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TELECOMMUNI CATI ONS- ROUTI NG BASED ON FORVAT OF MESSAGE Thi s

i nvention relates to tel ecomruni cati ons appar at us and net hods. More
particularly, this invention relates to apparatus and net hods for
transm ttingwig kg (specifically 5 signals with infornat powvGgaseassat a
content) in nmultiple different formats. ~ The formats may sinply
be alternative technical representations of the sanme information; for

exanple,  dirEfROSMINICATIONS GOUTINGTBASED oM (FORMATt OF iESSAGEach format may 10
be in a different nedium for exanple, inmage, text and audio format s.
Further, the formats nmay represent sonething of the sane i nformation
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different formats.

The formats may simply be alternative technical
representations of the same information; for example,
different graphics formats. Alternatively, each format may
16 be in a different medium; for example, image, text and audio

formats. Further, the formats may represent something of the

same information content but using different volumes of data;

for example, a text file and a facsimile image made up of the

characters of the text represent different formats for the
15 same text information. '

In conventional telecommunications, a given user is
associated with a given telecommunications terminal (e.g. a
conventional telephone, or a computer with a modem, or a
facsimile unit). However, more recently, users have become

20 mobile. In addition to mobile telephones (for example digital
cellular telephones such as those conforming to the GSM
standard) other types of portable terminal include pagers

{either tone pagers or message pagers which can receive short

textual messages and display them); so called “personal

25 digital assistants" (PDA’s) and portable facsimile or computer
units adapted to communicate via cellular networks using
dedicated modems.

At the same time, the wvolume of different types of
formats within which information can be tramsmitted is

30 increasing, and new, so called ‘multi-media® formats,
consisting of single sets of information presented in multiple
media (such as for example image, text and audio files) are
entering use.

The telecommunications channels through which information

35 1is delivered comprise channels of varying bandwidth, including
optical fibre 1links; coaxial copper links; conventional



ffacsimle unit). However, nore recently, users have becone 20 nobile. In

| ar tel ephones

addition to nobile tel ephones (for exanple_digital cell
such as those conformng to the GSM st FHARSHEEDHASK BERAD
term nal include pagers (ei ther tone pager SR sage

recei ve short t ext ual nessages and di &

es of portable
bager s whi ch can

25 digital WOHSTRMAts" (PDA s) and portable facsi mle or B

units adapted to comrunicate via cellular networks using

| | edm_’zﬁgg%onal

3

dedi cat ed

nodenms. At the same tinme, the volunme of different types of
formats within suhsﬁrﬂhdrote'hepbme:adnbe,timfmmtetckdobalfirea netwaskag,andind

new, so called sy ?ééz?nf‘&hgﬁhéés. nsmé#@ﬂ %

i nformation preserﬁ ed | n (such as

exanp

aibnokee n@fér?c,of

text and audi o chianeglspge “Se@n{‘-‘éﬁ?l‘?'r'gb’dsee C°mm‘ml°at1‘1’ﬁ‘§ teﬁ@‘ﬁ%ﬁ%ﬁm@é#‘bns
channel s t hr ougtyashiiesityt NlchaABel oN Fénersl Mel indreed avaifabie cthenel swadt

varying bandi gty i 8h%o aendBikCah dhLHr LbBEErufURd Yo ERBPALAALYS:

conventi onal
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It is becoming increasingly common for large

organisations to provide local area networks within a building

or group of buildings, at which a number
10 terminals of different types are provides.

of different
Por example,

powerful workstations such as Sun (TM) workstations, may be

connected on the same network as less powe

rful pexrsonal

computérs, advanced telephones, and conventional telephones.
Depending on the access conditions, different users may have
15 access to a number of different terminals within such a

network, each with different capabilities
information in different formats.

Various prior proposals have been made to a
the needs of mobile users dealing with data

of receiving

ttempt to meet
in different

20 formats. For example, our earlier application WO 95/30317

(agents ref: A24847 WO) describes an "

agent based"”

telecommunications system in which the position of a mobile
user is tracked and, when he is in a cell which permits only
low bandwidth information transfer, the incoming signal is
25 either cached for later retrieval or the link is down graded

{e.g. from video to voice).

Similarly, the article "The network with smarts, new
agent - based WANs presage the future of connected computing"”,

Andy Reinhardt, BYTE October 1994, pages 51-64,

describes the

30 proposed IBM ’Intelligent Communications’ service {(apparently
intended to be marketed in late 1995) which allows a user to
set up a routing profile so that when a fax is received for
the user it may be converted to text using optical character
recognition, and then converted to speech and read into a

35 wvoice mailbox.

Our earlier application WO 95/15635 {(agents ref: A246B2
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WO), describes an agent based telecommunications system for
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provides, in one aspect, storage of the capabilities (i.e.
formats in which signals can be accepted and/or output) of

15 terminal equipment in the vicinity of the user.

Therefore, rather than attempting (unsuccessfully) to
deliver a high bandwidth signal to a low bandwidth mobile
termihal, the system of the present invention directs the
signal to a nearby terminal which can support a better

20 representation of the signal. The nearby terminal may accept
and output the signal in its original form, or the network may
convert the signal to a different format which can be accepted
by the nearby terminal.

Thus, according to this aspect of the invention, the

25 network supports a number of different signal format
conversions, and is able to choose between the different
terminals and associated different format capacities in the
neighbourhood of a given mobile user.

It may at this peint be mentioned that in so-called

30 ’Computer-Telephony Integration® (CTI), it has been proposed
to group a computer and a telephone on the same desktop
together; to note when a particular user logs onto the
computer, and to route all that user’s telephone calls to the
telephone with which the computer shares a desktop, thus

35 effectively trying together a particular telephone and a
particular computer in a pair.

This differs fundamentally from the present invention,
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Andy Rei nhardt, BYTE Oct ober 1994, pages 51-64, describes the 30 proposed

I'BM "I ntel'l i gent Conmuni cations, service (apparently I ntended to be
marketed in late 1995) which allows a user to set up a routing profile
so that when a fax is received for the user it may be converted to text
usi ng optical _ c ter recognition, and then converted to ch and
read into a ‘ggg\t'}g#@i mai | box. Qur earlier applicat i SHRD” 5635
(agents ref: A24682 WO , describes an agent based tel ecomruni cations
system for 3 use in a multiple services network. Qur

earlier applicheweHenD 9B/ ¥BbAl the |mature«f wach 199Binaderins anchreA24866)
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agents. Aspect? of this docunent are |aﬁ’;orporat ed by reference hereln.
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sonme of the above proposals, a user t?ds: trac ec%dlar%ﬁﬁeggdg%to}l\{%gg?ng eb
term nal whi chthe user. Accordingly, the system must maintain” accurate

information of a large number of terminals, so as to establish
a "communications neighbourhood" around any position at which
a mobile user wmight be located. Thus, fairly frequent

10 position update messages tracking the position of the user,
and terminal wupdate messages tracking changes to the
capabilities of the terminals may take place.

In order to avoid the possibility of such messages
swamping the signalling capacity of the network, in a

15 preferred embodiment the present invention provides for a
hierarchical arrangement of location data storage, with
distributed local databases (e.g. one per LAN, oxr one per
building, or one per cell, microcell or picocell} storing
details of the terminals provided therein and the users

20 located close by, and at least one higher layer of databases
each covering an area corresponding to plurality of the local
databases and containing, for each user within the wider area,
a pointer to the local database within which the user is
located.

25, Thus, when a user changes position, the position change
signal need be transmitted on as far as the local database
within the area in which he moves or, if he changes from the
area of one local database to another, to the new local
database and to the next database up in the hierarchy

30 containing both local databases. Likewise, changes in
terminal equipment need only be signalled within the area of
a local database or to the layer above .

Our earlier international application WO 94/28683 (agents
réference A24601) includes an embodiment in which, within a

35 single network, parts of the network set up a service by
obtaining prices from other parts of the network. Thus, when
a user desires to tramnsmit through the network, he polls a
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which the route is set up by a further bidding process. This
has the advantage of reducing the number of bidding (and
therefore signalling) entities at any time whilst maintaining

15 a reasonable response time in setting up the route.

Furthermore, in a preferred embodiment, multiple passes
may be ewmployed corresponding to successive layers of a
hierarchical organisation of bidding entities, those entities
in the middle layers acting as resource suppliers to entities

20 1in layers above them and as resource purchasers to entities
in layers below them. This enables further increases in the
size of the network without vastly increasing the volume of
signalling traffic across the network, particularly if (as
preferred) the entities in each layer are geographically

25 distributed.

For example, the arrangement adopted may consist of an
entity storing data relating to each customer and arranged
to decide whether or not to accept a service on behalf of that
customer; a number of service offering entities each of which

30 is arranged to offer a service at a price in the first pass;
and, for each service offering entity, a number of resource
entities each corresponding to an available network resource
(such as a signal format converter or a signal path).

Other aspects and embodiments are described below, withk

35 advantages which will be apparent hereafter.

The invention will now be illustrated, by way of example
only, with reference to the accompanying drawings in which:



3a ;. I'n accordance with the second aspect of the invention, there is
provided a nethod of delivering a tel econmunications signal to a

t el econmuni cati ons user conprising tracking the position of said user
relative to a plurality of different tel ecomrunication term nals; assessing

t he reproductl abilities of a plurality of said different
teleconnuniégpggﬁﬁ$€rninals inthe vicinity of said user; afd/GBYo08P; ng

-sai d message to one of said termnals in tlee vicinity of said user in
dependence upon the format of said signal, the capabilities of said
termnal s and the go€4heon iof 1§ai d uschematiei vdiagramhe ijlwsabatyngf the

different tel ngatdzoﬁrhﬁé?bﬂél S1hget h6r i Gidliddbnftly iiﬂa‘iliaﬁ?rs stem
Thus, accordin thhf.aspect of .,the 1 nvention, the netmorf'suppor S nunber
of different sﬁq'g‘ﬁ’aq M H FBSndBYERERS® and is able to choose between the

different term nal Figureassds at ethenfatdice hil oot dAbgrapatliuesrafihderhe
nei ghbour hapd Qi SPbL], I i oint_be :
ment i oned t hat ,imr?%so-ncal l ed ' an%%?gfr elceoﬁhtgjr?} r?mét""e%ﬁ a%?o%’hg( éﬁs)t,e‘q t°has
been proposed Bi@Weodd a conputer and a tel ephone on the sane desktop
together; to note Wigjure partisul &r sEmds Ailagrahe ¢oNDRHESRcifRd 1k

comput or  shar SSEEpeheel P/ RIBE esdn iy, CBYREG NepTmiieT Bare e
t el ephone and Figyaier i2c gmgr thenpogieal nrelaptignships betpgien dhemer s
fundament ald y frompiig@rer esefd AN¥eRemARic diagram showing the elements
stored within a local database forming part of Figure 3 and
the logical relationships between them;
Figures 5a to 5c show schematically the content of
records held within the databases of Figure 3;
15 Figure 6 shows schematically the process of obtaining

information from the storage system of Figure 3;

Figure 7 shows schematically a first process of routing
information through the network of Figure 1 according to an
embodiment of the invention; '

20 Figure 8 (comprising Figures 8a and B8b) is a flow diagram
showing schematically the process of updating information held
within the databases of Figure 3;

Figure 9 is a block diagram illustrating the structure
of signal format converters comprised within the network of

25 Figure 1;

Figure 10 is a schematic diagram showing the software
components making up the routing logic of the control layer
of Figure 2;

Figure 11 shows the structure of a service request record

30 message utilised in setting up a service in this embodiment;

Figure 12 is a flow diagram cshowing schematically the
process of operation of a customer agent comprised within the
embodiment of Figure 10;

Figure 13 ({(comprising Figure 13a and 13b} is a flow

35 diagram showing schematically the process performed by a
network managing agent forming part of the embodiment of
Figure 10;
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4 " however, in which the nature of each terminal in an area is

stored and a given termnal is selected depending on the format of the
i nput signal . For this aspect of the invention to be useful, the
signal 5 nusiwgwhrdee delivered to a termnal which is too dpeigBérdosso
the user. Accordingly, the system nust nainfain accurate I nformati on
of a large nunber of termnals, so as to establish "conmuni cati ons
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one per cell, mcrocell or picocell storlg%
Flgure 16 {comprising gures 1l6a and 16éb) is a flow

diagram showing schematically, in greater detail, the process
cf selection of a route to a terminal forming part of the
10 process of Figure 13.
Genera verview hysical layver
Referring to Figure 1, at the physical or bearer level
the telecommunications envircnment of a user Ul comprises a
cellular telephone TI and a personal digital assistant T2
15 carried by the user; a facsimile apparatus T3 and conventional
telephone T4 at a desk a few feet from the user; and a
computer workstation T5 including a modem at a desk top some
meters away from the user, all within a single building.
The workstation T5 in this case comprises a local area
20 network {LAN] server, connected to further terminals T6-T9
(not shown) at different distances from the user.
The various terminals T1-T9 are each capable of receiving
different signal formats, as follows:
Tl - voice or low bit rate data.
25 T2 - low bit rate data {(receive only).
T3 - facsimile image signals.
T4 - narrow bandwidth audio.
TS - high bit rate data in various formats.
In communication with the various terminals are a number
30 of different communications channels forming parts of
different notional networks (although some or all may be
commonly owned) .
A public switched telephone network (PSTN) N1 is
connected via a local line L3 to terminal T3, and via local
35 line 14 to terminal T4.
An integrated services digital network (ISDN} N2 is
interconnected with the PSTN N1 via a gateway Gl (e.g. a local
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by, and at |east one higher |ayer of databases each covering an area
corresponding to plurality of the | ocal dat abases and containing, for
each user within the w der area, a pointer to the IocaL dat abase wi thin
whi ch the u ' | ocat ed. 25 Thus, when a user changes position,
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polls a gateway G2 to the PSTN N1 and ISDN N2. A base station Bl of
the PLMN provides a picocell in the enviromment of the
building within which the user Ul is located, and a base
station B2 provides a cell within the same general area.

10 Thus, the networks N1-N4 are capable of delivering data
at different rates to the various terminal T1-T9; low speed
data via the PLMN N4, higher speed data via the PSTN N1, and
yet- higher speed data wvia the ISDN N2 or LAN N3.

The user Ul carries a tracking device Pl via which his

15 position within the telecommunications environment may be
tracked. For example, in this embodiment the tracking device
Pl comprises a chip carrying card or ?*smart card" carrying
data identifying the user, and some or all of the terminals
T1-T9 carrying a card reader arranged to read the card.

20 Alternatively, it could comprise a ’‘smart badge’ device, the
location of which is tracked within the building.

Specifically, the workstations T5-T9 and the cellular
telephone Tl carrying such smart card readers. Additional
smart card readers are installed at access doors within the

25 building, and are connected to the LAN N3 to signal thereon.

Further, preferably, the cellphone Tl comprises, in
addition to cellphone communicating components, a global
positioning system (GPS) receiver and is arranged to derive
and signal its position periodically as disclosed in EP

30 0467651 {Motorola).

Thus, the position of the user Ul is known by one or more
of several wmeans; firstly, it is known to which terminal he
has logged in by the insertion of his smart card; secondly,
the position of his mecbile phone is known; and thirdly, his

35 position within the building is known (from the access door
system) .

General Overview of Control Laver
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5 first part of the network, and which polls further downstream
parts of the network, and so on, each part of the network then
transmtting back a price. Whilst this arrangenent is suitable in
many applicatjons, as networks grow in size the 5 anount of ﬁ
gengraltogd wi t W Pr?{smonetvmrk may be subst anti al . Pé%%% p&+ gI Y,
in a preferred enbodi ment of the invention 9 we provide a

t el econmuni cati ons system whi ch routes nessages t her et hrough, in which
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a preferred emhodi rrent mul tlppq?légass es correspondi n
|

to successive ITERFTSF uper 8%&%8@6??;%% §%§ngﬂr%$nﬂ- aRfRE™ ation’
entities, thoserientsigreslling ichanhhelsai dill Ehéa;xetwomlmg-m I’&S@lﬁlﬁ{@lles

suppliers to entiid %%f%(}ma't'ioha%ﬁrfﬁ?é%@ gg'n nrtgﬁg_ggﬁ%elggrchasers

to entities I'n layers bel ow t he 'S en es fur i ncreases in the
si ze of the network TH& hBOREIRGE L LPIRACr R AGOMRELFRENe 3F discypgpdl Iimng

traffic acrmss deateat Wateilpbeloeyl dibyributés contysefEroprhmd)hasetiyd i es
in each layer Prfe g&?ﬂtﬁp& Cﬁkxlé{lg%S tl’ﬂil Sttléti:vp&féj'to route the message as
desired to or from the user Ul.
Pogition and Terminal Databa 200
Referring to Figure 3, the storage 200 comprises a
15 distributed hierarchical database comprising a home layer 201
congisting of, for each user Ul, a unique database station
where details of that user are registered (similarly to the
home location register (HLR} of GSM); a local layer 220
consisting of a plurality of localised databases 221-224, each

20 storing details of users and terminals within its local area,
and (in this embodiment) one or more intermediate layers 210
comprising a plurality of regional databases 211-213 storing
recoxrds of users in a wider geographical area covering that
of several local databases 221-224.

25 For example, the regional databases 211-213 might each
be associated with a coverage area approximately egual to the
coverage area of a mobile switching centre (MSC) or local
exchange, whereas the local databases 221-224 each relate to
a small area {e.g. a floor of a building, a single local area

30 network, or a picocell).

'Referring to Figure 4, each local database (which is
conveniently provided by a large volume random access memory,
or high speed off-line storage device such as a RAID disk
array) comprises a first set of user records 251, 252... each

35 relating to a single user in the locality, and a plurality of
terminal records 261, 262... each relating to an item of
terminal equipment in the locality {e.g., in this case,



For exanple, the arrangenent adopted nmay consist of an entity storing
data relating to each custoner and arranged to decide whether or not to
accept a service on behalf of that custoner; a nunber of service
offering entities each of which 30 is arranged to offer a service at a
price in the first pass; and, for each service offerin ntit

nunber of r ¥@AHR entities each corresponding to an aaﬁﬂV
resource (such as a signal format convgyter or a signal path).
O her aspects and enbodi ments are descri bed below, with 35 advantages
which will be baydakiagt -hereafter. The invention will now be

| llustrated, by wayaeh aéa_mai-@cord 2%'1' yzsw th SIS AT LO8PEE0MAY T NY

drawi ngs in whic %1
PCT/G897/0089@°Sltl°n of the user Eac terminalgrecord 261, FPYyurertring g

schemati ¢ di agiaam i lildesttriflyiing t hbe teph;xscs:al charid¢tesi@iics | afer ke a
teleconnun%caE%%p %Xg%egbrmln?%0€§ c%ﬁjgaff% %de%n _ Figure 2
Il agram |

tmork

is a schematic
Where a user is logged on to a terminal {(e.g. Ul with TS

or U2 with Té) the corresponding user reacord includes a
pointer to the relevant terminal record (e.g. 251 to 261 and

‘252 to 262).
1o Referring to Figure 5a, in greater detail, a user record
251, 252... comprises a field 2521 for storing the users

position {e.g. his three dimensional position in space,
defined in altitude, latitude and longitude}; a field 2522
specifying the terminal (if any} to which he is currently

15 1logged on (and containing a pointer to that terminal); and,
optionally, other user information (2523) such as the access
rights of the user (i.e. whether he can use all terminals or
only one).

Referring to Figure 5b, each terminal record ({261,

20 262...) comprises a field 2611 identifying the geographical
position of the terminal (e.g. in latitude, longitude and .
altitude); and a field 2612 indicating the technical
characteristics of the terminal.

This latter field may consist of a list of format type

25 records 2613, 2614... each itemising a signal format which the
terminal can receive.

Alternatively, the field 2612 could comprise a pointer
to a separate record of the technical specification of the
terminal, or a generic record specifying the capabilities of

30 all termimals of that type.

A field 2620 specifies the access rights (i.e. any
limitations on users who can access the terminal, or classes
of user who are permitted to do so).

Finally, a field 2625 specifies the dial number, network

35 user address or other routing data which will enable a call
toc be routed through to the terminal, and conseguently
specifying the part of the network to which it is attached.



5 conponents of the network control | ayer of the system of Fi gure 1,

Fi gure 3 is a schematic diagramillustrating the conponents of a
position tracking systemformng part of Figure 2 and the | ogical

rel ati onshi ps between them 10 Figure 4 is a schematic di agram show ng
the el ements woofdgoed Wthin a [ocal database form ng part pgiyclBsfiedssd 3
and the logical rel ationships between them Figures Sa to 5c
show schematically the content of recor hel d within the databases of

Figure 3; 15 P S0 B Ur BGUEIRY GBld 4l NE ISP YRgILegY BB

I nformati on fromthe s orag
schematical |y a2%9 rV‘sJ{llpF@@é%noﬁ YRR E‘?@ltloni Fieldnfatin t2F'?r20u§Fi3t- he) for

network of Fi gudgerl FCeWed BB rEOwdfhin 1@£fbﬂ€{:¥i&m d&np&hgmgveri&l@ﬂloﬁ(bf

Figure 8 (corrpr%]:i Flgures 8a %&E BQ? 13? | qw di agr.am ﬁ?OWI n

schematically t TeBEeEF FPdAtEnd e TR ESh ARk ing YR ¢

dat abases ofs FlEgmre uger field 27Fi {uve, NRT3. a. )blsxcdpldn agmgwﬁ.isélsuatp@dnm

the structure .. pf.Shgpah fdgq:%;asgorﬁéq_rt% cogpgi sgdaW thisp éi'xre]té’i?é K
e

of 25 Figure 1; ure IS natic di agr am shovmn

sof t war e c RSB FHRTS ﬁﬁ’i‘i’% &B*t HPFOUNPRY Ilﬁgl%t‘iﬁeq héai‘ént‘”rl(ﬁ%lpafé?e
of Figure 2; localltyFlomelﬂ:b shavsubbe $srlastirdemdctadier vi ce request

record 30 message yihldagd | BoSEhLl GnRaA SN O oha51 CEROULP U der

Figure 12 is a flowdi i agram’show n roce
operation &0 a qqmmd:ageﬁvr%mm%@a SRl ﬁﬁ-hbs Present for that user,

containing a pointer to the identity of the regional database
211, 212, 213... within which a field for that user is stored.
Thus, each user record is duplicated n times, where there
are n layers present in the position tracking distributed

15 database {(in this case, 3).

Locatina a usexr
Referring to Figuxe 6, when it is desired to determine

a user’s location, his home database 201 is accessed (based
on his dial number, his international mobile subscriber
20 identity, network user identity or some other identifier
associated with the user) in a step 300. In a step 302, the
region database (211-213) is determined from the user field
within the home database 201, and in a step 304 this regional
database is accessed. If there are further intermediate
25 layers in the hierarchical database, steps 302 and 304 are
repeated as necessary to move down through the layers of the
hierarchy.
Ultimately, in a step 306, in a regional database the
identity of the local database associated with the locality
30 in which the user is presently to be found is read, and in a
step 308 the local database {221-224) is interrogated via an
interrogation signal, and replies in step 310 with a message
including the current user position, and the terminal records
of all nearby terminals, including the positions and technical
35 characteristics thereof.
Each local database station 221-224 may comprise a
processor 2211 arranged to calculate the range from the user



enbodi nent of Figure 10; Figure 13 (conprising Figure 13a and 13b)
is a‘flow'35 diagram show ng schenmati calpy—t-he-—-preeess—pesiformed by a

net wor k managi ng agent formng part of th %H’-B(ﬁﬁﬁﬁﬁﬁﬁ\&)ﬁﬁlm Figure 10;
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7 | 4 is a flow di agram sHow ca

process perfgbﬁgé y a resource agent formng part of the én%ﬁ%%ﬂ?ﬁent of
Figure 10; Figure 15 is an explamaory di agram showing the 5

di stribution of a nunber of conponents thrqough which a signal is routed
according to t%R PREReEETBINEIGUABS F9 teciladeyfhose termimglywhicle are
(C(ﬁrrpri Si nlgI Filgayrasd Jaﬁa:emtdii:Ghlj_s'i:Sneeffﬁm usextl &g:][ &idys BQWbNBe ?.rranged
schematically,_in . rogess of selection, of,a rpute
to a term nal ﬁénrnr1 ;éﬁtqﬁgﬁ%ﬁgs% 2ﬁ$oc§§§aoffEFguF8C§3.Eerml?%&mw%ﬁék
overvi ew of plauikarigagien data stored for the user and to transmit details

5 of only those terminals for which the user is not denied

access.
The distributed databases are interconnected via
signalling channels forming part of the signalling layer
carried over the physical layer of Figure 1, to permit the
10 databases to be interrogated, read and written to.
Routing an Incoming Call
Referring to Figure 7, the process performed by the
routing logic 100 in routing an incoming call to a user will
now be described. In a step 320, an incoming signal in a
15 particular format for the user is received in some portion of
the physical layer of Figure 1 and the identity of the user
is determined and relayed to the routing logic 100.
In a step 330, the routing logic 100 interrogates the
position tracking system 200 by performing the process of
20 Figure 6, to obtain thereby the position of the user and the
list of nearby terminals and their correspending technical

capabilities.
In a step 340, the routing logic 100 selects one the
nearby  terminals, on the  basis of its technical

25 characteristics. For example, if the incoming signal is a
facsimile signal, but the nearest terminal to the user Ul is
his mobile phone Tl or pager T2, neither of which can receive
an incoming facsimile signal, then the nearby facsimile
terminal T3 may be selected and the signal routed thereto in

30 a step 350,

Having selected the terminal to which a signal should be
routed, in a step 360 an alerting signal is generated and
transmitted to the user; for example, the alerting signal
could be an alphanumeric message to his PDA terminal T2

35 stating "FAX ROUTED TO TERMINAL T3 AT POSITION ....", and
accompanied by an alerting signal.

___Egually, the message could comprise a recorded call

mi



Referring, to Figure 1, at the physical or bearer |evel t he

t el ecommuni cati ons environnent of a user Ul conprises a cel | ul ar

tel ephone T1 and a personal digital assistant T2 15 carried by the user;
facsim | e apparatus T3 and conventi onal tel ephone T4 at a desk a few

feet fromth

fsasognd @ conput er workstation TS incl udpPgcRs7gesaM a

a desk top sone neters away fromthe user, all within a single

bui | di ng.

The workstation T5 in this case conprises a |ocal area

20 network (LAN) server, connected to further termnals T6-T9 (not
shown) at diff caembunienenic delfiveretms wsenll to his celhelamtiediephomenthal s

T1-T9 are each capabpg,®f i@cﬁn\/ixﬁﬂ accd?!:icicifn%" ent tﬁEgBQECLQEnBESFiSE e 7,
55 Toor fTowbit

foll ows:

Tl - voi cfe %r_IO\ﬂ\_/ bi,t rate dat(g. L. )
rate data (recetd® t of the calj3is {3FReRTeQ Fihdd disgAgLdvered to a
T4 - narrow bantetwideludearby in whidld dithiigh buita#ble dat arddeiay | Bhist

formats.

30 of differsentfcom'runic i_ons char
noti onal networR39¢RIAhGEFAPESRE! ok s Alenkpd Ko t
A public sw tchg@et@i_lgrm‘qp_ne network (PSTN) N1 is connected via a | ocal

line L3 to ter
i ntegrated ser
the PSTN N1 vi

bR

i5

20

25

30

35

orhihCHROSHE ) B 15 (Lol

e qeghriWticnviedininal of

'nalt. 3, .an atv.i a local 35 1line L4 to term nal T4.

' rk (1SDN) N2 is i nterconnected with
a a ga’:t}@qvan}p@tiz@g g?faarggar position will now be described
with reference to Figure 8 (comprising Figures 8a and 8b).

In a step 400, a user position update signal is
transmitted; either from one of the terminals T1-TS on
registration of the user therewith, or from a position sensing
element in the building (for example a door containing a card
reader), or from the mobile telephone terminal Tl {where this
is equipped with some position determination means}), or from
the PLMN N4 {where this determines the relative position for
the user by ranging measurements from several base stations
B1, B2...).

A position change signal (containing the identity of the
user and either a new latitude, longitude position or the
identity of a new terminal with which he is registered)}, is
transmitted in step 400, from whichever of these sources
originated the message, to the local database for the
locality.

For example, in the case shown in Figure 1, the terminals
and door card readers transmit the position update signal via
the LAN N3 to the LAN server TS5, at which the local database
station is located.

On receiving the position update signal {(step 402) the
LAN server T5 or other element of the physical layer signals
to the local database (step 404).

The local database determines whether the user is one for
which a record is already stored (step 406). If so, the
stored record for the user is updated (step 408) to reflect
the users new position; if a new position is received, the
position is written to the record, whereas if the signal

a

t

r

An
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8 or international switching centre), and is connected via an

ISDN line LS to term nal T5, and hence to | ocal area network N3.

A public land nobile network (PLMN) (e.g. a GSM- 5 conpatible digital
cellular network) N4 is connected via a gateway G2 to the PSTN N1 and
| SDN N2. A B¥R¥A#tion Bl of the PLMN provides a pi coZEFCEPHI0PNe

envi ronnment of the bui I di ng wi thin whi,gh the user Ul is |ocated, and a
base station B2 provides a cell within the same general area. 10

Thus, the net waaksabds N¢hate thapalfes- qiaéiekégfétébge&iaaé a dddr dif hﬁaeat
rates to the garlous termnal .T1-T9: ofsg g data via the PL
t

hi gher speed H5FR0RA (41 BEFRTRER %ﬁﬁ? d°?ﬁéﬁéFe§BéBE det ¥THE5SRhe
| SDN N2 or LABloNBhe user reccfiie user carries a tracking device Pl via

which his 15 posi £ ahewsBEn: & hd sh%gwﬁfgsaéﬂmi EAY QLUP U IRy 0

tracked. For exanp IS e di ment King

conpri ses a cﬁ|5eESFSyFﬁg9§%%§qgr %ﬁﬁﬂt4¥§%cﬁnéaﬁ$§lB@Sltlon is added.

Then (step 412} a signal is transmitted up to the regional
database within the region of which the local database falls.

The regional database examines whether a record is
already stored for the user (step 414). If not, the regional

10 database now executes steps 410-414, to create a record for
the user including a pointer to the local database the user
is now in, and to signal up to the database in the next layer
above (i.e. the database responsible for a wider area within
which the region falls).

15 If multiple such intermediate layers exist, this process
is repeated until, at some database, a record is found for the
user in step 414, in which case that database updates (step
416) the record to point to the new database in the layer
below within which the user lies.

20 It now remains to remove the previous, erroneous, records
of the user from areas where he has previously been located;
accordingly, the database which has updated its record signals
down to the database in the layer below to which the record
previously pointed (the pointer now being inaccurate) in step

25 418.

This database in the layer below then deletes the user
from its record in step 420. If (step 422) it is not a local
database {i.e. if its user record points to another database
in a layer below it, rather than defining the position of the

30 wuser), then the database repeats steps 418 and 420, and so on
until the original local database within which the usexr was
previously recorded is reached.

Thus, it will be seen that, by the updating process of
Figure 8, location information is updated within a localised

35 area, due to the hierarchical organisation of the databases.
That is, if a user moves within a single database then



data identifying the user, and some or all of the termnals TI-T9
carrying a card reader arranged to read the card. 20 Alternatively, it
could conprise a 'smart badge' device, the | ocation of which is tracked

wi thin the building. Specifically, the workstations T5-T9 and the
tel ephone T1 carrying such smart card readers. _ Additional
smart card r®eiew¥ysere installed at access doors within thePSEG ng,

cel | ul ar

and are connected to the LAN N3 to signal thereon. Furt her,

preferably,

t he cel | phone T1 conpri ses, in addition to cellphone

conmmuni cat i ng %E@Qﬂeg}tﬁanég&ﬁahahl alBOSHA¥ENInRY fayeham éﬁas)cﬁa&c&b\tau

and is arrange
disclosed in E

to which term

secondl y,

35 . positioA wthﬁlﬁaW¢K¥Qthn&#n@a¢%P%ﬁﬂﬁmq
Cengeakre§iBhYi & ofo Gt rol Layer

systen)

10

1s

20

25

30

35

and signal i,ts positi er|0d|
a§6b3536¥8§1°? ce 18 cgn%l?ﬁas 8 ASPD tf%ﬁﬁof t he
user Ul is known byIfne usenumneves fn@m saeeiabahéenstOfanthgr nie@riby knbwn
Q,glch*iﬁ the e &ggg&ﬂmg.n Y sbhehw%ﬁrst keRoPE Pérﬁaﬁ{ga%tﬁ%d

g one Is known; and thirdly, his
¢

e position of
R 5HERaL i & §<Cambimed within

Thus, increasing the size of the network does not lead
to exponential increases in the volume of mobility signalling
traffic, since such traffic remains localised.

On each occasion when a new terminal is added, or the
position or the technical characteristics of a terminal
change, this is reported to the local database.

Format conversion

Referring to Figure 9, in this embodiment there are
preferably provided a plurality of format converters Cl, C2..
C3 within the network. The physical location of the format
converters is unimportant, but some means for routing signals
to and from the format converters {(shown here as a pair of
routing switches R1l, R2) is provided[ under control of the
routing circuit 100, which can therefore route an incoming
signal via one, or a succession, of the converters C1-C3 on
route to the user.

Format Conversion types

The converters may perform one of the following format
conversions (but the following is not intended to be a
limiting list}):

3D graphics to 2D graphics and vice versa;

Image graphics to facsimile and vice versa;

Facsimile to text {(e.g. optical character recognition)

and vice versa;

First application output (e.g. spreadsheet} to second

application output (e.g. wordprocessor};

Wordprocessor output to text and vice versa;

Text to speech and vice versa (speech recognition);

First video format to second video format {e.g. full

rate video to MPEG compressed video);

Text to summary (i.e. automatic document abstracting);

w————cratin. .
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9 Referring to Figure 2, the routing of calls to and from t he
user Ul via the networks is perforned in accordance with routing

deci sion |l ogic 100 and geographi cal and term nal storage 2Q0. The

st orage Zoo‘équ as described in greater 5 detail belo he form
of a glstrlbu eéﬁ at abase) recei ves user position info?%%%ﬁ§ﬁ&

termnal information via signalling chgnnels of the networks NI1- N4, and
suppl i es this information on request to the routing |ogic |00.

-(!I-'het r_ogt ![ ng I ogj[ c l]Eﬁ@:t(mrmo%:ientg {asedi smal%eecbd:dig:%litlg{xﬁayt er hdte:]ai I :)el 0\l/<v
i stributed contro 9" BRAn S§ ﬁgagge v §e§¥% ches r-ou e networks
e UaFostti%

to route the nessage as % r O% user
and Ter mi nal Datab@?&?%ﬂﬁ)tranSIatloﬂéferr|ng to Figure 3 t he storage 200

cz:grlrpri ses a 15 di smj{cﬂw} egelbichr abaérc:ﬁdirzﬂw& w%@da@m)rsgabea Bolorerd Avar
co i sti ng C u a, uni at abase stati.on
- CEAR D SRS R L

where details of that “usér are regrs Yy to the hone
| ocation regi ster FHERE drtabape aean@@Jqqumnlangnage tooastehd ndatafbate

plurality of |ocal is3geclatal Q§?e§ag age4, each 20 storing details of users
and termnal s mﬁthln its. |0 and (in this enbodi nent) one or

nore internediate FZP& & 21§°reg°1:’6$rpr’rrs|‘f§gua GPRRFEPLoFhak i aformat
dat abases 211-c2b¥estsivnsgmay beegoousedfintseome nrammréebfgengriﬂildﬁingarea
covering E@atsubgrghpgeveral | ocal dat abases 221-224.

1. Logsless format translation;
2. Losgy compression;
3. Translation from one medium to andther (e.g. from

a format recognisable by a first human sense to a
is format recognisable by a second human sense).

In this embodiment (and as will be described in greater
detail}, the routing logic 100 is arranged to determine
whether the received signal may be delivered to a terminal
near the user, '

20 If no nearby terminal can support the incoming signal
format, the routing logic 100 is operative to determine
whether, after conversion by one or more of the converters Cl-
C3, the message could be delivered in a format receivable by
one or more of the terminals near to the user and, if so,

25 routes the signal via that converter or those converters to
such a terminal.

Routing Logic 100

It will be apparent that many ways of implementing the
control logic 100 to achieve the above functionality are

30 possible. However, for the reasons described in the above
referenced prior art, it is advantageous to employ a so called
tagent based" control mechanism. The term "agent" is used
with a number of different senses in the literature; here,
eicept where the context makes it clear that this is

35 unnecessarily limiting, it will be understood to mean an
independently executing control program under control of which
a computer or computer controlled switching centre performs



25 For exanpl e, the regional databases 211-213 m ght each be

associated with a coverage area approxi mately equal to the cover age
area of a nobile switching centre (MsSC) or | ocal exchange, whereas the
| ocal dat abases 221-224 each relate to a small area (e.g. a floor of a
buil ding, a s't.@,g},g.,sobocal area 30 network, or a picocell). pericBTI00890
Referring to Figure 4, each |ocal database (which is conveniently

provi ded by a | arge vol unme random access ngufry, or high speed off-Iline
storage devi ce such as a RAID disk array) conprises a first set of user

records 251, 25#%e fWrhiags raftatibwreco tp s‘F%ﬁ;l bagert"in The Itesal iitsy naind

a plurality of neceééﬁﬁﬁl@aﬂihﬁﬁeadﬁozééntiéi-?ﬁpgﬂﬁﬁsrﬁﬁﬁéﬁrﬁbﬁfhéE‘ﬂﬂéﬁ?‘ﬁ
n LS CcasSe

g?;g}ggg eqUIF”gﬁgiféﬁﬂggila %aghgﬁt(ghgir BeYCR5 72 sEgsponse thegggo,

10 bui | di fgit encompasseBaghchsprogreares d 251, 252... contains data
recording the Each agent makes use of data, and it is convenient that
. the agents should therefore operate in "object-oriented*
fashion; that is to say, that the data should be
*encapsulated" so as to be accegsible alterable only by
associated control programs, acting in response to "messages"
10 (which need not, however, be physically transmitted but could
simply be data passed via the stack of a single computer).
It will, however, be understood that the object oriented

format is inessential to the invention.

Referring to Figure 10, the routing logic comprises at

15 least one computer 100 connected via a signalling link to the
physical layer of the network, and includihg storage areas
storing data and control programs defining a plurality of
customer agents 101-106...; a plurality of network manager
agents 111-113; and a plurality of network resource agents

20 121-132.

Conceptually, and as will be described in greater detail
below, each customer agent 101-106 represents an actual
customer, and comprises stored data relating to the customer
to enable the network to carry ocut activities in relation to

25 the customer even when the customer is not connected to the
network. The number of customer agents is therefore very
large.

Each comprises a section of random access memory storing
fields containing the following data:

30 User name;
Identity of home database 201;

Billigg point;

Customer format preferences;

Customer billing preferences;

35 Selection algorithm. i




position of the user. Each term nal record 261,262 contains dat a
i dent’i fying the technical characteristics af_the 5 respective termnal to

which it corresponds. Where a us¢ITHIS ¢ 0 a term nal
(e.g. UL with TE or U2 with T6) the c rrespémg?%gsuglieérw’ecord i ncl udes
a - pointer to the relevant termnal re o) 1.19 P61 and 252
to 262). 10 WO IR er 1 | ng to Figure 5a, in greater detail , PEI/GBY00§%¢COrd
251, 252... conprises a field 2521 for stogighg the users ~ position (e.g.
his three di nensional position in space, defined in altitude, latitude

ﬁnd | ongi tudel); a frrRedcdbfdmer aQ%QQd Cifit”:' ﬁigﬁt Eg“ﬁﬁi{ﬁ%?ﬁ%‘% 72 g?“% ﬁgﬁ:h
is current o] nd contai n ;
aﬁd_l, opt i 0%5%?§t£§$ﬁgge ug%ll(’lacfw FRCCGTSE8523) such as the access
rights of the user %i.e.Regeesterodtgoiag seevdkk;term nals or only one).
Referring to Figurezdb, gatrdet Qg,ﬂ:_idr;]gihgr eed 6261, 20 262...) conprises a

field 2611 jdentifying the geographi,cal poSition of the ternminal (e.g.
inlati tudeé, | ongi ﬁjdg a‘%ﬁlg‘:t %éiq%mﬁ&ﬁef?r?{ﬁﬁeame’éli 2612 indicating the
t echni cal char a&t er i Gpdate cfustomeiretdataal . This latter field
may consist of a ligt Ofnﬁﬁ]ﬂ’@}]setl%l%igﬁ ?i§89§g n2613, 2614... each

I ch the e

Item sing a signal formt ermnal tan receive. .
Al ternatively, the Fi®| gedeank cormagersnt i agentpolhielld comprissepanddm
record of the desdwe arémepeEtfdr@aki:on of the termnal, or a generic

record spegj fying g capabLl I GS Ol Snplt! L TAS OfoLhal, 1YPE. o
which the converters present in the network can convert;
Anticipated price data for each such tupe of conversion,
and for standard types of service;

Data on current high-level network conditions (for

15 example, time of day, and general level of traffic).

A pricing algorithm.

Each network managing agent is also associated with
program code to perform the following functione.

1. Receive service request; '

20 Price service request;

Set up service through network;

Update data;

Update pricing algorithm.

Each network managing agent is associated with a

(2 BN WA N

25 particular area of the physical layer; for example, in Figure
1, separate network managing agents may be provided for the
PSTN N1, ISDN N2 and PLMN N4; and more specifically, within
each of these networks a separate managing agent may be
provided for each major region (for example one network

30 managing agent may be associated with each mobile switching
centre of the PLMN N4 and major exchanges of the PSTN N1).
Resource agent

Each resource agent 121-132 relates to a specific
hardware structure within the physical layer of the network,

35 such as a converter (C1-C3); a routing switch (R1l, R2), e.g.

an exchange or mobile switching centre; a transport component

such as a cable, base station or satellite channel; or the

This Sheet Hag Been Reni
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A field 2620 specifies the access rights (i.e. any limtations on users
who can access the termnal, or classes of user who are permtted to do
S0). Finally, a field 2625 specifies the dial nunber, network 35

user address or other routing data which will enable a call to be

routed through to t termnal, and consequently specifying the part of
t he network ?ﬂmﬁﬂpgﬁsit I s att-ached. WO 97/37500’C§k“”7 o

PCT/ GB97/ 00890 15 11 Referring to
Figures 3 and 5c, a given regional database 210 will contain a user
position field (2k&. 2F&;h 2ESourkeflagent tisacdfore bherf?edfFaWﬁéﬁﬁgédﬁting
regi on, conpri si kon, of all the users in a the localities
naging up ?ﬁe rgggozailégkﬁgbh user field 271 (272, 273...) sinply

- conprises a pointer Physigatnebpgagtenisabase o2 1therxresppa-cep24input nand
whi ch the posi t i eatpREOfsehadis)t;hat user is stored (and within the

| ocal ity of ich that_user is_Jast ggkgfted). Li kewi se, in the

home dat abas statiogufﬁip oFt3R 3f ing of the device;
Time of day.

The resource agents also comprise random access memory
storing code for performing the following functions:

1. Receive service request;
10 2. Price service request;
3. Set up service through resource;

4. Update data;

5. Update pricing algorithm
Heirarchical arrangement

15 Although only a single layer of network managing agents
111-113 is shown here, it is envisaged that in larger systems,
each network managing agent may act as a network resource
agent to a higher level of managing agents, so as to produce
a hierarchical structure. For simplicity, however, only a

20 single layer of network managing agents will be described
hereafter.

Geographical arranagement

The routing logic 100 may be provided by a single large
computer including processor and storage capacity for all the

25 above described data and processes.

However, in order to avoid bottlenecks of signalling
traffic, it is more convenient in this embodiment to
distribute the various agent functions.

Conveniently, the resource agents 121-132 are located at

30 or close to the resources to which they relate (e.g. are
provided as software running on local or regional exchange
control computers), whereas the network management agents are
located centrally within the segment of the network which they
control (for example at a network control station or major

35 switch, as software running on the control computer thereof) .

Customer agents 101-105 may conveniently be co-located
with network managing agents 111-113, or with the home



20 concerned, a further user field 271 is present for that user,

containing a pointer to the identity of the regional database 211, 212,
213... within which a field for that user is stored. Thus, each
user record is duplicated n tines, where there are n |ayers present in
the position tracking distributed 15 database (in this case, 3).

Locati ng a u¥}9737500 Referring to Figure 6, when it is BEEGBEY0BY

det erm ne a user's location, his hone t abase 201 is accessed (based
on his dial nunber, his international nobile subscriber 20 identity,

net wor k user |@gﬁgbggeogogoggrogﬁgﬁcﬁéggmég|éghcerne@§500|ated with the
user) in a step I n s ep 3 region dat abase (211-213) is
determ ned frofs 9 ERone dat abase 201, and in a
step 304 this reglomab procdasabﬁseet&xﬂgCﬁpsedccmmmﬁléiﬁidhEﬂﬁhﬁiﬂﬂé@ﬁ&>

nternediate 29 laygks ddbilie WALA AL dababasse ShER® S0 30;%“

repeated as necessary to nove the |l ayers™o
U timately, 5 nfarstepanes, gnﬂfrs%Saanem%tm @tfagéeti@rmat Wefhwbylibﬁﬂltlﬂe

| ocal dat abasetzanealiat eanij tﬂf tﬂ&émaﬂy t ¥ed@ikvB) WBhE&Nt k&S ASEF fck whom
presently to b nd is.read step 308 the | ocal database

0
(221-224) is |§P8r 53RPRAEGFS %F 1ntqﬁa§ﬁ'rogat|on signal, and replies in
step 310 with a nes&agh netwiri magaggnghagent ren MESpesi whethennidt tha
term nal recor sy iverdd 1ldadiGREbYrd S5SADRNS o ed LUt DG 1B08 ) A e

technical 35 characteristics | ocal dat abase’ station

ere
221- 224 maylcoffPPSE Party pFBBesrleﬁ' Z?EEIS‘FF‘EﬁgeHa‘EW cEVcUPEFRSTIRS r &RGe

fromthe user position database, and replies accordingly with a proposed
service and a corresponding price.

The initiating party customer agent selects one of the
proposals and the call is set up in accordance with the

15 propeosal. To set up the call, the network managing agent
which has made the successful proposal negotiates with the
resource agents within its region to provide the service at
a price within the specified constraints. Each resource agent
assesses whether it can offer a service in setting up the

20 required service and, if so, submits a price.

The network managing agent then selects the combination
of resource agent which gives the best price whilst meeting
the necessary format and other constraints and sets up the
call accordingly.

25 In the process, a description of the service to be
offered is built up during the negotiation between the
customer agent, the network managing agent and each resource
agent. The customer agent initially provides a partial
service description specifying its requirements, and the

30 remaining details and price are supplied by the network
managing agent and resource agents.

Referring to Figure 11, the service description is
provided as a data record which can be amended by the customer
agents, network managing agents and resource agents. The

35 record comprises the following fields.

Initiating ID (502) - this field specifies the user who

is initiating the service request.



12 to each termnals and to exclude those term nal which are

beyond a certain distance fromuser; it nmay al so be arranged to conpare
aut hori sation data for each terminal with aut horisation data stored for
the user and to transmit details 5 of only those termnals for which the
user is not dgpiegdrsag access. The distributed dat afEsessrabsHe

I nterconnected via signalling channels form ng part of the signalling

| ayer carried over the physical |layer oRlFigure 1, to permt the 10

dat abases to be interrogated read and witten to. Routing an | ncom ng
Cal | Ref er rREECES P g{RG4)7 - Ehdspiieddssperibiagdhsy ygpr to whom
routing logic 100 intneubeﬁglcwljguuunbg;db@hbcteda user mAII now be

described. 1In a ste@ g%gmlgns BBr gngs the bﬁyéart %%%%éf%%%nghe

for.the user is recefvéd In soO oy of
Figure 1 and the ideaigegloformat M@é#h the jiniddiatrimonugenndil | agamlily bhe

routing logig 100. gupplyingN(& Hl apedd, kel 8wt kRdgepgi ¢ 100
interrogates the Transmit delivery format (508) - this field specifies
the format in which the signal will actually reach the
remote party, after conversion (if necessary). Whereas
all the preceding fields are filled in initially by the
10 initiating party customexr agent, this field may be left
blank, or may contain a number of different possible
supply formats.
Receive delivery format (510) - if the service is bi-
directional (for example a telephone conversation, or
is text, +video or audio conference) then this field
contains one or more formats specified by the initiating
party in which it would prefer to receive data from the
remote party.
TX terminal (512) - this field is initially blank.
20 RX terminal (S14} - this field is initially blank.
Price (516) - this field is initially blank.
Delivery time (518) - this field may be completed by the
originating customer agent to specify a maximum delay in
communication. For example, for voice communications,
25 a maximum delay of % second might be set; for fax or
data delivery, a maximum delivery time of 1, 10 or 20
hours might be set.
Distortion (520} - this field may be set by the customer
agent to specify some maximum acceptable 1level of
30 distortion of the signal; for example, for an image
signal, conversion between different image formats may
be distortion free but image compression will involve
some 1loss of detail, corresponding to some notional
distortion level of 10% or 20%.
35 Routing fields (530) -~ these fields are initially left
blank.
Referring to Figures 12 to 14, (relating to the processes



position tracking system 200 by perform ng the process of 20 Figure 6, to
obtai'n thereby the position of the user and the | i st of nearby
termnals and their correspondi ng technical capabilities. _ In a
step 340, the routing logic 100 sel ects one of the nearby term nals,

on the ba%% iﬁm its technical 25 characteristics. For exanple, if
t he i ncom ng §%¥4 is a facsimle signal, but the nearBSHGBE/$%al to

the user Ul is his nobile phone T1 or eger T2, neither of which can
receive an inconing facsimle signal, then the nearby facsimle
termnal T3 mapeb&osBpechEdthmcustonsiyrgentounetwohker agent s B 1RessheRe

350. Hayeng sebgsdoivdiyg ek Natoddba el B Hed0gh RO GRS

routed, in as ep 360 an alerting signal is generated an (
to the user; fOF &% fpl e, the alerting signal - coul d be an al phanuneric

message to his PDA TheniseaiviTe 3mitdtatingg udedX RQAIGEREO TRRVEMAL IS AL
POSITION .. 5 "wigfds to 2£EQLPAD] egggy%%ﬁ@ eLtifg sl 9Mly ofr pooirdually.

the nmessage coul d conprise a recorded C:
entering data into a terminal (T3). The network (N1-N4} to

which he is connected forwards this event to the customer
agent (e.g.) which receives it (in Figure 12 step 602). 1In
step 604, the customer agent broadcasts a partially complete

10 service request record 500 {as described above) to each
network managing agent in the network.

In Figure 13 step 620, each network agent receives the
service request and (step 622} interrogates the home database
for the originating and destination users, and receives back

15 (as in Figure 6) a list of nearby terminals (together with
their available signal formats) for the originating and
destination users, which are filled into the terminal fields
512, 514.

In step 624, each network managing agent determines

20 whether there is any path via its available convertors (C1-C3)
which would convert a signal in the transmit source format to
one receivable at one of the destination terminals (and vice
versa if the service is bi-directional). If so, it selects
the path which gives the shortest transmission time, and/or

25 1least distortion in reproduction (step 626), together with the
terminals to be used by the initiating and destination users.

It then calculates a price for this service (step 628)
based on its stored pricing algorithm, and transmits back the
completed service request record 500 to the originating

30 customer agent, including data in the field for the proposed
terminals, formats, price, delivery time and distortion.

Referring back to Figure 12, in step 606, the customer
agent receives the first bid (i.e. completed service reguest)
and determines (step 608) whether the bid is acceptable in

35 price, quality, time and terminal proximity. The
determination could simply involve relaying all details to the
user for a decision, but preferably the customer agent, in
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15
20
25
30

35
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user (step 610) in a message {(as discussed above) advising him
which terminal to use.

On acceptance {(step 632}, the accepted network managing
agent then issues a service request record to resource agents
(step 634) within the network with which it is associated.

Referring to Figure 15, the resources within this network
will be distributed throughout the area of the network; in
Figure 15 a set of resources R1-R10 are illustrated.

A signal to be delivered arrives at a port Pl of the
network in the source format determined by the network
managing agent, and is delivered at the destination terminal
Tl in the delivery format determined by the network managing
agent {and agreed by the customer agent).

To cross the-network, the signal must traverse at least
one resource (which way simply be a land line or other single

channel} and way require conversion (e.g. from a
wordprocessing document source format to a speech delivery
format) .

Comprised within the resources are R1-R10 are a

wordprocessor (document)-to-ASCII text converter resource R3,
and a text-to-speech converter R10. The other resources in
this case may either be transparent transport devices or othexr
converters.

Thus, the path taken by the signal should include,
order, the converters R3 and R10, linked by suitable transport
resources.

From inspection of Figure 15 it will be clear that the

in



25 lqcality. For exanple, in the case shown in Figure 1, the

termnals and door card readers transmt the position update signal via
the LAN N3 to the LAN server T5, at which the | ocal database station is

| ocated. 30 On receiving the position update signal (step 402) the

LAN server TS or other elenment of the physical |ayer signals to the

| ocal dat ab3R7RI®, 404) . The 1ocal database det BFREREE{ Mot her

the user is one for which a record is atg4eady stored (step 406). |If so, -
the 35 stored record for the user is updated (step 408) to reflect t he

users new posishicokesitf Zopgaspoatrei AL 1R3 1RECHDPe®S tbe R1-RDHSRT4RID-RS.

witten to theJeer douther 828 bbubieyShe8@ible, however. WO 97/ 37500
PCT/ GB97/ 00890 ) &u Py péidiple, however. B tes that the
user has regi ster e§eAETE 0GortDrFiguLe 14, in a step 660, the service

request is received from the network managing agent by the

5 resource to which the input port at which the source signal
is received is connected. In this case, this resource may for
example be a switch connected to one of several further
resources R2, R3 or R4.

The first resource R1 inserts into one of the routing

10 fields 530 its identity and price in step 662.

In step 664, it determines whether it is connected to the
destination terminal specified in field 514 and whether the
signal output format it generates {which in this case is the
same as the input format) is that required by the delivery

15 format field 510. In this case, neither test is satisfied in
step 664, and accordingly the resource agent proceeds to step
674.
At step 674, the resource agent reviews the list of
resources to which it is connected {in this case, R2, R3, R4}.
20 If (step 676) none of these connected resources is relevant
(because, for example, all are connected to gateway points cut
of the network) the possible route has reached a dead end, and
the service request is passed back; in general, the service
request is passed back to the preceding resource but where,
25 as here, the resource is the first encountered in the network
the service request is passed back to the network managing
agent (which is therefore unable to provide the service).

Where one or more of the following resources is not a
dead end (step 676), the initial resource selects a following

30 xesource so as to define a path through the network. The
selection may simply proceed on the basis of the first
resource listed {e.g. R2 in this case). The service request
is then passed to this next resource in step 682, but now
including the details of the first resource R1l.

35 The next resource R2 then begins execution at step 660,
and the process continues, adding successive resources
sequentially in a list defining the path through the network,



termnal, the position data of the door or termnal is witten to the
user' record. If the user is not already present in the |ocal
database, 5 a record is created (step 410) and his position is added.
Then (step 412) a signal is transmtted up to the regional dat abase
within the regi QigoWhi ch the | ocal database falls. PCTICRS Foosoo
regi onal dat abase exam nes whether a record is al ready stored for the
user (step 414). If not, the regl onal 10 dat&base now execut es steps

410-414, t t di t to, th
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t he next |ayer termibele @kL.wvestlmecalRubase responsible for a w der ar ea
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updates (step theddbyrébe fmdatmﬁ)mhﬁret att &en ewddati ebgsa td telaihayer
bel ow wi thin whisgh the USeliddies: 0 ehie pdind'%hl ePBLOS L REMRLESLNER
records t

previ ous, erronédus, F O ar eas  Wher e
previousl y beencoapaetad serviee FraIuasty backe taathaRetWhTk managinsdagent

its record signgkse ggdwanaoa‘pmgj%@a&%ﬁoﬁsbhe | ayer bel ow to which the

record previ ousF ol nt ed {; h}g oi ter gei ng I naccur te}i&i n steg 25

415, Thi's d3eABEEETRDERE FayEIRER ol bhent 8l EPes 3h s s BREWORs

fromits reaordmgnagisg agent| re(:si*eegsm ¢ompletest sedvwice request, adds
up the price elements added by each resource and compares then
with the agreed price recorded in the price field 516.

The network managing agent may alsc determine a likely
level of distortion by adding up progressive increments of

15 distortion for each resource in the list of resources in the
fields 530, and may derive a total delivery time by adding up
the time delays associated with each resource in the list of
resources in the fields 530, and compare these with the target
delivery time in field 518 and distortion in field 520.

20 If each such comparison is acceptable (step 637), the
network managing agent signals acceptance in step 638 to the
resource agents in the list of resource agents in the
completed service request, each of which then executes step
670 of Figure 14 to configure issue command signals causing

25 the corresponding physical network structure to connect the
call,

In step 640, the network managing agent signals to the
customer agent for the destination customer to expect the
message in the stated format at the stated terminal specified

30 in field 514 (this message wmay be delivered as a voice
announcement to the destination user’s mobile phone or a pager
message to his pager). -

In step 642, the network managing agent compares the cost
calculated in step 637 with the quoted price in field 516 and,

35 1in step 644, the network managing agent updates its pricing
algorithm in accordance with the differences, as will be
discussed in greater detail below.



datahase (i.e. if its user record points to another database in a layer
below it, rather than defining the position of the 30 user), then the

dat abase repeats steps 418 and 420, and so on until the original |ocal
dat abase within which the user was previ ously recorded is reached.
Thus, it wll be seen that, by the updating process of Fi gure 8,

| ocation i nf¥Q ™ is updated within a |ocalised 35 areaPCHEBOT08R ¢

hi erarchi cal organi sation of the databasess That is, if a user noves
wi thin a single database then WD 97/ 37500
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This is interpreted (step 688) as a rejection of the
resource request by resource agent RS9, and accordingly RS9
executes step 678 to pass the service request back to the
immediately preceding resource agent in the list within the

10 service request and deletes itself (and its price) from the
list.

The preceding resocurce agent notes that it received the
service request from R9 and accordingly does mnot attempt to
forward the service request again to R9 but instéad, if there

15 is an alternative resource to which it is connected which is
relevant (step 676) selects the next alternative resource in
step 680.

It will thus be seen that Figures 13 and 14 together

define a depth-first tree-following algorithm which attempts

20 to define a route through the resources and, where a
particular route is unsuccessful, reverse back to the
preceding node of the tree and attempt to follow a different
route.

In practice, at step 676, each resource agent could

25 determine additional tests; for example, the resource agents
could each test the cumulative delay time associated with the
list of resources recorded in the field 530, and/or the
cumulative sum of all the distortion measurements therein, and
when this exceeds the delivery time and distortion amocunts

30 specified in fields 518 and 520, there is then no further
point in traversing the remainder of the path and step 678 may
be executed immediately, to reverse back to the preceding
resource agent and attempt to find a new path on from there.

Rather than merely £following a path from the signal

35 source Pl, it is equally possible to attempt to construct a
path from both the =signal source P1 and the destination
terminal T1 simultaneocusly, so as to reduce the path search



Thus, |ncrea5|ng the size of the network does not |ead to exponenti al

i ncréases in the volume of nobility signalling traffic, since such
traffic remains | ocalised. 10 On each occasion when a new termnal is
added, or the position or the technical characteristics of a termnal
change, this i ed to the | ocal database. Format c

Refe?ring to Eﬁ%gﬁe , in this enbodinent there are 15 prefggégﬁéhgggbided
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10 data from the customer agent for the distination user; such
information may, for example, specify that an incoming
facsimile signal is to be delivered as an image signal or vice
versa.

From the source format and the delivery format data (if

15 any), in steps 6246, the network managing agent derives a
preferred delivery format.

Next, the network managing agent determines, for each
terminal reported to be adjacent to the destination user,
whether the network includes a resource (a converter or a

20 transparent link) which can convert between the source format
and a format recognisable by the terminal. Accordingly, in
step 6248, a first terminal is picked (this may be the
terminal closest to the user) and in step 6250 a first
conversion resource is picked.

25 In step 6252, the input and output formats required by
the conversion resource (which may, as mentioned above, be
identical where the resource is a transport resource) are
compared with the source format and the list of formats which
the terminal can accept. If they match, the stored price,

30 distortion and time delay data (P, Q, T) for the resource are
derived (step 6€254) and the resource is added to a list of
possible paths (step 6256).

If the converter input and output formats do not match
the source format and or one of the formats the terminal can

35 accept, and if not all resources have yet been tried (step
6258), the next conversion resource is substituted in step
6260 and the process is repeated. Once =all conversion



35 First video format to second video format (e.g. full rate

vi deo to MPEG conpressed vi deo); Text to summary (i.e. autonmatic
docurnent abstracting); WO 97/ 37500
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hunan | angu%vgzqg'?fég. nmachi ne transl ation); CI/EB700898 neech
coder format to second speech coder formags 5 (e.g. ADPCMto GSM and
Vi ce versa); ' First database search query |anguage to second

dat abase resouxess chAYRIdISEN Afirmpced using ther dhnste suchegeirmgnailt

will be apparemteidairdshesf oheaiser, tﬁQﬁfoSél%]%éE%YtQEmgﬁQ%'% Oy @pe or
.ess format

'[nr);ﬁs?);t ;[ gﬁ; fﬁée'ex?%?ﬂeéo(gy{%;és%ﬁidnﬁh&ﬁ% %ermilﬁ%isus picked and the
cycle is repeated.

5 Once all resources have been matched against all
terminals (step 6262) if in step 6256 any possible delivery
routes have been added to the list (step 6266), step 626 is
executed. Specifically, if there is more than one route the
network managing agent selects one of the routes by examining

10 the price, delivery time and distortions calculated ({step
6254) and comparing these against the price, delivery time and
distortion values filled in fields 516, 518 and 520 (if any)
by the originating customer agent, and (if any) by the
destination customer agent.

15 If multiple different routes in the list meet all these
criteria, the network managing agents selects one, on the
basis of price, quality or delivery time, or on the basis of
awaited combination of these three. This forms the basis of
the bid output in step 630.

20 If, after this first pass, no single resource suffices
to convert the signal from the source format to a format which
one of the destination terminals can support (step 6268), then
a further pass is executed to determine whether a combination
of two successive resources will convert the source format to

25 omne which a terminal can recognise (e.g. fax to text, followed
by text to speech}. This is achieved by setting a first
conversion resource following the source format to convert it
into a converted format, and then testing all other resources
to determine whether any of them can convert the converted

30 format into a format which can be recognised by one of the
destination terminals.

Accordingly, in step 6270, a resource 1is added as an
extra conversion stage to the source format {or any conversion
resource which follows it). The selected resource must, of

35 course, be able to convert the format on which acts (the
source format or a converted format produced by a preceding
stage), and must convert this to a different format {i.e. must



3. Trans]ation fromone nmediumto another (e.g. from -a
format recogni sable by a first human sense to a 15 f or mat

recogni sabl e by a second human sense). In this enbodi nent (and as
wi |l be described in greater detail), the routing logic 100 is arranged
to determ ne her the received signal may be delivere m na
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termi nals near to tlrftsmerhanthg iddded tie oxtthesthbe b8l 6¥7a) t hafirst
converter or tho ver.ter 0 h_a ryy nal Routing _Logic, 100
It will be appa gezﬁ“['ﬁ? at ltrt?an§e]\F_/\'Taa"i/tse‘iof ilggne)?er?tez%ﬁmngg??\e the gtﬁﬁolpals gi t°
100 to achi eve xé¢reafirfe Idnbhisntd¥sly resougge, pwben el lowssivbye rpyf othezhe

reasons descdi begsdur-ddie sbOVE 4 rgber agedd oy i #deptdbl ﬁ&/@n SPEQUS
to employ a so call b nechamiﬁgéb%%e tern$

ed, ."a nt,basea" contro
"agent” is used286) nitth i r‘?g’%féﬁltHFe i PY PRAENSR IRAOYSTY Hee bR &RT00r e
her e, except whefleert haltosuekt rmesicesrcies daoer bdwmi téssedsadba first

unnecessari | y ';{A d N3nd Lo%déce@.%f‘ﬁ'id%été)ﬁ]bé Qoffals 20n proddMPRERASILL Y
executing contro rogram under control of lch , a cq&%uter or conputer
controll ed smﬁt%#ﬁ?ﬁ}ékﬁéqﬁ§tﬁ8rﬁaﬁﬁ%' one resource is retained in the first

10 stage and a further resource is added as a second stage, and
the process is repeated to test for the presence of three
stage conversions. If this tooc is unsuccessful, a further
stage is added, and so on until either a successful result is
achieved, or another network managing agent is successful, or

15 a time-out is reached.

Thus, the process corresponds to a breadth-first tree
search, searching for the shortest solutions first.

On transmission of a service request by a first network
managing agent, all network managing agents halt the search

20 for paths pending the acceptance or otherwise frxrom the
customer agent. If the service is rejected, the network
managing agents therefore recommence searching for conversion
paths where they left off.

Pricing

25 The pricing performed by the network managing agent in
step 630 may be performed in one of two ways.

Firstly, where the service type is common (for example
a voice called to be delivered to a voice terminal}, the
network managing agent may simply maintain a stored price for

30 each such commonly called type, or several prices relating to
different times of day {(corresponding to lesser or greater
load on the network) and may simply output the relevant price
for the time of day.

On the other hand, where the service is less common and

35 the network managing agent proposes to deliver the service by
a succession of signal format conversions provided by
corresponding resources, the network managing agent is
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17 the functions attributed to the "agent". The termis not

. necessarily limted to control prograns which nmonitor their - envi ronnent
and adapt their behavi our and response thereto, but enconpasses such
prograns. Each agent nakes use of data, and it is convenient that
t he agents §W93WE”?%erefore operate in "object-oriented" PCEHGBYI0B8I0 t hat
is to say, that the data should be "eng@psul ated" so as to be
accessible alterable only by associ ated control progranms, acting in

response tg memﬁﬂgﬁﬁ 2 [0) t$Mdfh seotledopribenweitar edﬁh[ﬁﬁéﬁﬁfﬂé)ﬂor, a?
transmtte y t @ ¢Pag a ngl e
1ét‘éi£Esfied %boi)‘e”pa Gndat 3¢ gg‘i @E‘.’Ecé% £y g}fg O

conmputer). owever e understo j ec
format is inedsdfy Qf €3YYnand Afshihenprices for tF\‘éfF srarigyst seFpyures 1
the routing | aEmivwontctad .at 15 | east one conputer 100 connected via a

Storage ardas G resohBE Bl Hleled NolEdr PRiRER BeRT 1y of
cust oner agentsé:emlﬁ% Thl%lim Lﬁrafurtcg/tmn ref wor kRtoreedigernstant and the
current utilisation factor (in other words, the percentage of
the capacity of the resource which is current free, if any) .
The function may simply be A/C, where A is a constant and C
10 is the percentage spare capacity. Thus, when the resource is
under utilised (i.e. the spare capacity is close to 100%) the
price tends to the value of the constant A, whereas when there
is little spare capacity, the price rises sharply.
Price ati
15 At steps 644, 646 and 672 the network managing agent and
the resource agent update their prices. On each occasion when
a resource agent is selected, it examines the ratio of the
number of occasions on which it has been selected to the
number of occasions on which it has bid and compares this with
20 a predetermined constant K.

In the event that the ratioc exceeds the predetermined
constant K (i.e. the resource agent is begin selected
relatively frequently), the stored constant A is increased by
an amount which may either be a fixed increment or a function

25 of the difference between the ratio and the predetermined
constant K. _

Likewise, when the ratic falls below the predetermined
constant this indicates that the resource is being selected
relatively infrequently and the stored constant A is

30 decremented (by a fixed amount or a function of the difference
between the ratio and the predetermined constant K).

Naturally, other procedures for adjusting the price
depending upon the relative frequency of selection of the
resource could be utilised.

35 In step 644, the network managing agent is able to update
more accurately its model of the costs which will be charged
each resource agent, by cowmparing the prices listed in the



agents 111-113; and a plurality of network resource agents 20 121-132.

Conceptual ly, and as will be described in greater detail bel ow, each
cust oner agent 101-106 represents an actual custoner, and conpri ses
stored data relating to the custoner to enable the network to carry -out

activities inw%eggg;gogn to 25 the custonmer even when the custaeBEpdoeddst
connected to the networ k. The nunber of custoner agents Is therefore

very | ar ge. Each conprises a sé@&tion of random access menory

ﬁ;%l _ng fi elrggtec O?i%l?gﬂ??:{gegfgghgqrfgo%% g%tag;guf%%ntly has stored U:%g{_
Billing point; resources of the eameornwpefiorfex pxefplencediere the path
Customer billing,pigheEepees; 18sed line links, tIR Hfdtwdti@BOLGHRR agent
18 may calculate the average of the five and store this as a new
5 price datum for resources of the fixed leased line type (or
combine it with the existing stored measurement to maintain

a running average price).
Naturally, these stored constant cost levels will affect
future prices calculated by the network managing agent for

10 services assembled from a plurality of conversion resources.

Additionally, the network managing agent adapts its price
level in the same manner as each resource agent to depend upon
the relative ratio of the number of times it has been selected
to the number of times it has bid (in steps 646}.

15 The extension of the above described processes to a meore
hierarchical arrangement, where entities may act as a network
managing act to resources below them and as a resource to
further network managing agents above them, will be apparent
to the skilled person.

20 Separate networks

In the foregoing, the behaviour of network managing
agents in pricing services utilising resources within their
own network has been described.

However, it will sometimes be necessary for a network

25 managing agent to deliver services utilising another network
{for example, utilising a pager network to deliver a message
to a pager or a long distance carrier to carry a transatlantic
message) .

Accordingly, the network managing agent also stores

30 records, corresponding to those of the resources within its
associated network, for each other network, and stores a
predetermined price' constant for each such other network.

The network managing agent then adds the details of the
other network within the path fields 530 of the service

35 request before transmitting the service request to its own
resource agents, so that the resocurce agents bid only for that
portion of the path which lies through the network associated



The qustoner agent further contains stored prograns for executing the

foll ow ng processes: 1. Request outgoing service,; 2.
Sel ect outgoing service; 5 3. Select incomng service format;

4. Update custoner dat a. 5. Update selection algorithm

The netmrk%ngg%nt agents 111-113 conprise random access nenory
storing: 10 a specifying the input and output for metSVERYREEN

whi ch the converters present in the network2can convert;
Anticipated price data for each such type of conversion, and for
standard typeswith s@wimt;work manangat agentcaocneatnéd gh- | evel network

conditions (fodedicture & 'Ee of day, and general |evel of
traffic). pricin a % Fach network nanagi ng
agent is al so assoctat®EINi ﬁ SQFEW‘EB%et%f peis ARt MRy PG\M“ﬁ@e

functi ons. compatilble Receaseteenvicrease(qttdst ;o=@ w;thEMhzcﬁ%tH@ySﬂéylce
request ; t r u n date
data: 5 J.rkteg?i‘& (f% 1?1\% ?n%leg:%rtéﬂsp %tl.'xd qg'x\éqfelésa thﬁ P9 s:.bklﬁghed@i ng
agent i s associe e"éFWE’t% ﬁ’%&ﬁf“?c&l‘ﬁﬂraﬁ“eﬁ"% t he physical |ayer; for
exanpl e, in Figure Accoﬂdufgage}r akachet ¥9ekt NBRAGI N a d&y B8 pheyhged

fegzzht 21? thesgs%og?%ﬂ?dsg\ksglp grat gghéﬂ%@?nﬁa%%é’ﬁ?‘rgﬁﬁipnﬁguon CHE lthlgf
course, not necessary for the resource agents) and a selling

10 function (this is, of course, not necessary for the customer
agents}) together with a communications function (for
signalling either between different programs executing on the
same processor in time sharing mode, or for signalling across
network signalling channels between processors).

15 Further, the data held in relation to the capabilities
of each terminal may be held in object oriented form, as a
terminal object, or as a "terminal agent'. Where the terminal
contains computer processing equipment, the terminal agent
program may reside on the terminal and communicate changes to

20 the capabilities' cf the program wia the communications
network. The terminal agent may, in this case, be downloaded
to the terminal on first connection of the terminal to the
network.

Summary

25 It will be seen that the particular manner of operation
of the agents in this embodiment is advantageous in several
regpects. Firstly, it will be observed that in general the
number of agents simultaneously communicating with each other
is kept low; this is advantageous since it enable the size of

30 the network to be increased without the inter-agent messages
swamping the network. With ten million users oxr more, this
is a very real risk.

Secondly, the behaviour of each agent may be relatively
simple.

35 Thirdly, since network managing agents bid prices in a
first pass of operation, before making a detailed
investigation of the availability or price of the services in



pf ovi ded for each major region (for exanple one netvvork 30 managi ng agent

nmay be associated with each nobile switchi 0 he PLMN N4 and
maj or exchanges of the PSTN N1). ResoliTHES Stjﬁﬂ HAS BEEN | Each resource
agent 121-132 relates to a specific ha dvvareﬁmgg} ure wthin the

physi cal | ayegypdisrie network, 35 such as S hﬁn&%&&oﬂg

swwtch (R1, R2), e.qg. an exchange or nobile SMAtChIng centre,
transport conponent such as a cable, basé3tation or satellite channel

gET}2§97/00890 a m@§£95é§2§9gh second pass, relativqky few angE§_a{§Kﬁptive

resource agent @N@ﬁ@BO@@Qh(ﬂﬁ&ged@fac@epaeientHd@ the flivestf gldsewi Rl the
Physi cal char act@ihbdkC snadife RRAWEC A e %'l} @%d ghereas :LnO'tl.E'xQUtseand

r 5 current state “of |oadi
L? gg;s) pass, only the resource agents of the successful network

5 mwanaging agents are active). This conserves computing and
signalling resources further.

Other aspects of the invention
Terminals -
Particular terminals have been discussed above as

10 examples. A wmore complete (though non limiting) 1list would
include:
telephones,
video cameras,
3D displays,
15 personal digital assistants,
cellular telephones,
satellite telephones,
pagers,
video phones,
20 facsimiles,
payphones,
quertyphones,
personal computers,
lap top portable computers,
25 engineering workstations,
audic microphones,
video conference suites,
telemetry equipment.
Network and links
30 Likewise, although examples of networks have been given
the range of networks links available includes:
terrestrial cellular networks (analog or digital),

callpoint wireless systems,

microcellular or picocellular systems,
35 satellite cellular systems,

the Internet,

packet switching data services (PSS},

TMs&ma}hsBmmRTimmd

(L




The resour.ce agents al so conprise random access menory storing code for

performng the follow ng functions: 1. Recei ve service request;
10 2. Price service request; 3. Set up service through
resource; "4, Updat e dat a; 5. Update pricing algorithm
Hei r ar chi cal way ¢asignent 15 Al t hough only a single Ia¥ﬁ% of network
managi ng agents 111-113 is shown here, it is envisaged BRH0082%) ger
syst ens, each network managi ng agent m@s act as a network resource
agent to a higher |evel of _managing agents, so as to produce a

hi erarchi cal structdf8Sedréingsnplicity, however, only a 20 single |ayer
of network managi ngtagepsgnwi | | be descri bed hereafter.

Geogr aphi cal arrang The routing logic 100 may be provi ded by
a single large %gﬁﬁc?%rnFﬁ%? Wfng processor and storage capacity for
all the 25 above dEtberbet onttharidike coessemtworks, However, in order
to avoi d boktl eneck gL ff is nore convenient in
this enbodi Eent to 2ifle ?gtr?%%t%gg% earvée‘l{r ?'Ol#sk%égent functi ons.

Conveni ently, the rK%QEPcE° stifeE.132 are located at 30 or close to
the resources to mhraﬂlbhpyginéEﬁetwdﬁka;. are provi ded as software

runni ng on Iocggeg L&ggqgggl exchange control conputers), whereas the

net wor k manage | ocated centrally within the segnment of
the network which tNajlst P%%ﬁﬁquﬂax(ﬁ@phexanpsefax Toomtimr krawkiingl have
station oripsj Béen described, it will of course be understood that any

method of tracking the approximate user position may be used;
for example, tracking the terminals at which a user logs on.
Accordingly, no specific position tracking device is essential
to the invention.
15 Pricing and Charging
It will be understood that the prices accepted by the
customer agent may correspond to prices actually to be paid
by the customer. Equally, the price charged by one network
resource may reflect an actual financial transaction within
20 the network or between two networks. However, it is equally
possible for the price mechanism to operate simply as a
routing procedure, without implications for the actual prices
paid by the user or any part of any network.
Naturally, many other modifications and variations may
25 be made the above described embodiments without departing from
the invention.



35 :svm runni ng on the control conputer thereof).
Custorre Isﬂ I Blmay conveniently be co-Ilocated w th network

managi ng*agen or with the hone WO 97/ 37500

PCT/ GB97/ 00890 ) 20 dat abase 201 for

t he custoner cone Overvi ew of outgoing call proces The
process of sett@d §ﬁ?§ a communi cation initiated by a fi rEFT[ﬁg%'”qogoparty

w | | now be descri bed. Broadly, the 5 firgg A EGdi cation of
the format in which it wll transmt (and, } ‘Se@ggag%ﬁg@ i ve) and
the party for wenazMs the transmission is intended. REPLAG Eagh network
managi ng agent then assesses whether it can ~delTver a broadly

correspondi ng service to the vicinity of the 10 renote party and the
initiating party by asses3ifriledammunigaddionisoappataibhes comprd siogl means for

accordingly witheleBEPRESEA routSily £ &iih1A deRtiREROPGE NY PEd %o one of
a plurality of different terminals near to the user and
5 operating in accordance with different signal formats, in

dependence upon the format of said signal.

2. Apparatuns according to c¢laim 1, in which the
selecting means comprises a user tracking system, for
maintaining a record of the position of the user, and a

10 terminal capability store for storing, for said terminals,
records of the signal format or formats with which each of

said terminals can operate.

3. Apparatus according to claim 2, in which the user

tracking system comprises a hierarchical database consisting

15 of a first layer comprising a first plurality of first user

record stores corresponding to respective first localised

areas and each storing location data relating to users in a

respective said area, and a second layer comprising at least

one second user record store corresponding to a second area

20 including a plurality of said first areas and storing location
data relating to users in said second area.

4. Apparatus according to claim 3, in which the data
stored in the or each said second user record store
comprises, for each user in said second area, a pointer to the

25 respective first user record store within the first localised
area of which said user is located.

5. Apparatus according to claim 3 or claim 4, in which
the or each second user record store comprises a home record
store and each user is uniquely allocated to a single said

30 second user record store.

6. Apparatus according to any of claims 3 to 5, in

i ' |




The |2”m ' cust oner agent selects one of the proposal s and
the ¢ mnmﬂ,!’gﬂm;chcordance with the 15 proposal. To set up the
call, the mettwo I ng agent whi ¢ ccessful proposa
negotiates with the resource agents {HIS, SHEET HAGi BREN

service at a price within the specifipd corRBPLACED s. Edch resource
agent a&%gygpé‘"\/met her it can offer a service T setti# 97MNS9® 0
required service and, if so, submts a prigg. The networ k managi ng
- agent then selects the conbination of resource agent which gives the
best price whiwsicheeniidg firstt hessrecessard bebsBt ald UMBMAERNSLTS) NS
and sets up t : : tngly,. 25... In t rocess, . a

descri ption Opﬁf%%f%%ﬁ%+%gq%%%%égg_Xag?gé}égyi§tﬁﬁﬁ{£%éh§quqqi}stchated
negoti ati on be¥ielin tHie corrasposdingagent, finst nboewtisemramgiay agent and
each resource agent . The custoner agent initially provides a parti al

servi ce description, specjf i%g: its re%aérerrents and the 30 remaining
details and price afe saﬁﬁlﬁr Uy ACRE*AEPAoFR claiB@nbgi iy wWhéek bhe said
resource agentBirst user Refmrd istpres Birgurarrbhgedheosstvireegd8geapRiERD i S

provi de the

provided as a A &E U MY €. .GuUSt oner. agents,
net wor k nanagixggé agent s anad regg'ggrﬁgeQES:ﬁgggegoﬁe&g?arl&i&re&.“%&r?ﬂre’i‘ses t he
follow ng fields. Initiating ID (502) - this field specifies the

user who & | niAppariatgst keceedinge YL WRFlof claims 2 to 7, in
which said record of the position of the user comprises a
record of which terminal the user is using.

10 9. Apparatus according to any of claims 2 to 8, in
which said record of the position of the user comprises a
record of the geographical position of the user.

10. Apparatus according to any of claims 3 to ¢, in

which the first record stores are located close to or within

15 their respective first areas, and are connected to the second
record stores via a signalling channel.

11. Apparatus according to any preceding claim, further
comprising format conversion means, for converting between
plural different signal formats, and arranged to route said

20 signal via said format conversion means.

12. Apparatus according to claim 11, in which =said
format converting means is arranged to convert between formats
corresponding to different media.

13. Apparatus according to claim 11 or claim 12, in

25 which said format converting means is arranged to convert a

signal in a first format to a second format in which it is
represented by a lower volume of data.

14. Apparatus according to claim 13, in which the
selecting and routing means is capable of routing said signal

This Sheet Has Been
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thlsfleldsed'lflesthe si gnal forrrggm initiating user
wi Il actually. supplying (e.q: . | TRGE,

Transmt del iygﬁgﬂﬁ%o?nat (508) - this field speC| fies %';R%"@%gronat
in which the signal will actually reach the 37 renote party, after
conversion (if necessary). Wiereas all the preceding fields are

filled in initidq 2 hiiHe tgminal redptiyelvgchareyteuthonesengtmta £hrst
field my be | efformat or tcdbhaBkcond ﬂi@ﬁnm aﬁdl‘tﬁle&uﬁ%& ekofll thEr€Rdr in

| format (510
7 the Servi ce i% Toobd St eraining frond GF SR EORRHERSBNORRLSRE of

conversation, orthes signal.text, video -or audio conference) then this

field contains one or nore formats-specified by the initiating
party in whi it would prefer to receive data fromthe renot e
party. ¥ TX t érm nAPPRERSYS. aqGarding) gt s G4Aim alfy pimnwhich the

selecting and routing means is arranged preferentially to
route the signal to the second terminal.

16. Routing apparatus for a telecommunication system
comprising:
10 a telecommunications user means arranged to generate a
request for a telecommunications delivery service, to receive
a plurality of telecommunications delivery service offers and
to select one thereof;
a plurality of telecommunication service supply means
15 each arranged to receive a said request to generate an offer
signal specifying a proposed delivery service; and to receive
an acceptance signal indicating acceptance thereof and, on
receipt therecf, to generate a service provision invitation;
and
20 a plurality of resource supplier means each representing
a communications resource arranged to communicate with each
of said service supply means, said resource supplier means
being arranged to receive a said invitation to determine
whether the telecommunications resource they represent would
25 contribute to the provision of the corresponding service; and,
if so, to signal this to the service supply means;
the service supply means being arranged, on the basis of
signals from the resource supplier means, to select said route
subsequent to the offer of said service.

30 17. The system of claim 16 in which at least one of said
telecommunications xresources comprises a signal format
converter.,

1l8. The system of claim 16 or claim 17 in which each

“ﬁl‘“’iiiiﬂ’ii‘ilﬁ“’i"ti‘ﬂiu
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field may be conpl eted by the or JHH&§HE§T¢M@tgm§V agent to
specify a maxi numdelay in commufjii cat i REPLAEES 3Xa_ Ihe, bf or ;/0| fce
comuni cat i <1300 a maxi mum del ay of [erri—seeerd-miight be set; for
fax or %97ldat a delivery, a maxinum delivery tine of 1",%[1@95@82@
hours m ght be set. Distortion (520) - this field may be set by

t he custoner , agent to specify some maxi mum acceptable [ evel of 30
distortion of ¥ SFSHHEFef SUPPAAnMSADS f ePPYisemge store statignpl data
conver si on betm&&ﬁtiﬁgfﬁ?fﬁﬁeiﬂﬁﬁkhﬂ&&ﬂ”ﬁébé&@kieﬁ collefgggg%?TQQEEQQbiéee
but image conpggssi | hayol v SOt ss of de .
cor r espondi ngpj%r 0 sot(r%r{e; g&“ﬁ'&%&?éy 6% Tesoufet _()‘Y’{T&br?"%léx;’elltoﬁslé%‘@?lé@@é- 35
Routing fields (530) - these fields are initially left bl ankv\p
Referring to Figur 12 el at ) se . , ) .
A 375009 g Q@' 'Ith‘é‘%stéﬁl atafg &e é%% Fﬁ)éeag;ﬁgogsoln ;lthch said

5 offer signal includes an offer price and said service supply

means are arranged to derive said offer price.

20. The system of any of claims 16 to 19 in which each
sald resource supplier means is arranged to derive and signal
a price to said service supply means.

1o 21. A method of delivering a telecommunications signal
to a telecommunications user comprising tracking said user;
assessing the reproduction capabilities of a plurality of
different telecommunication terminals in the vicinity of said
user; and delivering said message to one of said terminals in

15 the vicinity of said user in dependence upon the format of
said signal, the capabilities of said terminals and the
position of said user.

22. A method according to claim 21 further comprising
signalling the destination terminal to said user via a
20 different terminal closer to said user.

23. A wmethod of routing a call through a network
comprising providing a plurality of network managing means,
each corresponding to a portion of the network including a
plurality of telecommunications resources; a plurality of

25 resource managing weans each corresponding to one of gaid
resources; and a user representation means; the method
comprising the following steps:

the issuance by one or more of said network managing

-means of an offer to signal to said user means;
30 the acceptance of one of said offer signals by said user
means;

the issuance by the network management means from which

This Sheet Has Been Reﬁfaced i
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d by the customer agent, network agents and resource
agent m ﬂ’ ,” LS process will be described in greater detail .
The serwice ser indicates the g es to receive,

by taking a phone ( 1) of f hook, or ert'&m TRHEERIRAS BEEN & t er mi nal
(T3). The network (N1-N4) to whi ch he g forwards this event
to the cust onW¥PIM7T58 5gent (e.g.) which r edes By 7088

602). In step 604, the custoner agent Rgoadcasts a partially conplete
10 service request record 500 (as described above) to each net wor k
managi ng agent khetbecagtadrhffer signal dridir@gited bE at epreile p@oWision
net work agent recei. e rV|ce u nterrogates
t he hone databaé‘é’va'%g%"Epl ?ﬁ%norlc?ﬁ% §%S%§E8 g %?ﬁ%%q%%%F% and

recei ves back 15 (asthf Fsguarec%)bza $a=sci nﬁsqmeby\apéswnsamsa{wogét pee Ofth

their avail abl e mphrgnakshbettdvs ) rddguddee d}_lfleg-l aaghagsand destl nati on
users, which_are fil dlnto hgte%nnal eldsl £ £
step 624, eacth netwo 8 ageﬁ SF&r An 12(9 V\fl%%‘?‘le?e?%‘é?céelg 5?@/

path via its avsioasie bﬁnﬁ@*@m%t‘(c@k @ayxagmgv\ﬁwehsmmw%i convert a signal

in the transmt sour Qﬁef%ﬁﬁtngt 8f the %&%n&@cﬁa\/ abkerédodtePbokPesponding
destination term ng&_‘s .the service is

bi -di rectional ) * F?pg%‘?eré‘?ssource t“ﬁ‘é‘aﬁéf’ﬁ RATLH- gi ves the shortest

transm ssion tine, and/ or 25 |east distortion in reproduction (step 626),
together with the  o4tergi RatBod bPecdnthiVatlikesl Withakl B8e®Ndomprising
destination_users.
10 tracking said user; storing data relating to the positions of

a plurality of fixed articles in the region; and controlling

the communications based upon the relationship between the

position of the user and that of the fixed articles.

i :i‘iifﬁm m‘ﬂu



It then calculates a price for this service (step 628)
st oréd pr|C|ng algorithm and transmts back the

request record 500 to the originating 30
the field for the proposed termnals, formats,
Referring back to Figure 12,
agent recei vagofiersbo rst bid (i.e

di stortion.

cust oner

agent,
price,
in step 60
conpl eted service request

based on its
conpl eted service
including data in
delivery time and

G&ggﬁggtoner

determ nes (step 608) whet her the bid is acceptable in 35 price, quality,
time and termnal proximty. TW?.EE determ nation could sinply
user

involve relaying all details to the

t he custoner

t and q

agent
t hi s enbodi nment,
+ aferr] (q);

are
5 a threshol d,

next bid (step 606
are rejected,

al cul at
where aler

for a deci sion,

but preferably
23

alerr] (p) + aferr] (t)
a3 are constants or functions and p,
rice, OB disjortion respectively if the sum exceeds

thd bid j ej ectedfand the custoner agent awaits t he

the ¢ sue a new
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servi,ce request). When a bid is accepted, the custoner agent
signal s back 10 acceptance (step 609) and signals the accepted service to

t he user (step 610) in a nessage (as di scussed above) advising him
which term nal to use. On acceptance (step 632), the accepted

net wor k managj agent then issues a service request rec ource
agents 15 (s?g@gggﬁyomﬁthin the network with which it is ass%%ﬁgﬁgﬂﬁﬁﬁ
Referring to Figure 15, the resources within this network will be

di stributed throughout the area of ﬁ?eupetmork; in Figure 15 a set of
resources R1-R10 are illustrated. A signal to be delivered arrives
at a port Pl of the 20 network in the source format determ ned by the

net wor k nmanagi ng agent, and Rered at the wqtion termna

agent (and
t he signal
must traverse at |east 25 one rjesource (" T C a | and |ine or
ot her single channel ) i (e.g. from a

wor dpr ocessi ng docunent format).

Conprised within the resources Rl proc ssor 30 (docunent)
-to-ASCI | text converter ' speech converter
R10. The other resources in this cage nay ¢ transparent

pa{h taken by the

signal should include, in o] | i nked by
sui tabl e transport 35 resources.
FIG. 2
FIG. 3 .
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From,i nspection of Figure 15 it will be clear that the WO

97/ 37500 PCT/ GB97/ 00890

24 shortest routes are Rl-R3-R6-R10-R9 or Rl-R3-R7-R10-R9. Longer
routes are equally possible, however. Ref erring to Figure 14, in
a step 660, tR& sHFNdeCe request is received fromthe net i ng

agent by the 5 resource to which the input port at which the source signal
is received is connected. In this case, tBi s resource may for exanpl e

be a switch connected to one of several3/ rl(her resources R2, R3 or R4.

The first resource Rl inserts into one of the routing 10 fields 530 its
identity and price in step 662. In step 664, it determ nes whet her
it is connected to the destinati spaei fied in field 514 and
whet her the signal output forma & @&hich in this case is

t he sanme as the input format) ig ed by the delivery

251
]
[
257
261
¥,
(
262
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"

IJ

FIG. 4
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15 format .field 510. In this case, neither test is satisfied in step
664, and accordingly the resource agent proceeds to step 674.

At step 674, the resource agent reviews the |ist of resources to which
it is.connected (in this case, R2, R3, R4). 20 If (step 676) none of these
connected resources is rel evant (because, for exanple, all are
connect ed t o YaENEP poi nts out of the network) the pos§wHW@”78ﬁP% has
reached a dead end, and the service request is passed back; in general,
t he service request i s passed backLtp]Lhe precedi ng resource but where,
25 as here, the resource is the first encountered in the network t he
service request is passed back to the network managi ng agent (which is
therefore unable to provide the service). Where one or nore of the
foll owi ng resources is not a dead end (step 676), the initial resource
selects a following 30 resource so as to define a path through the
network. The sel ecti @1tmy sinply @ceed on tH2bd%asis of the first
resource listed (e.g. R2 ih this case)/ The service ybquest is then

passed to this néxt resoqmce N , but n In ggﬁge details
of the first resqurcePRE: sﬁ% t Fesoﬁ\ry@ga@ g%é

execution at ste TNE ProOCess contrnues, adding successive
resour ces sequEPEBalfgcjn a list defining the path t hrough t he network,

2611 2612 2613 2614 2625 2620

\
posN TECH. DIAL # AC } 261 (262...)

FIG. 5b

o | FIG. 5¢

271
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25 until the list includes R3 and R10 in the correct order and
termnals at resource RO. At this point, at step 664, it will be
observed that the service request is conplete since the signal has
arrived in 5 the rrect format at RO where it can be del
term nal “*ﬁﬁﬁﬂﬁgcordingly, at this point the resource Séggggﬁgﬁe
--conpl eted service request back to the_network managi ng agent (step 666)
and awaits its response. RefS &rldi ng back to Figure 13b, in step
636 the network 10 rmanagi ng agent receives the conpleted service request,
adds up the price elenents added by each resource and conpares then
with the agreed price recorded in the price field 516. The network
managi ng agent may al so determne a likely | evel of distortion by
addi ng up progressive increnents of 15 distortion for each resource in the
| ist of resources in tde fdel ds 530, and mmy derige a total delivery
time by addi ng up She ti m&3del ays dssoci aled wit Beach resource in the
list of resources ifn the f{elds 530, and ¢onpare these with the target
delivery tine .in field}518 andjdistortjon in flield 529¢. 20 | f each
such conparison is gdccepgthbfe (stgp}o3{).| the network managi ng agent
si gnal s acceptance ijn ep B3&Kto the§ 5
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resoyrce agents in the list of resource agents in the conpl eted service

request, each of which then executes step 670 of Figure 14 to configure
i ssue command signals causing 25 the correspondi ng physi cal network
structure to connect the call. In step 640, the network

managi ng agent signals to the custoner agent for the dest] |
custoner to e‘YBgZ’% e nessage in the stated format at W@J@EB@
termnal specified 30 in field 514 (this nessage may be delivered as a

Voi ce announcenent to the destinathpibuser’ s nobile phone or a pager
nessage to his pager). In step 642, the network managi ng agent
conpares the cost calculated in step 637 with the quoted price in field
516 and, 35 in step 644, the network managi ng agent updates its pricing
al gorithmin accordance with the differences, as will be di scussed in
greater detail bel ow WO 97/37500
PCT/ GB97/ 00890 TRANSMITA0S.
CHANGE 400
v
RECEIVE POS.
/ CHANGE Z 402
)
SIGNAL LOCAL
DATABASE | 404

406

USER

i Y <IN DATABASE
UPDATE
poSITION [—408
ADD TO
pDATABASE | 410
v
SIGNALNEXT | .
DATABASE UP

USER
IN DATABASE
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If in step 637 the network managi ng agent determ nes that ei ther the
quality of the proposed service is unacceptable or the cost is too
high, it returns to step 634 and transmts back the service request to
t he | ast resource agent (in this 5 case R9). This is interpreted
(step 688) a 456t i on of the resource request by resguiessAeset RO,
and accordi ng y executes step 678 to pass the service request back
to the i mredi ately precedi ng resourc ent inthe list wwthin the 10
service request and deletes itself (amj]ﬁifprice) fromthe list.:

The preceding resource agent notes that it received the servi ce request
fromR9 and accordingly does not attenpt to forward the service request
again to RO but instead, if there 15 is an alternative resource to which it
is connected which is rel evant y(step 676) selects the next alternative
resource in step 680 Ilt will thus be seen that Figures 13 and
14 toget her define g dept h} H orithm which
attenpts 20 to define ajro t , Where a

particular route is unsycgés [ precedi ng node of
the tree and attenpt to {follo dfttergnt In practice,
at step 676, each resource ggent coul .45 _de 1Lne additional tests; for

exanpl e, the resource agent ciul each t he fcumu} ati ve delay tine
associated with the | i st of resoujces fepordgd inp the fie’ﬁ 530, and/or
t he
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cunulatiye sumof all the distortion neasurenents therein, and when
“thi$ exceeds the delivery time and distortion anounts 30 specified in

fields 518 and 520, there is then no further point in traversing the
remai nder of the path and step 678 may be executed imediately, to
reverse back to the preceding resource agent and attenpt b¥l6hesd New
path on fromYheyEs00 Rat her than nerely follow ng a p})‘g?’rg romt he

signal 35 source P1, it is equally possible to attenpt to construct a
path from both the signal source P1 andﬁdﬁﬂ;destination termnal TI

si mul taneously, so as to reduce the path search WO 97/ 37500
PCT/ GB97/ 00890 27 time.
Term nal and route selection (steps 624 and 626) The process of
sel ection of delivery term nal and fornat conversi on described briefly
above in relation to.steps.f24 S and 8268 will_now.he descrihed.in
greater detail wth reference t ofyFi gure 16. : o
m <«
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In step 6242, the network nmanagi ng agent reads the source format field
506 fromthe service request and in step 6244 the net wor kK managi ng
agent reads any delivery preference format 10 data fromthe custonmer agent
for the distination user; such information may, for exanple, specify

t hat an incom ng facsimle signal is to be delivered &
signal or viwes37se versa. From the source format ‘and the delivery
format data (if 15 any), in steps 6246, the network managi ng agent derives
a preferred delivery format. 8/ TNext, the network managi ng agent
determ nes, for each termnal reported to be adjacent to the
destinati on user, whet her the network includes a resource (a converter
or a 20 transparent |ink) which can convert between the source fornat

and a format recogni sable by the termnal. Accordingly, in step 6248, a
first termnal is pigked (thig my be 8he termnal cl@sest to the user)
and in step 6250 a fiwst fonver si 0/ resource is pickefl. 25 In

term nal can
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35 accept, and if not all resources have yet been tried (step 6258) ,

the next conversion resource is substituted in step 6260 and the
process i s repeated. Once all conversion WO 97/ 37500

PCT/ GB97/ 00890 28 resour ces have been
attenpted using the first such term nal in the area of t hen
if the | ast F@?ﬁFH§P has not yet been tried (step 6262)?Q?‘e ﬁg¥?6
termnal is picked and the cycle is repeated. 5 Once al
resources have been matched agains /3l terminals (step 6262) if
in step 6256 any possible delivery rout es have-been added to the Ilist
(step 6266), step 626 is execut ed. Specifthere is nore than
one route the net wor kK managi ng agent sele one _af/t he routes by

exam ning 10 the price, delivery time and distortigns cal culated (step
6254) and conparing these against the price/ degl ygt | e jand
distortion values filled in fields 516, 518 andS lef an 620 by the

originating customer ageF_L|Gnd1§faany) b theREQUEST

v
INTERROGATE
(FIG. 6) —622
624
N
RELEVANT ?
Y
SELECT SERVICE | —626
v
PRICE 628
B!
TRANSMIT
/ BID BACK / 630
sf 632
| LEARN N
;; Y
SEND SERVICE 634
REQUEST TO RA
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destinati,on custoner agent. 15 If multiple different routes in the
“list neet all these criteria, the network managi ng agents sel ects one,
on the basi s of pri-ce, quality or delivery tine, or on the basis of
awai t ed conbi nation of these three. This forns the basis of the bid
output in step 630. 20 If, after this first pass, no single_ resource
suffices WoITHAWert the signal fromthe source format tgcaﬂ?§7 whi ch
one of the destination term nals can support (step 6268), then a
further pass is executed to determ ne vp fher a conbi nati on of two
successive resources will convert the Source format to 25 one which a
termnal can recognise (e.g. fax to text, followed by text to speech).
This is achieved by setting a first conversion resource follow ng the
source format to convert it into a converted format, and then testing
all other resources to determ ne_whether any of them can convert the
converted 30 f orma é o a form N ch can be“aiognised by one of the
destination term nal AckorgAi ngly, in ey 6270, a resource is
added as an extra fonversion stale to the sourfe format (or any
conver.si on resour cg which foIIoNs it). t—gesour ce must, of
35 course, be able to fonvert the fofmat on source
format or a converted format producef by a stage), and nust
convert this to a diffprent format (].e. mist

637

Y

SIGNAL -
/ TO RAS /L’ 638
v

SIGNAL TO
REMOTE CA

v

COMPARE COST
WITH PRICE

v

LEARN L— 644

_—~640

— 642

FIG. 13b

SUBSTITUTE SHEET (RULE 26)



WO 97/ 37500 - PCT/ GB97/ 00890

29 not be a transport |ink). After having added the extra
stage (step 6270) a first terminal is selected (step 6248) and the
first pass is . repeated. If this first resource, when followed by any
other 5 resource, still does not |ead to an acceptabl e path stegr

6266), it is W@PIBYOUted by another resource (step 6270). PCT/GBYTAONRNG, 5
such resources have been tested as a first stage, and no successful two
st age conversion process has been N@eh4 fied (step 6268), one resource
Is retained in the first 10 stage and a further resource is added as a
second stage, and the process is repeated to test for the presence of

t hree stage conversions. |If thi successful, a further
stage is added, and so on until eithgr a succgssful result is achi eved,

or anot her network managi ng agent is sucgessful, or 15 a tine-out is

reached. Thus, the procesp p a breadth-first tree
search, searching for the shortes{f sol} ) On
transm ssion of a service requestf by SERVICE net fori660 managi ng agent,
all network managi ng agents halt/the REQUESDo ffor pat hs pendi ng the
acceptance or otherwi se fromthe ;
ADD PRICE, TIME, 662
DISTORTION [~
666
664
Y SEND BID TO
NETWORK
MANAGING AGENT
674 '
N ) 668
NEIGHBOUR
RESCURCES _
PASS SERVICE ' 870
REQUEST BACK Y
T NONE SET UP CALL
678 Y RELEVANT
7
v
LEARN
680 — PICK ONE - /
¥
682 PASS SERVICE
REQUEST ON

FIG. 14
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custaner agent. If the service is rejected, the network managi ng
agents therefore recomence searching for conversion pat hs where they
| eft off. Pricing 25 The pricing performed by the network nmanagi ng
agent in step 630 may be performed in one of two ways.

Firstly, wher rvice type is common (for exanple I | ed
to be deIiveﬂgggﬁgmgfvoice termnal), the net wor k nanagﬁﬁé%gggﬁ@ghay
sinply maintain a stored price for 30 ﬁ$9hvégch commonly cal l ed type, or
several prices rel atf differemt’t s of day (corresponding to

| esser or greater 0 and ey sTpty out put the

rel evant price for the tinme of da On the ¢ther hand, where
the service is | ess commpn and 35 he fnetwgy k managi ng agent proposes to

LA

deliver the service by a succemsh\out o <s{gnal fornmat{conversions
provi ded by correspondi ng resource %ga net wor k man@gi ng agent is
WD 97/ 37500 “-Euo; - . PCT/ GB974 00890
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30 arranged to read a stored price for each resource (or, as

" di scussed above, a nunber of different prices for different ti mes of
day) and add the prices for the various resources to derive a total. 5
Each resource agent |ikew se issues a pricing signal at step 662. This
is a function of a stored constant and the current uti '{»éﬁhh%ogﬁm or
(in other womW®I73H#8 percent age of the capacity of the résource which
is current free, if any). The function may sinply be AAC, where Ais a
constant and C 10 is the percentage spﬂl »&apacity. Thus, when the resource
IS under utilised (i.e. the spare Za ty is close to 100% the

price tends to the value of the constant A whereas when there IS

little spare capacity, the f - Price Updating 15
At steps 644, 646 and 672 tle RERADIOURBEFRORMAD ht d2 t he resource
agent update their prices. n each occasi on when a resource agent is

selected, it examnes the ratio of the‘ nunper of occasions on which it
has been selected to the o E s—op which it has bid and
conpares this with 20 a predet eH@%@F E% K. 6244 |n the event
that the ratio exceeds the fdredeiernrpe constant K (i.e. the

resource agent is begin selected relatively frequently), the stored

constant A is increased by an anmount which nayjeither be a fixed
increment or a function 25 (OERWEREEMERY EORMAE$—©B246r ati o and t he
pr edet er m ned constant H lq

PICK 1ST TERMINAL ~— 6248

F

PICK 1ST CONVERSION
RESOURCE

6250

6252

CONVERTS
TO TERMINAL
FORMAT ?

CALCULATE
paT |82 6260
Y PICK NEXT
ADD TO LIST RESOURCE
{
6256 o 6264
PICK NEXT

TERMINAL

®
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Li kewi se, when the ratio falls bel ow the predeternined .constant. this

"indicates that the resource is being selected rel atcvelly i.nfrequentlyy
and the stored constant A is 30 decrenented (by a fixed anplht or a* '~
function of the difference bet ween thezrati o and the predeterm ned
constant K). Natural ly, other procedures for adjusting the price

dependi ng upabsidycd bext geilephbheqléney ; oinSeh ecéd ol Bhea netwE&BREE Cend
coul d be utilised. c.:ln s 4 t he t wor k _nmanagi,n ent is able
to update *% r%e gg'%ﬁrsgflglsﬁ'o:;‘l‘t ségr%ag?fgf the o\g?’?s\ﬁhi ch W‘?I a%%e%‘ﬁ%?%%d
each resour chaageits ane cwmgshrfory mdie Jw icwenunitatioms t helowever, radd

01756, epomgpgy s peseiy Y ALY g v

resour ce§ obankderisdie dugpbo demarsanph &heRF speawsmat And to| v uchesnriele
| eased |inebihik$:i I W3 &H@q@i%@gﬁ%. may cal cul ate the average
price datu

of the five and store this as a ,new : m for resources of the
fixed | eased |iné&t ypdS(orbecoming increasingly common for large

organisations to provide local area networks within a building
or group of buildings, at which a number of different
10 terminals of different types are provided. For example,
powerful workstations such as Sun (TM) workstations, may be
connected on the same network as less powerful persocnal
computers, advanced telephones, and conventional telephones.
Depending on the access conditions, different users may have
15 access to a number of different terminals within such a
network, each with different capabilities of receiving
information in different formats. .
'~ Various prior proposals have been made to attempt to meet
the needs of mobile users dealing with data in different
20 formats. For example, our earlier application WO 95/30317
(agents ref: A24847 WO) describes an '"agent based”
telecommunications system in which the position of a mobile
user is tracked and, when he is in a cell which permits only
low bandwidth information transfer, the incoming signal is
25 either cached for later retrieval or the link is down graded
(e.g. from video to wvoice}.

Similarly, the article "The network with smarts, new
agent - based WANs presage the future of connected computing®,
Andy Reinhardt, BYTE October 1994, pages 51-64, describes the

30 proposed IBM ‘Intelligent Communications’ service (apparently
intended to be marketed in late 1995) which allows a user to
set up. a routing profile so that when a fax is received for
the user it may be converted to text using optical character
recognition, and then converted to speech and read intoc a

35 wvoice mailbox.

Qur earlier application WO 95/15635 (agents ref: A24682
WO) , describes an agent based telecommunications system for
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. lac s -

c H Been dﬁ‘ne existing stored neasurenent to maintain . " a running

av | ' Nat ural ly, these stored constant c:ost I evel s;'wi | |
prices cal cul ated by the networlk

)r 10
ser Vi ces asserrbl ed froma plurality of copversion JrHH®BHEES. HAS BEEN
Addi tionally, the network managi ng agent adapts it in the

s prigepLacep! evel fin
same nmennerygg €ACA MRIeUpde 2@eRldel @RRRRERIpON M atio of
t he nunmber of tipges it s been el ect ed to,the nunber of tines it has
bid (in steps 648}F faar al@’e%%%‘%‘?oﬂ%@ﬁﬁ?es%vefﬁ%%@rl 7 bERPrEEaE ses

to a nore 1998i eraagbncel até&ﬁgemmsswered@@dﬁﬂ&% mayg aCEmﬁS::.ﬁ\néEﬂd/\Drk
managi ng acg ]ILo resour.ces .bel ow t hem a s_a_resource urt her

et vor K manbat AGCRTGHEC AR Aa0e e ot FrepeYanga, errontiSueabe agety
person. 20 Bspecaseofidthios kiocument arel intbepbraegdi by, rdferdtatiendimnf

net wor k managi ng S g . selr W uti lLsing resources within
their own ne P\SKDP ﬁiﬁgggbe(en %g'lsocclrarj %é’é’iggés 5 ke%e{}‘gﬁsa%n\% 15YS em
someti mes bennebéshar whegy aa ussmokk Ravmhbgbhg, agerpmingdekssaygeseanees

utilising agpthey ESE-WQEEer ackbeg example, utilising a pager network to

deliver a nessage pager or a long distance carrier to carry a
transatlantic Thﬁ%%%’ﬂ%‘}“? invention preBidrAgh \Eekeronmindstat inm syistem

agent aj o §ﬁom§ic§9 rggor s, se%r eépowengabevéh%@opsséf@ F@SOYEESS i
withinits éomat ed_network, for each ot her "hetwork, and stores a

pr edet er ni nefREkede BBAstRA IAsPtd4ah Afudh RN WBigh he may attpay
net wor K managhé g bagensihfen sadsisotd. det@itshéef, t e present invention

provides, in one aspect, storage of the capabilities (i.e.
formats in which signals can be accepted and/or ocutput) of
15 terminal equipment in the vicinity of the user.

Therefore, rather than attempting {(unsuccessfully} to
deliver a high bandwidth signal to a low bandwidth mobile
terminal, the system of the present invention directs the
signal to a nearby terminal which can support a better

20 representation of the signal. The nearby terminal may accept
and output the signal in its original form, or the network may
convert the signal to a different format which can be accepted

by the nearby terminal.
Thus, according to this aspect of the invention, the
25 network supports a number of different signal format
conversions, and is able to choose between the different
terminals and associated different format capacities in the
neighbourhood of a given mobile user.
. It may at this point be mentioned that in so-called
30 ‘Computer-Telephony Integration® (CTI), it has been proposed
to group a computer and a telephone on the same desktop
together; to note when a particular user logs onto the
computer, and to route all that user’s telephone calls to the
telephone with which the computer shares a desktop, thus
35 effectively tying together a particular telephone and a
particular computer in a pair.
This differs fundamentally from the present invention,
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other network within the path fields 530 of the service 35 request bef-dfe

‘transnitting the service request to its own resource-agents, so -that:
"the resource agents bid only for that portion of thé path which'liée$
t hrough the network associ at ed . 1 W0 97/ 37500

PCT/ GB97/ 00890 32 with the network
managi ng agest exitetd8eflinals Addictdlr exefudach it terminal whi.ciP@re

extent, the_structure of the nt s be made .,  conpatible so as to
ner ease t hESYREE B ER AN, ANEPIRE TN YRtk dted RSP MRt Gnd
I ncrease theopogsmpdnd | esuthorisatien uséavid t ersarach opeamicrde. with
Accordi ngly ch.a t e ar.d bein onprised. of . cod

of i ng a BESRRG RARACr BatAns ESPEN KR Yhd Stk and EB'REASERL P adtitlg,e
resour cesagefit Inlgndthosel [tergniktald ufiori ovhi(dthi shes user cosir gef nidnied

necessary fQEcEQE cust oner agents) together with a comrunications
function (for ‘signalling either between different prograns executing on
t he The distributed databases are interconnected via

signalling channels forming part of the signalling layer

carried over the physical layer of Figure 1, to permit the
10 databases to be interrogated, read and written to.

Routing an Incoming Call

Referring to Figure 7, the process performed by the
routing logic 100 in routing an incoming call to a usexr will
now be described. In a step 320, an incoming signal in a

15 particular format for the user is received in some portion of
the physical layer of Figure 1 and the identity of the user
is determined and relayed to the routing logic 100.

In a step 330, the routing logic 100 interrogates the

position tracking system 200 by performing the process of

20 Figure 6, to obtain thereby the position of the user and the
list of nearby terminals and their corresponding technical
capabilities.

In a step 340, the routing logic 100 selects one of the
nearby terminals, on the basis of its technical

25 characteristics. For example, if the incoming signal is a
facgsimile signal, but the nearest terminal to the user Ul is
his mobile phone Tl or pager T2, neither of which can receive
an incoming facsimile signal, then the nearby facsimile
terminal T3 may be selected and the signal routed thereto in

30 a step 350.

Having selected the terminal to which a signal should be
routed, in a step 360 an alerting signal is generated and
transmitted to the user; for example, the alerting sigmal
could be an alphanumeric message to his PDA terminal T2

35 stating "FAX ROUTED TO TERMINAL T3 AT POSITION ....", and
accompanied by an alerting signal.

Equally, the message could comprise a recorded call
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sane processor in tinme sharing node, or for signalling aer oss - .network .
,signal king channel s between processors). 15 Furt her,:.t,he data heldin
'relation to the capabilities of each term nal may be hel d.i-n’ object
oriented form as a term nal object, Pp as a "term nal agent". Were
the term nal cont ai ns comput er procesSing equi pnent, the term nal agent

program may resi dfhﬁ“cﬁ@@o @fnagéﬁtaﬁﬁrEH@vaﬁeaﬁnghéesfédt ggggg?fgge;ﬁg

capabilities gran1 conmuni cat' 1 ons
t er mi nal ageﬁﬁeﬁ%glngnt @i Eotdaewingergeaapsased to the termnal on

first connection pf thrRedgéstN8hitE8ih§eservibat,Work. Summary 25
It wll be seen that the particul ar nmanner of operation of the agents

in this embodi nenf-is %ﬂ%%ﬁ?a@%%ﬁ@lpﬁ SRYELER/ respects. Firstly, it

w |l be agpserved 3 hat s@lg@ﬂeiﬁbohﬂﬁg serﬂyagefogha@gents si mul t aneously
communi cating wt eac t her |l ow; this is advantageous since

it enable the siZ a?ﬂecﬁﬁFRB?f gg%ﬁe i ncreased without the
i nt er-agent nessages Updawen@ebgcthennelgorkthﬂlth ten mllion users or

h he beh
‘Gach agent may bfiel APFUBFD meiagepgnr agents” ‘19%1 i FoiRs nbeRarR

managi ng agemaeds dnepm:qesstm‘mg first pass operation, before

making i detailggh, spbBYeShLgAtLN 9hphpe Al Eé@bhkt Yed¥md¥d CBePlebh®

services in _
which the converters present in the network can convert;

Anticipated price data for each such type of conversion,
and for standard types of service;
Data on current high-level network conditions (for
15 example, time of day, and general level of traffic).
A pricing algorithm.
Each network managing agent 1is also associated with
program code to perform the following functions.
Receive service request;
20 Price service request;
Set up service through network;
Update data;
Update pricing algorithm.
Each network managing agent 1is associated with a
25 particular area of the physical layer; for example, in Figure
1, separate network managing agents may be provided for the
PSTN N1, ISDN N2 and PLMN N4; and more specifically, within
each of these networks a separate managing agent may be
provided for each major region (for example one network
30 managing agent may be associated with each mobile switching
centre of the PLMN N4 and major exchanges of the PSTN Ni).
Resource agent
Each resource agent 121-132 relates to a specific
hardware structure within the physical layer of the network,
35 such as a converter (Ci-C3}; a routing switch (R1, R2), e.g.
an exchange or mobile switching centre; a transport component
such as a cable, base station or satellite channel; or the

n & W N R
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33 a nore detailed second pass, relatively few agents are active.. .,

‘during.each stage of operation (in the first pass, all .the..: net work : ..’
managi ng agents are active, whereas in the second -.pass, onLy the .8'.3
resource agents of the successful network,,5 nmanaging agents are active).
Thi s conserves conputing and S|gnaII|% resources further. O her
aspects of tie: iny 9ent 1culgeRLngl Particular termnals
have been dlscusseﬁﬂé%ovgnas ia gga Eg 3 iengpgegbngpéte (t hough non
limiting) list wodd @) + 3d&Dudeds(q t el ephones, vi deo

caner as, wﬁ@&é'ép|3%§ ake consd%ﬂf&”ﬁ& fﬁﬁ&éf&n@séﬁéPﬁ”té and q
ceIIuIar t el ephones, tellite tel ephones, pagers,

vi deo phonesaTe®rice, tiges pﬁ.ﬂsgéstortlon reppechbYRsy if the sum exceeds

5 a threshold, the bid is rejected and the customer agent awaits
the next bid (step 606) from another network managing agent.
(If all bids are rejected, the customer agent may issue a new
service request).
When a bid is accepted, the customer agent signals back
10 acceptance {step 609) and signals the accepted service to the
user (step 610) in a message (as discussed above) advising him
which terminal to use.
' On acceptance (step 632), the accepted network managing
agent then issues a service request record to resource agents
15 (step 634} within the network with which it is associated.
Referring to Figure 15, the resources within this network
will be distributed throughout the area of the network; in
Figure 15 a set of resources R1-R1l0 are illustrated.
A signal to be delivered arrives at a port Pl of the
20 network in the source format determined by the network
managing agent, and is delivered at the destination terminal
Tl in the delivery format determined by the network managing
agent (and agreed by the customer agent).
To cross the network, the signal must traverse at least
25 one resource {(which may simply be a land line or other single
channel) and may <require conversion (e.g. from a
wordprocessing document source format to a speech delivery
format) .
. Comprised within the resources R1-R10 are a wordprocessor
30 (document)-to-ASCII text converter resource R3, and a text-to-
speech converter R10. The other resources in this case may
either be transparent transport devices or other converters.
Thus, the path taken by the signal should include, in
order, the converters R3 and R10, linked by suitable transport
35 resources.
From inspection of Figure 15 it will be clear that the
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.qmertyphones, personal conputers, - lap top portable

‘conputers, 25 engi neeri ng wor kst ati ons, audjo_n]crophones
vi deo conference suites, s telenetry equi pnent. - < Network and.-
| i nks 30 Li kew se, al though exanpl es ,af networ ks have been given

t he range of networks |inks avail abl e inclldes: terrestria
cel | ul ar net yopkse (a0eh99e8" sdbohl lativé 2 AT
m crocel | ul ar or plcoce?? ar systgésss ére ativ f? %éﬂj Sys

the I nternetduring each,glage soft eRpRatdera @é*vth,%sfinss)pass, all the
35 CLAIMS  petwork managing agents are active, whereas in the second

pass, only the Tresource agents of the successful network
5 managing agents are active). This conserves computing and

signalling resources further.

Other aspects of the invention

Terminals -
Particular terminals have been discussed above as
10 examples. A more complete (though non limiting) list would
include:
telephones,
video cameras,
3D displays,
15 persocnal digital assistants,
cellular telephones,
satellite telephones,
pagers,
video phones,
20 facsimiles,
payphones,
gwertyphones,
personal computers,
lap top portable computers,
25 engineering workstations,
audio microphones,
video conference suites,
telemetry equipment.
Network and links
30 Likewise, although examples of networks have been given
the range of networks links available incliudes:
terrestrial cellular networks (anaiog or digital),
callpoint wireless systems,
microcellular or picocellular systems,
35 satellite cellular systems,
the Intermet,
packet switching data services (PSS),
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A t el econmuni cati ons apparatus conprising nmeans for selecting and .
rout| ,’ , ned for a user to one of aplurallty of - dlfferent
'term qumu 'my"n accordance with different signal formts;. Sthe 2% ¢
sel ecti ng neans' cénpri si ng: a user %r acki ng system for maintai ni ng
a record of the position of the user rel atPve to fermnals; and

a term nal %I ty store for storing, for sai d FHIS SREST HAgC of the
si gnal forrrat or formats with which each of said tgrm na’# Lgﬁ% e,

means for detecting the format of an incom ng agna—l——a—mEi rlnq It with
formats with which saig E@I@&&ﬁrhﬁn?é&t?&ﬁéaésﬁp%rat &&eﬁ[eé:ﬂl %a?gs gcti ng

nmeans is for selecting one of said term nal ase
| ocation rel$8}§et1R9 ARdyEeRt ingdaupsanahedestined: (ﬁomachsehetbopnnt ofi t h

which it can Bl 24 B €9 ofC B FFRAerit) & dAGHE 1Y, Séﬁ@fétm% acéBBa%iEgs
accordin cl.ai I n V\:hl .ch hg user tracking system conpris
hi-erar chi Hali‘éﬂaéée PTHAESy ki ‘Pai)%r ek Meiang aomprssmg
plurality of fi rsa wser t:eaokﬂngtsttietﬁprf@?pﬁaﬁhﬁalhﬁlngeﬁpﬁéizb}.‘@ b 8he
| ocal i sed ar egfh or i n% Iocgtlon data relating to users in a

hd

respective sai area an Y8t yer conprising at |east one second
user record st or@ccnfemmmhl repptab il e omtcareea foxc| witiokdng, Pl gb2! | Exiaf

f t t to_users in,said second
orea 5. %&Z%%%ﬁf%%%%%%%?ﬂ SRR Sty ol £07 g, Wi RovBichy
t he or é&ch eaghy %%c%@ldu%rme@ sd canoopegate,i sesnd oforadéteseingnehai d
second ar ea,fdinlf rB@raﬁ ﬁé&:ﬂiﬁﬁpgg hye f'z{rﬁf éb%g!azfﬁ%gor& SSRLE pLLpLpsthe

first localised area of
with which said terminals can operate,

wherein the selecting means is for selecting one of said

terminals, based jointly upon its location relative to the

15 user, and upon the extent to which the format with which it
can operate can represent the incoming signal.

2. Apparatus according to claim 1, in which the user
tracking system comprises a hierarchical database consisting
of a first layer comprising a first plurality of first user

20 record stores corresponding to respective first localised
areas and each storing location data relating to users in a
respective said area, and a second layer comprising at least
one second user record store corresponding to a second area
including a plurality of said first areas and storing location

25 data relating to users in said second area.

. 3. Apparatus according to claim 2, in which the data
stored in the or each said second user record store
comprises, for each user in said second area, a pointer to the
respective first user record store within the first localised

30 area of which said user is located.

4. Apparatus according to claim 2 or claim 3, in which
the or each second user record store comprises a home record
___store and each user is uniquely allocated to a single said

TR
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ing to claim2 or claim3, in which the or each.
seconj l Eﬂﬂ Le conprises a hone record store and each user. 1s
‘uni qu single said .

35 CLAIMs 1. A tel ecommuni cati ons apggratus conprising neans for
selecting and routing a signal destined for a user to one of a plurality of

di fferent tesstdalsuseperatbpd sRozxecordance with different signal formats,
t he  sel ecting means conpri si ng: a user tracking system for
mai ntaining a record of the position of the user relative to the term nals;

and a terngnal Appabatuby st Rl ifref sboemg off 081828 berdd nal sin
records of th%%%hgnal mat _or. formats each of said termnals

can operate, }E%?I QHnﬁ?Eﬁﬁ%ts5P§%?|?ﬁ%ﬂ?ﬁ§%ﬁ | 28R £o
conpari ng |tprthdéosandstermﬁnaMichpahnmltyrEtbabsfoanteﬁaiﬁh&s located

Fointly ubonithihobhel BarrebhondinsBRe BLePY ARrdsna RESBRent to

whi ch the fornmat mnth which it can operate can represent the incom ng

signal . 6. Apparatus according to claim 5, in which the said
first user record stores are arranged to store geogféphical
position data defining the positions of said terminals.

_ 7. Apparatus according to any of claims 1 to 6, in
10 which said record of the position of the user comprises a
record of which terminal the user is using.

8. Apparatus according to any of claims 1 to 7, in
which said record of the position of the user comprises a
record of the geographical position of the user.

15 9. Apparatus according to any of claims 2 to 8, in

. which the first record stores are located close to or within

their respective first areas, and are connected to the second
record stores via a signalling channel.

10. Apparatus according to any preceding claim, further

20 comprising format conversion means, for converting between

plural different signal formats, and arranged to route said
signal via said format conversion means.

-

11. Apparatus according to claim 10, in which said
format converting means is arranged to convert between formats
25 corresponding to different media.

12, Apparatus according to claim 10 or claim 11, in
which said format converting means is arranged to convert a
signal in a first format to a second format in which it is
represented by a lower volume of data.
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t us accordlng to claiml, in which the user trackjng system ..

conprlgﬂﬂﬂﬂﬁ 'F dat abase consisting of.a first Fdyer:conpri.si.ng, -a,

“first p ”ﬂst user record stores co rfﬁ;gosgggﬂ éoﬁgErEﬁ ective ",
o

first Iocallsed arfeas and each storing Iogatlol users in a
respective said area, and a second | ayer conpr t..Qng second
user record storelBorrAppardtng taceos@LAgd s ealaied UdRNg fn PhiHsadn t e Haf

sod TIrs nagecandoiag ML NS SE A 00 o latte L bl
the or each sai d §ecsndtaxmanaécamdaﬂmmeiyxn&msseso the €66k Unen ifirsaid
second area, ¢ tn&§r¥6aﬂtQﬁcégép@gghxgailﬁg%gﬁéa a&gﬁo%goaggbgrﬁ%thln t he

first Iocalls ar ea salrd user
accor di ng® t 02 c¥ecand Bermani neBaininghichet b€ theednfiosmabhdnusenteaecobd

store conprlégé &igege record store and each user is uniquely allocated to
~a single said 36

14. Apparatus according to c¢laim 13, in which the
selecting and routing means is arranged preferentially to
route the signal to the second terminal.

10 15. A method of delivering a telecommunications signal
to a telecommunications user comprising tracking said user;
assessing the reproduction capabilities of a plurality of
different telecommunication terminals in the vicinity of said
user; and delivering said message to one of said terminals in

15 the vicinity of said user in dependence upon the format of
said signal, the capabilities of said terminals and the

position of said user.

16. A method according to claim 15 further comprising
signalling the destination terminal toc said user wvia a
20 different terminal closer to said user.

17. A method of communications with a user comprising
tracking said user} storing data relating to the positions of
a plurality of fixed articles in the region; and controlling
the communications based upon the relationship between the
25 position of the user and that of the fixed articles.
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“"second user record store. ' 5. Ap
claims 2 to 4, in whi ch said first user
to provide said terminal capability sto

wi thin the corresponding said first logalis
Appar atus according to claim5, in which th
stores are arranged to store geographical
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Appar atus according _to any of clains 1 t'o
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544655? (Motorola) discloses a fax messaging system in which, when a

user is unavailable, incoming messages are stored for later access.

The present invention provides a telecommunication system in which, as in

some of the above proposals, a user is tracked, and the identity of a terminal which

he may at any time be using is stored. Further, the present invention provides, in

one aspect, storage of the capabilities (i.e. formats in which signals can be accepted

and/or output) of terminal equipment in the vicinity of the user.

Therefore, rather than attempting (unsuccessfully) to deliver a high bandwidth

signal to a low bandwidth mobile terminal, the system of the present invention

directs the signal to a nearby terminal which can support a better representation of

the signal. The nearby terminal may accept and output the signal in its original

form, or the network may convert the signal to a different format which can be

accepted by the nearby terminal.

In accordance with a first aspect of the invention, there is provided a

telecommunications apparatus comprising means for selecting and routing a signal

destined for a user to one of a plurality of different terminals, operating in

accordance with different signal formats, the selecting means comprising:

a user tracking system, for maintaining a record of the position of the user

relative to the terminals; and

a terminal capability store for storing, for said terminals, records of the signal

format or formats with which each of said terminals can operate, means for detecting

the format of an incoming signal, and comparing it with formats with which said

terminals can operate;

wherein the selecting means is for selecting one of said terminals, based

jointly upon its location relative to the user, and upon the extent to which the format

with which it can operate can represent the incoming signal.



*'10! Appar atus according to any prlecedi. ng cl af-m

format conversion neans, for converting betw
formats, and arranged to route said si gha

nmeans. 11. Apparatus according to ¢

format converting nmeans is arranged to_conve

2

npri sing
erent signal

48pi gwhi £h) sai d

ween formaf st 25

corresponding to different nedia. 3a 12 bppparatus=dccot ding to
claim10 or claim1l, in whi ch said formatt converting neanslis arranged
to convert a signal ina first format to asecond format in which it is

represent ed bylmadcordincy elithnde 8écolldtagpect of the invention, there is provided a
37 13. Appar atus according to .claim12, in which the selecting and

routing niHed;ef delivering a telecommunications signal to a telecommunications user

comprising tracking the position of said user relative to a plurality of different .
telecommunication terminals; assessing the reproduction capabilities of a plurality of
said different telecommunication terminals in the vicinity of said user; and delivering
said message to one of said terminals in the vicinity of said user in dependence upon
the format of said signal, the capabilities of said terminals and the position of said
user relative to the plurality of different telecommunication terminals in the vicinity
of said user.

Thus, according this aspect of the invention, the network supports a number
of different signal format conversions, and is able to choose between the different
terminals and associated different format capacities in the neighbourhood of a given
mobile user.

It may at this point be mentioned that in so-called 'Computer-Telephony
Integration’ (CTI), it has been proposed to group a computer and a telephone on the
same desktop together; to note when a particular user logs onto the computer, and to
route all that user's telephone calls to the telephone with which the computer shares a
desktop, thus effectively tying together a particular telephone and a particular
computer in a pair.

This differs fundamentally from the present invention,
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*‘capable of routing said signal to a first termnal relativ
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means is arranged preferentially to route th
{erninaI.C1$ﬂbg5 A nethod of delivering a tlecomunicat

t el econmuni cati ons user conprising tracking {he position of
relative to a plurality of different teleco ' j mal s; assessing
the reproguct i gntefadathldiddtions appadati vbmplidiNg deabdted Liekfis @Ad routing a

tel ecommunj cation termnals in the vicinity of said user; and delivering
sai d messsigaal destined dor gausar teonf rifl & plusalityicof different yersfinalsi epayating im
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di ff-erent tel eaopset tiaciihi Gystey, fom alatnthifiigh® r¥doed Diftiie Pbsitioh bfuseruser 16.
A met hod according to ¢laim15 further conprising signalling the
dest i nat i &¥ativey tojtheterpdnalsiiandyser via a different terninal closer to said

user. a terminal capability store for storing, for said terminals, records of the signal

signal to a

format or formats with which each of said terminals can operate, means for detecting
the format of an incoming signal, and comparing it with formats with which said
terminals can operate;

wherein the selecting means is for selecting one of said terminals, based jointly
upon its location relative to the user, and upon the extent to which the format with

which it can operate can represent the incoming signal.

2. Apparatus according to claim 1, in which the user tracking system comprises a
hierarchical database consisting of a first layer comprising a first plurality of first user
record stores corresponding to respective first localised areas and each storing location
data relating to users in a respective said area, and a second layer comprising at least
one second user record store corresponding to a second area including a plurality of said
first areas and storing location data relating to users in said second area.

3. Apparatus according to claim 2, in which the data stored in the or each said
second user record store comprises, for each user in said second area, a pointer to the
respective first user record store within the first localised area of which said user is

located.

4. Apparatus according to claim 2 or claim 3, in which the or each second user
record store comprises a home record store and each user is uniquely allocated to a

single said
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13.  Apparatus according to claim 12, in whichThe Selecting and routing means is
capable of routing said signal to a first terminal relatively close to the user in a first
format or to a second terminal further away from the user in a second format retaining

more of the information content of the signal.

14.  Apparatus according to claim 13, in which the selecting and routing means is

arranged preferentially to route the signal to the second terminal.

15. A method of delivering a telecommunications signal to a telecommunications
user comprising tracking the position of said user relative to a plurality of different
telecommunication terminals; assessing the reproduction capabilities of a plurality of
said different telecommunication terminals in the vicinity of said user; and delivering
said message to one of said terminals in the vicinity of said user in dependence upon
the format of said signal, the capabilities of said terminals and the position of said user
relative to the plurality of different telecommunication terminals in the vicinity of said

user.

16. A method according to claim 15 further comprising signalling the destination

terminal to said user via a different terminal closer to said user,
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