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PCT/ GB96/ 01912 ROUTE FI NDI NG | N COVMUNI CATI ONS
NETWORKS BACKGROUND OF THE | NVENTI ON 1.

Field of the Invention This invention relates to a nmethod of
findi ng, or wWeteoeMni ng, a route in a 5 conmuni cation net ROTIGBYé/aI982 node
arranged to performthe nethod; and to a networ k conprising such nodes.
A route may be needed to replace an existing route which has fail ed,
and such a route is referred to as a restoration route, or a route may
be required to supplenent an existing route V\:hl ch |s becom ng

congested. As used herBYIEFINDING INCOMMUNICARONS NETWORKS,r aces bot h
restoration 10 routes and SBIRCK CROUNE R INABENTION 2. Description of
Rel ated Art . It is known, for exanple fromthe article "The

Sel f - Heal i ng* Net wiigjd-etghe Invepdion i st rj buted Restoration Techni que For

Net wor ks Using Di ghisﬂhve@h@ﬁ%et%@ﬂs%tmethod WQ#\HH@SM d%émxmﬁ';oil @bute il BE
G obecom 87, and from US pat ent 956,835 15 (WA D. G over) to respond

at the t WBH@%“T%'BM%‘Q"’T%FPU? 808 @ganged to Bérrf?l"é'bt"% meghed:f3d &l aspan to

recei pt of metwark (fo'th:lrléir@ SUoh Adde®. ANoUted iy Sod’ ﬁé’édeh'ﬁ'ere lace 2RSEéfHgl ON
e nodes determ ne on the basis of théir

process. ailu
uni que net woPe; WRE |h?§ Z@‘ed am{ $46)2 RIS ’ﬁ{?ﬂéd 30138 EeSIEFIAB, roHted Ol ch

node acts aSo@bo&mr bé adea@rém QWNsupBleidnt Mas eristind) Foed Whichl &5 RREbLIMIR! Y) -

For each of the |i the fai]ed span the Sender repeatedly transmts
(f1 oods) reﬁ@%?ﬁtﬁcg ?\ﬁd'ts@d PF’ﬁﬂth%Fe@'ﬁataBP’é'E“"l’ GOHE'S SBrasRb Seth fgtovsines
(known aso rouﬁaladegumﬁgatambcﬁsforward flood the signatures to their

nei ghbouri ng%nodes | 0 hodi ment in the abovermentioned US patent a
node knows Iyltgﬁﬁ‘% (ID) and learns the ID of the node to

whi ch connectivity isal&mb\ﬂﬁrro} @Sﬁmﬁy frr.}m theadicﬂg "T!E@Sbm{eaﬁh%' thv‘i&l@fjﬁnt s of
a recei ve signa ster e .a orresponding to
the failed I'®Rk é’)‘g"“&ﬁ%hﬁ"?ﬁ“’al mwaE @%5“88%@??{‘9 %ég'ﬁg&@ss oNBEE es and
mai nt ai ns a MashiiesouW.DOdRrol®, tIEER &lobecom 87, and fidhe USdritedhi £,85¢@as5des to

act as o] now.enters, a waitin teadg emains in it until it
recei vegqg f‘g\;lﬁvgg}l\ﬁ)hg’-tgpveg} gtﬁafeﬁf’%'?cpa%' & YO, 55n@§°‘?59 as faijure, nadesk | ng a
respecti ve oconpéasdnd arfgiledespanse- recendti ofgp Spapnfatiure eatdral RONKIRG réd-titne

confi rrratlor],egt;)rar%;‘urrg\ signature) to the Tandem node from which the

rout e-fi nder g° 40te was received. The confirmation signature travels
back through the 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 receives a route-finder signature. Then it responds by
transmitting a respective complementary reverse-linking sighature {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



Tandem nodes est abl i shing the required swtch connect|

b nput and out put ports, J:X Akdg ves at Q&ﬁ ode

whi ch then ceases transm @ﬁ,\é& n e tive route fin c. nngfnr bs
and proceeds to transmt on tabI i shed restoratlon route
the traffic woehessul d have b ted on the corREEGRAGOING | i nk
of the failed span. The abovementloned US patent al so discloses
that the restoration mechani sm can bg used for automatic provisioning
of new circuit rout es in a network by placing two nodes bet ween whi ch
it is desire ISIO a d|t onal . e. supple ar lrcuit
routes, di re-g %}g‘r"ﬂ@ﬂd ey s §{'§Pe"§"ﬁf t "i %edg/i\z"%&t BPah

artificial fand butlﬁ&t PORE) AN eGehiuay eirivE3OftSthe BeddaoAGde, WHidHItha ceases
supplied with artificial fault i nformgtlon i ncl udi n% t he nunber of circuit

routings USRITNgthe feARectivg Jpyte-finder signatures, Apd Hroqepds Loy TANSMESOPat ent

Nunber 5, 065th3 hewiseganmaned reétm)andh SEQ)LI&S Qe traffi@ WiiSh OlalIH ORaveC ®BE! que i N
which, in response to failure of between two 1 5 nodes, the sender

failure nddetesgtad ca the F@Tﬁpﬁ%@%@é‘ ‘(féaﬁlf?}'ﬁﬁém" to the route- fi nder

signature of G overpe taoldrentRhedOS! bat@nN QMRS digtibsest ihaf thBerékisrafibn t he
uncomm tted bandwi dth of the respective links to those nodes (or the use of

as nmuch BEChansm, faBnkR vred) FaAYRMatin REVISIeNiAe A ReW Gyt IPies i 2 he
failed path netwohehv\eﬁazrtghwé Abded) eetmdes,)mcramals Bésiell Yo Prdvigicrd BdditidARPN
receiving a {lequest each node re&l s I N gt tabl e the hops, the
identity of tffe SHERIEERLY) aﬁ‘f§H‘Ft’?‘é‘Fs'a Epefipdnto Sendet, gad Ghgesss mghed with

provi ded tchategamctb Ranstwficlbinfdul BdivebieIbe sBlREtel Nbdeo) TiRUARbdes wolKkepsd er for
t he sane bandvvig t han a%g@ew ousI r,@ sted. Each node reci pi ent
constructs i B4PPUGH "Y'Bhﬁgg'f" b giermay ing they oHmper %fsc'f"i”é%f‘f““étgst he
transmtter, tha€gtedisg $du@hfiaxi mum needed or avail abI e bandw dt h, and

i ncrements 25 the hop count b . are then transmitted to
al I nei ghbouring nodes. THESCHS o records all received
nmessages recei ved Atdonding 3o a first astmutof taelpa&bm inkentl®s there 3¢ pravidedna r out e,

and retur to.ts nei ouring smtter know edgenent ssage
speci fyi ntP t IT&* 'B’gn(ﬂrin %@U‘éﬁq aB) eadfdﬁmng' gt egtg Wt |°6np7r§ﬁt é".'esf'ggt he

i ndi cat ed bacemindbicati@smiensokvafinodéd, ahe trietiiodMdmprising hibostepsiof node confirns
t he acknow edgene e. r S . dgenent,
nmessage to its neléﬁf{oﬂd’?ﬁ gmnocfgm\?ﬁ?\,\%t%r é‘é%e”s'%ge' ‘%edggéégt?‘évgé%"’% ahd"in
bandw dt h. Heewvdance ivwith & eespachivegiredbiéraninedgi aster/slaverelatiohship, @t eadteohade

t akes no

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 whitch 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;
receiving at a node a said forward route-finder signature, determining
25 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 other node in response to a second predetermined
circumstance a potential additional route and sending from said other node on said
30 potential additional route a route confirmation signature identifying said potentia!
additional route; and
storing details of said potential restoration route at said one node upon
receipt thereat of the route confirmation signature;



action, and eventually the sender failure node wll ti
anot her batch of hel p nessages. If the s QEEN ®f
the failed link is not recovered in a single wave
nmessages, the sender failure node sinply initiates a second wave 5 W
requesting t Reobiadsgdce of the bandwi dth | oss over avail abl epdrnangoi912

The above prior art nethods of determ ning an additional route require that
a sender node triggers a tineout when i t3f | oods the route-finder signatures
toits nei ghbouri ng nodes, and sends“a repeat flood of route-finder
signatures in the event that no confirmation signature has been

recei ved from t he adabs evetmmbineiag cHsPacterised by tled stehabf t-i neout . The val ue of

t hat sender node t [ d.tra Slt times of
the route-finder SIE%B%?;FE«PG% %gér %g@g,pﬁ,%et}x atn\?rd pfﬁﬁ%ﬁ% ‘?"f’ﬁ‘é apret?

det ér mi ne t hewitgntsoast ag peassreidaiodehe chooser node so that an opt i rrum
route is sel ected 8 d natures and t

maxi num possi bl e té; éﬁg# Sf?ot\{'? s8ic (?t%[g reé&ge tno; ?%Jhg‘?;'%ﬂggpg reé{%rrs%sg"t?he
network 1% fnm@mammfmsaewwngmmmr out e.

SUWWARY COF THE | t aspect .of the
present invention, ther eglast said Qnedis eﬁ%g%e%tqﬁ%rggt e? PIRe PG e

addi ti onal rolgnetuvrenoaufmhlty aot apslpvd yndmsiedor said e)osmumumatro determiaé wor k  of
nodes, the t

accor dance vrTnFéts EQ%e?tggP FeAct h\r}q egé}%ﬁ"@bi‘??ﬁ’ﬁ‘f@é meeters g‘la'cattl\‘/’gEiw(’?e"rpla e?‘%?ﬁ"‘dﬁ%m p,
at each of arqis. raﬂdftolsm!i ngqe@pob@mmnemmnam signdtaree i s an eX| sting

route, theyone no I da:pay 0 t end. with
espect 1R caitqefiably; fed iy HobderchoekCRamARE" R She TRl oE A" 1

sl ave end nogeedeteghitded messhgedrom an wgesm@ptéamdeg:ﬂsald émmg rouite esponse to
recei pt, at each pai.r I cati.ng {hat an
addi tional route ?';sef?eafuy a0 'r?egﬁg?:t?mo?edogmumsgn%? '%ttﬁﬁ PRt 8 } a

sendi ng fr onbacktaick s@nattke thayebyt indivatind bicat rtherg zacmmfﬁeieritoaammd/ mwa&}

finder signa j.ng.at a node a
sai d forwar db%ﬁ?%a‘% d'%g’l'g r&%%}ita ﬂ%&g%tdfae? 'r’nodr? | or? s%p%}:'ﬁqéf’&sw%}] QB ei vi ng
node is the slave E!n@famdeSﬁiQ)rsesqldj predeterthingd rcm;tuesande i$ the expinhef avent
that it is ngﬁede{e%waa Hii3ButStiaBered 65 'suRirdt Priihshndill &rcliidtlike ST gnature to

I ts nei ghbouring nodes
Preferably, said third predetermined circumstance is the absence of any

received forward route-finder signatures at the expiry of said predetermined
timeout of said second predetermined circumstance.

20 Said fourth predetermined circumstance may be the receipt of said reverse
route-finder signature.

Alternatively, said fourth predetermined circumstance may be the expiry of
a predetermined timeout triggered by the receipt of said reverse route-finder
signature.

25 Preferably, there is included the step of responding at said one node, when
acting as slave end node and having sent said corresponding route confirmation
signature, to receipt of a corresponding backtrack signature thereby indicating that
there is insufficient capacity for said respective potential additional route at an
intermediate node thereof, to switch back to act as master end node for said

30 existing route and to send a respective forward route-finder signature,

Preferably, route-finder signatures comprise a count field, and there is
included the step of sending a forward route-finder signature from said one node

comprises a substep of setting the respective count field to a first predetermined
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AN



4 determ ning at said other node, up the expiry of a

pr edet er ni ned ti meout triggered by receipt of saj THIS SHEET HA SFEEE[Q i al
addi ti onal route and sendi ng from said other nofle on Rgpj flcget ential
additional route a route confirmation signature |
potential adgiddyeess route; and 5 storing det ai PET&BISHIN2
potential restoration route at said one node upon recei pt thereat of
the route confirmation signature; a and the nethod being
characterised by the steps of respondi ng at sai d ot her node,
in the event that at said timeout a potenti al addi ti onal route has not
been det er ni maaberagfdonenpatity e thet finsh accasigngthst isaid ongdeodeasendy a faswerdy sai d
route confirypd ﬁﬁ?e?'s%%ﬁh‘é and? gémhssher REBEMRE BuRPRd e te .%smw axt

i ndicative of 1ns iclent capacity for said potential additional route at
an i nt esuscdssivenvrobler efnsaichpue pait¥rAn eAchaRugressiveaicepsion thatspidsome chi ng
Lo act as MAgiRl switches Y0adlOfCbll oh RBAE tarki s Hrlh BX sSdsdifl Yhirs

sendi ng from sai ot er e {0 TS nei ghtouri ng nodes a réverse route- 1 5
finder si dnatoutefifhder sigriaahrexﬁrahlsagi piinet @pdarcdmprises a substep afeaptﬁrmiitmg at
sai d one node o, recei t. Qf v (o

si gnature to® é\??’vﬁ ?"6’%@'3@6{ If'és\% rgé‘é&g' i cenérsﬁerr(gtsg %‘?% ga" i o &8 st ng
route, to first deicesion nbhatasaid spheat node peytdenad wa!ersadmute-ﬁnddr signdtare amtl t o
send a correg t Jhe
present i nven'“'tqa'q‘glt eB?eCt've%Bé%ef?e?d:{eds{hg? é%p%&‘@og%gtfgé&sﬁgg mﬁmber gf said node
transmts roother bamecm saog\rmcaeswempwm thah saidt dthersnadd switsbele te act &s1ow

t hat {St Bﬁg&%ﬁéh i's required. Preferably, the one node
determ nes said respective potential additional route upon receipt of
sai d reverse rout eAtdonding te B greandraspetf the present ipyantionathpreds provided ane
node determ | S | 0 0 he
expiry of a E?ﬂ}dg?e%% 'ﬁeéd)?@il;yn%' pa?ﬁ% ?’%gégdr eﬂq@hkﬂcﬁ{?&lrse%eetr\'g{k l(’)lé ﬁg%hlgd the
reverse rout gode beieg arangedtiur e. Preferably, said signal

I ndi cating that anma&gbadoo%hsé QY lePridsP pfe‘agfé'rrﬁﬁgd Icncumstaﬁ&s\oﬁﬁtregaecm d
existing route is recelved froman internedi ate node of said existing 30
route. 15 an existingreyte fghwhichtihis &0 pad rowte e dgtermvesvhashestit wilk gehas ng at

sai d one Nodgasidn@Rd mdea,cg;gwe,@,snoggave end node and having sent said
correspondi ng route confirmation I gnature, to receipt of a

correspondi ng backtor 389: i} Yseaiteyfts WWBP%’PF\I@"B‘T' in response tc a determination

that it will act as master end node, a forward route-finder signature;

to receive, in use, a route-finder signature and to determine whether or not
20 it is an end node for the existing route identified by the route-finder signature, and,
in response to a determination that it is not such an end node, to torward 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
determination that the node is the slave end node for the existing route, to
25 determine, in response to a second “predetermined circumstance, a potential
additional route, and to send on said potential additiona! route a route confirmation
identifying the existing route; and
to store, in use, details of a said potential additional route upon receipt
thereat of a route confirmation signature for an existing route for which it is acting
30 as master end node;

and characterised in that it is arranged :-

T ———
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5 insufficient capacity for said respective peteftt=a [t Iangl
route at an internedi ate P ngde t her eof tg swi tch H&&&%%W‘%@é gE;ter
end node for said existing route and to send a respectRE@-ﬁQEpward
rout e-finder signature. Preferably, the ute-11 nder
signatures Gpgwibesas a count field, and the step 5 of seneCTiGB2/MAB2war d
route-finder signature from said one node conprises a subst ep of
setting the respective count field to agfirst predeterm ned nunber of one
parity on the first occasion that said one node sends a forward

rout e-finder signature and setting the respective count field to the
respective next stoéependewhen atinghas YV EPY TOAe P thidopredaletmisad cessi ve

occasi on t hgfciAitdnd o BAREh 10 acS¥d hiEBRS én@ ridb A3 16BwhEa ANErsBOdELe-and the
step of sending said reverse route- finder si nature from said ot her

node conpr i §BYSTSIGNAEE LR HE eXETRY fRY'S 1ndtS RRIGRACUIREENOIES: ¥t field to a

first predeterm neglrddgois fwitn BRG Bs nfaskél dridyndie, td)feckibt Hert (RS 041d
that said_other node sends a reverse route-finder signature and setting the

respecti v@ EMgFTe fouts-tindes signatureigsabe eyisting 1Qute (1R SWEEh Je epuppslaveerd g d

ot her pari t)ﬁoée5t9nd&éﬁrhn§liﬁcfé%§bﬁé§ Q&C@Sﬂoaﬁhtbéheﬁﬁhnﬂe@té?ﬁbm@%%esw tches
to act as nmaster _end Accord % to a second aspect of

t he present '§3R9EHYS O?Pte'%tﬁérédq‘%""ﬁ JoViGeqand to %Bﬁe f GPreRPONdiRg arewie | y or

part |y meshegnfiaiatienisighbiupé1on BRL rdEEdetiod pél@ﬁﬁ@ adifiénal routgode bei ng arranged
20 to_respond, in use, to rec& F f a signal |nd|cat|ve of a
reqw renent for aRreferabiyqdhei BodR i oRFIGeA o sYRiRgt: o‘f' YpeekFeeintngfrdut e for

which it1ps p%he@é?ﬂnﬁe@%@ss%@e .denuﬁ}efgammmmme«or mihioh thk rda@é ien BR8t er end
node or slave end, nod use, to its neighbouring

nodes, in r &8perad feae*af W@WH&F‘F‘JP‘ p"edet‘?fgf’“‘?dtc"iﬂ‘ﬁ“ﬁmﬁ‘&? as naster end

node, a forward r QHé @odéd mdebe&rra-ﬁg”ewb&ieim iRdsE, r%Eenmembﬁ;ht H0a basktRick

to receive, in use, a route-f ﬂe@wggraturfg ang to rm ne whet her or
not it [SPnamre for 3 5ad %‘F“ﬂé ¢ &t Y ‘Fﬁé'h'i f‘? et %ye'tﬂhe‘* e
route-fi ndersaﬁlrgﬂﬁbﬂécﬁtsttﬁlﬁdg said thnfcﬂprl’eﬁétﬁl@tﬁiﬁ&i éxﬁbumsth?l‘cer mnation that it is
not such ?n end nﬁg‘e, orvvar(g S roug.? finder si nature
to its ndPghbouri eﬁﬁ'ﬂ};‘@"' Do Fﬁ"afyeg‘f)Bﬁg'ége ° ng%er, 3?%’?%??5 fhat it
I S such an end naddeca predetetihined|timabdutiupon spidéaatbra@ptemnneiﬂ:&umsmhemhtet hat

t he nodeisthe sl.ave .en r.the, exisii r | den by the
Fout ot nder Byl §Pd PR atd urtedtr, SnStl iy A Sebdli blddefimined

ti meout dreumgwancel by recei pt of said signal, a potential addltlonal

route for the exi %’tréfgr%blryf)’the node is arranged to switch, when acting as slave end node,

20 to act as master end node in the absence of any received forward route-finder
signatures at the expiry of said predetermined timeout, such absence constituting
said third predetermined circumstance.

The node may be arranged to switch, when acting as master end node, to
act as slave end node upon receipt thereat of a said reverse route-finder signature,

25 such receipt constituting said fourth predetermined circumstance.

Preferably, the node is arranged to determine, when acting as master end
node, said respéctive potential additional route, upon expiry of a predetermined
timeout triggered by the receipt of a said reverse route-finder signature for the

, existing route, said expiry constituting said fourth predetermined circumstance.

30 More preferably, the node may be arranged to incorporate, in use, a count
field in said route-finder signatures, and to set, when initially acting as master end
node, the count field of a forward route-finder signature to a first predetermined

number of one parity on the first occasion that the node sends a forward route-
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identified by the route-finder signature, and to send Eé L §tBE%
addi ti onal route a route confirmation signature fo F ﬁgg RS
identified by the route- finder signature; and st or

in use, details of a said potential additional route upon receipt 5
thereat of a wo9iesegnfirmati on signature for an existing rBOT/EeBEMIRNi ch

It is acting as nmaster end node; and characterised in that
it is arranged to respond, gshen acting as slave end node,
to expiry of said predeterm ned tineout in the absence of a

det erm natlor}mgf a. sgtug agtée tla? thl‘%gfﬁ%d ltlo‘?&“ ;lggtt% g\angestf,gcrnrvg;e%gt of a

backtrack signa Ur@ T capaci
potenti al addutéessiat nuobeeohsaidone lphmyrmdeahesunomivamcsasmh thereaiat endti al

addi ti onal 0 act as r end ct Io t he
exi sting rouﬁgé ﬁ%‘(‘a ?wivvbeactgfcfﬁsé"?wf 8”‘? Yk a’ﬁﬂggﬁfﬁ “ér?ﬁﬁ' '?'ﬁgg’

reveL E e rout es slave éndidede,Sthgngiubt ¢ieldost 4 héersexiaiité fipdercsigratdrd tot$ ﬂrst g
nei ghbouri ng no as naster en
e be o B heeReini el oty of oppesite warfycRil e Hrat $eRee thatbs Bage 898 om
reverse rout er téveeker raitgfindesr Sighsturet Bad teXseﬁtihlagrespecﬂv@Ué&mTt CiefdMith Cthet O act
as slave end node.with re Eect to t hat e i St ng}groute to determ ne a
respective pdBEEFTY "SabiHFEsraiver BYRRer ﬁn(fa'fjo AP oM e¢§ﬁ?)rﬁ'f|°ﬁ?js"’e

rout e confir nmetagon megamﬁeuttfatmﬂie ﬁ:ﬁdedsvﬂmaesetdaomsmseﬂtenalnoaddl tional route.
20 Pr ef er,abl t he na I S ar rmne said r ective
pot enti al addi ﬁcﬁﬂgingr%u? éh'[FEB?FeF’eE prS?e'gd?‘ffnﬁg(}'e%ée FCRIP‘QS?CF Ader

si gnat ure.10 fully or partly mﬁmdrd@mmﬁayipnst herwoekl of insde, rvanaged_tb@ nOddscangl ne

sai d respectiy o gntd al ddi tional | of a

pr edet er mi ned® u? tr%r%'a? 'F?mb 562 "'bfc'f‘ﬁ ance W'ﬁé?&? E?cc’&d LRe ﬁo?{aéﬁr Rigsent
route-finder igveptias.ure. Preferably, the node is arranged to
incorporate, in use, a cou - ' Lnder signatures, and

arranged (a) 0 as nmaster end node,
(i) the count field& srfecificf embeirentonfttbe brasdar msergmatwmmm be desaribed by

pr edet er m geq?é(};:%r gm?a‘e ?Rﬁ{&@ffnwté’ﬂaet:{?ﬁw&\bﬁgvh%ﬁc'as' on that the 30

node sends a ure for a said existing route
and Figure( 1 ig)a dheraneebemwdt gfontercannettéd nodeshe respective
next successive ] ESOR N YE # 6l AR VOERBBRINMENTS D each
successi ve occasi on therearter

6A The specific embodiment of the present invention relates to a reai-time

restoration process for establishing a restoration route in a communications
20 network and the following description will be limited to this aithough it will be
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.
Consider a route through network 10 between end nodes A and E, passing
through intermediate nodes B, C and D, and comprising a sequence of bidirectionat
25 {inks within spans AB, BC, CD, and DE,"and let this route have the unique route ID
“X". The spans between the nodes comprise working links and spare links, and
each working link is part of a respective unique route.
Consider aiso that an excavator has severed the span CD and that the
nodes C and D, the failure nodes, upon detecting the failure of span CD, have
30 decided that a restoration route is to be found between nodes A and E. This
decision may be based on one or more criteria, for example the use of a potential

link restoration {bypass} solution between the failure nodes would result in the
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that the node switches to act as master end node for that existing

route, and al so (b) to set, when initially acting as slave end
node, (i) the count field of a reverse route
finder-signature to a first 5 predet er mi ned nunber of

opposi t e parwbyreseas he first occasion that PCT/ABMME sends
a reverse route-finder signature for a said existing

route, and (ii) the respective count field to the
respective next successive nunber of said other parity on

each successive occasjon. thereafter t he node switches

0 . hat . the n
to act as na®feE OHtP IsBAR (Rl Rumher Qéf%af‘%ﬁ‘cee"‘"g a prec}etermmed kst Bueh

Accor di ng t Ocritefid)hdeCho? pRE G 18 priebént RNBEESH andWwitthio 88 furthe ldesdrbell OVi ded a
fully or partly meshed communicati ons netwark of nodes, wherein the nodes

are’ i denti cal Jdailye Doaed Wil coreiPeRlingly 32 LR Had AJFERACtIVE reSHRIA b s ent
i nvention. liute for each of the other routeBihidh (deSiARk BT [thdspin EOE PIRAYRGH

A specific_ enmbodi ment of the Present i nvention will now be described by
way of exa@mWaicl hese mstrationeroutes: pie grrailisheg MAY Rfj Rrpdetermined by ranking [ gur e

1 is a diagr&i® @ted inPridRfyKo@er, | ik QLEO AMRIGSE NROPER- of the present invention
DETAI LED DESCR| PTI ON . OF. EXEMPLARY EMBODI MENTS 20 The specific

enbodi ment of™ WH! tdesdescitgdent i on rel ates to a real -tine restoration
process for establTHehifsigre rogéd avidt d0Rhd GeduR oh the CABBVEIMERWINe@ NSecision
network and the follow r}:? d?‘scri, tion V\ggl be limted t? this although it
will be ST e i EEReqtine felo fignaturg Irgtered 1o hetein, g3 2(h1ein messagplfor the
restorati o RS Rsand forany othed @6ue aledtdd b9 aNe RRIURWTIBpEC EDVehd séhdithesd! anned
restoration Er ocess. 25 h ,Oonai dgr & oute thﬁ%netmrk éao
between end NYA&ESARIFTFORNe [RREFHY§ end no ‘Fﬁ%u‘bﬁ ey - HoBe 1@an ¢ and
D, and conpr bsé heit@isSEtactdd; @ sifigld hep neskagenialused cortainlng the trdlita I3Pansil AB,

t this route have the unique route ID "X"'. The

BC, CD, and EPE gend?%‘e ¢
spans bet weel'® HEHSHEY S onpri se working |inks and spare |inks, and
each wor ki ng |ink Eshpadrhe Odrious lsimpreds used tinthgurestomtibn prot@ss has a header

Consi der so that .an excavaior.has severed..the an CD.a at the

rodes e o Bnd kel Fii° Bstineiting G B gt v R B e o,
have decityped, dshwill I7e desstibadoininosre idetail dsters ateondyenal mumedfibder enkmoades A
and E. This eci.sion be e ] rid Ll L.exanpl e
the use of aaf)oft° g’f'ﬁrfja%o(ape H@‘rﬁ"ﬁ k'e\?%g g?‘%? iﬁgﬁs( E’;sﬁgg‘é‘f“”'g o%su? %%ﬁv%%? \%étgn t he
f ai | ur e nodedindgsli| rdutestsader. dlarm.Hwlp, backtrack, return fa!so known as confirmation),

AMENDED SHEE-gnd priority return. The information section of a éiénature comprises a four bit
20 flood count field, an *eight bit* accumulated route length field, a four bit hop
count field, a four bit route ID count field, one or more sixteen bit route ID fields,

and a corresponding number of eight bit circuit number fields.
As the help messages pass through their respective intermediate nodes
they break down connections in the corresponding failed route. Each node will
25 forward a received help message on the fink which corresponds to the route ID

contained in the help message.
Thus, node C, having determined that it is experiencing a failure of route
X, sendds a help message to node B, because it knows that span CB contains the
. outgoing link for route X, and, similarly, node D sends a help message to node E.
30 These help messages contain in respective route 1D fields the unique ID of the
failed route, and of any other route having a circuit in the failed span CD.

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

route 10s for which it is an end node, and the network IDs of the other end nodes.



deci sion may be based on one or nore criteria, for exanple the use of a

potential link restoration (bypass) solution between the failure nodes

woul d result in the WD 97/ 06643

PCT/ GB96/ 01912 7 overal |
route | ength Wwéoisgsasnunber of spans) exceedi ng a predet er m periGBYemg12 Such
criteria are not part of the present invention and will not be further
descri bed. The failure nodesgwi ||, correspondingly, act to find
a respective restoration route for each of the other routes which use

| i nks of the span . Th der. in ch these restoration routes are
est abl i shed nay be%ad‘ag%grﬁeﬁ%‘&’%%%mﬂ?a“ge' 'tt‘ﬁ'é' %ﬁ{ &8 si‘?f%r‘%% $ iy

order, but stiot auamidietigr iitsisnat emlﬂhbdd)fortthe :mﬂmtomavm where, as imiigs Wi | |
not be descri bed @trgure n as the result of the

abovenent i on&a>dLisdepan end "é’gﬁ'e'F ! “?'B'éﬁ'é"cf‘é@é“?‘?éﬁf o Pheyteeing ligk e r ed
to herein as agsdetitgd WRE IR@abufedl Ik f 16k sgaRBA), dnd Bredk ldBivnaRY cBhAMREion OUt €

affected b he failure of span CD, and nd these hel p rressages to the
respectlvegek Hatreut eo‘?"?ﬂ'@"ﬁ‘@&f'%%"“‘?ﬁ"‘?/gﬁﬁ f &om ifs gRfnEckentable. “one route

is affected, a singln hea@Arresam&hes\em@hsagmuﬁwml dWertrlife HaLkSs bivendf al |
the affected rgeczgr of .the various signatures used in the
S

restoration ff the route ﬁeéﬂ@rp'i%?eda’i‘?dde&e’m'%ﬁ Wether i I, Bigherrrankieg g8 ng a

four bit si gwwrenmngoma‘ﬂveltd th&NoréarnbostSthe othéry SIS noﬁ (i fo} ﬂhﬁ r@@z%cr' bed
in nore detail erdater are normal route-finder aI so known forward

rout e- f i nder Pa5§9e9% HiguNigR BEMOR dDs (ording) 88 tha nedes-d 'frﬁ'\?tf@fmefv

finder), noutger itadact & armastdraidae (blas lkhéws las arﬁnuémn&dﬂl S&hd<if QNG (a3er
confirmation iorit nor tion section of a

return.
si gnat ure co#‘fﬁ’\ geg’qpa‘?tofﬁ ab?'?‘y°26°‘$€f 6%5" }Bﬂ‘ﬁ? 3] B14P00 Adelypind,in this
accunul at ed mamslelrmugwiaa‘sl aahndhela'aﬁlang nbnviorihumhan ndueLB)tanﬁ ltﬁ.l:s?lon feckptr bit
route I D courg; ut e and a

cor r espondi ng %’P %?%Q% oH ?r e%?é‘gﬁ'f‘? 3 rﬁ??t% 1op |’8'|‘5§s o T8, assume

the role of master.

15 Similarly, when node E receives the respective help message, it will
determine that it is an end node for the route X, and proceed to determine whether
it is higher-ranking or lower-ranking relative to the stored ID of the other end node
{A} for that route. in this exampie node E has a lower-ranking network D than
node A, and thus on receipt of the help message will, for establishing a restoration

20 route for route X, assume the role of slave.

Node A now broadcasts for the failed route X a route-finder signature
which floods through the network. This signature contains the ID of the route X,
the requested capacity for the route, and has iis flood count field set to one. As
the signature floods through the network, the forwarding or relaying nodes

25 increment the hop count fieid, and update the accumulated route fength field by
the length of the span on which the signature was received. In variants, this latter
field is updated by the length of the span on which the signature is to be
forwarded.

The relaying nodes forward the signature on only those spans which can

30 provide the requested capacity {i.e. have a sufficient number of spare circuits), but
they do not mark that capacity as reserved. Also, they check the hop count of a
received signature and take no action if the count is greater than a predetermined

maximum. This sets a limit to the geographical extent of flooding. In variants,



As the hel p messages pass through their respective internedi ate nodes

t hey break down connections in the corresponding failed route. Each node
will 25 forward a received help nessage on the |ink which corresponds to
the route 1D contained in the hel p message. Thus, node C,
havi ng det er Rinegoskdzat it is experiencing a failure of routrcT/GBIs/O¥I2Sends
a help nessage to node B, because it knows that span CB contains the
outgoing link for route X, and, simlarly, node D sends a help message to
node E. 30 These help nmessages contain in respective route ID fields the
uni que | D of and .o ot her route having a circuit

f
in the fail ed3°°§3% °&E}'°’ Paddisortfl of a"E’é‘E‘f‘."%gg%Rﬁ%"h%&'ﬂ%\mflmt%mslm D and

cont ai ns a t #ikldeirs ttios |s|imxatdae and takirgune &ddonf Ar thehkighatute iis c?dbreé?ﬂ ngde,
and the network he ot her .end nodes WO 9 06643

of
PCT/ GB96/ 0195?"9{3"“'”“' limit, of chegking mﬁd’é?%mr’@?@u rpdte lepghiisigy ammm. t

wi |l check | 'astuirt ib il ad b tatédroute tehbihds @hﬂatéﬁ’tﬁéﬁ@bréc%térﬁ:rféﬂ 1imid oP@Ag for
theldentl as in th case, it is not an end

node, it WI '5%&% ??'thﬁée ﬁ‘@“i?‘ Wﬁggﬁbsé"son t he outgoing |ink associ at ed

with that r Out e (aThe miastef nbdeeASRBEn BAYas brskdicRitank rélA¥Rnddr SigRAECHION S
for that route P¥ r enpvi ng_ﬂthe route and,link data fromits connect | on

t abl e. oNter 2 QUIRRESN SHUR ThaWRL ERSFIRL of ALSHE) $19nA¥8age, it will deternine

that it is an end Upon ﬂﬁniaeEﬂa'erfﬁrhlegrtbatttﬂsX,o 0 ds R20€ eRCthb 92ia 1811 16t
whether it i ranking relative to the stored ID

of the other §tap‘|3qagéers?E;ﬁ"?‘%l"'?f%a‘?'a'? 6?&3 t of CorrgpORYng FPuteriingsy; Sanstes wor k
I Ds (or di Rl contribingsIheobambearouedis asl 1 tHechélp! messagd.0 EA@N sidh Wignhrst as a

mast er node ;e%I ﬁrgdm\%thesn eo§?n%r%\rms£ord and if the latter _ then it

wll act as ave node (al's ‘chooser node), and in this
exanpl e node A hasAt ﬁmgimrﬂuanihvmgmﬁetﬁosﬂe&t@ frbmn aih odeeiled odtelfidder ON

recei pt Qiénétnf'eshi%l' Qhe{f&ﬁé@gtﬁné’mx]f f ?trétpgr%trggtlora AR %‘quexn-sthg{n%{;f toh‘r%hre(r)]ut ©

for route X ero
node E recei havdng lewest b counter hovkest nass mgpeth iahd \sehds a returfiesighatilrd ¢atédrat i t

is an endygogdgyehqr ottﬂc? c[w%ﬁr%n& s&?R?t FI 3:%8 wat det ;fg?;ar[) v w‘g‘?“{eh%e‘?ﬁ‘ﬁ%r end

hi gher - ranki ng or [owersran
node ( A) rouge-findestsigratire walsrlecteliued eﬁmﬁtwnrsmmatuie iscidenticlaDtocthe rraglél Ng

netvork | D i sionsB@8Sxun: ek 01l oG5 Blgnlrd R 1B BRRAAE 1 ||

for establishing a restoration route T
s| ave. identify the signature as a return signature travelling towards the master node A,

but in variants node E additionaily deletes any route ID and associated required
20 capacity other than tﬁat for route X,

As the return signature passes through the nodes of the selected
restoration route, each of these nodes checks that the requested capacity is stil
available, makes the connection between the corresponding switch ports, creates
an eight bit node ID field and writes its node ID into this field so thst the master

25 node A can know all the nodes of the route.

Upon receipt of the return signature, the master node A knows that a
restoration route now exists, as identified by the intermediate or reiaying node {Ds
in the signature, and now sends a route-tracer signature to node E, via the

* restoration route, to inform it of the intermediate nodes of the restoration route
30 and then proceed with traffic transmission. 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 the art and does not form part of

the present invention.



Node A now broadcasts for the failed route X a rout el THISIBHEET 4AS: BEEN

whi ch floods through the network. This signature confai ns RERLACEDOf th
route X, the requested capacity for the route, ake~tras~trs~tTO00 count
field set to one. As the signature floods through the network, the
forwardi ng Okyd &l@¥isNg nodes 25 increnent the hop count firemesBo@IZIpdat e
the accunul ated route length field by the I ength of the span on which
the signature was received. In variants, 4§his latter field is updated
by the length of the span on which the signature is to be f or war ded.
The rel aying nodes forward the signature on only those spans which can 30
provide the requesttdePychpatat: githquol 2 feiayis 1088 MRP SUEifiem FIBRTFY Andsyas e
circuits), byhe to thid¢d dheNRiutdBihder t fglatsraPakikt ¥apdsicy 4R8T HEM. tdled Opy t NEY
check the hop count of a received signature and take no action |¥ t he
count is gre&s@plishment of paroilear crestonatipn routenhiorg feceinti of the sorsespppding to t he
geogr aphi cal I 643

BT o6/ 019 {tgtﬁ;negibn&txréc 3Q4hiS%veht tNA IS node sends to the slm Rd4de £ 0odi ng
control adBi toeektedcky signature ewhigh i rebks clowpr iages cenneetionsg aaeadvmaﬂe @tigin
field in the;sLonas a I [ t S t han
a pr edet e’rﬁﬁ ned#f ﬁ‘n%%'?g Jgr 'fﬂqg E%na&% ﬁg{baéé%:sutrtrﬂﬁﬁe%oﬁ%% Fetrvg% %ﬁ ield
and taki ng nelected sestpration foute is 'm:’@nmlaa@*béieroute length is greater than a
predetermned |im t I [

The master node A, b\?ﬂg‘?\’"’iﬁ% sggh%%hcast%agjr?'oﬁtg 3%@2\'32%% hgﬁ%ﬁt?eﬂs\n 1,
enter a qui eSS chmastenneds dorathat fouteycganpratesta foutefingder signgtiue yith its flood

Upon node 4§ %?&r ﬁ%x@lsegté ms drld depdb & RChs a&.gﬁﬂa%vs? fridBied. h%fsag@r%gm@qyt e X
it starts (triggers) tinmeout to await recei correspon

rout e- fi nder alsogtefariadetp ee 8 rayatsg raptedfindpie sigpTe: ou‘*t yﬂl bea@pmlafwetm| p

nessage. Eackynatirts ﬁtitg Rk WoBd counts 88€ bY REntifidd ds sucbassivieRMptd ROy | S
st or ed. ti meout the slave node E selects fromall received

rout e-fi nder the origing ﬁ&?ﬁi?’e@ finst a fessorption royte 6‘{]{‘ ahax signatures, With fyep &opdr at i on

route, for exagRisCcdnBb correspohdindly idenifidd B9 BubEHsBive OdttdniPhe ShadeOBy ahbengt h,
and sends % return signature (also 15 called a route confirmation

si gnat ur e)!Pb ARING| $183%8e node from which the sel ected rout e-fi nder

si gnature was recemuedirst retéipt & themsdt€Hvide & of 3 riederBé irGtb-finder! dighat@ret e-
finder signatu exceps that the content of the signatu e field is
changed to o %ﬁéﬂ‘ftff cqyrEs Ef’%ﬁf‘ﬂr" ange fIom aeting as3 ﬂ’r?ﬁeﬁ PgXﬁDPa?fé'PP g -

t owar ds t he nasléar nodeder that route.
The node A, now acting as a slave node, responds by immediately sending

20 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, and also has its flood count field set to two. In variants, the
master node A starts a timeout in response to receipt of a reverse route-finder
signature, stores all reverse route-finder signaturés received within the timeout

25 period, and selects the optimum restoration route at the end of the timeout period.

The slave node E is arranged to switch to act as a master node if no route-
finder signatures have been received by the end of its timeout period. i a route-
finder signature is subsequently received after the node E has switched to act as a
master, the node E will still act as a slave for that route-finder signature and send a

30 priority return signature having a flood count of one. As this signature travels back
along the corresponding restoration route, it is recognised by the intermediate
nodes as requiring priority handling and placed at the front of any queue of

signatures awaiting processing. ln this way the restoration route will be

Sheet Has Been RTlaced
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but in variants node E additionally deletes any route I D and associ at ed
Fequired 20 capacity other than that for route X As the
return signature passes through the nodes of the sel ected restoration
route, each of these nodes checks that the requested capacity is stil
avai | abl e, wakegoeédse connection between the correspondi ng RWVEBIGOPR ¢ s,
creates an eight bit node IDfield and wites its node IDinto this
field so that the naster 25 node A cantiknow all the nodes of the route.
Upon receipt of the return signature, the naster node A knows that a

restoration ro ow . .exjsts, i dent | f,j ed the internedi ate or rel aying
node 1 e estakisPed i Rl gk sdlsRNaRE 88 pBeRRI B anaReF o 1 o
node E, Vi awill@vertake' htreveréé eduté-finte, sigraataraf dnthistcasé théendstdraiodedh at e
nodes of the restoration route 3 and t hen .proceed wi raffjc

CPdnant ssi o GaRepR8 REnalie BHE #h kpaw e e, SETRIE P thetis ok has
route, the cRMGRdIrbRSE GomSdgRAbUhastéradhdiRsSenta Ruelsh eodufiptiernfigriadutt o

This use of _a route-tracer si!gﬁr)l%;t]ure li a‘uknovvn in the art and doe,ﬁn ot form

D ar't of B it Hée‘%hbég'é'?& nedeSen A wil S expect 1o recelve reverse route-tinder

10 signatures, blif thaB aleGediliitfant and dxpUgigioréd| ayi ng node had suffi ci ent
capacity and was to forward the route-finder si

a&rl g ) m&nat ur e, ,t‘ﬂai S
capacity has been PaRede fyacting as; g JRpsterh7ashDavaie S804 OHE FOVRRRS SMEGfiRgf r out e
bef or e r eceispinatired, hehdCpdssibBparRdi aiding as siavaiand Hagingt sene.a priorithi @newent t he
rel ayi ng node sends to the sl ave node a backtrack. signatuyre i ch

br eais gown séﬂ??“ﬁ%n‘ﬁ@c'f"l"bﬁg n 3 Wale r?é%g' at thers i 'ﬁf'gfﬁﬁ'ﬁ'dﬁ g?pécﬁﬁc?é'\émﬁn t hat
rout e andgi nedtomition rée fdrehs pavetynretlen Bghitate tohy all thesedett 8@ endsiodsat i on
route i s no | onger, avai t..of .such, a b%lcktrack

| able. . On recei

signature, the® Epef@e spae: Wi e e, trgy the ap"?g"%t%nlﬂg‘fké'?g e 28D P hat
route, generréded® @ theuode f8 mder aGingnad & meastdr! Will bes ignoosidsid€e nedeuBthati el d
set to two and_sends it to its neilghbouri nQ . TRi S..Si ture i
al so referr eaéfefcfy 5%"%5“3 é?/véfsfemlugﬁj{"g{éf i 38&%? 5%@?‘ ﬁ?eeg ﬁ'fitco\g\n{}lﬁ?e %"ewa'%
appr eci at ed fohateverse rsiugmsigoates fndrh theddvef eraowbdedunt s can be identified as
successi attenpts_nade b the.orjgi | r ation
rout e, aﬁg t hat s?"g ﬁ% ﬁ%’e@s‘x’\*f\ne Tr 86%rr'1wf Jleg.lgg%tgn%g%gé?s; R%e;ﬁ%gie f?c%hf?x'é
correspondi mgversé deuteifinderdsinatenesc tes node At winpetsasraddavey nedeeupdn fisti gi nal
sl ave. receipt of a [Kvelsk rré\éte-rfﬁﬁﬁﬂ Qéna%retcl? G108 Sh&t t&@d Serdt Bicia Féi‘t\é?s][ese

or the X e At h

rout e-finder Ssignature oute causes no o change from
acting as a rensn cignatde (plgo xaft floed sount twel and e sulzsepuentivh rgceivguthe.

The node A npWAGhiM%idsse ShAYmuRBusGRPANE fralier nBBE flr b8 signaieli NY

20 if the reverse return signature does not go through and a backtrack message is
returned to node A, then no further action is necessary since there is in existence
an established restoration route. {f, on the other hand, the reverse return signature
is received at the slave node E lacting as a master node), then a corresponding
restoration route is thus established. Subsequently, both end nodes A and E will

25 become aware, by means of further messages which identify the nodes of the
routes that there are two restoration routes and one of end nodes A and E {the
original master node A, say} will decide which route to break down and will take
suitabie action.

. If the master node A does not receive within a timeout a return signature

30 or a reverse route-finder signature, it will send another forward route-finder
signature, this time with the flood count field incremented by two. Similarly, the
slave node E, if it does not receive within a respective timeout from switching to

act as master a return signature or a forward route-finder signature, it will send
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20 a return signature on the link on which the reverse route-finder

si gnature was received. This signature has the appropriate code for a
return signature inits signature type field, and also has its fl ood
count field set to tw. In variants, the node A, when acting as sl ave,
Starts a tinggWpésds r esponse to recei pt of a reverse r BAT/EBIG/HBN2,
signature, stores all reverse route-finder signatures received wthin the
25 timeout period, and selects the optigumrestoration route at the end of
t he tinmeout peri od. The sl ave node E is arranged to switch

to act as a naster node if no route- finder si atu[es have been
rrecei ved by 3NAthesfevegte foute-findes signagewith its¢flagd, field incremgnted &Y gnat ur e

i's subsequenivoy MBREProBEksadrebelfRANAARE & BaFedutérhiibadiing AChth A i§0
master, the node E wll still act as a slave for that route-finder

si gnat ur e arfigedgd ynitkely that,a restoration g4 4y 3rdijplIPUeCRPR AYPD f1 ood count of

one. As this signghtaBovetidatPbsd RAtHod of findinglrebtdfatioArb@E MY 8 Hefldork K0T at i on
route, it _is recognised by the internediate requirin

priority Rark®l vseg tenfingpagupglementars rovgny §ending, ingtruciionss from a networ
AVENDED SHEF] Entro! centre to the tWe éhdd ARR4 Dt a congested route so that they treat the

PCT/ GB96/ 0191 f

est abl i shed ‘W’Q?P't?ﬁ reytarasdtailay apddinitiate she methad of dhe danertian 5P A4 @) return
signature  addifohhi rOXRAISKRNIVAT af BN BR&Rativelibbref bétt\dlan IPRAS BhPnoded. t hi s
case the master node A will respond normally, but will know by the
signature type that the node E has changed roles fromslave to naster
and has sent a reverse route-finder signature to 5 its neighbouring
nodes. Node A will thus expect to receive reverse route-finder

signatures, but these are redundant and can be ignored. The
node E, acting as a master and having sent out reverse route-finder
signatures, and possibly also acting as slave and having sent a priority
return signature, will now be in a waiting state. If there is
insufficient capacity on the 10 restoration route for the priority return
signature to go all the way to the end node A, a backtrack nessage w |
be sent fromthe appropriate bl ocking node and on recei pt at the node E
(now acting as a master) will be ignored since node E has




al ready sent out reverse route-finder signatures, ang ' nue
to wait for a reverse return signature fromthe qt e~ A 15
In the case where a priori ty mu ,mﬁﬁlmim\"ﬂﬁmes ndt ove oodi hg
reverse route-finder signatur act as a slave node upon
first r esD P066f3 a reverse route “fihdet Signature of fIRSTUGRASHIIZE wo,
send back a reverse return signature (also of flood count twd) and then
subsequent|ly receive the priority reggrn signature and sinultaneously
act as a master node for this signature. 20 If the reverse return
signature does not go through and a backtrack nessage is returned to
node A, then no further action is necess nce there is in existence

an established reSAQﬁ%bOberdéﬁrﬁnmdﬂ an QAditibRal AbORS inh ATy drhyearfiP WedshEd r €t Urn
signature i s received at the slave node E | acti nlgqas a master node),

then a corr eEﬂBﬁ‘d'i"Vme"s “etY"QQ‘t YR ing B§thed; comprge 43 steps ehid.

Subsequent | y bot hdexehinag e fespbbeEtoMsl hrsQEpredlﬂétﬂﬂiﬁeda\SﬁéL%st%enEﬁd‘ﬁn of
further gesr?vvhlch identify the nodes of the outes that there are

two restor HBI5e Ut P FesPREIVSPr %dr?é"'ﬂl‘ﬁfé's’"ﬁtﬁmﬂa‘ﬁ 'E{aﬁ%"s““’r at gpshyphal

mast er node fair df)the Wodds Iﬁh&%éiethﬁhefetha@ dxistidg aalited G o Aodd b1 sdidke
sui tabl e acti on. ster node A does not receive within
a tinmeout a PEf mc%iféﬂgf’ﬁ?sem?ﬁerﬂ?d%" VLD IesPRel e sald eiRtino Soig andrthe | ¢
wi || send anetHeehofi®whithds t®adtasisiave @hd node, signature, this tine with the
flood count field incre ntedlg two. Sim Qﬁ/ t.he sl ave node E, if
it does not recei vE® "W'lg FAM,S3id onR Opfis 4o ‘ﬁsn%% bopringnedss: EHPW&“E’O'W“‘ act

as master1@ Ffiadetrsigrat@gadérsaid eistingfréuitepr d route-finder signature, it wll

send 97/ 06643 . . , -
PCT/ GB96/ 01912 receiving at a node a said forward route-finder stgnatuﬁ_ez deterrrarNBg her

reverse rout eviethud eucls rgmaﬁrtg foddl it hé kv bAd dod® et sald ek‘findg%nﬁim Eiﬁl by
two. This process e. tern nated at redeter m ne IS
Hoanred uni | kST STars e T tectiy to WG Sush AR O Tt B PR g

The abovedesisineigtiboeingaebdes; fi nding a restoration route in a network can 5
be used to.find a nt ar ut e sendi | nstruct i,ons om a

net wor k 5)scontrol 3&89{: t8 f%% & % g% OSF 8 L8R é’t 8'&"?{?{!{“83%0 t hat
they treat thﬁcumstamageobtedtmlcndﬁmow rtbuzelaed samding frotmi mtbomhenmdsmslgiof t he
i nvention to e%ﬂala{lidmongpgdtfté gnrgbtergo%tﬁgnét?o ng}gﬂ}dé\&if\%ﬂg %laxtde;r;oqgllitlia\fe _

route) bet we &R
additional route; and

storing details of said potential restoration route at said one node upon
20 receipt thereat of the route confirmation signature;
and the method being characterised by the steps of :-
responding at said other node to a third predetermined circumstance to
switch to act as master end node;
sending from said other node to its neighbouring nodes a reverse route-
25 finder signature for said existing route; and
responding at said one node to receipt thereat of said reverse route-finder
signature to switch to act as slave end node for said existing route, to determine in
response to a fourth predetermined circumstance a respective potential additional
» route, and to send a corresponding route confirmation signature.
30
’ 2. A method as claimed in Claim 1, wherein said first predetermined
circumstance is the receipt of a predetermined message from an intermediate node
of said existing route.
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CLAI M5 1. A rretﬁbd“of—-determ ni-ng_an addi ty ginafully

or partly meshed comm tvvork of nodesj, fﬂfﬁeshﬁﬁ'rhp,qg BEEN
conprising the steps of l [j ﬂﬂw ' "f ng in a CordaﬁEELﬁmgd”l a
e

respective predeterm ned mas | at i onshi p, atr—each—ef—a_jpair
of the nodeswdwglogsaen Whi ch pair there i’s an existi ng ROFERSIOME one
node of said pair which is to act as master end node with respect to

said existing route and the other node wyach is to act as slave end node,
sai d determning step being initiated in response to receipt, at each
of said pair of 10 nodes, of a signal indicating that an additional route
Is required in respect of said exi sting route; sendi ng

fromsaid ong noden iethéd aBedIgiiHeaUni dighenN QG B o CTIAT &, Iabréin said tHilander
signature for said existing route \E?ﬂcel ving at a node a said

forward rout BeRstAgRIRed; | diqdmstagce d’étﬁ’renf??F'ﬁb of5a RATKRSk danaturectereiYng node
is the sl aVein&Qttr(bOﬂ‘ﬁt ime &AhsLifaieat dpacifyOldt Said patentidl additidnBitro@ieedttant hat it

is not, forward gsuc received forward route-finder signature to its
nei ghbourl%g'“Fﬁﬁ'El'é ate nade on said poteniial @ddHiIoNBhPUIR: saj d ot her node, upon the
expiry of a predeterm ned timeout tri ggered by receipt of said signal,

a potential additional route and sendin from, said other node on sai d

potential aditiorfameteest &s glamped & E@?ﬂ'%‘?’r’é‘t 1 6h Claim &; yihatein gaidt serFAd yi ng

sai d potenti gledetdfthihbd BRéurhhc®; is N6l expiry of a predeterdined itivtbodetrigbeddy sai d
potential restoration route at said one node upon recei pt thereat of

the route cofi¥ fifflPregetesined cijpgmstance. and the method being
characteriged by the steps of 25 respondi ng at said ot her node in
t he event tht at aldtlrreout .a pote Lal addlt nal .route has

Bt 'ﬁ‘a? ‘ﬁﬁ% pred

been det er ni dMethofas Kl am; & SPFLF etgare sai d

route confir aie&mwaar&:egmmaema ofhasy reesiaddvietvardractetfindek signaginas @t the

i ndi cative of insyfficie ca .ty fo i al ,addi.tional route at

s St R e A o 2 i

to act as nmaster 30 end node with respect to said existing route;

sendi ng f sald ode t.o i.t.Ss nei d revers te-

fi nder iﬁa ure f %Q?‘g aé)ﬁ’??’?ﬂdn raBﬁtog gU((EJam% 1965, Whersih"said tourth
predetermined circumstance is the receipt of said reverse route-finder signature.

7. A method as claimed in any one of Claims 1 to 5, wherein said fourth
predetermined circumstance is the expiry of a predetermined timeout triggered by

20 the receipt of said reverse route-finder signature.

8. A method as claimed in any one of Claims 1 to 7, including the step of
responding at said one node, when acting as slave end node and having sent said
corresponding route confirmation signature, to receipt of a corresponding
25 backtrack signature thereby indicating “that there is insufficient capacity for said
respective potential additional route at an intermediate node thereof, to switch
back to act as master end node for said existing route and to send a respective

forward route-finder signature.

30 9. A method as claimed in any one of Claims 1 to 8, wherein route-finder
siénatures comprise a count field, and wherein the step of sending a forward
route-finder sighature from said one node comprises a substep of setting the
respective count field to a first predetermined number of one parity on the first
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responding at said one node t of said er
signature to switch to act a XBE&Q&S‘“MM‘%W respg rcﬁhg('ﬁ%ﬂdiﬁ@(%&ﬂ ’:9

route, to det er: m pect fve* potenti al {addi t RERMCEDoUL e,
and to send a correspondi ng route confirmtion srgnature:

5 wo2706643 A nethod as clained in Caim1, whereRCTEGHIGIIR: node
determ nes said respective potential additional route upon
recei pt of said reverse route-finder 18 si gnature. 10 3.

A nmethod as claimed in Claim1, wherein said one node determ nes said
respective potential additional route upon the expiry of a predeterm ned
ti meout occasion that saighenecopdsysente afaiwars rouds-findar gignatuse sad seftine the nder

Signature. regpective count fiéld to the ésé?étﬂ@%eﬁ@s&k@ésﬁ%@:drﬁbéw s8Rl pafiyl M 1
to 3, wherein said signal 1 I ndi cating that an addltlonal route is

required in PBAIERSUBFEsSYE @oeasion thig saidupne pade switches to act gsanaeter PRbm an

i nt er medi at e npgl@n@fths dtdh SXEehdinaOsdid® Hverse route-finder signatare from AidTBiHEPd as
clajnmed in any one of Clainms 1 to 4, including the step of

r espondi ngf af'°d&i PMPHEEs Gd SubstpR nofa setting e §F5§9‘§'Vén&°%dé'e¥§‘nd° haviilsy sent

sai d pbdefephnings ROMBLMG odp@bl.hepﬁaofohrm@ws@ BccaSid Rbt Edd omr nb&& el Pt
of a correspondi ng backtrack signature indicative of

i nsuf ficient s%’é?ﬁa?:ﬁ"?’ s¢ spute-dipden ignadreiapd spiing ibe ggspective count fielg g ithe onal

route at an rdkp@ENRAnakte siRdssivd Hubiter dfOssM dthér Bakdy bR adch a&:&&ﬁ&r
end node for said existing route and to send a respectlve forward

rout e-f i nder ©ccasion that salcgpt@ﬁra@qﬂeéwntches to acsips master end node; A et hod as

clainmed ipgany one of Claims 1 to 5, wherein route-finder
si gnat ur es corrprlsR a count field, and wherein the step, of sendin

forwar d 10 (BPELIOF UFRIdR Tl AT R Fisheh PRMBHBICRERNS B oks a

subst ep of sabaégjghgme being arranged r.espect [ ve count fiel d to a first
predeterm ned nunber of one parity occasi on t hat

sai d one node send® %P} Y% d‘ﬂtae?TsF rﬁ’ﬁeé’leteé'?‘lﬁ‘ﬁ‘étcﬁ?‘@“%?ﬁac%@‘ﬂq‘lrﬁﬂmcﬁé°

respective caurﬁxxs‘tmglr&nbamt hicheis RE 6 eM@ reLax tto Yetopmmel WRetherni avill @bt a1 d one
parity ucces gl ve occasion that said one node sw tches

to act as"ﬁaé?aéfereﬁﬁ‘g "ﬁgﬁg"%’f‘ﬁf? etn of sending said reverse route-finder

signature from sai ¢b sdridein use, to its neighbouring nodes, in response to a determination
that it will act as master end node, a forward route-finder signature;
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, and,
20 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 @ preceding
determination that the node is the siave end node for the existing route, to
determine, in response to a second predetermined circumstance, a potential
25 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 sald potential additional route upon receipt
thereat of a route confirmation signature for an existing route for which it is acting
M as master end node;
30 and characterised in that it is arranged :-
to respond, when acting as slave end node, to a third predetermined
circumstance to switch to act as master end node and to send a reverse route-

finder signature for the existing route to its neighbouring nodes; and
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node conprises a substep of-setting-the respective count—field to a first

pr edet er mi ned nunber of opposj ' e first OCCMSQHEEMQA§BEEN]
ot her node sends aj rﬁmm]“m{l@umer si gnat yre angEmeicEpng t
c L M

U

respective count field to thes i ve next suUTctesstve—htRber..Df
sai d ot her pgbishiea® each successive 5 occasi on that s2CHGB&MSINode
switches to act as master end node. 7. A node for use in a
fully or partly meshed conmuni cations ngtgwor k of nodes, the node
bei ng arranged : - to respond, in use, to receipt of a

signal indicative of a requirenent for an 10 additiongtl I‘OL%te i,g
respect of an exi & FF§OPGUMRST BRUINGASTRATE" erd aofle, 10| reqsipt shergat of a sai

det er mi ne Wheldpd rduke-Yrhdidr skftlands 6ok Wxisting ro@e o Gwitthavaceas stedand
to send, in use, to its neighbouring nodes, in response to a determnation

that it wilnoget tRsIPRREPIBE BndesRemRe 18 P ofNEhd PressiEEMned gElFcugIstaneBure f or

said resbecBld NBoteRtK! € additionkl Sroute, and t® &cdiCiaY SoreSpdddig Foute
route-finder signature and to determ ne whether or not it is an end

node for &n cexfidratiog sianatuse opahe respestive potendaladditionplirAdr si gnat ure, and,
in response to a determnation that it is not such an end node, to forward
such recei ved route-finder signature to its nei ghbouring nodes,

and, in respdnse tonede as claimed i ClaimilRattbirangse 19 detect: & s Bmreti®f Bode and

subsequent tpedbtificdNindSsage iddhifyiR) 81 BkiBiid Rutd FrtwhiBe tHOse! i§ ahlwas| ave

end node for the existing route identified ) by the route-finder
signature, t9uEetaid FACAP CopBitutingsald first p’&“ﬁ?@ﬂ@?‘%&?’#ﬁ@&“”ﬁmout

triggeredgby receipt of said signal, a potential additional route for the
exi sting route identified by the r1o te-[?% nqgr sc% gnature, and to send
on sai d potelfial A0RA% doFlaimed in erther Claim 10, of Giaim 31 ARG PrEanged fo Setth ur e
for the exi shiugg, reosibEtteckat lof fai badkthyckisighaturelfer-a said pbtehtistdditiohginaliter e; and
to store, in use ﬂet ails of a said po%éential addi tional. route aupg{‘] recei pt

c aff i f gP"

thereat of d°F offPiENc ¥ iMaf8t forfsiefRaPRfee PP HTSRY; SVHYUPY F4 dahi ch

it is acti ngpredetermin@cifdafistdncend node; and characterised in
that it i,x% arranged 30 to respond, when acting as slave end
node, to "Yexpiry of said predeterm ned tineout in the absence of a
det er mi nati ors.of & aededagpcibinitdi ialeither Claim $ldi Cladmalt, mod treangad do ttiggeecei pt

O b oSl T A 5E 450k B Ve nuBAbinBE el 'l ke
predetermined circumstance, the expiry of said predetermined timeout constituting
said second predetermined circumstance.

20
14. A node as ciaimed in Claim 13, and arranged to switch, when acting as
slave end node, to act as master end node in the absence of any received forward
route-finder signatures at the expiry of said predetermined timeout, such absence
canstituting said third predetermined circumstance.

25
15. A node as claimed in any one of Claims 10 to 14, and arranged to switch,
when acting as master end node, to act as slave end node upon receipt thereat of
a said reverse route-finder signature, such receipt constituting said fourth
predetermined circumstance.

30
16. A node as daimed in any one of Claims 10 to 14, and arranged to
determine, when acting as master end node, said respective potential additional

route, upon expiry of a predetermined timeout triggered by the receipt of a said
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potential additional route, to switch to act as naster end node with

r-espect to the exi st ied by the L

signature and to send a revergmmnmlﬂmmm finder i gﬁ;; %-Sﬁgg BREN
existing route to its nei ghbouting rodds; sant - sgong,
when acting a®owséssr end node with respect to said existi PGT/GBI6NO1932 T OUT €,

to receipt thereat of a said reverse route-finder signature for that

exi sting route to switch to actysps slave end node with respect to
that existing route, to determ ne a respective potenti al
additional route, and.to send a correspondi route confirmation

si gnat ure orf®¥eIFY rogefinges VS"?SB’Fefﬁf the exigting ?%%rl sgid, GYRiry constituting sajg

A node as clfaeunRr @rédetdomiiedcircumb@néd r anged to determ ne said respective
potential additional route upon receipt of said reverse route-finder

si ghature. 9. A node as clainmed in Claim?7, and arranged to

determ ne said reeple e claimed in aﬂ@t&@téﬁblaﬁqglio Q@aiﬁ ré?fdt Srratiyed idhe
expiry of _a rpredeterm ned timeout trig the recei pt of said

reverse rQut'€RI%g ‘\é\fheglagﬂréq g3 slave end nodqe and quymg senAans@uieroggg QAnEFrRP n any

one of d ai r@grﬁnﬁr@ 8ty éﬁﬂﬂ'@d’ob@ &@We%b@roﬁfaecori‘e@pondmg backtr¥S€sigRara Nt
field in sal guteflnder nat ur es nd arranged (a) to

set, when i n'i re YI'?d'ﬁ?,”ﬁgnﬁ’a:‘:@ a1e 43 g}sugmnﬁé:agacnty for sgid respective potential (i)
the count f mid&;oaﬁx aufe)awm thtéenddfatd hodtethedod & SWviReH Back fol dcttas master

pr edet er m ned nua(g .Parita/ on the flJr'st occ S|on t hat the

node sends aFoP er&"' @xF AU &P ‘&ijﬂat%ﬁ%ﬂ Br’eﬁp%"&?"ﬂ feryfagq ropgertinder

and 10 signature. (ii) the respective count field to the respective
next successive 25 nunber of said one parity on each
successi ve occasion thereafter that the node sw tches

to act as napd.er eMGhoBeUR f:léfméchiﬂ afyione! 80 Claims 10 to 17, and arranged’ @1 €,
and al so (b) to set, when initia actin 51 ave end

node, incorporate, in use, a cpynt felhins3irhfouts-Einder (?I'gnét‘*f'%'iré‘f‘gé" 188tstvhen

finder - si gnahhisiy taat:ﬁg fdsr friaster erﬁonode, the count field ¥ & @briard NEGeHmaBeEr Of
opposite far n the first. occasi node, sends a
sl

reverse rout WESP SGhAr ?ﬂ’éer?‘medd'ug};ﬁeﬁ °§>?P§ PEAY Pbiee ’}'}s’aﬁ‘ffas‘m that

the node sends a forward route-finder signature and to set the respective count

field to the respective next successive number of said one parity on each
successive occasion thereafter that the node switches to act as master end node,
and aiso to set, when initially acting as slave end node, the count field of a reverse
20 route finder-signature to a first predetermined number of opposite parity on the
first occasion that the node sends a reverse route-finder signature and to set the
respective count field to the respective next successive number of said other parity

on each successive occasion thereafter that the node switches to act as master
end node.

25
19. A node for use in a fully or partly meshed communications network of

nodes, the node being substantially as herein described with reference to the
drawings.

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

nodes are substantially identical and as claimed in any one of Claims 10 to 19.
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17 . (i) the*respecri‘ve count field to the respective

gﬁézezg?\sgszg\égsi on thereafter mﬂmlnn "ﬂﬂ, mlﬂlgfrt E:r inlaﬁfélSSsﬁiEEihhﬂ.ﬁS BEEN

act as master gnd node for that exis outeREPmr‘ED 11.
A node for useWHP746443 | y or partly rreshed cormunl cations net Ty
nodes, the node being substantially as herein described with re1 eren@é to

t he dr awi ng. 10 12. A fully or partly meshed conmuni cations
networ k of nodes, wherein the nodes are identical and as clained in any
one of Clains2a.to Almethod f method of determ ning an additional
route in a ful I%‘ partly Oneéeﬁégumng 2g AP APHIEND o duliyoorkpartly nasihsy t he
I
met hod bei ng SCHTMBicetions W&@ﬂcleﬁmdh@dh&'ind’t%@b@in&‘stugs{aﬁinaq{yegscﬁet o, Lhe

. scri
draw ng. hersin with reference to the drawings. bed
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