRS 8f #8 rBddeetitd anaaaéiﬁ%&%ofrwadm&&&iﬂ

sl ave. 15 e node A responds to first recelpt a reverse
rout e-fi nder ofith;aeds end the geighbayying sgde @hgthes dha pordeng in@ first ong secencive

node and 1 MGGt RANAb Whiirespect 16 1Y bigHoBlAid Hdheon Lhe 11nk on whi ch

the reverse route-fin si gnature was recei’ved. This signature has the
appropri afl® @odahe method heing phasagjerigedrie thay spid sending stegregmprises ype fi el d,

has its flood couns dhb@be R dafd firdPreiAidAsHD, S2ndIAS thd Dud-fifrddr sighBturd dorber

field set to the value in the received reverse route-finder signature.

The node E, 4beingighbaurinonpasecon hedloveest mRpkingnef @litently \a¥pilable spare Jinksakr
signatures, WaldsdaAVePe in a waiting state. The abovedescri bed
met hod of finding a restoration route in a network can be used to find
a suppl enent ary rodft dheyynasiends iy $aidt5e5end JREUPSHIR asendingo the ongutectinger ol

centre toghaidnsureng thedfigidoudng ABEE oh afle THHeS: Fedkingadf Edtrantilyr Raliatibe
congested route as failed and initiate the nethod of the invention to find

an addi tSPaedinks @fie@id(SBPR0 known as an alternative route) between the
two end nodes. It wll be appreciated that although the

? Eg? d.lr (r)nra n'é oﬂs?znibgﬁ?%gleel%@’ gﬁerglépnqﬁ inl%{q{g% r1g;~q1re(raeri]r(\: gai}:lorogté in e!‘ s{g‘;ﬁgéfﬁf ¥<s 2 nd

return route-finder signature, and including the steps of :-

20 detecting when one or more spare links of said span which have already
been aliocated by the node for a restoration route identified in a first return route-
finder signature sent to the neighbouring node are requested for a restoration route
identified in a second return route-finder signature subsequently received from the
neighbouring node; and, in response,

25 if the node is in a predetermined one of said first and said second
relationships, maintaining the aliocation of said one or more spare links; or

if the node is in the other of said first and said second relationships,
changing the allocation of said one or more spare links from the restoration route
identified in said first return route-finder signature to the restoration route identified

30 in said second return route-finder signature, sending to the slave end node which
_originated said first return route-finder signature a corresponding backtrack
signature to cancel allocations for spare links corresponding to said one or more

spare links, modifying the first return route-finder signature by reducing the



30 a span has been corre i ‘ﬂ“tnumgéixteen), in a large network a
" span wil | conpri se am 4\“& w $ing | i nks and hundreds of spare

| i nks. An adwantcage ol the "abovedescribed enbodi nent is that
the two nodes_ at opposite ends of a span can independe te
links fromth¥O¥6H spare |inks 00 ov oonaq  EHGBAS
PCT/ GB96/ 01913 15 in the
span for restoring failed routes, startind7fron1the hi ghest and | owest
ranked spares, respectively, and thereby avoid contention for the
spares until tétehd 61 4 rdtflested cahadif! fighd akddciabddCWith Ahé) réMB6taG0® kdltk bRREIQUS| Y

have provisionally allocated the sane spare or spares for two different
restorations. fIst rGfurn reite-Hpderetignatug Bvnie ‘?Eﬁﬂtva“Ssa"F)Pﬁ?t"i’ RPre i sPaRt: i e

contenti on dogéndiy said WRWTFie@ GRstIretubh FoiRe-tilder SRIABIUR Ritheighbllring nodePar es
may be provisionally allocated by one node and confirned by the other

node upon recei pt of the return signature before that other node is ready

to check 5 Bhe avaimhadbl iasYcisihed PRICRIMaNAVAGKIA dald rddkefhddr WigHat@b li@@at i on
for a restoration route. Any contention which does occur is dealt with

by a cont ent i BYuprguteclinder sianpita, 2nd indfudingrthg §taPs P4fki ng of the two nodes

knows that its prova&hm@ktrél: o6 adri RBreVidate fifks of sAi®Rbhs Waflch ABGE blfgadyover
ranki ng of the two nodes knows that it nust send a backtrack signature

for the capacPesn glipgatgdsbythe nagsifpn girestoration route identifiggingy fipRs ggtyrn route-
PCT/ GB96/ 0191 3nder signature sent to the neighbouring node are requested for a restbPation route

10 identified in a second return route-finder sighature subsequently received from the
neighbouring node; and, if the node is in a predetermined one of said first and said
second relationships, and it is not an end node for the restoration route identified in
said second return route-finder signature subsequently received from the
neighbouring node; and, in response,

15 maintaining the allocation of said one or more spare links;

modifying the received second return route-finder signature by reducing
the content of a requested capacity field associated with the restoration route of
said second return route-finder signature by the capacity of said one or more
spans; and _

20 sending said modified second return route-finder signature to the

corresponding neighbouring node.

4. A method as claimed in either Claim 2 or Claim 3, wherein said sending
step comprises sending the return route-finder signature on each of the n lowest
25 ranking, or highest ranking as the case may be, of the currently available spa're
links of the span, where n is the content of a requested capacity field associated

with the restoration route of the return route-finder signature.

5. A node for use in a fully or partly meshed communications network of
30 nodes, the node being arranged to send, in use, a route-finder signature to a
neighbouring node on a spare link of a span to the neighbouring node, and
characterised by being arranged to determine, in use, on the basis of the

respective unique network node identities of the node and the neighbouring node



CLAl M5 1. Arretho an additional route in a fully or
partly neshed comrunl Jmlm f nodes, the nethod conprising
the step of sending a nou nature froma node to a

nei ghbouri ng node on a spare I|nk of a span to the nelghbourln nad
and bei ng chaW@@¢448ecd by the prior steps of Gﬁ“ I|nks
of the span; and determ ning on the basis of the respectlve

uni que network node identities of thel®hode and t he nei ghbouri ng node
whet her the node is in a first or a second ranking relationship with
respect tot ed in
that said sengrangérgﬁg?ég%%’rn%g? ot se2Bfid F’Qﬁnr@%ﬁ Q@a%shc‘{ggﬁ%gﬁg ?iérst
rel ati onshi p,neighhdiring nade; ardut e- f i nder si gnat ure to t he nei ghbouri ng
node on the | owest .. t S sai d
span; or i 'ﬁ@él‘d nﬁ'ﬁmel&g’r ngﬁiE Wns%\gla{ gg%tg fﬁ“g{ ?g{'étg'lr%s }:ﬂe i ng
the route-fi Ndkrcotrdsparidgigatoutte lowesheankmggd!fotherma@ pmtheamctalmj iniitphesid

ranki ng of c%gregg |y avail abl e spare |inks of said span. 2. A
met hod as cla in Caim1l, wherein said route-finder signature is a
return route-findeif &i Mtsac@nd eetationsldbuth send ke mwp@ndér signdtOre on the
detecting wh ne.. 0 el have | r.ea

been al | ocat :sga%ylﬁ}khéeon[r%égn Oatdreetg%%%sgﬁ?%ﬂ{gr %flsj :g‘g sa°?'$.‘98 hdi

return rout e-said spahi nder signature sent to the nei ghbour| ng node are
requested for a restoration route identified in a second return

rout e-finder signature subsequently received fromthe nei ghbouri ng

node; and]0i b.r espdneale ddclaimed in Claim {5, aha furthee airanged ta detesd sttenpinnes?, one

of said first, r t [

al l ocation of nggllq dag#\ees%a?g%?s of sa'd &{a% ‘{Z%ﬁ a8 0olR a'}teQ&J‘ ap&faiethﬁ ﬁg%le IS
in the ot her notedei ajrersmrgtwramt%@pmfs@c-omhrs‘eteawnan@mrfp@er signaturghsemgitmg t he
al | ocati on ofihs HefinBAGinG' ndle! &e FektleSted K3 rzétemnt,n%ue%a&& bR of SHbfi
identified in said first return route-finder signature to e restoration
rout e i denti frE&D Jeuteifinder, signatuee) Aebseavently fegeived fiomdhe @Pghh@luine, negendi ng
to the sl gge Hadinagsonsb) ch originated said first return route-finder
signhature a correspondl ng backt rack signature to cancel allocations
for spare |inks coffr &HEREPe g P02 SUPEPIEHINGt ofpref said fisshand paidkepcond

modi fyi ng t heefatibRshids? td!maintall ife AllcRE8on & SRALAY 6 RYre! paKOINRE; &he
if the node is in the other of said first and said second relationships, to
change the allocation of said one or more spare links from the restoration'route
20 identified in said first return route-finder signature to the restoration route identified
in said second return route-finder signature, to send to the slave end node which
originated said second return route-finder signature a corresponding backtrack
signature to cancel allocations for spare links corresponding to said one or more
spare links, and to send to the neighbouring node a modified said second return
25 route-finder signature in which the content of a requested capacity field associated
with the restoration route of said second return route-finder signature is reduced

by the capacity of said one or more spans.

7. A node as claimed in Claim 5, and further arranged to determine when, in
30 use, one or more spare links of said span which have been alrleady allocated by the
node for a restoration route identified in a first return route-finder signature sent to

the néighbourin‘g node are requested for a restoration route identified in a second
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Egg%ggﬁggég capacity J"J’U”wwuw UHIV\A th the restorati oﬁ7r oute g?nggin'é

first return route-finder signature y’the capacity of sai %82 nor e
Whebite

spans, and WOOUM¥M ng said nodified first return route-fi HRure to
t he nei ghbouri ng node. 5 3. A nethod as clainmed in Caiml, wherein
said route-finder signature is a refl@ n route-finder signature, and
including the steps of :- ' detecting that one or nore spare

l'inks of sajeturhPrOtedindel dighutura! duBschtiently r@&%d%&ﬂ%&%&%o&% podle for a

restoration route identified in a first return route- SI gnature
sent to thea%l"glﬁaﬂ?sl%g node are requested for a restoration route 10

identified in a spaRBthddRt 14 fh raouaze@e{ehﬂmea &iegsatsurdef.%fbérﬁﬂlég#at bcongcel ved
fromthe nei ghbouring node; and, if the node is in a predeterm ned one

of said fir latiopshipsita maintaindhe alloGasipa of éﬁ@ﬁh@gr maredshare linkshand an end node
for the rgstoratippnd AHdLis! SR Er‘l(ﬁqodepfor the $@§t6’l‘aﬁ§g9&ge lé‘etn% rOUt S L L

si gnature subsequently received fromt nel uring nod in
response, 18gcond return %Fﬁf'ﬁ?'rﬁ'wt'ﬂﬂ%suaﬁ@éaw meuﬁd Sedirai thﬁneelghbmmg spare
l'i nks; node, to sdrmadid YHé"Qoﬁ&%oﬁ&ﬁ?'ﬁé?dﬂlb§ﬁ'ﬁ@nﬂod'eeg%Qdﬁl&ytsgldf Ladet
signature by reduc the conten a requested capacit e

i
associ at ed (GtY'R foMte- 8‘&9{ SHENAtYER P omkigh ghe °°"te§'€a|°6| aseeguested capacity field

rout e- fi ndeassobifsdf Witk thy résfiRatichidGte of afd Ss3bRd AREMIbuttrier signstBAs; and
20 sending said nodified second return route- F 8er si gnature

to the 19 '%HF%E‘{)HWCH‘%‘?@C'%?“Q?%BW PrMAEFP2aNS. 4, A met hod as
claimed in either Claim2 or Caim3, wherein said sending step

conpri ses ssndl ng the return route-finder signature on each of the n | onest
25 ranki ng® or M §Rde@s caivehip a§h¥@a'%§@rwb% angi arranged e send. | ip

avai | abl e spsy, @he returrd rdmkésf.mertsmaﬁpar@n éue@roe tRe hSoWB& GARKENEr Abhést
request ed cg%ﬁch%fl el d associ at$ th the restoration roudte of the

return rout "G GeRgt TP be. of the °5'"e"t'y ayeilablgcspres ligkseof theaspan. |y or
partly neshede@ainisithe eahteAtSF 4 AIquBstsd @hpacity field associated with the restoration

route of the return route-finder signature.

9. A node for use in a fully or partly meshed communications network of
nodes, the node being substantially as described herein with reference to the
20 drawings.

10. A fully or partly meshed communications network of nodes, wherein the

nodes are substantially identical and as claimed in any one of Claims 5 to 9.

25 11. A method of determining an additional route in a fully or- partly meshed
communications network of nodes, the method being substantially as herein

described with reference to the drawings.



- 30 -nodes, the node being arranged Lo”éqﬁd;-in use, a route-finder

signature to a nei ghbouring node on.a spare |ink of a span to the
nei ghbouri ng node, and characteri sed by being arranged to deterni ne,
in use, on thﬁﬁﬁﬁﬁha of the respective uni que network node identities
of the node a 84 ei ghbouri ng node WO 97/ 068FYCBI6/01913
PCT/ GB96/ 01913 18
whet her the node is in a first or a second r@nking relationship with

. . _ 1/ D . .
respect to the nei ghhqQuri ng node; and if in said first

relationship, to send th tﬂ-finder signature on the spare i nk
correspondi ng He.the | owest anki ng of the node ports associated with said
5 span; or if in said second relationship, to send the
rout e-finder e on the spare link corresponding to the highest
ranktng of th ts associated with sai d span. 10 6. A
5, 4and further arranged to detect when, in use,
one or nore spare |i sai d span whi ch have been already all ocated by
t he node fo \onproute identified in a first return
rout e-finder si t he nei ghbouring node are requested for
a restoration rojgte identif] HP a second return route-finder

romthe nei ghbouring node; 15 and, in

response, ode is in a predeterm ned one of said first
and said second rel atifonghips, to maintain the allocation of said one
or nore spare |inksy if the node is in the other of said
first and sai g second refati ngplps, to change the_al l ocation of said
one or nore s | ioks ffromifig restoration route ZOF[ge?ified in said
first return route-fi\nder srgn re to the restoration r JAF'identified

SUBSTITUTE SHEET (RULE 26)



in.said second return route-finder signature, to send to the slave end node

whi ch originated said second return route-finder signature a
- correspondi ng backtrack signature to cancel allocations for spare |inks
- correspondi ng ﬂgk%%one or nore spare links, and to send to the

nei ghbouring n dified said second return 25 route-fi ntfeVCBIPAYRBuUr e

in which the content of a requested capacity field associated with the
restoration route of said second return routgvgi nder signature is reduced
by the capacity of said one or nore spans. 7. A node as cl ai nmed
in Cdaim5, and further arranged to determ ne when, in 30 use, one or nore

spare links of said span which have been already allocated by the node
for a restoration route identified in a first return route-finder signature
sent to t he nei ghbouring node are requested for a restoration route

identTfied in a second WD 97/ 06644
PCT/ GB96/ 01913 ' 19 return
rout e;finder signature subsequently feceived fromthe nei ghbouring node;

and, in response, if the node is in a predeterm ned one of
said first and said second relatj onships, to ntain the allocation of
said one or nore spare |inks; and if the node is not an end
node for the restoration route ide fied in said second return

rout e-finder signature subsequent|3 rgcdi ved Jfrom the nei ghbouring

node, to send to the correspondi ng ne|ghbotriing node a nodified said second
return route-finder signature in which tiheljcqntent of a requested capacity
field associated with the restorafign fote of said second return
route-finder signature is 10 reducedjby the [capacity of said one or nore

spans.
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-87+ Anode as clained in either Claim6 or Caim7, and arrang s
send, in use, the return route-finder signature on each of thgiz&g%é?t Jk
ranki ng, or highest ranki ng as the case nay be, of the cur ,v-, Q]
avail abl e spare links of the span, 15 where n is the content gl
requested CapaCngjTl el d assqeiLs aeLudtTiAL rREPERTY QR AREZRTGON
return route-find si gnat ure. Igpmational Bugggu 1y o de f or .use in a uIIy or
partly neSNEERNAGTHRONAL ABPLICATIONRWBLISHETS UNDER MHE PATENT COOPERATIONTREATY (PCT)
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A method of determining a restoration route (or an additional ___L

route) in a fully or parially meshed communications netwark of nodes,

in which the step of sending a route-finder signature from a node to 2 N _
neighbouring node on one of a plurslity of spare links of a span to the 14
neighbouring node comprises the prior substeps of: determining whether

the node has a higher or a lower ranking network node identity than that A
of the neighbouring node; and if it is higher ranking, sending the route-

finder signature on the spare link comesponding to the lowest ranking 14
of the node ports associated with said span; or if it is lower ranking,
sending the routc-finder signature on the spare link corresponding to
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the highest ranking of the node ports associated with said span. Any
contention which occurs because the two nodes connected to a span make.
provisional allocation for one or more links simultaneously to different
restoration routes is dealt with by a contention protocol in which the
higher ranking of the two nodes knows that its provisional allocation
will be confirmed, and the lower ranking of the two nodes knows that
it must send a backtrack signature for the capacity that is not available. n '
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