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(57) ABSTRACT

A technique for synchronizing a visual browser and a voice
browser. A visual browser is used to navigate through visual
content, such as WML pages. During the navigation, the
visual browser creates a historical record of events that have
occurred during the navigation. The voice browser uses this
historical record to navigate the content in the same manner as
occurred on the visual browser, thereby synchronizing to a
state equivalent to that of the visual browser. The creation of
the historical record may be performed by using a script to
trap events, where the script contains code that records the
trapped events. The synchronization technique may be used
with a multi-modal application that permits the mode of
input/output (I/O) to be changed between visual and voice
browsers. When the mode is changed from visual to voice, the
record of events captured by the visual browser is provided to
the voice browser, thereby allowing the /O mode to change
seamlessly from visual to voice. Likewise, the voice browser
captures events which may be provided to the visual browser
when the I/O mode is changed from voice to visual.
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EXCHANGE OF EVENTS BASED
SYNCHRONIZATION OF BROWSERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation patent application of U.S.
patent application Ser. No. 11/973,467, which is a division of
U.S. patent application Ser. No. 11/252,250 filed 17 Oct.
2005, which is a division of U.S. patent application Ser. No.
10/187,486, titled “Synchronization Among Plural Brows-
ers” filed on Jul. 1, 2002, which claims the benefit of U.S.
provisional application Ser. No. 60/304,499, titled “Synchro-
nization Among Plural Browsers” filed on Jul. 11, 2001.

BACKGROUND

[0002] The presentinventionrelates generally to the field of
networked computing. More particularly, the invention pro-
vides a technique for synchronizing the state of plural brows-
ers at various levels of granularity. The technique may be used
to synchronize between visual and voice browsers in wireless
multi-modal applications.

[0003] Increasingly, wireless communications devices
such as wireless telephones are becoming adapted for use
with the Internet. It is estimated that, by the year 2003, half of
all Internet traffic will come from wireless devices. Many
present-day wireless telephones have at least some capability
not only to capture and render audio information, but also to
allow users to interact with data using a visual display and
some form of data input device. Many wireless carriers are
marketing access to the so-called “wireless web” as part of
wireless telephone service.

[0004] While wireless data access is clearly a boon to elec-
tronic device users, there is a notable deficiency in the current
wireless data access technology: a user must generally choose
to interact with the data either using the voice components of
the wireless device (i.e., microphone and speaker), or using
the visual components (i.e., screen and keypad), but cannot
use both at the same time. Some aspects of communication
work best with a visual interface, and others work best with a
voice interface. For example, suppose that an application
provides directions to a specified location—e.g., for use while
driving. It is convenient to speak the name of the desired
location as input to the application, but it is cumbersome to
receive the directions themselves in the form of speech. A
visual map combined with written directions such as “turn
right on Elm” is a very convenient format in which to receive
the directions, but it is may be less convenient to input the
desired location using a keypad or stylus than it is merely to
speak the location into a microphone. Thus, the ideal interface
for certain applications is, in many cases, not visual or voice
alone, but rather a combination of visual and voice. Present
wireless application often allow one or the other but not both.
[0005] One problem that impedes the integrated and com-
bined use of voice and visual interfaces to data is that each
mode of communication generally requires its own browser.
Typically, a particular piece of content (e.g., a web page) may
be represented in both a visual markup language (such as
Wireless Markup Language or “WML”), and in a voice
markup language (such as Voice eXtensible Markup Lan-
guage or “VXML”). A visual browser permits the user to
navigate through the WML content using the screen and
keypad. Similarly, a voice browser, which is generally a soft-
ware component separate from the visual browser, permits
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the user to navigate through the VXML content using the
microphone and speaker. Not only are the visual and voice
browsers separate software components; they often execute
on separate, and distantly located, devices. A visual browser
typically executes on a wireless handset (such as a wireless-
web-enabled telephone). However, the handset is generally
“dumb” with respect to voice—i.e., it can capture and render
audio signals, but does not have the means to browse and
navigate content based on the content of the received audio, or
to generate audio signals based on VXML data. Thus, a voice
browser typically executes on a voice server and communi-
cates with the user through the microphone and speaker ofthe
wireless device by transmitting and receiving digital signals
to the device through an ordinary voice circuit within a wire-
less network.

[0006] Because the voice and visual browsers are separate,
it is difficult to switch seamlessly back and forth between a
visual and voice modes of interacting with wireless data,
because the voice browser may be unaware of what the visual
browser is doing and vice versa. That is, the voice and visual
browsers are not normally “synchronized,” in the sense that
neither knows the other’s state with respect to the underlying
content that the voice and visual browsers are manipulating.
For example, suppose that a wireless handset user uses a
visual browser to navigate through a series of web pages,
eventually ending up at a particular URL. If the user then
decides to switch to the voice interface, the voice browser
does not know where the user has navigated to because it is
unaware of what the visual browser has been doing. Upon
switching to a voice interface, the voice browser can simply
re-start the user at a “home” URL, but this is inconvenient for
the user because the user loses the benefit of all of the navi-
gation that has already been performed. Similarly, within the
page located ata particular URL, the user may have navigated
through several cards, and may have positioned the cursor at
aparticular field on a particular card using the visual browser,
but the voice browser will be unaware of all of this activity.
The problem, in this example, is that the voice and visual
browsers are not “synchronized.”

[0007] In view of the foregoing, there is a need for a
browser synchronization technique that overcomes the draw-
backs of the prior art.

SUMMARY OF THE INVENTION

[0008] This summary is provided to introduce a selection of
concepts in a simplified form that are further described in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.

[0009] The present invention provides a technique for the
synchronization of plural browsers—e.g., the synchroniza-
tion of a visual browser with a voice browser. In accordance
with the invention, a first browser generates events relating to
navigational activity being performed by a user. For example,
in WML where a page comprises “deck” of “cards,” an action
wherein the user moves from one card to another may be an
event. Similarly, where there may be plural fields within a
single card, the act of moving a cursor from one field to
another may be an event. A representation of the events that
have occurred in a navigational session are recorded and are
subsequently used to set a second browser to a state equiva-
lent to that which the second browser would be in if the user
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had performed, on the second browser, a navigational activity
equivalent to that which the user performed on the first
browser.

[0010] The “state” of a browser may be defined at various
levels of granularity. For example, in WML, a page consists of
a deck of cards. Within a card, there may be a plurality of
fields (e.g., a card that asks the user to enter his or her name
and address may have two input fields, one for the user’s name
and one for the user’s address). Within a given field, the cursor
may be at a particular position. Thus, depending on the pre-
cision with which synchronization between the first and sec-
ond browsers is desired, the “state” of the first browser may be
defined as the currently displayed page, the currently dis-
played card within the page, the field to which the cursor is
currently pointing, or the position of a cursor within the field.
How much precision is required depends on context in which
synchronization is required. In one application, it may be
sufficient to say that two browsers are in the same “state” so
long as they are on the same page—even if the first and second
browsers are displaying different cards from that page. In
another context, synchronization may require that the two
browsers are presently accepting input at the same field of the
same card. The present invention provides for the synchroni-
zation of two browsers at any granularity.

[0011] Inone embodiment of the invention, the events gen-
erated by the first browser are captured by a script engine,
which executes instructions contained in a script, such as a
JAVA script. A script may be structured such that a given set
of instructions that correspond to a particular event and are
invoked by that event. In accordance with an aspect of the
invention, the script contains instructions that, upon the
occurrence of a given event, make a record documenting the
fact that the event occurred. Thus, a function of the script is to
produce a record documenting what events occurred during a
navigational session on the first browser, and in what order
those events occurred. The record of the events is sent to a
state manager, which, at the time of synchronization, for-
wards those events to the second browser. By stepping
through the same series of events that occurred on the first
browser, the second browser may be put in the same state as
the first browser.

[0012] In another embodiment of the invention, the first
browser may be adapted to generate state information without
a script. For example, a modified browser may create a record
of every event that occurs directly (without using a script), or
it may otherwise record information that indicates the state
that it is currently in. This information may be sent to a state
manager for use in synchronization the second browser with
the first.

[0013] Two browsers that interact with information in dif-
ferent formats or “modes” may be synchronized. For
example, the first browser may be a visual browser that ren-
ders WML information, while the second browser may be a
voice browser that renders Voice eXtensible Markup Lan-
guage (VXML) information. A visual browser that is render-
ing a WML page may by synchronized with a voice browser
that is rendering a VXML page, even if the WML and VXML
pages are not identical. An equivalence relationship may be
defined such that two browsers can be synchronized to
equivalent states, even if complete identity of state is not
possible due to the differing nature of their respective inter-
faces (e.g., visual vs. voice), and their different markup lan-
guages (e.g., WML vs. VXML).
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[0014] The present invention’s technique of synchronizing
browsers may, for example, be deployed in an architecture
that supports wireless multi-modal applications. For
example, a wireless handset may have a browser that renders
WML, plus “dumb” audio-rendering capability that produces
audio from a digital signal but does not generate an audio
signal from higher-level information. The generation of audio
signals may be performed by a voice browser that generates
audio signals from VXML input, and which is located
remotely from the handset. The technique of the present
invention may be used to synchronize the voice and visual
browsers, such that the user can change between visual I/O
and audio I/O.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing summary, as well as the following
detailed description of preferred embodiments, is better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention, there
is shown in the drawings exemplary constructions of the
invention; however, the invention is not limited to the specific
methods and instrumentalities disclosed. In the drawings:
[0016] FIG. 1is a block diagram of an architecture having
plural browsers in which aspects of the invention may be
deployed;

[0017] FIG. 2 is a block diagram of a page whose state may
be recorded in accordance with aspects of the invention;

[0018] FIG. 3 is a block diagram of a page showing navi-
gational events;
[0019] FIG. 4 is a block diagram of a system that records

state information according to a first exemplary embodiment
of the invention;

[0020] FIG. 5 is a block diagram of a system that uses
recorded state information in accordance with aspects of the
invention;

[0021] FIG. 6 is a block diagram of a system that records
state information according to a second exemplary embodi-
ment of the invention;

[0022] FIG. 7 is a flow diagram of a process of synchroniz-
ing two browsers in accordance with aspects of the invention;
[0023] FIG. 8 is a diagram of an exemplary device that
performs plural types of input and output using plural syn-
chronized browsers, and in which aspects of the invention
may be deployed; and

[0024] FIG. 9 is a block diagram of an exemplary system
architecture in which plural synchronized browsers may be
deployed.

DETAILED DESCRIPTION OF THE INVENTION
Overview

[0025] Wireless devices have traditionally been able to
operate in only one input/output (“I/0”) mode at atime—i.e.,
either in an audio mode or a visual mode. For example, a
traditional wireless telephone sends and receives audio
(voice). Some new wireless telephones have a small display
through which the user can view the “wireless web.” How-
ever, a user can use such a telephone only in one mode at a
time, as the voice and visual features cannot generally be used
in concert.

[0026] One way to support the use of voice and visual [/O
modes in concert is for the content with which the user inter-
acts to be provided in two similar forms—a visual markup
language (such as Wireless Markup Language (WML)), and
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a voice markup language (such as Voice extensible Markup
Language (VXML)). Supporting the concurrent use of voice
and visual /O modes in this manner generally requires that
two browsers be running at the same time—one browser that
generates visual images from version of the content that is in
the visual markup language, and another browser that renders
audio based on the version of the content that is in the voice
markup language. In order to support relatively seamless
switching between visual and voice /O modes, it may be
necessary to synchronize the visual and voice browsers so
that both browsers are at the same navigational point, regard-
less of which browser the user has been using to interact with
the content. The present invention provides a technique for
performing this synchronization.

Exemplary Architecture for Browser Synchronization

[0027] FIG. 1 shows an exemplary architecture that
employs plural browsers. Content 102 is embodied as a page
104 in a visual markup language (of which WML is exem-
plary), and also as a page 106 in a voice markup language (of
which VXML is exemplary). The substance of content 102 is
an inquiry for the user’s name, address, and city. As shown in
FIG. 1, in a visual markup language (page 104), this inquiry
may be embodied as a form that has blank spaces in which the
user may type the requested information. Similarly, in a voice
markup language, the same inquiry is embodied as an audio
prompt that instructs the user to “enter name,” “enter
address,” and “enter city.” While page 104 is not identical to
page 106, pages 104 and 106 correspond to each other in the
sense that they both represent the same substantive content.
[0028] Page 104 is provided to computing device 108.
Computing device 108 may be any type of device that is
capable of performing computation. As is known in the art,
such a device typically has a memory that stores data and
instructions; a processor adapted to execute the instructions
and manipulate the data stored in the memory; means for
input (e.g., keypad, touch screen, microphone, etc.), and
means for output (liquid crystal display (LCD), cathode ray
tube (CRT), audio speaker, etc.). A computing device may
also have means for communicating with other computing
devices over a network—e.g., an Ethernet port, a modem, a
wireless transmitter/receiver for communicating in a wireless
communications network. Such a device may take the form of
a personal computer (PC), laptop computer, or palm-sized
computer. It will also be appreciated that many devices that
are not traditionally labeled “computers” do, in fact, have
computing capability. Wireless telephones, pagers, and wire-
less e-mail devices are examples such devices, and thus the
generic term “computing device” applies to any such device,
whether or not such device is traditionally described as a
computer. In a preferred embodiment of the invention, com-
puting device 108 is a wireless handset adapted to communi-
cate in a wireless telephone network, although such an
embodiment of computing device 108 is not limiting of the
invention.

[0029] Visual browser 110 is a software application which
is stored on computing device 108 and which executes
thereon. Visual browser 110 is adapted to receive content in
the form of a visual markup language page and to render that
content on a visual display 116 associated with computing
device 108. As one example, visual browser 110 may be a
WML browser that renders WML content on the LCD display
of a wireless telephone that is adapted to allow its user to
interact with the “wireless web.” Visual browser 110 may also
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be adapted to receive user data input from input device 120
associated with computing device 108. For example, input
device 120 may be the keypad of a wireless telephone, and the
user may use the keypad to enter data in order to interact with
content that is being rendered on visual display 116 by visual
browser 110. (E.g., the user may use the keypad to enter his or
her name into the “name” field of page 104.)

[0030] Page 106 is also provided to computing device 112.
Like computing device 108, computing device 112 may be
any type of computing device. Voice browser 114 is a soft-
ware application which is stored on computing device 108
and which executes thereon. Voice browser 114 is adapted to
receive content in the form of a voice markup language page
and to render that content on audio speaker 118. Voice
browser 114 may also be adapted to receive audio user input
from microphone 122 or other audio input device. For
example, the user may use microphone 122 to enter data into
an audio “form” that is being rendered by voice browser 114.
(E.g., the user may speak his name in response to the “enter
name” voice prompt that voice browser 114 renders based on
voice markup language page 106.)

[0031] While computing device 112 may be any type of
computing device, in a preferred embodiment computing
device 112 is a relatively powerful server machine that ren-
ders voice markup pages for a large network. As discussed
more particularly in connection with FIG. 9 below, voice
browser 114 may be associated with a wireless telephone
network, and may render voice markup pages on the handsets
of the users of that network. Moreover, while computing
device 112 is shown as being associated with microphone 122
and audio speaker 118, the invention is not limited to the case
in which voice browser 114 performs 1/O on devices that are
locally connected to the computing device 112 on which
voice browser 114 executes. On the contrary, voice browser
114 may process audio input that is captured using a micro-
phone on computing device 108 (which, in a preferred
embodiment, is a wireless handset), and may transmit audio
signals to computing device 108 for rendering on a speaker of
computing device 108. FIG. 9 discusses an embodiment in
which input (and output) audio signals are captured (and
rendered) on a wireless handset that is accessible to voice
browser 114 via a wireless connection.

[0032] Visual browser 110 may be at some “state” with
respect to the user’s navigation through visual markup page
104. Likewise, voice browser 114 may be at some “state” with
respect to the user’s navigation through voice markup page
106. Since pages 104 and 106 represent the same underlying
content 102, albeit in slightly different formats (e.g., WML
vs. VXML), it is possible to “synchronize” the respective
states of visual browser 110 and voice browser 114 with
respect to the navigation. For example, using visual browser
110, the user may point a cursor to the “address” field of page
104. Thus, a description of the state of navigation through
page 104 is that the cursor is presently pointed at the
“address” field of page 104 and the browser is waiting for
input in that field. An equivalent state of navigation through
page 106 may be voice browser 114’s rendering of an “enter
address” audio prompt and waiting for audio input. Thus, in
this example, if voice browser 114 is “synchronized” with
visual browser 110, the appropriate action for voice browser
114 may be to render the “enter address” audio prompt.
[0033] In accordance with the present invention, visual
browser 110 and voice browser 114 may be synchronized by
exchanging information as to their state. When the user is
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navigating through content 102 using visual browser 110,
visual browser 110 may provide state information to state
manager 124, which may store this state information in state
database 126. At an appropriate time, state manager 124 may
provide this state information to voice browser 114, whereby
voice browser may re-create the state of visual browser 110.
This process may also happen in the other direction. That is,
while the user is navigating through content 102 using voice
browser 114, voice browser 114 may provide state informa-
tion to state manager 124 for storage in state database 126. At
an appropriate time, state manager 124 may provide this state
information to visual browser 110, whereby visual browser
110 may recreate the state of voice browser 114. What con-
stitutes an “appropriate time” to transfer this state informa-
tion depends on the application in which browsers are being
synchronized. For example, an “appropriate time” to transfer
state information may mean continuously, periodically, or
every time the I/O mode in which the user is performing the
navigation switches between visual and voice. The manner
and format in which state information is recorded, stored, and
transmitted is more particularly discussed below in connec-
tion with FIGS. 4-7.

[0034] FIG. 2 shows the detail of a page 104. While FIG. 2
shows the detail of visual markup page 104, it will be appre-
ciated that the structure shown in FIG. 2 and the discussion
thereof applies equally to voice markup page 106. In the case
of WML and VXML, it will be observed that these markup
languages have similar structures in that both are organized as
pages having cards (sometimes called “dialogues™) which
can be stepped through using a browser.

[0035] Exemplary page 104 comprises a plurality of cards
202-210. The relationship among cards 202-210 is shown by
arrows. For example, card 202 displays a question to be
answered by the user; the user navigates either to card 204 or
card 206, depending upon which of the answer choices he or
she selects at card 202. Similarly, cards 204 and 206 lead the
user to different places depending upon the user’s answer to a
question. Navigation paths may converge; cards 204 and 206
may both lead to card 210.

[0036] The state of navigation may be defined as the place
at which the user is currently performing /O, as identified
from among the entire universe of content available to the
user. The location of this I/O may be identified at varying
levels of precision, and this precision may be referred to as the
“granularity” of the state. For example, at the coarse end of
the granularity scale, the state of the user’s navigation may be
defined as the particular page that the user is viewing. Thus, in
the example of FIG. 2, the user’s state may be defined as page
104, because the user is viewing page 104 as opposed to some
other page on the wireless web.

[0037] As an example of a slightly finer granularity, the
state may be defined by the particular card the useris viewing.
For example, the state may be defined as card 208 of page 104.
At an even finer granularity, the state may be defined as the
particular field of a card in which the user in entering input—
e.g., the address field of card 208, as indicated by box 212. At
an even finer granularity, the state may be defined as the
position of the cursor in on the card, as indicated by box 214.
[0038] The effect of using the various granularities is
readily apparent when one envisions performing a synchro-
nization between two browsers at the various granularities.
Suppose the user is using a first browser, and the user’s cursor
is positioned at box 214. At the page level of granularity, the
relevant state information is that the user is navigating some-
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where in page 104, and thus an attempt to synchronize the first
browser with a second browser will result in the second
browser being pointed to some arbitrary point on page 204
(e.g., at the beginning of the first card). At the card level of
granularity, it is known not only that the user is on page 104,
but also that the user is somewhere within card 208. Thus,
upon synchronization, the second browser will be pointed to
an arbitrary point in card 208 (e.g., the beginning of the card),
but not necessarily to the place where the user’s cursor was
pointed in the first browser. At the field level of granularity, it
is known that the useris in the “address” field of card 208, and
thus synchronization results in the second browser being
pointed to the “address” field, but not necessarily to any point
within the address field. At the cursor level of granularity,
however, it is known that the user is not only in the “address”
field but is in the middle of entering data in the field. Thus, the
second browser can be synchronized to a state in which a
partially filled-out address is placed in the “address” field
displayed on the second browser, and the cursor is in such a
position that the user continue where he or she left off.

[0039] As noted above, a particularly useful application for
browser synchronization is where one browser is a visual
browser and the other is a voice browser. While voice brows-
ers do not have “cursors” per se, the notion what it means for
a cursor to be located at a particular “position” in a voice
dialogue can be given meaning. For example, if the user had
begun to enter the address “123.mu.m Street,” but has only
entered as far as “123 El . . . ” in the visual browser prior to
switching to voice, the voice browser could emulate the posi-
tion of a cursor by prompting the user: “You have entered: 123
El. Please continue speaking from that point.”

Events

[0040] FIG. 3 shows an example of how events are gener-
ated as a user navigates to, and within, page 104. In the
example of FIG. 3, the user’s initial navigation to page 104
itself is an event 301. When the user enters the page, the
browser, by default, is pointed to the first card 202. When the
user engages in dialogue with card 202, it may be determined
that the next card to be displayed is card 204; this navigation
from card 202 to card 204 is an event 302. Card 204 has a
yes-no question, where the user may use a control on an input
device (e.g., a wheel, an arrow key, etc.) to toggle between the
“yes” and “no” choices before entering a final selection of one
of'the choices. This toggling between choices on card 204 is
an event 304. Once the user selects the “yes” or “no” choice,
the user navigates either to card 208 or card 210 depending on
the choice selected. In the example of FIG. 3, the choice
results in navigation to card 210. The navigation from card
204 to card 210 is an event 306. Once the browser is pointed
to card 210, the user may position the cursor in a field on card
210. In this example, the user positions the cursor to the
“account number” field, and this positioning of the cursor is
an event 308. It will be appreciated the events shown in FIG.
3 are merely exemplary of the types of actions that are sig-
nificant in the sense that they affect the state of a browser. In
greater generality, anything that happens on the browser that
affects the context in which the user’s next input to the
browser will be interpreted (e.g., movement from page-to-
page, movement from card-to-card, movement within a card,
a change of font, etc.) can potentially constitute an event.
Whether a given event is sufficiently significant to be signaled
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by the browser or captured by a state-capturing mechanism
depends on the level of granularity with which the browser
state is defined.

State Capturing and State Synchronization

[0041] Turning to FIG. 4, a system is shown for the capture
of'events that occur during navigation. In the example of FIG.
4, browser 110 executes on computing device 108. As shown
in FIG. 1 and discussed above, browser 110 is a visual
browser, although it will be understood that a visual browser
is not limiting of the invention, as events may be generated
and captured with any type of browser (including, for
example, voice browser 114 shown in FIG. 1); the use of
visual browser 110 in FIG. 4 is for illustrative purposes only.
Page 104 is loaded into a memory of computing device 108,
and browser 110 interacts with page 104. As discussed above,
this interaction may include receiving input from a user, navi-
gating among cards on page 104, and rendering the various
cards on an output device associated with computing device
108. As this interaction occurs, events are generates on
browser 110; examples of these events are discussed above in
connection with FIG. 3.

[0042] Browser 110 is adapted to signal events in such a
way that specific actions can be taken in response to the
occurrence of events. As one example, browser 110 may be
coupled to script engine 402. Script engine 402 interprets
scripts written in a scripting language such as JAVA, and
causes computing device 108 to perform actions based on
such scripts. (While script engine 402 is shown as being
external to, and communicatively coupled with, browser 110,
it should be noted that this structure is merely exemplary; in
the alternative, browser 110 may include script engine 402.)
An example of such a script that may be executed by script
engine is event-recording script 404. Event recording script
404 contains interpretable code that is invoked upon each
event generated in browser 110, where this code performs the
function of recording the generated event and memorializing
the event in event record 406. For example, one of the events
generated by browser 110 may be a navigation from card 202
to card 204 (e.g., event 302, shown in FIG. 3). Thus, the event
of navigating from one card to another may invoke a particu-
lar piece of code within event-recording script 404 that causes
information to be deposited in event record 406 indicating
that the user has navigated from card 202 to card 204. The
invention is not limited by any particular implementation of
event-recording script 404, but, as one example, there may be
a method in event-recording script 404 that handles any event
of moving from one card to another, where that method takes,
as a parameter, the identity of the destination card (i.e., the
card to which the browser points after the navigation has
occurred), and writes that identity into event record 406. In
this example, other methods may handle events such as a
change of page, cursor movement, etc., where these methods
take parameters indicative of the particular event that has
taken place (e.g., which page the user has navigated to, where
the cursor has been positioned, etc.).

[0043] Event record 406 may be used to synchronize
browser 114 (shown in FI1G. 1), or some other browser, to the
same state as browser 110. It should be noted that there are
various ways in which event record 406 can be used to syn-
chronize browser 114 with browser 110, and the invention is
not limited to any such technique. In one example, browser
110 may send event record 406 to browser 114, and browser
114 may step through the recorded events. As another
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example, rather than sending browser 114 an exact copy of
event record 406, event record 406 may be sent to browser
114 in a compressed form, which may then be uncompressed
by browser 114 (or by some compression/decompression tool
residing on the computing device 112 on which browser 114
executes). Alternatively, the information in event record 406
may be “collapsed” prior to sending that information to
browser 114. “Collapsed,” in this context, means that events
that cancel each other out (e.g., events that lead from a given
card back to the same card, events that lead the cursor from a
given location on a card back to the same location, etc.) may
be removed, since the effect of these events is a nullity. More-
over, event record 406 (or some information derived there-
from) may be sent either continuously, at some pre-deter-
mined frequency, on some pre-set schedule, on demand, etc.
An event that results in sending event record 406, or the
derived information, can be referred to generally as a “trig-
gering event.”

[0044] Moreover, although browser 110 may send event
record 406, or the information derived therefrom, directly to
browser 114, in an alternative embodiment browser 110 sends
event record 406 or the derived information to state manager
124 (shown in FIG. 1). State manager 124 receives informa-
tion indicative of the events that have occurred, and manages
the sending of this information to browser 114. For example,
state manager 124 may collect state information sent by
browser 110 and store this state information in data store 126.
State manager 124 may send the state information along to
browser 114 at an appropriate time (e.g., continuously, at
some pre-determined frequency, on some pre-set schedule,
on demand, or upon any other type of “triggering event™). In
a preferred embodiment of the invention, browsers 110 and
114 are visual and voice browsers, respectively, and one of the
browsers synchronizes to the state of the other at the time that
a user switches between voice I/O and visual /O (ie., a
“mode change”). In such an example, state manager 124
sends state information to browser 114 at the time of such a
mode change, and the mode change itself is the “triggering
event” that causes state manager 124 to send state information
to browser 114. However, it should be understood that a mode
change is merely exemplary of such a triggering event, and is
not limiting of the invention.

[0045] Moreover, it should be understood that, while FIG. 4
shows browser 110 recording events so that browser 114 may
be synchronized to the state of browser 110, it may be the case
that two browsers are configured to synchronize mutually.
That is, browser 114 may also record events so that browser
110 can receive the data created by browser 114, and so that
browser 110 can be synchronized to the state of browser 114.
In one embodiment, browser 110 and browser 114 may com-
municate state information to each other through state man-
ager 124, and it may be possible for synchronization to occur
in either direction. That is, browsers 110 and 114 may, in a
preferred embodiment, be configured such that either browser
can be synchronized to the state of the other browser.

[0046] FIG. 5 shows one example of how browser 114 can
use state information to put itself in the same state as browser
110. In the example of FIG. 5, computing device 112 (on
which browser 114 executes) receives state information 502.
For example, state information 502 may be in the form of a
script that is executable by script engine 504 associated with
(or included within) browser 114. Alternatively, state infor-
mation 502 may exist in any form that communicates the state
of browser 110. In the example of FIG. 5, page 106 (e.g., the
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voice markup version of the content 102 embodied in visual
markup page 104) is loaded onto computing device 112, and
browser 114 renders and interacts with page 106. Script
engine 504 executes the script contained in state information
502, thereby causing browser 114 to navigate through page
106 in the same manner that browser 110 navigated through
page 104. After this process is carried out, browser 114 points
to a place in page 106 that is equivalent to that which browser
110 points on page 104 at the time the state information is
recorded.

[0047] It should be noted that, while pages 104 and 106
represent the same content 102, their representations of that
content is not necessarily identical. Returning briefly to FIG.
1, it will be recalled that, in the example of FIG. 1, page 104
is a visual markup language representation of content 102,
and page 106 is a voice markup language representation of
content 102. While the visual and voice markup languages
may provide similar structures (e.g., cards within a page,
fields within a card, etc.) there are certain concepts that may
not have exactly a one-to-one correspondence between the
two markup languages. For example, the visual markup lan-
guage may permit a font to be specified—a concept that may
have no analogue in a voice markup language. Thus, an event
that changes the font in the visual language may, depending
upon the implementation, have no effect on the state of the
voice browser when the two browsers are synchronized. (On
the other hand, a change in font could have an affect on the
state, if a change in visual font is deemed equivalent to, say, a
change in the pitch of the voice. Whether an event on one
browser has an equivalent event on another browser—and
what events are deemed equivalent—is a design decision to
be made by the designer and/or implementor of a synchroni-
zation mechanism in accordance with the invention.)

[0048] FIG. 6 shows a system for recording state informa-
tion, which is in contrast to the script-based event-recording
system of FIG. 4. In FIG. 6, computing device 108 executes
modified browser 110a instead of browser 110. Modified
browser 110a contains functionality to deposit a record 4064
of its state, and thus creates state record 406a directly, in
contrast to browser 110 which creates event record 406 using
a script engine. The state record 406a created by browser
110a may, for example, be similar to event record 406 in that
browser 110a¢ may simply contain functionality to write a
historical record of events into state record 406a. Alterna-
tively, browser 110a may be adapted to write a different type
of state record 406a (i.e., one that is not based on a historical
record of events), and thus state record 406a is not limited to
a historical record of events.

[0049] A process of recording state information, and of
using the recorded information to synchronize a second
browser to the state of a first browser, is shown in FIG. 7. At
step 702, state information is captured in the first browser. As
one example, this capturing may include creating a historical
record of the occurrence, in the first browser, of certain pre-
defined events (e.g., movement from one card to another,
positioning of a cursor, etc.). Moreover, as noted above, the
recording of events may occur by using the events to invoke
scriptable code, as shown in FIG. 4. However, it should be
noted that the creation of state information is not limited to the
use of a recording script. Moreover, the invention is not lim-
ited to the case in which the state information comprises a
historical record of events. On the contrary, the invention
encompasses any method that captures the state of the first
browser.
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[0050] At step 704, it is determined whether a triggering
event has occurred. The “triggering event” detected at step
704 is an event that causes state information to be transmitted
by the device on which the first browser executes to another
device. The following is a non-exhaustive list of triggering
events: expiration of a timer, a demand for synchronization to
take place, or a “mode change” that results in browsing being
switched from the first browser to the second browser (e.g.,
from a visual browser to a voice browser). However, it should
be understood that the foregoing list is non-exhaustive, and
that any triggering event may be detected at step 704 without
departing from the spirit and scope of the invention. If it is
determined at step 704 that no triggering event has occurred,
then the process returns to step 702 to capture more state
information.

[0051] Ifitis determined at step 704 that a triggering event
has occurred, then the captured state information is sent from
the first browser to the second browser. The sending of state
information from the first browser to the second browser may,
optionally, include sending the state information to a state
manager 124 (step 706), whereby state manager 124 stores
the state information in data store 126 (step 708) for forward-
ing to the second browser at an appropriate time. However,
the use of state manger 124 is not limiting of the invention,
and the first browser may forward captured state information
directly to the second browser.

[0052] Atstep 710, the second browser receives state infor-
mation that was captured by the first browser. As noted above,
this state information may be received directly from the first
browser, or, alternatively, may be received indirectly through
a state manager that performs functions including the collect-
ing of state information to be forwarded at an appropriate
time.

[0053] Atstep 712, itis determined whether an event occurs
that triggers the second browser to synchronize its state to that
of the first browser. Events that may trigger synchronization
are non-exhaustively listed above in connection with step
704. If no triggering event has occurred, the process returns to
step 710, wherein the second browser continues to receive
state information captured by the first browser, and waits for
a triggering event to occur. On the other hand, if a triggering
event is detected at step 712, then the second browser adjusts
its state to reflect the received state information (step 714). As
discussed above, one way that this state adjustment can take
place is if the state information includes a historical record of
events that have occurred on the first browser, in which case
the second browser may step through that same sequence of
events (where the events may have, optionally, undergone a
“transformation” to account for the fact that the first and
second browser may be rendering the same content in slightly
different formats (e.g., in different markup languages)).
[0054] Following the adjustment of the second browser to
reflect the state of the first, the two browsers continue with the
process of capturing state data, and each browser’s adjusting
its state to reflect the state data captured by the other. It should
be noted that this process of capturing and adjusting is a
mutual process that proceeds in both directions. That is, each
browser is capable of capturing state data (which is generally
done when the browser is being used by a user to perform
navigation), and is also capable of synchronizing to a given
state based on the state data provided by the other browser.
Thus, while FIG. 7 contains references to a “first” browser
that captures state information, and a “second” browser that
adjusts to the state captured by the first browser, it will be



US 2009/0287849 Al

understood that the process of capturing and adjusting is
bidirectional, and thus the first and second browsers’ roles can
be reversed.

Exemplary Environment for Synchronization of Visual and
Voice Browsers

[0055] With reference to FIGS. 8 and 9, there is shown an
exemplary environment in which aspects of the invention
may be deployed.

[0056] FIG. 8 showsan exemplary embodiment of comput-
ing device 108 which executes visual browser 110. Comput-
ing device 108 is, in this example, a digital wireless device
that communicates with the world outside of computing
device 108 using antenna 810. As one example, computing
device 108 may be a wireless telephone, although it should be
understood that other types of devices are within the spiritand
scope of the invention. Computing device 108 executes visual
browser 110. A user may interact with visual browser 110 by
using display 116 to see the output of visual browser 110, and
by using input devices (e.g., keypad 808, and a touch-screen
feature of display 116) to provided input to visual browser
110. Preferably, computing device 108 includes microphone
802 and speaker 804, which permits computing device 108 to
capture and render audio. In one example, computing device
108 is “dumb” with respect to audio input and output—that s,
computing device 108 captures audio using microphone 802
and packages this audio in the form of digital signals to be
sent through antenna 810, but does not interpret or otherwise
process the audio. Similarly, computing device 108 receives
digital audio signals through antenna 810 and renders those
signals speaker 804, but does not interpret or process the
audio.

[0057] The exemplary computing device 108 shown in
FIG. 8 operates within a network architecture 900, features of
which are shown in FIG. 9. Computing device 108 connects to
network 900 by using antenna 810 to send information to, and
receive information from, tower 906. The information that is
sent between antenna 810 and tower 906 includes data 902
and voice 904. Application server 910 runs an application 912
that is used by a user of computing device 108. For example,
application 912 may be a map application that provides driv-
ing directions to a user of computing device 108. Application
server stores content to be provided (e.g., maps, directions, an
interface to request maps and directions, etc.) in two
forms—a visual markup language (e.g., WML) and a voice
markup language (e.g., VXML). (Application server may
also use application 912 to generate certain content that is not
permanently stored; for example, map applications typically
generate directions in response to a request; in this case, map
application may generate the content of the directions in both
visual and voice markup languages.)

[0058] Because visual browser 110 executes on computing
device 108, application server 910 provides content in the
form of visual markup language directly to computing device
108. That is, when the application 912 is operating in visual
mode, application server 912 provides visual markup lan-
guage content to switch 908, so that such content can be sent
out to computing device 108. Computing device 108 then
uses visual browser 110 to interact with a user of computing
device 108 on the basis of the visual markup content. How-
ever, computing device 108, in this example, does not run a
voice browser; rather, computing device 108 merely accepts
audio input for voice browser 114 and renders audio output
generated by voice browser 114. Voice browser 114 runs on
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computing device 112 which, in the example of FIG. 9, is a
“voice server”” When application 912 is operating in voice
mode, application 912 sends content in the voice markup
language to voice server 112; voice server 112, in turn, uses
voice browser 114 to render audio output and interpret audio
input received from computing device 108. Voice server 112
provides audio output to switch 908 to be sent to computing
device 108, and also receives audio input from computing
device 108 via switch 908.

[0059] Because visual browser 110 and voice browser 114
are located separately from each other in the example of FIG.
9, a technique in accordance with the present invention may
be used to synchronize between voice and visual browser.
That is, when application 912 operates in visual mode, visual
browser 110 may capture state data generated while applica-
tion 912 is operating in visual mode; upon a change to voice
mode, the captured state data may be used to place voice
browser 114 in the state that visual browser 110 was in at the
time that the change occurred. Similarly, when application
912 operates in visual mode, browser 114 may capture state
data generated during such use; when the mode is changed
back to visual, visual browser 110 may use the state data
captured by voice browser 114 in order to put itself in the
same state that voice browser was in at the time that the
change occurred. By using this technique, the change
between visual and voice modes may appear “seamless,”
notwithstanding that the voice and visual browsers are
located remotely with respect to each other.

[0060] It is noted that the foregoing examples have been
provided merely for the purpose of explanation and are in no
way to be construed as limiting of the present invention.
While the invention has been described with reference to
various embodiments, it is understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitations. Further, although the
invention has been described herein with reference to particu-
lar means, materials and embodiments, the invention is not
intended to be limited to the particulars disclosed herein;
rather, the invention extends to all functionally equivalent
structures, methods and uses, such as are within the scope of
the appended claims. Those skilled in the art, having the
benefit of the teachings of this specification, may effect
numerous modifications thereto and changes may be made
without departing from the scope and spirit of the invention in
its aspects.

We claim:

1. A first device for using a first browser for navigation
through a collection of data, resulting in the generation of
events, and synchronizing the state of a second browser with
the state of said first browser, said first device comprising:

a memory to store data and instructions;

a processor to execute said instructions and manipulate

said data;

a visual display for displaying visual output;

an input device for accepting user data from a user;

an audio speaker to render audio output;

a microphone to accept first device side audio input;

said first browser storable in said memory and executable

on said processor, wherein said first browser enables
interaction with a content page using said visual display
and said user data, wherein said first browser stores a
first browser state indicating a state of interaction with
said content page and which causes said information to
be transmitted over a wireless network;
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a script engine for recording generated events by executing
instructions in a script, wherein said script comprises a
plurality of sets of instructions interpretable by the script
engine, and wherein each of said sets of instructions
being adapted to create a record of a particular one of the
events, said script engine being adapted to invoke a
particular one of said sets of instructions according to
which of said events is signaled by said first browser;

said first device in communication with a second device,
wherein said second device comprises said second
browser for enabling interaction with said content page
using said audio speaker and said microphone; and

wherein the record of events created by said script engine is
received by a state manager that provides the record of
events to the second browser for allowing said second
browser to recreate said first browser state at one of a
plurality of granularity levels specified by said user,
wherein each of said granularity levels represent the
precision with which the second browser recreates the
first browser state, and wherein said granularity levels
comprise one of a page level granularity, a card level
granularity, a field level granularity, and a cursor level
granularity;

whereby the state of the second browser is synchronized
with the state of the first browser from the information
received from said state manager.

2. The first device of claim 1, wherein said first browser
state comprises a historical record of events occurring during
said navigation.

3. The first device of claim 1, wherein said page level
granularity comprises synchronization of said second
browser to point to said content page being browsed by said
first browser.

4. The first device of claim 1, wherein said card level
granularity comprises synchronization of said second
browser to point to a card within said content page, wherein
said first browser is browsing within said card of said content
page.

5. The first device of claim 1, wherein said field level
granularity comprises synchronization of said second
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browser to point to a field within a card in said content page,
wherein said first browser is browsing within said field in said
card of said content page.

6. The first device of claim 1, wherein said cursor level
granularity comprises synchronization of said second
browser to point to the cursor position in the first browser.

7. The first device of claim 1, wherein said second device
comprises a microphone for accepting second device side
audio input and providing said second device side audio input
to said second browser, wherein said second browser captures
events related to browsing activities in said second device and
acquires a new state based on said second device side audio
input and said captured events.

8. A first device for synchronizing the state of a first
browser with state of a second browser, said first device
comprising:

a memory to store data and instructions;

a processor to execute said instructions and manipulate

said data;

a visual display for displaying visual output;

an input device for accepting user data from a user;

an audio speaker to render audio output;

a microphone to accept audio input;

a first browser storable in said memory and executable on
said processor, wherein said first browser enables inter-
action with a content page using said visual display and
said user data;

said first browser for recording an event generated by said
interaction with said content page and transmitting said
recorded event to a state manager; and

said first device in communication with a second device
comprising a second browser for enabling interaction
with said content page using said audio speaker and said
microphone, wherein said state manager provides said
recorded event to said second browser for allowing syn-
chronization of state of said second browser with the
state of the first browser.
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