|  Matching Queries in A Network FIELD OF INVENTION 5 The present invention
relates broadly to a nethod and systemfor matching queries in a network,
and to a conputer readable data storage nedium having stored thereon

conput er code neans for instructing a conputer to execute a nethod for

mat ching queries in a network. 10 BACK ND Often, people seek information
by asking their social contacts and by avigating their social network.
This way of seeking information is still very popular in spite of the

availability of vast repositories of information such as the world w de 15

web, libraries etc. This is baatchingeQneeiesin pobatworkni que i nformation
(e.g., location specific, or tenporal), which is not easily available from
other information repositories such as the Internet. Wrel ess technol ogy

has nade trerreng&g_ﬁ%ﬁg\mqgﬁ%lagg there now exist a variety of access

t echnol ogi es for erent nee For exanple, cellular networks 20 provide
ubi qui t ous voi ce conmuni cations and sone limted data services. Wreless LAN
standards suth as | EHie $b&seht iheediosnatdtes] uoadiettheaenethodghnd pysttmadaress

to the Internet .addj tion, h S_. € a s cenent
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these 25 di ffefoe&echfae(aﬂ'rrﬂgih%gief?fmgﬁgginquﬁie,'i%){qea o Qf-i ngl e devi ce. For

exanpl e, there aré€ sever néson e nar whi ch are capabl e of
Bl uet oot hTM conmuni cati ons. Recently HPTM announced a devi ce whi ch has

cel lul ar, %ue?a&gﬁﬂ%gﬂ% WLAN capabilities. There has been sone research
on exploiting I'S convergence to provide better data and voi ce servi ces.
For exanple, an 30 architecture which uses nulti-hop conmunications to rel ay
data to a cellul ar b@fen, peopld saek dfomalion hyopsidng theheogialt aifrate apdi by

that, reduced PRYRIatHG BRir cidMHbMork. This way of seeking information is still very popular

in spite of the availability of vast repositories of information such as the world wide

15  web, libraries etc. This is because people may possess unique information (e.g.,

location specific, or temporal), which is not easily available from other information

repositories such as the Internet.

Wireless technology has made tremendous advances and there now exist a

variety of access technologies for different needs. For example, cellular networks

20 provide ubiquitous voice communications and some limited data services. Wireless

LAN standards such as |IEEE 802.11 have enabled un-tethered, high speed access

to the Internet. In addition, Bluetooth™ has emerged as a cable replacement
technology for providing low rate services between different kinds of devices.

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 muiti-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



hop transm ssions will result in inproved spatial reuse and thereby provide
better capacity in the network. Most research in ad hoc networks however
adheres to the traditional point to point conmunication paradi gm whereby
the goal is to provide 35 reliable end to end delivery of packets between a
source and a destination (or 2 nmultipl ezdesti nations in the case of
multicast). The research has focussed on“ inporting this traditional
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As an exanple, goRatHey n@deeﬁfwchbwe@fr HastequdbtbC iy GrEVafldbIB R Hast BmBYEFi

wirel ess local area network. Sone of these hosts are able to access t%e
internet vi® digfopeeciad thﬁiﬂétChéﬂo%tc'E@%sé"eBGFﬂfeqUS?to'BlnH@t’Bﬁl'Wheéﬁ?ﬁh -der
host A who is 7DS [M. Papadopouli and H. Schulzrinne, "Effects of power conservation,

wireless coverage and cooperation on data dissemination among mobile devices”,
ACM SIGMOBILE Symposium on Mobile Ad Hoc Networking & Computing
(MobiHoc) 2001, October 4-5, 2001, Long Beéch, California] is a peer-to-peer

20 resource sharing system, aimed at providing data access to wireless mobile
devices. As an example, consider a network of hosts which can communicate over a
wireless local area network. Some of these hosts are able to access the internet via
a wireless mode, an access point, or Bluetooth™. Consider host A who is
participating in an internet access session but has intermittent connectivity to the

25 internet. When A needs access but is not connected, it queries hosts in its proximity
for the data. Suppose, hosts B and C receive the query. If they have the data, they
can forward it to A. If they do not have the data, but they have internet access, they
can obtain the data and then forward it to A. The emphasis of 7DS is data access
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



participating in an internet access session but has intermttent
connectivity to the 25 internet. Wien A needs access but is not connected,

it queries hosts inits proximty for the data. Suppose, hosts B and C
receive the query. If they have the data, they can forward it to A If they
do not have the data, but they have integnet access, they can obtain the
data and then forward it to A The enphasis of 7DS is data access provision
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and also informs the user if his buddies are in the area. The Bedd service allows

users with Bluetooth™ enabled phones to enter profiles into their phone and search

profiles on strangers mobile phones. If there is a match in profiles, the users are

alerted. These profiles can contain application specific information, such as for

20 dating or buying and selling products. However, since the queries propagate only

through the mobile ad-hoc network, it is not possible to engineer the system to offer
sharp service guarantees.

Querying for information over a wireless sensor network has also been

investigated. The network consists of a regular grid of sensors in a unit area, in

25 which each sensor can communicate only with adjacent neighbors. In addition, the

nodes do not have directional information either about their neighbors or any other

nodes. The problem considered is one in which a querying node transmits a query

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



and also infornms the user if his buddies are in the area. The Bedd service
allows users with Bl uetoothTM enabl ed phones to enter profiles into their
phone and search profiles on strangers nobile phones. If there is a match
in profiles, the users are alerted. These profiles can contain application
specific information, such as for 20 dating or buying and selling products.
However, since the queries propagate only through the nobile ad-hoc
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15 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
one or more first type devices to one or more neighbouring first type devices via

infrastructure-less communication.

20 The method may further comprise dividing a geographical area covered
by the network 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.

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.



provi ded a nethod of matching queries in a hybrid
Infrastructurelinfrastructure 10 | ess comruni cati on network, the network
conprising pluralities of first and second type comuni cation devi ces
respectively, the nethod conprising placing a first query by a user on one
of the first type devices and forwardinggthe query via infrastructure-based
communi cation to one of the second type devices; forwarding, depending on a
category of the first query, the first query 15 fromthe one second type
device to one or nore first type devices via Infrastructure-based

cormugi cation; and rEbavﬁ@gwpbmeﬁ%ésﬁayqu&?iyewhwmﬂsgbrqﬁorem_n@g toresletd i r st
type devices to one or nore nei.ghbouring first type devjces via
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di viding a geoggagipi cal area covered by the network into a plurality of
regi ons; and_wherein the one or nore first type devices, to which the first

query is f or War ded by the second type device, are located in one of the
regi ons. 25 The net hBachgcohdriydecdeviceimay sietdrminsatoditiich odle e nebre Grsb tygehe

category of the firs uery,, . the first. query fromthe one second e
device to one o e‘f’r%ersetto @W\# tg%gr ﬁ&“?%%a ﬁgv‘%/nc@??améé%ﬁi aﬂaﬁ@{s ?Cfﬂo@ah%\%lgce may
det er m ne whet htmedorspedasl oq dey gnentedncl) and resdirdendilitationt orgtherofhar haad.ai | abl e
at said first type device. Each first type device may conprise a
notification nmechanismto notify wusers when a match has been determ ned at
a first typdéOdevi ce. T35 phacty 6fi each qyery rday idepemdhpnst@r moeaclhifecgnd rpriorityat
arrives at sai dfafciJr§t type device. 5 Each first type device may deci de
which zero or nore queries to delete when a new query arrives at said first
type device based on a priority of each query. 5

The notification mechanism may comprise sending a notification
message to the first type devices from which the respective matching queries
15  originate.

The notification message may be sent by sms or email.

Each first type device may relay a query using only a peer-to-peer
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.



Each second type device nmay determine to which one or nore first type
devices to forward the first query based on a statistical analysis of a
matching tinme for queries on the one hand, and resource utilisation on the
ot her hand. 10 The priority of each query may depend one or nore different
priority factors. The notification nechgnismmay conprise sending a
notification nessage to the first type devices fromwhich the respective
mat ching queries 15 originate. The notification nessage nay be sent by sns
or email. Each first type device may relay a query using only a peer-to-peer
20 connection and ndrthetfiret typerdesices aiay eomgiise ¢recor morepfist salptypeaddvitesnay
conprise Bluetogth, or \W.-Fi services. The placin he first .que froma
Gser o the oncebaninf Wiasy Bl s5E SommulcdtfontEudt KBprboorMiRinieyle

cel lul ar servi desedfcomneunietioor k. The forwarding of the first query to the
one or rmre5fi rst type devices may conprise utilizing direct cellular
services of the network. 30 The dividing of the geographical area into the
regi ons may be basedaithonems nore finstesubfttype gieviags @y gnformmneodr more efathegor y
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stations of thedcf@ﬁ:te‘."mk- 6 The first type devices nmay conprise one or nore
first sub-type devices capable of infrastructure-less comunication, and not

capabl e of 1hfrastructure- based communication. 5 Said one or nore first

sub-type devices mbﬂé‘&Pﬁl’E\'@Bﬁh@ﬁﬁfQﬁ@#@‘ dyridnicdily 'Rfindd BRd @8¥dcHRed Witha
match is determ ned on said first sub-type device, and said .
one or more transport vessels in"which a plurality of first type devices are

located.

15 The transport vessels may comprise one or more of a group consisting of
a train, a subway train, a plane, and a ship.

The second type devices may be base stations or access points of the
network.
20
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 to one or
more rneighbouring 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



first type device notifies users of the match determ ned at said first
sub-type device. 10 One or nore of the regions are dynamcally defined and
associated with one or nore transport vessels in which a plurality of first
type devices are |located. 15 The transport vessels nay conprise one or nore
of a group consisting of a train, a subway train, a plane, and a ship. The
second type devices may be base stations or access points of the network.

20 In accordance with a second aspect .of th resent invention there

orovi ded a hybrid- | rif PE.OTE SRV R ARUSR PRy TamEr dapenBina R SHBORS H
pluralities of therfsét quedy,seclirstiqierp anoLmoeaitharsedend ope deeispect i vel y;
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,

dependi ng on a cat egior ywcodrdarive withr s tthigdi erspectt bfe tie psésemtiénvyention dhereots nor e
first type dgvi

the fir3t quarybOydsRes oo reandnaRoarle: g 2es Lpbityy, phife; Sien Beiehne”
system may furt bempetenpmodsemearsedgr aystriicilg ar eampuier te cexegutehe methbdook and
devi cos, to uni TR rdheles (c oRybuor Bl eyt iEe e Bo o ctlece, 7
are | ocated in opewodf commerising) plunalities of first Bind sersend &qencominpeication devicesy
forward, dependi’é%ge&ﬂlew?%ecl%fﬁQQ rc)Sm?)T'ising placing a first query by a user on one of the
10 first type devices and forwarding the query via infrastructure based
communication 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 via infrastructure based communication; and
relaying the first query from each of one or more first type devices to one or

16  more neighbouring first type devices via infrastructure-less communication.

The method may further comprise dividing a geographical area covered
by the network into a plurality of regions; and wherein the one or more first type
devices, to which the first query is forwarded by the one second type device, are

20 located in one of the regions.

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.

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.



the first query, the first query to one or nore other second type devi ces.
In accordance with a third aspect of the present invention thereis 5

provi ded a conmputer readabl e data storage nmedi um having stored thereon
conput er code neans for instructing a conputer to execute a nethod of

mat chi ng queries in a hybrid infrastructgre/infrastructure-|less network, the
network conprising pluralities of first and second type comruni cation
devices respectively, the nethod conprising placing a first query by a user
on one of the 10 first type devices and forwarding the query via
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accordance Wt hthe firsfrquery teanecar ragretneighbewingfirst type devieas. t here is  provi ded
a nethod of matching queries in a network, the network conprising

pluralities of first and second type conmuni cati on devi ces respectively, the
met hod conpri sing di i #REAancgeulft apsaventh agrest ebihe pepseRt inMentios: hef&is nto a
30 plurality of pfRflieans coripitém Beadiable’ Gita O8t6iage Dinediuts Bavilg tBRdOtheldth first
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from the ongssefiching 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 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
20 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 region to one or more neighbouring
first type devices.

25
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.
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relaying the first query fromeach of one or nore first type devices in the
one 35 region to one or nore neighbouring first type devices. 8 1In
accordance with a fifth aspect of the present invention there is provided a
network conprising pluralities of first @and second type communication

devi ces respectively; a geographical area covered by the 5 network and

divided into a plurality of regjons; erein.one of .the first type, devices
forwards a first qug‘?f %F%%a g{??gﬁ’ﬁgé\ﬁ]"gt‘gemg'wtdf?éa%c@c%eﬁ‘ﬁe?@/ O YRES ces:
t he one second dfyperieeas adurictiomaf niamberegi gudiiesgpropagatedingocordaricet Wigh ahi r st
query, the first ﬂiﬁfé%ﬁ'@o .one, or nore first type devices into one of the

regi ons; and edth O%'Wgnbr nore first type devices in the one region
relays 10 the firstFigugis atsshematiodrawing illustrgtivigp bazamys fasr s oventey theances.

I n accordange w . r nt_ Lnv i IS
provi ded a %o rr\églﬂsg PS £ ég%gﬁbgas@? gj?és’t"grg(é%%&# § ﬁﬁ% %naé)lpan gfﬂ é teg{r%gép'f%gr eon
conput er code neans FAigr4 isrss$cheotatiagirawing itpstratingt @ qeerydatmeataacoerdingl toén 15

mat ching queri g3 l@erﬂ%a\ﬁeht the network conprising pluralities of first
and second typé communi cation devices respectively, the nethod conprising

di vi di ng a geogr aphifigi 5 shaeys isc e¢heindii¢ drawinge ilinstritinga comppten sastemy fonf

regi ons; placi It f ' ; devi ces
and 1 orvar di ng TRSeg o HAREY GRY oA ea NG5 o oXal Pl SRBGTERE Gine,
dependi ng d8 a cat edig-y6 showpatiewchart Jlustjatingya metbod aceerdigade yart examnlee one
second type dednbodiReqne or nore first type devices into one of the
regions; and rel ayi p the first quer%@from_ each of one or nore first type
devices in the one Figibahews aflevwshakdlustrainggh mgiPedchgecerdingtto appexample ces.
25 BRI EF DESCRIdRIBddinéERt. THE DRAW NGS Enbodi nents of the invention will be
better understood and readily

15 DETAILED DESCRIPTION

In an example embodiment, a scenario where a user, who requires some
information, places her query on her mobile device is described. This query is then
propagated via the infrastructure to a number of randomly chosen users in a specific

20  geographic region. The geographic region depends on the 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 emall). 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 éngineering 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 match 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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them. As these k users move around, they propagate the query to other users, who

in turn further propagate the query via the peer-to-peer mode. In the example

15 embodiment, the category “assigned” to individual bazaars may be abitrary. In other
words, a bazaar becomes a preferred resource for queries in a particular category
simply due to the fact that all queries of that category will be directed into that
bazaar, thereby achieving a high concentration of such queries and increasing the
likelihood of matching queries within the bazaar. This is notwithstanding that the

20 ultimate matched queries may originate from anywhere, i.e. including from within the
bazaar or from outside of the bazaar.

In different embodiments, the assignment of categories to the bazaars may
alternatively or additionally be based on other parameters, including certain
characteristics of the geographic region of a bazaar. For example, the presence of a

25 large number of car retailers may lead to an assignment 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



25 at mnimal cost over the existing cellular infrastructure. In the exanple
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dat abase. It is distributed, because information is stored across different
peopl e's devices. In other words people are the database, It Is a
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directed to a predeternined geographic region via the 30 infrastructure.

et em per'or el Bk 1 NSRBI S0y S bl b SORIRE S R RLEERL )
This is quanti ﬂweelder@ylvrmonmaimmayeathe Q)leries. erewmplabwaquw onlher dévice unt | |
a mtch is f 0“&9% g'hg%%e%‘tﬁ. ﬂé %Qré/ is ¥R, %@é&ﬁ& vial A€ | @V%&&{ﬂre to

architecture in exa | nment rovi S an
giving Qual ity wihd@srugetsgn trgmsnodmbewrt/ess these ksisers maye anw%ﬂwmpagate

ar chi t ect ur es of i eRXRBhe: GIEROYIBER AT e YF6daBAt B AR Vif Hid Ra0ATY

application that | ves I ng queri es npl emeht “each er such
as bringing buykgesmadg. sel l ers together, dating, etc may be enabl ed The

exanpl e enbodi ment dgsggi JPé.‘!?@ihé %ro@séso C‘i’@i rdpﬁés%htatlﬁleqjs@}st ﬁré‘%ia‘éﬁetgoﬁz

centralized 5 solution by hosting d |cate ervers shown 1 n"Figure 1A,
in the exanpl e EhtheRHaRNE.9: a08c@nd>asm@ks 8.9dil 19 tepeesepittwo raatahing averigs ‘Mh&}jl ons

e.g. 102, whi chhnak&achbéd sndcédbraﬁree%a@nmhe%balaaara@e g, SRR is dholvBWowe! | S
of e.g. a cel | ul ar network. Each bazaar is dedicated to_ serve

queri es t haf0 befhgsR)aberiesc?-8.a105: 449 @gbproegga?@ ﬁ'%‘b%P?%"@TP&%HPQ?t Finalifett ) .
When a 10 user PubawSa mawheédcu@nwmrbaﬁ\qumes( éraMo@téweﬁ Yhd ehraé idegcd a12.

20Tt e ke o SRRSFS o Bo At i B B 1 k"
users at randonagtodlatoaty afahs tb&esausjwhoqasacbm thet duenies At ahmsteh kasisewusedove
R 1 R S N S SR -
t he cat egory5"assi gnied' ndted ithatlisernel vl thebdewixas snayenot ibe capable af gominonicatimgr
using the network infrastructure, but are capable of communicating with other
devices using infrastructure-less communication. Such devices can still participate
in the implementation of example embodiments, and perform the matching and
infrastructure-less relaying. In one example -embodiment, where a match is
20 identified on one of such devices not capable of communicating using the network
infrastructure, that device could, when they are in the vicinity of another device
capable of communicating using the network infrastructure, inform that other device
of the match. The other device capable of communicating using the network
infrastructure can than notify the respective parties about the match using the
25 network infrastructure.

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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102. 15  bazaar for it. If one assumes population density is constant, then from the point of
view of resource allocation, we might allocate more resources (i.e more memory) to
more popular categories. Bazaar planning may also depend on mobility patterns. If
the users in a particular region are highly mobile, then one would like to assign a
larger bazaar size to this region. This is because one would like users in a particular

20  bazaar to remain in it for a sufficiently long period of time:to ensure a match.
Number of Queries to Propagate:
By placing k copies of the query at random in the example embodiment one
drastically decreases the minimum distance P, between matching queries. In Fig. 2
a plot for how the minimum distance between two types of queries decreases as k
25 increases is shown, It can be seen that the decrease is super linear. Intuitively, one
sees that if there are N users in a bazaar, then the probability of a match at time
zero may be given by




The squares e.g. 108 and asterisks e.g. 110 represent two matching queries
whi ch have each been placed on three users in the bazaar 106. In Fig. 1C
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the rate at which queries are flushed out is also larger. Therefore, this should

decrease the time spent by a query in the system and consequently the probability
of match.
20 Buffer Management:
In the architecture of the example embodiment a node does not know
whether a query it possesses has already been matched or not. This may result in a
unnecessary use of resources, both in terms of memory (for storing already
matched queries) and energy in transmitting redundant queries. The design of
25 clever 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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15 For example, one can assign a 'higher priority to a query, which will mean

that (i) the query is propagated to a larger number of users, (ii) the query has least

chance of being deleted and (iii) the query has a higher chance of being relayed to a

neighboring node.

20 The example embodiment described above may be integrated into various
types of systems (e.g. cellular, WAN etc.). In the following, it is described how the
architecture can be integrated with existing cellular networks. First, bazaar pianning
can be done on top of cellular planning. Therefore a bazaar could be the area
spanned by a few cells which are controlled by a single Mobile Switching Center

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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within the computer system 500, and instructing the computer system 500 to
conduct the method of the example embodiment.

15 The computer system 500 comprises a computer module 502, input
modules such as a keyboard 504 and mouse 506 and a plurality of output
devices such as a display 508, and printer 510.

The computer module 502 is connected to a computer network 512 via a
suitable transceiver device 514, to enable access to e.g. the Internet or other

20 network systems such as Local Area Network (LAN) or Wide Area Network
(WAN).

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 (l/O)

25 interfaces, for example 1/O interface 524 to the display 508, and VO 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.



mat ched queries) and energy in transmtting redundant queries. The design of
25 cl ever buffer managenent algorithnms in different exanple enbodi nents can
alleviate this. One mechanismwould be to have a Tine To Live (TTL) stanp on
each query and del ete every query when the current tinme is greater-than the
TTL. Essentially the buffer nanagement aigorithmhas two tasks. First,
whenever it receives a query fromeither the systemor froma neighboring
node, it nust decide_ 30 which query it has to erase fromits nenory t

accommodat e t he new @R\ shays  flowehardiistiating aJnRefhead cbmatciing ayariss '%éch as
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encryption mechanr's e ree of security. However, it will be
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igher priority to a query, wh
communication” devices respectively, in another example embodiment. At step
15 700, 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 from
the one second type device to one or more first type devices in one of the
20 regions. At step 708, the first query is relayed from each of the one or more first
type devices in the one region to one or more neighbouring first type devices.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
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



that (i) the query is propagated to a |l arger nunmber of users, (ii) the query
has | east chance of being deleted and (iii) the query has a higher chance
of being relayed to a neighboring node. 20 The exanpl e enbodi nent descri bed
above may be integrated into various types of systenms (e.g. cellular, WAN
etc.). Inthe following, it is describedihow the architecture can be
integrated with existing cellular networks. First, bazaar planning can be
done on top of cellul ar planning. Therefore a bazaar could be the area
apanned by a r stedimt FrliELRE edteorRLiuGy A akg! Bang i RSRPECHY ng
Center 25 ( MSC)construgtimge a3victeal wireledsagarial hebvark. 3THe distribotiany & ey exeptpleor K on

i rectod to t nerieieph sk 38 oRderbed & fBancrbfinfortaficsts R Bl dfirie « ne”

MSC whi ch i s i rrandoar walkof t he bazaar e.g. 302 corresponding to the query.
When an MSCgreceives a query fromanother MSC, it 30 chooses k random users
fromits Visitor Location Register (VLR) and directs the query to these k
users. If a device detects a nmatch between two queries (say query q and r),
it automatically forwards the address of r to q and vice versa. This could
either be an snms or an email. It wll be appreciated that in different
network inplenentations, the MSCs may be replaced by other devices such as
base stations 15 in the formof serving General Packet Radi o Service
Support Nodes (SGSNs), Gateway GPRS Support Nodes (GGSNs), and access
points of the network. The format of each query in the exanple enbodinent is
shown in Fig. 4. Each query consists of an address field 400 and a query
field 402. The address field 5 400 could be a phone nunber or an enail
address. The exanpl e enbodi nent can be inplemented on top of any existing
cellular infrastructure wwth mninmal additions and conplexity. It is noted
that the exanple enbodinent may alternatively be inplenented as a new
network, built fromthe ground up, although that would nean installing a
mnimal infrastructure to support the operation.



10 The nethod and system of the exanple enbodi nent can be inplenented on a
conputer system 500, schematically shown in Figure 5. It may be inpl enented
as software, such as a conputer program being executed wthin the conputer
system 500, and instructing the conputer system 500 to conduct the nethod
of the exanple enmbodi ment. 15 The conputger system 500 conprises a conputer
nodul e 502, input nodules such as a keyboard 504 and nouse 506 and a
plurality of output devices such as a display 508, and printer 510. The
comput er meqmeb02 is connected to a conputer network 512 via a suitable
transcei ver device 514, to enable access to e.g. the Internet or other 20
network systens such as Local Area Network (LAN) or Wde Area Network
(WAN). The conmputer nodule 502 in the exanple includes a processor 518, a
Random Access Menory (RAM 520 and a Read Only Menory (ROM) 522. The
conmput er nddul eA50ethadscomprisingdes a nunber of I nput/Qutput (1/0 25
interfaces, for exanple I/Ointerface 524 to the display 508, and 1/0O
interface 526 tegelvivty &Qquepafidndbiikt onder apmartnse cdminiaicatopdeeicesodul e
502 typically communicate via an interconnected bus 528 and in a manner

known to tB?al%fvﬁ&R ﬁlé'lﬁﬂ@a‘i!rdcfhréfb%seﬂ%bmﬁﬁmlca’ftrotn by@ sHe8n@Rypd cation program
is typically supplied to the user of the computer ~system 500 encoded on a

data st oraggm%éﬁpgﬁ%glc%sofqﬁmw%nd‘ | oppy disk and read utilising a

corresponding orage nmne ve of a data storage device 530. The
ead and controlled in execution by the

application program
processor 518. ﬁ’ﬁwgrrdrlr%fhzft%“esry 93@@"&0%%Upgfﬁ ﬁfé gpwu%@a %rborrpl i shed
using RAM 520. 16  Figure 6 shows a flowhart Illustrating a method of
mat chi ng qggylp@% Viigyinfrastructure-based communication, based at least in'part on a
category of the query, by the second type communication device, wherein the
query is forwarded to the second one or more first type communication devices
to relay to third one or more first type communication devices of the network,

wherein the second and third one or more first type communication devices are

neighboring communication devices.

2. The method as claimed in claim 1, wherein receiving comprises receiving

the query via cellular services.

3. The method as claimed in claim 1, further comprising forwarding the query
to one or more additional second type communication devices, based at least in

part on the category of the query, by the second type communication device.

4, The method as claimed in claim 1, further comprising the second type

communication device determining to which one or more of the plurality of first



hybrid infrastructure/infrastructure-|ess communi cati on network, the network
conprising pluralities of first and second type comruni cati on devices
respectively, in an exanple enbodinment. At step 600, a first query is placed
by 5 a user on one of the first type devices and the query is forwarded via
i nfrastructure-based comruni cation to e of the second type devices. At
step 602, depending on a category of the first query, the first query is
forwarded from the one second type device to one or nore first type devices

vi a i nf r astypeconiriunieas&ildenoesid forvardithe Quehl BAsEP4t IcbbEInfgdrtén guery is
rel ayed fromeach of said 10 one or nore first type devices to one or nore

nei ghbouri ggikdi ik ind e FSHJ L5 pals Phgei cat i on.
Figure 7 sﬁ%\g\éﬂ%ﬁ%f]%&gﬁaﬁﬁ '?’?fcﬁ's";gr at?n%hg@n%'tglﬁg‘g%? éma"?l?kcljiqng gueries in a
network, the network conprising pluralities of first and second type
communi cati on devices respectively, in another exanple enbodinent. At step

15 700, a geographical area covered by the network is divided into a
plurality gf rig‘?m?g}.w‘g@sﬂaé’ﬁe dm?'agxfhw ?r%ﬁ%ys‘?@"ﬁﬂ)éﬁ%d by a user on one
of the first type devices and the query 1s forwarded to one of the second
type devi ceemmanicatiop deymgs iviapastistriionrerancncegd peindof theengtvpst. query, the
first query is forwarded from the one second type device to one or nore
first type devices in one of the 20 regions. At step 706, the first query is
rel ayed fromeach of the one or nore first type devices in the one region

to one or gpre Aehgthb@®dobimpuisinigr st type devices. It will be appreciated by a
person skilled in the art that numerous variations and/or nodifications may

be made to the i%rcéﬁ/ﬂfgtah(]&l%l’,‘b'y%ﬁir@ﬁtyﬁ@%ﬁmﬁdhiééi%nsd@%é6f?a nEwRekivint s
wi t hout departing fromthe 'spirit of scope of the invention as broadly 25

descri bed. {"ggﬁgﬁ‘?ﬁ%ﬁ@%%ﬁ%ﬁ@ﬁ%ﬁgﬁfﬁomtﬁ?ﬁrﬂe%% Osé%%nﬁ%?%é dered in all

respects . . restrictive. The eXanp enbodi nent
o Ore, Lol kS TR, Ao S 2 P e B PR B o 21
| deas of u?i;s?%né r(;(ramlorg rsggcgrﬁdutcytplérc(?)mmunication devices to the first type

communication device, based at least in part on a category of the query, and

wherein the first one or more second type communication devices received the

first query, via infrastructure-based communication, from first one or more

additional first type communication devices; and

relaying, via infrastructure-less communication, the query from the first

type communication device to second one or more additional first type

communication devices neighboring the first type communication device.

7. The method as claimed in claim 6, further comprising determining by the
first type communication device whether another query matching the query is

available at the first type communication device.



30 to spread to an initial nunber of users in a comon geographical area,
known as a bazaar to inprove the performance of infornmation access. This

al so enabl es the enbodinent to be engineered intelligently through setting
design paraneters and utilizing smart al gorithns. The exanpl e enbodi nent
does not require the existence of a "waped 35 network", although it may
support the activities of SWM Rather, the exanple 17 enbodi nent exploits
the existing distributed database residing in people by constructing a
virtual w Bel es¥heawithdd asiclimid inblaindi7s furineutomprisingtthe fiestaypd e embodi ment
may be regarded as a branching random process, rather than a sinple random
wal k. 5 18cofmbfinifatibn dviveldutfér A A miEtRLONd BOmBrélkstifleatibh Om first one
or nore first type communication devices of a network, via

i nfrastruc P i i : t aqasBlay i Qn devi ce
of the net m%s%a&@ésﬁ\?ﬂ?g%m% %mgatsttﬁéénq&%?@mﬁ g&gg@gnfﬁggwgggr ml#@@%t!c’%st type
comuni cation devices, via infrastructure-based conmuni cati on, based at

| east in pQ?WC%n a category of the query, by the second type conmuni cation
device, wherein the query is forwarded to the second one or nore first type
comuni cation devices to relay to third one or nore first type

comuni cati on devices of the network, wherein the second and third one or
nmore first9typeTheomaimodas ctaimedin clain & wherein ¢rabemitting comptisesat i on
devices. 2. The nethod as clained in claim1l, wherein receiving conprises
recei vi ng trahsmittirey  pliralitg @f hotifigatisr mvessages o thelfaesh@idodmase atditiomal i n
claim1, further conprising forwarding the query

first type communication devices from which the matching queries originated.

10.  The method as claimed in claim 8, wherein transmitting comprises
transmitting the notificatibn messages as Small Message Service (SMS)

messages or Emails.

11.  The method as claimed in claim 6, further comprising the first type

communication device storing the query.

12. The method as claimed in claim 11, further comprising the first type
communication device determining whether one or more previously stored
queries are to be deleted from the first type communication device, based at

least in part on relative priorities of the queries.



to one or nore additional second type communi cation devices, based at | east
in part on the category of the query, by the second type comuni cation
device. 4. The nmethod as clainmed in claim1, further conprising the second
type conmunication device determining to which one or nore of the plurality
of first 19 type communication devices4qto forward the query, based at |east
in part on a statistical analysis of a matching time for queries and
probability of match. 5. The nethod as clainmed in claim1l1, wherein the

second typ@3 COTRERh&RSH B8 clivied &S clafim &, WAreis ra@lh|iAg commizedttefst poi nt  of
the network. 6. A nethod conprising: receiving a query, by a first type

comuni cat | LGRi~Qf: v jofr I; ﬁ;gép i cation,
fromfi rstltﬁlée%\r{rh%@?gﬁ%@ggﬁg&?é%gn&(t:@enﬂ%%?cl}aéﬁd(’)ﬁﬁ g\}ﬁ%gﬁ%@rt@ e ng'% wor Kk,
wherein the %P%ig rf]orwarded fromthe first one or nore second type
communi cat P €8t o the first type conmunication device, based at

| east in part on a category of the query, and wherein the first one or nore
second type conmuni cati on devices received the first query, via
infrastructure-based communi cation, fromfirst one or nore additional first
type comudfcat Toe mribed as claimadirriaymig, wheeein rglayisg coapiises relayng

comuni cation, the query fromthe first type comrunication device to second
one or nor wiazalBiuetaathlor BiWsEi ¢grpecticonuni cat i on devi ces nei ghboring the
first type conmunication device. 7. The nmethod as clainmed in claimb®,
further conprising determning by the first type conmuni cation device

whet her anot her query matching the query is available at the first type

conmuni cat 48N deye fhothed as 1airhB8 inBlaliR G, AhefdiRtiEPfirst type! dnidnichtisd her
conprising the first type communication device generating and transmtting

one or nor ﬁe{?i%iisfLgﬁqilg%tatﬁs&qﬂg%d’w&ﬂ a match has been determ ned at the

first type communi

16. The method as claimed in claim 6, wherein the first type communication
device is capable of infrastructure-less communication, and incapable of

infrastructure- based communication.

17.  An apparatus comprising:

means for receiving a query, from first one or more first type
communication devices of a network, via infrastructure-based communication;
and

means for forwarding the query to second one or more first type
communication devices, via infrastructure-based communication, based at least
in part on a category of the query, wherein the query is forwarded to the second

one or more first type communication devices to relay to third one or more first



device. 9. The nethod as claimed in claim8, wherein transmtting conprises
transmtting a plurality of notification nessages to the first one or nore
additional first type conmunication devices fromwhich the matching queries
originated. 10. The nethod as clained in claim8, wherein transmtting
conprises transmtting the notificatiogp nessages as Small Message Service
(SM5) nessages or Emails. 11. The nethod as clained in claim®6, further
conprising the first type conmmunication device storing the query. 12. The
met hod as ¢ype cortmiunicatian detites biitHehsatwo ik heséinghé becdnd aid thirdeone or

comuni cati on devi ce determ ning whet her one or nore previously stored
queries ar endr fieg tgsd %rﬂﬂnfn"éairbh*b%vfdeE%fre h&@ﬁbéﬁﬁ@@@r‘nﬁﬂlmﬁ’hoﬂ%vfc‘és based at
least in part on relative priorities of the queries. 13. The method as
clainmed in claim®6, wherein relaying conprises the fi rst type communi cati on
device relaying the query using a non infrastructure peer to- peer
connection.  14. T q as,.cl ai I 19 h wher ei B ¥|

conpri ses rgr ayr apr?f"ﬁa USBP G !?t"BSgH‘ 8?"3 w ?feé’bH}’Fe'@FPB% orlrgcer 1€ et hod as
clainmed in claim 6 wherer nthe first type communi cation device is a nobile
station of “PHIIiseE A0S ferecedaeuenawaceliizeaenvices ai m 6, wherein the
first type communi cation device is capable of infrastructure-|ess

comuni cation, and incapable of infrastructure- based comunication. 17. An
apparatus conprising: nmeans for receiving a query, fromfirst one or nore
first type 19conmduangibte complgter-cexiable storegenoeliunycempri§ingst r uct ur e- based
communi cation; and

first instructions for causing an apparatus, on execution of the first
instructions by the apparatus, to receive a query, from first one or more first type
communication devices of a network, via infrastructure-based communication;
and

second instructions for causing the apparatus, on execution of the second
instructions by the apparatus, to forward the query to second one or more first
type communication devices, via infrastructure-based communication, based at
least in part on a category of the query, wherein the query is forwarded to the
second one or more first type communication devices to relay to third one or
more first type communication devices of the network, wherein the second and
third one or more first type communication devices are neighboring
communication devices;

wherein the apparatus is a second type communication device of the

network.



means for forwarding the query to second one or nore first type

comuni cati on devices, via infrastructure-based communi cation, based at

|l east in part on a category of the query, wherein the query is forwarded to
the second one or nore first type comruni cation devices to relay to third
one or nore first 22 type comunicati ojg devices of the network, wherein the
second and third one or nore first type conmuni cation devices are

nei ghbori ng comruni cati on devices. 18. The apparatus as clainmed in claim
17, wher ei 20t he Avg@nmuhRatio e delice v a festippe, I8 deviesTohiprisi@cei vi ng the query
via cellular services. 19. A tangi ble conputer-readabl e storage nedi um

conprising: firgledr3SbF biviitPa GAENC AdShtastAltidRPB RIS mAlnRERSH Iflgam Oof the
first instructions by the apparatus, to receive a query, fromfirst one or

more first dyihe &gﬂgﬁéggﬁ%ghgjggtgeﬁgc\’nrj?ﬁﬁginc%ﬁg@gggig}é‘é’%? néhfforc wherein the

i nfrastructure-Dbas Instructiohs Tor causing the
apparatus, on executiqgn,of the second instructiqns by the.apparatus, to
FoPvar - ¢ haBDERySMArRL Fhm BT ST ocprpra SCon iR BmIn Ao dovi ces,
via infrastructure-based communi cati on, based at |east in part on a

cat egory ofdevigesRased atipastdn pat 98 eatpgoyofthe aueyeand wherain tia itshd one or
nore first type conmunication devices to relay to third one or nore first
type commumineatrinnerecegone sypsf carnmunisation deviege reseivedibe diestawernania t hird one
or nore first type conmunication devices are nei ghboring conmunication

devi ces; whefrastiucture-bappdicaimmsunisations roonfitst ypeocoioraiaddidibnalrfirstaypee of the
network. 23 20, A conmunication device of a first type, the device

conpri si ng.cofRiYsicatn d&s&isyaR a query, via infrastructure-based
comuni cation, from first one or nore second type comunication devices of
a network, wher gidynshir relaying the query, via infrastructure-less communication, to

second one or more additional first type communication devices neighboring the

first type communication device.

21. The device as claimed in claim 20, further comprising means for
determining whether another query matching the query is available at the first

type communication device.

22.  Atangible computer-readable storage medium, comprising:

first instructions for causing an apparatus, on execution of the first
instructions by the apparatus, to receive a query, via infrastructure-based
communication, from first one or more second type communication devices of a
network, wherein the query is forwarded from the first one or more second type
communication devices, based at least in part on a category of the query, and

wherein the first one or more second type communication devices received the



query is forwarded fromthe first one or nore second type conmuni cation
devi ces, based at least in part on a category of the query, and wherein the
first one or nore second type comruni cation devices received the first
gquery, via infrastructure-based comunication, fromfirst one or nore
additional first type conmunication dey ces; and nmeans for relaying the
query, via infrastructure-|less comunication, to second one or nore
additional first type comunication devices neighboring the first type

communi cat ifigf qier), & infrastrddigredieydetecamahibti®l fion ¢itstione 2} mbrerfirser
conpri sing nmeans f or det erm ni ng whet her anot her gquery matchi ng the query

i's avail ablg, éﬁﬁrﬁﬁ%ncbﬂéﬁde9%9§zﬁﬂﬁ“”n'Cat'on device. 22. A tangible

conput er - r eadabl e storage nedi um conpr|5|ng first instructions for causing

an apparat us, OQe(?&&%CIHIs 98 félhgaJSI ad C?étﬂgtérpgfeé@ﬁoh%?tr‘?‘eo?@cfo%tdus

receive a query, via in rast onmmuni cation, fromfirst one or
nore second p ni cation devices of a in the query is
forvar dod NUERAES BT 8 Sihasalis. el abe HaT% Y eSS on devi ced,
based at least in part on a category of the query, and wherein the flrst
one or mor SOBWRTEAtOPNEO SAANINER TBareirst ype cortaunicatiandevices i rst query,
via infrastructure-based communication, fromfirst one or nore first type
connunicatme@hbedhgﬁuzmathsemnndummaﬁmIMQmGMS for causing the apparatus, on
execution of the second instructions by the apparatus, to relay the query,
vi a infrastruct wherdie#ite agpuratisi is atfirsttypé eomenmichtionalevicedfithe hietvedrkt ype
communi cati on devices neighboring the first type comuni cati on devi ce;
wherein the apparatus is a first type comruni cati on device of the network.





