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The present invention relates to rdentrfyrng a path between a seiected first
node and a selected second node m a communications network to provrde routing
in the network. | . _

Over recent years commumcatro,ns companies have lncreasmgly provrded
therr customers wrth an rmproved qualrty of service and an rmproved range of

services due to the mtroduction of digital communications equrpment Thus the

equipment that is found within network rnterconnectron sites (trunk exchanges)

and local service exchanges is largely digital. However, the connection between

local service exchanges and network interconnection sites may consrst of a variety
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of different technologies rncludrng copper coaxial cable, frbre optrc cable, radio
links and satellite links. '

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

_commumcatrons network, for example the changes in commumcatrons traffic

densuy that occur throughout a darly cycle, dlgrtal communrcatlons equrpment may

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

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

Networks are known where drversion of communications trafflc is performed

automa(lcaliy according to _algor_rth_m_s encoded at processor sites within each -
communications node. S B

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

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

economical at the time when the service is in use. A method rs known where a

. service request message is distributed thro_ughout the nodes of a system so that
_ each intermediate node between points A and B receives the request message and
- 30

transfers it on to every node to which it is connected. At some point, the node to

which point B is connected will receive the request message._ Th_e first such

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

passéd on its journey from point ‘A to B. Several 'mess'a_ges w'ill_the'n arrive at the
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node nearest to point B subsequently; however, these will have. arrived later in -

“time and thus the list of nodes e'ncoded within a request message received after a

first request message describes a route which took longer to transmit the request
message from the caller at A 0] the receiver at B. This is a typical example of how -

a network may effectively provide dynamic re-routing of calls and communications -

~'services with a high degree of efficiency.. Other similar and more advanced
" methods for dynamrc routrng of commumcatlons ‘services in a network are known '

- and are the subject of much current research

A known drsadvantage of this type of network is that the behavrour of the
network under certain critical condrtrons can become unpredictable and even
chaotic, possibly resulting in catastrophic f‘ailUre.:of an entire communications
network for a period of time. The network is diff_icult't'o simulate b.ecause the :

degree of complexity embodied by Iarge numbers 'of distributed nodes taking 'part

in dynamic routing' can o'nly' be appmxima’ted roughly by a-mathematical model. .

A further disadvantage of thrs type of network is that a large proportion of

the nodes wuthm a- communications network have to conform ‘to a particular

-specrfrcatron, i.e. hardware and software must precisely match the requirements

for a partrcular type of node, and thus the phased mtroductlon of this type of

-network is more difficult than the phased mtroductron of communrcatlons nodes

‘which are monitored by one or. several central network monltonng sites.

Centralrsed network momtorlng requ:res consrderable computmg resources

"m order\to ensure that efficient routlng and re-routlng of calls is performed

dynamicaily, however. _Th_e restrrctlons imposed by the _need to monitor a

communications network centrally have typically resulted in the use of simple re-

:routing algorithms such as swapping services t_i_:_ __p_red_etermined less efficient routes

when the most efficient route for a__éervi'ce_is close to saturation of its channel
capacity. ' o | D o |

- A further use for re-routing, whether in- the distributed or centrally -
monitored type, is to circumVent cable 'failures In.a passwe centrallv monitored

network when a hne failure is detected it rs a common practrce to re-route serwces

-over predetermmed alternative paths.

In addmon to dynamlc routing requirements - within ‘an operational. _"

communications network, large industrial users of a communications network, for
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example a petroleum company or a- bank may requrre a. dlrect dlgrtal connection
between dlfferent company sites. ln order to provide such a dlrect llnk the.
communications provider wilI_ desngn an optimal route through the exnstlng_'
communicatlons network taking advantage_ of the varlous technologies that may b.e.
available con‘cern’ing' the customer's needs.” ‘For a high. reliabilitv- conneotion, a
customer may specify that no radro llnks are to be used. Alternatlvely, the

customer may specify that two llnes should be- provrded over completely dlfferent

:routes, so that failure of one line for whatever reason is unllkely to- comcrde with
- failure of a second line. ' '
10

Mixed technoiogy communications networks may include communications |
nodes that' may not be reconfigured by' remote 'monitoring' computers. In this .
event the design of an optimal routmg between geographically d:stmct customer

srtes trequently requires co-ordmatlon between personnel and resources from a -

. number of communications operators, or between drvrstons of a smgle'larger_-

communications provide'r" This results in a large degree of co-ordmatxon and
admlnlstratlon durmg the evaluation and desngn of the route. Furthermore, as there
may be a number of dlfferent posslble ways of provrdmg a route between a glven _
pair of customer sites, problems may arise when deallng wrth different company
divisions along the route which may 'feel the need to 'Compete 'ag'ainst"ea'ch other
' 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 sebn Wlthln the. context of the overall ‘route, however, what ‘may have been'

an advantage at a local level_may turn out to be a dlsadvantage wlthm the route as

~a whole. This may be due to the type o_f_'connections wh_ich_.'may be made
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subsequently to the coaxial cable. Due to the cost of the administrative design

. _process, it may not be cost efficient 1o perform an additional lteration of the design

process, resultmg in the provnsron of a route that is more expenslve than that
Wthh may have theoretically been achleved ' '

According to a first aspect of the present lnventron there is prowded a

me_thod of ldentlf_ylng preferréd paths for trafflc ina communlcatlon_s network, said
_ paths having transmission links 'a__nd' "rec_onfigurable 'switching nodes, comprising
--steps of; processing' a first set of'data_ relevant to paths start'ing-from .,a first mode

10 p'roviding communication towards a second node; processing a Sec_ond- set of
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data relevant 10 p'aths- starting from said second node to'provide_ commdnication
- towards said first node; and"'comparing._s'aid sets of data to establish whether.
further steps to identify said__preferred path should start. from said first node or

" from said second node.

Prefera_bly, said first set"o'f -data and'said second set of data fncludes a

number of potential- links which couid f_ornﬁ part of a preferred path. ' Said

_ COmparison step may 'consis't of comparing said number of links connected to each’
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of said first node and said second node, such that the node having the fewer '
number of links. is seiected as stamng node. _

in a preferred embodrment, the further steps consist of a heuristic
procedure to identify a third node connected_vr_a.a link to either said first node or to
said second node._ Pref.erablv, the third node may be treated as a new first node if

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

" second node, whereafter the 'met'h_o'd '_is repeated to identify a prefened path

between the new.nodes.

The network, or nodes of the network, can the__n be conﬁgur_ed, in a further

| step (h), to provide the ide_nt_iﬁed'path, as a preferred path, in response to a

request for communications involving the original first and second nodes in the
network '

~According to a second aspect of the mventron there is provrded apparatus _

_ for |dent|fy|ng preferred paths for traffic in a communications. network sald paths

havmg \transmrsslon links and reconflgurable switching nodes, compnsung,

. processing means for processmg a first set of data relevant to paths starting from

a first node to provrde commumoatlcn wuth a second node, and for processlng a

second set of data relevant to paths stamng from said second node to provrde

P

communrcatlon wuth said flrst node, and comparlng means for comparlng said sets

 of data to establish whether further_ steps to ldentrfy said preferred -path should

-'start from said first node or from said second node.

Embodiments of the present invention ‘provide a bi-directional process for
identifying routes through a. network wrthout exhaustlvely searchmg for all
potential solutions to the routmg problem

The mventron will now be descnbed by ‘way of example onlv, wrth'

: reference to the accompanying drawings, in whrch
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Flgure 1 shows a hypothetlca! _connection between two offlces of a '-
company at different geograpmcal Iocatlons,
Flgure 2 illustrates key concepts apphcable to any telecommumcat:ons |
network; _ o _ _ | _
o Figure 3 details the operations performed by,.progr'a_ms_ provid_i'ng aut.oaa.uc '
routing, : - o | L
Flgure 4 shows further detalls of connectlons between sxtes, and _
Figures 5A, 5B, EC, 6A, 6B, 6C, 7, '8, 9A oB and 9C lllustrate B

mterconnectable nodes wuthln a telecommunlcatlons network

It should be noted that “_te_lecom_munlcatnons netw_orks may be referred to
in this specification but that the"inven_tion should not be considered to be limited to

any particu!ar'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. . _
A hypothetncal connection is shown in Frgure 1 between two offlces of a'
compa.ny at . different geographtcal locations. An office 101 at geograph:cal
location A is connected to "an’. offlce 102 at geographncal locatlon B vna a
telecommumcat:ons link 103 whlch is provrded by a telecommunlcatlons provnder |
Thus Figure 1 shows a typical example in wh_lch a customer requ_lres a_ permanent
route for a-.telecommunications 'channel to be _set up on its behalf by a
telecommunications provider. o o o
\Once a user, in thls 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 existing

‘telecommunications network, so that |t provndes a servnce that ls competmve and

whlch utilises its resources efflclently _ . _
Flgure 2 shows the key __con_cepts that - operate'_ wi_t'h.in' | any

telecommunlcatlons network. The telec:'ommunibation_s netyyork'201_ is subject to

network state monitoring 2_02.-Which"rnonitors the density of sional' flow between

conimunications nodes of a known: capaci_ty.-: in the event that the known capacity

- of -telecommunications nodes 'or Iinks begins to be approached by traffic that is
- being monltored the network state monitor 202 generates a request for automatlc )

: re-routlng as performed at process 203.. Thls provides a series of controls for re-_
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routing the telecommunlcatlons net'work' 'ensuring 'that the capacity' of

telecommumcatlons cnannels that are avallable on any. partrcular link |s not

_ exceeded. Clearly it is necessary ‘that the Ioop consrstmg of the
telecommunications network 201, network state monitoring 202 and automatic re-

“routing 203 'should be constructed 5uch that automatic routing is always

- performed before ‘capacity of a telecommumcatlons link is breached. This can be |
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. done bv provrdlng high speed computensed monltonng Alternatively it can be

done by monitoring the telecommunications network over a longer time so that itis

. possible to antrcrpate problems well in advance

‘There is an advantage in provrdmg the hrghest speed possrble for network i

- - state momtonng 202, as ‘this means that a Iarge percentage of the avallable.

15

'~ communications network capacrty can be used up wrthout fear of overloadmg the

network. The network state monitor 202 may also perform the task of rdentlfylng
a link fanlure between telecommunications sites. This’ may result in the need for the

e-routmg of a call ‘or’ service ‘as qurckly as possrble and the notification of

, engrneers so that the fault equupment may be repaired.

In  addition to provrdnng a . constantly updated routing for a

~ telecommunications network, a cuStomer request 204 may _specrfy a link, such as

the one shown in Figure 1, and automatic routing 203 may be used to set up such

a link.

Figure 3 details the operations performed by the 'suit.e. of prog'rams__

- 'providinb automatic routing 203 :"shovyn" in Figure 2. . The 'reques_t' table 301 is
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: -ex'pert system. In addition to the information provided in the reduest _table 301;

generated as a result of receiving a cu_stomer request 204 or information derived

~ from network state monitoring 202. It includes information about the locations of

the customer's sites, the bandwidth that ls ‘required, constraints on the type of

equipment that is used, such as not radio, not microwave, and details about the

customer This ensures that the customer wnll be billed for expenses mcurred |n'

settmg up and usmg the ccmmumcatrons link.

The information in ‘the request table 301 IS provnded as an. mput to the'-

design procedure 302, whlch__xs a program of th_e type frequently refer_red to as an

the design procedure 302 requires information about existing telecommunications

hardware, which is provided by the r_outing file 303. The routing file 303 includes
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details of all the telecommunications hardware that may be used to form the link -

"between the sites at A and B. Thus, the design procedure 302 desrgns a.

communlcatlons link between the sntes -8t A and B according to the customer
speclflcatlon information in, request. table ;301,_usmg the telecommunlcatlons

hardware that is specified ln the "r'o'utihg file 303. The output of the desigre:

: procedure is an order form file 304 that contalns details of all the changes that are

needed at the various points m the telecommumcatlons network in- order to _

-facrlltate ‘the requested communications:link.

. Frgure 4 shows furtner detarls of the connectlon between srtes A'and B,
srte 101 at geographrcal locatlon A has a direct dlgltal connectlon to its local
exchange 401. This direct dlgltal__ connection is made over ‘the local

telecommunications access network. - Local exchange 401 is connected to a first

‘network interconnect site 402 over an outer core of the telecommunications

network. The'first network interconnect site (trunk exchange) 402 is connected
over an inner core network connectlon to a second network. lnterconnectron site
403 The second network mterconnectron site 403 is connected to a second local

exchange 404 near geographical locatlon B The company site 102 at geographical

location B is connected to the . second local exchange over th_e___ local

’ telecommumcatlons access network

: .2‘0_:.

The first operatron performed |n the deslgn procedure is the generatlon of
frve overall . plans for connectmg srte A to srte B. A first overall plan is. shown in

Frgure BA, and this corresponds to the one shown_ in Figure 4. The overall plan

"~ shown in Figure .5A_'is__' generated'by _reterrin_g to i'ndividual'plarl's for segments of

.30

“the network, which in this case are the ‘segment ‘from local exchange 401 to
- 25

: mterconnect site 403, and the network mterconnect site 403 to the local exchange _

network interconnect site 402, the netWork interconnect site 402 to the network

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

'segments are stored in the routing file 303 ‘and the design procedure cornblnes

plans for each of the segments. into. an overall plan such as' that shown m Flgure
5A. '

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

geographlcal'.dlstance than that shown: in Figure SA. The overall plan shown in
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' Figure-SC represents a route that covers a greater geographical distance than the

one 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 connectlng srte A to site B -
according to0 a radral distance costlng ' '

A radla! distance costmg is ane in whrch the cost of usrng a partrcular.
communrcatlons hnk is evaluated purely on the dlstance in a strarght hne between
one. telecommumcatrons srte, for example the first network :nterconnect srte 402
and the second network mterconnect site 403. Although this zs a fairly arbrtrary
method of costing a route, this is not of particular importance as the purpose of
generating the _five overall plans 'in. thi's. way is_' to provide a prioritised list of -
possible r'ou'tes that will subse_qu_ently be e_valuated by a more stringent algorithmic |
method | | _ o

Havmg generated five overall plans |n this way, the frrst three of which are.
shown in Figures 5A, 5B and 5C, the next step of the design procedure is to take

each of the overall plans and to evaiuate them on an mdwrdual basis, startrng with |

' the cheapest until a successful communlcatlons route has been designed.

" The first overall plan that wou_ld be consrdered by the desngn procedu’re 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.

In Frgure 6A two mtermedlate telecommumcatrons srtes 601 and 602 are shown

_ prowdmg 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 telecommunications _sltes_ shown in.Figure 6A may be of a dlfferent type.

For a particular type of'telecommunications link, for . exampie an ISDN
digital link, certarn types of telecommumcatlons connectlons or eqmpment mav be
unsuitable cr 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 accordxng to the

capacity and type of telecommumcatrons hnk that is required. Alternatlve paths are
shown in Frgures 6B and 6C

Thus for a partlcular type of Imk the desrgn procedure will generate a. |

- number of possrble paths between each of the major telecommumcatrons sites in
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the overall plan bemg considered. Three drfferent paths are. shown in Flgures 6A

. 8B and 6C respectively, however a larger number of paths may be possrble

The routing file 303 contains a plan for each of the segments between the

- main telecommumcatrons srtes 401, - 402, 403 and 404; for each of these

segments a list of possrble paths is generated, pnorltrsed accordmg to restrrctrons
imposed on the link by the type of telecommunrcatrons equrpment that is available.

The path shown in Frgure GB represents the path having the second most

o effrcrent series of connectrons oetween the local exchanges 401 and 402 with the
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telecommunrcatrons link provrded vra ‘additional minor telecommumcatrons sites
601 and 603. Figure 6C shows the third most effrcrent connectron between the

local exchange and the network rnterconnect site, with the link passing: through

. telecommumcatrons sites 604 and 603 Thus Figures 6A, 6B and 6C represent a

pnontlsed list of the t_hree most effrcrent connectron paths bet_ween the local . '
exchanges 401 and 402. Additional paths may be possible, dependent on the

capacitv and design of telecommunications equipment available - at each of the

_telecommumcatrons sites.

Thus a number of possible paths for connectmg the srtes in the overall

" plan are generated. A frrst attempt to connect A to B will be made using the frrst
““most efflc:ent path in eacn of the lists of paths for each correspondrng segment
_ of the overall plan It is possrble that an attempt to make the connection from A to -

B may fail usmg one of the frrst paths When this happens the path in whrch the_ .
'connectlon was unable to be made is replaced by another path from the lrst of

: possrble paths for that segment In thrs way a plurality of permutatrons of the

paths for each of the segments of which the overall plan is compnsed may be
tested until a.successful link is establlshed

s possrble to set up a pluralltv routes for connectmg two srtes, for

--example provrdmg a first route usmg the path shown in Figure. 6A and a second
route shown rn Flgure 6C. Thrs provrdes an important safeguard ‘commonly

_referred to as "separacy”. Separacy ensures_ that in the e\_/ent of a first

telecommunications link failing, it is highly'uhlikel_y that the same cause of failure

will .cause a'second telecommun'ications' 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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In Figure 7 the connections comprising the path"'shown in figure 6A are.

shown in detail. Each of t'he't'elecor'nrnonications sites 401, 601, 602 and 402 has’

a plurality of connectable telecommunications nodes. The local exchange 401 may

connect directly to the intermediate telecommunications site 601 or to a digital

distribution frame 702 or 703:t.'hat__-is internal 1o the exchange building. = The

intermediate telecommunications site 601. also includes a main telecommunications

node 705 and- a plurality. of digital distribution frames 704 and 706 'th'at_ ‘are

_ connectable to the local exchange 401. ‘Thus there are three possible_bi-directional

links to the local exchange’ 401 _that-_ may c_onnect to the ' intermediate
telecommun'ieations site 601 by one of three different possible connections. Thus

there are a total of nine different possrbie ways of connecting the local exchange-

401 to the intermediate _teiecommumcatn_ons site 601. Each of the different

possible routes that the link rnay take in a given path are evaluated by careful'

“weighting of several factors. including type of equipment used, link capacity, cost,

distance and so on. Desrgmng the specrflc connections used to rmplement the
path shown in Fugure 7 requires a progressrve intelligent search of the varlety of
possrble connections that may be made '

AII the telecommunications nodes that are used in Imklng site' A and site B

are s'_hown in anure 8. The con_nect:ons that would be made after a partially -

complete iteration of the intelligent algorithm are shown. This establishes the

- cheapest and most efficient route for the link'across the combined paths '

25
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Thus, the system is arranged such that preferred paths are ldentlfed for

traffrc in the network in which the network has transmission links and conflgurable_

swrtchmg nodes. The first set of data is processed consisting of a number of links

starting from a node 10 provide eonﬁmdnication to a second node. Similarly, 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 Imks from the second node to establish whether
further step_s to identify the'preferred'path should start from the first node or from

the second node. It is desirable to allow subsequent processing to be given the

largest possible target to aim for while performing it iterations. Consequently, the -
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further processrng steps are mmated from the node having the fewest number of

links, thereby provrdmg the largest number of links at the target end

When the inteiligent search a:'lg.orithr'n-__is first i'nitiat‘ed,'it.be'gin,s' by

‘evaluating the number of possible connections that may be made between the first

- telecommunications site, whi’ch is the local exchange 401, and ‘the next

telecommunrcatlons site in the path for that segment which is the intermediate

-telecommunications site 601

_ The number of possrble ways of connectmg these two sites 401 and 601
is evaluated and in this case the number of permutatlons is 9. A srmllar
evaluatlon is then' applred to the local exchange 404 nearest to site B, with respect
to the first: mtermedrate telecommunrcatrons node 801 moving from the local

exchange 404 in the direction’ of the local exchange 401. In thrs latter case the

number of possrble ways of establlshmg a link between the local exchange 404_ '

~and.the mtermedlate telecomnmunications site 801 is 10 This is greater than the_

number . of permutations from- Iocal exchange 401 to intermediate .-

telecommunicat'ions site 601, which 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 ex_change 401 has the least number

- of permutatlons and so the algcrithm attempts to make a ccnnect'ion betWeen the

-local exchange 401 and a next node in the path that may be within the local

-

exchange 401 rtself or alternatlvely in the lntermedlate telecommumcatlons site
601. The details of this evaluation process will be described fater. _
The intelligent ‘algorithm proceeds by establishing the next fink along a

path" and then evaluating the nbmber of po'sSible links to the next

. telecommunications node. This nu_r_nb_e'r'is then compared with the already known

number of permutations -wcrklng' from the other:end of the _overall,plan._ Figure 8_

~ shows the stage when the algcrit_hm has made continuous progress to the main

connection node in the netwcrk_interc_onnect site 402, having establlshed suitable -
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connections for' the link betwe_en . the Iocar exchange 401 and the network
interconnect site 402. | | S | | |
Movement from A to B in this way has stopped at the point shown in
Figure 8, as the number of perm_ut_atnons of the links from the central node of the
network interconnect site 402 to the next nodes in the path are greater than ten, |

and thus it is now possible for the algorithm to switch to working' from the Ioca'l_

' exchange 404 in the dlrectlon of site A.- The mtellrgent algorithm proceeds from

the dlrectlon where there are the least number of connectlon permutatlons towards
the dlrectson from which the Iargest number of connecuon permutatlons emanate,

thus mamtalnmg the highest degree of computatlonal efficiency, while at the same

Ztlme_ ensuring the maximum probablhty that both ends of the search will meet at

some point in the m_iddle. Operation in this way ensures that the probing search is
always towards the largest target. _ ' o
An explanatlon of the intelligent searchmg algorithm requrres the deflnltron |

of a small number of variables, WhICh are as follows

f* = estimate of the cost of the link from
_ A to B. | _
g = known cost of the Imk from A to the

currently considered telecommumcatrons node.
R o= estimate of the cost of the link from the_ |
| corrently' considered teleoo_mmunica'tions' node_ working from
| left to rtght, to the terget node. wh.'ich is the most recently
considered te_lecommunieations node working fr.om-_ri_'ght to
left. L ' | o
h '=_ - known cost of the lmk from B to the target

' node
fP=g+h +h

where the pnme of the h' denotes a heunstlc component, whlch will’ be

descnbed in detall later. These vanables are defined for use in the search progess :
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from left to right. The same vanables but. havmg dlfferent values, are used when

'searchlng in the reverse dlrectlon

~ The first step of the mtelhgent search algonthm is shown in Frgure 9A.

'Data contained within the routlng flle 303 indicates to the mtelhgent searching
'algorlthm that two d|g|tal distribution frames, or nodes as these will henceforward -

: 'be.called are suitable for carrying the'type of link that is required from A to B. .

These nodes, 702 and 703, are evaluated mdwrdually for -their surtabrlrty for
carryrng the link. This is-done by applyrng the formula to each of the nodes 702
and 703 mdnvrdually “Thus the formula ff =g+ h +his evaluated firstly for

‘node 702. In this case g is a measurement of the cost of the lmk between the

" initial node 701 and the currently considered node 702; his currently zero because

there has been no- progress from right to left as shown in Figure 8; and the value h'

is calculated according to a heuristic evaluation, giving an mdlcatlon of the likely . -

. cost of linking node 702 to the connection at the local exchange 404 on the right

of Figur_e 8. Once this formula has bee:n applied, the value for ' for node 702 is

" stored. The same formuia is then applied to node 703, and a comparison of the

resulting f' values is made such that the node with the lowest value for ' is now

~ considered for subsequent connection to the next telecommunications site 601 in

the path.

Data held wuthln the routmg flle 303 mdlcates to the mtelllgent searchtng -

: algorlthm that there ‘are three posS|ble 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 708. Each of the_
" nodes 704 705 and 706 is consudered by applvlng the formula f' g + h' + hin |
25

the manner that has been prevnously descnbed for nodes 702 and_ 703 in order to -
evaluate the most promrsmg route for an efflclent lmk wnthm the estlmated cost of .

the entire Imk from A to B.

Three different f' values are generated bv applylng the formula: f' = g +h '

~ + h to each of the three nodes 704 705 and 706, and the three resultlng ' values

in. addition to the f' value for node 702 are compared agamst each other, and the
minimum ' value rndrcates the most promlsmg node for consrderatlon Thus. whlle .

at this stage in the intelligent search the _Imk from node 703 to node 706_ turns out ;
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15

- . A, the (alue of h is set at zero. Thus the estrmated cost of connectmg the

25

. to Ieft. the known cost h of gettmg from the main node |n Iocal exchange 404 to

- 30
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1o be the most promlsmg connectnon rt is possible that node 702 may eventually

provide a better solution when addltlonal connections are consrdered _
This situation is shown in. Frgure 8B, where the f' value for connectmg

node 706 to node 705, turns out to be greater than the f' value for connectmg

‘node 702 to any of nodes 704,705 and 706. Of the pos_slble node connections, it

turns out that the f' value for the 'connection between node 702 and node 706 is

' actually less than the-f' value for the connection of the previously considered'path

along nodes 701, 703, 706 to 705 _
- Figure 9C shows the natural progressron resulting from thrs, wnth node
702 taking over the connection to node 706 from where a subsequent connect_:on

is now being considered to node 705. Thus a promising initial route shown in

- Figure SA turns out to be less efficient in the long run than an initially less

' promising route through nodes 701, 702 and 706. _Each of the nodes' connected

along a route is assigned 'pointers"to previous and next nodes so that when a
successful route across the network has been found, it is possible to work

backwards through connected-nodes' in order to determine the connections that

- have to be made In Frgure =Tol node 706 pomts back to node 702 and thus its -

backwards pomter no longer pomts to node 703 this is .a process known as
pruning. _ - _ ' B
Referring back to F:gure 8 wh;le nodes are connected movmg from left to

nght or from A to B, and no progress has been ‘made from right to left or from B to

_ 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
algorithm proceeds to connect up more nodes and progress is also made from rlght
the most recently consrdered node, workt_ng from the ng_ht, increases in magnltude
and h' reduces in magnitude. | ' _ o

Thus, the overall procedure consusts of |dent1fy|ng the best path between
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. '_Con'sequently,' prior' t0 irhp_letnenting the node searching, a routine is.

~ performed to establish a preferred starting point, based on the. nurnb_er'of links
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connec'ted to that node. Once a preferred startin'g point has been ldentified the

second procedure is rmplemented m order to identify the next preferred node for a

N preferred connectron At this pomt the whole process may be repeated Thus, a

‘link may have been rdentlf_red connectmg the first node to a th_lrd_- node.

Alternati-vely, using the procedure, a link may have been established. from the

‘'second node to a third node. This third node may now be considered as a primary

node, that is to'say, if it'is connec_t'ed to the original first node the third node may
be treated as a new first node. Similarly, if the third node is I_connected to the
second node, the third node may be treated as a new ‘second node. Thus, the new
problem is familiar |n that it is similar to the prevrous problem, that is, establishing

a connectlon between a first node and a second node. Thus the. mmal procedure is

: repeated in order to determlne the best starting point. . Thus the direction from .

- which the routlng procedure is effected may alternate untll eventually, the route

15

20

connects and a preferred path is fully identified.
A further feature of the intelligent search algorrthm 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 -
service node, working. left and right’ through the linked lnst 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 emerges In order to- achieve this a careful balancmg of several

30

o costlng factors must be achleved these factors belng
25

1. - The _di'stance from the initial node on the current side of the search.
2. The distance from the inltial no'de on the other side of the search.
. 3. The distance_covered by the link being con_s_idered.

4, ::The nurnber of nodesu_s'e'd to reach the currently considered node.
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5. The capacity of the current node. _
8. The telecommunications med_ium_used by the current node. -

Each of these factors. needs to be carefully adjusted in order to optrmlse_

) performance of the algorlthm Each factor may be weighted by a finely tuneable

constant, which may be adjusted as a result of srmulatlons, or even as part of an

_ 'ongomg optimising and fine tuning process, after the algonthm has been put lnto

SEI’VICE

The first embodiment relates to a telecommunications' network which is

- capable of being re-routed under the control of a centralisedICOmput"er monitor,

which performs the network state monitoring 202. In many mixed technology '

‘networks, however, many commumcatlons nodes may. be rncapable of being -

' reconfigured under computer. c_ontrol._- Thus, a second embodiment is arranged to

be applicable to such a network and the algorithm that has"been described may

still provrde consrderable 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 telecommumcatlons nodes .
between sites A and B will be aware ‘that their knowledge of the local hardware
has been used in the form of encoded data ina routlng file 303 and are therefore _

likely to accept the solution generated by the automatrc routmg procedure. if they

- do not a\ccept the results and consuder them to be mefflment a complalnt may be

made and the automatrc routing procedure may be optimised by modtfymg data in

. the routnng file for that particular telecommumcatnons node, or adjustmg the

.25

30

.-welghtlng of the constants used in the heunstlc function h' that is part of the core

- routing algorrthm Thus automatlc routmg prowdes an advantage because lt_'

provides a mechamsm for |mposmg a solution on subordinate drvusrons of a larger

telecommumcatlons company, w:thout such a solution being percelved as |gnonng

"the knowledge and the skills of Iocal telecommunlcatlons workers. Furthermore,'

this technique avoids the need for mter-departmental communication and possrbly

conflict that may arise when generatrng a routing plan manually
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second node:

1§ g A method of rdentrfymg preferred paths for traffrc in a commumcatlons
network said paths having transmrssron hnks and reconfrgurable swntchmg nodes
said method comprising the steps of ' '

processing a first set of data relevant to paths starting. from a first node,

said paths being intended for the purpose of providing communication towards a

- processing a second set of data relevant to ‘paths startmg from ‘said

_second node to provide comrnunrcatron towards said first node: and

comparmg said sets of data to establlsh whether further steps to ldentrfy

sald preferred path shouid start from sand first node or from said second. node

2. 'A method according to cfaim 1, wherein said first set of data and said

_second set of data includes the number of potentlal Ilnks whlch could form part the '

path to which the data rs relevant.

3. A method according to claim 2. wherein said ‘comparison step consists of
‘comparing said number of links connected to each of the said first node and said
' _second node, such that the node havmg the fewer number of Imks is selected as a

'- startmg node

(

4, - A method accordlng to any of clarms 1 to. 3 wherern said further steps
~consist of a heuristic procedure to identify a thlrd node connected vra a hnk to

elther 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 sald fxrst node or is treated as a new second node if

connected to said second node, whereafter a method of |dentlfymg a preferred

path -between the new node and the prevrously ccns:dered node is performed in

accordance with clalm 1or clalm 2.
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6. A method accordmg 10 any one of the preceding claims further compnsmg
the step of confrgunng the network such that a communlcatlon mstance ansmg in

the network is routed accordmg to an ldentlfled preferred path.

7. Apparatus for identifying preferred paths for traffic in a communications
network, said paths having transmission links and reconfigurable switching nodes,
the apparatus comprlsmg | o '
processing means for processmg a frrst 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 relev_ant--to paths starting from said second node
to provide oommuications with said first node; and ' |

comparing means for oomparing said sets of data to establish whether

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

' sald second node.

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

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

20

25

30

_potentlal links which could form part of a preferred path.

9.-_ _ -Apparatus according to claim' 8, wherein in said comparing means

‘compares sard number of Imks directly connected to each of sald frrst and second

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

node..

10 . Apparatus'acct)rding to any of claims 7 to 9, inclu'ding means for effecting

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

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

node.

11. - Apparatus according to claim 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

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

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