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NETWORK MANAGEMENT SYSTEM This invention relates to a network managenent
system for satisfying a request for a connection path having a specified
capacity betywgesfig0 specified 5 termnations and to a net hOHGBIePEr at i ng
such a system It is particularly concerned with a network nmanagenent
system for a synchronous digital hierarchy!(SDH) network, but has
application in other types of network as well. A typical digital

t el econmuni cati ons network for transm ssion of voice or data operates at a
sanpling rate of 8000 sanpl es/ METWORK MEANAGEMENT 6PSEEMNAS) . 10 Each
sanple is coded as an 8-bit byte, resulting in a 64kbit/sec bit rate/. This
is typically nultiplexed over the network in a 32-channel frane (i ncluding

one channel each for This@GERBHSelatdModd hebi @R Fhdnalément! KBt k&t0satiSfyihg a
transm ssion rate of 64 x 32 = 2,048 kbits/sec, known as Miit system
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Further multi pligR¥ey foaf cOAASHAT Rath BRVING P SPEATIEE TAP2FIBN PeRRR (tWocsperified
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of 8Mdit/s, and this 8&8 ess can be repeated to produce tertiar

(34Mbit/s) and ORGSR NATRA PTMORLTERaSeMsn SysserBdtr arARcEranoes Higidldererchy
quadr upl es becaispey abividie, ik &ds bpslicatiorpidithdr @sdls oF ingfvadrk iadgvellver head to be

i ncl uded. The bit rates qu?t ed above are those used in Europe. |In other
r egi ons A typical digital telecommunications network for transmission of voice or

data operates at a sampling rate of 8000 samples/sec; (1 per 125 microseconds].

10 Each sampie is coded as an 8-bit byte, resulting in a 64kbit/sec bit rate/. This is
typically multiplexed over the netwark in a 32-channe! frame (including one
channel each for synchronisation and signalling), resulting in a transmission rate of
64 x 32 = 2,048 kbits/sec, known as a 2ZMbit system. Further multiplexing can
take piace by muitiptexing four lower level channeis into one higher level channel

15 to produce a secondary bit rate of 8Mbit/s, and this process can be repeated to
produce tertiary [34Mbit/s}, and quaternary {140Mbit/s} bit rates. These are not
exact quadruples because of the need for an additional signalling overhead to be
included.

The bit rates quoted above are those used in Europe. In other regions

20 such as the USA and Japan, although the fundamental bit rate is the same
B64kbit/s, the samples are initially multiplexed in a 24 channel frame {rather than
32} to produce a primary bit rate of 1.544Mbit/s, a secondary bit rate of 6.312
Mbit/s, a tertiary bit rate of 32Mbit/s {Japan) or 45Mbit/s {USA}, and a quaternary
bit rate of 38Mbit/s {Japan] or 140Mbit/s (USA}. A network which operates at

25 these bit rates and which has multiplexers/demultiplexers for converting from one
rate to another is known as a “plesiochrenous - i.e. nearly synchronous - digital
hierarchy”: {PDH) network. A disadvantage of such a network is that at any point
in the network at which different channels need to be separately routed, the
signais have to be demultiplexed step-by-step back to a B4 kbit/s signal in order

30 that the individual channels can be identified. This is necessary even if the

channeis are then to be immediately re-multiplexed up to one of the higher bit-rates

for onward transmission.



20 such as the USA and Japan, although the fundanental bit rate is the
sanme 64kbit/s, the sanples are initially multiplexed in a 24 channel frane
(rather than 32) to produce a primary bit rate of 1.544Moit/s, a secondary
bit rate of 6.312 Mit/s, a tertiary bit rate of 32Mit/s (Japan) or

45Moit /s (WE723800d a quaternary bit rate of 98Miit/s (JREEGEBISNZIMAONDIt/ S
(USA). A network which operates at 25 these bit rates and which has ’
mul ti pl exers/demnul ti pl exers for converti fromone rate to another is

known as a "plesiochronous - i.e. nearly synchronous - digital hierarchy": .
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whi ch not ohl ymown as STM-1 frames. Each frame compnses 2430 bvtes, 2349 of which are
available as payload, the rest being for sugnallmg and synchromsatlor This
corresponds to a payload bit rate of 150Mbltls

Each 150Mbit/s STM-1 frame consusts_of:one or more ‘virtual containers’.
There are five types: ' .' '

10 A VC11 has a capacity of 1.7 Mbitfs and can carry one 1. 5 Mbit/s primary
channel according to the US or Japanese 24 X 64kb|t/s standard .

A VC12 has a capacity of 2.3 Mbltls and can carry one 2Mbit/s primary
channel according to the European 30 x 64kb|tls standard

A VC2 has a capaclty of 6 BMbms and can carry one 6.3Mbit/s channel

15 ‘{the USfJapanese secondary ievel), or four VC11's or three VC12'
' A VC3 has a capacity of 50Mbit/s, allowmg lt to support any of the
tertiary level PDH hit rates: 32Mb|tls (Japan), 34Mblt/5 {Europe), or 44 Mbit/s
(USA). It may instead carry. seven VC2's, twenty-one VC12's or twenty-eight
VC11's, |

20 A VC4 has a capacity of 150 Mbit/s, aliowing. it to support the quaternary
PDH bit rate of 140Mbit/s (or 98Mbit/s in Japan), or three VC3's, twenty-one
VC2's, sixty-three VC12's or eighty-four VC11's. |

Mixtures of virtual containers may _aléo be carried: for example an STM-1
frame might consist of one VC3, nine VC2's, nine VC12's and eight VCi 1's The

25 VC3 may itself contain VC11° s, VC12’s or VC2's {or a mlxture] and the VC2's
may themselves contain VC1 1's or VC12’s.

SDH links can operate at hlgher bn rates. For exan\ple. in an SDH link
operating at 622 Mbit/s, the signal is divided intp frames known as STM-4 frames,
each of which has a payload four times greater than an STM-1 frame.

30 SDH networks have advantages pver PDH networks. In particular, the
STM-1 frame includes data regarding ‘each individual virtual container within it,
which allows the channel represented by that container to be demultiplexed and

routed separately at any network node without the need to dismantle the whole



‘allows transmi ssion at all the above bit rates to be carried, but allows
I ndi vi dual signals to be added or extracted w thout denultipl exing other
signals nultiplexed with it. In an SDH |ink operating at 155Miit/s, the
signal is d'é"‘é’% M‘to frames 5 known as STM 1 franmes. EapbrkieainRst
conprises 24 es, 2349 of which are avail abl e as payl oad, the rest
being for S|gnaII|ng and synchroni sation. 3This corresponds to a payl oad
bit rate of 150Mvit/s. Each 150Mbit/s STM1 frame consists of one or nore
"virtual containers'. There are five types: 10 A VCl 1 has a

capaci ty of 1.7:pRbt/i8 caRfastan &PDHYNANErklne iMdNilidad cREATER ¥reGlbR NdBkifiable
according to the US or Japanese 24 x 64kbit/s standard. A VCl1 2 has a

capacity of 2. 33nberyractahig) Without ainfging rach \aitiplexing jskagey inc HER AW e dPeli ng
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and can carry one 6. 3M)|t/s channel 15 (the US/ Japanese secondary |evel),
or four VC11's BPPYHFSRN-VC12's. A VC3 has a capacity of 50Miit/s, allow ng

it to supportsany of hha 4o hbwork treMR! capiditytidh dedtiddked P MVahés o(nléee&
34Moit/s (Europeé or 44 Moit/s §USA) It may instead carrty seven VC2's,

t went y- one VC12° th@r“sﬂmelﬁt‘%/”\?f‘dﬁ e%ﬂ.’f"@“ﬁ@“'s request bypaligeating,g paththioneht y
of 150 Moit/s, @lel AEdek iHaving thdPRALIFed! BSpadHAL ETRAINstomer may have specific

requirements, for example two or more independent paths may be required, sharing
na individual links or nodes, to ensure that an individual failure does not resuit in
10 loss of the entire booked capacity. The path allocated to the customer may then
be used in any way he requires, eg to route individual calls. It should be noted
that capacity management involves different requirements to the handling of
individual call traffic. In particular, capacity management has to consider future
requirements for capacity, and not just the real-time requirements that a cali-traffic
15 management system has to deal with. ldeally a capacity management system
should also be abie to provide capacity immediately, perhaps as a premium (“Just
In Time”} service. Moreover, in a call raffic management system, it is normally
optimal to try to spread call traffic over as many different routes as possible, to
minimise interference and ensure minimum disruption if one route should fail. In
20 capacity management, the optimum is to aggregate low capacity routes where
possible, to fuliy load each link that is used, thereby keeping other links free. The
free links can then be used if a subsequent requirement for a high-capacity link is
received, without having to first re—ai!o'cate low capacity links.
The availability of connections between nodes within the network depends
25 on a number of factors which are constantly changing. Fer example, equipment is
taken out of service for maintenance, énd re-instated afterward. This may be on a
ptanned or emergency basis. Moreover, as capacity is allocated to one user it
becomes unavailable for use by others.
In order to control the routing of transmissions through an SDH network, it
30 is therefore necessary to aliocate capacity over the network between the source
and destination. \arious criteria need to be addressed, such as the capacity
required, the time the capacity is needed, the {ength of time needed, the need for

robustness (addressed for example by routing part of the capacity over one path



PDH bit rate of 140Moit/s (or 98Miit/s in Japan), or three VC3's,
twenty-one VC2's, sixty-three VC1L 2's or eighty-four VC11's. M xtures of
virtual containers nmay also be carried: for exanple an STM1 frane m ght
consi st of one VC3, nine VC2's, nine VCl2's and eight VCl1's. The 25 VC3
may itself wawevizaion VCl1' s, VC12 s or VC2's (or a m xturepPCT/GBos2M VC2' s
may thensel ves contain VC11's or VCl2's. SDH | inks can operate at higher
bit rates. For exanple, in an SDH |ink op%rati ng at 622 Mit/s, the signal
is divided into frames known as STM4 frames, each of which has a payl oad
four tinmes greater than an STM1 frame. 30 SDH net wor ks have
advant ages ovend pei avet wanthe, almaqizetinowinas, ‘dtvbﬁsrtSST Mth thaarmcomed:ttuihas data
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PCT/ GB96/ 0299 1M%SS¥5F e Mre . In contrast, in a PDH network the individual
channel s ar® not i dmndriéritaldsmblish the routing to be taken by a transmission, the various

connections to be'used in the network néed to be allocated and reserved. The
capacity may be required lmmedlately, or the capacny may be reserved in advance
against an expected requirement. _
It is possible to envisage a path-finding system in which a path is sought
10 from first principles every time a new request fof oapocity is made, by analysing
the network connectivity and its committéd capac'ity.. and caiculating a path
through it. For a complex network, such an exhaustive analysis would involve a
large amount of processor power, and to explore all the possible connections
would be very slow. Much of the processlng could be redundant, smce repeated
15 "requests for connection between the same two pomts would usually be satisfied
by the same routing. i
An alternative approach is to maintain a listing of all possible paths
between ahv given starting boint and any given eﬁd pofnt. On réquest for capacity
between such points, the optimum 'path'having sufficient capacity '(allowing for
20 any capacity already committed or out of service), can b'e'se'lect'ed.. This method is
impracticablé for a network of any size, because it requires a v_eN large memory
size. There are an unmanageably high number of pbss'ible paths through a complex
network, and aithough most of'thes'e'oaths are sub-optimal, they may be needed it
the best path stored is unavailable for any reason, such as link failure or capacity
25 already committed' This method also reqoires constant updatin'g as the network
evolves, and requires routmgs for which capaclty is already commltted to be
expresslv considered and re;ected
Accordmg to the invention there is provided a method of operating a
network management system for a telecommunications network in order to satisfy
30 a request for a connection path having a specified capacity between two specified
terminations of the network, the network comprising a plurality of connections
between network nodes, each connectlon havmg a predetermmed capacity, the

method comprising the steps of searching a store of routings and available



*and extractabl e w thout undoing each nmultiplexing stage in turn down to the
required | evel, and then renultiplexing the channels not extracted for
further transm ssion. 5 In an SDH network traffic capacity can be

booked in a@y{g% 0N request of the user. It is then neceggaepschmneet
this request Dy a” ocating a path through the network having the required
capacity. The custonmer may have specific sequirenments, for exanple two or
nor e "i ndependent paths may be required, sharing no individual |inks or
nodes, to ensure that an individual failure does not result in 10 |oss of

the entire boo LV t . be
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not ed t hat capacednpectinmagpimeith ddequdty espadity fscpresent mewpaistaesihng stich patb is
handl i ng of i ndi vi dual | traffic ticular. . Lt nagenent has
to consi der fut'ﬂ?see"?g’qﬁ??’}aor?ee'nttegtﬂgoar mgg%é’g i ey'l,'e%%&ﬁ% trblc')‘?eqigﬁg%t I%éﬁsg% h gg {{%]erre
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capacity i nmmediate as a premum ( sService.
Mor eover, in a haxing theapduestederrageitvebatweers thenfequestéds tanoinatibnsy alipdatinglthé o

try to spread callidhablid@¥elo A Bl bl [GLEAL Toutes as possible, to

m nimse interference and ensure m fsruption if one route should
fail. I'n 20 capacityt wilegmrehthat thiemefitod Maes het regessgyiy aderttify thevtapaci t y
routes where solution, as the search is not exhaustive. An exhaustive search would take a very

10 large amount of computer time, and the result would only remain optimal until the
next request for capacity is made, when the entirs allocation scheme would have
to be rebuilt. Instead, the method of the invention identifies a good {but not
necessarily perfect) solution in a reasonable time, thereby trading perfection for
speed.

15 in a preferred arrangement the store of routings and available capacities is
updated in response to connection paths becoming available or unavailable. in this
way duplication of processing is avoided, whilst the memory need only store
routings which are likely to be required.

By maintaining a store of paths which have been determined, but allowing

20 new paths to be added, the method reduces the total processing time required,
whiist still allowing changes. in availability to-be accommodated.

In a further preferred arrangement capacity is allocated in advance, in
response to a request, but the allocation of individual paths to connections is made
at the time for which the path is required. In this way the utilisation of capacity

25 can be optimised, without jeopardising the traffic which has already reserved
capacity.

The path finding process may comprise the following steps:

30 - identifying a start point and a target point;
- identifying, from the nodes in the network directly connected to the start

point, that node which is most appropriate for approaching the target
point;
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Preferably, the ‘identification of the most appropriate node takes into
account the distance of the target, and the structure of the network. In a typical
hierarchical structure, weighting factors can be applied to different nodes to
preferentially select a node at a level in the hierarchy most appropriate for the
distance to the target. " '

This approach does not rigorously explore all possible paths, but at each
step analyses the most likely possibility. Unless the network has any very unusual
features this will produce an answer close to optimum. In a typical hierarchical
network comprnising a plurality of levels each of which comprises a ring, the
‘majority of nodes only have two connections, thereby simplifying the analysis
process. o

Whilst not rigorous, this process will find the optimum routing, or one very
close to optimum, in the majority of cases provided the netwaork is well structured.
Safeguards can be included to ensure that the path selected is not unreasonable.
In particular when a node is established as forming part of a connection path, said
node can be excluded' from consideration in any further links in the path. If all
nodes connected to the current start point are excluded from consideration, (as
may be the case if they already form part of the path, are currently fully cofnmitted
or are out of service) the link connected to the current start node may be deleted
and the process repeated from the previous start node. Preferably, at each stage
any node connected either to the current start node or to any other nodes already
forming part of the current connection path {other than any excluded node}, can be
considered as a candidate for the next link, and if a node connected to an existing
node other than the current start node is selected, the links between the existing
node and the current start node are deleted from the connection path and the link

between the existing node and the new node is added to the connection path.

Bknown as "diversity’



‘mai ntai ned, albeit at |ower capacity, even should one path fail), and any
variations in availability of capacity e.g. because of planned mai nt enance,
or other users of the system 5 In order to establish the routing
to be takenag¥9ﬁ¥ﬁ5ﬁwwndssion, t he various connections to PET/GB®®2990 t he
net wor k nee e allocated and reserved. The capacity may be required

I mredi ately, or the capacity may be reservéd i n advance agai nst an expected
requirenent. It is possible to envisage a path-finding systemin which a
path is sought 10 fromfirst principles every time a new request for

capacity is made, byta0aL¥siRg L@@ nﬂﬁ‘é VRS HurRd " dnéitliohs MRtlvédnS nieRPaHidal €d

capacity, and calculating a path through it. For a conplex network, such an
exhaustive anall§viss Mﬁ'ﬁcqfﬁfvme\/@“ea may auishhaytoges ﬁ?tﬁ‘@éﬁ‘%r‘emm ond to
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processi ng coul d be redundant, since repeated 15 requests for connection
bet ween the same t\/\oTbél"?ﬂ‘%‘)q/\b\QVd’elfs”Ef&dl qut[sgaryng fremy RRh ppd (PRints Qepenetng i ng.

An al ternati e QRPHACEuths fHe tRE&! BhiRt ¢! dathi Agls %naldema%abme% Q@tegfh
bet ween any given starting point and any ﬂ?l ven end EOI nt. request ftor
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(allowi ng for %Qfer@aymcmslawnﬁa EEMNir®eYt idvef tBhsifdHs Ofn BETALHA&) mdr@n be

sel ected. This nethod is
simply as requiring that each link of each half path, starting at its respective end

point, can only link to a node at the same or a higher level as the current start
10 point.
it shouid be recognised that the term ‘half-path’ is used in this description,
to mean a part of a path built up from one end. The two half-paths making up the
complete path are not necessarily the same length.
In a preferred arrangement, the method may comprise the further step of
15 monitoring the available capécity- present in the store, and previding an alert if the
available capagity falls below a predetermined minimum. The capacity may be
monitored by determining whether the step of testing the model fails to identify a
suitable connection path. This allows the system administrator to-be alerted to
imminent capacity shortages before they become critical.
20 Embodiments of the invention will be further described by way of example
with reference to the drawings, in which:-
Figure 1 is a diagrammatic representation of a tiered synchronous digital
hierarchy network;
Figure 2 is a representation of the STM-1 frame;
25 Figure 3 shows a network management system for controiling the network
of Figure 1;
Figure 4 shows the general construction of a computer suitable for
operation of the network management system of Figure 3.
Figure & is a diagrammatic representation of the functional components of
30 a network management system for the network of Figure 1 and which embodies
this invention;

Figure 6 is a flow chart for the process of the invention;



| npracticable for a network of any size, because it requires a very |arge
menory size. There are an unmanageably hi gh nunber of possible paths

t hrough a conpl ex network, and although nost of these paths are
sub-optimal, they may be needed if the best path stored is unavail able for
any reasonwosaeitons |ink failure or capacity 25 al r eadyPCIGERASORRY. Thi s _
met hod al so requires constant updating as the network evolves, and requires’
routings for which capacity is already chmitted to be expressly consi dered
and rejected. According to the invention there is provided a nethod of
operating a network managenent systemfor a tel ecomunications network in
order to satisfy 30Figererkipuediow chartsiooying the pathiiating eni ofgthe wpesisfihed
capacity bet rgatetr\agta'ﬁpecified term nations of the network, the network
conpri sing aV\g urality of connections between network nodes, each

connecti on havi ng aFigured@t andniSnddsuapavvd yfortiddenhebining ewmpntssi Figurehg St eps

of searching g,stid h | and avail abl e WO 97/ 23101
PCT/ GB96/ 02991 %’pggil%;péslzwg%é ié]gzjﬁ?z?g?/&a connection path to satisfy the

request; de®erm ni nggvieetiRero dOgdtustrate saveqahstapsint ¢oratiactirat  psthpedugh | S
present in the,sStahdrk g’,ff,;,élgeqych path is :
Figures 10h to 10j illustrate construction of an alternative path;
Figure 10k illustrates construction of a third paih:
Figure 11 illustrates a rule for selecting a combination of. two distinct
10 paths, to provide path diversity.

- Figure 1 shows in diagrammatic form a very simple 3-tier SDH network
91. In the highest tier of the network there are four nodes, repre.sented by
squares, 1, 2, 3, 4, which are fully interlinked by trunk connections 12, 13, 14,
15 23, 24, 34. In this diagrammatic representation there are four second fier rings,
21, 32, 41 and 43, each of which comprises a number of second level nodes 211
to 214; 321 to 324; 411 to 415; and 431 to 434 respectively, and are connected
to the first level network at two of the first level nodes 1, 2, 3, 4. There are four
third tier rings 5, 6, 7, 8. The ring 5, comprising nodes 51, 52, 53 is connected to
20 the second tier at second tier nodes 21 1/212 of second tier ring 21. The ring 6
comprising nodes 61, 62, 83 is connected to the second tier at second tier nodes
322/431. Note that these second tier nodes 322/431 form parts of two separate
second tier rings 32, 43 respectively. A third tier ring 7, comprising nodes 71, 72,
73 is connected to the second tier ring 41 at nodes 414 and 4.15 and a third tier
25 ring 8, comprising nodes 81, 82, 83 and 84, is also connected to the second tier
ring 41 at nodes 413 and 414. In practice each of the second tier nodes would
have at least one third tier ring connected to it, but only four third tier rings 5, 6,

7, 8 have been shown for clarity.
The nodes are formed from add-drop muitiplexers and cross-connects
30 which have associated muitiplexers. Add-drop muitiplexers are used where it is
required to add or extract a 2 Mbit/s signal. In the third tier, the transmission rate
is 155 Mbit/s, in the second tier, the transmission rate is 622 Mbit/s, and this rate

or a higher rate may be used in the first tier.



-present in the store, testing a nodel of the network to identify at | east
one suitable connection path between the requested term nations, and addi ng
any suitable 5 connection paths so identified to the store, and upon

i denti fying v?ﬂ&ﬁ%?ﬁct i on path having the requested capacitychensspenit he
requested te ons, allocating the identified connections so as to

satisfy the request. It will be noted that 9this nethod does not necessarily
identify the optimum solution, as the search is not exhaustive. An
exhaustive search would take a very 10 |arge anount of conputer tine, and

the result woul d onl y;gq‘ﬁrrg i HoRPt i&gé{ay‘p‘;aiﬁg %Aggﬁg%gnro@q}{@%&%?rm aghay i's

made, when the entire a cati on schene wou ave to be re ns ead
the met hod of tthe popsikiptwaya in wdishiif cers be systividgdigtcafryta pleakes i MAI2, Y& ect)
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In a preferred arrangenent the store of routings and availa capacCities
i s updated in résqssfine te hecernteity lefsétbmfh%é‘é@i’mf?fge@aqfltﬁbl"ékﬁ)rﬂ the path

unavai | abl e. g nyphise VaAY 1 fEPEEEH o Qétvw}ipcéa%ﬂuﬁgcbrﬁanﬁé!robfdﬁ(jsugém& sk iLhe
menory need only store routings which are likely to be require

mai nt ai ni ng a stltscetedito ghethealinh i et STk & hse encapecity ﬁnrmy~tbr@s \é@mmtsgtozo
new paths to begagded, \9.{3?1 %Eéioﬂuérﬁﬁi'ggﬁ/déﬁao{somke FVCS%CQ&%' &% SIngR vca

required, vvhllst sti | owm ng chan in aval | abi ty be acconmodat ed.
slot; and, as will be descrrbed elow combinations of different types of VCs are

also possible. In addition the STM-1 module carries a signalling overhead S.

10 Capacity on each link in a path is represented by one or more STM-1
modules, the call traffic being transferred between virtual containers at each node.
When the capacity is aliocated on a particular path a virtual container of the
appropriate size is allocated to that call. The containers are allocated such that the
remaining capacity has maximum versatility. For example if the first two VC12

15 slots have already been allocated, a request for a further VC12 slot will be met by
allocating slot VC12-3. This leaves all the VC2 slots except the first one free for
use, should a VC2 siot be requirad. Similarly, if the first five VC12 slots and the
third and fourth VC2 slots have all been allocated, a request for a further VC12
slot will be met by filling the sixth VC12 slot, thereby leaving as many VC2 and

20 VC3 slots available as possible. This pattern of allocating slots ensures that, for
example, a request for a VC3 capacity can be met even if the STM-1 already has
allocated up to forty-two VC12's or fourteen VC2’'s or some combination of the
1wo types, e.qg. tweniv-seven VC12's and five VC2's.

Referring now 1o Figure 3, there is shown part of a network management

25 system 200 for managing the SDH network 91 shown in Figure 1. The network
management system comprises a network manager 202 and a set of element
managers for managing the nodes. For reasons of simplicity only two element
managers 204, 206 and six nodes 210a, 210b, 210c, 210d, 210e, 210f are
shown. The construction of network managers and eiement managers is generally

30 known to those skilled in the art,

The network manager 202 and the element managers 204, 206 are each
impiemented as a computer. The general construction of a suitable computer is

shown in Figure 4. This computer comprises a memory 220, a display device 222,



In a further preferred arrangenent capacity is allocated in advance, in
response to a request, but the allocation of individual paths to
connections is made at the tinme for which the path is required. In this way
the utilisation of capacity 25 can be optim sed, w thout jeopardising the
traffic whingdw7hpsms al ready reserved capacity. The path fi RAT/GERMIess may
conprise the follow ng steps: 30 i dentifying a start point and a
target point; identifying, fromthe noded® n the network directly connected

to the start point, that node which is nost appropriate for approaching the,
target point; WO 97/ 23101 _

PCT/ GB96/ 029_9]3 I&y_bsa_rab'lzélshi n@ttﬁ@rmm@m' lﬁﬁm&ﬁﬁ,tdn_e iﬁ;bLardutmmipﬂ'rtsanq
the process. uéehy THEoont F2PeieR e lbrieise i, Semimasn o = el #8571 "0
connecti on i S Randten Wictésst Membayr (GaM) @od Read-Only Memory (ROMI. The programs for
operating the computer are stored in the memory 220.
5 Referring now to Figure 5, there are shown the functional components of
the network management system 200. The functional components are
implemented by the programs of the computés which form the network
management system. These functional components will now be described. The
network 91 that is controlled by the network management syétem 200 supplies
10 data to a monitoring component 92 which monitors the network to ensure its
correct operation. In the event of malfunctions or incipient 6verloads, instructions
are transmitted from the monitoring component 92 to a maintenance component
93 and/or a forward planning component 94 as aﬁpropriate. These two
components are responsible respectively for fecﬁfying faults in the existing
15 - system, and devising enhancements to the system to deal with future demand.
“The maintenance system interacts with maintenance staff to issue instructions to
prepare the system. The planning systerh generates instructions for a
configuration component 95 which, either automatically or by way of instructions
to technical staff, causes the network to be modified to meet the planned changes.
20 This process is therefore interactive, changes planned by the planning component
94 being carried out by the configuration component 95, and the effects of such
changes on the network 21 being monitored by the rhonitoring component 22 in
order to determine the future planning requirements. _
In order to support this function, and to control the order handling process,
25 a network model 96 fembodied in software) interacts with the network 91,
monitoring component 82, maintenance component 93, planning component 84,
and the configuration component 95. The current status of the network, in terms
of connections in service and available capacity on those connections is monitored
by a status monitoring component 97. This provides information to allow the
30 capacity currently available in the network and available at any future time, to be
modelled in the network model 96. Similarly, any planned maintenance can be
programmed into the model, so that capacity which is currently out of service, or

projected to be so, can be modelled as becoming available at the projected



‘5 Preferably, the identification of the nost appropriate node takes into
account the distance of the target, and the structure of the network. In a
typi cal hierarchical structure, weighting factors can be applied to

di fferent ngﬂg;ﬁs@lpr eferentially select a node at a | evelpamwchoe®299i er ar chy
nost appropriate tor the 10 distance to the target. This approach does not
rigorously explore all possible paths, butimat each step anal yses the npst
likely possibility. Unless the network has any very unusual features this
wi || produce an answer close to optinmum In a typical hierarchical network

comprising a Pl didlldoh Ghe P ¥R hafRGingl pldA&d) PRITBIhRRS cBrpbiifin dd'fias'?
maj ority of nodes only have two connections, thereby sinplifying the
anal ysi s proces®vo-vay | igterasdion rigo rtbe gnodehi9$. prirets sthii plenting dcorpenerpt Bdum

routing, or ONCintHn¥ thd RBeildd ap;nvaaghmwu{,g}saéz%%éh ik %@%ﬁﬁo%swtgggt

the network is well structured. Safeguards can be I ncluded to ensure
t he path sel ect®ddel St alignrte capnity| which & prpiscigd te ihaus Aecomropvailable dy the

establ i shed a5 fQL oo tmn—,}pmwaesc&a&%! Ofhe Patb et i§a£||£‘? ruaagf bﬁ,gg\eegsxaﬁms e

fromconsideration in any further links in the path. 1Tf connect ed
to the current ¥wRarepi®dt ingpidierte | aa¥ dovtr mpironsp deipetidron, Theasontigyratient he

case if they al ¢SashhehOBE IR orPine if¥BratloR comfafed W fRYhbde: BB!ih ¥rdeP Wbk ed
how to modify the network 91, thereby ensuring that the model 96 remains a
faithful reproduction of the network 91. The order handling component 98

10 provides requests for capacity to the system. The order handling is processed
within the model 96, and the capacity requirement is met by identifying suitable
paths from information held in a store 90 associated with the model 96, or by
fallowing the rules obt_ained from the rule store 89 to identify new paths to add to
the store 80, and then configuring the model 96 accordingly. The resuits of this

15 process are fed to the configuration instruction component 85 which issues
instructions to configure the network 81 to meet the capacity at the required time.
The status of the network is monitored by the status monitoring component 97,
which in turn updates the model 96 thereby ensuring that the model 96 remains a
faithful reproduction of the network 91. In this way the system can check

20 whether the configuration function has carried the instructions out correctly.

By using a model of the network which is continuously updated by data
obtained from the network the order handling process can make maximum use of
the available résources, without attempting to aliocate resources which are out of
service or already allocated.

25 Figure 6 shows a flow chart illustrating the order handling process as
performed by the order handling component 98 and model 96, with reference to
the rule store 99 and path store 9Q. Initially a request for a path between two
network termination points (nodes) is received (step 101). The first function
performed by the order handling component 98 is to consult the path store S0

30 step 102). This path store 90 has information concerning a number of paths
between nodes, which are either in common use or have been found by means of
the search procedure to be discussed below. In the next step 103, the availability

of such a path is determined. If such a path is available the procedure moves to a



or are out of service) the link connected to the current start node may be
del eted 25 and the process repeated fromthe previous start node.
Preferably, at each stage any node connected either to the current start
node or to any other nodes already form ng part of the current connection
pat h (ot hewadiamonny excl uded node), can be consi dered aBCHGB¥HAate for
the next link, and if a node connected to _an existing node other than the
current start node is selected, the |inkd2between the existing 30 node and
the current start node are deleted fromthe connection path and the |ink .
bet ween the existing node and the new node is added to the connection path.
WO 97/ 23101 further step 104 where the capacity available on that path is assesseBCTf (HaR51502991
7 The rules : limt th ungber of transitions betwegn hierarchical
level s. In pgr% i(ia%fag're, 6{3!}1]&\1:1% deegu%g)? a?aec(‘.]tﬁitl;'eep?’ﬁg?s MBEs & F"t”ﬁ‘ﬁ' HERd OPevel
may only be cimméihethet avaiiatifty oifimbe dayh & plsecked) Stongnso@damt ahe b Sagth or a

genorating 5 TaEelert faf o el HehbER Ul Nt ai obll i eIt iR
redefined ab eweittenancer dt theopathsstoredBQ bas am bvaithble tpatowith afeqiidte capmry hal f

path. In this aﬁ@%iéhng s{iﬁjlneservice then that path is assigned to the requested user.

in the event that either step 104 ‘identifies that insufficient capacity is
available on the identified path; or it is found that the pafh'that has been identified
is no longer available {step 105) then the system returns to step 102 to consult
10 the path store 90 in order to identify if an alternative path is available. This
process is repeated until either a suitable available path is identified, or until all
suitable paths between the two terminations have been tried. When the step of
identifying whether a path is available {step 103) fails to find such a path, (which
may be at the first iteration if the end-to-end path is unusual or heavily loaded) the
15 ~process diverts to a path-search process 107. This process will be descfibed in
further detail below. Having identified a new path, this path is then added to the
path store 90 (step 108}, and assigned to the user. Future requests for traffic aver
the new path will then be offered the new path when the path store 90 is
consulted in step 102, provided that the path is still available and capacity is
20 available at the time required. Note that at the time that the user whose request
generated that path reaquires it, the full capacity of the path will not be available.
However, except in extreme cases, there will still be some capacity available.
When a path is requested for some future t'u_'ne, the step 105, checking
that the path is in service, is repeated at the time that the capacity is actually
25 required. Provided the path is still available, it is éSsigned in step 106 as described
above. If in the interim the path has ceased to be available, for example because
an element of the path has been taken out of service either as a result of
unplanned maintenance, the process is repeated by again consulting the path store
90 (step 102) and continuing as described above.
30 Figure 7 shows the process of path searching {step 107) in greater detail.
Figures 8 and 9 illustrate some of the path searching rules used in this process.
Figures 10a to 10g show several steps in constructing the path, figures 10h to 10j

showing a second path being constructed, and Figure 10k shows a third path. The



Teferred to above Iimting the nunber of |evel transitions can be defined
nore sinply as requiring that each link of each half path, starting at its
respective end point, can only link to a node at the sane or a higher |evel
as the currgghevdsapt 10 point. It should be recogni sed thetcT/chesmzenm ' hal f
-path' is used In this description, to nean a part of a path built up from
one end. The two hal f-paths nmaking up the tdnplete path are not necessarily
the sane length. In a preferred arrangenent, the method nmay conprise the
further step of 15 nonitoring the avail able capacity present in the store,

and provi ding afleRb@E lof fie bR MAH hAR BeehdRRElekYat fealh StaBElaNsown crossed.

predeterm ned m nimum The capacity nmay be nonitored by determ nl.nWet her
the step of testqsaigle; v medes 1§ trmsthenexy eaitiof they Pt erabihewaoinrelid iblaskpat h.

This allows theth%yéﬁaﬁ%amdﬁdwa&@&cahaoﬂpm@&@diﬁ&dug eeea'&gfrmanéatfxqam%mev
shortages before they becone critical. 20 nbodi nents of the

i nvention will PRIeF 3Fa towngssnenbiagkey way of exanple with reference to the

drawi ngs, ingnich: - FirgllpRickredSarmaindbASHaiERYh ehi§ BRIRSEMAbbMANs Yityud ST ed
synchronous digital hierarchy network; Figure 2 is a representation ofa t he

STM 1 frame; 25two haif pathy; gaitiag drogheash endnethrome HrifrRagRmErAtbult ur Bynatiding
control l'ing the, Rak WOldsch alternately, at each step identifying which node, of those already

connected to the end point or another paint on one existing half path, is closest to
the end point of the other haif path. The nodes considered in this way at each
10 stage are referred to below as “candidate nodses”.

Starting from a given starting node, which will initially be one of the
terminations of the path required, all the availabie paths from that point will be
assessed. For example referring to Figure 1, we identify node 81 as the start point
{step 110). The only paths available from that node are to nodes 82 and 84. The

15 first stage in the process is to identify whether either of them is excluded by virtue
of the rules contained in the rule store 99 (step 111). The rules used in this

example are:

t. No link may be established from a node in one tier to a node in a lower
20 tier.
2. No fink may be established from a node in one half path to a node already

used in the same half path.
3. If a candidate node is accessible from two or maore points on the existing
haif path, the link from the node closest to the original termination point is
25 selected.

Rule 1 ensures that paths change levels in a systematic way, and in
particular that only one part of the path is at the highest tier level. Normally this
part will be in the middie of the path, but it may be at one end if one of the end

30 nodes is at this high level. In that case the exclusion rule will result in the path
being up as single “half path” from the lower end. Each half path may include

level portions {links between nodes at the same level).



of Figure 1; Figure 4 shows the general construction of a conputer suitable
for operation of the network nmanagenent systemof Figure 3. Figure 5is a

di agrammatic representati on of the functional conponents of 30 a network
managenent system for the network of Figure 1 and which enbodies this

i nvention; Woyesmi6 is a flow chart for the process of tRETVGRWIRMoN; WO
97/ 23101 PCT/ GB96/ 02991 8°
Figure 7 is a flow chart show ng the pat h4 i ndi ng part of the process in
greater detail; Figure 8 and 9 illustrate two 'forbidden' routing el enents, .
Figure 8 showng a | oop, Figure 9 a dead-end; 5 Figures 10a to 10g
illustrate several ®&ukp2 ensuren st rtbe tpathgdeespadthodd backgdn e nahiworde &f

g;?lﬁ.re 1. Fi gqﬂ&?rage%hm Pguﬂegjs LAJ yistrate construct ion of an alternative

Rule 3 ensures that the total number of links is not greater than necessary.

Figures 8 and 9 illustrate in simplified terms Exclusion Rule 2 described

5 above. In the first case {Figure 8), a node 901 has been identified as being the
closest from the current start node 900 to the target 902, but is not permitted as

it already forms part of the path; selecting it WOuld form a closed loop which
clearly cannot form part of an optimum path. In Fig'ure 9 node 911 is the closest

to the target 912 but has no available node ad'jacent to it. This is in fact a special

10 case of the previous example, because the bnly available link to the proposed node
911 is the immediately preceding node 910, which already forms part of the path.

in the cases illustrated in both Figures' 8 and 9 the node (901, 911 respectively) is

to be excluded from consideration, and another branch {803, 913 respectively) wiil
be selected instead.

15 A node can be excluded by substituting, in the database for its actual
distance from the target node, a very farge ‘exclusion’ value W,,.. This vaiue
could be infinite, but in practice it is preferable to use a large non-infinite number.

The exclusion rules- may be overridden manually if necessary. For
example, if a high-level link has failed, it may be necessary to link two high-tier

20 nodes by a lower level link as a temporary expedient.

Of those nodes which are not exclbded, the best node for approaching the
target {destination) is then selected {step 112). The best node is determined as
that for which a weighted value of the distance to the target is a minimum. The
weighting is a function of the distance to the target, and of a characteristic tier

25 size. This function ensures that trunk connections are preferred for long distances.
In particular, it may be efficient to use a nearby trunk node, even if it is further
away from the target than the current start node. A suitable weighted function is

determined by the formula

o -xl)
VV" =d.2' o subject to W, <W,..
30
where

w, is the weighted distance in tier n.



"Figure 10k illustrates construction of a third path; Figure 11 illustrates
arule for selecting a conbination of two distinct 10 paths, to provide
path diversity. Figure 1 shows in diagranmatic forma very sinple 3-tier
SDH netvvork‘g o7d370st € highest tier of the network there afer/msmeodes,
represented by squares, 1, 2, 3, 4, which are fully interlinked by trunk
connections 12, 13, 14, 15 23 24, 34. In'%his diagranmatic representation
there are four second tier rings, 21, 32, 41 and 43, each of which
conprises a nunber of second | evel nodes 211 to 214; 321 to 324; 411 to
415; and 431 to 434 rg5specidivasdstareed are connect ed to the first |evel
network at two of the first | evel nodes There are four third
tier rings 5, 6, 7, 8 ?Ifl%'?'t?'lsﬁbt%c"‘ﬁ{ﬂ'rﬁﬁCé’i”ffﬁ’”ﬁ%‘aBgtrgf"p%‘?"t‘sléui‘"s*"’@dﬁnect ed
to 20 the second tier athe@emAd tier nodes 211/212 of second tier ring 21.
The ring 6 conprising, nodes 61, 63 is connected to the second tier at
second tier nodes 32%!’4533Ch?(B'ité”st‘ﬁé’ﬂs"?'i'?ésaép?é%‘ﬁd°‘tﬁ'eér“ nodes 322/ 431 form
parts of two Separ at erhaaamedi/d,iethd hirgber 32 JindsSoff GG OWhER Wbuld bd Rédddd it ©F
ring 7, conprising nodes 71, 72, 73 is connected to the second tier ring 41
at nodes 414 antf ﬁg‘eafﬁﬁa'écet% rd tier 25 ring 8, conprising nodes 81, 82,
83 and 84, is also ccmn,eo& edmhﬂnmheme@maddshtaaée,rdeﬂ@to% REs Rarew, 413rad
414. In practice each o [1 $ tier nodes ul d have at |east one
third tier ring 'EB‘F‘FﬁéE? cuge F"ksb‘ﬁ"th°6‘hf"§taf‘8%is m'r’r?ﬂe PPeselected i preferpnce

to merely very unsuitable ones {whose distance cannot exceed W,,,}. Typically
10 Wp = 10°% and W, = 10'C,

ft will be seen that, for vaiues of d which are small in relation to d,, the
equation reduces to W,= d. For d=d, it :becomes W, = d.2'. For large d it

increases exponentially.

15 The following table gives some values for W, using f=1%, dy = 200, d,
= 50, d3 = 10.
d d; =10 d,=50 d, =200
0 0 o 0
1 1 1 1
5 6 5 L
10 {=dg) 14 10 10
30 85 37 32
50 {=d} 283 71 55
100 3200 200 119
200{ =d,} 2x10° 800 283
500 1.6x10"° 16000 1090

20

It will be seen that the weighting works in favour of higher tiers when distances

are iarge.

In the exampte, with reference to Figure 1, if the target node is node 62

then it can be seen that, of the two nodes B2, 84 connected to node 81, both are

at the same level {the third tier) but the node 84 is the nearer to the target 62.



7, 8 have been shown for clarity. The nodes are forned from add-drop
mul tipl exers and cross-connects 30 which have associated multipl exers.
Add-drop rmultiplexers are used where it is required to add or extract a 2

Miit/s signal. In the third tier, the transmssion rate is 155 Mit/s, in
t he secondwWiDi9310t he transmi ssion rate is 622 Mit/s, anBCVGB%/RVEie or a
hi gher rate nay be used in the first ti WO 97/23101

PCT/ GB96/ 02991 Figure 2 shows a di agrar‘mﬁﬁ c representation of the STM1
nodul e, and the possible ways in which it can be subdivided to carry a
nunber of VC12, VC2, VC3 and VC4 virtual containers. VCl1's are not
represented i Rhergfiose i aifreangde R whishnwil tbe sphetedabametmal edbisrmocdsy chhe

user, for_eacihefuelFedted kSigtnt BeRE) Bock o4 B2tnd Ry S nd 565, fipugh the

netvvork a virtual contai ner of a sul ta size 1S a Sttt’8 call.
The STM 1 has™a"¢ HP%Ee¢ yesessary|uptilthe iarget ng@e 2 rebofted ($tep 1dkdpht y- f our VC11

| ot t t e Y ; c4 %I ot; and, as
i 11 "he descr bed el o Corpnat one a1 oresrardisdth BRI of oo’

possi bl e. 1T hHuehelf #Athsh&taging fomeath endait thesseaond stan (Figuge H0Brharaidg S.
from the node 62, there are two possible next nodes, namely node 61 {at the same

third level) and 431 {at the next {second) level). Of these, it can be seen that the

node 431 is nearer to the new target node 84, and the target is at a distance
greater than the size of the second tier 43 so this node will not be weighted
10 against.

At the third iteration (Figure 10c! the node 84 again has links to only two
possible nodes available to it, namely to the third tier node 81 and the second tier
node 414. Links from nodes already in the péth are also to be considered so the
link from the start node 81 to node 82 is also considered. Of the three nodes 81,

15 82, 414, the node 81 is excluded in step 111 as it already forms part of the path.
This leaves nodes B2 and 414 as possible new nodes in the path. Of the two it
can be seen that the higher tier node 414 is the nearer to the current target node
431, and the target is at a distance greater than the second tier size.

In the fourth iteration, {Figure 10d) the possibie nodes which can form the

20 next link in the path are, from the current start node 431 to first tier node 3 and
second tier nodes, 434 and 322; and from the original start node 62 to node 61.
Of these, node 62 is excluded as forming part of the path already and, of the
remainder, node 434 is nearest to the current target node 414. However, the
current target node 414 is further away than the size of the second tier ring 43, so

25 a weighting will be applied. A fink will therefore be established to the higher tier
node 3, although it is further from the target 414.

in the fifth iteration {Figure 10e} we proceed from the node 414 found in
the third iteration, node 84 (found in the first iteration}, and the original start node
81. The nodes linked to these three start nodes are 71, 73, 81, 82, 83, 84, 413

30 and 415. Nodes 81, 84 are excluded by virtue of forming part of the path aiready.

Nodes 71, 73 and 83 are excluded as they are in a lower tier (the third) than the
start node 414,



10 Capacity on each link in a path is represented by one or nore
STM 1 nodul es, the call traffic being transferred between virtual
contai ners at each node. Wen the capacity is allocated on a particul ar

path a virtygl jeontainer of the appropriate size is allocaperichsmsat call.
The containers are allocated such that the remaining capacity has maxi num

versatility. For exanple if the first two ¥€12 15 slots have al ready been
al l ocated, a request for a further VC 12 slot will be net by allocating
slot VC12-3. This |eaves all the VC2 slots except the first one free for

use, should a VC2 sl of,; r ' LI} i | fi.pe | ots
and the third and foﬁh‘%ﬁ@‘éqéélrg?gr H‘g(\h/égb%?f'é %%cé)rqgé Fgg‘g%seﬁs'glg’éq%/&tgs ‘or a
further VC12 sl oedet1] isiyhe pigseshyo the fargegy nodre3 ankishselgCled. sl ot , t her eby

| eavi ng as many VC2 O of's g siuhl Thi tern
of allocating slots 2&?&%2"‘%@%&'?& "@%ﬁmﬁg’, %gﬁé%ﬁﬁgs{thgf %artha‘l?%/%s&g}aepgci ty
can be met eventavward$eheSidwv ltacget @ady 4i&s thal harratledingpditegt fitist 1o- thaoexXi&Tibg' s

or fourteen VC2' S khathon, of t t S . we - sgyven
0c1 9% and 15 o8R0l Re AP Eacaafls hrelibfiod 8041 B 028 ofls 1 ERMESEY ON
net wor k nmanagenél apg 3 ypexendabas thay foumagited thdpatBDHNGdes \dGRk 323 asth@dd@ i n

a Set o ol ament naRaaar o o Siana Paa! Hhouan 18e rofb BRHA0 ol SRIRREH HE T
only two el emen©f rthgregehich 208 nop 8&ctadnd. she clyseie gode 0, the 1gbet 2 1tBe fird1Ga,
210e, 210f are ,.4e 4.

10 Finally, in the seventh iteration {Figure 10g}, a path is sought from the
node 415 towards this new target node 4. Of the links to be considered from the
nodes 81,84,414, 415 making up the existing path,-it can be seen that a direct
link is available from node 415 to the current target node 4. Thus the path 81, 84,
414, 415, 4, 3, 431, 62 has been built up.

15 Having completed a. path {step .1 14), the path is stored in the path store
80 {step 108, figure 6). The process can be repeated {from step 110} in order to
seiect different paths. Thé choice of path or paths to be assigned will be made
from those stored in this way, -using a selection process to be described later.

Further exclusion rules are necessary to ensure that the system does not

20 simply select the same path each time. This may be done by simply eliminating
one link of each previously found path. Elimination of a high-leve! link will usually
result in a very different routing over the trunk network. The lower-level tiers are
arranged in rings, so elimination of a low fevel link will result in a path being
searched for in the other direction round the ring. So, for example, eliminating the

25 link between nodes 415 and 4 forces the path search to seek a path from node
414 in the other direction round second-tier ring 41, thus arriving at the top tier at
a different point {node 1 instead of node 4}. Similarly, elimination of the link
between third tier nodes 81 and 84 forces the path search to seek a path from
node 81 in the other direction round third-tier ring 8, arriving at the second tier at

30 node 413 instead of node 414,

The number of times the search is done will be determined in advance, in
accordance with how important it is to find the optimum path or paths. By

monitoring the performance of the system, this number can be medified. For



shown. The construction of network nmanagers and el ement nmanagers is
generally 30 known to those skilled in the art. The network manager 202
and the el ement managers 204, 206 are each inplenmented as a conputer. The
general construction of a suitable conputer is shown in F| . This
conput er cROPMIMEs a nenory 220, a di splay device 222, 8@9@?7/’%‘3101

PCT/ G3B96/ 02991 10 a keyboard 224, a cent g@l processi ng deV| ce (CPU 226,
and i nput/output ports 228. The nenory 2 may be inplenented as a

conbi nati on of a hard di sk, Random Access Menory (RAM and Read-Only Menory.
(ROM). The prograns for operating the conputer are stored in the nenory
220. 5 eRofnde. rit Mgy resvredusepiiginisefopnd e rtbe best petvisrusublly foundtn emal
conmponents of (fhe. agt work managenment system 200. The functional
conponents are |rrpl enmented by the prograns of the conputers which form the
net wor k managenent AyB@uRuMTRESREr! o 1ePs rislep cenvptine@ay denset tneveitevery

descri bed. Th%n?ﬁyv&am Bkind 128hd,! & iCANRECI gdsiBY dalifs MHRE WRELGY BUIRYSIRN!

system 200 su
Pf fewer paths than the set number {or none at all) are found, this is reported as a

failure. A manual override may ailow the step count to be increased in such
circumstances.

In the present example, in order to establish a different path the link
between nodes 4 and 415, is now made unavailable. Now, in the seventh iteration

10 of the process described above, the only other available non-excluded node, node
413, is used, and the unused link to node 415 is abandoned. The link from node
414 to node 413 is selected. Since the node 415 is now a ‘dead-end’, it is
labelled as an “excluded” node (Figu}e 10h}, as described above with reference to
Figure 8 and Rule 2.

15 - In the next (eighth} iteration, candidate nodes for the next link are as
foliows: From the current start point {first tier node 4), both the other first tier
nodes 1, 2 are available. They are also available from first tier node 3 which is
also in the path. Links from these nodes to second tier nodes 411, 433, 434,
432, 431, 322, 323 are excluded by Rule 1. However, the link 10 second tier

20 node 434 from second tier node 431, which is in the path, is not excluded by this
Rule. The link at third tier level from start node 62 to node 61 is also a candidate.
Of these, the first tier node 1 is the closest to the target node 413. The link 13
from node 3 to node 1 is therefore selected. This link is selected in preference to
the link 14, from node 4 to node 1, as it requires a smaller total number of links

25 (Ruie 3 abovel. The link 34 is dropped from the path (Figure 10i}. It will be seen
that at the next (ninth) iteration a half path will have been built up by way of
nodes 81, 84, 414, 413 and 1 to link up with the other half path.

It will be seen that the path selected in this example is not quite optimum:
a more efficient routing would be by way of node 82 instead of nodes 84 and 414,

30 A further search, this time excluding the first link (81 to 84) would identify this
optimum routing (Figure 10k).

The path or paths finally seiected will be the most suitable (in most cases

the one requiring the fewest links) of those which are found by the process. The



10 data to a nonitoring conponent 92 which nonitors the network to ensure
its correct operation. In the event of mal functions or incipient overl oads,
instructions are transmtted fromthe nonitoring conponent 92 to a

mai nt enance w@pR@Nt 93 and/or a forward pl anni ng conponerUTASBP6ARI91
appropriate. These two conponents are responsi ble respectively for
rectifying faults in the existing 15 syst and devi si ng enhancenents to
the systemto deal with future demand. The nmi ntenance systeminteracts

wi th mai ntenance staff to issue instructions to prepare the system The

pl anni ng syst er@xcﬁb@i&ﬁr@Ie@SmiaﬂSéHBH%drﬁH\Sinlf@Eo Ebecémrﬁrhélurtatrh@ﬁ @ﬁmeaam%
whi ch, either automatically or Y instructions to hni cal staff,

causes the net witke'ey ‘ﬁ%e'ﬁﬂaf‘"l“i' 'éﬂ"’?’i? ‘Héfefeqt"f:f’é' B1eWEdP T A %gf no ndivigual

process is then&umfrewddetoeﬁaaﬁsevwanq&ar@e@r\p&@ﬁnedxdm;drhﬁnq@l A0t reguifeOtiapnent
94 being carri e out t he confi ur a&%?ﬁre\ i:??lg@onent 95, and the effects of
t

such changes on "r‘Fe%‘\'RE}P’ks@‘iCIB% g i Phe S8ATRR ATV b GomBletRi ent

92 in order t0o |ﬂ@é;ﬁhﬂ%tﬂ&:ft&@hfdﬂlﬁ#r eTRk &d8s Mot bRGUIAE GRS pathd sAEMRY sdrfe
support this function, and to contral the order hanpd]ing process, 25 a

networ k nmodel SRPTMBRMHERISER 19703 BPPAATaSTIeth it searchi bt PR dnAktalRstiRn gom

noni tori ng Cconpeesd bade, folMBiikICNBERRNCRMPRMNLEL mASk ugdl malm 4HATBBEheP 4
and the configuration cocgp 8 t @5 The (i_grre t st at & t he network, in
terms of connectPBnOe; fP%EPYFRE CBh P GFrai I' A1 CIFTalT §/ Wi b dBet PBWHERY | ons
is monitored  combination having the lowest total number of links.

10 This may be modified to preferentially use paths using lower tiers where
possible, by applying an additional weighting factor to higher tier nodes when
counting the:total number of links used. In this way, if two paths have the same
number of links, the one using fewer high-tier links will be selected.

The optimum combination may not necessarily include the optimum

15 individual path. For example, in Figure 11 the optimum individual path from start
node 920 1o target node 930 is by way of nodes 922 and 924. However, if this
path is used, the only other available path is the circuitous path using nodes 921,
923, 927, 928, 929. The optimum combination of paths is for the first path to
use nodes 921, 323 and 924, and the second path to use nodes 822, 925 and

20 928.



by a status nonitoring conponent 97. This provides information to allow the
30 capacity currently available in the network and avail able at any future
time, to be nodelled in the network nodel 96. Simlarly, any planned

mai nt enance can be programed into the nodel, so that capacity which is
currently wow7Rstoservice, or projected to be so, can be rERIGCHIHZIINLS

becom ng avail abl e at the projected 97/ 23101

PCT/ GB96/ 02991 11 conpletion tine of th %ai nt enance pl anned. The pl anni ng
conponent 94 has a two-way interaction with the nodel 96. Firstly, the .
pl anni ng conponent 94 inforns the nodel 96 of any projected upgrades to the
network, again to allow the nodel 96 t@.AlMSocate capacity which is
projected to have becone available by the 5 tine that the capacity is
requi red. The nodel is also used by the planning conponent 94 in order to
carry out its!-pl andi nipethedctdforpperalieg cenfrieguorit incamagempranesyistedd ehraws on

tne informati i [ : 6] |l an _how to nodify
the network O rnoudshRe Mk Fafr ResaBnCh et 18 f Sodrarupt weh

repr oduct i &n RAVinghe speatfigsr karatity betyeeen rtuwr sHeaifigt itempicativps nd ithe Htwork,
the network comprising a plurality of connections between network nodes, each

connection having a predetermined capacity, the method comprising the steps of

searching a store of routings and available capacities to identify a connection path

to satisfy the request; determining whether a connection bath with adequate

10 capacity is present in the store; if no such péth is pfesent in the store, testing a

model of the network to identify at least one suitable connection path between the

requested terminations, and adding any suitable connection paths so identified to

the store, and upon identifying a connection path having the requested capacity

between the requested terminations, aliocating the identified connections $0 as to
15 satisfy the request. '

2, A method according to claim 1, wherein the store of routings and available

capacities is updated in response to connection paths becoming available or
unavailable.
20

3. A method according to claim 1 or 2, wherein capacity is allocated in

advance, in response 1o a request, the allocation of individual paths to connections

being made at the time for which the pat'h is required.

25 4, A method according to claim 1, 2 or 3 wherein the network testing step
is carried out by the following steps:-

identifying a start point and a target point,
identifying from the nodes in the network directly connected to the start
point, that node which is most suitable for approaching to the target point,
30 establishing the connection between the start point and the node so
identified as the first link in the connection path, and

repeating the process using the identified node as the new start point,
until a connection is made with the target point.

R



10 provides requests for capacity to the system The order handling is
processed within the nodel 96, and the capacity requirenent is nmet by
identifying suitable paths frominfornmation held in a store 90 associ at ed
with the nodghoHige0r by following the rul es obtained frorrdmeBIsnre’ st ore
99 to identitTy new paths to add to the storg.90, and'then iconfiguring the
nodel 96 accordingly. The results of this 26 process are fed to the
configuration instruction conponent 95 which .issues instructions to
configure the network 91 to neet the capacity at the required tinme. The

status of the rsetwlsh%mxeryc&&e gttax:sat,m FhaleiSin IR el mgd&ﬁﬂnmﬁmf 7l
whi ch in turn updates the nodel th ere%% ensuring that the nodel

remains a fai t HHBPeTtOpRIUE GaUIRISUt HIRE Rethvad lpoms ogneratinp SwRahal Wéh%yb*ﬁ em

can check 20  Wagfeh@bink N a0Mhb8 Had! bRy rwzﬁ.hé&et bach medradiRf ddhe current
instructions out correctly. By using a nodel of the network which is

conti nuousl y updateainhef hgtthSBeKiPAEY from t he network the order handling
process can gake nmaxi mum use of the available resources, wthout attenpting
to all ocate resources which are out of service or al ready al l ocated. 25
Figure 6 shows & fl o/ Ei§Ehod E}CFP"Gﬁ'tgrtﬁ't‘?*ﬁ@ 4 we Somdeieimyhen P Medp s esteblished

performed by thg Ry Jaanst 4 8&1&9{?&99&Ht s88 n@&pisr@gﬁxhe@@o%ryrﬂad&%ﬁEQHce

to the rule store 99 and path store 90. Initially a request for a path
bet ween two net¥wyrikrtbesligkninrheRaBoi nt s (nodes) is received (step 101). The
first function

10 7. A method as claimed in claim 6, wherein if all nodes connected to the
current start node are excluded from -consideration, the link connected to the
current start node is deleted and the process is repeated from the.previous start

node.

15 8. A method as claimed in claim 6, wherein at each stage all nodes
connected either to the current start node or any other nodes in the connection
path, other than any excluded nodes, are considered as candidates for the next
link, and if a2 node connected to an existing node in the connection path other than
the current start node is selected, the links between the existing .node and the

20 current start node are deleted from the connection path and the link between the

existing node and the new node is added to the connection path.

9. A method as claimed in any of claims 4 to 8, wherein the network has a
tiered structure, and wherein the most suitable node is defined as that which is
25 closest to the target node, subject to a weighting factor defined so that high level

links are used in preference to lower ievel nodes for long paths.
10 A method according 1o any preceding ciaim, comprising the further step of

monitoring the available capacity present in the store, and providing an alert if the

30 available capacity falls below a predetermined minimum.

A



performed by the order handling conponent 98 is to consult the path store
90 30 (step 102). This path store 90 has information concerning a nunber
of pat hs between nodes, which are either in common use or have been found
by neans of the search procedure to be discussed bel.ow. In the next step
103, the awa drasiol igt .?-H'«' ’\%og éﬂl is determined. |f sBEWGEIGHAH is
avai |l abl e the procqg WO 97/ 23101

PCT/ GB96/ 02991 12 furtheRE@#éﬁDlo4 ere22he capacity avail abl e on that
path is assessed. I'T there 1s an available path with adequate capacity the
process noves to a further step 105 in which the availability of the path

i's checked, t@iensukemkihall ddterdditf ol @aift 10| \aiverdih athee addbiBagapBty Been
renoved, e.g. as a result of a failure or-routine 5 nmaintenance. If the

path store 90 meakorsd by \Sstermpying waqurewrrerrt%e f§atng E"&rﬂ?ﬂeﬂ $Aila el idantitha i s
still in serviggbldwnnbdtah paat.h i s assigned.to the requested user. In the
event that either step 104 identifies that insufficient capacity is

avai lable on the identified path, or it is found that the path that has

been identifiad i s Agetvwiigefarayéerhéraldyerettic? RiddAtng ah@Anddivn e B&XWeBH UM NS
to step 102 to consult

two terminations of a telecommunications network, the network comprising a

plurality of connections between network nodes, each connection having a
predetermined capacity, the apparatus comprising: input means for accepting a
request for a connection path; a connection path store for storing data concerning
10 routings and available capacities; means for searching the connection path store to
identify a connection path routing to satisfy such requests; means for determining
whether such a path is present in the connection path store; search means for
testing the network for suitable connection paths, and means for adding suitable
paths so identified to the connection path store.
15
13. A network management system acco.rding to claim 12, comprising
updating means for updating the connection path store in response to connection

paths becoming available or unavailable.

20 14. A network management system accordihg to claim 12 or 13 wherein the

search means comprises:-

means for identifying a start point and a target point;
selection means for seiecting, from the nodes in the network directly
25 connected to the start point, that node which is most suitable for approaching the
target point;
means for establishing the connection between the start point and the
node so identified as the next link in the connection path;
means for redefining the start point and/or the target point;
30 means for identifying when the next link in the connection path completes
the path by linking the current start point with the current target point; and

means for storing the path so identified in the connection path store.

I




10 the path store 90 in ord tify if an alternative path is
avai l able. This process is re g@m ”’ylﬁ er a suitable available path
is identified, or until all sutta ween the two term nations
have been tr‘gﬁg V@en the step of |dent|f Ving whether a papdr/:Bosigsvr! abl e
(step 103) f PR 1 a

: = ich may be at. the first iteration
if the end-to-end path T&lSL&HEETdHA&BEEH Vljf:y | oaded) t'he 15 process
diverts to a path-searfch prﬂEEBA;CEED? THi s prodess W || be described in
further detail bel ow ami(e e23 iew path, this path is then added
to the path sto 08 ned to t user,. Futur uests
for traffic ove the ‘hg “g’ ﬁ'abﬁl'qef"ef'héhs‘ffg ag?ﬁ"&‘,“@&ﬂ?@ﬁ V\’/VE%[?'HY&& &ifehe
path store 90 |ﬁ;remﬁu:h§eﬂle btartytotp ahd2argpt pmndedeﬁrhaatthé lpeevinais stars psint bé
avai |l abl e and capaci t ble at the tine required. Note that at
the tine that tH8 THEE} PO g'?‘i"é'ﬂ%%ﬁ“’dbeﬁ@ 5’?8%“%“%?5’96& F RG0S it, the

full capacity of the path w Il not be avail able. However, except in extreme

cases, there w sti gone ca acity availa Wien this
requested for s&)%re G?’é”"t’ FENageeens ¢ teTb?:"“f:‘ﬁ@cf? Ham hgtdeta't;e SBAPHSS i n
service, is repﬁaéreadfoatextlhmm nndasstdsaztbhtsm a:sagm&ninbpartsmaactmaiebtjoreﬁath from
requi red. Provided.t St vai | _I gned in step 106
as descri bed abiﬁ m??w éc'%m?ttmeerans‘ TReY urtdhe,r 'é“ss ‘EZ%% EHhto be avail abl e,
for exanpl e because an eI enment of the path has been taken out of service
either as a resuyLt of u nn mai nt ce, ces epeat ed
again consul t | ngjjt he pant'l?wg %( r%gnagemen sys em’ as c?aupue %alm 1& etu.arem tRX

10 selection means are arranged to consider at each stage all nodes connected either

to the current start node or any other nodes in the connection path, other than any
excluded nodes, and means for deleting from the connection,path the links
between the existing node and the current start node should a node connected to
an existing node in the connection path other than the current start node be

15 selected.

18. A network management system according 1o claim 14, 15, 16, or 17, for
use with a network having a tiered structure, wherein the Selection means is
arranged to select the node closest to the target node subject to a weighting factor
20 defined so that high level links are used in preference to lower level nodes for long

paths,

19. A network management system according to any of claims 12 to 18
comprising means for monitoring the available capacity present in the store, and
25 means for providing an alert if the availabie capacity falls below a predetermined

minimum.

20, A network management system according to any of claims 19, comprising
means for determining whether the step of testing the model fails to identify a

30 suitable connection path.

21 A network management system comprising status monitoring means {S7}

for monitoring the usage of individual elements of the network {31), modelling



90 (step 102) and continuing as described above. 30 Figure 7 shows
the process of path searching (step 107) in greater detail. Figures 8 and 9
illustrate sone of the path searching rules used in this process. Figures
10a to 10g show several steps in constructl ng the path, figures 10h to 10j
show ng a s\exemndiony ed,,__and F| gure 10k 2OOWS@28Mi rd path.
The WO 97/ 23101 -y

PCT/ GB96/ 02991 13 eneniﬁﬁbiﬁb&me path V\/r2|40h have been ‘sel ected at each
stage are shown cro : -podes-to-formthe next part of the
path are shown in solid blocks those bei ng excluded by the exclusion rule

addi tional |y leiang (gerdeatolled by 1Ak kst @bnittRil§ fedhe (I QM téHhgQREN dltRgKS . 5
In the preferred arrangenent used in this exanple the path is built Up as

p
two hal f paths? T8¢ SPTRHEIIBYRREAR /T bt netrypsk ¢ HE&’Pf haadling meaesy@Bl forup by
addi ng a |i nk rédiveas eqabsterdaicehiactiah pameltnidugR thelerRtwéiki 09) WRh&hinngde, of

those al ready cdnEect ed t(?( he end 0| nt or anoé her point on one existing
hal f path, is 495488 {mqags {9 %9%?"58 APPALTLUT AECORTIPR O ﬁﬁ'f Pneof i5laimhdOrtedes

consi der ed BN 1t5hfios aMi Wty a €dHection path, and configuration means (95) controlled by the

modelling means {96) for controlling the network {31} in response to the requests

processed by the modelling means (96).

22. A network management system according to claim 21, further comprising
10 abnormality monitoring means for monitoring the operation of the network {91},
processing means (93, 94} controlied by the abnormality monitoring means {82) for
processing instructions to reconfigure the network {91} in response to such

abnormality conditions.

15 23. A network management system according to claim 22, wherein the order
handling means comprises means for generating requests for connection paths in
advance of the time that the connection path is required, and the modelling means
comprises means to store data generated by the processing means (93, 94}
relating to projected future configurations of the network, and wherein the

20 modelling means (96) allocates capacity in response to advance requests
generated by the order handling means (98) according to the configuration for the

network (91} projected to be current at the time the capacity is required.

24. A network management system according to any of claims 21 to 23
25 comprising means for monitoring the available capacity present in the network, and

means for providing an alert if the available capacity falls below a predetermined
minimum.

25, A network management system according to claim 24, comprising means
30 for determining whether the step of testing the model fails to identify a suitable

connection path.

-
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-+ 10 stage are referred to bel ow as "candi date nodes". Starting froma given

starting node, which will ini t#m”m’m the term nations of the path
required, all the available pati m;’,l mf’wt will be assessed. For
exanpl e refﬁprgi,&gmto Figure 1, we fdehtiny's 81 as t herersBd6rg2efint (step
110). The only paths available fromthat node are to nodes 82 and 84. The
15 first stage in the process is to idengbfy whether either of themis
excluded by virtue of the rules contained in the rule store 99 (step 111).
The rules used in this exanple are: 1. No |link may be established from
a node in one jser 10 QedBECof RiigkahiR¥CEapsBity in a nerlb® makagement NoyskdAk maY
be established froma node in one half path to a node already used in the
same hal f pat hsubstantially §s deseribedi \Wish eefergnee tosthadra¥d”gshl e fromtwo or nore
points on the existing half path, the link fromthe node closest to the
original termnation point is 25 sel ected. Rule 1 ensures that

pat hs change | Vel s 4 fevasy Spanaagmentyiyytemmpdpsiantiplit a5 defcabed with referapcene
part of the patdrneSirdbingie highest tier level. Normally this part will be

in the mddle of the path, but it nmay be at one end 30
nodes is at this high level. In that case the exd THS&HEEN RASBEEN fesult in
t he path  REPLACED




being up as single "half path" fromthe | ower end. Each half path may

i nclude | evel portions (links between nodes at the sane |evel). WO

97/ 23101 PCT/ GB96/ 02991
14 Rule 2 ensures that the path does not | oop back on itself. This rule is
illustrated MP 93 es 8 and 9. Rule 3 ensures that the totPOT/GEIMBINI of
links is not greater than necessary. Fi %ées 8 and 9 illustrate in
sinplified terns Exclusion Rule 2 descri/#d 5 above. In the first case
(Figure 8), a node 901 has been identified as being the closest fromthe
current start node 900 to the target 902, but is not permtted as it

al ready forns part of the path; sel eGld, bt would forma closed | cop which
clearly cannot formpart of an opti rrfﬁlﬁ.{ﬂ_ In Figure 9 node 911 is the
cl osest to the target 912 but has no av Iqbl e node adj,acent to it. This is
in fact a special 10 case of the previ o_u§ exanpl e,, betduse the only

Tegdi at el y precedi ng node

ases illustrated in both

910, which already forns part of the path.
Figures 8 and.9 the node (9Q1, 911 respectivg

212 211

81

434 43 431 62

01"
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to be excluded from consideration, and another branch (903, 913
respectively) wll be selected instead. 15 A node can be excl uded
by substituting, in the database for its actual distance fromthe target
node, a veryw®s@sipexcl usion' value Werr]. This val ue couwcl/dmveiozmbi nite,
but in practice it is preferable to use 7 arge non-infinite nunber. The
exclusion rul es may be over-ridden manud ﬂé/ I f necessary. For exanple, if
a high-level link has failed, it may be necessary to link two high-tier 20
nodes by a |lower level link as a tenporary expedient. O those nodes which
are not excluded, the best node for apEchang the target (destination) is
then selected (step 112). The best nod s&etermned as that for which a
wei ght ed val ue of the distance to the target is a mininum The weighting is
a function of the distance to jthe targdgt, agché a charg¥¢eristijc tier 25
size. This function fFlsures t Hat trunk jconnaftuons asr.e_p.%ﬁeéi.r.e.d‘_for | ong
di stances. In particular, it y be ef fetrent—to—tuse v

even if it is furtherf away framthe tar node. A
sui tabl e wei ghted funiction is {determ ng

subject to Werr] < u#'

ink node,

get N@Pthe Tk ]
6—>H R8—I-0 I

err] 30 VC2 [—wems ¥
. ¢ VCi2-8
D ‘ VC12-18
O : VC2 VCi2-11 ]
s vg:e- 12
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where werr] is the weighted di stance in tier n.
PCT/ (3B96/ 02991 15 d is the actual

contribution of the exponenti al

di st ance f
function to the melght d[err]

is a factor set

characteristic distance appropriate for tier n.

d/dlerr] isMHB2Mkber of

- cover the distance d. Werr]

i nks of size d[err] mhlch woul 8
IS a maxizpg wei ght ed di stance,

WO 97/ 23101

to control the
|s a

e nee ed to

set to be less”

than Werr]. This ensures that excluded |inks (whose distance is Werr])
are not selected in preference to nerely very unsuitable ones (whose

di stance cannot exceed Werr]).
= 10[err]. It wll
relation to d[err],

beconmes Werr]

be seen that,

=d.2'". For large d it

Typically 10 Werr] = 10[err] and Werr]
for values of d which are small in
the equation reduces to Werr]= d. For d=d[err] it
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i ncreases exponentially. 15 The follow ng table gives sone val ues
for Werr], using f = [err], dlerr] = 200, d[err] = 50, d[err] = 10.

d[ err] =50 dierr] = 10 d[ err] =50 d[err] = 200 O
0 WO 97/23100 01 1 PCTIGB96/02991
1, 15 6 5
510 (=d[err] 14 438 10 30
37 32 50 (=d[err] 283
71 55 100 3200 200
119 200(=d[err]) 2x10[ err] 800 283 500
1.6x10[err] 16000 1090 It wll be seen that the

wei ghting works in favour of higher tiers when distances 20 are large. In
the exanple, with reference to Figure 1, if the target node is node 62 then
it can be seen that, of the two nodes 82, 84 connected to node 81, both are
at the sane level (the third tier) but the node 84 is the nearer to the

target 62. F'g‘S.
/ 95

'CONFIGURATION |

|
96 91
9 4

PLAN > MODEL

I I NETWORK
ORDER
HANDLING PATHS RULES
J S/
5 8/ 90 + 99

MAINTENANCE STATUS

44\\\ 93 97"/

MONITOR

N 92
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WO 97/ 23101 PCT/ GB96/ 02991
16 Therefore it is the node 84 which will be selected (Figure 10a). This
process can then be repeated, using the selected node 84 as the new start
node (step ny times as necessary until the target node is reached
(step 114). %ﬁgt"ﬁ%og?ef erred arrangenent used in this exan%‘FE(Q'?W?ét his
built up as 5 two half paths, startingsqgomeach end. In the second step, -
(Figure 10b) starting fromthe node 62, there are two possi bl e next nodes,
nanely node 61 (at the sanme third level) and 431 (at the next (second)

| evel). O these, it can be seen that the node 431 is nearer to the new
target node 84, and the target is at a distance greater than the size of
the second tier 43 so this node will not be weighted 10 against. At the
third iteration (Figure 10c) the node Bﬁ:q iiihas links to only two
possi bl e nodes available to it, nanely tio hird tier node 81 and the
second tier node 414. Links fromnodes already in the path are also to be
considered so the link fromthe start node 81 to node 82 is al so
considered. O the three nodes 81, 15 82, 414, the node 81 is excluded in

step 111 as it already fornms part CBA'}IQGRE&UESTED'? _/101
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This | eaves nodes 82 and 414 as possible new nodes in the path. O the two
it can be seen that the higher tier node 414 is the nearer to the current
target node 431, and the target is at a distance greater than the second
tier size. |Rydbgsi@urth iteration, (Figure 10d) the possi bheraedamonhi ch
can formthe 20 next link in the path are, fromthe current start node 431
to first tier node 3 and second tier nofié® 434 and 322; and fromthe
original start node 62 to node 61. O these, node 62 is excluded as form ng
part of the path already and, of the renainder, node 434 is nearest to the
current target node 414. However, the current target node 414 is further
away than the size of the second tier ring 43, so 25 a weighting wll be
applied. Alink will therefore be established to the higher tier node 3,
although it is further fromthe target 414. In the fifth iteration (Figure
10e) we proceed fromthe node 414 found dal t third iteration, node 84
(found in the first iteration), and thert; h?al start node 81. The nodes
linked to these three start nodes are 71, , 81, 82, 83, 84, 413 30 and
415. Nodes 81, 84 are excluded by virtue ﬂf form ng part of the path

al ready. Nodes 71, 73 and 83 are excl udedjgs they are in a lower tier (the
third) than the start node 414.r7 N\
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17 This leaves third tier node 82 and second tier nodes 413, 415. O these,
node 415 is the closest to the target node 3 and is selected. In the sixth
iteration, (Figure 10f) considering the path from node 3 e new

t ar get node&@m§P3Whe nodes having direct links to the exig |nga§n&ﬁlenents
of the path 62. 431, 3, are nodes 2, 4/1834, 322 and 61. Nodes 62, 431 and -
3 are excluded as they formpart of the path. Nodes 322, 323 and 432 are
excluded a they are in a |lower tier than the node(s) they are connected
from O those which are not excluded, the closest node to the target is
the first tier node 4. 10 Finally, in the seventh iteration (Figure
10g), a path is sought fromthe node 455 q%ards this new target node 4. O
the links to be considered fromthe nodes?8I,"84, 414, 415 making up the
existing path, it can be seen thatda direct lin A avai | abl e from node 415
to the current target node 4. TheS 84, 414, 415, 4, 3, 431, 62
has been built up. 15 i a path (step 114), the path
is stored in the path Ure 6). The process can be
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sel ect different paths. The choice of path or paths to be assigned will be
made fromthose stored in this way, using a selection process to be
described |l ater. Further exclusion rules are necessary to ensure that the

system does waioy2B101Si Nnply sel ect the sane path each tine. pthichefimgere done
by. sinply elimnating one Iink of each previously found path. Elimnation

of a high-level link will usually resul t8/18 a very different routing over
the trunk network. The | ower-level tiers are arranged in rings, so
el-imnation of a lowlevel link will result in a path being searched for in

the other direction round the ring. So, for exanple, elimnating the 25

i nk between nodes 415 and 4 forces the path search to seek a path from
node 414 in the other direction round cond-tier ring 41, thus arriving at
the top tier at a different point (nodgﬁgayﬁéiggg of node 41. Simlarly,
elimnation of the link between third ti nodes 81 and_84 forces the path
search to seek a path fromnode 81 in the er directi®h round third-tier
ring 8 arriving at the second tier at 30 =218 nst ead of node 414.
The nunber of times the search is done will befdeterfined in advance, in
accordance with how inportant it is to find tife ogti num path or paths. By
moni toring the performance of the system2ihi $

81
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18 exanple, it nmay be reduced if it is found that the best path is usually
found in an early cycle. A maxi mum nunber of steps (step count) may be set
to avoid very | engthy paths being found, or if in fact all ' pat hs
have al readyx’ﬂé’é’ﬁgf’bund. 5 If fewer paths than the set nu@éﬁ(’@#ﬁhone at
all) are found, this is reported as a fg}kyre. A manual override may allow *
the step count to be increased in such Tircunstances. In the present
exanple, in order to establish a different path the |link between nodes 4
and 415, is now nade unavailable. Now, in the seventh iteration 10 of the
process descri bed above, the only other avail abl e non-excl uded node, node
413, is used, and the unused |ink toJﬁigr-tht%s abandoned. The link from
node 414 to node 413 is selected. Sirncexdh e 415 is now a 'dead-end',

it is |labelled as an "excluded" node (Fig#ne 10h), as 8fscribed above with
reference to Figure 8 and Rule 2. 1 5 ptgchext (ei ghth)

iteration, candidate nodes for the next link Are as\follows: Fromthe
current start point (first tier node 4), bot thg ot\her first tier

212 21
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nodes 1, 2 are available. They are also available fromfirst tier node 3
which is also in the path. Links fromthese nodes to second tier nodes 411,
433, 434, 432, 431, 322, 323 are excluded by Rule 1. However, the link to
second tier waoae@e 434 fromsecond tier node 431, which ipgTighet/®erat h,
I's not excluded by this Rule. The link at third tier level fromstart node
62 to node 61 is also a candidate. OF tWd3® the first tier node 1 is the
cl osest to the target node 413. The link 13 fromnode 3 to node 1 is
therefore selected. This Iink is selected in preference to the link 1 4,
fromnode 4 to node 1, as it requires a smaller total nunmber of |inks 25
(Rule 3 above). The link 34 is dropped_fromthe path (Figure 10i). It will
be seen that at the next (ninth) iterF'g Qﬁf path will have been built
up by way of nodes 81, 84, 414, 413 and 't 1Tk up wi t he ot her half
path. It will be seen that the path sel ect Ln this g le is not quite
optimum a nore efficient routing would be by 4 *node 82 instead of
nodes 84 and 414. 30 A further search, this ti uding the first |ink
(81 to 84) would identify this optimumrouting (Fsgune 10k). The path or
paths finally selected will be the nost s2d2 abl e (i n post2¥dases the one
requiring the fewest |inks) of those which &

}f the process. The
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exclusion rules may all ow sone links to be common to nore than one path.
However, where network diversity is required to ensure that failure of no

i ndi vidual |ink or node can cause total |oss of service, the exclusion

rul es nust rSQA'RBM hat the paths finally selected from t hBSHCPYR i n t he
search nust be conpletely 5 independent gfqgeach other. This does not

precl ude several paths sharing sone conmon |inks or nodes being identified
in the search, but the final selection fromthose paths for actual

all ocation to the user nmust use each |ink and node (other than the end

nodes) only once. The selected paths will be that permtted conbination
having the | owest total nunber of links. 10 This may be nodified to
preferential |y use paths using Iover [HjgIs{¥@eC possible, by applying an

addi tional weighting factor to higher trer gode§ when %gunting t he total
nunber of links used. In this way, if two s havg e sanme nunber of
links, the one using fewer high-tier |inks w4 be %el ected. The opt i mum
conbi nati on may not necessarily include the opti mum\15 i ndividual path.
For exanple, in Figure 11 the optimum i ndividpal Sath fromstart node 920
to target node 930 is by way of nodes 92218nd/ 924. Hywev@Hl if this

61



‘path is used, the only other available path is the circuitous path using
nodes 921, 923, 927, 928, 929. The opti num conbi nati on of paths is for the
first path to use nodes 921, 923 and 924, and the second path to use nodes
922, 925 angycPn9%k- WO 97/ 23101 PCT/GB96/02991

PCT/ GB96/ 02991 20 CLAI M5 1. A nethod of operating a network
managenent system for a t el econmuni cat®dBs network in order to satisfy a
request for a connection path 5 having a specified capacity between two
specified term nations of the network, the network conprising a plurality
of connections between network nodes, each connection having a
predeterm ned capacity, the nethod conprising the steps of searching a
store of routings and avail abl e capafrggfslggﬁ%dentify a connection path to
satisfy the request; determ ning whet h8#*a ection_path with adequate 10
capacity is present in the store; if no s®dh path is § esent in the store,
testing a nodel of the network to identify atixdeasts one suitable connection
pat h between the

212 21
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requested term nati ons, and addi ng any suitable connection paths so
identified to the store, and upon identifying a connection path having the
request ed capacity between the requested terni nations, allocating the
identified connections so as to 1 5 satisfy the request. 35 t hod
accordi ng t oOPHPHPH, wherein the store of routings and a aqTI’%'Bgf@gg?
capacities is updated in response to fggggecti on paths becom ng avail able or *
unavai l abl e. 20 3. A nmet hod according to claim1l or 2, wherein capacity
is allocated in advance, in response to a request, the allocation of

I ndi vi dual paths to connections being made at the time for which the path
Is required. 25 4. A nethod according to claiml1, 2 or 3 wherein the
network testing step is carried out : WBI oW ng steps:- identifying a
start point and a target point, ident ﬂgjn r the nodes in the network
directly connected to the start point, thadinode whi /B3 s nost suitable for

approaching to the target point, 30 es 3hi ng t he connection
bet ween the start point and the node so identi as the first link in the
connection path, and repeating the process usj i dentified node as the

new start point, 212 21
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until a connection is made with the target point. WO 97/ 23101
PCT/ G3B96/ 02991 21 5. A nmet hod according to claim4 wherein the process
for identification of a connection path is carried out fromboth end points

generating tweo#siospat hs, the target point of each half paidyERicshor
redefined at each interaction as the current start point of the other half

path. 6. A net hod according to cl ai /28 5, wherein when a node is
established as formng part of a connection path, said node is excluded
from consideration in any further links in the path. 10 7. A met hod as

claimed in claim6, wherein if all nodes connected to the current start
node are excluded from consideration, the |ink connected to the current
start node is deleted and the process j .repﬁéied fromthe previous start
node. 15 8. A method as clained i THJaik _wherein at each stage al
nodes connected either to the current start gjod® or anyggther nodes in the
connecti on A A

212 211
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pat h, other than any excluded nodes, are considered as candi dates for the
next link, and if a node connected to an existing node in the connection
path other than the current start node is selected, the |links between the
exi sting node and the 20 current start node are del eted fro&g%ﬁﬁﬁ?l
connection P¥@RARY the |ink between the existing node an§HH#® node is
added to the connection path. 9. A n?}hod as clainmed in any of clains 4
to 8 wherein the network has a tiered éﬁﬂﬁcture, and wherein the nost
suitable node is defined as that which is 25 closest to the target node,
subject to a weighting factor defined so that high level links are used in
preference to | ower |evel nodes for |ong paths. 10 A net hod according to
any preceding claim conprising the further step of nonitoring the
avai |l abl e capacity present in the stﬂZ?Siig oviding an alert if the 30
avail abl e capacity falls bel ow a prede m ni mu 22 11. A

nmet hod according to claim 10, wherein the’s acity is nonitored
by determ ning whether the step of testing th§ fails to identify a
sui tabl e connection path.

434 43 431
9 A
SUBSTITUTE SHEET (RULE 26)



5 12. A networ k managenent systemfor allocating a connection path
between two term nations of a tel ecomunications network, the network
conprising a plurality of connections between network nodes, each

connecti on h)y g Predeterm ned capacity, the system compgcridgdgozebIPut
means for accepting a request for a connection path; a connection path
store for storing data concerning 10 rgsgngs and avail abl e capaciti es;
means for searching the connection path store to identify a connection path
reuting to satisfy such requests; neans for determ ning whether such a path
I's present in the connection path store, and retrieving such a connection
path for allocation if present; searc#:nea (ior testing the network for
sui t abl e connection paths, and neans olghgﬁ J.suitabl e paths so
identified to the 15 connection path storesnd retriegsng such a
connection path for allocation. 13. A net womK. npna@€MENt System
according to claim 12, conprising updating nmegns foyY updating the
connection path store in response to connectioh path$ becom ng avail abl e or
unavai l able. 20 14. A networ k nanagenez% y~ten§ac-ordi 9 to claim12 or
13 wherein the search means conpri ses: - fosffor ideptpfying a start point
and a target point; 25 sel ecti on neals—s gMecting, fromthe
nodes in the network directly

81
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connected to the start point, that node which is nost suitable for
approaching the target point; neans for establishing the connection between
the start point and the node so identified as the next link in the
connection path; 30 means for redefining the start ﬁ@hg&m} q/or t he
target poi nt WG for identifying when the next link in 3 ection
path conpletes the path by linking thetgmg ent start point with the current °
target point; and means for storing the path so identified in the
connection path store. , .......... Ce 23 15 A networ k managenent
system according to claim 14 wherein the neans for redefining the start
point and target point redefines the previous start point as the target
poi nt and redefines the newy identifFfd n as the start point. 5 16.

A networ k managenent system according ﬂ;cl 14 or 15, conprising neans
for excluding nodes established as formngsgpart of a ceB®nection path from

434 43 431 62
9_1/
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sel ection by the selection neans for any further links in the path. 10 17
A networ k managenent systemas clained in claim 16, wherein the selection
means are arranged to consider at each stage all nodes connected either to
t he current wbarestoode or any ot her nodes in the connecti omrcpaBdso299iher

t han any excl uded nodes, and neans for ‘?) gti ng fromthe connection path
the links between the existing node and H current start node should a
node connected to 15 an existing node in the connection path other than
the current start node be selected. 18. A networ k managenment system
according to claim14, 15, 16, or 17, _for yseg ,wWth a network having a
tiered structure, wherein the sel ectié]g?arékg 20 arranged to select the
node closest to the target node subject o a welghting factor defined so
that high level links are used in prefereﬁﬂr to | ower ¥evel nodes for | ong
pat hs. 19. A networ k managenent system ac&orur®y to any of clains 12 to
18 25 conprising neans for nonitoring the avail abl & capacity present in
the store, and neans for providing an alert iff the qvail able capacity falls
bel ow a predeterm ned m ni rum 20. A et Wgr kK manapenmett syst em accor di ng
to claim19, conprising neans 30 for.deterNgfi ng whejér the step of

testing the nodel failstoidentifyasuit o1
A \
1 12 2
81 82 ; 52
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connection pat h.

conprising status nonitoring neans (97) for nonitorin
i ndi vi dual elenments of the network (91), m)gfl ling me lH“‘ed by
t he status nonit s

CURT ent

configuration of

recei ving requests for connection paths through the network (91), wherein
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AVENDED SHEET 24 21 A networ k nmanagement system

oring nmeans (97) for storing data rel
the network (91), order handling neans (98) for 5

the model |ing nedhs (9%)Mebapr iaseniing sy siaim 46covhiireiy the avajiabieecarfacity aisns

12 to 20 for all peAkéred by detdrmBELd e

t
controll ed by the rmdelllg:g means (96) for contro

response to the

Futpblectosnertisge @&ted by the nodel |ing neans (96). 10 22.

net wor k managenment system according to claim 21, further conprising

abnormal ity noni

toring nmeans for nonitoring the operation of the network

(91), processishg feand® Po8vork Manzgamend syemifpr elirsatinma capnection weth bewieng

means (92) for
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two terminations of a telecommunications network, the retwork comprising a
plurality of connections between network nodes, each connection having a
predetermined capacity, the system comprising: input means for accepting a
request for a connection path; a connection path store for storing data cencerning
routings and available capacities; means for searching the connection path store to
identify a connection path routing ta satisfy such requests; means for determining
whether such a path is present in the connection path store, and retrieving such a
connection path for allocation if present; search means for testing the network for
suitable connection paths, and means for adding suitable paths so identified to the

connection path store and retrieving such a connection path for allocation.

13, A network management system according to claim 12, comprising
updating means for updating the connection path store in response to connection

paths becoming available or unavailable.

14, A network management systemn according to claim 12 or 13 wherein the

search means comprises:-

means for identifying a start point and a target point;

selection means for selecting, from the nodes in the network directly
connected to the start point, that node which is most suitable for approaching the
target point;

means for establishing the connection between the start point and the
node so identified as the next link in the connection path;

means for redefining the start point and/or the target point; .

means for identifying when the next link in the connection path completes
the path by linking the current start point with the current target point; and

means for storing the path so identified in the connection path store.
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f)roc‘es-si ng instructions to reconfigure the network (91) in response to such
15 abnormality conditions. 23. A networ k managenent system according to

claim22, wherein the order handling neans,gonpri-ses gmrl ng
requests for connection paths in advance of the ti rre rﬁﬂm !“lﬁm
path is required, and the nodelling neans 20 conprises rreamns fo Store data

generated by the processing neans (93, 94) relating to projected future
configurations of the network, and wherein the nodelling nmeans (96)

al | ocates capagjisty i i #QSRANFRnidemAY 3PE6mI RALRHS:c0ARAT 84 Sbhebiin tREmeBRET
-handling means (98) according to the configuration for the network (91

proj ected to béoicigplinipe e ftﬁg RAMNAHETSEn BRIRT (§F e 1aes EguRTrYgys 2‘5"‘2‘21-"“”I ‘)’SA
net wor K manageRRE tar§ ST ha GdHinBg t{eOnaaNy idthrifib AR 6Fe ZliheQrabepsiRIPri si ng
means for nopitoring the avail able capacity present in the network, and

means for prévi ding an alert if the available capacity falls below a
predeterm ned meni NUR nawo%manaﬁnﬁm\wmnmmgﬁﬁ@ns c&)’rﬁt‘ﬂr’rbﬁ¢5,06d-hﬂgsirig)

claim 24, conprising neans,.for deter et her t ese testi t he
nmodel fail s to 'T"d’é'ﬁtqf’f§ rgucgr?ﬁ pagases {Bl{ﬁlée&?\/\%rwg}ghaa of a copmection path r;lr%m

selection by the selection means for any further links in the path,

10 17 A network management system as claimed in claim 16, wherein the
selection means are arranged to consider at each stage ali nodes connected either
to the current start node or any other nodes in the connection path, cther than any
excluded nodes, and rmeans for deleting from the connection path the links
between the existing node and the current start node should a node connected to

158 an existing node in the connection path other than the current start node be

selected.

18. A network management system according to claim 14, 15, 16, or 17, for
use with a network having a tiered structure, wheregin the selection means is
20 arranged to sslect the node closest 10 the target ncde subject to a weighting factor
defined so that high level links are used in preterence to lower level nodes for long

paths,

19. A network management system according to any of claims 12 to 18
25 comprising means for monitoring the available capacity present in the stare, and
means for providing an alery if the available capacity falls beiow a predetermined

minimum.

2Q. A network management system according to claim 19, comprising means

30 for determining whether the step of testing the model fails to identify a suitable

cannection path.
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21 A network management system comprising stetus monitoring means {$7)
for monitoring the usage of individual elements of the network {81), medelling
means {86) controlled by the status monitoring means {97} for storing data relating
to the current configuration of the network (21}, order handling means (98) for
receiving requests for connection paths through tne network {81}, wherein the
modelling means {36} comprises a system according to any cne of claims 12 to 20
for allocating a connection path, and configuration means {95} centrolled by the
modelling means (98) for centrolling the network {21) in response ta the requests

processed by the modelling means {96).

22. A network management system according %o ¢laim 21, further comprising
abnormality monitoring means for monitoring the operation of the network (81},
processing means (33, 24) controlled by the abnormality monitoring means (92) for
processing instructions o reconfigure the network (81) in response ta such

abnormality conditions,

23. A network management system according to claim 22, wherein the order
handling means comprises means for generating requests for connection paths in
advance of the time that the connection path is required, and the modelling means
comprises means to store data generated by the processing means (93, 94)
reiating to projected future configurations of the network, and wherein the
modelling means (96} allocates capacity in response to advance requests
generated by the order handling means {98) according to the configuration for the

netwark {91) projected to be current at the time the capacity is required.

24, A network management system according 10 any of claims 21 1o 23
comprising means for monitoring the available capacity present in the network, and
means for providing an alert if the available capac:ity falls below a predetermined

minimum.
25. A network management system according 1o claim 24, comprising means

for determining whether the step of testing the model fails to identify a suitable

connection path,
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(57) Abstract

In order to satisfy a request for a connection
path having a specified capacity between two spec-
ified terminations of a telecommunications network
{91}, a store (90) of routings and availahle capacities
is searched to identify a connection path to satisfy
the request; and if no connection path with adequate
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capacity fs present in the stose (90), 2 model (96) of
the network is tested to identify suitable connection
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paths between the requested terminations, which are
then added to the store (98), and-allocated so as to
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satisfy the request. The search for suitable connection
paths can take into account the hierarchical structure
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of the network (91) to identify suitable links to build
up a path step by step. In a preferred amrangement
the path is built up from each temyinal point, at each
stage wsing the link in the network which will bring
the resulting ends of the two partia¥ paths closest to-
gether, utilising, as a measure, a distance weighted
according to the hierarchical level of the Yink.
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