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ROUTE FI NDI NG | N COMWUNI CATI ONS NETWORKS
BACKGROUND OF THE | NVENTI ON 1. 1Fi el d of the Invention

This invention relates to a nethod of finding, or determning, a route in a
5 conmmuni cation network; to a node arraned to erformthe nmet hod; and to
a net wor k conpr ifSXagE Sk > il L IaND WETWEHHEY t o repI ace an
exi sting route which hmmm eisreferred to as a
restoration route, or a ute nmay be require 0 suppl enent an

eX| sting route wheldhfithe hcmtiong congested. As used herein, the term
"addi ti onal rout.‘eh‘senbraces @oth restoratlgr}mng' orroetteer%‘l%gg ??’ {3' enent ary

rout es. 2. INSOLIRP BRI %P TRESE ¥ ¥ndwn,

for exampl @rhmafickhien afetivehi€ tolBendR] farrbiegdd B@ Jueformr the MAethod; &@&Slto a
Di stributed Restoratlon Technl que For Networks Using Digital Cr oss- Connect

Machi nes” , NGRSk §OFRsising| giegh apetiecAnicd’® Mavdbe Wﬁ?%t%dﬁ@ﬁﬁe ANoBYISHNG 15

(Wayne D. (Gue¥ ¥hicH Rad 5RANEnAIsultN loRe ROQESdKAPYD aaasiordtidt RAOASS)
connected to a failed span to receipt of a span tfailure alarmto initiate a

real -time route meytbe aenvinedriocgBpiement an existingThawte aimhinhe indereeming
det erm ne Qghgtelaf“eobaﬁk %58& h’éheer‘ﬁ,rth%Weﬂ'He’a'agfti\mglkrob%e'nédwwa@és both restoration

10 routes and supplementary routes.
2. 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 a 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 ndde 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 1D table.
The node which decides to act as Chooser now enters a waiting state and
30 remains in it until it receives 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

signature was received. The confirmation signature travels back through the



(“I Ds) which node acts as Sender and whi ch node acts as Chooser (al so known

as 20 Wﬂﬁ% Sl ave, respectively). For eXCW/GHI6IONE4| | nks
of the failed span the Sender repeatedly transmts (f1 oods)
respective route-finder signatures to i$s neighbouring nodes (known as
Tandem nodes) which forward flood the signatures to their neighbouring
nodes. In one enbodi nent in the abovenentioned US patent a node knows
only its dandemsnodedegntablishinaDihearaivired sygtahheonBcEpng hetWeee nede PR h
connect I Vi fy ({méutbﬁgﬂs,l ?l% e@gnttula%lly a? di N%HeNGeh 7 Indkd! ivthiePRh&NCEas @
receive signature regi'ster on e affected port(s) corresponding to

t he fail edransmittisy, thanespectare eduteffineen vignetupesdi anshprocgedsde transmit oNor es
and mai ntains a nei ghbour node 1 D.tabl e . . Th 0 | C

deci des téh%ctne&gy éa%@@ﬁeﬂowsg%eg?g QUi tPe ngafsﬂtcat“éh'%t?ldwsglg q?‘égrrw;til)er?rsp’ init
until 1§ reeemited onkBelterédgti@ingSirknsfttie dailedlspan. it responds by
transmtting a respective conplenentary reverse-1linkin i gnature (al so

, s
known as a Theosbpyementenesr Yot BAtSNti gpat BiselPses YR dEMCHIEE from

whi ch the fQWaRishd AR be used fr HRAbMaERC RSvisRARHGY BE-new NErcBRNfdutdR A QN
signature travel s back through the WD 97/ 06645
PCT/ GB96/ (hegwark by placing two nodes, between which it is desired to provigion additionghdem

T/ GB96/ rEowark iodes, ben . |
and-out put"For beiembiiSe SO TuRdt | AibERIRFISERES AR RS MR P

ceases10 regardars@nt drtifigiat Hault depeetn \tbe rselecesd inndes. sThmaiodes syoulddoe
proceeds to t

Prartic wiBRIGhAE REYiclaiton raER rra g ena BBrT SLsBam e Tk of
t he fail edhspade. being sought. The abovenenti oned US patent al so discl oses
that the restoration
SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is provided a

15 method of determining an additional route in a fully or partly meshed

communications network of nodes, the method comprising the steps of :-
determining, in response to a first predetermined circumstance and in

accordance with a respective predetermined master/siave relationship, at each of a

pair of the nodes between which there is an existing route, the one node of said

20 pair which is to act as master end node with respect to said existing route and the
other node which is to act as slave end node;

sending from said one node to its neighbouring nodes a forward route-
finder signature for said existing route and including a first field containing
identification data for said existing route;

25 receiving at a node a said forward route-finder signature, determining from
the contents of said first field whether such receiving node is the slave end node
for said existing route and, in the event that it is not, forwarding such received
forward route-finder signature to its neighbouring nodes;

determining at said another node in response to a second predetermined

30 circumstance a potential additional route and sending from said other node on said

potential additional route a route confirmation signature identifying said potential

additional route; and



mechani sm can be used for automatic provisioning of new circuit routes in a
net wor kK by wi) #9deggs t wo nodes, between which it is desired t®CIVGRIACHIVH

addi ti onal (i.e. supplenmentary) circuit routes, directly into Sender
and Chooser states with 10 regard to ag artificial fault between the

sel ected nodes. The nodes woul d be supplied with artificial fault
information including the nunber of circuit routings “that are being
sought . storing details of said potentigURHIRNAtOD rAYLe [AA\A2NITPOR Node upon

Accor di Ng degeipt tersdt astn@%ut@fcohhﬁn&rcﬁﬁsaaﬁamwent' on, there is provided a 1
5 nmethod of determning an additional route in a fuIIy or partly nmeshed

conmmuni cat i ons redadhekmethod deing, chanectarsesloey ﬂ‘dm:teb%pﬁg the steps of :-
deterni ni ng. 10 4830658 Lo hEok BLESt SLlned 6l REUIBLANER PAdoLR:

accordance with a res predet erm ned hSti P,
each of 5a of a pipadlity of ekulsan@wlﬁas bedoserad Wiﬂ'ﬁshal(ﬂ Beteeting natde;earidst i ng r out e
t he one node of said 20 {)alr |ch is to act as master end node with

respect to said %%ﬂeéitf'}?ga §tifedelfcfinghgode a8 GOMEPN YRR EATEPNGNICIO as

sl ave end g¥idl&sommon circumstance€RAid@ofin®iR SRindtRBec idd rédpechi@é girBouri ng
nodes a forward route- finder signature for said existing route and

i ncl udi ng %£'9§ £entaining gespeRtivg ifengfication dafarior pidapiEaity af £xBHRA SauEsS.

exi sting rgid £sedghd field coman{.ﬁg%e%mb@ftofasaruaﬂﬁsta.eﬁg' d forward route-finder
signature, determning from the contents of said first field whether

such ré®ei vi ng nble pr®enh@m@havre izadvangdegeous in sm@mosalvmeemasnmm;ww e

and, in th&nencal [tghﬁléra e m w%tal’ sr_lg%r{a\@@reg' P& S%%H LFC! }éﬁf?ahty of e?l:rwgrd

rout e-fi nder “sI gnatur e S nei ghbouri ng nodes, erm ni ng
at sai d andtduenstancks, ifor emrmﬂm,swhém an amatbrpamslehmugh rredud Catiyirgliomé ance

tential additi d di f d d id
pot ant 1l SAAPLY BHETS P15 4 rF GEEE RE0IP RIFLTE K IERIPEN A TP RG' sai

potential failure agddétdropédes ot 8; plamlity of failed roM¥@s97/1Be6dse of a common
PCT/ GB96/ 01914

st or i nd Sdetianiwrereduses thetEialafmpedt 6t Sloraire Rieeesainastre tBﬁb refe#eN@ipon

recei pt thgsgat taRk. tfﬂ%téa@“&fehg\ﬁﬁ@ b R W?thsﬂ‘gznﬁrto%@ol headers and trail@8Got he
nmet hod bei ng characterised by the steps of detecting at a node

t hat a confefh ef 2 suesasainoefindividuad rignagures. 2 aoge seed Berdorm, syshyprpicEsSING

existing roy eénc%sﬁjgcé ﬁgsméo*h %bglﬂ%t gﬁhb‘&ge.noﬂﬁs r88tion in 8tocessmg

generating at said Ng node a comMmDA Signature correspon
sai d commotimei is oerp s@nidfeant &roa o&snrmmnomsgaaﬁmrr @ gdarpe imtwgrkrwbpeca ispenfirst

20 failure could resuit in a large number of failed routes, and where otherwise a
corresponding large number of help and route-finder signatures would be
generated.

Preferably, said detecting node is a tandem node for each of said plurality
of existing routes, and said common circumstance is the unavailability of

25 respective bypass routes for said plurality of existing routes between said
detecting node and an associated neighbouring node or nodes whereby said
common signature is a help signature for breaking down connections in the
respective nodes of said plurality of existing routes and for initiating a restoration
process at the respective end nodes of said plurality of existing routes, and

30 wherein said common signature is sent from said detecting node to each
neighbouring node which is associated with one or more of said plurality of

existing routes and with whom said detecting node has operational links.



fields containing respective identification data for said plurality of

exi sting npgl®essas and a second field containing the nurbRET/GBIGRINH f i r St
fields. 10 The present invention is advantageous in situations
where a node woul d ot herwi se generafe individual signatures for each of
a plurality of simlar circunstances, for exanple, where an excavator
cuts through a duct carrying one or nore spans and a failure node has
no permtted byPgéerablystsgichidetasting poge ot rronstituted hy §ai¢ ABBSIE. n¥fHiks f or
a plurali Lymflon'Alclfl:dRU"€Said SHAddRGs Oh dafidiiMbctg 48! dBdEHERd hEGUICes
the overall anmount of signature processing tinme that feceiving nodes

t ake. | nstaeadidoéxisting royte,caisteatting ahmeakter mndtrode| witke sehpest thane pamose s f or

each of a_succession of individyal signature a such
processi n@ﬁ‘er eXIZHIY "BHER V‘fq}‘f’fe%’ ‘léfl‘srcr"é'%’ﬁia'ﬁalgﬁa?”é%%ﬁ%ﬁ&@f’gﬁ‘gg {Jrggﬁ;&r'ﬁ%ns
reductison in prpee&abRY the cofnkiBh $iGnatare/ isSseithitiathe fedghbauries thotes ioon
situation in a large network where a span 20 failure could result in a

| ar ge nunBRf 9B T4Rl ed rout es, and where otherwi se a correspondi ng

| arge nunber of Abebmi b & QUi Adpder of HENBHERSINVERtdH, RiSere is pRiGIcRE ed.
Preferably, said detecting node is a tandem node for each of said plurality
of exi stinede don vse imadfuldia RBHVMTRedIedcenmMERCatiPRS PREVRIKaRfaNPeas: Ithey of
25 respegl . utes for said plurality of existing routes between
sai d %%ée/?gggﬁ?éﬁﬂéééé and an associ at ed nei ghbouri ng node or nodes
whereby0 said  to respondnirsusmabus dirstspradétetrpinsd girgtimnstanicerwish eakiesy tdown
connections in.the re cti.ve nodes of  sail L ural i i_.Sti.ng
routes and"fESHNG AR if?{gwgl% & PR§ghroute to g?geég‘é% g)the% eéq’{r \e@geagt ia\ge end
nodes of saisterdndr mddet or Pdvecridshadey routes, and 30 wherein said common
signature is sent from said detecti rgqu_node to each neidgthbouri.nﬁ node
which is associ 4 &8"% PH'$ndo &S BRIGRP ing gyogegy| 'DrgFRyeIP erRnatP ng
routes angniit (viBon:s Aladted @h8 HobiBYa ReMRrd AsuteImGas sigRaturd;i nks.
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PCT/ GBY%/ 01914 to receive, in use, a route-finder signature and to determine whgther or not

Pr ef er abl y, Sl ghIGS G4 1 U9LEn] Sof@RTL LSS 6 radledriee SRAureSahd]

conmon circunstance 1s sald one is, In addition to acting as master
end node in respmnssabde driesminagionahetjt &l vy sushi ary ead negdet ¢¢ feryardosehwi t h

respect to_one or nore .ot her exi.sti tes gm?gr y
si gnat urerF%e“éecf(S?Htg-fmdﬁaesﬁgns%tlérﬁa U, hé]ghﬁowltns n fe ér"yt}ﬁs)), theﬂ)cgmmn
Si gnat ur e deserafidtidno thét it He sweihghlhoend ngodeodesl slibsequestitd enereveding

According to a.second aspect of the present jnventjon, there is vji ded a
node foY (etermination,that B?e PRAg| S %@sﬁ@dec nﬁﬁ%agtoirowg R krogt;e’ntc?des,
the determine, in response to a second predetermined circumstance, a potential

additional route, and to send on said potential additional route a route confirmation
identifying the existing route; and
to store, in use, details of a said potential additional route upon receipt
25 thereat of a route confirmation signaturé for an existing route for which it is acting
as master end node;
and characterised in that it is arranged :-
to detect, in use, the occurrence of a common circumstance in respect of
a plurality of existing routes associated therewith; and
30 to generate a common signature corresponding to said common
circumstance, said common signature comprising respective first fields containing
respective identification data for said plurality of existing routes, and a second field

containing the number of said first fields.



node being arranged :- 10 to respond, in use, to a first
predet er m RES ofbdesd!MBt ance with respect to an existing rror/eBsaN9hi ch
it is an end route to determ ne whether it will act as mast er end node
or slave end node; to send, gn use, to its nei ghbouring nodes,
in response to a determ nation that it wll act as naster end node, a
forward route-finder signature; to receive, in use,

rout e-finder si gh@feirRYatie pedeyist %ﬁ"‘?ﬁgﬁé tQHieteRdr ingysengd whenjit is g t%ﬁ‘peé'nd
node for tRgqexdrSEddhdof Qahepm,%ﬁw bf 'e?gtlhéf rttpes i enémge.t.wswatdércﬁorand

in response to a determ nation I'S not such an end node war d
such remwedumdpesaudrtdmahm gfneztlmrm top'tést tsetne:eghmtjramigamgmlatgd in
response t e nat i that a d sequent
to a prece e'ﬁhb%m(ade”t é’Fm%at"?g% tha g%ﬁbgﬁn?/s%f’ﬁ&%ﬂgges%ﬁd Cﬁoﬁpe

the exi & i oigcurosttiece;tto generatdafary amrne],onlsngrrae&pcm;se help sigsatacntbr breaking
predeterm ned circunstance, a potential onal, route, and to send
on said poH%Wf’l%ﬂnnﬁﬁt(ﬁ‘?rts Bnthe respevg aosiss et iﬁ‘éjf’}“ﬁﬂtﬁ’cﬂt existing rpiitey o4 ng

the existipg inRiHtdg ANdstoration process dtOre8h@tfre b WoBes Ut Sdili Spibfalify i d
potential additional route upon receipt 25 thereat of a route confirmation

si gnat ure PYFEM rewtes PAY tPosrNE FE GAMEAN | Ygnadurgcto Aech neighbguringrdicde end
node; . which IS ssBE N RARCL R ?rsgﬂré Bt tsglatplbrtahfysoﬁéflgﬁtgfqoutes and w1fth to

detect, in use, e occurrence o onmon ci rcunstance in respect
a pluralQt ywhem tba radenftpsr eneratgorms §oks. at ed t herewit h; and 30

generate a Com%f%%'hﬁb%é‘ node G8" rr%%§8§ghagth§toeg§ectdet%m ?nfthatld

o

t
ci rcunstance, sal n si nature c Frsin rve S
cont ai ni ngaddition rtesa@e'ogiasemladmntenﬁl rocadel imm sdak etm‘s‘dng saite, pilisradd ty aof as

exi sting routes, second field cont alhni ng t he nunber of said
first fiel a'gaster en no e ?f 8%%2&-)0(\8 or more other e |st|ng routes, It generates

PCT/ GB96/ 049l dommon signature as a route-finder signature, said determinatién constituting
Pr ef erably, the node 1's arranged to detect, in use and when it is a tandem

node fol® e&8H OMMERT GrgHUSEANFey of existing routes, the unavailability of

respective b)bpétérsabhp%é’%oﬁgﬁs 2abAgd 4 &ddl ¥n 9§e 8he HohiHofh %l&n%?ur@%ween
itself and an associ at ed nei ghbouri ng node or nodes, said

unavai | abi lajltitp netghbopting hadesai d conmon 5 circunstance; to generate said

conmon si gnature %oﬁj rpge'tcp asirﬂ%aéééb[eﬁ% O(Prtlf‘lp g)f?s‘séhp%ventnoﬁom&g?%?&%#%“% in

the respective no sai d plur ting route
| n| tiatingfaly es'pantbyt meshgut ocmsrmrwctatlpespmnwnnkeofenutiasodelmrem s&i lubctnlsuaral ity

ne' ghboué(: %gb%gaégw %%htlca]dan[domsgggoragncde s % géc%ngt elzjsrp%c of t%e present
invention.
RIEF D IPTION OF
A specific embodiment of the present invention will now be described by
way of example with reference to the drawing in which :-
25 Figure 1 is a diagram of a network of interconnected nodes.
DE D CRIPTION OF L DIMENT
The specific embodiment of the present invention reiates to a real-time
restoration process for establishing a restoration route in a communications
network and the following description will be limited to this although it will be
30 appreciated that such a process need not be the sole restoration process in a
network but can be combined with a pre-planned restoration process.
In Figure 1 there is shown a network 10 consisting of a nhumber of nodes

each having a unique network identity, but for the purposes of this description,



vx)nich is associated with one or nore of said plurality of existing routes
and with 10, jgenct he node has operational |inks. PCT/eB9b/e19ab| v,
the node is arranged such that, upon a determination that, in addi tion
to acting as master end node for said egisting route, it is also to act as
master end node with respect to one or nore other existing routes, it
gener ates the common signature as a route-finder signature, said

det er ni nat3h "eERS A turi Wi a% refelpd teontAVeidrRASTIG feRfUSION the reference

Pref er abl Viertbh 8~ ROAS: i Fanged to send, in use, the common signature to
all its neighbouring nodes. According to a third aspect of the
present inventi odf theheranyi wupesovi desl natwork 1Q|Heyween pasnecyivemsiredf end
comuni cat | O k. of nodes, wher ei e e 2 .l y
dont 1 car TSRS P EBEeR cnaRl e RHEC Butols ol Bl g PR TOL R
inventién.”Y”, and “Z”. Route X is betRigbEFeddES(EdePTAOENOFE THEasEBIRAVW G h

A specific enbodj nent of the present ipventio i1 be descri hed by
way of exadfff'&@eRiah lalsee kBAWE £ Ttaﬁge’apd’\ﬂdﬁé En%’i"l‘ﬂ ). apg comprising g gr e
1 is a di agHqehed A Halrd&idnaPlink8tWRKANSRHsCABNBIESCD, and DE; route Y is
DETAI LED DESCRI PTI ON OF EXEMPLARY ENMBODI MENTS ) The specific
enbodi nent PeveeReng, radast AjandeRt PoTFinettapeeh aernadiate-nqdss B, C anddserd at i on
process fofofstahl Ll £EHREA AN ISR Rhin'sFan HBTUEE CEE | AEG;
net wor k andotﬁeﬁ?éol I obmn%&dsesc@?ptlsgn Vl\llﬁ(%| be”ﬁ‘%"‘te to this al tﬁoﬁ% it
wi || bd030routegrie betweeh ehdinodes P andpd . aeassingribeaiighdntesmetiate sodies C, and
restoratio rocess.i.n a net wor n,be . in i th,a

br o pi annell FEEFETETT R 2 mequsnl o BdveBtondi i SviBRT 30875 O P town o
net wor k 10itowilishes bpprgciatecatisinbeparofs nates from theawb rfales hanitwtngeets,

8(73} \(l)vngZSI daer? Itrga){’ e.%l.J,t s;Iacl)’\r Cbhc?anpglgggg%séllgé s;taahrl C?%%grthgtt %thoenépan name used

PCT/ GB96/ Ofh93A4y instance will be consistent with the corresponding sequence of @BHY
nodes Ato J wll be referred to. To avoi d possible confusion the reference

| etter *9 "referenge lqitasg from end node to epgl nofe famAyOYtSyt I8P RFHIGen @oRRR% AR 10

bet ween 1 egRRCt DS ARl b8 AlmERY but ROHRS . dédibAp@ss Gt bRN al¥HabeGONRy der
only three routes having unique route IDs "X", "5 "Y', and "Z". Route X
i S betweencenmuenisges A and E, passing through intermedi ate (al so known

e T poces7fe sl Rad s RBY R ey WG58 Bl 3 000
and G passacstgwiohkiog tihk isnpat o di raspectiod emidbe reutendRéutardpacity seaRpréessedg a
sequenc;o O]:n tbeirr%isro Cntuim%%?é o# Icljgcl:(usltsWIbtut‘| i(::I:l‘]pasc terllss ac'?‘c?éd, %g’sug?act%{],d inFl%;k uanri]t%.

Consider 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

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

25 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 be found between nodes D and

J.

For ease of explanation it will be assumed that no other routes have failed,

although it will be understood that, in practice, the failure nodes will,

30 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,

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



10 route Z is between end nodes D and J, passing through internediate
nodes C, ag§97/0664§ and conprising a sequence of bidirecti onaCTICBY¥S1MMt hi n

spans DC, ) It will be appreciated that a span is named from
the two nodes that it connects, and 4 hat, e.g., span CD can al so be
call ed span DC, and that the span nane used in any instance wll be

consistent with the correspondi ng sequence of node 1 5 reference letters
from end node t oEestufaiiotendderwill, pstieresui qirthe epeemersipaed decigipm. Now rout e

(Do WL DEedBR! L Gontidn hio %ﬁat%?egmurpéd tﬂhﬁ@ﬁyaeraehab%@%tgbpféroﬁs _

conveni enc etween e nodes conprise working |inks
and spare bsstcitedifdled routeactndweerd 1hg danmnon heframessHgedortbs pespectiee and que

route. Route ca&agtg is expressed 20 in terns of nunbers of circuits, but
capaci ty i SO%&R&GeJPUEShtracted, in link units. Consi der t hat

an excawator hasTaey,e{ded @tmﬂme&n@ite%@n{r@omad@ rhesagde for robOdH A Mla‘i@i attot hat
poi nt both span_CD and span CF. In this case, the nodes C and

the fail ur BOfRRIBSNAJY, hesguee sosan t'ﬂﬂef‘%‘@hpﬁ’fﬁ"Igh%pqeélfPUFhé’SBfm‘étﬁén ‘&9
deci de vaIhgénd"‘ltE %g];n%c%f &P nﬁé%%’é&e kot rbBtP? thHeBE A &lnaaRReP IS séhditd E

and simlarly nodes ecide that a restoration route is to be
f ound bet weemnmdk;mMmdgﬁforamte X to mestfeE. [t aill be agpracipted Maat aithough

restoratio 059'6} R all%r% &{edeff%”“éj%g"ztl‘é“? Qs@%ﬂee%d[%o%@q that ro]ute

For ease o & “ssufrad U hat her foutes have

failed, 10 aI t Itadiglof the erduslw_;numdes sised ih tHeatestaratiqyr protesschast ibeddsdr| ur e

nodes w l |, 30 correspondi n ct t a respectl Vel estrﬁr ation route
'8 ai

o
for each ofNArf 'Gifk,the headﬁgdg‘é‘égﬁﬂi%&o‘%gg BYFEH . & Ed'TIMR. The

order in V\AW[S'&E el bedeBEMddOh more dedil Rerdlage @5tAHI tehi®dn Maytdfinder
predet erm ned by ranking the routes in priorit

er, but sugh
ranki ng i s (#ee rptariedoto ?ﬁéomﬁ’geﬁ;ﬂmmﬁ{?e’ﬁw%ﬂ”%%ﬂ W"P'lsen‘iﬁm'f?@”cfggﬁer'fc%%

WO 97/ 0664 also known as backward common route-finder), route-tracer, alarm, common help,
PCT/ GB96/ 01914 7

Each f al$ ubacktoaiek, w’nldlrpn@s {al$reknewnlas C@ﬂfltfhémﬁbove_rrenti oned deci sion, now
generate a Commnl'éw Pcrr@'!&gig'ﬁlt Léf:ﬁor( oq&?sc&ﬁ'ﬁjnc%rﬁr&ﬁé-?i'naelaﬁigﬁaﬁ?é Eo%ﬁ%’sg%) for

its associ ate Pout end the conmon p message to the
respecti ve femdbit floodaaest €iéldf Iaefomoblt é¢op dount field, a fothbi, ronted® @uitlfieldend

[ hel f Z d
hose are (T8 HelBRbaTNT9T HABHE by elove and, P esponghl i ter i pling 887 7S

common hel gindaB ageher fieidsoute Y to node G and node Dwill send its

common help ne e for route X to node E. reciated, t
althougﬂ8 P nEZe i“§°’H’aF‘§PI§?FE°?M?3ea ngrqngutgeépflqn@tqrg%pgpéfsgﬁ aeﬁ?d"?%‘de

for that royt& i01@ount field, onEdF &k dikReM il AliRe 3D FAIRE AlS6fesdbridiRy
restoration process has a header
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
25 fields contain the respective capacities of these routes.

As the common help messages 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.

30 Each node knows its own network ID and contains a table storing the
route IDs for which it is an end node, and the network IDs 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



and a trailer, the header including a four bit signature type field. The
vari ous woloype&s as will be described in nore detail | at ePCT4ABISAH g
comon rout e-fi nder (also referred to as forward conmon route-finder),
reverse comon route-finder (al so ksown as backward common
route-finder), route-tracer, alarm conmon heI p, 15 backtrack, and return
(al so known as conflrmatlon) mforggati n section. of a

common r oYREPi ARldP tRisgFRSCurteiSc BRb AT 5 %Pde ?Orf QYte HEFEolmit Willel d, a

four bit Rppshutie EbMhtbn BethAHEsddgk J@W@ou@oﬁ@ﬁks‘c h@éd&lated wiei1@h&Ye NOre
sixteen bit route ID fields, and a correspondi ng nunber of eight bit

circuit nupwies finks efsthexpan BA), and brerk dawothacPenecsiont ifenthore soean hel p
sl gnat ur e.r%r%gpfn%;eﬁ]%D?c%thug 'h%k ata "fPoth Gird Qoﬁr_‘?élﬂfonf {éﬂléj IQS'&‘e ol s'iFR{]aGFlybl t

sixteen bit rou 1 el a corresponding nber of el ght
ci rcui t sndnbeardkiteé dsmrrs.nm me1p1rrimsse@¢5m otﬁdet.lhe Si gnature sent from node C
to nodes B and H,,.its ID count fi

d cont s t he nu I, the.three
I D fields co"M{‘%{‘ HOd? &be&‘tv%éﬁ?/ C°5?mc3? EI mEsSeRa HP%\”” dEJc;eZ%’irgesggéltat ed
circuit nusheredd notié Gfbd$h§@d5ﬁt@erta|ﬂﬂ Y esfe @tdoeed Crapaetetrhie whetheeseis
rout es. t he common hel p rressagesv\!g?ass t hr o%gh their
respect i v gRrEpnEDg éPE’é°We"ra”h6‘6e’§'actW§y‘°b‘|héa"&orcfg scofniigceinGhent Madpe.

correspondidg: ke kﬁ'ﬂe r)@lérn@ GERFNoRA®, based Wh! thel i@ GhefwbRCAIsY BdmANMON
hel p message on the [ink or |inks which correspond to the route ID or

| Ds coﬁlﬂalmtmbﬁifﬁﬂ phéhe moden hél hentosmagetheggt will act as apm@RteigwRaek b0 it s
own net wory, BR apd, S%’r[]b‘e ?'nngtﬁ wﬁ a{(%b{f)gth l%%ﬁﬂnew‘? will & 1T RUL §1dveSnddy gy ch 1t

is an end no and her nodes
When node Khavectes \aeshddser oouimorinrmiqoexmsmag\edelﬁt hws |al hlgh@!ﬁﬂankms rettoodd

table to fj h g:ag oth nog%r T%%4§n cpg\us on recexpt lF'¥he0fcor1i'1monI Ige‘?gHessgge

routes,

PCT/ GB96/ O] 4or establishing a restoration route for routes X and Y, assurBe the rolehef e, as
inthis case, it is not an end node for route X or for route Y, it wll
transm'® t'R&8€bmon hel p nessage on the outgoing |inks associated with

those rout esgifdilal S whentitRieSP 38cdds, thaNdspscenk cipmmoh i Aivsesdd, ans for
t hose routes by removing the route and link data fromits connection

table. Nowd! fetermineathay it 5 eorapdr erdet frs 08Bt Kelapdnroserrt t¢ sletraine .
Wen node &hé&%f iV &Shi éﬁ&«%ﬂﬁﬂ&% gﬁ‘gggﬂi‘?’g g%:auw& ¥ thk H&%8"NH! Wtﬁeh@ttheﬂ

is an end no or the routes ) proceed to determ ne whether it
is hi géret nodekAnfproouteoieln Iﬂaialdxn@pteeh@de Gehasm taveergrnkiag nepyods IQ he

other epd {%%ﬂe%fagg A, ar tF iloén r%ﬁ,%g E\fe %fn%oﬁ Ol Eﬁesg ARy hpe
uni que “net wor k (ordina e nodes. forner, then
it wll acéstaslishings testoncide réadesfor route X, assume the role of slave
Node A 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 through the
25 network. This signature contains the 1Ds of the routes X and Y, the respective
requested capacities for the routes, the number two in its route ID 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 and 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.



known as a sender node), and if the latter then it will act as a sl ave node

(al so woomeess a chooser node). In this exanpl e node A R§3/GB96/01914
hi gher - ranki ng net work | D than both node E and node G and thus on
recei pt of the common hel p nessage Qll, for establishing a restoration

route for routes X and Y, assune the role of 1 5 naster.

Simlarly, when e 0, | sage

wi |l determ ne Jﬁgsgliaﬁn?%ogdﬁgengwggé %?,gec%‘i_,h}’%g %u{égg@(eg?ﬁgﬁﬂ g@ygceedtatke

det er m ne no actishaf hier codntiis dneglaemharaalarergetenmuhm\maxrramm ﬁ’gusr gdtatd lmeitt o t he
stored ID.of _the o for. rou | e node E

s a1 owt TPEAEPTEPREELEIEN o Jo5Tohain 18R Niading katrah e Gy St he
comon helapemRsisalgecomirises fclecking £6R06A 6MdiNGiel LSO ERYhERINe AUt RKINGT
route X, assume the role of slave. Node A now broadcasts a
conmon $ oMAAGHIoP dithe-signadere '§|°Qﬂ19&tth¢féat%‘?deﬁ¢f§““ed limii l ed routes X and v,
i.e. sends the n r el nks They
in turn formrdﬂhﬁeﬁ’trag%gl '\ql)éeh(fsg?gﬁlgehrg hd blr a%c ?ifbooc%rﬂtgﬂrrgﬁbﬁﬂgﬁe 25
net wor k. Fhinat@gegneitl uermtec ont@iieenhesth®s t@f a\lvhle neoameSomrmcwetlfewrn
respectlv% natur gequested capacities for the routes, the nunber two inits
route 1D CEURE Fleld and has its flood count fleld set to one. As the
signature fl OOdSJdohrrmdgl”E tjbernneﬁrvg)tﬂat it is to atclnesfsdmaafrodlthg failedrrebay Xn@ nodes
(i.e $osenE s which are not end nades, f 8/ feIDlnthe

si gnat 0P e)S 8 FEARSTE! ?H@%&b‘%aﬂ’ﬁt‘ "EFRPYO! %6""95 onding ’?Hée RYe NI WS des
forward tReneMAHNhei @ued UDEX0Bn&! thu§ PRdiadmyl a'@otential Gé‘ﬁ@l@tioﬁ fde d4f0 see
whet her the spare capacity on a span is sufficient for the t ot al

capaci ty oMkBOWHi9agaCibut e, and the nodes do not nmark that capacity as

Iggsl'/erg\éggl 01914 On the Mtgycgﬁﬁ"l& such a forward route-finder signatur% within the

The rel ayitimgeawbdebe cHlewk nade Ropenwates of requine sginatide sfatpeatcalied endouteke
o acthgn ot eSO UMhal e 0RAShal B, RLCHR! S0Al Mifh TREAUM kg oets @

i raphi ca ent n variants,
cont roI addutel-mmlrls;grmmure wasalremvmi.l \Tbisyrewrmaigrmsrecnlsenrimlargtcatrte n:mte}f

origin field in.the signature and tion if the signature is
o dor "t harl ey SRR B (S TR that the cortent opfs g, Sfanatwbabyok TaRel |
has broadcahgéd@oClRBRTNY kil tstgriatitdess a retstrg@@tnuﬁﬁe m\bdn.r@w&&wa@sqmeescent
state to await recelpt of resp ective retu nat ur

Upon node "Ba%18t BPHS AV r1Ge raske 'ch c‘i’“!‘ttfbe"é('ﬁ °5‘é"t%q aﬂ/é"‘ﬂlﬁ’r ’OLUFFe"? diejdbis veadk e X
it 10 spardehtdihinh9@er bt it IXTEMHYE al Snd¥Gidid L GEEdPForothelrdrRb5RAPIMICHRY.

route-finder signature containing the route ID X and thus indicating a
pot enti al ThesslayeanpémErignares @ny subsequently received route- finder signatures for the
route X.

As the return signature passes through the nodes of the potential

restoration route, each of these nodes checks what capacity is available, makes

25 appropriate connections between the corresponding switch ports, and creates an
eight bit node ID field, into which it writes its node ID. The node compares the
requested capacity with the available capacity, and if the requested capacity is
less than the available capacity it will make connections for the requested capacity

and send the return signature to the next node of the potential restoration route.

30 However, if the requested capacity is greater than the available capacity, the node
will make connections for the available capacity and forward the signature with the
number in the requested capacity field replaced by the available capacity, and also

send to the slave end node E a backtrack signature containing the 1D of route X



u.nknown capacity. On the first receipt of such a forward

route-findgp ogjoge@t Ure wi thin the ti meout, the slave no®€TERJSNENAt es a
return signature (also called a route 1 5 confirmation signature) and
sends it back via the node fromwhich thg forward rout e-finder

signature was received. This return signature is simlar to the route-
finder signature, but differs in that the content of the sicgnature t?/pe

field is and RarRheIot dhe didtrrence beravesngharanesied gapaaity ndimaralieble
travel | i ngahavy 85 thiltedown dHRREERoMRCHGt Ravd RReiBlbEed Maa8URE the 8hfadis
omtted, a single route IDfield is used 20 containing the route DX and
a singl e fthet earinot heegtfdishechen thajusstiaudaroap@cation route. The sl ave node E

i gnores any sub ent|y . received route-finder si t s for the route
X RS ety 8 Bt Pt ol le FitRohsds e’ RookE et dne

pot enti &l restoraticesioRtahb@nexity} &8s identifie®bylthe seenpedistechraclayinthadédecHRAC] Ty
is avail abl eh makes 25 apg{?opri ate connecti ons between the correspondi ng
switch por'f s7eaHe T Eat B capaciyy; ghthal; parkpiyar FE5PTaRIPR, ToHHt 0?VEhMEW i t
wites itsengse dobte-TBEeNOgRatcRIMRAREE: ENQia the rebRAMEST RILtERARKSYN W & the
avai | abl e capacity, and if the requested capacity is | ess than the
avai | abl e tbgagatermediate fpdes phitee corip@tiongadte: oNVReie thednvition isapws toy

and send tfygy L& ' t I [oTel=TpN M- 1 ation
route. 30 Home&géll,a"}%bgét}ﬂerggl%q%%%e e??g&%?@ﬂgﬁ@é é%gg)teer t han tehéeﬁitslrglirl abl e
capaci fIQ, rotte. ndHis use of airbltertedcer smmatre ipkeoworin tthe agvand db¢enetfani ty

and forwar signatyr.e wWi.th the nunber.in the requested capacity
field repIpgi(r:%egﬁebhﬁe ‘?f seengv'%‘ﬁneﬁ?ln'e capacity, and al so send to the slave

end node E a bacKieg acdke N gilbkhdve feamttae miontent d th® aicuit owingbeX field in the WO

7 4
I%C{I'?ggQg/ df@‘ii)ied return signature that the capacity of the restoration route is fes than tréFnd t he

val ue of trlaguekitbd ey AN cametwmesvitbe toeasess efl stapanbdy fandolteexaver kbl e
capaci t§ to take down connections that have al ready been made for the

capaci 'y deficiangy andravwit meeinsod 3l iexersa rovterfinger panetucafelorEstor ati on
route. On rBa5: SLERI MckPlack RRNERIE! theSdARHMEE dniRgdPE] ﬁét fode A

knows that a 5 restoration route now exists, as identified by the
i nt er medi at enasterr rddeyfangonted¥, pererates § rputerdindergsignatuee withdits fleod oot ty of

that partig r torati on, royt I d ute-tracer
signature f;FeLl'OJi %88282‘,"’%\7?8“5" %@ t‘rp‘gsr 8?%"??‘1029&()0& e'fﬁﬁg %ﬂ?agp% {sé{-‘t ttgf&% Va"ﬁ'ue
i nt er nedi ainehaddektradk sibpatuesti@: ateé circuittsioetfallend sérdwis it ne @striehbpsrinsed t o

find a suppl msn.{ary. route, the rpute-tracer signatur an.be_sent _on the

exi st | 7Y TOPURFo LIS SiRmRtire 35 BT 50 B P iREr G iR (P SRR T A he

art and dogs appredigfed that Rajnatks L WRhPHES Efidod NiLRIAtd Qdan be identified adhe

node A will know fromthe content of the circuit number field in the
successive attempts made by the original master to find a restoration route, and
that signatures with even flood counts can be correspondingly identified as
successive attempts made by the original sliave.

25 The node A, now acting as a slave node, responds to first receipt of a
reverse route-finder signature by immediately sending a return 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 number field set to the value in the

30 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.



received return signature that the capacity of the restoration route is

| ess than {Ase7/06649 €quested val ue, and will switch to act aPCa/CBWPE9ifode
for route X for the 15 deficiency and await recei pt of a reverse
route-finder signature for route X 11 On recei pt of the
backtrack signature, the slave node E changes to act as a master node
for route X, generates a route-finder signature with its flood count

field set to two,Thedbovédesthieed mgtiest eﬁfmdip@cairte;'to'rmidnhiostesiingmaemwcaksneh to
t he val ue acktr ck SI nat ur e cuit .short faII% and

oo ae Eo be vt b S ot SREe S AR el sk, sfioing hsfibeftn 1280 Bfdua T

as a rever genfroUténtfd pslefie SvENdURGdes! 6f Widdngested rb6teafpieti tkgtrddiathe
signatures with odd flood counts can be identified as successi ve

attenpts mEdBIBeH Uy g fatied Pagt Bitiate Yen@ethadke st dhatiPYeMtBute, finghgn

that si gnatidbRBM MR moqmaggwt%rrra%eb&n@%éﬁmmﬂbreaﬂoyedddr%uésf' ed as
successive attenpts nade by the original slave. he node A, now
acting as a sl avéAmedeantpes obritle atboveflifl-'s@tlbwé@mqﬂd"mmals that th%\r@mb@r of
route-finder, _sj b tel i

n R ol bl il FEhAtF b 1S O Bea i HellB SR TG el
signature hsarsanghments wh@lﬂpﬁ@phdx&tdﬂabﬁdﬂaﬁu@és mrratbraﬁfem@qaime esd not bsly

t t, h
has it o i rtdheren BBt ctRe Ity e PoTger 1S JRReIaTsen i e epEted BH g
rout e- f 1@devaifihg Nt URE- node processor to bBEomM@URed . andCiddIOwRE IBng@sit Waltﬁl@d

havi ng sent out reverse route-finder signatures, wi.ll now be in_a
wai ting st Signature, but alsquihg7iqiglgamount of processing required for a restoration

PCT/ GB96/ 01 Liafion is reduced because there are fewer headers and trailers. Thé route ID Y
The abovedescribed nethod of finding a restoration route in a network can

be used to inithe abevgdeserihedt aerymooubelpbinesesa figm medeuet Wihaps divreugh
net wor k f 0
That they (PEGGh et Bt EudiEnddly hBLFI uPRCEP uR! ol I TG RO
of the fBvemntained on fts ndmarrespé:tlvaomlgriatomdmd beitg pfadessed sepanataly, auwssibly
alternativ route hetwo en vant age of

t he 'aboved Kfygﬁb"(‘f'aﬁ‘ rfﬁﬁ‘feqt o Wik sfgrqggﬂﬁrfﬁérm‘dtfe ID X. seﬁéer gdgln& 8 & ures

that a tandeﬁﬂomﬁtﬁu RaSsuppldnididhg Fsute EEyIOBE Asethedmart®ds Wditker than with
arrangenments whi ch use individual signatures for each affected route, so
not only  Preyigus mathods ysieg Kyvidys! fesPeRivesiahENTeSf si gnatures that are

recei ved and queued 10 waiting for the node processor to becone free and

Iso

deal with | ongest waiting signature, but also the total amount of
processing required for a restoration situation is reduced because
there are fewer headers and trailers. The route IDY in the

abovedescri bed comon hel p nessage fromnode C will pass through



téndem node B at substantially the sanme tine as the route ID X, instead of
being 15 wodaesmsd in its own respective signature and bei RETHEIRISOIHAJ

separately, possibly bei ng del ayed with respect to the siganture for
route 1D X. The finding of a restoratid on or suppl enentar

met hod i s thus quicker than with previ ous nmet hods using |i mlmm II "l "T“l
respective signatures. WO 97/ 06645

PCT/ GB96/ 01914 CLAIMS

CLAIMS 11, A Wetidhed aederMatiny Bhnidastichal asldetihonaliy eutp@nwn@sﬁtﬁ'y or
partly meshed comuni cations network of nodes, the method conprising

the steps ggmmunications network of nodesjetﬂ'témﬁthpcﬁgompnsmggp@mp@stqj 'a first
predeterm ned ci rcufﬁéﬁéﬂ% i1 | 'ré%g e FFEY Qgﬁgﬁetwfnt\ ne@cfrceﬁrggt%t5¥ %{‘ﬂ in

predet ermi ned naste ave relati ) p, nodes
bet ween %aaﬁmrdmleemns aaas;eeqtsrmmgdeteumleed tﬂmrantmwecrdmtnoﬁstsm gt each ¢¥ad r

which is tog.ac end n Wth respect. to said existi route and
the ot Fif B4R nifF Rermie, WRieh Here i, 2 Beitinggai®. theons modd Srega ng

fromsaid @memmdenstta dct Ssteagbbend hoge MoBassFech Qb WalddeXiStiiEroute Qné itRgler
signature f or sai.d exi stl ng route and including a first field containing

i dentifi ca? §hnade Whig isdgiagt @Rislaverfydrndee; receiving at a

node a said forwsdrdidd ¥lops fs'amﬁﬁe %o@@%”ﬁ@me%ﬁ:@ﬁ%dﬂ”negeé r0frward rBGte-
contents of said first field whether such receiving node is the slave end

node 10 ffipdesapignaturetfongsaiduexisting roite ene ipoludingt lmafirgtt fielsd gonyaining
ot var "B o RS Forsas LRYRE folhgut e fi nder signature to 1ts

nei ghbourin ermhing at said another node in
response to a semadlrmadehedmarmh forwaad rctmemhderceg@atpm eieterahmagldtdnh onal
route and sendi froms node on_.s ten additio aI
route a ro eec%ngg?ﬁsr%aﬁ @rﬁ"itl é‘?qgt u'?%tﬂFrd%‘I’ﬁhi WF‘H{TQS'&‘? 150 8n~°t'?‘éﬂ énd nd

addi ti onal fdr s exBiiflg 20ute and, in thet @FdnGhaefak | fotoforsair@ing LR At dedbived

restor ogoﬁrou e at s i d .one node upon recei pt thereat of the route
confir W FRuLE '@ er signature to its RRighPIKINGERYSS: bei ng characteri sed by

the steps of determining Q@Ts&@t aritihét nddd RdRshSMe B QOJB¥BAC PrEddtbBhiaBge has
occurred in respect of plurality of existing routes associated with

sai d det ecEFeHNYianes amaerwt additional rogmanchsendinaatrogsaid gghesqodagpmenrie a
conmon si gB@tteH{lgl g@&{.g&a?%g{eng rblte conflr?@k gn CSW&H’_F &:IF 04§ o%%lltgal

conmon sighature conprising respective s 'contar i
respect i veadditensdlfroetet anth dat a for said pl uraI ity of existing routes,

and a s‘ﬁfond fi eLt%n?\gné Qalll ng sat ch]tlé lgl res{orgt%nd rgﬁtgsét Lélglone node upon
receipt thereat of the route confirmation signature;
and the method being characterised by the steps of :-
detecting at a node that a common circumstance has occurred in respect
of a plurality of existing routes associated with said detecting node; and
25 generating at said detecting node a common signature corresponding to
said common circumstance, said common signature comprising respective first
fields containing respective identification data for said plurality of existing routes,

and a second field containing the number of said first fields.

30 2. A method as claimed in Claim 1, wherein said detecting node is a tandem
node for each of said plurality of existing routes, and said common circumstance is
the unavailability of respective bypass routes for said plurality of existing routes

between said detecting node and an associated neighbouring node or nodes



30 2. A method as clained in d ai ’Tmll uﬂltm Hlltlﬂl det ecting node is
a tandem woo7fgéle for each of said plutg i St RPg r 8aT&EBI6/A4 sai d

comon circunstance is the unavailability of respective bypass routes
for said plurality of existing routes 13 between said detecting node and
an associ at ed nei ghbouri ng node or nodes WO 97/ 06645

PCT/ GB96/ 01914 . 13 wher eby
sai d conmofiheregrataid eomenen somabiie Helapcengeat ele Fienatyieetiti brgakingusown
connect | ONgordcliif, fEIRE FhigeEr004RRe0 oroalid il b dexBhing*dotdsdnd 38t ©
and for Initrating a restoration process at the respeCtive end nodes of
sai d pl ur ahittayingfa restoeatiost progesowt abe @speativer end nedesl of osait rplwkityadtire i s
sent fromsaid detecti nr?ﬂ)5 node tp each nei ghbour.i ng ng?de which is.

associ at ed®FYMP HHEeHr affhMeheseinSaq) commay SIgRATYS %R oM §8'dr SHEEU " %ind

W th wham seted 16l @ler tidighbaadfg Nle ORAICAL isOfociated IWittk®ne or more.of said A
nmethod as claimed in Caim 1, wherein said detecting node is 10

const i t ut eRfUERlts Hf existinontruEes SaFqWEBMBRAMCF3E (HRIEEHISe nPde £148 PRSFRINFHe | s,

in additdson to acting as master end node for said existing route, also
acting as naster ~end node with respect to one or nore other existing
rout es whereby the conmon signature is a route-finder signature. 15

4. A ngt hod 3s i in.Cdaims3 erein e C j t i.S sent
to al Ingt he ngi é‘rﬁ tﬁh&?ﬁ% ﬂ(a)'gee? g%‘ gl’f‘lﬁﬁ (1)hewrr}%%§? Wﬁetg{:% rlfHKfén(%%le for
use in 1® f codstitotedpay shid ores hede, csaeaomeadn cinsummsetbnoe ks odid one moi¥ess, it he
node bei ng cgcé.r.an?ed - 20 to t{Oesg.gnd, in use, lio a first

predet er m ASYURT FR ARETRAR B3/ AL £810 existing revtes 390,25 09t 3 187 %hni ch
it is an epfd hedé avitiOredpber 18 bRe Whaidielothdr edidtinga®utés wherebyahk &Jon@fieh node

or slave end node; . ~to send, in use, to its neighbouring nodes,
in respons@&9ndtue et BQUtEARCRLHIINAtUrR-hat it will act as master end node, a
forward route-finder signature; 25 to receive, in use, a
route-finder signature and to determ ne whether or not it is an end

node fo¥dtRe exi étinathadoas elainkehini Claisel 3byvherein e cemmatdeignaiuemigt 19né to and,
all the neighbouring nodes of said one node.

5. A node for use in a fully or partly meshed communications network of
nodes, the node being arranged :-

20 to respond, in use, to a first predetermined circumstance with respect to
an existing route for which it is an end route to determine whether it will act as
master end node or slave end node;

to send, in use, to its neighbouring nodes, in response to a determination
that it will act as master end node, a forward route-finder signature;

25 to receive, in use, a route-finder signature and to determine whether or not
it is an end node for the existing route identified by the route-finder signature, anc-i,. -
in response to a determination that it is not such an end node, to forward such
received route-finder signature to its neighbouring nodes, or, in response to a
determination that it is such an end node and subsequent to a preceding

30 determination that the node is the slave end node for the existing route, to
determine, in response to a second predetermined circumstance, a potential
additional route, and to send on said potential additional route a route confirmation

identifying the existing route; and



in response to a determnation that it is not such an end node, to forward
such Weseikess route-finder signature to its nei ghbouri METHEBASHINGr | in
response to a determ nation that it is such an end node and subsequent

to a preceding 30 deternmination that the node is the sl aveumm Hmlmﬂm““l
the existing route, to determne, in response to a sec

predeterm ned circumstance, a potenti al addi ti onal route dté sénd
on said potentialo 8@ tinoves. dedeitseoh ar said @otesifl edditiopal route Lipaemewpt ng

t he existi /
ey cROG/ Oﬂf\gb%a?llbtf% rof¥ confirmation sigh@u&&/ 8P 84 Bxisting route for Whmhlli is acting
to store, ammaser eddtrmdes of a said potential additional route upon receipt
t hereat of a route confirmation signature fdor an existing route for which

it is acting angL Chartepseh WSEI& IS arrange and characterised in that

it.is asranged f detect, in uséptrcée&mtrr,ent@ou%a:onﬁ:hsno@eum&ﬁmee i®frespee BN
circunstance i n _respect, of plurality of existing routes associ ated

t her ewi t h; @ Riygality of existing '°¥T65g?éﬁ%‘3r'%ﬁe€ therewitAndi gnat ure corresponding to

sai d conmon £ T GAHBRARNGE, cSRNINC WBMRUrE! %@P@n&ﬁ’dﬂp?d SkRd rc%%ﬂﬁ&&' ve
first fields containing respecti ve [ dent| fication data for said

pl ural ity @®fcusstanceagarchoemaonasidnatuse comarising [relspegtive dinttalielfisn gontaninginber

of said fifgheddRl lg§nt|fucatlon o%da V%r safd ?I%%?lt@gf ch Q{ﬁ&)dtgs i écon@nfﬁjeld

arranged to detect, em node or each of
sai d pl1@r atorttgingfg ﬁwnﬁimtmg of Gaidefirst fxlalelsunaval lability of respective
bypass routes for said plurality of existing routes between itself and an
15 associated neighbouring node or nodes, said unavailability

constitutieg saAthode asOETMEY B CRUAT, aifGeirrdnde@ab letdd?, FRUSE GANTMIRN it
signature as a help signature for br eaki ng down connections in the

respect | ve'sn"oEI%’L‘f’eHT negs dorpeafaft £3id puraltysqfi ?1’@5“”9 rouiRf d8e yRgvailgpility of

initiati ngrépé&ﬁé)ﬁ@ﬁdsgnome@qgﬁ%a@tplur%ﬁﬂﬁﬁ é%&l@%u@&jﬁé"tv@ensﬁééﬁ and an
plurality of existing routes; and to send said common signature to each 20

nei ghbol i AYFosHded wpgighbqusings 56€¢ abkecnagiesh itk Wravaipdlityf ceastiuprar 8didty of
exi sting rebﬂ'\ﬁﬁn F’:u\oﬁstt%\wqg‘géngraqgggld%rﬂgﬁrs.an' ﬂ.ﬁglal_sllé Hglﬁ'signature {701'
uc t hat, upon a

A node as clal rre and arranged
det er mi nat breakingatownncanddctiorm it ohacespegtins nodss exf saidl phadlityf of egistidg

exi sting route i.s.also to act as master end node t spect. .to
one or rTDre uéesheqn%egarsﬂtwémg a restoration process at respecmve el% nodeg cﬂ g

plurality of existing routes; and to send said common signature to each
20 neighbouring node which is associated with one or more of said plurality of

existing routes and with whom the node has operational links.

7. A node as claimed in Claim 5, and arranged such that, upon a
determination that, in addition to acting as master end node for said existing route,
25 it is also to act as master end node with respect to one or more other existing
routes, it generates the common signature as a route-finder signature, said

determination constituting said common circumstance.

8. A node as claimed in Claim 7, and arranged to send, in use, the common

30 signature to all its neighbouring nodes.



routes, it generates the common signat uﬂﬂlﬂ |l im””mder si gnature, said
det er m nat ivo® owogea4 i t uti ng said common Cci% ne BCT/GBI6/N9bde
as claimed in Caim?7, and arranged to send, in use, the common 30
signature to all its neighbouring nodes.ig
15 9. A node for use in a fully or partly meshed conmuni cati ons
net wor k of nodes, the node being substantially as herein described with
reference Po t heA node fprayients @ fullysor agrtly meghed, FPRMyNicaspRs eswere @f
comuni cat | e} risi ; 9%55 I i y one
of Cl ains EQ?%,S@Em%dﬁeggmgh%%%a e?ﬂgréessggges'? adr?tSPa ym ?%%gﬁzgcg .tﬁ@
11. A netavgagsnf determining an additional route in a fully or partly
meshed 10 comuni cati ons network of nodes, the nmethod being substantially
as descri bed herein with reference to the draw ngs.

5 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.

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

10 herein with reference to the drawings.
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