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TELECOVMUNI CATI ONS SERVI CE DELI VERY This invention relates to

t el econmuni cati ons apparatus and nmet hods. Modre particularly, this invention
relates to apparatus and nethods for transmtting signals (specifically 5
signals with information or a data content) in nmultiple different formats.

The formats may Si be alternative technical representatio sanme
i nfornmation; forW ‘é%‘f different graphics formats. Alter naﬁ%@ﬁt’V B@ag
format may 10 be in a dlfferent medi um for ekxanple, inmage, text and audio

formats. Further, the formats nm resent sonet hing of the sanme
i nf or mati on cont ent TELRAOMWNIRATION fséREWIE DEUINERS of data; for exanple, a
text file and a facsinmle image nade up of the characters of the text

represent different forgpis irRFerIt*l% 13013208 E%Xt:ehQEBﬁH@ﬁié’&lﬁ& apparatus

conventional teleconmuni cations, given user 1 s assoclated wt
t el ecommuni cat i ons®Ber ReRAPdf . gM°§e CBAT R AEYY ¢ itidholferengion Fér to

with a nmodem or aaﬁpﬁﬁamé eanmmh):ho&bww:eru:i—amyrr]uﬁﬂta@gn&tynayéef@dﬁ\ﬁcany
col I ar tel epninet- Shaft oo At eBRRE L T 6 & PR ST o orfineipie
types of portabl e 8efferent jfpxmads.pagers

The formats may simply be alternative technical
representations of the same information; for example,
different graphics formats. Alternatively, each format may

10 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 1is
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 volume of different types of
formats within which information can be transmitted 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 @elivered comprise channels of varying bandwidth, including
optical fibre 1links; c¢oaxial copper 1links; conventional



(ei ther tone pagers or nmessage pagers which can receive short textua
nmessages and display then); so called "personal 25 digital assistants”
(PDA" s) and portable facsim|le or conmputer units adapted to communi cate
via cel lular networks using dedi cated nodens. At the sane tinme, the vol une
of different types of formats wi thin which infornation can be transmtted
s 30 increasin and new, so called "multi-nedia" formats,

consi sting of gpﬁap'és%et s of information presented in nulti pmmf@sﬁ(lsuch
as for exanple inmage, text and audio files) are entering use. The

t el econmuni cati ons channel s throu h which information 35 is delivered
conpri se channel SURFCHRSH k§ SEF}BW diimesi; ntpira eedbperahlanganetvonks; and
coaxi al copper Irat&ﬁo coaventisoheh chainelbscribgr drdephorgdlbNeSrequency
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these, radio frequency annel's are use
However, radio fFeREnansy cmﬁésgeﬁéﬁaﬁyl}ha\hiw&/aavableblﬂe t e dtowest

bandwi dt h dues t datedwidth @et be dimERC bhUMREREF bPebbfuf 23eb €08 UrbngR3
W thin the RF Spggﬁéﬂ:lons within the RF spectrum.

It is becoming J.ncreaSJ.ngly 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 provides. For example,
powerful workstations such as Sun (TM) workstations, may be
connected on the same network as less powerful perscnal
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 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 voice mailbox.

Our earlier application WO 95/15635 (agents ref: A24682
WO), describes an agent based telecommunications system for
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It is becom ng I ncreasingly common for | ar ge organi sations to
provide |l ocal area networks within a building or group of buildings, at
whi ch a nunber of different 10 termnals of different types are provided.
For exanpl e, powerful workstations such as Sun (TM workstations, nay be
connected on the sanme network as | ess powerful personal conputers, advanced
t el ephones, and conventi onal tel ephones. Dependi ng on the access
conditions, difP&RA™Users may have 15 access to a nunber of PCHEPEOMN
termnals within such a network, each with difBerent capabilities of

receiving information |n different formats. Various prior proposals have
been made to attenpfet P 2P E8TVIFeROBRFECT ers dealing with data in
different 20 formats. OuFoearkieml| apphira‘sian iGB $ffddasH,i Fildd 956/ BEXATry

(agents ref: A24844g V\Qagnélﬁsf” BeE. anaz4808Nt assdb multimedia

t el ecommuni cati ons system | ch the position of a nDbiFg usgr Is trac
and, when he is i nt81eEPPMYRICAEIRNS i FESEAR yePRIPHRH W SEPRF iYWkl peents.

transf.er, the i BCORMbPgcts WRkhis ddounidnteare anisidoratbdtsy reflereaval hétfein.
e 0 o, 0 S el e M BBl B o b T s
connect ed conput i neferprige RB24F3F)dtinayirsOano lsmoddnant pipcehigh savithin a
describes the 30 BiagoseaetBikkNt ghirtgeris @HETNE GAHONSet SBpViaCtervice by
(apparently obtaining pfices from other parts of the network. Thus, when
10 a user desires to transmit through the network, he polls a
first part of the network, and which polls further downstream
parts of the network, and so on, each part of the network then
transmitting back a price. Whilst this arrangement is
suitable in many applications, as networks grow in size the
15 amount of signalling generated within the network may be

substantial.

According to the invention we provide a
telecommunications system which routes messages therethrough,
in which bidding takes place in two stages; a first stage in

20 which an estimated bid is made prior to derivation of the
route, and, if accepted, a second stage in 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 a reasonable response

25 time in setting up the route.

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

30 in 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 geagraphically

35 distributed.

For example, the arrangement adopted may consist of an
entity storing data relating to each customer and arranged
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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 using optical character recognition, and then converted
to speech and read into a 35 voice nmailbox. Qur earlier application W
95/ 15635 (agents ref: A24682 WD), descri bes an agent based

t el ecommuni cati ons system for AMENDED SHEET
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and pdldxs gagh leervdoencf feninpaentsitf, teherumbteapof, rasdurce
entities each corresponding to an available network resource
(such as a signal format converter or a signal path).

US 5446553 (Motoreola) discloses a fax messaging system
in which, when a user is unavailable, incoming messages are
stored for later access.

In the preferred embodiment 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.

Thus, according to this embodiment 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

piaced THIS SHEET HAS BEEN
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so on, each part of the network then transmtting back a price. Wilst this
arvangenent is suitable in many applications, as networks grow in size the
anount of signalling generated within the network may be substanti al .
According to the invention we provide a tel ecommuni cati ons system which
routes nessages therethrough, in which bidding takes place in two stages; a
first stage in w@é&ﬂ?gﬁ.estinated bid is nade prior to derivatjon of the
route, and, if & 7 , a second stage in which the route is EEPGWHMH?Ia
further bidding process. This has the advantage of reducing the nunber of

bi ddi ng (and t heref or.e. silgdq:auoi ng% entities at any tinme whilst maintaining
a reasonabl e respo%%e 14 TO58 Fﬁgnﬂpatl?'uaenf'oute. In accordance with a
first aspect of the pr&8um dififensiimdamentelily frovithed aboveuenbgdiment, in

apparatus for sel agiidl) thd pdelrbNepUHLIR dnBTRTMYRI GAl 4PLa SYS RBred and a
conprising: a t el ecommuni cat’j ons user neans arranged to generate a request

d
for a tel econmuni &YThstSEPARe, 18 STRTESR LRINHNG 1§ ofhe format of the

t el ecammuni cat i HnsimmrtyiscgmaAlf.ers and to sel ect one thereof;

For this aspect of the inverition to be useful, the signal
must not be delivered to a terminal which is too distant to
the user. Accordingly, the system must maintain accurate
information of a large number of terminals, so as to establish

10 a "communications neighbourhood" around any position at which
a mobile user might be located. Thus, fairly frequent
position update messages tracking the position of the user,
and terminal update messages tracking changes to the
capabilities of the terminals may take place.

15 In order to avoid the possibility of such messages
swamping the signalling capacity of the network, in a
preferred embodiment the present invention provides for a
hierarchical arrangement of location data storage, with
distributed local databases (e.g. one per LAN, or one per

20 building, or one per cell, microcell or picocell) storing
details of the terminals provided therein and the users
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,

25 a pointer to the local database within which the user is
located.

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

30 area of one local database to another, to the new local
database and to the next database up in the hierarchy
containing both 1local databases. Likewise, changes in
terminal equipment need only be signalled within the area of
a local database or to the layer above.

35 Other aspects and embodiments are described below, with
advantages which will be apparent hereafter.

| The invention will now be illustrated, by way of example



REPLACEMENT SHEET 3a a plurality of conpeting tel ecommunications service
supply neans each arranged to receive a said request, to generate an offer
signal specifying a proposed tel ecomunications service; and to receive an

acceptance signal indicating acceptance thereof and, on receipt thereof, to

generate, a service provision invitation signal; and a plurality of
resource supplier neans each representing a comruni cati ons resource,

arranged to co

T8 e with each of said service supply neaREYV/GBL7/P891

resource supplier neans being arranged to reéeive a said service provision

I nvitation signa

represent woul d
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Figure 2 is a schematic block diagram illustrating the
components of the network control layer of the system of
Figure 1;

Figure 3 is a schematic diagram illustrating the
components of a position tracking system forming part of
Figure 2 and the logical relationships between them;

Figure 4 is a schematic 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;

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;

Figure 8 (comprising Figures 8a and 8b) 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
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
message utilised in setting up a service in this embodiment;

Figure 12 is a flow diagram showing 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
diagram showing schematically the process performed by a
network managing agent forming part of the embodiment of

to determ ne whether the tel econmunications resource they

-



I nvention, there is provided a nethod of routing a call through a network
conprising providing a plurality of network nmanagi ng neans, each
corresponding to a portion of the network including a plurality of

t el econmuni cations resources; a plurality of resource managi ng neans each
corresponding to one of said resources; and a tel ecomruni cations-user neans

corresponding tg a user; the nethod conprising the follow ng st :
i ssuance by one YARE® of sai d network managi ng neans of an 3’@2‘?"%’?"%@

to said tel ecommuni cations user neans; the accé&ptance of one of said offer
signals by said tel ecommuni cati ons user neans, 3b the issuance by the
net wor k nanagenenﬁ”ﬁéﬁﬁélpﬁon1mhich the accepted offer signal originated of

a service provision ingilgalrieonssiignal flows alihgreso Whowingnagheaai®aasly t the
| ssuance by sald eSO JARGE BN loQlfcdadBIE SARSY W CSPULRS
embodiment of Figure 10;

5 Figure 15 1is an explanatory diagram showing the
distribution of a number of components through which a signal
is routed according to the process of Figures 12 to 14; and

Figure 16 (comprising Figures 16a and 16b) is a flow
diagram showing schematically, in greater detail, the process .

10 of selection of a route to a terminal forming part of the

process of Figure 13.
General overview of physical laver

Referring to Figure 1, at the physical or bearer level
the telecommunications environment of a user Ul comprises a

15 cellular telephone Tl and a personal digital assistant T2
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 TS including a modem at a desk top some
meters away from the user, all within a single building.

20 The workstation TS5 in this case comprises a local area
network (LAN) server, connected to further terminals Té6-TS
(not shown) at different distances from the user.

The various terminals T1-T9 are each capable of receiving
different signal formats, as follows:

2s Tl - voice or low bit rate data.

T2 - low bit rate data (receive only)}.

T3 - facsimile image signals.

T4 - narrow bandwidth audio.

TS5 - high bit rate data in various formats.

30 In communication with the various terminals are a number

. 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

35 connected via a local line L3 to terminal T3, and via local
line L4 to terminal T4.

An integrated services digital network (ISDN) N2 is



t he acceptance of sonme or all of said resource offer signals by said

net wor k managi ng neans; and the routing of the signal via the resources
corresponding to the accepted resource managi ng neans. Furthernore, in a
preferred enbodi nent, nultiple passes nay be enpl oyed corresponding to
successive layers of a hierarchical organization of bidding entities, those
entities in the mddle |ayers acting as resource suppliers to entities in

| ayers above tW@HMM as resource purchasers to entities in PEHEBSTA8Iow
them This enables further increases in the gize of the network w thout
vastly increasing the volune of signalling traffic across the network,
particularly if {RESX¥RQINgqtey wikh the RSB Nivimehghtgway Bk (e.g. a local

geographi cal |y dbst {hbekeskiddl @43 ngt BRneEERNISABN s AHOREE B Yria an
consi st of an en%%$“ f%orHﬂf %9 a re£a£|n§ to eac custogera?nd grrangeé’
4 to decide whet ot ot FOALEERLRAL ST ¢ T denFen &Or 18FaL hareR (RetSIREK
a nunber of servlR&e offering entities each of which
5 A public land mobile network (PLMN)} (e.g. a GSM -
compatible digital cellular network) N4 is connected via a
gateway G2 to the PSTN N1 and ISDN N2. A base station Bl of
the PLMN provides a picocell in the environment of the
building within which the user Ul is located, and a base

10 station B2 provides a cell within the same general area.

Thus, the networks N1-N4 are capable of deliﬁering 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 via the ISDN N2 or LAN N3.

15 The user Ul carries a tracking device Pl via which his
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

20 T1-T9 carrying a card reader arranged to read the card.
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 T1 carrying such smart card readers. Additional

25 smart card readers are installed at access doors within the
building, and are connected to the LAN N3 to signal thereon.

Further, preferably, the cellphone Tl1 comprises, in
addition to cellphone communicating components, a global
positioning system (GPS) receiver and is arranged to derive

30 and signal its position periodically as disclosed in EP

' 0467651 (Motorola).

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

35 the position of his mobile phone is known; and thirdly, his
position within the building is known (from the access door
system) .



Is arranged to offer a service at a price in the first pass; and, for each
service offering entity, a nunber of resource 5 entities each
correspondi ng to an avail abl e network resource (such as a signal formt
converter or a signal path). US 5446553 (Mtorola) discloses a fax

messagi ng systemin which, when a user is unavail able, incom ng nessages
are stored for later access. 10 In the preferred enbodinent the
present invent i%‘i\"ﬁ? oW des a tel ecommuni cati on system i n whi LT PRI e
of the above proposals, a user is tracked, and®the identity of a termnal
which he may at an t| nme be u5| ng |s stored Furt her, the present invention
provides, in one a gxal 3~I|t|es (i.e. formats in
whi ch signals can be acx:éﬂﬁmﬂ.n@ndbor‘lgnmpm) tife tretingl ofqeaINE o iandt Beom
vicinity of the us T t upsucee RY
deliver a high ban WI %e!“if ?at Eﬁék&? and%sé?@tfbg‘qfé :98 c:osr%fa%cle )'”'ER
the system of the ¥PWsHH ﬂﬁ9éﬁ%?‘bnlﬁg?~§ct1§°t nd| gragraphicaleanns terminal

whi ch .can suppost @c@ﬁgéarzoroeprm@rgwﬁa@& abot (whidignals. dIB@rﬂSé’d% greater
term nal may accep

net work may conver e??l’e 5| Eg%' E%%gl gq‘.fa'éreﬁ?{'ﬂtngﬁ tgv\/%iaéﬁ éﬁlﬁ‘g 5{@5885‘58)

25 by the nearby txeceiess UBRIs Pasdsdrti Agfovmahicen exddtemminadf irfermation
i nvention, the via signalling channels of the networks N1-N4, and supplies
this information on request to the routing logic 100.

10 The zrouting logic 100 (comprising, as discussed in
greater detail below, distributed control programs) sets up
the switches through the networks to route the message as
desired to or from the user Ul.

Position and Terminal Databases 200

15 Referring to Figure 3, the storage 200 comprises a
distributed hierarchical database comprising a home layer 201
consisting 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

20 consisting of a plurality of localised databases 221-224, each
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
records of users in a wider geographical area covering that

25 of several local databases 221-224.

For example, the regional databases 211-213 might each
be associated with a coverage area approximately equal to the
coverage area of a mobile switching centre {(MSC) or local
exchange, whereas the local databases 221-224 each relate to

30 a small area (e.g. a floor of a building, a single local area
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

35 array) comprises a first set of user records 251, 252... each
relating to a single user in the locality, and a plurality of
terminal records 261, 262... each relating to an item of



networ k supports a nunber of different signal format conversions, and is
abl'e to choose between the different term nals and associ ated different
format capacities in the 30 neighbourhood of a given nobile user. It may
at this point be nentioned that in so-called 'Conputer-Tel ephony
Integration' (CTl), it has been proposed to group a conmputer and a

t el ephone on the sane desktop together; to note when a particul ar user | ogs
onto the 35 cXPUWAEM! and to route all that user's tel ephoncPCRGRIGONIN t he
t el ephone with which the conputer shares a desktop, thus effectively tying
together a particular tel ephone and a WO 97/ 37501

PCT/ GB97/ 00891 5tpamipall Aaud@menterin nthepdiocalihys @ fdf.er sihurddmentadd y
fromthe above eph@uagrgi. in which the nature of each termnal in an area
Is stored and a given_termnal is s Ifgéed depending on the format of the 5
i nput signal . For thi Eaeép%sc‘?r sl il erfa%n -t 5OBERIREAC FRECEALRAG the
must not be del i pesition @f tEhenusdr .WwhEabhi setmimali Meanird astihesdsesdntains

Accordingly, sthgagyst egeAbSEy B "Ald AGRHEALR1 characteristics of the
respective terminal to which it corresponds.

Where a user is logged on to a terminal (e.g. Ul with TS5
or U2 with T6) the corresponding user record includes a
pointer to the relevant terminal record (e.g. 251 to 261 and

10 252 to 262). '

' 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

15 specifying the terminal (if any) to which he is currently
logged 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).

20 Referring to Figure 5b, each terminal record (261,
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.

25 This latter field may consist of a list of format type
records 2613, 2614... each itemising a signal format which the
terminal can receive.

Alternatively, the field 2612 could comprise a pointer
to a separate recoxrd of the technical specification of the

30 terminal, or a generic record specifying the capabilities of
all terminals 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).

35 Finally, a field 2625 gpecifies the dial number, network
user address or other routing data which will enable a call
to be routed through to the terminal, and consequently



informati on of a | arge nunber of termnals, so as to establish 10 a
"comuni cat i ons nei ghbour hood" around any position at which a nobile user
m ght be | ocat ed. Thus, fairly frequent position update nessages
tracking the position of the user, and term nal update massages t racki ng
changes to the capabilities of the term nals may take place.

order to avoid ibility of such messages swanpi ng the
capacity of the%ﬂgﬂ?\%ﬁj in a preferred enbodi nent the present ‘?‘2@4}“&’%}1
provi des for a hierarchical arrangerrent of |odation data storage, with

di stributed | ocal databases ’(: . 0. onet}s) LAN, or one per 20 building, or
one per cell, nicrReaLEYdngp becmurt; ofsithe mgtuerki t2 Whiehelt dismiatshched.

IprOV| de](cj éhergl n and thlmefu&eﬁﬁglmatlgdrehos&am Sc'vind @ivéz@&fégz@ih%lhaﬂbgﬁase
ayer of database 0 ea cor [esp p | of . t
sz %agu. .CL cv.gnll_ nﬂ} ugs tf’l?/\ll %ﬁ.lel'hla I;%’?l c#g; F(%é P%

| ocal ‘dat abases and con ai nrng,
pointer to the | o@acmgtfasaseuwrmmmncnttsm;easem. | S PURAting t’ﬁhusnlmecnf

a user. changes £0%1li Ghe tiEeROSId i L0 kaua@ggoéayf@iesﬂm% tﬁﬁnéﬂétié 1&@

as far as the Ioc% qlat ab%sglv\%éq%t gg X\/m ch he moves or, i f ter

changes from the 3GaM85%ot'6 &at dse HEOMPLISESHA R

| ocal dat abase anda othéheloexl datalbm 2PLi n2t21ae R23( a4y .conitrai whitgh bohd

local databases. pogilelile@VM S€oord NEOWEEhat N user is stored (and within the
locality of which that user is last detected).

10 Likewise, in the home database station 201 for the user
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 times, where there

15 are n layers present in the position tracking distributed

database (in this case, 3).
Locating a user

Referring to Figure 6, when it is desired to determine
a user’s location, his home database 201 is accessed (based

20 on his dial number, his international mobile subscriber
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

25 database is accessed. If there are further intermediate
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

30 identity of the local database associated with the locality
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

35 of all nearby terminals, including the positions and technical
characteristics thereof. _

Each local database station 221-224 may comprise a



term nal equi pnment need only be signalled within the area of a | ocal

dat abase or to the | ayer above. 35 O her aspects and enbodi nents are
descri bed bel ow, with advantages which will be apparent hereafter. The
invention will now be illustrated, by way of exanple WO 97/ 37501

PCT/ GB97/ 00891 6 only, with reference to the acconpanying drawings in

which; Figure 1 is a schematic diagram illustrating the(:E(hXSi cal, or
transport, |ay¥P98"¥ tel ecommuni cations system accordi ng t oPEHEBY¥PML i on;
5 Figure 2 is a schematic block diagramillustrating the conponents

of the network control |ayer of the systemof Figure 1; Figure 3 is a
schemati c di agr aP¥¢¢¢28e¥ 23%g arirangedpbaerakocwlate fdwe raoget faokirie siserem

formng part of d@ ekbHURRrAiAlUst BRd! @8 @dc1@ealinyeNi feriele s ilhe Pre
Figure 4 is a schenat di agr am étl]‘ovvl ngﬁt e elenents stored_wthin a | ocal
_ e

o
dat abase for ni ngbﬁéﬁ’rfécﬁ‘ 5 SHARFRE I USAT ir ditalP¥nehPRsPH AxAeaged
them Figures Satdo Sompsaosy soutthnediisaxlion t Hataonfent e&ch terminal with

5 authorisation data stored for the user and to transmit details
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

10 carried over the physical layer of Figure 1, to permit the
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
15 now be described. 1In a step 320, an incoming signal in a
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
20 position tracking system 200 by performing the process of
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 the

25 nearby terminals, on the basis of its technical
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

30 terminal T3 may be selected and the signal routed thereto in
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

35 could be an alphanumeric message to his PDA terminal T2
stating "FAX ROUTED TO TERMINAL T3 AT POSITION ....", and

accompanied by an alerting signal.
[THis srEeT 7z
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15 records held within the databases of Figure 3; Figure 6 shows
schematically the process of obtaining information fromthe storage system
of Figure 3; Figure 7 shows schematically a first process of routing

i nformati on through the network of Figure 1 according to an 20 enbodi nent
of the invention; Figure 8 (conprising Figures 8a and 8b) is a flow diagram

show ng SChenatéﬁ?%ﬁéﬂﬁhe process of updating information helﬁ6w%hg%&M§Pe

dat abases of Fi L Figure 9 is a block diagramillustrati

structure 25 of signal format converters conpdised within the network of
Figure 1; Figure 10 is a schematic di agram show ng the software conponents
maki ng up the routing FE8RrtlIvf the dnasage |egwld ofompyise 2, Jporded call
Figure 11 shows thensuhdehehe difliverelvasa EAUVESS higCos N1 URES 388 ephbht S&d

in setting up a service,jQ this I nent ;i qure is.a flow diagram
showi ng schematical ly ?ﬁggbrg”lée%'gmmc))‘?g'opaqcrcﬁzidcjlﬁ‘%oftoa%g’ﬁsEgﬁg?sﬁg@gt9 ure 7,
conpri sed within the &apeatnehtthg qaldudis ipspgeted and Hitgdsede¢ldivered to a

(conpr.i sing Fi gur gekaanand nk3dby Sird howh dijagram shovalDe Sehenddaale Yendie
gg‘gggis?regte ' ];]9 rmed f%%%:?%‘ﬁ%r l?:hréaq:ae%l'mr}.%aigennetage%rtmtr}% pt?sretr O]Zpé'gferably his
pager or cellphone) is alerted to the destination terminal of
the signal.
Pogsition updating
10 The updating of a user 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-T9 on
registration of the user therewith, or from a position sensing

15 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

20 Bl, 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

25 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 TS, at which the local database

30 station is located.

On receiving the position update signal (step 402) the
LAN server TS5 or other element of the physical layer signals
to the local database (step 404).

The local database determines whether the user is one for

35 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 positibn; if a new position is received, the
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10; Figure 14 is a flow diagram show ng schematically the process perforned
by a resource agent form ng part of the enbodi ment of Figure 10; 5

Figure 15 is an explanatory diagram showing the distribution of a
nunber of conponents through which a signal is routed according to the
process of Figures 12 to 14; and Figure 16 (conprising Figures 16a and 16b)
is a flow di agV@H8™8hi ng schematically, in greater detail, PEEGBITWEHs 10
of selection of aroute to a termnal formng part of the process of Figure
13. General overview of physical |ayer Referring to Figure 1, at the

physi cal or bearresitdwsl isevwrdteewnhonithet imemomhyivionnes Df sheseighll

conprises a 15 cgldilaled etipithopite Tds@PdnasPee g@érgéigiat:ala atfo%rStc?rntor-lrza
carried by the user;, a facS|n1IQ gpparatus T3 and conventional tel ephohe T4
at a desk a few TSRy tRRLATEIoNARER b Hhs dPonk seamiBal s wrdEtenng

a nodem at a dedio te smexr recepd.away fromthe user, all within a single

bui I ding. 20 g The: wREkgidt 1Qn,dp d.lr}eta@fpggggng %@Ehgefoéaal! %%%labgég?
a record is created (step 410) and his position 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

10 already stored for the user (step 414). If not, the regional
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

15 which the region falls).

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

20 below within which the user lies.

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

25 previously pointed (the pointer now being inaccurate) in step
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

30 in a layer below it, rather than defining the position of the
user), then the database repeats steps 418 and 420, and so on
until the original local database within which the user was
previously recorded is reached.

Thus, it will be seen that, by the updating process of

35 Figure 8, location information is updated within a localised
area, due to the hierarchical organisation of the databases.
That is, if a user moves within a single database then



network (LAN) server, connected to further termnals T6-T9 (not shown) at
different distances fromthe user. The various termnals T1-T9 are each
capabl e of receiving different signal formats, as follows: 25 Tl -
voice or lowbit rate data. T2 - low bit rate data (receive only). T3 -
facsimle imge signals. T4 - narrow bandw dth audio. T5 - high bit rate

data in various ﬁ . 30 I n comuni cation with the vVapi/gsr
: , : . /00891
termnals are av Shggbfof di fferent conmuni cations channels formng parts

of dg;ferentbrotional net wor ks (al though somel®r all may be conmmonly
owned). A public sw fched tel ephone net k (PSTN) NL_is .35 nnegct ed

Tocal e L3 to BobT HaY TRRSREnG; SLITALA SHANELLE0 (ARH FAR e ocA1”
i ntegrated servi céstabape alwhisthvdmk pfra8Dire NRs | sonfing@ &7 375021l area).
PCT/ GB97/ 00891 8 1Nt er £PMGEA mthell ERGm PEHA! McallidyR coAbabRNe Elndis) Hhc

| ocal "or international g centre), and 1S connected v

within the same region (i.e. so that his recor re%gins within
5 the same regional database) then signalling is confined within
that region, and so on.

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.

10 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
15 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
20 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 tvypes
The converters may perform one of the following format
25 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)
30 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) ;
35 First video format to second video format (e.g. full
rate video to MPEG compressed video);
Text to summary (i.e. automatic document abstracting);



ISDN line L5 to termnal T5, and hence to |local area network N3. 5 A
public land nobile network (PLMN) (e.g. a GSM - conpatible digital
cellular network) N4 is connected via a gateway & to the PSTN N1 and | SDN

N2. A base station Bl of the PLMN provides a picocell

in the environnent of

the building within which the user Ul is |ocated, and a base 10 station B2

provi des a cel

within the sanme general area. Thus the networks N1-N4 are

capabl e of delVYQE8MPHY data at different rates to the vari ousPEEERIPEBOL
T1-T9; |ow speed data via the PLMN N4, hi gherg speed data via the PSTN N1,
and yet higher speed data via the | SDN N2 or LAN N3. 15 The user Ul
carries a tracking deRderune] b fewhi k. @i simaes tremegmition) the

t el econmuni cati ons eWiféﬁ“”ﬁﬁﬁaﬁiaﬁ@u&ééc%%d séz&fnfxﬁﬁﬁ?éﬁ l'a'ﬁ Eggé
enbodi nent the trackin deV| ce_Pl.co *ses a chip carrying ca ar

card" carrying data i ©¥GReHatHeR

snrar
and sone or all of the term nals

20 T1-T9 carrying a E:J'akrsj: m@eh ecdengborhar reeadecbadcapaech ¢aiemifiotaay,
it could conpgise a ﬁﬁﬂ?f d c n of which is tracked
within the bU|Id|ng g Hm | ca toeﬁkgnk‘%fec%lons 5-T9 and the cellular
t el ephone T1 carryind %Pﬁseaﬁear%w laaguagentp seconthuwiatabase
readers are |nstaJIeubéﬁrdhxquyiydmanguwgéhln the building, and are

connected to the LAA]ﬁ#%ﬁ({ﬁg %B@Eg&?ﬁé?oih will be apparent that the format

10

15

20

25

30

35

conversions may be grouped into one or more of the following

subgroups:
1. Lossless format translation;
2. Lossy compression;
3. Translation from one medium to another (e.g. from
a format recognisable by a first human sense to a
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.

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,
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 functicnality are
possible. However, for the reasons described in the above
referenced prior art, it is advantageous to employ a so called
"agent based" control mechanism. The term "agent" is used
with a number of different senses in the literature; here,
except where the context makes it clear that this is
unnecessarily limiting, it will be understood to mean an
independently executing control program under control of which
a computer oxr computer controlled switching centre performs



Further, preferably, the cell phone T1 conprises, in addition to cell phone

comuni cati ng conponents, a gl obal positioning system (GPS) receiver and is
arranged to derive 30 and signal its position periodically as disclosed in
EP 0467651 (Mdtorola). Thus, the position of the user Ul is known by one or
nore of several neans; firstly, it is knowmn to which term nal he has | ogged

in by the insgr&&ﬂﬂﬁg hi's smart card; secondly, 35 the pOSIBkﬁﬂnﬁéM$%P
NOWN,

nobi | e phone is and thirdly, hi's position within the b

known (fromthe access door system. WO 97437501
PCT/ GB97/ 00891 9 er Overvi ew of Cbnérol Layer Referring to Figure 2,
the routing of cal 955&°FFO%9FHé HERR ER VPR ('RESRE! wor KPS L5785 mRE

i n accordance vwtImemessanglyetmmlnadImglanﬁﬁﬂblamdngeagsaphmchlmandtberthémﬁ
> storage 200. Th%n 953&8n§09?&“%a§é@ %J%T@u&”aQEGQEQPoQEEathereto,
orm d a Bbase

bel ow, takes the IS receives usef posit
i nformati on and t &% FRCOPMRREFREL FRFR HIPWRFRal | i ng channel s of the
net wor.ks N1-N4,s and supakheagent 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
vencapsulated” so as to be accessible 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 1least one computer 100 connected via a signalling link to the
physical layer of the network, and including 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 out 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;
| Billing point;
“ Customer format preferences;

Customer billing preferences;

as Selection algorithm.




this information on request to the routing logic 100. 10 The routing
| ogic 100 (conprising, as discussed in greater detail below, distributed
control prograns) sets up the switches through the networks to route theé
nmessage as desired to or fromthe user Ul. Position and Term nal Databases
200 15 Referring to Figure 3, the storage 200 conprises a distributed
hi erar chi cal dat abase conprising a hone |ayer 201 consisting of, for each
user Ul, a uniVYO&R¥&Pabase station where details of that usePCHEBI7/00891
registered (simlarly to the hone |ocation nggister (HLR) of GSM; a | ocal

| ayer 220 20 consisting of a plurality of |ocalised databases 221-224, each
storing details of uSiescastiomer mgmits finirttiher icbathinal starmwan] ediraing £EBES
enbodi ment) one @ o r ' .cconprising a plurality of
regi onal dat abaséeaé';‘e':!gi{{tll?1 1§h§t g??%ﬁ%%%éﬁ%éers in a w der geographi cal
area covering that 23-of SEGUPSF PYIQingSarydcei221-224. For exanple, the
regi onal dat abases 221-213eleght owtapdinye sadeegt ed Wi th a coverage area
approxi mat el y= equal t,0 th r i witching centre (MSC)
or | ocal exchsange, wt?ér ea?eﬁ%gl%g%?ﬂﬁa arsvg'sagggf%%g' each relate to 30 a
smal | area (e.g. a fldoor EHPAatpurekoREr #afiangl e | ocal area network, or a
picocell). Referringst.o Fiogdaee4se Bsetidwcalgaidkamase (which is

The network management agents 111-113 comprise random
access memory storing:

10 Data specifying the input and output formats between
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 functions.

1. Receive service request;
20 2. Price service request;
3. Set up service through network;
4. Update data;
5. Update pricing algorithm.

Each network managing agent is 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 N.).
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 (Cl1-C3); a routing switch (R1, R2), e.g.
an exchange or mobile switching centre; a transport component
such as a cable, base statibn or satellite channel; or the
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conveniently provided by a | arge volune random access nenory, or high speed
off-line storage device such as a RAID disk 35 array) conprises a first
set of user records 251, 252... each relating to a single user in the

|l ocality, and a plurality of term nal records 261, 262... each relating to
an item of WD 97/ 37501 _

PCT/ GB97/ 00891 10 term nal equipnment in the locality (e.g., in this case,
bui | di ng). EachWR¥F™M%cord 251, 252... contains data recor di f§HFRE7/00891
position of the user. Each term nal record 2619262 contains 5 data
identifying the technical characteristics of the respective termnal to
which it correspord¥e. Wkaeh Fegoprcesagentyddesrioseasteres sata regresuntiind
TS or U2 with T6) thieredlonsnagndi ng user record includes a pointer to the
rel evant term nal recogg %e.gl 2%% to 261 and 10f25 to 262). Referring to
Figure 5a, in greater GRYAFFE*a TREACFEELP I SB10059C  TEGABFFE es! LEPYLe| 3R
2521 for storing the usstpupofermags)(se. g. his three dinmensional position in
space,. definedgn altipygdeentabtitdle@ndadqng bedehe dedi&d d 2522

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
1s 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.

Geographica ement

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 functiomns.

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



15 specifying the termnal (if any) to which he is currently | ogged on (and
containing a pointer to that termnal); and, optionally, other user

i nformati on (2523) such as the access rights of the user (i.e. whether he
can use all termnals or only one). 20 Referring to Figure 5b, each
termnal record (261, 262...) conprises a field 2611 identifying the
geogr aphi cal position of the termnal (e.g. in |latitude, |ongitude and
altitude); and¥Q%%%3Y 2612 indicating the technical charact BET/EBITBY: (e
termnal. 25 This latter field may consg st of a list of format type
records 2613, 2614... each itemsing a signal format which the term nal can
recei ve. Alternadatapgse t2f ffoal ghece¢astoned comperred.a pointer to a

separate record @fedfiaw e Y ipReehitCcatbRasoOf the 30 terminal, or a
generic record speci f,%/i ngpaltche Cap%EI [ ttl,es o% all termnals of that type. A
field 2620 specifies tie Hceess Ptgfes teRde WPafy CPIRIREEI IR ot dici@tediny

can access the tarfinat, mobitéapsesy owililenowhdeardespeibett ed Bxmaddyso)he35

Finally, a figl dp 2625 5pRG §ifss e idlaball { ¥, e85 3
ot her routing data which v?\n%df' esga e1 ggc%g‘FFHPgé%éﬁ?o%e %ﬁ'?%ﬂggg{“pﬁfﬁgn
ternminal, and co |Sﬁn » 1f necessary, receive) and the party for whom

the transmission is intended.

Each network managing agent then assesses whether it can
deliver a broadly corresponding service to the vicinity of the

10 remote party and the initiating party by assessing the
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 proposal. 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 requiremeni:s, 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.
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specifying the part of the network to which it is attached. Referring to
Figures 3 and 5c, a given regional database 210 will contain a user
position field (271, 272, 273...) for each of the users within its region,
conprising the union of 5 all the users in all the localities making up the

regi on. Each user fi 271 (272, 273... ) sinply conprises a ' '
the | ocal dat abi&%&‘ﬂ 222, 223, 224... in which the positi on‘p‘%lég%y(?{?oégr
that user is stored (and within the locality @@ which that user is |ast
detected). 10 Li kewi se, in the home database station 201 for the user
concerned, a further udf&motieelld #2594} s pidsedieldr spaaifimnethe wisedi AnYhem
pointer to the identityh deiwicegionad wtadmeetddl, 212, 213... within

et Thet AR BT SR IR, Eh EORY ity s L
di stributed database (isignalsfowmat wiiich| bhat imif atisw uRerewilh@ctuakilyupe
6, when it is desired tsugahRhE Ne.4. WiHech,| A&t o8, ifkh§eoMe dat abase 201
| s accessed (based 20 o [l g% 1 JUIRE £olhse | TEEEIAL! Q3L BR14Cspecities
subscri ber rY P
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 customer 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
15 text, wvideo 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 (514) - 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 level 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 loss 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



identity, network user identity or sone other identifier associated with
the user) in a step 300. In a step 302, the region database (211-213) is
determ ned fromthe user field within the honme database 201, and in a step
304 this regional 25 database is accessed. If there are further
internedi ate |layers in the hierarchical database, steps 302 and 304 are
repeated as necessary to nove down through the | ayers of the hierarchy.
Utimately, i rWﬂ*’!!?"é%‘ 306, in a regional database the 30 i deREV/GRYM8INhe

| ocal dat abase associated with the locality 4,0 which the user is presently
to be found is read, and in a step 308 the | ocal database (221-224) is

i nterrogat ed vi apewrtonmest ygaheonustgnet aguit ,r epkiveski Agehed D Middurde
nmessage i ncl udi : it ] .t ) nah. r rds _35_of
a1 near by tor ma TEREEEE ruEp] RAe bRt 1g MR el R Rt
thereof. Each | RR8lfaidat abase station 221-224 may conprise a 12 processor

2211 arranged to cal @Hent geiice anger f4tiAd NeseiS eind DcHoed LREMsBEEcaNGe! O
exciude thosest Spraual ' GhdivelPHRPTcRaEES 4 pbel M) TS RSk, '

may al so be arran

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). In

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 (Cl1-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). TIf so, it selects
the path which gives the shortest transmission time, and/or

25 least 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 request)
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



to conpare authorisation data for each ternminal with 5 authorisation data
stored for the user and to transmt details of only those termnals for

whi ch the user is not denied access. The distributed databases are

i nterconnected via signalling channels form ng part of the signalling |ayer
10 carried over the physical |layer of Figure 1, to permt the databases to

be interrogated,_ rea nd witten to. Routing an Incom na Call éé} ' to
Figure 7, the ppg%%ggﬂﬁerforned by the routing logic 100 in rJﬁﬁ? 5@%39
incoming call to a user will 15 now be descri2Bed. In a step 320, an
incomng signal in a particular format for the user is received in sone

portion of the phydti€aembedipent. Fratrelatam@ medghbaedt$¥Y of the user is
determ ned and rel ayedat @pl he &) ngaegi ¢ 100. In a step 330, the routing

the process of Figare 8MSFS 8b et FREr SBISERECRO (bIr P PhaRacRr Artd 1
|ist of nearby ter@fenRricand inepndcbistonrdedi ngspectiniedal ifapasisum exseeds
a step 340, the rathegshelaf tHOb3A! ££trejeRe eaf add @ hedcuHESEY agent awaits
termnals, on g%ﬁ#ﬁ Qa I, Spf p és _technical characteristics. For
exanple, if the i & sﬁbaal( teP 4 e ST BNgFRRG e ?‘t fanfgipdspgent.
termnal to the usEif g1lli 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-R10 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.qg. from a
wordprocessing document source format to a speech delivery
format) .
Comprised within the resources are R1-R10 are a
30 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 other
converters.
Thus, the path taken by the signal should include, in
35 order, the converters R3 and R10, linked by suitable transport
resources.
- From inspection of Figure 15 it will be clear that the
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his nobil e phone T1 or pager T2, neither of which can receive an incom ng
facsinmle signal, then the nearby facsinile 30 terminal T3 nmay be sel ected
and the signal routed thereto in a step 350. Having sel ected the term nal
to which a signal should be routed, in a step 360 an alerting signal is
generated and transmtted to the user; for exanple, the alerting signal 35
coul d be an ala,anuneric nessage to his PDA termnal T2 stating "FAX ROUTED
TO TERM NAL T3WRIO7BSTMATION ....", and acconpani ed by an al er tRGT¢EBIN/EN891 .
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Equal |y, the nmessage could conprise a recorded call announcenent delivered
as a call to hissbertebtr tehtghorereTlR1TRBSRE{R1GLRY Upr aRACRIL-RY-R D0 IHE,
process of Figur h f i 0S nd it is
delivered to a SE?Ié??nyngouﬁ%ar x<e &%%1?%?5?21%0%&%9 1tao recei ve that
format, and the termﬂ%ﬁeﬁﬁh‘i‘%s)é% Holaywre Y4r efBr @bl §LaPs 6fAgerthy service

cel | phone) is al eegadstoibheedasvbAatron &6s Thealost h&a$i ki ddgetOShy |k

updating 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 Rl 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 réquired by the delivery

15 format field S10. 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 out
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 naot a
dead end (step 676), the initial resource selects a following

30 resource 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 Rl.

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,



10 The updating of a user position will now be described with
reference to Figure 8 (conprising Figures 8a and 8b). In a step 400, a user
position update signal is transmtted; either fromone of the termnals
T1-T9 on registration of the user therewith, or froma position sensing 15
element in the building (for exanple a door containing a card reader), or

fromthe nobile tel ephone termnal T1 (where this is equi ppedw a5
position detern*ﬁ%??%ﬂlneans), or fromthe PLMN N4 (where thig%%éﬁgrn1nes

the relative position for the user by rangi nggheasurenents from several

base stations 20 Bl, B2...), A position_change_signal taini t
identity of the uEEFlhth%ii¥ﬁﬁ %¥Q%¥ﬁeﬁa3?téﬂg,RFB%@PtEﬁéO€%§$%%{E$ é%lﬁ?d

i?entzgz o; a naxtéﬁﬁﬂﬁéméfa&}#ESer@b Re.is registered); is transmitted in
step , from whi chev .1 sour C rigj h 0 e
| ocal database for th@gﬁo%a?P%iﬁﬁbrg%x%snﬁﬂzg,ﬁi'n%@%s% gﬁ%lé%etﬁéﬁréeﬂé
1, the terminals SaUviéeerreduest ckilcomplesss Filncenbhposignadh MFR A sghan

?’L_al E)Egt tﬁN 813% gthéeqéﬂ;[cﬁterfb@ﬁl_aigat Mo wheed itheahobaldedaiverese t30c axtuiriaan

server T5 br othe%ﬁgrg °€§F%§§¥EL%§S%§§?t%E@é?ngkﬁga%?%ﬁ?%%%é&rg%gﬁg the

dat abase (step 404pmpleted service request back to the network managing agent
(step 666) and awaits its response.

Referring back to Figure 13b, in step 636 the network

10 managing agent receives the completed service 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 also 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 may 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 in step 644, the network managing agent updates its pricing
algorithm in accordance with the differences, as will be
discussed in greater detail below. |



The | ocal database determ nes whether the user is one for 35 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 WO 97/ 37501 '

PCT/ GB97/ 00891 14 position is witten to the record, whereas if the signal
I ndi cates that_the user has registered at a door or on a termnal, the
position data BP¥RB%oor or terminal is witten to the user PCHGBOH008Y

If the user is not already present in the | @@l database, a record is
created (step 410) and his position is added. Then (step 412) a signal is
transmtted up to thel% d3i shepr &t sbaseetwarit manhging@aentofienhirwindhehat

local database f&itser TR gea1989! oflaiRbREEpBRARI %ﬂ@?i@eﬁ?aaéfg%ﬁé o0

al ready stored fo!rbethe yser steg,éy). |f _not, the regi onal dat'abase now
execut es steps 410° 4995% ¢ 15 cFRA B+ eLOr FEFHFTSE P LRAP | §14 (ih - Zanstieer
to the |ocal datkdckchdhsartdce seguest nto arlte tlassi geabunpet agéme dal abase
in the next layega@bav) (i.e. the database responsible for a w der area
within 15 which the regiop falls).

This 1s interpreted (step 688) as a rejection of the

resource request by resource agent R9, and accordingly R9
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 resource agent notes that it received the
service request from R9 and accordingly does not attempt to
forward the service request again to R9 but instead, if there

15 is an alternative resource to which it is connected which is
relevant (step €76) 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 1is 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 rescurce 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 amounts

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 Pl and the destination
terminal T1 simultaneously, so as to reduce the path search



If multiple such internediate |ayers exist, this process is repeated until,
at™ sone database, a record is found for the user in step 414, in which case
t hat dat abase updates (step 416) the record to point to the new database in
the layer 20 below within which the user lies. It now remins to renove

t he previous, erroneous, records of the user from areas where he has

previ ously been Iocated accordi ngly, the database which has Li.S
record signals WRHBIBIt he dat abase in the | ayer below to mhl%ﬁqgﬁﬁgv%%Ord

25 previously pointed (the pointer now being2¥naccurate) in step 418. This
dat abase in the | ayer bel ow then del etes the user fron1|ts record in step
420. If (step 422F1WF Is not a | ocal database (i.e. if its user record

points to anotheridﬁhaha$eaﬁﬂ routé dedweitibe |Qﬁté§s 624 haiqg téw) defining
the position of ‘the usgrl  LhElLd Ne daiahass, Le0Ral . SLoRS, 418N 420

so on until the orlglna t abase mn user was
previ ously recordG@nV§r$é9§h€GS°q¥kEﬁ thQﬁhﬂ apoveecdn tRABLIBD EPcSERRRIE2Y

process of 35 B guna 826 vl how bélduseRrtiben i gredekedastdl Widnl sepdiand
area, due to the hlegarchlcgg organi sation of the databases. That is, if

a user noves withi® ATEPAGI &°dat abase t hen
In step 6242, the network managing agent reads the source

format field 506 from the service request and in step 6244 the
network managing agent reads any delivery preference format

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 6254) 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
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managenent signals travel no further than that | ocal database (which in
practice is confined to a snall area). |If a user noves fromone locality to
anot her nearby but within the sane region (i.e. so that his record renuains
within 5 the same regional database) then signalling is confined within
that region, and so on. Thus, increasing the size of the network does not

| ead to expondﬂﬁﬁwﬂthreases in the volunme of mobility signZCrGRI7M08%S fi c,
since such traffic remains localised. 10 - 2g on each occasion when a new
termnal is added, or the position or the technical characteristics of a
term nal change, rehburéss rbpes thgent attemptedahsdagabheef i FOt NBiCIe OMMAAKSION

Referring to Fi guperie dred BEScﬁ&b&@fﬁeaeﬁh%%ﬂ faie cRAENARLY IOy ged

a plurality of format conyerters e ne
physi cal |ocati oR®EF FHief of HekP cﬁ:’ﬁ’ﬁ?ér't dhe nexgnitepBiraht is ppickethmanteahe

for routing signaysléoiantepeat@d.t he format converters (shomn here as a

pair of routiagg smﬁtc Rl R2 [ der of _the
routing ci rcu?t 100, l’|§ech]ac1aln %rﬁes?"é‘?%‘rgé ?@gYe ane?nncgl%g: §e§1| g3t 2% GHe:
or a succession, tBFMiRRlEoh%esR 426201 AE3 ign stem 6266 anE BQ%$1ble 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 f£rom 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 one 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 is 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 ablé 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



Format Conversion types The converters may performone of the follow ng
format 25 conversions (but the following is not intended to be a limting
list): 3D graphics to 2D graphics and vice versa; |Inage graphics to
facsimle and vice versa; Facsimle to text (e.g. optical character
recogni tion) 30 and vice versa; First application output (e.g.

spreadsheet) to_se application output (e.g. wordprocessor);
Wor dpr ocessor omoﬁf?@%b text and vice versa; Text to speech ars [Be0eRt s o

(speech recognition); 35 First video fd9mt to second video format

(e.g. full rate video to MPEG conpressed video); Text to summary (i.e.
aut omati ¢ docunmenBPhbRE ract¥apeort Lipkyy/ 37501
PCT/ GB97/ 00891 16 Pi ctafet chdwitig (@dded thegexteaogbabéolgtedid310)hWreHirst
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repeated. If this first resource, when followed by any other
§ resource, still does not lead to an acceptable path (step
6266), it is substituted by another resource (step 6270).
When all such resources have been tested as a first
stage, and no successful two stage conversion process has been
identified (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 three
stage conversions. If this too 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 from 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



5 . (e.g. ADPCMto GSM and vice versa); First database search query

| anguage to second dat abase search query | anguage. Fromthe foregoing, it
wi |l be apparent that the format conversions may be grouped into one or
more of the follow ng 10 subgroups: 1. Lossl ess format translation; 2.
Lossy conpression; 3. Transl ation fromone nediumto another (e.g. froma
f or mat recogni@alglng.,sply a first human sense to a 15 f or mat
recogni sabl e by a sécond human sense). In this enbodi nent (aﬁﬁT@g’W’P be
described in greater detail), the routing 13§ c 100 is arranged to
determ ne whet her_the received signal nay be delivered to a term nal near
the user. 20  3rranged, 5o, xeRd & froEsd cRRieRIpEer t cakR rRsOUrAg dPgnaks
format, the routdimrussgdc abo@e| saopenber veft @ififdrend -l yr ABfiffferent

conversi on by ong s Ber 8aff a})rpiéagﬁnifﬁét%{‘?%%‘sl'fo?gt{:%g@?{rf&f? > oul d_be

delivered in a format recefv y one of nore of er M nal & earst b°
the user and, ifds¥3Vve28 £8keds the signal via that converter or those

converters t such aEaehniresburé®uddery LdKewib80ikbudb!ld Hie dRRAHBYhat hat
many ways of '”theerﬁergdﬂg s is a function of a stored constant 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 Updating '
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 ratio 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 ratio falls below the predetermined
constant this indicates that the resource is being selected
relatively infrequently and the stored c¢onstant 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 comparing the prices listed in 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
advant ageous to enploy a so called "agent based" control mechanism The
term"agent” is used with a nunber of different senses in the literature;
here, except where the context makes it clear that this is 35 unnecessarily

limting, it will be understood to nean an independently exec 'Tﬁh Bﬁ% o]
program under cHRTEG™%: which a conmput er or conputer control :ited Isv?ngtc {ng
31

centre perforns WO 97/ 37501
PCT/ GB97/ 00891 17 the functions attributed to the "agent” The termijs
not necessarily | moted Fiekdht$30 WibBr &ROSkhi th FBAFERFLY kPP &hA

and adapt tSheir baetezvutr¢esarsk r ehposanet aat;o0, fduit eranpbpas wdersudthe path
progr ans. . ent, F a It Al n ' t

t he agents shoul dltE%gFlg? gr g&ggg#k'ggsegiiﬁl%%?%c@gsdr %g)r?t télgﬁ’f) gghl}ﬁgﬁhsgﬁ%t Qgésnt
to say, that the d@yacsheulatecshemverageabfdhefiye ppdpetere ddujsHps a new

al terabl e only 8y fiSvacidates Eop! FesoRFOLE B tIRCIH@d NeaeeAONsAe! Bype (or

Cgﬁfzages 10 (ngaa%i%%eqtn%&thhgﬂgvgkisgfiéwgggfé lﬁéa%%%g%gh t%g gg&ntain
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 more
hierarchical arrangement, where entities may act as a network
managing act to resourxces 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 resource agents bid only for that
portion of the path which lies through the network associated



sinply be data passed via the stack of a single conputer). It wll,
however, be understood that the object oriented format is inessential to
the invention. Referring to Figure 10, the routing |logic conprises at 15

| east one conputer 100 connected via a signalling Iink to the physical

| ayer of the network, and including storage areas storing data and control
prograns defining a plurality of custonmer agents 101-106...; a plurality of
net wor k manageWOFEMOL 111-113; and a plurality of network r @EBGBIEEYent s
20 121-132. Conceptually, and as will be desgribed in greater detail

bel ow, each custoner agent 101-106 represents an actual custoner, and
conpri ses st or edwiitk athe|netwark canagiogsagert ¢onenatdd the network to

carry out activistfgcg&kéegfyédyh14§$%§ t he customer even when the custoner
I's not connected to the network. € nunber of custonmer agents is
therefore very |arge. TERMT S Ees LRESEETRSHER GlakdSnRIEBESSTAR MR ynade
storing fields comtpatible tbe &sl kowiingrdabe: tB@ ease with which WSRly e,

Identity of hgme, 2 Bl 14l Wt ; o] t er ences;
| dentity of | gnglg%glggéeeﬁ% 2o B IR anf1h0UBLSLOLHR! pBLEI S AIGSY
for re-use of the same program code.

Accordingly, each agent may be regarded as being
comprised of code defining a buying function (this is, of
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 cbject 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 of the program via the communications
network. The terminal agent may, in this case, be downloaded
to the terminal on first connection of the terminal to the
nectwork.

Summary

25 It will be seen that the particular manner of operation
of the agents in this embodiment is advantageous in several
respects. 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 or 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 wmaking a detailed
investigation of the availability or price of the services in



35 _ Sel ection al gorithm 18 The custoner agent further
contains stored prograns for executing the follow ng processes: 1.

Request outgoing service; 2. Sel ect outgoing service; 5 3. Sel ect
incom ng service format; 4. Updat e custoner data. 5. Updat e sel ection
al gorithm The nﬁgwork managenent agents 111-113 conprise random access
menory storing: Dat a specifying the i nput and out put

bet ween whi ch tWMeItFI¥ert er s presentyingthe netaork can coﬁveF%?ﬁmﬁ%&”l
Anticipated price data for each such type of 3onversion, and for standard

types of service; Data on current high-1Ievel netmprﬂ-c nditions (for 15,
exanpl e, time of ¥dpreafgtadhedSeqanrpags i Fafdiiyelyatsli BPRRCAIAST AChMTe
Each network nanag@irihdigeddh | Stajes fasgantatien Winh theodriastc @asst o apdr tbem
the fol I ow ng f““ﬁé&&%%k %anagﬁﬁfeé&éhégwg}geaEE9H§§t&hereas in the’' second
pass, only the resource 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 personal digital assistants,
cellular telephones,
satellite telephones,
pagers, .
video phones,
20 facsimiles,
payphones,
quertyphones,
personal computers,
lap top portable computers,
25 engineering workstations,
audio microphones,
video conference suites,
telemetry equipment.

Network and lijinks
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 (BSS),
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20 2. Price service request; 3. Set up service through network;
4.~ Update data; 5. Update pricing algorithm Each network nmanagi ng
agent is associated with a 25 particular area of the physical |ayer; for
exanple, in Figure 1, separate network managi ng agents nmay be provided for
the PSTN N1, |1 SDN N2 and PLMN N4; and nore specifically, within each of

t hese networks a separate nmanagi ng agent nay be provided for each major
region (for eX¥@fI¥¥ne network 30 nmmnagi ng agent nay be assBET/GBWOORHt h
each nobile switching centre of the PLMN N4 3and nmaj or exchanges of the PSTN
N1). Resource agent Each resource agent 121-132 relates to a specific
hardwar e structure wlegised Rdnghysical | ayer of the network, 35 such as a
converter (Cl1-C3); aunuUiggtgr,switch (RL, R2), e.g. an exchange or nobile
switching centre; a tgiﬁs qrt congonent such as a cable, base station or
satellite channel; of é% nREYeTr87501

PCT/ GB97/ 00891 19 |i lEtheEnelt oesbheckilkeeanted hertodoarke, st or es data

representing s line of sight infrared links,
video to home links,
radio paging networks.
User lLocation
Whilst particular techniques for location tracking have
10 been 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.



the fol l'owi ng: "Physi cal characteristics of the resource (input and out put
formats);Hi “ﬂ)j llstate of | oading of the device; Tine of day. The
resource N“‘mlual “Ilﬂm i se random access nmenory storing code for

per f orm ng*t he fel I'owshg*functions: 1. Recei ve service request; 10

2. Price service request; 3. Set up service through resource; 4.

Updat e data; 5. Update pricing algorithm Heirarchical arran
Al t hough only VOPHITM | ayer of network managi ng agents 111_1g§ﬂ?§&g o&m
here, it is envisaged that in |arger systens35ach network nmanagi ng agent
may act as a network resource agent to a higher |evel of nmanagi ng agents,
So as to produce GEMEMS archical structure. For si nmplicity, however, only a
20 single layer of network nmanaging agents will be described hereafter.

Geogr aphi cal arrangenmgent Tfi;%uft‘ﬂ{%i '&% %S}Q'tﬁsl%r”aay 18 RS daRY oA %gr@%ﬁ
| arge conputer including processor ﬁ) storage capacity for all the 2
above descri bed dREPEFRIIF0cesses.

a telecommunications user means arranged to generate a
5 request for a telecommunications delivery service, to receive
a plurality of telecommunications delivery service offers and
to select one thereof;
a plurality of telecommunications service supply means
each arranged to receive a said request to generate an offer
10 signal specifying a proposed delivery service; and to receive
an acceptance signal indicating acceptance thereof and, on
receipt thereof, to generate a service provision invitation;
and
a plurality of resource supplier means each representing
15 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 represeht would
contribute to the provision of the corresponding service; and,
20 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.

2. The apparatus of claim 1 in which at least one of
25 said telecommunications resources comprises a signal format
converter.

3. The apparatus of claim 1 or claim 2 in which each
said service supply means comprises a store storing data
relating to the technical capacities collectively available

30 from the plurality of resources with which it is associated.

4. The apparatus of any of claims 1 to 3 in which said
offer signal includes an offer price and said service supply
means are arranged to derive said offer price.

_—_—
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However,Wr‘bottlenecks of signalling traffic, it is nore

conveni en l]"””ma"m ggrent to distribute the various agent functions.
Conveni ent TY% "ﬂeagents 121-132 are located at 30 or close to the

resources to mhi%h"théy telate (e.g. are provided as software running on

| ocal or regional exchange control conputers), whereas the network
managenent agents are located centrally within the segnent of the network
whi ch they conWP™3br exanple at a network control stati onPET/GBATA98135
switch, as software running on the control cggputer thereof). Custoner
agents 101-105 may conveniently be co-located with network managi ng agents
111-113, or with the Rene The\ypPpRyagzps0ef any of claims 1 to 4 in which each

PCT/ GB97/ 00891 2@adat rE86€rd® ledpl tbhemsaiss P2, 2QR6RANEH - add&Fe/ LaW 9 qna
out goi ng cal | prgcess lh&ﬁprocgss of, settlng up a comuni catl on |n|t|é?ed'
by a first nobil & BaFEy WPl PAROW B 1fiss SPREY. ™e3BFoadly, the 5 first party
gives an indication of the format in which it wll transmt (and, if

necessary, receive) agd theppartyphenepbomdde Lhgngm ssiogyis jntended,; 5
5 telecommunications service supply means are arranged to signal
a price back to said telecommunications user means and, on
acceptance thereof, said resource supplier means are arranged
to signal prices back to said telecommunications service
supply means.

10 7. Apparatus according to claim 6 in which said
telecommuriications service supply means is arranged to compare
the prices signalled back from said resource supplier means
with the price signalled forward to the telecommunications
user means, and to issue future said prices to said

15 telecommunications user means in dependence upon the
relationship therebetween.

8. The apparatus of any preceding claim, wherein said
telecommunications service supply means is arranged to signal
anticipated quality of service information to said

20 telecommunications user means.

9. Apparatus according to claim 8 in which said
telecommunications user means is arranged to select one of
said telecommunications service delivery offers based jointly
on price and said quality of service information.

25 10. Apparatus according to claim 2, in which said format’
convertor is arranged to convert between formats corresponding
to different media.

11. Apparatus according to claim 2 or claim 10, in which

said format convertor means is arranged to convert a signal

30 in a first format to a second format in which it is
represented by a lower volume of data.
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Each netwerk—managi-ng—agent then assesses whether it can deliver a broadly

corresp ' ' the vicinity of the 10 renote party and the
initiatiﬂ ﬂﬁﬂgﬁ“ﬁ“ﬂf&ﬂassing the position database, and replies
accordin c sed service and a corresponding price. The

initiating party customer agent selects one of the proposals and the cal
Is set up in accordance with the 15 proposal. To set up the I7 tge
net wor k managi n&%@mmmhi ch has nmade t he successful proposal Pﬁ%g(%ﬂ’ims’s
with the resource agents within its region to3provide the service at a
price within the speciiéed constraints, Each resource_agent assesses
whether it can offer ar8ericdStho%et?f ndoWrirfe azocﬁéiui?%ﬁo‘@}v?cen%\‘ﬁ(ﬁrk
if so, subnmits a pompeisihg peovidingrenggivraligentft henwoekenhsagiteg means,
conbi nation of re C | G L ves s bestcpLyd ce i ' e
SAURCERURBhONALAD € VESpLPEL AT She PLAC Cndfdk Oﬁﬁdﬁé %

[@]
necessary format and ot her nstralnts and sets up the ca ng

In the process, RIHE@EIFNt OEn CFLAREWRLGAEECRS KESERFERRY Ps BIWuaLlfy of
during the negeéti aksourbet waaagihe edgshsneachgedirrespondthgOLl aBa@Mosaid

agent and each re%QHEﬁf?égentand. h?u&é'é“l’é’js&a%%ﬁ@&ck?ﬁ“:@éaldk’ ,-pr9§i d&fethoa
partial service descriptroh specifying 1ts requirenents, an F'he 35
remai ni ng det ai | sCaRRrpEing Bhe %ﬂﬁ%ﬂ“%&ﬂ BFePEe net wor k managi ng agent and

resource agents. the issuance by one or more of said network managing
means of an offer to signal to said user wmeans;
10 the acceptance of one of said offer signals by said user
means;

the issuance by the network management means from which
the accepted offer signal originated of a service provision
invitation signal to said resource managing means;
15 the issuance by said resource managing means of one or
more respective resource offer signals;
the acceptance of some or all of said resource offer
signals by said network managing means; and
the routing of the signal via the resources corresponding
20 to the accepted resource managing means.

13. A telecommunications apparatus comprising means for
selecting and routing a signal destined for a user to one of
a plurality of different terminals near to the user and
operating in accordance with different signal formats, in

25 dependence upon the format of said signal.

14. Apparatus according to claim 13, in which the
selecting means comprises a wuser tracking system, for.
maintaining a record of the position of the user, and a
terminal capability store for storing, for said terminals,

30 records of the signal format or formats with which each of
said terminals can operate.

15. Apparatus according to claim 14, in which the user
tracking system comprises a hierarchical database consisting
of a first layer comprising a first plurality of first user

—_—
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Referring to Figure 11, the service description is provided as a data
record ' “ﬂﬂ“ﬂ ded by the custoner agents, network managi ng agents
and res ““m! he 35 record conprises the follow ng fields.
Initiating ¢ DY5082)%- this field specifies the user who is initiating the
service request. WO 97/ 37501
PCT/ G3B97/ 00891 21 Renote ID (504) - this field specifies the user to whom
the service i W@HHWIconnected. Transmit supply format (506)FPCTGRI7TE0891 ¢| ¢
specifies the signal format which the initiaging user will actually be 5
supplying (e.g. speech, text or inmage). Transmt delivery format_ (508) -
this field specirecozdt R dresneronnesHendAnshdos ¥prechivie sl | Josaldded he
][_eﬂ})fje part}y, | ?faféﬁhscgﬁﬁeéﬁf:?ns%bfirﬁgfcﬂig‘ﬂibh ddbar easadihgt e Wwenedima
ields are filled in initia t he i 1 | cust
agent, this fielrﬁsﬁﬁﬁltﬁé’el Eﬁ"xbﬁ‘%erﬁ(, aé‘r% ﬁa?e%%%‘!t‘;i.aﬁ)% ﬁ%ﬂgggg%¥gff RELED
possi bl e suppl y oner secondruserveederd vatgre sranyespording £ @ heecendjaxed s
bi - S including a plurality of said first areas and storing location

data relating to users in said second area.

16. A method of delivering a telecommunications signal
to a telecommunications user comprising tracking said user;
assessing the reproduction capabilities of a plurality of

10 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.



directional (for exanple a tel ephone conversation, or 15 text, video
or audio conference) then this field contains one or nore formats
specified by the initiating party in which it would prefer to receive data
fromthe renote party. TX termnal (512) - this field is initially blank

20 RX termnal (514) - this field is initially blank. Price (516) -
this field is initially blank. Delivery time (518) - this fie

conpl et ed by t h& ﬁp ating custonmer agent to specify a naxi%%%qgﬁégyﬁn
comuni cati on. For exanple, for voice conTznfcations, 25 a maxi mum
delay of 1/2 second m ght be set; for fax!ert®data delivery, a maxi num
delivery tine of 1, 10~0r X0 hours mght be set. Distortion (520) - this

field may be set by #£he custws speci fy sone maxi mum accept abl e
| evel of 30 difstortion of t ; for exanple, for an inmge

signal, conversion B ge formats may be distortion free
but i rmage conpressi of juvol ve sonfe | oss of detail, corresponding to

sonme notional distortipQ ) 20% 35 Routing fields (530)
- these fields are ini P ; Referring to Figures 12 to 14,

(relating to the proce e
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WD 97/ 37501

performed by the custoner agent,
this process wll
service initiating user
taking a phone (Ti) off hook,

respectively),

network (N1-N4) to whi

PCT/ GB97/ 00891 22
networ k agents and resource agent
be described in greater detail. The
i ndi cates the service he S wishes to receive,
or entering data into a termnal (T3).
ch he is connected forwards this event

by
The

custonmer agent weegspsohi ch receives it (in Figure 12 step GOE%IEF%MQPeIp

604,

network. In Figure 13
request and (step 622)
and destination users,

nearby termnals (together with t
originating and destinati on userd,

fields 512, 514. In st

the custoner agent broadcasts a partially conplete 10 service request
record 500 (as described above) to e

?ﬁpgggtmork managi ng agent in the

step 620, rk agent receives the service

each

|nterrogates t he hone database for the originating
5 (as in

and recei

Fgure 6} a list of

heir ava Iable si gha ormafs) for the
‘ fi edlinto thefterm na

ep 624, ead managi ng} agent dejerm nes
100"
FIG. 2
F:|(3. :3 ‘““-~.§1
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20 whether there is any path via its avail able convertors (Cl-C3) which
woul d convert a signal in the transmt source format to one receivable at
one of the destination termnals (and vice versa if the service is
bi-directional). |If so, it selects the path which gives the shortest
transm ssion tine, and/or 25 least distortion in reproduction (step 626),
together with the termnals to be used by the initiating and i e\
users. It then 8"&?%’0‘17@'%% a price for this service (step 628)q‘§3;sde onﬁlts
stored pricing algorithm and transmts S%p t he conpl eted service request
record 500 to the originating 30 custoner ‘affént, including data in the
field for the proposed termnals, formats, price, delivery tinme and
distortion. Referring.back to Figure 1 L0 ep 606,_the custoner agent
receives the first bid (i.e. conpletefl \service raquest) and determ nes
(step 608) whether the bid is acceptgb i DY | ceY quality, time
and termnal proximty. The 1 could sinply involve
relaying all details to the user for Byl greferably the
custoner agent, in 23 this enbodi 4t escg wei ght ed sum
aferr](p) + a2(t) + a[err](a);

— o~ 0 — e
o~ . (O
L= L0 o~

A

FIG. 4
|
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where a[err] - aJerr] are constants or functions and p, t and gq are price,
time and distortion respectively if the sumexceeds 5 a threshold, the bid
is rejected and the custoner agent awaits the next bid (step 606) from
anot her network managi ng agent. (If all bids are rejected, the custoner
agent may issue a new service request). Wien a bid is accepted, the

cust oner agent shﬁﬁals back 10 acceptance (step 609) and sign K%Qﬁ
accept ed servi c® user (step 610) in a nessage (as dlscusse %%ve)
advi sing himwhich termnal to use. On a czghance (step 632), the accepted
net wor k managi ng agent then issues a ser request record to resource
agents 15 (step 634) within the network with which it is associ ated.

Referring to Figure 15, the resources within this network will be
di stributed throughout the area of the network; in Figure 15 a set of
resources Rlerr]-Rerr] are illustrated. A signal to be delivered arrives

at a port P1 of the 20 net in the so format deboyqm ned by the

net wor kK managi ng agent, an\(lj\o?égfdel i vered?é% he destl n |3g1n terminal Tl in
the delivery format re—Hretins . 2 gefty (and agreed by
the custoner agent)| To ms@% the ¢ 5|@Ta-lEmust ty 26¢1(282.a)

| east 25 one resour dtxher single

channel) and nmay F[Gwlse conver si on _ (e g from a

2611 2612 2613 2614 2625 2620
\

pos N TECH. DIAL # AC } 261 (262...)

FIG. 5b

‘vom_| FIG. 5¢

271
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wor dpr ocessi ng docunment source format to a speech delivery format).
Conprised within the resources R1-R10 are a wordprocessor 30 (docunent)
-to-ASCI| text converter resource R3, and a text-to- speech converter RI10.
The other resources in this case may either be transparent transport
devices or other converters. Thus, the path taken by the signal should

I nclude, in order, the converters R3 and R10, |inked by suitaﬁhﬁmﬁﬁﬁﬁﬁﬁort
35 resources. FWOPBM8bection of Figure 15 it will be clear that the WO
97/ 37501 PCT/ GB97/ 00891 24 short est
routes are RI-R3-R6-RIO-R9 or Rl-R3-R7- RISC[HS) Longer routes are equally
possi bl e, however. Referring to Figure 14, in a step 660, the service
request is received fromthe network nmanagi ng agent by the 5 resource to
whi ch the input port at which the source signal is received is connected.
In this case, this resource may for exanple be a switch connected to one of
several further resources R2, R3 or R4. The first resource Rl inserts into

one of the routin = o o o o
? S g 3 ? ?
poul | -l
21| 5| |2 5
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10 fields 530 its identity and price in step 662. In step 664, it

determ nes whether it is connected to the destination termnal specified in
field 514 and whether the signal output format it generates (which in this
case is fhe sane as the input format) is that required by the delivery 15
format field 510. 1In this case, neither test is satisfied in step 664, and
accordingly the resource agent proceeds to step 674. At step G4 %@,
resour ce agent MR  he list of resources to which it is connecte

this case, R2, R3, R4). 20 |If (step 676) ? e of these connected resources
is relevant (because, for exanple, all ﬁ nected to gateway points out
of the network) the possible route has reached a dead end, and the service
request i s 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

net wor kK managi ng agent (which is thereforesu ovpde the service).
Where one or nmore of the follow ng resouroeJRANSNWr. dedd gosl (step 676),
the initial resource selects a follow ng B0 r@tﬁﬁﬂﬂ% s as to define a
pat h t hrough the network. The sel ectio Obceed on the basis
of the first resource listed (e.g. R2 int ervice request is
then passed to this next resource in step 402

0 SBECEWE POS.
CHANGE

v

SIGNAL LOCAL
DATABASE

—~— 404
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including the details of the first resource RlL. 35 The next resource
R2 then begins execution at step 660, and the process continues, adding
successi ve resources sequentially in a list defining the path through the
net wor k, - WD 97/ 37501

PCT/ GB97/ 00891 25 until the list includes R3 and R10 in the correct order
and termnals at resource R9. At this point, at step 664, it 900891
observed that tRN®YEEMM ce request is conplete since the signal has arrived
in5 the correct format at RO where it c e delivered to term nal TI1.
Accordingly, at this point the resource RgOE ds the conpl eted service
request back to the network managi ng agent (step 666) and awaits its
response. Referring back to Figure 13b, in step 636 the network 10
managi ng agent receives the conpleted service request, adds up the price
el enents added by each resource and gonpares then with the agreed price
recorded in the price fiel g=5d6=fhelnetwork nanagi ng agent nay al so
determne a |ikely |evel of\distgpitrgmriry—addrrg—up—prognessi ve i ncrenents
of 15 distortion for each|r I je—iba-t-hetist—0f resourjces in the

R2 —~

FIG. 9
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fields 530, and may derive a total delivery tine by adding up the tine

del ays associated with each resource in the list of resources in the fields
530, and conpare these with the target delivery tine in field 518 and
distortion in field 520. 20 | f each such conparison is acceptable
(step 637), the network managi ng agent signals acceptance in step 638 to
the resource agents in the |list of resource agents in the conpy&l&Eshoaoyi ce
request, each o YORYEIMt hen execut es step 670 of Figure 14 to configure

i ssue command signals causing 25 the coggfigonding physi cal network
structure to connect the call. In step 640, 'the network nmanagi ng agent
signals to the custoner agent for the destination custoner to expect the
nmessage in the stated format at the stated termnal specified 30 in field
514 (this nmessage may be delivered as a voi ce announcenent to the
destination user's nobile phone or a pager nessage to his pager). In step

642, the network nangyrTg aUeTt CONMpar gy e cost catcurated 1 step] 637
with the quoted price i gl d M35 in step 644, the network (@)
managi ng agent updﬂb@@_i&i ridin gorithmin accordance with the =
di fferences, as wiTl {bé squsdedi nhgr eater detail bel ow. .
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WO 97/ 37501 PCT/ GB97/ 00891 26 If in
step 637 the network nmanagi ng agent determ nes that either the quality of

t he proposed service is unacceptable or the cost is too high, it returns to
step 634 "and transmts back the service request to the |ast resource agent
(inthis 5 case RI). This is interpreted (step 688) as a rejection of the
resource request by resource agent R9, and accordingly RO exeG@Hikspothdap 678
to pass the ser\w(?:é’mﬁpduest back to the. i medi ately precedi ng resog?ce
agent inthe list within the 10 service g?q.u'est and deletes itself (and
its price) fromthe list. The preceding rédott ce agent notes that it

recei ved the service request fromR9 and accordingly does not attenpt to
forward the service request again to R9 but instead, if there 15 is an
alternative resource to which it is connected which is relevant (step 676)
sel ects the next alternafjve resgurce in gtep 680. It wll thus be seen
that Figures 13 and 14 t@get her fine a %ept h-first tree-fqggl ow ng

al gorithmwhich attenpts{20 to de¢fine a rqute tJlrough t he resources and,
where a particul ar rouhg&i\s u%sfum%ve hack to tﬁ$
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precedi ng node of the tree and attenpt to follow a different route. In
practice, at step 676, each resource agent could 25 determ ne additi onal
tests; for exanple, the resource agents could each test the cumnul ative
delay tine associated with the list of resources recorded in the field 530,
and/ or the cunul ative sumof all the distortion neasurenents therein, and
when this exceeds the delivery tine and distortion anounts 30 p&REBdfobddd | N
fields 518 and ¥8%"M ¥ e is then no further point in traversing the

remai nder of the path and step 678 may bﬁ}jxl cuted imedi ately, to reverse
back to the precedi ng resource agent and t t to find a new path on from
there. Rather than nerely followng a path from 35 source P1, it
is equally possible to attenpt to construct a p& o bgt h t he signal
source P1 and the destination termnal T1 sinult?a
the path search WO 97/ 37501
PCT/ GB97/ 00891 27 time. Terninal and route selfect RECENEeps 24 and 626)
The process of selection of delivery tern nalfandSERVEE 620

FIG.8a [ o
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conversion described briefly above in relation to steps 624 5 and 626 w ||
new be described in greater detail wth reference to Figure 16. In step
6242, the network nanagi ng agent reads the source fornmat field 506 fromthe
service request and in step 6244 the network managi ng agent reads any
delivery preference format 10 data fromthe custoner agent for the

di stination user ﬁﬁf information may, for exanple, specify t \GEP008o1

i ncom ng facsi mVe al is to be delivered as an inmage signal of VICeé
versa. Fromthe source format and the deljvery format data (if 15 any), in
steps 6246, the network nmanagi ng agent daﬁfﬂés a preferred delivery format.
Next, the network nanagi ng agent determ nes, for each termnal reported to
be adjacent to the destination user, whether the network includes a
resource (a converter or a 20 transparent |ink) which can convert between
the source format and a format recognisable by the term nal. Accordingly,
in step 6248, a first tgrmnal is pickged (this my pesthe term nal cl osest
to the user) and in ste 50 a first ver si on :@ ce is picked. 25

In step 6252, the input “ed Ngfl s requi redNp¥ t he conversion
resource (which may, as nentioned abovd, be ident] e the resource is

at ransport resource) ar g RECENE
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conpared with the source format and the list of formats which the term nal
can accept. If they match, the stored price, 30 distortion and tinme del ay
data (P, Q T) for the resource are derived (step 6254) 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
termnal can 35 and if not all resources have yet be ' st ep
6258), the next W&W&gﬁ’ ion resource is substituted in step 622@}%%%
process i s repeated. Once all conver silin WO 97/ 37501

PCT/ GB97/ 00891 28 resources have been at Jny!ed using the first such
termnal in the area of the user, then if the last termnal has not yet
been tried (step 6262), the next ternrtrms picked and the cycle is
repeated. 5 Once all resourcen mat ched against all
termnals (step 6262) if in step 6256 “ery=moe bIe delivery routes have
been added to the list (step 6266), ’ | ecuted. Specifically, if
there is nore than one route the nef wREGEWEYi ng agent sel ects one of the
routes by exam ning SERVICE 660

REQUEST

¥
ADD PRICE, TIME, 662
DISTORTION [
666
664
y SEND BID TO
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MANAGING AGENT
674
N ) 668
NE/GHBOUR 4
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10 the price, delivery tinme and distortions calculated (step 6254) and
conparing these against the price, delivery tine and distortion val ues
filled in fields 516, 518 and 520 (if any) by the originating custoner
agent, and (if any) by the destination custoner agent. 15 If multiple
different routes in the list neet all these criteria, the network nanaging
agents selects one, on the basis of price, quality or deliver %ﬁ%

t he basis of awsbbasyseionbi nati on of these three. This forns t asl s of
the bid output in step 630. 20 xfyﬁgr this first pass, no single

resource suffices to ert the S|gnal the source format to a format
whi ch one of the dest@mu termrTal s canasupport (step 6268), then a
further pass is execut to determ ne

A conbi nati opn of two
successive resources will convert t brmat to 25 | one which a
term nal can recognise (e.g. fax tow u-l%oglpwed by textjto speech).
This is achieved by setting a first con nf resource follow ng the
source format to convert it into a conveégl ®IOf pbrmat, and then testing al
ot her resources to determ ne whet her an ggg%ﬁh=n1can conveft the converted
30 format into a format which can be ré FéEd by qge of|{the destination
termnals. Accordingly, in step 6270, aleseute is dgded fs qﬂ:fxtra
conversion stage to the source format (orZany convergton
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resource which follows it). The selected resource nmust, 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 nust convert this to a different
format (i. e. must WO 97/ 37501

PCT/ GB97/ 00891 29 not be a transport link). After having added the extra
stage (step 627Q) a first termnal is selected (step 6248) fﬁﬁ$ jrst
pass i s repeat ed%'oﬂmt(‘?'}i s first resource, when followed by any ot Hr%%é’i
resource, still does not |lead to an acceptable path (step 6266), it is
substituted by another resource (step 62JQ).JWen all such resources have
been tested as a first stage, and no successful two stage conversion
process has been identified (step 6268), one resource is retained in the
first 10 stage and a further rijesource is added as _a pecqnd stage, and the
process is repeated to test fof Bﬁéop?'QHBFgeFQBWe conver si ons.

If this too is unsuccessful, & ' and so on until
either a successful result is et wor K managi ng agent
is successful, or 15 a tinme-ou 5244
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Thus, *the process corresponds to a breadth-first tree search, searching for
tRe shortest solutions first. On transmission of a service request by a
first network managi ng agent, all network nmanagi ng agents halt the search
20 for paths pending the acceptance or otherwi se fromthe custoner agent.
If the service is rejected, -the network mandgi ng agents therefore
recommence sear ching_ for conversion paths where they | eft off. Pricing 25
The pricing p SRSy LEAEPRONRO L kRREN a bR FER 2ERAtL99R b Baea6BO L waykBe and

performed in qagief twﬁnbﬂi%815hf3&h¥nném9re tloE sehesee ¥R8ibS £AMRINCy

(for exanple a v0| cgﬁfalled to, b eI|v red to a voice term nal ), the
networ k managi-ng fyep ‘?1%’“3‘%‘“6?3&13%?1&% f JROWEV ¥c radieh

comonly cal | éd-etqgam,cyor cskmmreaﬂs prgmaf]e]lyat iHygrd O Ard i died ties Ddwdslay

correspondi n er, ar. gr r Lo n netmork and si npl

E)ut put Itohegre gb;&rvi)tl%&% gg%f Brg ?%ég?dﬁeg%ftqbeay. &Y, ﬁ‘&? ﬁan%h vé%%‘%lhe
service is Ie§9nd0##@mamwithinrnheuREWEnsmmmaglng agent proposes to
deliver the servicgeby gsSucgessh?fgol §h89é‘£s§ﬁ§ﬂgt COBNRbA! ONBoP’ OV RSk

by correspondi ng resources, the network nanagin
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 _oﬁ the same network as less powerful personal
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 mest
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 voice).

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

30 proposea 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 voice mailbox.

Our earlier application WO 95/15635 (agents ref: A24682
WO), describes an agent based télecommunications system for
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WO 97/ 37501 PCT/ GB97/ 00891 30--
arranged to read a stored price for each resource (or, as discussed: above
a.nunber of different prices for different tines of day) and add the.prlqes
for the various resources to derive a total. 5 Each resource agent

| i kewi se issues a pricing signal at step 662. This is a function of a
stored constant and the current utilisation factor (in other words, the
percent age of YEKe idaFadiuhfFigile mETERF ceetwdeh-is current free, i f any) .

The function nay Smﬁﬁ}EaQQ1é&CapﬂﬂQEﬁtéoh$W@ genstanb @Qgeﬁiéorefs Adogs)
when the resource is under utilised (

ercent age spare ca acit

?he spare cap |%5fﬁ %s@u151T6§%?tqﬁ}?ﬁQTﬁP?éﬂﬂEI?Bstﬁ@SE%WKFTElQYKQQ
constant A, V\/m'elteﬁffl\ghﬁdhki]hfr@gﬁlﬂsitl e BPPEEtsapati t thildhe qudiGfert Sesre
sharply. P |cenU datin (g f/“ ste 644, 646 and 672 the network
nmanagi ng aéen% Y 539¥ &% && %ﬁﬁﬂcqéhﬁﬁ%}4helr prices. On each occasion
when a. resource ageur earéeéecirmjsrnatml r2gop 1t ihoen triadn @009 4 f @6 BBINtERSerndfs

occasi ons on whleehdidaz . saleniash o DennuTher ol cospashons anaich

it has bid an conpares IS Wt redet ermi ned const a
event that théipgilieo rstevewls, t Rargsedel etthné@twork set up a service by

obtaining prices from other parts of the network. Thus, when

10 a user desires to transmit through the network, he polls a
first part of the network, and which polls further downstream
parts of the network, and so on, each part of the network then
transmitting back a price. Whilst this arrangement is
suitable in many applications, as networks grow in size the

15 amount of signalling generated within the network may be
substantial.

According to the invention we provide a
telecommuniqations system which routes messages therethrough,
in which bidding takes place in £wo stages; a first stage in

20 which an estimated bid is made prior to derivation of the
route, and, if accepted, a second stage in 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 a reasonable résponse

25 time in setting up the route.

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

30 in laye}s 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

35 distributed.

For example, the arrangement adopted may consist of an
entity storing data relating to each customer and arranged

—_— e
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constant K (i.e. the resource agent 1is begin selected relatively
ffequently), the stored constant A is increased by an anount which may .
ekther be a fixed increnent or a function 25 of the difference betvigén the
ratio and the predeterm ned constant K. Likew se, when the ratio fall's *-
bel ow t he predeterm ned constant this indicates that the resource is béing
selected relatively infrequently and the stored constant Ais 30
decrenented (by detidedwhether or mo&Umnhb@@p@fatberdﬁééebﬁﬂﬁehbefWﬂ??hb&e
rati o and the r.nmyn S ; | ot her. procedure ar
adj usting the?grgieggIE égénﬁgﬂgggpéﬁn%%e lr% a #l]g/%r%l)r{%q%%%lc@l% QTR sihigh
the resource &5up¥rBaggd tpsedfezsa service atep ftAce Ha rdtendik stamagisng

agent is abl eahg, UpSa! @ &ARKWALSE fed el 0f LG, HR8LS e Gl (Y
be charged eagh r.esour ceal gent, by cor,rp%rir?lggn?ﬁe p?l ces Iulﬁxg?edoﬁ It%%eo\Mrjc‘Je\/\D
97/ 37501 5 entitles each corresponding to an praidadieoogsvork regcarce

fields 530 w t{buthoae &t seghaenitbymaas conelead drolor esBHHEas Padhe. same

HoPor K ranagl g 2gensadesss ALY 0 dd1Sed 528l REckliRg SHaten
in which, when a user is unavailable, incoming messages are
stored for later access. '

10 ~ In the preferred embodiment 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,

15 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

20 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 éccepted

25 by the nearby terminal. '

Thus, according to this embodiment 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

30 neighboﬁrhood of a given mbbile user.

It may at this point be mentioned that in so-called
' Computer-Telephony Integration' (CTI), it has been prdposed
to group a computer and a telephone on the same desktop
together; to note when a particular user logs onto the .

35 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



may cal cul ate the average of the five and store this as a new 5 price datum
for resources of the fixed | eased Iine type. (or conbine it with the

exi sting stored neasurenent to maintain a running average - -price). "’
Natural ly, these stored constant cost levels will affect futur'@ prices

cal cul ated by the network managi ng agent forz 10 services assenbled froma
plurality of conversion resources. Additionally, the network nmanagi ng agent
adapts its pripgedessir i22 Iheasamyedimercakoebete I €50 UF £8gQ0eRdm t ©hél apeadd
upon the rel ative i : n r.of ti i t_,has been selected to the
nunber of tié&?i?éﬁésegghlbggss#ggg %ﬁGf%ng%e thoﬁ%egngéﬁg'oW Here
above descri b&gyenst és sertadm diggtarnderfranivser ariammenentso e rarranged

entities my 8¢l A%l Vork: ABRASKPLLAC! dhea e3aY Cas el Quifiemand, as, a

resource to further network managli ng agents above them wl e “appar en
the skilled p&¥derizptdincate AEPRBAKECT thgaigast agdi hg, t ¥arshih e takl Hf

net wor k managiofy GWEPt EhibBePrd Simith$BE ViEeeS wHidH SEAE RAsAUr £6S nWrt Ndhied
their own network has been described. However, it wll sonetines be
necessary for 235SF&Swork 25 managi ng agent to deliver services utilising
anot her network (f @heexadpseribtitédsi dgtabpagey nei&or Knterdehneeted via

message 10 a p3gel19ni A | ARGnALIEAERS S 850 SBT ThP L8RP AR Gver
10 carried over the physical layer of Figure 1, to perﬁit the
databases to be interrogated, read and written to.
Routing an Incoming Call
Refefring to Eigure 7, the process performed by the
routing logic 100 in routing an incoming call to a user will
15 now be described. In a step 320, an incoming signal in a
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 routihg logic 100 interrogates the
20 position tracking system 200 by performing the process of
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 ohe of the
25 nearby . terminals, on the basis of its technical
characteristics. For example, if the incoming signal is a

facsimile signal, but the nearest terminal to the user Ul is

his mobile phohe Tl or pager T2, neither of which can receive

an incoming facsimile signal, then the nearby facsimile

30 -terminai T3 may be selected and the signal routed thereto in
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

35 could be an alphanumeric message to his PDA terminal T2

stating "FAX ROUTED TO TERMINAL T3 AT POSITION w...", and

accompanied by an alerting signal.
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message). Accordingly, the network managi ng agent also stores 30 recards,
corresponding to those of the resources within:its associated network,. for
each other network, and stores a predeternined price constant for each such
ot her network. The network managi ng agent then adds the details of t'te
other network within the path fields 530 ofta he service 35 request before
transmtting the service request to its own resource agents, so that the
resource agents bi Fhgnicpstemerhagepdr thiugrthefr tdven s wiaded imsoddams gfor

the network agseeh@lied thePcdA/AARY processes:
PCT/ GB97/ 00891 32 with the network rmanagi ng agent concerned. Structure of

each agent To sonelext eREIUEHE QURERMIE SHrvireagents nay be made

conpatible so as te.i nccedsett kRiepsigvddrvidLh they may 5 integrated into

a hi erarch¥, and igcreage t?ig possihilities f orsge- use of the same program
di £48 .

code. AccoPdingly, “éach ey W G e st Weldy' conpri sed of code
defining a buying Bunct Updatehicsistomef damsarse, not necessary for the

resource agents)'agq a %%hgkggselection algorithm.
The network management  agents 111-113 comprise random
access memory storing:

10 Data specifying the input and output formats between
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 is also associated with

program code to perform the following functions.

1. Receive service request;
20 2.1 Price service request;
3. Set up service through network;
4. Update data;
5. 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 mahaging 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 managiné 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 (Cl-C3); a routing switch (R1, R2), e.q.
an exchange or mobile switching centre; a transport component
such as a cable, base station or satellite channel; or the

-y
}
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10 function (this is, of course, not necessary for the custoner agents)
together with a communi cations function (for signalling either, between
di.fferent progranms executing on the same processor in‘tine shariing node, or
for signalling across network signalling channels between protessors). 15
Further, the data held in relation to the gapabilities of each term nal may
be held in object oriented form as a.termnal object, or as a "term nal
agent". Werethhe embsddakntqnicailts leagyltLe wdiidarssi fignequi prent, the
term nal agent progrﬁnynay rﬁﬁiQFQQ FJ_gh_e term nal and comruni cate changes
to 20 the capabiflt R the'33 gram via the conmmunications
networ k. The term whkragent -may,are ¢onstaese, obefdownlioadednido pt,he and g

w1 be sebreiREfoEpa 1A Al IR e kBt I B g bt
this enbodPmedtthregobd: dgeodsid issapdeatedespdctbe Fustongr dgenti lawaies
W Th each of hors R B e A el e
of 30 the nefhbrRltoPhes| FEREREACHREnOLRE (FRSTPMRYF - AGRAE WX skgze a new
smanping t he getv@eg.rwﬁugsten mllion users or nore, this Is a very real
risk. Secondly, thﬁhgghgvbgarigfa%%%%t%%fn%hgazug%gagfﬂgégﬁe/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-R10 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 (documeﬁt)—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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simple. 35 Thirdly, since network managi ng agents bid prices in a
firrst pass of operation, before making: a detailed investigation of
the availability or price of the services in 33 a nore detail.ed second ;
pass, relatively few agents are active during each stage of operation (irr
the first pass, all the network nmanagi ng agénts are active, whereas in the
second.pass, only the resource agents of the successful network 5 nanaging
agents are activeye dehaslednserond paaput Fabrbhvedyghaw| agRnERsHR Gk ive

further. Qhepg,aspeClmcd ddgqd N¥ENLLRRFAEEHR N&lS t r &M rals e
been dlscusseduaboge as 10 é%%nples b ﬁnre cggblé?%E(F%gﬁghp%%nI:%%ﬁ|%¥§/

list woul d i nBRGHETk: AMMBHRS, 2GFBES éﬁﬁ%r%%tlgﬁfdﬂﬁﬂgiﬁ? jg the secon
personal di gi paksassésipntthe Cebbohitet RlRPRIESE the successful network

S 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 personal digital ass1stants,
cellular telephones,
satellite telephoﬁes,
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 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),
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satelFﬁte~LeLepnggg§LrE§gers,'video phones, 20 facsi mles, payphones,
gwertyj s. Dersonalr—cenputers, | ap top portable conputers, 25
en_gi'ne?ﬁ&i@' s, audi o m crophones, video conference suites; ; .

tel eme ” twork and |inks 30 Li kewi se, al though exanﬁPes

of networks hav@ b&en+gi ven the range of n&fworks |inks avail abl e includes:
terrestrial cellular networks (analog or digital), callpoint wreless
systens, m cr Rl ar or picocellular systems, 35 satellite cellular
systens, the Internet, packet sw tching data services (PSS),

1. Routing apparatus for selecting a route through a
telecommunication system comprising:
a telecommunications user means arranged to generate a
5 request for a telecommunications service, to receive a
plurélity of telecommunications service offers and to select
one thereof;
a plurality of competing telecommunications service
supply means.each arranged to receive a said request, to
10 generate an offer signal specifying a proposed delivery
service; and to receive an acceptance signal indicating
acceptance thereof and, on receipt thereof, to generate a
service provision invitation signal; and
a plurality of_resource_supplier means each representing
15 a communications resource, arranged to communicate with each
of saia service supply means, said resource supplier means
being arranged to receive a said invitation to determine
whether the telecommunications resource they represent would
~contribute to the provision of the corresponding service; and,
20 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.

2. ~ The apparétus_of claim 1 in which at least one of

25 said telecommunications resources comprises a signal format
converter.

3. The apparatus of claim 1 or claim 2 in which each

said service supply means comprises a store storing data

"relating to the technical capacities collectively available

.30 from the plurality of resources with which it is associated.

4. The apparatus of any of claims 1 to 3 in which said
offer signal includes an offer price and said service supply

means are arranged to derive said offer price.
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WO 97/3750t—— PCT/ GB97/ 00891 34 | eased -
| i-nes, optical networks, Ethernet or the like area networks, 5
| i ne of?ﬂ”ﬁ@iﬁlﬂﬁ&,f&ﬂ"l nks, video to home |inks, radio paging networks.
User Loca 3 WHditi cul ar techni ques for location tracking have 10

been described, it wll of course be undeB§tood that any nethod of
tracki ng the approxi mate user position_may be_used; for exanple, tracking
the ternminals at which ARGsBPPPEGSUSH oAty raf ngl§imsol shecs fit Wdsih iegeh
tracki ng devi sgiisressenteatupplibe meyRtiOMriddngdHitd kAR Gial @ikhall
wll be undergtood thgt t.he ,prices acc%g} d %% t he custoner agent may
correspond t o pPFEES 58t Sarfy SEEVBESHE ﬁ;V &% st omer. Equal |y, the

price charged by one network resource may reflect an actual financial =
transaction withing20 ihe nebugbkaprsbetypen dun et yorke, Hoyeuer, dofid s
equal |y possible for the price chanismto operate sinply as a routing
procedur e, Swi EALBECTHBNPLEALLORS FOFVLAE IURREY M@dsegre arranged to signal
: a price back to said telecommunications user means and, on
acceptance thereof, said resource supplier means are arranged
to signal prices back to said telecommunications service

supply means.

10 7. Apparatus according to c¢laim 6 in which said
telecommunications service supply means is arranged to compare
the prices signalled back from said resource supplier means
with the price signalled forward to the telecommunications
user means, and to issue future said prices to said

15 telecommunications user means in dependence upon the

relationship therebetween.

8. The apparatus of any preceding claim, wherein said
telecommunications service supply means is arranged to signal
anticipated quality of service information to said

20 telecommunications user means.

9. Apparatus according to c¢laim 8 in which said
telecommunications user means is arranged to select one of
said telecommunications service delivery offers based jointly
on price and said quality of service information.

25 10. Apparétus according to c¢laim 2, in which said format
convertor is arranged to convert between formats corresponding

to different media.

11. 'Apparatus according to claim 2 or claim 10, in which
said format convertor means is arranged to convert a signal
30 in a first format to a second format in which it is

représented by a lower volume of data.
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p"'aiélrb part of any network. Naturally, many ot her

medi fi cat ons may 25 be nade the above described enbodi ments
Wi t hout ﬁm ll m e i nvention. CLAI M5 1. Routing apparatus for
sel ecti n .

lsou a tel ecomruni cati on system conprising: 5 a
t el econmuni catlons user neans arranged to ééznerate a request for a
t el ecomuni cati ons gerw ce, to r.ece ve a | urali tt%#é, teI econuni cat i ons

service of fers and fo s efE-BAR UEIng)| G a of REQHPR! g network
t el ecommuni catbapgisthyi (pe:olze.&mgolay pﬂaamaslﬂa;choﬁr nangedkt manegdinge n&asl&i,d

request. 10 9SSR rr MhondllP e 81 803L:orSBEC Il or Bryc REOROSEHS o

t el ecommuni cati 6ns Service, tO recelve an acceptance si gnal
acceptance . thénesfitgndrf onler:emmuptlcahepasf ergenesatelapiseralcE:y of

provision SnvkégghQEeS' r66?1%§ @04na ed@ﬂ”éﬁfféé%oﬁ ing" €PWLE of said

suppller neans each esentln t1on resour
arranged  toresRHEAPEAt e2RAL haeatefhelaf ERRRP SRR EROB Ut anSrearfdie séﬁe&hOd

comprising the following steps:
the issuance by one or more of said network managing
means of an offer to signal to said user means;
10 . the acceptance of one of said offer signals by said user
means;
the issuance by the network management means from which
the accepted offer signal originated of a service provision
invitation signal to said resource managing'means;
15 the issuance by said resource managing means of one or
more respective resource offer signals;
the acceptance of some or all of said resource offer
signals by said network managing means; and |
the routing of the signal via the resources corresponding

20 to the accepted resource managing means.
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resource suppl i er neans being arranged to receive a sai c? 5823"“ W@ C"W«-
pfovi'sion invitation signal to deternine whether the
resource they represent would contribute to the provrsﬁﬁﬂuﬁimﬁﬂi S
correspondi ng service; and, if so, to signal this tojtHe service suppl
nmeans; the service supply nmeans being arranged, on tHe b 'ss@msig at s
fromthe resource supplier neans, to selett said routle saggequent to tm

of fer of said service. 2. The apparatus of claim1 i _ t jone
of said tel ecomrunr catrojll_:l resour ces . co i seﬁéa signal format 30

o

converter. 3. ™ 3P4 = JTeT BT 1 im2 i MWATCh each sai ¢
service suppl y nmeahsr ceamplisesappktoati ot 0 e MRBGL2 elagamrs tref he

t echni cal
osour cos w TETL8EE dfcEfled R BIBIMER £ oo cd b e,
appar at us of SPRAKELTT FRCAE ITUWFARIE gentRt a AeeAEHPE ttd1ig he technr cal

capacities CRihsSS afEﬂfhéﬁﬁﬁbfé%éH)byrﬁéieréﬂﬁé H&Eé&ﬁ formats

bet ween whi ch sard srgqf r mat convertfr ep conve
r 1er 1nternat10na app 1catlon WO 94/28683

(agents reference A24601) includes an embodiment in

which, within a 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 transmit through
the network, he polls a first part of the network, and
which polls further downstream parts of the network, and
gso on, each part of the network then transmitting back a
price. Whilst this arrangement is suitable in many
applications, as networks grow in size the amount of
signalling generated within the network may be
substantial.

According to the invention we provide a
telecommunications system which routes messages
therethrough, in which bidding takes place in two stages;
a first stage in which an estimated bid is made prior to
derivation of the route, and, if accepted, a second stage
in 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 a reasonable response time in
setting up the route.

In accordance with a first aspect of the present
invention, there is provided a fouting apparatus for
gselecting a route through a telecommunication system
comprising:

a telecommunications user means arranged to generate
a request for a telecommunications service, to receive a
plurality of telecommunications service offers and to
select one thereof;



5 5. The apparatus of any of clains 1 to 4 in which_said off
|ncludes an offer price and Said service supply nean

RELL methEq

derive said offer price. 10 6. The apparat us gf eRyemim—et—arr5
in which each said resource supplier neans is arranggd fto derlve ndijs
a price to said service supply neans. 7. The app rdt ud8 SElR 992 4

in which said 15 tel ecommuni cations sé@vice supp
signal a price back to sald t el ecommuni cati ons user
accept ance ther eof

prices back t
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quality of sesiimg£l}nd@dnation to said

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
service provision invitation signal to determine whether
the telecommunications resource they represent would
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..

In-accordahce with a second aspect of the present
invention, there is provided a-method 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 resource
managing means each corresponding to one of said
resources; and a telecommunications user means
corresponding to a user; the method comprising the
following steps:

the issuance by one or more of said network managing
means of an offer signal to said telecommunications user
means;

the acceptance of one of said offer signals by said
telecommunications user means;



t el ecommuni cati ons user neans. .. 37 10. Appar at us ar:w. ot “l%\@%l\ﬁ' S'gﬁ%;m 9in
0 f

whi ch said tel ecomunications user means is arranged| t REPLAG if lsai d
t el ecommuni cati ons service offers based jointly on pfike and said qyallity
of service information. 5 11. Apparatus according to} c| apmy §gpi 1999hilcH said
format convertor is arranged to convert between fornptg correspondl gito
different nedia. 10 12. Apparat us a cording tofc rmill,
in which said format convertor neans is arranged to ,onvert a signal ijn a
first format to a .second for it s re ted b Iovver

vol unme of dat a. 15':51”163 B e S b%&}h rOTk (N emec mecr?;roug a

net wor k conprisicly theadienfted ppifert |$ygrml mmn@m:ﬂﬁ |y SAgeNTsGe each
corr espondi oyl Q25 R 1005 Ol 1418 SRGNLT Ked e 1l AL SRl il dd g

t.el econmuni cati ons resources; a plurality of resource nanaglng neans each
correspondi ng"®¥®he of said 20 resources; and a tel ecomunications user

means correspondi nghd 0 Sestde BPesaid M@@m& gy ime eddHVbNisd eps:

or more respective resource offer signals;

the acceptance of some or all of said resource offer
signals by said network managing means; and

the routing of the signal via the resources
corresponding to the aécepted resource managing means.

Furthermore, in a preferred embodiment, multiple
passes may be employed corresponding to successive layers
of a hierarchical organization of bidding gntities, those
entities in the middle layers acting as resource
suppliers to entities in 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
distributed.

For example, the arrangement adopted may consist of
an entity storing data relating to each customer and
arranged



t e i-ssuance-by one or nore of said netwerk managi ng _neans. of .an off
si gnal id tel ecormunications user neans; 25 REPEACEMERDt SHEES
of sagﬂ'g!@y‘mmuw y said tel econmunications usqr feans: -

by th nt nmeans from which the accefgtgd off halha

originated of a servi‘ce provision invitatidh signal kg sﬁﬁﬁgéggg ‘C

managi ng neans; 30 the i ssuance by said resourd '
or nore respectAiesresource offer signals; the acceptance of sone or
said resource offer signals by said network managi ng :
routing of t he signal via the resources 35 corresponding to the

accepted resource fRnagRe8dtiBgNapparatbs9fb87/8@lecting a route through a
PCT/ GB97/ 00891 38 record stores correﬁgfndLn to respective first |ocalised
areas and eachSSTOrYTRY ORGP SYRESEN ¢ @H?%é}WQJ users in a respective said
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and storing |oc _
plurality of telecommunications service offers and to select

one thereof;

a plurality of competing telecommunications service
10 supply means each arranged to receive a said request, to

» generate an offer signal. specifying a propdsed
telecommunications service; and to receive an acceptance
signal indicating acceptance thereof and, on receipt
thereof, to generate a service provision invitation signal;

15 and '
a - plurality of resource supplier means each
representing a communications resource, arranged to

communicate with each of said serxrvice supply means, said
resource supplier means being arranged to receive a said
20 service provision invitation signal to determine whether the
telecommunications resource they represent would contribute
to the provision of the cdrresponding service; and, if so,
to signal this to the service supply means;
the service supply means being arranged, on the basis
25 of signals from the resource supplier means, to select said
route subsequent to the offer of said service.

2. The apparatus of claim 1 in which at least one of
said telecommunications resources comprises a signal format
30 converter.

3. The apparatus of claim 1 or claim 2 in which each
said service supply means comprises a store storing data
relating to the technical capacities collectively available

35 from the plurality of resources with which it is associated.



dat a r el id second area. 16. A ne} REPLACEMENT GBEEInd:a
|Eﬁﬁ to a tel econmuni cati ons uskrpconpristng trjagki

tEIeéonnunl g ! ﬁ
sai d user ueproduction capabilities o I i of{ 10
di fferent %ﬂm ntermnals in the vicinity fasésgbu?g? and
delivering said nessage to one of said terzmgnals in | heuigiRity—et—is i!d

user in dependence upon the format of said signal, the cap’abi lities ofLsai d

termnals and the @pSIt*gQ géﬁggégugsgf'claims 2 and 3 in which said data

relating to the technical capacities comprises data
specifying input and output formats between which said
signal format converter can convert.

5. The apparatus of any of claims 1 to 4 in which
said offer signal includes an offer price and said service

supply means are arranged to derive said offer price.

10 6. The apparatus of any of claims 1 to 5 in which
+ each said resource supplier means is arranged to derive and
signal a price to said service supply means.

7. The apparatus of claim 1 in which said
15 telecommunications service supply means are arranged to
signal a price back to said telecommunications user means
and, on acceptance thereof, said resource supplier means are
arranged to signal prices back to said telecommunications
service supply means.
20
8. Apparatus according to claim 7 in which said
telecommunications service supply means 1is arranged to
compare the prices signalled back from said ‘- resource
supplier means with the price signalled forward to the
25 telecommunications user means, and to issue future said
prices to said telecommunications user means in dependence
upon the relationship therebetween.

9. The apparatus of any preceding claim, wherein said

30 telecommunications service supply means is arranged to

signal anticipated quality of service information to said
telecommunications user means. '
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10. Apparaﬁus according to claim 9 in which said
telecommunications user means is arranged to select one of
said telecommunications service offers based jointly on

price and said quality of service information.

11. Apparatus according to c¢laim 2, in which said
format convertor is arranged to convert between formats
corresponding to different media.

12. Apparatus according to claim 2 or claim 11, in
which said format convertor 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. '

13. A method 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
resource managing means each corresponding to one of said
resources; and a telecommunications user means corresponding
to a user; the method comprising the following steps:

the issuance by one or more of said network managing
means of an offer signal to said telecommunications user
means ;

the acceptance of one of said offer signals by said
telecommunications user means;

the issuance by the network management means from which
the accepted offer signal originated of a service provision
invitation signal to said resource managing means;

the issuance by said resource managing means of one or
more respectiVe resource offer signals;

the acceptance of some or all of said resource offer
signals by said network managing means; and

the routing of the =signal wvia the resources

corresponding to the accepted resource managing means.
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Routing apparatus for a telecommunication system comprising:
a telecommunications user means arranged to generate a request
for a telecommunications delivery service, to reccive a plurality of
telecommunications delivery service offers and to select one thereof;
a plurality of telecommunication service supply means cach arranged
to recelve 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 thereof, to generate
a service provision invitation; and a plurality of resource supplicr
means each representing a communications resousce amanged to
communicate with each of said service supply means, said resource
supplier means being amanged to receive a said invitation to
determine whether the telecommunications resource they represent
would contribute to the provision of the comesponding 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
supglier means, to select said route subsequent to the offer of said
service.
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