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(57) ABSTRACT 

Methods, computer program products and systems are 
described for speech-to-text conversion. A Voice input is 
received from a user of an electronic device and contextual 
metadata is received that describes a context of the electronic 
device at a time when the voice input is received. Multiple 
base language models are identified, where each base lan 
guage model corresponds to a distinct textual corpus of con 
tent. Using the contextual metadata, an interpolated language 
model is generated based on contributions from the base 
language models. The contributions are weighted according 
to a weighting for each of the base language models. The 
interpolated language model is used to convert the received 
Voice input to a textual output. The Voice input is received at 
a computer server system that is remote to the electronic 
device. The textual output is transmitted to the electronic 
device. 
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SPEECH TO TEXT CONVERSION 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to pending U.S. 
Provisional Application Ser. No. 61/289.968, entitled “Multi 
Modal Input on an Electronic Device', filed on Dec. 23, 2009, 
the entire contents of which are hereby incorporated herein by 
reference, and claims priority to pending U.S. Provisional 
Application Ser. No. 61/330,219, entitled “Multi-Modal 
Input on an Electronic Device', filed on Apr. 30, 2010, the 
entire contents of which are hereby incorporated herein by 
reference. 

TECHNICAL FIELD 

0002 This document relates to systems and techniques for 
multi-modal input into an electronic device and conversion of 
spoken input to text. 

BACKGROUND 

0003 Computer users employ a number of mechanisms to 
provide input to their computing devices. Keyboards are com 
mon input devices, and they typically include single-digit 
numbers (e.g., in a cellular telephone) each of the letters in the 
alphabet, and some characters (e.g., in Qwerty or Dvorak 
keyboards). On mobile devices, keyboards are frequently 
“virtual in form, and are displayed on a touch screen of a 
device. Such keyboards may be made available to various 
different applications running on a device, using a program 
known as an Input Method Editor, or IME, so that the IME 
receives the user input and then passes it to whatever appli 
cation is currently active on the device. An IME can also 
translate user input, such as when a user enters Roman char 
acters in a written language like Pinyin, and the IME gener 
ates Chinese characters that correspond to the typed Pinyin. 
Where the Pinyin corresponds to multiple possible charac 
ters, the IME can display all such characters, the user can tap 
the intended character, and the IME can pass that character to 
the operating application. 
0004. Users of computer devices, and particularly of 
mobile computing devices, may be constrained in their use of 
a keyboard. For example, the keyboard itself may be con 
strained in size because mobile device displays are Small, so 
that only a Sub-set of relevant characters can be displayed or 
the keys may be too small to press accurately. Also, the user 
may be constrained, in that they cannot easily type on a 
keyboard while walking through a crowded airport or driving 
a car. In Such situations, spoken input may be preferred over 
typed input. However, speech-to-text conversion or transla 
tion typically requires lots of computer processing power, and 
mobile devices typically do not have much processing power. 
Also, such conversion often requires a particular user to 
“train the system so that it better understands the user's voice 
and speech patterns. 

SUMMARY 

0005. This document describes systems and techniques 
for multi-modal input into an electronic device, including 
speech input. In one example, an IME that provides keyboard 
services to a device may also provide for spoken input to the 
device. Much of the IME services may be unchanged from an 
ordinary IME, but the IME may be augmented to provide for 
speech-to-text conversion. Specifically, the IME may take a 
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user input in whatever form (e.g., typed, spoken, D Pad, etc.) 
and may convert it to a standard form for presentation to an 
active application (e.g., passing characters or other key 
presses). Applications may subscribe to the IME's services 
just as they would subscribe if the IME did not accept voice 
input, and the provision of Such speech-to-text functionality 
can be transparent to the applications. 
0006. A user could choose when to provide typed input 
and when to provide spoken input to the IME. First, the user 
may be in an application that requires input, and may take an 
appropriate action to invoke the IME (e.g., pressing a particu 
lar button or soft key on the device, moving the device in a 
certain manner, and the like). A keyboard may be initially 
displayed on the user's device, and the user may take another 
appropriate action to indicate that he or she will provide 
speech input. For example, the user may press a microphone 
button on the virtual keyboard, or may make a Swipe across 
the virtual keyboard or another action that is inconsistent with 
an intent to provide typed input in the virtual keyboard. At that 
point, the IME can begin “listening to the device's micro 
phone and after the user has spoken, may pass corresponding 
text to the application. 
0007. In these manners, certain implementations may pro 
vide one or more benefits. For example, speech-to-text func 
tionality may be provided on a computing device relatively 
simply, while re-using other IME functionality (e.g., inter 
faces to applications on a device) that is needed for keyboard 
based IME translation. Use of context-specific language 
models in the manners discussed above and below may also 
permit more accurate conversion of speech to text, regardless 
of whether the system is trained to a particular user. Such 
context-specificity may also be provided automatically and 
transparently for a user, and at a level of specificity that is 
most Suited to a particular situation. For example, where a 
user is simply interacting with a web page, the language 
model for the page may be used, but if the user is interacting 
with a form on the page, a more specific language model that 
is directed to that form or a particular field on the form may be 
used (with lower weightings, but higher-than-normal weight 
ings, applied to the page-specific model). 
0008 Particular manners of using public user activity, 
Such as search activity, to build contextual language models 
may also result in the generation of accurate models in a 
convenient manner. Such data may be made available via 
natural user activity that is already occurring Voluntarily by 
the users. Also, the activity may occur in large enough Vol 
umes to provide enough data needed to generate a complete 
and accurate model for many contexts, and in this case, for 
many web pages. The models may also be updated over time, 
because the public user activity occurs continuously over 
time, so that continuously up-to-date models may be provided 
to users seeking speech-to-text conversion services. 
0009. In general, in one aspect, methods, computer pro 
gram products and systems are described for a multi-modal 
input-method editor. A request can be received from a user of 
an electronic device for an application-independent input 
method editor having written and spoken input capabilities. 
That the user intends to provide spoken input to the applica 
tion-independent input method editor can be identified, and 
the spoken input can be received from the user. The spoken 
input can be input to an application executing on the elec 
tronic device. The spoken input can be provided to a remote 
server. The remote server includes a speech recognition sys 
tem configured to recognize text based on the spoken input. 
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Text can be received from the remote server, where the text 
represents the spoken input. The text can be provided to the 
application as user input. 
0010. In general, in one aspect, methods, computer pro 
gram products and systems are described for speech-to-text 
conversion. A voice input is received from a user of an elec 
tronic device and contextual metadata is received that 
describes a context of the electronic device at a time when the 
voice input is received. Multiple base language models are 
identified, wherein each base language model corresponds to 
a distinct textual corpus of content. Using the contextual 
metadata, an interpolated language model is generated based 
on contributions from the base language models. The contri 
butions are weighted according to a weighting for each of the 
base language models. The interpolated language model is 
used to convert the received voice input to a textual output. 
The voice input is received at a computer server system that is 
remote to the electronic device. The textual output is trans 
mitted to the electronic device. 
0011 Implementations of the methods, computer program 
products and systems can include one or more of the follow 
ing features. The contextual metadata can identify a field in an 
electronic document on which the electronic device was 
focused when the voice input was received at the electronic 
device. Determining the weightings for each of the base lan 
guage models can be based on the contextual metadata. One 
or more of the base language models can be built based on text 
input data collected from multiple users and from metadata 
that corresponds to the text input data. 
0012 For a particular text input data, the corresponding 
metadata can identify an input field that corresponds to the 
text input data. The text input data and the metadata can be 
formed as individual pairs and a bipartite cluster graph can be 
formed of the individual pairs. Clusters can be identified in 
the graph and used to generate the interpreted language 
model. The base language models can be trained by using 
sample voice utterances from multiple users of multiple elec 
tronic devices. 
0013. In general, in another aspect, a system is described 
for converting speech to text that includes multiple base lan 
guage models and an interpolated language model. The mul 
tiple base language models each correspond to a particular 
semantic category. The interpolated language model is linked 
to the multiple base language models. Each link between the 
interpolated language model and each of the base language 
models is associated with a weight. 
0014) Implementations of the system can include one or 
more of the following features. The weight for each link 
between the interpolated language mode and a base language 
model can be based on an accuracy of the base language 
model in associating a voice input with a text output repre 
senting a conversion of the voice input into text. The weights 
can represent likelihoods of usage in the interpolated lan 
guage model matching usage in the particular base language 
model. The weightings can be a function of the semantic 
category. 
(0015 The system can further include a network interface 
configured to receive a voice input and cause the interpolated 
language model to be applied to the voice input to generate a 
text output. The network interface can be further configured 
to use metadata received with the voice input to match to the 
semantic category to determine weightings for the base lan 
guage models from the interpolated language model. The 
system can be configured to dynamically apply the weight 
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ings for the base language models in real-time substantially as 
the voice input is received by the network interface. 
0016. In general, in one aspect, methods, computer pro 
gram products and systems are described that include extract 
ing pairs from a historical log of query search results that 
includes multiple search queries and corresponding search 
results. Each pair includes a query and a website that corre 
sponds to a search result for the query. A bipartite cluster 
graph is generated based on the extracted pairs of queries and 
corresponding websites. Multiple language models are 
trained based on clusters identified in the bipartite cluster 
graph. Based on sample data obtained from input by one or 
more users into a web from, the sample data including one or 
more sample queries, K clusters are identified from the cluster 
graph that are most significant to the sample queries, K being 
an integer. An interpolated language model is generated for 
the web form based on weighted contributions from the lan 
guage models trained for each of the identified K clusters. 
(0017. Implementations of the methods, computer program 
products and systems can include one or more of the follow 
ing features. A voice input can be received into the web form. 
Based on the interpolated language model a text output can be 
generated that represents the voice input. The Voice input can 
be received from a user of an electronic device and the text 
output can be generated by a computer server system that is 
remote to the electronic device. The text output can be trans 
mitted to the electronic device. 

0018. The details of one or more embodiments are set 
forth in the accompanying drawings and the description 
below. Other features and advantages will be apparent from 
the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0.019 FIG. 1A is a conceptual diagram of an example 
system including a multi-modal input method editor. 
0020 FIG. 1B is a block diagram of an example system 
that can be used to implement the multi-modal input method 
editor. 

0021 FIG.1C is a block diagram of example software that 
can be used to implement the input method editor. 
0022 FIG. 2 is a flow chart of an example process for 
generating text using a multi-modal input method editor. 
0023 FIGS. 3A-E show example screen shots of an elec 
tronic device including a multi-modal input method editor. 
0024 FIG. 4 is a block diagram of an example system for 
receiving speech input and training language models to inter 
pret the speech input. 
0025 FIG.5A is a block diagram of queries and associated 
websites in search results 
0026 FIG. 5B is a URL showing search terms in a query 
0027 FIG. 6 is a block diagram of an example system for 
recognizing speech input to a computing device. 
0028 FIGS. 7A and 7B show flowcharts of example pro 
cesses of building an interpolated language model. 
0029 FIG. 8 shows a flowchart of an example process for 
recognizing text in an utterance. 
0030 FIG.9 shows examples of generic computer devices 
that may be used to execute the actions discussed in this 
document. 

0031 FIG. 10 is a block diagram of an example data struc 
ture of a language model. 
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0032. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0033. This document describes techniques and systems 
that may be used to provide speech-to-text conversion for a 
user of a computing device. Such as a Smartphone. In certain 
instances, the speech input may be handled in a manner 
similar to other input (e.g., typed input) using an application 
such as an IME, where the IME can be switched into modes 
depending on the manner that the user chooses to enter data. 
Where transformation of the input is needed, the input may in 
certain circumstances be transmitted (either in a raw or con 
Verted form) to a server system remote from the computing 
device that may be programmed to pass a transformed input 
back to the device, such as by providing text in response to 
receiving spoken inputs. The computing device may also 
provide the server system with metadata that is passed with, 
or at essentially the same time as, the spoken inputs, and the 
meta data may be used by the server system to identify a 
context in which the user is entering the spoken input. The 
server system may then use that meta data to identify a lan 
guage model to be used and/or to build a language model on 
the fly, Such as by dynamically applying particular weightings 
to different language models (which may each be derived 
from different input corpuses). 
0034 FIG. 1A is a conceptual diagram of an example 
system 100 that includes a multi-modal input method editor 
(IME) 102. In this example, the IME 102 is implemented in a 
mobile electronic device 104, though it should be understood 
that the IME 102 can be implemented in a different electronic 
device, e.g., a PC, laptop computer, PDA, etc. The electronic 
device 104 includes multiple user input devices 106, includ 
ing a microphone 105 to receive spoken user input. Other user 
input mechanisms include a keyboard, which can include a 
soft or virtual keyboard (e.g., a touchscreen keyboard 108) or 
a hard or physical keyboard, amouse, a trackball, and the like. 
The user input mechanisms 106 are capable of receiving 
spoken input (i.e., by the microphone) and written input (i.e., 
by the keyboard 108). 
0035. The user input can be received by the electronic 
device 104 for use as input into one of various applications 
110 that can execute on the electronic device 104, e.g., a web 
browser, an e-mail application, a word processing applica 
tion, a contacts book, and/or a calendar. In some implemen 
tations, the user input is an input into a web form on a par 
ticular web page of a particular web site. The IME is generally 
application-independent, i.e., can be used for most any of the 
applications 110. 
0036. If the user input is spoken input, i.e., a speech utter 
ance, the spoken input can be provided to a remote server for 
conversion to text. For example, the speech utterance 111 can 
be transmitted over the network 112 to a remote server 114 
that includes a speech service 116 and speech recognizer 
system 118. The network 112 can include one or more local 
area networks (LANs), a wide area network (WAN), such as 
the Internet, a wireless network, Such as a cellular network, or 
a combination of all of the above. 
0037. The speech recognizer system 118 can use one or 
more language models 120 to recognize text from the speech 
utterance. The text 113, which can be a selected best candi 
date or can be a list of n-best candidates that correspond to the 
speech utterance, is provided back to the electronic device 
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104 over the network 112. The text 113 can be displayed to the 
user on a display 122 of the electronic device 104. 
0038. If the text 113 includes a list of n-best candidates, 
the user 101 can select a candidate from the list that corre 
sponds to the user's spoken input, for example, using the 
keyboard 108 or another input mechanism, such as touching 
the touchscreen over one of the candidates, to navigate the list 
and make a selection. 
0039. The user can also provide written input, and can 
provide input using a combination of written and spoken 
input. For example, the user can begin a search query in a web 
browser by speaking one or more words and can then add to 
the query string by typing additional input using the keyboard 
108. The IME 102 can provide the combined user input to the 
relevant application, i.e., the web browser application in this 
example. In some implementations, the language that the 
written input is written in can be determined and then pro 
vided as a language indicator to the remote server 114. The 
remote server 114 can use the language indicator when con 
verting the speech utterance 111 to the text 113. For example, 
by knowing the language in which the speech is spoken, an 
appropriate language model 120 can be selected for use by the 
speech recognizer 118. 
0040 FIG. 1B is a block diagram of an example system 
130 that can be used to implement a multi-modal IME. The 
example system 130 can be implemented, for example, in a 
computer device. Such as a personal computer device, or other 
electronic devices, such as a mobile phone, mobile commu 
nication device, personal digital assistant (PDA), Global 
Positioning System (GPS) navigation device, and the like. 
0041. The example system 130 includes a processing 
device 132, a first data store 134, a second data store 136, 
input devices 138, output devices 140, and a network inter 
face 142. Abus system 144, including, for example, a data bus 
and a motherboard, can be used to establish and control data 
communication between the components 132,134,136, 138, 
140 and 142. Other system architectures can also be used. 
0042. The processing device 132 can, for example, include 
one or more microprocessors. The first data store 134 can, for 
example, include a random access memory storage device, 
Such as a dynamic random access memory, or other types of 
computer-readable medium memory devices. The second 
data store 136 can, for example, include one or more hard 
drives, a flash memory, and/or a read only memory, or other 
types of computer-readable medium memory devices. 
0043. The input devices 138 include at least one input 
device that is configured to receive spoken input and at least 
one input device configured to receive written input. Example 
input devices 138 can include a microphone, keyboard, a 
mouse, a stylus, etc., and example output devices 140 can 
include a display device, an audio device, etc. The network 
interface 142 can, for example, include a wired or wireless 
network device operable to communicate data to and from a 
network 146. The network 146 can include one or more local 
area networks (LANs), a wide area network (WAN), such as 
the Internet, a wireless network, Such as a cellular network, or 
a combination of all of the above. 
0044. In some implementations, the system 130 can 
include input method editor (IME) code 131 from a data store, 
such as the data store 136. The input method editor code 131 
can be defined by instructions that upon execution cause the 
processing device 132 to carry out input method editing func 
tions. The input method editor code 131 can, for example, 
include interpreted instructions, such as Script instructions, 
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e.g., JavaScript or ECMAScript instructions, that can be 
executed in a web browser environment. Other implementa 
tions can also be used, e.g., a stand-alone application, an 
applet, a plug-in module, etc., for use in a user interface. Such 
as a display that displays user inputs received by use of 
keypad mapping for a mobile device or keyboard mapping for 
a mobile device or personal computer. 
0045 Execution of the input method editor code 131 gen 
erates or launches an input method editor instance (IMEI) 
133. The input method editor instance 133 facilitates the 
processing of one or more input methods at the system 130, 
during which time the system 130 can receive inputs for 
characters or symbols, such as, for example, spoken or writ 
ten input. For example, the user can use one or more of the 
input devices 138, e.g., a microphone for spoken input or a 
keyboard for written input. In some implementations, the user 
input can be Roman characters that represent input in a first 
writing system, e.g., Pinyin, and the input method editor can 
convert the input to a second writing system, e.g., Hanzi 
terms. In some examples, a Hanzi term can be composed of 
more than one Pinyin input. 
0046. The first data store 134 and/or the second data store 
136 can store an association of inputs. Based on a user input, 
the input method editor instance 133 can use information in 
the data store 134 and/or the data store 136 to identify one or 
more candidate selections represented by the input. In some 
implementations, if more than one candidate selection is 
identified, the candidate selections are displayed on an output 
device 140. For example, if the user input is spoken input, 
then a list of candidate selections showing written text repre 
sentations of the spoken input can be presented to the user on 
the output device 140. In another example, if the user input is 
Pinyin inputs, the user can select from the candidate selec 
tions a Hanzi term, for example, that the user desires to input. 
0047. In some implementations, a remote computing sys 
tem 148 having access to the system 130 can be used to 
convert spoken user input to written user input. For example, 
the remote system 148 can be a server that provides a speech 
recognition service via the network 146. One or more speech 
utterances forming the spoken input can be transmitted to the 
remote system 148 over the network 146. The remote system 
148 can determine a text conversion of the spoken input, for 
example, using a convenient form of speech recognizer sys 
tem, and transmit the text conversion to the system 130. The 
text conversion can be a best candidate for text corresponding 
to the spoken input or can be a list of n-best candidate selec 
tions for presentation to the user for selection as the input. In 
an example implementation, the speech recognizer system 
can include Hidden Markov Modeling (HMM) encoded in a 
finite state transducer (FST). Other configurations of speech 
recognizer can be used by the remote system 148. 
0048. In some implementations, the remote system 148 
can also be used to edit a logographic script. For example, the 
remote system 148 may be a server that provides logographic 
Script editing capability via the network 146. In one example, 
a user can edita logographic script stored in the data store 134 
and/or the data store 136 using a remote computing system, 
e.g., a client computer. The system 130 can, for example, 
select a character and receive an input from a user over the 
network interface 142. The processing device 132 can, for 
example, identify one or more characters adjacent to the 
selected character, and identify one or more candidate selec 
tions based on the received input and the adjacent characters. 
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The system 130 can transmit a data communication that 
includes the candidate selections back to the remote comput 
ing System. 
0049 FIG. 1C includes a block diagram of example soft 
ware that can be used to implement an input method editor in 
FIG. 1B (e.g., IMEI 133). The system 160 includes a user 
interface 162 and software 164. A user 166 can access system 
160 through the user interface 162. The software 164 includes 
applications 165, IME engine 166, an operating system (OS) 
167, a speech recognition system 169 including a language 
model 168, and a detection engine 170. The operating system 
167 is a particular piece of software that can provide the user 
interface 162 between the software 164 (e.g., applications 
165 and IME engine 166) and the user 166. 
0050. As shown in FIG. 1C, the speech recognition system 
169 and language model 168 are separate from IME engine 
166. In particular, the speech recognition system 169 and 
language model 168 (which can include two or more lan 
guage models) are included within Software 164 as a separate 
Software component. Other implementations are possible. 
For example, the speech recognition system 169 and lan 
guage model 168 can be located remotely (e.g., at the remote 
system 148 of FIG. 1B). As another example, the speech 
recognition system 169 and language model 168 can be 
included within the IME engine 166. 
0051. The language model 168 can define one or more 
language Sub-models, each Sub-model tailored to a particular 
application, or webpage, or webform on a particular 
Webpage, or Website, to name a few examples. Each language 
Sub-model can, for example, define a particular rule set, e.g., 
grammar particular to a language, phrase sets, Verbals, etc., 
that can be used to determine a user's likely intent in entering 
a set of inputs (e.g., inputs for generating candidates that are 
translations, transliterations, or other types of phonetic rep 
resentations). In some implementations, each language Sub 
model can also include a user history of a particular user, e.g., 
a dictionary of words and phrased often used by a particular 
USC. 

0.052 The detection engine 170 includes an input module 
172 and can include a timing module 174. The input module 
172 can, for example, receive input (e.g., keystrokes repre 
senting characters or a speech utterance) to particular appli 
cations 165 and send the received input to the IME engine 
166. In some implementations, the detection engine 170 is a 
component of the IME engine 166. 
0053. The detection engine 170 can detect input and deter 
mine whether or not to send the input to the IME engine 166. 
The IME engine 166 can, for example, be implemented using 
the input method editor code 131 and associated data stores 
134 and 136, and provide output candidates in text converted 
from speech to an interface (e.g., user interface 162) as the 
input (e.g., speech utterances) is detected, as described with 
reference to FIGS. 2 and 3A-E below. 
0054 The components of system 160 can be communica 
tively coupled to one or more of each other. Though the 
components identified above are described as being separate 
or distinct form each other, one or more of the components 
may be combined in a single system, or to perform a single 
process or routine. The functional description provided 
herein including separation of responsibility for distinct func 
tions is by way of example. Other storage architectures can 
also be used. In particular, other groupings or other divisions 
of functional responsibilities can be made as necessary or in 
accordance with design preferences. For example, IME 
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engine 166 can perform the functions of detection engine 170. 
As another example, input module 172 and timing module 
174 can be combined into a single module. 
0055 FIG. 2 is a flowchart of an example process 200 for 
using an input method editor to receive spoken input from a 
user input device and to provide written, or textual, input to a 
corresponding application. A request is received from a user 
for an application-independent input method editor that has 
written and spoken input capabilities (Step 202). By way of 
illustrative example, and without limitation, the request can 
be received by a mobile electronic device that has a touch 
screen keyboard. Example screenshots from Such a mobile 
electronic device are shown in FIGS. 3A-E. These screen 
shots can be used to illustrate the example process 200; how 
ever, it should be understood that other devices can imple 
ment the process 200, and the screenshots shown are not 
intended to be limiting. 
0056 FIG. 3A shows a screenshot 300 where a user has 
selected to activate a web browser application. Through the 
web browser application, the user has selected to navigate to 
the Google search page at the URL www.google.com 302. 
FIG. 3B shows a screen shot 304 with a soft touchscreen 
keyboard 306 displayed in a lower portion of the display 
screen. For example, the usercantouch or tap the screen in the 
search query field 308 to automatically have the keyboard 306 
displayed, although other mechanisms can be used to trigger 
the display of the keyboard 306. The example keyboard 306 
shown includes a microphone key 310. An example of a 
request that can be received from the user includes the user 
selecting the microphone key 310. Another example includes 
the user selecting a graphical entity, such as a microphone 
icon or button, displayed next to or in an input field, e.g., in 
search query field 308. Another example includes the user 
Swiping his/her finger across the input field, e.g., in a left to 
right motion, or tapping the input field. Yet another example 
includes the user picking up the device in a manner that is 
consistent with raising a microphone included in the device to 
the proximity of the user's mouth, which can be detected, for 
example, by an accelerometer reading. Otherforms of request 
can be received from the user for an application-independent 
input method editor having written and spoken input capa 
bilities, and the above are but some examples. 
0057. A user's intention to provide spoken input to the 
application-independent input method editor is then identi 
fied in the process (Step 204). For example, receiving a 
speech utterance from the user can be used to identify that the 
user intends to provide spoken input. In other implementa 
tions, receiving the request from the user for the input method 
editor with written and spoken input capabilities can also be 
used to identify that the user intends to provide spoken input, 
i.e., the same user action can provide both the request and be 
used to identify the user's intention. In some implementa 
tions, as shown in the screenshot 312 in FIG. 3C, a graphical 
element can be displayed that prompts the user to speak, Such 
as the microphone graphic 314 and the instructions “Speak 
now 316. 

0058. A spoken input, i.e., a speech utterance, is then 
received from the user. The user provides the spoken input as 
input to an application that is executing on the device (Step 
206). The spoken input is provided to a remote server that 
includes a speech recognition system configured to recognize 
text based on the spoken input (Step 208). For example, 
referring again to FIG. 1B, the spoken input can be sent over 
the network 146 to the remote system 148, where the remote 
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system 148 includes a speech recognition system to recognize 
text from a speech utterance. Because processing the speech 
to text conversion can take some time, in Some implementa 
tions a graphic is displayed to the user to indicate that the 
process is in progress, such as the “Working graphic 320 
shown in the screenshot 322 in FIG. 3D. 

0059 Text is then received from the remote server, where 
the text represents the spoken input (Step 210). Once the 
remote server, e.g., remote system 148, has processed the 
speech utterance, the corresponding text is sent back to the 
user's device and can be displayed for the user. In some 
implementations, the best candidate for representation of the 
speech utterance is selected by the speech recognition system 
at the remote server and provided to the device. However, in 
Some implementations, an n-best list of candidates can be 
provided and presented to the user for selection of the correct 
candidate. For example, referring to FIG. 3E, a screen shot 
324 shows a list of suggestions, with the best candidate “the 
man in the moon' displayed at the top of the list as the default 
selection. 
0060. The text, i.e., the spoken input converted to written 
input, is then provided to the application as user input (Step 
212). That is, once the correct text conversion is selected, if a 
list of candidates was provided, or once the best candidate has 
been received, if only one was sent from the remote server, the 
written input can be passed to the application as the user input 
for processing by the application. 
0061. In some implementations, a context indicator can be 
sent with the spoken input to the remote system for conver 
sion to text. The remote system can use the context indicator 
to facilitate the speech-to-text conversion. For example, the 
context indicator can be used as a basis for selecting an 
appropriate language model to use by the speech recognition 
system. The context indicator can specify the context in 
which the spoken user input was received. For example, the 
context indicator can specify a name of a field, e.g., in a web 
form, the name of the application in which the input was 
received, and/or identify a web page if the user input was 
received in a web browser application. As another example, 
the context indicator can include metadata relating to a field in 
which the user input was received. For example, the metadata 
can specify that the field requires a one-word answer, or a 
date, or a name, and the like. In some implementations, the 
context indicator information can be obtained by the input 
method editor from the operating system of the electronic 
device. 

0062. The device may pass a sound file (including stream 
ing sound data) of the spoken input to a remote server system, 
and may take steps to improve the quality of the speech-to 
text conversion. As one example, the device may pass infor 
mation that allows the server system to select a language 
model that is relatively small in size and is specific to the task 
that the user is currently facing. For example, when applica 
tions register with the IME, they may provide information 
about fields into which a user can enter information in the 
applications. The IME can pass such information to the server 
system, so that the server system may select an appropriate 
language model. For example, if the cursor is in an “address' 
field of an application, the IME can pass Such information to 
the server system so that, for example, a user utterance that 
sounds like “scheet is interpreted as “street' and not “sweet.” 
0063. The language model that is applied may also be a 
composite of or interpolation of multiple separate language 
models. The different models may be relatively small models 
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that have been derived from large data corpuses (e.g., SMS 
messages and e-mail messages). The models may be prepared 
off-line by analyzing Such corpuses, and the mixture weights 
that are applied to the models may be generated on-the-fly at 
run-time, including after data from a particular instance of 
speech input starts being received from a user. The weightings 
may be a function, for example, of the field into which a user 
is currently making an utterance (e.g., the “to’ or “from 
fields of an email message versus the “body” field of an email 
message). 
0064. The language model may also be chosen more gen 
erally, without reference to a particular input field in which 
the cursor is located. For example, an application developer 
may register their application with an app store, and may 
indicate the type of application that it is, such as a music 
player. Similarly, a server system may have a number of 
topic-specific language models that it stores. Thus, ifa user of 
a music application speaks the word “Heart” or “Hart' (which 
would not be plain from the spoken word itself), the IME may 
pass a “music' indication to the server system, so that the 
application is passed the word “heart, and the user sees a 
song list for the female-led rock band. If the media player is a 
video player, the IME may pass the word “Hart' (assuming 
there are no great movies or television shows with the word 
“heart” in their titles) so that the user is shown an index of the 
episodes of the iconic detective drama “Hart to Hart.” 
0065. When the user is interacting with a web page, such 
as in a web browser, different context information can be used 
for selecting the proper language model. In particular, the 
domain or a sub-domain for the page may be provided, so that 
the that the language model will be specific to the particular 
type of web site. For example, if the web site is Amazon, then 
the language model may be one in which 'shopping terms 
have higher prominence. For example, "product may have a 
higher score than “protect for similar sounds. Such a model 
may be prepared to be directed to the site itself (e.g., by 
analyzing input forms on the site, and analyzing text on the 
site), or on a category that the site matches. Thus, for example, 
the same language model may be used for the sites Amazon. 
com, Buy.com, and the like. 
0066 FIG. 4 is a block diagram of an example system 400 
for receiving speech input and training language models to 
interpret the speech input. In the system 400, users of client 
devices enter data into text input fields, and a speech server 
analyzes that data to determine the type of text the users 
entered. The speech server builds language models from this 
information, and uses the language models to recognize 
speech input associated with similar input fields. 
0067 Clients 402, such as computers executing a web 
browser with an optional toolbar, can receive text input for 
web forms. When this input is used as part of a process to 
browse to another page. Such as typing in a search field or 
order form field before pressing a submit button, the text and 
destination information can be saved in a toolbar log 404. 
Clients 406. Such as computers and mobile computing 
devices, can receive textbased web search queries from users. 
These queries can be resolved by a web search server (not 
shown) and the queries and search results can be stored in 
query logs 408. The client 406 can receive text input to 
applications, such as an email client, a messaging client, 
and/or a word processor and spoken input to applications. The 
text input and transcriptions of spoken input can be stored in 
input logs 409. 
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0068 A speech recognition server 410 can retrieve the 
data in the toolbar logs 404, the query logs 408, and/or the 
input logs 409. A speech recognition system 412 can group 
this data into categories or classifications. The speech recog 
nition system 412 creates a series of language models 414a 
414n. The language models can contain words, phrases, sen 
tences, etc. from the toolbar logs 404, query logs 408, and/or 
the input logs 409 based on a particular topic. For example, if 
the language model A414a is a language model of British last 
name, it can contain “Churchill.” “Bean, and "Pigou.” In 
another example, if the language model B 414b contains 
technology-related language, it can contain "object oriented 
programming.” “reverse polish notation.” and 'garbage in, 
garbage out.” 
0069. In some implementations, the speech recognition 
system 412 can build interpolated language models from the 
language models 414a-414n. For example, the speech recog 
nition system 412 can use an utterance with a known text 
result, and poll the language models 414a-414n to determine 
the confidence level that each language model 414a-414n 
would associate with the utterance/known text pair. The con 
fidence level returned by each language model 414a-414n can 
be used by the speech recognition system 412 to create an 
interpolated language model. For example, using a test utter 
ance and text of “Mr. Bean writes in reverse polish notation.” 
the language model A 414a gives a confidence level of 50%, 
the language model B 414b give a confidence level of 65%, 
and the other language models 414C-414n give Substantially 
0% confidence levels. In this example, the speech recognition 
system 412 can create an interpolated language model that 
heavily weighs the language model A and B 414a-b. The 
particular weightings may be equal to or proportional to the 
confidence levels, in certain implementations. 
0070 A client device 416 can execute an application that 
accepts text input and can receive an utterance from a user for 
that text input. The client device 416 can transmit the utter 
ance, along with the context in which the utterance was made 
or received, to the speech recognition server 410 for transla 
tion into text. In some implementations, the context in which 
an utterance is received is determined by the client device 416 
with the field name or label associated with the text input. For 
example, Some applications include metadata for an applica 
tion input field Such as package name, field number or name, 
and/or attribute flags (e.g. long sentence, email, Street 
address, etc.). In some applications, a text label associated 
with or displayed near an input box is used to determine the 
COInteXt. 

0071. A speech service 418 can receive the utterance and 
context. In some implementations, the speech service 418 can 
map the context to broader categories or to the categories of 
the language models 414a-414n. In some implementations, 
the speech service 418 can maintain a cache of utterances and 
resultant texts, and if a received utterance Substantially 
matches a cached utterance, the speech service 418 can return 
the appropriate cached resultant texts. 
0072 The speech recognition system 412 uses or creates 
an interpolated language model to recognize the text in the 
utterance. In some implementations, a single candidate text is 
identified. In some implementations, the top n candidates are 
identified either wherein all candidates meet a certain confi 
dence threshold, or wherein the top n candidates are selected. 
0073. The text or texts identified by the speech recognition 
system 412 is returned to the client 416, where it is, for 
example, displayed in a text input field that has focus. 
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0.074. Such context-specific language models may be gen 
erated in a variety of ways, including by using search infor 
mation from a public Search engine. For example, bi-grams 
may be made between search queries and web sites that are 
highly relevant to those queries (e.g., are in the list of top 10 
sites returned to the queries). The queries and sites may then 
be assigned as nodes in a graph, joined by the relationship 
between the two. Clusters of such relationships may then be 
identified, and language models may be generated for those 
clusters. A particular language model for a web site may then 
be generated as a weighted combination of the language 
models for the clusters around the site in the graph. 
0075 FIG. 5A is a block diagram 500 of queries and 
associated websites in search results. A group of queries 502 
is a collection of example queries that can be collected from 
a browser executing a toolbar. The queries can be Submitted to 
a web search engine, and a list of search results can be 
returned. For example, a search for "mike lebeau’ can result 
in search results including facebook.com and linkedin.com. A 
search for “blink can result in search results including ama 
ZOICO. 

0076. The queries and associated websites can be used, for 
example, in determining a relationship between queries and 
related topics or categories. In this example, if it is known that 
facebook.com and linkedin.com are Social network websites, 
it can be determined that the queries “billbyrne.” “will rusch.” 
“mikelebeau.” and “brian stope' may be the names of people. 
Similarly, if it is known that amazon.com is a retailer with a 
reputation as a book retailer, it can be determined that “blink” 
and "great gatsby' may be the names or titles of a retail 
products, perhaps books. Similarly, if a search for “william 
gibson returns links to both facebook.com and amazon.com, 
it can be determined that “william gibson’ may be an author. 
0077 FIG. 5B is a URL showing search terms in a query. 
The URL in this example can be recorded by a web browser 
executing a toolbar. When a user submits a form via a GET 
request, the contents of the form can be encoded and logged 
in the URL parameters. In this example, a search on the 
webpage facebook.com can generate the URL shown. The 
name parameter 550, in this example “bil1%20byrne', indi 
cates that “bill byrne' was entered into a field in a web form. 
0078 FIG. 6 is a block diagram of an example system 600 
for recognizing speech input to a computing device. In the 
system 600, a user enters speech input to an application via an 
IME. The speech input is analyzed at a speech recognition 
server and text is returned to the application. 
0079 An application 604 executes on a computing device 
602, for example a mobile computing device. An input 
method manager 608 can manage input methods that the 
application 604 accepts, including speech input from a user. A 
speech IME 610 in the operating system of the computing 
device 602 records speech input and collects context data 
from an input context 612. 
0080 Speech IME 160 can transmit the speech input and 
context to a voice data center 614. A speech service front end 
616 can receive the speech input and context and prepare the 
speech input and context for analysis. For example, statistics 
can be collected, recognition jobs can be created and sorted, 
etc. A speech recognition system 618 examines the context, 
and selects an associated language model from a big table of 
language models 622. The associated language model in the 
big table of language models 622 can contain a reference to a 
language model in a ProdLM 620. The speech recognition 
system 618 uses the referenced language model in the 
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ProdLM 620 to analyze the speech input and determine a text 
string. The text string is returned to the speech input method 
610, for example by way of the speech service front end 616. 
The text string can be presented to the user of the computing 
device 602, and if approved by the user, can be sent to the 
application 604 as text input. 
I0081. In some implementations, data obtained from web 
toolbar logs can be used in determining an interpolated lan 
guage model. A sample of content of user input (e.g., queries) 
into a web form can be obtained from web toolbar logs, e.g., 
in URLs. That is, when a user submits a web form via a GET 
request, the content of the user input into fields of the web 
form can be encoded and logged in the URL parameters (e.g., 
as was described above in reference to FIG. 5B). A toolbar log 
can therefore provide sample data of what users have input 
(i.e., typed) into each of the fields of a number of web forms. 
In some instances, however, the Volume of this data may be 
too sparse to train a good language model for the web form. 
However, for aparticular web form a larger training set can be 
available if queries of the same category as the queries input 
into the particular web form are used. That is, queries that 
correspond to search results having similar websites in the top 
N search results (where N is an integer, e.g., 10) as each other 
are probably generally within the same category. To group 
queries by category, clusters in a search query—search result 
(website) graph (where queries and websites are assigned to 
nodes) can be identified, where an edge between a particular 
query node and a particular website node occurs whenever the 
website appears in the top N results for the particular query. A 
language model can then be trained per cluster, that is, lan 
guage models can be trained for a category (if a cluster is 
representative of a category of queries). 
I0082 To generate an interpolated language model for a 
particular web form (or web site), the interpolated language 
model can be built using multiple language models formed 
from a number of clusters. In some implementations, the 
multiple language models can be selected as follows. A 
sample of user input into the particular web form (i.e., sample 
queries) can be obtained, e.g., from a web toolbar log. For 
example, referring again to FIG. 5B, the sample data may be 
the query “bill byrne' that is input into a web form on the 
www.facebook.com website, which is also reflected in the 
graph shown in FIG.5A. In this example, “billbyrne' belongs 
to a cluster that includes people-oriented websites (e.g., face 
book.com and linkedin.com) and people names (Bill Byrne, 
Will Rusch, Mike Lebeau, Brian Strope and William Gibson). 
In this simple example, the “bill byrne' query belongs to only 
the people names cluster. However, a query may belong to 
many clusters. In Such instances, for the sample queries 
obtained from the web toolbar data, the K most significant 
clusters (K is a number/integer) can be identified and 
weighted, with the Sum of their weights adding to 1.0. In some 
implementations, the K most significant clusters can be deter 
mined by counting the number of Sample queries (from the 
web toolbar log sample data) that fall into each cluster and 
then optimizing the weights of only the top K clusters. Other 
techniques to determine the K most significant clusters can be 
used. The interpolated language model for the web form can 
be used to convert a speech input received for a field in the 
form into text. The converted text can be transmitted to an 
electronic device that initially received the speech input, or 
transmitted elsewhere, to be used as text input for the field in 
the web form. 
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0083 FIG. 7A shows a flowchart of an example process 
700 of building an interpolated language model for a website 
(or a web form of a website). In the process 700, pairs of 
queries and results are collected, base language models are 
created, and interpolated language models are created. 
0084. In step 702, pairs containing web queries and result 
sites are extracted from web search logs. For example, a web 
browser or web browser add on can report queries, query 
result URLs, or search results to a central repository. In 
another example, a web search server can create a log of 
search terms and website domain names that were returned in 
response to those search terms. 
0085. In step 704, a cluster bipartite graph, also known as 
a bigraph, is formed by the pairs. A bipartite graph is a graph 
whose vertices can be divided into two disjoint sets such that 
every edge connects a vertex in the first set to one in the 
second set. In some implementations, the first set can contain 
nodes representing queries and the second set can contain 
nodes representing results. Clusters are identified in the bipar 
tite graph, for example so that each cluster consists of queries 
and results that may by semantically or syntactically similar. 
I0086. In step 706, language models are trained based on 
the queries in the clusters. In some implementations, sample 
utterances are recorded by a range of speakers and associated 
with the queries. The utterances for each query can be aggre 
gated. Such as by determining an average waveform and a 
deviation factor indicating how much deviation from the 
mean was found for most utterances. 

I0087. In step 708, web form sample data is obtained from 
toolbar logs, the web form sample data relating to the particu 
lar web form (or website) for which the interpolated language 
model is being generated (e.g., the interpolated language 
model can be for the web form). In some implementations, a 
web browser toolbar can record and transmit the URLs of 
websites visited by the browser. The URLs can include input 
text (i.e., sample queries) that has been entered into the web 
form and Submitted. This information can be used to associate 
a particular website domain, or web page with a particular 
topic or idea. 
0088. In step 710, the K most significant clusters for the 
input text, i.e., the sample queries, obtained from the web 
form sample data are identified. A list of cluster names is 
collected and ranked in order of significance or similarity to 
the data collected in the step 708. A predetermined number 
(K, in this case) of the most significant clusters are identified. 
For example, clusters are identified that include the sample 
queries. To limit the number of clusters to K, i.e., to identify 
the K most significant, in Some implementations, the number 
of sample queries that fall into each cluster can be counted 
and the weights assigned to each cluster optimized for only 
the top K clusters. 
0089. In step 712, an interpolated language model for the 
web form (or website) is built. In one example, a data struc 
ture is created that contains links to the K most significant 
language models. This data structure represents a combined 
language model that delegates speech recognition function 
ality to the referenced language models. 
0090. In step 714, Kinterpolation weights are optimized. 
Each referenced language model can have a weight, Such as a 
percentage, integer in a particular range, or probability, asso 
ciated with the referenced language model in the interpolated 
language model. In some implementations, this weight can be 
determined by testing a known pairs of utterances and text. 
The pairs can be submitted to the referenced language mod 
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els, which can return a confidence level representing the 
likelihood or accuracy of the language model to correctly 
identify the text in the utterance. The confidence levels, 
optionally normalized or otherwise converted, can be used as 
weighting values in the interpolated language model. Thus, 
reference language models likely to correctly identify text in 
a particular classification are most heavily weighted. 
0091 Although a particular number, type, and order of 
steps are shown, it will be understood by one skilled in the art 
that other number, types, and orders are possible. For 
example, other methods of clustering or graph creation can be 
used in the step 704. In another example, input field flags and 
descriptions are obtained in the step 708. In another example, 
step 702 and step 714 can be combined using a process that 
builds an interpolation model and interpolation weights in 
one step. 
0092 FIG. 7B shows a flowchart of an example process 
750 of building an interpolated language model. In the pro 
cess 750, text input and associated metadata is collected, base 
language models are created, and interpolated language mod 
els are created using the base models and interpolation factors 
Such as weightings to be provided to each of multiple base 
models. 

0093. In step 752, text input and input metadata pairs are 
extracted from input logs. For example, an application can 
report to a central repository input entered into an input field 
and metadata for the input field. In some examples, the text 
input can include Voice input that is transcribed into a text 
format. In some examples, application wide or operating 
system wide metadata schemes can define or describe the 
type of input field, such as an address field, a free form text 
field, a search field, or a social status field. 
0094. In step 754, a cluster bipartite graph, also known as 
a bigraph, is formed by the pairs. A bipartite graph is a graph 
whose vertices can be divided into two disjoint sets such that 
every edge connects a vertex in the first set to one in the 
second set. In some implementations, the first set can contain 
nodes representing input metadata and the second set can 
contain nodes representing text input. Clusters are identified 
in the bipartite graph, for example so that each cluster consists 
of similar input metadata. 
0095. In step 756, language models are trained based on 
the text input in the clusters. In some implementations, 
sample utterances are recorded by a range of speakers and 
associated with the metadata. The utterances for each text 
input can be aggregated, such as by determining an average 
waveform and a deviation factor indicating how much devia 
tion from the mean was found for most utterances. 

0096. In step 758, input metadata is categorized. The input 
metadata can be used to associate a particular input field or 
application with a particular topic or idea. Example topics or 
ideas include, but are not limited to, address fields, free form 
text fields, searchfield, social status fields, and numeric fields. 
0097. In step 760, the K most significant clusters for a 
category are identified. A list of cluster names is collected and 
ranked in order of significance or similarity to the data col 
lected in the step 758. A predetermined number (K, in this 
case) of the most significant clusters are then identified. 
0098. In step 762, an interpolated language model is built. 
In one example, a data structure is created that contains links 
to the K most significant language models. This data structure 
represents a combined language model that delegates speech 
recognition functionality to the referenced language models. 
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0099. In step 764, Kinterpolation weights are optimized. 
Each referenced language model that is referenced in the data 
structure can have a weight, such as a percentage, integer in a 
particular range, or probability, associated with it. In some 
implementations, this weight can be determined by testing a 
known pair or pairs of utterances and text. The pairs can be 
Submitted to the referenced language models, which can 
return a confidence level representing the likelihood or accu 
racy of the language model to correctly identify the text in the 
utterance. The confidence levels, optionally normalized or 
otherwise converted, can be used as weighting values in the 
interpolated language model. Thus, reference language mod 
els that are likely to identify text in a particular classification 
correctly are most heavily weighted. 
0100 Although a particular number, type, and order of 
steps are shown for the process in this figure, it will be under 
stood by one skilled in the art that other number, types, and 
orders are possible. For example, in step 762 and step 764, a 
data structure with weighted links to the K most significant 
language models can be selected from a collection of some or 
all possible data structures with weighted links to language 
models. 
0101 FIG. 8 shows a flowchart of an example process 800 
for recognizing text in an utterance. In the process 800, an 
utterance is received, the speech in the utterance is recog 
nized, and text, or a list of text options, is returned. 
0102. In step 802, an utterance is received. For example, a 
speech recognition server can receive translation requests 
from clients. The translation request can include an utterance 
(e.g. an audio file) and a context (e.g. text or other data 
describing how the utterance may be used or categorized). 
0103) In step 804, a relevant language model is deter 
mined. For example, an interpolated language model for web 
search, free form text input, or Social status can be deter 
mined. In some implementations, language models, includ 
ing interpolated language models, can be indexed by key 
word, web domain, application type, or other criteria. Using 
metadata associated with the utterance, such as context or 
Source information, a relevant language model can be deter 
mined. 
0104. In step 806, speech recognition is performed. The 
utterance can used by a speech recognition application using 
the language model. The speech recognition application can 
calculate one or more candidate text strings from the utter 
ance. A confidence level can be associated with each text 
String. 
0105. In step 808, a K-best list of text strings representing 
the utterance is returned (where K is an integer). In some 
implementations, the text string with the highest confidence 
value is selected and returned. In some implementations, a 
particular number (K, in this case) of text strings with the 
highest confidence level are returned. 
0106 Although a particular number, type, and order of 
steps are shown, it will be understood by one skilled in the art 
that other number, types, and orders are possible. For 
example, in step 808, all text strings with a confidence level 
above a particular threshold can be returned. In another 
example, an utterance can be preprocessed before step 806 to 
improve recognition. 
0107 FIG. 9 shows an example of a generic computer 
device 900 and a generic mobile computer device 950, which 
may be used with the techniques described here. Computing 
device 900 is intended to represent various forms of digital 
computers, such as laptops, desktops, workstations, personal 
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digital assistants, servers, blade servers, mainframes, and 
other appropriate computers. Computing device 950 is 
intended to represent various forms of mobile devices, such as 
personal digital assistants, cellular telephones, Smartphones, 
and other similar computing devices. The components shown 
here, their connections and relationships, and their functions, 
are meant to be exemplary only, and are not meant to limit 
implementations of the inventions described and/or claimed 
in this document. 
(0.108 Computing device 900 includes a processor 902, 
memory 904, a storage device 906, a high-speed interface 908 
connecting to memory 904 and high-speed expansion ports 
910, and a low speed interface 912 connecting to low speed 
bus 914 and storage device 906. Each of the components 902, 
904,906,908,910, and 912, are interconnected using various 
busses, and may be mounted on a common motherboard or in 
other manners as appropriate. The processor 902 may process 
instructions for execution within the computing device 900, 
including instructions stored in the memory 904 or on the 
storage device 906 to display graphical information for a GUI 
on an external input/output device, such as display 916 
coupled to high speed interface 908. In other implementa 
tions, multiple processors and/or multiple buses may be used, 
as appropriate, along with multiple memories and types of 
memory. Also, multiple computing devices 900 may be con 
nected, with each device providing portions of the necessary 
operations (e.g., as a server bank, a group of blade servers, or 
a multi-processor system). 
01.09. The memory 904 stores information within the com 
puting device 900. In one implementation, the memory 904 is 
a volatile memory unit or units. In another implementation, 
the memory 904 is a non-volatile memory unit or units. The 
memory 904 may also be another form of computer-readable 
medium, Such as a magnetic or optical disk. 
0110. The storage device 906 is capable of providing mass 
storage for the computing device 900. In one implementation, 
the storage device 906 may be or contain a computer-readable 
medium, Such as a floppy disk device, a hard disk device, an 
optical disk device, or a tape device, a flash memory or other 
similar solid state memory device, or an array of devices, 
including devices in a storage area network or other configu 
rations. A computer program product may be tangibly 
embodied in an information carrier. The computer program 
product may also contain instructions that, when executed, 
perform one or more methods. Such as those described above. 
The information carrier is a computer- or machine-readable 
medium, such as the memory 904, the storage device 906, 
memory on processor 902, or a propagated signal. 
0111. The high speed controller 908 manages bandwidth 
intensive operations for the computing device 900, while the 
low speed controller912 manages lower bandwidth-intensive 
operations. Such allocation of functions is exemplary only. In 
one implementation, the high-speed controller908 is coupled 
to memory 904, display 916 (e.g., through a graphics proces 
sor or accelerator), and to high-speed expansion ports 910, 
which may accept various expansion cards (not shown). In the 
implementation, low-speed controller 912 is coupled to stor 
age device 906 and low-speed expansion port 914. The low 
speed expansion port, which may include various communi 
cation ports (e.g., USB, Bluetooth, Ethernet, wireless 
Ethernet) may be coupled to one or more input/output 
devices. Such as a keyboard, a pointing device, a scanner, or a 
networking device Such as a Switch or router, e.g., through a 
network adapter. 
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0112 The computing device 900 may be implemented in a 
number of different forms, as shown in the figure. For 
example, it may be implemented as a standard server 920, or 
multiple times in a group of Such servers. It may also be 
implemented as part of a rack server system 924. In addition, 
it may be implemented in a personal computer Such as a 
laptop computer 922. Alternatively, components from com 
puting device 900 may be combined with other components 
in a mobile device (not shown), such as device 950. Each of 
Such devices may contain one or more of computing device 
900, 950, and an entire system may be made up of multiple 
computing devices 900, 950 communicating with each other. 
0113 Computing device 950 includes a processor 952, 
memory 964, an input/output device such as a display 954, a 
communication interface 966, and a transceiver 968, among 
other components. The device 950 may also be provided with 
a storage device, such as a microdrive or other device, to 
provide additional storage. Each of the components 950,952. 
964, 954, 966, and 968, are interconnected using various 
buses, and several of the components may be mounted on a 
common motherboard or in other manners as appropriate. 
0114. The processor 952 may execute instructions within 
the computing device 950, including instructions stored in the 
memory 964. The processor may be implemented as a chipset 
of chips that include separate and multiple analog and digital 
processors. The processor may provide, for example, for 
coordination of the other components of the device 950, such 
as control of user interfaces, applications run by device 950, 
and wireless communication by device 950. 
0115 Processor 952 may communicate with a user 
through control interface 958 and display interface 956 
coupled to a display 954. The display 954 may be, for 
example, a TFT LCD (Thin-Film-Transistor Liquid Crystal 
Display) or an OLED (Organic Light Emitting Diode) dis 
play, or other appropriate display technology. The display 
interface 956 may comprise appropriate circuitry for driving 
the display 954 to present graphical and other information to 
a user. The control interface 958 may receive commands from 
a user and convert them for submission to the processor 952. 
In addition, an external interface 962 may be provide in 
communication with processor 952, so as to enable near area 
communication of device 950 with other devices. External 
interface 962 may provide, for example, for wired communi 
cation in Some implementations, or for wireless communica 
tion in other implementations, and multiple interfaces may 
also be used. 

0116. The memory 964 stores information within the com 
puting device 950. The memory 964 may be implemented as 
one or more of a computer-readable medium or media, a 
Volatile memory unit or units, or a non-volatile memory unit 
or units. Expansion memory 974 may also be provided and 
connected to device 950 through expansion interface 972, 
which may include, for instance, a SIMM (Single In Line 
Memory Module) card interface. Such expansion memory 
974 may provide extra storage space for device 950, or may 
also store applications or other information for device 950. 
Specifically, expansion memory 974 may include instruc 
tions to carry out or Supplement the processes described 
above, and may include secure information also. Thus, for 
example, expansion memory 974 may be provide as a security 
module for device 950, and may be programmed with instruc 
tions that permit secure use of device 950. In addition, secure 
applications may be provided via the SIMM cards, along with 
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additional information, Such as placing identifying informa 
tion on the SIMM card in a non-hackable manner. 

0117 The memory may include, for example, flash 
memory and/or NVRAM memory, as discussed below. In one 
implementation, a computer program product is tangibly 
embodied in an information carrier. The computer program 
product contains instructions that, when executed, perform 
one or more methods, such as those described above. The 
information carrier is a computer- or machine-readable 
medium, such as the memory 964, expansion memory 974, 
memory on processor 952, or a propagated signal that may be 
received, for example, over transceiver 968 or external inter 
face 962. 

0118 Device 950 may communicate wirelessly through 
communication interface 966, which may include digital sig 
nal processing circuitry where necessary. Communication 
interface 966 may provide for communications under various 
modes or protocols, such as GSM voice calls, SMS, EMS, or 
MMS messaging, CDMA, TDMA, PDC, WCDMA, 
CDMA2000, or GPRS, among others. Such communication 
may occur, for example, through radio-frequency transceiver 
968. In addition, short-range communication may occur, Such 
as using a Bluetooth, WiFi, or other such transceiver (not 
shown). In addition, GPS (Global Positioning System) 
receiver module 970 may provide additional navigation- and 
location-related wireless data to device 950, which may be 
used as appropriate by applications running on device 950. 
0119 Device 950 may also communicate audibly using 
audio codec 960, which may receive spoken information from 
a user and convert it to usable digital information. Audio 
codec 96.0 may likewise generate audible sound for a user, 
Such as through a speaker, e.g., in a handset of device 950. 
Such sound may include Sound from Voice telephone calls, 
may include recorded sound (e.g., voice messages, music 
files, etc.) and may also include sound generated by applica 
tions operating on device 950. 
0.120. The computing device 950 may be implemented in a 
number of different forms, as shown in the figure. For 
example, it may be implemented as a cellular telephone 980. 
It may also be implemented as part of a smartphone 982, 
personal digital assistant, or other similar mobile device. 
I0121 Device 950 may also include one or more different 
devices that are capable of sensing motion. Examples include, 
but are not limited to, accelerometers and compasses. Accel 
erometers and compasses, or other devices that are capable of 
detecting motion or position are available from any number of 
Vendors and may sense motion in a variety of ways. For 
example, accelerometers may detect changes in acceleration 
while compasses may detect changes in orientation respective 
to the magnetic North or South Pole. These changes in motion 
may be detected by the device 950 and used to update the 
display of the respective devices 950 according to processes 
and techniques described herein. 
0.122 Various implementations of the systems and tech 
niques described here may be realized in digital electronic 
circuitry, integrated circuitry, specially designed ASICs (ap 
plication specific integrated circuits), computer hardware, 
firmware, software, and/or combinations thereof. These vari 
ous implementations may include implementation in one or 
more computer programs that are executable and/or interpret 
able on a programmable system including at least one pro 
grammable processor, which may be special or general pur 
pose, coupled to receive data and instructions from, and to 
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transmit data and instructions to, a storage system, at least one 
input device, and at least one output device. 
0123 These computer programs (also known as pro 
grams, Software, Software applications or code) include 
machine instructions for a programmable processor, and may 
be implemented in a high-level procedural and/or object 
oriented programming language, and/or in assembly/ma 
chine language. As used herein, the terms “machine-readable 
medium” “computer-readable medium” refers to any com 
puter program product, apparatus and/or device (e.g., mag 
netic discs, optical disks, memory, Programmable Logic 
Devices (PLDs)) used to provide machine instructions and/or 
data to a programmable processor, including a machine-read 
able medium that receives machine instructions as a machine 
readable signal. The term “machine-readable signal' refers to 
any signal used to provide machine instructions and/or data to 
a programmable processor. 
0.124. To provide for interaction with a user, the systems 
and techniques described here may be implemented on a 
computer having a display device (e.g., a CRT (cathode ray 
tube) or LCD (liquid crystal display) monitor) for displaying 
information to the user and a keyboard and a pointing device 
(e.g., a mouse or a trackball) by which the user may provide 
input to the computer. Other kinds of devices may be used to 
provide for interaction with a user as well; for example, 
feedback provided to the user may be any form of sensory 
feedback (e.g., visual feedback, auditory feedback, or tactile 
feedback); and input from the user may be received in any 
form, including acoustic, speech, or tactile input. 
0.125. The systems and techniques described here may be 
implemented in a computing system that includes a back end 
component (e.g., as a data server), or that includes a middle 
ware component (e.g., an application server), or that includes 
a front end component (e.g., a client computer having a 
graphical user interface or a Web browser through which a 
user may interact with an implementation of the systems and 
techniques described here), or any combination of Such back 
end, middleware, or front end components. The components 
of the system may be interconnected by any form or medium 
of digital data communication (e.g., a communication net 
work). Examples of communication networks include a local 
area network (“LAN), a wide area network (“WAN”), and 
the Internet. 
0126 The computing system may include clients and 
servers. A client and server are generally remote from each 
other and typically interact through a communication net 
work. The relationship of client and server arises by virtue of 
computer programs running on the respective computers and 
having a client-server relationship to each other. 
0127 FIG. 10 is a block diagram of an example data struc 
ture 1000 of a language model. The data structure 1000 can 
weightedly link a semantic idea or category with language 
models, for example, for use in speech recognition. 
0128. A semantic category 1002, such as a search query or 
type of input field, can be linked to one or more of a collection 
of interpolated language models 1004. The interpolated lan 
guage models 1004 can be linked to one or more base lan 
guage models 1006. The links between the interpolated lan 
guage models 1004 and base language models 1006 can be 
weighted. In some examples, the sum of the weights of the 
links from one interpolated language model can be 1 or can be 
normalized to 1. 
0129. It will be understood that, although a particular 
number and configuration of interpolated language models 
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1004, base language models 1006, and links are shown, other 
numbers and configurations are possible. For example, Suffi 
cient interpolated language models 1004 may exist that every 
weighted combination of base language models 1006 has a 
linked interpolated language model 1004. In some examples, 
interpolated language model can be linked to more or fewer 
base language models 1006. In some examples, different link 
weights between interpolated language models 1004 and base 
language models 1006 may exist. Such as positive integers, 
probabilities, or dimensional distance (e.g. W.X,Y,Z values 
for four dimensional space.) In some implementations, mul 
tiple semantic categories 1002 can be linked to a single inter 
polated language model 1004. 
0.130. In some examples, interpolated language models 
1004 can be created on demand. Such as when a semantic 
category 1002 is added to the data structure. The interpolated 
language models 1004 can persists after the removal of 
semantic categories (not shown). For example, previously 
removed semantic categories (not shown) may have 
prompted the creation of the interpolated language models 
1004a, 1004b, and 1004c. A new semantica category 1008 
can be added to the data structure 1004, and linked to any of 
the interpolated language models 1004. 
I0131. In some examples, every possible interpolated lan 
guage model 1004 can be pre-created for use by a new seman 
tic category 1008. Some of these examples can be used in 
situations, such as when many new semantic categories 1008 
are expected, when pre-processing time is available, and/or 
when few base language models 1006 are expected. 
(0132 A number of embodiments have been described. 
Nevertheless, it will be understood that various modifications 
may be made without departing from the spirit and scope of 
what is described here. 
I0133. In addition, the logic flows depicted in the figures do 
not require the particular order shown, or sequential order, to 
achieve desirable results. In addition, other steps may be 
provided, or steps may be eliminated, from the described 
flows, and other components may be added to, or removed 
from, the described systems. Accordingly, other embodi 
ments are within the scope of the following claims. 

What is claimed is: 
1. A computer-implemented speech-to-text conversion 

method, comprising: 
receiving a Voice input from a user of an electronic device 

and contextual metadata that describes a context of the 
electronic device at a time when the voice input is 
received; 

identifying a plurality of base language models, wherein 
each base language model corresponds to a distinct tex 
tual corpus of content; 

using the contextual metadata to generate an interpolated 
language model based on contributions from the plural 
ity of base language models, wherein the contributions 
are weighting according to a weighting for each of the 
base language models; and 

using the interpolated language model to convert the 
received Voice input to a textual output. 

2. The method of claim 1, wherein the voice input is 
received at a computer server system that is remote to the 
electronic device, the method further comprising: 

transmitting the textual output to the electronic device. 
3. The method of claim 1, wherein the contextual metadata 

identifies a field in an electronic document on which the 
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electronic device was focused when the voice input was 
received at the electronic device. 

4. The method of claim 1, further comprising: 
determining the weightings for each of the base language 

models based on the contextual metadata. 
5. The method of claim 1, further comprising: 
building one or more of the base language models based on 

text input data collected from a plurality of users and 
metadata that corresponds to the text input data. 

6. The method of claim 5, wherein for a particular text input 
data the corresponding metadata identifies an input field that 
corresponds to the text input data. 

7. The method of claim 5, wherein the text input data and 
the metadata are formed as individual pairs, the method fur 
ther comprising: 

forming a bipartite cluster graph of the individual pairs. 
8. The method of claim 7, further comprising identifying 

clusters in the graph and using the clusters to generate the 
interpreted language model. 

9. The method of claim 8, further comprising training the 
base language models by using sample Voice utterances from 
a plurality of users of a plurality of electronic devices. 

10. A computer-implemented system for converting 
speech to text, the system comprising: 

a plurality of base language models, each base language 
model corresponding to a particular semantic category: 

an interpolated language model that is linked to the plural 
ity of base language models; and 

wherein each link between the interpolated language 
model and each of the base language models is associ 
ated with a weight. 

11. The system of claim 10, wherein the weight for each 
link between the interpolated language mode and a base lan 
guage model is based on an accuracy of the base language 
model in associating a voice input with a text output repre 
senting a conversion of the Voice input into text. 

12. The system of claim 10, wherein the weights represent 
likelihoods of usage in the interpolated language model 
matching usage in the particular base language model. 

13. The system of claim 12, wherein the weightings are a 
function of the semantic category. 

14. The system of claim 13, further comprising: 
a network interface configured to: 

receive a Voice input; and 
cause the interpolated language model to be applied to 

the Voice input to generate a text output. 
15. The system of claim 14, wherein the network interface 

is further configured to: 
use metadata received with the voice input to match to the 

semantic category to determine weightings for the base 
language models from the interpolated language model. 

16. The system of claim 15, wherein the system is config 
ured to dynamically apply the weightings for the plurality of 
base language models in real-time Substantially as the Voice 
input is received by the network interface. 

17. A computer-readable storage device encoded with a 
computer program product, the computer program product 
including instructions for speech-to-text conversion that, 
when executed, cause data processing apparatus to perform 
operations comprising: 

receiving a voice input from a user of an electronic device 
and contextual metadata that describes a context of the 
electronic device at a time when the voice input is 
received; 
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identifying a plurality of base language models, wherein 
each base language model corresponds to a distinct tex 
tual corpus of content; 

using the contextual metadata to generate an interpolated 
language model based on contributions from the plural 
ity of base language models, wherein the contributions 
are weighting according to a weighting for each of the 
base language models; and 

using the interpolated language model to convert the 
received Voice input to a textual output. 

18. The computer-readable storage device of claim 17, 
wherein the voice input is received at a computer server 
system that is remote to the electronic device, the operations 
further comprising: 

transmitting the textual output to the electronic device. 
19. The computer-readable storage device of claim 17, 

wherein the contextual metadata identifies a field in an elec 
tronic document on which the electronic device was focused 
when the voice input was received at the electronic device. 

20. The computer-readable storage device of claim 17, the 
operations further comprising: 

determining weightings for each of the base language mod 
els based on the contextual metadata. 

21. The computer-readable storage device of claim 20, 
wherein the interpolated language model is based on contri 
butions from each of the base language models that are pro 
portionate to the respective weightings for each of the base 
language models. 

22. The computer-readable storage device of claim 17, the 
operations further comprising: 

building one or more of the base language models based on 
text input data collected from a plurality of users and 
metadata that corresponds to the text input data. 

23. The computer-readable storage device of claim 22, 
wherein for a particular text input data the corresponding 
metadata identifies an input field that corresponds to the text 
input data. 

24. The computer-readable storage device of claim 22, 
wherein the text input data and the metadata are formed as 
individual pairs, the operations further comprising: 

forming a bipartite cluster graph of the individual pairs. 
25. The computer-readable storage device of claim 24, the 

operations further comprising: 
identifying clusters in the graph and using the clusters to 

generate the interpreted language model. 
26. The computer-readable storage device of claim 25, the 

operations further comprising: 
training the base language models by using sample Voice 

utterances from a plurality of users of a plurality of 
electronic devices. 

27. A computer-implemented method, comprising: 
extracting pairs from a historical log of query search results 

that includes a plurality of search queries and corre 
sponding search results, each pair including a query and 
a website that corresponds to a search result for the 
query; 

generating a bipartite cluster graph based on the extracted 
pairs of queries and corresponding websites; 

training a plurality of language models based on clusters 
identified in the bipartite cluster graph; 

based on sample data obtained from input by one or more 
users into a web from, the sample data comprising one or 
more sample queries, identifying K clusters from the 
cluster graph that are most significant to the sample 
queries, K being an integer, and 
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generating an interpolated language model for the web 29. The method of claim 28, wherein the voice input is 
form based on weighted contributions from the language received from a user of an electronic device and the text 
models trained for each of the identified K clusters. output is generated by a computer server system that is remote 

28. The method of claim 27 further comprising: to the electronic device, the method further comprising: 
receiving a voice input into the web form; and transmitting the text output to the electronic device. 
based on the interpolated language model generating a text 

output that represents the Voice input. ck 


