SYSTEM AND METHOD FOR PUSHI NG DATA TO A MOBI LE DEVICE This application
clainms the benefit of and priority to United States Provisional Application
Ser.’ No. 60/ 362,930, which was filed March 11, 2002. The entjrie idisclosure
5 of Provisional Application Ser. No. 60/362,930, including the =~ "
speci fication, draw ng§¥StBFMA@fQMEWHmmRPBSmNG®m%%%' E&ﬁﬁ\h present
application by reference, BACKGROUND |I. Technical Field 1 'S apspi cation
rel ates generally to sygf Plftomeaing the birofit girand ipdoritg tiBhiad (stied proliBbial ©

comuni cati on device (rnobil e device"), and in particular to systens and
met hods for pushi ng\p%%c?{éo@aggf'gg' %]éﬁﬁ%?%ﬂowacmiﬁleémnmoozn@emmi@ro&m of

the Related Art Typieabliy, user. of a desktop conputer or a nobile
devi ce requests data, the 1 lﬁ}%agi?"‘sﬁr‘ﬁ“ %]Hﬁ%??on’&ﬂé‘g%bﬁﬂﬁe@ﬁcambsﬂmge@ﬁd dat a

request after exam @iddBndnBSs [nERboN: .received in response to the initial
data request. Desktop corrputsélrgbt?%ﬁ{):!gfhfsfeﬁeﬁ\fgﬁﬁia‘g‘}‘?-byﬁé‘ﬁﬂWdth, | ow | at ency

access to conputer networks, such as |ocal area networks (LANs), w de area

networks (WANs), and the Internet. Thus,m(@ﬁg%ﬁndata to these subsequent
data requests are usually provided quickly en using a desktop conputer.
20 A robil e device lhat TedwmivahFiddt es over a wirel ess network, however,
typically does pot have a rel atively high-bandw dth, |owlatency ‘
conmuni cat i on pe{ h to thbsapplipasippvsiales genbreltyorn S@terBRND Mbi Sk %ﬁ%ro@ﬁi%%’?aﬂaklg may
have si gnal propagartniboln delays, a limted RF spectrum and sign a
fade-outs. Accordingly; “SKHEHICERE deides (" mobilet desicetioipidli paitemiab® systeBOMESHeSods

subsequent data, thg ically must contend with the inherent [atency
and 25 bandwi dth i rrﬁ%ﬁ'l{gof%’%ggft?%aﬁéoW“?@FE@’F-netvvork. A nunber of wreless

conmmuni cati on protpcolﬁesm%tﬁ) BEgD developed to acconmodat e nobile device.
data requests, including 12 " B0 RAGET AR

Typically, when a user of a desktop computer or a mobile device requests data, the

15 i
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)

wi
ide area networks (WANSs), and the Internet, Thus, response data to these subsequent

data requests are usually provided quickly when using a desktop computer.

20 i i i
A mobile device that communicates over a wireless network, however, typically

does not have a relatively high-bandwidth, low-Tatency 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 fatency and
25

b . N .
andwidth limitations of the witeless network. A number of wireless communication

protocols have been developed to accommodate mobile device data requests, including



Wrel ess Application Protocol (WAP), conpressed Hypertext Markup Language
(cl-1TM.), Extensible HTM. (xHTM.), and Extensi bl e Markup Language (XM.),
and others. Neverthel ess, these comunication protocols ane St il iﬁblbj ect
to the inherent | atency and bandw dt h characteristics of the* wre@

network. Thus, the ifeidss lépp lilgon' AN, gw‘il.?%' Eo%g%s%ﬁ ﬁyp%:lgcq «]i.rItupbse &Egg' y

data to be receive eV| onseé

data request. SUMVAR¥MPA), ﬁwsmﬁml. Banih Ndg B%;memm Laﬁgmséémﬂ r

mobi | e devi ces includes a 10 nenory, a state prediction nodul e, d a push
nmodul e. The nenory okersO PredvatleRsss thede RomBhakictibie SéRBHS are QAL isvGdt foraﬁmm&an

nobi | e devices. The state prediction nodule is operable to receive a data
request from a nobilitewgdend badweidd chaaceeisijeo 0 the adekssSnctvwoek. TENBY Whe ased of peedi ct
a forecasted data request based on the received data request and the stored
data requests. SThengdils Hevirodersieofies vajydoratsbly data to de edccieedt 4 dher mebdl viedcedat a
request and the 15 forecasted data request fromthe state predicti-on nodul e
and in response redtf@dse Qi subseapet dair rpeshonse data related to the received
data request and the forecasted data request and prepare the response data
for transm ssion to the nobile device over a wireless .network. A system
for handling data requests from nobile desgh\&e?% g,orrpri ses a nenory, a 20
state prediction nodule, and a push nodul B menory is operable to store

data requests receivedy fég%%r lllaﬁcﬁﬁ% r%ﬁawné&stgq%'mc obilb NGyt BhBudes a

prediction nodul e is oper to access t nory an predict a first
forecasted datajg eq{a@rﬁﬁ“y £ QatePrddRBAN RoddRYAnaG RASAEHOThE hﬁm&?«% §frablakdre
requests. The push nodul e is operable to receive the first forecasted data
request fromthe stdaiageqnéstdiceivdd@dmmmchdbie Stldesl Thé @AQRENSEN R6HRSE opardisle to
receive first 2 05 JUN 2006 response data related to the first forecasted
data request and prepate daheeduest Stomrempivlesievickasngd 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 1o 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



for transm ssion to the nobile device over a wirel ess network. A systemfor
handl i ng i nformati on requests from nobil e devices includes a data
coltectiton unit, a data adjustnent unit, an analysis unit, ,apd.a, Jush
unit. The data 5 collection unit is operable to receive ar?d"s‘f'“ﬁi‘eﬁ“ ta
requests received fFBeHE el P e dipviopesteddnth tques bl wepaicadifed iegfand aka
based on the store& data.requests. The data adjustnment unit is operable to
recei ve a data requ¥SPU IR Y Brombilcdleriensvera vanslgssaeeds the stored data
gata and store the prediction data in

requests and generate t rediction, . : C
the data collection unflt]?)fsgrf]ﬁfgr tﬁ‘ﬂ‘?\’l“%/gﬁ AP feapests Joay aehile devisenipdedss 2 dive

predi ction data st @gRaiohMnihe ahd ol.lection unit and execute a
prediction al gorithm to predi ct F@%&%ﬁg "B “ATR P it ¥ds? Pushppmit. b Th ik ¢ |

i's operabl e to rseceslkaioh it icspiameth daha aﬁcﬁg&g%&a@%gghggﬁe}cv%r %{?@?%39@8@ a

requests and in response request and receive respo a t he

received data requdesdts aneo sdepEmtierasntbadd &ﬂh@stér&pdéﬁ§£q§m§nghe%aéQ@ﬁsﬁnctnpe
response data for transmission to the nobile device over a wreless

network. 15 A nobi P&t i epembltite setdien ddieviqost franth AR daviNIkALsE b 5:9/9d data
subsystem operable to conmunicate over a wireless network, a menory
subsyst em oper abl e ™t 1384 Eengrcathe prediction gaaoo@ssora ghes plodistinh @it GpakAlke t O
instruct the com’runilcati on subsystemto transmt and receive data over the
wirel ess network afeqign 8t Thednalygisupit ipperpbiente adeessathé prodivtion datmstoned I the

subsystem A clyjzen .am conpri sing processing subsystem execut abl e
instructions is 205% %’ﬁ%li % ‘H‘“t“ﬂ%xﬁ%mw%ws%@ﬂ@mw Bisdict fereqapied data requdsts.

predict data requegfsSy,@ngf response data.to the data requests. A
client program cache is oﬁe‘gg '}réelb?ettg'r%cte'g? g'et"ﬁcé“'e dag rsnvee and ths forsrstedadap, s h

cache i s operabl e tefuestt &fdCinf . on data requests. 3 20U@
BRI EF DESCRI PTION CE THE Dﬁi%ﬁgc@éé?:‘?g.ag‘f‘e?%@iﬁs%?Tsr daf Fagiee s e g % 1 on

systemin which theqeyatens fodeshedBihRERsts S4RSFpDaR rgﬁgngé J?:tar}a%raps%ﬁslélfgor? o
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 t¢ 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.



Fig. 2 is an enbodi nent of a systemfor handling nobile device information

5 requests; Fig. 3 is another 'enbodi nent of a system for handling nobile

device information requests; Fig. 4 is a flow di agram of g ¥ 'u;;h}@cgggg
r.agram

R

handl i ng nobil e device information requests; 10 Fig. 5 is a“flow
illustrating a node sel ecti on BRIEFPESCRIETIOMORIHE BRAWINGS6 is a fl ow
diagramillustrating another nmethod of handling nobile device information
requests; Fig. 7 is a diiggyiadt Bpsrainscormunisationsyemin wiichihesysseramang aethods
handl i ng nobi | e devj ce information requests; 15 Fig. 8 is a weighted graph
model of nobile deiTEEPALERYMYbeuedy 9 Shows a transition matrix T
structure and adj ust nent. cess.during.a _trainin hase, Fig. .10 is a
flow di agramillustrat PIEH 'p%?scg’nﬁ?baﬁ Emg’ aatsés"%"élf%rclfagcgﬁgﬁoggeegeé'g:e éﬂ]'f‘ama‘ﬁ"g. 11
is a schematic df agippof an exenplary nobile device. 20 DETAILED
DESCRIPTION Fig. 1 is an illustrative conmunication systemin which the

systens and nethods desgri ipathied@bdimEmyt PG st naddify S¥iHE Qi MEbHEGRH 2
data portal 10, the Internet 20, a data server 40, a wrel ess gateway 85,

W rel ess infrastruatquess; 90, a wirel ess network 105, and a 4 nobil e device
100. O her systens may al so be used with the system and net hod di scl osed
herei n. The data port alFig.0* &na fievh diagram oof senmsterd fOhaadiig inobiles daviat iinfermytioAAP
conpliant devices. Qher data portals or servers, such as an HTM., cHTM,,
XHTM., and XM. ser V&$Sand

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_. ll‘ 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 Intemet 20, a data

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



5 portals can also be used. Typically, the portal 10 and server 40 may be
simlar devices, i.e., the portal 10 may be-realized by a. server, and may.
al so function as a proxy server. The portal 10, however, is typically

adm ni stered by a nobile device carrier or service provider. The wreless
gateway 85 and the wireless infrastructure 90 provide a |ink between 10
the Internet 20 and wirel ess network 105, collectively fpormng @gpexenplary

information transfer nechanism The wirel ess infrastructure-detefni nes the

nmost |ikely netwogkidRbice 1088k L yen user may track the user as
they roam between countries of r%gstte\%ks)r aggsaﬁ%gseww?tgﬂg%}élnﬁ? mdhoddiselored 90
i ncl udes a seri esesh. connections to the wireless network 105. These

connections nmay be Integrated Services Digital Network (ISDN), 15 Frane

Rel ay or Ti connect i Gihs datspons 10a&1 tﬂ'e(ER{a|sé?vd9ﬁ_@ir@ﬁl@itraﬁk%ﬁﬂ)\z}ﬁéo%ﬂﬂp&&icéshe
Internet. As used herein, the term"w reless network™ nmay cover many

different types Other doianoftadser sere¢rwerck 8s anSIRML, aTNML) x HIMI2aQSIME fefreiiafi£] €SS
networ ks, (2) voice-centric wireless networks and (3) dual -node networks
that can suppdrt PHBISEaR gsacks usedd Topieally, theoperteliDoad seorsdtomarbetshelas@igesphysi cal
base stations. In addition to these types of 20 wireless networks, other
wi rel ess net wor k&* ‘E/P"é‘l“'s@'ﬁaéf%é@&%ﬁﬂﬁxaﬁwwn@)wawsmfumém shLeagrexysereernet wor ks

include, but are ot limted to (1) the  Code Division Miltiple Access

(CDMA) net wor k tﬁ%‘t'g%‘élsmb}é"ewr‘?“‘ﬁ'e\sl&fpifﬁé’oﬁdm‘e@ By Sepobile devisg caierion semvive (2) the

G oupe Speci al N%la{,ihg or the G obal Systemfor Mbile Comunications (GSM
a

and t he General cket Radio Service (GPRS) network both 25 devel oped by

t he standards comm t /g8 wRfiesCER ; ‘ re third-geperation (3G
52 0 116 networks |ike Erllh%?gﬁéy %ﬂ?’g-ﬁ% )évtlrglgﬁ %@Etﬁ%ﬁgppﬁvg‘?ﬁﬁié’ﬁ“?@(}a and

Uni ver sal NDBDI ethe Fairt oomimiiicslsinditen S c6BBivelyMklug £ ERRolS iitolaha, over! ay
on-the very popular GSM wi rel ess network, operating I n Virtua Imy Bver y
country i n Eur optansfer mechanism. The wireless infrastructure determines the most likely network for

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 T1 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 duai-mode networks include, but are not limited to (1) the
Code Division Multiple Access (CDNiA) 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 stapdards committee of CEPT, and (3) the future third-generation (3G)

5



Exanpl es of data-centric networks include the MbitexTm Radi o NetworKk,

whi ch 5 has been devel oped by Eritel and Ericsson of ~Sweden, ‘and is

operated by Bell South (G ngular) Wreless Data in the United States and

Rogers/ Cantel -in Canada, and the DataTACTm Radi o Network, which has been

devel oped by Mdtorola and is operated by Anmerican Mbile Satellite

Cot poration (AMSC), now called Mdtient, in the United St ates sand;gel |

Mobility in Canada. Exanples of voice-centric data n-etvvorlés Yi el ude” 10

Per sonall CommuNi i Shais habiGals BFENBH ESolidipERM Y Goler. A3 TOVA
nd worl'dw de T or

systens that have been available in North America a nearly

10 years. |le phildcammiiicali®n S3dénR (DATEOGRRE S alatalthdlaf o MERANphANSRE VAN,
or in another network, such as in a |large Application Servi'ce Provider

(ASP), and provi digdesawerwak,epéraingin virnally endrpEdiitky i EuRp€£ hange over the
Internet 20. The portal 10 may al so i nclude dynami c 15 dat abase storage
engi nes that have pr Ethafiies ofldataderitia pawdriorinditde teavioldtat™ Rakic Me@srke ahigndar s,
to-do lists, task lists, e-mail_ and docunentation, and may al so provide
links to infor nelt? bfen Siored by thnitel and Erigasory o6 Swedsahangss oprsated A BHIGItL7, as
well as links to i,on served gt her servers, such as WAP deck 37

1 nf o t
served by the V\A@"&'?’é%mf(ﬁf DR dn HFhl_g'\)’{‘c%%"F%ﬁ%d BestFrécielin Gnidacanribeer net
Varkup  Language UNG KRS S8R TRES BE R anet uhloprofind gt for
docunents, and gagHh, o o how Leteined, to .a card, and
theuenti re docunent ingﬁlgglf g%‘?‘gﬁ%oggogqgﬁgg%b& ‘Fﬁ'ﬁ‘g‘("r% W%@'ﬁ‘ﬁ%&ﬁ‘?g

typically conpri®gsePMeQhidy $5CALdaSeCt | BRMpRE oPABRS centrfctbdf d ach of
whi ch holds the data for one screen/w ndSW'iOn a V\i?l%]’tfgr 0\5\358?“.9& ﬁ'b ‘e WAP

deck 17 nmay be rreguestCadmiyicaonthidng (€8] aawskehike M Sceal byeisgato the
nobi | e device 100 via wireless transm ssion, typically over a radio
frequency (RF) |sysdms tiat bave beeh asiabietiaNortnArieficd dvdl woHalEHEneai 109&ks, 105. The
particul ar network 105 may be
The portal 10 may also be located within 2 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 the WAP server 40, land 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 docament is referred

to as adeck. 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.



realized by any wirel ess network over which information my be exchanged
with the, 5 nobile device 100. Wen a user requests data at the nobile
device 10.0, the npobile device 100 conducts a data pull ofjtthdliledilbst ed

information. The nobil e AW LE1LOY; ' ends.. a Uni form Resqurce
Identifier (UR), such as UR 15 thﬁ%&%“é%’ﬂ%ﬁ&sfm’f’%ﬁ device g P & defiverrd st

fromthe portal 10. ulhaobitodiice100@Mineeles QhsiRY o § okl L QiR ther
types 10 of data requests according to di fsfer(én?pcofr%ﬁun?gag iﬁgﬁueﬁyg@gg’ﬁﬁs in

addition to the exdiwpl abae iition Ibhe suelssamvwarkURs, F0E pﬁts&fabnaaaﬁqgﬁﬂwl B
address of a server, a file transfer protocol (FFP) request, and the Tike.

Addi tional l'y, whil e e GRian Birtless pgwertaverevhich iarmiBePMBEBe :xehahie VRl hal
10, the URI 15 ma% inEJ']ead_ correspond to other devices or systens in
conmuni cation with 8" %ter#&t 20. 15 When the portal 10 receives the UR
15, the portal 10 nor ma{kx% resgronds by sending the WAP deck 17 to the
nobi | e device 100. The " R TGS dpta 3t thy | onapile dewins 0Pt thel mobilet demicorolii | e

device 100 via the el SMRY,82. ..t the portal 10 has the WAP deck
17 stored locally, then tsleats‘ﬁﬁ%sﬁl mredl St el YowRRe- Hemobile deyise |l 00 trpieal)y sengs

nobi | e device 100. hfudihe RQLEA! nEt., N WAP deck 17 stored
oA ORO Bhn HE VRIS e s urstbiner

locally, then it 20 may request and rec

source. Upon recei viegeest ffen R8I0 6 K TenobiiDEevidD g £y SE Vi 0. presents the
WAP deck 17 to the user, and the data pull is conﬁﬁg%gengg"éldy%fegi tﬁ%?,‘ypﬁspon

receiving the WA det Ratd Tequdsta encessiriy @f diftérent rm;g'}nluﬁmq,gyhﬁgcég% 240 to the
thereafter request another WAP deck after exam ning the information

presented in the 28<yplmydBE kS, 2ith aszdiRIefonampébapage, fn IPRGIMOR 1485, e kaGLUdES
stock quote information for a 7 nunber of stocks, the user of the nobile
devi ce 100 may subsPGQeh«FTP) reaese smd ithef Brermaidivonaliye walie the tURIOTRI IR ratiRE
number of stocks, either fromthe sane E{(ﬁrtal 10, or from another portal
or server in communiCaPPBR W ROt 40, tht BRA A map insteadecomssppndnta sthet dslesiai t

until the systems in communication with the Intemet 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 106. The WAP deck 17 is typically

transmitted to the mobile device 100 via the wireless gateway 85, I the portal 10 has the

WAP deck 17 stored locally, then it may immediately send the WAP deck 17 to the

mobiie device 100, If the portal 10 does not have the WAP deck 17 stored localty, 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 1o the user, and the data pull is
completed.

Typically, upon receiving the WAP deck 17, the USGI: of the mobile device 100

may thereafiter 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



correspondi ng information or data is received at the nobile devi ce 100. 5
Additionally, if the information received at the nobile deyic 9}{
conprises additional enmbedded URI's, then sel ection of the: URI by ng user
wi |l cause the nobile device 100 to issue another URI request, and the
user .must then wai t ™G stodkd the pest plehqraebile fyice HIGgParaLbpeapen ¥ reguestantprenation

recei ved at the nobi e devi Cﬁ 100.. To mRﬂm ze the associ at ed Iatenc% f or
these subsequent refugs{%nehke Q%ticéﬂfss‘ﬁ eithepfrom he sHRe Rerdl d0 oW dEphpilsr

push forecasted res ot he res sppnse. .
i nf or mati on transni & 3)?%36& {ﬁ ]l!.)n ﬁam"d“é’\a/ilqgeeﬂ'%'g[ s Téﬁours CRESE Eed' EAPRT G uest
based on previous &ﬂ'ﬁs@oﬁdﬁlgmﬁlﬁohgﬁdéﬁ%é&%cItln'l%TnﬂBmdlaﬁceq%I ce 100 or other

nobi |l e devices is generated by the portal 10 he portal 10 has the

response data tosthe fonenmsiiBdifdsd dforh@sthesteived & @6 noBisalidvite m@%@m;m‘sesrmy
i nmedi ately send the response data with the WAP deck 15 17 to the nobile

device 100. If the gditioml endt@dded URIsnten felecubont dil éhe R DY iR Qrsdd Ak c&ulbOIhe ehobile
locally, then it equest and receive the response data from anot her
source. Once recei fi;é'de 19héo issuspamther YR aequest, pnd vihal egbr st bhen vl dngil devi ce
100 with the WAP deck 17. The forecasted data request may also be provided
to the nobile devi c‘@“&sﬁ@d‘“Fﬁf"m%‘?&ﬂ‘ma@ is rogsived 4t e mplle detdeeld00.7 i s transmitted
to the nobile device, predjcted 20 information 18 is pushed with the WAP
deck 17. If the forecasteyriniteihe asiopiatey lafercyforthese sybsequepiapauestiethp siswyredd

information 18 y { forecast ed UR nd t he orrespondi ng WAP
deck 37. The pr ggl C’J['&%ds n?cg)rseﬁg’ T s%gorffﬁgedbrgsp%%?‘ Bm\“ﬂ"’zﬂaé‘gté‘?'i’é‘” EPYS t he

nobi | e devi ce 100, r hi,n devi ce 100.
e Ukt 55 ray .t o MocBish ‘?"L"@%edﬁgq% Hophh 86 oetob P Aok 1S 17

If 25 the URI 35 lﬁev:oeguﬁas}ea&s@yssﬁeh%ﬂpm'n?obﬁ’cexévs‘cs 16@8% %ﬁfd% s g2 and

correspondi ng deck 8 37 was not stored in the cache of t Vi ce
100, then the nobi |genesktdivgahelfdRal WOUlifdhe poraNNtat tt Re |da§5o fhe br¥cadid dald®

portal 10. However, since the URI 35 and corresponding WAP deck 37 were
provi ded in the pr acives geted lnfably, thet itamy iBmediarty semitihd respoley dgewiltDle Waedeck
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. ¥

25 the URI 35 is requested by the mobile device 100, and the URI 35 and corresponding deck
8



not actually transmt the URl request, as the corresponding deck 37 is
avai|lable in the 5 nobile device 100 cache. Thus, a subsequent request to
the deck 17 is pre-enpted, thereby reducing |atency experiencded by/ltihe
user of the nobile deyLee Lo Flg. 2 .0s an. emhodi rent” of a system 1000 for
handl i ng nobile device 1063&%{ E‘rerg}"’e‘i =.°5h"efngﬁlaeeffé?@ogﬁ&"mw Eessi1 AL wordsh
typicall'y conprises yansfkeit@MR1BE QFAMd 1k ANGiod L3ig9s Sache nepory
120. An exenplary nobile devicea%go na%gke 0 otﬂgg%@gﬁ$§%§g%%%f? %Pné$%h

reference to Fig, 1WAI&IOW. wehirbedc@i e SR IRIA! EEMIAD alvie 100 need
illustrated, a plurality of nobile-devices may al so be in conmruni cation

with the system 1000.axWhby teysticthe UBDRqicac hiutle Sor@spshdiga@a: 308 Wlablel@Qhe @
predi cti on nodul e 1200, and a push nodule 1300. Ile storage nodul e 1100,
predi ction modul @ 150bleadsicp i@hcaphsd Thos, P5sub@@BnEYues 06 eaktkvEl it phddnied, push
server responsive tq@data requests fromthe nobile device 100. The push
server may be enmbodiEEPY HiEnglaicpy&xRepienstsk by the ugar offpmebiiedesigell®e  di stri but ed
over a plurality of congyt?r.devi qﬁ. For exanple, the storage nodule 1100
and the prediction nodul'& fﬁd"ﬁﬁ§° mer SF 4 wHlen 109p for handling, mebilecdevige Vit e,

and the push nodul e.l ocat.ed, an second conputer device in
: %fc’]—ﬁ?gn %Xcsg'o Thé ;&r@ﬂ FAFAS fb(Q, Sl c??mBTq;}gT f&hcet Pty HHodul e

communi cation with the Tirst co ev

| 100, prediction na@uh&ssbaQQ ca%%e%@hmaogwe?en# moﬁ@%cv?c%gaé]glgyg%g?féhe for

sof tware program or software system structure and "associ at e

perform ng the poogypsisReibbBGHiBeicfRd BUTDET vRbwS Q‘t’lﬁl@’%ﬁﬁ ohERIHBUET e A00 is
software progranm ng platforns may be used to construét these nodul es.

Addi tionally, althoiligiwa@ atphealist @frmagite d@el Bayl alsb®0 in @h@flhicdibd itk Bd WsRm! 200,
and the push nodule 1300 are depicted 9 0 5; UN 20015 as separate
modul es, the nodul e¥%ay be conbined into a single nodule to consolidate
functional tasks, or, alternatively, may be subdivided to distribute
functional tasks. 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 compuier 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 médu]es. Additionally, although

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



In the illustrative enbodi nent of Fig. 2, each data request of the nobile
device 100 is nodeled as a state. The storage nodule 1100 is operable to
receive and store states 5 transmtted fromthe nobile devige;100Q; apg ot her °
mobi | e devices. In one enbodinent, a nobile device state nay conprise a

UR . The predicti on®igatidmeidet the mogpes mpi ke combipeciat wsingle atodule fo wsotidee
nobi | e device 100 i S se.access the storage nodule 1100, and

predi ct one or mreﬁ%‘r}%@g%?é)gg%ﬁaa‘fe s MRLRESHOded todlistribpde fupetiond sasks. r equest

and the stored states. fhg .iﬂfsﬁé{%&én'x &m@ﬁ%ﬂ‘% f%ﬁ%%a?agwn?ﬁygfgﬁﬁ%lgdg%m a

prediction algorithm such as a Markov chail

vel ght ed most 1 ecent ipanaad aab@Orhi BifegOhoiliibo RIGHE & AbRL 40F LhM,. The
predi ction nmay involve conparing the réceived state to the store 514,

or conparing theS reosiisddrostiatsobiled@siceddEindmeaitie ESRE! 3t 65 JfbBitRE,
stored states. In the case of conparing the received state to the

predi cti on data gerieqble dedics taymaylrempisen Bi®kl.st at es, the stored states 15 may
be deleted after the prediction data are generated to conserve storage
space. The prediction nbégredicicraupdple J99ie opardile th orceastes drosi thé @6bik Qe like

push nodul e 1300. lﬂ;e push nodul e 1300 is operable to receive the
17" FroMSRSe @ccettdhy Sasagemmdln §100had predic cot exdimert Atresstddr om

requested state fro

t he prediction nod nd i.n response request and receive response
data responsive t o%taﬁse %%gd?%“ctg%fe@ed"egtdé?ém’é}ﬁsﬂ andthe pierg(d B¢se o pregictienemoduleor
exanple, if thejgolhh ' and forecasted states conprise URIs,
then the push nodul eﬁﬁgg%bcggg}t@t%égowmmrs'iwgs"’.s a%f‘?é“’?‘é‘?ﬁbﬁ%é‘g&&t %ayescet hen
transmtted to the mod®@Ph heighleVins® chQthyl dsBy ngﬁﬁqbog% hgﬁg%%ﬁiogeqqﬁgtﬁgonse dat a

al so includes the forecasted states. 'In an er e retiecti on

modul e 1200 predi clrdbmmengsiack & tRHekeivebdd QY bolgsast ad
states to the push nodul e 1300 ingggg%dent egf rtectei Sgﬁlgdgtgtg%g?cé’ W"é?eJUN

2006 from the nobirdcevadeiicteprdidfion delvepefivnatt FHRAN Sordi30Rs.| B 1RREEIPLpldhe
recei ve the forecasted

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 reéeivc 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 o the forecasted state and the requested

20 states. For example, 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 emquiment. the prediction module 1200 predicts forecasted states and

25  provides the forecasted states to the push module 1300 independent of receiving a state
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states fromthe prediction nodule 1200 and request and receive response
data responsive to the forecasted states. The prediction nodul e 1200 may
be further configured to predict forecasted states and provide the
forecasted states to the push nodule on a periodic basis. 5 Fér fexanmpke, if
a user of the nobile fd%mhmobﬂeeeﬁcyﬂb(ﬁaﬂ%u&cc s.a news service and a
sports service during a certain tinme of day, % ?&?%wb‘é’tpwéémmtrd@eivdlwﬁ;ﬁcag@d
7:00 AM and 8: 00 AMSfafehﬁorprhed'redtiiaa.nndmdlﬂma&@g%egampredi ct the requisite
URI queries for the rtle@/s service and the sports sertcEde fispimsedatanésponkiiere
period, and provide {9 efBRFasﬁ'ﬂlgﬁfi‘!Seﬁhtmedid‘ﬁenmw&&hz %'b% 1300. The push
nodul e 1300 t hen exegaogetcres&dt he URI queries, and the r SEYirewizered ta piegict
transmitted to the nobilTe 8‘8\9?‘E‘EPTG@?th?fdr@as&pem@g&%pgylxﬂo(aclcur i ndependent
.. . . 0 0 .
of receiving a staterdls@p NG mobi L e device 100, e.g.’, the TObf PEodH basiee
100 may be in a standby r?ode, Bt e mebde devivy 100typibaN Gck&la 55k SSLed a
particul ar state rel gbidavict Qg WS, Servi ce or sports servi cgrrvice and a
Accordingly, the user of the no |Ice'aff?é’\‘/‘ied’édaﬂ%&-vﬁetweemmyﬁouisf'tff7?05‘:«91g’?tsi-oﬁn
related to 15 the neMsthsfelicsd Ad.SPQY LS service information avallable
at. the nobile device 100 when the usermﬁi”o%’%"“gél"‘e@ﬂuis.ithé)m%eg%\ﬁi,ec,%wgr

sports service. To ﬁéﬁpﬂmﬂith&tsp&@s%%m of. future predictions, the
nobi | e «devi ce 100 may be further confi gurpr/tg'a"f"fsp?q"&r@ﬁﬂpwée the URE @85 W he

predi ction notifi cafFBrmesaleki3o0 Thbeudr ReiuG! | gmodul e 1200 when the nbile
devi ce 100 accesges the predicted states. Thus, tH& BFedec¥Rlomenssdakiand 200
may then 20 update PPRfiecYdol targuinddt formel Hosijel GoyfcEf; gct_whet her a
successful predicti ﬁlﬁe nn%ti fication was recei ved Frof tHhE PRSHI9nemale wicae
100. For exanple, thePPart qF Eodtingratas frem heimoRBIEHLe 1009t fications for a
particul ar predicteg,shai g, during a time period my r s i £ Peotigdevice 100

. . ) a_stan : . .
predi cti on nmodul e 1263;erermv???'d“ ﬁé”ﬁa#&ermm:arha%@t@;&@@gg&&glapred| ction
data, or |owering tbh\ené‘;slggl,%@&(gd of predicting the particul ar Sedtl&inen t he
future. 11 G 15 J Ui'll 2006 PH&*EiREcesst ul predi ction notification may

al so conprise data i ndim@,ﬁﬂagy,\qﬁ%g}%}i

the mobile device 1 i i i
i 00 will have the information related to

]

a S »

20 update icti i
Pdate prediction algorithm data to reflect whether a successful prediction noti

11



the nobil e device 100 accessed the response data provided. The nobile
device 100 can be configured to determ ne whether the response data pushed
fromthe push nodul e 1300 has been accessed during an acc§f§ &um%§ﬂ§rhod. .
Thus, instead of waiting to.receive the 5 successful predictifon £

notification during the tinme period, the predictjon nodule .1 =N
interrogate the succes"srll‘elﬁ“"%?sg’éii’%?‘?‘lﬁ’ﬁ “ﬁ%qcﬁtfqnd‘%ﬁ’ iak‘ﬁ QMR (H?a x|m§9a?récel‘c:\t/hgrd.

Accordingly, if the respaonse ta h been i 36CQS88: L1 Ne
ber i 0d, Than the ol EBREARTe 1 et MRt FELyia, W6 hlitianieoasaas

successful predictiop o A [ESRQASE peiddGron\BSplPodaREBONERE €SS Ed
during the access foln{r%%m%gﬂi%egamﬁgé\%%g@? et en th_ep successful 10 prediction

notification indi cg%%g%ccggggjt @il YR SMEEamS pthiodT BalisCinbredd of oiting ed recdive ot her
enbodi ment, the push nodul e 13%0 may be inplenented by a request nodule
operabl e to recgi Vet pRELIeb iftaton dieguRsimegrdod the plediripassdvel 1498 may
request from the prediction nodule and in response issue requests for
response data rel ainsrosat: thdr@ccesstl piedieibnchatificaticn yhens it ispesiveh eAforBENSt B8 dat a
request to be transmtted to the nobile device 15 100 over a wreles

networ k. Thus, theresmgsedta haschsbre agsessad fnsips r“@c@é’F‘%“f"ﬁé’e?‘e‘:dsﬂ?fﬁmevﬁ’cce?sg’éponse
data for the received data request and the forecasted datg ){fﬁl uest . qht her,
response data for pledicoamaifisalipn indicates B asweesdl PreRROTBIETESST €d " Tata request

are provided to the nobile device 100 via canmruni.cati f i
responsi ve to the MispRsdem, aecesied fyrag g’f"’ "fcﬁes%l(aw&qe%?d?tgﬁ‘g%? 't elﬂgih %gn%%egiﬁﬁent ,
t he request nodyl e .separately.tr ] f : gegt ates to the
mobi | e devi ce 1&). pg&é‘.“’“ g‘i‘#&?ﬂ“&‘é&“‘%ﬂﬁ?%ﬁ““&%?&‘%ﬁ? aﬁ%‘c t he syst em 1000

for mobile device 100 do@hehE MY S5h Sroahil) 1 F00infay @B AkinieRtad by & Reuest
storage nodul e 1100 inclhgﬁdpg'{semrérmr; b stgr es 01102 and 1104 for storing

mobi | e device stat g5,i@0 dhePbR W febdiRRMhetadered dayiYeduait bid th forecasted dntsimsifiom from
t he nobil e device 100 w1l also include a nobile device 100 identifier, 25
and thus a state higd gEdicib® mo@ae Bndmnbiedpense dssiccrequt®® forergspirse atd redaied; p thehe
menory store 12 1102. Likew se, prediction data correspondi n% to each

mobi | e devi ce in caesentai daatréqoest 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 10
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 modulg 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



with the system 1000 may al so be stored. in the nenory store 1104. The
‘predi cti-on nodul e 1200 is operable to-predict -one or nore forecasted states -
based on the received data request and the stored states. Illustratively,
the prediction 5 nodule 1200 may predict the forecasted states by utilizing
only the previous states stored in the nmenory store 1102, or may al so be
configured to utilize the prediction data stored in nmenory:star ep 104.

Al ternatively, the prediction nodule 1200 may be configuré&d to'r éin sol el y
on the predictionlldat Bks#e] fedibtian Uhe car Q44.0:0. predict t he
forecasted states. 10 The g?dedi ction n%grﬁdrngsi%gn%n%& dc?%g? ate Tna"Prai ni ng
nmode. 1202 t o genevidittes sypene oo mapasctabiret B tRencibos siek 1104t he nenory store
1104, and then transition to an operational node 1204. In this enbodi nent,
the prediction modul eTheFowiciert inpde BARis@perabier ie prediot r Qs @R fHieANBSsAlMT | NG
which tinme states are collected for the nobile device 100 or other nobile
devices. At the X5 PAHeORCHRd dpfa reamist endttheostoréd states, Wnsedinely] aa p@dittan ar
generated or 1 angc{d%sw. The grlﬁdi ction data are then evaluated to

det ermi ne whether 106°deri e PEAGE fidforecasist staesdy sRlizingmly thereviays stiverstored

adj ustnment of th [ C1 1 ta, or, to transjtion to an operational node
1204. During theq%géﬁ’g%‘%ﬁg‘llglﬂn%d%m( AP B PURRWE] 18 Milirs g pesdintiop despeeredtie i n an

atom ¢ node 121ZnendryG Rl o0 R mh ] Xe 1216. In the atom c
mode 1212, the 20 prrygc?i ction rmdﬁ‘l;leé”f%r ﬁlsmé? ullgpgﬁfné%lge?f"l%‘@%“’d‘ﬂythe ,

mobi | e devi ce 10Qlelpion iHeSédictiiPlaSHhddlde thel FBHPsets FHR §hrei8l &L Vel
horbgenous users, to predict forecasted states. “An }etgz;g‘ﬁfeg'%tge %m&?%‘hp of

honbgenous user s siags.enpl oyees of a particular division in a conpany.
g mpl oy p mpany
Anot her exanpl e O a group of honpbgenous users is users with simlar data
group 9
request histold es. QThepredistidminerulest200 maebjeritetiyg QMRS mode NOPRISAGHS USErs
may al so be 25 used. 13 In the group node 1214, the prediction nodule 1200
y gr oup P
uses hi storical gfcgtt:té)g d@gp tode stored in the memory store 1104, and then transition to an operational
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.
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| arger group of nobile devices 100. For exanple, a group node prediction

 could be based on the historical states of all users of- nobil e devices

100. Finally, in mxed node 1216, the prediction nodule 1200 operates first
inthe 5 atomc node 1212, and then switches to the group node 1214 if a -
strong prediction cannot be nmade in the atom c node 1212. The strength of
the prediction may be neasured by the ability to recogni ;;egagigg.gfpggggnce .
pattern, or the likelihood of (he prediction being correct “exceeding a _
threshol d probabi | i ti,theogrolpymaicher4, it faditon heduRPEROG bied RistohiBP sl £ devi ce
100 may issue a data request via the URI 15. The 10 URI 15 is transmtted
over the wirel esozmaowpeliinobdbdeaines 10D eFor atzmplnatgrdp mibde fdritictish @uRPe bardul e
1100, and the state is stored in the nenory store 1102. The URI 15 is then
provi ded to t he Prhsdistoricadsiateisndall wsers phmobilofavicts 188cesses the nenory stores
1102 and/or 1104 a redicts one or nore forecasted states. In this
exanpl e, the predi ctiHYnBduke madsoigg, thegpredicgon modnle, 100 operates fityRp 185, as

the forecasted state he .URI's .15 and 35 ar vi ded to the push nodul e
1300, whi oh ¢ hert Buchest 1202 P 0% SufBe T ettt b s SFepganigon shmmainy

dt : ¥ AN [ ich t he WAP
dock 1715 proviaies nteBeRL e P2 TRAERE ot e bl B vor 2

deck 17 is provided i n response.

| ocated sonmewhergiliyno tdagenlz8 b @ékkElce Do Bind EHERE" 109 pelRloleck 37 is
provi ded in respo]nlge? Zggn'lghe WAP cglécff 17, U%Ighgog’? ogﬁgg{}ﬁ%%bﬁl 6Ck*37 are

then transm tt edxdediigh@hresiBIAploBabklRY b olOnddfa$, €Sponse data. Upon recei ving
the response data, the WAP deck 17 is accessed by the client program 110

operating on the nolhbgerdiew,iteandOdevite doot iy idshd » BB reqabid vIMAR 1haAK. Bk are
stored in the client programcache 120. If the user thereafter requests
the URl 35, the YRiddiscuangmittidsoveutbe edrelbsainetwérk 185 mebtiit Intoder Rhe weiasagsT ul
prediction, 14 the WAP deck 37 is provided fromthe cache 120, and is thus
i medi at el y avai®od¥f d100pandrbe stgfg ds stesed intke meshiry storgel P e TRODRI 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 tocated on a cotporate
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 pn;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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I n anot her enbodi nent, the cache 120 of the nobile device 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 response data to the
requested state, such as the WAP deck 17 provided in response to the UR
15, in the client program cache 122, and store the response data to the
forecasted state, such as the URI 35 and WAP deck 37, in the Qg$$ cache .
124. ‘Typically, data stored in the cache 120 may have assdciiat:ed ¥ resh or
expiry data, such_as an’'expiration header field, that instructs the client
program 110 to qtieMpPAedE7durravided from dhegeriie F20cand istthug promediblcavtiible tonhd i
enbodi nent, such e&gh&xmg?ta,or efresh data i-n the response data stored
isi

in the push cach& 1 °d1ﬁ‘8?36185'by the client program 110. Thus, the.

client program 110 nﬁymﬁgg&podgn%%9%?%{]6;585%831%’ il]%g%,&];?éq%gast ed data

responsive to a second, subsequen B SR COUMPEEt a

request 11 the CXBichyprofiath Qe 152hashucfl Qe 1A SR AR SFALE, IR G, 5 11 Lhe
e

response data stored in the push cac i s“Fesponsi Ve qdg" @’u’fﬂ’sequent

state, i.e., §heconfigited3s ab MBSsPERE AL e RGBS LEE B LN et {700
nodul e 1200, then the client program 110 %y, transfer tﬁeewf‘\ggdé%afs?t ed

response data frmemidefién papinseccacthe URR45,ti thet dientCirbgedtt cREOWAMLAGH G122, | f
the response data stored in the push cache 124 is not responsive to the
subsequent st at gesPREdaRto, thet farseasted gatt, oraboa e GRI BE SPOMAE dekkta, inay phd 20

del eted, and the state requested by the nobile device 100 is transmtted
over the wirel es@hgdttolRicalysdaasiariddn the eachay0 man hive ass06:0cd rEliesh @rexpimr €
forecasted state be predicted and pushed to the nobile device 100.

e
For exanple, if %8@"&%?56{’["&?"3}"@‘ Tspdst ficld. dpt ingtnts thesliens sroemmel 10wt ey or  t he

four states gge r.QVi to . th il.e device 100, then the nobile device
100 need not tradﬁg%&}ldeg%jﬁ?ugs tﬂgﬁ?egg%%slf‘ ‘hg\?é";’OdE’PFé‘"WCP erpiy dapertrefistidatas | ong

as the subsequen} yrtap&se i éﬁiﬁ%ﬁ%ﬂ’tQaﬂq%&%}ﬂ%“?ﬁ’“@%ﬁé‘?fg‘?‘ﬁ@} he four

predicted states. In yet another e | rent ; @ 110.

successful - predimbi, AR clich Brop@Ri 118 HSYiGen HR0ph AR 13 & sucsesstyl

predi ction notification
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.c., the next state was comrectly predicted by the prediction module 1200, then the
client program 110 may transfer the forecasted résponse data from the push cache 124 o
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 m‘qbile 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 fqur 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
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to the prediction nodule. 100. The prediction nodule 1200 then predicts
addi tional “forecasted states -based on the | ast successfully predicted
state of the nobile device 100, 5 and pushes the response data to the

nobi | e devi ce 100. Thus, a new set of response data for one or nore

predi cted states may be pushed to the nobile device 100 wi t hout user
intervention. In addition to being operable to predict O@%t q,ru\irmﬁr,}g
forecasted states based on the received data request ant hei'stloF ed
states, the predjction nodule 1200 may . also be 10 operable to predict one
or more for ecastaéedglg(fnﬁtmgsfg?rnpd%décé%cféaﬁcf' (5'? Y?é‘&%‘?“&iﬁ’ﬁg"d eSb 2P PPAHERE nobi | e
device 100, Fur LURLIR ookl AORLE SRY166A00. TG WLEDST pRerab! © tO

transmt back to the prediction nodu a Success

notification as toGRNfrédidtos inPult N80, THE pREBK GhdaRid 1B Hes pg)eﬁ,fe[? iRt gCt Y

predi cted the one or nore forecasted states |1 ndependent a received data

request. The opefbmtastenstads basd@ off e ddsE fuc@E:fultd prmicked Ratd 308e mbbiRefiRAYhe 1300,
and the nobile device 100 in this configuration are as described with

reference to ¥i gand Pushes theaespdnse danctd liermobiddxizelice HO0! ThuspoORewseesir&hdnBithatah e
forecasted states, the prediction nodule 1200 may further conpare a
resource netric Bsyper meedredicten sigs manbe plaked to e atobile devioe tidtewitprasast ed
states to a systemnetric 1220. The systemnetric 1220 may be a cost 20
metric, such as 'Y¥WE of providing the data to the nobile device 100, or a

resource netric, such as available system bandwi dth. O her netrics may
al so be used. The syBEURHORAS Peits oParabiRfo Riggictpue iagie topcassd sletes bspedamithgst t he

prediction data, LOLE in tl}e Hgﬂf% tore%104, as indicated by arrow

1222. Based on the sy‘gattaelf%qur%tar" I SIptess S REGHICEDN BRAUND L300 anay 2bg beay

e e P PO il i S 807 2
mobile device 100. Furthermore, the mobile device 100 may be further operable to
transmit back to the prediction module 1200 a successful 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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that is cost effective. If the particular forecasted states are not cost
effective, or exceed-the maxi num nunber of .cost effective-states, then.
sone, or even all, of the forecasted states nay be cancell ed.
Alternatively, the prediction nodule may be further configured to generate
anot her set of forecasted states, or nodify the first set of forecasted
states if the 5 first set of predicted states is not cost effective. Fig.
4 is a flow diagram 500 ofa method of handling a nobile de¥i&é&!iformation
request. At step IE%Z,COS?e ‘eé/v Sﬁf e for the nobile device is recorded by the
storage nodule 1100 y‘g“i"é"& ?,‘e PRFEIa; &fpcattedistates o5p pos spsbefidstive oor excetaltie

request received fLRmntNELIQP evice via a transm ssion over a wreless
network. The new state nayg%grqgrsgegfﬁ%ﬁ SEES: Ko gPms ey R Alledt BedBiersiedigaisce i f a

mobi | e devi ce i demdyitei @icelled. | A1k inb i equest. At step 504, the
predi ction data may be adjusted by the 6reglg?ogﬁ%ﬁien"gﬂﬁqeef“'ffbﬁ9“ B pNndi ng

on .the predicti orgemtaombthdtnetiof RkRERAREs, oPmb. IsG Lol ul.e 1200, the
predi ction data nay be updated with eachOnrgwﬁgtﬂg{tggf%gg%%ggggggﬁteﬁié’c

al ternativel y Ye firgypetloftpedicod biytes if not et sifesivet at € renders the exi sting
prediction data inaccurate or in need of 15 adjustnent. Factors that may
det er mi ne whet her t heFijrduh @av dirgraduitd of s merpatidif dshdlimys mobie lavils iS@RRle Space
size, history size, the Parti cular prediction algorithm and the |ike. At
step 506, the pr&@PEEiYitePdfut Evctrrfacthe mebilsdevice isp@ided bstht nompgeastdsib
forecasted stat (=1\§000f,1,t.h§l ngbi | e devi ce 100. The prediction nmay be subject
to a node selection, SHEHY & 4t soHetPomsde  ota sequest yyeeiva fpdle ma@lid, or a

m xed nmode 1216. 420 At 508, the forecasted states are provided to the
push nodul e 1300, ‘ﬁc & {“’r%g"a‘gs‘e"é‘t"%""’tah TERSRCEY k- e ThEAEY StatsRRYPOBRPARY te e

mobi | e devi celpandadifi@ir i 8a5k te data . rel.ated to the forecasted
states. Finally, gatl step 510, ?gg%gﬁles%v' pafig gy g‘ldﬁcbmt"}‘?'é'a‘h@ﬁ?eé‘t ate data

and the forecasted stAk@p S@l Ae BreBictdh SR TEY bl O mssion to fhe nobile
device. The response data rraf/ago(r:rpri se ogl %/%‘ﬁ%ﬁﬁgvﬁlveﬂegic‘émdﬁ?dak’gﬁ@'the

forecasted stat eDembding @F theTpydictid albstithd @hpldoiale et BeailRh SRast oSt at e

corresponding to the forecasted state data. 17 '
prediction data may be updated with each new staie 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.

17



I n anot her enbodi nent, the push nodul e 1300 may be operable to determ ne
whet her the response- data i ncl.udes further .state-requests,.as.show.in step
512. For exanple, an HTM. docunment nay conprise URLs to other data
servers, and accessing the HTM. docunent will cause a browser programto
issue a query to the other data 5 servers associated with the enbedded
URLs. To obviate the need for such operations at the nobile device 100, the
push nodul e, upon determning that the response data indl Gdes! fii¥t her

state requests, requgsts. further -response ta in response to the further
state requests, as s oa\/\lﬁthfrne"%bt"g egiﬁ._e Pt‘fg'o‘ﬁ"dc‘i’ e’?gP\Waﬁ © toReralile for gekeFmipe s ponse

data, the push Lthe response data that 10.includes the new
state data and {Tﬁgetwfeoreggs tng%jgés??g’?@deag? a, %aﬁ%mgl’ess%’ ?Snsc?%g'ssktphég"f 3:?{ her

response data 1 ehahfl oh ¢rieadctihdnl fhy Shigh G18Q46 Sher B0 blesBhEP 516

Fig. 5is a flow diagram 600 illustrating a node selection’in

predi ction modul e HYRAOdocdNens WRIPcaBR % brévier bR 63 1s@R Ryl 6 wh2PR: 841 ects
the atom c node 1212 as a default node. Accordingly, thé prediction nodule

1200 utili zes5t hervhs sbonidtagalith geainbgidafURLspar ti cul ar 15 nobil e devi ce 100,

or historical states froma group of relatively honbgenous users to .

predi ct forecasted sTaeviae thineet foqsu@(rpsrationeat preewbbild degine 1000bd @shlia@Rlepr edi ct s
forecasted states based on the atomc node data. At step 606, the

predi cti on nodul ¥on sBMiinedhat il desponse ddireincipdse furthesrstatearsqussts, staatse furtoee val i d.

The validity of the f%r ecasted states may be determ ned by a 20
correspondi ng prEBIBF CHE " BEPORifeto Shectirthar istls et dr sipva inisice Sibl Yporor by

the prediction gyl 1 Oerbei n ble to det ] f orecast ed states based
on the atomic data, "5§heb3g/mgotr?1sg?"ger7§afar\§}§sp.“s'ﬂ '?’O‘f“‘ifgbg& BEPTES; 1EROISE d3ipthat 5  d,
then the preggct; < ro de 1214, .as shown in
step 608. Atg%te}ﬁg%hi%@g;ﬁ h‘g %trgg‘gﬁa%ﬁ g’%tf%%cé%%e%%%a’ 6'?‘}; ?"c‘r“é‘“%‘hfz?@ "ast ed

states based 0N rbdpénséR4R1aEPRMeHIEr stafiireqhbsBPasCiidwn 1h 6 f1Edi ction nodul e

Fig. 5 is a flow 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 fbrecasted states based on ihe
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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determ nes whether the forecasted states are valid. If the forecasted
states predicted in step 604 were-valid, or, alternatively, if the
p p y
forecasted states predicted in step 604 were invalid and the forecasted
states predicted in 5 step 610 are valid, then in step 614 the new state
data and the forecasted state data are requested. In step 616, the response
data received are prepared for transm ssion to the nobile device. Thus,
the forecasted states and corresponding state data are pushed!to)ifihe
nmobi | e device along with the state data requested by the nobile device. I|f
the forecasted sfugcasedisiatebastdeay thergroyp apdesdnd. idstep b1Vt preldiction wedudy 1200 hen t he
new 10 state datda i s re@ ested in step 618, and the response data rel ated
to the new st at e “YHPHes Vg Defaresanedytatss #5284 s prepared for transmission to
the nobile device. Thu only the state . datag.requesied by the nobile
device is provided to ?'ﬁeor% ﬁdlsgteﬁlg\?%ﬁ%q ‘“Iffeﬁ.as%“’l e vlig, IOB\R%‘H’E"‘&WYaFﬁ‘B%O
ilTustrating anogfp@LddalRo e(hagbqhit s0I0RL 188 Vi GE. £l Nf o nBt i on. r equest s.
In the flow di agram 630, the prediction nodyle Jffg%foﬁfaéﬁ? gptes p“%?egb‘f ecast ed
states indepensdegtp €0 aeBl\MhddGn RepsdidliR el QRtel B a'HPPJ | GedlGY 0y The
met hod of the flow di agram 630 nay be inplenented a ter se%/ sgafe dégeaé‘? ction
data for a part requésiad. MiDdepl6@6, dRMvesponsd Bda REei @R Atpr&phrelBR iR i SV B§§ has
been devel oped, such as described with reference to steps 502 an 504 of
Fig. 4. At step 884l detie. Fhediheforcontedmates aad ¢REpopdingkitd datal 00 RGBS kL St ~t es.
"Me prediction 20 may be triggered by an event independent of receiving a
state request fr BAYil denigsialoae wightld stae d2@ GequeFlad betiembbiledyvidee a particul ar time
of day, a particular _day of the week, or sonme other event. At step 634,
the forecasted stated By Rrefstsd patespradisted frestqp fdf warsdunalid, bBBer, thini thdwew equest s
the for ecaste@ st.al gatdata rel ated él% the forecasted states. At step 636,
the response 19 d%4e & %Srffﬂ”ieséc'idﬁ&“% f Hdbesretnappe dot reatehtoghy rewpatpdataed and
transmtted to tﬂ&im 9.' sles 6ﬂﬁylprgp%red }OQQénsmission to the mobile device. Thus, only the state
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. 1In 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 638, the prediction nodule 1200 determ nes if a successful
‘prediction notification-has been received-from-the nobile device 100. The
determ nation nay be 5 subject to a tine-out period, For exanple, if the
predi ction nodul e 1260 predicts forecasted states on a periodic basis, the
time-out period nmay be the prediction period, or a tinme period |ess than
the prediction period, e.g., one hour. |If a successful predicgtion..,
notification is received, then at step 640 the prediction: ‘data ﬁ@“adjustéd
by the prediction nodule 1200 for the reception of the successful 10
prediction noti fPRLLPENMERfRsERE s I PBRaEdiaed Irasmistpdyio thetrohila dewide
adj usting the prﬁﬁiction data in step 640 may result in maintaining or
increasing the likKelihood of future predictions for the forecasted states
predicted in step 63 u edjction.notjficatiqn i s not

At stleﬁ 695, %gﬁ%ﬁﬁ&} hg&ie fyog.dlgttemunes ¢ éu(:f:egsfxa d]ni?gf’@ﬂ by the

received, however, then at ste _ predi ction” da STt
predi ction modul Riflcdféh 0 beddQed-RELRIH M2 MRbiAaIE G685 STl cgteﬂnﬁxaa%ed' cfd on
’ a J

notification. Depending on the prediction algorithmuse uns{"?yng t he

predi ction dafa sujecstt@€p MAoulByridde SELr texkribld]BI Redprtidtign MoadlE G50@3ARLAE, t he
| i kel i hood of future predictions for the forecasted states predicted in

step 632, |n andbh@stedsiodnapeiodic bisi, bermess pulod mapbl (64 préditifddelibd, 68 | on may
conprise data indicating whether the nobile device 100 accessed the
response data prioReipeeed less than Bpprgtigion pepiod, kg, tiiwihourenbodi nent, the nobil e
device 100 is configured to determ ne whether the response data pushed from
the push modul e 1300F Agucepslelpredicion aaification isreceived, slien abstept G4pnthe ppdiciiond. | f

t he response datga has . been accessed during the access tine period, then the
successful predi é?i%ﬁdlﬁ%‘f‘{] Py @Qt Rreiptpm gognly’ d200; fon thearegsptieneefsthe [suogesefdi ct i on

occurred. Ifdh dat a. has. *not been.accessed durjng the access
time period, ! oﬁeée\c/]%rﬁ(,?rpﬁ ﬂgﬁmfoﬁeaa?mgﬁ'éc@s% Jire 8‘Hia€gf’?‘8‘ﬁ Y55k ia%P%'ag ithsn

i ndi cates that ASUE: I 6L urred. 20 Fi.g.. 7.is.a diagram
of anot her errbog)i&r‘}gnt o%qiﬁ;sﬂg/{ds‘l? gﬁrf }g%)ugt ligﬁ?‘i‘%ﬁﬁ “hobries 5’8bgegg°°df’ﬁff"(9ferrati on
requests. I n thipfedRide er iR MrecadedRlzRElbrEdididdin s§F48" 200 is inplemented in the

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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wirel ess gateway 85 of Fig. 1, and illustratively conprises a Data
Collection Unit (DCU) -210, a Data Adjustnent Unit-(DAU) 220, an Anal-ysis .
and Prediction Unit (APU) 230, and 5 a Data Preparation and Push Unit
(DPPU) 240. The prediction server 200 may be inplenented at ot her

| ocati ons, however, such as at the portal 10, or another server operable
to comunication with the wireless device 100 over the networ kghm in
Fig: 1. The robile device 100 conprises a prediction client 2300} ich may
include a State RepOﬁiFiﬂga,Aigent SR@ 310 and a Data Store (DS) 320 for
pushed data. Also 10 F1'1USEFPEERE ey odimencof g sy ferhaagiing mebileidenice330,

whi ch may be a mMybilGridlENdess. such as.a WAP browser, or other
- mobi | e devi ce conmuni 3ati%n %P%gﬁ%"“}' gnq’ﬂéjr%m i Ve Og’r’_rf)’f“ipk’é’“é‘*db'f*&ﬁfser

cache or nobile agRlessCaleivy85SHEGR! { i:6q il lication 330 may
be configured to check the DS 320 for %ﬁ%ﬁ"gﬂ?‘ﬁﬁ%@a ?(?ao(r:\a%gelf’ﬁﬁﬁ“{q uing a

data pull request210,0 Dahe\dpis@@htAnit QPABIERY, &k AZRis aAdBedillBy B
interact with 15 a particul ar device appli cat%)n 330 lt onrgg\@%\%’gzﬁg%d

notification of & RuePrepedioesnd Pah Gnis@PEUS 2. TR predIRA B9 1 2bb efdy pbhe SRA
310 utilizes the wreless connection to transmt URl data to the  server

si de DCU 210. Thémplemsnid ahpihen leeatipnanh@®8@rnmvh ad #ahé palalide dr hoitferlBGhd onal ity
of the SRA 310 and he DS 320, For exanple, a WAP browser may report the
nobi | e devi ce st PB4 P FPPEHRIgaton yith BRpvirelese dayice HMbverhle ndRkBhowseFigaache may

store information for.the,) br er. Thus, the prediction server 200 and
pushed response data%?OBIXAA%HF%Sﬁ{&Z@@H“$%a aredlftf"arfgﬁmﬁ%t“’h#hmnmincmdeshe
mobi | e devi ce 10Qu WSl orii - conprise a device state |istener
212 and the stat etastofgﬁg&ggﬁﬁéﬁgmﬁf B%éﬁmt 1) e far dushed fate Ao
reports a newost afueratdiRergt A8 dbdigt i RnGgLYes fhe data, which
typically conprises a devl?ce I D énd‘sgl{%%ioé%%hlw%mgrﬂnéy %8?’1"5‘&&@""{%"“2’1 dat a

to the state stomabas s WAPORSRr, 3 dher hidbi &e%w&‘nﬁnuﬁﬁmgip S rnd gg]sg(?"i ce

state |listener 212 can be inplenented as a socket server, Sstré

connecti on | i st emay compriss @r blo®ter cache or mobile application-specific cache. The device
application 330 may be configured to check the DS 320 for cached information before
issuing & data pul} rcéuesl 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
URL When notified, the SRA 310 utilizes the wireless conmection 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 dévice 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 state |istener 212 nmay be enbodi ed using software as a

“st-and- al one process or as a thread within the DCU.-210 or prediction server-
200. Ot her inplenentation schenmes 5 may al so be used. The state storage
conponent 214 conprises a state data storage for states received fromthe
device state listener 212 and hierarchical data storage of states '

structured according to nobile device users' historical ggpi,é\_/}t“y patterns.
States received fromthe device state |istener nay be' stored“tenporafily,
while the hierarchical data storage nmay be 10 operable to store data
persistently. THE2AR %’aﬁ“’éﬁwf‘&'ﬁ@ WHPepe %/]f*ad% At emhadisieatsetht dafice yieng a

rel ational or Oti;stgrg%Z ata a%elcm%(ng/&l datéi store, or serialized files. O her
file structures THy 4180 baPirEl 2ABAT IS TR KB diTetharsea Sew st at e
is provided to tiesdRl &apliQtReR 2%, Bpgnbg%‘{lss %Qoft\%;peeas?g\‘glég oonterr%ge%é yes the

state URI and device ID fromthe state data or age n e

correspondi Ng hiag Bea€ dlehifl BleDAU AL R&1IEGHeALP200] SRARF HiPleaRhaflAtBesdOr €.
The hierarchical data storage nay be updated according to a prediction

al gorithm such nagalsdierdsaly wei ght ed probabilities, two-way sorting, n-grarn
sequence nodel, and the like, In one enbodi nent of the DAU 220, two

separ at e t hreads ar elhattale istorage compbrientsdl4 tdmpesesl a fitote dne wworagd fait seated Bebdifedcat i on,
and a second thread for state processing. 20 The APU 230 is notified by the
DAU 220 when t hdromplhe AgicecHtip ligenss 212hend higrerahiea! tdatatstrzaghiof satee incakeddat a
storage 214. 'Me APU 230 then executes the prediction algorithmon the
data fromthe DEtSOSig '@ Gopiicalsivics tierehisierical agtivity paiamss t Siates gecsived fyn thebi | e

devi ce 100. The goext tashﬂ%t es ga%e r eegtesent_ p@glem)sti | i kceldy user navigation
steps fol | owi ng “PHEEIPPEREY Etrrsaroraly; wule fhgdicgydical dag stopge maydeAPyU 230
TP T SPHEE L S R R S B R
using a relational or object database, XML data store, or serialized files. Other file
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 hierérchica] 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 da-ta 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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Fig. 2, the atom c node operates on the historical information of a
particutar nobile- device-100 or a rel atively-small group of -hormogeneous
users, and nakes predictions based 5 on this information. The group node
operates on a nuch greater data sanple collected on a |arge user

popul ati on. The m xed node operates on the nobile device specific data
first and, if there is not enough information to nake a strong prediction
(e.g. either the preference pattern is not recognizabl € ér jidisiibsgraph has
not yet been visited by the nobile device), the APU 230 switches to the
group node data to nekEARUpPRancencnts in theee PredicdUndBO atpinte chiodé, is@Bp HB3,

conpri se one or nore fdorecaf&t ed states. The DPPU 240 receives the

forecasted stat eS ™ PEH PHE RerPsanas pigyipurhs deseribed wishissoess cathy embodiata of

associated with ggac LELAS state fromthe Internet 20 or local network
21. In one enbodli%'rrg'n'{’? a?ﬁ% 'ﬁﬁ%glﬂp%ﬁ %’&e ?ﬁ&%ﬁabaﬁf%@mwﬁ@mw%mm to
optim ze col | ect y&fe 960 &rld Felatid Gnal] ive to the forecasted states. 15
After the response éatarrelag'?%% tégﬁﬁg&?}%\é%g&&'s’eﬁﬂi’? TRacespyredictions based, t he
DPPU 240 paclfs bhisfiismaast €6 sua s AR d resbonse data into a
single buffer for transm ssi ong%tug the(ﬁ,rmtlg??ia (ac\ﬁ/‘%%g?rfgtﬁ.mﬁ?§°l%ﬁﬁ‘f?"24o may

al so perform adda targensed popolatiin MheZikddhods bRSes of e hobife et apscodi ng,
conpressing, and the |i ke, The DPPU 240 then proviodes t esﬁ‘{geﬁéggé%ﬂé‘ data to

a nobi | e gat ewayadeifvtbere fiona xamph efdrnaiqaus mdke at dieng ABGARRILE ARYige 100.
The DS 320 at the nobile device 100 receives the set of response data
transmtted by PFfErersomaton nof roepnisabientyod subeniph hbhen: DG RADviNRY bhene eal | zed
by a cache for a VI\DA’P browser ogperating on the nobile device 100. In

anot her enbodi neltPVe fREeHEe 481 23Psyyitehes 1o thegrqup maddsiptago pake hpredicior associ at ed
with the devijge appl ilﬁea,&f;l?%{)?’?’ . .In the case of correct 23 :. 211061
prediction, the next state sl CCtBVIYECOTHES M5 reredeciased sue9 TielDPPbe

satisfied fromthg DRGve3A0 for&&?!ed%ﬂ%? ﬁ'lo:ar‘:t o 9&¥’Ui f!ﬁ,m;ngirgqiugs%dénd receives data

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 déta 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. 1n 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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Qperation of the enbodinent Fig. 7 may be summari zed according to the
foll ow ng data operations as indicated hy the referenced arrows. Upon a new
state 5 notification, the SRA 310 sends state information to DCU 210 (1).
The new state is recorded, and the DCU 210 notifies DAU 220 (2). The data
storage is adjusted (3), if required, and the DAU 220 notifies the APU 230
(4). The APU 230 executes the prediction algorithmon the. DCJ dat a

(5), and the predicted states are provided to the DPPU 540 “(6§ %‘3 he DPPU’
240, in turn, requests and receives the corresponding response 10 data (7),
and the responsddistion Bpaexhtate sdecied akthe mebjle dpviced P ik hedbadstied fromm s BiSssi on t o

the nobile devi 1 8). These data operations need not occur according
to the order depj’ﬁlgla'édgglfsﬁf"%—‘%'?mﬂ“"\gﬁjr exanpl'e, the device application 330
may issue a traditi |..da ull request (9), which .can be used as a
trigger for initiat ?‘?Fg"“%%"yg’%r‘{% %’?boglén\%%r Et'fq" gfr)'afyhbee %uﬂ'g'?aﬁfei%o?fgmﬁ'@%é? iMed

above, 15 1n an @lhaENah! opeadiil A8l RAka %L dfel teredced tan«?wd#:rgpﬁgg pby slaldr L e

operable to execute "the prediction algorithmon the romthe DCU 210

to predict the sb@@nOhe SRR ITORIAIE st SMbARHcKAD DS RAC T Ry GuDIEW Stat e
reported by the nobile device 100. For exanple, the APU 230 may predict

the states of theomahihidmebCUCRO LodHes DAY PONR)OMIE dRRSbEe EABust@X@M e, if a
user of the nobile device 100 typically access a news service and a sports
20 servi ce duri megguigedc andt he DAY A2 odtifidathe APUY230 @et The APUNBOhaewss e 7: 00 AM
and 8:00 AM the APU 230 may execute the prediction algorithmat the

begi nni ng of t hirgdicliopalgprthnog the REU 218idata éxapditherpredictedtshaes BAProR@ed mehe al so be
operable to recejve a successful prediction notification fromthe nobile
devi ce 100 and (HSHHPAC (OheThe OXFH 2§‘E(¥F BHereausHpWA E6¢ives thetcpreespanding 2ynse24
Ji.""l 2006 Fjg., 8 jllustrates wei ght ed ,graph nodel, of nobil e device
activity. Fd[ hi‘&a gr)’azﬂﬁ%cﬁﬁsa‘&“f 3@%&‘}5’ Rygdicter] gt gﬂ‘ég"el’*’éﬂrf&wmﬁw Hiteect i ons,

and each of the n%ﬁﬁetde%?eslobf'sﬁ’.r esents a

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 the state storage component in the

DCU 210.
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nobi | e device state, such as a cHTM. or xHTM. pages, WAP deck, data
~.screens, etc. Myvi-ng al-ong the edge represents a transition froma- first-
state to a next state. 5 Thus, if an edge exists between any two arbitrary
vertices A and B, then the edge represents both transition fromvertex A
to B and fromB back to A, and has a pair of associated weights (WAB,
VWBA), one wei ght per direction. For exanple, the edge cqnneg[%}gg@vertices
VI and V2 has weights (W2, W21). In this regard, :the ed@e’i de:
bi-directional transitions between the information states. 10 During a
trai ning period, stathis 8ilbgrestedigyd gaphoiidkiof devicRyvies achali hemdempces are
observed. The weights for each vertex weight may represent the nunber or
frequency of tr Z985MePEnS the ey repsstnt tor diettions) amlf eathhef tsdgeaicelUeprésentaa
training period, og.}qﬁg. represent an ot her deci si on supporting neasure
based on subscri B&F |%?ec§ Cesugibas PG L oMYy pagas: WAP picly, dag seeems, B used t o
predi ct the nost Iik%%.ng%%gli eof future 15 transitions (edges) and
response data (vertices) thasedeSHES RECENT # Befsitipmfrem A shtestp atmextstate. t he
nobi | e devi ce san i gt.Qrd : ed er activjt ata. When the
ia] SO lgablis BREMMMALATLHEEY BELLVL LY, |

most likely set of futuré informati o uni | » thep thecedgtished t o

the nobile devi cepie@n®ibbh HadsRion #hdAXCLBSB LAl £HF ¥ QRSENV A :
subscriber. A variety of nathemati cgl nodel s an(g’?prbg%l tgtpf’gﬁd ga}/ﬁ@ra’f%rm may

be used to realiasocia0 Wwdightsg(Wiph vah,), Fng . welbht b&t SiReiATRAALIRRE, AF LLo- 7
for exanple, a Markov chain nodel ‘may be inplenmented. The wei ghte

di rectional grapbpoedcling ygriicd \tlaand ye haceaghadWas wa,) VB kig Yegara\ad Bieh¥aeRS U | NG
t hat edge weights are probabilities of transitions between state vertices.
Thus, the graph Peireqsianahisnsitipns beswieen the infwhativastitek i n order for each vertex

to have the tqtal i“aﬁht of .outgoi ng edges to be equal to a probability of

1. The graph . per at e Brarratniig PoRpdiaafe iguesterblyr mebile davice ormabipdmidisng t 0

atornic units of ,infarmation (e.g,, cHTM. or 25 | 2006
obsprve(a. 'H% weights (for egc"h vertex weight may represent the number or frequency of

transitions 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 wser 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

25



XHTML docunents, WAP decks, data screens, etc.) and edge transitions that
represent nobile user navi-gation from one vertex to another to predict
forecasted states. Ordinarily, a Markov chain nodel with n states S=(s,,
s2, ...s"} is fully described by a state vector Z, and transition matrix
T. At any discrete nonent t the state of the 5 system can be
stochastically.defined using the formula: Z =TZ, -t =T %o |s an
initial state of the chain. A Nhrkov chai n nodel may al b*conprﬁ@

Unl i ke regul ar or state-determ ned

hi story-determn
clh:u nsy the fut u?‘gﬂ}{? “é"eB‘fsh?;ﬁg dﬁfkast ‘E?faysc%ﬂse“r“fﬁ Hd FleeNEPRBRPs Aiehreprereat
described by not, lxcrtnm aﬁ&[&%ﬂ&m ver? anot}herm vfé}?c? gﬁ%gs?ehgél%% g\e/: dby afinite

sequence of prece |ng stat es a nore

accurate nmodel of dydagmig aamﬁoe%ﬁm.@ﬂ.gde%ﬁﬁn&a&eé E., 2o I8 ﬁfydesc%é i ng
system For a generic hi story-determ ned chari n, tor can be

defined as: 15 bfa shteNedor D) akd trahsition matrid.T- Cat aW%E&eté: mbﬁlenﬁ‘ t?ﬁe@ta?e of the
transformation function and k is a history depth. The set (Z,.,, Z -2,

.y Z,-1J 1 S a speiestcan bestohasically qefihddesing thafeehwdRy provi de nore accurate
predlctlon results than predlctlon results based on a single states
pattern. 20 For the histaeyaietqtgned Markov chain, the wirel ess
envi ronnment may be nodel ed according to the foIIOM/proposLtions:
Cardinality of a Markes Zgksah mitimboked offtl@rchén.generi c nul ti-user environnent
is virtually indefinite: lim.>JS 4 = oo, and tends to cover the whole
sanpl e space .Q  Cd¥ Markar chajn wodeh mivh pko vomprigei Mhistogt@lbtemgned rMaltvi iy of a
si ngl e user or a 25 honogeneous group of users is nmuch smaller and a vector
of states S,! (éJ"‘lkesfzgular or sipejdeigrmingd chaing cthe fitwe sipe of e disentdstemnibed a

subset of 7; angdar%(ov cham is e'élcn%up by not only the current state of the chain but rather by a finite
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 Z2i=F(Z., 2,3, ..., 2,y),
where F is a state transformation function and % is a history depth. The set (Z.1,
Zva, .., Ziy) 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 chajn, the wireless environment may be
modeled according to the follow propositions:
Cardinality of a Markov chain mode! for a generic multi-user environment
is virtually indefinite: lim, __|S,| = «, and tends to cover the whole sample space Q;
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,

...8} at any given time ¢ represents only a subset of £2; and
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For a single user nodel, or a honogeneous group of users, the follow ng
assunption-(stochastic lim-tation of a state set-cardi-nality) applies: if.
B, is an observed state of the nodel at a nonent t then: Vp->O3n<co

:P(B, aS,J>1-pand ISI,<n 5 where P (A) is the probability of event A The
graph of Fig. 8 is generated during a training node. Fig. 9 shows an
exenplary transition matrix T structure and adj ust nent p[{ chﬁ'” &Eél ng the
trai ning phase. In each frame, P'ts represents a transiiilo m;rf bility
fromstate | to s as per gyt L. ate at the end O frane r. The state

430 {
vector S and transition matTix )ferusﬁ%'ﬂo‘ﬁjaﬁ' HROMQEEWE &EPuR Of Ysers.fther followiref i ni ng

collection frames 41Q 69 .on. frame i time interval over which the
nmodel operates wt houfun@ﬁandééloﬁg&@;%g?t&wOKtS{a eﬁ% cgﬂlgﬁﬁ’f) WIEH frame 410, the

collected data is analyzed gpg;S,apd e -ad] d for the next frane.
During the training phase 420, model gg%%qeeoéaquén%?e}lEtealnflor’%“ Bw, and during

the operational phase ISl wyd .4 igkely. a n t hough the
i ndi vi dual states m ght be 15d gdded oﬁ?’geyn%\iég ?éjfcﬁgfgf?ng user activity

pattern changes. The frane siviere®gX | GHRHESatiR &fre@é?;ﬁj\“ on fromtraining to
operational phase, as it is likely to grow un)fll the system achieves

stability. A frequenby sl ofskig SriygeR@atts @ffink @ @EHidSho®. afipt HELHRG,0f the
collection frane. For exanple, if a state B was visited by the system at

| east K tines durFPRIn: Wrasifiersmatfix Emeyerure20d idismehgi@eds Jud@dRdridg ypsd or S. | f
the state B was not visited by the systemduring the past Mfranes, the
state i s removed®fichH e Pherepigsnts @ fransition prababitity frea ahty [ wsed perlielel 4361 at es

i ncreases perfor{mnctﬁ eff,'hgi enc(y;hby limti ng the state size. Optinal val ues
of Kand M depeRd *bfc Zfs T JR° ERtert Seand pngitiend matrin ¥ 43bndyrbe hdjedd user
group. The ti@ng t process occurs at the end of the

' matrix adj.ust € curs a
first collectl oridytﬁ%sggep Flgﬁﬁ‘)ﬂéﬁt@f‘ f'é‘?wﬁﬁcﬁ cplleptionfigme fsractimpcipteryal wuar which F
represents stat Qhetn'id'ﬂa%b&ét&%iho&%hanging § or T. At the end of each frame 410, the collected

data is analyzed and § 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 ?r rcmoved'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 addcq to vector §. If the state § was not visited by the system during the past
M frames, the state is removed from §. Removal of unused, or rarely nsed, 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:
27



22UF=fin f2n 0 where: ./ii is a frequency of transitions fromstate

to state j; and 5-n is a nunber of nbdel states nonitored during past
collection franme, and includes existing nodel states and new states
visited nore than the threshold value K tinmes during past collection
frame. Weight coefficient a that represents a refresh rate for the
transition matrix F may used for frame-adjusting the n%tﬁlx“T?aﬁbordlng to
the following relation: 10 pi = afi +(]-a) py, if i existed prior to the '
past frame Pii =fi otherw se hbte that if the transition matrix T is
zero-extended for new states prior to calculation, then the relation above
is identical to T= aF +(]-a) T. Th meighi coefficieqt ai sjadj usted during

training and operationalgphases so|fhat a->"0 as "he del matures.

Adj usting the weight coefficient ay ]l affect how rapi dIy t he system
converges during the training node ﬁpknergkly, a snauier i mcrenental change
in the weight coefficient a will result in additional collection franes.

Unused or rarely used states are renoved to conplete the adjustnent
process. If rows arwhersenoved for unused states, no further adjustment is
required. If colums are 20 renmpved for unused states, however, a
probability nornal|ﬁhﬁ@éﬁmwgwﬂﬁﬁﬁ$m@ﬂﬂﬂmh@wlpﬁwwabm@|ty normal i zat i on may
be expressedigs P;1=P;]1/E<nP;i.

n is a number of mode! states monitored during past collection frame, and includes
existing model states and new states visited more than the threshold value K times during
past collection frame,

Weight coefficient o fhat represents a refresh rate for the transition matrix F may
used for frame-adjusting the matrix T according to the following relation:

10 pi= af; +(1-0) p;, ifiexisted prior to the past frame

pi=rfi, otherwise

Note that if the transition matrix T is zero-extended for new states prior to
calcuiation, then the relation above is identical to T = o F #(1-o} 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 trainirig mode. Generally, a smaller incremental change
in the weight coefficient awi]l 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 forther adjustment is required. If columns are

20 removed for unused states, however, a probability normalization is required. Thé
probability normalization may be expressed as:

Py=Py/%_ Py,

fam
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28 0 5 JUN 2006 where mis a new nunber of states. At atinet,, a
saturation point is-reached,; and-the systemtransitions to an -operational
node. The saturation point may be expressed as: 12 (AT)" < X, 5 where fi is
a netric defined on the matrix AP (AT)" is a matrix of probability

adj ustnents over the last collection frame n X is a saturation point
criterion. The term X may be a predefined scalar nunber that represents a
quantitative upper 10 boundary for the frame-to-frane tr r?”ﬁ!aiogﬁ[] trix T
adjustnent, and 12 may be a norm defined on the matrix AT.” The foll owi ng
two matrix nornms may be ueEH 7 isp nevhiumbeef pose:  The Hil bert-Schni dt norm
(sum of square di fferencesgl: | AT12="d E;J (Ati)2 < X The LI maxi num

absol ute col umm sum ABrAMA & p Aftprationngoim Ay reachedhy andyithel systedd tfanjitiqos Yo B t her of

t hese norns provi for the selected matrix to satisfy

condition (i
over a nunber OP&gagﬂ@e%ﬂc{gi #/’ttéesft?‘?ﬁ‘ﬁ‘)é’?’“{’ﬁ@’rbéwrﬁsﬁcf’@geri ng the systemto
change into an operationgj, . During the operational node, the system
predicts forecasted nobile déevicde states 20 based on the current nobile
devi ce state and histgkcal ly collected data about states space S and
transitional probabilities between states T. An exenplary prediction
process may be based on (e nkeik ianbd g teahdles:

(AT), is a matrix of probability adjustments over the last collection frame n
X is a saturation point criterion.
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 © 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):

[6Th= "V Z; (At)? < X (i)
The L1 maximum- absolute column sum norm:
15 |AT}= masz;w..n JAt < 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

§ and transitional probabilities between states T. An exemplary prediction process may be

based on the following variables:
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29 0 5 JUN 2006 Prediction depth W a maxi mum nunber of information units
“-(Markov chain states) that is time / price efficient to-direct to the. ~
nobi | e devi ce during one push; Transition path Z,,: a set of ordered
states Z2"=(z;, zz, z3, ...Z.], n<W 5 Probability nmetric Pz,,: a conposite
probability nmeasure defined on the set Z to identify an optinmal path out
of all possible paths; Cost function Ck: represents a cosiﬁ g)%’glﬂ\lf\giﬂﬁdata
transm ssion for k pages; and Wi ght function Fz" =Pz" + LUy efe /3is a
cost wei ght coefficient. . The . predi ction process predicts an optimal path
Z., based on the histori é:ilé-. mtr'r%"b?mg{é' Wdé\fi’aé'én“ t 'R g'gr. °f'l?4ﬂ§“ﬁai“8'bli“?ﬁsé wpytes z,,
.z" and associ at edy: . 9@9 i,l e device. For
exanpl e, given x as gagﬁgﬁég&ﬁtﬁat%?g%e&%%t e ﬁ%t()jl}r%é{oggﬁﬂléggl?dfvﬁcg%?%ﬁglogw ng
predi cted forecastedpshates may occur: 15 i.(consequent)x -> Z1 -> z2 -> z3
-> ...->2z2" ii.(parallel)x ->zl ->zz XZ3...->zk xzz >z5>...->z"
Consequent states represnnsifionpah st £t Fomtebsidiid,=af 8, Hr.ed) siwed to be
subsequently 20 visited in response to the current state x. For exanpl e,
if the next tRree consec®tobahditsmettieSzt o cmposiieprabatdithyneishe definbd biahdl@Vi ce are
predicted to be URIs z1, zz and z3, then data for these states are pushed
to the nobile devi ceZ:!Pidentify a1 opdmalipats oyteoprllpessivie pathk; possi bl e for ecast ed

states that are predict eg:Pt glwbe visited in response to the current state
x. For exanmple, x is a v&PYERCHRN G Fpresmtsagoypt Rush Pasmisansmission for k pages;

and
Weight function Fz, = Py, + 8C, , where Sis 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 ->Z->23->23->...->12,
15 ii. (parallel) X->2Z)->2
XD>2Zy> >
X->Z3 > 25> ...-> T,
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;, zz 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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25 graph, then the states z;, zz, and z3 are connected to the state x by an
edge weight. 30 0 5 JUN 2006+ For- every new state of the nobile device, the
predi ction algorithmcan be configured for optim zation, nmaximzing Fz"
over all possible Z. sets, n<W A push occurs when the Fz" > Ro, where Ro
is a push validity threshold. The cost function Ck may be used to ensure a
cost effective push of predicted data 5 to the nobile eyi ce. For exanple,
i'f Ck=0, W1, then Fz" = Pzn = Pz, Pzr = Pxi (i ES, x i balldurdiBint devi ce
state) Then the resultin‘g Zt :éi ... Pxi = max. es (Pxj), i ES 10 Thus, a
single state is foredsPEH B i T rthe BSPikedeise.atht Prodigidsedearient ke bobi | e
device 100. Wil g Qi just .a single ate and its correspondin

response data to tnﬁgﬁmﬂé??ée&hza‘é% én%x‘%nﬁzi?gbé’” BYeéépipeﬁP'ef%rse%dﬁ@"i ﬁf@'?‘hﬁti on
formats, e.g. WAREeGKSme A, TRY wiSe rECSLIADLS: redict a forecast of

mul tiple states. Thus, 1§F%I<:C3¥V\_f>lc %z"bzs E’J%ﬁ")&gr\?%?ﬁabl e to may be used to
define a path sel ect IR oRI@OMN,iniaY b REERAMM o TSHrok s Brchiel BN,

correspond to a threshold probability, and a state trans romi to j
is selected §f Pile mebifadevidc Foredimmed, ¥/, t he magni tude of to will be
proportional to the cardinality 20 of a set of candidate states V. Fromthe
set of candidate stafes® =Itthes set of forecasted states Z. can be

sel ected. The candi date set of predicted states Z is generated by first
sel ecting all statesfai=Pzofzwhich Pxz, > ro. States meeting this criteria

- are then added to the set of predicted
' Pz, = Pxi (i€ S, xisacurrent device state)

Then the resulting Zy = {i): Pxi= max, Pxj), ie §

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 C=0,W>1

Fin =Pz

A variable rp may be used to define a pélh selection probability threshold. The
variable ro may correspond 10 a threshold probability, and a state transition from i to jis
selected if Pij > ro. Accordingly, the magnitude of r 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 st of predicted states Z° is generated by first selecting all states z;

for which Pxz, > ro. 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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states V. For all of the states in the set of predicted states Z, a
“subsequent forecasted 31 p 0 5 JUN 2006 state is predicted by selecting all -
states z2 for which Pz,z2 > ro. States neeting this criteria are then
added to the set of predicted states Ze, and a set of forecasted paths are.
stored (i.e. x ->zI -> Z2), The steps are repeated until one of three
events occur: W or the path length 5 exceeds W(x -> z, > 7%228-> zZW) ;
or the selection process cannot find any transition 'WithfJ 53‘211U {}g at“the-

step k < W After e rgj&d %ted ]aths re %nerated t he candi date set of
states Zc is evaluated ot TUPEA R R AT 5’}5& >nf"z§i"’i€bﬁe‘i"§g‘P'éEfﬂ?ffaed | f
vl :~ W thentheteprgg E set of states optirnization is
required, and t HE PEREEEH! ?jseé?fﬁfe€'§‘e‘éﬂ?iesrze‘saﬂ6ﬁ%eé"f(f%ff?i'“ﬁwthbéfe3“1‘91 $beshed to
t he rmblle device, i )Zl > W however, then an optim zation is required.
The opti m zat | on TRy "B expressed as: Z~e Z2 : fz~ = max~wP(Z) The

optl m zed | or ecast ednsl abede A HPORSEWBLAILIAT. BEAHSHEAR (1o 19

nobi |l e device. By adjusting t cosS unc

so that Fz, =5 PZzceeds W& -> 7} REN.. ti"%y)cﬁmé'sgé&l& ?rﬁ'c?tssQ:famﬁ{ f?rIdeé lZanamglvluhb €

adj usted according to the val Ue of the each correspondi ng state.
Thus, by sel ectimg>roataediefks wt he set of candl date states Zc nmay be
sel ected subject to various system efficiencies and resources avail able. 20

An exanpl e of sel ectAfg i fGaRdidPamears Sdnebd, MedhRial sHRY stR& Zchid Msilkat ed with
reference to Fig. 8. Assum ng the current nobi | e devi ce state is vl, then

t he next states tadeermin2 wadtitbr viBimizafionidlequired. Of [2NeW, Mdn the predictediss oﬁstta%sed as a
forecasted path. Likewise, if W5 >to, then v, - >v5 is stored as a
forecast ed pat h.Z.FfZ"c binsptiuission it cneicdsing the Strab@a] saikes akdredpnse data may be

10 pushed to the mobile device.
If |Z°| > W, however, then an optimization is required. The optimization may be
expressed as:
Z,eZ: Py, =max__ . P(Z°)
The optimized forecasted states and response data may then be pushed to the
15 mobile device.
By adjusting the cost function Cy to a value greater than 0 so that Fp, = Pz,
+ BCh, then the candidate set of states Z° will be adjusted according to the value of the
BC, for each corresponding state. Thus, by selecting 7o 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
vz and vs. If wig > 1o, then v, - > v is stored as a forecasted path. Likewise, if Wis > T,
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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generated, then the forecasted path with the highest probability is stored.
If parallel 32 0 5 JUN 2006 forecasted states are to be generated, ~however,
then both v, ->v2 and v, -> v5 are stored as forecasted paths, The

sel ection process continues until one of the three term nation events
occurs. In another enbodi nent, threshold ro is increased as the sel ection
process forecasts 5 each subsequent prediction fromthQJ %urggnggﬂgevi ce
state. This approach results in a snaller set of f‘orecasteé st at es,

acconmodat es bot Lderations,Ck and validity threshold Ra and
sinplifies the p?)é%?%%dis%%p%? g’?’éé‘%“."”‘fﬁé“"ﬁ?‘%gﬁ? porh Yt eadit e - PYragsired def i ned

as a sinple sum @Sffo;eegfggipgtbsp%egg,&gﬂ,g'r]g%%i(ﬁgﬁ %Sopn%bg‘%ef aet s in.Z For a

| ess specific P, the transition pat u e P HEETIRHPY e
findi ng a maxi m aeht 6rewsubset of candidate set Z', i.e. if the state Z. is
chosen, then all the states in a path fromx to z,,, are to be chosen as

wel . Fig. 10 is a f lpwotitragbatimeAt Grdshdidistis inbriad@ BRRENEEIRAI GBI of the
candidate state selection process. At step 702, a requested state X is
recei ved fronra f#elbisybecasrey prediction Aomsthe purieBiideviae States elmisofppdicat@snsd & Sel ect ed
fromall states z, havi n% a transition probability 15 Pxz, > to. In the
enbodi nent of Fi §raiaiget Srioppraged stategy ascogimodaiesaltoths coaaphsidgradiorts ICan&i talioity

probability fro ate, X that is greater than 0. The subset of states is
then stored as %%Ehoédgqﬁﬁ APRlifigsdbe pradictionprecessy, St ep 706 det er mi nes i f

additional states rergl I tional, states remain, for exanple, if
the sel ected subset gFé Eliogét%gl FES 7, TRaVkE f'%gf%iaf i2oRME SHALAT| transiden t o

other states 2 bililids 2RIt LRS! 781 &t are available, then another
subset of stat egpri s 1slelsec?éejd, bas J% dmﬁori?’ﬁesgfpgﬁ’%?%lBEheéf?f’d“'%@"‘éts%ﬂu@ Bat hs are

stored in theocarptit@dvhielindl aaRifat subdeR clodtiale 16 i%.exmém nes.Jf
additional states renmain. |If so, state selections arei’ncr ﬁtf“gd’:' as shown
in step 712, ardioss,¢en DN0Be itdesILQRMIEDE.x to 7, are to be chosen as well.
Fig. 10 is a flow diagram 700 iltustrating another embodiment of the candidate
state selection process. Al step 702, a requested state x is received from a mobile device.
At step 704, a subset of states is selected from all states z, 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 2y have transition probabilities to other states
20z, 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 candiaate 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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Once no additional states remain, as determ ned by either step 706 or 710,
then 25 step 714 determnes if an opti-m zation of the candidate set- Z. is
required. If optimzation 33 05 JUN 2006 is required, then step 716

optim zes the candidate set Vin a manner as previously described. After
optim zation, or if no optimzation is required, then the forecasted states
Z' are set to the candidate set Z, as shown in step 718.{ & gl 2ilGi s a
schemati ¢ di agram of conponents that could nmake up a wirel ess device 5
that could be u a ' i ot Do L.pyent | ' wto
Fig: 11, there ﬁgqega%ﬁdbgl E{Pg(:e %g%ﬂgna{%rgﬁsa\mv?j ﬁ%%@sgeggv%g%'bg%%\%ﬂ?%

portions of the jensbaniaferpBnizhiRn, JFYho REtHhiFRbLERBALEY; hdNfe MthlegsRedeVi ce
900 is preferably a two-way conmuni cation device having at | east voice and
dat a conmmuni cat i Znre selaphbidniiiidest Z°Ti3ehod@\in 2 7p8.ef er abl y has the capability
to communi cate with other conputer 10 systens on the Internet. Depending on
the functionality prbgildéd sbematiraliagam of egmpbinsts tevéosid makenyp darelesfdeviceed t 0 as
a data nessagi ng device, a two-way pager, a cellular telephone with data
messagi ng capabithdt equiskbe vaed & ¢ eebde devicp wish the investiph- i ance or a data

communi cati on devi ce r&mﬁth or, Wi thout tel ephony capabilitjies). Were the
devi ce 900 i s enabl el R noXip Figal) berrindlock dinma of 4 HeglegredprisedRjin which 5

i ncorporate a comuni cation subsystem 911, incl udi a.receiver 2, a
transnitter 914,ng§%°§%’§ SEPRL ’é"é%iw%éﬁf‘gplgffé' g'agl%ﬁﬁ"émg: S fi8ice ,98?13t‘sef erably
enbedded or int ) . . I oscil.l ators
(L0 915, and 4 aasty BRbSA0bm IR IR SRR IR i Bl BREmGRC

(DSP) 920. The pagabiifdt! &he deisd HilerMly fal e CHATY !l&:c%;rl;nglﬂcatest% } & Wp wi Il

be -dependent upon the communi cation network ifi which the device iIs 20
intended to @persfddns orthe LRxAdIefendidg e SiBciBRNydRSAdeNBhE Bdvica tNQEtib:
Anerican market nmay include a comruni cation subsystem 911 designed to
operate within trimy bividfariedro as atdd hessagipgdemideCativo My $agsi £ eailakr ElafhadeAGhmobi | e
comuni cati on system whereas a

data messaging capabilities, a wireless Internet appliance or a data communication device

(with or without telephony capabilities).
Where the device 900 is enabled 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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device 900 intended for use in Europe may incorporate a General Packet
Radi o Service - (GPRS) conmunication subsystem 911. 34 0 5 JUN 2006~ Network
access requirenents will also vary dependi ng upon the type of network 919,
such as Wreless Network 105 of Fig. 1. For exanple, in the Mbitex and

Dat aTAC networks, nobile devices such as 900 are regi stered on the network
usi ng a unique personal identification nunber or PIN QQ§0@ﬁp@@@ w th each
device. In GPRS networks, 5 however, network access is associdted with a

subscriber or user ofy.a.fex 00. A GPRS device, therefore, requires a
subscriber identity nodule %&nﬁfeglg%gl\?\% f‘qac SRR FSPeRdinedippr the fxpe oheetvprls| v

card, in order t o9k &tveirddis RebbiRP0 G / a,.SlMcard, GPRS
device will not be fully functional . L(%f'kli)ofy%%ﬁl?’ﬁéfhﬁohr%?"%‘oaﬂm%’%i on

functions (if amgyorkeyobit: GPREACE a5 DO ard RBisERY 106 Ghed DRI |ukin 4 ulﬂnabl eto
carry out any functions 10 involving communicati ons over network 9%9. wnen

requi red networ k Pereogil idepidication namber acPiNvaadobine PIIOGEHENRS. NANER PER brks

conpl eted, a device 900 may send and receive communication signals over
the network 919. hieyirdeworkaeeess iaebsdsiatet ish aswberirea ol of & Bsvau giv, & GPRS
conmuni cati on networ 919 are input to the receiver 912, which may perform
such common r ecef V&R MG FEBWES & 8bsqiby identipnmaduki(ronshowm), cdmerlyedieied Bown
conversion, 15 flhs'atﬁﬁcﬂl%’ . chgmnel sel ection and the like, and in the

exanpl e system shown 1A FI"g7 oL 1° PRIFAIFRRS naiwgrk aWithoshy P4 cah.a GRRS| og t o

di gital conversi gn;.0f,; [ signgl allows nore conpl ex conmunication
functions, such asjlcil)elrlrlgn l[JFé;tﬁl?%ﬁlg'gﬁoggdg‘g%agfrn'ﬁ’f""Ftﬁ’orﬁé"mﬁé?’?‘t‘)‘?’rr@ﬂc‘iow #fhe DSP

920. In a sim| amyRANES opetibBNEt She asm tted are processed,
i ncl udi ng nodul at i onﬁsgndt)peencodi ng S;raggé(%‘?}'gilsbée,unﬁée {hErBgpt e90fuasdHersi nput t o

the 20 trandf thani@lebmdbicsbl $ial ndiforR BB OYREPRYSLS 8l on! LEGUENCY UP
conversion, filtering, anplification and transm ssion over the

conmmuni cat i on netctotidn Pib€dwia hiveebeaan tcomplaed 18 devick &0 DREy 94 Bat ey
or

processes communi cation signals, but also provides f
communication signals over the network 919, Signals received by the antenna 916

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 1o digita.] conversion of a received signal allows

more c?mp}ex 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 ar;alog 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 autematic
25  gain control algorithms implemented in the DSP 920,
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receiver and transmtter control. For exanple, the gains applied to
‘communi cation signals in the receiver-912.and transmtter 914 nay be
adaptively controlled through automatic 25 gain control algorithns

i npl enented in the DSP 920. 35 0 5 JUN 2006 The device 900 preferably

i ncl udes a m croprocessor 938, which controls the overall operation of the
devi ce. Communi cation functions, including at |east data a d% %ghﬁg
comuni cations, are performed through the comunication U sﬁé 11. The

i croprocessor 938 ap Qe %@@L%%W.mu% 1 B ﬁo%gsg&egsﬁ,u\%{fgg@g%ﬁuch as

t he display 922, 5 flash nenor random access neNory

auxi liary input /gahipsferalibd 6 e SHREY ToRFNiSEE fui&Ioh2incRBR) IR d&%ﬁﬁ@oar d
932, speaker 934, nicrophone 936, a short- range conmuni cati ons subsystem

940 and any ot hebicelesinnmicatiohs et RABmBE MR6ugh e coRRShigmas ehs@emOA2. Theome of

t he subsystens shown in Fig. 11 perform comunication-related 10
functions, wher eagomdichwaer 358 Bgyistwors witafprtier dovice aubsysems, d@ihias the Hisay-9dBVi ce
functions. Notably, sone subsystens, such as keyboard 932 and display 922,
for exanpl e, ‘mylatemenoge #24, gpndpmt decesso memery dBAMY 1926, clusitiay ifpudetino (&) such as
entering a text nessage _for transm ssion over a conmuni cation network and
devi ce-resi dent SYRIFEFT 3A% seripl Ror, 2305 keypogrd: P2 trsskero$34¢ miskorhqng 1936, sha@per at i ng

system software used by the mcroprocessor 938 is preferably stored in a
persi stent stor & 6UHTRERIYS hsug‘féﬁﬂ? ﬁéz"&f‘ Wi W r‘ijgﬁ’}c‘i SO pEnglyead only

menory (ROM) org.sj M torage el enent (not shown). The operating system
speci fic device c%gﬁagg??ons, or parts thereof, may be tenporarily | oaded

into a volatile StorgmsUGhngdSulRMms9dBwn lih ﬂi%&og%ﬁgglﬁ%qggﬁgﬁ-r&aﬁﬁ ved

ei
comuni cation signals may also be stored to 6. nmenory 924
preferably incl whesonsabireas BMbNIERitbr maP gith e 9R4Rnr 2 donMiSRe flg\g%d'&ge 900 i's

enabl ed for voice conmuni cati on, a voice comruni cati on nodul e
Notably, some subsystems, such as keyboard 932 and display 922, for example, may be

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 oi)erating system, specific device
applications, or parts thereof, may be temporarily loaded into 2 volatile store such as RAM
926. 1t 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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Al so included in flash nmenory 924 are other software nodul es 924N, which
are al'so shown as prediction client 300 of-Fig.- 7. The m croprocessor 938, -
in addition to its operating systemfunctions, preferably 25 enables
execution of software applications on the device. A predeterm ned set of 36
0 5 'UN 2006 applications that control basic device operations, including
at |l east data and voice communication applications, for exanple, wll

hormal |y be installed on the device 900 during nanufact (rig. N ai%f erred
application that muy be | oaded onto the device may be a personal

i nfor mati on managpelicaignp Nhat gpptol dadié devida anpermagpnt, iachadigl bt Mast QuiPgBREZE and 5
manage data itens relating to the device user, such as, but not [imted to,
e-mai |, cal endar “O"ERFEFRYEN aRplratiansyfor lexampleppidi notmalin tbe jnsahdl dnabk ddvice OO,

Natural ly, one of or e nory stores _would be available on the device to
facilitate storagE ol B G at ProewEarrlton ket say peleaded @ue the Pavivk mmpliciacat i on

woul d preferably have; bility t end and receive data itens via the
Wi rel ess networ kl.)e!;!;?')rlla é&%%gaoé'r rpaenégeér{g%@i Fheliption; prings thy ghility tp roEaseizea png

seant essly. 105! NhaakAhEemS YRR OB A6 A0 LRdBLEd, MR Lhe Wy T 6l eos

network, with the device user correspordi ng

associ ated with @eﬂ@ﬁ&ice&ﬁﬁﬁﬂ%&ﬁn@m wmsﬂl%_ P%ﬁgléf%ﬁfed is a browser
I d.

application, such as device application 330 0 O EOTT A&y stores

appl i cations maywaldte dalbloased devtdo rRAiALNIrER P P Wk AUENLL RE gL wor k
919, an auxiliary 1/0 subsystem 928, serial port 930, short-range”

comuni cati ons sWoskidtapplicitd vorldpreferibly hatehry abii tb addli @ndSredls¥ 951eiQ42, and
installed by a user in the RAM 926 or preferably a non- volatile store (not
shown) for execubd yrelsy netherknile papferse swbeding:36 the RMNdatd #orishird éehiiledsy
application i@st_al | ation increases the functionality of the device and may
provi de enhahted™e&5tiedy SXprieenized aed prdpied. viagharwistlesanétwerkr eltathe devicnsdrisons, or

bot h. For exanplcgﬂessogg.gr% conmruni cat i on _a%EI iications may enable el ectronic
commer ce functions and ot Har@yEIPredRy iofakt with & hoth sererulen xstemo  Biso

performed using ptréPe@reSj%VA Gr%wgngpp]ication, such as device application 330 of Fig. 7. Further

applications may also be loaded onto the device 900 throu gh the network 919, an auxiliary

VO 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 jnstallation 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 2 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 I/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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In a data communi cation node, a received signal such as a text nessage or
web page download will be processed by the comrunication subsystem 911-and .
input to the mcroprocessor 938, which will preferably further process the
received signal for output to the display 922, or alternatively, to an
auxiliary 110 device 928. A user of device 900 nmay 25 al so conpose data
itenms, such as e-mail nessages, for exanple, using the @eymrdﬂ%ﬁz, 37 0
5 JUN 2006 which is preferably a conplete al phanunefic Keyboit d :
t el ephone-type K@?/gad, %n cong’)uncti on with the display 922 and possibly an
auxiliary 170 deP[cRd® g55Tabky g gompless alphanemeric dgyboprd yor ttelephontsetyrerkeymedi int ed over
a conmuni cati on _ne rk_t.hrough t communj cati on, subsystem 911. 5 For

voi ce conmuni catmlg1 1%lll\éw,l)onié‘\"/l‘ehr gel S(?Bérbggiaﬁ?? p8ﬁs’gftyh‘é"ﬂ’é{}'ia€’ey@db‘”i3°s BubSthintial |y
simlar, except iHecel i O referably be output, to a
speaker 934 and C$'§%°r?£ msgf%a?q?%a'%rs@hnég}{\%n&gﬁ)g e lg"cﬁié%e?eg‘f‘)élﬁhgvyéme

m crophone 936. cahh@kdaddnisutBysv@i 91¢. or audi o 1/ 0 subsystens, such as a voice
nmessage recordi ng subsystem may also be inplenented on the device 900.

Al t hough voi Ge or auRdi Gici @mtunioatiotbvdrdl PERER! Fahe delRe 366 AR
primarily through the speaker 934, the display 922 may al so be used to
provi de an i ndi eméliropxcerit thah eeceisb@ndignbly wolild @reteadblyi teQougal toya spell@r olarati on of a
voice call, or other wvoice call related information, for exanple. The
serial port 930sig#llfer Faswresionyvold begplewred hy @ ahiérophanei36.s dahatis giideadr
assistant (PDA)-ty communi cation device for which synchronization wth a
user's desktop *fY @‘Srﬁahw?m% el BhdWPive mespatsareevediiar sublyetemb oty jalso &r

optional devi Cein??%%” nt . Sqlfjic'h po&t 930 woul d enable a user to set
preferences t hr GG AR 8% 8 druire AWy 2lthogsh veise epaydie signahpyteus iy meferabl woul d

extend the ahi.l 1t t-h evice b viding for information or
sof twar e dpﬁ‘gro%&&s‘*‘é‘%ﬁtﬁﬁgf“a‘é‘ﬁ’b@“gﬁ&& ng% lr%éli)h %d‘f‘ﬁaryogl?aﬁn"’é{ alip be jugsd Jo
conmuni cat i on ik ik REAR) & LN 2AY tRAMATH s QaPSATRL & be

used to |l oad an encryptio
voice call related information, 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 downlogds to the device 900 other than through a wireless communication

network. The alternate download path may, for example,l 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 diff;ercnt 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™
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20 key onto the device through a direct and thus reliable and trusted
connection to thereby enable secure device comuni cati-on. A short-range -
comuni cati ons subsystem 940 is a further optional conmponent which may
provi de for commrunication between the device 900 and different systens or
devi ces, which need not necessarily be simlar devices. For exanple, the
subsystem 940 25 may include an infrared device and assogi at Eqngdé?gcw ts
and conponents or a BluetoothT 38 0 5 JUN 2006 conmunic tJ gn't le.to
provi de for communication with simlarly-enabled systens and devices. This
witten descri pt PEHMISHE" fefinigiopgavid éor eerirpuication tvith sinilelsaphidsicytidne and

i nvention, incl ugi ng t he best node, and also to enable a person of ordinary
skill in the art“T6"make 5 and use the invention. Qther embodinents are
wi thin the scope of i if they have elenents that do not differ
fromthe literal |angﬁ‘§§"‘}e‘h§’f&?ﬁ%‘ﬁ%‘| %F%E“%?“"ﬁé%"d&fa'is\}%\ld@ﬂ?se thet iavealis . 39 0
5 JUN 2006 What |hSu&hal . faor dl.in ta requests from
nmobi | e devi ces, the sgfluééé%rgr[] Al@%nalf)’? @gf%}k%{g@ an%%?ép%%"eaf’g%ﬁ%gmt%e aéTtC"ESt’T@ketjat a
requests recebveshdfuseans idtenlicRaSihePRROTRRIL £e wHEYINE &b eaof%eaciaﬁnspr GliGhd on
nodul e operable to access the nenory and predict a first tor ecast ed dat a
request for a nodevhests de de othiife drodihe NRrab A8 HARALRG LRIV icqfiflily, @ PUSH
nodul e operable to receive the first forecasted data request fromthe |lo
state predictiortlemsdsl e and in response request and receive first response
data -
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related to the first forecasted data request and prepare the first response
data for transmssion to the nobile device over a wireless network. 2. The
systemof claim1l, wherein the first forecasted data request |Is predicted
in response to receiving a.data request fromthe nDbiIe{pgvggﬁ.ﬂm& 3. The
systemof claim2, wherein the state prediction nodule is further operable
to generate prediction data based on the stored data requests, and to
update the prediction data based on the reception of a prediction
notification received fromthe nmobile device tn response to the first
response datg, stemof claim1;, Wherein the state prediction-
nndgle l's fd@?ﬁéﬁm;agdﬁ%erable to predict the first forecas?ed dat a request
| ndependent of a data request received fromthe nobile device. 5. The
systemof claim4, wherein: the state prediction nodule Is further operable

to receive a -date requgslenfiboRandifpuaDiRbbddtsdfim febikdbvices, RS HBRAE access
the nenory and predict a second 2s forecasted data request based on the

recei ved datempesjogst and the stored data 40 6 5 JUN 2006 requests; and the -
push nodul.e is further operable to receive the received data request and

t he secon®l’ f or ecaSeB@NRASMbIRGore date senuestereseiyedirpmadicestiopa mebikul e and I n
response request and receive second response data related to the.received
data 5 requ °8nd the second forecasted data request and prepare the

second,rePOnSC o b AR SR AR A i Ry SRR o L) S
o oo oy 0P QuERA oty Bl RBEFES AR S SRURRL B,
nmodul e I's fur t heg push module operable to receive the first forecasted data request from the
10 state prediction modute_and in response reques-t and receive first response data -
related fo the flrst forecasted data réqusst and p‘repare the first response data for
transmission to the moblle device over a wireless network, |
2 The system of claim 1, wherein the first forecasted data request is
predicted in response to racelving a- data request from the mobile device.
15 3. The system of claim 2, whersin thé state pradiction module is further
operabie to generate prediction data based on the stored data requests, and to
Lipdate the prediction data based on the reception of a predictidn netification
recelved from the mobiie Etevice in resp'onée to the first response data.
""" 4. The systemn of claim 1, wherein the state preq_i_c_tlon modiule is further
20 operable to predict the first forecasted data request independent of a data reqﬁest
feceived from the mobile device.
5.  The system of claim 4, wharein:
the state prediction module Js further operable to receive a data request from

the mobile device and in response access the memory and prediet a second

25 f(orecasted data request based on the received data request and the stored data
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10 operable to select prediction nodes according to the identified subset
of stored data. 8. The systemof claim7, wherein the prediction nodes
conprise: an atom c node that operates on stored data reqy%sQ@&Sﬁé@ific to
the identity of the nobile, device; and a group nbde that operates on
stored data requests - specific to a plurality of is nobile devices. .9. The
systemof claimb5, wherein the state prediction nodule conprises a Markov
chai n nmodul e operable to predict the first and secondforecasted data
requests. 1Qgq k8. snstem of claim5, wherein the second forecasted data
request 20 conprises a set of consecutive data requests and consecutive

response data rib puAGGLIS [UGRHoR BpdERPloBSbLASLENUE Bl roblestAngOTPUL er
noonl | e

i npl ement ed net hod for handling data requests from _ evi ces, the

met hod conprihsseaegnd foesvaited dgtaasgliestirin he s predictivnandduld g@hved from the
nobil e devices; 25 conparing a received data request froma nobil e device
to predicti despdasereauestandregeiye pece0@sponeed deta rélgted tmthpescelleti datacquest s
based on the conpari son; requesti ng and receiving response data related to
the recei%ed®Wasanp i esond Brgrastnd datg resyasiead PEARAER the gersstgespansd prepari ng

it el oo ndialpngBlesion 3 B rHHB BRvice oupna WHEIORs FEBYRUE. commr | s\ ng the st eps
Clbset “or pr Lo S| e RA IS, OSBRSSl v 0 °
upsrab!e 1o predict the first forecasted data request on a periodic basis.
7. The system of claim 5, wherein the staté prediction module is further -
10 operable io select prediction modes according to the identified subset of stqlred data.
8. The system of clairl:r 7, wherein the predictfon modes comprise:
' an atomic mode that operates on stored data requests spediic to ths identity
of the mobils device; and ' -
a group mode that operates on stored data”requests specific to a plurality of
15 moblle devices.
9, The system of claim 5, wherein the state prediction module comprises
a Markov chain r;'aodule operable to predict the first and s‘ecoﬁd forecasted data
}equests. . A
10. The sysfam of claim 5, wt;ereln the second forecasted data request
20 comprises a set of consecutive datg requests and consecutive response data
referenced from the received data request.
11. A computer implemented method for handling data .re,quests from
mobile devices, the methad comprising:
recelving and storing data requests received from the mobiie devices;

25 comparing a received data request from & moblle device 1o prediction data to
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device; and io conparing the subset of stored data requests to the received
data request to predict the forecasted data requests. 13. The nethod of
claim12, further conprising the steps of: assigning a pr b&&! I@ta%/ val ue
to the forecasted data requests; conparing the probabil iﬁ% fu 0 a -
threshold; is it the probability value does not exceed the threshold, then:
expandi ng the subset of prediction data to Include data requests from -

ot her nobil e devices; and predicting further forecasted data requests based
on the expanded prediction data. 20 14. The nethod of claim 11, wherein
the stop of Rredigifnrecagted datecrenvents based an theqomperisony orn a nobil e device to
prediction data to predict forecasted data reques . ts based on the

conpari son conpreg¥sstipg,and raspiving respenee slata raigted ta the regeiver srtegedquest ng a
transition pragabij lity froma current nobile device state greater than a
sel ection prioBdMRIPrecested, faa feAUEsSIANd nereneriting the set of states until

o &0 devi oo stapeu Pl e leBPorke cisiorhabbtin 'Y B deley SPecanol . 15.

The met hofl Qfireebahéfndsk, Wherein the step of conparing a received data
request froma nobile device to prediction data to predict forecasted data

5 requests basedion Themeaidads biskM 1, Wihbedorpasmg ineafepsite St eps of : :
determning a cardinality of the set of states; conparing the cardinality
of the set of stidendifyingibe mobliecdevicerimethéidata request; '
identifying a subset of prediction data based on.the identity of the moblle
device; and '
0 ' comparing thé subset of stored data requeéts 1o the received data requsst fo
predict the féqrecastsd data retquests. '
13. 'Tﬁe method of claim 12, further comprisin_c'; tho steps of: |
assigning a probability value to the forecasted data requests;
comparing the probability value to a threshoid;
15 if the probability valué does not exceed the threshold, then:
expanding the subset of prediction data to include dafa t;_equests trom
other mobile devices; and ‘ .
‘ predicting further forecasted data requests bﬁsad on the expanded
. prediction data. - |
T2 - 14. .The rﬁethod of claim 11; whereln the step of comparing a received
data request from a mobile device fo prediction data to predict forecasted data
r’equeslts based on the comparison comprisss the steps of:
selecting a sst of states having a transition probabliity from a éurrent
mabile device state greater than & selection probabiity threshold; ‘

25 incrementing the set of states until the sst of states transition
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iIf the cardinality of the set of states exceeds the maxi mum depth, then
adjusting the set of states. 10 16. The nethod of claim 15, wherein the

step of adjusting the set of states conprises: Iinitgqg L@F @ﬁt of states
to the maxi mum depth; and selecting a subset of the sét J sg es such that
the transition probability from the current nobil.e device state is
maxi m zed. 15 17. The nethod of claim 14, further conprising the step of
increnenting the selection probability threshold after each increnent to
the set of states. 18. The nethod of claim 11, further conprising the step

he set of 18, The mt! ng e
! nclopor DI taregon donie po ety By (rnh EEHARh ploBifly 107120 10! 10

system %f ﬁ' gi m 18, further conprising the step of receiving a successful
pr edi ct YR ‘H tification fromthe nobile device and updating the prediction

data based Q@ t ReeSMARGEsHcklm P4, Sbisflr 198 steplol bdrAgiringa recéfbed The syst em of
claim 18, wherein the step of predicting an i ndependent forecasted data
r equest g4dts rdaBéd GbRRImeRistionics toqilédiction siata to pikdict forecasted data
' 5 requests based on the comparison further comprises the steps of:
determining a cardinality of the set of states;
comparing the cardinality of the set of states to a maximum depth;

if the cardinality of the set of states exceeds the maximum depth, then

adjusting the set of states.
10 16. The method of claim 15, wherein the step of adjusting the set of states
comprises:

limiting the set of states to the maximum depth; anFl
selecting a subset of the set of states such ‘th_a_t ;che transition probability from
the current mobile device state is maximized.
15 17. The method of claim 14, further comprising the step of incrémenting
the selection probabi_.llty threshold after each increment to the set of States.
) 18.  The method of claim 11, further comprising the step of predicting an
independent forecasted data request for a mobile devics independent of a data .
‘fequest recelved from the moblle device.
w 19.  The system of claim 18, further comprising the step of recelving &
sl.iccessful prediction notification from the moblie device and updating the predigtion
data based on the successful prediction n;)tiﬂcatlon. .
20. The system of claim 18, wherein the step of predicting an independent

forecasted data request is performed on a periodic basis.



