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2. Description of the Related Art
Typically, when a user of a desktop computer or a mobile device requests data, the

15  user will often make another, subsequent data request after examining the reply data
received in response to the initial data request. Desktop computers typically have high-
bandwidth, low-latency access to computer networks, such as local area networks (LANs),
wide area networks (WANSs), and the Internet. Thus, response data to these subsequent
data requests are usually provided quickly when using a desktop computer.

20 A mobile device that communicates over a wireless network, however, typically
does not have a relatively high-bandwidth, low-latency communication path to these
networks, because many wireless networks may have signal propagation delays, a limited
RF spectrum, and signal fade-outs. Accordingly, when the user of the mobile device
requests subsequent data, the user typically must contend with the inherent latency and

25 bandwidth limitations of the wireless network. A number of wireless communication

protocols have been developed to accommodate mobile device data requests, including
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predi ction nodul e and in response _request and receive first, 2 WD 03/077153
PCT/ CA03/ 0da3gequests received from the mobile devices. The state prediction module is operable to

receive a data request from a mobile device and in response access the memory and

predict a forecasted data request based on the received data request and the stored data

requests. The push module is operable to receive the received data request and the

15  forecasted data request from the state prediction module and in response request and

receive response data related to the received data request and the forecasted data request

and prepare the response data for transmission to the mobile device over a wireless
network.

A system for handling data requests from mobile devices comprises a memory, a

20  state prediction module, and a push module. The memory is operable to store data

requests received from at least one mobile device. The state prediction module is operable

to access the memory and predict a first forecasted data request for a mobile device based

on the stored data requests. The push module is operable to receive the first forecasted

data request from the state prediction module and in response request and receive first
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request and the forecasted data requests and prepare the response data for transmission to
the mobile device over a wireless network.

15 A mobile communication device includes a communication subsystem operable to
communicate over a wireless network, a memory subsystem operable to store data, and a
processing subsystem operable to instruct the communication subsystem to transmit and
receive data over the wireless network and to store data to and read data from the memory
subsystem. A client program comprising processing subsystem executable instructions is

20 stored in the memory subsystem, and is operable to predict data requests and receive
response data to the data requests. A client program cache is operable to store the

response data, and a push cache is operable to store forecasted data based on data requests.



described herein may be used; Fig. 2 is an enbodi nent of a systemfor
handl i ng nobile device information 5 requests; Fig. 3 is another

enbodi mrerwoaB/oar1syst em f or handl i ng nobi |l e devi ce i nf or matPiCarcAoseepsest s;
Fig. 4 is a flow diagramof a nethod of handling nobile device information

requests; 10 Fig. 5 is BRIEAHESICGAPFION QR TURDRAVINEPIe sel ection in a

prediction nodule; Fig. 6 is a flow diagramillustrating another nethod of

handl i ng nobi | eggdeyi i j ik = i i
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Fig. 9 shows a transition matrix T structure and adjustnment process during
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nmobi | e devi c%estsz,o DETAI LED DESCRIPTION Fig. 1 is an illustrative

comuni 2at i oh systemin which the systens and nethods described herein may

be used. The system] neludes o datacersal Qe dahienanl, A0 audat a

server 40, a wir &l eds gateway . W eas i nfraseruct ure W T el ess

net wor k 10?é and a 4 WO 03/077153 PCT/ CA03/ 00339 npbile device 100. O her

systens nay WPLH be used with the system and net hod di scl osed herein.
Fig. 4 is a flow diagram of a method of handling mobile device information
requests;
10 Fig. 5 is a flow diagram illustrating a mode selection in a prediction module;
Fig. 6 is a flow diagram illustrating another method of handling mobile device
information requests;
Fig. 7 is a diagram of another embodiment of a system for handling mobile device
information requests;
15 Fig. 8 is a weighted graph model of mobile device activity;
Fig. 9 shows a transition matrix T structure and adjustment process during a
training phase;
Fig. 10 is a flow diagram illustrating a candidate state selection process; and
Fig. 11 is a schematic diagram of an exemplary mobile device.
20

DETAILED DESCRIPTION

Fig. 1 is an illustrative communication system in which the systems and methods
described herein may be used. The system includes a data portal 10, the Internet 20, a data

server 40, a wireless gateway 85, wireless infrastructure 90, a wireless network 105, and a



The data portal 10 and the data server 40 are illustratively WAP conpli ant
devices. Qher data portals or servers, such as an HTM., cHTM., xHTM., and
XM. servewe oana7155 portals can al so be used. Typically, tmRreTpowsab33a0 and

server 40 may be simlar devices, i.e., the portal 10 nay be realized by a
server, ang, iRy &4&A0bY Bbtel YR rﬁ’ayl%is%)! used Wil the S);Eté% Qﬁrrﬁ@ilnodjc@sclol%a"ever
IS typlcally adm ni stered by a nobi'l e device carri’er service provider.

The mnrele %atemay 85 and the wrel ess |nfrastructure 90 provide a link
bet ween e Internet 20 and wirel ess network 105, collectively formng
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base stations, In addition to these types of 20 w reless networks, other

wirel ess néf ks may al so be used Exanples of conbi ned dual - nrode net wor ks
i nclude, but are not limted to n?e Division Miltiple Access
(CDMVA) network tPRAVITHES 83EsRRY éé@%ﬁi éﬂfe%fﬁw §S“6‘ﬁ%‘Fea?(bH°“S§/aé§]]éP?f&Yﬁ?ﬂ (2)
the G oupe Special Mbile or the d obal Systen1for Mobi | e, Communi cati ons
(GSM dfd tiselnteaist PApnpYERIsss IREMITH 182 c0}lecs veltma)ing @t RSPl BbiEPrIstieyel oped
by the standards commttee of CEPT, and (3) the future third- eneratlon
(39 5 WOuesygmadhanipwT/Tha0sredrss SYaststufp AREmMingsheressel Iavekifat es f or

d obal Evol ution (EDGE) and Universal Mbbile
locating a given user and may track the user as they roam between countries or networks.

The wireless infrastructure 90 includes a series of connections to the wireless

network 105. These connections may be Integrated Services Digital Network (ISDN),
15  Frame Relay or Ti connections using the TCP/IP protocol used throughout the Internet.

As used herein, the term “wireless network™ may cover many different types of
wireless networks, such as (1) data-centric wireless networks, (2) voice-centric wireless
networks and (3) dual-mode networks that can support both voice and data
communications over the same physical base stations. In addition to these types of

20  wireless networks, other wireless networks may also be used.

Examples of combined dual-mode networks include, but are not limited to (1) the
Code Division Multiple Access (CDMA) network that has been developed and is operated
by Qualcomm, (2) the Groupe Special Mobile or the Global System for Mobile
Communications (GSM) and the General Packet Radio Service (GPRS) network both

25  developed by the standards committee of CEPT, and (3) the future third-generation (3G)
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Tel ecomuni cati ons Systens (UMIS). GPRS is a data overlay on the very
popul ar GSM w reless network, operating in virtually every country in
Eur ope. Bwerplersdf data-centric networks include the MobipCaECAIBMIH O
Net wor k, which 5 has been devel oped by Eritel and Ericsson of Sweden, and
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The WAP decks_17 and 35 conprise docunents witten in the Wrel ess Markup

Language (¥ BelhMobditoin Cappda. yses Frapiast efiice-6entds datagrewerks gpcledscunent s,
and each page of a WM. docunment is referred to as a card, and the entire

docunerf i Fepepabupmunicatign Jysipae KPCHh pstworkyzibe foleMite Sy spd al PYA
conprises a series of sections or pages, called cards, each of which holds

t he data f eystespiehaidaeeheenayalable inNerthamerigaspd atorldwidgdpragantyy 10 years.

PCT/ CA03/ 00339 The WAP deck 17 may be requested by a nobile device user,
and i s deliver edhg portal 10 may also be located within a company LAN or WAN, or in another

network, such as in a large Application Service Provider (ASP), and provides an interface
for information exchange over the Internet 20. The portal 10 may also include dynamic

15 database storage engines that have predefined database formats for data such as calendars,
to-do lists, task lists, e-mail and documentation, and may also provide links to information
sources that it serves, such as the WAP deck 17, as well as links to information served by
other servers, such as WAP deck 37 served by thelWAP server 40, .and other systems
connected to the Internet 20.

20 The WAP decks 17 and 35 comprise documents written in the Wireless Markup -
Language (WML) protocol. WML uses the metaphor of card decks for documents, and
each page of a WML document is referred to as a card, and the entire document is referred
to as a deck. Thus, a WAP document typically comprises a series of sections or pages,

called cards, each of which holds the data for one screen/window in a WAP browser.



the nobile device 100 via wireless transm ssion, typically over a radio
frequency (RF) link froma base station in the wireless network 105. The
parti cul awomstowsk 105 may be realized by any wirel ess neCwmarAdo3oese which
informati on may be exchanged with the 5 nobile device 100. Wen a user

requests data afpd WarmRk!19 HEVieCqubddd b%_la‘?ndmpidéﬁcéj@s\éh%ﬁd 10Riv&engycts a
data pull of the requested in ornaglon. he nobile device 100 typically
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correspnds he tal 10, the URI 15 may instead correspond to other
devicesgorrm%§%?%ﬁ§qﬁg comuni cation with the Internet 20. 15 Wen the

portal 10 receiyes the URl 1 e portal .10, nor | y _responds.hy endi ng
Phe WP deck 37 WiEn ek srerss il D08 ofbeirt ucIGh R, the' SRRDGRRY 10 Y
transmtted tp the nobile device 10Q via t W r.e] ess. way .85. | f the
bort ol 10 Hatdfieh d Galalnef o riaRSed ool s hoflsiRFied NGB enit " end
the WAP deck 17 to_the bi.l.e ice 100. [f e portal 10 does not have
Lhe Wab deanUiorts BisBer duifier (e Sicd gLy Mt Skesbant tp doBroBot no- wap
deck 17 from anqt her source. _Upon recejiving the WAP. deck 17, the nobile
devi ce 100 "UEY &iopsthe R FBEmohie deyicp 0 ray ?C%tﬁ@ufeﬁéo &0 QMsuivPey s

conpl et ed. Tépically, upon_receiving the WAP deck 17, the user of the

mobi | e 1fevio $atrorauesiy aoREtinga e &hiferl OmmuRatione Prajggelsy dc rddReme o ddeani ni ng
the information presented in the 25 WAP deck 17. For exanple, if the WAP

deck 17 i nerumlaydRIdR. wgbeea PREJPraYehopres.Gin IR addrespof @ 3prjerya Bl transfer

PCT/ CA03/ 00339 o )
protocol (FTP) request, and the like. Additionally, while the URI 15 illustratively

corresponds to the portal 10, the URI 15 may instead correspond to other devices or
systems in communication with the Internet 20.

15 When the portal 10 receives the URI 15, the portal 10 normally responds by
sending the WAP deck 17 to the mobile device 100. The WAP deck 17 is typically
transmitted to the mobile device 100 via the wireless gateway 85. If the portal 10 has the
W‘AP deck 17 stored locally, then it may immediately send the WAP deck 17 to the
mobile device 100. If the portal 10 does not have the WAP deck 17 stored locally, then it

20  may request and receive the WAP deck 17 from another source. .Upon receiving the WAP
deck 17, the mobile device 100 presents the WAP deck 17 to the user, and the data pull is
completed.

Typically, upon receiving the WAP deck 17, the user‘ of the mobile device 100
may thereafter request another WAP deck after examining the information presented in the

25  WAP deck 17. For example, if the WAP deck 17 includes stock quote information for a

7



nunber of stocks, the user of the nobile device 100 may subsequently
request information related to one of the nunber of stocks, either from

t he sane worsal713®, or from another portal or server in earaxwBoes»on wth
the Internet 20. The user nust then wait until the corresponding
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gener at ed b ..he ort %@? rt %ﬁ“ s the response, dat to t he
Por ecast ed RS F@hﬁ@gq by ﬁeﬁeézé(r eﬁ‘l? ”’ th?ragffwﬁréa? iy votiénd the
response data w h& q} ﬁ Qt e dev ce ‘ h
port al guee d tﬂa\?ﬂlet At s sf‘équﬂ%{t and ¢ the é‘der fl]ei} Wi’lhé‘r‘?t‘ t eI'THy
request and receiye t response.data fr h Once received,
the res pon§8“%fa?‘2§h‘}g§ngff8?}f°&é’& ?‘Blstrﬁ‘é"‘vﬁﬁﬁﬁ ‘F]"e g\sﬁ %é‘cigg(sw th the WAP deck
17. The forecasted data request naé ép gJOVIded to the nobil e device
100. For exanpl® MijjAws theassopagsedyiatere fhgset RSFARTIL FYeY D tHersestpphide
device, predicted 20 information 18 is pushed with the WAP deck 17. If the
f or ecadPed mestods disglased hetedn push farecgsied fepponse INErHALLY; B pAdtiohioshegsRoBIE 18 nay
include the forecasted URI 35 and the correspondi ng WAP deck 37. The
predi ct ed iiMpoRataR tepsmigied gy thganabilg dsuice A0Q A fdiecastod dafp fequps batsdiane devi ce
100, or a simlar nenory store within the nobile device 100. The URI 35
may, for ewpmysiue dagerequdsistissied drom Hienrotilsudaticenl 00 e welle depiced s 25 t he
URI 35 is requested by the nobile device 100, and the URI 35 and
cor r espondigeeerdedchky the portal 10. If the portal 10 has the response data to the forecasted data
request stored locally, then it may immediately send the response data with the WAP deck
15 17 to the mobile device 100. If the portal 10 does not have the response data stored
locally, then it may request and receive the response data from another source. Once
received, the response data is provided to the mobile device 100 with the WAP deck 17.
The forecasted data request may also be provided to the mobile device 100. For
example, when the WAP deck 17 is transmitted to the mobile device, predicted
20  information 18 is pushed with the WAP deck 17. If the forecasted data request is a URI
35, then the predicted information 18 may include the forecasted URI 35 and the
corresponding WAP deck 37. The predicted information 18 may be stored in a cache
within the mobile device 100, or a similar memory store within the mobile device 100.
The URI 35 may, for example, be related to a link found in the WAP deck 17. If
25 the URI 35 is requested by the mobile device 100, and the URI 35 and corresponding deck
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WD 03/ 077153 PCT/ CA0O3/ 00339 37 was not stored in the cache of the nobile
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the deck 1Zraﬁsagp{h@1§g§|s gqe%& m@é&@r 16 CAYGERS r@&%qya@s a'c&?&g&m the

user of the I's an enbodi ment of a sy ten11000 for

handl i ng mpAp Q. 4eM G&e g;Q,Qldea of Ak gpehic%ria (hBEHiERN s, tig'ﬁ\om?phéd/?ceq%ﬁ lnggy 100

typically conprises a client progra an assocl at ed cache nenory
120. An exe e t ri W th
et er once. 1o iy FERGE o ﬁk@ﬁeqﬁ%%%ﬁée ?%Tee‘@ﬁa%ﬁ% o oY S 36 R St
illustrated ura 0 i, conuni cation

u thetng oyiopBedBbd fadhs B f USRS Ol ¥R B8k ROATHRRE0 "
predi ction nodul e 120 300. T e.st.arage nodul e 1100,
predi cti on THERYI"EUT58 tféﬁﬁe’ﬁ’ﬁgﬁ&ﬁigﬂﬂg usqgf%’?(%)bhﬁyevé 1I%écti vely forma
push server responsive to ¢data requests fr no evi e.lO The
push server may @é%eﬁbﬂﬁfgg ient 'ﬁdﬁgmeoﬁg@t tmﬁﬁmﬁdvd?ﬁﬁ %ﬂﬁ g@

di stributed over ur al devi For ex t orage
Todul & 1106 OMrIoR e ORI e RISy B R ROt BoaT 1L
conput er device, and the push nmpdule 1300 may be | ocated on a s cond
conput er d@¥d & AFSACIREHRANF pMoph | tﬁ“tq’i%m?l?‘rrys‘f“’bﬂfdje(‘f'ﬁﬁﬂa? g0y e deE Each
of the storage nodul e 1100, prediction nodul e 1200, and push nodul e 1300
may corflri §weles@ivedi® rﬁfefft&FeaPﬂ Big- Lhbelgsr e Wyle oahy %Fr‘ﬂ%‘%‘{?r‘@"’&ﬁd 0Qdsoci at ed
hardware for perform ng the progranmed tasks, Any nunber of software

| anguages diusyeied.gaplarality f gpehigidRyicss B Ypake faSpraunication Pathdbhasiedtt t hese

nodul es. Additionally, although 25 the storage nodul e 1100, prediction
nmodul e 12090&nd t he push nodul e 1300 are depi cted

The system 1000 includes a storage module 1100, a prediction module 1200, and a

push module 1300. The storage module 1100, prediction module 1200 and push module
15 1300 may collectively form a push server responsive to data requests from the mobile

device 100. The push server may be embodied in a single computer, or may instead be

distributed over a plurality of computer devices. For example, the storage module 1100

and the prediction module 1200 may be located on a first computer device, and the push

module 1300 may be located on a second computer device in communication with the first
20  computer device.

Each of the storage module 1100, prediction module 1200, and push module 1300
may comprise a software program or software system structure and associated hardware
for performing the programmed tasks. Any number of software languages or software
programming platforms may be used to construct these modules. Additionally, although

25  the storage module 1100, prediction module 1200, and the push module 1300 are depicted
9



9 WD 03/077153 PCT/ CA0O3/ 00339 as separate nodul es, the nodul es may be
conbined into a single nodule to consolidate functional tasks, or,

al t er nat iwelog/07may be subdi vided to distribute functional Pcagle®3/00339t he
illustrative enbodi nent of Fig. 2, each data request of the nobile device

100 is nmodelkadraSmBdidsal: chﬁge f%? SO iffo LGk %oﬁﬁ’l@ﬂé‘%rﬁoﬁd&té ecei ve

and store states 5 transnmitte mthe nobil e device 100 and ot her nobile

devi ces. '@ux{%g&ra‘i’%?%og Ferrnatl@elgb %’l;eesug(ﬂVl'dgcﬁto%ﬁs?rqtﬁltt{%%(ctfbg%%éﬁe a URI. The

predi ction no I's oper to recelve states tromthe nobile device

100 and
foreggsteg states! PSR s IRA TG ] %‘t%‘%%é‘%‘m’?r&?ﬁe&i‘fﬁ?@d°r o

states. &Qé&% QEta@DdtHeestoij &%9&19%’00%%@%}5&% Péc%e %bti gﬁ& J i thm
such as a ov [ a|n an n-g sequence recently
used al Or'ths%ngctfr gy est' o BlERRd B, mespredtcatgoralmrﬁ | nvolve
conparl g {RESIIERLIB f store AT R e

recei ved stag)e vupesﬁgl Ctlé)on daé apgﬁnerat ed fromthe stored states. In the
case of coMSRIfHG F POcERRS e to the predicti on data generated from

t he stored stat t he.stor ! 15 may be de ter.the.

bredi cti on dat ol b Begeia BpSe F20 6 reurtls T espie 565 46m Dot dfvss i on
nodul e 1200 Qro i des the forecasted s;t)fgﬁ ﬁ too t he (ﬁush m)dul e. 1300, The
push modul €9 Iny TESPOPREAgRTSE thegtqragedpodle RO, g sedidt Png on more fo5ites e mobi | e
device 100 and the predicted stat es fromthe pred| ction nmodul e 1200, and in
response rs@éfﬁé‘§§°daﬂﬁ‘d‘h? &ceived dptadppiseaand 4he steied SBirSi Ve Rgediphons edie st ed
state and the requested 20 states. For exanple, if the nobile device state
and f orlfcadZeYmay sKesyteoprsditon alggrishmy spsh as prMarkens phai 3| eSrAMRIUSRE Ut es

URI queries. The res&onse data is then transmtted to the nobile device
100. | n ondnasgb@dmeighied maserecelyomssd adgorithng| erootheichredietion: peorfthine c Bk ed

states. In another enbodiment, the prediction nodule 1200 predicts
f or ecast ed pqumu@g mgpdnvolve comparlng the received state to the stored states, or comparing the

received state to prediction data generated from the stored states. In the case of comparing
the received state to the prediction data generated from the stored states, the stored states
15 may be deleted after the prediction data are generated to conserve storage space.
The prediction module 1200 provides the forecasted states to the push module
1300. The push module 1300 is operable to receive the requested state from the mobile
device 100 and the predicted states from the prediction module 1200, and in response
request and receive response data responsive to the forecasted state and the requested
20  states. For éxample, if the mobile device state and forecasted states comprise URIs, then
the push module 1300 executes URI queries. The response data is then transmitted to the
mobile device 100. In one embodiment, the response data also includes the forecasted
states.
In another embodiment, the prediction module 1200 predicts forecasted states and

25  provides the forecasted states to the push module 1300 independent of receiving a state

10



25 provides the forecasted states to the push nodul e 1300 i ndependent of
receiving a state 10 WO 03/077153 PCT/ CA03/ 00339 fromthe nobile device
100. The wogk/o7mesiul e 1300 i s operable to receive the for@cagtadoosyat es
fromthe prediction nmodule 1200 and request and receive response data
responsi ve gt BRbO8&E@SI08Y Bledhu§iSmoddle 170086 bidri o RN Sn #PR &Y be

further configured to predict forecasted states and provide the forecasted

d
states Lo ts%{‘:és !%ﬁhhgg{%dic%ox? oBuL§POPLHICre QRS dhd receliRlredpd gﬁ’rg%gnﬁvéjser of

the nobile device 1 typically access a news service an rts service

during a ) Eh@if&eéaist'gﬁ atgfe%d?gwgdigﬁon 8 Y@%Otrﬁ? lﬁ%l&r %nf{%‘h{gg édjé{leal@p 8: 00

AM the prediction no nmay predict the'requisite rres for

t he news ervi nor.t i it R j i i nd
provi de- ¢ natrp 8 AR ahd FrsvRRle ToR el sictd ebubialt BF aBEIRR300 ¢ en
executes t URI quefies the. 10 resppnse data is transmtted to the
nobi | e gevir‘}g%e’iw *Thitd Séorpog:lg? fngﬁlleng?/w%cg@rtyglf%?fe%%ﬁsaean?e“bsf Selfvécc?e?n\(/ii ang a
state fromthe nobil e device.1l00, e.q., the nobile device /[ be in a
2t andby. modRSHSGPNERETHREA <AEy" RBE oR e epb euRRE B e Hed A1 e o
relating tqQ,the news. service sports,.service..Acqgqrdingly, the user of
e bt | e AN TTiR o200 REY mipist e roRpe Uiirepd brahd ReWous
service and sports service information available at. th bi l.e device 100
when the. GEIES gBLUR SEPTCEM iV Bng pRiods inpygyide eyt Pierictrg e
mai ntain accuracy of _future predictions, the nobile device 100 may be
further coRPtiginodeiet 3Py Ahs mnh podd I whep cxrceas dhe SR eeriss @af it back
to the prediction nodule 1200 when the nobile device 100 accesses the
predi ctlfd $¢saenss . dah ifs rangtisd, &yither mohilsrdaYife 19200 e yPPEREP DHRYuUPREHE e
prediction algorithmdata to reflect whether a successful prediction
notificati dileprnsdent,of seseiving ¥ stetenfiopethersiobile derdss 19, a.60 thepppbile dgyigs 00 ¢ he
failure to receive successful notifications for a particular predicted
state duri mpydetp patapdyi raeiienenthe essumay pet hapeyet sele@edea pasticubas gateaelapmn
removing the particular state fromthe prediction data, or |owering

to the news service or sports service.

Accordingly, the user of the mobile device 100 will have the information related to

15 the news service and sports service information available at the mobile device 100 when
the user does select the news service or sports service. To help maintain accuracy of
future predictions, the mobile device 100 may be further configured to transmit a
successful prediction ‘notiﬁcation back to the prediction module 1200 when the mobile
device 100 accesses the predicted states. Thus, the prediction module 1200 may then

20 update prediction algorithm data to reflect whether a successful prediction notification was
received from the mobile device 100. For example, the failure to receive successful
notifications for a particular predicted state during a time period may result in the
prediction module 1200 removing the particular state from the prediction data, or lowering

the likelihood of predicting the particular state in the future.

11



the likelihood of predicting the particular state in the future. 11 WO
03/ 077153 PCT/ CA03/ 00339 The successful prediction notification may al so
conpri se watoaoina cati ng whet her the nobil e device 100 aceeIsd3/06839
response data provided. The nobile device 100 can be configured to

det erm ne whet hefe LRBeskRS PRAEoFASEicRILHNGSY LSO B hARe REGNndRAHL Sy ntd@0 has
been accessed during an access tine period. Thus, instead of waiting to

recei ve the,dmshifecRvied tdo REQHIGhd REboRSE datd SrBYibaD FHTmddbde hERce! 108RaPEE | 0d,
the prediction nodule 1200 may 1interrogate the success?u prediction

notificati ggﬁiﬁ(}% tb tdetlar?}niﬁ@%ﬁétl\{e@%e nﬁs@%ﬂ{edda w¥hed! ffon} LP.@ pu!h%ﬁl?&'f?ﬁslogf&é‘ has

been acces uring the access ti peri od, then the success

pr edi cti on ot LLbGa) laffnd BGaLeRmk MBliof SHGE AR oPLAMREY) ReREGHE Ted- 1T

t he response data been accessed duri’'ng e acces me peri od,

novever s ¢ IRRCLAR pRURAET Ao d AR E ACTRORAG AL LARLLON AL 3R at

unsuccesSsf cti1on occurred. odi men e pus dul e

1300 may be_.inpl nted hy.a _reguest.. nmodul e aperable.tq receive..the
ooaivey Tyl TRE LRt RebBAME R R Fen PRI BRNR Ay ASERRUCIAE, o)
lated to

nodul e and in response [ssue re sts f.or response da re he
ecei ved dATROTEHITe Pos R o het ddie I tarn 1s pstet: (berhd Sersthl fad 1o
the nobile device 15.100 over a wreless network. Thus, e request nodul e
noed ot eghe prEnPRepBEeant L SpGhu i Hor or Y pbSrbe
request and the forecasted data request; rather, respopse data for the
recei ved dg‘f‘%l npt beRds AoCsied (dHENg &eeé%fﬁsetimaaﬁeé‘o?"eﬁ?ﬂé‘%’f’ ’a{F‘é“ H}eowcﬂeéﬁé’{ o the
nobi | e devi ce 100 via conmuni cati ons from devi ces responsive to the

r espectliVve Predissige spicayion igdigates thatiag yngyiccespplpredigiindioneited: t he request nodul e
may separately transmt 2Q the forecasted states to the nobile device 100.
Fig. 3 provi desmefothse embediBentnibaPudy mpgrde 300 mpy homplensnteddyyi a BAeRsYi ce 100
information requests. In this enbodinment, the storage nodul e 1100 i ncl udes
menory st drasyleiopgmablg ie) repgige the seceived dpta geqyedsjap@ thgdoieeasted datagequgsf drom

prediction data. Typically, the
the prediction module and in response issue requests for response data related to the

received data request and the forecasted data request to be transmitted to the mobile device
15 100 over a wireless network. Thus, the request module need not receive the respective

response data for the received data request and the forecasted data request; rather,

response data for the received data request and the forecasted data request are provided to

the mobile device 100 via communications from devices responsive to the respective

requests. In a variation of this embodiment, the request module may separately transmit
20  the forecasted states to the mobile device 100.

Fig. 3 provides another embodiment of the system 1000 for mobile device 100
information requests. In this embodiment, the storage module 1100 includes memory
stores 1102 and 1104 for storing mobile device states and prediction data. Typically, the
transmission from the mobile device 100 will also include a mobile device 100 identifier,

25 and thus a state history for each mobile device 100 may be stored in the memory store

12



transm ssion fromthe nobile device 100 wll also include a nobile device
100 identifier, 25 and thus a state history for each nobile device 100 may
be st oredwomsthAssrenory store 12 WO 03/ 077153 PCT/ CA03/ 008IZCA000L39

Li kew se, prediction data corresponding to each nobile device in

comuni cat i1qfp, mkE\bisE,r}ﬁecﬁéi%edﬁlal&Q@sWnétﬁg&cﬁ@n&il@rd@Qcé i doRBndFRIRSY Store

1104. The prediction nodule 1200 is operable to predict one or nore

f orecast ed I and the stored
Contoas 11 1 HaRhEScBABH nfl) oD B LERAIREplaoh SEOYERE P00 TedT et the

forecasted stat Sge B%fjfé&&l %F@g 18&5 % JBBLRIE Pri® ofib I%} fiore f}o%cggeci Qakdre

menory store 11 my a e configured to util'ize the prediction data

stored In RS R ed itk reQhsChAPHE R bR RARHGI 2 Ind Bllicfort 200 BY

be configured to rely solely € prediction data s e nmenory
store 1104 t redict the.far t - rediction modul e 1200
. oporat ARLE00 ey piGid HeAEASEA sarh B e dd ol IInPIETLE il SRR C

t din th t 1104 th t j L t 0. ti I

Lo von el RRLEha e R B0 LR Rl PR A6 TaBRE B SRS o
nmore collection fr rin i.,ch tine stat e collected . for. the
Tobil o qovitenagyors 08 Altem e bl Mool futPr seigiiearSion,
collection frame, prediction data,ar ener at ed 15 adj.usted. The

e ot o hiEBro B rrstision dhr R ey e JEETReRE DlnatR et ket i ot ner
collection frame for further adjustnent of the prediction data, or to

transiti on St¥San operational node 1204. During the operational nobde, the
predi ction nodul e nmay operate in an atom c  _node 1212, a group node 1214,
or a ni¥ed node Th®pesdictipn mppdule; 0P MmaypeReraio v a traiping mdﬁrlgm & B fodul e
1200 uses historical states of the nobile device 100, or historical states
from a gr olrdiftiop datafq Restigredh by BABOR stpset 04, and thandgangition tprasOperpdqnakt at es.

An exanple of a %rouP of honpbgenous users is enpl oyees of a particular
di vi si on mode 1204. In this embodiment, the prediction module 1200 defines one or more

collection frames during which time states are collected for the mobile device 100 or other
mobile devices. At the expiration of the collection frame, prediction data are generated or
15 adjusted. The prediction data are then evaluated to determine whether to define another
collection frame for further adjustment of the prediction data, or to transition to an
operational mode 1204.
During the operational mode, the prediction module may operate in an atomic
mode 1212, a group mode 1214, or a mixed mode 1216. In the atomic mode 1212, the
20  prediction module 1200 uses historical states of the mobile device 100, or historical states
from a group of relatively homogenous users, to predict forecasted states.
An example of a group of homogenous users is employees of a particular division
in a company. Another example of a group of homogenous users is users with similar data
request histories. Other techniques of defining groups of homogenous users may also be

25  used.

13



in a conpany. Another exanple of a group of honmbgenous users is users with
simlar data request histories. O her techniques of defining groups of
honogenowouws®ras3ay al so be 25 used. 13 WO 03/ 077153 PCPCTAXIB0G339 In

t he group node 1214, the prediction nodule 1200 uses historical states on a

Lar ger group of TRbIg RN PFia L Q. prddRliof 1R5HRI<C120B HEOMRONDES K Bl L1 i o

coul d be based on the historica t at es users o evi ces

00 e "2 e gfbulok 63, DA ke 160, ﬁob&a%{p%?hggaupgn@ggwgfcﬁm&l@magéﬁsi first

inthe 5 a and then swtc roup node 1

strong pr e%hﬁ;eih?s%rf’c%gﬂagsofgﬁu g§f+‘§]l’ﬂ%ra§g?ﬁ£59%-c node 1212. The strength of

the prediction my neasure e ity to recogni ze a reference

pattern, or the.likel.ihood, of .t redi ct.i bei rect xceedi ng a

t hreshol d pr oba]r:)Llniﬂl 3f3}n né‘?edo?og? Eglreortreet H’%éfg&&} i OS‘Qgr%@ ‘? 8R?ratte?1elrsgr6‘6?li‘ee devi ce
100 may .i ssue .a dat e t via the URlI 15. The .10 URI 15.is transmtted
over thd walhaewedn B fok o i e EivpRRindt 154 1 8 e PRk Rn e iodul e
1100, and the state is stor [ he menpry . store .1102. The URI 15 is then
o ovi ded t 5° T8 BB BERGRO o e THSUOTEAL LR PROCASE BEY PRESHIRGAY T or o
1102 and/or_ .. 1104 and. predicts one or qgrﬁﬁiorec sged aiatesh In this
exanpl e, t AR QIPCIENER 2FGHFANES PASED Op fedietiBogily o Redicion being gqrregls - a5
the forecasted state. 15 The URIs 15 and 35 are provided to the push nodul e
1300, whi cl§XteREiAs atuestipldprobapility, ahyther Method$- queri es. The URI 15 may
correspond to server |ocated on a corporate LAN 21, in which case the WAP
deck 17 is pr ovf‘b‘&{?rqt‘ﬁ"’rté%B’@h‘éf‘e‘.leVTFﬁéo&may Iug g gata Egpesh ¥BAMIURD 12 T ver 22

| ocated sonewhere in the Internet 20, and the corresponding WAP deck 37 is
provi dé i WRlelSpis nasmisted oy thpirglewsinetyork JRP agd theylntprpgh 20\MAtheq¥QRER7 ar e
then transmtted to the nobile device 100 as response data. Upon receiving
the res pong@dﬂ]&t H 004 #nsl thaptagoiskstargd in the memory store 1102. The URI 15 is then

provided to the prediction module 1200, which accesses the memory stores 1102 and/or
1104 and predicts one or more forecasted states. In this example, the prediction module
1200 predicts only one state, URI 35, as the forecasted state.

15 The URIs 15 and 35 are provided to the push module 1300, which then executes
the respective URI queries. The URI 15 may correspond to server located on a corporate
LAN 21, in which case the WAP deck 17 is provided in response. The URI 35 may
correspond to a server 22 located somewhere in the Internet 20, and the corresponding
WAP deck 37 is provided in response.

20 The WAP deck 17, URI 35, and the WAP deck 37 are then transmitted to the
mobile device 100 as response data. Upon receiving the response data, the WAP deck 17
is accessed by the client program 110 operating on the mobile device 100, and the URI 35
and WAP deck 37 are stored in the client pr(.)gram cache 120. If the user thereafter

requests the URI 35, the prediction is successful. As a result of the successful prediction,
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is accessed by the client program 110 operating on the nobile device 100,
and the URI 35 and WAP deck 37 are stored in the client program cache 120.
I f the uswoosleneafter requests the URI 35, the predicti ecTicsnesesst ul .
As a result of the successful prediction, 14 WO 03/077153 PCT/ CA03/ 00339

the WAP degle wAPI RS PN bl shel HOM t}x?@acﬁ@-‘fﬁf;‘ andf3 thiR MlmleSialef} U ailBTERG iRl €l Y

available to the wuser of the nobile device 100. I n another enbodi nent, the

cache 120 qf. . L,Pfe TRBIL &vii€Vibge 100 may al so conprise a client program
cache 122 and a push cache 124. The client program 110 may be 5 configured

to store the regnaRKE: Al gﬁe%h}tﬁlecg&f‘e%%ﬁg@ Cn?éb*ﬁ& Sevic 0 iy atlsja%omﬁgsedECk 17

provided in response to t 15 1int I ent program’cache 2, and

store Lhe o S3ROPRGaRLEnd 923 o 3] ATECIAA! P cRHE B 1o VR 5 and

WAP deck 3 pus cache pically, redin e cache
120 may_have .assaciated . refresh or expir S F a i I on
header fl;' i elc%lff?gtuﬁgttoishosr? Fhﬁcrte Pof ee&)a(t: |°e{rﬁ'f: rpqru(%%fg%%atf‘lgl% &gglﬁee%ﬁéei%agat a
source and reguest updated dat g this nRodi nent, .su ﬁnex [ ata or
refresh datpﬁ)vgtléﬁ P H%S%P%S,Spté}ntg% lggt g?slf‘(l}beeﬁﬁ?n ptr?l%anﬁuds?ﬁhecgc eangzggf%? ghel gnor ed
by the client pr ramlifo. Thu the clje 0 %0 y.search the
push cache FparoY Gita o B d0isrstradis et Oy 85 88 AR Eea et e abitent
state, and wi |l not execute a data,reque é if the expir fia a or .refresh
data i ndi c5¢%0€ 1§€'a{r§p‘ a‘%atal?%orle‘?“l fhe qu’ga {ay é‘feaas§c?clﬂt%lcfe r?f“toﬁgx%ﬁ'sh cache
124 is responsive to the subsequept tate, i.e., the next state was
correctly dr@dichay arbﬁxl’cuﬁgo‘bp??g?rcﬁ‘?l%r{ﬁ%%ﬂ“éts fesodient pragamn bl 1 1Ue@ pr ogr am
110 may transfer the forecasted response data fromthe push cache 124 to
the cl il@nt dpRSOHemInddeqyest Bpdated data a thipepbadupengspch P8y defe Phrefrd dtish cache
124 is not responsive to the subsequent state, however, then the
f or ecast ed it gggepeeseqiztastopgd ihde Postyeachs d#f isdgpprediky heplient pgiadtldd by t he
nobi | e device 100 is transmtted over the wireless network 105 to the
st orage nodbe thgodient program 110 may search the push cache 124 for forecasted data
responsive to a second, subsequent state, and will not execute a data request if the expiry
data or refresh data indicates stale data.
15 If the response data stored in the push cache 124 is responsive to the subsequent
state, i.e., the next state was correctly predicted by the prediction module 1200, then the
client program 110 may transfer the forecasted response data from the push cache 124 to
the client program cache 122. If the response data stored in the push cache 124 is not
responsive to the subsequent state, however, then the forecasted response data may be
20  deleted, and the state requested by the mobile device 100 is transmitted over the wireless
network 105 to the storage module 1100.
One or more forecasted states may be predicted and pushed to the mobile device
100. For example, if four states are predicted, and the response data for the four states are

provided to the mobile device 100, then the mobile device 100 need not transmit a data

25  request over the wireless network as long as the subsequent states requested by the user

15



One or nore forecasted states may be predicted and pushed to the nobile
device 100. For exanple, if four states are predicted, and the response
data for wbasfous3 states are provided to the nobil e devi ®eTADO3/0033en t he
nobi | e device 100 need not transmt a data 25 request over the wreless

network as lgleomor%stha @&@4@&&9&1 Stlfes SR ES oo embsdmB, Lhéh HdRbisting the/\O
03/ 077153 PCT/ CAO3/ 0033 are anong the four predicted states. In yet

anot her e”@Q&Eﬁﬁ@ﬂPredféH&ﬁ, % %&sﬁé Péwcetl B rasdiGG Sl stR LR bh R&ﬁ“hcaﬁ&e mobi | e
s a succes u to the

device 100 trans S predi ction notification

di ot . di ot | I 0 . _ - |
For ecast od ‘St EURHd: phARePIRY) Ths SRATRG noapielaoh i BRARLCAFUAAM |\ 0"
mobi | e dev'f&r@c %tgg ];staés %di%lﬂﬁgegfagg Jﬁ?cerés ?}p&%c%ctg&‘tsatet& thpg}oggé)geltvactedl%&l ce 100.

Thus, a new sé response or omne or nore predi es may be

pushed t.o th bile device 100 .w t hgut use iatervention. In addition to
e ho oper 401 IS BF giipiise Sua WPl hecloo, aRMERI P frrepdn e,

recei ved data request and the stored stat t he edi cti dule 1200 may
al so be 10°oPErA0TEC P e%bcrteé{c]?t?:t?s B’ﬁ%ggrp“sra%&zd thrI@%bg{étéejealcgtlg{}ewg&f)?fdgﬁrendent
of receiving a state fromthe nobile device 100. Furthernore, the nobile

devi ce 100 "M&YBE"f urt her operable to transmt back to the prediction
nmodul e 1200 a successf ul $rediction nqﬁification as caonfirnmation that the
oredi ot on modufikAdisien ' BHPE CRAFPI AT QB PHECH TG eoiies DhsH B4 ed
states independent of a received data request. The operafjon of the

predi ction rﬁ@”ﬁ%d’ﬁ'iaereﬁ%b?ndpﬂl‘?h“%@lﬂaéas’lg'ﬁd’,recﬁﬁﬂmt’H%‘P‘ﬁ?)t%%@(b“Hé\ﬁlst?ebeioo in
this configuration are as described with reference to, Fig. 2 above. In
anot herl0enioBeible i Predipigime SF BWrecioreseptadiitates dpdependeni pf sesiving 2 Yefrpmdlf cti on
nmodul e 1200 may further conpare a resource metric associated wi th pushing
dat a rel at éepbilg gleyige 19y éﬁ%@?@ﬂ’r%tth% &wbile) dgvies, 40Q mayeler f"éth?EZQIUFaW%E’ system
metric 1220 may be a cost 20 netric, such as a cost of providing the data
to the nobitiagsmpiepadke tol O, PAictont aradilec E20Ret spgeessful prediction notification as

confirmation that the prediction module 1200 correctly predicted the one or more
forecasted states independent of a received data request. The operation of the prediction

15 module 1200, push module 1300, and the mobile device 100 in this configuration are as
described with reference to Fig. 2 above.

In another embodiment, upon predicting the forecasted states, the prediction
module 1200 may further compare a resource metric associated with pushing data related
to the forecasted states to a system metric 1220. The system metric 1220 may be a cost

20  metric, such as a cost of providing the data to the mobile device 100, or a resource metric,
such as available system bandwidth. Other metrics may also be used. The system metric
1220 may be used to update or adjust the prediction data stored in the memory store 1104,

as indicated by arrow 1'222.
Based on the system metric 1220, the prediction module 1200 may determine the

25 maximum number of particular states and related data to push to the mobile device 100
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such as avail abl e system bandwi dth. Qther nmetrics may al so be used. The
systemnetric 1220 nmay be used to update or adjust the prediction data
stored i wDhg/omasbry store 1104, as indicated by arrow 1P2Z/CABa®@390n t he
systemnmetric 1220, the prediction nodule 1200 nmay determ ne the 25

maxi mm ”U'E‘H%ii?fs Bt PREtlveC WAL pasti iR Foredtted ShRl B nBAlod: drRciSHr dxlechifife NODI | e
devi ce 100 6 WO 03/077153 %CT/CAO3/00339 that is cost effective. If the

particul ar nIaQtrﬁﬁ??ﬁrﬁger%tf%s?%ff@cru@e Gaes, G softel G4y G ac??rthee%?e%gﬂeedt fifies MBXI MUM

nunber of cos ectlve states en sone, or even f or ecast ed

states ¥1} GeCH &meh edAltAJtl@él? atthE \i)ﬁédYCtIOB hﬁo@ﬁee gta? tb'e: Qe tOb e

further gure to generate’anot forecaste stat or nodify

Fhe fi rSt ene}rq? {o%e?%& tf%&e%tst%& ?t%te% or ghfgﬁhg hfsé%eé%?kor&tastg ﬁgéscf:f?ﬂhSt at es

IS not cos 1 ow gram andl i ng

a nobil e devic n t u At step 502, a new state for the
nobi | e Se ?F%S%g% %ggpg 3%5 ﬁ&)F%%?%ge nodul e 1100. TyplcaIIy the new

state correspongds to a data re i Vv devi.ce via a
Cranem ot on ovbE ARTPER uBer RS SR S L PR R Tt BT o 5" To
particul ar nobi | ae .1 dent nclud in the
it & 1 equestaiesy A bEHSEE 2 nep ROk e siollh SGapE Misyrds bude udties i
prediction du e.l Dependi ng on the prediction algorithmi enent ed
Pt he. prediO | SHPiRARuINE "BR0BRE CHEDHISAS e#aanrea%tareﬁayf b o%%?lg@t% th
each neM/state recorded, or may alternatlvel dated only if the new
state renddP¥ce @ acSaNSPIsHgn OVE A WITFIETS MEERYoLk; ry%Eé‘ﬁY" ale BRY icpresRuY 82 15

adj ustment. Factors that nay determ ne whether the prediction data is
updat edOnayparticwal gekiledsuics é agpphile deyiceddengifiek iy FVI‘@F‘%@ the ¢aga 15Q¥e8t cul ar
prediction algorithm and the like. At step 506, the predlctlon nodul e
conducts a statét&ﬁaﬁ9ﬁﬁ§eP@d@?%ﬁﬁ%%“ﬁbpé@$§ﬂéﬁbygﬁaﬁégﬂﬁm'?%thﬁﬁp

devi ce 100. The prediction nmay be subject to a node selection, such as an
atoni ¢ roddeponthing on the qugslicvion algenthan irepleraenigdxiadherprediction godule 1200, the

prediction data may be updated with each new state recorded, or may alternatively be
updated only if the new state renders the existing prediction data inaccurate or in need of

15 adjustment. Factors that may determine whether the prediction data is updated may
include sample space size, history size, the particular prediction algorithm, and the like.

At step 506, the prediction module conducts a state analysis to predict forecasted
states of the mobile device 100. The prediction may be subject to a mode selection, such
as an atomic mode 1212, a group mode 1214, or a mixed mode 1216.

20 At step 508, the forecasted states are provided to the push module 1300, which
requests the new state data requested by the mobile device and the forecasted state data
related to the forecasted states. Finally, at step 510, response data including the new state
data and the forecasted state data are prepared for transmission to the mobile device. The
response data may comprise only the new state data and the forecasted state data, or may

25  further include the forecasted state corresponding to the forecasted state data.
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20 At step 508, the forecasted states are provided to the push nodul e 1300,
which requests the new state data requested by the nobile device and the
forecast eWoaBarasslata related to the forecasted states. PCmatAog/o0md step
510, response data including the new state data and the forecasted state

data are prepar flaf e hABSHeAS il pheh RARIITENA W GRranfle, agempRIse data

may conprise only the new stateé da a and the forecCast state data, or may
25 furth ot gst ed
State data v*h%@“d%%%b‘és%@%f N R S R LA sl
dul e 130 | ud
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Wi pr O

docunent cause a browser ssue a quer her  data 5
servers_associ ate URLs. To obviate the need for such
operatlgns 3?“?ﬁ“°%§%§w gﬂ?ff@‘ﬁ%ggﬂufhe push nDduIe upon determ ni ng
that the response data urt er gue guest s further
Fooponse data 1 16 PRGHEREderdIoFFish phirhins 3L Bh b e dno. GERER e, o ep
o coar o 58 U ot BERR R S B TR 142"
forecasted state data, and als udes the furth KesPon data rel at ed
Lo Che f ur SREPSE et BEBSS 19 Do OEHE, T e % SEOwRG S8 114- aOPRow

di agram 600 i|lustrating a node sel ection in the prediction nodule 1200.

At step 60ZSCCHVHIE ';HF dEhef TSRO falde theopsh deqduter BOP r%epéfeérfﬁ?oﬂ%ﬁo‘@‘alﬁ‘ftz as a
default node. Accordingly, the redlctlon nodul e 1200 utilizes the

hi st or il8al leqhaieeéheolfe“astﬁsrdaracmd foresnsissl Isiateqdad: aad plsg, inglpdasjthe Hithery|
states froma group of relatively honbgenous users to predict forecasted

states. At Tespepse dara relatebtoghefyrtheristate reguests s $hom ips8APEes f or ecasted st ates

based on the atom c node data. At step 606, the prediction nodule 1200
det er mi nes whet Higr 5 iswaeflow diagram 600 illustrating a mode selection in the prediction module

1200. At step 602, the prediction module 1200 selects the atomic mode 1212 as a default
mode. Accordingly, the prediction module 1200 utilizes the historical states of a particular

15 mobile device 100, or historical states from a group of relatively homogenous users to
predict forecasted states.

At step 604, the prediction module 1200 predicts forecasted states based on fhe
atomic mode data. At step 606, the prediction module 1200 determines whether the
forecasted states are valid. The validity of the forecasted states may be determined by a

20  corresponding probability of the prediction exceeding a threshold, or by the prediction
module 1200 being able to determine forecasted states based on the atomic data, or by
other methods.

If the prediction is not valid, then the prediction module 1200 selects the group

mode 1214, as shown in step 608. At step 610, the prediction module 1200 predicts
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forecasted states are valid. The validity of the forecasted states nmay be
determ ned by a 20 correspondi ng probability of the prediction exceeding a
t hr eshol dwoas/obyss he prediction nodul e 1200 bei ng abl e t ecastsmsiize
forecasted states based on the atom c data, or by other nethods. If the

prediction faréca&% std} bked bRER (%&ﬁ, RéRUaal | AepRAY] e prBRuSEHEEHS mdme gr oup
node 1214, as shown in step At step 610, the prediction nodule 1200

predicts ﬁ%m%ﬁhQQQQE%J §g§§;égﬁggépggggulforecasted states based on the
e

group node data. At step predi ction nodul e 1200 determ nes

whet her the forﬁ-‘ctﬁ‘éf %a?ﬂe@%&é Fe‘alc\’e%' dnclfep' éo4t\£?é‘rﬁ vQﬁ GRS hiRhatt dél‘% &8 Ry €di cted

in step 604 were va erna ive orecaste tates

predi cted If(;}ecsagt%) thtgé p{éﬁfcﬁad!lﬁ'\éék I664 g/?% bk!ﬁ!ldfagfl %af%ke%gs ts%tgs rpépc{ ﬁgd i ed in

5 step 610 are va new sta ata a

for ecas ed s te;t) %tl(? al%a\; da hgn rne&g e%if ﬁilc vrs} s%att at§ Jagd hehf%r z?s%églosrt]aﬁe g ta%
a’é & nobI

recel ve pr epare m SSi O

f orecast ed sta pondlng tate d ta are h 0 th noblle
dovi o al ofGUaIEh Pren ?129{ e %ﬂﬁaefefeelae v ek ﬁﬁ%ﬁ %w&gw*@a% 4 he
forecasted s rein however n the new
10 state daohls & Vr“%qﬁ&'é‘ fOﬁe%%tf‘edSﬁ%iSsa"dgﬂaeﬁPﬂ%a' Pl 88 SR aedP Theq o

t he new st at cel 620 i s ed for transm ssion to
the mobi | e 9B @ tcepie %‘r{ﬁ%ﬁ"’ftﬁ at%%é&“‘é‘edd’é{t‘ E‘a[?é%t“éﬂ by the rnobile
device is prOV|ded to the nobile device. is a flow diagram 630
illustrating angﬂﬂé?“%%ﬁﬁbﬁmﬁ%ﬁﬁﬁ?ﬁﬁ“hﬁﬁ?ﬁ H@VHE@md1mWﬁVﬁh??gﬂwHEﬁhests

In the fl ow di agram 630, the prediction nodule 1200 predicts 15 forecasted
st at es pndéﬁﬁ@n‘%i’ghts rsfuested di \ﬁeaél% W 4he respelf dae rﬁlab’mt% Rl glegtita The

met hod of the flom1d|a8ran1630 may be inplenmented after _set of prediction

data for arecgiyed instapLH?2 mwa@ed@f@w@@mﬁw Brtheymebile vicgpbhpseoteificsiée has

been devel oped, such as described with reference to steps 502 and 504 of
Fig. 4. data requested by the mobile device is provided to the mobile device.

Fig. 6 is a flow diagram 630 illustrating another method handling mobile device
information requests. In the flow diagram 630, the prediction module 1200 predicts
15  forecasted states independent of receiving a state from the mobile device 100. The
method of the flow diagram 630 may be implemented after set of prediction data for a
particular mobile device 100 or group of mobile devices has been developed, such as
described with reference to steps 502 and 504 of Fig. 4.
At step 632, the prediction module 1200 predicts forecasted states. The prediction
20 may be triggered by an event independent of receiving a state request from a mobile
device 100. The event may be a particular time of day, a particular day of the week, or
some other event.
At step 634, the forecasted states are provided to the push module 1300, which

requests the forecasted state data related to the forecasted states. At step 636, the response
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At step 632, the prediction nodule 1200 predicts forecasted states. The
prediction 20 may be triggered by an event independent of receiving a
state reqwesw/nfriesn a nobil e device 100. The event nay beraTpavsiesbar tinme
of day, a particular day of the week, or some other event. At step 634,

the foreca . L , L .. Jequests
the for ecasa{nggoéﬁtg%l?tgggﬁe%é@%%tgﬁ%ta {gq% %%B géjgxgja[ggt?le t%%lzjﬁg g’sg.moﬁ% g?vécper 636,
t he respon 19 WO 03/077153 PCT/ CA03/ 00339 data conprising the

forecasted State data'is prepared and transnmtted to the nobile device

100. At step 63 th redi ctj.on e ternknes if 2s st ul
predi ction not g* ﬁtggf?g’nﬁ% éfédécegﬁnrggdél(hﬁ \l/ge‘ﬁ)og?tgr%m?sglr %D F#eésf%eéﬁg%gg 0. The
to.a ti ut a if the

determ nati or Ee 5 subj e Te- iod. .For .exampl e,
pr edi ot | on"RUKITE T5otep el SororEaetE sttt B O SRR <. the
time-out period nmay .be the prediction perio or.a. ti rod | ess than
the. predi Lottt gort el gefsd b sapmbiey 1ot fiidion, pOTPETRAT PrsyE
notificatiqn is received, 't?ge at step 640 t.h rediction . data is adjusted
by the predierrghsHEHtH bbb Gouhs SiastipCRype Ik erditontat oo
predi ction notification. Depending on the prediction algorithmused,
adj usting {H¥ Pﬁ?@ﬁﬁeﬁttﬁ%ﬁhﬁﬁgg‘c?w ad e&’d’“%\}“rr esult in maintaining or
increasing the |likelihood of future predictjons for the forecasted states
predicted in stHp @gessipk pradigipocpatidicaiongs aeseived, Shenrmestepi 8 ho Aot iSigfbt
recei ved, however, then at step 642 the ]%%r ediction data js adjusted by the
pr edi ct i on dABda|aIupEd by Hie BdiFiRne prodels 00 fox the sxseptinn ofy Biepiuserseftl on
notification. Depending on the prediction algorithm used, %us_ti ng the
pr edi ctlPon perdicsion rosifigasiop4 2 Depgpdingsen tthe Rregisfinr AlgoriAn wed cadiushag ilf t he
| i kelihood of future predictions for the forecasted states predicted in
step 632, Ipredigtion Hap inevigroefiOrreaytresultie majnsaieing pincigasing the likilihpert offfutist i on may
conpri se data
predictions for the forecasted states predicted in step 632.
If a successful prediction notification is not received, however, then at step 642 the
prediction data is adjusted by the prediction module 1200 for no reception of a successful
15  prediction notification. Depending on the prediction algorithm used, adjusting the
prediction data in step 642 may result in maintaining or decreasing the likelihood of future
predictions for the forecasted states predicted in step 632.
In another embodiment, the successful prediction notification may comprise data
indicating whether the mobile device 100 accessed the response data provided at step 636.
20 In this embodiment, the mobile device 100 is configured to determine whether the
response data pushed from the push module 1300 has been accessed during an access time
period. If the response data has been accessed during the access time period, then the
successful prediction notification indicates that a successful prediction occurred. If the

response data has not been accessed during the access time period, however, then the

25  successful prediction notification indicates that an unsuccessful prediction occurred.
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i ndi cating whet her the nobil e device 100 accessed the response data
provided at step 636. 20 In this enbodinent, the nobile device 100 is
conf i gur eaotos/ogAasEr m ne whet her the response data pushed fPcaraAoBeoisesh
nodul e 1300 has been accessed during an access tine period. If the

response data hgg b%%%i%g?{ix}?%? bt enB8UibR o@%%ﬁs’iém tf(;rrﬁ%n&iﬁlréir%ile bbgg the

successful prediction n ication indicates that a successtul prediction
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time perio however’, then success predi ction notification
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client 300, which may._ include a State Reporti Agent ((SRA) 31 nd a Data
Store (DS) 320 Tg“r mﬁﬁ%@ﬁ”“&a&"&. CORIPEISES 4 pre ’Icﬁl%‘?l?e&f gg&i‘ﬁh‘% S?ay 7“‘1?%‘1%6? devi ce
application 330, which nmay be a nobile device hrowser, such as a WAP

br owser , ot REPOTRELALENISE &1 GRtninPEA TG FPbarG T MBS ¢ aay
conprise a _browser cache or nobile application-specific _cache. The device
appl i cdPi oMlusterediyFige’ Eohisvigsrwalisagor A hidempsbg o anabde deyemrgwser,
information before issuing a data pull request to the prediction server
200, and t KechSre WAF braysernerepther meliilerfleyise gommpricatipn arogrami dde dhppPikat i on
330 to receive notification of a user request for a specific UR . Wen
notified, ke SRAPIBAMR Browsen gacheher wobde epplicatipierecifigncache.t r Bits #PYiCURI  dat a

to the server side DCU 210.
application 330 may be configured to check the DS 320 for cached information before

issuing a data puli reéuest to the prediction server 200, and the SRA 310 may interact with
15  a particular device application 330 to receive notification of a user request for a specific
URIL When notified, the SRA 310 utilizes the wireless connection to transmit URI data to
the server side DCU 210.
The device application 330 may also include the functionality of the. SRA 310 and
the DS 320. For example, a WAP browser may report the mobile device state with each
.20 URI query, and the WAP browser cache may store information for the WAP browser.
Thus, the prediction server 200 and pushed response data may be integrated in a
transparent manner to the mobile device 100 user.
The DCU 210 may comprise a device state listener 212 and the state storage
component 214. When the mobile device 100 reports a new state, the state listener 212

25 receives the data, which typically comprises a device ID and state URI, and redirects the
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The device application 330 may al so include the functionality of the SRA
310 and the DS 320. For exanple, a WAP browser may report the nobile

devi ce stwbDasmwtiRs each .20 URI query, and the WAP br owsercramieg/oomsy st ore
information for the WAP browser. Thus, the prediction server 200 and pushed

response daha Jaie Etgteiz%fa‘géi g(grrﬁ;&)ynielgto%f |t g@ﬁﬁ&ﬂt@%hb%%%, @ deliCe TRRY 1 €

device 100 user. T a device state |1 stener 212 and

the state ?iEtQﬂe?@?% c&%&ﬁ?@r@%ﬁ%& 2 \0&8: ste%r,{gﬁgeinhg(%rgn@&;l,\oﬁiqiséggy&%@%%t; a new

state,.the state Tistene recei ves o pi ca
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enbodi nent s, _t.he .deyi. t | i er i . .ed socket
cerver ot FealP g RLLT s Dy 210 PRI ENer SR Ol MRGIEAET s S aner
212 may _be enbfd%ed%asing software as a stand-al one process or as a thread
W thin Phe 21618 “prediction server 200. O her inplenentation schenes

5 may al so be u

ed. The state stor.age co oneg@ %t4 co ises a state data
Storage for stal BeHEaBIFE TP FEomEHER & Sale il vierbint Py Fogy
hi erarchi cal data, storage of st S ructured, according to nobile device
users' hi s?rBPi | deyi; %%f‘ JstEaen Ziﬁ?’g %‘L‘eé?rélé‘caieq?@ vetrse rog M3 e ST e state
| i stener may be stored. t orarily, while. the hierarchical .dgta storage nay
be 10 oper &tCEIRGSMEPILE dEHHicE Y5&tss ‘§‘P’é??lt' PEHVIE RALERNE A, r&%ﬁlv"gé’?"é“ % age
may be inplenented.. using a relational or aqbject database, XM. data store,
or serial i feYcestatelistener FRY be stoged terppqurrily,vule b highacchicpldatpssierage iy I5au 220
is notified when a new state is provided to the data storage of the DCU
210. THE DApsratip te s dasa pemigtertivar dhehierassidcal 3t Sorago MaORT iMRle8enge dat a
storage 15 and the corresponding historical data fromthe DCU 210.
hi er ar chi cabing gt lasioenl 05 cobjerh database. oXMEi datd siorr r Searlized fildsy Bey Hitrat ed
according to a prediction algorithm such as
structures may also be used.
The DAU 220 is notified when a new state is provided to the data storage of the
DCU 210. The DAU 220 receives the state URI and device ID from the state data storage
15 and the corresponding historical data from the DCU 210 hierarchical data storage. The
hierarchical data storage may be updated according to a prediction algorithm, such as
Markov weighted probabilities, two-way sorting, n-gram sequence model, and the like. In
one embodiment of the DAU 220, two separate threads are utilized, a first thread for new
state notification, and a second thread for state processing.
20 The APU 230 is notified by the DAU 220 when the DAU 220 completes the
update to the hierarchical data storage 214. The APU 230 then executes the prediction
algorithm on the data from the DCU 210 to predict the next state or states of the mobile

device 100. The next states may represent the most likely user navigation steps following

the current requested device 100 state.
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Mar kov wei ghted probabilities, two-way sorting, n-gram sequence nodel, and
the like. In one enbodi nent of the DAU 220, two separate threads are
utilized,weBioras3thread for new state notification, andpraTaz®enas3dhread
for state processing. 20 The APU 230 is notified by the DAU 220 when the

DAU 220 compl et ¢ WP 230RAAL et inNfirel ipRluRkiERHRALs: dahic $0¢ 2efipIidie, The APU
230 then executes the predi'ction algorithmon the data fronltﬁe DCU 210 to
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state fromthe Internet 20 or |local network 21. In one enbodinent, the
DPPU 248 may i ndbf 6‘8Pa?(38 Pé"d‘l‘ﬁ“@ﬂtmaééeﬁlpﬂﬁ’ s °6|51°Ferﬁ°?€a§§‘?ﬂ Jtalest i 1% RRPY he
data responsive to the forecasted states. 15 After the response data
rel ated to 2¢Rdesebies dhts faeragedisiatss drom thecAPY B0, apbroopests onfpreceseskdata he

forecasted states and associ ated response data into a single buffer for
associated with each forecasted state from the Internet 20 or local network 21. In one

embodiment, the DPPU 240 may incorporate content caching to optimize collection of the
d‘ata responsive to the forecasted states.

15 After the response data related to the forecasted states are received, the DPPU 240
packs the forecasted states and associated response data into a single buffer for
transmission to the mobile device 100. The DPPU 240 may also perform additional
optimization steps, such as content transcoding, compressing, and the like. The DPPU 240
then provides the response data to a mobile gateway server to execute the push to the

20  mobile device 100.

The DS 320 at the mobile device 100 receives the set of response data transmitted
by the DPPU 240. In one embodiment, the DS 320 may be realized by a cache for a WAP
browser operating on the mobile device 100. In another embodiment, the DS 320 may be

realized by a push cache associated with the device application 330. In the case of correct
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transm ssion to the nobile device 100. The DPPU 240 may al so perform
additional optimzation steps, such as content transcodi ng, conpressing,
and t he Iwka3/o0Thes DPPU 240 then provides the response datraTi@noad/omsbi | e
gateway server- to execute the push to the 20 nobile device 100. The DS 320
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the L?dﬁfvhﬁﬁmﬁ?@a@ )Trp%?ﬁ?z?qa:%ri"m" e R e T
issue a traditional data pull request (9), which can be used as a trigger

for i nilli ackkd Pa)d BRdCTONSR 10 b Fdlf%staﬁséﬁrgtnr%mgeddf@g&ravmﬁwaﬁemﬂ 15 In

an alternative enbodi nent of Fig. 7, the APU 230 is further operable to
execut e t Heobye denieti0868)al gorit hm on the data fromthe DCU 210 to predict

the states of the nobile _ o
These data operations need not occur according to the order depicted in Fig. 7. For

example, the device application 330 may issue a traditional data pull request (9), which
can be used as a trigger for initiating any one or several of the operations described above.
15 In an alternative embodiment of Fig. 7, the APU 230 is further operable to execute
the prediction algorithm on the data from the DCU 210 to predict the states of the mobile
device 100 independent of a new state reported by the mobile device 100. For example,
the APU 230 may predict the states of the mobile device 100 on a periodic basis. For
example, if a user of the mobile device 100 typically access a news service and a sports
20  service during a certain time of day, e.g., between the hours of 7:00 AM and 8:00 AM, the
APU 230 may execute the prediction algorithm at the beginning of this time period. In
this embodiment, the DAU 220 may also be operable to receive a successful prediction
notification from the mobile device 100 and update thé state storage component in the

DCU 210.
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devi ce 100 i ndependent of a new state reported by the nobile device 100.
For exanple, the APU 230 may predict the states of the nobile device 100
on a periwaios/obasi s. For exanple, if a user of the nobil eCdaA06003590
typically access a news service and a sports 20 service during a certain

time of day, ﬁBrSegfﬁE&ﬁgsna &/nglétle?#{?ﬁl]l ﬂfodzl &Q% %Qgcé?’a ?nf"vin ﬁlﬂegra PU 230

may execute the Iction a at the begi nni ng 0 I's ti peri od.

ccessrul TBOEhET A RaPE o ERh SR RO SRR el T8 e v

successful predicti rom vice

the state st e Qﬁgr r?Il gqp 7 / CA03/ 00339
Fig. 8 ill s ea?e%w%%{g\?evél ght as rchiﬂap P ga'ge % aét e(\q/)alzacst]aéegrc{g\gl ty. In
this graph nodel, each of th edges re re ng.each of
the vertices r e‘%‘}%‘“é LELhe Sdisi T e%fgglsi ce qlot“ettronéﬁ‘gtlm L tcé? ﬁrﬁ@% €. X HTML

pages, P.deck, data screen al e, Lepr ese nts a

t ransi tg\A Tg'rlsorﬁ an feidF%tex‘éisetf Zwete’B 0y ¥t arbkng{ye ‘S an%dl? then dhey & %em sts
bet ween any two a trar rtices A a e edg epresents both
Lransi t on¥qpreafﬁ%é?%és@nﬁ EBRARoF Aot 6 2B B bﬂr’k 8 Pl g Olog
associ ated wei (WAB, ne weli i [ect For exanpl e, the
edge conné%‘f’?‘ v‘?é?‘%lit%é&yf:g”l gg}\‘l\é{%bkﬁ‘@“ 2’J or\@iﬁ“pM the; F1&€ 1 egar d,
t he edges denote bi - di rectlonal tran5|t|ons g h_b en th forrratlon
states. 10°PRIEFHE VErHES VAiaAg Vodis oigiehsi besVe \A@eéag% T’FBB? fdoevi ce or
nobi | e devices are observed. The weights for each vertex wei ght may
represent PheirssHARsE Hansitions beswesidle BformationN¥aies ons al ong each direction of
the edge during a training period, or nmay represent any other decision
suppor iPng measBrENsRERHNS Retiqdheates Isavests by 3rmabila devics qrynobitpdeviseagte of Fi g.
8 can be used to predict the nost |ikely subset of future 15 transitions
(edges) an@bseesgohkeeweights fqreach veriexs ywekehs By aeprespet the pyraber of fE@iepdit ofon st at e

of the nobile device and historically accunul ated user activity data. Wen
t he nost | irkeditjons along each direction of the edge during a training period, or may represent any

other decision supporting measure based on subscriber historic activity.
The graph of Fig. 8 can be used to predict the most likely subset of future
15  transitions (edges) and response data (vertices) based on the current information state of
the mobile device and historically accumulated user activity data. When the most likely
set of future information units is identified, it is pushed to the mobile device to minimize
data access latency observed by a subscriber.
A variety of mathematical models and prediction algorithms may be used to realize
20  the graph of Fig. 8. In the embodiment of Fig. 7, for example, a Markov chain model may
be implemented. The weighted directional graph of Fig. 8 can be adapted as a Markov
chain by ensuring that edge weights are probabilities of transitions between state vertices.
Thus, the graph may be normalized at each vertex in order for each vertex to have the total
weight of outgoing edges to be equal to a probability of 1. The graph operates with the

25 Markov chain states corresponding to atomic units of information (e.g., cHTML or
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set of future information units is identified, it is pushed to the nobile
device to mnimze data access |atency observed by a subscriber. A variety
of mat henwbiosal7iabdel s and prediction algorithnms nay be ueed/csn3pesbi ze 20
the graph of Fig. 8. In the enbodinent of Fig. 7, for exanple, a Markov

chai n nodel, yiRy, dbQnieiR! WENEESs, dipeschRhghhEafdl ERE tiaRBRdnsAhARBpBdenf 9. 8

can be adapted as a Markov chai'n by ensuring that edge weights are

pr obabi | | tighihseh hARSkibh RO REVURS R B (AL TG Rcasel BiRs he raph may

be nornalized at each vertex in order for each vertex to have the total

wei ght of out gob%nzgﬂgﬁ,gr%}gla&o@%aﬂmﬁ%eﬁv@th% RLQDIDI| | },Y..Q,ﬁ iél'glllglagscﬂf)&ph

operates with the 2 ov chaln states corresponding to atomc units of

i nfor mati O%\V\(K%t%ee ’gﬁési&rr % nd rtranaﬁormagg(/ P%@téﬁ)& E%@S%&Q:%%ge Stétlérr

h
docunent s, ata screens, etc. Fansit1ons that.
repr esent bile [ Vi Lon fr ertex to another to predict
forecasted Sg;t?e:‘iﬂt1 8asn.b%a%é?%g?%ugéghrgﬁl\?ﬁ?g(rt;ﬂ\?qgﬁrgl:{ah nodel with n states S={sl,
s2, ...s"} is fully described. by a state vector Zt and transition matrix
T. At any discrete nbimdnfit=fhdostate of the 5 system can be
stochastically defined using the formula: t-1 Zt=TZt_1 =T Z0, where Z0 is
an initial stat®&he® Zpkreandpigiplftatoofibd €@ip chai n nodel may al so conprise a
hi story-determ ned Markov chain. 10 Unlike regular or state-determ ned
chains, the fut ér¥adoytchaipfmadgbmagy glsoropmpescen mistraptdetpmpinesl Markay rehpig.
described by not only the current state of the chain but rather by a finite
sequend€@ ofUnbike gegiilangorsstate-dsterniihéds cledinss sheo futiigr 4@ of Hh¢ Mdéstqyy-detetieiseda nor e
accurate nodel of dynam c systenms and also facilitates a self-learning
system FoMakgesheimiis déscsbedlrby- e bely haeureghsiate of thaehan huterathechyor fisign be
defined as: 15 zZt = F(2t-1, zZt-2, ..., Zt-J,
sequence of preceding states. This class of Markov chains provides a more accurate
model of dynamic systems and also facilitates a self-learning system.
For a generic history-determined chain, the state vector can be defined as:
15 2:=F(Z.,Z.,,...,Zy),
where F is a state transformation function and k is a history depth. The set (Z,.,,
Z.5, ..., Z,y) is a historic states pattern, and may provide more accurate prediction results
than prediction results based on a single states pattern.
20 For the history-determined Markov chain, the wireless environment may be
modeled according to the follow propositions:

Cardinality of a Markov chain model for a generic multi-user environment

is virtually indefinite: lim ___|S | = o, and tends to cover the whole sample space £;

Cardinality of a Markov chain modeling an activity of a single user or a
25 homogeneous group of users is much smaller and a vector of states S ; =({s), sz,

...Sp} at any given time ¢ represents only a subset of £2; and
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where F is a state transformation function and k is a history depth. The
set (zZt-1, zt 2, ..., Zt 1J is a historic states pattern, and may provide
nor e accuwatoa/opriesli cti on results than prediction resultsPoageb3omsa singl e
states pattern. 20 For the hi story determ ned Markov chain, the wireless

envi ronment may be mpdel r%ﬁjei ﬁ&ﬁg{ Ljn zgﬂorm‘génédﬁk lgﬁ}ﬂpmf%@%'t}lé o win

Cardinality of a Markov or a generiC nulti-user environnent

is virtually i n&%&ﬁgsg?éqa Fhéﬂk}é Pute gmgﬁgﬁiz gpg) psover the whol e

sanpl e space Q ov chain rmd an activity of a
single user or a 25 honobgepeous S, much s | er and a vector
of states S| ={s,, s2, QF S go bcfle'af‘})%gf/oélﬁ%énﬁd?l atamtomFlétg?}égents only a
subset of 0; and 26 WO 03/ 077153 PCT/ CA03/ 00339 For a si ngl e user nodel,

or a honogeneous group of?ATSEr <Pr& (et ISOWngaaQ&Jrrfmi on (stochastic
limtation of a state set cardinality) applies: if O is an observed state
of the Aodel at a nmoment vherefefAl ISWMathkOf(%emAP ( Bt (== St) >1-7p
and 1SI< <n 5 where P (A} is the probability of event A The graph of
Fig. 8 is gener&redraghrdfnggastis sieneraigd Wytes aFiryning medsws Fign 9 ehesmpinar y
transition matrix T structure and adjustnment process during the training
phase. | nexcmpiarf trapgtionPmdtrik dpytes@ret and adjustznest proenss guroigahe frainipg phasm st ate 1
to s as per matrix 430 state at the end of frame r. The state vector S and
t ransi ti on ImedchifsaniE, 230repmyentyea taljsition edobkbiliky frémrseate Heof 5 asi peg maoix 436X i on
frames 410. A collection frame is a tine interval over which the nodel
oper at es wistateaitithe ehdinffirarge 5 The sfate vaictor B@né transgfonasettix T'#a0rman b adjoduesl
collected data is analyzed and S and T are adjusted for the next frane.
Dur i ng 10he b ifiast Mefiigng belkeetichi?Mamexod 8!l Asgdleetidd frand iskaime incergil over vaieh dur i ng
the operational phase ISI will likely stay steady even though the

i ndi vi dual st abdes opergést witleout changing S or T. At the end of each frame 410, the collected

data is analyzed and S and T are adjusted for the next frame.
During the training phase 420, model space § is likely to grow, and during the
operational phase |S| will likely stay steady even though the individual states might be
15  added or removed reflecting user activity pattern changes. The frame size may change in
transition from training to operational phase, as it is likely to grow until the system
achieves stability.
A frequency analysis may be used to adjust S at the end of the collection frame.
For example, if a state & was visited by the system at least K times during the past frame,
20  the state is added to vector S. If the state & was not visited by the system during the past
M frames, the state is removed from §. Removal of unused, or rarely used, model states
increases performance efficiency by limiting the state size. Optimal values of K and M
depend on application specifics and size of controlled user group.
The transition matrix adjustment process occurs at the end of the first collection

25  frame 410, at which time the frequency matrix F represents state transitions:
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15 added or renoved reflecting user activity pattern changes. The frane
size may change in transition fromtraining to operational phase, as it is
likely towgroaxwust il the system achieves stability. A frequanogoesal ysis
may be used to adjust S at the end of the collection frame. For exanple,

if a state O was visited by the systemat least K tinmes during the past
frame, 20 the state is added to vector S. If the state 0 was not visited
by the systemduring the past M/franes, 2the state |? renoyed fromsS

Renoval of unused, gr_rarely us l, nod states in rease per for mance
efficiency by linmiting the statle”size. Cptlnal val ug? of and M depend on
application specifics and size 3f contr, IIed user gpoup. The transition
matri x adj ust ment process occur's™at th "end of the first collection 25
frame 410, at which tinme the frequency matrix F represents state
transitions: 27 MD 03/ 077153 PCT/ CA03/00339 O fl2 ... fl. F=f21 0 ... fin
Al fn2 ... 0 whére: f, j is a frequency of transitions fromstate i to
state j; and 5 nitored during past

; t t
col | ection fran@lsﬁﬁgnwﬁa' &@nmu%& awggapos?h es and new st at es
t ed th th hol d K ) t t
{rame. Peight  corTENERp! B HET @-‘éﬁ%&%‘fﬁ@% P pliSroR Bihe. il ngfoges”"
t t { df t th t di t
tha ol | 3%%"*3%{%%%{91 Tt qng gy st (il RTERARE AR o Whebtia T A St ARG £ e

past franme pij otherwise Note that if the transition matrix T is
zero- exten@@ﬁc@5$uﬂb@W§?ates prlor to

Weight coefficient o that represents a refresh rate for the transition matrix F may
used for frame-adjusting the matrix T according to the following relation:
10 pij = & f;j +(1-0) pj, if i existed prior to the past frame
pi=fi, otherwise
Note that if the transition matrix T is zero-extended for new states prior to
calculation, then the relation above is identical to T'= o F +(I-a) T.
The weight coefficient « is adjusted during training and operational phases so that
15 «-> 0 as the model matures. Adjusting the weight coefficient « will affect how rapidly
the system converges during the training mode. Generally, a smaller incremental change
in the weight coefficient  will result in additional collection frames.
Unused or rarely used states are removed to complete the adjustment process. If
rows are removed for unused states, no further adjustment is required. If columns are
20  removed for unused states, however, a probability normalization is required. The
probability normalization may be expressed as:

Pj=P;/%__ P,

j<m

28



calculation, then the relation above is identical to T = aF +(I -a) T. The
wei ght coefficient a is adjusted during training and operational phases so
that 15 wo0-03/00718% t he nodel matures. Adjusting the wei ghtrcaraefoBioeizent a
will affect how rapidly the system converges during the training node.

Generally, a small erwﬂe?{rfz‘?@m%lﬁg@egﬁatei n the weight coefficient a wll
0

result in additional c ection franes. Unused or rarely used states are

removed €0 comphete s AILHSLAB bR OF f8hedl fnd R, AP dRIRIRCT g unused

states, no further adjustnent 1s require colums are enoved for

unused stat - r r [ r ' Lon is required. The

pr obabi |it;?S%%‘%Jr?rl§'},\f’:‘éz{‘g°t FS%S%;%R‘%P "é'i‘}tﬁ‘)r[‘j‘ésq’geegf‘g]‘{%é?:gdal i = Pij MEST P i 28 WO
03/ 077153 PCT/ CA03/ Oﬁg&g <\9(nere mis a new nunber of states. At atinet, a
saturation point is reached, and the systemtransitions to an operational
node. Tge saturahi on point may be expressed as: Qn)'.<X, 5 where S2 is a
netric defined 8ithe matrix AP (ONnis a matrix of probability

adj ust mrents over the.l ast coldl cbio frane X is a saturation point
criterion. The term XSHYCHES ?frﬁ &l irﬂaélaxégal ar nunber that represents a

quantitative upper boundart or. the frame-to-fr transiti.on matrix T
adj ust ment, and S2 "b‘éaglafﬂi%/ pr‘bbé‘g”itﬁﬁ'eadmﬁﬂ“etnﬁeov t?rFTF?t GP.?ICGPHB BB 'owi ng
two matrix norns may,be used, for, this_(Purpose: The Hil bert-Schm dt norm
(sum of square diffefSfcBRyatiopggipLariteion; (aAryyz < X (i ) The L1 maximum

absol ute col utm_sum nor m o
The term X may be a predefined scalar number that represents a quantitative upper

10  boundary for the frame-to-frame transition matrix T adjustment, and Q may be a norm
defined on the matrix AT. The following two matrix norms may be used for this purpose:

The Hilbert-Schmidt norm (sum of square differences):

IAT]=V 2y (At)* < X (i)
The L1 maximuml absolute column sum norm:
15 |AT|,= Max; Z;-=1,_,, |At] < X (i)
Either of these norms provides a condition (i) for the selected matrix to satisfy over
a number of consecutive frames, thereby triggering the system to change into an
operational mode.
During the operational mode, the system predicts forecasted mobile device states
20 based on the current mobile device state and historically collected data about states space
S and transitional probabilities between states T. An exemplary prediction process may be

based on the following variables:
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15 IVTII=max |,tiul < X (i ) Either of these norns provides a condition
(i) for the selected matrix to satisfy over a nunber of consecutive
frames, twermly7is3i ggering the systemto change into an @g@r@tosomsd node.
During the operational node, the system predicts forecasted nobil e device

states 20 based on ﬁr&ﬁctﬁwa@m WP 8infiGY heSbet &t r%fcﬁ‘ﬂgucm SR iveRkdwY

col l ected data about states space S and transitional probabilities between
states T. A“ eX ts) I ﬁcﬁéP HEEST 1 RYecP® th %Sﬁe@&&%‘ﬁ hgbleow ng
vari abl es: 3&% S}lgg /%Og/ 00339 Pl‘egdl ct‘lpon dept h 1 naé)m'fm mum

nunber of mforgg lon units (Markov chain states) that is tinme / price
efficient to direct to the nobile device during one push Transition path

Z . @ sel of order off 5y ez t%tmf%%m@méef,T " o W) Bfprobabil ity

nmetric Pz,,: a COITpOSI i ity nmeasure set Z" to

| dent | fﬁt an opti mal p%&HRﬁ&eglct rzé'n% C?I%SISRéS ngtﬂE@ me%(s)ur(L.d eétoI e s%(:

represents a cost of M SSI on

function Fzi i ht coeffl Ci ent 10 The
prediction pr ocg'sfs”%‘?’g %&@“Hﬁ‘e%ﬂgt ?"grtg Esllb%‘tsﬁlg%p?&’bgsed on the historical
nmobi | e device state he di cted state z" and. as at ed
reslponse d\z;!ta are pu@%eg’ %‘P't&{él TR ‘ifé\/?fi@m 3 “@Q f%bﬂpﬁ?sx as a

current state of the nobile device, the foll ow ng predl ct ed f orecast ed
states may occuf®d j . (consequent) X->7Zi ->272 ->73 ->...->7" 15ii.

(parallel) x -> 2zl -> z2 XZ3. >Z
Weight function F zn = Pzn + B Cy , where fis a cost weight coefficient.

10 The prediction process predicts an optimal path Z,, based on the historical mobile
device states. The predicted states z;, ...z, and associated response data are pushed to the
mobile device. For example, given x as a current state of the mobile device, the following
predicted forecasted states may occur:

i. (consequent) X ->2Z;->2Zp->12Z3->...-> 72,
15 ii. (parallel) X->2z->12
X->23->...->2%
X=>2p->275->...->Z,
Consequent states represent forecasted states that are predicted to be subsequently

20  visited in response to the current state x. For example, if the next three consecutive states
to be visited by the mobile device are predicted to be URIs z,, z; and z3, then data for these
states are pushed to the mobile device.

Parallel states represent all possible forecasted states that are predicted to be visited

in response to the current state x. For example, x is a vertex in a weighted directional

25  graph, then the states z;, z,, and z; are connected to the state x by an edge weight.
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XZ275. . .->Zn Consequent states represent forecasted states that are
predicted to be subsequently 20 visited in response to the current state
x. For exwopBe77155 t he next three consecutive states to lreTxisgBedoby the
nobi |l e device are predicted to be URIs zI, z2 and Z3, then data for these
states are pushgg ERrd m@wnagh'oef fevinshile RAG&, Il pPedRiR o SRR A & |

possi bl e forecasted states that are predicted to ' be visit In response to
the curren - X | S a ' ' { I i onal
25 gr aph.  CHLEC Rty oRPhi ARl Simiti 5d ol B A bt L2 ENE A EFE LDy an
edge wei ght.. 30 07745 very new state of the
nobi | e devf’%cél?s leéegt%‘r?‘é ilc ﬁ’gﬁg%ﬁéﬁﬁgggﬁtyﬁég%gﬁfi gured for optim zation,
maxi m zing Fzn ayer | .possi bl y t < S ccur s
> Ro, where Ro ?ge %{)Spﬁlgﬁ%\?z‘ﬁ‘in&yﬁb ye %Sﬁdrstz)sf%% rg.a \é\éﬁ%gffg%gg P ?Sglnogtpfeglﬁ:
used t05en uile a qogt .effective p.gflsh of predicted data 5 to the nobile
devi ce. > Fol°® UK AIBIEIVIE ERCGHE Tt hen Fzn = Pzn = Pz1 Pz1 = Pxi (i e S, x
is a current de ig@ a,t_a}g)l Then the resulting Z1={ i } : Pxi = maxi E S
(Pxj), i E S 10“fHls) & si'figle state is forecasted and the response data is
pushed to the ngbil vice 100. Wiile pushing just a single state and its
corresponding r @proﬁ@e" data to the nobile device nay be practical for sone
information formats, e.g. WAP decks, it nay be desirable to predict a
forecast of nul Pypt Bxist at@s S,Thissy cufrBnt@ev®; Wat) Fzn = Pzn

cﬂtat he Fzn

may  be

Then the resulting Z; = {i}: Pxi= max; _ g (Pxj), ie S
10 Thus, a single state is forecasted and the response data is pushed to the mobile
device 100.

While pushing just a single state and its corresponding response data to the mobile
device may be practical for some information formats, e.g. WAP decks, it may be
desirable to predict a forecast of multiple states. Thus,

15 Ck=0,W>1

Fzn =Pzq

A variable ry may be used to define a path selection probability threshold. The
variable ry may correspond to a threshold probability, and a state transition from i to j is
selected if Pij > rg, Accordingly, the magnitude of 1y will be proportional to the cardinality

20 of a set of candidate states Z°. From the set of candidate states Z°, the set of forecasted
states Z, can be selected.

The candidate set of predicted states Z° is generated by first selecting all states z;

for which Pxz, > rp. States meeting this criteria are then added to the set of predicted

states Z°. For all of the states in the set of predicted states Z°, a subsequent forecasted
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A variable ro may be used to define a path selection probability threshold.
The variable ro nay correspond to a threshold probability, and a state
transiti owofisomissto j is selected if Pij > ro. Accordi ngicy/caobeoasagni t ude
of ro will be proportional to the cardinality 20 of a set of candidate

states V. Erom fn]%@ict%@'b%r g%e&ifll%gil date® Sl fich A7 - 1 he S8Ls Igéetimgﬁ@@aﬁér@ad_

z
states Zn can be sel ec e candi‘date set ‘0f predicted sfates Z' is

generated b irst selecting al.l states.zi, for ich Pxzl > ro. States
Teot 1 no & i e £ it OiuRliedudes fie wbr BRefuR sl S8 e 7
For all of the staées in the set of predicted states Z, a subsequent

f or ecast ed* 3% W5203/ 077153 PCT/ CA03/ 00339 state is predicted by sel ecting
all states z2 for which Pzlz2 > ro. States maetingZ[his criteria are then
added to the sefho¥iensaegicpeaind unikprecof phree gyeqts peent1Zdr Wopethe sptBdenstlt hs ar e
stored (i.e. x->Z1->z2). The steps are repeated until one of three events
occur: %Z‘ Fxeeedy Wdi - Re->pat i1 kgl fthe ssleghiongueress gapgotfindany transpion with 5 7y -
or the selection process cannot find any transition with Pzkj > ro at the
step k < WPzAptrept theef brdtast ed paths are generated, the candi date set of
states Z is evaluated to determ ne whether optim zation is required. If
JZ°J <_ W thenAftbethprfeeiasitd patheire @énesdial, e caxlidate st ofNaatepZf iwiezatdtan i s
required, and the forecasted states and response data may be 10 pushed to

t he nobi | e (gl@atérfifine WiethbZ bptimidtidnavvegeited. tHh4ZT| W, ahitie predictedset sf staewi r ed.
The optim zation may be expressed as: Z,E Z : Pzn = max,,' W(ZC) The
optim zed fRrezaNEehintidRs iPRGuifRS MANEE folehaed@ited HiRITeppnpBledayt B t he 15

nobi | e device. By adjusting the cost function Ck to a value greater than 0
so t hatjoFzpushel’&the mobile device.
If |Z°] > W, however, then an optimization is required. The optimization may be
expressed as:
Z.€ Z°: Pzn=max , P(Z°)
The optimized forecasted states and response data may then be pushed to the
15  mobile device.
By adjusting the cost function Ci to a value greater than 0 so that Fz, = Pz,
+ B Ch, then the candidate set of states Z° will be adjusted according to the value of the
B C, for each corresponding state. Thus, by selecting ry and C, the set of candidate states
Z° may be selected subject to various system efficiencies and resources available.
20 An example of selecting a candidate set of states Z° may be illustrated with
reference to Fig. 8. Assuming the current mobile device state is v, then the next states are
vp and vs. If wyy > 1, then v, - > v, is stored as a forecasted path. Likewise, if w;s > 1o,
then v, - > vs is stored as a forecasted path. If consequent forecasted states are to be

generated, then the forecasted path with the highest probability is stored. If parallel
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+ BC,,, then the candidate set of states Z° will be adjusted according to
the value of the /3C, for each corresponding state. Thus, by selecting ro
and Ck, twemsw@r7163 candi date states Z nmy be sel ected swajraco3nae3vari ous
system efficiencies and resources available. 20 An exanple of selecting a
candi dat e gglLcadbd Shtl & 1S e FErRR, hdtSt bR B, LI v 1ol G €0GLak Quokdad- 8.
Assum ng the current nobile“device state is vl, then the next states are
v2 and vb5. ion otocké dositislef" 6 4% A d.@at h.

Li kew se, fl% %\/r\%%&gip %@s' ?ﬂgﬁelg‘%o{l pgocvé ‘%os 1steorue as gft grﬂggegls%%[gdatgcg]t h. |If
consequent f%seot%% ed states are to be generated, then the forecasted path

with the hf"é est probability is stored. If parallel 32 W 03/077153

PCT/ CA03/ 00339  f st at t.0; t 8l bot h
v - o2 and v SOBECENENALE GRRL i Ra TN AW eyl IR

pr ocesssconti nues unttil ‘P‘ﬂe of ttgf]ae Ehree d(ta\%em'stgt%ti N, events oceurs. In
anot her °enfddi FRIAUCH Hretion £191 e CYTeRE SRS A + HES 3Eaad SR BB dess
forecasts 5 each subsequent predictiaon fromthe current vi ce st.ate. This
hopronch r sl ot i BRERE Y S5 RpdiRe: BTGt Ens LB i RaRiBLs ot b
cost consi q%rsgtf'é@@s %k ani&i v§l i dit t hreshold Ro, and sinplifies the

predi ct i on UpFBeldde andgimplitigy the pfedicllonproeeite p ey be defined as a sinple
sum of transitig propabilities along th hs in Z. For a less.specific
P, the transiti SR"' r?é‘i‘ﬁg‘?i%é‘lﬂaﬂ"‘bf My R%ﬁféﬁF%{ 482 GRS SEPgh frgnsition

maxi m zati on subset of candidate set Z, i.e. if the state z,,, is chosen,
then al | t REobabilitiesalong the pah iy £onkqr 4 gssyspecifig P thedraggition gubyshould g | Fi g.
10 is a flow diagram 700 illustrating another enbodiment of the candidate
stat e J81 ekertdptag hrilesfindinga magipization subsetod Gandidae st 4t.d-exifithe #@e&nlfed from
a nobile device. At step 704, a subset of states is selected fromall
states zi Kkbesemdghen allithgsiates ig g PRAIPADT 10z reltg bpghasemaspgll. | n t he enbodi ment

of Fig. 10, states zI are all states having a transition robability from
state x that isFigréatep flowadiagramTiH@ iHugrabng ayfotker gmbgdiment ¢fcthe sanskdate as t he

state selection process. At step 702, a requested state x is received from a mobile device.
At step 704, a subset of states is selected from all states 2, having a transition probability
15 Pxz; > rp. In the embodiment of Fig. 10, states z; are all states having a transition
probability from state x that is greater than 0. The subset of states is then stored as the
candidate set of states Z°.
Step 706 determines if additional states remain. Additional states may remain, for
example, if the selected subset of states from z, have transition probabilities to other states
20  z,. If additional states are available, then another subset of states is selected, as shown in
step 708, and the state paths are stored in the candidate set of states Z°. Step 710 then
determines if additional states remain. If so, state selections are incremented, as shown in
step 712, and step 708 is repeated.
Once no additional states remain, as determined by either step 706 or 710, then

25  step 714 determines if an optimization of the candidate set Z° is required. If optimization
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candi date set of states Z. Step 706 determines if additional states

remain. Additional states may remain, for exanple, if the selected subset
of stat eswDroanr7253 have transition probabilities to other ®CatE3/0@B9z,,. |f
additional states are avail able, then another subset of states is selected,

as shown i %\ RlhyfiPed! Wbn age 71@%p§ﬁlﬁts@;&aéaﬁaifd%eseﬂzeriﬁo& infAndel s GROGLARL € set

of states Step 710 then deternmines if additional states remain. |f so,

state sel egld i, AferloBERBIRH ke nd SpSAML i8 reqthlh A dhe ARALMARA08 19

r epeat ed. ce no a ional States remain, as determned by either step

706 or 710.m d W i n optimzation of the
candi dat e ?e%#%%'g“??ér%{&‘ﬁ?ar‘%%ﬁr?g %%t nlfrSte ?%8?1‘ 33 WD 03/ 077153

PCT] CAO3/ 00339 o 1 89YLRlue 480 S AT Bn OBt AERLNG gl bt 2

in a manner as previ ous SCT 1 ter optimzatio

optimzatign is uLred, then the f G 2d states Z" are set to the
3L O bt SRS R e RSB

candi da as’'s 1 is a schematic diagram of

conponent s t hat..coul d ke. u wireles evice. 5.that, could bhe used as a
nobi | e devi ce \/\ﬂ‘ﬂ‘"ﬁgﬁlgaﬁﬂ\%ﬁﬁ’é F1C B 3G (i)crslu( ARG P57 Brgess figvicy ?(Se%r"e1 “l’hsléqa bl ock

diagramof a w re%ess. device 900 in whi.ch po Eji ohs of the.i nst%ﬁ).
i nventi on RESOBE Of A LISEAL BYCnUupgemay 8I181§£e"%8{7 ce Bod e §raferdbly a
t wo-way co ni.cati on device having at |east voice an dtg]at a com‘rutni cation
capabi | i t i @€ICTIY %2 GEYIVAY CUPRPICation Jeyicedhaying abigish ¥oIFg B O e wi t h
ot her conputer 10 systenms on_the |nter ne%). . Dependi ng on the functionality
provi ded byaReplitigsy élF"‘f:‘f'ﬂére@&\t/’fyc}lé’s theopahdity Cé’FF@’(TgctaE? Wth othgg SPMPWES sagi ng
device, a two-way pager, a_cellular tel ephone wth daEa nessagi.n
capabi 1Pt | eystems %tg%g@%etl Dapending O%ﬁgﬁﬁ?r’éﬁ@é‘hﬁ’rpr%‘“eféittﬁ’t oA @gfi?‘g?? devi ce
(wth or without tel ephony capabilities). Were the device 900 is enabl ed
for two-waynaydsefamedstojap A data mpssagingdgdcsyaltvo-Wes PREEGT 5RRE BleRhSihi cat i on
subsystem 911, including a receiver 912, a transmtter 914, i
data messaging capabilities, a wireless Internet appliance or a data communication device
(with or without telephony capabilities).
Where the device 900 is enabléd for two-way communications, the device will
15  incorporate a communication subsystem 911, including a receiver 912, a transmitter 914,
and associated components such as one or more, preferably embedded or internal, antenna
elements 916 and 918, local oscillators (LOs) 913, and a processing module such as a
digital signal processor (DSP) 920. The particular design of the communication
subsystem 911 will be dependent upon the communication network in which the device is
20 intended to operate. For example, a device 900 destined for a North American market
may include a communication subsystem 911 designed to operate within the Mobitex
mobile communication system or DataTAC mobile communication system, whereas a

device 900 intended for use in Europe may incorporate a General Packet Radio Service

(GPRS) communication subsystem 911.
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and associ ated conponents such as one or nore, preferably enbedded or
internal, antenna elenents 916 and 918, local oscillators (LGCs) 913, and a
processi ngom@aiies such as a digital signal processor (DSPCTA20M3/0T330
particul ar design of the conmunication subsystem 911 will be dependent

upon the comunNE@hhORke Ear\g/\?ﬁxjémieﬁ'ts%il Qﬂotvgﬁ %ggﬂ%@{lﬁﬂ% %%@E eRA&dofkO

operate. For exanple, a ce 900 destin rican market

may i ncl ud@g@ SGAMTUPIGAL N G EDY B A ﬁlﬁor%grrh%@,qq leOMORRLahe DiarRich the

Mbbi tex mobi’l'e conmmuni cation system or DataTAC nobil e comuni cation

system Vm%étgzt%ﬁﬁ:g}ogﬁq\gdg\ﬁce%()&c% %'ggé‘))gec% fr istdtef o-h r}hglﬁ'é Fk %ﬁ% 312%195 orate a

Ceneral Pac ervi ce nication subsyste 4 WO

03/ 077153 PCT/ CAQ : i S W |
dopendi ng deu] REnihatch pOfSR e PR GEESRH S ABBRIE, o' R AARY o1

Fig. 1. .For _exanple, in the Mbite nd TAC networ ks bj | evi ces
such as > 90(5‘0‘5?"(36 & r"gtg‘ﬁogf &t l%%ss?%aete&r(]‘gl?hvx% P %%rgolehar ua?eru%fi aqcl[fé'lce Bgar) s% ncgziR%

identifi catdi on%g{éml)er oru.rlgl NSlgbss Ci gt etg vviot ﬂeg&ggboqﬂe ice. oI p ngRSd et wor ks,
5 however , SRAFMIIIFTAR IRV & SUPSERer Wpaly fiof OSEY i BEYB GEEFC S a
devi ce 900. Aﬁs device, therefore uires a.subsc h\?er id ity
modul o (nos A b s g operie oh aophS eyl fRbd SN g PR,
operate on a GPRS netwo ﬁ Wt hout a ail M card, GPRS .device will not be
fully funcOPBFaPT PRl folly fenstionaly karal o GRPIFMOR: SRMPTIFAIOR SHEtRst Gt any)
may be operahle, but the device 900 will be unable to carry out any
functions 20Y)i MabPioRgr2ilenhiinthe eyvighd0bwel bsetnppletorrry SRy ARftiPised
network registration or activation procedures have been conpleted, a
devi ce 1600 Thie}yingepRINERHCAtERE PV ne&‘mvgw?ch alViheth reauieth PeWeThe FegisHatiMepinor k
919. Signals received by the antenna 916 through a comuni cati on network
919 are i npgeHivation tprecedweseihgeg bearp complelsH, wadeies PBP nnax erd @BdmiseFiYeecei ver
functions as signal anplification, fre%uenc% down conversion, 15 filtering,
channel selcemmupigatipndsignas Py ethe apavorkh Ylhe Banptppreseiyeds by the ormna) HloFi g. 11,
through a communication network 919 are input to the receiver 912, which may perform
such common receiver functions as signal amplification, frequency down conversion,
15 filtering, channel selection and the like, and in the example system shown in Fig. 11,
analog to digital conversion. Analog to digital conversion of a received signal allows
more complex communication functions, such as demodulation and decoding, to be
performed in the DSP 920. In a similar manner, signals to be transmitted are processed,
including modulation and encoding, for example, by the DSP 920 and input to the
20 transmitter 914 for digital to analog conversion, frequency up conversion, filtering,
amplification and transmission over the communication network 919 via the antenna 918.
The DSP 920 not only processes communication signals, but also provides for
receiver and transmitter control. For example, the gains applied to communication signals

in the receiver 912 and transmitter 914 may be adaptively controlled through automatic

25  gain control algorithms implemented in the DSP 920.
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analog to digital conversion. Analog to digital conversion of a received
signal allows nore conplex comruni cation functions, such as denodul ati on
and decodwogg/otnsbe perforned in the DSP 920. In a sim | &CTrenn®0339si gnal s
to be transmtted are processed, including nodul ation and encodi ng, for

exanpl e, by therjdSkeQ&0o@N drekddy idPuded@ %Qr&;fr@é&&%‘r oggr wl%lﬂf hfordingd tal to
anal og conversion, frequency up conversion, Itering, anplification and

transm ssi B%ra}/sﬁerattb% SORERYEAT temnfaﬁfcwnkfuﬁé&nyl fﬁclhﬁiﬁ% apigAndddf  The

DSP 920 not only processes conmmunication si gna s, but also provides for

receiver apg. Lans Jc&tﬁ{ns C&ﬂ@&%meg Qﬁro 1 2 s Hm{;&ﬁ?caﬂ@d ?Lfogfs?@'ﬁfg ﬂ%

conmuni cati on Sl gnal s recel ver ransm

ot O BB AT,
! 8 AR, el RS ARSI She TR IR o

operat|on nmuni ca ons, I nc

and voi ce Tl 5% ISEI'I} Oﬁpgrﬁopﬁ"?ytn g%g? &u?g he c?oo ? sﬂgrt

subsyst em 8% ySt 0cess0 Facts f'Rer devi ce

subsystens, such as the dis randoma ess
rerory ( RAEb IR Py SRR 0. At 01 of S Sy sﬁ%ﬁ%%s%e"eg%& 2l port
930, keybo rd 933 %[eaker 934, m crophone 936, a short- range

comuni cat ae B§§ em 940 and any ot her device subsystems general ly

desi gnated as 94 of the su ste sh ) 11. erform
conmuni cat i on- r%‘?’ﬁ? é?fnﬁ‘iosurbﬁpﬁms ﬁ?x" nﬁiégas?il)mﬂ‘?éfs ‘h&iﬂ ovi de
"resident"” or on-device functions. Notably, ‘some subsy stem;, such as
keyboarfl ofpctons. ayhepsespihsp subsyyieme maypPraVidey yeswém ot feicep ifions:
communi cation-related functions, such as enterj a text rressage for
transm ssi O1talesoBe SEHTHATSE Athan karonksh 932:a0d di chézr fog iegamrle. froaychs ons

such as a calculator or task list. ) .
used for both communication-related functions, such as entering a text message for

transmission over a communication network and device-resident functions such as a
calculator or task list.

15 Operating system software used by the microprocessor 938 is preferably stored in a
persistent store such as flash memory 924, which may instead be a read only memory
(ROM) or similar storage element (not shown). The oberating system, specific device
applications, or parts thereof, may be temporarily loaded into a volatile store such as RAM
926. It is contemplated that received communication signals may also be stored to RAM

20  926. Flash memory 924 preferably includes data communication module 924B, and when
device 900 is enabled for voice communication, a voice communication module 924A.
Also included in flash memory 924 are other software modules 924N, which are also
shown as prediction client 300 of Fig. 7.

The microprocessor 938, in addition to its operating system functions, preferably

25 enables execution of software applications on the device. A predetermined set of
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15 Operating system software used by the m croprocessor 938 is preferably
stored in a persistent store such as flash nenory 924, which may instead
be a readworByp7mesrory (ROM or simlar storage el enent (mot/Greemwspy The
operating system specific device applications, or parts thereof, nay be

tenporarily lfgﬂt dad hit &m V @hat 'deeicétofae&u&gcffnmufgg %&% th tanii Svoice

cont enpl at e rece| ved commini cation i gnal s De stored to RAM

Soan s CSBmURERIN BfREAR! R ARple "G AGafifhe (SR WnGRL LORS B ©

924B, and Oor vol ce conmnuni cati on VoI C
t 4 h
cor voaro_ BB Ry OB URELAR SR Al ML RRRATRIRM AL B

Fig. 7. Th 938, dd
Funct f ons, PRPRRLIBBRGoBgoaitis T BBltiaR méo‘?% BRLT o . o 1o

d A det 6. WO 03/0771 / 3/ 00339
app! Fca?l ofETPRAECIT oS R bl e RAETNEY P i o
and voice communi cation licati

"nstal | ed SE¥NEOEE PRl SBEBTELS 47 ‘?Pédi‘if“écﬁﬁ}“gﬁy’/ﬂnﬁr"éfr@if“r BEPR B | on
that may be | paded eV|ce e a personal informtion. manager
(PIM appl |W(9’d]td|%Fn ‘ﬁﬁ%en@“ t?ielt? thﬁeéFOé%ﬁiO?ﬁ%z‘gat%“?fﬂﬁ% V%% t errs
relating to the device user, such a ot limted to, e-mail, cal endar
events, voi B@WF@IIC%EW&%{WH@?MYMC #‘Ssaklhﬂt forsgnd ?Qéltrﬁ‘ieé‘ieﬂ?ta IS Y& nor e
menory stores would be available on the device to facilitate storage of

PI M dat a i thenwirglesstisevarkyilaer prefsgred epbpfligispt itheaPIM SaRoitATes #E SeEp ﬁﬁby have
the ability to send and receive data itenms via the wireless network. In a
pref er l8d enegsetpdresiachroniged png) updated.j vie the Wireess dgiiyaslssyvigh the deyicegiserted,
synchroni zed and updated, via the wireless network, with the device user's
cor r espondicpigesgending datprgtemsostergd i asseciatedh el WO eoTPRISST PERPut é¥lssyst em
Also preferred is a browser application, such as device application 330 of
Fig. 7. Fumptdiared iappbowenriapplicatiny, wikk @s evite aphdidationt 30t eleFigeti cRurten

t hrough the network 919, an auxiliary
applications may also be loaded onto the device 900 through the network 919, an auxiliary

I/O subsystem 928, serial port 930, short-range communications subsystem 940 or any
15  other suitable subsystem 942, and installed by a user in the RAM 926 or preferably a non-

volatile store (not shown) for execution by the microprocessor 938. Such flexibility in

application installation increases the functionality of the device and may provide enhanced

on-device functions, communication-related functions, or both. For example, secure

communication applications may enable electronic commerce functions and other such
20 financial transactions to be performed using the device 900.

In a data communication mode, a received signal such as a text message or web
page download will be processed by the communication subsystem 911 and input to the
microprocessor 938, which will preferably further process the received signal for output to
the display 922, or alternatively, to an auxiliary /O device 928. A user of device 900 may

25 also compose data items, such as e-mail messages, for example, using the keyboard 932,
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1/0 subsystem 928, serial port 930, short-range conmuni cati ons subsystem
940 or any 15 other suitable subsystem 942, and installed by a user in the
RAM 926 owopsefasably a non- volatile store (not shown) f@CTEM®e00i3on by
the m croprocessor 938. Such flexibility in application installation

i ncr eases ygﬁhfiy gﬁ.&fg&g |} tobmBleset Qﬁl_l%gﬁﬁgf[}cg 5@@%@% syiémggetggy Eé%%&din

on-devi ce ncti ons, mmuni €ati o uncti ons, t For exanpl e,

secure  COUTMNCAG] vath RPULAR] 1090 % Thos 881G Phi® aBLREY IRY! oy GOTB CGudyunct | ons

and ot her su nanci ransactions“to be performed using the device

900 11 S8hGCORIMEILR! hol WGfRoned S48 ¥ SR ANl SHE DoAYl TeSSgE

or web page do I processe ommuni cat1on subsystem 911

and input to the i cr.opr.oc or 938, which will preferably further process
t he receiv@ﬂngyﬁﬁgpnfgﬁe%ﬂszf to the display 922, or alternatively, to an
auxiliary 1/0 device 928. A.user of vice.900. may, 25 a.C 0se, dat a
Moms, Such as Ere fuwndidlshy Sheldf ShiRucr ot MRYRe YR SR 37 vo
03/ 077153 PCIT/ CA03/ 00339 whi ch i ref erabl co te al ph neric
cayboar d_orTH B dBRERAL e by Td Bifipinte e SRR % oReRE 622 and
possi bly an, ayxiliary 1/0 devi.ce 928. ch .conpos itens may then be
P ansi §t CHEB oA REUNRTI BRVIEGE Saviet &Y fAPGOBITERLS AT r o
subsystem 911. 5 For voice cgnnunications, over%ll q@eration of tqg devi ce
900 is sub@idnt{Qysplsysiemy puch ased (QISE PESSRES, ECRIUPSISUOPGHFALs™Rodlsg be
preferably be output to a speaker 934 and, signals for transnissi%p woul d

y

be gener at dBPlgPeed PR thp AR Y6, Ahqugh yoice\s apgiocter outpyh isPrefets
subsystens, such as a voice nessage recordi ng subsystem may al so be

i mpl endAt edccomplished paipmagily doengh Ahe prsakss 9761 the dsplayuti2omay glarbe dsebin i s
preferably 10 acconplished primarily through the speaker 934, the display
922 nay al $®visle andudication oifheideatity aha sallinsnarty ghe dyratigneofiagisireicall oppther cal | i ng
party, the duration of a voice call, or other voice call related
i nf ormat i ongicé eall rgba@dpmfgljmation, for example.
The serial port 930 would normally be implemented in a personal digital assistant
(PDA)-type communication device for which synchronization with a user’s desktop
15  computer (not shown) may be desirable, but is an optional device component. Such a port
930 would enable a user to set preferences through an external device or software
application and would extend the capabilities of the device by providing for information or
software downloads to the device 900 other than through a wireless communication
network. The alternate download path may, for example, be used to load an encryption
20 key onto the device through a direct and thus reliable and trusted connection to thereby
enable secure device communication.
A short-range communications subsystem 940 is a further optional component
which may provide for communication between the device 900 and different systems or

devices, which need not necessarily be similar devices. For example, the subsystem 940

25 may include an infrared device and associated circuits and components or a Bluetooth™

38



The serial port 930 would normally be inplenented in a personal digital

assi stant (PDA)-type comruni cation device for which synchronization with a
user's dewktosp771%5 conputer (not shown) nay be desirabl e, PoatCA03/08339
optional device conponent. Such a port 930 woul d enable a user to set

pref er ence t dofnicalf SR SEilaAPRhIHFAL s QBmeRh woul d
ext end theéggﬁgﬁgﬁﬁ??ggﬁ%#8%ﬂ§h§g§¥é@ﬁgy(ﬁrov%gﬁnb fgf #n?ofﬁation or

sof tware dg@@&gads to the device 900 ot her than through a wrel ess

comuni catron  network. The alternate downl oad path may, for exanple, be
used 10 1 oad antgaerh il BRod Gk Mot RCHBHIGE BIAUMe drlliEffonand thus
reliable and trusted connection to thereby enabl e secur e device

communi cat gq%gjg}@ n@é‘%é%i‘mg £ eg%ié%% B}aa%?%t S ‘F%eE}%ons&bo%Xi%Er?{E}gﬁl‘ﬁg et@esar?té Lgder

. (] .
optional c 1'de conmuni ca ween € devi ce

900 d_diff f. devi. whi.ch d ily b

200, A0 A8 o BB RSB A PERREAIAI o e
devi d i at i it d t l uet opt hTM . 38 WO
device 200 SERBLCD SuRHL! Aot FRARMSRL S of BT ORI B0 |

with simlarly-enabled systens and devices. This witten description uses
i |lustrati ¢6™8ABodi ments to di scl ose the invention, i ncl udi ng the best
node, and al so to enable a person of ordinary skill in the art to nake 5
and use the invention. Qther enbodinents are within the scope of the clains
if they have el enents that do not differ fromthe literal |anguage of the
clainms or have equivalent elenents. 39 WO 03/077153 PCT/ CA03/ 00339 What
is clained is: 1. A systemfor handling data requests from nobil e devices,
the system
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conprising: a nenory operable to store data requests received fromat |east
one nobile device; 5 a state prediction nodule operable to access the
menory amaopsedilcs a first forecasted data request for apeohiAos/oaByi ce
based on the stored data requests; and a push nodul e operable to receive
the first %ﬂ&$34§ﬁﬁgi§?ta request fromthe state prediction nodule and in
response request and receive first response data related to the first
forecasted data,requ f i r

transm ssion tolihe‘g%%m%ggpPéﬁﬁgﬁ 5%ﬂ§5é$5§$&#ﬁi?@g@gﬁgﬁ&ﬁ?ﬁg %@w%he

syst em of %5%@ﬂﬁ . Wherein the first forecasted data request is predicted
in responseée receiving a data request fromthe nobile device. 3. The
systemof claim2, wherein the state predict.i ' . r. ..operabl e
o generate pretrerlirgie' Sodihfe RO bl AR AR Ik oot e 0

update the 15 g ;s?a\/eia%eidx?:gﬂg ?{Hoe u eﬁ%ﬁe?z}b?entt ggcegseﬁ)%prtnier%{)]r Ofmda P%ﬁft%ﬁigctﬁr!sto n

notification re e device I'n response irst
data. 4. Th f.claiml, wh ' h t at dicti
modul 6 1 TP S8 abeh b arerif aftichaed T dhed i BB il & equest

i ndependent of a data request received fromthe bile device, 20 5. The
system of cl ai n?@?&\/ﬁ%‘{“i‘? ppergbistogecgive the St g‘i@‘@ﬁ"’%ﬁtﬁ reaued oM RSP per abl e
to receive a data request fromthe nobile device and in response access
the memor y PERHFIGR apARle A5 4B SHRNSE GFUER SPA FeBE AP rEpaRe SalsiB Bt 4 e

recei ved data request_ and the stored datg requests; and the push nodule is
further opdirsrpwcasisd datiareguest prd prepas JhsgiirghieaPonse dala tfon Hepsmission 38 thes o ond
forecasted data request fromthe state prediction nodule and in response

r equestlO 4@opile dei@OY RV @AIRIH0339 and recei ve second response data

related to the received data request and the second ) )
2 The system of claim 1, wherein the first forecasted data request is predicted

in response to receiving a data request from the mobile device.

3. The system of claim 2, wherein the state prediction module is further

operable to generate prediction data based on the stored data requests, and to update the
15 prediction data based on the reception of a prediction notification received from the
mobile device in response to the first response data.

4. The system of claim 1, wherein the state prediction modulé is further
operable to predict the first forecasted data request independent of a data request received
from the mobile device.

20 5. The system of claim 4, wherein:

the state prediction module is further operable to receive a data request from the
mobile device and in response access the memory and predict a second forecasted data
request based on the received data request and the stored data requests; and

the push module is further operable to receive the received data request and the

25  second forecasted data request from the state prediction module and in response request
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forecasted data request and prepare the second response data for

transm ssion to the nobile device over a wireless network. 6. The system
of claimwpoakeres n the state prediction nodule is furthePCTEADpEIEDI € tO
predict the first forecasted data request on a periodic basis. 7. The

system of ¢l aldRe SWRGHGEPohddCaast ?eﬁﬁe&foeék%&emdr@gau{eguésﬁ ahdkeN@bongoper abl e

to select prediction nodes according to the 1dentified subset of stored

data. 8. T?&e%&éa %maolfe%]@s@m ét{eg%i’ggﬁ@is&oﬁg'% b ftd 8 PRIARsIGP TR eSe: an

atom ¢ node that operates on data requests specific to the 1dentity

of the 10 _nmRi h&ric@%‘@rcagxfrir& n?[ygg?up node that operates on stored data

requests specifric to a urali nobil e devices. 9. The system of claim

5, wh i th t at | Cti | i . i | t
ot oot the firat anTRSReROP Bl A visRATRE' 982 ReadBhIBGAI R RuiBOC € 1O,
claim5_ wherei.n th

e.second forecasted data reguest, conprises a set of

consecu?i v&PER l%torpéﬁ%‘gz?esﬁr%f]éreﬁaosrﬁe SAGfTPE LA g?\%dszgisa referenced from
the received data reguest. 11 camput er i.npl enent gd. net h f op_handl i ng
data requests f%‘om iTyétemdB(/F@éré%’ “H’Sre%flﬁoﬂatﬁd)%d?&?f‘an(.’é)"%Olsr T8FVi ng and
storing data requesis received fromthe bi.l e .devices; . co ring a

recei ved diP%4? %EYLFSEF HI?‘@?HO& RSB "’fcéorgg’@itgg‘et‘%nﬂg “ﬁ“felt gﬁf??fg?gat%o pr edi ct
forecasted data_requests based .on the conparison; requesting and receiving
response data r#&l at gﬁ""‘t%“?ﬂ@%%‘&&’\)‘&ﬁ”&‘a P‘F@’(ﬁiﬂ%‘b‘["o‘g&g(ﬁo’f‘%e‘for ecasted data
requests; and 41 WO 03/077153 PCT/ CA03/ Q0339 pr eFar,i ng; t he response data
for transm ssi off 8MROdFIRRLOBEEY Pt Hot5g dpta deqpeste pRegific To the identity of the

10  mobile device; and
a group mode that operates on stored data requests specific to a plurality of mobile
devices.
9. The system of claim 5, wherein the state prediction module comprises a
Markov chain module to predict the first and second forecasted data requests.

15 10. The system of claim 5, wherein the second forecasted data request
comprises a set of consecutive data requests and consecutive response data referenced
from the received data request.

11. A computer implemented method for handling data requests from mobile
devices, the method comprising:

20 receiving and storing data requests received from the mobile devices;

comparing a received data request from a mobile device to prediction data to
predict forecasted data requests based on the comparison;
requesting and receiving response data related to the received data request and the

forecasted data requests; and
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network. 12. The nmethod of claim 11, further conprising the steps of:
identifying the nobile device fromthe data request; 5 identifying a subset
of predi cwoon/ogasa based on the identity of the nobil e dePCTra;A03am39
conparing the subset of stored data requests to the received data request

di h issi i !
to predict t e?lfﬁger@gaﬁet I%gpﬁge% g*a:tg fHYERGSissidBro & fobiEd g\ﬁ?ﬁe%ﬁ Hrleds?

further conpris e st 10 assigning a prob ity value to the
f orecast ed QS"O% requests; conparing the probability value to a threshol d;
if the pr obabi i'ty val ue does not exceed the threshold, then: expanding the

subset of predi‘fiiOnrh%%e%otd%fic{a@é&'ﬁ%%M@%&hg%ﬁésté <Q@ other nobile

devi ces; and 15 predicting fur r ’f or ecast ata requests based on the

expanded predictiaon data. .14.. The ho, aim 11, wherein the step of
conparing a reclélf’r\'/neﬁmé ea{mbgﬂgélﬁ‘ggsetfr I}lgh%dgta?r%%ulg%t’e device to prediction data

to predict forecasted dat equests b d n the,c rjison .conprises the
st eps o|f<’: 20 se1dglétff§W§ aafugsg{o re‘i‘fté({nedga%ﬁ%a\sﬁdg nggetl?egﬁg'})(?it’%m ?lg abifity from
a current nobile device state greater than a selection probability

t hreshol d; hcrementing the set of states until the set of states

transition probabil i_tg from t(gre Cdéére”t nobi | e devi gg state is I(%ss t han
the sel ection pPUBRENE theypubsht FSHRSPhdatysaNES i3 MG FoER S Bt FENEs [ORSSEt 15,
The net hod of claim 14, wherein the step of conparing a received data
request fr & farerstsdidatadeabFte to prediction data to predict forecasted data

requests based . .
The method of claim 12, further comprising the steps of:

10 ~ assigning a probability value to the forecasted data requests;
comparing the probability value to a threshold;
if the probability value does not exceed the threshold, then:
expanding the subset of prediction data to include data requests from other
mobile devices; and
15 predicting further forecasted data requests based on the expanded
prediction data.

14.  The method of claim 11, wherein the step of comparing a received data
request from a mobile device to prediction data to predict forecasted data requests based
on the comparison comprises the steps of:

20 selecting a set of states having a transition probability from a current mobile device
state greater than a selection probability threshold;

incrementing the set of states until the set of states transition probability from the

current mobile device state is less than the selection probability threshold.
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on the conparison further conprises the steps of. determ ning the
cardinality of the set of states; 5 conparing the cardinality of the set of
states t owa asmxiisam depth; if the cardinality of the set @®CTarABOE33exCceeds
t he maxi num depth, then adjusting the set of states. 16. The method of

clai m 15, wherejq) t hgeSh&RoPbs At'S4, MM EheS8lp Of cbAkRS o EUMEIRES: 10

limting the set of states to the maxi num depth; and selecting a subset of

the set of Shaf fdnc fidoAlBbvide!lS ploiRSh LBt BABARIchd APIGLAR paldd T et

nobi |l e device state I's maxim ze od o arm

conprisingognscgﬁgﬁ?ggghpﬁégﬂﬁgﬁ&qﬂa% 8 op.S€l ection probability threshold

after each i ncre set of stdtes. 15 18. The nethod of claim 11

further conprisjng the of .predi ¢ti i ndependent forecasted data
request for a n%%% é“ﬁ%@%?%dw%& Bgﬁagﬁpp%@%g data request received from

(e, IOkl el ool oA SR R Rp b pforer s, e ot e
a0, SRS 1 {0 R ok i RS AP BHEST B hRFEAR 0 o
independengaogggggasted data request is perfornmed on a periodic basis. 43
16.  The method of claim 15, wherein the step of adjusting the set of states
comprises: |
10 limiting the set of states to the maximum depth; and
selecting a subset of the set of states such that the transition probability from the
current mobile device state is maximized.
17.  The method of claim 14, further comprising the step of incrementing the
selection probability threshold after each increment to the set of states.
15 18.  The method of claim 11, further comprising the step of predicting an
independent forecasted data request for a mobile device independent of a data request
received from the mobile device.
19.  The system of claim 18, further comprising the step of receiving a
successful prediction notification from the mobile device and updating the prediction data
20  based on the successful prediction notification.

20.  The system of claim 18, wherein the step of predicting an independent

forecasted data request is performed on a periodic basis.
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