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ment. The parser dynamically receives keyword and asso 
ciated prior probability or fuzzy possibility updates from the 
system agent 150 or an already active domain agent 156. 
Based on these probabilities or possibilities the possible 
contexts are scored and the top one or few are used for 
further processing. 
The parser 118 uses a scoring system to determine the 

most likely context or domain for a user's question and/or 
command. The score is determined from weighing a number 
of factors including, the user profile 110, the domain agents 
data content and previous context. Based on this scoring, the 
system 90 invokes the correct agent. If the confidence level 
of the score is not high enough to ensure a reliable response, 
the system 90 may ask the user to verify whether the 
question and/or command is correctly understood. 

In general, the question that is asked by the system 90 may 
be phrased to indicate the context of the question including 
all criteria or parameters. For example, the question can be 
in the form of “Did I understand that you want such-and 
such?' If the user confirms that the question is correct the 
system proceeds to produce a response. Otherwise, the user 
can rephrase the original question, perhaps adding additional 
information to remove ambiguity, or the system can ask one 
or more questions to attempt to resolve the ambiguity. 
Once the context for the question or command has been 

determined, the parser 118 can invoke the correct agent 156, 
150. To formulate a question or command in the regular 
grammar used by agents, the parser will preferably deter 
mine required and optional values for the criteria or param 
eters. These criteria may have been explicitly supplied by 
the user or may need to be inferred. The parser may make 
use of the criteria handlers 152 supplied by the system agent. 
The criteria handlers can provide context sensitive proce 
dures for extracting the criteria or parameters from the user's 
question or command. Some criteria may be determined by 
executing algorithms in the agent, while others may be 
determined by applying probabilistic or fuzzy reasoning to 
tables of possible values. Prior probabilities or fuzzy pos 
sibilities and associated values may be received from a 
number of Sources including, for example, the history of the 
dialog, the user profile 110, and the agent. Based on user 
responses, the prior probabilities or fuZZy possibilities may 
be updated as the system learns the desired behavior. For a 
weather context, examples of criteria include, location, date 
and time. Other criteria can include command criteria (i.e., 
yes/no, on/off, pause, stop), and spelling. Special criteria 
handlers are available from the system agent for processing 
lists, tables, barge-in commands, long strings of text and 
system commands. 
The criteria handlers 152 can operate iteratively or recur 

sively on the criteria extracted to eliminate ambiguity. This 
processing may help reduce the ambiguity in the user's 
question or command. For example, if the user has a place 
name (or other proper noun) in their utterance the parser 118 
can use services of the domain agent 156 to look up tables 
in the databases 102 for place names or can attempt to 
determine which word is the proper noun from the syntax of 
the utterance. In another example, the user asks, “what about 
flight one hundred and twenty too?” The parser and domain 
agent use flight information in the database and network 
information along with context to determine the most plau 
sible interpretation among; flight 100 and flight 20 also, 
flight 100 and flight 22, flight 122, etc. 
Once the context and the criteria are determined, the 

parser 118 may form the question or command in a standard 
format or hierarchical data structure used for processing by 
the agents 150, 156. The parser 118 may fill in all required 
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and some optional tokens for the grammar of the context. 
Often the tokens must be transformed to values and forms 
acceptable to the agents. The parser obtains the required 
transformations from the agents, dialog history or user 
profile 110. Examples of transformations or substitutions 
performed by the parser on tokens include: 1) Substituting a 
stock symbol for a company name or abbreviation; 2) 
substituting a numerical value for a word or words; 3) 
adding a Zip code to an address; and, 4) changing a place or 
other name to a commonly used Standard abbreviation. 
The agents 150, 156 may receive a command or question 

once the parser 118 has placed it in the required standard 
format. Based on the context, the parser can evoke the 
correct agent to process the question or command. 
Commands can be directed to the system or to an external 

entity. System commands are generally directed to the 
system agent 150. Commands for external entities are gen 
erally processed by a domain agent 156, which includes the 
command context and behavior for the external entity. 

Specific questions may be generally directed to one of the 
domain agents 156. The real-time selection of the correct 
agent allows the invention to dynamically Switch contexts. 
Based on the question, command or context and the param 
eters or criteria, the domain agent may create one or more 
queries to one or more local or external information sources. 
Questions can be objective or subjective in nature. Results 
for objective questions can often be obtained by structured 
queries to one or more local or network information sources. 
Even for objective questions, the system may need to apply 
probabilistic or fuzzy set analysis to deal with cases of 
conflicting information or incomplete information. Informa 
tion to answer Subjective questions is generally obtained by 
one or more ad-hoc queries to local or network data sources, 
followed by probabilistic or fuzzy set evaluation of the one 
results to determine a best answer. 
Once the domain agent 156 has formulated the one or 

more queries, they may be sent to local and/or network 
information Sources. The queries may be performed in an 
asynchronous manner to account for the fact that Sources 
respond at different speeds or may fail to respond at all. 
Duplicate queries can be sent to different information 
Sources to ensure that at least one source responds with a 
useful result in a timely manner. Further, if multiple results 
are received in a timely manner, they can be scored by the 
system to determine which data is most reliable or appro 
priate. Examples of data sources accommodated include, 
HTTP data sources, sources with meta-data in various 
formats including XML, measurement data from sensors 
using various formats, device 32 setting parameters, enter 
tainment audio, video and game files including MP3, data 
bases using query languages and structured responses Such 
as SQL, and other data sources. 
The local information sources can be stored in one or 

more system databases 102 or can be on any local data 
storage such as a set of CDs or DVDs in a player or other 
local data storage. In other cases, local information can be 
obtained from vehicle system settings or measurement 
devices. Network information sources can be connected to, 
the control and device interfaces 30, the data interfaces 26, 
the Internet 42 or other network and accessed through a 
series of plug-ins or adaptors, known as pluggable sources, 
in the network interface 116. The pluggable sources are 
capable of executing the protocols and interpreting the data 
formats for the data sources of interest. The pluggable 
Source provides information scrapping forms and proce 
dures for each source to the domain agents 156. If a new type 
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of data source is to be used a new plug-in or adaptor can be 
added to the appropriate interface. 
The domain agent 156 can evaluate the results of the one 

or more queries as they arrive. The domain agent may score 
the relevance of the results based on results already received, 
the context, the criteria, the history of the dialog, the user 
profile 110 and domain specific information using probabi 
listic or fuZZy scoring techniques. Part of the dialog history 
is maintained in a context stack. The weight of each context 
for the scoring may be based on the relevance of one context 
to another and the age of the contexts. Other scoring 
variables can be associated through the context stack. Con 
texts can also be exclusive, so that previous contexts have no 
weight in the scoring. 

Based on the on-going scoring processes, the domain 
agent 156 may determine if a single best answer can be 
extracted. For most questions, the desired result may include 
a set of tokens that may be found to formulate an answer. 
Once a value has been found for each of these tokens, the 
results are ready for presentation to the user. For example, 
for a question on weather, the tokens can include the date, 
day of week, predicted high temperature, predicted low 
temperature, chance of precipitation, expected cloud cover, 
expected type of precipitation and other tokens. Results 
processed in this manner may include error messages. For 
Subjective questions, this determination is made by deter 
mining a most likely answer or answers, extracted by 
matching of the results received. If no satisfactory answer 
can be inferred from the results of the query, the agent can 
do one of the following: 

1. Ask the user for more information, typically through 
the speech interface, and based on the results obtained 
formulate new queries. This approach is applied when 
an irresolvable ambiguity arises in the formulation of a 
response. 

2. Formulate new queries based on the results received 
from the first set of queries. This approach is typically 
applied in cases where the responses received do not 
include all the required information. Information 
Sources to queries can be inferred from the results 
already obtained (i.e., links in an HTML document or 
measurements or settings from other devices 32) or 
from other sources. Using this approach one or more 
sets of queries and responses can be chained without 
the need for action by the user. 

3. Wait for additional queries to return results. 
In any case, the domain agent 156 may continue to make 

queries and evaluate results until a satisfactory response is 
constructed. In doing so, the agent can start several over 
lapping query paths or threads of inquiry, typically mediated 
by the event manager 100. This technique, combined with 
the use of asynchronous queries from multiple data sources 
provides the real-time response performance required for a 
natural interaction with the user. 
The domain agent 156 may apply conditional scraping 

operations to each query response as it is received. The 
conditional scraping actions may depend on the context, the 
criteria, user profile 110, and domain agent coding and data. 
For each token to be extracted a scraping criteria 152 can be 
created using the services of the system agent 150. The 
scraping criteria may use format specific scraping methods 
including, tables, lists, text, and other methods. One or more 
scraping criteria can be applied to a page or results set. Once 
additional results are received, the domain agent can create 
new scraping criteria to apply to results already acquired. 
The conditional Scarping process removes extraneous infor 
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mation, Such as graphics, which need not be further pro 
cessed or stored, improving system performance. 

Specific commands are generally directed to one of the 
domain agents 156. The real-time selection of the correct 
agent allows the invention to dynamically Switch contexts. 
Command oriented domain agents 156 evaluate the com 
mand and the state of vehicle systems, system capabilities, 
and measurements to determine if the command can be 
executed at all or if doing so will exceed operating or safety 
limits. If the command is ambiguous or cannot be executed 
for Some other reason, the system may ask the user for more 
information or may suggest what the problem is and a likely 
approach to the Solution. The domain agent may format the 
command for the specific device 32 and control and device 
interface 30. This formatting may involve variable substi 
tution, inference of missing values and other formatting. 
Variable substitution and inference depends on the command 
context, the user profile 110, command history, state of 
vehicle systems and measured values, and other factors. A 
complex command can result in more atomic commands 
being sent to multiple devices, perhaps in a sequence. The 
sequence and nature of Subsequent commands may depend 
on the previous commands, results of pervious commands, 
device settings and other measurements. As a command is 
executed, measurements are made and results collected to 
determine if the execution was correct and the desired state 
or states were reached. 
Once the domain agent 156 has created a satisfactory 

response to a question, or to a command, the agent may 
format that response for presentation. Typically, the domain 
agent can format the response into the markup format used 
by the text to speech engine 124. The domain agent may 
format the result presentation using available format tem 
plates and based on the context, the criteria, and the user 
profile 110. The domain agent may perform variable sub 
stitutions and transformations to produce a response best 
understood and most natural to the user. The domain agent 
may vary the order of presentation of tokens and the exact 
terminology used to create a more natural response to the 
user. The domain agent may also select the presentation 
personality 108 to be used. 

For both command and query responses, the domain agent 
156 may select the presentation template, determine order of 
presentation for tokens and determine variable substitutions 
and transformations using probabilistic or fuZZy set decision 
methods. The template used to form the presentation can be 
from the domain agent itself or from the user profile 110. 
The user profile can completely specify the presentation 
format or can be used to select and then modify an existing 
presentation format. Selection and formatting of presenta 
tion template can also depend on the presentation person 
ality 108. At the same time, the characteristics of the 
personality used for the response are dynamically deter 
mined using probabilities or fuzzy possibilities derived from 
the context, the criteria, the domain agent itself and the user 
profile 110. 
The domain agent 156 may apply a number of transfor 

mations to the tokens before presentation to the user. These 
variable substitutions and transformations may be derived 
from a number of Sources including, domain information 
carried by the agent, the context, the token values, the 
criteria, the personality 108 to be used, and the user profile 
110. Examples of variable substitutions and transformations 
include: 1) substitution of words for numbers; 2) substitution 
of names for acronyms or symbols (i.e., trading symbols); 3) 
use of formatting information derived from the information 
Sources (i.e., HTML tags); 4) nature of the response includ 
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ing, text, long text, list, table; 5) possible missing informa 
tion or errors; 6) units for measurement (i.e., English or 
metric); and, 7) preferred terminology from the user profile 
or presentation personality 108. 
The invention may provide special purpose presentation 

capabilities for long text strings, tables, lists and other large 
results sets. Domain agents 156 may use special formatting 
templates for such results. The system agent 150 can provide 
special criteria handlers 152 for presentation and user com 
mands for large results sets. The presentation templates used 
by the domain agents for large results sets typically include 
methods for Summarizing the results and then allowing the 
user to query the result in more detail. For example, initially 
only short Summaries, such as headlines or key numbers, are 
presented. The user can then query the results set further. 
The criteria handlers provide users with the capability to 
browse large results sets. Commands provided by the criteria 
handlers for large results sets include, stop, pause, skip, 
rewind, start, and forward. 
Some information, in formats such as video, pictures and 

graphics, may be best presented in a displayed format. The 
domain agents 156 apply Suitable presentation templates in 
these cases and present the information through the non 
speech interface 114. The system agent 150 provides special 
criteria handlers 152 for presentation and user commands for 
display presentation and control. 

Although particular embodiments of the invention have 
been shown and described, it will be understood that it is not 
intended to limit the invention to the embodiments that are 
disclosed and it will be obvious to those skilled in the art that 
various changes and modifications may be made without 
departing from the spirit and scope of the invention. Thus, 
the invention is intended to cover alternatives, modifica 
tions, and equivalents, which may be included within the 
spirit and scope of the invention as defined by the claims. 

We claim: 
1. A system for processing a natural language utterance, 

the system including one or more processors executing one 
or more computer program modules which, when executed, 
cause the one or more processors to: 

generate a context stack comprising context information 
that corresponds to a plurality of prior utterances, 
wherein the context stack includes a plurality of context 
entries; 

receive the natural language utterance, wherein the natu 
ral language utterance is associated with a command or 
is associated with a request; 

determine one or more words of the natural language 
utterance by performing speech recognition on the 
natural language utterance; 

identify, from among the plurality of context entries, one 
or more context entries that correspond to the one or 
more words, wherein the context information includes 
the one or more context entries, wherein identifying the 
one or more context entries comprises: 
comparing the plurality of context entries to the one or 
more words; 

generating, based on the comparison, one or more rank 
scores for individual context entries of the plurality 
of context entries; and 

identifying, based on the one or more rank scores, the 
one or more context entries from among the plurality 
of context entries; and 

determine, based on the determined one or more words 
and the context information, the command or the 
request associated with the natural language utterance. 
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2. The system of claim 1, wherein the one or more 

processors are further caused to: 
provide a prompt regarding the command or request, 

wherein the prompt is a prompt for additional infor 
mation or a prompt for confirmation; and 

receive, in response to providing the prompt, a non 
speech input, wherein the command or request is deter 
mined further based on the non-speech input. 

3. The system of claim 1, wherein the plurality of context 
entries are ordered in the context stack, and wherein the one 
or more processors are further caused to update, based on the 
one or more rank scores, the ordering of the plurality of 
context entries in the context stack. 

4. The system of claim 3, wherein the natural language 
utterance is associated with a user, and wherein the one or 
more processors are further caused to: 

receive a Subsequent natural language utterance associ 
ated with the user; 

determine one or more words of the Subsequent natural 
language utterance by performing speech recognition 
on the Subsequent natural language utterance; 

identify, based on the updated ordering of the plurality of 
context entries in the context stack, one or more other 
context entries that correspond to the determined one or 
more words of the Subsequent natural language utter 
ance; and 

determine, based on the determined one or more words of 
the Subsequent natural language utterance and the iden 
tified one or more other context entries, a Subsequent 
command or a subsequent request. 

5. The system of claim 1, wherein identifying the one or 
more context entries comprises identifying, from among the 
plurality of context entries, the one or more context entries 
that most closely correspond to the one or more words. 

6. The system of claim 1, wherein the context stack is a 
first context stack of a first device, and wherein the one or 
more processors are further caused to: 

synchronize the context stack with a second context stack 
of a second device. 

7. A computer-implemented method of processing a natu 
ral language utterance, the method comprising: 

generating a context stack comprising context informa 
tion that corresponds to a plurality of prior utterances, 
wherein the context stack includes a plurality of context 
entries; 

receiving, by one or more computer processors, the natu 
ral language utterance, wherein the natural language 
utterance is associated with a command or is associated 
with a request; 

determining one or more words of the natural language 
utterance by performing speech recognition on the 
natural language utterance; 

identifying, from among the plurality of context entries, 
one or more context entries that correspond to the one 
or more words, wherein the context information 
includes the one or more context entries, wherein 
identifying the one or more context entries comprises: 
comparing the plurality of context entries to the one or 
more words; 

generating, based on the comparison, one or more rank 
scores for individual context entries of the plurality 
of context entries; and 

identifying, based on the one or more rank scores, the 
one or more context entries from among the plurality 
of context entries; and 
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determining based on the determined one or more words 
and the context information, the command or the 
request associated with the natural language utterance. 

8. The method of claim 7, further comprising: 
providing a prompt regarding the command or request, 

wherein the prompt is a prompt for additional infor 
mation or a prompt for confirmation; and 

receiving, in response to providing the prompt, a non 
speech input, wherein the command or request is deter 
mined further based on the non-speech input. 
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