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Recently, there has been a convergence in devices, meaning that all these
25  different technologies are available on a single device. For example, there are
several cell phones on the market which are capable of Bluetooth™
communications. Recently HP™ announced a device which has cellular,
Bluetooth™ and WLAN capabilities. There has been some research on ‘exploiting
' this convergence to provide better data and voice services. For example, an
30  architecture which uses multi-hop communications to relay data to a cellular base
station has been proposed. The rationale being that, reduced power used for multi-
hop transmissions will result in improved spatial reuse and thereby provide better
capacity in the network. Most research in ad hoc networks however adheres to the
traditional point to point communication paradigm whereby the goal is to provide
35 reliable end to end delivery of packets between a source and a destination (or
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provision for wireless mobile users who have intermittent connectivity. 7DS has its

30 primary goal providing data connectivity to mobile hosts. In other words 7DS
provides access to existing electronic resources.

The infostation concept, originally proposed by researchers at WINLAB [Do
we have a non-web reference to WINLAB?], is based on the idea of using high
power base stations (i.e., infostations) to provide high data rate network access to

35  small geographically disjoint areas. The intuition is that users buffer large data until
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for some information from an unknown destination node. The basic tool in this work

is that of random walks and more specifically the continuous time random walk (or

30  Brownian motion). It considers several search strategies. In the first type, the source
transmits a query, which does a random walk until it hits the destination. In the
second type, both the source and destination transmit a query, and both do random
walks until their paths intersect. In the third type, the destination periodically caches

the information and the source simply does a random walk until it hits one of the

35 caches. The analysis in that proposal relies heavily on results from random walks
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25 The method may further comprise forwarding, depending on the category

of the first query, the first query from the one second type device to one or more
other second type devices.

Each first type device may determine whether a second query matching

30 the first query is available at said first type device.

Each first type device may comprise a notification mechanism to notify

users when a match has been determined at a first type device.

35 Each first type device may store each query that arrives at said first type
device.
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20  connection and not the infrastructure.

The peer-to-peer connection may comprise Bluetooth or Wi-Fi services.

The placing the first query from a user to the one second type device
25  may comprise utilizing direct cellular services of the network.

The forwarding of the first query to the one or more first type devices may
comprise utilizing direct cellular services of the network.

30 The dividing of the geographical area into the regions may be based on
one or more of a group consisting of the category of the first query, a popularity
of the category of the first query, a density of the first type devices in the
network, and a mobility of the first type devices in the network.

35 The first type devices may be mobile stations of the network.
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In accordance with a second aspect of the present invention there is
provided a hybrid infrastructure/infrastructure-less network comprising:
pluralities of first and second type communication devices respectively;
wherein one of the first type devices forwards a first query placed by a
25 user to one of the second type devices;
the one second type device forwards, depending on a category of the
first query, the first query to one or more first type devices; and
each of the one or more first type devices relays the ﬁrst query fo one or
more neighbouring first type devices.
30
The system may further comprise a geographical area covered by the
network‘and divided into a plurality of regions; and wherein the one or more first
type devices, to which the first query is forwarded by the second type device,
are located in one of the regions.
35
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forwardi ng, depending on the category of the first
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25
In accordance with a foruth aspect of the present invention there is
provided a method of matching queries in a network, the network comprising
pluralities of first and second type communication devices respectively, the
method comprising dividing a geographical area covered by the network into a
30 plurality of regions; placing a first query by a user on one of the first type devices
and forwarding the query to one of the second type devices; forwarding,
depending on a category of the first query, the first query from the one second
type device to one or more first type devices into one of the regions; and
relaying the first query from each of one or more first type devices in the one
35 region to one or more neighbouring first type devices.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,
30 by way of example only, and in conjunction with the drawings, in which:
Figs. 1A to D are schematic drawings illustrating the architecture of a
wireless virtual social network in accordance with an embodiment of the present
invention.



of one or nore first type devices in the one region to

one or nore neighbouring first type devices. BRIEF
WORGERE$EK ON OF THE DRAW NGS Enbodi ments of t heCT/SG2004/000396

invention will be better understood and readily

apparent to one of ordinary skill in the art fromthe

foll ow ng. wj tten desgr.i i an, by way of exampl e .only,

and 0 cEI BB Rt vt S min oRtA Betpet two types
1A bobqleregseassa fiueation of duabengbquédriesiropagatgd fineaccordance with an
archi tectur %Nirel ess virtual social network in

f & o(%.ma
accorURREe W? &R"enbodi nent of the pr esent
i nvent i offigzi3is 2 sihemmtia grboing lilustsatirat bagadrbeasmaniovenay to an

i stange be en. t wo es of eries,as a functiqgn of
funbarisy S RIBER AoofiRie findh Serip ieripdinent.
exanpl e Eealdisresthenttig. drawing dusteltieged geegrfawnatg according to an
il ustrafi?r}g b@lzaaés as an overlay to an existing
cel PXAIP'S HFPAMENLt ure, in accordance with an exanpl e
enbodi rreftg. Fsigpwdlisi S g_eh@ﬁhwataiv\ﬂngtr Hﬂ;bie’mgtrirr}'od 3_lmhipﬁitérr@stem for
a quer or.mat , cordi.ng to an exanpl e enbodi ment. ..

Fi o MisberBlisd pumdRSd RhHavrE R PG oi08 0 A GeAMAT REDadiment.
1Conput er Fey G siowoa flowdherteintistraging aaidiiosd acdorgirgt ©nan example

accor di tq an exanpl e enbodinent. Fig. 6 shows a
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iIIusibr I ng a nmet hod according to an exanpl e

enbSdl ﬁéﬁ‘i‘? DETAI LED DESCRI PTION I n an exanpl e

enbodi nent, a scenario where a user, who requires sone

i nf j oA, qguery on her nobile device is
1édesgﬁm%25ﬁ$§e%©ﬂs then propagated via the

infrastructure to a nunber of randomy chosen users in

a speci f irc agpexgmajgherabodigent).a Jdeaade odicaplai usareghomequires some

- cortoaBR e Al S et gt Cled o BeERRA T g upry is hen

noderopaggted plactheninfiastincuredo antuntbea ofeindbmiyscHosemdsers in a specific
Zd t ygéé:g%pl)l%c %]gioan e %regbrtafaﬁ‘lrc%e&cs)r? Eegenrcri%bdnl fhe type of query. Within this
geographic region, the query then propagates via the peer-to-peer mode as people

move around until a match is found (typically on some arbitrary user's mobile
device). The user who placed the query is then automatically informed of this match
(e.g sms, or email). A system architecture is provided which can be easily deployed
25  at minimal cost over the existing cellular infrastructure. In the example embodiment,
the system architecture provides for a distributed geographic database. It is
distributed, because information is stored across different people’s devices. In other
words people are the database. It is a geographic database because queries related
. to a particular category are directed to a predetermined geographic region via the

30 infrastructure.

This minimal amount of engineering can result in tremendous improvement
in system performance (measured in terms of the time until a match is found). This
is quantified by computing a tight theoretical bound on the time until a maich is
found in the example embodiment. Moreover, the system architecture in the

35 example embodiment provides hooks and handles for giving Quality of Service
guarantees to the user.
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cosit, tugt &irthiel eprapagatan éte qeertyowa ﬁhenpeeaﬂtm—peer mmldat irorthe example

15by %}ﬁg’édnﬂgnt ﬁ%‘ cca@n%(‘iog){ %§E§%§ toAﬁ’dﬁ’ E@%ﬁﬁa%ﬁdl VI g‘rﬁr%ry In other
a n\Mcm‘de,ra bazaafgnecnmee acqurefe@2d rwlsmwbe forequedée it e@attmutaxs category
LAY, o AT o 58 BBl Syt o
serhazagt émerelsy abizevibe b digh cmwetra’mmofcmch gnieries age inpreasing the
SpQ[IfEﬁ’ho%B fer%%: Farl@' cﬂfgggée Wh}@(’ﬁﬁt Bading T@%J gsft?\gsm?th?%@d%g that the
20qu enlymate matoperhaueries iy ctrigisnab@frbml anywharfer Bstinchading &omavithin the

;?Z‘f&%g’% Lozﬁ]bggﬁjg\%,{%&zgmbazaar e.g. 102. The base

Ions t users at random and propagate
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fur Uery Vi a eer
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25i n%l‘@ie%?rl\be? X B3 retdlB% rggy ?ekgdt oHr asslidhn‘l)e%l? of queries in a “car sales”
category been to that particular bazaar.

In different embodiments, bazaars may alternatively be defined with
reference to other regions into which the queries may be distributed and which
potentially contain a concentration of mobile devices, such as for example trains

30 including subway trains, planes, ships, or other transport vessels. In such
embodiments, the region associated with such a bazaar may be dynamically defined
within the overall network.

Figures 1B-D illustrate this basic system architecture in the example
embodiment. When two matching queries are co-located on a single device, the

35 device automatically informs the respective users about the match via the network
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In the following, some of the design issues associated with the architecture
in the example embodiment are described. The intuition behind the architecture is
that the expected matching time between two queries is proportional to the expected
initial distance between them. Therefore, by partitioning e.g. a city into bazaars each

30  serving queries of a certain category one is actually able to decrease the initial
minimum distance between matching queries. Moreover, sending k copies of each
query achieves two purposes. First, it ensures that each query lasts in the system
for a longer duration. This ensures that even if a matching query arrives at a later
time, there is a good chance of a match. Second, the minimum distance between
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th ! lcllez\/%§ buffer management algorithms in different example embodiments can
alleviate this. One mechanism would be to have a Time To Live (TTL) stamp on
each query and delete every query when the current time is greater than the TTL.
Essentially the buffer management algorithm has two tasks. First, whenever it
receives a query from either the syétem or from a neighboring node, it must decide
30  which query it has to erase from its memory to accommodate the new query. There
are several candidate algorithms, such as First-in-First-out (FIFO) or Oldest Query
First, which are possible. Similarly, when a node has a neighbor, it has to decide on
which query to relay to its neighbor. In a preferred embodiment, buffer management
policies which maximizes the matching probability while minimizing the matching
35 time are implemented.
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25 (MSC). Figure 3 depicts bazaars e.g. 300 as an overlay network on an existing
cellular infrastructure 302. .

When a user places a query, it is directed to the MSC, which uses a look up

table to route the query to the MSC which is in charge of the bazaar e.g. 302

corresponding to the query. When an MSC receives a query from another MSC, it

30 chooses k random users from its Visitor Location Register (VLR) and directs the

query to these k users. If a device detects a match between two queries (say query

g and r), it automatically forwards the address of r to q and vice versa. This could

either be an sms or an email. It will be appreciated that in different network

implementations, the MSCs may be replaced by other devices such as base stations
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h is in charge of the bazaar e.g. 302
The computer module 502 in the example includes a processor 518, a

Random Access Memory (RAM) 520 and a Read Only Memory (ROM) 522.
The computer module 502 also includes a number of Input/Output (I/O)

25 interfaces, for example /O interface 524 to the display 508, and l/O interface
526 to the keyboard 504.

The components of the computer module 502 typically communicate via
an interconnected bus 528 and in a manner known to the person skilled in the
relevant art.

30 The application program is typically supplied to the user of the computer
system 500 encoded on a data storage medium such as a CD-ROM or floppy
disk and read utilising a corresponding data storage medium drive of a data
storage device 530. The application program is read and controlled in its
execution by the processor 518. Intermediate storage of program data maybe

35 accomplished using RAM 520.
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embodiments without departing from the spirit or scope of the invention as broadly
25  described. The present embodiments are, therefore, to be considered in all respects
to be illustrative and not restrictive.
The example embodiment allows users to give meaning to the queries that
they propagate, through selective computing and forwarding.
The example embodiment incorporates the ideas of using the infrastructure
30 to spread to an initial number of users in a common geographical area, known as a
bazaar to improve the performance of information access. This also enables the
embodiment to be engineered intelligently through setting design parameters and
utilizing smart algorithms.
The example embodiment does not require the existence of a "wired
35 network”, although it may support the activities of SWIM. Rather, the example



The conputer nodul e 502 al so i ncludes a nunber of
I nput/Qutput (1/0O interfaces, for exanple I/0
wonwmrossse 524 to the display 508, and I/ O i nt eCT/aG2004/000396
526 to the keyboard 504. The cl@nponents of the
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cor rasijponealkg data storage nediumdrive of a data
gtorage devi ce 530. The application programis read
and controlled in its execution by the processor 518.
I ntermedi ate storage of program data maybe
acconpl i shed usi ng RAM 520. Figure 6 shows a fl owchart
illustrating a method of matching queries in a hybrid
infrastructure/infrastructure-|ess conmmunication
network, the network conprising pluralities of first
and second type conmuni cati on devices respectively, in
an exanpl e enbodi nent. At step 600, a first query is
pl aced by a user on one of the first type devices and
the query is forwarded via infrastructure-based
comuni cation to one of the second type devices. At
step 602, depending on a category of the first query,
the first query is forwarded fromthe one second type
device to one or nore first type devices via

i nfrastructurebased conmuni cation. At step 604, the
first query is relayed fromeach of said one or nore
first type devices to one or nore neighbouring first
type devices via infrastructure-|ess conmruni cati on.
Figure 7 shows a flowhart illustrating a nethod of
mat ching queries in a network, the network conpri sing
pluralities of first and second type comuni cation
devi ces respectively, in another exanple enbodi nent.
At step 700, a geographical area covered by the
network is divided into a plurality of regions. At
step 702, a first query is placed by a user on one of
the first type devices and the query is forwarded to
one of the second type devices. At step



704, depending on a category of the first query, the
first query is forwarded fromthe one second type
wdevictnssse one or nore first type devices in oReTSG200®00396

regions. At step 706, the first8 query is relayed from

each of the one or nore first type devices in the one

regic@Aiig one or nore nei ghbouring first type devices.
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Sluralltles of "Tirst and second type communi cation
evi ces respectively, the nethod conprising: placing a

first query byna HR@hodlRsORGInREd tiReclhiisSt bypz? g.g'}ﬁe?eéomprlsmg

and forwarding the query via infrastructure-b
c omfRWREdRY ierendinigeonthet ¢pdegary @i dhe {isbadeny; &esf irst query from the

one second type device to one or more other second type devices.

25 4. The method as claimed in any one of claims 1 to 3, wherein each
first type device determines whether a second query matching the first query is
available at said first type device.

5. The method as claimed in claim 4, wherein each first type device
30 comprises a notification mechanism to notify users when a match has been
determined at a first type device. '

6. The method as claimed in any one of claims 1 to 5, wherein each
first type device stores each query that arrives at said first type device.
35



forwardi ng, depending on a category of the first

guery, the first query fromthe one second type device
woaomnsIss nore first type devices via PCT/SG2004/000396

i nfrastructure-based communi cadi on; and rel aying the

first query fromeach of said one or nore first type

devi ces to ong, or r uri first type deyi .
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ty pguetrig éiﬁjsproéabmy&)fmﬂﬁtb@dnaﬁe ohahemd, amd my)umemtméatlon on the
cl altF;Bﬁ{ ﬁ%gé) 3, wherein each first type device

det® ‘whet her a second query matching the first
iuery is available at said first type device. 5. The

met hod ag cl ai first ty
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us eqserviiependsahe br hase biffenerdadrierity faedrait a first type
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1to 5 wherein each first type device stores each
query t hao. ar Theemettiods aisd claimetl iny plairde§j cehéteinTliee notification

as. cl ai ned claim6, wherein each first .
1 evineen Attt sy BrofiFatcil Besedds i b ol Bbe devices
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first téé)e devi ﬁes to forwgrd the first query based on
a stEEFRYs BTeURYISYS ¥ BPAY natching time for queries

2@nd probability of match on the one hand, and resource
utilisat |18n O?htehr%e%o%egs aalmed in any one of the preceding claims,
wherein each first type device relays a query using only a peer-to-peer

connection and not the infrastructure.

25 13. The method as claimed in claim 12, wherein the peer-to-peer
connection comprises Bluetooth or Wi-Fi services.

14. The method as claimed in any one of the preceding claims,
wherein the placing the first query from a user to the one second type device
30 comprises utilizing direct cellular services of the network.

15. The method as claimed in any one of the preceding claims,
wherein the forwarding of the first query to the one or more first type devices
comprises utilizing direct cellular services of the network.

35



9. The nethod as clained in claim7, wherein the

priority of each query depends one or nore different
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21. The method as claimed in 20, wherein the vessels comprise one
25 or more of a group consisting of a train, a subway train, a plane, and a ship.

22. The method as claimed in any one of the preceding claims,
wherein the second type devices are base stations or access points of the
network.

30

23. A hybrid infrastructure/infrastructure-less network comprising:

pluralities of first and second type communication devices respectively,

wherein one of the first type devices forwards a first query from a user via
infrastructure-based communication to one of the second type devices;
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second type devices;

25 forwarding, depending on a category of the first query, the first query
from the one second type device to one or more first type devices via
infrastructure based communication; and

relaying the first query from each of said one or more first type devices to
one or more neighbouring first type devices via infrastructure-less

30 communication.

27. The data storage medium as claimed in claim 26, wherein the
method further comprises dividing a geographical area covered by the network
into a plurality of regions; and wherein the one or more first type devices, to
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typ nfrastructure-|less conmuni cati on.
S?%ﬁ%dgﬁgdg g?%ge medium as clained in claim?26,
mhereln the nethod further conprises dividing a
geographigal @r e r it
pl urali t)b/gof rﬂeglﬁl%tﬁg& Biegn%%hhg d?"%%hggone é;rr%t\"i\‘lork the network
10 i r sompyiging deliralgies tabwhitsth antle seicosd tywer ycomymunication devices
for ype device, are |ocated
in ong@@@e%éﬁ?@geﬁ@cﬁds&ﬁg@@ le data storage nedi um as
cI ai med dwidingiange@Baphical Areatmoverad byhdhermehwerkfinta Baplurality of
%d S&s forwarding, depending on the category of the
flrs quéry, the first query fromthe one second type
devi ce tplaging erfirsbigent hera sseomn pypedfdbei st tym depices and
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conmuni cmemi@@vdmdrr@sp@cﬁ catsiopry pﬁéharﬁtaﬁowery, the first query
| .
X hgﬂ%gﬂhg%n doﬂljr}g? %ﬁ??;@gpé o m&éqﬁstQ?H% Pﬁgcgé/ in one of the

regi ons,
fi rsegltafweleydby a user on one of the first type devices

and for V‘@élgylﬂg e BrsBYEEY fdtn 3Eh B tid'6né BF Rife Fi¥RBype devices in

devi ce
20 the one region to one or more neighbouring first type devices.

30. A network comprising:
pluralities of first and second type communication devices respectively;
a geographical area covered by the network and divided into a plurality of
25  regions;
wherein one of the first type devices forwards a first query placed by a
user to one of the second type devices;
the one second type device forwards, depending on a category of the
first query, the first query to one or more first type devices in one of the regions;
30 and
each of the one or more first type devices in the one region relays the

first query to one or more neighbouring first type devices.

31. A computer readable data storage medium having stored thereon
35 computer code means for instructing a computer to execute a method of



forwardi ng, depending on a category of the first
guery, the first query fromthe one second type device
woaowna9ss nore first type devices in one of tRET/SG2004/000396

regions; and relaying the firs23 query fromeach of the
one or nore first type devices in the one region to

one e [

et VORITRG SRR 1 Bt 1, nbR EBHEiE g dliraftee of frst and
t y pesecomhtypecainirounicaioncdsyvicassigepedtivelyy theamethod comprising:
geogr aphi gal. ar f r LY i .
oo o pifiind:d BagctaBhRd ded, pSyedeh 1 RN iF 4 piuraity of
t ypeegiens;ces forwards a first query placed by a user

o one of 1k e devices; t nd _fype.
gevi ce fgrl%/\(%r?%s% ﬁ%@%é‘%ﬁba{ gnugaeqc%? é’ggr (3"12}68? ﬁ% &P% s%%'ces and
gueffgrwardieg tthe guery e ppe tof themeeamdrippedévicas; t ype

devi ces i f .eqi Ons; f e

mor e 11 r SoEPBeS b R oARior T 3 08 b g7 4 st query
fi r ditony ther gne secorel type wevisertei gytebaumoregfirkt type deyvjes in one of the
devuglgn,%"%. A conputer readable data storage nedi um

having St'oted t her eon conmput er code neans for
1Dnst r uct irelgyiagdbenitst guetyofremeeadheofdheenbant mémrediirshiypg devices in

uer, r i no
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devi ces respectively, the method conprising: dividing
a geographical area covered by the network into a
plurality of regions; placing a first query by a user
on one of the first type devices and forwarding the
query to one of the second type devices; forwarding,
depending on a category of the first query, the first
query fromthe one second type device to one or nore
first type devices in one of the regions; and rel aying
the first query fromeach of the one or nore first
type devices in the one region to one or nore

nei ghbouring first type devices.



