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~NETWORK 5 - The present invention relates to-

i dentifying W58t h between a selected first ‘node and a sel BSVEBO¥RBBhd node
. i'n a communi cations network to provide rqutlng in the network. Over recent
‘years conmuni cations conpani es have increasingly provided their custoners
with an inproved quality of service and an inproved range of 10 services
due to the introduction of digital communications equipment. Thus the
equipnent that is found wthin network interconnection sites (trunk
exchanges) and | ocal service exchanges |s Iargely digital. However, the

connection between | ocal segm

~sites may consist of a variety of dlfferent technologles |nclud|ng copper
coaxial cable, fibre-optic cable, radio 1 5 links and satellite links. In
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controll ed .t

divert custoner services dynamcally, so taking advantage of

the 20 nDqug%BﬁB%?é route that nay be-available at a partlcular tinme
during the day. Pmemreksmavearkmommuﬂwmndloommnms lfveciaoreasingBt p@vikied

traffic is
processor s

Bgrformed aut omati cal |y accor di nﬁ to al orlthms encqoded at |,
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‘network nmay be nade over a plurality o

different paths I's | nportant
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and local service exchanges is largely digital. However, the connection between

" local service exchanges and network interconnection sites may consist of a variety
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of different technologies lncludmg copper coaxial cable, flbre optlc cable, radio
links and satellite links. '

in order ‘to take advantage of changing demands placed on a

_commumcatlons network, for example the changes in comrnumcatlons traffic

. densuy that occur throughout a daxly cycle, dlgltal commumcatlons equ:pment may

be controlied to divert customer services dynamlcally, so taking advantage of the

most economlcal route that may be available at a partlcular time durlng the day

Networks are known where dlversaon of communications trafflc is performed

automatlcally according to _algor_lth_m_s encoded at processor sites within each -
communications node. S B

A call made from a pomt A in-a communlcattons network to a pomt Bin
the same commumcatlons network may be made over a plurality of dlfferent paths

rt is lmportant for the partlcular path that is chosen to be that whtch is most

economtcal at the time when the service is in use. A method us known where a

. service request ‘message is dxstnbuted thro_ughout the nodes of a system so that -
_ each intermediate node between p'oints A and B receives the request message and
- 30

transfers it .on to every node to whlch xt is-connected. At some pomt the node to

whlch point B is connected will recewe the request message The first such

-message received will have enco_decl within it all ‘the nodes through which it has -

passéd on its journey from point ‘A to B. Several ‘messages w'ill_the'n arrive at the



~economical at the time when the service is in use. A nethod is known where
a 'servi-cg‘,(;ﬁgﬁgfét message is distributed throughout the. nodes of a system
so that eac er medi at e node between- poi nts A and: B r ecePGEEBOFB280Bquest
‘message and 30 transfers it on to every node to which it is connected. At
sonme point,. the node to which point Bis2connected will receive the request
message. The first such nessage received will have encoded within it.all

Lhe nodes \BgouHarll @flpbiht BASuBRATEMNR S\ d-OWIEIE Yl AP BIrba Aate? B

Several nessages w | en arrive-
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have arriv [ ' d.thus the |jst .of nodes, encoded within a

r equest .neggglg%tqrgé%teﬁ\%%ggfq%gﬁn%esf f f%‘%}er‘g"ﬁég °|f‘ré°§'§5rgé° HBBRP' 8. reayssht e
whi ch t ook mewsges fiotn tHeaswiler bt ARG the estnler R BS ADMs I DIt ekambR offovit 1 O
the receiver at B. This is a typical exanple of how 5 ‘a network may - .
ef f ect i VeI P WA 83y, fARRtY eVeRrPYIgR i dYgapic ealquaing 9f cabnih cemmuninations vi ces
with a hi gReRRGCHif 2ChighChBRSY . of EHfEfEncy Mdder AlIaOR 3hYANERMTEL NOUS
for dynamic routing of comunications services in-a network are known, and
are t he sulpetbedsforrungamicirousing afccpmmunicationenganvices inazlnarwerkearefknbhins t ype

~of network . Ls & e | ell} th networ k under certain-critical
condi ti ons a@ﬁ‘%@i%%ﬁ%?ﬁ%%t%%%tgg%ag%é'n chaotic, possibly resulting in
cat astrophi ¢ f ai lA/keowh disadearitage ot thistiypecat nemork &t that khed behavigue rof abe of

time. The network ig difficult to-similate because the degr of conplexity
erbodi olf by oM HP o b EPE=Er Cae BT o o A AR Etable and” SVEn
' chaotic, possibly resulting in catastrophic failure .of an entire communications
network for a péribd of time. The network is diff_icult't'o simulate b.ecause the :
degree of cbmplexity embodied by Iéfge numbers bf 'distributed nodes taking 'part
in dynémic routing',can o'nly' be abprbximéted roughly by a-mafhem_ati_éal model. .

15 A further disadvantage of this type of netwofk is that a large proportion of
the nodés. within a communicatioﬁs network have to '-confdrm._ to a particular
--sp_ecification; i.e.-. ‘hardware and software. must precisely rﬁatch 'thé requirements
fb.r a particular type of node, and thus'thé phased intrpductibn'qf this type of -
network i's"moré difficult than thle phaséd _intr'oduction of corhmunicat_ion_s nodes

20 ‘which ére monitored bv'o:ne or.sevéfalz central network fnonitoring'sites. '

Centralised netwbrk -.monit_o:r'ing requires considerable cdm'pu_ting resources
"'ih_ 6rde_r\_t_o énsu}e-that efficient kodti'né ar_\d' re-routing of calls is performed
dynamicaily, however. _Th_e 'res'frictions’ imposed by 'the'_need to .monitor a

~ communications network céntra’ll_y- have typi_ca_lly resulted in-the use of simple re-

- 25 :roufing algorithms such as swapping services t_i_:_ _P_fed_etemined less efficie-nt routue.s _
when the most efficient route for a__éervi'ce _. is close to saturation of its c.hann.e'l :
capacity. ' | | : o L o | |

~“ A further use for re-routing, whether in- the distributed or centrally .
monitored type, is to circumvent cablé 'failurés._ In.a passive_, céntraliv monifored

30 network when a line failure is detected it is a common practice to re-route services
over predet'erminéd alternative paths: | B | - B '

" in addition to d'\.fnami_c. routing requirements - within ‘an ‘operational

communications network, large industrial users of a communications network, for



‘ijn dynamc routing can only be app'rdxi mat ed roughly by’ a mat hemati cal -

nodel . A further disadvantage of this type of network is that a
.l arge p3‘§88f’1‘?“8ﬂ of the nodes within a com‘rum ‘cati ons net RSTIKCRA8E3
conformto a particul ar speC|f|cat|on e. hardware and software nust

precisely match the requirenents for a @artlcul ar type of node, and thus
t he phased introduction of this type of network is nore difficult than the

phased intgoduoti Bet‘?éleﬁﬁ”@&ﬂpfrﬁt6r°5'50a'39d?r?ay2%gm}‘%3"pigéec§ AR Il cfign One

or several central -network nonitoring sites m)nlrforl ng
requires chntwe@erdxtbieeemompamg srtwouknceeder ntoo pupnidet (suefmsajrde'ebhahk,eftlﬂe ci ent
'routlng and re-rout.in er f or med_dynani cal ver. .The . .
restricti oIS yprph'gehe"é‘@ tdSQ'ﬁBnFPoPDHm§B thﬁ"@h’ et %FW‘Q B
central |y dmnmubpatiend hb’tW@E whkisg advark fge usﬂueqfarouanérﬂnrroﬂ:gre%&hai Pyl B

al gorithns such as swap services to predeterm ned | ess.efficient routes .
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channel caRathh¥r ey Wreb®) Hae doOtadis- ket bR 1o VEET1eH. wtérh&,\faust phdut ed
or ~centrall'y nonitored type, is to circumvent cable fali fures. In d passive,

central | y GHstomer apy3meciethas tvankings -shauichbefrapyided over eempletely differest a
common pr %Lté‘se gto%%?’fé:f?}x’é Bf BRE Vihe 98¢ %%E?\BF‘? %rug‘ J?m‘ﬁﬁelger a{&?ﬁér&%( iRt hs:

- I'n addition nam c routlng requirenents ~an o
com‘rum c atfature m‘ea mdn;d linar ge i ndustri aI users of a conmmuni.cati ons netvvork

for 96/ 174 '

-PCT/ GBéé\002803 3 lxed technology communications networks ‘may mclude commumcatrons
nodes that may not be reconfigured by remote. momtorlng computers. In this -
event the design of an optimal routmg between geographically drstmct customer
sntes trequently requires co-ordmatnon between personnel and resources from a .-

. number of communications operators, or between dw:saons of a smgle larger_-
15 com'munioations provide'r" This results in a large degree of co—ordmatron and
admlnlstratlon durmg the evaluation and desngn of the route. Furthermore, as there
' may be a number of drfferent posslble wavs of provndmg a route between a grven _
pair of customer sites, problems may arise when deallng wrth different company
. divisions along the route which may 'feel the need to 'oon'zpete 'ag'ainst"ea'ch other
20 " At a local level a partlcular type of route, for example coaxial cable, may
| appear to provide an advantage over other types of route, for example radlo lmks
When seen wlth_rn the_conte_xt of-the o_verall ‘route, howe\_r_er, what,rnay_have been'
an ad\rantage at a local level may turn out to be a disadvantage within the route as
~a whole. This may be due to the type of_'connections wh_ich_.'n1ay be made
- 25 subsequently to the coaxial cable. Due to the cost of'-the administrative design
. process, it may not be cost efficient to perform an additional iteration of the design
process, resultmg in the provrsron of a route that is more expensrve than that
which may have theoretically been achieved. ' ' '.
_ According to a first aspect of the present lnventlon there is prowded a '_
30 .r'ne_thod of ndentrf_ymg preferréd paths for trafflc ina communlcatlons network, said
_ paths haVing transmission links 'a__nd' "rec_onfigurable 's_witching nodes, comprising
' :-steps of; processing' a 'first set 'of'data relevant to paths start'ing-frorn .,a first mode
10 p'roviding communication :tonards 'a'seoond node; processing a Sec_ond- set of




" for what evéPWAELS S

exanpl e a petrol eum conpany or ‘a bank, may require a direct digital
connect i en different conpany sites. [In.order to | h a
direct wiﬁﬁﬂgﬁ communi cations provider will ‘design an o%’??na’ﬁglp?)élﬁe - B
t hrough the. existing comunications .net wgfrk t aki ng advantage of the various .
t echnol ogi es that may be 5 avail abl e conCernifig the custoner's needs. For a
high reliability connection, a custoner nmay specify that no radio links are
to be used.dathtrelenati webyihst tartigstromesaidrEcoRe Goly tb hrbvit¥ohirm@sicattaul d
be provi ded over conpletely different routes, so that failure of one line .

ﬁ_'r.zﬁpé" Tnt9ee|apdt eRBBRTNG - dRIGWFRA ‘?fai—"?ﬁ"ﬁr@ GFtaé"%'bd'ﬂ?ﬂih?ﬁ- ne.
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conmuni cati ons nodes that may not be reconfigured by remote nonitoring

~conput ers. fromtsaissenpedtnodehe desi gn of an optimal routing between

geographical ly distin C ' I'tes, fr e requires ¢o-ordi nation
bet ween lf-)e"rsonnel_ﬁrtgteégélésgﬁbggg{ F?toﬂfga%au%ﬁérs%# g%%’z”rm%eitc%t %tﬁsm8ib'gfﬁtaors,‘
or between rilimbesi 6hsparéntéal Slinkgl evhichr geuldl Soreorparmioctas i preferfEdoyiatier . Said S
‘results in a Iarge degree of co-ordination and adm n%ﬁtration “during the
oG

eval uat i on SAPH ﬁ %P’W'W@“F'BBP{EFQ'FB?T%'? MWMDBEE of iRks.CoRNECHRE 19 FARMver

of differenst pngsirkt fovBYndosai@ REbAH Hbde, 'sQLh ShRCHEABd@ HalvikgNtHRRkswa
custoner sites, problenms. nmay arise when dealing with different conpany :
di vi si ons AIUGPRErIGIdinks iR eelefiPe RS FtATtiN@BPde-ne need to conpete against each
oy a1 Dabl o, i 8RNI, Gk oild Uk 048 Shrd I8, of e
route, for REREEAMre to iEntify P ithisd nadreeonnestedavie i imkiteesithen said tfirssf nadecoratger al |
001, OVSHET sl B e AR o e o s R
t he type ofconoacredttoosaid Vitst clodeay tizatethde aew sedmsaonoset if wohoedtbe te gaid al
?abl e.. Due ste(c):ort'ncq] enocd0 ?twﬁgreta tgr tdemrirwl]ziatﬁ_%(ri a_‘ltsi y’e%e_(aj%%i gon identify a pr.ef'err.e_d bath
15 between the new.nodes. | : | B )
The network, or nodes of the network, can the__h be conﬁguf_ed, in a further
step (h), to provide the identified '.[.Jat.h, as a preferred path, in.res_pqnse to a
request for communications involving the original fi;s_t and second nodes_ in the"
netv_v.ork. | _ | _ _ i . _
20 | ~According to a second aspect of the inyention there is provided appafafus _
| _for identifying pre'ferred_'pathsl'fbr traffic in a communications. netv(r,ork,f _séid_ paths
ha'ving.\transmissioh__' links and reconfigurable switching nodes, | c':bnipri.s'in_g_;'
. processing means for processing a first set of data relevant to paths starting from
a first '_hode to pro_vid_e communicétion_ .with a. seéond node, and for processing a
25 second set of d_ai_a relevant 1o pat_h‘sﬁ st_ar_tiﬁg from said second'.n.o_'de'_ io’_ provide
| comrhunic_:a_tidn .wi;;_said first hode_: an& _éomparing means for comparing said -:séts '
of data to éstablish whefher further_ steps to identify said .preferred -path should
- start from said first node or from said ISec'on_d node. _ _ o |
| Embodiments of the present invention provide a bi-directional process for -
30" identifying rouies through a _.ne.two'rk ..with:out ‘exhaustively sea_rchihg for all
potential solutions to thé_r_outing prdblerh. | | | o
The 'inventit'a.n will 'n'ow be dés_cribed_ by -way of exaniple c.:nlv,'_with'

- reference td thé accompanying drawings, in which:



‘process it rray not be cost effrcr ent to performan addrtronal I terat i‘on of
t he deslga,(ﬁg %s resulting in.the provision of a routethat is nore-
.expensi ve than that which may have theoretically been achi eVeHCBR/¥EPHi ng -
to a first aspect of the present |nvent|o€ there is’ provr ded a -30. nethod
of identifying preferred paths for traffit® in a communications net'worKk,

sai d- paths having transm ssion |inks and reconfi gurabl e switching nodes

~conprising steps Gigur@r pCaewe@ dypdtheticaetorectldh Sodt@ledN Ao HiBA N a
starting froma first _node to providing .comunication towards a second '

node; proce§9f‘1’?§”¥1asétffﬁfams%@%@mcaltPEaQBW%L7458 o
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provi de conmuni cation towar sald
data to est aptwetk:whet her furt her steps to |dent|fy sai d pref erred path

shoul d start from ar d f de or. rom eco
Pr eferabl5§/l sai d 194§ 3 %ta'ofthg SPEratieqs P %%H&'%%’P’“&rpfa‘é'aﬁ'grm a
~nunber of. pocbtafrtg,al | i nks whi ch couI d form part of a preferred path. - Sai d:

conpar i son step si st of arj n sar d nunber of links connected to

~each of said firs %trg shRWsSyr %?Sflﬁi hBRnecugRsberen SESHARME having t he

~ fewer nunber of | iFRjgsed %/selsscted &A,S6B; 1 509 7108e.9A0 9B and 90 Nidtrate .
~preferred enbodi nent, the furt her st eps. consi st of a heurl stic procedaure to .

identify a ITPF@NRRRIablediedes Mathin A delacomAwnicatians ARWoski d. first node or to
sai d secpnd node. yf érl%Lﬁf BOh¥redtg: HAldEntRSicAtRks l?\%t\_;vbrq@t' %’afﬁe PerBfpdy by TSt

_node i-f . -
in"this specification but that the |nven_tlon should not be considered to be limited to

any particular'type of communications network by that terminology, such as
_networks whlch only connect telephones. but extends to other types of network :
perhaps carrymg data between data processmg pomts for lnstance N _
.15 . A hypothetncal connection is shown in Frgure 1 between two offfces of a'
company at different geographtcal locations. An office 101 at geographrcal
location A is connected to "an’. offlce 102 at geographrcal locatlon B vna a
telecommumcat:ons link 103 whlch is provrded by a telecommunlcatlons provnder |
Thus Figure 1 shows a typical example in wh_tch a customer requ_lres a_ permanent
20 route for a telecommunications channel to be _set up on its behalf by a
. telecommunications provider. - o o
\Once a user,. in thrs case a company wnth sites at locatlons A and. B
requests a'link of this type to be set up, the telecommumcatlons provider wnll
'commence the process of evaluatlng the - best route across its 'exfsting-
~ 25 telecommunications network, so that it provndes a servnce that ls competmve and.
| whlch utilises its resources effrc:ently _ . _
Flgure 2 shows the key __con_eepts that - operate'_ wi_thin' | any
telecommumcatrons network. The telecommunications network'201_ is subject to
- network state monitoring 2_02.-Which"rnonit6rs the density of sipnal' flow between
30 conimunications nodes of a k'nown capaci_ty.-: In the_ event that the known capacity
- of -telecomrnunications nodes 'or _If_nks begfn_s to be approach_ed _by traffic that is
- being monitored,' the ne_t'work' stete monitor 202 generates a request for automatic

- re-routing as performed at process 203. This provides a series of controls for re-



connect ed to sai d first node or treated as a new second node if connect ed -
to said second node, whereafter the method is repeated to identify a
‘preferre opgéfhsfS between the new nodes. The network, - or HGHEBIR8Ne
network, can then be configured, in a.further step (h) to provide the
|dent|f|ed path, as ‘a preferred path, in6response to a request for

conmmuni cat i ons |nvoIV|ng the original first. and second nodes.in the
network. 20. S asge f hvention there |s
. provi ded aprﬁgtF'g us ?oﬁgﬁgéﬂhp%ﬁ%ﬁ&ﬁsprgggp&éd pgtﬁhné)f db% rg Eqaﬁnt {
comuni cat |telwonetwmcat;onsacdarpmtshshdta‘armgavatiatamscm emyopartidurdrsmands ‘not

- ~reconfigurable tc nodes, risi n pr.ocessi ng neans for - '
| process?ng Q‘CFF?E‘W se{.&'ﬁgﬂydaft 'Felr@\‘?ﬁ Yo 8‘%& htest l9PPi iPrsisiRg a ¢fi r the n_ode-

to provide @EEaHMmhEAEItRIhsHetRork ZECHRAWBAISat@Rbnlten ndP202653 ioRatie re-
second set of data relevant to pat hs starti ng fromsai.d second node to

- provide GorfRutinga@P3nisheuld bei epristrustednsyeh i auipmaticndovinmsisf etways

conparing Sﬁég:ﬁi%hsbeq Ou@éﬁgw or%temcbﬁi?mgiigdaﬂg k" U&g.gac@&&p%ﬂ@ LAt fy

said preferred path's tart. from sai rst node
node. Enbodcicmenbs wbviding pigbsspeedi coreputedsed monitdeng. Nted'iatwe‘lvi @naén peoCeSS

Tor 30, o AR R WSRO LTSS B0
be descri berzbsls;bla\oq/aioﬁcr@atarpp:itﬂemstmii imadinarroef erence to 't he accorrpanyl ng -
grcit_y\ncagggpolzgo\éml C‘Hiere is \a/\r?agga/mtage % prowdmg the hlghest speed possrble for network ’
- - state momtoring 202, as ‘this means that a Iarge percentage of the available.
' communlcations network capacrty can be used up wrthout fear of overloadmg the
network. The network state monitor 202 may also perform the task_o_f ide_ntrfying
a link failure between telecommunications sites. This may result in the need for the
_ 15 re-routing of a' call ‘or’ service ‘as quickly as pos$ibie and the notification of
, engineers so that the fault equrpment may be repaired. '
In  addition to prov:ding a . constantly updated routing .for | a
' 'teiecommunications network, a cuStomer request 204 may _specnfv a link, sucn,as,'
the one shown in Figur'e'i,.' and automatic routing 203 may be used to set up such
20 alink. ) | o L
. | Figure 3 details the operatrons performed by the surte of programs_ _
| 'provrdmg automatic routing 203 shown in Figure 2. The request table 301 is
" generated as a result of receiwng a customer request 204 or information denved_
~ from network state momtormg 202. It mcludes mformation about the locations of
25 the customer's sltes, the bandwrdth that ls ‘required, constramts on the type of '
equipment that is used, such as not radlo, not microwave, and details about the
: customer This ensures that the customer wril be billed for expenses mcurred |n'
| settmg up and usmg the communrcations link. _ _ -
" The information in ‘the request table 301 iS provnded as an. mput to the'-
30 design procedure 302, whlch__is a program of th_e tvpe frequently refer_red to as an
: -ex'pert system. In addition to the information provided in the request _tabie 301;
the desig,n'procedure 302 requires _i_nformation-'about existing tel’ecommunicat‘lons _'

hardware, which is provided by the r_outing file 303. The routing file 303 includes

rom sal second -~

now



5. Fi gure 1 shows a hypot hetical - connection. between two offices of a conpany
at different .geographical locations; Figure 2 illustrates key concepts"
.appl i cab¥® %674ﬂly t el econmuni cati ons network;- 5 Fi RE/EBS/2803ai | S
the operations perfornmed by prograns provi di ng aut omati c routing; Figure 4
shows further details of connections betiween sites; and Figures 5A, 5B, 5C,
6A, 6B, 6C, 7, 8, 9A 9B and 9Cillustrate mterconnectable nodes within a

e o b P BB 00ty o

"t el ecomuni cati ons networ referred-t
‘that the i bemeammhemwsdanoﬁt dme 8onsThdsy etnllet Odedign Ipracedede t3m2amlyss:ga§ta cul ar
type of communications s tg@t by t hat: ter oI ogy h as networ ks whi ch

“only conneEPT{RINUGHBRES' BEMe s SR (?tt §°°8f MR ROR PRTIARSEE

carrying dgpéeciheitie fdahatidi Qﬁeﬁeﬁhéﬁi @éblélt§0f ,OlusingS trd GBlecdrAmunications A |
hypot heti cal connection is shown in Figure 1 between two offices of a

~ conpany %t hadvwaie eihet ge dipeaibind cial theotaitingnsle 3@3. offheceutput ohtthgedesianshi cal -
| ocati on Aplo%eeeme%efrdapfo% AL HoenbP 2oAtai ﬁgﬂgslw Qplhelea%a%éé)ﬂraﬁ afdd @

t el econmuni cations . 103, which is provi y a tel ecommuhi cati ons
provi der. Weededriaguthe Yaridusweoiats \ipi thel telgeamynenications oRtvwiorkust endsr to
‘requires a t ommuni cations- channel to be set
up-on its aq;ﬁlﬁﬁfen%g reageﬁtéégg%ﬁﬁggﬁ?%ﬁlsﬁgrOV| der. Once a user, in-this
case a conpany: vthqures 4t sroved furaeatdetdlls o medcd'ﬁnecﬁqueetween Js:tenrkAOainct Bj s
typet e set t he tel econmunic nce the

id
of beos b “Eeat ARt poprPREL 1oaRD ob ofio aLHAe e angecton fo fts local

exchange 401 This direct digital connection is made over ‘the local

: telecommunlcatrons access network Local exchange. 401 is connected to a first

“network - mterccnnect site 402 over an outer core of the telecommumcatlons

network. The fll‘st network mterconnect site (trunk exchange) 402 is connected

15_ over an inner core network connectron to a second network. lnterconnectlon site

403 The second network interconnection site 403 is connected to a second local
exchange 404 near geographical loca_tl_on-B. The cornpany site 1 02 at geographical

location B is connected to the . second loc'al 'excha'nge | over the local

. - telecommumcatlons access network o | -

' _ 20 .. ' The first operat:on performed |n the desngn procedure is the generatlon of

ftve overall . plans for connectmg sxte A to srte B. A first overall plan is. shown in

Flgure BA, and this corresponds to the one shown in Frgure 4. The overall plan

. shown in Figure 5A IS generated by refernng to individual plans for segments of

:.the_ network, which in this case_ are th_e ‘segment ‘from Iocal e_xchange 4_-01 to

25 - network interconnect site 402, the netWOrk interconnect site 40:2 to the network
: mterconnect site 403, and the network mterconnect site 403 to the local exchange _

404 Plans for the telecommumcatlons hardware provrded at each of these three

'segments are stored in the routing file 303, and the design procedure_ combines

~ plans for each of the segments. into an -:overall pian such as that shown in Figure
.30 5A. B o | o
' The five overall plans are generated accordmg t0.a radlal distance costmg
_'Thus the overall plan shown in Frgure 58 represents a route that covers a greater

geographlcalldlstance than that shown: in Figure SA. The overall plan shown in



25 tel_e_cormuni cations network, so 'that it provides a service that 'i S :
'c'o_rrpetit' g which utilises its resources efficiently." E shows
~the key CO sigts that operate wthin any telecomuni gﬁ%&ﬁ@“%@mrk
The tel ecomuni cati ons network 201 is: __sutg ect to network state -nonitoring
202, which nonitors the density of signal f1 ow bet ween 30 communi. catlons
nodes. of a known capacity. In the event that the known capacity of

tel ecomuni gghieL8e r@@ﬁé@én@r Ldtnls&ihéte&\réss ta%rbseageas@«ashesh A¥rahbdfhid tﬁ@at

is belng noni t or ed he network state nonitor enerates a request.

~automatic rene en@wngn digyse 5Bor s the @Y%é'é@?na(iibowr\hlhsﬁwrw|5@Pe§5%1asérﬁfes of -

controls.for re- 74,
PCT) Gaos/ 0BTt B Ry 47 s Sasraverallalens for sapuaseipe s sp age

t he . capaci éqcormhgttelaercdmmlstame|cos1m@hannel s that -are avail abl e on any
particular link is not. exceeded. . necessa that the"
| oop  cor’si sting A ofedial Sistance: GATHNG l?a?n%ﬂg W?%S% 984 . of rt@i/%f”kp?f'&‘t’ ar
moni-toring 28Ammitatith® Ak iCevaiuatbd bty B8 tROHithRY B &etrergnshﬁu%adeéuch
t hat automatic routing i-s al Wa%/ﬁbrf perfornmed before capacity of a -

8

el ecomuni e28 FYPROTIMHRICAYONS Bk HEEISXFRPIE W8 BN eRWALK IRFefonpeeh Site fPgh

speed conpues isede SBHY hEW P mt@ﬂcbﬁh&ﬁtértéehds' tAlﬂ%ghethiiOB% l?a‘rerHFbrtrQLV ' t (5 |

t he Ieleconnunlcatlons net wor kK over onger time soO that I'S pPOSSI
antici pat e methirdont costing arroukdy ahigds nm of particularTimposgtange @ﬁ taa\mmpmyed n.

provi di g b JLSNP She SRECH,B9P Sl s \GBY OB Ko b U b A0t 5

thi s means arge percent age of ' the av
possible routes that will subsequently be e_valuated by a more stringent algo_rlthmrc

method _
Havmg generated five overall plans |n this way, the frrst three of whlch are.
. shown in Figures 5A, 5B and 5C, the next step of the design procedure is to take
15" each of the overall plans and to evaiuate them on an |nd|vrdual basis, startrng with .
o the cheapest until a successful communlcatlons route has been designed.
" The first overall plan that would be consrdered by the desngn procedure is
_the overail plan shown in Figure 5A. The connection from the local exchange 401
" to the nerwork- mterconnect site 402 shown in thure BA in detalted in Frgure B6A.
20 In Frgure 6A two mtermedlate telecommumcatlons srtes 601 and 602 are shown.
provrdmg a path for the lmk between the local exchange: 401 and the network '
| intercognect site 402. It is possrble that connections between each of the
“different telecommunicatlons sites shown in.Figure 6A may be of a dlfferent type.
For a particular type of'telecommunications :link for . exampie an ISDN
2_5 digital link, certarn types of telecommumcatlons connectlons or eqmpment mav be
unsuitable or preferable Consequently, Frgure 6A shows only one of a number of
different paths that may be used to provide the connectron between the Iocal
exchange 401 ‘and 402 Other paths ‘between the local exchange 401 and the
_network rnterconnectron site 402 are" evaluated and prrormsed accordmg to the -
_ 30 capacity and type of telecommumcatlons hnk that is required. Alternatlve paths are
shown in Frgures 6B and 6C N ' )
Thus for a partrcular type of Imk the desrgn procedure will generate a.

- number of possrble paths between each of the major telecommumcatrons sites in

ensuri ng %hat :

«



" comuni catlons netvvork capacity can be used up W|thout fear of over | oadi ng.
t he network. The network state nonitor 202 may al so performthe t ask of
;identifyWRQ91M4p%ik failure between tel econmuni cations si t eRCT/BBIS/OT80Y -

result in the need for the 15 re-routing of ~a call or service as quickly as -

possibl e and the notification of engineegs so that the fault equipnment may.
be repaired. In addition to providing a constantly updated ‘routi ng

for a tel ecommunications network, a_ custoner request 204 may speci f
link, such e quesalpian feiencensideredr dhnee diffgrentPaths are. shomn gFigaes be

used to setggRng e redPectively, Wﬁwe'\zllerga‘la‘?% o[ TR ta @ggrbgw&grﬁleperformd

by the suite of progranms providing automatic routin own In. Figure 2.

- The request tabl eTB0rutiog jie 8P3tcedtains a pranshor eadh of tlmesagm@tabemeemefe

i baes 1 PP PRTERORRSRL YBE HO IR " S R b e e

bandwi dt 5 tdegimenss l’aGl!I;lUIolf exd»ssratertsatthﬁmgenemteahpn&rymddcceﬁmmgm@mésth&%nsl S
.used, such as no and details about the .customer.

g ot mecr o
~ This ensur dTROSE °PH gﬁ'é?’lﬂﬁ@? ae ¢ tSl?"B‘i“F'l%FaF'BPs S that ds, Ay ailablen

setting up and ustig éﬂaesrawmmrrgalelwsedresﬂms TREpithl eV tHNsdddnkitRost
request table 301 is provided as an input to.the 30 .design procedure 302,

which is a ?ff‘é@ﬂhﬁ?féﬁs eftronneréons tegyesn the loeﬂlew:eénw 4Q1 and 4Q3e Withsthet em
teston pr ocSHRoPRRENAO R URaidn b AERY SBlechAfucibng [Be, .
har dwar 0 v@Rt hndsﬁq:& oflgdreej Gﬁysndws theuthirigmiost effRESit c'ﬁneecmnlt betyveenl the303-
i nCl udes local exchange and the network rnterconnect site, with the link passing: through
. telecommumcatlons sites 604 and 603 Thus Figures 6A, 6B and 6C represent a
pnontlsed list of the t_hree most effrcrent oonnectlon paths bet_ween the local . '
exchanges 401 and 402. Additional paths may be possible, dependent on the
15 capacitv and design of teleeommunieations equipme’nt.available'- at each of._the
_telecommumcatrons sites. o | | |
Thus a number of possible paths for connectmg the sltes in the overall.
" plan are generated. A flrst attempt to connect A to B will be made using the flrst
““most efﬂc:ent path in eacn of the lists of paths for each correspondrng segment
20 '_ of the overall plan It is possrble that an attempt to make the connection from A to -
B may fail usmg one of the flrst paths When this happens the path in whlch the_ .
| 'connectlon was unable to be made is replaced by another path from the l|st of
: possrble paths for that segment In thrs way a plurality of permutatlons of the
paths for each of the segments of which the overall plan is compnsed may be
25 tested until a.successful link is establls_hed _
' ' s posslble to set up a plural'it'v :'routes _for' connecting two si_tes",_ for
--examp_le prOVlding a first route using _the path shown in Figure. 6A and a second
route shown rn Fig_ure 6C. This pro\/i_d_es an important safeguard, commonly
~referred to as "separacy”. Sep'aracy' ensures that in the event."of a first
- 30 telecommunications link failing, it is hlghly unllkely that the same cause of failure
will .cause a second telecommumcatrons lirik to fail. Thus it is posslble that more

than ‘one of the paths may be used a@s a part of a desrgn for a route _
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7 detai l t he teI ecommuni cat i ons -har dwar e t hat- may form .
t he Ilnkal 5{6%2%%? the sites at A and B. Thus, the design p$§y§§§§%28§b

desi gns a conmuni cations |ink between thgasites at A and B"according to the
custonmer specification. i.nformation in request tabl e 301, using t he

tel econmuni cations 5 hardware that i's specified-in the routing file 303.

The out put of t henduégirgn7 ph@(cednmmons coimpisthey trfeopamfsﬂoovrsﬁlvﬂﬂgbat 6po04areai nNs
details of

el scommni BaATURLeRREerap P BEFoRTFirerpre sies JL ST, BH e 4od at®

~conmuni cat i PpErdiity ks cEﬁr@éE&létéE&ﬁﬁnﬁhﬁEH’@% Steied] ITheQbcd! RRcRaHYaead 1 Aiay
between sites A and B, 10 site 101 atgfgeeographl cal location A has:a direct

digital corhespestodireasiyi ta the daerasdistgntpiecemmunicarigns siter 801 @i t eadigital
connect i gn drstﬁb%%? #ARGL A or'fb‘s':"thétetse?rﬁeméﬂ'xsar{?b%&h%ﬁljé%uaﬁrgmf

Local . excha i'S connected to first netwo interconnect Site ZOZ
over an outreuermedratwfelédmrhmhrea:mnnsmﬂeo@ﬂ1 olise lmrémmr&mavheléqomumamk

interconnect si (try ange e 154 pV. r_corer
net wor k codlP8Et I]ﬁrz‘l ?"H’IJ @6@% ne%’ﬁégﬁdf%'t'%@%&n?{teag\%lsozogl d ?@g ?e Second
net work i nt@haeme@tﬁoqhe%dae eﬂﬂ-aanrga 40anneaisetheteoara tbesceopntslbdn:ai-dreeccrbaﬂge
404 near geogra nical | ocati on T{i ﬁ{%a site 102 tat 8eo?rra

location HBNKsstQoMfeceed e%6eMe ko GYal ©OBRRHanGe 108t C 7‘8ca|

t el ecomyniBRELARLMGRRAS sREIEWIN ky 0RP of three diffdieft pbssilile @BAREGItIOAB. PRIUSOr Med
‘in the deS|gn procedure is the generation of five overall plans for

connect i ng theneeara g totgl pbnpe Chfff-feﬂéP°§V@PaWFV§)Péﬁ°"’Be°§‘H8\me 'W*Pﬁﬁ'?@gﬁA ‘ :
and this g £5Bofds .r&grrﬁdghg a8 ééaﬂymuﬁ.eatﬁrrgugﬁe AemTheEéeaeroalﬂhephmrahom |

I n Flgure 5A 1 s generate y re erring to. 1 ndividual plans for segnents of
possible routes that the link may take in a given path are evaluated by careful

“weighting of several factors. mcludmg type of equrpment used, link capacity, cost,
| 15 distance and so on. Desrgmng the specrflc connections used to rmplement the
path shown in Fugure 7 requires a progressrve intelligent search of the varrety of
possrble connections that may be made. ' _
Al the telecommunications nodes that are used in Irnklng site'A and site B
- .are shown in Frgure 8. The connectrons that would be made after a partially )
20 complete iteration of the mtellrgent algorrthm are shown This establrshes ‘the
- cheapest and most efficient route for the Imk across the combmed paths
| Thus, the system is arranged such that preferred paths are rdentlfed for
tratfrc in the network in which the network has transmission links and confrgurable_ '
swrtchrng nodes. The first set of data is processed consisting of a number of links
25 .star'ting fronta node to- provide Conﬁmdnication to a second node Sirnilarly, the
number of llnks present starting from ‘the second node is processed which in turn
may provrde commumcatlon o the flrst node. These two sets of data are then
_compared that is to say, the number of links present from ‘the first node is
: compared with the number of Irnks from the second node to establish whether
30 further steps to identify the’ preferred path should start from the first node or from
the second node. It is desirable to allow subsequent pro_cessrng to be given the

largest possible target to aim for while performing it iterations. Consequently, the -



‘the network, which'in this case are the segnent fromlocal exchange 401 tg
25- netvwb}@ rconnect site 402, the network interconne y to the -
network int g}rlzgs‘rémect site 403, and t he net wor K mterconnegl%c@{;#%migé to the

| ocal exchange 404. Pl ans.for the tel ecomrunr cati ons hardware provi ded at
each of these three 'segnents are stored in the routing file 303, and the
desi gn ‘procedure combi nes pl-ans for each of the segnents. into an overall
~ plan such asrthéraprosbsm'\mlg istepsi gengtaRd fodn theaddievieavintetral fevidls2Manie? of

genér ated accor to a_ radial distance co ting. Thus the overall plan
shown in Fi'§ Et" tﬂ P’é’dP%’Q@ﬁttEeéa’PﬁEt“é’"lWéP i g‘s““& '3raeae8R- geographi cal
di stance than. that shown in F| gure 5A.. The overaII plan shown in =~ WO~
96/ 17458 . . _ PCT/ GB95/ 02803 8

Fi gure 5C represents a route that covers a greater geogr aphr cal .distance
t han. t hegone shown in Figure 5B. Thus the overall plans shown in Figures-
5A, 5B and 5C represent the top three of the five best overall plans for
..connecting site Ato site B according to a radial distance costing. 5.

A radi al distance,,costing.i e COoS ng. articul ar
.communi cati ons | S’\r/rhkeq sthgvgtt%é‘?%a fﬁﬂ"\ﬁ]yaq%?f' e i é’tsén'é‘g'a"rf’ga'tng%'PQhPVI i ne
bet ween onevaiabtng thalnigbén efsossibleccoringttieneatiak endyBe Friste thebRbaW e first

i nt erconnect, site 402, and the second network interconnect site 403

Al t hough t REIECQrBMYNICELIPNS, sifayi tWhigh, iFethiodosal esshangs 4#0%euerd the <exs not
of partigukaecdRRhicaliess e liRahP Wath$6r Hat ]s(egnﬁﬂ't‘ewf‘ﬁdhng tHaCintdrirfegfayer al | .

plans in this way is to provide a prioritised|
_ -telecommunications site 601. - - ) _
_ The number of possible ways of connecting these two sites 401 and 601
is eva'luated | and in this case the number of permutations is 9. A similar
evaluatlon is then' applred to the local exchange 404 nearest to site B, with respect
15 to the first: rntermedrate telecommunrcatrons node 801 moving from the ‘local
exchange 404 in the direction’ of the local exchange 401. In thlS latter case the
number of possrble ways of establlshmg a link between the Iocal exchange 404_ '
~and.the mtermedrate telecommumcatrons site 801 is 10 This is greater than the_
number . of permutatlons from : Iocal exchange 401 to intermediate .-
20 telecommumcatrons site 601, whrch is 9. ~The intelligent algorithm then performs a
.. comparison of these two numbers and works out which: end of the overall plan
reqmres the least number of possrble connections to evaluate in order to make the
next step aiong a path. In this case the local exchange 401 has the Ieast number
- of permutations and so the algcrlthm attempts to make a connectlon between the
25 locai exchange 401 and a next node in the path that may be within the local
exchange 401 rtsetf or alternatlvely in t-he lntermedlate telecommumcatlons site
601. The details of this evaluation process will be described fater. _
| The intelligent ‘algorithm proceeds by establishing the next link along a
path and _then_ evaluating the nUmber of poSSibie | links to the next
30 telecommunications node. This nu_rnb_er'is then compared with the already k.nown |
number of bermut_ations -working' '-fro'rn the other end .of the _overall,plan._ Figure 8_
' shows the stage when the algcrit_hm has made continuous prcgress to the main

connection node in the network_interc_onnect site 402, having estabtished suitable -



possible routes that will subsequently be evaluated by a nore stringent

al gori t hwayemussod. Having generated five overall plans i npthighokages t he
first three of which are shown in Figures 5A;" 5B and 5C, the next step of
t he design procedure is to take 15- eachrgf- the overall plans and to
~evaluate themon an individual basis, starting with the cheapest, until a
successful communi.cations route has been designed. The first overall plan
't hat - -woul d deanesfirsisdéere dhylinkh etveesry thpr locald exehanget RB1 oged athe petworkhown
in Figure hbon fromthe | ocal exchange 401 to the network

i nterc’:onne?fteteglﬁi?‘g\e%%{%%gah in Figure 5Ain detailed in Figure 6A. 20 In
Fi gure 6A two i ntNoverderst ffomneAewoBnmnihisatvaynbasistapped Gt vuedpdf? saswn Shown

-providing a.path for_the link between the |ocal exchange 401 and the:
Peowor ki s the R ot Perurbioga s B Ak SO B GE T 1908 D
each of gheegivbficingdttohdcR GRETAOD EAtHORSXISHIRS i RRMPathIarel gHeaRr §RariTidh, be of
a different type. For a partjcular type of telecomunications |ink, for
exanpl e an 3N3DRUSET isgngjvtRAsslenfor 1Beralearithiy jreswiseh teverbingiiernhe deeal
connect i 0n%xeﬁaﬁ&uwﬂentthérg}febﬁomeﬁehé a0l erh;aran&ruﬁgfeﬁf ] 'oﬁ%hrﬁa;aé@e%g%%

Fi gure 6A shows ‘only one of a nunmber of different” paths that may be used to
provi de t héhegitpetian wihetsethgeeceretthe ieast abmbec b nornestion aaunuRtiontdweardpat hs

bet t hepl ocal,: . 40 e ' ' L ite 402 ar
co e e S SR PR B ik B ol BRI, Sighatl?> @7
t'el econt@inithad hairgainimgktheltighdss degresiof adbmpAitatiorab eificenog dilaae tisdoawei N

“Figures 6B_and 6C.. Thys for. a particylar, type of Jél{}k t he desi procedure g
wi Il gener 4% §"#lfi%e eo‘F’_afS'HE‘g'iE l?f%p%ﬂ'ﬂ’@hﬁtég?@e?ﬂ aUnthsrsea H‘&rﬂ'&e‘ at |
t el ecomunisgaiel S5t i theSmidBle. Operation in this way ensures that the probing search is
always towards the largest target. o ' o
An explanation of the intelligent searching algorithm requires the definition | _

15 - of a small number of variables. whi'ch__ar'e as follows:

f* = estimate of the cost of the link from _
| A to B. | o _
g = known cost of the link from A to the |
- 20 _— - currently considered telecommunicatibns node.
R = estimate of the cost of the link from the
« cﬁrr_eritly'considered "celec'o_tﬁmunicatiqns'node_\)vorking from

left to right, to the térget hode. wh.'ich is the most recently
. considered te_lecomnﬁuhi:_:ations’ node working fr.om-_ri_'ght to
25 o . left. | o . ' . :

h = = known cost of the link from B to the target

' nbde._

_ fP=g+h +h
30 | | |
where the prime of the h' denotes a heuristic component, which will be -

described in detail later. These variables are defined for use in the search progeés :
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9 the ov gl % Iﬂn bei ng consi dered Three dlfferent pat hs are shown iLn
-Fi'gur es %5& ? B})Q d 6C respectively, however a |arger numberP@YCRA4{0RE3my be
possi blle. -The routing file 303 contains aﬁl an for each of the segments
bet ween the main tel ecomuni cations sites'¥01, 402, 403 and 404; for each
of these 5 segnments a |ist. of possible paths is generated, 'pri oritised
accor di ng tf?oﬁ'\el%hrioCFlélﬂnsfHera%lésh%ult Ihgkmaydlﬁgl%lﬁ)o are used when
t el.econmuni cati ons equi pment that is avail e pat =i
represents $4RECIHAG IN theviengrsetrirestiemnd nost ef ficient seri es of connect i ons
bet ween the | ocal { el eco n|c dons_link
provided via addlIﬁ%ﬁgﬁngﬁﬁo fh ie?‘g(?)'n%ﬁ’rlgls\c@gw.l 'EOElLW%ésf °W8dT AAdrecBA-

Fi gure 6C sbawsscoinainedi withimDstie “efiftingi fiet 30®I‘Il‘ldieaﬂe9rtobﬂie\/\&l@éll e ligee ee‘ARﬁlmg )
-exchange _an networ-k interconnect site, with the nk passi ng throug
tel eco ggf’” t'lﬂttt(‘-f‘? 8@53';‘%'5"'@6?,"” %WSFIO{JBPQ? 8athess wWildhancefaswartent
a pri orltlsséi chilsd, & gd“l%brehfoeecamﬁlg ﬂfeft\ﬁ:'eeél‘t nrqpmqglreaumtl}émbﬁtlmn the

'gure 6B

| ocal - exchanges 401 and 402. Additi onal paths may be possi bl e, dependent on -

t'he 15 capBlaqaeynam d@@?g?ﬂ%f70t3elé§€o¢lﬂlﬂllﬁt€@1t'l‘€m§uélh\u fefrgheir amtabem doat
each of the Qﬁgmnl C%.gqgl%oﬁetb‘;s lmgtﬂe rITsiell tegeaeﬁsof% fﬂb%o%%g%:{

connecting i tes in the overal re generate iTst at
.connect ‘A taﬂd37ﬂl3l lhdilveluali\zleTm e fdrenula f'st= gost hef+ ikciscavdlugtat Hirstly ee::h of

{1, LS5, Phodl VR, i Y SRR IR o8, o e BEFirg
usi ng one ohitiahaodé 761 znatthe.cukléstly bbmsidérammeds 702¢ hpgiclrremiy\bere bechése :
g?n_nect on \l'\\%re Ha?sa lleeen rtu? plpoegrgsqsd#or!nsnght Qo ?(%t gs lsjl\{overq ?rE Eleg[lrepg ! Qndf trh%rcatlyeeh'l ! St,-
- is calculated according to a heuristic evaluatlon, giving an mdlcatlon of the likely . -
. cost of linking node 702 to the connectlo_n at the local exchange 404 on the right
15 of Figure 8. Once this formula has been applied, the value for ' for node 702 is
" stored. The same formula is then applied. to node 703.'_ and a comparison of the
resulting f' values is nr\ade such that the'__node with the lowest vaiue for f' is now
" considered _for subsequent connection to the next telecommunications site 601 i'n
the path. . - . L | _ :
, 20 Data held W|th|n the routlng flle 303 lndlcates to the mtelllgent searchlng -
: algorlthm that there ‘are three possmle ways of - connectlng to  the -
telecom(numcatlons site 601 from node 703 These mclude connectlon from node
" 703.to node 704, node 703 to node 705, and node 703 to node 706. Each of the
~“nodes 704 705 and 706 is consudered by applvlng the formula f' g + h' + hin |
_ 2'5 ~ the manner that has been prevnously descnbed for nodes 702 and_ 703 in order to -
' evaluate the most promlsmg route for an effu:lent lmk wnthm the estlmated cost of .
the entire link from A to B. ' o o '
Three different f' values are generated bv applylng the formula f' g +h |
~ + h to each of the three nodes 7_04,705 and 706, and the three resultlng ' values
30 - in addition to the f' value for no‘d_e 702 are compared a’gains_t_"e_ach other, and the
minimum f"yalue indicates the most orom'ieing node for _'oonsideratlon. Thus, while .

at this stage in the intelligent eeareh the link from node 703 to node 706 turns out



p055|ble pat hs . for that segrrent I'n thls way a. pI urallty of - perrrutatlons of

t he pat ksobgir@egach of the segnents of which the overall plpqﬁ-,(;ﬁgsﬁﬁgﬂgrl sed,
‘may be 25 tested until a successful link is established. It is p055|ble to

set up a plurality routes for connectlng two sites, for exanple providing a
first route using the path shown in Figure 6A and a second route shown in
Figure 6C. This provides an inportant safeguard, -cormonly referred to as
"Separacy" .o Sephe qOSt ONYNISEY ¢drakeciion, tihes eusrﬁle ahatandde’ 302 3Ray eventually

“tel ti unl i kely that the sane cause
of 1o turo TEPIEEnshOedBlon An pietidhl FEEoRTIRE oS FRPYSRTER | Thus 1 1s
possi bl e that norehis l‘@ﬂmaﬂlﬂ@ i©fshbWa |ﬁ3Fl§§ren98 Rihets ek @S v§lu@alrol' éol'm@ct‘firfgs' gn

for. a route. WO 96/174
PCT/ GB95/ 02858 THE pegupde 7O§h§1r6§)ﬁﬁbé? ingngreatarherithe ft velugaton conoesting

figure 64 SHOYR, | t G t NS sLies 401,
601 60 anTisor g HRv i Ridps 768 7btnd 766: a@:‘gﬁ%?g%%'%{%&ﬁ?ca‘}"“gﬁ‘g°fl§odtes__
The | ocal d%vlﬁangtetmlhﬁﬁyvalomn‘l@cuhechqneettllgn betviden notecTOR@ndtrdde 706 is

. tel ecomuni |taI 5 distributiopn frang 702 or 703
that is i ntagcrq‘hé{&nl%sg% hag‘ %)%jsf hg’ﬁ%%qgr f ne‘:tf‘hré °¥§ % PW&ﬁ”ﬁB’e‘m"s ered path .

t el econmuni aterg oodaess‘l’me, BDBL Aew ‘YGIB:I udes a mai n-tel ecommuni cati ons node

705 and a pl urall e taI distrihution frames 704 and 706 that are

connectable to t URafitfenayial AFRBLESEIRA, 'ESWting (TFemethis swith) rode
bi - di r eadi orod téHrﬁ&Svéﬁhﬁe%nh@&ﬂfn RXRGRNVE6 40k Wdke BESUDSERUINAE fohﬁeétl'b‘:ﬁ

i ntermedi ate 10 tel ecomunications site 601 by one of three different _ ‘
‘possi bl e cdhMoV iBsiNg, cansideredap nogee’ @Bt othys afPramisingiimitielr wwte sbewinbine

Ways of cormqgti 88 1Rs | ko Sécngé’é"%-c.em in the long run than an initially less
S ' promrsmg route through nodes 701, 702 and 708. Each of the nodes connected
along a route is assigned pointers to previous and next nodes so that when a
- 15 successful route across the network has been found, lt is - posslble to work |
backwards through connected nodes in order to determme the connectlon_s that _ '
- have to be made. In Figt:re 9C'node. 706 points back to node 702 and thus its -
backwards pointer'no longer points to _node. 703: this is a process known as
oruning. - | : o
20 ~ Referring back to Flgure 8 wh;le nodes are connected movmg from left to
rlght or from A to B, and no progress has been ‘made from right to left or from B to
A, the (alue of h is set at zero. Thus the estrmated cost of connectmg the. o
_ currently consldered node working from the left to the mam node in local exchange
404, may be a farrly maccurate approximation of the actual cost. ‘However as the
25 algorithm proceeds to connect up more nodes and progress is also made from rlght
. to left. the known cost h of gettmg from the main node |-rr local exchange 404 to
the most recently consrdered node, workt_ng from the ng_ht, increases in magmtude
and h' reduces in magnitude. | o _ o
Thus, the overall procedure consusts of |dent1fy|ng the best path between
30 a flrst node and a second node. A procedure is provrded for estabhshmg a path
| through links. and this procedure may be implemented starting from node A or from
_ node B. Consequently, pnor to lmplementlng the node searchmg, a routine is

- performed to establish a preferred startmg point, based on the number of links



401 to the internmedi ate tel econmuni cations site 601. -Each of the different.
p055|ble' U&{]fl hat the link may take .in a given path are evaluated by
«careful weighti'ng of several factors. including type of equ"%ﬁ? RSLY |

link capacity, cost, 15 distance and 'S0 0 DESIgI’lI ng the speC|f|c
connections used to inplement the path shown in Figure 7 requires .a
progressive intelligent search of the variety:of possible connections t hat
my be made.coAhkcteletot wlae cooEunOom b gmeferred esyattingt paintehass bekeri fehtitibd n'gre5| te .
~Aand site B are showg i n, FIE% re 8. The ¢

after a par tSe5P1Y PERFEAUS| EPEErmemied in BWeg?gﬁ%é‘t'?Y\nfieq F?’&e‘ﬁf%éére&d?ng%ﬁf &re
~ shown. Thi s Belealabi hpsclidle AkenRGHinante Whole Hlobksd MAY DeorshBak@r 1R, lai Nk

across the conbined paths. Thus, the systemis arranged such that preferred
paths are i diktimayd Have bees fidentified ROPABELRG IKNE n Titsi 6RCE hEo retthisd k nRde

-~ transm Ssk0mddk, i duGRRTHaUS WEL&rEV"'tEM{(%ﬁﬂQ% betfiCediphihed Ao it &

i's processed consisti'ng o a nu startli ng roma no
~ provide conmsenordinbdett @ third @oded TihisdthirdSiavel may ypowt be:conaidesed af al mmk_erv

present starting fromt cond nod [ i ur _

bt ovi de. comRSHPHITOn o G2y 1 breep g to e SESHAL 42 r8ds e it bR may,
conpar ed, - t hat tresteticass aynew h&smuaduer Sihilarly)kis the Etalemtnoﬂeomdohﬂetfteﬂ Jo thede.
i's conpared with the nunber of li nkstvf romthe second node stabl i sh

whet her 30 SPGPR%hBPI%tBBLhd npdemayme epted A3 AeVE gesRId ou Sohf PeWr om

the firsqonqggoigm ikrramiilahtn SRANE ORGE td ihel Sredivts prbtiem! thatlid oeetamiaﬁﬁsguent;
processing to be given the largest possible target to aimfor ‘whi | e

per f or ni ng i connectien atweanon issjuedeapd a sreond e g Ghuy Aliginitial procedure is
PCT/ GBQS/ Ozaggeated in order to determine the best starting point. Thus the direction from .

- which the routlng procedure is effected may alternate untll eventually, the route
connects and a preferred path is fully identified. '

15 = A further feature of the intelligent search algonthm IS that before each
| node is evaluated using the formula ff=g+h + h, it is checked to see that rt is .
“not a node that is connected by the links generated from the opposrte side of the

search. If this is the case, the search. ‘procedure is ‘over and the full set of
connectlons for the link from A to B is generated by readlng the pomters in each -

2_0' service node, working. left and right’ through the linked lrst of service nodes. '
| _ Efficient operatlon of the intelligent search algorrthm requires that the"

estlmated cost h', of the unknown links, is less than or’ equal to the actual cost

- that eventually ernerges In order to- achieve this a careful balancmg of several

_ costlng factors must be achleved these factors belng

25 o :
o 1.~ The distance from the initial node on the current side of the search.
- 2. The distance from the initial node on the other side of the search.
30 . 3. The distance_co\'lered by the link being con_s_idered.

4, ::T'he nurnber of nodesu_s'ed to reach the currently considered node.



further processing steps are initiated fromthe node having the fewest e
nunber oa,éj lﬁﬁ? thereby providing-the l'argest nunber of |jnks at the. E
target en en the intelligent search algorithm is f.’F%?’GP?ﬁ’?zF% ed, it
‘begi ns by eval uating the nunmber of possHpée connections that may be rrade .
between the first tel econmunications site, which is the:focal exchange 401, -
and the next 10 telecomunications site in the path for that segnent,

whi-ch is the int& nedihgteareeiteebiheimirtsat inods. site 601. The number of .
pOSSIb|e ways of connecting these two sites 401 and 601 is eval uated, and
in this case the nunber of pernutations is 9. A sinmilar eval uatlon I's then

applied to the | écal Terecterogmmidibations aridiund uséd By Bhe virréhtrgeect 15 to the

first internediate tel ecommuni cati ons node 801 noving fromthe | ocal
exchange 404 in the direction of the local exchange 401. In this latter -

case thes nunher @hcip@$chbdecrabeds mabash Hel EsBHNY Ajdddk uP%Pd(’)é‘i‘%B éd}gmké’rca'

exchange 404 and the internediate tel ecomunications site
i's greater PEAGIMANGE Pluthserigorrhm. pEpehufaatPomay be weightetay a éneihaugeabld,Ol

to inter rrgg,u,ﬁqgﬁt 2hich t?-héngé”EH Gt iP5 Bt Q%latﬂh ch g ever\sts ﬁﬁﬁb% @ and. .'

intelligent algorithmthen per orms a conpari son o °h&5 &

wor ks out. whgeihg @ptimising lead direr ainingppraress (after ebe tafgoritiea stiasnbeEpeputointo
possi bl e cgme%tlons to evaluate in order to make the next step along a
path. Int case the. local exchange 401 has the |east nunber of

‘per nut atd ons andThe firke ealbgdindr Meatdse e astelezorieniCatiP8 Natiodd viiativgen the
25 | ocal ?@32)? g(i 401 and a next nqode in the path that .may be within the
| ocal exch5PRAP'e ST Reing. re-royted, underthe gemyol; of 8 rentralisad gemppter monitor,

GehgeTuaRE 39300 s dnt st 192, SHARY Ref EGRAH,
next Ilnk aet(yﬁgk& however, magy commgrcl)trclatlonns1 %rogg.s emgy g/e ?r?ca%able olf nt?emg
reconflgured under computer. control Thus, a second embodtment is arranged to
‘15 be apphcable to such a network and the algorlthm that has been described may
still prowde consnderable advantage The results of automatic routing 203 may be
‘produced in the form of a computer prmtout sent to several telecommunications
nodes between sites A and B. Personnel at each of the telecommunlcatlons nodes .
between sites A and B will be aware ‘that their knowledge of the local hardware
20 has been used in the form of encoded data in a routmg file 303 and are therefore
likely to accept the solution generated by the automatlc routmg procedure. if they |
- do not a\ccept the results and consuder them to be mefflment a complalnt may be
made and the automatzc routing procedure may be optimised bv modtfymg data in
_ . the routnng file for that particular telecommumcatnons node, or adjustmg the
25 .-welghtlng of the constants used in the heunstlc function h' that is part of the core
- routing algonthm Thus automatlc routlng prowdes an advantage because lt_ '
provides a mechamsm for |mposmg a solution on subordinate dxvuslons of a larger
telecommumcatlons company, w:thout such a solution being percelved as |gnonng
' the knowledge and the skills of Iocal telecommunlcatlons workers. Furthermore,'
30 this technique avoids the need for inter-departmental communication and possxbly

conflict that may arise when generatmg a routing plan manually



‘path and then eval uati ng the number of possible Iinks to the next
30 tel ecommnl cations node. This nunber. is then conpared w-th the already -

knoun_nurbRPE/ LS ’ber nutations working frdm the other end of PCREEISHR0B|
pl an. Fi gure e stage when the algorithm has made conti nuous

_progr |n connection node in the network. |nterconnect siite 402,
haV| table - WD 96/ 17458 =
PCT/ G|395/c ilons for the linkeg en the local -exchange 401 and

t he network |nterconnect site 402. Movement TromA to B in this way has
stopped at- the point shown in Figure 8, as the nunber of ‘permutations of

the Iinks fromthe,cen t k nter onnect site 402 to
the next nodgs in f‘\h@eﬁb Jn grlcgenél?gageqre%ﬁrgﬁ '%I%ﬁs fg ‘hé i% CPrEmygiFations
possi bl e for nétveork) gaidigame haviaitiahBrission ikksnghd Febﬁhflﬁtﬁ'abﬁCﬁblt@%ﬁ@%'wEs 404

in the di rectlgn of site A The intelligent algorithmproceeds fromthe
‘di rect i on Wh&PE efaPd camerising the iPsiffber of connection permut ati ons

towards the direct pRRreédifgaWitse Bet Bﬁdéﬁrﬁi‘e%n{‘%ﬂhs%aﬁﬁanﬁ&h'aP'ﬂrst node,.
pernut ati ons emanate, 10 ~thus naintaining the hlg‘hest degr ee of

conput at i onafaigfratls éﬁ'@g intemdee far tfttiheurmae of ipheviding anmfgumnetmmmwms a
probabi lity thaf4pLe. ends of “the sear.ch Wl meet at sone .point in_the
m ddl e. Qperation In this way ensures that the probing search is always
- towards the | argesprocessig .a Ascandoisenaif | dataofeleviast itotpaﬂw'sgsmartmgearonhisagj

al gorithmye the defi.nition 15__of variables, which
ELARMIE et "ﬁ holid o BFovids Fhithuhgietioh sSwatE sid HHIE PPAfiant om < -
companng said sets of data to establlsh whether further steps to ldentxfy '

sald preferred path should start from sard first node or from said second. node

2. 'A method according to craim 1, wherein said first set of data and said
15 second set of data includes the number of potentral Ilnks whlch could form part the '

path to which the data rs relevant.

3. . A method according 10 c'lairn 2, wherein said comparison step consists of

‘comparing said number of links con-nected to each of the said first hode and said

. 20 second node, such that the node havmg the fewer number of Imks is selected as a
E startmg node. R '

4, - A method'according' to any of clairns 1 to. 3 wherein said further' steps

~consist of a heuristic procedure to identify a thlrd node connected v:a a hnk to

25 erther sald first node or to said second node

5. : A method accordxng 1o claim 4, wherem sald third node is treated as a
-new first node |f connected to sard fxrst node or is treated as a new second node if
connected to said second node, whereafter a method of |dentrfymg a preferred

30 path -between the new node and the prevrously consrdered node is performed in

~. accordance with clalm 1or clalm 2.



Ato B g

curremImn;sger$lm|ﬂﬁmﬂﬂﬂlﬂﬂﬁ U”gknr"rjgm e t:he ngraéeﬁﬁmﬁost -

cost of the link fremt

eLCW¥ r ent coHbi der ed t el econmmuni cat | ons node

working fromleft to right, to the target node, which is the nost recently

consi dered
left. h

~h' + h-30 where tlmenéthbaeceérdmgemhanydmwbeﬂweaprhewmgtlaensmm%hprmgch

t el ecommuni cati ons node working fromright to 25
= known cost of ‘the link fromB to the target node. f'

=g +

wi |1 be described in detail .| ater. These variables are defined for use in

t he search
PCT/ GB95/ 0

di fferent va

tlgpccégggf confjgyriygy t:trp4r5q;work such that a communication instance arising in

Zt%P?hemom RFolifd tacrcgrcﬁngﬂfbt an U&ﬁtlﬁﬁdTFre\f&'rédiBétﬁs but  havi ng

ues, are used when searchi ng I

he reverse direction. The

first step of. the intelligent search al gorlthmls shown-in Figure . 9A. Data

R R g e T

cont ai-ne
sear chin

these w || mm ,Odai petHaehavand ednsm.saosmnkalahe rémnfugarab}a sngutbﬂﬂeg tn)baes of

I|nk t hat

10

is required fromA to B.
the apparatus comprlsmg g

processing means for processmg a fll‘St set of data relevant to paths

starting from a first node_ to provide communlcatlon with a second -node, and for
processing a second set of data relevant to paths starting from said second node
to provide commuications with said first node; and '

comparing means for COmpering said sets of data to establish whether

- further steps to identify said preferred path should start from said node or from

' sald second node.

15

| 8. Apparatus 'eccording 0 claim 7, wherein said first set of data and. said

. second set of data processed by ‘said processing means inciudes the number of

20

potential links which couid form part of a preferred path.

9.- . -Apparat'us according to claim' 8, -wherein in said cd'mparing rn'eans'
'compares sand number of Imks directly connected to each of sald flrst and second

nodes apd the node having the fewer number of links is selected as a startlng :

node..

25

~ connecting either said first node to a third node or said second node to a third

10 Ap_paratus'acc'ording to any of claims 7 to 9, inclu'ding means _for effecting

- i

said further steps, consisting of a heuristic procedure_ to identify a first link

node.

30

. “connected to said second node, further. comprising apparatus - for identif_ying' a’

11. - Apparatus according to cll_airn 9, wherein said third node is treated as a

new first node if connected to said first node or is treated as a new second node if

- 'preferred path between said new nodes’ accbrding_ to any of claims 6 to 9.



v \ - :
These nodes 702 and 703, are evaluated |nd|V|duaIIy for the|r SU|tab|I|ty:.

for c_arr the Ilmmummuil b%[ appl ying the for mula to each of the:
.nodes 70 'Iﬂ" m Be fornula f° = g + RCT/GBISHIB03

eval uat ed flrstly for 10 nolle 50 Iln thi's case g is a neasurenent of the
- cost of the link between the initial node 701 and the currently considered
"~ node 702; his- currently zero because there has been no progress fromri ght
to left:'as shown in Figure 8, and the value h' is calculated according to a
heuristic evaluation, giving an indication of ‘the likely cost of linking
node 702 to12. he c»emmetusoacmdm@etolam/abnemhatagas 41)400111 thetherg:htnphsﬁtg of -
Figure 8. Once is formula has been applied, the val L " far. node 702
‘is stored. ’?ﬁ@"ss e @8?'9{'&1’"@% t‘??érl’f“a'ﬂgg AR S SY93, T ahdt 228 A on

of the resuhtahmaofprevatéaeﬁath&o@mrﬁwbaﬁdmtmétbec@eﬁengwﬁthetrthevdoﬂt/\est val ue

- for f' is now considered for subsequent .connection to the next

teleconnﬁnlcatlons site 601 .in the path. 20 ' Data hel d within the
routing file 303 indicates to the i'ntel ligent. searching algorithm: that
there are three possible. ways of. connecting to t he
‘tel ecomuni cations site 601 fromnode 703. These include connection from
node 703 to node 704, node 703 to node 705, and node 703 .t o node 706. Each
of the nodes 704, 705 and 706 i s consi-déred by applying the formula f' =g +
h" + hin 25 the manner that has been previously described for nodes 702-
and 703, in order to evaluate the nost promising route for an efficient
link within the estimated cost of the entire |ink fromA to. B - Three _
different f' values are generated by applying the fornula f' =g + h' '+ h
to each of the three nodes 704, 705 and 706, ‘and the three resultlng f
values 30 in addition te the f' value for nhode 702 are conpar ed - agalnst _
~each other, and the m ni mum f" value |nd|cates t he nost . pron15|ng node for
consideration. Thus, while - - - : : : .



at this. stage in the |nteII|gent search the I|nk frontnode 703 to node 706

turns: o 96/ 17458 :
-PCT/GBQE?%E@&2£%4 to be the nost pronISIng connectlon |t ?%”ﬁﬁ?%Pﬂ? that

node 702 may eventual I'y provi de a bet sol ution mhen addi ti onal
connections are considered. This situbtion is.shown in Figure 9B, where the
f' value for connecting node 706 to node 705, turns out to be greater than
the f' value for connecting 5 node 702 to. any of nodes 704,705 and 706. O .
the possible node connections, it-turns out that the f* value for the
connecti on between node 702 and node 706 is actuaIIy | ess than the f' value.
for the connection of the previously consi der ed path al ong nodes 701 703,
706 to 705. Figure 9Qishows the natural -progressiion resulting ¥02m this,

Wi th node t akiyng over the connection to node 706 fromwhere a

- subsequent §co 1 i s. now being considered to node 705. . R4S a promsing -

Cinitial royt cfxbwadi n Figure 9A turns out- to be less efftc AN the long -
run than ang i L—J_ y |l ess prom sing- rogite t.hr ough nodespmhé ;g and 706.
Each of th e iNect ed al ong a rout 3s assi gned po =l €Vi OUS

~and next nodes so bQBé when -a 15 successf/ul route across ;pé net wor k has
been found, it,is po

ible to-work b rds through conngtCt nodes in _
~order to deterﬁ\ne t he connecti.ons that have to be made. -I'n Fﬁéure 9C node -
706 points back to node 702 and thus its backwards p0|nter no |l onger points
to node 703 thi'sis a process knomn as prunlng A

- Figure 1
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20 : Referring back to Figure 8, while nodes-are connected- noving -
frontlef&,sglé%ght or fromA to B, and no progress has been made fromright
to left BPPMI®B to A the value of his set at zero. ThuRCPEBI¥GSI}at ed
cost . of connectrng the currently considered node working fromthe left to
the main node in local exchange 404, n@f7be a fairly inaccurate
approxrnatron of the actual cost. However .as the 25 algorithm proceeds to
connect up nore nodes and progress is also nade fromright to left, the
known cost  h ‘of getting fromthe main node in |ocal exchange 404 to the
rost - recently considered node, working frontthe right, increases in =
magni t ude and h' reduces i'n magnitude. Thus, the overall procedure consists
of identifying t he best path . between 30 . a first node and -a -second node A
procedure is- provided for establrshrno,-- at : ’
procedure may .be i npl enmented stag}rng;._ ce A or frontnode B.
Consequently, prior to inplenentigne
perforned to establish a preferr@d )
links - WD 96/17458 Cre
PCT/ GB95/ 02803 15 connect ed to tha'. ! [ erred starting. pornt
has been identified, the second pyocef - S=igPi Enepted in order to- .
“identify the next preferred node ¥ or ' ection.. At this poi nt ,
' : : ave been identified
connecting the first node to a third node 5 Aternatively, using the.
procedure a link may have beenfestabl i shed fromthe second node to a- thrrd
node:~ This third node nmay nom1b- consrdered as a prlnary

02
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"node, that is to say, if it is connected to the original first node the
third no treated as. a new first node. Simlarly, d node

'S conneg?d(?%iog?he second node, the third node nmay be trea‘%gfﬂgggsm?(s '
second node. Thus, the new 10 problquA? fam liar in that. is S|nllar to-
the previous problen1 that is, establi ng a connection betmeen a first
node and a second.nodd1 Thus the initial procedure is repeated 1@20r der to

- determ ne tHE™ st-arting point. Thus the dlreckb_ om whi chy t he
routing proged Ldm o f f e¢RTIADRY al ternate unti ,galr;, he_route
connects andg a el e EXCIHANGEf ul | NETYRORK | €© §rt her

_ feature of tjhelifptel i gent /search- qNg@n@@mNﬁcThat i's
eval uated u ormul/a f' =g sﬁrgs t '.t it
~is 'not a node that i3conhe he Ilnks g : he opposite
si.de of  the seapch. |I.f thijs is the case, Jhe se" cedufe Bs over and
the full set of conngctions for tfie T nk’ Tr0n1A _penef at ed- by
readi.ng the pointers Clleneleeds €' Vi C€ NOde, e and ri ght
~through the l'inked i of servyjce nodes. EfflClent opet atfon of the
intelligent seéarch aldorithmrgquires that the esti{mated Q t h', of the
unknown | inks, is le han o ual to the actual St t eventually

emerges. In order to achi eve this a car ef ul balanC|ng of several costing
factors nust be achi eved, these fa ? Lir@g The distance from - -
the initial node on the current si gg e$eca ch 2 The di stance from .

the initial node on the other side of the search. 30 - f 3. The
di stance covered by the link being conS|dered 4. The nunber of .nodes
- used to reach the currently - i der ed node. At
,) 1 ”() A
Aa—1 F ‘8
o Flgure 5A o
a1 492 - 433. 204
| i T
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 Figure 5C



WO 96/ 17458 ' o . PCT/ GB95/ 02803
16 5. 1*%§ q@ﬁ%% ty of the current node. 6. The tel ecomunications medi um
.used by ent node. 5 ~ _Each of these factors FebgBY@8 -
carefully adjusted in order to optim erformance of the algorithm Each
factor may be weighted by a finely. tuﬁh@ﬁle constant, which nmay be adjusted
~as a result of simulations, or even as part of an ongoing optrntsrng and
fine tuning process,. after tép1algor|thnthas been put in

The first enbodiment rel ates a teleco i cations net
capabl e of being 481 out ed under the con
noni tor, which perflorms thq '

technology net we :
bei ng reconfi gurfed- ung cc d \
arranged to 15 |be apfdlicable to such &

been descri bed stifl | . provi de consi derabl e advanta ults of

aut omatic routing U3 may be produced in. the form of | _ pri nt out :
sent to several .tel ecommuni cdfTong nodes en sites . Personnel - '
~at each of the tel ecommunica nodes bet n sites A and B will be aware .
that their know edge. of the |5 har dwdr e 2 has been used in the form of
"encoded data in a- routing file 303 and are therefore likely to accept. the
'sol ution generated by the auto rr g edure. If they do not

accept the results and consider Ei ﬁ; icient, a conplaint may be .

made and the automatic routing procédure nmay be optrntsed by nodi fying data -
inthe routing file for t hat partlcular teleconnunlcatlons node or

adj usting the ; - 601 402
) .

{

| . :':;Q-.._;:\‘_603
| Frgure 6B
'f401: e .' .__; ofr;": _.: /)

——?L

603

Frgure 6C ‘



25 melghtlng of t he constants used |n the heuristic function h' that is
part of H9§ gore routing algorithm -~ Thus automatic routing provides an
.advant age QOB i ¢ provi des a_ mechani smfor inposing a sACGHGRAS03803 -
.subordlnate di vi sions of a Iarger tele ?ﬁnunicatlons conmpany, w thout such
a 'sol ution being perceived as |gnor|ng§_ e know edge and the skills of

| ocal teleconmunicati.ons workers. Furthernore, 30 this techni-que avoids
the need for inter-departnental conmunication and possibly conflict that

- neEy arise-when generatlng a routing plan manually. - WO 96/.17458

17 - PCT/ GB95/ 02803 1. - A method of identifying
preferred paths for traffic in_a communications network, said: paths havi ng -
transm ssion |inks and reconfi ~SW t.ching nodes- 5 said nethod -

. conprising the steps of: proce JiHY st set of data relevant to paths
‘starting froma first nogg, ~being intended for the purpose of
providi ng comuni cati on ©o node: processing a second set of
data rel evant to paths sWartin 10 second node to provide _
comuni cati on towards said fir{st, d conparing sai'd sets of data to
establ i sh whether further steps to entlfy said preferred path should,
'start fromsaid first node or froMrsaid second node. 2. - A nethod _
~according to claim1, wherein saig first set of data and said 15 $ecand
set- of data includes the nunber of potential |inks which could form part

the path to which the data is relfevant. 3. A nethod accordihg'to'clain] o

~ 2, wherein said conparison step gonsists of .

705 ._ |




~ conparing said number of |inks connected to each of the said first node and -
sai d 20 wapsPgsgnode, such that the node having the fewer nunber of |inks.
«i s selected. as asr_lstar'ti ng node. 4. = - A nethod according {’ST’QWS’Q?P”%I aims -
1 to 3, wherein said further steps co%-izt of a heuristic procedure to
identify a third node connegted via a: ( k to 25 either said first node or
to said second node. 5. et hod according to claim4, wherein said
third node is treated as-a new first node if connected to said first node.
or is treated as a new secqpdaRade if connected to said second node, '
whereafter a met hod <@f identifiying a preferred 30 path between the new
‘node and the previ o@l ¥ oa#si(derdd node is perflogired in accordance with
claim1l or claim2 =~ "W /&8 . . ) . :
PCT/ GB95/ 02803 6. A netffod—atcording to any @ne of the preceding clains
further conprising the st f confi'guring the metwork such that a _

conmuni cati on i nstence a g.in the network i'sgyouted according to an

o (o) _
i dentified preferr§@ pa @ 7. ©  Apparatus for identifying preferred .
paths for traffic in a .ceuntdi cations network, s& d paths having -

transm ssion |inks and reconfi gfffan}je swtchi ng godes, the ‘apparatus = .
cessi ng .a fligst set of data.relevant to
e\
Xt

“conprisi-ng:  processing nmeans .fo
paths starting froma first nod provi de c,or‘f‘rh!.hi cation with a second
node, and for 10 processing a hd set of dat® rel evant to paths
starting from said secong rovi de commui catioons wi-th said first’
node; and - \1, : : .

5]
o
<

2

Figure 8
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“conparing means for comparing said sets of data to establish whether
further ste%s to identify said preferred path should start from said node

or from ¥ WYeHnd node. 15 8. - . Apparatus according to E'I”é"lnr?ﬁ’?zso%erel n
said first set of data and said second set. of data processed by said
processi ng neans i ncl udes the nunber-- /Potential |inks which could form
part of a preferred path. 20 9. - Appar at us accordin 8 to clalm 8,
wherein in said cqg@par 70 m_aan?gnﬁar es sai unber 5 Tdirectly

- ‘connected to each qf saig first “nd second s and t h¥ nodg having the
_fewer_nunber_of_li(‘zks isjselectgd as a starti node. 2% 1 - Appar at us
according to ar;y f..clatfrs 7710 9, including means:for £f fe trng sai d

a *heuri stic .procedu

f.den y:a first link -
odetoathrrd -nods ~

further steps, r@s_ti g.o
..-connecting erther idifir ohd node to a
third node. 30: . rein sar dthird
node is treated as a s i st node or is
treated as a néw second o‘Q«-- e econd n -further
. conpri si-ng appar for.id¢g trfyr ng a pref erred pat h betvveen sai d new

~nodes accordi ng -t-o- any ‘of - tk '

'PCT/ GB95/ 02803 12. Appar aj us accordl ng to any pne of Cains 7 to 11,

further conpri si ng neans fqros:onfl guring the COmQMi cat i ons netvvork such

Frgure 9A

‘that |t provr des an .
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_’i__de'r'iti{(-"i eg pref erred path to a communications instance arisi R e o g o9
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