.| }e3eSP@6TT: D 5COVMUNI CATI ON APPARATUS BACKGROUND AND FI ELD OF THE

| NVENTLON s This invention relates to comruni cati on apparatus, nA¥éeJUL 2004
particularly to comunication apparatus for calculating a route. In network
comuni cations, route determnation is rgquired for many operations such as
setting up of a connection, nodifying an existing connection) M‘ﬁlwmmmmu}
to of a new segnent for a W%M@!Nfdﬁﬂdﬁ‘ﬁﬁﬁ&ﬁ&hsA typic

procedure with given end poin ; n) ). i ncl udesisass*
determ nation of the possible paths or routes between the end points and
selection of an optimal route to transfer the data. The cal cul g

optimal rouke d,s5~-Rased o\ AN, 2P imality criterion. The best r(JmIIHlmem"ummm
one that gi¥% DANDRELDQFTHEANVENKION source and the de LLjat i on
(1 ess nunber of hops), the | east congested path or can be a path that is
optimal as defined by the network. There may be many possi bl e best paths
depending on the optimality criterion and the constraints. 20 Quality of
Servi ce { QoBhisi snimntiom nglaes i 1rc1>_Crcﬁﬂﬁrﬁmglc‘ﬁtibﬁpgf)baﬁtui,a%&% iﬂhrﬁ&'ﬂéhggto .
particularly for real-time nmulti-medi A applications which demand explicit
QS guar ant egamugisatioptdpdtia ation of the route by
including the QS in them{)bgtiﬁ%ggg?iégﬁralgﬁ?%% or by putting QoS as one of
the constraints. In either case, the QS plays an inportant role in finding
the optimal route. 2 7 JUL 2004 2 Routing in wreless Asynchronous
Transfer Mdde (ATM networks which involves routing of calls to and/or from

wi rel ess t einnetalosk cempauriicaticets, boute deterneinbtiomis RRuret dbehanyidikraticmyt e
manager, which has details of the fixed s network including details of

access poi nduci as8ettingi Upebes BoRREMINK mdeGThgan @k%ﬁﬁg '&6%?’1‘8&%&]%?!&1!&25?@ ton
of eac

i nformati on dat abase which has details of "the actual "l ocati on

W rel esg tesmaNabw SEHRE | t 1.nal mobj,l e, .t he gct ual

poi nt of attachment o@ﬁt Hiem'?re\rgmhﬁjell (gtF%(géna?]‘?lxgaﬂég?\/\or g@hcagh%ﬂ&?eﬁ’p
dependi ng i I tion.. To calculate the route, it i.s necessary for io
the route #%%gsgé%t o‘ﬁﬁﬁepﬁiz‘{‘héﬂ cBe é&f‘%s@%‘g ofje'ﬁtﬂf@t\ﬂ”r}el'_@ﬁ'é’dﬁét\ﬁor ks
of the cal Lc?r ancrl?gal I efdQ‘Fartl es to determ ne the actual |ocation of the
parties andFREANEHOR P, thermossile fathsrar rasliee heiweanothet kadopointslarndy
criterion. This can cause significant network traffic which can be a

probl em i n ssiegtioraeflamentinmel Kute do tranaferkhe data. ATherdaberatibrs efittendpiaabf
conventional routing is that the calculation of a route is perforned using

a singl e opbutels basext bh @ni eptimIlg critsHIM, OMhelbed rbatensart Batorkdat "t}fi\/éeos .

approach can be sub-optinmal as, for exanple) there may be different

" equi 1 efenithelsorfobKakrAwh the S8uRas %{%cﬁﬂ%\g‘%ﬁtg@ﬁpﬁggﬁpum& ShdR),

particularly so when considering ba or Wr

| i nks, the i i {,S ral less.than for fixed |links, so
that the salt nasbronoedalsd o el BR A P 15503 PR o5 dElvembvultic ess
links ofte annot -be nmet at a single high bandw dt h S requi renent.

Fur t her ror g’)eq\lvﬁ .aﬂﬁqu pwa‘g%g&any 8033|gfegbest paths deper%)ing orgthe optimality

criterion and the constraints.

20 Quality of Service (QoS) is becoming an increasingly important factor in routing,
particularly for real-time multi-media applications which demand explicit QoS
guarantees. QoS routing augments the calculation of the route by including the
QoS in the optimization criterion or by putting QoS as one of the constraints. In

either case, the QoS plays an important role in finding the optimal route.



2 7 ,JUL 2004 3 for route calculation and the signalling protocol used for
setting, up the route are linked, leading to inflexibility. It p§ auL dfifftect
of the Invention to provi de comruni cati on apparatus which alleviates at

| east one of the aforenentioned problens 2of the prior art. 5 SUMVARY OF THE
| NVENTI ON According to the invention in a first aspect, there is provided a
conmuni cati on apparatus conprising a network of interconnected conponents
1lo having a fixed network portion and at | east one wi rel ess network
portion, a comunication route between a source terminal and a destination

terninal beRegtingnfri guirelebe Abyrargbndlie TehsRr kMG BT a%tv?% Whi(ffhe
conponents and a route and | ocation nmanager arranged to cal culate at Teast

one sai d 1 OBlveshRUTRGABLEAIRYS RAUR! FHASGiIRALSARLICIOG L Y o gl evant

information of the Is Tixed network portion

net wor k porti ga. Jocatiqgn manager of. the described enbodi ment
of the i nve%dt"ﬁ%nbe-é-a%vc:’ag%”s'&ggPﬁﬁjsdhitaeGOLﬁSJ?‘@naaﬁr'I"lﬁ'?fﬁ't‘ir}tﬂ? Sﬁﬁeﬂﬁ rRit thenfixed
enabling a faste .ca, cul atjon of _an optimal route, as the tinme spent on
getting t he"” a@‘@é%l 96U Aetilso R jaccess rRRIE & . eaghe Wikgless astworc atEach
manager nmakes the routing decision sinpler and faster for snmall and nmedi um
si zed nobi I‘é"rﬁﬁsﬁmWOé!ﬁgaﬁLﬁﬂqmtlohdnmnlaﬁenldmmasmwmﬂrdahas cdetditsabf #ed
which is also easier to handle for small and nedi um si zed networks. The

central i zedactuat docatidnl of aachnwirelesg efermiml ansprenthe wirkleddUtediindls are
interface which clearly separates the internal route cal cul ation

al gor i t hms) mbbia) tHeeastuanNpbint 9 aehRedt c¥38s tér?hiﬁﬁl%smet 1%0{ HH@g%rk can

k
information so that any protocol, which supports the open’inter e, can
call the rogish S5thé : for 40 utation..s The route and
| ocati on manageg?] gﬁﬂr)t hebb gjrbc?@?‘ E%g)%? Pé’)?‘i Jirq ?%@L'I%ﬁ%og%tﬁg't {hBepRRALY for
cal cul atio I i d.al]lows support for different QoS descriptors for
wred atd wiPePle A GRS e RERton steberesol MoV PGS REWBHS o
provi des t sarre address space for nobile and non-nobile end termnals and
hence no s Egi%ﬂ leg &4 eg%!ﬁeﬁgganles to determine the actual location of the parties and

then to calculate the optimal route based on the optimality criterion. This can

cause significant network traffic which can be a problem in small and medium

sized networks.

15

A further disadvantage of conventional routing is that the calculation of a route
is performed using a single optimality criterion. The inventors have found that
such an approach can be sub-optimal as, for example, there may be different
QoS requirements for fixed and wireless portions of the route. This is
20  particularly so when considering bandwidth availability. For wireless links, the
available bandwidth is generally less than for fixed links, so that the setting of a
connection across a combination of fixed and wireless links often cannot be met

at a single high bandwidth QoS requirement. Furthermore, the algorithm used



.i0 mechanismfor the nobile end termnals is required. The manager

di stingui shes between the nobile and fixed end terminals on the basis #8
the exi §tence of an entry in a location database. If a termnal is
registered wth the | ocation database, then the termnal is nobile and is
assunmed to be active. According to the invention in a second aspect, there

i s provi dedsct rBBicheslcOhtbS ALHhES; dafug{g:)PFJto?o@ﬁfsieﬂafBi 98ihg b e Ko BE3te i ng

connection tree between a source a urality of "des

t he steps of. : N a:..set of routes fromthe source to the further
destinati onﬁ%t cl)% 'ggit/@w%%fbt%ﬁbf Service constraint) b. selecting the

optimal route fromthe set of routes, 20 c. calculating a nake segnent to
be added toptihe eXxiSii ti . tree by.elinmnating.the part fromthe
opti mal roultte'gmﬁﬁchgj%tsng’g%n,nﬁgﬁ{'?\@ t§| %‘é’ é’ﬂn%mpﬂﬁgﬁﬂ'ﬂt’?‘ atys adhich o
| eave the sg rre%ktﬁ ~ 7 JULOC?ng ? d. calculating a set of segment routes
with a Qual ?l%)” s gt lgast oneRidbe sforemextigned nablepts ofghetpsiossrt. mal  segment
route fromthe set and adding the segnent route to the nulticast tree. s
BRI EF DI%SCRI PTI ON OF THE DRAW NGS An enbodi nent of the invention will now

be described, by way of exanple, with reference to the acconpanying
drawi ngs, in which: Figure 1 is a schematic diagram of an enbodi nent of the

i nvention; '8 i \E % | typi cal scenario for end-to-end route
cal cul ati orm; THE PREFERRED EMBODI MENT As shown in
Figure 1, the comrunication apparatus of the described enbodi nent of the

i nvention includes a conbined route and | ocati on nanager Is 100 as its
princi pal element. The manager 100 is connected to a

According to the invention in a first aspect, there is provided a

communication apparatus comprising a network of interconnected components
10 having a fixed network portion and at least one wireless network portion, a

communication route between a source terminal and a destination terminal

being configurable through the network via at least some of the components

and a route and location manager arranged to calculate at least one said route,

the manager having database means including route-relevant information of the

15 fixed network portion and of the or each wireless network portion.

The route and location manager of the described embodiment of the invention
provides collocated route and location information enabling a faster calculation
of an optimal route, as the time spent on getting the location information is
20 reduced. The route and location manager makes the routing decision simpler
and faster for small and medium sized mobile networks and further makes the
location update centralized which is also easier to handle for small and medium

sized networks. The centralized route and location manager has an open



. comuni cation network including network conponents such as public sw tches
200, 210) 220 of a fixed network and cellul ar base stations or? &cdis 2004
poi nts 230) 240 of respective nobile networks which are connected together
by communication |inks shown by solid |lines. The manager 100 is further 20
connected to a signalling entity hereinafter referred to as a call nanager
300 whi ch pites; ahl . 1 caon t ed/ att.ach to the
net wor k and issﬁggs,rvgﬁbeclééetitl af?e;le;sﬁ%téﬁéénnég%L(?)tet%é&i%%ﬂl%ﬁf' 'B&?tfrl‘?é“
net wor k. JUL 4 r out nd_| ocatjon nager 100 includes two
dat abases: ﬁ'?c—:; Otl#'%g%grt‘%%aégb%ﬂgysfﬁd?% 9GesP i B G‘E{T{Bfﬁbg‘g%mlaé@”aﬁ& thadr aB¥ssor
130. The ro§t%et78dalt ab}g']iSﬁ 110 contai ns route-rel evant information concerning
the fixed nBIUBFR: WRIER SHPPORS henrPapdnirstase: 8l o3l theydoutss apdi locatian
nobile s network cellular stations 230, 240 and Quality of Service (Q0S)

i nf or mat i onMaARAFS desrostricompKtationhe connecti ons between the nmanager 100
and the network conponents allow the route database 110 to be updated on a

real -ti bagi | ' -relevant .Jnformtion. The

| ocat i og?da? ggjggtél r(Bgtl:on @lﬁndgg?%é&l%@QFFBEPG{%'CP%‘Q‘OE%#P'BUH'“ PR fosite o
term nal s Oéalégfqt@ﬁ' Ilul [ staaicagns 230, 240 _and QoS i nformation for the
wirel ess cofn LIPPILhM ARd allows syprorbiar slietept RSt Peseritarstarsvired each
station |ocation. The connections between the manager 100 and the cellul ar
stations 23BNAdMPIess WS he | ocation database 120 to be updated on a

real -time basis with the current |ocation of any nobile term nal and
changes in %rel ess '%)? i s The processor 130 extracts information fromthe
dat abases 1108€ P4 amp recabiondvanager fudfaesere providesoineesdme mddabds spacaer
300 and processes the informati on using any suitable algorithmto conpute
an optimal &t mebile candnon-mobie ek temnidalst andt herce Mot beedial bawausingy:

1. The calling party (the source), sends a signalling nessage to the call

20 manayer @@ehanigntafdrnghe wabilet Gribt Ripmirfls i ofRFbEON WH '%%@E‘BSF2 .

party (the destination) with a certain wireline and/or wreless

PP5 2004, disTinguishud bERISER ing Mo i MRSk LA hfial AN RRAMRT of G0t @

list of routes to the destination, satisfying
list is compytfedcBYof an entry in a location database. If a terminal is registered with the

location database, then the terminal is mobile and is assumed to be active.

According to the invention in a second aspect, there is provided a method of
15 adding a further destination to a multicast connection tree between a source
and a plurality of destinations comprising the steps of:
a. calculating a set of routes from the source to the further
destination without any Quality of Service constraint,
b. selecting the optimal route from the set of routes,
20 c. calculating a make segment to be added to the existing
multicast tree by eliminating the part from the optimal route

which is common to the already existing multicast tree, to

leave the segment



.the route and | ocation manager and output to the call manager. 3. Once the
list of routes to the destination is available to the call nandgerlULtZ48t s
cal | ma|)1ager selects one route fromthe list. The route contains a set of
links fromsource to destination connectisng the switches and the access
points (in case of the wireless links). If no route can be found in the
list, the call is droppec¢amifatthg .gléelﬂr(ﬁlslegn{&ﬁC}Bh%% \;Vﬁhtepg)u%ﬂwﬁleseﬁvi he
call manager then initiates the signalling to the swtches 1Th’the choSén io
route. The switches are coidgiiedngo reserve the required QS for links in
the route. 5. Once the rout e%ha'sgrl:‘)%en set, a successful call connection

signal is sent to the _destinatign and the source to start transmtting the
data. A typical rout eeCaﬁSe(!%&mq @}? BQHWHESﬁaWé@gFO%o o ther st aad adding

Figure 2. In this is exaﬁpl e, both the source 400 and destination 402 nodes
are nobile and are wit hi'ReSeIMH sauterfortoe mugticast treg06 of respective

cellul ar stations connected at respective access points 408, 410 to fixed
network ¥12. The route and | ocation nanager determines that the source 400
has an entry in 20 the |ocation database (since it is nobile). The access

poi nt 408 o i k| r the entry. A set RS of routes
ordered wt RIEE O ERIPICH CB(F N is then cal cul ated by appl yi ng

a generic algorithmf(source, 2 7 JUL 200 s destination, QS) between the
source 400 : i : (destinatipn). The_access pojnt
310 of the nonESTRA oF BEERRERELS il RN iF B ARE L) wAtoL R RBDl G of
routes orde i respect to aptijaljty criterion is calcul ated by

appl yi ng a %S%SWP%QQ%%EF?‘PIHP@%'BG %‘{""’\%str\ Whichon, Q0S) between access

poi nt 410 (source) and the destination node 402 (destination). The set of
routes Rf dered.with respect. to optinmality criterion is then to

cal cul at edo%gSFaepgl'f/Pr?é;hg"ﬁW iagram gtﬁmemﬁ%h@@m gkthedeventiiti on, QvS)

bet ween the access points 408, 410 .

10  Figure 2 illustrates a typical scenario for end-to-end route calculation;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in Figure 1, the communication apparatus of the described
embodiment of the invention includes a combined route and location manager
15 100 as its principal element. The manager 100 is connected to a
communication network including network components such as public switches
200, 210, 220 of a fixed network and cellular base stations or access points
230, 240 of respective mobile networks which are connected together by
communication links shown by solid lines. The manager 100 is further
20 connected to a signalling entity hereinafter referred to as a call manager 300
which processes call requests from terminals connected/attached to the

network and issues route setting instructions to the components of the network.



- The end to end route R between the source and the destination is a function
F(Rf, RS, Rd) of Rf, RS and Rd where F is any suitable functionbrUL 2004
conbi nihg the 1s ordered sets of routes to provide a set R of ranked
routes. Mathematically: 'd X ER x E (Rl v RS ~ Rd ). If either or both of
the source and destination is not nobile, the respective set of 20 routes

RS, Rd. is/7he roalecah@icshtion Ranigsl 16@ﬁ1§)¢%ﬂtﬁv§&aﬁ%a58&t§§oﬁé OdTagggﬁe

descri bed enbodi nent, by applying the a on a Segnen

bet ween sout ¢6 oAAth RRsibARLLAGE LAY IL I SEal fagtors, for examle

different QoS requirenents fnks, to be taken into
account for 2 7J UL 2004 9 different segnents of the route and for

optimal rouf { | cu Rout e sel ection.

o gor t s 10 g ke PRIASHIE, ot FoUEH R PRINRIER BSdsThingethe
chosen frong ' I | gor,j t hm dependi pg, upqgn the optimality criterion
desired. Thn?é)?éracglﬂ‘t% ghéﬁ}é ﬁ%gﬁa% (ﬂﬂe a@gﬁ? éch&g?)@h P¢REsef peiats oh mekite use
of open si gnatlv\} illg ﬁrot ocaols, allow ng route requests from any nunber of
separ at € calf™W%d %& e statigisc4s & AAband Eheality iof Service dQos) hefopmaties Fer.
This provides a clear separation of the signalling protocols fromthe

al gori t hns edes and dinkal | Thegonhectianst etarenl theahapagera ey ahdahe ine@work
flexibility. The route and | ocation manager al so has particul ar application

i n cal cul at¢orgpanérstsmalldw ¢es route Watabasd @n0Ubi B (PdEtdd bR as teHAMRE Hdsp-
When the same piece of information is to be distributed anong vari ous

desti nati ongith Baxh th ﬁ\%%h?é—ﬁblé@é(]ﬂ%ﬁohﬂa ibhom the source to each
destination is inefficient. Instead a si ngfe ‘connection is provided from

the source (called a root) to the | ast conmon point between any two or nore

dest i nat i orEhendcatih idxssagt i1on béntltanﬁé“ tlﬁsj% SiB{ﬁ]tR}H %oﬁﬁafiér?@fﬁﬂﬁe{ Jr?cghl?ats

onwards to the destinations (called | eave e.resulting s
termed g Mikld : | ti cast. tree can sgve a | ot of
bandwi dt h anrcr]hot Eefﬁ ?le \S\%rl anﬁ g@é@ﬁ%e@%%‘4dgléppe¢r8§datoé@.at'%r}eﬁﬂiﬁjf"@eéess
I ti t route, ..the call nmanager 300;,
it cast I hnections ffém the ce%u{ar stations to mobile terminals in each station
location. The connections between the manager 100 and the cellular stations

230, 240 allow the location database 120 to be updated on a real-time basis

with the current location of any mobile terminal and changes in wireless QoS.

15 The processor 130 extracts information from the databases 110, 130 in
response to a request for a route from call manager 300 and processes the
information using any suitable algorithm to compute an optimal set of routes

from source to destination in the following way:

1. The calling party (the source), sends a signalling message to the call
20 manager 300 indicating a wish to establish a connection with another party

(the destination) with a certain wireline and/or wireless QoS.



.2 7 JUL 2004 io 1. Sets up the first branch of the nulticast route between
t he source and one destination using the procedure described aboyq. j@. 2004
Calls the route and | ocation manager with QoS paraneter as null For a
further destination. The route and | ocation manager returns a set of
routes, s which may or may not satisfy a QoS constraint and thus supply

t opol ogy i nRorThY t@INnRinagle cAR WRY fouts angabEstich ﬁw?gaﬂgng?eﬁé)tgée T8 of r%'ﬁgéas Lreom

the set of routes. 4. Calcul ates the new segnent gnent) 10

added to the |+, 4 L ee. Thi n.he c ted by elimnatin
the part fromlﬂliotﬁétaﬁ%gpr%és@&ﬁpstaﬁgwni%@%&%%H"?@e@g Sf'ﬁt %r@%‘ﬂt?act&é?
tree. I\/athematt' LI aélﬁ the route fromthe set of routes is R and the
exi sting mul tihgz?mér logation, manages angputpytiadhe calb manageht S is gi ven
by: xeS, x~(RnT) is 5. The call nmanager receives the QS route for the

segnment S fgo eul o l.Qcat i an manager by.specifying the point of

i ntersecti o:'?’f Qﬁﬁgeslggﬁéﬁ?&gﬁ?he ﬁﬁgﬁr?éh 'éz?él)é'l?'sl@e@ f%lﬁ@%flmamer. the
destination and the ©S. |f the outPut of the Route and Location Manager is
a nul | set, t 58l Maanapes seleqts gagirete Epmithe lisbxthenisste cpriains asetivklinks t he
set of routes R Otherwi se the output of the 20 route and | ocati on manager
contains the fidqusperesiogirstination sonaddig the switchas! dricihet adoese poltst(ihi s i S
set by the call nmanager. Re-routing is the changing of the connection path

due to any of casgesfatherwireless Imke)) lenot ARItERRIN bé Yo@hd iMehendt RRENtall is
failure of nodes in the network or | oad 2 7 JUL 200 n balancing. In this

enbodi ment,  adéhSiddahd %Wail@reﬁ@‘?ép&?éd‘ﬁ?fhet fk&-routing of connections

dependi ng on whether the re-routing Is done tor a leaf or for a root. To
re-route a | eaf for exanple because the route to the leaf fromthe origin

fas s Deen £haneccalPirideneP B RAGS Iné Aid il Plo fRIGT RS ReRslyuds, o

due to the nobility of the leaf 1tself, the c at es

Gescr bd aboyaeh Tt SHIEAER SFe cPnidliad TR iV Bnb itBabiEs ot for (ki

€ Segnen
the route.

5. Once the route has been set, a successful call connection signal is sent to

the destination and the source to start transmitting the data.

A typical route calculation by the manager 100 is illustrated in Figure 2. In this
15 example, both the source 400 and destination 402 nodes are mobile and are
within the access networks 404, 406 of respective cellular stations connected at

respective access points 408, 410 to fixed network 412.

The route and location manager determines that the source 400 has an entry in
20 the location database (since it is mobile). The access point 408 of the fixed
network is found from the entry. A set Ry of routes ordered with respect to

optimality criterion is then calculated by applying a generic algorithm f(source,



~multi-cast tree. This will be different fromthe original route fromthe to
sour ce }o the leaf. Add the new segment to the nulticast tree. RI7. Ji

the ol d’segnment that was initially attaching the leaf to the renai nder of
the nmulticast tree. This will conmplete the re-routing of the leaf. is The
algorithmfor re-routing a root, because the originating |ocation of the
connecti on Hastirdt f i i d o_be re-rout IS
di fferent fron1thg?gg%o§z?¥%ﬂ%?hgﬁg ?égﬁkﬂg@gh§§nﬁ§5t%QEp?gﬁgﬁng"ﬁo§88
re-routing hﬁ$ﬁﬁ§ﬁbﬁ)follomed, this will result in a nulticast tree that is
sub-opti mal . IS 1s"because when a | eave noves) only the connection
between the root to that ao leave is affected. Re-routing a route is
different fromre-routing a | eaf because when the root noves all the
connections_fromthe root to all the |eaves are affected. In order to

over come t hil §€ A9cese naint 4 1hef the Imohileagestination\fesnd fire thesanes walyeand
connection by applying the procedures above, as if the root were a leaf. It

i s assurfed theasett Reof cmites orjersd witiorésgeqras toptiefali eritesdich, is caZCLﬁatédLb*
2004 12 which has to be dropped fromits existing position, and added to

its new posapplging d\gléﬁéﬂb%%&ithﬁﬁ&és@ﬂrd@%%esﬁﬁ%ﬁ?ﬁ%@ be wéé?‘?aff@éé%ﬁﬁ% n so

that one of the | eaves becone a dummy root an e root becones

leaf, so thaio {dsuresaNd It@aeétﬁqdﬁgﬁgiﬁgﬁsmé_ erésﬁﬁgﬁg to the dumy root. s

Havi ng noved the root, an I nterne ul ticast tree is
obt ai ned. The benefit of this approach is the speed with which this re
routing can be achieved. There is no need to search through the entire
network for_the E% appropriate position at which the root is added. 2.
The sub-optTl?‘r%I S?TJ ir@é’gﬁs tRreOrdered With sesnacicly iaptimalie aitesompisi thered to
to give a tree that is optimal with respect to the optimality criteria.
This cal? becalewatad by epplyirig s @emesic aigarithash(sbarces xestihatiomaQo8) behwssd in
US Patent No. 5291477. The advantage of this two-phase approach is that the
re-routing theradoess poiitsideged1gery fast and can result in a close to
optimal nulticast tree initially. Then, depending on the resources
available in the network, this tree can be optim zed offline. 2 7 JUL
2004

The end to end route R between the source and the destination is a function F
(R, Rs, Ry) of Ry, Rs and Ry where F is any suitable function for combining the

15 ordered sets of routes to provide a set R of ranked routes.

Mathematically: VxeR, xe (RruRsURy).

If either or both of the source and destination is not mobile, the respective set of

20 routes Rs, Ry. is/are calculated as part of the fixed set of routes Rs.

The described embodiment, by applying the algorithm(s) on a segmented basis
between source and destination allows different factors, for example different

QoS requirements for fixed and wireless links, to be taken into account for




+ 13 CLAIMS 1. Conmuni cati on apparatus conprising a network of interconnected
s conpopents having a fixed network portion and at |east one wi refedd. 2004
network’portion, a comunication route between a source termnal and a
destination term nal being configurable tqirough the network via at | east
sone of the conponents and a route and | ocati on manager arranged to

cal cul at e aulferant segments G (e Fduto el fBRAAIRa) 1UIdIC} LA AbASENTRARE.

i ncluding route-relevant information of th net Wo

the or eachgidigdteds network portion. 2. Apparatus as clainmed in claiml
wherein the database nmeans is conprises a first database for the
information of the fixed network portion and a second database of the or
each wirel ess network portion. 3. Apparatus as clainmed in claim1l or claim
2 wherein t i, nf O[ﬁ??ti or] of 20 the fixed network conprises node and
networ k t opb1OSHS SirftienAlgerjthars &g and & cart bertheisame or difevantiang cas be
claimed in any one of clains 1 to 3 wherein the information of the or each
wi r el ess’ neff@Blivk hospRi Fem rastyi Isuitakleniatgalritits depehding upbar iR igptimality 7
JU Z004 14 5. Apparatus as clainmed in any one of clains 1 to 4 wherein the
i nf or mat i oncoferiohedesireglach wirel ess network conprises Quality of Service
information. s 6. Apparatus as clainmed in any one of the preceding clains
wherein the database nmeans is arranged to receive update information from
the network. 10 7. Apparatus as clainmed in any one of the preceding clains

further The route and location manager has an open interface, to make use of open

signalling protocols, allowing route requests from any number of separate call
10 managers which support open signalling to be processed. This provides a clear
separation of the signalling protocols from the algorithms used internally by the

route and location manager giving flexibility.

The route and location manager also has particular application in calculating a
15 multicast route or rerouting a multicast connection. When the same piece of
information is to be distributed among various destinations, having a separate
connection from the source to each destination is inefficient. Instead a single
connection is provided from the source (called a root) to the last common point
between any two or more destinations and the information is then distributed
20 from that point onwards to the destinations '(called leaves). The resulting
structure is termed a multicast tree and the use of a multicast tree can save a

lot of bandwidth and other network resources in extreme cases.

To compute a muiticast route, the call manager 300:



.conprising a call manager arranged to receive a call request fromthe
source and request a set of routes fromthe route and |ocation MeNAgRN m%
responsé to the request. Is 8. Apparatus as clained in claim7 whereln

call manager is arranged to set a sel ect go route fromth_e set of routes. 9
Apparatus as clained in claim7 or claim8 further conprising at |east one

further cal H. nBemogs ties fignafenée o'f%@hﬁ’@tié’a%%g%@eﬁeﬁ/\?e%%eﬁei &Jrgéleléwsdzﬁ%m

request froma further respective source an Lalp a ﬁe 0 rou': "
the route and ki Fnd p e _further request. .
Appar atus as cc?é;#@e%geﬁn a% % erjog?a@%eoo%%g@égi 8\’81 ai s \gﬁcfr eIZ(r)]OfA\hi52il

t d |l gcat) nager _has, an.open interface, 2 T . .
ngafa? Es ag' ?P%‘?ﬁé@gifﬂggﬁnﬁnan@CBFOfFHBaB%%feMtﬁgQ@ﬁapﬁéam@reaSn nuleforoat e
and | ocation anager is arranged to calculate a route in accordance with
the fol |l owi ng Hﬁggéﬁe?'%t'%t oniter @nflrleeatione mamagea setunesmasset foftrbatesour ce

and/ or destination are nobile and if so determ ning the access points) to
the fixed netwdnirhgvayianmagnbtbyatisfy @ulaiS cgnstraint @hd othus Gdiipply tesuTbgpur ce
to destination using the to route-relevant information fromthe database
means usi ng annfingatioh lofthd Aetaprr at us as clained in claim1l wherein the
algorithmis a function of source, destination and Quality of Service. is

13. Appar at gs Selestsah8Postbthail Tk g's@ Sfratfperein the route and

| ocation nanager is arranged to segrreﬂrnlcgmtqhe calcul™ati’'on of the route into
mobi 1 e and § i xed igtdlthe PRLY' 8§ ment (a “make’ segment) to be added to the

multicast tree. This segment can be computed by eliminating the part from

10 the most optimal route which is common to the multicast tree.
Mathematically, if the route from the set of routes is R, and the existing
multicast tree is represented by T then, the segment S is given by:

xeS,xe(RNT)

15 5. The call manager receives the QoS route for the segment S from the route
and location manager by specifying the point of intersection of the segment
S with the multicast tree, the further destination and the QoS. If the output of
the Route and Location Manager is a null set, then step 3 is repeated for the
next most optimal route in the set of routes R. Otherwise the output of the
20 route and location manager contains the requivred segment to be added to

the multicast tree and this is set by the call manager.

Re-routing is the changing of the connection path due to any of several reasons

such as the mobility of the end-point, failure of nodes in the network or load



20 14\ paratus as claimed in claim13 wherein different Quality of
Ser vi ceABarameters are applied (1) to the fixed network portion andil( 204t o
the mobl I e network portion(s). 15. Apparatus as clained in claim14 wherein
different Quality of Service 2s paraneters are applied to each segnent. 2
7 JUL 2004 16 16. Apparatus as clainmed in any one of clains 13 to 15
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connection has changed its location or otherwise needs to be re-routed, is
different from that of re-routing a leaf because if the procedure for re-routing
leaves is followed, this will result in a multicast tree that is sub-optimal. This is
because when a leave moves, only the connection between the root to that
20 leave is affected. Re-routing a route is different from re-routing a leaf because
when the root moves all the connections from the root to all the leaves are

affected. In order to overcome this difficulty, the call manager:

1. Moves the root of the connection by applying the procedures above, as if the

root were a leaf. It is assumed that the root is just another party of the call,
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Having moved the root, an intermediate sub- -optimal multicast tree is
obtained. The benefit of this approach is the speed with which this re-
routing can be achieved. There is no need to search through the entire

network for the most appropriate position at which the root is added.
2. The sub-optimal multicast tree that was obtained in phase 1 is optimized to
10 give a tree that is optimal with respect to the optimality criteria. This can be

done via one of several methods, for example that disclosed in US Patent

No. 5291477.

The advantage of this two-phase approach is that the re-routing can be
15 achieved very fast and can result in a close to optimal multicast tree initially.

Then, depending on the resources available in the network, this tree can be

optimized offiine.
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and a destination terminal being configurable through the network via
at least some of the components and a route and location manager
arranged to calculate at least one said route, the manager having

10 database means including route-relevant information of the fixed

network portion and of the or each wireless network portion.

2. Apparatus as claimed in claim 1 wherein the database means
15 comprises a first database for the information of the fixed network
portion and a second database of the or each wireless network

portion.

3. Apparatus as claimed in claim 1 or claim 2 wherein the information of
20 the fixed network comprises node and network topology and Quality

of Service information.

4. Apparatus as claimed in any one of claims 1 to 3 wherein the
information of the or each wireless network comprises mobile terminal

25 location information.
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5
6. Apparatus as claimed in any one of the preceding claims wherein the
database means is arranged to receive update information from the

network.

10 7. Apparatus as claimed in any one of the preceding claims further
comprising a call manager arranged to receive a call request from the
source and request a set of routes from the route and location

manager in response to the request.

15 8. Apparatus as claimed in claim 7 wherein the call manager is arranged

to set a selected route from the set of routes.

9. Apparatus as claimed in claim 7 or claim 8 further comprising at least

one further call manager arranged to receive a further respective call

20 request from a further respective source and obtain a set of routes
from the route and location manager in response to the further

request.

10. Apparatus as claimed in any one of the preceding claims wherein the

25 route and location manager has an open interface.
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a) determining from the database means if the source and/or destination
are mobile and if so determining the access point(s) to the fixed
network portion; and

b) calculating the set of routes from source to destination using the

10 route-relevant information from the database means using an

algorithm.

12. Apparatus as claimed in claim 11 wherein the algorithm is a function
of source, destination and Quality of Service.
15
13.Apparatus as claimed in claim 11 or claim 12 wherein the route and
location manager is arranged to segment the calculation of the route

into mobile and fixed network portions.

20 14. Apparatus as claimed in claim 13 wherein different Quality of Service
parameters are applied (1) to the fixed network portion and (2) to the

mobile network portion(s).

15. Apparatus as claimed in claim 14 wherein different Quality of Service

25 parameters are applied to each segment.
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17. Apparatus as claimed in claim 16 wherein different algorithms are

applied to each segment.



