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SYNCHRONIZATION AMONG PLURAL
BROWSERS USING A STATE MANAGER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of application
Ser. No. 11/252,250 filed 17 Oct. 2005 now abandoned,
which is a division of Ser. No. 10/187,486 U.S. Pat. No.
6,983,307, titled “Synchronization Among Plural Browsers”
filed on Jul. 1, 2002, which claims the benefit of U.S. provi-
sional application Ser. No. 60/304,499 titled “Synchroniza-
tion Among Plural Browsers” filed on Jul. 11, 2001.

FIELD OF THE INVENTION

The present invention relates generally to the field of net-
worked computing. More particularly, the invention provides
a technique for synchronizing the state of plural browsers at
various levels of granularity. The technique may be used to
synchronize between visual and voice browsers in wireless
multi-modal applications.

BACKGROUND OF THE INVENTION

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.

While wireless data access is clearly a boon to electronic
device users, there is a notable deficiency in the current wire-
less 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 appli-
cations is, in many cases, not visual or voice alone, but rather
a combination of visual and voice. Present wireless applica-
tion often allow one or the other but not both.

One problem that impedes the integrated and combined use
of voice and visual interfaces to data is that each mode of
communication generally requires its own browser. Typi-
cally, a particular piece of content (e.g., a web page) may be
represented in both a visual markup language (such as Wire-
less Markup Language or “WML”), and in a voice markup
language (such as Voice eXtensible Markup Language or
“VXML”). A visual browser permits the user to navigate
through the WML content using the screen and keypad. Simi-
larly, a voice browser, which is generally a software compo-
nent separate from the visual browser, permits the user to
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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 sepa-
rate, and distantly located, devices. A visual browser typically
executes on a wireless handset (such as a wireless-web-en-
abled 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.

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 navigation that has already
been performed. Similarly, within the page located at a par-
ticular URL, the user may have navigated through several
cards, and may have positioned the cursor at a particular field
on a particular card using the visual browser, but the voice
browser will be unaware ofall of this activity. The problem, in
this example, is that the voice and visual browsers are not
“synchronized.”

In view of the foregoing, there is a need for a browser
synchronization technique that overcomes the drawbacks of
the prior art.

SUMMARY OF THE INVENTION

The present invention provides a technique for the syn-
chronization of plural browsers—e.g., the synchronization of
a visual browser with a voice browser. In accordance with the
invention, a first browser generates events relating to naviga-
tional 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
had performed, on the second browser, a navigational activity
equivalent to that which the user performed on the first
browser.

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
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a particular position. Thus, depending on the precision with
which synchronization between the first and second browsers
is desired, the “state” of the first browser may be defined as
the currently displayed page, the currently displayed 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 syn-
chronization is required. In one application, it may be suffi-
cient 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.

In one embodiment of the invention, the events generated
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.

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.

Two browser that interact with information in different
formats or “modes” may be synchronized. For example, the
first browser may be a visual browser that renders WML
information, while the second browser may be a voice
browser that renders Voice eXtensible Markup Language
(VXML) information. A visual browser that is rendering 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 interfaces (e.g., visual
vs. voice), and their different markup languages (e.g., WML
vs. VXML).

The present invention’s technique of synchronizing brows-
ers 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 /O and audio I/O.

Other features of the invention are described below.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

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 instru-
mentalities disclosed. In the drawings:

FIG. 1 is a block diagram of an architecture having plural
browsers in which aspects of the invention may be deployed;

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

FIG. 3 is a block diagram of a page showing navigational
events;

FIG. 4 is a block diagram of a system that records state
information according to a first exemplary embodiment of the
invention;

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

FIG. 6 is a block diagram of a system that records state
information according to a second exemplary embodiment of
the invention;

FIG. 7 is a flow diagram of a process of synchronizing two
browsers in accordance with aspects of the invention;

FIG. 8 is a diagram of an exemplary device that performs
plural types of input and output using plural synchronized
browsers, and in which aspects of the invention may be
deployed; and

FIG. 9 is a block diagram of an exemplary system archi-
tecture in which plural synchronized browsers may be
deployed.

DETAILED DESCRIPTION OF THE INVENTION

Overview

Wireless devices have traditionally been able to operate in
only one input/output (“I/O”’) mode at a time—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.” However, 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.

One way to support the use of voice and visual I/O modes
in concert is for the content with which the user interacts to be
provided in two similar forms—a visual markup language
(such as Wireless Markup Language (WML)), and a voice
markup language (such as Voice extensible Markup Lan-
guage (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

FIG. 1 shows an exemplary architecture that employs plu-
ral browsers. Content 102 is embodied as a page 104 in a
visual markup language (of which WML is exemplary), and






