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(57) ABSTRACT 

A graphical user interface may include a form with a 
plurality of fields, each field associated with a predetermined 
category. Each category may have its own, independent, 
discrete grammar associated therewith, and the independent 
grammars may be individually activated, simultaneously 
with their respective categories. In this way, a voice-recog 
nition system that is inputting spoken data for each of the 
fields may have a restricted grammar to search when 
attempting to match a particular voice input with an entry for 
a particular field in the form. Moreover, a global grammar 
that is active with any one of the independent grammars may 
be used to move between the fields or perform other high 
level functionality not associated with any one of the inde 
pendent grammars. 
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DYNAMIC GRAMMAR FOR VOICE-ENABLED 
APPLICATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/305,267, filed Nov. 27, 2002, which 
claims the benefit of U.S. Provisional Application No. 
60/383,775, filed May 30, 2002, and titled DYNAMIC 
GRAMMAR WITH VISUAL CUES FOR VOICE-EN 
ABLED MOBILE APPLICATIONS and from U.S. Provi 
sional Application No. 60/354,324, filed Feb. 7, 2002, and 
titled MOBILE APPLICATION ARCHITECTURE, and is a 
Continuation-in-Part of U.S. application Ser. No. 10/131, 
216, filed Apr. 25, 2002, titled MULTI-MODAL SYN 
CHRONIZATION, U.S. application Ser. No. 10/157,030, 
filed May 30, 2002, titled USER INTERFACE FOR DATA 
ACCESS AND ENTRY, and U.S. application Ser. No. 
10/184,069, filed Jun. 28, 2002, titled USER INTERFACE 
FOR DATA ACCESS AND ENTRY, all of which are hereby 
incorporated by reference in their entirety for all purposes. 

TECHNICAL FIELD 

0002 Particular implementations relate generally to 
Voice recognition techniques, and more particularly to using 
dynamic grammars with visual cues for voice-enabled 
mobile applications. 

BACKGROUND 

0003 Conventional systems exist for the recognition of 
Voice commands and other voice inputs. Such systems, 
however, may be relatively slow and/or inaccurate in input 
ting data, particularly when processing and/or memory limi 
tations exist, as may be the case with mobile applications. In 
Some data-input situations, voice commands can be avoided 
by using a physical input, such as a keyboard or stylus. 
However, in more text-intensive data entry, such physical 
inputs, particularly in the context of mobile applications, 
may be overly awkward or time-consuming. 

SUMMARY 

0004 Implementations provide techniques for allowing 
fast, accurate inputting and recognition of voice data, even 
in mobile applications. Moreover, disclosed techniques 
allow a user to select between Voice and physical inputs, as 
desired by the user. Implementations include a plurality of 
independent grammars, each associated with a category, 
Such as a field within a form on a graphical user interface. 
The grammars may be dynamically activated or deactivated, 
depending upon which category or field is currently input 
ting data from the user. The currently active grammar may 
be indicated to the user by way of a visual cue associated 
with the, for example, field displayed on the graphical user 
interface. Thus, at a given point of time, only the selected 
field is active for data entry and subsequent display of the 
result of Voice recognition, and a visual cue is used to 
indicate the active field. Also, a global grammar for input 
ting commands related to all of the categories, and/or to the 
device or application implementing the graphical user inter 
face, may be kept active simultaneously with any one of the 
independent, category-associated grammars. 
0005 According to one general aspect, an implementa 
tion may include a first grammar activated from among a 
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plurality of independent grammars, the first grammar being 
identified with a first input category. At least a second 
grammar from among the plurality of independent grammars 
is deactivated, spoken data related to the first input category 
is input, and the spoken data is matched to stored data within 
the first grammar. 
0006 Implementations may include one or more of the 
following features. For example, the plurality of indepen 
dent grammars may define a first level of grammar, and, in 
activating the first grammar, a second level of grammar 
independent from the plurality of independent grammars 
may be activated. In this case, in deactivating the second 
grammar, all of the first-level grammars aside from the first 
grammar may be deactivated. 
0007 A first-modality gateway and a second modality 
gateway may be synchronized, where both gateways may 
interface between a user and a server System. The synchro 
nizing may allow either of the first-modality gateway or the 
second-modality gateway, at a given point in time, to inter 
face with specific information in the server system. In this 
case, the specific information may be a field identification 
command for identifying a first field within a form on a 
graphical user interface, where the first field may be asso 
ciated with the first input category. The specific information 
may be the stored data. 
0008 Also, in synchronizing the first-modality gateway 
and the second-modality gateway, a browser and a voice 
gateway may also be synchronized, wherein the server 
system includes web pages. In this case, the first grammar 
may be activated in response to the first field being identified 
within the form. Each of the plurality of independent gram 
mars may be stored separately. 
0009. In activating the first grammar, it may be indicated 
to a user, perhaps aurally, that the first grammar has been 
activated. In this case, in indicating to the user that the first 
grammar has been activate, a visual cue identifying a first 
field within a graphical user interface. Such as a web page, 
may be displayed, the first field being associated with the 
first input category. Also, the visual cue may be automati 
cally advanced to a second field upon the matching of the 
spoken data to the stored data within the first grammar. 
Alternatively, the visual cue may be advanced to a second 
field, after the matching of the spoken data to the stored data 
within the first grammar, by inputting a field advancement 
Voice command, wherein the field advancement voice com 
mand may be matched against a global grammar that is 
active at a same time as the first grammar. 
0010 Additionally, the first grammar may be deactivated, 
and the second grammar may then be activated. The second 
grammar may be identified with a second input category. 
Secondary spoken data related to the second input category 
may be input, and the secondary spoken data may be 
matched to secondary stored data within the second gram 
a. 

0011. Also, a global grammar may be activated such that 
the first grammar and the global grammar are both active for 
a period of time, global spoken data may be input that 
identifies a second input category from among a plurality of 
input categories, the global spoken data may be matched to 
a portion of the global grammar, and activating the second 
grammar in response to the matching of the global spoken 
data, where the second grammar may be identified with the 
second input category. 
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0012. According to another general aspect, an apparatus 
comprises a storage medium having instructions stored 
thereon, and the instructions include a first code segment for 
activating a first grammar associated with a first category, a 
second code segment for activating a first data entry mecha 
nism associated with the first category, a third code segment 
for receiving first voice data, a fourth codes segment for 
selecting a portion of the first grammar corresponding to the 
first voice data for input into the first data entry mechanism, 
a fifth code segment for deactivating the first grammar, a 
sixth code segment for activating a second grammar asso 
ciated with a second category, a seventh code segment for 
activating a second data entry mechanism associated with 
the second category, an eighth code segment for receiving 
second Voice data, and a ninth code segment for selecting a 
portion of the second grammar corresponding to the second 
Voice data for input into the second data entry mechanism. 
0013 Implementations may include one or more of the 
following features. For example, the first data entry mecha 
nism may be a field in a graphical user interface. Such as a 
web page, in which case the second code segment may be 
additionally for visually indicating the field. The first data 
entry mechanism may be an audio recording. 
0014. The sixth code segment may be additionally for 
automatically activating the second grammar in response to 
the deactivating of the first grammar. Alternatively, the sixth 
code segment may be additionally for inputting a second 
grammar activation signal from a user. In this case, the 
second-grammar activation signal may activate the second 
data entry mechanism associated with the second category 
for data entry. 
0.015 The second-grammar activation signal may include 
third voice data, and a tenth code segment may be included 
for matching the third voice data against a portion of a third 
grammar, wherein the third grammar remains active regard 
less of whether the first grammar or the second grammar are 
activated. Alternatively, the second-grammar activation sig 
nal may include a physical input. 
0016. According to another general aspect, a system may 
comprise a first storage area operable to store a first gram 
mar, a second storage area operable to store a second 
grammar, the second grammar being independent from the 
first grammar, a grammar activation and deactivation system 
operable to activate the first grammar and ensure that the 
second grammar is simultaneously inactive, a voice-recog 
nition system operable to input spoken data and match the 
spoken data against a corresponding portion of the first 
grammar, and an input indication system operable to indi 
cate the corresponding portion of the first grammar to a user. 
0017 Implementations may include one or more of the 
following features. For example, a third rage area operable 
to store a third grammar may be included, and the third 
grammar may be independent from the first grammar and the 
second grammar and operable to be activated by the acti 
Vation and deactivation system so that the third grammar and 
the first grammar are both active for a period of time. 
0018. The input indication system may include a field 
within a graphical user interface operable to display the 
corresponding portion of the first grammar. The grammar 
activation and deactivation system may be further operable 
to output a grammar identifier to the user that identifies 
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which of the first grammar and second grammar is currently 
active. In this case, The grammar identifier may include a 
visual cue identifying a first field or a second field within a 
graphical user interface, the first field and the second field 
being associated with the first grammar and the second 
grammar, respectively. 

0019. The details of one or more implementations are set 
forth in the accompanying drawings and the description 
below. Other features will be apparent from the description, 
drawings, and the claims. 

DESCRIPTION OF DRAWINGS 

0020 FIG. 1 is an example of a centralized system for 
synchronizing multiple modes. 

0021 FIG. 2 is an example of an implementation of the 
system of FIG. 1. 
0022 FIG. 3 is an example of a server-push process for 
synchronizing a browser after a voice gateway requests a 
VXML page. 
0023 FIG. 4 is an example of a browser-pull process for 
synchronizing a browser after a voice gateway requests a 
VXML page. 
0024 FIG. 5 is an example of a voice-interrupt listener 
process for synchronizing a voice gateway after a browser 
requests a HTML page. 

0025 FIG. 6 is an example of a no-input tag process for 
synchronizing a voice gateway after a browser requests a 
HTML page. 

0026 FIG. 7 is an example of a fused system for syn 
chronizing multiple modes. 

0027 FIG. 8 is an example of a process for synchronizing 
a browser and a voice mode in the system of FIG. 7 after a 
browser input. 
0028 FIG. 9 is an example of a process for synchronizing 
a browser and a voice mode in the system of FIG. 7 after a 
Voice input. 
0029 FIG. 10 is an example of a proxy system for 
synchronizing multiple modes. 

0030 FIG. 11 is an example of a process for synchro 
nizing a browser and a voice mode in the system of FIG. 10 
after a browser input. 
0031 FIG. 12 is an example of a process for synchro 
nizing a browser and a voice mode in the system of FIG. 10 
after a voice input. 

0032 FIG. 13 is an example of a device for communi 
cating with a synchronization controller in a proxy system 
for synchronizing multiple modes. 

0033 FIG. 14 is a flow chart of a process for recognizing 
a search String using a multi-cluster approach. 

0034 FIG. 15 is a diagrammatic flow chart depicting the 
process of FIG. 14. 

0035 FIG. 16 is a flow chart of a process for performing 
a search for a search String using a multi-level, multi 
parameter cascade approach. 
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0.036 FIG. 17 is a picture of a page for implementing the 
process of FIG. 16. 
0037 FIG. 18 is a flow chart of a process for recognizing 
an address. 

0038 FIG. 19 is a block diagram of a pop-up wizard for 
entering address information. 
0.039 FIG. 20 is a block diagram of a format for entering 
an electronic mail address. 

0040 FIG. 21 is a block diagram of a format for entering 
a web site address. 

0041 FIG. 22 is a flow chart of a process for searching 
for one or matches to a search String. 
0.042 FIG. 23 is a block diagram of a system for per 
forming one or more of the described processes. 

0.043 FIG. 24 is a block diagram of a structure for 
implementing a two-level, dynamic grammar. 

0044 FIG. 25 is a web page for entering information 
about a user. 

0045 FIG. 26 is a web page for entering information 
about a user. 

DETAILED DESCRIPTION 

0046) In the below description, Section I recites subject 
matter disclosed in U.S. application Ser. No. 10/131,216, 
which was filed on Apr. 25, 2002, and incorporated by 
reference above, in its entirety. 

0047 Section II recites subject matter disclosed in U.S. 
application Ser. No. 10/157,030, which was filed on May 30, 
2002, and incorporated by reference above, in its entirety. 
Section II further recites subject matter disclosed in U.S. 
application Ser. No. 10/184,069, which was filed on Jun. 28, 
2002, and incorporated by reference above, in its entirety. 

0.048 Section III recites subject matter which was not 
necessarily explicitly discussed in the previously-mentioned 
and incorporated applications. 

0049 Section I 
0050 A user may interface with a machine in many 
different modes, such as, for example, a mechanical mode, 
an aural mode, and a visual mode. A mechanical mode may 
include, for example, using a keyboard for input. An aural 
mode may include, for example, using Voice input or output. 
A visual mode may include, for example, using a display 
output. When using a computer to access data over the 
World-Wide Web (“WWW) a browser may be used, which 
generally allows a keyboard, a mouse, or a stylus to be used 
for input and a display to be used for output. Alternatively, 
Voice input and output can be used to access data over the 
WWW. 

0051. In one aspect, a first-modality gateway and a sec 
ond-modality gateway are synchronized. Both gateways 
interface between a user and a server system, and synchro 
nizing allows the user to use either of the first-modality 
gateway or the second-modality gateway at a given point in 
time to interface with specific information in the server 
system. 
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0052 Abrowser and a voice gateway may be synchro 
nized, and the server system may include web pages. The 
first-modality gateway and a third-modality gateway may be 
synchronized, wherein the third-modality gateway inter 
faces between the user and the server system. 
0053 A first-modality page may be sent from the server 
system to the first-modality gateway in response to receiving 
at the server system an input from the first-modality gate 
way. A second-modality page may be determined that cor 
responds to the first-modality page. The second-modality 
page may be sent from the server system to the second 
modality gateway. 
0054 Sending the first-modality page from the server 
system to the first-modality gateway may include a web 
server sending a voice extensible markup language 
(“VXML') page to a voice gateway in response to receiving 
at the web server the input from the voice gateway. 
0055 Determining the second-modality page may 
include the web server determining a hypertext markup 
language (“HTML') page that corresponds to the VXML 
page. Sending the second-modality page may include the 
web server sending the determined HTML page to a 
browser. The web server may receive a refresh request from 
the browser before the web server sends the determined 
HTML page. 
0056 Sending the first-modality page from the server 
system to the first-modality gateway may include a web 
server sending a VXML page to a voice gateway in response 
to receiving at the web server the input from the voice 
gateway. Determining the second-modality page may 
include the web server determining a HTML page that 
corresponds to the VXML page. Sending the second-mo 
dality page to the second-modality gateway may include the 
web server sending the determined HTML page to a browser 
by sending the determined HTML page to a publish/sub 
scribe system with the result that the publish/subscribe 
system sends the determined HTML page to the browser. 
0057 Sending the first-modality page from the server 
system to the first-modality gateway may include a web 
server sending a HTML page to a browser in response to 
receiving at the web server the input from the browser. 
Determining the second-modality page may include the web 
server determining a VXML page that corresponds to the 
HTML page. Sending the second-modality page to the 
second-modality gateway may include the web server send 
ing the determined VXML page to a Voice gateway by 
sending the VXML page to a publish/subscribe system with 
the result that the publish/subscribe system sends the VXML 
page to the Voice gateway. 
0058 Sending the first-modality page from the server 
system to the first-modality gateway may include a web 
server sending a HTML page to a browser in response to 
receiving at the web server the input from the browser. 
Determining the second-modality page may include the web 
server determining a VXML page that corresponds to the 
HTML page. Sending the second-modality page to the 
second-modality gateway may include the web server send 
ing the determined VXML page to a voice gateway. The web 
server may receive a request from the Voice gateway when 
the Voice gateway has received no voice input for a specified 
amount of time, and the web server may receive the request 
before the web server sends the determined VXML page to 
the Voice gateway. 
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0059 Synchronizing may include receiving a request for 
a first-modality page from the first-modality gateway, deter 
mining a second-modality page that corresponds to the 
first-modality page, and requesting the second-modality 
page. Receiving the request for the first-modality page from 
the first-modality gateway may include a controller receiv 
ing the request for a HTML page from a browser, the 
controller being physically separate from the browser. 
Determining the second-modality page may include the 
controller determining a VXML page that corresponds to the 
HTML page. Requesting the second-modality page may 
include the controller requesting the determined VXML 
page from a voice gateway, the controller being physically 
separate from the voice gateway and from the server system. 
0060 Receiving the request for the first-modality page 
from the first-modality gateway may include a controller 
receiving the request for a VXML page from a voice 
gateway, the controller and the Voice gateway residing on a 
mobile device. Determining the second-modality page may 
include the controller determining a HTML page that cor 
responds to the VXML page. Requesting the second-modal 
ity page may include the controller requesting the deter 
mined HTML page from a web server. 
0061 Synchronizing may include receiving a request for 
a first-modality page from the first-modality gateway, deter 
mining a second-modality page that corresponds to the 
first-modality page, and sending an identifier of the second 
modality page to the Second-modality gateway. Receiving 
the request for the first-modality page from the first-modal 
ity gateway may include a controller receiving the request 
for a HTML page from a browser, the controller and the 
browser residing on a mobile device. Determining a second 
modality page may include the controller determining a 
VXML page that corresponds to the HTML page. Sending 
an identifier of the second-modality page to the second 
modality gateway may include the controller sending a 
uniform resource locator (“URL) of the determined VXML 
page to a voice gateway, the Voice gateway residing on the 
mobile device. 

0062 Synchronizing may include receiving a request for 
a first-modality page from a first-modality interface, access 
ing an identifier of a second-modality page where the 
second-modality page corresponds to the first-modality 
page, and requesting the second-modality page. Receiving 
the request for the first-modality page from the first-modal 
ity interface may include a controller receiving the request 
for a VXML page from a voice interface, the controller 
being physically separate from the Voice interface. Access 
ing the identifier of the second-modality page may include 
the controller accessing a URL for a HTML page that 
corresponds to the VXML page, wherein the URL is Sup 
plied by a voice gateway that is physically separate from the 
controller. Requesting the second-modality page may 
include the controller requesting the corresponding HTML 
page for a browser from a web server, the controller being 
physically separate from the web server and the browser. 
0063 Synchronizing the first-modality gateway and the 
second-modality gateway may include receiving from a 
first-modality interface a first item relating to first data, and 
determining second data, the second data corresponding to 
the first data. Receiving from the first-modality interface the 
first item relating to first data may include a controller 
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receiving from a voice interface a request for a VXML page, 
the first item comprising the request and the first data 
comprising the VXML page, the controller being physically 
separate from the Voice interface. Determining second data, 
the second data corresponding to the first data, may include 
the controller determining a HTML page that corresponds to 
the VXML page. The controller may request the determined 
HTML page for a browser from a web server, the controller 
being physically separate from the browser and the web 
server. The second data may be provided to the second 
modality interface. 

0064 Receiving the first item may include receiving a 
request for a first web page, the first web page being 
identified by a first uniform resource locator (“URL) and 
the first data including the first URL. Determining the 
second data may include determining a second URL for a 
second web page, the second web page corresponding to the 
first web page, and the second data including the second 
URL. 

0065 Synchronizing the first-modality gateway and the 
second-modality gateway may include receiving from the 
first-modality gateway a first item relating to a first data, and 
determining a second data, the second data corresponding to 
the first data. A controller may receive the first item, and the 
controller may determine the second data. The second data 
may be provided to the second-modality gateway. The 
second data may be provided to the second-modality gate 
way after waiting for the second-modality gateway to 
request the second data. The second-modality gateway may 
be notified to request the second data. Notifying the second 
modality gateway may include a controller notifying the 
second-modality gateway through a publish/Subscribe sys 
tem, and the controller may provide the second data. Noti 
fying the second-modality gateway may include a controller 
notifying the second-modality gateway by sending a refresh 
inquiry response, and providing the second data may include 
a controller providing the second data. 

0066 An identifier of the second data may be maintained. 
The second-modality gateway may be provided a pointer to 
the identifier of the second data. The second data may be 
requested from the server system. Requesting the second 
data from the server system may include a controller 
requesting the second data from a storage medium that is 
local with respect to the controller, wherein the server 
system includes the storage medium. Requesting the second 
data from the server system may include a controller 
requesting the second data from a storage medium that is 
remote with respect to the controller, wherein the server 
system includes the storage medium. An identifier of the 
second data may be provided to the second-modality gate 
way. Determining the second data may include receiving an 
identifier of the second data from the first-modality gateway. 

0067. In another aspect, a communication sent from a 
first-modality gateway is accessed, and a synchronizing 
mechanism is provided in response to accessing the com 
munication. The synchronizing mechanism is capable of use 
in Synchronizing the first-modality gateway and a second 
modality gateway, and both gateways interface between a 
user and a server system. Accessing a communication may 
include receiving a request for a first item, and providing a 
synchronizing mechanism may include determining a sec 
ond item that corresponds to the first item, and sending the 
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second item to the second-modality gateway. Accessing a 
communication may include receiving a request for a first 
item, and providing a synchronizing mechanism may 
include determining a second item that corresponds to the 
first item, determining an identifier of the second item, and 
sending the identifier to the second-modality gateway. 
Accessing a communication may include receiving an item, 
and providing a synchronizing mechanism may include 
determining the identity of the second-modality gateway, 
and sending the item to the second-modality gateway. 
Receiving an item may include receiving a text entry entered 
by a user. 

0068. In another aspect, a request for a first-modality data 
from a first-modality entity is received, a second-modality 
data is determined where the second-modality data corre 
sponds to the first-modality data, and the second-modality 
data is provided to a second-modality entity. The first 
modality entity may include a first-modality gateway, and 
the second-modality entity may include a second-modality 
gateway. 

0069. In another aspect, a storage medium has stored 
thereon instructions that when executed by a machine result 
in Synchronizing a first-modality gateway and a second 
modality gateway. Both gateways are adapted to interface 
between a user and a server system. The synchronizing 
allows the user to use either of the first-modality gateway or 
the second-modality gateway at a given point in time to 
interface with specific information in the server system. A 
first-modality interface may be adapted to be coupled to the 
first-modality gateway, and a second-modality interface may 
be adapted to be coupled to the second-modality gateway. 

0070. In another aspect, a controller interface includes 
instructions that when executed by a machine result in 
interfacing a first-modality interface and a second-modality 
interface to a controller that provides synchronization of the 
first-modality interface and the second-modality interface. 
The first-modality interface may include a browser interface. 

0071. In another aspect, one or more components imple 
mented in hardware, firmware, or software, are adapted to 
receive a request for a first-modality page from a first 
modality gateway, to determine a second-modality page that 
corresponds to the first-modality page, and to request the 
second-modality page. The first-modality gateway may 
include a browser, and the second modality gateway may 
include a voice gateway. Advantages of the implementations 
described may include: (i) allowing a user to use multiple 
modalities to interface with data over a network such as, for 
example, the WWW, (ii) enabling such multiple modality 
use in a mobile device, (iii) allowing such a mobile device 
to be designed without incorporating the synchronization 
functionality, (iv) enabling a web server design to remain 
relatively constant by performing the synchronization func 
tionality in an intermediary between a user device and the 
server, (V) enabling a distributed architecture that can Syn 
chronize multiple devices, (vi) enabling multi-modal inter 
actions that require minimum installation time, or even 
Zero-install time at a client device, such as, for example, a 
personal digital assistant, and (vii) providing synchroniza 
tion of multiple modalities using existing standards-based 
representation of data content, such as, for example, HTML 
and VXML. 
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0072) 
0073. According to an implementation, discussed more 
fully with respect to FIG. 2 below, a user may use multiple 
modes to interface to the WWW. For example, a user may 
use a browser and, at the same time, use aural input and 
output. The aural interface and the browser can be synchro 
nized, thereby allowing the user to choose whether to use the 
browser or voice for a particular input. The implementation 
may remain synchronized by updating both the browser and 
a voice gateway with corresponding data. For example, 
when a user clicks on a link the browser will display the 
desired web page and the Voice gateway will receive the 
corresponding voice-based web page so that the user can 
receive Voice prompts corresponding to the displayed page, 
and so that the user can enter voice input corresponding to 
the displayed page. 

Introduction to a particular implementation 

0074 Centralized Implementations 
0075) Referring to FIG. 1, a system 100 for synchroniz 
ing multiple modes includes a server system 110 and a 
synchronization controller 120 that may communicate with 
each other over a connection 130 and are included in a 
common unit 140. The server system 110 and/or the syn 
chronization controller 120 may communicate with a pub 
lish/subscribe system 150 over the connection 130. 
0076) The system 100 includes a device 160. The device 
160 includes a first gateway 165, a first interface 170, and a 
second interface 175. The first gateway 165 and the first 
interface 170 may communicate over a connection 180. The 
system 100 includes a second gateway 185 that may com 
municate with the second interface 175 over a connection 
190. Either or both of the first and second gateways 165, 185 
may communicate with either the server system 110 and/or 
the synchronization controller 120 over the connection 130. 
The first and second gateways may communicate with the 
publish/subscribe system 150 over connections 194, 196 
respectively. 

0077. An “interface” refers to a component that either 
accepts input from a user or provides output to a user. 
Examples include a display, a printer, a speaker, a micro 
phone, a touch screen, a mouse, a roller ball, a joystick, a 
keyboard, a temperature sensor, a light sensor, a light, a 
heater, an air quality sensor Such as a Smoke detector, and a 
pressure sensor. A component may be, for example, hard 
ware, software, or a combination. 
0078. A "gateway” refers to a component that translates 
between user input/output and some other data format. For 
example, a browser is a gateway and it translates the user's 
clicks and typing into hypertext transfer protocol (“HTTP) 
messages, and translates received HTML into a format that 
the user can understand. 

0079 The system 100 optionally includes a third gateway 
198 and a third interface 199. The third gateway optionally 
communicates directly with the unit 140 over the connection 
130. The third gateway 198 represents the multiplicity of 
different modes that may be used in different implementa 
tions, and the fact that the gateways and interfaces for these 
modes may be remote from each other and from the other 
gateways and interfaces. Examples of various modes of 
input or output include manual, visual (for example, display 
or print), aural (for example, Voice or alarms), haptic, 
pressure, temperature, and Smell. Manual modes may 
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include, for example, keyboard, Stylus, keypad, button, 
mouse, touch (for example, touch screen), and other hand 
inputs. 
0080 A modality gateway or a modality interface refers 
to a gateway (or interface) that is particularly adapted for a 
specific mode, or modes, of input and/or output. For 
example, a browser is a modality gateway in which the 
modality includes predominantly manual modes of input 
(keyboard, mouse, stylus), visual modes of output (display), 
and possibly aural modes of output (speaker). Thus, multiple 
modes may be represented in a given modality gateway. 
Because a system may include several different modality 
gateways and interfaces. Such gateways and interfaces are 
referred to as a first-modality gateway, a first-modality 
interface, a second-modality gateway, a second-modality 
interface, etc. 
0081 More broadly, a first-modality entity refers to a 
component that is particularly adapted for a specific mode, 
or modes, of input and/or output. A first-modality entity may 
include, for example, a first-modality gateway or a first 
modality interface. 
0082. A first-modality data item refers to a data item that 

is used by a first-modality entity. The data item need not be 
provided in one of the modes supported by the first-modality 
entity, but rather, is used by the first-modality entity to 
interface with the user in one of the supported modes. For 
example, if a voice gateway is a first-modality gateway, then 
a first-modality data item may be, for example, a VXML 
page. The VXML is not itself voice data, but can be used to 
provide a voice interface with a user. 
0.083 Referring to FIG. 2, a system 200 is one example 
of an implementation of the system 100. The control unit 
140 is implemented with a web server 240 that includes a 
synchronization controller (see 120). The first gateway 165 
and the first interface 170 are implemented with a browser 
265 and a browser interface 270, respectively. The second 
gateway 185 and the second interface 175 are implemented 
with a voice gateway 285 and a voice interface 275, respec 
tively. The device 160 is implemented with a device 260 that 
may be, for example, a computer or a mobile device. A 
publish/subscribe system 250 is analogous to the publish/ 
subscribe system 150. Connections 230, 280, 290, 294, 296 
are analogous to the connections 130, 180, 190, 194, 196. 
0084. The voice interface 275 may include, for example, 
a microphone and a speaker. The voice interface 275 may be 
used to send Voice commands to, and receive voice prompts 
from, the voice gateway 285 over the connection 290. The 
commands and prompts may be transmitted over the con 
nection 290 using, for example, voice telephony services 
over an Internet protocol (“IP) connection (referred to as 
voice over IP or “VoIP). The voice gateway 285 may 
perform the Voice recognition function for incoming voice 
data. The voice gateway 285 may also receive VXML pages 
from the web server 240 that include dialogue entries for 
interacting with the user using voice. The voice gateway 285 
may correlate recognized words received from the user with 
the dialogue entry to determine how to respond to the user's 
input. Possible responses may include prompting the user 
for additional input or executing a command based on the 
users input. 
0085. The browser 265 operates in an analogous manner 
to the voice gateway 285. However, the browser 265 uses 
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HTML pages rather than VXML pages. Also, the browser 
265 and the user often communicate using manual and 
visual modes Such as, for example, a keyboard, a mouse and 
a display, rather than using voice. Although the browser 265 
may be capable of using an aural mode, it is generally 
restricted to output, such as, for example, providing music 
over a speaker. Although the system 200 shows an imple 
mentation tailored to the modes of manual and Voice input, 
and display and Voice output, alternative and additional 
modes may be Supported. 
0086) The publish/subscribe system 250 may function, 
for example, as a router for subscribed entities. For example, 
if the gateways 265, 285 are subscribed, then the publish/ 
subscribe system 250 may route messages from the web 
server 240 to the gateways 265, 285. 
0087. The operation of the system 200 is explained with 
reference to FIGS. 3-6 that depict examples of processes that 
may be performed using the system 200. Four such pro 
cesses are described, all dealing with synchronizing two 
gateways after a user has navigated to a new page using one 
of the two gateways. The four processes are: server push, 
browser pull, voice-interrupt listener, and no-input tag. 
0088 Referring to FIG. 3, a process 300, referred to as 
server push, for use with the system 200 includes the 
browser 265 subscribing to the publish/subscribe system 
250 (310). Subscription may be facilitated by the web server 
240 inserting a function call into an HTML page. When the 
browser 265 receives and loads the page, the function call is 
executed and posts a subscription to the publish/subscribe 
system 250. The subscription includes a call Oback pointer 
or reference, which is inserted into the subscription so that 
upon receiving a published message the publish/Subscribe 
system 250 can provide the message to the browser 265. 
After subscribing, the browser 265 then listens to the pub 
lish/subscribe system 250 for any messages. In one imple 
mentation, the browser 265 uses multiple frames including 
a content frame, a receive frame, and a send frame. The send 
frame is used to subscribe. The receive frame is used to 
listen. And the content frame is the only frame that displays 
content. Subscription (310) may be delayed in the process 
300, but occurs before the browser 265 receives a message 
(see 350). 
0089. The process 300 includes the voice gateway 285 
requesting a VXML page (320), and the web server 240 
sending the VXML page to the voice gateway 285 (330). 
Note that the browser 265 and the voice gateway 285 are the 
gateways to be synchronized in the implementation of the 
process 300 being described. The operations 320 and 330 
may be initiated, for example, by a user providing a voice 
command to the Voice gateway 285 telling the Voice gate 
way 285 to navigate to a new web page. The web server 240 
may delay sending the VXML page until later in the process 
300. Such a delay might be useful to better time the arrival 
of the requested VXML page at the voice gateway 285 with 
the arrival of the corresponding HTML page at the browser 
265. 

0090. A page may be, for example, a content page or a 
server page. A content page includes a web page, which is 
what a user commonly sees or hears when browsing the web. 
Web pages include, for example, HTML and VXML pages. 
A server page includes a programming page Such as, for 
example, a Java Server Page (JSP). A server page may also 
include content. 
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0091. The process 300 includes the web server 240 
sending a message to the publish/subscribe system 250 
indicating the HTML page that corresponds to the VXML 
page sent to the voice gateway 285 (340). The web server 
240 may recognize, or perhaps assume, that the Voice 
gateway 285 and the browser 265 are out of synchronization, 
or that the two gateways 265, 285 will become out of 
synchronization, due to the VXML page being sent to the 
voice gateway 285. 
0092 Accordingly, the web server 240 sends the message 
to the publish/subscribe system 250, intended for the 
browser 265, to bring the two gateways 265, 285 into 
synchronization. The web server 240 may send the message 
by using, for example, a HTTP post message with an 
embedded JavaScript command that indicates the corre 
sponding HTML page. The web server 240 need not desig 
nate the particular browser 265 for which the message is 
intended (by, for example, specifying an IP address and a 
port number). Rather, the web server 240 sends a message 
configured for a specific “topic' (usually a string parameter). 
All subscribers to that topic will receive the message when 
the message is published by the web server 240 via the 
publish/subscribe system 250. 

0093. The web server 240 may determine the correspond 
ing HTML page in a variety of ways. For example, if the 
VXML page request was the voice equivalent of a click on 
a link, then the VXML data may contain the uniform 
resource locator (“URL) for the corresponding HTML 
page. Alternatively, for example, the web server 240 may 
access a database containing URLs of corresponding VXML 
and HTML pages, or perform a URL translation if the 
corresponding pages are known to have analogous URLs. 

0094) “Synchronizing,” as used in this disclosure, refers 
to bringing two entities into synchronization or maintaining 
synchronization between two entities. Two gateways are 
said to be synchronized, for the purposes of this disclosure, 
when, at a given point in time, a user can use either of two 
modes to interface with specific information, the interfacing 
including either input or output. 

0.095 Two items “correspond, as used in this disclosure, 
if they both can be used by a different modality gateway to 
allow a user to interface with specific information. For 
example, an HTML page corresponds to a VXML page if the 
HTML page allows the user to interface with some of the 
same information as does the VXML page. An item may 
correspond to itself if two gateways can use the item to allow 
a user to interface with information in the item using 
different modalities. 

0096) The process 300 includes the publish/subscribe 
system 250 receiving the message from the web server 240 
and sending the message to the browser 265 (350). The 
publish/subscribe system 250 may use another HTTP post 
message to send the message to all Subscribers of the 
specified topic. In such an implementation, the publish/ 
subscribe system 250 may utilize a call-back pointer or 
reference that may have been inserted into the subscription 
from the browser 265. 

0097. The process 300 includes the browser 265 receiv 
ing the message (360). The browser 265 is assumed to be in 
a streaming HTTP mode, meaning that the HTTP connection 
is kept open between the browser 265 and the publish/ 
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subscribe system 250. Because the browser 265 is sub 
scribed, a HTTP connection is also kept open between the 
publish/subscribe system 250 and the web server 240. The 
web server 240 repeatedly instructs the browser 265, 
through the publish/subscribe system 250, to “keep alive' 
and to continue to display the current HTML page. 
0098. These “keep alive' communications are received 
by the receive frame of the browser 265 in an interrupt 
fashion. When the web server message arrives indicating the 
corresponding HTML page, the browser 265 receives the 
message in the browser receive frame and executes the 
embedded JavaScript command. Executing the command 
updates the content frame of the browser 265 by redirecting 
the content frame to another HTML page. 
0099 Referring to FIG. 4, a process 400, referred to as 
browser pull, for use with the system 200 includes the voice 
gateway 285 requesting a VXML page (410), and the web 
server 240 sending the requested VXML page to the voice 
gateway 285 (420). The web server 240 may delay sending 
the VXML page until later in the process 400 in order, for 
example, to better time the arrival of the requested VXML 
page at the voice gateway 285 with the arrival of the 
corresponding HTML page at the browser 265. 
0100. The process 400 includes the web server 240 
noting that the state of the Voice gateway 285 has changed 
and determining the corresponding page that the browser 
265 needs in order to remain synchronized (430). The web 
server 240 thus tracks the state of the gateways 265, 285. 
0101 The process 400 includes the browser 265 sending 
a request to the web server 240 for any updates (440). The 
requests are refresh requests or requests for updates, and the 
browser 265 sends the requests on a recurring basis from a 
send frame using a HTTP get message. 
0102) The process 400 includes the web server 240 
sending a response to update the browser 265 (450). Gen 
erally, the web server 240 responds to the refresh requests by 
sending a reply message to the browser receive frame 
indicating “no change.” However, when the Voice gateway 
285 has requested a new VXML page, the web server 240 
embeds a JavaScript command in the refresh reply to the 
browser 265 that, upon execution by the browser 265, will 
result in the browser 265 coming to a synchronized state. 
The JavaScript command, for example, instructs the browser 
265 to load a new HTML page. 
0103) The process 400 includes the browser 265 receiv 
ing the response and executing the embedded command 
(460). Upon executing the embedded command, the browser 
265 content frame is updated with the corresponding HTML 
page. The command provides the URL of the corresponding 
page. In another implementation, the web server 240 sends 
a standard response indicating “no change.” and instructing 
the browser 265 to reload the current HTML page from the 
web server 240. However, the web server 240 also embeds 
a command in the current HTML page on the web server 
240, and the command indicates the corresponding HTML 
page. Thus, when the current HTML page is requested, 
received, and loaded, the browser 265 will execute the 
embedded command and update the HTML page. 
0104 Referring to FIG. 5, a process 500, referred to as 
voice-interrupt listener, for use with the system 200 includes 
the voice gateway 285 subscribing to the publish/subscribe 
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system 250 (510). A function call may be embedded in a 
VXML page received from the web server 240, and the 
function call may be executed by the voice gateway 285 to 
subscribe to the publish/subscribe system 250. The voice 
gateway 285 can Subscribe at various points in time such as, 
for example, when the voice gateway 285 is launched or 
upon receipt of a VXML page. In contrast to a browser, the 
voice gateway does not use frames. Subscription (510) may 
be delayed in the process 500, but occurs before the voice 
gateway 285 receives a message (see 550). 
0105. The process 500 includes the browser 265 request 
ing from the web server 240 a HTML page (520) and the 
web server 240 sending to the browser 265 the requested 
HTML page (530). This may be initiated, for example, by a 
user selecting a new URL from a “favorites’ pull-down 
menu on the browser 265. The web server 240 may delay 
sending the requested HTML page (530) until later in the 
process 500 in order, for example, to better time the arrival 
of the requested HTML page at the browser 265 with the 
arrival of the corresponding VXML page at the voice 
gateway 285. 

0106) The process 500 includes the web server 240 
sending a message to the publish/subscribe system 250 
indicating a corresponding VXML page (540). The web 
server 240 sends a HTTP post message to the publish/ 
Subscribe system 250, and this message includes a topic to 
which the voice gateway 285 is subscribed. The web server 
240 also embeds parameters, as opposed to embedding a 
JavaScript command, into the message. The embedded 
parameters indicate the corresponding VXML page. 

0107 The process 500 includes the publish/subscribe 
system 250 sending the message to the voice gateway 285 
(550). The publish/subscribe system 250 may simply reroute 
the message to the Subscribed Voice gateway 285 using 
another HTTP post message. 
0108). The process 500 includes the voice gateway 285 
receiving the message (560). The voice gateway 285 is 
assumed to be in a streaming HTTP mode, listening for 
messages and receiving recurring "keep alive' messages 
from the publish/subscribe system 250. When the voice 
gateway 285 receives the new message from the web server 
240, the voice gateway 285 analyzes the embedded param 
eters and executes a command based on the parameters. The 
command may be, for example, a request for the correspond 
ing VXML page from the web server 240. 
0109 Referring to FIG. 6, a process 600, referred to as 
no-input tag, for use with the system 200 includes the web 
server 240 sending the voice gateway 285 a VXML page 
with a no-input tag embedded (610). Every VXML page 
may have a no-input markup tag (<no input>) that specifies 
code on the voice gateway 285 to run if the voice gateway 
285 does not receive any user input for a specified amount 
of time. The URL of a JSP is embedded in the code, and the 
code tells the voice gateway 285 to issue a HTTP get 
command to retrieve the JSP. The same no-input tag is 
embedded in every VXML page sent to the voice gateway 
285 and, accordingly, the no-input tag specifies the same JSP 
each time. 

0110. The process 600 includes the browser 265 request 
ing a HTML page (620), the web server 240 sending the 
requested HTML page to the browser 265 (630), and the web 
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server 240 noting the state change and determining a cor 
responding VXML page (640). The web server 240 updates 
the contents of the JSP or the contents of a page pointed to 
by the JSP. with information about the corresponding VXML 
page. Such information may include, for example, a URL of 
the corresponding VXML page. The web server 240 may 
delay sending the requested HTML page (630) until later in 
the process 600 in order, for example, to better time the 
arrival of the requested HTML page at the browser 265 with 
the arrival of the corresponding VXML page at the voice 
gateway 285. 
0111. The process 600 includes the voice gateway 285 
waiting the specified amount of time and sending a request 
for an update (650). After the specified amount of time, 
determined by the code on the voice gateway 285, has 
elapsed, the voice gateway 285 issues a HTTP get command 
for the JSP. When no user input is received for the specified 
amount of time, the user may have entered input using a 
non-voice mode and, as a result, the Voice gateway 285 may 
need to be synchronized. 
0112 The process 600 includes the web server 240 
receiving the update request and sending the corresponding 
VXML page to the voice gateway 285 (660). The JSP 
contains an identifier of the corresponding VXML page, the 
identifier being, for example, a URL or other type of pointer. 
The web server 240 issues a HTTP post message to the voice 
gateway 285 with the VXML page corresponding to the 
current HTML page. 
0113. The process 600 includes the voice gateway 285 
receiving the corresponding VXML page (670). When the 
Voice gateway 285 receives and loads the corresponding 
VXML page, and the browser 265 receives and loads the 
HTML (see 630), the two gateways 265, 285 are synchro 
nized. It is possible, however, that the two gateways 265, 
285 were never unsynchronized because the user did not 
enter a browser input, in which case the voice gateway 285 
simply reloaded the current VXML page after no voice input 
was received during the specified amount of waiting time. 
0114. The process 600 has an inherent delay because it 
waits for the voice gateway 285 to ask for an update. It is 
possible, therefore, that the voice gateway 285 will be out of 
synchronization for a period of time on the order of the 
predetermined delay. A voice input received while the voice 
gateway 285 is out of synchronization can be handled in 
several ways. Initially, if the context of the input indicates 
that the gateways 265, 285 are out of synchronization, then 
the voice input may be ignored by the voice gateway 285. 
For example, if a user clicks on a link and then speaks a 
command for a dialogue that would correspond to the new 
page, the voice gateway 285 will not have the correct 
dialogue. Assuming a conflict, however, the web server 240 
may determine that the gateways 265, 285 are not in 
synchronization and may award priority to either gateway. 
Priority may be awarded, for example, on a first-input basis 
or priority may be given to one gateway as a default. 
0115 Fused Implementations 
0116 Referring to FIG. 7, a system 700 includes a web 
server 710 communicating with a synchronization controller 
720 on a device 730. The device 730 also includes a browser 
735, in communication with the browser interface 270, and 
a voice mode system 740 in communication with the voice 
interface 275. 
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0117 The web server 710 may be, for example, a stan 
dard web server providing HTML and VXML pages over a 
HTTP connection. The device 730 may be, for example, a 
computer, a portable personal digital assistant ("PDA"), or 
other electronic device for communicating with the Internet. 
In one implementation, the device 730 is a portable device, 
allowing a user to use either browser or voice input and 
output, to communicate with the Internet. In such an imple 
mentation, the web server 710 does not need to be rede 
signed because all of the synchronization and communica 
tion is handled by the synchronization controller 720. 
0118. The voice mode system 740 stores VXML pages 
that are of interest to a user and allows a user to interface 
with these VXML pages using voice input and output. The 
VXML pages can be updated or changed as desired and in 
a variety of ways, such as, for example, downloading the 
VXML pages from the WWW during off-peak hours. The 
voice mode system 740 is a voice gateway, but is referred to 
as a voice mode system to note that it is a modified Voice 
gateway. The voice mode system 740 performs voice rec 
ognition of user Voice input and renders output in a simu 
lated voice using the voice interface 275. 
0119) The synchronization controller 720 also performs 
synchronization between the browser and voice modes. 
Referring to FIGS. 8 and 9, two processes are described for 
synchronizing the browser 735 and the voice mode system 
740, or alternatively, the browser interface 270 and the voice 
interface 275. 

0120 Referring to FIG. 8, a process 800 includes the 
synchronization controller 720 receiving a browser request 
for a new HTML page (810). The browser 735 may be 
designed to send requests to the synchronization controller 
720, or the browser 735 may be sending the requests to the 
web server 710 and the synchronization controller 720 may 
be intercepting the browser requests. 
0121 The process 800 includes the synchronization con 
troller 720 determining a VXML page that corresponds to 
the requested HTML page (820). In particular implementa 
tions, when the user requests a new HTML page by clicking 
on a link with the browser 735, the HTML data also includes 
the URL for the corresponding VXML page. Further, the 
browser 735 sends both the URL for the requested HTML 
page and the URL for the corresponding VXML page to the 
synchronization controller 720. The synchronization con 
troller 720 determines the corresponding VXML page sim 
ply by receiving from the browser 265 the URL for the 
corresponding VXML page. The synchronization controller 
720 may also determine the corresponding page by, for 
example, performing a table look-up, accessing a database, 
applying a translation between HTML URLs and VXML 
URLs, or requesting information from the web server 710. 
0122) The process 800 includes the synchronization con 
troller 720 passing the identifier of the corresponding VXML 
page to the voice mode system 740 (830). The identifier may 
be, for example, a URL. In particular implementations, the 
voice mode system 740 may intercept browser requests for 
new HTML pages, or the browser 735 may send the requests 
to the voice mode system 740. In both cases, the voice mode 
system 740 may determine the corresponding VXML page, 
rather than the synchronization controller 720 determining 
the corresponding page (820) and sending an identifier 
(830). 
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0123 The process 800 includes the synchronization con 
troller 720 passing the browser's HTML page request on to 
the server 710 (840). The synchronization controller 720 
may, for example, use a HTTP request. In implementations 
in which the synchronization controller 720 intercepts the 
browser's request, then operation 840 is performed implic 
itly. The synchronization controller 720 may delay sending 
the browser request to the server (840) until later in the 
process 800 in order, for example, to better time the arrival 
of the requested HTML page at the browser 735 with the 
access of the corresponding VXML page at the Voice mode 
system 740 (see 860). 
0.124. The process 800 includes the browser receiving the 
requested HTML page (850) and the voice mode system 740 
accessing the corresponding VXML page (860). Once these 
two pages are loaded and available for facilitating interac 
tion with a user, the two modes will be synchronized. 
0.125 Referring to FIG. 9, a process 900 includes the 
Voice mode system 740 receiving a user request for a new 
VXML page (910) and accessing the requested VXML page 
(920). The voice mode system 740 accesses the VXML page 
from, for example, stored VXML pages. Accessing the 
requested VXML page (920) may be delayed to coincide 
with the browser's receipt of the corresponding HTML page 
in operation 960. 
0.126 The process 900 includes the voice mode system 
740 passing the request for the VXML page on to the 
synchronization controller 720 (930), and the synchroniza 
tion controller 720 determining the corresponding HTML 
page (940). In particular implementations, the Voice mode 
system 740 may determine the corresponding HTML page, 
or may pass the request for the VXML page directly to the 
browser 735 with the browser 735 determining the corre 
sponding HTML page. 
0127. The process 900 includes the synchronization con 
troller 720 requesting the corresponding HTML page from 
the web server 710 (950) and the browser receiving the 
corresponding HTML page (960). The synchronization con 
troller 720 may use, for example, a HTTP get command. 
0.128 Proxy Implementations 

0129 Referring to FIG. 10, a system 1000 includes a web 
server 1010 communicating with both a synchronization 
controller 1020 and a voice gateway 1025. The synchroni 
zation controller 1020 further communicates with both the 
voice gateway 1025 and several components on a device 
1030. The device 1030 includes the browser interface 270, 
a browser 1040, and the voice interface 275. The browser 
1040 communicates with the browser interface 270 and the 
synchronization controller 1020. The voice interface 275 
communicates with the synchronization controller 1020. 
0130. The web server 1010 is capable of delivering 
HTML and VXML pages. The device 1030 may be, for 
example, a computer or portable PDA that is equipped for 
two modes of interfacing to the WWW. The system 1000 
allows the two modes to be synchronized, and the system 
1000 does not require the web server 1010 to be enhanced 
or redesigned because the synchronization controller 1020 is 
independent and separate from the web server 1010. 
0131 Referring to FIGS. 11 and 12, two processes are 
described for synchronizing the browser 1040 and the voice 
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gateway 1025, or alternatively, the browser interface 270 
and the voice interface 275. Both assume that the user input 
is a request for a new page, although other inputs may be 
used. 

0132) Referring to FIG. 11, a process 1100 includes the 
synchronization controller 1020 receiving a browser request 
for a new HTML page (1110). The process 1100 includes the 
synchronization controller 1020 passing the HTML request 
on to the web server 1010 (1120), and determining the 
corresponding VXML page (1130). These three operations 
1110-1130 are substantially similar to the operations 810, 
840, and 820, respectively, except for the location of the 
synchronization controller (compare 720 with 1120). The 
synchronization controller 1020 may delay sending the 
browser request to the web server 1010 (1120) until later in 
the process 1100 in order, for example, to better time the 
arrival of the requested HTML page at the browser 1040 
with the arrival of the corresponding VXML page at the 
synchronization controller 1020 (see 1150). 
0133. The process 1100 includes the synchronization 
controller 1020 requesting the corresponding VXML page 
through the voice gateway 1025 (1140). The synchroniza 
tion controller 1020 may request the page in various ways. 
For example, the synchronization controller 1020 may send 
a simulated voice request to the voice gateway 1025, or send 
a command to the voice gateway 1025. 
0134) The process 1100 includes the synchronization 
controller 1020 receiving the corresponding VXML page 
(1150). The voice gateway 1025 receives the requested 
VXML page and sends it to the synchronization controller 
1020. In another implementation, the synchronization con 
troller 1020 does not receive the VXML page, and the voice 
gateway 1025 does the Voice recognition and interfacing 
with the user with the synchronization controller 1020 acting 
as a conduit. 

0135 Referring to FIG. 12, a process 1200 includes the 
synchronization controller 1020 receiving a voice input from 
the voice interface 275 requesting a new VXML page 
(1210). The process 1200 includes the synchronization con 
troller (i) parsing the Voice input and passing the request for 
a new VXML page along to the voice gateway 1025 (1220), 
and (ii) determining the corresponding HTML page (1230). 
In this implementation, the synchronization controller 1020 
has access to and stores the current VXML page, which 
allows the synchronization controller 1020 to parse the voice 
input. As explained above, having the current VXML page 
may also allow the synchronization controller 1020 to 
determine the corresponding HTML page for “voice click” 
events. If the user's input is not the voice equivalent of 
clicking on a link, but is, for example, a spoken URL, then 
by having the capability to do the Voice recognition, the 
synchronization controller may be able to parse the URL and 
request that the server provide the URL for the correspond 
ing HTML page. 
0136. The process 1200 includes the synchronization 
controller 1020 requesting the corresponding HTML page 
from the server (1240), and the browser receiving the 
requested HTML page (1250). In another implementation, 
the synchronization controller 1020 does not determine the 
corresponding page, but requests that the web server 1010 
determine the corresponding page and send the correspond 
ing page. 
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0.137 In yet another implementation, the synchronization 
controller 1020 does not parse the voice input, but merely 
passes the VoIP request along to the voice gateway 1025. If 
the voice input is a request for a VXML page, the voice 
gateway 1025 determines the corresponding HTML page 
and provides the synchronization controller 1020 with a 
URL for the HTML page. 

0138 Referring to FIG. 13, a device 1300 includes a 
synchronization controller interface 1310, a browser 1320, 
the browser interface 270, and the voice interface 275. The 
browser 1320 communicates with the browser interface 270 
and the synchronization controller interface 1310. The syn 
chronization controller interface 1310 further communicates 
with the voice interface 275. 

0.139. The device 1300 is similar to the device 1030 
except that the functionality allowing the browser 1040 and 
the voice interface 275 to communicate with the synchro 
nization controller 1020 is separated as the synchronization 
controller interface 1310. In one implementation, the device 
1300 is a mobile device. Such a mobile device is smaller and 
lighter than if a synchronization controller was also imple 
mented on the mobile device. Further, because such a mobile 
device does not contain the functionality of a synchroniza 
tion controller, but only includes an interface, the mobile 
device may be able to take advantage of improvements in a 
synchronization controller without having to be redesigned. 

0140. Additional Variations 
0.141. Each of the above implementations may be used 
with more than two different modes. For example, inventory, 
shipping, or other data may be accessed in a warehouse 
using three different modes, and one or more machines 
accessing the warehouse data may need to be synchronized. 
The first mode may include keyboard input. The second may 
include voice input. And the third may include input from 
scanning a bar code on a pallet, for example, to request a 
particular record. Output for any of the modes may include, 
for example, display output, Voice output, or printer output. 

0142. The processes described have been principally 
explained in terms of a particular system. However, each of 
the processes may be used with a variety of other imple 
mentations of a centralized, fused, proxy, or other type of 
system. 

0.143 Referring again to FIG. 1, the server system 110 
includes one or more devices for storing, at least tempo 
rarily, information that can be accessed by one or more 
gateways. For example, a web server has a storage device for 
storing web pages. The server system 110 may include 
multiple storage devices that are located locally or remotely 
with respect to each other. The server system 110 may 
include one or more storage devices that are located locally 
to another component, Such as, for example, the device 160 
or the second gateway 185. In various implementations, the 
server system 110 or the synchronization controller 120 are 
not contained in the unit 140. 

0144. The synchronization controller 120 maintains or 
establishes synchronization between two or more devices, 
Such as, for example, gateways and/or interfaces. The com 
ponents of the synchronization controller 120 may be remote 
or local with respect to each other and may be local to one 
or more of the other components in the system 100 such as, 
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for example, the device 160, the second gateway 185, or the 
publish/subscribe system 150. 
0145 The publish/subscribe system 150 refers to a sys 
tem that receives and sends messages. In particular imple 
mentations, the publish/subscribe system 150 can only 
receive messages from, or send messages to, Subscribed 
entities-with the exception of receiving a subscribe request. 
0146 The device 160 may be an electronic device, an 
optical device, a magnetic device, or some other type of 
device capable of communicating with a user and with other 
systems. Examples include a computer, a PDA, a server, or 
a set-top box. 
0147 The connections 130, 180, 190, 194, 196, and other 
connections throughout the disclosure, may be direct or 
indirect connections, possibly with one or more intervening 
devices. A connection may use one or more media Such as, 
for example, a wired, a wireless, a cable, or a satellite 
connection. A connection may use a variety of technologies 
or standards Such as, for example, analog or digital tech 
nologies, packet Switching, code division multiple access 
(“CDMA'), time division multiple access (“TDMA'), and 
global system for mobiles (“GSM) with general packet 
radio service (“GPRS). A connection may use a variety of 
established networks such as, for example, the Internet, the 
WWW, a wide-area network (“WAN”), a local-area network 
(“LAN”), a telephone network, a radio network, a television 
network, a cable network, and a satellite network. 
0148. The processes 300-600 are amenable to numerous 
variations, several examples of which follow, and may be 
applied to architectures different than that of the system 200. 
Separate devices, each including one gateway, can be Syn 
chronized by keeping track of the IP addresses and port 
numbers of the separate devices, or by having the devices 
subscribe to the same topic at a publish/subscribe system. 
For example, a user may be operating a first-modality 
interface on a first machine, and operating a second-modal 
ity interface on a second machine. As another example, two 
or more users may be remotely located and may want to be 
synchronized. The remotely located users may be operating 
the same modality interface, or different modality interfaces. 
014.9 The voice command discussed as initiating opera 
tion 320 or 410, and the browser commands discussed as 
initiating operation 520 or 620, may be a navigation com 
mand or a non-navigation command. Navigation commands 
include, for example, specifying a URL, and entering a 
home, back, or forward command. Non-navigation com 
mands include, for example, a text entry, a preference 
change, or a focus command. 
0150. Any input received by a gateway, including com 
mand and data, may be provided to the server by the voice 
gateway or browser. For example, the Voice gateway may 
provide the server with text entries and other inputs, even 
when the voice gateway does not need a VXML page, so that 
the server can supply the input to the browser to keep the 
browser synchronized with respect to text entries, etc., and 
not just with respect to new pages. 
0151. In various implementations, the server's message 
to a gateway in operation 360, 460, or 560 may include, for 
example, (i) the actual corresponding HTML/VXML page, 
(ii) the URL of the corresponding page with a command to 
retrieve the corresponding page, (iii) the URL of a JSP that 
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identifies the corresponding page, (iv) a command relating 
to the corresponding page or to a JSP that identifies the 
corresponding page, and (V) an indication to reload the 
current page, into which the server has embedded a com 
mand that will retrieve the corresponding page. 

0152. A first item is said to relate to a first data when the 
first item includes information relating to the first data. Such 
information may include, for example, the first data itself, an 
address of the first data or some other pointer to the first data, 
an encoding of the first data, and parameters identifying 
particular information from the first data. The first data may 
include any of the many examples described in this disclo 
Sure as well as, for example, an address of Some other data, 
data entered by a user, and a command entered by a user. 
0153. In sending the corresponding input, or an indica 
tion of the corresponding input, to a gateway (340-50, 450, 
540-550, 660), a server may send, for example, a command 
or parameters. A command may include, for example, a 
JavaScript command that requests the corresponding page. 
Parameters may include, for example, a URL of the corre 
sponding page. 

0154) The parameters are parsed, a command is deter 
mined, and the command is executed. For example, in 
operation 660, instead of sending the corresponding VXML 
page, the server may send a message with parameters 
including a URL (for the corresponding VXML page) and an 
indication that the Voice gateway should request the page 
identified by the URL. 

0.155) In the processes 300-600, the web server 240 is 
described as performing a variety of actions. As described 
earlier, the web server 240 includes a synchronization con 
troller and many of the actions performed by the web server 
240 can be characterized as being performed by a synchro 
nization controller. 

0156 Referring to FIGS. 8 and 9, operations 810 and 910 
may be generalized to allow the synchronization controller 
720 to receive other browser inputs, and the voice mode 
system 740 to receive other voice inputs. The inputs may 
include, for example, a command, a request for a new page, 
a data input, and a focus request. In one implementation of 
operation 910, the voice mode system 740 receives a user's 
city selection for a field in a VXML page that solicits the 
user's address. Receipt of the city selection causes the 
VXML to move to the dialogue entry for selecting a state. 
The voice mode system 740 may pass this selection to the 
browser 735 so that the user's screen display can be updated. 

O157. Further, the voice mode system 740 may be a voice 
gateway. In Such an implementation, the Voice gateway 
would not have any VXML pages stored locally and would 
request them from the web server 710. The synchronization 
controller 720 may intercept or control the voice gateway 
requests, analogous to the manner in which the synchroni 
zation controller 720 may intercept or control the browser 
requests. 

0158. One or more of the functions of the synchroniza 
tion controller 720 may be performed by either the browser 
735 or the voice mode system 740. For example, the browser 
735 may send HTML page requests to the voice mode 
system 740, and the voice mode system 740 may determine 
the corresponding VXML page. 
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0159. As indicated by the breadth of implementations 
disclosed, the synchronization controller can be placed at 
various locations within a system. Further, the component 
functions of a synchronization controller can be separated 
and placed at different locations within a system. This 
flexibility allows the complexity of a system to be targeted 
to one or more particular devices. By keeping the synchro 
nization controller functions off of a mobile device, for 
example, mobile devices may be more lightweight, less 
expensive, and more robust to technology enhancements in 
the synchronization controller. By using a proxy model, a 
mobile device is still free of the synchronization controller, 
so the previous benefits may be enjoyed. 
0160 Further, by using a proxy model, the multitude of 
existing web servers may not need to be redesigned, and the 
synchronization controller may allow multiple types of 
mobile devices to communicate with the same server infra 
structure. Using a publish/Subscribe system, operating as in 
the implementations described or according to other prin 
ciples, may also facilitate an architecture with minimal 
install time for client devices, such that client devices are 
changed as little as possible. 
0161. A synchronization controller may consist of one or 
more components adapted to perform, for example, the 
functions described for a synchronization controller in one 
or more of the implementations in this disclosure. The 
components may be, for example, hardware, Software, firm 
ware, or some combination. Hardware components include, 
for example, controller chips and chip sets, communications 
chips, digital logic, and other digital or analog circuitry. 
0162 The implementations disclosed can be character 
ized as providing a synchronizing mechanism. Such syn 
chronizing mechanisms include, for example, (i) sending a 
message to a publish/Subscribe system, (ii) sending a mes 
sage to a browser, possibly with a URL for a new page or a 
JSP. (iii) updating state information by, for example, updat 
ing a JSP. (iv) sending a corresponding page directly to a 
gateway, (V) requesting a corresponding page from an inter 
mediary or from a storage location having the page, (vi) 
determining a corresponding page, and (vii) requesting a 
determination of a corresponding page, and possibly 
requesting receipt of that determination. Various of the listed 
mechanisms may be performed by a synchronization con 
troller, a web server, a gateway, or another component 
adapted to provide such functionality. 
0163 Many of the disclosed implementations have 
focused on WWW and Internet applications. However, the 
features described can be applied to a variety of communi 
cation environments, networks, and systems. The use of the 
term “page,” is also not meant to be restrictive and refers to 
data in a form usable by a particular gateway, interface, or 
other component. 

0164. Throughout this disclosure various actions are 
described, such as, for example, receiving, accessing, pro 
Viding, sending, requesting, determining, passing, and rout 
ing. These terms, and others like them, are intended to be 
broadly construed. Accordingly, Such terms are not restricted 
to acting directly but may act through one or more interme 
diaries. For example, a page may be sent to a gateway, 
provided to a gateway, or received from a gateway, even 
though the page may first go through a controller or a 
publish/Subscribe system. As another example, a corre 
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sponding page may be determined by requesting another 
component to provide the corresponding URL. 

0.165 Section II 
0166 A user interface may allow a user to gain access to 
data, such as, for example, products in a catalog database, or 
to enter data into a system, Such as, for example, entering 
customer information into a customer database. User inter 
faces are used for applications residing on relatively station 
ary computing devices, such as desktop computers, as well 
as for applications residing on mobile computing devices, 
Such as laptops, palmtops, and portable electronic organiz 
ers. A voice-activated user interface can be created to 
provide data access and entry to a system, and Voice input 
may be particularly appealing for mobile devices. 
0.167 In various implementations, a grammar for speech 
recognition for a given Voice-driven application, mobile or 
otherwise, can be written to enable accurate and efficient 
recognition. Particular implementations described below 
provide a user interface that allows a user to input data in one 
or more of a variety of different modes, including, for 
example, stylus and Voice input. Output may also be in one 
or more of a variety of modes. Such as, for example, display 
or voice. Particular implementations may be used with 
mobile devices, such as, for example, palmtops, and the 
combination of voice and stylus input with Voice and display 
output may allow such mobile devices to be more useful to 
a user. Implementations may also be used with the multi 
modal synchronization system described in the incorporated 
provisional application. 

0.168. Implementations allow enhanced voice recognition 
accuracy and/or speed due in part to the use of a structured 
grammar that allows a grammar to be narrowed to a relevant 
part for a particular voice recognition operation. For 
example, narrowing of the grammar for a voice recognition 
operation on a full search string may be achieved by using 
the results of an earlier, or parallel, Voice recognition opera 
tion on a component of the full search String. Other imple 
mentations may narrow the grammar by accepting param 
eters of a search String in a particular order from a user, and, 
optionally, using the initial parameter(s) to narrow the 
grammar for Subsequent parameters. Examples include (i) 
reversing the standard order of receiving street address 
information so that, for example, the country is received 
before the state and the grammar used to recognize the State 
is narrowed to the states in the selected country, (ii) seg 
menting an electronic mail address or web site address So 
that a user Supplies a domain identifier, Such as, for example 
"corn, separately, or (iii) automatically inserting the “at 
sign” and the “dot into an electronic mail address and only 
prompting the user for the remaining terms, thus obviating 
the often complex process of recognizing these spoken 
characters. 

0.169 Implementations may also increase recognition 
accuracy and speed by augmenting a grammar with possible 
search Strings, or utterances, thus decreasing the likelihood 
that a voice recognition system will need to identify an entry 
by its spelling. In Such situations, the voice recognition 
system also obviates the need to ask the user to spell out a 
term that is not recognized when spoken. For example, after 
a user enters "corn” as a domain identifier in an electronic 
mail address, the voice recognition system may include, for 
example, the names of all “Fortune 100 companies and a 
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variety of popular commercial sites in the grammar for the 
server identifier of the electronic mail address. Thus, if the 
user then enters "amazon' as the server identifier, and if 
“amazon' has been included in the grammar, the system will 
recognize the entry without having to ask the user to spell it 
Out. 

0170 Implementations also allow enhanced database 
searching. This may be achieved, for example, by using a 
structured grammar and associating grammar entries with 
specific database entries. In this manner, when the structured 
grammar is used to recognize the search String, then par 
ticular database entries or relevant portions of the database 
may be identified at the same time. 
0171 According to one general aspect, automatically 
searching for one or more matches to a search string includes 
accessing a first part and a second part of a search string. A 
first search space is searched for a match for the first part of 
the search string, and a second search space is limited based 
on a result of searching the first search space. The limited 
second search space is searched for a match for the second 
part of the search string. 
0172 Searching the first search space may include 
searching a database. Searching the limited second search 
space may include searching at least part of the database. 
Limiting the second search space may include limiting the 
part of the database that is searched to database entries that 
include a match for the first part of the search string, thus 
allowing a quicker search compared to searching the full 
database. The second part of the search String may include 
a voice input or a manual input. Searching the first search 
space and searching the limited second search space may be 
performed at least partially in parallel. The search string may 
include an address. 

0173 Accessing the first part of the search string may 
include accessing a voice input. Searching the first search 
space for the match may include performing voice recogni 
tion on the first part of the search string. Accessing at least 
the second part of the search string may include accessing 
the Voice input. Limiting the second search space may 
include limiting the second search space to grammar entries 
associated with the first part of the search String. Searching 
the limited second search space may include performing 
Voice recognition on at least the second part of the search 
string using the limited second search space, thereby allow 
ing enhanced Voice recognition of the second part of the 
search String compared to performing voice recognition 
using the unlimited second search space. 
0174 The grammar entries associated with the first part 
of the search String may include grammar entries for full 
search Strings, each full search string including the first part 
of the search String. The grammar entries associated with the 
first part of the search String may include grammar entries 
for components of a full search String, each component 
being part of a full search string that includes the first part. 
Performing voice recognition on the first part may produce 
a recognized string, and the recognized String may be 
associated with a set of recognizable search strings from the 
search space. Limiting the second search space may include 
limiting the second search space to the set of recognizable 
search strings or components thereof. 
0175 Performing voice recognition on the second part of 
the voice input may include comparing the second part to a 
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set of high-occurrence patterns in the limited second search 
space, followed by comparing the second part to a set of 
low-occurrence patterns in the limited second search space. 
Voice recognition may be performed on the entire voice 
input using a third search space. The third search space may 
be limited based on the result from performing voice rec 
ognition on the first part of the Voice input and based on a 
result from performing voice recognition on at least the 
second part of the Voice input. 
0176) The first part of the search string may be associated 
with a set of searchable entries, and each entry in the limited 
second search space may be associated with one or more 
entries in the set of searchable entries. A first set of options 
may be provided to a user, the first set of options relating to 
the first part of the search String, and being provided to the 
user in a page. Accessing at least the first part of the search 
string may include accepting a first input from the user, the 
first input being selected from the first set of options. 
Limiting the second search space may include limiting a 
second set of options based on the accepted first input, the 
second set of options relating to the second part of the search 
string. The second set of options may be provided to the user 
in the page. Such that the user is presented with a single page 
that provides the first set of options and the second set of 
options. Accessing at least the second part of the search 
string may include accepting a second input from the user, 
the second input being selected from the second set of 
options. 
0.177 Accepting the first input may include accepting a 

first voice input and performing Voice recognition on the 
first input, wherein performing voice recognition on the first 
input in isolation allows enhanced Voice recognition com 
pared to performing voice recognition on the search String. 
The first set of options may include manufacturer designa 
tions and the second set of options may include product 
designations from a manufacturer designated by the first 
input. The search String may include an address. 
0.178 Accepting the first input may include receiving the 

first input auditorily from the user. Voice recognition may be 
performed on the first input in isolation, wherein performing 
Voice recognition on the first input in isolation allows 
enhanced Voice recognition compared to performing voice 
recognition on the search String. Providing the second set of 
options may include searching a set of data items for the first 
input and including in the second set of options references 
only to those data items, from the set of data items, that 
include the first input. 
0.179 Accepting the second input may include receiving 
the second input auditorily from the user. Voice recognition 
may be performed on the second input in isolation, wherein 
performing voice recognition on the second input in isola 
tion allows enhanced Voice recognition compared to per 
forming voice recognition on the search String. 
0180 A third set of options may be provided to the user, 
the third set of options relating to a third part of the search 
string and being provided to the user in the page. A third 
input may be accepted from the user, the third input being 
selected from the third set of options, wherein the second set 
of options that is provided to the user is also based on the 
accepted third input. The second set of options may be 
modified based on the third input. The first set of options 
may include manufacturer designations. The third set of 
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options may include price range designations. The second 
set of options may include product designations from a 
manufacturer designated by the first input in a price range 
designated by the third input. 

0181. In various implementations, a grammar for speech 
recognition for a given Voice-driven application, mobile or 
otherwise, can be written to enable accurate and efficient 
recognition. Particular implementations described below 
provide a user interface that allows a user to input data in one 
or more of a variety of different modes, including, for 
example, stylus and Voice input. Output may also be in one 
or more of a variety of modes. Such as, for example, display 
or voice. Particular implementations may be used with 
mobile devices, such as, for example, palmtops, and the 
combination of voice and stylus input with Voice and display 
output may allow such mobile devices to be more useful to 
a user. Implementations may also be used with the multi 
modal synchronization system described in the incorporated 
provisional application. 

0182 Implementations allow enhanced voice recognition 
accuracy and/or speed due in part to the use of a structured 
grammar that allows a grammar to be narrowed to a relevant 
part for a particular voice recognition operation. For 
example, narrowing of the grammar for a voice recognition 
operation on a full search string may be achieved by using 
the results of an earlier, or parallel, Voice recognition opera 
tion on a component of the full search String. Other imple 
mentations may narrow the grammar by accepting param 
eters of a search String in a particular order from a user, and, 
optionally, using the initial parameter(s) to narrow the 
grammar for Subsequent parameters. Examples include (i) 
reversing the standard order of receiving street address 
information so that, for example, the country is received 
before the state and the grammar used to recognize the State 
is narrowed to the states in the selected country, (ii) seg 
menting an electronic mail address or web site address so 
that a user Supplies a domain identifier, such as, for example 
"corn, separately, or (iii) automatically inserting the “at 
sign” and the “dot into an electronic mail address and only 
prompting the user for the remaining terms, thus obviating 
the often complex process of recognizing these spoken 
characters. 

0183 Implementations may also increase recognition 
accuracy and speed by augmenting a grammar with possible 
search Strings, or utterances, thus decreasing the likelihood 
that a voice recognition system will need to identify an entry 
by its spelling. In Such situations, the voice recognition 
system also obviates the need to ask the user to spell out a 
term that is not recognized when spoken. For example, after 
a user enters "corn” as a domain identifier in an electronic 
mail address, the voice recognition system may include, for 
example, the names of all “Fortune 100 companies and a 
variety of popular commercial sites in the grammar for the 
server identifier of the electronic mail address. Thus, if the 
user then enters "amazon' as the server identifier, and if 
“amazon' has been included in the grammar, the system will 
recognize the entry without having to ask the user to spell it 
Out. 

0184 Implementations also allow enhanced database 
searching. This may be achieved, for example, by using a 
structured grammar and associating grammar entries with 
specific database entries. In this manner, when the structured 
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grammar is used to recognize the search String, then par 
ticular database entries or relevant portions of the database 
may be identified at the same time. 
0185. According to one general aspect, performing voice 
recognition includes accessing a voice input including at 
least a first part and a second part, performing Voice recog 
nition on the first part of the Voice input, performing voice 
recognition on a combination of the first part and the second 
part using a search space, and limiting the search space 
based on a result from performing voice recognition on the 
first part of the Voice input. Limiting the search space allows 
enhanced Voice recognition of the combination compared to 
performing voice recognition on the unlimited search space. 
0186 Performing voice recognition on the first part may 
produce a recognized string, and the recognized string may 
be associated with a set of recognizable utterances from the 
search space. Limiting the search space may include limiting 
the search space to a set of recognizable utterances. Voice 
recognition on the first part may be performed in parallel 
with voice recognition on the combination, such that the 
search space is not limited until after voice recognition on 
the combination has begun. Voice recognition on the first 
part may be performed before Voice recognition on the 
combination, such that the search space is limited before 
Voice recognition on the combination has begun. Performing 
Voice recognition on the first part of the Voice input may 
include comparing the first part to a set of high-occurrence 
patterns in the search space, followed by comparing the first 
part to a set of low-occurrence patterns in the search space. 
0187 Performing voice recognition on the first part of the 
Voice input may include using a second search space. Voice 
recognition may be performed on the second part of the 
Voice input. The second search space may be limited based 
on a result from performing voice recognition on the second 
part of the Voice input. Limiting the search space may also 
be based on the result from performing voice recognition on 
the second part of the Voice input. 
0188 Accessing circuitry may be used to access a voice 
input including at least a first part and a second part. 
Recognition circuitry may be used to perform voice recog 
nition on the first part of the voice input and on the 
combination of the first part and the second part, wherein 
Voice recognition may be performed on the combination 
using a search space. A recognition engine may be used and 
may include the recognition circuitry. Limiting circuitry 
may be used to limit the search space based on a result from 
performing Voice recognition on the first part of the voice 
input. Limiting the search space may allow enhanced Voice 
recognition of the voice input compared to performing voice 
recognition on the unlimited search space. 
0189 One or more of the accessing circuitry, the recog 
nition circuitry, and the limiting circuitry may include a 
memory with instructions for performing one or more of the 
operations of accessing the Voice input, performing voice 
recognition, and limiting the search space based on the result 
from performing Voice recognition on the first part of the 
Voice input. One or more of the accessing circuitry, the 
recognition circuitry, and the limiting circuitry may include 
a processor to perform one or more of the operations of 
accessing the Voice input, performing Voice recognition, and 
limiting the search space based on the result from perform 
ing voice recognition on the first part of the Voice input. The 
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circuitry may be used to perform one of the other features 
described for this or another aspect. 
0190. According to another general aspect, accepting 
input from a user includes providing a first set of options to 
a user, the first set of options relating to a first parameter of 
a search string, and being provided to the user in a page. A 
first input is accepted from the user, the first input being 
selected from the first set of options. A second set of options 
is limited based on the accepted first input, the second set of 
options relating to a second parameter of the search String. 
The second set of options is provided to the user in the page, 
Such that the user is presented with a single page that 
provides the first set of options and the second set of options. 
0191). Accepting the first input from the user may include 
receiving an auditory input and performing voice recogni 
tion. Performing voice recognition on the first input in 
isolation may allow enhanced Voice recognition compared to 
performing voice recognition on the search string. Accepting 
the first input from the user may include receiving a digital 
input. 

0192 A second input may be accepted from the user, the 
second input being selected from the second set of options. 
Accepting the first input may include receiving the first input 
auditorily from the user. Voice recognition may be per 
formed on the first input in isolation. Performing voice 
recognition on the first input in isolation may allow 
enhanced Voice recognition compared to performing voice 
recognition on the search string. Providing the second set of 
options may include searching a set of data items for the first 
input and including in the second set of options references 
only to those data items that include the first input. Accept 
ing the second input may include receiving the second input 
auditorily from the user. Voice recognition may be per 
formed on the second input in isolation. Performing voice 
recognition on the second input in isolation may allow 
enhanced Voice recognition compared to performing voice 
recognition on the search String. 

0193 A third set of options may be provided to the user, 
and the third set of options may relate to a third parameter 
of the search String and be provided to the user in the page. 
A third input may be accepted from the user, and the third 
input may be selected from the third set of options. The 
second set of options provided to the user may also be based 
on the accepted third input. The second set of options 
provided to the user may be modified based on the accepted 
third input. 

0194 Providing the second set of options may include 
searching a set of data for the first input and providing only 
data items from the set of data that include the first input. 
The first input may include a manufacturer designation that 
identifies a manufacturer. Providing the second set of 
options may be limited to providing only data items manu 
factured by the identified manufacturer. 
0.195 Circuitry may be used (i) to provide a first set of 
options to a user, the first set of options relating to a first 
parameter of a search String, and being provided to the user 
in a page, (ii) to accept a first input from the user, the first 
input being selected from the first set of options, (iii) to limit 
a second set of options based on the accepted first input, the 
second set of options relating to a second parameter of the 
search String, and/or (iv) to provide the second set of options 
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to the user in the page. Such that the user is presented with 
a single page that provides the first set of options and the 
second set of options. The circuitry may include a memory 
having instructions stored thereon that when executed by a 
machine result in at least one of the enumerated operations 
being performed. The circuitry may include a processor 
operable to perform at least one of the enumerated opera 
tions. The circuitry may be used to perform one of the other 
features described for this or another aspect. 
0196. According to another general aspect, receiving 
items of an address from a user includes providing the user 
a first set of options for a first item of an address, receiving 
from the user the first address item taken from the first set 
of options, limiting a second set of options for a second item 
of the address based on the received first item, providing the 
user the limited second set of options for the second address 
item, and receiving the second address item. 
0.197 Receiving the first address item may include 
receiving the first address item auditorily. Recognition may 
be performed on the received first address item. Performing 
Voice recognition on the first address item in isolation may 
allow enhanced Voice recognition compared to performing 
Voice recognition on the address. Receiving the second 
address item may include receiving the second address item 
auditorily. Recognition may be performed on the received 
second address item. Performing voice recognition on the 
second address item in isolation may allow enhanced Voice 
recognition compared to performing Voice recognition on a 
combination of the first address item and the second address 
item or on the address. 

0198 The first address item may include a state identifier. 
The second address item may include a city identifier 
identifying a city. The user may be provided a third list of 
options for a zip code identifier. The third list of options may 
exclude a zip code not in the identified city. The zip code 
identifier may be received auditorily from the user. The user 
may select the zip code identifier from the third list of 
options. The Zip code identifier may identify a Zip code. 
Voice recognition may be performed on the auditorily 
received zip code identifier. Excluding a zip code in the third 
list of options may allow enhanced Voice recognition com 
pared to not excluding a Zip code. The user may be provided 
a fourth list of options for a street address identifier. The 
fourth list of options may exclude a street not in the 
identified zip code. The street address identifier may be 
received auditorily from the user. The user may select the 
street address identifier from the fourth list of options. The 
street address identifier may identify a street address. Voice 
recognition may be performed on the auditorily received 
street address identifier. Exclusion of a street in the fourth 
list of options may allow enhanced Voice recognition com 
pared to not excluding a street. 
0199 Providing the user the first list of options may 
include providing the first list on a display. Providing the 
user the second list of options may include providing the 
second list auditorily. 
0200 Circuitry may be used (i) to provide the user a first 
set of options for a first item of an address, (ii) to receive 
from the user the first address item taken from the first set 
of options, (iii) to limit a second set of options for a second 
item of the address based on the received first item, (iv) to 
provide the user the limited second set of options for the 
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second address item, and/or (v) to receive the second address 
item. The circuitry may include a memory having instruc 
tions stored thereon that when executed by a machine result 
in at least one of the enumerated operations being per 
formed. The circuitry may include a processor operable to 
perform at least one of the enumerated operations. The 
circuitry may be used to perform one of the other features 
described for this or another aspect. 
0201 According to another general aspect, receiving an 
Internet address from a user includes prompting a user for a 
first portion of an Internet address. The first portion of the 
Internet address is received auditorily from the user. Voice 
recognition is performed on the received first portion. Per 
forming voice recognition on only the first portion of the 
Internet address allows enhanced recognition compared to 
performing voice recognition on more than the first portion 
of the Internet address. The user is prompted for a second 
portion of the Internet address. The second portion of the 
Internet address is received auditorily from the user. Voice 
recognition is performed on the received second portion. 
Performing voice recognition on only the second portion of 
the Internet address allows enhanced recognition compared 
to performing Voice recognition on more than the second 
portion of the Internet address. 
0202 The Internet address may include an electronic 
mail address. The first portion may include a domain iden 
tifier of an electronic mail address. The second portion may 
include a server identifier of an electronic mail address. The 
user may be prompted for a user identifier portion of an 
electronic mail address. A user identifier portion may be 
received auditorily from the user. Voice recognition may be 
performed on a received user identifier portion. Performing 
Voice recognition on only a user identifier portion may allow 
enhanced recognition compared to performing voice recog 
nition on more than the user identifier portion of an elec 
tronic mail address. 

0203 Performing voice recognition on a domain identi 
fier may include using a domain vocabulary including 
common three-letter domain identifiers, which may allow 
enhanced recognition. Performing voice recognition on a 
server identifier may include using a server vocabulary 
including common server identifiers, which may allow 
enhanced recognition. Performing voice recognition on a 
user identifier may include using a user Vocabulary includ 
ing common user identifiers, which may allow enhanced 
recognition. The server vocabulary may be based on a 
domain identifier. 

0204 The Internet address may include a web site 
address. The first portion may include a domain identifier of 
the web site address. The second portion may include a 
server identifier of the web site address. The user may be 
prompted for a network identifier portion of the web site 
address. The network identifier portion may be received 
auditorily from the user. Voice recognition may be per 
formed on the received network identifier portion. Perform 
ing voice recognition on only the network identifier portion 
may allow enhanced recognition compared to performing 
Voice recognition on more than the network identifier por 
tion of the web site address. 

0205 Circuitry may be used (i) to prompt a user for a first 
portion of an Internet address, (ii) to receive auditorily from 
the user the first portion of the Internet address, (iii) to 
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perform Voice recognition on the received first portion, 
wherein performing Voice recognition on only the first 
portion of the Internet address allows enhanced recognition 
compared to performing voice recognition on more than the 
first portion of the Internet address, (iv) to prompt the user 
for a second portion of the Internet address, (v) to receive 
auditorily from the user the second portion of the Internet 
address; and/or (vi) to perform Voice recognition on the 
received second portion, wherein performing voice recog 
nition on only the second portion of the Internet address 
allows enhanced recognition compared to performing voice 
recognition on more than the second portion of the Internet 
address. The circuitry may include a memory having instruc 
tions stored thereon that when executed by a machine result 
in at least one of the enumerated operations being per 
formed. The circuitry may include a processor operable to 
perform at least one of the enumerated operations. The 
circuitry may be used to perform one of the other features 
described for this or another aspect. 
0206 Various implementations include a user interface 
that provides a user with access to data. These user interfaces 
may be designed to accept various modes of input and to 
deliver various modes of output. Examples of input and 
output modes include manual, visual (for example, display 
or print), auditory (for example, Voice or alarms), haptic, 
pressure, temperature, and Smell. Manual modes may 
include, for example, keyboard, Stylus, keypad, button, 
mouse, touch (for example, touch screen), and other hand 
inputs. Certain implementations are particularly suited for 
mobile applications, for which stylus or voice input is 
preferred, and for which output is presented visually on the 
screen and/or auditorily with text-to-speech or recorded 
human speech. 
0207 Various implementations also make use of struc 
tured grammars for voice recognition. The structured gram 
mars may allow for quicker recognition, for quicker search 
ing for an item in a corresponding database, and/or for 
enhanced Voice recognition due to the decreased likelihood 
of misrecognizing a voice input. 
0208 Referring to FIG. 14, a process 1400 for recogniz 
ing a search String using a multi-cluster approach includes 
entering a search string using a voice input (1410). The 
search String may represent, for example, an item in a 
database that a user wants to find. For example, the user may 
enter “Sony laptop superslim 505Z' into a voice recognition 
engine of a computer database to pull up information on that 
(hypothetical) computer model. As explained, the grammar 
is structured around the database entries, including the 
actual database entries, or keywords, etc., and possibly also 
including additional category descriptions and other Vocabu 
lary entries. 
0209 The process 1400 includes parsing the entered 
search String into at least one component in addition to the 
full search string (1420). The full search string is also 
referred to as a component. A component may be a word or 
other recognized symbol, or group of words or symbols. The 
search string may be parsed into all of its components, or a 
single component may be parsed out. Parsing may be 
performed by recognizing silence between words, symbols, 
or other components, and the Voice entry system may require 
Such silence. Parsing may also be performed on Voice inputs 
entered in a more natural delivery, without obvious pauses 
between components. 
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0210. The process 1400 includes performing voice rec 
ognition on at least two components (1430). The parsing 
(1420) may be performed simultaneously while performing 
the voice recognition (1430). For example, as the search 
string is processed from left to right, for example, a com 
ponent may be recognized (1430) and, upon recognition, 
may be parsed (1420). One of the two components may be 
the full search String. 
0211 The process 1400 includes determining a resulting 
Solution space in the grammar for at least one of the Voice 
recognition operations (1440). The solution space represents 
possible matches for the full search string. For example, the 
first component may be the first word of the search string, for 
example, "Sony,” and may correspond to a cluster in the 
speech recognition grammar. This cluster defined by “Sony' 
may contain, perhaps, only one hundred entries out of tens 
of thousands of entries in the grammar (and the correspond 
ing database). Those one hundred entries would form the 
solution space for the component “Sony.” 

0212. The process 1400 includes modifying the search 
space for the voice recognition operation (1430) of at least 
one of the components using the solution space determined 
in operation 1440 (1450). Continuing with the example from 
above, if the full search string is “Sony laptop superslim 
505Z, then the search space being used to perform the voice 
recognition on the full string can be narrowed to include 
only the one hundred grammar entries that include the 
component “Sony.” 

0213. By narrowing the search space, one or more advan 
tages may be realized in particular implementations. For 
example, by narrowing the search space, the complexity of 
the searched-grammar, and the size of the searched vocabu 
lary may be reduced, which may enhance recognition accu 
racy. Further, the speed of the recognition process may be 
increased. 

0214. In one implementation, both recognition processes 
(1430) are performed at least partially in parallel and rec 
ognizing the Smaller component, such as “Sony,” is faster 
than recognizing the entire search String. As a result, the 
recognition process for the full search String is started on the 
entire search space of grammar entries and is narrowed after 
the resulting Solution space for the Smaller component is 
determined in operation 1440. Other implementations per 
form the Voice recognition processes serially. For example, 
one implementation performs voice recognition on a smaller 
component, and afterwards performs voice recognition for a 
larger component using the Smaller component's Solution 
space as the search space for the larger component. 

0215. The process 1400 includes determining a list of one 
or more matches for the full search string (1460). Voice 
recognition algorithms often return confidence scores asso 
ciated with the results. These confidence scores can be used, 
for example, to rank order the results and a selected number 
of the highest scoring results can be returned to the user. 
0216) The list of matches might not necessarily be good 
matches. Various implementations may use a threshold 
confidence score to determine if a good match has been 
found. If a good match has not been found, then a variety of 
options are available. For example, (i) the user may be 
prompted for more information, (ii) the search String may be 
modified automatically, if it has not already been, by, for 
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example, using synonyms of recognized components, trans 
posing components, etc., or (iii) the user may be presented 
with information on the size of the solution space for each 
component, and the confidence scores, which may reveal a 
component that the system had a difficult time recognizing. 
0217 Referring to FIG. 15, a diagrammatic flow chart 
1500 depicting the process 1400 includes a search string 
1510. The search string 1510 includes a first component 
1520 and a second component 1530. The search string 1510 
may be, for example, a Voice segment. The search string 
1510 is parsed using a parse process 1540 into the first and 
second components 1520, 1530. A voice recognition process 
1550 is performed on each component 1510, 1520, 1530, in 
parallel, using a search space 1560. The parse process 1540 
and the voice recognition process 1550 may be implemented 
using, for example, a processor or other computing device or 
combination of devices. 

0218 Voice recognition of the first component 1520 
results in a first solution space 1570. Assuming that voice 
recognition of the first component 1520 finishes before voice 
recognition of the second component 1530 and of the full 
string 1510, then each of the latter voice recognition opera 
tions can be restricted to the first solution space 1570. 
0219 Voice recognition of the second component 1530 
results in a second solution space 1580. Assuming that voice 
recognition of the second component 1530 finishes before 
voice recognition of the full string 1510, then voice recog 
nition of the full string 1510 can be restricted to an overlap 
1590 of the first solution space 1570 and the second solution 
space 1580. Voice recognition of the full string 1510 results 
in a third solution space 1595. 
0220. The time required for performing voice recognition 
on a small component can be decreased by structuring the 
grammar so that common components of the database 
entries (which are included in the grammar) are compared 
with the components of the search string before other 
components of the database entries (which are also included 
in the grammar). Further, common components may be 
entered as separate Vocabulary entries in a grammar, even 
though those components do not constitute complete data 
base entries. For example, the word “Sony' may be entered 
into the vocabulary even though it does not refer to an 
individual product (database entry). The component “Sony' 
can then be associated with all of the grammar entries that 
include the word “Sony’ and that correspond to complete 
database entries. The same can be done for the individual 
word “laptop,” as well as the two-word component “Sony 
laptop.” for example. Such a structure may allow for rela 
tively quick recognition of the component “Sony laptop' 
and a corresponding narrowing of the search space for the 
recognition of the full search String "Sony laptop Superslim 
505Z. 

0221 Note that the list of matches determined in the 
process 1400 (1460) may return matches that correspond to 
actual database entries that match the entered search String. 
Accordingly, in Such implementations, the Voice recognition 
process may effectively perform the database search simul 
taneously. For example, each of the listed matches may serve 
as an index into the database for easy retrieval of the 
corresponding database entry. 
0222. Other implementations may allow search strings to 
include components that are not part of the database, how 
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ever. For example, a user may be allowed to enter a price 
range for a computer. In Such an example, the grammar 
could include, and be able to recognize, price ranges entered 
in a determined format. The grammar may be structured in 
a variety of ways to Support recognizing Such search Strings. 
For example, if a user enters only a price range, the Voice 
recognition engine may recognize the search String and 
associate it with a set of database entries satisfying the price 
range. Alternatively, the Voice recognition engine may query 
the user for more data by, for example, returning a list of 
manufacturers having computers (computers being the 
assumed content of the database ultimately being searched) 
in that price range. If the user enters additional information, 
Such as, for example, a manufacturer, the Voice recognition 
system may use that additional information to narrow the 
Solution space. If the user enters sufficient information, the 
grammar may be structured to allow the Voice recognition 
system to determine, for the various price ranges that are 
recognizable, the grammar entries for all actual products 
(corresponding to actual database entries) that satisfy the 
entered price range and the other components of the search 
string. These entries may then be presented to the user. 
0223 The process 1400 can also be applied to systems 
that do not use Voice input. For example, other modes of 
input may require a recognition process that could be 
performed in an analogous manner to that already described. 
0224 Referring to FIG. 16, a process 1600 for perform 
ing a search for a search String using a multi-level, multi 
parameter cascade approach includes providing a first set of 
options for a first parameter (1610). For example, a user 
interface to a database of computers may provide a list of 
manufacturers as the first set of options, with the first 
parameter being the manufacturer. The first set of options 
may be provided, for example, on a display, or through a 
Voice response system. 
0225. The process 1600 includes entering a first param 
eter selected from the first set of options (1620). Continuing 
the example from above, a user may select, and enter, a 
manufacturer from a list provided in operation 1610. The 
user may enter the first parameter by using, for example, a 
stylus, keyboard, touch screen, or voice input. 
0226. The process 1600 includes providing a second set 
of options for a second parameter based on the first param 
eter (1630). Continuing the example from above, a user 
interface may provide a list of product types, including, for 
example, desktops, laptops, and palmtops, that are available 
from the manufacturer entered in operation 1620. 
0227. The process 1600 includes entering a second 
parameter selected from the second set of options (1640). 
Continuing the example from above, a user may select, and 
enter, a product type from the list provided in operation 
1630. 

0228. The process 1600 includes providing a list of 
matches, based on the first and second parameters (1650). 
Continuing the example from above, the list of matches may 
include all computers in the database that are manufactured 
by the entered manufacturer and that are of the entered 
product type. For example, the list of matches may include 
all Sony laptops. 
0229. The process 1600 may be used, for example, 
instead of having a user enter a one-time, full search phrase. 
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The process 1600 presents a set of structured searches or 
selections from, for example, drop-down lists. The first and 
second parameters can be considered to be parts of a search 
string, with the cumulative search String producing the list of 
matches provided in operation 1650. The database may be 
structured to allow for efficient searches based on the 
parameters provided in operations 1610 and 1630. Addition 
ally, in Voice input applications, by structuring the data 
entry, the grammar and Vocabulary for each parameter may 
be simplified, thus potentially increasing recognition accu 
racy and speed. 
0230 Implementations may present multiple parameters 
and sets of options, and these may be organized into levels. 
In the process 1600, one parameter was used at each of two 
levels. However, for example, multiple parameters may be 
presented at a first level, with both entries determining the 
list of options presented for additional multiple parameters 
at a second level, and with all entries determining a list of 
matches. Such parameters may include, for example, manu 
facturer, brand, product type, price range, and a variety of 
features of the products in the product type. Examples of 
features for computers include processor speed, amount of 
random access memory, storage capacity of a hard disk, 
Video card speed and memory, and service contract options. 
0231 Referring to FIG. 17, a picture of a page 1700 for 
implementing the process 1600 includes a first level 1710 
and a second level 1720. The first level 1710 provides a first 
parameter 1730 for the product, with a corresponding pull 
down menu 1740 that includes a set of options. The set of 
options in pull-down menu 1740 may include, for example, 
desktop, laptop, and palmtop. The second level 1720 pro 
vides a second parameter 1750 for the brand, with a corre 
sponding pull-down menu 1760 that includes a set of 
options. The set of options in pull-down menu 1760 are all 
assumed to satisfy the product parameter entered by the user 
in pull-down menu 1740 and may include, for example, 
Sony, HP/Compaq, Dell, and IBM. Assuming that “laptop' 
was selected in the pull-down menu 1740, then the pull 
down menu 1760 would only include brands (manufactur 
ers) that sell laptops. 
0232) The page 1700 also includes a category 1770 for 
models that match the parameters entered in the first and 
second levels 1710 and 1720. The matching models are 
viewable using a pull-down menu 1780. As the page 1700 
indicates, all of the search String information as well as the 
results may be presented in a single page. The page 1700 is 
also presentable in a single screen shot, but other single-page 
implementations may use, for example, a web page that 
spans multiple screen lengths and requires Scrolling to view 
all of the information. 

0233 Referring to FIG. 18, a process 1800 for recogniz 
ing an address includes determining a list of options for a 
first part of an address (1810). The address may be, for 
example, a street address or an Internet address, where 
Internet addresses include, for example, electronic mail 
addresses and web site addresses. If the address is a street 
address, the first part may be, for example, a state identifier. 
0234. The process 1800 includes prompting a user for the 

first part of the address (1820). The prompt may, for 
example, simply include a request to enter information, or it 
may include a list of options. The process 1800 includes 
receiving the first part of the address (1830). If the first part 
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is received auditorily, the process 1800 includes performing 
voice recognition of the first part of the address (1840). 
0235. The process 1800 includes determining a list of 
options for a second part of the address based on the 
received first part (1850). Continuing the example from 
above, the second part may be, for example, a city identifier, 
and the list of options may include, for example, only those 
cities that are in the state identified by the received state 
identifier. By inverting the usual order of state and city in 
entering street addresses, a voice recognition system can 
simplify the relevant grammar and Vocabulary for the city 
identifier, thus facilitating enhanced Voice recognition accu 
racy and speed. 
0236. The process 1800 includes prompting the user for 
the second part of the address (1860). Again, the prompt 
need not include the list of options. The process 1800 
includes receiving the second part of the address (1870). If 
the second part is received auditorily, the process 1800 
includes performing voice recognition of the second part of 
the address (1880). 
0237) The process 1800 could continue with subsequent 
determinations of lists of options for further parts of the 
address. Continuing the example from above, a list of 
options for a zip code could be determined based on the city 
identified by the received city identifier. Such a list could be 
determined from the available zip codes in the identified 
city. City streets in the city or the zip code could also be 
determined. Further, country information could be obtained 
before obtaining state information. 
0238. As the above example and the process 1800 indi 
cate, the range of possibilities for each Subsequent piece of 
address information can be narrowed by entering the data in 
an order that is reverse from the ordinary practice, that is, by 
entering data for geographically broad categories to geo 
graphically narrow categories. If multiple countries are 
concerned, the impact of using the reverse order may be 
even greater because standard designations for Streets varies 
for different languages. 
0239). The process 1800 may prompt the user in a number 
of ways. For example, the user may be prompted to enter 
address information in a particular order, allowing a system 
to process the address information as it is entered and to 
prepare the lists of options. Entry fields for country, state or 
province, city, Zip or postal code, Street, etc., for example, 
may be presented top-down on a screen or sequentially 
presented in speech output. 

0240 Referring to FIG. 19, there is shown another way to 
prompt the user in the process 1800. A system may use a 
pop-up wizard 1900 on the screen of a device to ask the user 
to enter specific address information. Further, a system may 
preserve the normative order of address information, but use 
visual cues, for example, to prompt the user to enter the 
information in a particular order. Visual cues may include, 
for example, highlighting or coloring the border or the title 
of an entry field. 
0241 The process 1800 may be applied to data entered 
using a voice mode or another mode. After the data is 
entered at each prompt, and after it is recognized if voice 
input is used, a database of addresses may be searched to 
determine the list of options for the next address field. Such 
systems allow database searching on an ongoing basis 
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instead of waiting until all address information is entered. 
Such systems also allow for guided entry using pull-down 
menus and, with or without guided entry, alerting a user at 
the time of entry if an invalid entry is made for a particular 
part of an address. 
0242. The process 1800 may also be applied to other 
addresses, in addition to street addresses or parts thereof. For 
example, the process 1800 may be applied to Internet 
addresses, including, for example, electronic mail addresses 
and web site addresses. 

0243 Referring to FIG. 20, a format 2000 for entering an 
electronic mail address includes using a user identifier 2010, 
a server identifier 2020, and a domain identifier 2030. The 
“at sign separating the user identifier 2010 and the server 
identifier 2020, and the “dot separating the server identifier 
2020 and the domain identifier 2030 may be implicit and 
inserted automatically, that is, without human intervention. 
0244. In one implementation, the domain identifier 2030 

is entered first due to the small number of options available 
for this field. A list of options for the server identifier 2020 
can be generated based on the entered domain. For example, 
if "com' is entered for the domain, then a list of options for 
the server identifier 2020 may include, for example, all 
“Fortune 100 companies and the twenty-five most fre 
quently visited commercial web sites. Similar lists may be 
generated for “gov,”“net,” and other domain identifiers 
2030. A list of options for the user identifier 2010 may 
include, for example, common last names and first names 
and other conventions, such as, for example, a first initial 
followed by a last name. 
0245) Referring to FIG. 21, a format 2100 for entering a 
web site address includes using a network identifier 2110, a 
server identifier 2120, and a domain identifier 2130. The two 
“dots’ separating the three identifiers 2110, 2120, 2130 may 
be implicit and inserted automatically. The network identi 
fier may be selected from, for example, “www.”“WWW, 
“www2, etc. 
0246 Referring to FIG. 22, a process 2200 for searching 
for one or matches to a search String includes accessing at 
least a first part of a search String (2210). Such accessing 
may include, for example, receiving a voice input, a stylus 
input, or a menu selection, and the first part may include the 
entire search string. 
0247 The process 2200 includes searching a first search 
space for a match for the first part of the search string (2220). 
The first search space may include, for example, a search 
space in a grammar of a voice recognition engine, a search 
space in a database, or a search space in a list of options 
presented to a user in a pull-down menu. Searching may 
include, for example, comparing text entries, voice wave 
forms, or codes representing entries in a codebook of 
vector-quantized waveforms. 
0248. The process 2200 includes limiting a second search 
space based on a result of searching the first search space 
(2230). The second search space may, for example, be 
similar to or the same as the first search space. Limiting may 
include, for example, paring down the possible grammar or 
Vocabulary entries that could be examined, paring down the 
possible database entries that could be examined, or paring 
down the number of options that could be displayed or made 
available for a parameter of the search String. And paring 
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down the possibilities or options may be done, for example, 
So as to exclude possibilities or options that do not satisfy the 
first part of the search string. 
0249. The process 2200 includes accessing at least a 
second part of the search string (2240) and searching the 
limited second search space for a match for the second part 
of the search string (2250). Accessing the second part of the 
search string may include, for example, receiving a voice 
input, a stylus input, or a menu selection, and the second part 
may include the entire search String. Searching the limited 
second search space may be performed, for example, in the 
same way or in a similar way as searching the first search 
space is performed. As suggested by the discussion of this 
paragraph and the preceding paragraphs, the process 2200 is 
intended to cover all of the disclosed processes. 
0250 Referring to FIG. 23, a system 2300 for imple 
menting one or more of the above processes includes a 
computing device 2310, a first memory 2320 located inter 
nal to the computing device 2310, a second memory 2330 
located external to the computing device 2310, and a rec 
ognition engine 2340 located external to the computing 
device 2310. The computing device may be, for example, a 
desktop, laptop, palmtop, or other type of electronic device 
capable of performing one or more of the processes 
described. The first and second memories 2320, 2330 may 
be, for example, permanent or temporary memory capable of 
storing data or instructions at least temporarily. The recog 
nition engine 2340 may be a voice recognition engine or a 
recognition engine for another mode of input. The second 
memory 2330 and the recognition engine 2340 are shown as 
being external to, and optionally connected to, the comput 
ing device 2310. However, the second memory 2330 and the 
recognition engine 2340 may also be integrated into the 
computing device 2310 or be omitted from the system 2300. 
0251 Various modifications of the above implementa 
tions may be made. For example, the operations of the 
disclosed processes need not necessarily be performed in the 
order(s) indicated. 
0252) Section III 
0253) In the above description, numerous examples have 
been given which allow a first-modality gateway and a 
second-modality gateway to be synchronized, so that a user 
may access a server system using either or both of the 
gateways at a given point in time to obtain a given piece of 
information or perform a specific action. FIGS. 1, 7, and 10 
depict several examples, and other examples have been 
described. 

0254. One action which a user might perform when 
utilizing the gateway synchronization capabilities of Such 
systems is the selection of a web page that is linked to a 
currently-viewed web page, where this selection can be 
performed, for example, either by voice input using a 
VXML page, or by clicking on an HTML link embedded in 
an HTML page, using, for example, a stylus or mouse. 
0255 Another action which a user might perform is to 
enter text into, for example, multiple fields within a form on 
a single web page. For example, as discussed above, varia 
tions of processes 300-600 in FIGS. 3-6 include techniques 
for implementing commands relating to a particular page. 
More specifically, in FIGS. 8 and 9, variations of operations 
810 and 910 allow the synchronization controller 720 of 
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FIG. 7 to receive inputs such as browser inputs and voice 
inputs, where the inputs may include a data input and/or a 
focus request for moving to a new field. In an example given 
above with respect to operation 910, the voice mode system 
740 receives a user's city selection for a field in a VXML 
page, and then Subsequently moves a focus to a field for State 
selection. 

0256 Text can be entered using either manual entry by, 
for example, keyboard, or via a Voice-recognition system 
associated with a corresponding and synchronized VXML 
page. The discussion of FIGS. 19-21 describe examples of 
Such text entry; more specifically, these figures and related 
text and examples describe techniques whereby, for 
example, a grammar is selectively narrowed when perform 
ing voice-recognition on a search string, or where a grammar 
is progressively narrowed as a plurality of related entries are 
input. By these and other techniques, text entry using voice 
recognition may be improved in terms of speed and accu 
racy. 

0257 Another technique, allowed for in the discussion 
above, for entering text or other information into multiple 
fields within a form is to have a two-level, hierarchical 
dynamic grammar. In this technique, there are multiple 
levels and instances of independent, discrete grammars, 
rather than multiple Subsets of a larger and/or interdependent 
grammar(s). 

0258 FIG. 24 is a block diagram of a structure for 
implementing a two-level, dynamic grammar. In FIG. 24, a 
first level includes a global grammar 2410. Global grammar 
2410 includes vocabulary for voice commands that are 
recognized by an operating device or Software regardless of 
a current state of a system or a page. For example, even 
when a user is currently entering pieces of text information 
into one of a plurality of fields on a page, the global grammar 
will be continuously operable to recognize Voice input 
references for, for example, names of other fields on the 
page, commands for activating the browser (such as, for 
example, “back.”“home,” or “refresh”), and device com 
mands such as “restart.” 

0259. In FIG. 24, a second level includes a plurality of 
specific grammars. For example, the second level might 
include a first grammar 2420 for recognizing Voice com 
mands inputting a city name, a second grammar 2430 for 
recognizing voice commands for inputting a state name, and 
a third grammar 2440 for recognizing voice commands for 
inputting a street address. 

0260. In FIG. 24, it should be understood that grammars 
2410-2440 are separate, discrete, independent grammars. 
One consequence of having independent grammars is that a 
given word may be replicated in multiple grammars, thereby 
increasing total storage requirements. For example, gram 
mar 2420 might include the word “Washington’ for identi 
fying a name of the city, Washington, D.C. Grammar 2430 
might also include the word “Washington,” here to identify 
the state of Washington. Finally, grammar 2440 might 
include the word “Washington' in case a user lives on 
“Washington Street.” 
0261). In contrast, other voice recognition systems may 
have a single, large grammar (or a plurality of dependent 
grammars), in which the word “Washington' is stored once 
and entered into whatever field is currently active upon 
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detection of the word “Washington.” Moreover, such sys 
tems may be relatively poor in recognizing voice input when 
there are multiple fields for voice recognition that are active 
at the same time. For example, the fields of last name and 
first name may both exist in a form on a software application 
and may be concurrently active to display a result of 
recognizing a voice input Such as "Davis' (which may be, 
for example, a valid selection within both a “first name' and 
a “second name field). Such fields with similar data in the 
recognition grammar may compete for the results of voice 
recognition, and therefore increase the probability of inac 
curacy. 

0262 The multi-level grammar of FIG. 24 may thus 
provide increased speed and/or accuracy of voice recogni 
tion. This speed and/or accuracy improvement results, for 
example, from the fact that only one from among the second 
level of grammars is active a particular time. Therefore, the 
size of the vocabulary that must be searched by a voice 
recognition system may be severely reduced. With a smaller 
Vocabulary, recognition accuracy generally increases, and 
processing time generally decreases. 
0263 Moreover, the voice recognition system is con 
stantly aware of which grammar (field) is active, and so does 
not need to disambiguate a recognized word with respect to 
a given field. For example, in other systems in which the 
word Washington is recognized, the systems may have to 
determine the field into which the recognized word should 
be inserted, for example, city, state, or address. In using the 
multi-level, dynamic grammar of FIG. 24, such additional 
step(s) may be avoided. 
0264. Together, the various grammars 2410, 2420, 2430. 
and 2440 may be stored within a storage area 2450. The 
storage area 2450 may represent a single database or 
medium, or multiple databases (media). The grammars may 
be stored in, for example, a single file or in a plurality of 
files. 

0265 A grammar activation and deactivation system 
2460 is available to turn on one of the second-level gram 
mars 2420, 2430, or 2440, as needed, and to concurrently 
ensure that the other two are deactivated. A voice recogni 
tion system 2470 interacts with a user to input voice or 
spoken data and match the Voice or spoken data with words 
or other portions of the currently-active grammar. Also, an 
input indication system 2480 demonstrates to the user which 
grammar is active, as well as a result of the matching 
operation performed by the voice recognition system 2470. 
0266. It should be understood that the storage area 2450, 
grammar activation and deactivation system 2460, the Voice 
recognition system 2470, and the input indication system 
2480 may be implemented on a single device, or on a 
plurality of devices. For example, one or more of the 
elements of FIG. 24 may be located on a server system, 
and/or on a local system Such as a mobile computing device. 
For example, the input indication system 2480 may be a 
field(s) within a form on a graphical user interface Such as 
a web page, as discussed above, so that Voice data input by 
the user and recognized by the Voice recognition system 
2470 can be displayed to the user. The input indication 
system 2480 may also be a recorded or computer-generated 
Voice repeating a recognized word to the user, Such as might 
be used in a telephone entry system. 
0267 FIG. 25 shows a web page 2500, being viewed on 
a portable device, for entering information about a user. In 
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FIG. 25, page 2500 may be a VXML page including a first 
name field 2510, a last name field 2520, a state field 2530, 
a zip code field 2540, a city field 2550, and a street address 
field 2560. Page 2500 also illustrates a plurality of buttons 
2570, which are intended to illustrate a plurality of conven 
tional web commands, such as “refresh,”“home,”“favorites 
folder,’ and so on. 
0268 Thus, according to the description above, a user 
may activate the first name field 2510 using a variety of 
techniques. For example, field 2510 could be selected by a 
Voice command recognized by the first level grammar that 
includes global grammar 2410. Alternatively, if page 2500 is 
synchronized with an HTML (and/or JSP) page as described 
above, the field could be selected using a stylus, mouse, or 
other mechanical input. As another example, the field could 
be automatically highlighted, due to being the first field in 
the form. 

0269. In any case, once the field 2510 is highlighted, a 
second-level grammar corresponding to that field is acti 
vated, and only words from that grammar will be recognized 
for entry into field 2510. In this way, a voice-recognition 
system 2470 will have a significantly restricted vocabulary 
from which to choose a first name, so that the speed and/or 
accuracy with which the first name is selected may be 
greatly improved. 
0270 FIG. 26 shows a web page 2600, again being 
viewed on a portable device, for entering information about 
a user. Page 2600 has essentially the same fields as page 
2500, however, page 2600 illustrates a visual cue highlight 
ing a first name field 2610. The visual cue serves as a 
technique for indicating to the user which grammar is 
currently active. Various examples of Such visual cues may 
include a cursor within the field, a highlighting of the field, 
a specific coloration of the field, or any other technique for 
indicating that the particular field and its associated gram 
mar is active. 

0271 In one implementation, field 2610 is automatically 
highlighted as the first field on the page 2600. Upon filling 
in a first name into field 2610, the visual cue may automati 
cally move to the field 2520, and so on through the page 
2600. As shown, an entry into the various fields may be 
aided by pull-down menu(s), such as in fields 2530 and 
2550, or may be filled without the aid of pull-down 
menus(s), such as in fields 2510 (2610), 2520, 2540, and 
256O. 

0272. Due to the presence of first level grammars such as 
global grammar 2410, which remains active even when a 
particular one of the second level grammars is activated, the 
user may alternatively choose fields individually, simply by 
providing an activation signal for a selected one of the 
(currently) deactivated grammars. For example, the activa 
tion signal may involve simply saying the name of the 
desired field associated with the grammar to be activated. 
0273 Moreover, as already noted, multi-modal synchro 
nization of pages 2500/2600 allows the user to utilize an 
activation signal involving a physical selection of a field (for 
example, using a physical tool Such as a stylus or a mouse), 
even when the pages include, or are associated with, VXML 
pages/data. 
0274 Alternatively, the global grammar 2410 may be 
included within each of the independent grammars 2420, 
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2430, and 2440, particularly in the case where the global 
grammar 2410 is relatively small in size. In this example, 
total memory requirements will likely be increased; how 
ever, the need to have two processes running simultaneously 
(that is, two grammars) would be eliminated. 
0275. It should be understood that the implementations of 
FIGS. 24-26 are particularly advantageous with respect to 
mobile computing devices, in which computing/processing 
resources are at a relative premium. Moreover, often in Small 
mobile computing devices, text entry is awkward, difficult, 
or non-existent, so that speedy, accurate voice entry, par 
ticularly into forms such as web pages, would be very useful 
and advantageous. 
0276 Although the above implementations of a dynamic 
grammar have been discussed with respect to a web page 
such as HTML, VXML, or JSP, they are in fact compatible 
with many or all of the various implementations discussed 
above in Sections I and II. Moreover, the implementations 
may be compatible with non-web or non-Internet related 
implementations. For example, the multi-level, dynamic 
grammar of FIG. 24 could be used in almost any software 
application in which discrete data should be entered. 
0277. In fact, any application in which data is to be 
entered and vocal entry is possible could benefit from the 
above-described implementations. For example, as referred 
to above, telephone-based information entry could be facili 
tated in which a recorded or computerized voice speaks a 
field as a prompt for data entry, such as first name, and then 
selects from an independent, discrete grammar associated 
with the field, as described above. 
0278 Moreover, although a two-level grammar has been 
described above, implementations may also include a three 
(or more) level grammar. For example, a web page having 
two frames may have a set of independent grammars for 
each frame, a global grammar for each frame, and a global 
grammar for the web browser or other application(s) (Such 
as an operating system for the device running the web 
browser). 
0279 The implementations described may be imple 
mented, wholly or partially, in hardware or in software. 
Circuitry or an apparatus may be associated with a storage 
medium having instructions stored thereon, and the circuitry, 
apparatus, and/or storage medium may be associated with a 
processor or processors operable to implement the instruc 
tions. 

0280 A number of implementations have been described. 
Nevertheless, it will be understood that various modifica 
tions may be made. For example, the described examples 
may be combined or modified in various ways not discussed. 
Accordingly, other implementations are within the scope of 
the following claims. 

What is claimed is: 
1. A method comprising: 
activating a global grammar; 

accessing first and second specific grammars; 

outputting first and second input fields, the first and 
second input fields being associated with the first and 
second specific grammars, respectively; 
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receiving a voice command; 
matching the Voice command with a first user selection 

indicative of the first input field using the global 
grammar, 

activating the first specific grammar based upon matching 
the voice command with the first user selection, the first 
specific grammar being concurrently activated with the 
global grammar; 

deactivating the second specific grammar concurrently 
with activating the first specific grammar, 

highlighting the first input field based upon activating the 
first specific grammar, 

receiving a first user input; 
matching the first user input with a first word in the first 

specific grammar; 

populating the first input field with the first word; 
receiving a second user selection indicative of the second 

input field; 
activating the second specific grammar based upon 

receiving the second user selection, the second specific 
grammar being concurrently activated with the global 
grammar, 

highlighting the second input field based on activating the 
second specific grammar, 

deactivating the first specific grammar concurrently with 
activating the second specific grammar, 

receiving a second user input; 
matching the second user input with a second word in the 

second specific grammar, and 
populating the second input field with the second word. 
2. A method comprising: 
activating a global grammar; 
accessing first and second specific grammars; 
outputting first and second input fields, the first and 

second input fields being associated with the first and 
second specific grammars, respectively; 

receiving a first user selection indicative of the first input 
field; 

activating the first specific grammar based upon receiving 
the first user selection; 

deactivating the second specific grammar based upon 
receiving the first user selection; 

receiving a second user selection indicative of the second 
input field; 

activating the second specific grammar based upon 
receiving the second user selection; and 

deactivating the first specific grammar based upon receiv 
ing the second user selection. 

3. The method of claim 2, 
wherein the first and second specific grammars are not 

concurrently activated with each other, and 
wherein the first or second specific grammars are concur 

rently activated with the global grammar. 
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4. The method of claim 2, wherein the global grammar 
further comprises a field navigation command, a browser 
navigation command, or a device reset command. 

5. The method of claim 2, wherein the first specific 
grammar comprises a city name grammar, a state name 
grammar, a street address grammar, a first name grammar, or 
a last name grammar. 

6. The method of claim 2, wherein the first and second 
specific grammars are separate, discrete, and independent. 

7. The method of claim 2, wherein at least one word is 
replicated in each of the first and second specific grammars. 

8. The method of claim 2, wherein the first specific 
grammar is activated concurrently with deactivating the 
second specific grammar. 

9. The method of claim 2, further comprising: 
receiving a user input; 
match the user input with a word in the activated specific 

grammar, and 
populating the user input field associated with the acti 

vated specific grammar with the word. 
10. The method of claim 2, further comprising outputting 

an indication of the activated specific grammar. 
11. The method of claim 10, wherein outputting the 

indication of the activated specific grammar further com 
prises displaying a field within a web page. 

12. The method of claim 10, wherein outputting the 
indication of the activated specific grammar further com 
prises audibly outputting the input using a voice. 

13. The method of claim 10, wherein outputting the 
indication of the activated specific grammar further com 
prises highlighting the input field associated with the acti 
vated specific grammar. 

14. The method of claim 2, wherein outputting the first 
and second input fields further comprises displaying the first 
and second input fields on a web page. 

15. The method of claim 2, wherein receiving the first user 
selection further comprises: 

receiving a voice command; and 
matching the Voice command with the first user selection 

using the global grammar. 
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16. The method of claim 2, wherein receiving the first user 
selection indicative of the first input field further comprises 
selecting the first input field using an input device. 

17. The method of claim 2, wherein the global grammar 
is included within the first and second specific grammars. 

18. A device comprising 
a storage medium configured to store a global grammar 

and first and second specific grammars; 
a grammar activation and deactivation module configured 

tO: 

activate the global grammar, 
output first and second input fields, the first and second 

input fields being associated with the first and second 
specific grammars, respectively, 

receive a first user selection indicative of the first input 
field, 

activate the first specific grammar based upon receiving 
the first user selection, 

deactivating the second specific grammar based upon 
receiving the first user selection, 

receiving a second user selection indicative of the 
second input field, 

activating second specific grammar based upon receiv 
ing the second user selection, and 

deactivating the first specific grammar based upon 
receiving the second user selection. 

19. The device of claim 18, further comprising a voice 
recognition module configured to: 

receive a user input; and 
match the user input with a word of the activated specific 

grammar. 
20. The device of claim 18, further comprising an input 

indication module configured to output an indication of the 
activated specific grammar. 
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