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(57) ABSTRACT 

A system for handling information requests from mobile 
devices (100) includes a memory (1100), a state prediction 
module (1200), and a push module (1300). The memory 
(1100) is operable to store data requests received from the 
mobile devices (100). The state prediction module (1200) is 
operable to access the memory (1100) to predict forecasted 
data requests for a mobile device (100) based on the stored 
data requests. The push module (1300) is operable to receive 
the forecasted data requests from the state prediction module 
(1200) and in response request and receive response data 
related to the forecasted data requests and prepare the 
response data for transmission to the mobile device (100) 
over a Wireless network (105). 

1100 1000 

Prediction 
Module 

State 
I 

Forecasted 
States 

1300 



Patent Application Publication May 19, 2005 Sheet 1 of 11 US 2005/0108322 A1 

40 10 

/ 37 
WAP Deck 
/ 

// 

WAP Server Sytem 

Gatewziy \ 
\ 

Wireless ) 
Infrastruckufe 

II 105 I 
1 
I 

.) 

*Wireless 
Network 

WAP Deck -\_ 17 

/18 
WAP Deck / 

+ 

Predicted 

URI 

Mobile 
Device 

35 

100 

37 \ WAP Deck 

Fig. 1 



Patent Application Publication May 19, 2005 Sheet 2 0f 11 US 2005/0108322 A1 

wBSw 3682a _ 28m 2:82 2523a 

@3080 328$, 

002 

00: 

mw 

OS \\ 280 
O2 \ 

E?wem E26 

c: \ 35m @8888,» SQQ owcomwom 28w 
x8332 823$? m2 





Patent Application Publication May 19, 2005 Sheet 4 0f 11 US 2005/0108322 A1 

/ 500 

502 

New State » / 
Recorded 

AdjustTransition I 504 
Matiix 

Conduct State 
Analysis T) Predict I’ 506' 

Forecasted States 

i 
Request New State 

'- —————————— -— —' — Data and Forecasted 508 

512 I ' State Data 

N0 

<1; Further States? —————————— —- '- - 6 

514 ~ \ r \ Yes Prepare Response Data Related 
----------- "y ------------ "a: To New State Data and 510 

3 Forecasted State DataFor 
' Request Futher 5 T . . t M b] D . _ 

516 a State Data é msnnsslon 0 o x e evxce 

L ___________ "T _____________ __' 

l 
w 

§ Prepare Response Data Re1ated§ 

To New State Data, Foreczsted State Data, andFurther State g 

§Data For Tnnsmission'to Mobile 
Mae 5 Fig. 4v 



Patent Application Publication May 19, 2005 Sheet 5 of 11 

Predict Forecasted 
States 

Prediction 
Valid? 

Select Group Mode 

Predict Forecasted 
States 

612 

_ . No 

Prediction 

602 
Select Atomic Mode/ 

606 

608 

610 

US 2005/0108322 A1 

600 

/ 

618 

/ 
Request New 

ValV ' 
Yes 

Request New State / 
Data and Forecasted 

State Data 

l 
Prepare Response Dita Related 

To New State Data and 
Forecasted State DataFor 

Transmission to Mobile Device, 

614- 

State Data 

620 

/ 

Prepare Response Dta Related I 
To New State Data For 

Transmission to Mobile Device 

616 

Fig. 5 



Patent Application Publication May 19, 2005 Sheet 6 of 11 US 2005/0108322 A1 

630 
632 

/ / 
Predict Forecasted States 

634 

Request Forecasted / 
State Data 

636 
Prepare Response Daa Related To / 

Forecasted State Data And Transrim To 
Mobile Device 

638 

Yes uccessfulPredictr I | 

Notifcation 
Received‘? 

No 

\ ' / 
Adjust Predction Data For Adjust Predction Data For 
Reception Of Successful No Reception Of Successful 
Prediction Noti?cabii Prediction Noti?cabii 

Fig. 6 



Patent Application Publication May 19, 2005 Sheet 7 0f 11 US 2005/0108322 A1 

85 
200 l 

300 310 _ l 
l | ------------ "r-I'w ---------------------------- '1 

g SRA f 1 g I I; g 
: ' 5 330 : DCU A 3 l E 
l . . .‘ “E/ _35_ i z 
1 Device Apphcznon I UP : : ~ _ z 

-1 E9 R E . 5 _ 4 5 
I ' 1 AP _ ' 
- DS 4 ' - ‘— 1 

E j 8 E 6 A U 1 

_§ / Mobile Dev'ne 5 5 _ Prediction Sei'ver ~ [ Mbbilé Server/ Gateway 

320 

21 

Fig. 7 



Patent Application Publication May 19, 2005 Sheet 8 0f 11 US 2005/0108322 A1 

(M20921) (M302? 0 "34 W43 0 
0 Q 
x /:7 ,WM) 

(5,"15) " 
. "590996) - N. ' 

(W38, ) ' ' (Iv/9,1491) \ 

0 W 0 

Fig. 8 



Patent Application Publication May 19, 2005 Sheet 9 of 11 US 2005/0108322 A1 

420 

430 \ 
E 
I 
I 

Pg“ Pan’. .. Pgk-n Pgkk Phu P"k2 ...Phk~,, ...Phkk.‘..P'-,;m'j' ' g , ~ _ ' g 

E E - P‘hm1 Phmz ml)"Inn ...P"mk...P"mm i 
i i - ' ' Q" ' - ' 

a s = i 
| l ' 'I 

i i i l 
I I l |_ 
| I I I 

l n qtateq ! k qmtec ' m qtateq I >1‘ 
l 

~framc: #g _ frame #h trail-ih-lgtsi operation 
7 ' w ‘ > 

i l 

410 

Fig. 9 



Patent Application Publication May 19, 2005 Sheet 10 0f 11 US 2005/0108322 A1 

700 
Receive 

Requested 
State x 

702 

/ 

704 
Select and 

store subsetof 
states zl for 

Pxzl > to 

/ 

Additionl 
States? 

Yes 

i 708 

- Select and store 

_ subset of stateszn 
for Pz z > r6“- - n n+1 

712 

Yes 

N0 
714 

716 ' 

Additional 
States? ‘ 

Opt'mization 
Required? 

Yes 

710 

N0 

Optimize 

718 

‘Fig. 10 





US 2005/0108322 A1 

SYSTEM AND METHOD FOR PUSHING DATA TO 
A MOBILE DEVICE 

[0001] This application claims the bene?t of and priority 
to US. Provisional Application Ser. No. 60/362,930, Which 
Was ?led Mar. 11, 2002. The entire disclosure of Provisional 
Application Ser. No. 60/362,930, including the speci?cation, 
draWings, and attachments, is incorporated into this present 
application by reference. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] This application relates generally to systems and 
methods for providing data to a mobile communication 
device (“mobile device”), and in particular to systems and 
methods for pushing forecasted data to a mobile device. 

[0004] 2. Description of the Related Art 

[0005] Typically, When a user of a desktop computer or a 
mobile device requests data, the user Will often make 
another, subsequent data request after examining the reply 
data received in response to the initial data request. Desktop 
computers typically have high-bandWidth, loW-latency 
access to computer netWorks, such as local area netWorks 
(LANs), Wide area netWorks (WANs), and the Internet. 
Thus, response data to these subsequent data requests are 
usually provided quickly When using a desktop computer. 

[0006] Amobile device that communicates over a Wireless 
netWork, hoWever, typically does not have a relatively 
high-bandWidth, loW-latency communication path to these 
netWorks, because many Wireless netWorks may have signal 
propagation delays, a limited RF spectrum, and signal 
fade-outs. Accordingly, When the user of the mobile device 
requests subsequent data, the user typically must contend 
With the inherent latency and bandWidth limitations of the 
Wireless netWork. A number of Wireless communication 
protocols have been developed to accommodate mobile 
device data requests, including Wireless Application Proto 
col (WAP), compressed Hypertext Markup Language 
(cHTML), Extensible HTML (xHTML), and Extensible 
Markup Language (XML), and others. Nevertheless, these 
communication protocols are still subject to the inherent 
latency and bandWidth characteristics of the Wireless net 
Work. Thus, the user of the mobile device must often Wait for 
reply data to be received at the mobile device in response to 
the subsequent data request. 

SUMMARY 

[0007] A system for handling information requests from 
mobile devices includes a memory, a state prediction mod 
ule, and a push module. The memory is operable store data 
requests received from the mobile devices. The state pre 
diction module is operable to receive a data request from a 
mobile device and in response access the memory and 
predict a forecasted data request based on the received data 
request and the stored data requests. The push module is 
operable to receive the received data request and the fore 
casted data request from the state prediction module and in 
response request and receive response data related to the 
received data request and the forecasted data request and 
prepare the response data for transmission to the mobile 
device over a Wireless netWork. 
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[0008] A system for handling data requests from mobile 
devices comprises a memory, a 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 ?rst forecasted data request for a mobile device 
based on the stored data requests. The push module is 
operable to receive the ?rst forecasted data request from the 
state prediction module and in response request and receive 
?rst response data related to the ?rst forecasted data request 
and prepare the ?rst response data for transmission to the 
mobile device over a Wireless netWork. 

[0009] A system for handling information requests from 
mobile devices includes a data collection unit, a data adjust 
ment unit, an analysis unit, and a push unit. The data 
collection unit is operable to receive and store data requests 
received from the mobile devices and to store prediction 
data based on the stored data requests. The data adjustment 
unit is operable to receive a data request from a mobile 
device and access the stored data requests and generate the 
prediction data and store the prediction data in the data 
collection unit. The analysis unit is operable to access the 
prediction data stored in the data collection unit and execute 
a prediction algorithm to predict forecasted data requests. 
The push unit is operable to receive the received data request 
and the forecasted data requests and in response request and 
receive response data related to the received data request and 
the forecasted data requests and prepare the response data 
for transmission to the mobile device over a Wireless net 
Work. 

[0010] A mobile communication device includes a com 
munication subsystem operable to communicate over a 
Wireless netWork, a memory subsystem operable to store 
data, and a processing subsystem operable to instruct the 
communication subsystem to transmit and receive data over 
the Wireless netWork and to store data to and read data from 
the memory subsystem. A client program comprising pro 
cessing subsystem executable instructions is 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an illustrative communication system in 
Which the systems and methods described herein may be 
used; 
[0012] FIG. 2 is an embodiment of a system for handling 
mobile device information requests; 

[0013] FIG. 3 is another embodiment of a system for 
handling mobile device information requests; 

[0014] FIG. 4 is a How diagram of a method of handling 
mobile device information requests; 

[0015] FIG. 5 is a How diagram illustrating a mode 
selection in a prediction module; 

[0016] FIG. 6 is a How diagram illustrating another 
method of handling mobile device information requests; 

[0017] FIG. 7 is a diagram of another embodiment of a 
system for handling mobile device information requests; 
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[0018] FIG. 8 is a Weighted graph model of mobile device 
activity; 
[0019] FIG. 9 shows a transition matrix T structure and 
adjustment process during a training phase; 

[0020] FIG. 10 is a How diagram illustrating a candidate 
state selection process; and 

[0021] FIG. 11 is a schematic diagram of an exemplary 
mobile device. 

DETAILED DESCRIPTION 

[0022] FIG. 1 is an illustrative communication system in 
Which the systems and methods described herein may be 
used. The system includes a data portal 10, the Internet 20, 
a data server 40, a Wireless gateWay 85, Wireless infrastruc 
ture 90, a Wireless netWork 105, and a mobile device 100. 
Other systems may also be used With the system and method 
disclosed herein. 

[0023] The data portal 10 and the data server 40 are 
illustratively WAP compliant devices. Other data portals or 
servers, such as an HTML, cHTML, xHTML, and XML 
servers and portals can also be used. Typically, the portal 10 
and server 40 may be similar devices, i.e., the portal 10 may 
be realiZed by a server, and may also function as a proxy 
server. The portal 10, hoWever, is typically administered by 
a mobile device carrier or service provider. 

[0024] The Wireless gateway 85 and the Wireless infra 
structure 90 provide a link betWeen the Internet 20 and 
Wireless netWork 105, collectively forming an exemplary 
information transfer 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. 

[0025] The Wireless infrastructure 90 includes a series of 
connections to the Wireless netWork 105. These connections 
may be Integrated Services Digital Network (ISDN), Frame 
Relay or T1 connections using the TCP/IP protocol used 
throughout the Internet. 

[0026] 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 Wireless netWorks, 
other Wireless netWorks may also be used. 

[0027] Examples of combined dual-mode netWorks 
include, but are not limited to (1) the Code Division Multiple 
Access (CDMA) netWork that has been developed and is 
operated by Qualcomm, (2) the Groupe Special Mobile or 
the Global System for Mobile Communications (GSM) and 
the General Packet Radio Service (GPRS) netWork both 
developed by the standards committee of CEPT, and (3) the 
future third-generation (3G) netWorks like Enhanced Data 
rates for Global Evolution (EDGE) and Universal Mobile 
Telecommunications Systems (UMTS). GPRS is a data 
overlay on the very popular GSM Wireless netWork, oper 
ating in virtually every country in Europe. 

[0028] Examples of data-centric netWorks include the 
MobitexTM Radio NetWork, Which has been developed by 
Eritel and Ericsson of SWeden, and is operated by BellSouth 
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(Cingular) Wireless Data in the United States and Rogers/ 
Cantel in Canada, and the DataTACTM Radio NetWork, 
Which has been developed by Motorola and is operated by 
American Mobile Satellite Corporation (AMSC), noW called 
Motient, in the United States and Bell Mobility in Canada. 
Examples of voice-centric data netWorks include Personal 
Communication Systems (PCS) netWorks like CDMA, 
GSM, and TDMA systems that have been available in North 
America and WorldWide for nearly 10 years. 

[0029] The portal 10 may also be located Within a com 
pany LAN or WAN, or in another netWork, such as in a large 
Application Service Provider (ASP), and provides an inter 
face for information exchange over the Internet 20. The 
portal 10 may also include dynamic database storage 
engines that have prede?ned database formats for data such 
as calendars, to-do lists, task lists, e-mail and documenta 
tion, 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, and other systems connected 
to the Internet 20. 

[0030] The WAP decks 17 and 35 comprise documents 
Written in the Wireless Markup Language (WML) protocol. 
WML uses the metaphor of card decks for documents, and 
each page of a WML document is referred to as a card, and 
the entire document is referred to as a deck. Thus, a WAP 
document typically comprises a series of sections or pages, 
called cards, each of Which holds the data for one screen/ 
WindoW in a WAP broWser. 

[0031] The WAP deck 17 may be requested by a mobile 
device user, and is delivered to the mobile device 100 via 
Wireless transmission, typically over a radio frequency (RF) 
link from a base station in the Wireless netWork 105. The 
particular netWork 105 may be realiZed by any Wireless 
netWork over Which information may be exchanged With the 
mobile device 100. 

[0032] When a user requests data at the mobile device 100, 
the mobile device 100 conducts a data pull of the requested 
information. The mobile device 100 typically sends a Uni 
form Resource Identi?er (URI), such as URI 15 that corre 
sponds to a resource request from the portal 10. The mobile 
device 100 may be con?gured to send other types of data 
requests according to different communication protocols in 
addition to the exemplary URI 15, such as a URL for a Web 
page, an EP address of a server, a ?le transfer protocol (FTP) 
request, and the like. Additionally, While the URI 15 illus 
tratively corresponds to the portal 10, the URI 15 may 
instead correspond to other devices or systems in commu 
nication With the Internet 20. 

[0033] When the portal 10 receives the URI 15, the portal 
10 normally responds by sending the WAP deck 17 to the 
mobile device 100. The WAP deck 17 is typically transmit 
ted to the mobile device 100 via the Wireless gateWay 85. If 
the portal 10 has the WAP deck 17 stored locally, then it may 
immediately send the WAP deck 17 to the mobile device 
100. If the portal 10 does not have the WAP deck 17 stored 
locally, then it may request and receive the WAP deck 17 
from another source. Upon receiving the WAP deck 17, the 
mobile device 100 presents the WAP deck 17 to the user, and 
the data pull is completed. 

[0034] Typically, upon receiving the WAP deck 17, the 
user of the mobile device 100 may thereafter request another 
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WAP deck after examining the information presented in the 
WAP deck 17. For example, if the WAP deck 17 includes 
stock quote information for a number of stocks, the user of 
the mobile device 100 may subsequently request informa 
tion related to one of the number of stocks, either from the 
same portal 10, or from another portal or server in commu 
nication With the Internet 20. The user must then Wait until 
the corresponding information or data is received at the 
mobile device 100. 

[0035] Additionally, if the information received at the 
mobile device 100 comprises additional embedded URIs, 
then selection of the URI by the user Will cause the mobile 
device 100 to issue another URI request, and the user must 
then Wait until the corresponding information or data is 
received at the mobile device 100. 

[0036] To minimiZe the associated latency for these sub 
sequent requests, the systems and methods disclosed herein 
push forecasted response information in addition to the 
response information transmitted to the mobile device 100. 
A forecasted data request based on previous data requests 
issued from the mobile device 100 or other mobile devices 
is generated by the portal 10. If the portal 10 has the 
response data to the forecasted data request stored locally, 
then it may immediately send the response data With the 
WAP deck 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. 

[0037] 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 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. 

[0038] The URI 35 may, for example, be related to a link 
found in the WAP deck 17. If the URI 35 is requested by the 
mobile device 100, and the URI 35 and corresponding deck 
37 Was not stored in the cache of the mobile device 100, then 
the mobile device 100 Would transmit the URI 35 query to 
the portal 10. HoWever, since the URI 35 and corresponding 
WAP deck 37 Were provided in the predicted information 18, 
the mobile device 100 need not actually transmit the URI 
request, as the corresponding deck 37 is available id the 
mobile device 100 cache. Thus, a subsequent request to the 
deck 17 is preempted, thereby reducing latency experienced 
by the user of the mobile device 100. 

[0039] FIG. 2 is an embodiment of a system 1000 for 
handling mobile device 100 information requests. The 
mobile device 100 typically comprises a client program 110 
and an associated cache memory 120. An exemplary mobile 
device 100 may be of the type described With reference to 
FIG. 11, beloW. While only one mobile device 100 is 
illustrated, a plurality of mobile devices may also be in 
communication With the system 1000. 

[0040] 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 

May 19, 2005 

module 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 mod 
ule 1200 may be located on a ?rst computer device, and the 
push module 1300 may be located on a second computer 
device in communication With the ?rst computer device. 

[0041] Each of the storage module 1100, prediction mod 
ule 1200, and push module 1300 may comprise a softWare 
program or softWare system structure and associated hard 
Ware for performing the programmed tasks. Any number of 
softWare languages or softWare programming platforms may 
be used to construct these modules. Additionally, although 
the storage module 1100, prediction module 1200, and the 
push module 1300 are depicted as separate modules, the 
modules may be combined into a single module to consoli 
date functional tasks, or, alternatively, may be subdivided to 
distribute functional tasks. 

[0042] In the illustrative embodiment of FIG. 2, each data 
request of the mobile device 100 is modeled as a state. The 
storage module 1100 is operable to receive and store states 
transmitted from the mobile device 100 and other mobile 
devices. In one embodiment, a mobile device state may 
comprise a URI. 

[0043] The prediction module 1200 is operable to receive 
states from the mobile device 100 and in response access the 
storage module 1100, and predict one or more forecasted 
states based on the received data request and the stored 
states. The prediction module 1200 may execute a prediction 
algorithm, such as a Markov chain, an n-gram sequence 
model, a Weighted most recently used algorithm, or other 
prediction algorithm. The prediction may involve comparing 
the received state to the stored states, or comparing the 
received state to prediction data generated from the stored 
states. In the case of comparing the received state to the 
prediction data generated from the stored states, the stored 
states may be deleted after the prediction data are generated 
to conserve storage space. 

[0044] The prediction module 1200 provides the fore 
casted states to the push module 1300. The push module 
1300 is operable to receive the requested state from the 
mobile device 100 and the predicted states from the predic 
tion module 1200, and in response request and receive 
response data responsive to the forecasted state and the 
requested 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. 

[0045] In another embodiment, the prediction module 
1200 predicts forecasted states and provides the forecasted 
states to the push module 1300 independent of receiving a 
state from the mobile device 100. The push module 1300 is 
operable to receive the forecasted states from the prediction 
module 1200 and request and receive response data respon 
sive to the forecasted states. The prediction module 1200 
may be further con?gured to predict forecasted states and 
provide the forecasted states to the push module on a 
periodic basis. For example, if a user of the mobile device 
100 typically access a neWs service and a sports service 
during a certain time of day, e.g., betWeen the hours of 7:00 
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AM and 8:00 AM, the prediction module 1200 may predict 
the requisite URI queries for the neWs service and the sports 
service Within this time period, and provide the URI queries 
to the push module 1300. The push module 1300 then 
executes the URI queries, and the response data is transmit 
ted to the mobile device 100. This operation may occur 
independent of receiving a state from the mobile device 100, 
e.g., the mobile device 100 may be in a standby mode, or the 
user may not have yet selected a particular state relating to 
the neWs service or sports service. 

[0046] Accordingly, the user of the mobile device 100 Will 
have the information related to the neWs service and sports 
service information available at the mobile device 100 When 
the user does select the neWs service or sports service. To 
help maintain accuracy of future predictions, the mobile 
device 100 may be further con?gured to transmit a success 
ful prediction noti?cation back to the prediction module 
1200 When the mobile device 100 accesses the predicted 
states. Thus, the prediction module 1200 may then update 
prediction algorithm data to re?ect Whether a successful 
prediction noti?cation Was received from the mobile device 
100. For example, the failure to receive successful noti?ca 
tions for a particular predicted state during a time period 
may result in the prediction module 1200 removing the 
particular state from the prediction data, or loWering the 
likelihood of predicting the particular state in the future. 

[0047] The successful prediction noti?cation may also 
comprise data indicating Whether the mobile device 100 
accessed the response data provided. The mobile device 100 
can be con?gured to determine Whether the response data 
pushed from the push module 1300 has been accessed 
during an access time period. Thus, instead of Waiting to 
receive the successful prediction noti?cation during the time 
period, the prediction module 1200 may interrogate the 
successful prediction noti?cation When it is received. 
Accordingly, if the response data has been accessed during 
the access time period, then the successful prediction noti 
?cation indicates that a successful prediction occurred. If the 
response data has not been accessed during the access time 
period, hoWever, then the successful prediction noti?cation 
indicates that an unsuccessful prediction occurred. 

[0048] In another embodiment, the push module 1300 may 
be implemented by a request module operable to receive the 
received data request and the forecasted data request from 
the prediction module and in response issue requests for 
response data related to the received data request and the 
forecasted data request to be transmitted to the mobile 
device 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 fore 
casted data request are provided to the mobile device 100 via 
communications from devices responsive to the respective 
requests. In a variation of this embodiment, the request 
module may separately transmit the forecasted states to the 
mobile device 100. 

[0049] FIG. 3 provides another embodiment of the system 
1000 for mobile device 100 information requests. In this 
embodiment, the storage module 1100 includes memory 
stores 1102 and 1104 for storing mobile device states and 
prediction data. Typically, the transmission from the mobile 
device 100 Will also include a mobile device 100 identi?er, 
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and thus a state history for each mobile device 100 may be 
stored in the memory store 1102. Likewise, prediction data 
corresponding to each mobile device in communication With 
the system 1000 may also be stored in the memory store 
1104. 

[0050] The prediction module 1200 is operable to predict 
one or more forecasted states based on the received data 

request and the stored states. Illustratively, the prediction 
module 1200 may predict the forecasted states by utiliZing 
only the previous states stored in the memory store 1102, or 
may also be con?gured to utiliZe the prediction data stored 
in memory store 1104. Alternatively, the prediction module 
1200 may be con?gured to rely solely on the prediction data 
stored in the memory store 104 to predict the forecasted 
states. 

[0051] The prediction module 1200 may operate in a 
training mode 1202 to generate prediction data to be stored 
in the memory store 1104, and then transition to an opera 
tional mode 1204. In this embodiment, the prediction mod 
ule 1200 de?nes 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 adjusted. The prediction 
data are then evaluated to determine Whether to de?ne 
another collection frame for further adjustment of the pre 
diction data, or to transition to an operational mode 1204. 

[0052] During the operational mode, the prediction mod 
ule may operate in an atomic mode 1212, a group mode 
1214, or a mixed mode 1216. In the atomic mode 1212, the 
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. 

[0053] 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 de?ning 
groups of homogenous users may also be used. 

[0054] In the group mode 1214, the prediction module 
1200 uses historical states on a larger group of mobile 
devices 100. For example, a group mode prediction could be 
based on the historical states of all users of mobile devices 
100. 

[0055] Finally, in mixed mode 1216, the prediction mod 
ule 1200 operates ?rst in the atomic mode 1212, and then 
sWitches to the group mode 1214 if a strong prediction 
cannot be made in the atomic mode 1212. The strength of the 
prediction may be measured by the ability to recogniZe a 
reference pattern, or the likelihood of the prediction being 
correct exceeding a threshold probability, or by other meth 
ods. 

[0056] In operation, the mobile device 100 may issue a 
data request via the URI 15. The URI 15 is transmitted over 
the Wireless netWork 105 and the Internet 20 to the storage 
module 1100, and the state is stored in the memory store 
1102. The URI 15 is then provided to the prediction module 
1200, Which accesses the memory stores 1102 and/or 1104 
and predicts one or more forecasted states. In this example, 
the prediction module 1200 predicts only one state, URI 35, 
as the forecasted state. 

[0057] The URIs 15 and 35 are provided to the push 
module 1300, Which then executes the respective URI 
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queries. The URI 15 may correspond to server located on a 
corporate LAN 21, in Which case the WAP deck 17 is 
provided in response. The URI 35 may correspond to a 
server 22 located someWhere in the Internet 20, and the 
corresponding WAP deck 37 is provided in response. 

[0058] 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 program cache 120. If the user thereafter requests 
the URI 35, the prediction is successful. As a result of the 
successful prediction, the WAP deck 37 is provided from the 
cache 120, and is thus immediately available to the user of 
the mobile device 100. 

[0059] In another embodiment, the cache 120 of the 
mobile device 100 may also comprise a client program 
cache 122 and a push cache 124. The client program 110 
may be con?gured to store the response data to the requested 
state, such as the WAP deck 17 provided in response to the 
URI 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 push cache 124. Typically, data stored 
in the cache 120 may have associated refresh or expiry data, 
such as an expiration header ?eld, that instructs the client 
program 110 to query a data source and request updated 
data. In this embodiment, such expiry data or refresh data in 
the response data stored in the push cache 124 is ignored by 
the client program 110. Thus, the client program 110 may 
search the push cache 124 for forecasted data responsive to 
a second, subsequent state, and Will not execute a data 
request if the expiry data or refresh data indicates stale data. 

[0060] If the response data stored in the push cache 124 is 
responsive to the subsequent state, i.e., the next state Was 
correctly predicted by the prediction module 1200, then the 
client program 110 may transfer the forecasted response data 
from the push cache 124 to the client program cache 122. If 
the response data stored in the push cache 124 is not 
responsive to the subsequent state, hoWever, then the fore 
casted response data may be deleted, and the state requested 
by the mobile device 100 is transmitted over the Wireless 
netWork 105 to the storage module 1100. 

[0061] One or more forecasted states may be predicted and 
pushed to the mobile device 100. For example, if four states 
are predicted, and the response data for the four states are 
provided to the mobile device 100, then the mobile device 
100 need not transmit a data request over the Wireless 
netWork as long as the subsequent states requested by the 
user are among the four predicted states. In yet another 
embodiment, upon exhausting the successful predictions, 
the mobile device 100 transmits a successful prediction 
noti?cation to the prediction module 100. The prediction 
module 1200 then predicts additional forecasted states based 
on the last successfully predicted state of the mobile device 
100, and pushes the response data to the mobile device 100. 
Thus, a neW set of response data for one or more predicted 
states may be pushed to the mobile device 100 Without user 
intervention. 

[0062] In addition to being operable to predict one or more 
forecasted states based on the received data request and the 
stored states, the prediction module 1200 may also be 
operable to predict one or more forecasted states indepen 
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dent of receiving a state from the mobile device 100. 
Furthermore, the mobile device 100 may be further operable 
to transmit back to the prediction module 1200 a successful 
prediction noti?cation as con?rmation that the prediction 
module 1200 correctly predicted the one or more forecasted 
states independent of a received data request. The operation 
of the prediction module 1200, push module 1300, and the 
mobile device 100 in this con?guration are as described With 
reference to FIG. 2 above. 

[0063] In another embodiment, upon predicting the fore 
casted states, the prediction module 1200 may further com 
pare 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 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 1222. 

[0064] Based on the system metric 1220, the prediction 
module 1200 may determine the maximum number of 
particular states and related data to push to the mobile device 
100 that is cost effective. If the particular forecasted states 
are not cost effective, or exceed the maximum number of 
cost effective states, then some, or even all, of the forecasted 
states may be cancelled. Alternatively, the prediction module 
may be further con?gured to generate another set of fore 
casted states, or modify the ?rst set of forecasted states if the 
?rst set of predicted states is not cost effective. 

[0065] FIG. 4 is a How diagram 500 of a method of 
handling a mobile device information request. At step 502, 
a neW state for the mobile device is recorded by the storage 
module 1100. Typically, the neW state corresponds to a data 
request received from the mobile device via a transmission 
over a Wireless netWork. The neW state may correspond to a 
particular mobile device if a mobile device identi?er is 
included in the data request. 

[0066] At step 504, the prediction data may be adjusted by 
the prediction module 1200. Depending on the prediction 
algorithm implemented in the prediction module 1200, the 
prediction data may be updated With each neW state 
recorded, or may alternatively be updated only if the neW 
state renders the existing prediction data inaccurate or in 
need of 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. 
[0067] 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. 

[0068] 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 further include the forecasted 
state corresponding to the forecasted state data. 

[0069] In another embodiment, the push module 1300 may 
be operable to determine Whether the response data includes 
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further state requests, as shown in step 512. For example, an 
HTML document may comprise URLs to other data servers, 
and accessing the HTML document Will cause a broWser 
program to issue a query to the other data servers associated 
With the embedded URLs. 

[0070] To obviate the need for such operations at the 
mobile device 100, the push module, upon determining that 
the response data includes further state requests, requests 
further response-data in response to the further state 
requests, as shoWn in step 514. Upon receiving the further 
response data, the push module 1300 prepares response data 
that includes the neW state data and the forecasted state data, 
and also includes the further response data related to the 
further state requests, as shoWn in step 516. 

[0071] FIG. 5 is a How 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 mobile device 
100, or historical states from a group of relatively homog 
enous users to predict forecasted states. 

[0072] At step 604, the prediction module 1200 predicts 
forecasted states based on the atomic mode data. At step 606, 
the prediction module 1200 determines Whether the fore 
casted states are valid. The validity of the forecasted states 
may be determined by a corresponding probability of the 
prediction exceeding a threshold, or by the prediction mod 
ule 1200 being able to determine forecasted states based on 
the atomic data, or by other methods. 

[0073] 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 
forecasted states based on the group mode data. At step 612, 
the prediction module 1200 determines Whether the fore 
casted states are valid. 

[0074] If the forecasted states predicted in step 604 Were 
valid, or, alternatively, if the forecasted states predicted in 
step 604 Were invalid and the forecasted states predicted in 
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 transmission to the 
mobile device. Thus, the forecasted states and corresponding 
state data are pushed to the mobile device along With the 
state data requested by the mobile device. 

[0075] If the forecasted states predicted in step 610 Were 
invalid, hoWever, then the neW state data is requested in step 
618, and the response data related to the neW state data 
received in step 620 is prepared for transmission to the 
mobile device. Thus, only the state data requested by the 
mobile device is provided to the mobile device. 

[0076] FIG. 6 is a How diagram 630 illustrating another 
method handling mobile device information requests. In the 
How diagram 630, the prediction module 1200 predicts 
forecasted states independent of receiving a state from the 
mobile device 100. The method of the How 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. 

[0077] At step 632, the prediction module 1200 predicts 
forecasted states. The prediction may be triggered by an 
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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. 

[0078] 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 
data comprising the forecasted state data is prepared and 
transmitted to the mobile device 100. 

[0079] At step 638, the prediction module 1200 deter 
mines if a successful prediction noti?cation has been 
received from the mobile device 100. The determination 
may be subject to a time-out period. For example, if the 
prediction module 1200 predicts forecasted states on a 
periodic basis, the time-out period may be the prediction 
period, or a time period less than the prediction period, e.g., 
one hour. 

[0080] If a successful prediction noti?cation is received, 
then at step 640 the prediction data is adjusted by the 
prediction module 1200 for the reception of the successful 
prediction noti?cation. Depending on the prediction algo 
rithm used, adjusting the prediction data in step 640 may 
result in maintaining or increasing the likelihood of future 
predictions for the forecasted states predicted in step 632. 

[0081] If a successful prediction noti?cation is not 
received, hoWever, then at step 642 the prediction data is 
adjusted by the prediction module 1200 for no reception of 
a successful prediction noti?cation. Depending on the pre 
diction 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. 

[0082] In another embodiment, the successful prediction 
noti?cation may comprise data indicating Whether the 
mobile device 100 accessed the response data provided at 
step 636. In this embodiment, the mobile device 100 is 
con?gured 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 
noti?cation indicates that a successful prediction occurred. 
If the response data has not been accessed during the access 
time period, hoWever, then the successful prediction noti? 
cation indicates that an unsuccessful prediction occurred. 

[0083] FIG. 7 is a diagram of another embodiment of a 
system for handling mobile device information requests. In 
this embodiment, a prediction server 200 is implemented in 
the Wireless gateWay 85 of FIG. 1, and illustratively com 
prises a Data Collection Unit (DCU) 210, a Data Adjustment 
Unit (DAU) 220, an Analysis and Prediction Unit (APU) 
230, and a Data Preparation and Push Unit (DPPU) 240. The 
prediction server 200 may be implemented at other loca 
tions, hoWever, such as at the portal 10, or another server 
operable to communication With the Wireless device 100 
over the netWork shoWn in FIG. 1. 

[0084] The mobile device 100 comprises a prediction 
client 300, Which may include a State Reporting Agent 
(SRA) 310 and a Data Store (D5) 320 for pushed data. Also 
illustrated in FIG. 7 is a device application 330, Which may 
be a mobile device broWser, such as a WAP broWser, or other 
mobile device communication program. The D5 320 may 
comprise a broWser cache or mobile application-speci?c 
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cache. The device application 330 may be con?gured to 
check the D5 320 for cached information before issuing a 
data pull request to the prediction server 200, and the SRA 
310 may interact With a particular device application 330 to 
receive noti?cation of a user request for a speci?c URI. 
When noti?ed, the SRA 310 utiliZes the Wireless connection 
to transmit URI data to the server side DCU 210. 

[0085] The device application 330 may also include the 
functionality of the SRA 310 and the D5 320. For example, 
a WAP broWser may report the mobile device state With each 
URI query, and the WAP broWser cache may store informa 
tion 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. 

[0086] The DCU 210 may comprise a device state listener 
212 and the state storage component 214. When the mobile 
device 100 reports a neW state, the state listener 212 receives 
the data, Which typically comprises a device ID and state 
URI, and redirects the data to the state storage component 
214. In alternate embodiments, the device state listener 212 
can be implemented as a socket server, stream connection 
listener, or servlet. The device state listener 212 may be 
embodied using softWare as a stand-alone process or as a 
thread Within the DCU 210 or prediction server 200. Other 
implementation schemes may also be used. 

[0087] The state storage component 214 comprises a state 
data storage for states received from the device state listener 
212 and hierarchical data storage of states structured accord 
ing to mobile device users’ historical activity patterns. States 
received from the device state listener may be stored tem 
porarily, While the hierarchical data storage may be operable 
to store data persistently. The hierarchical data storage may 
be implemented using a relational or object database, XML 
data store, or serialiZed ?les. Other ?le structures may also 
be used. 

[0088] The DAU 220 is noti?ed 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 and the corresponding historical data from the DCU 
210 hierarchical data storage. The hierarchical data storage 
may be updated according to a prediction algorithm, such as 
Markov Weighted probabilities, tWo-Way sorting, n-gram 
sequence model, and the like. In one embodiment of the 
DAU 220, tWo separate threads are utiliZed, a ?rst thread for 
neW, state noti?cation, and a second thread for state pro 
cessing. 

[0089] The APU 230 is noti?ed by the DAU 220 When the 
DAU 220 completes the update to the hierarchical data 
storage 214. The APU 230 then executes the prediction 
algorithm on the data from the DCU 210 to predict the next 
state or states of the mobile device 100. The next states may 
represent the most likely user navigation steps folloWing the 
current requested device 100 state. 

[0090] The APU 230 may operate in three prediction 
modes: atomic mode, group mode, and mixed mode. In a 
manner as previously described With respect to the embodi 
ment of FIG. 2, the atomic mode operates on the historical 
information of a particular mobile device 100 or a relatively 
small group of homogeneous users, and makes predictions 
based on this information. The group mode operates on a 
much greater data sample collected on a large user popula 
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tion. The mixed mode operates on the mobile device speci?c 
data ?rst and, if there is not enough information to make a 
strong prediction (e.g. either the preference pattern is not 
recogniZable or a sub-graph has not yet been visited by the 
mobile device), the APU 230 sWitches to the group mode 
data to make a prediction. 

[0091] The APU 230 prediction may comprise one or 
more forecasted states. The DPPU 240 receives the fore 
casted states from the APU 230, and requests and 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 data responsive to the forecasted states. 

[0092] After the response data related to the forecasted 
states are received, the DPPU 240 packs the forecasted states 
and associated response data into a single buffer for trans 
mission 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 mobile device 100. 

[0093] The D5 320 at the mobile device 100 receives the 
set of response data transmitted by the DPPU 240. In one 
embodiment, the D5 320 may be realiZed by a cache for a 
WAP broWser operating on the mobile device 100. In 
another embodiment, the D5 320 may be realiZed by a push 
cache associated With the device application 330. In the case 
of correct prediction, the next state selected at the mobile 
device 100 Will be satis?ed from the D5 320, and thus 
latency is minimiZed. 

[0094] Operation of the embodiment FIG. 7 may be 
summariZed according to the folloWing data operations as 
indicated by the referenced arroWs. Upon a neW state 
noti?cation, the SRA 310 sends state information to DCU 
210 The neW state is recorded, and the DCU 210 noti?es 
DAU 220 The data storage is adjusted (3), if required, 
and the DAU 220 noti?es the APU 230 The APU 230 
executes the prediction algorithm on the DCU 210 data (5), 

and the predicted states are provided to the DPPU 240 The DPPU 240, in turn, requests and receives the corre 

sponding response data (7), and the response data and 
predicted states are prepared for transmission to the mobile 
device 100 

[0095] 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. 

[0096] 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 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 noti?cation from the mobile device 100 and 
update the state storage component in the DCU 210. 
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[0097] FIG. 8 illustrates a Weighted graph model of 
mobile device activity. In this graph model, each of the 
edges represent tWo directions, and each of the vertices 
represents a mobile device state; such as a cHTML or 

xHTML pages, WAP deck, data screens, etc. 

[0098] Moving along the edge represents a transition from 
a ?rst state to a next state. Thus, if an edge exists betWeen 
any tWo arbitrary vertices A and B, then the edge represents 
both transition from vertex Ato B and from B back to A, and 
has a pair of associated Weights (WAB, WBA), one Weight 
per direction. For example, the edge connecting vertices V1 
and V2 has Weights (W12, W21). In this regard, the edges 
denote bi-directional transitions betWeen the information 
states. 

[0099] During a training period, states requested by a 
mobile device or mobile devices are observed. The Weights 
for each vertex Weight may represent the number or fre 
quency 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. 

[0100] The graph of FIG. 8 can be used to predict the most 
likely subset of future transitions (edges) and response data 
(vertices) based on the current information state of the 
mobile device and historically accumulated user activity 
data. When the most likely set of future information units is 
identi?ed, it is pushed to the mobile device to minimiZe data 
access latency observed by a subscriber. 

[0101] A variety of mathematical models and prediction 
algorithms may be used to realiZe 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 Markov chain states corresponding to atomic units 
of information (e.g., cHTML or xHTML documents, WAP 
decks, data screens, etc.) and edge transitions that represent 
mobile user navigation from one vertex to another to predict 
forecasted states. 

[0102] Ordinarily, a Markov chain model With n states 
S={s1, s2, . . . sn} is fully described by a state vector Zt and 
transition matrix T. At any discrete moment t the state of the 
system can be stochastically de?ned using the formula: 

Z‘=TZ‘,1=T"1ZU, 

[0103] Where Z0 is an initial state of the chain. 

[0104] A Markov chain model may also comprise a his 
tory-determined Markov chain. Unlike regular or state 
determined chains, the future state of the history-determined 
Markov chain is described by not only the current state of 
the chain but rather by a ?nite sequence of preceding states. 
This class of Markov chains provides a more accurate model 
of dynamic systems and also facilitates a self-learning 
system. 

[0105] For a generic history-determined chain, the state 
vector can be de?ned as: 
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[0106] Where F is a state transformation function and 
k is a history depth. The set (ZH, Zt_2, . . . , ZMQ is 

a historic states pattern, and may provide more 
accurate prediction results than prediction results 
based on a single states pattern. 

[0107] For the history-determined Markov chain, the Wire 
less environment may be modeled according to the folloW 
propositions: 

[0108] Cardinality of a Markov chain model for a 
generic multi-user environment is virtually inde? 
nite: limt_>oo|St|=OO, and tends to cover the Whole 
sample space Q; 

[0109] Cardinality of a Markov chain modeling an 
activity of a single user or a homogeneous group of 
users is much smaller and a vector of states St={s1, 

s2, . . . sn} at any given time t represents only a subset 

of Q; and 

[0110] For a single user model, or a homogeneous 
group of users, the folloWing assumption (stochastic 
limitation of a state set cardinality) applies: 

[0111] if 0t is an observed state of the model at a 
moment t then: 

[0112] Where P{A} is the probability of event A. 

[0113] The graph of FIG. 8 is generated during a training 
mode. FIG. 9 shoWs an exemplary transition matrix T 
structure and adjustment process during the training phase. 
In each frame, P‘1S represents a transition probability from 
state I to s as per matrix 430 state at the end of frame r. The 

state vector S and transition matrix T 430 may be adjusted 
by ?rst de?ning collection frames 410. A collection frame is 
a time interval over Which the model operates Without 
changing S or T. At the end of each frame 410, the collected 
data is analyZed and S and T are adjusted for the next frame. 

[0114] During the training phase 420, model space S is 
likely to groW, and during the operational phase |S| Will 
likely stay steady even though the individual states might be 
added or removed re?ecting 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. 

[0115] A frequency analysis may be used to adjust S at the 
end of the collection frame. For example, if a state 0 Was 
visited by the system at least K times during the past frame, 
the state is added to vector S. If the state 0 Was not visited 

by the system during the past M frames, the state is removed 
from S. Removal of unused, or rarely used, model states 
increases performance efficiency by limiting the state siZe. 
Optimal values of K and M depend on application speci?cs 
and siZe of controlled user group. 

[0116] The transition matrix adjustment process occurs at 
the end of the ?rst collection frame 410, at Which time the 
frequency matrix F represents state transitions: 












