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1
COMMUNICATION CHANNEL SELECTION
AND USE

FIELD

The present invention is related to communicating infor-
mation including data over one or more selected network
channels.

BACKGROUND

Communication devices capable of communicating over a
number of different communication links or channels are
available. For example, personal computers are capable of
conpecting to communication servers or other endpoints
using wired Ethernet connections, Wi-Fi or other wireless
Ethernet or other protocols, the public switched telephony
network (PSTN), including via common telephone lines and
high speed digital subscriber line (DSL) connections, high
speed cable network connections, and hybrid connections, for
example, using connections established over the PSTN for
requesting and uploading data and using connections estab-
lished over a satellite based network for downloading data.
While desktop computers and other devices used at fixed
Jocations typically select one available communication chan-
nel to support communications with other devices, mobile
devices may use different communication channels at differ-
ent times and locations. In addition, a communication device
may use different communication channels in support of dif-
ferent applications. For example, a personal digital assistant
or handheld computer might use a first network to support
realtime voice communications, a second network for email
and instant messaging communications, and a third network
for Internet browsing,.

Portable or mobile telephones, such as cellular telephones,
are in widespread use. Many portable telephones are capable
of using different communication channels at different times
and/or locations. For example, such devices may support
analog and digital realtime voice communications, but will
only use an analog channel for a communication when the
primary digital channel is unavailable. Similarly, phones that
support different digital communication protocols available
in different geographic regions are available. Wireless com-
munication providers have also developed systems for pro-
viding network coverage in areas that are otherwise poorly
served. For example, so-called nano cell and femto cell
devices for providing wireless network coverage in office
buildings or homes are now available. These systems provide
an alternative to macro cells, and are particularly useful in
areas where coverage from such macro cells is poor or non-
existent.

As use of mobile telephones has become more common,
many consumers have abandoned the use of landline tele-
phones. However, the exclusive use of mobile telephones can
result in increased costs and decreased service levels for the
user. In response to the demand for a single device that can
provide portability, high quality, and the ability to access low
cost networks, devices have been developed that can achieve
fixed mobile convergence (FMC), or the connection of a
mobile telephone to a fixed network infrastructure. Devices
capable of providing FMC typically are used on the long
range cellular network when the user desires or requires port-
ability, and the fixed network infrastructure when a low cost,
high speed and/or high quality connection is desired. For
example, a device might provide support for 3G cellular
network service for the convenience of connecting to a cel-
lular network, and support for Wi-Fi or Bluetooth connec-
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tions for connecting to the fixed network infrastructure
through a wireless access point (WAP).

Where multiple communication links are available to a
communication device, systems have been described that
allow the communication device to make a logical choice
from among the available communication channels. For
example, U.S. Pat. Nos. 6,122,514 and 6,516,192, assigned to
the assignee of the present disclosure, provide systems for
selecting an acceptable network channel using application
requirements for the particular channel and channel operating
parameter values. The entire disclosures of U.S. Pat. Nos.
6,122,514 and 6,515,192 are hereby incorporated herein by
reference.

As use of the Internet has become more common, portable
and other devices that allow access to the Internet have also
become more common. However, the connections to the
Internet provided by such devices are often expensive and
slow. As is familiar to any user of the Internet, a typical web
page is made up of a number of component parts. Some of
these components can be of more interest to the user than
others. For example, one or more items of information
returned as part of a request for a web page may comprise
advertising, while one or more other items of information
may contain desired information. In addition, some compo-
nents may comprise a greater amount of data than other
components, and therefore may require longer download
times and/or a greater share of comumunication link resources
than others. As a result, a user may have to wait a relatively
long period of time before being presented with desired con-
tent. Therefore, it would be desirable to provide a system that
could distinguish between different items of information,
and/or allow for different items of information to be retrieved
using different communication links, including using differ-
ent communication links connected to the same target address
or source of content simultaneously.

SUMMARY

Embodiments of the present invention provide for the
selection of a different communication channel or link for
different pieces of information comprising a request for con-
tent. Other embodiments of the present invention also provide
for the simultaneous use of multiple communication channels
or links in connection with obtaining component parts of
requested content.

In accordance with embodiments of the present invention,
a request for selected content produced by or in association
with a communication application running on a first process-
ing platform is directed 1o a request mapper application or
module. The request mapper application, which may be run-
ning on the first processing platform or on a second process-
ing platform, analyzes the request and in particular the com-
ponent parts of the request. As a result of the analysis, each of
the items of information included in the requested content are
characterized. This characterization may include categoriza-
tion or prioritization. The request mapper application informs
a link selection application of the characterization of each of
the items of information. The link selection application
selects an appropriate communication channel or channels
for use in obtaining the items of information. In accordance
with embodiments of the present invention different items of
information may be obtained using different communication
channels. In addition, different items of information can be
obtained over different communication channels simulta-
neously.

In accordance with embodiments of the present invention,
the characterization of items of information can include deter-
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mining a type of content, such as whether the content com-
prises text, graphics, sounds, multimedia or other content.
Metadata suggesting or directing a categorization or prioriti-
zation 1o be applied to one or more items of information can
also be used to provide a characterization of items. Alterna-
tively or in addition, embodiments of the present invention
may characterize items of information based on the nexus or
relevance of each item of information to the requested con-
tent. Accordingly. items of information that are central to the
requested content can be characterized differently than
peripheral or unrelated items.

The link selection application can apply the characteriza-
tion of items of information included in a request for content
in assigning a communication channel for use in obtaining
those items of information. For example, items of information
that are central to the requested content or that have otherwise
been assigned a high priority can be requested from a target
address before peripheral or unrelated items of information
are requested from that address. Alternatively or in addition,
an item of information that is central to the requested content
or that has a high priority can be obtained using a communi-
cation link that is faster and/or more reliable than other com-
munication links. Items of information that are assigned a
lower priority can be obtained after higher priority items of
information and/or using a communication link that is less
expensive than other available links. In addition, the link
selection application can defer obtaining items of content
having a low priority, for example in response to a low battery
status. Accordingly. the state of the comumunication device,
including parameters such as but not limited to battery power,
available memory, and differential network costs, can be
taken under consideration in selecting or scheduling a com-
munication link for use with respect to items of information.
Embodiments of the present invention can also provide mul-
tithreaded operation in which different items of information
associated with a single request for information from a single
target address are obtained over different communication
links simultaneously.

Additional features and advantages of embodiments of the
present invention will become more readily apparent from the
following discussion, particularly when taken together with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram depicting components of a sys-
tem in accordance with embodiments of the present inven-
tion;

FIG. 2 depicts the interrelation of components in an exem-
plary system in accordance with embodiments of the present
invention;

FIG. 3 is a block diagram depicting components of a com-
munication apparatus in accordance with embodiments of the
present invention;

FIG. 4 is a block diagram depicting portions of a commu-
nication apparatus associated with selecting a communica-
tion channel in accordance with embodiments of the present
invention;

FIG. 5 illustrates an example web page and items of infor-
mation included therein; and

FIG. 6 is a flowchart depicting aspects of the operation of a
system in accordance with embodiments of the present inven-
tion.

DETAILED DESCRIPTION

FIG. 1 illustrates components of a system 100 in accor-
dance with embodiments of the present invention. These
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components generally include a communication apparatus
104. In general, the communication apparatus or means for
enabling communications 104 may be operated to request
content containing a plurality of items of information for use
by the communication apparatus 104 or an associated user or
device. The server apparatus 108 operates as the source of the
content and the associated plurality of items of information.
As used herein, requested content is associated with a single
target address 110 that identifies the server apparatus 108. In
addition, cach of the items of information comprising
requested content are also associated with the target address
110 of the server apparatus 108. Requests for content and the
items of information included therein are transmitted from
the communication apparatus 104 to the server apparatus 108
over one or more communication channels or links 112. As
described herein, a particular communication channel 112
may be selected for use in requesting and receiving a particu-
lar item of information. )

A communication apparatus 104 generally comprises a
processor, memory, interfaces and operating software or
instructions capable of supporting different communication
channels 112 and of running applications or modules associ-
ated with the assignment of items of information to selected
communication channels 112 as described herein. Examples
of a communication apparatus 104 include a wircless tele-
phone, such as a cellular telephone, a personal digital assis-
tant (PDA), a handheld computer, a Japtop computer, a desk-
top computer or any other device capable of supporting
requests for information and the delivery of information over
one or more communication channels selected from a plural-
ity of communication channels 112. Moreover, a communi-
cation apparatus 104 can run various operating systems, such
as MICROSOFT WINDOWS, MICROSOFT WINDOWS
MOBILE, various distributions of LINUX, and SYMBIAN,
and can support various runtime environments, such as JAVA
and BREW. A server apparatus 108 in accordance with
embodiments of the present invention may comprise any
source of content or a service comprising items of informa-
tion associated with a target address 110. The server appara-
tus 108 may comprise a number of devices, provided that all
of the included devices are associated with the same target
address 110. The server apparatus 108 is interfaced to a plu-
rality of communication channels 112 that are in turn con-
nected to a communication apparatus 104. Moreover, the
server apparatus 108 is capable of responding to a request for
information and delivering such information to a requesting
communication device 104.

The plurality of communication channels 112 may com-
prise communication channels established over different net-
works and/or using different protocols. Examples of commu-
nication channels 112 include wireline Ethernet connections,
any of the various IEEE 802.11 wireless protocols, cellular
packet data, WIMAX, ultrawide band, Bluetooth, infrared,
video broadcast, digital video broadcast handset (DVBH),
any protocol capable of addressing specific interfaces inde-
pendently of the transport technology, or any wireline or
wireless communication link capable of supporting the
request and delivery of information between a communica-
tion device 104 and a server apparatus 108 at a target address
110. In addition, a communication channel 112 typically,
although not necessarily, is established at least partially
across the Internet.

FIG. 2 is an illustration of a system 100 in accordance with
embodiments of the present invention including a number of
example communication channels 112 capable of supporting
communications between a communication apparatus 104
and a server apparatus 108 associated with a target address
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110. More particularly, FIG. 2 illustrates examples of com-
munication devices or equipment that can provide at least an
initial portion of a communication channel 112 capable of
supporting communications between a communication appa-
ratus 104 and a server or source of information 108 associated
with a target address 110.

As illustrated in FIG. 2, the communication apparatus 104,
which is typically associated with a user 200, may comprise a
portable, hand-held device, such as a cellular telephone,
handheld computer or personal digital assistant (PDA).
Therefore, one example of a communication channel 112 that
can be utilized by the communication apparatus 104 includes
a communication channel 1124 established between the com-
munication apparatus 104 and a cellular telephone network
base station 204. The cellular base station 204 is generally
connected to a cellular carrier network 208, and from there to
the public switched telephony network (PSTN) 216 and/or
the Internet 220. Accordingly, the communication channel
112a may comprise communications between a communica-
tion apparatus 104 and a cellular macro cell, provided as part
of or in connection with a cellular telephony and/or data
network 208.

Another example of a communication channel 112 that
may be utilized by a communication apparatus 104 includes a
communication channel 1125 between the communication
apparatus 104 and a nano or femto cell base station 212. In
general, a nano or femto cell base station 212 is provided to
augment or expand a cellular telephone network’s coverage
within a specific site or geographic area. For example, a nano
or femto cell base station 212 may be deployed within an
office building or a home to provide cellular network cover-
age that might otherwise be unavailable, to improve the qual-
ity of such coverage, or to provide coverage at a lower radio
transmission power. A nano or femto cell base station 212 is
typically interfaced to a cellular carrier network 208 and/or
the public switched telephony network (PSTN) 216 via a
wired connection to the Internet 220. However, other configu-
rations are possible. For example, a nano or femto cell base
station 212 can be interconnected to a cellular carrier network
208, the PSTN 216 and/or the Internet 220 via a wireless relay
channel.

Another example of a communication link that may be
established in connection with a communication apparatus
104 is a wireless Ethernet link such as a Wi-Fi or other link
established in connection with any of the various IEEE
802.11 protocols. Accordingly, such a communication link
112¢ may be established wirelessly between the communica-
tion apparatus 104 and a wireless access point (WAP) or hot
spot 224. In a typical implementation, the wireless access
point 224 is in communication with the Internet 220 over a
wireline connection.

Still another example of a wireless communication link is
a communication link 1124 established according to a short
range wireless protocol, such as the Bluetooth protocol. For
example, a Bluetooth radio provided as part of the commu-
nication apparatus 104 may be in communication with a
Bluetooth radio in another device, such as a personal com-
puter 228. The other device or personal computer 228 is
typically interconnected to the Internet 220 via wireline con-
nections, for example through a switch 230 and a DSL, PSTN
or cable modem 234, or through a wireless connection, such
as a connection to a Wi-Fi hot spot.

Embodiments of the present invention may also make use
of communication links 112 established using wireline con-
nections to the communication apparatus 104. For example, a
universal serial bus (USB) communication channel 112e may
be established between the communication apparatus 104 and
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another device, such as a personal computer 228. The other
device or personal computer 228 may then be interfaced to the
Internet 2290, for example using further wireline connections.

Another example of a wireline connection to a communi-
cation apparatus 104 that can be used to provide a communi-
cation link is a wired Ethernet communication channel 112/
Still another example of a wired connection to a communi-
cation apparatus 104 is a communication channel comprising
a wired plain old telephony system (POTS) or digital sub-
scriber line (DSL) connection 112g between the communi-
cation apparatus 104 and the PSTN 216, which may then
provide access to the Internet 220, for example through an
Internet service provider (ISP).

In addition or as an alternative to supporting different com-
munication channels 112 through interfaces provided directly
by the communication apparatus 104, the communication
apparatus 104 may be associated with a docking station or
other interfacing device 232. In general, a docking station 232
may provide an interconnection to the communication appa-
ratus 104, and access to various communication interfaces,
such as ports for establishing wireline communication links
112, and radios for establishing wireless communication
links 112. According to such embodiments, the docking sta-
tion 232 may be interconnected to the communication appa-
ratus 104 using a proprietary or universal communication
interface.

Accordingly, it can be appreciated that a communication
apparatus 104 can utilize a variety of communication links
112 in order to establish communications with a server device
108 at a target address 110. These different communication
links 112 generally provide different advantages and disad-
vantages. For example, a communication channel 1125
involving a femto cell base station 212 may require less
battery power and provide a higher speed connection at high
reliability but also at a high cost, while a communication
channel 112¢ to a Wi-Fi device 224 may require more battery
power, a comparable speed, but at lower cost. As will become
apparent from the present description, different items of
information requested from a target address 110 by or in
association with the communication apparatus 104 can
advantageously be assigned to different communication
channels 112 according to how the different items of infor-
mation are characterized and according to the different costs
and benefits associated with use of the different communica-
tion channels 112.

A block diagram depicting components of a communica-
tion apparatus 104 in accordance with embodiments of the
present invention is illustrated in FIG. 3. More particularly,
the exemplary communication apparatus 104 depicted in
FIG. 3 comprises a cellular telephone or PDA. However, it
should be appreciated that embodiments of the present inven-
tion are pot limited to use in association with such devices.
The communication apparatus 104 includes a controller 304.
The controller 304 generally provides a processor and
memory for use in association with providing various com-
munication apparatus 104 functions, including a communi-
cation channel sclection function as described herein. In addi-
tion, the controller 304 is interconnected to a number of other
components.

As depicted in the figure, a number of different modules or
services can be provided by the controller 304. These include
a digital baseband module 308 for providing digital radio
services. Examples of such digital radio services include glo-
bal system for mobile communications (GSM), code-division
multiple access (CDMA), evolution data only/optimized
(EVDO), enhanced data rates for global evolution (EDGE)
and high speed download packet access (HSDPA) systems.
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Moreover, the digital baseband module 308 can provide sup-
port for a number of different digital radio services. The
controller 304 can also provide an analog baseband module
312 for providing analog radio services. Examples of such
analog radio services include advanced mobile phone service
(AMPS), and narrowband analog mobile phone service
(NAMPS) systems. The analog baseband module 312 can
provide support for a number of different analog radio ser-
vices. Both the digital baseband module 308 and the analog
baseband module 312 operate in association with a radio
frequency transceiver 316 and antenna 320 to provide one or
more wireless communication links 112 that include the com-
munication apparatus 104 as a communication endpoint.

The controller 304 also operates in association with the
provision of applications and services 324. The applications
and services 324 can include a set of instructions or code, such
as a driver, to provide output to a user 200 through a display
328. For example, the display 328 can be used to display
operating information related to the communication appara-
tus 104 itself, a communication link 112, or content that has
been provided to the communication apparatus 104 from a
server apparatus 108 associated with a target address 110. The
applications and services 324 can also support the provision
of audible information to a user 200 through a speaker or
headphones 332. For example, the speaker 332 can be used to
provide audible information received over a communication
link 112 as part of a telephone call in which the communica-
tion apparatus 104 is functioning as an endpoint. The speaker
332 can also be used to provide audible information, for
example in association with the provision of content that has
been delivered to the communication apparatus 104 from a
server apparatus 108 associated with a target address 110.

The applications and services 324 can also provide func-
tions to support the receipt of information from the user 200.
For example, selections or data made by a user through a
display 328 comprising a touch screen, or through a keypad or
keyboard 336, can be handled by one or more of the applica-
tions or services 324. Moreover, selections or data entered by
a user 200 can include requests for the delivery of content to
the communication apparatus 104. As a further example, the
applications and services 324 can handle the receipt of
audible information from a microphone 340, including
speech provided by a user in connection with voice commu-
nications or commands. Accordingly, it can be appreciated
that embodiments of the present invention allow information
to flow from the communication apparatus 104 to a server
apparatus associated with a target address.

The applications and services 324 can also provide func-
tions in support of communications using various interfaces
or ports 342. These interfaces 342 can include wireline com-
munication ports 344 and wireless communication ports 348.
For example, and without limitation, the applications and
services 324 can provide protocols and signals necessary for
supporting the various communication links 112 that are
established through interfaces 342 associated with one of the
wireline communication ports 344, wireless communication
ports 348, such as USB, Ethernet, Bluetooth, Wi-Fi, and IrDA
and/or through the digital 308 or analog 312 basebands and
the RF transceiver 316. The applications and services 324 can
also operate to support communications, such as data com-
munications performed using the digital 308 or analog 312
baseband and the RF transceiver 316. In general, a commu-
nication link 112 established using a wireless communication
port 348 is distinguished from a communication link 112
established through the RF transceiver 316 in that the wireless
communication port 348 typically supports shorter range,
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lower power communication links 112 only, while the RF
transceiver 316 is usually capable of supporting longer range
communication links 112.

The controller 304 also provides or supports the operation
and execution of applications and services 324 comprising
user applications or modules. In general, these user applica-
tions or modules comprise code or instructions that are stored
in memory on or in association with the controller 304 and
that are executed by the controller 304. The applications 324
can include applications that provide services to the user 200.
Examples of applications 324 include communication appli-
cations, such as an Internet browser or a voice over Internet
protocol (VoIP) telephony application. Other examples of
applications 324 include a request mapper module and a link
selection module as described herein. Still other examples
include user applications, such as productivity or entertain-
ment applications.

As can be appreciated by one of skill in the art, a commu-
nication apparatus 104 can also include various other com-
ponents or features. For example, although the controller 304
typically includes integrated memory, additional memory
356 can be provided. This memory 356 can include solid state
memory that is provided as a removable memory card. Alter-
natively or in addition, the memory 356 can include memory
that is not intended to be removable by the user 200. The
memory 356 can include solid state memory, magnetic stor-
age, such as a hard disk drive, optical storage, or any other
storage device or storage medium in combination with a
reader. In addition, a communication apparatus 104 typically
includes a battery or power supply 360. In particular, a com-
munication apparatus 104 may include a battery 360 or other
source of power, such as a fuel cell, to support mobile or
wireless operation of the communication apparatus 104.

FIG. 4is a functional block diagram depicting components
of a communication apparatus 104 operable in connection
with selecting a communication channel 112 for use in
obtaining items of information in accordance with the
embodiments of the present invention. The depicted compo-
nents include applications and services 324 such as a com-
munication application or Internet browser 404, and a request
mapper module or application 408. Other specific applica-
tions and services 324 that may be provided include a con-
ventional transport layer service module or application 412,
and a conventional network interface service module or appli-
cation 416. As can be appreciated by one of skill in the art, the
transport layer service module 412 can implement any one or
more of the various available protocols, such as the transmis-
sion control protocol (TCP) and the user datagram protocol
(UDP). As can also be appreciated by one of skill in the art, the
network interface service module 416 generally comprises
the Internet protocol portion of the TCP/IP stack formed by
the transport layer service module 412 and the network inter-
face service module 416, and generally operates to address
and frame outgoing packets of data, or to receive incoming
packets of data. Accordingly, the network interface service
module 416 generally comprises a network layer. In addition,
a link selection module or application 420 is provided. A
plurality of communication interfaces 342 support different
communication links 112. The communication apparatus 104
may also include various user applications 424. Although
shown as separate applications or modules, various of the
components can be combined. For example, the request map-
per module or application 408 and/or the link selection mod-
ule or application 420 can be integrated into the communica-
tion application 404.

As can be appreciated by one of skill in the art, a commu-
nication application 404 such as an Internet browser running
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on a communication apparatus 104 can be used as an origi-
nating agent in association with a request for information or
content from a server apparatus 108, and can comprise a
means for collecting content from a target and for generating
alistof items of information included in arequest. As can also
be appreciated by one of skill in the art, most content
requested from Internet websites comprises multiple ele-
ments or items of information. Therefore, in collecting
requested content, multiple requests for the component items
of information are typically made. Some of these items of
information are central to the request for content, and are of
great interest to the user 200. An example of a central item of
information is a body of text comprising the subject of a
requested page of content. Other content is peripheral or
unrelated to the requested content. An example of a peripheral
or an unrelated item of information is an advertisement.

Typically, a request for content is initiated when a user 200
(or an application 324) enters (or provides) a uniform
resource locator (URL) identifying the server apparatus 108.
As can be appreciated by one of skill in the art, as used in this
context, a server apparatus 108 is a source of the requested
content, and is not necessarily a single server or other device.
For example, the server apparatus 108 identified by a uniform
resource locator can comprise a server farm or other collec-
tion of devices. The URL is sent to a domain name server on
the Internet 220 or some other authority in association with a
request message, such as an HTTP “Get” to request a repre-
sentation of the resource comprising the requested content. In
response to a “Get” request addressed using a URL, the
domain name server typically returns an IP address for the
target address 110 of the server apparatus 108. A socket is
then established between the communication apparatus 104
and the target address 110. As can be appreciated by one of
skill in the art, a socket generally comprises a number of
parameters, including a port number and an IP address that
identify the end points of a communication channel 112
established over the Internet.

Once a socket between the communication application 404
and the target address 110 is established, the server 108 at the
target address 110 returns an index or .htm page that repre-
sents the requested content or that comprises a main page that
the server 108 assumes the requestor desires. The basic page
that is returned can comprise a stream of bits representing
hypertext markup language (HTML) code comprising the
requested page or content, The browser application 404
parses this code and creates a list of the individual items of
information that comprise the complete page or content. Each
item of information included in the requested content shares
a common target address 110, but is separately identified
under that target address 110. The communication applica-
tion 404 may then build a document ohject model (DOM)
representing the items of information included in the
requested content. The communication application 404 in a
conventional implementation would then begin sending indi-
vidual requests to the target address 110 in series over a single
communication channel 112 to obtain the items of informa-
tion in series over that single communication channel 112.

An example web page 504 is depicted in FIG. 5. This web
page or collection of content 504 is the subject of a request for
content that has been made by the browser or communication
application 404. The requested page 504 is associated with a
URL 506, which appears in the title bar 508 of the browser
404 window. The page 504 includes a number of items of
information 512 comprising elements 514 of the requested
page 504. Each item of information 512 is associated with its
own identifier. For purposes of illustration, the identifier 516
for each of the different items of information 512 is shown in
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the figure, although it can be appreciated by one of skill in the
art that such identifiers 516 are usually not displayed to a user
200 during normal operation of a browser 404. As is evident
from these example identifiers 516, each one shares a com-
mon root that corresponds to the URL 506, and therefore to
the target address 110 of the origin server apparatus 108.
Accordingly. it can be appreciated that each of the items of
information 512 is identified as an individual collection of
information within the larger collection of content 504 that
has been requested from the target address 110.

A communication application 404 operating convention-
ally would generally send requests for information and
receive the requested information over a single communica-
tion channel 112 in the order in which the items of informa-
tion 512 are listed by the main page or in the DOM. In
contrast, embodiments of the present invention allow differ-
ent items of information to be requested and received over
different communication channels 112. Embodiments of the
present invention also allow the order in which the items of
information are requested and received to be altered accord-
ing to a determined relative priority of the items of informa-
tion included in a content request. In addition, while items of
information are requested and received by a communication
application 404 operating conventionally in series, embodi-
ments of the present invention allow a plurality of items of
information 512 to be obtained by a communication appara-
tus 104 simultaneously, using a plurality of communication
channels 112.

In accordance with embodiments of the present invention,
the ability to assign different items of information 512 to
different communication channels 112, to reorder individual
items of information 512 and/or to simultaneously request
and obtain multiple items of information 512 from a single
target address 110 is enabled by the provision of a request
mapper application or module 408 and a link selection appli-
cation or module 420. The request mapper application or
means for assigning a priority to items of information 408 is
interposed between the communication application 404 and
the communication network interfaces 342. Accordingly, the
request mapper 408 can intercept individual requests for
items of information 512 included in an overall page or col-
lection of content 504, and characterize each of those requests
individually. In accordance with embodiments of the present
invention, this is achieved by providing a port on the request
mapper 408 to which all requests by the communication
application 404 are directed. For example, the request mapper
408 can operate to prioritize or categorize the different items
of information 512 included in the requested content 504 and
represented by individual requests. In addition, the request
mapper 408 can characterize a request for an item of infor-
mation 512 by communication requirements associated with
the request (or the requested information). These communi-
cation requirements can include required communication link
112 parameter values, such as bandwidth, cost of transfer,
power requirement and parameters related to the quality of
the packet transfer, including packet loss, packet latency and
packet jitter. The requirements may also include a security
level requirement. In addition, the communication require-
ments may include a “weighting vector” for each parameter.
The value of the weighting vector can be different for differ-
ent items of information. In general, a weighting vector acts
as an indicator of the weight to be applied to a particular
parameter, in comparison with the weight that is to be given to
other parameters. By way of example, a cost requirement may
be given ten times the weight of a bandwidth requirement,
thereby indicating that, for an associated item of information,
the cost of transmission is to be given significantly greater
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weight in deciding which of the communication channels is to
be selected than is the bandwidth parameter.

The link selection application 420 or means for assigning
communication channels 112 to items of information 512 is
an application or module running on the communication
device 104 or on an associated processing platform. In gen-
eral, the link selection application 420 is provided with a
vector or a set of communication requirements associated
with each request for information by the request mapper
application 308. The link selection application 420 evaluates
the communication requirements and checks the communi-
cation links 112 that are available through the network inter-
faces 342 to determine which of the available communication
links 112 is the most appropriate for the item of information
514 under consideration. The link selection application 420 is
additionally interconnected to the transport layer 412 and
network interface service module 416, and through these
connections can direct the use of different communication
links 112 for different requests for information and the return
of such information to the communication apparatus 104.

As can be appreciated by one of skill in the art, the transport
layer 412 regulates the transfer of information between the
communication application 404 (via the request mapper 408)
and the network layer 416. The transport layer 412 can utilize
available protocols, such as the transmission control protocol
(TCP) and the user datagram protocol (UDP). The network
layer or Internet layer 416 in turn regulates the transfer of
information between the transport layer 316 and the network
interfaces 342. The network interfaces 342 generally provide
the physical link between the communication apparatus 104
and the communication channels 112. In accordance with
embodiments of the present invention, no modifications to
conventional transport layer 412 or network layer 416 com-
ponents are necessary.

The link selection application or module 420 is provided
with information related to the available communication
channels 112 by the network interface service module or layer
416. The provided information can include availability, per-
formance, type, load and other information. In addition, the
link selection application 420 receives information provided
by the request mapper 408 application regarding the indi-
vidual requests for information that have been issued from or
in association with the communication application 404. The
information related to the individual requests for information
can include a characterization of each of those requests pro-
vided by the request mapper application 408.

FIG. 6 is a flowchart illustrating aspects of the operation of
a communication apparatus 104 in accordance with embodi-
ments of the present invention. Initially, at step 604, the
request mapper 408 is in an idle state in which it listens for a
request for content or a request for an item of information 512
from the communication application 404. Typically, the ini-
tial request in a series will be a request for content, such as a
request for an htm! page. Subsequent requests may then com-
prise requests for items of information 512 identified in the
response made by the server apparatus 108 to the initial
request for content. In accordance with embodiments of the
present invention, the communication application 404 is con-
figured to direct all requests for content and information to a
port provided by the request mapper 408. At step 608, a
determination is made as to whether a request for content or
an item of information 512 has been received at the request
mapper 408. If no request for content or item of information
512 is received, the process returns to step 604, and the
request mapper 408 continues to listen for such a request.

If a request for content or an item of information 512 is
detected by the request mapper 408 at step 608, the request

0

20

30

35

45

50

55

65

12

mapper then examines the item of information. In particular,
at step 616, a request for content or an item of information
included in the request for content is considered and charac-
terized. The characterization of the request for content or the
item of information 512 can include classifying, categorizing
and/or prioritizing the request for content or the item of infor-
mation 512. For example, if an item of information 512 com-
prises voice data as part of a realtime transfer protocol (RTP)
or other realtime communication, the item of information
may be characterized as being time sensitive, and categorized
or prioritized as such. As another example, if an item of
information 512 comprises a body of text and the request for
content was determined to be for a body of text, the item of
information may be characterized as being central to the
requested content, and may be categorized or prioritized
appropriately. As a further example, if an item of information
512 is determined to comprise an animated script, and the
request for content made by the browser 404 was fora body of
text, the item of information 512 can be characterized as being
peripheral to the requested content, and appropriately catego-
rized or prioritized. Accordingly, an item of information 512
can be assigned to or indicated as belonging to a particular
item of information 512 type.

Embodiments of the present invention may also use meta-
data to characterize items of information. For example, the
html code that is returned to the communication apparatus
104 as part of a request for content can arrange or present
links or scripts for included items of information 512 accord-
ing to category, or can provide an identification or description
of type. This characterization of the item of information can
then be presented to the link selection application 420 by the
request mapper 408. As a further example, links or scripts
associated with requesting items of information can include
information that identifies the type of information to which
the request pertains or the priority or characterization that
should be applied. A user can also provide input to direct the
request mapper 408 to characterize or treat an item of infor-
mation 512 in a particular way.

The request mapper 408 then determines whether a com-
munication channel 112 to the target address 110 that is
appropriate for the content or the individual item of informa-
tion has already been established (step 620). In particular, the
request mapper 408 determines whether the requested con-
tent or item of information is directed to a new target address
110, or is of a new type or class. If it is to a target address 110
and is associated with a type or class for which a socket has
already been established the request for content or informa-
tion is passed by the request mapper 408 to the transport 412
using the already established socket, and from there down
through the network interface service module 416 to the
communication network interface 342 associated with the
communication channel 112 that has already been established
for the type or class of information to which the item of
information belongs (step 624).

If the request for content or an item of information is of a
new type or class, the request mapper sends a list of commu-
nication requirements to the link selection application 420
(step 628). The list of requirements can be obtained from
metadata or from a table or other store of requirements param-
eters included in the request mapper application 408 or acces-
sible to the request mapper 408. The link selection application
420 compares the communication requirements with the
available communication channels 112, and selects the com-
munication channel 112 that it determines is the most appro-
priate for the assigned item of information type (step 632).
The selection of a communication channel 112 can include a
determination of a status of the communication apparatus



US 8,027,293 B2

13

104. For example, if the communication apparatus 104 is low
on battery power, a communication channel 112 that requires
relatively little battery power may be selected for the item of
information if that item of information 512 has a relatively
high priority. If the item of information 512 has a relatively
low priority, a request for that item of information 512 can be
deferred.

The link selection application 420 then changes the net-
work configuration file or routing table in the network inter-
face service module 416 to cause the request for content or the
item of information to be made over the interface 342 corre-
sponding to the selected communication channel 112, and to
therefore also cause the content or item of information 512 to
be retrieved over the selected communication channel 112
(step 634). The link selection application 420 then notifies the
request mapper application 408 that the selection has been
made (step 636).

Atstep 640, the request mapper application 408 establishes
a path to the target address 110 using the selected communi-
cation channel 112. In accordance with embodiments of the
present invention, the request mapper application 408 estab-
lishes the path by opening a new socket between the request
mapper application 408 and the target address 110 using the
selected communication channel 112. The network interface
service module or layer 416 looks at the target address for the
socket, and checks the routing table to identify the interface
342 that has been assigned an address range that includes the
address of the new socket, and sends the request to the target
address using that interface 342. As can be appreciated by one
of skill in the art after consideration of the present disclosure,
since embodiments of the present invention allow multiple
communication channels 112 to the be established to a single
target address 110, the address for the new socket used by the
routing table to identify the selected communication channel
112 for individual items of information 512 can comprise an
address that includes the single target address 110 as a root
address. Accordingly, the different ranges of addresses
assigned to different interfaces 342 stored in the routing table
can comprise addresses that all share the single target address
110 as the root address. After establishing a selected commu-
nication channel 112 at step 640, or after determining that an
appropriate communication path 112 has already been estab-
lished at step 624, the request for the item of information is
sent over the selected communication path 112 (step 644).
Accordingly, the requested information will be returned over
that same communication path 112. As a result, embodiments
of the present invention allow different items of information
508 associated with or part of a common request for content
504 to be retrieved using different communication channels
112.

Atstep 648, a determination may be made as to whether the
process has been terminated. If the process has not been
terminated, the process returns to step 604.

In addition to selecting a communication channel 112
based on the characterization of a requested item of informa-
tion, embodiments of the present invention are capable of
retrieving different items of information associated with a
common request for content 504 and available from the same
target address 110 simultaneously. For example, while one
item of information containing a relatively large amount of
data and/or that is assigned to a communication channe] 112
associated with a first socket that provides a relatively slow
transfer rate is being delivered to the communication appara-
tus 104, other items of information can be obtained on one or
more other communication channels associated with other
sockets. That is, a plurality of communication channels 110
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connecting a communication apparatus. 104 to a target
address 110 can be operable simultancously.

Although exemplary embodiments of the present invention
have been discussed in connection with execution of instruc-
tions by a processor provided as part of a controller of a
communication apparatus 104, it should be appreciated that
other configurations can be provided. For example, the con-
troller 304 of the communication apparatus 104 may com-
prise a first processing platform, while an associated device
such as a docking or base station 232 and/or a computer 228
can comprise second and/or third processing platforms. In an
arrangement with multiple processing platforms, different
applications or modules (or portions of applications or mod-
ules) may run on different processing platforms. In accor-
dance with still other embodiments of the present invention, a
processing platform may be provided as part of the electron-
ics of a vehicle that are interfaced to a communication appa-
ratus 104, either directly or through a docking station 232.

The foregoing discussion of the invention has been pre-
sented for purposes of illustration and description. Further,
the description is not intended to limit the invention to the
form disclosed herein. Consequently, variations and modifi-
cations commensurate with the above teachings, within the
skill and knowledge of the relevant art, are within the scope of
the present invention. The embodiments described herein-
above are further intended to explain the best mode presently
known of practicing the invention and to enable others skilled
in the art to utilize the invention in such or in other embodi-
ments and with various modifications required by their par-
ticular application or use of the invention. It is intended that
the appended claims be construed to include the alternative
embodiments to the extent permitted by the prior art.

What is claimed is:

1. A communication device, comprising:

a first processing platform;

a communication interface, wherein the communication
interface is configured to support communications over
one or more communication channels;

a communication application running on the first process-
ing platform, wherein the communication application
operates to request selected content that includes a plu-
rality of items of information from a service associated
with a target address;

a request mapper application running on the first process-
ing platform or a second processing platform,
wherein the request mapper operates to observe the plu-

rality of items of information from the service asso-
ciated with the target address and to characterize each
of'the items of information included in the plurality of
items of information, wherein each of the items of
information are part of a first web page, and

a link selection application running on the first processing
platform, the second processing platform, or a third pro-
cessing platform,

wherein the link selection application is informed of the char-
acterization of each of the items of information that are part of
the first web page by the request mapper and based on the
characterization of at Jeast some of the items of information
selects a first one of the communication channels for obtain-
ing at least a first one of the plurality of selected items of
information that are part of the first web page and notifies a
network interface application to use the selected first one of
the communication channels to obtain the first one of the
plurality of items of information that are part of the first web
page, and wherein the link selection application informs the
request mapper to open a socket for the first one of the plu-
rality of items of information that are part of the first web
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page, wherein at least a first script included in scripts
observed by the request mapper includes an indication of
priority, wherein the first script is related to the first item of
information, and wherein the indication of priority is used by
the link selection application in selecting the communication
channel used for obtaining the first item of information.

2. The communication device of claim 1, wherein based on
the characterization of at least some of the items of informa-
tion the link selection application selects a second one of the
communication channels for obtaining at least a second one
of the plurality of selected items of information that are part of
the first web page, and wherein at least some of the first
information and at least some of the second information is
obtained simultaneously.

3. The communication device of claim 2, wherein the first
communication channel establishes a first link between the
communication device and the target address, and wherein
the second communication channel establishes a second link
between the communication device and the target address.

4. The communication device of claim 3, wherein the target
address comprises an Internet Protocol (IP) address.

5. The communication device of claim 3, wherein the first
and second links comprise different sockets established
between the communication device and a target device asso-
ciated with the target address, and wherein the different sock-
ets exist simultaneously.

6. The communication device of claim 2, wherein the first
and second items are received by the communication device
at about the same time, such that at least a portion of the first
item of information is being received by the communication
device using the first communication channel at the same time
at least a portion of the second item of information is being
received by the communication device using the second com-
munication channel.

7. The communication device of claim 2, wherein the first
one of the communication channels comprises a wireless
connection to a macro-cell base station, and wherein the
second one of the communication channels comprises a wire-
less connection to a short-range base station.

8. The communication device of claim 1, wherein the com-
munication application comprises a browser application.

9. The communication device of claim 1, wherein the com-
munication device includes a multiple-mode wireless tele-
phone.

10. The communication device of claim 1, further compris-
ing a plurality of communication interfaces.

11. A method for selecting a communication channel, com-
prising:

requesting content from a first target, wherein the

requested content includes a plurality of items of infor-

mation comprising a web page, wherein requesting con-

tent includes:

making a first request, wherein the first request is for a
first item of information included in the plurality of
items of information;

making a second request, wherein the second request is
for a second item of information included in the plu-
rality of items of information;

characterizing the first item of information as a first type of

information, wherein characterizing the first item of
information as a first type of information includes
assigning a first priority to the first item of information,
wherein assigning a first priority to the first item of
information includes identifying a priority identifier
associated with a first script accessed in response to
requesting content from a first target;
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characterizing the second item of information as a second
type of information, wherein the first and second types
are different;

in response to characterizing the first item of information

as a first type of information, selecting a first communi-
cation channel for use in obtaining the first item of
information;

in response to characterizing the second item of informa-

tion as a second type of information, selecting the first
communication channel or a second communication
channel for use in obtaining the second item of informa-
tion;

inresponse to assigning the first priority to the first request,

initiating the first request;

in response to assigning the second priority to the second

request, initiating the second request wherein the first
request is initiated prior to the second request.

12. The method of claim 11, further comprising:

identifying a plurality of available communication chan-

nels,

wherein the plurality of available communication chan-
nels includes the first and second communication
channels,

wherein the first request is to the first target and identifies
the first item of information,

wherein the first item of information is accessible
through the first target,

wherein the first request is initiated over the first com-
munication channel included in the plurality of avail-
able communication channels,

wherein the second request is to the first target and
identifies the second item of information, and

wherein the second request is initiated over the second
communication channel included in the plurality of
available communication channels.

13. The method of claim 12, wherein the first request is
fulfilled over the first channel, and wherein the second request
is fulfilled over the second communication channel.

14. The method of claim 11, wherein characterizing the
firstitem of information as a first type of information includes
identifying a type of content associated with the first item of
information, and wherein characterizing the second item of
information as a second priority type of information includes
identifying a type of content associated with the second item
of information, the method further comprising:

determining a status of a communication device associated

with the first and second requests;

in response to a first status of the communication device

being determined, proceeding with the first request and
terminating the second request.

15. The method of claim 14, wherein the first status of the
communication device comprises a low battery status.

16. The method of claim 11, wherein characterizing the
firstitem of information as a first type of information includes
identifying a communication channel identifier associated
with the first script accessed in response to requesting content
from a first target.

17. The method of claim 11, wherein requesting content
further includes:

requesting a page;

after creating a document object model description of the

requested page, building a list of references to items of
information included in the page, wherein the first
request and the second request are obtained from the list
of references.

18. The method of claim 17, wherein assigning a priority to
the first request and assigning a priority to the second request
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includes comparing at least one of a content and an explicit
priority indicator in information associated with at least two
of the references in the list of references.
19. A communication system, comprising:
aplurality of communication channels, wherein each of the
plurality of communication channels is capable of sup-
porting communications with a first target;
means for enabling communications between at least the
first target and a user over the plurality of communica-
tion channels, including:
means for obtaining a collection of content from the first
target;
means for generating a list of items included in the
collection of content;
means for assigning a priority to at least two of the items
inchided in the collection of content, wherein each of
the at least two items is associated with a script that
includes information related to at least one of an infor-
mation type, priority or characterization that should
be applied to the associated item, and wherein the
information included in the script is used in charac-
terizing the associated item;
means for assigning individual ones of the means for
providing a communication channel included in the
plurality of means for providing a communication
channel for use in obtaining a corresponding ones of
the items included in the collection of content,
wherein a first one of the means for providing a commu-
nication channel included in the plurality of means for
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providing a communication channel is assigned to
obtain a first item of the at least two of the items
included in the collection of content,

wherein a second one of the means for providing a
communication channel included in the plurality of
means for providing a communication channel is
assigned to obtain a second item of the at least two of
the items included in the collection of content,

wherein the first item is assigned a higher priority than
the second item, and

wherein the first means for providing a communication
channel is determined to be capable of supplying
requested items more quickly than the second chan-
nel.

20. The communication device of claim 1, wherein each
item of information included in the items of information is
associated with a script that includes information related to at
least one of an information type, priority, or characterization
that should be applied to the associated item of information,
and wherein the information included in the script is used in
characterizing the associated item of information.

21. The communication device of claim 20, wherein the
script includes information identifying the priority of the
associated item of information, wherein the indication of

5 priority is used by the link selection application in selecting

the communication channel used for obtaining the first item
of information.



