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DATA CHANNEL ADAPTATION FOR MOBILE APPLICATIONS

Field of the Invention

[0001] Embodiments of the invention generally relate to information technology, and,

more particularly, to mobile communication.

Background

[0002] Mobile devices such as smart phones and tablets can typically communicate data
using both Wi-Fi and cellular networks. Wi-Fi networks can include, for example,
wireless local area networks (LANs) or Worldwide Interoperability for Microwave
Access (WiMax), and cellular networks can include, for example, general packet radio
service {GPRS} or third generation (3G) technology. Bluetooth technology can also be
used. Additionally, some devices support multiple subscriber identity modules (SIMs),

and therefore have multiple cellular network channels available for communication.

[0003] However, communication channels are not equal in terms of parameters such as
availability, cost and quality. For example, Wi-Fi networks are available only in hot
spots (that is, such networks are not seamless), they are often free to use (though may
have access controls), and the quality is variable. In contrast, cellular networks have
widespread availability (that is, such networks are mostly seamless), they incur monetary

charges (varying from prepaid to plan-based), and the quality is technology-dependent.

[0004] Service providers can offer a variety of plans from which users can choose. For
instance, plans can include usage charges that vary with location and time, pay-as-you-go
plans, and unlimited usage plans for a fixed amount at a given bandwidth. Devices
hosting multiple SIMs can additionally offer users an option to choose data plans on a

per-application basis.
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[0005] However, exclusively using one channel (either Wi-Fi or the cell network) for all
applications might not be the most advantageous option for a user. Different applications
have different quality of service (QoS) requirements, and depending on the current
location and anticipated user movements (referred to herein as presence), it may be
advantageous to use a pervasive charge-incurring cell network over a free Wi-Fi network
that has variable signal strength and limited coverage. Further, the cost incurred by a

user will likely vary with the data communication plan he/she uses.

Summary

[0006] In one aspect of the present invention, techniques for data channel adaptation for
mobile applications are provided. An exemplary computer-implemented method for
automatically selecting a data channel for a mobile application can include steps of
determining user presence information based on tracking of user movement patterns,
wherein presence is a user’s characteristic location in a given time period, determining at
least one connectivity characteristic in each of multiple data channels available to the
user for running a mobile device application based on the user presence information,
comparing the multiple data channels based on the at least one connectivity characteristic
in each data channel in connection with priority specified by the user and/or at least one
requirement of the mobile device application, and automatically selecting the data
channel for running the mobile device application to maximize utility based on priority of

the application and/or the at least one requirement of the mobile device application.

[0007] Another aspect of the invention includes a system for automatically selecting a
data channel for a mobile application, which includes a memory, at least one processor
coupled to the memory, and distinct software modules, each distinct software module
being embodied on a tangible computer-readable medium and executing on the at least

one processor. The distinct software modules include:
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a presence determining module, which interacts with a global positioning system
component and/or a cell tower identifier component to determine user presence
information, wherein presence is a user’s characteristic location in a given time period;

an application monitoring module, which determines at least one requirement of a
mobile device application;

a channel monitoring and metering module, which determines at least one
connectivity characteristic of multiple data channels available to the user for running the
mobile device application based on the user presence information; and

a data channel selection module, which automatically selects the data channel for
running the mobile device application that maximizes utility based on comparison of the
at least one connectivity characteristic in each data channel in connection with priority

specified by the user and/or at least one requirement of the mobile device application.

[0008] Another aspect of the invention or elements thereof can be implemented in the
form of an article of manufacture tangibly embodying computer readable instructions
which, when implemented, cause a computer to carry out a plurality of method steps, as
described herein. Furthermore, another aspect of the invention or elements thereof can be
implemented in the form of an apparatus including a memory and at least one processor
that is coupled to the memory and operative to perform noted method steps. Yet further,
another aspect of the invention or elements thereof can be implemented in the form of
means for carrying out the method steps described herein, or elements thereof; the means
can include (i) hardware module(s), (ii) software module(s), or (iii) a combination of
hardware and software modules; any of (i)-(ii1) implement the specific techniques set
forth herein, and the software modules are stored in a tangible computer-readable storage

medium (or multiple such media).
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[0009] These and other objects, features and advantages of the present invention will
become apparent from the following detailed description of illustrative embodiments

thereof, which is to be read in connection with the accompanying drawings.

Brief Description of the Drawings

[0010] FIG. 1 is a diagram illustrating system architecture, according to an embodiment

of the present invention;

[0011] FIG. 2 is a diagram illustrating a channel selector and multiplexer component,

according to an embodiment of the invention;

[0012] FIG. 3 is a flow diagram illustrating techniques for automatically selecting a data

channel for a mobile application, according to an embodiment of the invention; and

[0013] FIG. 4 is a system diagram of an exemplary computer system on which at least

one embodiment of the invention can be implemented.

Detailed Description

[0014] As described herein, an aspect of the present invention includes providing data
channel adaptation for mobile applications based on user context and telecommunications
(telecom) plans. For example, at least one embodiment of the invention includes
intelligent data communication channel selection for applications running on a mobile
device based on user context and telecom plan characteristics. A mobile device senses
and learns contexts through in-built and/or configured sensors, and can automatically
select channels on a per-application basis in a way that is transparent to a user and/or

application developer.
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[0015] Additionally, at least one embodiment of the invention includes a mechanism (for
example, a component included as part of mobile device operating system (OS)) that
learns user presence. Presence is defined herein as a user’s characteristic location in a
given time period (for example, averaged over a long term). By way of example, user
presence can be determined using the mobile device’s global positioning system (GPS),
and/or cell tower identifier (ID) information. Additionally, the mobile device can
associate a user's presence region with the availability of data communication channels.
Also, at least one embodiment of the invention can incorporate user location, current
time, network signal strengths, learned common user movements, and network channel

usage.

[0016] Further, as detailed herein, at least one embodiment of the invention includes
incorporating a user’s telecom plan and usage information by, for example, monitoring
and metering usage of telecom data channels. Network conditions and user context can
be monitored and determinations can be made as to whether changes will occur in the
near future by examining the user’s long-term presence data. Additionally, an aspect of
the invention can include learning usage characteristics of different applications. For
instance, the typical length of an application session can be used to assist in determining

the most appropriate channel for that application.

[0017] In at least one embodiment of the invention, a cost/benefit utility function can be
applied to determine the communication channel to use (among the available Wi-Fi and
cellular network options) at a given time or in connection with a given application to

maximize utility based on user priorities.

[0018] Selecting a suitable data communication channel for every application running on
a mobile device can be based, for example, on the quality of service (QoS) requirements

of the applications, the user’s context and probabilistic presence, and the financial cost of
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available telecom network data plans. As noted, in existing approaches, the user must
manually switch to a desired network based upon his/her perception, which may not be
very accurate and often presents a cumbersome process for a user. Accordingly, at least
one embodiment of the invention provides automated mobile data communication

channel adaptation.

[0019] As noted, an aspect of the invention can include using long-term presence and
current context of a user to intelligently select data communication channels. This aids in
ensuring long-lived application sessions irrespective of context changes. Parameters that
can be considered can include, for example, current user location, current time, signal
strengths of available cellular and Wi-Fi networks, learned user movements, and usage

patterns of network channels.

[0020] Additionally, as noted, at least one embodiment of the invention includes
incorporating telecom data plan characteristics to determine what channel to use in what
context so that the user incurs minimal cost. A user can have multiple data channels and
corresponding plans (and costs) for each channel. Also, each plan may have a fixed free
usage limit and subsequent paid usage above that limit. Moreover, the rate of charge may
vary from one channel to other channels. Further, channel characteristics can also vary in
terms of bandwidth available, jitter, etc. Accordingly, such parameters are taken into
account together with application requirements to determine the most appropriate channel

for an application.

[0021] At least one embodiment of the invention also includes learning usage
characteristics of different applications and using that information to aid in selecting the
most appropriate channel for each application. For example, application usage can be
monitored over time to learn how the application utilizes the network. By way of

example, it can be monitored and learned whether the application requires long
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uninterrupted sessions to provide adequate QoS, whether the communication pattern of
the application is bursty, etc. QoS requirements of an application can be matched with

channel capabilities.

[0022] As such, the techniques detailed herein facilitate each application using the
network channel that delivers the most benefit, which can manifest itself in the form of,

for example, QoS, connection continuity, battery usage optimization, etc.

[0023] FIG. 1 is a diagram illustrating system architecture, according to an embodiment
of the present invention. By way of illustration, FIG. 1 depicts applications 102, a mobile
operating system (OS) 104 and a physical network 110. The mobile OS 104 includes a
network socket creation component 106 and a channel selector and multiplexer

component 108, and the physical network 110 includes the available channels 112.

[0024] FIG. 1 is an example representation of a layered network protocol stack. Data
flows into and out of applications 102 through network sockets (one per application) that
are managed by the mobile OS 104. At least one embodiment of the invention includes
incorporating another module or layer just above the physical layer. A data packet that
reaches this layer has already been tagged with a flow identifier (indicating the
application class to which it belongs). Using this flow identifier and the channel selection
criteria built up in its database, the channel selector and multiplexer module 108
determines which physical channel (Wi-Fi, cellular network, bluetooth, etc.) through
which to send the packet. This operation is to be performed only in the context of data
outflow. Inflow is handled using the regular data communication procedure with the

channel selector and multiplexor module 108 not playing any role.
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[0025] In connection with use of the channel selector multiplexer component 108, each
channel can have its own corresponding interface, and the component 108 computes a

function such that <application> > <interface>, and forwards a packet to <interface>.

[0026] FIG. 2 is a diagram illustrating the channel selector and multiplexer component
108, according to an embodiment of the invention. By way of illustration, the channel
selector and multiplexer component 108 includes a channel selection module 206, an
application monitoring module 208, a presence determining engine 210, a channel
monitoring and metering module 212, and a database 204. As depicted in FIG. 2, a user
202 can input information such as telecom plan details, application requirements and
policies to the database 204. Also, the application monitoring module 208 monitors
applications 102 to gather behavior information and provides the information to the
channel selection module 206, while the channel monitoring and metering module 212
monitors the quality of the available channels 112 and provides information to the
channel selector module 206. Additionally, the presence determination engine 210
monitors user location using a GPS device 214 and/or signals from a cell tower 1D
component 216 and provides information to the channel selector module 206. Further,

the channel selection module 206 can provide information to the database 204.

[0027] As illustrated in FIG. 2, the channel selection module 206 is the recipient of
periodic updates from each of the information gathering modules (that is, modules 208,
210 and 212). Also, the database 204 stores both the user’s preferences and periodic
computations and revisions made by the channel selection module 206 based on

information receives from the information gathering modules.

[0028] In at least one embodiment of the invention, one or more prerequisites for channel
selection may exist. By way of example, characteristics of each application (app) can be

determined or set. Such application characteristics can include, for instance, quality of
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service requirements, including upper and lower limits. Another application characteristic
can include continuous network connectivity requirements, which includes a
determination as to whether the app will tolerate connectivity breaks. Yet another
application characteristic can include priority of an application, which can be set by a

uscr.

[0029] Additionally, characteristics of network channels can be determined or set. Such
characteristics can include, for example, cost of usage and/or telecom plan, maximum
and minimum bandwidth available, and connectivity/coverage over a geographical area.
Further, application developers and users can specify policies that reflect an importance
of one or more characteristics attached to an application, such as the cost of using a cell

network, quality of service, tolerating temporary connectivity breaks, etc.

[0030] As also described herein, an aspect of the invention includes presence
determination and usage. As noted, presence is used herein to refer to a user’s
characteristic location in a given time period. At least one embodiment of the invention
includes building a table of characteristic user locations in fixed-size time slots. Further,
at least one embodiment of the invention includes predicting a user’s movements based
on recorded user movements learnt over time. Additionally, data channel coverage
information can be appended to presence regions. For example, presence table entries
can correspond to a fixed time period (a week divided into two-hour slots, etc.) and can

contain locations and available data channels with signal strengths in that time period.

[0031] In collecting presence information, at least one embodiment of the invention can
include determining location information using GPS or cell tower-id information, and
tracking user movements through GPS logged along with corresponding times and

observed network signal strengths.
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[0032] By way of example, presence information can be used for predicting whether a
Wi-Fi connection will be available in an upcoming time period. In such an example
situation, a costly GPRS mechanism can be chosen, for instance, over Wi-Fi if a long-
lived connection is to be required. Similarly, if multiple SIMs are hosted by a device,

coverage of two different networks can also be compared.

[0033] At least one embodiment of the invention additionally includes network
monitoring, wherein each data channel can be monitored and current signal strength and
available bandwidth can be recorded. Further, usage of available telecom/cellular
network channels can be monitored, a wrapper can be created over the network send call,
and usage of each channel can be recorded in the operating system logs. The purpose of
the wrapper is to overload/enhance the existing “send” system call (or function) to (i)
monitor, and (ii) record/log characteristics of the channel usage in addition to the basic
task of sending data (which is performed by the existing “send” call/function). Also, an
application can be monitored to observe and record the time duration of each application
session over the available data communication channels. This can involve, for example,

monitoring open and close network calls.

[0034] In connection with the channel selection module (component 208 in FIG. 2), an
aspect of the invention includes a channel selection algorithm to be applied to each
application. Accordingly, for each network channel, a utility function set {f;, f2, ..., fu} is
generated. FEach function is a measure of the value (on a 0-1 scale) that the channel
provides on a given characteristic. For example: f; represents cost; f;(free Wi-Fi) = 1,
J12G) > f1(3G); Wi-Fi is free, and a 3G connection is costly. In a separate example: f>
represents QoS satisfaction; f,(4G) > fo(WiFi) > f2(2G). In yet another example: f;
represents connection continuity; f3(2G) > f3(WiFi), and f3(3G) > f3(WiFi), modulo

current context.

10
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[0035] At least one embodiment of the invention includes generating weights

(representing priorities) for each characteristic {w;, wy,..., w,}, and computing the

weighted utility such as, for example, Z wifi Accordingly, the network channel with
i=1

the highest weighted utility is selected. Additionally, in at least one embodiment of the
invention, the channel selection algorithm is run at periodic intervals in the channel

selection module 208 that is part of the mobile device operating system.

[0036] By way of illustration, consider the following example use cases. One example
use case aims to minimize a subscriber’s phone bill on average. Accordingly, an
application can be written that will take a user’s post paid plan details as input and
dynamically control the channel selection policy (by configuring the weighted functions).
Another example use case aims to improve reliability of connectivity-dependent
applications (such as large file downloads) in the face of mobility. Accordingly, a
learning module can keep track of characteristic user locations and movements, the
wireless networks associated with those locations, and the coverage limits of those
networks. Targeted applications will switch to using ubiquitous cellular networks instead

of Wi-I'i as and when necessary.

[0037] FIG. 3 is a flow diagram illustrating techniques for automatically selecting a data
channel for a mobile application, according to an embodiment of the present invention.
Step 302 includes determining user presence information based on tracking of user
movement patterns, wherein presence is a user’s characteristic location in a given time
period. Determining user presence information comprises using a global positioning
system (GPS) on the user’s mobile device and/or using cell tower identifier (ID)

information.

11
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[0038] Step 304 includes determining at least one connectivity characteristic of multiple
data channels available to the user for running a mobile device application based on the
user presence information. As detailed herein, the data channels can include Wi-Fi and at
least one cellular network. Additionally, characteristics of data channels can include, for
example, cost of usage, maximum and minimum available bandwidth, and/or coverage

over a geographical area, and/or jitter.

[0039] Step 306 includes comparing the multiple data channels based on the at least one
connectivity characteristic in each data channel in connection with priority specified by
the user and/or at least one requirement of the mobile device application. Step 308
includes automatically selecting the data channel for running the mobile device
application to maximize utility based on the application’s priority and/or the at least one
requirement of the mobile device application. Selecting the data channel serves the
purpose of minimizing the overall cost of using the mobile device for data

communication.

[0040] The techniques depicted in FIG. 3 can also include learning at least one usage
characteristic of the mobile device application. Usage characteristics can include, for
example, duration of an application session, a quality of service requirement, and/or a
network connectivity requirement. Additionally, at least one embodiment of the invention
includes incorporating at least one characteristic of a telecom data plan of the user. The
telecom data plan of the user can provide information pertaining to data channels

available to the user and a corresponding cost for each data channel.

[0041] Further, the techniques depicted in FIG. 3 can include incorporating an
application developer policy and/or a user-specified policy pertaining to priority of one or
more application characteristics. Also, as described herein, a user’s movements can be

predicted based on user presence information learned over time.

12
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[0042] The techniques depicted in FIG. 3 can also, as described herein, include providing
a system, wherein the system includes distinct software modules, each of the distinct
software modules being embodied on a tangible computer-readable recordable storage
medium. All of the modules (or any subset thereof) can be on the same medium, or each
can be on a different medium, for example. The modules can include any or all of the
components shown in the figures and/or described herein. In an aspect of the invention,
the modules can run, for example, on a hardware processor. The method steps can then
be carried out using the distinct software modules of the system, as described above,
executing on a hardware processor. Further, a computer program product can include a
tangible computer-readable recordable storage medium with code adapted to be executed
to carry out at least one method step described herein, including the provision of the

system with the distinct software modules.

[0043] Additionally, the techniques depicted in FIG. 3 can be implemented via a
computer program product that can include computer useable program code that is stored
in a computer readable storage medium in a data processing system, and wherein the
computer useable program code was downloaded over a network from a remote data
processing system. Also, in an aspect of the invention, the computer program product
can include computer useable program code that is stored in a computer readable storage
medium in a server data processing system, and wherein the computer useable program
code is downloaded over a network to a remote data processing system for use in a

computer readable storage medium with the remote system.

[0044] As will be appreciated by one skilled in the art, aspects of the present invention
may be embodied as a system, method or computer program product. Accordingly,
aspects of the present invention may take the form of an entirely hardware embodiment,

an entirely software embodiment (including firmware, resident software, micro-code,

13
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etc.) or an embodiment combining software and hardware aspects that may all generally

kN3

be referred to herein as a “circuit,” “module” or “system.” Furthermore, aspects of the
present invention may take the form of a computer program product embodied in a

computer readable medium having computer readable program code embodied thereon.

[0045] An aspect of the invention or elements thereof can be implemented in the form of
an apparatus including a memory and at least one processor that is coupled to the

memory and operative to perform exemplary method steps.

[0046] Additionally, an aspect of the present invention can make use of software running
on a general purpose computer or workstation. With reference to FIG. 4, such an
implementation might employ, for example, a processor 402, a memory 404, and an
input/output interface formed, for example, by a display 406 and a keyboard 408. The
term “processor’ as used herein is intended to include any processing device, such as, for
example, one that includes a CPU (central processing unit) and/or other forms of
processing circuitry. Further, the term “processor’” may refer to more than one individual
processor. The term “memory” is intended to include memory associated with a
processor or CPU, such as, for example, RAM (random access memory), ROM (read
only memory), a fixed memory device (for example, hard drive), a removable memory
device (for example, diskette), a flash memory and the like. In addition, the phrase
“input/output interface” as used herein, is intended to include, for example, a mechanism
for inputting data to the processing unit (for example, mouse), and a mechanism for
providing results associated with the processing unit (for example, printer). The
processor 402, memory 404, and input/output interface such as display 406 and keyboard
408 can be interconnected, for example, via bus 410 as part of a data processing unit 412.
Suitable interconnections, for example via bus 410, can also be provided to a network

interface 414, such as a network card, which can be provided to interface with a computer

14
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network, and to a media interface 416, such as a diskette or CD-ROM drive, which can

be provided to interface with media 418.

[0047] Accordingly, computer software including instructions or code for performing the
methodologies of the invention, as described herein, may be stored in associated memory
devices (for example, ROM, fixed or removable memory) and, when ready to be utilized,
loaded in part or in whole (for example, into RAM) and implemented by a CPU. Such
software could include, but is not limited to, firmware, resident software, microcode, and

the like.

[0048] A data processing system suitable for storing and/or executing program code will
include at least one processor 402 coupled directly or indirectly to memory elements 404
through a system bus 410. The memory elements can include local memory employed
during actual implementation of the program code, bulk storage, and cache memories
which provide temporary storage of at least some program code in order to reduce the

number of times code must be retrieved from bulk storage during implementation.

[0049] Input/output or I/O devices (including but not limited to keyboards 408, displays
406, pointing devices, and the like) can be coupled to the system either directly (such as

via bus 410) or through intervening 1/O controllers (omitted for clarity).

[0050] Network adapters such as network interface 414 may also be coupled to the
system to enable the data processing system to become coupled to other data processing
systems or remote printers or storage devices through intervening private or public
networks. Modems, cable modem and Ethernet cards are just a few of the currently

available types of network adapters.

15
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[0051] As used herein, including the claims, a “server” includes a physical data
processing system (for example, system 412 as shown in FIG. 4) running a server
program. It will be understood that such a physical server may or may not include a

display and keyboard.

[0052] As noted, aspects of the present invention may take the form of a computer
program product embodied in a computer readable medium having computer readable
program code embodied thereon. Also, any combination of computer readable media
may be utilized. The computer readable medium may be a computer readable signal
medium or a computer readable storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list) of the computer readable
storage medium would include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc read-only memory (CD-ROM),
an optical storage device, a magnetic storage device, or any suitable combination of the
foregoing. In the context of this document, a computer readable storage medium may be
any tangible medium that can contain, or store a program for use by or in connection with

an instruction execution system, apparatus, or device.

[0053] A computer readable signal medium may include a propagated data signal with
computer readable program code embodied therein, for example, in baseband or as part
of a carrier wave. Such a propagated signal may take any of a variety of forms,
including, but not limited to, electro-magnetic, optical, or any suitable combination
thereof. A computer readable signal medium may be any computer readable medium that

is not a computer readable storage medium and that can communicate, propagate, or

16
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transport a program for use by or in connection with an instruction execution system,

apparatus, or device.

[0054] Program code embodied on a computer readable medium may be transmitted
using an appropriate medium, including but not limited to wireless, wireline, optical fiber

cable, RF, etc., or any suitable combination of the foregoing.

[0055] Computer program code for carrying out operations for aspects of the present
invention may be written in any combination of at least one programming language,
including an object oriented programming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languages, such as the "C" programming
language or similar programming languages. The program code may execute entirely on
the user's computer, partly on the user's computer, as a stand-alone software package,
partly on the user's computer and partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote computer may be connected to the
user's computer through any type of network, including a local area network (ILAN) or a
wide area network (WAN), or the connection may be made to an external computer (for

example, through the Internet using an Internet Service Provider).

[0056] Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer
program products according to embodiments of the invention. It will be understood that
each block of the flowchart illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams, can be implemented by
computer program instructions. These computer program instructions may be provided to
a processor of a general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a machine, such that the instructions,

which execute via the processor of the computer or other programmable data processing
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apparatus, create means for implementing the functions/acts specified in the flowchart

and/or block diagram block or blocks.

[0057] These computer program instructions may also be stored in a computer readable
medium that can direct a computer, other programmable data processing apparatus, or
other devices to function in a particular manner, such that the instructions stored in the
computer readable medium produce an article of manufacture including instructions
which implement the function/act specified in the flowchart and/or block diagram block
or blocks. Accordingly, an aspect of the invention includes an article of manufacture
tangibly embodying computer readable instructions which, when implemented, cause a

computer to carry out a plurality of method steps as described herein.

[0058] The computer program instructions may also be loaded onto a computer, other
programmable data processing apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other devices to
produce a computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

[0059] The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present invention.
In this regard, each block in the flowchart or block diagrams may represent a module,
component, segment, or portion of code, which comprises at least one executable
instruction for implementing the specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted in the block may occur out of
the order noted in the figures. For example, two blocks shown in succession may, in fact,

be executed substantially concurrently, or the blocks may sometimes be executed in the
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reverse order, depending upon the functionality involved. It will also be noted that each
block of the block diagrams and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions or acts, or combinations of

special purpose hardware and computer instructions.

[0060] It should be noted that any of the methods described herein can include an
additional step of providing a system comprising distinct software modules embodied on
a computer readable storage medium; the modules can include, for example, any or all of
the components detailed herein. The method steps can then be carried out using the
distinct software modules and/or sub-modules of the system, as described above,
executing on a hardware processor 402. Further, a computer program product can include
a computer-readable storage medium with code adapted to be implemented to carry out at
least one method step described herein, including the provision of the system with the

distinct software modules.

[0061] In any case, it should be understood that the components illustrated herein may be
implemented in various forms of hardware, software, or combinations thereof, for
example, application specific integrated circuit(s) (ASICS), functional circuitry, an
appropriately programmed general purpose digital computer with associated memory,
and the like. Given the teachings of the invention provided herein, one of ordinary skill in
the related art will be able to contemplate other implementations of the components of the

invention.

[0062] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms “a,” “an” and “the” are intended to include the plural forms as well, unless

the context clearly indicates otherwise. It will be further understood that the terms
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“comprises” and/or “comprising,” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not
preclude the presence or addition of another feature, integer, step, operation, element,

component, and/or group thereof.

[0063] The corresponding structures, materials, acts, and equivalents of all means or step
plus function elements in the claims below are intended to include any structure, material,
or act for performing the function in combination with other claimed elements as

specifically claimed.

[0064] At least one aspect of the present invention may provide a beneficial effect such
as, for example, using long-term presence and current context of a user to intelligently

select data communication channels.

[0065] The descriptions of the various embodiments of the present invention have been
presented for purposes of illustration, but are not intended to be exhaustive or limited to
the embodiments disclosed. Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope and spirit of the described
embodiments. The terminology used herein was chosen to best explain the principles of
the embodiments, the practical application or technical improvement over technologies
found in the marketplace, or to enable others of ordinary skill in the art to understand the

embodiments disclosed herein.
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Claims
What is claimed is:

1. A method for automatically selecting a data channel for a mobile device
application, the method comprising:

determining user presence information based on tracking of user movement
patterns, wherein presence is a user’s characteristic location in a given time period;

determining at least one connectivity characteristic in each of multiple data
channels available to the user for running a mobile device application based on the user
presence information;

comparing the multiple data channels based on the at least one connectivity
characteristic in each data channel in connection with priority specified by the user and/or
at least one requirement of the mobile device application; and

automatically selecting the data channel for running the mobile device application
to maximize utility based on priority of the application and/or the at least one requirement
of the mobile device application;

wherein at least one of the steps is carried out by a computer device.

2. The method of claim 1, wherein determining user presence information

comprises using a global positioning system (GPS) on the user’s mobile device.

3. The method of claim 1, wherein determining user presence information

comprises using cell tower identifier (ID) information.

4. The method of claim 1, wherein the data channels comprise Wi-Fi and at

least one cellular network.
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5. The method of claim 1, wherein the at least one connectivity characteristic
of multiple data channels comprises cost of usage, maximum and minimum available

bandwidth, and/or coverage over a geographical area, and/or jitter.

6. The method of claim 1, wherein said automatically selecting the data
channel comprises minimizing the overall cost of using the mobile device for data

communication.

1. The method of claim 1, comprising learning at least one usage

characteristic of the mobile device application.

8. The method of claim 7, wherein the at least one usage characteristic
comprises duration of an application session, a quality of service requirement, and/or a

network connectivity requirement.

9. The method of claim 1, wherein said automatically selecting is further

based on at least one characteristic of a telecom data plan of the user.

10. The method of claim 9, wherein the telecom data plan of the user provides
information pertaining to data channels available to the user and a corresponding cost for

each data channel.

11. The method of claim 1, wherein said automatically selecting is further
based on an application developer policy and/or a user-specified policy pertaining to

priority of one or more application characteristics.

12. The method of claim 1, comprising predicting the user’s movements based

on user presence information learned over time.
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13. An article of manufacture comprising a computer readable storage
medium having computer readable instructions tangibly embodied thereon which, when
implemented, cause a computer to carry out a plurality of method steps comprising:

determining user presence information based on tracking of user movement
patterns, wherein presence is a user’s characteristic location in a given time period;

determining at least one connectivity characteristic in each of multiple data
channels available to the user for running a mobile device application based on the user
presence information;

comparing the multiple data channels based on the at least one connectivity
characteristic in each data channel in connection with priority specified by the user and/or
at least one requirement of the mobile device application; and

automatically selecting the data channel for running the mobile device application
to maximize utility based on priority of the application and/or the at least one requirement

of the mobile device application.

14. The article of manufacture of claim 13, wherein determining user presence
information comprises using a global positioning system (GPS) on the user’s mobile

device.

15. The article of manufacture of claim 13, wherein the data channels

comprise Wi-Fi and at least one cellular network.

16. The article of manufacture of claim 13, wherein the at least one
connectivity characteristic of multiple data channels comprises cost of usage, maximum
and minimum available bandwidth, and/or coverage over a geographical area, and/or

jitter.
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17. The article of manufacture of claim 13, wherein the method steps

comprise learning at least one usage characteristic of the mobile device application.

18. The article of manufacture of claim 13, wherein the method steps

comprise incorporating at least one characteristic of a telecom data plan of the user.

19. A system for automatically selecting a data channel for a mobile device
application, comprising:
at least one distinct software module, each distinct software module being
embodied on a tangible computer-readable medium;
a memory; and
at least one processor coupled to the memory and operative for:
determining user presence information based on tracking of user
movement patterns, wherein presence is a user’s characteristic location in a given time
period;
determining at least one connectivity characteristic in each of multiple
data channels available to the user for running a mobile device application based on the
user presence information;
comparing the multiple data channels based on the at least one
connectivity characteristic in each data channel in connection with priority specified by
the user and/or at least one requirement of the mobile device application; and
automatically selecting the data channel for running the mobile device
application to maximize utility based on priority of the application and/or the at least one

requirement of the mobile device application.

20. A system for automatically selecting a data channel for a mobile device
application, comprising:

a memory;
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at least one processor coupled to the memory; and

distinct software modules, each distinct software module being embodied on a
tangible computer-readable medium and executing on the at least one processor, the
distinct software modules comprising:

a presence determining module, which interacts with a global positioning
system component and/or a cell tower identifier component to determine user presence
information, wherein presence is a user’s characteristic location in a given time period;

an application monitoring module, which determines at least one
requirement of a mobile device application;

a channel monitoring and metering module, which determines at least one
connectivity characteristic of multiple data channels available to the user for running the
mobile device application based on the user presence information; and

a data channel selection module, which automatically selects the data
channel for running the mobile device application that maximizes utility based on
comparison of the at least one connectivity characteristic in each data channel in
connection with priority specified by the user and/or at least one requirement of the

mobile device application.
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FIG. 3

DETERMINE USER PRESENCE INFORMATION BASED
ON TRACKING OF USER MOVEMENT PATTERNS,
WHEREIN PRESENCE IS A USER'S CHARACTERISTIC
LOCATION IN A GIVEN TIME PERIOD

~ 302

DETERMINE AT LEAST ONE CHARACTERISTIC IN EACH
OF MULTIPLE DATA CHANNELS AVAILABLE TO THE
USER FOR RUNNING A MOBILE DEVICE APPLICATION
BASED ON THE USER PRESENCE INFORMATION

- 504

COMPARE THE MULTIPLE DATA CHANNELS BASED ON

THE AT LEAST ONE CHARACTERISTIC IN EACH DATA

CHANNEL IN CONNECTION WITH PRIORITY SPECIFIED [ 306

BY THE USER AND/OR AT LEAST ONE REQUIREMENT
OF THE MOBILE DEVICE APPLICATION

AUTOMATICALLY SELECTING THE DATA CHANNEL
FOR RUNNING THE MOBILE DEVICE APPLICATION TO
MAXIMIZE UTILITY BASED ON PRIORITY OF THE | 308
APPLICATION AND/OR THE AT LEAST ONE
REQUIREMENT OF THE MOBILE DEVICE APPLICATION
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