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- SYSTEM AND METHOD OF SUPPORTING ADAPTIVE
MISRECOGNITION IN CONVERSATIONAL SPEECH

Cross-Reference to Related Applications
’i"his application is a continuation of co-pending U.S. Patent Application Serial
No. 11/200,164, entitled “System and Method of Supporting Adaptive Misrecognition in
' Conversational Speech,” filed August, 10, 2005, the contents of which are hereby -

incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Field.of the Invention
[01] The invention relates to providing conversational human-inachine interfacés for

| controllingldevices through a speéch interface and/or a combination of a speech interface
and a non-speech interface. ‘More specifically, the inverﬁ:ion allows users fo submit
natural language commands via the _spéeéh interface and/or fche non-speech irﬁcrface.
The invéntion further allows users to control devices and systems either locally or
remotely. | |

Background of the Related Art

[02] A machine’s ability to communicate with hu:mﬁns in a natural manner remains a
difﬁcult problem. Cognitive research on human interaction shows that verbal
cbnununjcation, such as a peréon asking a question or giving a command, typically relies
.heavﬂy on context and domain knowledge of the target person. By contrast, maéhine—
based queries (a query may be a question, a command, a request and/or other types of

communications) may be highly structured and may not be inherently natural to the
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human user. Thus, verbal communications and machine processing of requests that are

extracted from the verbal communications may be fundamentally incompatible. Yet the

ability to allow 2 person to make natural language speech-based request remains a

desirable goal.

[03] Speech recognition has steadily improved in accuracy and today is successfully

used in a wide range of applications. Natural Ianguage processing has been applied to the

parsing of speech queries. Yet, current syétems do not reliably provide a complete
environment for users to submit speech and/ or non—spee_:ch qomunicaﬁons through

natural language queries thaf are processed to provide natural responses. There remains a
number of sighiﬁoan_t barriers to creation of a complete speech-based and/of. non—speeéh—

. |
based natural laﬁguage query and response environment. '
! . .

~ SUMMARY OF THE INVENTION

. [04]  According to an aspect of the invenﬁon, one object éf the invention is to

| overcome these and other drawbacks of prior systems.

[05] A_ccording to oﬁe aspe'ct. of the invel.:ltién,-. ﬁsers may provide the system with
spoken utterances and/or other communications in a natural language fonﬁat, i.nclu'di'ng.

_ impérfect information such as, incomplete thoughts, incomplete senfences,‘ inc‘omplete
phrases, slang terminology, repeated words, word variations, synonyms, or other
imperfecf information. In order for machines (e.g., computer-devices) to properly

respond to questions and/or conﬁnands that are _pfesénted in the natural language format,l

the questions and/or commands may be parsed and interpreted to formulate machine

processable queries and algorithms.
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[06] In another aspect of the invention, systems are provided for overcoming the
deficiencies of prior systems through the application of a complete speech-based
command generation, information retrieval, presentation and command environment ora
combination nf sneech-baséd and non—speech—bnéed command generation, information
retrieval, presentation and command environment. This environment makes maximum
use of context,r lnrior information, donnain knowledge, and user specific profile data to
achieve a natural environment for one or more users to submit queries or cnmmands to
multiple domains. Through this integrated approach, a complete speech—Based natural
1anguage query and response envifonmenf may be created. Alternatively, a cOmBination
of speech~baséd and non-speech-based natural languagé guery and response environment
may be created. Further, at each step:in the process, aCcommodgtidn may be made_for
full nr partial failure and graceful recovery. The robustness to partial failure is—rachje_ved
through the use of probabilistic and fuzzy'reasoning at several stages of the process. This |
ronustness to partial failure promotes the feeling of a nnulral response to questions and
commands.

[07] According to another aspect of the _invention, the system may include a speech

* unit interface device_that receives utterances, in.cluding spoken natural language queries,
commands and/or other utterarices from a user, and a computer device or system that
receives input from the speech unit and processés the innut (e.g., retrieves infonnation
responsive to the query, takes action consistent with the command and performs other
functions as detailed herein). The system may further generate a natural language
response and/or glanei‘ate a natural language message, such as an alert inessage, without

-any prompting from a user. According to another embodiment of the invention, the non-
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speech interface may be provided in addition to, or in place of; the speech unit interface.
For example, the non-speech interface may communicate non-speech information, such
as textlial communicaﬁo_ns, graphical or tabular information, or other non—speech
informatibn.
[08] According to one embodiment of the invention, multi-modal input may be
received from users at a conversational speec;h analyzer fhat is coupled to several
components, including a general cognitive model, an environmental model, a
pérsonalizg:d cb gnitive model, and an adaptive misreco gnition analysis engine, or other -
components. According to one embodiment of the invention, the conversational speech
analyzer may inclﬁde one or more speech reco gnition engines .that transcribe utterances to
text. |

. . . !
[09] Abcording to one embodiment of the invention, the environmental model may be
accessed t§ determine user location, user activity, track user actions, and/or other
em(iron'mental inforrﬁatioﬁ to invoke confext, domain knowledge, preferénces, and[or
other co gniti\}e qualities to enhance the interpre‘_fation of questions and/or commands.
The convers.atioﬁal speech analyzer may also access the general co gnitiﬁe modgl and/or
the personalized cognitive model to further refine con;aext, domain knowledge,
preferences, and/or other cognitive qualities to enhance the ihterprétation of questions
and/or comina.mdsl. Based on information received from the generﬂ co gnitive model,
environmental model and/or the personalized cognitive modél, the system may enhance’
responsesl to commands and questions by includihg a prediction of user behavior.

[10]  An adaptive misrecognition analysis engine may be provided to analyze atld store

speech and non-speech data, including transcribed utterances, that are identified as being
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unrecognized or incorrectly recognized by the conversational speech analyzer. Upon a
determination that data is unrecognized, the system may generate an unrecognized event.
According to one embodiment of the invention, the system may implement one or more

techniques to determine that data is incbrrectly recognized. When the system

- misrecognizes a request, the user typically provides immediate feedback, such as

overriding the command in a time shorter than the expected time execution time of the

command, issuing a stop command, or taking other action. The user’s actions may be

‘analyzed in a statistical model to determine a frequency occutrence of misrecognitions

- for particular commands, with the results Be’ing used to update the corresponding

personalizéd cognitive model.

[11] Accor/ding to another embodiment of the inventioﬂ, the conversational speech
o

analyzer may access the personalized cognitive model to proaétively select a next best (or

- nth best) match for the received data. A match may be confirmed by user action that

include the user not immediately canceling the commmand. The misrecognitions may also
be analyzed to potentially determine personalized tuning parameters for the speech

recognition components of the system. For example, the system may tune the speech

recognition engihé over time to increase recognition by analyzing how the speech

recognition engine misrecognizes the utterance.

[12] According to one embodiment of the invention, infrastructure may be provided to
maintain context information during multimodal interactions, such as speech and/or h0n= -
speech interactioﬁs. According to one exemplary embodiment of the in\}enﬁon, contekt |

Tt

Cornmuhicat_ion channels between multimodal devices, or mobile devices, and the system.
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The communication channels allow the system to receive multimodal input such as text-
based commands and questions and/or voice-based commands and questioné. According
to another embodiment of the invention, the multilmo‘dal input may include a string of
text, such as keywords, thét are received as commands or questions. According to yet
another embodiment of the invention, the system may synchrorﬁze the context between
the multimodal de\.rices and the speech-based units. In order to send a response to the

- corresponding device, the system may track the source and send the résponse to the
co;respbnding épeech inteﬁace or the non-speech interface.

- [13] A;;cording to an alternative embodiment of the invention, context information

may be maintained using a context manager that may be centrally positioned to receive

input from multiple sources and to provide output to multiple sources. According to one
| . : .

émbodiment, the devices that communicate with the context manager may régister

ﬂuough a registrﬁtion module and may subscribé to one or more events. According to

another embodiment of the invention, the context mémager may receive input in Context

XML form, for_ example. The other registered devices may be informed of context‘

changes througﬁ a confl;ext tracking module to enable synchronizing of context across the

registered modules. Acéording to oné embodiment of the invention, registered moduies
may be added or removed-from the system. The ;egistered modules may include
dynémic link libraries (DLLs) that are speciﬁc to multimodal devices. |

[14] According to yet another alternative embodiment of the .invention, context

information may be determined from a command or request that is presented in a textual

format and/or a command or request that is presented as a verbal utterance and processed

using a multi-pass automatic speech recognition module that transcribes the verbal
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utterance to a textual format. The multi-pass automatic speech recognition module may
use a dictation grammar or a large vocabulary grammar, among other resources, to
transcriBe the verbal utterance into a text message. On platforms where a dictation

- grammar is not available, the multi—paés automatic speech recognition may use a virtﬁal
dictation grammarlthat uses decoy words for out-of-vocabulary words. Decoy words
may inelﬁde utility words, nonsense words, isolated syllables, isolated distinct sou;ndls and
other decoy words.

[15] According to one embodiment ef the irllv'entidn, the text message ﬁay_be searched
for a particular eharacter, group .of chéracters, word, group of words, and other text
combinations. The text combinetion niay be compared against entries in a context
description grammar tﬁat is associated with each agent. If a match is identified between
an active gra.rhrﬁar n the- context description grammar and f:he cdmm_and and/or request,
then the match may be scored. The agents may be ranked based on tﬁe determined scofe.
In generatiI}g an aégregate response from the one or more responses recetved from the
agents, the ordering of the responses from the individual agents may be determined based
on the rank of agexits. The aggregate resp.onse may be generated by a response generator
module. Agents may update a context s.tack, that includes an ordered list of eommand |
.contex-ts, to enable follow-up requests.

[16] = According to another aspect of the invention, the speech unit and/or multimodal
device may be incorpo'_rated into tﬁe computer device or system, or may be separate
structures. If separate structures are provided, the speech unit and/or multimodal devices

may be connected to the computer device via a wired or wireless connection. Ifa
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wireless connection is provided, a base unit may be connected to the computer, internélly
or externally, té communicate with the speech unit and/or multimodal device.
[17] According to another aspect of the invention, the computer devices or systems
may comprise stand alone or networked PCs; personal digital assistants (PDAs), cellular
telephones, or other computer devices or systems. Fo_r convenience, these and other
computer alternatives are referred to as computers. One aspect of the invention
comprises software that may be in_stalled oﬁto the computer, where the software may
include one or more of the followirig modules: a non-speech information receiving
module; a speech recognition module that captures user utterénc_es; a parser that parses
the uttergnce; a text to speech engine module that converts the text to speech; a network
interface that enables the computer to interface with one or more networks; a non-speech
|
interface modﬁle and an event manager f_or managing events. Preferably, the event
manager is in connnﬁnication with a context description grammar, a user profile module
that eniables user profiles to be created, modified and accessed, a personality module that
enableé various personalitieé to be éreate’ci aﬁd used; a.n agent mbdule, an update |
manager, a co gniti\.fe model that provides statistical abstracts of user interaction patterns
with the system, one or rnbre datébases, and other components.
[18] According to another aspeét of the i’nvention .domain specific behavior and
information may be organized into data managers. Data managers are autonomous
executables that receive, i):ocess and respond to _usér questions, queries and commands.
The data managers provide complete, convenientr and re-distributabl¢ packages or
modules of functionality, typically fof a specific doingin of application. Data managers

may be complete packages of executable code, scripts, links té information, and other
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forms of communiéation data that pfovide a specific package of ﬁmctionality, usually in a
specific domain. In other words, data managers include components for extending the
functionality to a new domain. Further, data managers and their associated data may be
updated remotely over a networl; as new behavior is added or new information becomes
available. Data managers may use system resources and the services of other, typically
more specialized, data managers. Data managefs may bé distributed and redistributed in '.
a number of ways including on fémovable storage media, transfer over ﬁetworks or
attached to emails and other messages. An update rﬁanager may be used to add new data
ménagers to the sj'stem or update existing data managers. | |
[19]  According to another aspéct of thé invention, license management capabilities
allowing the sale of data managers by third parties to oné Or MOTS Users on a one time or
i | | |
subscription basis ﬁlay be provided. In addition, users with particular expertise may
.create. data managers, update existing data managers by aciding new béhav,iors and
information, and making these data managers for other users as agents.
[20] . In orderto enhance the natural query and response environment, the system may
format results to increase understandébility to uéers. Formatting and presentation of
results may be based on the context of the questions, the éontents of the response being -
presented, the history of the interaction with the user, the user’s preferences and interests
aﬁd the nature of the domain. By contrast, rigid, highly formatted, ﬁr structured
presentation of results may be deemed unnaturai by many uéers.
[21] According to another embodiment of the invention, the systerﬁ may simulate
some aspec;,ts of a human ‘;persohalit}f”. In some caseé, the presentation of the response

and the terms that are used to provide the responée may be randomized to avoid the
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appearance 0f rigidly formatted or mechanical responses. The use of other simulated
personality cha;aoteristics is also desirable. For example, a response that may Ee
upsetting to the user may be presented in a sympathetic manner. Furthermore, results of
requests may be long text stﬁngs, lists, tables or other lengthy sets of data. Natural |
presenté.tion of this type of information presents particular challenges because simply
reading the long response.is generally not preferred. Instead, the system may parse
important sections from the response and may ﬁﬁtially provide only reports. -Determining
what parts of a long fesponsé are presented may be based on the context of the questions,
1.:he contents of the responée béing presented, the.history of the interaction with the user,
the user’s preferences and interests and the nature of the domain. At the same time, the
system may give the user interéctilve control over what information to présent and how
much i_nfoﬁnation fo present, to stép the response all together, or to take other actions.
[22] According to anothér aspect of the invention, the éystem may process and respond
to questions, requests and/or commands. Keywords or context may be used to determine
whether the received utterance anclifor textual message includes a request or command.
For example, utterances may inclﬁde aspects of questions, reqﬁests and/or commands.
For example, a user may ufter “record my favorite TV program”. A request is procéssed

‘to determine the name, the channel, and time for the users favorite TV ijré gram A
command must be execﬁted to set a video recorder to capture this program.
[23] - For utterances in(;luding questions and/or requests, the system may pe.rform
multiple steps that may include one or more of:

. _captuﬁng the user’s Quesﬁons and/or requests j1through speech recognition

components that operate in a variety of real-world environments;

10
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¢ parsing and interpreting the question and/or request;

* determining the domain of expertisé and context, invoking the proper
resources, including agents;

s formulating one or more requests to one or more local and/of network data
sourceé or'sending appropriate commands to local or remote devices or the
system itself;

s performing presentation formatting, variable substitutions and
transformations to modify the requests ﬁ) a form thét yields desired results
from the availablé sou:rces;. |

. executing the multiple requests or commands in an asynchronous manner
and dealing gracefully with faillures.; r

. extractiné or scraping the desired information from the one or more
results, which may be remmed in any one of a number of different
formats;

. evaluating and interpreting the results, including i)roceésing of errors to
pfdvide one or more results judged to be “best,” even if th¢ resulté are
ambiguous, iglcomplete, or conﬂicting;

e performing formatting, variable substitutions aﬁd uansforrnations to
modify the results to a form most easily understood by the user; and

* presenting fche compound result, through a text to speech engine or a
multimodal interface, to the user in a useful and eXpect‘ed Iﬁanner.

[24] The above steps may be performed with knowledge of the domain of expertise,

the context for the question or command, domain specific information, the history of the
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user’s interactions, user preferences, available information sources or commands, and
responses obtained from the sources.
[25] Probabilistic or fuzzy set decision and matching methods may be applied to deal
with inconsistent, ambigunous, conflicting and'incomﬁlete infqrmation Or responses. In

. addition, asynchronous queriés may be used to provide rapid and graceful failure of
requests or commands that allow the system to robustly retfum results quickly andina
manner that seems natural tol the user.
[26] Many everyday questions ﬁ:re inherently subj ecﬁve and result in answefs that are a
matter of opiiﬁon or cénsensué, as mﬁch as fact. Such questions are often ad hoc in theif
nature, as well. The system, according to aﬁother aspect of the invention, may use
adaptive, probabilistic, and fuzzy set decision and matching methods to identify the

_ : ! '

subjective nature of the question and to evaluaté arange of pbésible answers, wherein one
or more answers may be selected ﬂiat most accurately represent the type of result desired
by the user.
[27]  The context and expected resuits ﬁbm a particular question may be highly
dependent on the individual asking the question. Therefore, the system ﬁlay create, store
and use pérsonal profile information for each user. .Infonﬁation in thé profile may be
added andl updated automatically as- the user uses the system or may be manually added
or ﬁpdéted by the user or by others. Domain si)eciﬁc agents may pollect, store and use
specific profile inférmation, as Iriay-be required for optimal operations. Users may create
commands for regularly used reports, automatically generated alerts, and other requests
and '.for the formatting and p;esentaﬁon of results. The system.may use profile data in

hlterpretﬁig questions, formulating requests, interpreting request results and presenting
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answers to the user. Examples of information in a user profile includes, history of
questions askéd, session histories, formatting and presentation preferences, special word
spelling, terms df interest, special data sources of interest, age, sex, education, location or
address, place of business, type of business, investments, hobbies, sports interests, news

interests and other profile data. -

T
e

[28] According to one aspect of the invention, the system may attempt to provide rapid

responses in order to provide a natural question and response environment. The rapid

[

reéponses may be provided without ‘clabtaining additional information. The system may
determine agent composition, context and/or domain for a user’s question or command,-
for example, by using a feal-time scoring systém or other technique. Based on this

" détennination, the system may trigger one or more agenfs to respond to the user’s
qucstion or command. The agents may make one or more requests and rapidly return a
formatted respbnse. Thus, users may receive direct respoi;ses 10 a set of questions, each
with a different response or context. In some cases, the available information, including
thé request results, may no;c adequately answer the questions presented. In such |

| simationg, the uset may be asked one or more follow-uﬁ que_stioﬁs té resolve th¢
ambiguity. Additional requests may then be made'b'efore an adequate response is
provided. | In these cases, the sttem may use context infonnatién, user profile
information and/or domain specific informatién to minimize the intleraction with the user
required to deliver a response.

[29] | If the confidence level of the domain or context score is not high enough to ensure

a reliable response, the system may request that the user verify that the question or

command is correctly understood. In general, the question may be phrased to indicate

13
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the coﬁtext of the question including all cﬁteria or parameters. If the user confirms that
the question is correct, the system may proceed to produce a response. Otherwise, either
the user can rephrase the originél question, perhapé adding additional information to
rem.ove ambiguity, or the system may ask one or more questions to attempt to resolve the
ambiguity or oﬁm actions may takeﬁ.

[30] According to one aspect of the invention, the system may accept any natural

language question‘ or command and, as a result, may be subject to ambiguous requests.

. To assist users in formulating concise qﬁestions and commands, the system may support

a voice query language. The language may help users clearly specify the keyWords or
contexts of the question or command along with the parameteré or criteria. The system |
may provide built in training capabilitiés to help the user learn the best methods to
formulate their QHestions and commands.

[31] Inorder fo make the responses fo user’s quesﬁons and commands seem more
natural, the system may émploy one or more dynamically invokable personalities and/or
emotional models. Personalities and emotional models have specific characteristics that
simulate the behavioral characteristics of real humans. Examples of these charactéristics
include, sympathy, irritation, and help.fulness and associated emotions. The personality
also randomizes aspects of responsés, just as a réal human would do. This behavior -
includes randomization of terms used and the order of presén_tation of information.
Characteristics of the personality and/or emotions are invoked using probabilistic or
fuzzy set decision and matching methods and using criteria, including the context for the
question, ﬂ‘le history of the user’s interaction, user preferences, infomiation sources

available, responses obtained from the sources.

14
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[32] According to another aspect of the invention, special procedures may be
employed to present information in the form of long text strings, tables, lists or other long
response ‘sets._ Simply presenting a long set of information in an ordered mannef may not
be considerg:d natural or what most users have in mind. The éystem méy use probabilistic
~ or fuzzy set matching methods to extract relevant information and present these subsets

" first. Further the system may provide commands allowing users to skip through the list,
find keWords or key information in the list or stop procesﬁing the list altogether. |
[33] In addition to the ability fo process user questions and commands, the invention
may ﬁrovide local or reﬁote control functions for the system or fo; other devices. Users

| may initiate commands locally or remotely. Several techniques for executing remote -

operations are possible, for example, the use of a télephéne or other audio connection.

. ; ) [
Othér remote command techniques may be used. The proé:_essing of these commands may
' be performed in a nearly identical manner to a question. One difference being that the
result of the command is‘ generally an action rather than a response. Examples of control
operations supported by the invention include, finding and playing music, film, games or
other entertainment media, control of the appliances or other electroﬁic or electro-
mechanical devices, security systems control, aﬁdio,' text and video conferencing
(inclﬁding Voice over [P céﬁferencing), operaﬁng integréted messaging environments
and :other control operations. | | |

[34] Byusing an opﬁonal analog or digital‘ telephone interface or a data network
‘interface, the invention can provide remote control capability of the compﬁter or and

auxiliary devices connected to the computer. For example, if the computer is connected

via an interface to one or more auxiliary devices, a remote user can use this capability to
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remotely conﬁol or program the operation of the auxiliary\ device. For e};ample, this
enables recording of a televisioﬁ program, checking the status of a home security system,
checking voice mail messages, hearing and r.esponding to email messages, and much
more. Fof each user command utterance, the system may execute a number of steps
‘possibly including:
e capturing the user’s comménd through speech recognition that operates in
a variety of real-world environments;
e parsing and interpreting the comfnand;
. determining the domain for the command and context, -involdng the proper
resources, including agents;
. lformulating device specific commands for the system or external d'eviqes;
» roufing commands to the system, or extémal dévices, including external
- devices connected fo data networks;
e receiving and prdcessing results of comands, including errofs; and
. optionaﬂy, pfoviding responses o users indi.cating tﬁe su’ccess- or failure of
the command, and possibly includiﬁg state iﬁfonnation.
| [35] The system may Be used in conjunction with a wide range of platform .
environmeﬁts. These environments may include, as a peripheral to a PC, a portable or
wearable computer or other computer, embedded in a PC or other co'niputer, ona
personal digital assistant, such as a PDA with wireless networking capability, in a
specialized device such as a bar code scanner or payment terminal, on a wireiess
telei:hone, or other platforms. If the invention is used with a mobile or portable device

that has position location capability, the location data can be used by the invention as
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part of the context for user questions. A user may use the system on one or more devices.
In this case, history and profile information for the user may be synchronized 1.betvveen the
multiple devices on a periodic basis or other basis.

[36] According to another aspect of the ihvention, the system may be deployed in a
network of devices that use a common base of agents, data, information, user profiles and
histories. Each user can then interact with, and receive, the same services a.nd
applications at any location equipped with the required device on the network. For
example, multiple devices on which the invention is deployed, and connected to a
network, can be placed at different locétions throughout a home, place of 1.business‘ or
other location. In such a case, the system may use the location of the pafticular device
addi‘essed by the user as part of the context for the questions asked.

[37] According to one embodiment of the invention, the system may support multiple
users that access ther system at different times. According to another embodiment of the
invention, the system may support multiple users that access the syétem during a same

© session in-an interieaved or overlapping manner. The system may reco gnize-the multiple
us;ars by name, Vbice, or other charécteristic and.may invoke a correct proﬁle for each
user. If multiple users are addressing the system in overlapping or interleaved sessions,
the system may identify the multiple users and may invoke one or more corresponding
proﬁles. For applica’éions that require éecurity safeguards, the multiple users may be
verified ﬁsi'ng voiceprint matching, password or pass-phrase matchh1g, or other security
safeguards.

[38] When multiple users are eﬁgaged in interleaved sessions, the system may

gracefully resolve conflicts using a probabilistic or fuzzy set decision method for each
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user. This process may simulate the manner in which a human would address multiple
questioné from various sources. For example, the system may answer short questions

_ ﬁ;"st in time while answering longer questions later in time. Alternatively, the system
may answer questions in the order that they are received, among other.conﬁgurations.
[39] Given the desire for domain specific behavior, user specific behavior and domain
specific information, the system, according to another aspect of the inveﬁtion, may allow
both users and content providers to extend the'system capabilities, add data to local data
sources, and ad& references to network data 'sdurces. To allow coverage of the Widest

| possible range of topics, the system may allow third party cohtént developers to develop,
distribute and seil specialized or doﬁlain specific system programs and information.
Content may be created though cree.ttion' of new data managers, scripting existing data

!

nianagers, adding new data to agents or databases and adding or modifying links to
information sources. Disﬁibuti(;n of ﬂ:liS information is Sensitive to the users interests
and use history and to tﬁeir willingness to pay 61' not.
l[40]_‘ | According to another aspect of the invenﬁon, the system may allow users to
disserhinate their knowledge without programming. The system may include mechanisms
that allow users to post and distribute data managers rand informaﬁon in their particular
areas of expertise, to improve system cépability. Further, users can extend the system and
configure it to thei; oﬁfn preferences, add information to their profile to define new
quéétions or queries, extend and modify existing questions and queries, add new data
sources, update data-soul;ces, set preferences and specify presentation parameters for

results.
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[41]  Since the inventiop may operate in many environments, including environments
with background noise, point noise sources and people holding conversations, filtering of
speech input may be performed. The inveﬁtion may use, for example, either one-
dimensional or two-dimensional array microphones to receive human speech. The array
microphones may be fixed or employ dynamic beam forming techniques. The array
pattern may be adjusted to maximize gain in the direction Qf the user and to null point
noise sources. Speech received at the microphones may then be processed wifh analog or -
digital ﬁltefs to optimize the bandwidth, cancel echoes, gnd notch-out narrow band noise
© sources. Following filtering, the system may use variable réte sampling to maximize the
- fidelity of the encoded speech, while minhnizing required bandwidth. This procedure
- may be particularly useful in cases where the encoded speech is transmitted over a
. | o
wireless network or link.
[42] Some example applications for the invention includes but are not limited to the
following:
| e white pages and vellow pagés lookups to find, email addresses, telephone
numbers, street addresses and other information for businesses and
individuals;
» personal address book, calendars and reminders for each user;
¢ automatic telephone dialing, reading and sending emails and pages by
voice and other communications control ﬁmctiqné ;
e map, location and direction applications;
e movie of other entertainment locator, review information and ﬁcket

purchasing;
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television, radio or other home entertainmerit schedule, review information

and device control from a local or remote user;

weather information for the local area or other locations;

- stock and other investment inforrhation inéluding, prices, company
reports, prOﬁles, company information, business news stories, company
reporfs, analysis, price alerts, néws .alerts, portfolio reports, portfolio
pl_ans, etc.; | |
flight or other scheduled transportétion information and ticketing;
reservations for hotels, rental cars and other travel services; -
local, national and international news infonnation including headlines of
interest by subject or locatioﬁ, sfory summaries, full stories, audio and
{fidéo retrieval and play for .stories.;

SPOTLS SCOTES, NeWs stories, schédules, alerts, statistics, back ground aﬁd

“history information, etc.; |
ability to subscribe interactively to multiﬁ:tedia information channels,
including sports, news, business, differént types éf music and |
entertaininent, applying user specific preferencgs for extracting and
presenting information;
rights management for information or content used 61' published;

~ horoscopes, daily jokes and comics, croésword puzzle retrieval and

display aﬁd related entertainment or diversions;

re;'cipes, meal plaﬂning, nutrition information and planning, shoppiﬁg lists

and other home organization related activities; -
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' e as an interface to auctions and online shopping, and where the system can
manage payment or an electronic wallet;

s ‘management of network communications and conferencing, including
telecommunications, email, instant Iﬁessaging, Voice over [P
connnuniéations and conferencing, local and wide area video and audio
conferencing, pages and alerts;

¢ location, selection, management of play 1isté and play control of
iﬁteractive entertainment from local or network sources including, Video
on deman&, digital audio, such as MP3 format .material, interactive games,
web radio and vid'eo broadcasts;

s organization and calendar management for families, businesses and other

- groups of users including the managemént of, meetings, appointments, and
events; and |

e interactive educational programs usihg local and network material, with

| lesson maferial level set based on user’s profile, and inclu_diﬁg, interactive
multifnedia lessons, religious instruction, calcﬁlatc)r, dictionary and
spelling, language training, foreign langﬁage traﬁslation and encyclopedias
~ and other feferénde material.
[43] It will be appreciated that the foregoing statemeﬁts of the features of tiie invention
are not intended as exhaustive or limiting,. the proper scope thereof being appreciated by
reference to this entire disclosure and reasonably apparent variationé and extensions

thereof.
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BRIEF DESCRI[;TION OF THE DRAWINGS
[44] The invention will be described by reference to the preferred and alternative
embodiments thereof in conjunction w1th the drawings in which:
[45] FIGURE 1isan c;verall diagrammatic view according to one embodiment of the
invention;
[46] FIGURE 2 is a schematic block diagram showing the agent architecture according
to one embodiment of the invention; |
[47] FIGURE 3 is a high level process for receiving natural language speech-based
. queries and/or commands and generating a response-adcording to oné embodiment of the
inventiorii | | |
[48] FIGURE 4A is a process for receiving natural language speech-based queries
and/or commands and generating a résponse according 1Eo one embodiment of the
" invention; |
[49] FIGURE 4B is a pro-cess' for receiving natural language sp¢ech—based commands
in order to locally or remotely control functions of 'devicés according to one embodiment
of the invention;
[50] FIGURE 5 is a process for correctly interpreting a user’s utterﬁnce according to
one embodiment of the mnvention; aﬁd |
[51] | FIGURE 6isa procéss for determining the proper domain agents to invoke and
the properly formatted queries and/or cdmmands that is to be submitted to the agents
according to one elnbodiﬁlent of the invention.
[52] FIGURE 7 illustrates a diagram for centrally maintaining context, éccordi_ng to

one embodiment of the invention.
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[53] FIGURE 8 illustrates a system diagram for an enhanced conversational voice user
interface according to one embodiment of the invention. |
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[54]  Barriers to natural human request-response interaction between humans and
machines include that natural langl\lage queries may be incomplete in theif definition.
Furthermore, context of previous questidns, knowledge of the domain, and/or the user’s
history of interests and preferences may be needed to properly interpret questions and/or
commands. Thus, natural language questibns méy not be easily transformed to machine’
processable ‘form. Compounding this problem, natural language questions may be
ambiguous or subjective. In these cases, forming a machine processable query and
returning a; natural language response méy be difficult. |
) ,

[S5] In orc:ier for machines (e.g., computer devices) to properly reépond to quésﬁons or
commands that are submitted in a natural l‘anguage. form, machine procéssable queries
and algorithms inay be formulated after the natural fofm questions or commands have ,
beeﬁ parsed and interpreted. Algorithms déscribe how the machines should gathér data to
_ respond to the questions .or commands. Depending on the nature of the questions or
commands, there maj/ notbe a sirﬁple Sét of requests and/or algorithms that will return aﬁ
adequate re;sponse.. Séveral requests and algorithms may need to be initiﬁted and even
these requests and algorithms may need to be chained or concgatenated to achieve a
cémplete response. Further, no siﬁgle available source may contain the entire set of
results needed to generate a complete response.* Thus, multiple requesté and/or

algorithms, perhaps with several parts, may be generated to access multiple data sources
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that are located both locally or femotely. Not all of the data sources,‘_requests and/or
algorithms may return useful results or any results at all.

[56] Useful results that are returned are often embedded in other information and may
need to be extracted from the other information. For exe.tmple,la few key words or
numbers m'c}y need to be “scraped” from a Iarger_ amount of other information in a text

| string, table, list, page, video stream or other information. At the same time, extraneous
informatien including graphics or pictures may be removed to process the response. In
any case, the multiple results must be evaluated and combined to form the best possible
response, even in cases where some requests do not retum_ useful results or fail to ‘produce
results entirely. In cases where the question is determined to be ambiguous or the result
is inherentlgr subjecfcive, determining the results te present in the response 1s a complex
proeess; Finally, to maintain a natural interaction, responses should be returned to 1%16
vser rapidly. Managing aﬁd evaluating complex and upcertein requests, while - |
maintaining real-time_pe_rfoi‘mance, is a significant challenge.

[57] The follewing detailed description .refers to the ac.cempanying dfawings and -
describes exempiar’y embodiments of the invention. Other emBodimentS are possible and
modifications may be made to the exemplary embodiments without departing from the
spirit, functionality and scope of the invention. Therefore, the following detailed
descriptions are not meant to limit the invention. |

[58] The invention provides a complete speech-based information query, processing
and presentation environment or a combination of speech-based and non-speech-based
informatioﬁ query, processing and presentation environment. In addition, the invention

may be useful for controlling the system itself and/or external devices. This integrated

I
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environment makés maximum use of céntext, prior information and domain and user
specific profile data to achieve a natural environment for one or more users submitting‘
requests or commands in multiple domains. Through this integrated approach, a
complete speech-based natural language query, algorithm and response énvironment ora
combination of speech-Based and non-speech-based command, al gorithm aﬁd response
environment may be created. FIG. 1 shows one exemplary schematic diagram view ofa -
system 90 aocord;_ing to an embodiment of the invention.
[59]" The systemQO may include a main unit 98, speech units 128, and multi-modal
devices 155. Altemati’-vély, the system 98 may include completely separate systems for
main umt 98, speech units 128 and multi—modai dévices 155. The event manager 100
may mediate interactions between 6th¢’r components of main umt 98. The event manager
100 provides a multi-threaded environment allowing the system 98 rto operatei on muitiplé
comman&s or questions from multiple usef sess.ions,. without conﬂict, and in an efficient
" manner to maintain real-time responsé .capabilities.
[60] FIG. 8 illustrates onc exemplary embodiment of an enhanced conversational user
interface 800 that receiveé moulti-modal inpuf. from users §02 and comrﬁum'cates w1th a
conversational speech analyzer 804. The conversational speech énalyzer 804 ﬁlay be

5
coupled to several components, including a general cognitive model 806, an
environmental model 808, a personalized cognitive model 810, and an adaptive
ﬁlisreco gnition analyéis engine 812, or other compoﬁents. According to one embodiment
of the invention, the conversational speech analyzér 804 may include one or more speech

recognition engines that transcribe utterances to textual messages. The transcription may

be performed using one or more conversational grammars, a context description grammar
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112, or other transcription methods. According to one embodiment of the invention, data
that is entered in a text format may be merge with data that is transcribed to a textual
fénnat from the utterance. Conversational speech analyzer 804 also may include a
semantic knowledge-based model that analyzes the text message and detects command
components.

[61] | According to one embodiment of the invention, personalized .ccgnitive model 810
is a model derived from a user’s interaction pattern with the system and may be used to - \
predict what actions .the user may take next in time, thus assisting with speech

recognition and/or question or COnnnapd recognition. Personalized cognitive model 810

- may track actions performed by the user. When the system is attempting to predict user

behavior, the personalized cognitive model may be consulted first. The system may

halve muitiple personaliéed cognitive models, wherein one or more may corresplond to
each user;

[62] According to another emquiment of the invention, general cognitive model 806
is a statistical abstract that corresponds to interadtion pattéms‘with-the system for |
muitiple users. Data stored within general co gniti.ve model 806 may be used to predict a
user’s next action, thus assisting With speech reco gnifion and/or éuestion or command
recognition. The general cognitive fnodel 806 may also track Wha_t actions a particular

ﬁs er has performed and may be used when the user interacts with the system in a way that
is not handled in the personalized cognitive model.

[63] According to one embodiment of thé invention, the environmental model 808 may |
.iﬁchide information asséciated with the user’s environment and surroun_dingé. The

information may inciude the type of environment that a user is'in (¢.g., quiet or noisy);
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details of a microphone and/or speaker system; the user’s current global position and
movement, as may be determined by GPS; current system status, such as what
song/movie is playing, is the system in the midst of retrieving something, or other system
status; details on all voice-enabled devices in the immediate vicinity, such as a presence
~of a voice-enabled TV, étereo, and DVD player in the same room; a usér’s credit card
information, such as r;umbers and current balances, wherein the user may ask a mobile
telephone t;) download and pay for a video and the system may respond that there are
insufficient funds; or other information. The information may be accessed to invoke a
confexf, domain knowledge, preferences, and/or other cognitive quality that enhances the
interpretation of quéstions and/or commands. |
[64] The conversational speech analyzer 804 may also access the general co gnitiVe
model 806 and/or the personalized cognitive mﬁdel 8 16 to further feﬁne context, domain
knowledge, pref’erences., and/or other cognitive qualities to eﬁhance the interpretation of
questions and/or commands. Based on information received from general cognitive
mbdel'SOG; environmental model 808 anci/or the personali;ed cognitive model 810, the
system may enhance responses to commands and questions by includiﬁg a prediction of |
user behavior.
[65] Adaptive Misreco gnition Analysis Engine 812 may analyze and store textual
rﬁessages, including transcribed vtterances that are i(ientiﬁed as being unrecognized or
incorrectly recognized by conversatioﬁal speech analyzer 804. Upon a determination that
te};t is unrecognized, the Systém may gene‘rate an unrecognized event. For exémple, an
runreco gnized e%rent may result from not ﬁndiﬁg a match to text and/or transcribed

utterance.
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[66] = According to one embodiment of the invention, the system may implement one or
more techniques to determine that textual Messages are incorrectly recognized. For
example, the user may command the system to play a specific song title and the system
may misrecognize the requested song title and provide a song having a different title, the
system may misrecognize an incorrect song title and provide a song having a different
than requested title, the system may misrecognize a correct sbng title and provide a song -
having an invalid song title, among other variations. When the system misrecognizes a.
request, the user typically provides Mediate feedback such as, overriding the command
in a time shorter than the expected time execution time of thé command, repeating the
bl'iginal request, issuing a étop command, or taking other action, wherein the action may
be presented verbally, Inon—verbally by pushing a selected button on a cell phone or
remote control, or both, among other confi guraﬁons. According to one embodiment of
the invention, the.system may detect the user action and may prompt the user to re-phrase
| the reﬁuest to enable the system to modify words in the query. The usef’s actions may be
analyzed in a statistical model to determine a frequency occurrence. of misrecogrﬁtions
for paﬁcﬂar commands, with the results being used to update the corresponding
personalized cognitive model 810.

[67] According to. another embodiment of the invention, the conversational speech
analyzer 804 may access the personalized cognitive model 810 t6 proactively select a .
next best (or nth best) match for the received text. A match may be confirmed by user
action that include the user not immediately canceling the command. The
misrecognitions may also be analyzed to potentially detenninelper.sonalized tuning

parameters for the speech recognition components of the system. For example, the
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system'may, over time, tune the speech recognition engine to increase recognition by
analyzing how the speech recognition engine misrecognizes the verbal utterance.
[68] Agents 106 may includ¢ a collection of grammars, criteria handlers; and
‘algorithms that are accessed to respond to a set of réquests and/or commands. Agents
106 further may contain packages of both generic and domain specific behavior for the
system 98. Agents 106 may use nonvolatile storage for data, parameters, history
iﬁformation, and locally stor.ed content provided in the system databa.s.es 102 or other
local séurcesl. One or more user profiles 110 may be provided that includes user specific
‘data, parameters, and session ahdlhistory information for determining the behavior of
'agenfs 106. One or ﬁore personality quules 108 may be provided in a data determining
systemlthat includes personality chara_cteristiés for agents 106. The update manager 104
Do
manages the automatic and manual loading and updating of agents 106 and their
associated data from the Internet 146 or other network through thé network interface 116.
[69] | According t(; one embodiment of the invention, the speech-based interface for the
systerﬁ 90 may include one or more speech units 128. Spéech units 128 méy include one
o_f more microphoneé, for example array microphéne 134, to receive the 'utteranc-es from
the user. The speech received at the microphone 134 may be procn_assed by filter 132 and
passed to the speech coder 138 for encoding and compression. In one embodiment, a |
transceiver module 130 may transmit the coded speech to the main unit 98. Coded
speech received from the main unit 98 isr detected by the transcei\(.er 130, then decoded
and decompressed by the speech coder 138 and annunciated by the speaker 136.

[70] According to one embodiment of the invehtion, the hon—speech—based interface

for the system 90 may include one or-more multi-modal devices 155 that may include
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mobile devices, stand alone or networked computers, personal digital assistances (PDDAs),
poi‘table computer devices, or other multi-modal devices.

[71j The speech units 128, multi-modal devices 155 and the main umt 98 may
cdmmunicate over a communication link. The commﬁnication link may include 5;1 wired
or wireless link. According to one embodiment; the communication link may comprise
an RF link. The transceiver 130 on the speech unit may communicate coded speech data
bi-directionallylover the communication link with the transceiver 126 on the main unit
98. According to another embodiment, RF link may use any standard local area wireless
data protocols mdluding the IEEE 802.1'1, Bluctooth or other standards. Alternatively, an
infrared data link conforming to any sﬁitable standard'such as tDA or other infrared |
standards can be used. In an alternative embodiment, wires may connect the speech unit
128 and tllle main unit 98, élﬁnmating the need for é_ne speech coder 138. Other wired or
wireless analo g or digital uansmiséion techniques can be uééd_.

[72]  According to one emquiinent of the invention, coded speech received at the‘
transceiver 126 on the main unit 98 may be péssed to the speech coder 122 for decoding |
and decompreésion. T_he decoded speech may be processed by the speech recé gnition
engine 120 using the context description grammar module 112, among'other information.
Any recognized information may Be processed by the parser 118, which transfonnsﬁ
informati(;n into comple;[e algorithms and questions using ldata supplied by knowledge
agents. Knowledge agents may be selected from the plurality of agents 106 using a
grammar stack, wherein the knowledge agents provide information for generating a
responsé to the question or command. The knowledge agents may then process the

commands or questions by creating requests that are submtted to local databasés 102 or
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submitted through thelnetwork intérface. 116 to extemal data sources over the Internet
146 or external other netwérks. Algorithms typically result in acﬁons taken by the
system 90 itself (i.e., pause or stop), or to a remote deviée or data source (i.e., downléad |
- - data or program, or control a remote devicé), through the network interface to the Intemet
or other data interface. |
[73] A\ccording to one embodiment of the invention, knowledge agents may return
resﬁlts of quesﬁ'ons as responses to users. The responses may be created using the results
 of information requests, the system personality 108, thé user preferences, other data in the
user profile 110, and/or other information. Agents 106 may pfesent these results using
the speech unit 128. The agents 106 may create a response striﬁg, ‘which is sent to the
text to speech engine 124. The text té sPéech engine 124 may gencraté the ﬁtterances,
which may be encoded and compressed by th@ speech coder 122. Once coded, the
utterances are transmitted from the main unit 98 by the transceiver 126 to the transceiver
130 on the speech unit 128. The utterance is then decoded and decompressed by ﬂ;e
speech coder 138 and output by the speaker 136 Alternatively, agents 106 may présenf
the results using multi-modal devices 155.

[74] - The non-speech interface 114 may be integral with, or separate from, the multi—.
modal devices 155 aﬁd may be used as a substitute or may complemeﬂ the speech

| interface. For eﬁample, non-speech interface 1 14 may be used to present and to interact
with non-speech (e.g., graphical or tabulér) information in é mannet more easﬂ.y _
understood by the user. According to one embodiment of the invention, multimodal
sﬁpport may be provided to maintain the context during both voice interaction and

interaction through the non-speech interface 114. In one exemplary embodimeht, a
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communication channel may be opened between multimodal devices 155 and the main
user interface system 90 to allo.w multimodal devices 155 to input text commands and
questions. The multimodal devices. 155 may received and/or provide one or more types
of GOmmuniéationS, including speech, _text; digital audio files, dual-tone-multi-frequency
(DTMF) or other communication types. According to another embodiment of the
invention, multimodal devices 155 may send a string of ltext or keywords for a command
or question. The main interface system 90 may synchronize the context between
multimodal device 155 and fhe spegch units 128. In order to send a response to the
corresponding device, the main ﬁser interface syétem 50 maj track where the input came
from so that the response may be sent toa ITT.S or multi-modal device 155.

[75] Accofding to an alternative embodiment of the invention illustrated in FIG. 7, a‘
context manager 702 may be centrally maintained to allow inpﬁt from and output to
multiple mobile devices 36. E.at_:h o.f the mobile deﬁces may communicate with the
context manager 702 to register via registration module 712, wherein registration may
indicate events that the mobile devices 36 may sub-écribe to. T_'he.colntext mahager 702
maj‘f receive input in Context XML form, for example. The other registered mobile |
devices 36 may be informed of context changes through cdntext tracking module 714,
thereby synchronizing the context across the registered mobile devices 36. According to
one embodiment of thé invention, registered terminal devices may be added or removed.
The registefed terminal deviées may be dynamic link libraries (DLLs) that may be
specific to a multimodal device. | | | |

[76] According to yet another alternative embodiment'of the invention, context

information may be determined from a command or request that is presented as a text
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message and/or a command or requesf that is presented as a verbal utterance and
: procéssed using a multi-pass automatic speech recognition module that Hanscﬁbes the
verbal utterance to a text message. The multi-pass automatic speech recognition module
may use a dictation grammar or a large vocabulary grammar, among other resources, to
transcribe the verbal utterance into a text message. On platforms where a dictation
grammar is not available, the multi-pass aufomatic speech recb gnition may use a. virtual
dictation grammar that uses decoy words for out-of-vocabulary words. becoy words
|

may include utiljty words, nonsense words, isolated syllables, isolated distinct sounds and
other decoy Wo;ds.
[77] Accbrding 1o one embodiment of the invention, the text message may be searched
fora particular character, groﬁp of characters, word, group of words, and other text

' I : ‘
combinations. The text combiﬁation may be compared against entriés in a context |
-description grammar that is associated with éacﬁ ageﬁt 106. If a match is identiﬁed_.
between an active grammar in the context description grammar and the command and/or
request, then the match may be scored. The agents 106 may be ranked .based on the
determined score. In generating an aggregate respdnse from the one or more responses
received from the agents 106, the ordering of the responses from the individual agents
may bé determined based on -‘ghe rank of agents 106. The aggregate résponse may be
_ genéréted bya responée genefator ﬁodﬂe. Agents 106 may update a context stack, that
includes an ordered list of corﬁmand contexts, to enaBle follow-up requests.
[78] According to another embodiment of the invention, if a match is not found, or

only a partial match is found, between the text message and active grammars, then a

knowledge-enhanced speech recognition system may be used to semantiéally broaden the
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search. The knowledge-enhanced speech recognition system may be used to determine
the intent of the request and/or to correct false recognitions. The knowledge-enhanced
-speech récognition may access a set of expected contexts that are stored in a context sfack
to determine a most likely context. The knowledge-_enhanced speech recognition may
use context specific matchers that are able to identify context such as time, location,
mumbers, dates, categories (e.g., music, movies, televisidn, addresses, etc.) and other
context. The matching 1t_day be performed by 'comparing a character, group of chéracters;
a Wbrd, group of words, and other teﬁct combinations. Alternaﬁvely, or in addition to text
based matching, the matching may be performed using phonetic matching, among other
techniques. The results of any match may be used to generate a command and/or request
that is communicated to agents 106 for additional processing. According to one

embodiment of the invention, non—épeech mterface 114 may show system, state and

history information in a more concise manner than is possible through the speech

interface. Non-speech interface 114 may be accessed to create or extend capabilities of
agents 106. These operations may include s_éripting of agents, adding data to the agent or
databaseé 102 used by the agent, adding links to information sources, among other
operations.

[79] According to another e.:mi-aodiment of the _inventi(.)n, system 90 Iﬁay include

different types of agents 106. For example, generic and domain specific behavior and

information may be organized into domain agents. A system agent, on the other hand,

may provide default functionality and basic services. The domain agen{s prbvide
complete, convenient and re-distributable packages or modules for each application area.

In other words, the domain agents include data that is needed to extend or modify the
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furictionality of the system 90 in a current or new domain. Further, domain agents and
their associated data can be updated remotely over a network as new behavior is added or
nex.;v information becomes available. Domain agents may use the services of other, |
typically more specialized, data managers and the system agent 150. Agents are
distributed and redistributed in a number of ways ihclu‘ding on removable storage media,
transfer over networks or attached to emails and other. messages. The invention may
provide license management capability allowing éile séle of data managers by third
parties fo one or more users on a one time or subscription ‘basis_. In addition, users with
particular ¢xpertise may create data managers, update existing data managers by adding
new behaviors aﬁd information and maldng these.data managers to other users as agents.
‘A block diagram §f an agent archite_cture according to an embodiment of the invention is
shown in FIG. 2. | |

[80] Agents 106 may receive and return events to the évenf manager 100. Both sysfem
agents 150 and domain agents 156 may receive qﬁestions ahd commands from the parser
118. Based on keywords in the questions and commands and tﬁe structures of the |
questions and commands, the parser may invoke selected agénts. Agents use the
nonvolatile.storage for data, parameters, history information and local content pfovided
in the system databases 102.

[81] According to one embodiment of the invention, when the system starts-up or
boots-up, the agent manager 154 may load and initialize the system agent 150 and the one
or 1ﬁore domain agents 15 6. Agent manager 154 inclu&es knowledge of agents 106 and

maps agents 106 to the agent library 158. At shutdoWn, the agent manager may unload
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the agents 106. The agent manager 154 also performs license management functions for
the domain agents 156 and content in the databases 102.
[82] The system agent 150 manages the criteria handlers 152 that handle speciﬁ-c N
paramefers or values (criteria) used to determine context for questions and commands.
According to one- embodiment of the invention, criteria handlers 152 include parsing
routines that are specialized to recognize particular parts of speech, lsuch as t:iines,_ '
locations, movie titleé, and other parts 6f speech. The criteria handlers 152 may identify
matching phrases and extract semantic attributes from the phrases. Both the system agent
150 and the domain agents 156 méy‘use the criteria handlers 152. The various domain
agents 156 may use the services of the system ageﬁt 150 and of other, typically more
specialized, domain agents 156. The system agent 150 and the domain agents 156 may

: ! .
use the services of the agent library 158, which cdntains utilities for commonty used
functions. According to one embodiment of the Iinyéntio@, the agént library may be a
dynamic link library that implements one or more agents. The agent library may include
utilities for text and string handling, network communications, database iobkup and
maﬁagemént, fuzzy and probabilistic evaluation, text to speech formats, and othér
 utilities. |
[83] Doﬁlain agents 156 may be data-driven, scripted or created with compiled code.
A base of generic agent ;nay be used as the starting pbint for data-driven or scripted
agénts. Agents creafed wiﬂ:t compiled code are typically built into dynamically linkable |
or loadable libraries. Developers of agents can add néw functionality to the agent library

158 as required. Details of agent distribution and update, and agent creation-or

modification are discussed in sections below.
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[84] According to another embodiment of the invention, capabilities are provided to
distribute and update system agents 150, domain agents 156, agent library 158
components, databases 102, and context description grammar 112 over wireless or wired
networks 136, including diai-up networks using the update manager 104. The network
interface 116 may provide connections to one or more networks. The update manager
104 may also manage the downloading and installation of core system updates. Thé
agent manager 154 may perform license management functions fbr the domain agents
and the databases. The update manager 104 and agent mﬁnager 154 may perfofm thes¢
functions for all agents and database content including, égents and content available to all
users or agents and/or content available to selected.usefs. Examples of agent and
‘ aatabase cémponents added or upde;ted on a.rperiodic basis include:
| ‘ .
o agents for new domains;
e additional domain knowledge for agents;
. new keywords_ fora démai.n, which can inclu_de naines of politicians,
athletes, entertainers, names of new movies or siongs,. etc. who hdv_e
" achieved recent prominence;
» links to a preferred set of information sources for the démains covered
including links .fc‘or, entertainment, 'news,. sports, weather, etc.;
¢ updates to domain information based on, f_or example, changes to tax laws,
company mergefs, Wchanging political bouhdaries; |
o updateé to conteﬁt, including .djctionaries, encyclopedias and almanacs;

and

o other content and database components.
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[85] 'When a user requires or selects a new domain agent 156 or database element 102,
the updaté managér 104 may connect to their source on the network 146 though the
network interface 116, download and install the agent or data. To save system resources
aﬁd to comply with any license conditions, the update mangér 104 may uninstall agents
that aré no longer in use. In one embodiment of the invention, the update manager 104
may periodically queries one or more sources of the licensed agents and database
components to locate and download updates t6 agent executables, scripts or data as they
become_avéilable. Alternatively, the agent sources may initiate the downloading of agent
updates of the regiétered or licensed agents to the update manager as they become
available. |
'[86] The agent manager 154 may provide licénse management clients that are capable
of exeéuting most any iicénse tems and conditions. When a particular agent 106_ and/or
database element 102 is selected based 611 a submitted command, the ageﬁt manager 154 |
verifies that the use of the agent or data element is‘within the allowed terms and
~ conditions, and if so, invokes the agent or allows access to the data element. License
maﬁagement schemes that can be inlpleﬁlénted through the agent manager 154 include
oufright purchase, subscfiption for updates, one ﬁme or limited tim¢ use. Use of shared
agents and data elements (such as thoée down-loaded from web sites maintained by
groups of doﬁain experts) may also be managed by the agent rﬁanager 154.

[87] If questions or commands do not match an agent that is currentljr loaded on the
system, the agent maﬁager 154 mﬁy search the network 146 ttﬁough the network interface

116 to find a source for a suitable agent. Once located, the agent can be loaded under the
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control of the update niahéger 104, within the terms and conditions of the license
agreement, as enforced by the agent managef. '
[88] New commands, keywords, information, or information sources can be added to
any domain agent 156 by éhanging agent data or scripting. These conﬁgufation
capabilities may alldw users and content developers to extend and modify the behavior of
existing domain agents 156 or to create new domain agents 156 from a generic agent .
Without.the need to create new compiléd code. Thus, the modification of the domain
agents 156 may range from mipor data—dri-ven updates by even the moét casual users,
such as specifyjng the spelling of words, to development of complex behavidr using the
scripting language as would typically be done by a domaiﬁ expert. The user can create
and manage modifications to dpmain agents 156 through speech interface coﬁunands or
* using non-speech intérface 114. User;speciﬁc modifications of domain agents 156 are |
stored in conjunction with the user’s profile 110 and accessed by the domain agent 156 at
run-time.
: [89] The data used to configure data drivén agenfs 156 are structured in a manner to
facilitate 'efﬂéient evaluation anc’i to help devglopers Wiﬂl organizaﬁon; Thesé data are
used not only by the agents 156, but also‘by the speech reco grﬁtion engine 120, the text to 1
speech engine 124, and the parser 118. Examples of some major categories of data
include:
1. Content packages include questions or commands. Each cbmmand or
| question or group of commands or questions includes contexts used for creation

of one or more requests. The domain agent 156 passes a context description

grammar expression to the parser 118 for evaluation of a context or question. An
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initial or default context.is fypically suppljed for each command or question. The
command ér question may include a grammar for the management and evaluation
of the context stack.

2. Page lists or pointers to other local or network content sources. For each
page or content source tiwre is a pointer (e.g. URL, URL or other pointer) to the
page or source. Each page has specific scraping information used to extract the
data of interest. The scraping information includes matching patterns, HTML or
other format parsing information..

3. A response 1ist, determining the response of the domain agent 156 to a
particular command or question given the context, the user pr(;ﬁle and the
information retrieved. Responses can inclﬁde diagnostic error messages or

;
requests for more iml*?ormation if the question or command cannot yet be fesolved
from the known informatioﬁ. Responses can be based on or dependent on
thresholds or probabilistic or fuzzy weights for the variables. |

4. Sub:%titution lists é_ontainixig variable substituitipﬁs and_transfounations,
often applied by the égents ‘ISOl, 156 in the fonﬁatting of queries and results. For
-examplé, a stock‘ dOmain specific agent 156 would use a substitution list of .

‘company trading symbols company names and commonly used abbrewatlons

‘Substitutions and transfonnatmns can be performed on commands and questlons
to create precise queries, which can be applied against one or more information
sources or to results for creating more meaningful output to the user. Substitution

lists also include information for optimally dealing with structured information,

* such as HTTP formatted page parsing and evaluation.
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5. Personalities used for responses. Personalities arc constructed by
combining multiple‘ traits in a weighted manner. Weights can be specified for
each agent’s domain area to create one or more specific personalities. Examples
of personality traits include sarcasm, humor, irritation, and sympathy, and other
traits. |
6. Public and user specific parameters for sources, substitutions,
transfonnationé, variables or criteria. The public parameter lists are part of the
agent package 156. The user specific parameters are contained iﬁ the user profile
110. |

[90] Commands and questions are interpreted, queries formulated, responses created
and resulfs presented based 01; the users personal or user profile 110 values. Personal
ﬁroﬁles may include information specific to the individual, their interests, their special
© use of terminology, the hjsfory of their interactions with the syétem, and domains of
interest. .The personal profile data may be used by the agenté 106, the speech recognition
engine 120; the text to speech engine 124, and the parser 118. Preferences can include,
special (modified) commands, past behavior or history, questiqns, mfonnéti'on sources,
formats, reports, and alerts. User profile data can be man_uélly entered by the user and/or
can be learned by the system 90 based on user behavior. User proﬁle values may
include: |
o spelling preferences;
e date of birth for user, fainily and friends;
e income level; |

- gender;
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s occupation;
. location information such as, home address, neighborhood, and business
addrpss; |

e cartype,

e telecommunications and other service providers and services;

¢ financial and investment information; |

e synonyms (i.e., a nick name for éome011e);

» special spelling; |

. keywords;

¢ transformation or substitution variables;

e domains of interest; and - .r

. ofﬁér values.
91] ‘End users may use the data driven agent 156 extension and modification facilities
and values stored in user profiles 110 o ci*g_aate special reports, packages of queries, alerts
and output formats. A single al-ert' or report can be configured to use multiple data
sources and other variable (i.e., time, location) value to determine when alerts should be
sent. For examplé, an alert cl;an be generated by sampling a stock price every 15 minutes
and sending an alert if the price drops below some va.lue; ‘To create a report, the user first
specifies a set of commands or questions. Next; the user creates or selects a format for
the_ teport. Finally the user may name the report. A report can have variable parameters. _
For example, users may create a company stock report, aﬁd eiecute'the feport by Stating
its name and the company name, which gives the user selected information and in a

specified format for that company. In another example, users can create a “morning”
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report, which presents selected multimedia'infoﬁnation from different sources (news,
sports, traffic, weather) in the order and formats desired. Alerts and reports can be
created using only voice commands and responses, commands and responses through
non-speech interface 114, ora combination of the two. To create a report, alert, or other
specialized behavior, the user performs a number of steps including:
o specify the command to run a report or alert; - |
. speciﬂf thé question or questidné, including keywords, used for a query;
e set th:e cr_iteria for running the report such as on command or Wheﬁ a
particular condition is met;
¢ define preferred infoﬁnation sources;
o define pre_fereﬁces for ordér of resﬁlt evaluation by soui‘ce, V;lue, etc.;
. specify. the presentation medium for a report or alert, such as an email, the
textto speech éngine, a méssage tol a pager, or a text and graphics display;
and
o specify the‘prefelrred format for the report, such as information to be -
presented, order of information to be presented, preferred abbreviations or

other variable substitutions.

[92] Filtering and noise elimination may be important in facilitating the various

functionalities of system 90. Recognition and parsing of the user’s speech may be
implemented with good signal to noise ratio at the input to the speech reco gnition engine
120. To provide acceptable results, a set of acoustic models, an array microphone 134 a’

filter 132, or other components, may be employed. If a good signal to noise ratio cannot

be achieved, a noise identification algorithm may be used and the appropriate acoustic
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model, for example, one that has been trained in coﬁditions similar to the identified noise,
may b.e. selected. According to an erﬁbodiment of the irivention, the microphone array,
filters and speech coder 138 are physically separatéd from the main unit 98 into a speedh
unit 128, and connected using a wireless link. Since bandwidth on a wireless connection
1s at a premium, the speech coder dynamically adapts the digitization rate and
compression of the captﬁred speech. |

[93] ° The speech unit 128 may use an array of microphones 134 to proﬁde better
directional sighal capture and noise elimination than can be achieved with a single
microphone. The microphone array can be one-dimensional (a linear a:rray) or two-
rdimensionél (a circle, square, triangle or ot};er suitable shape). The beam pattern of the
array can be fixed or made adaptive though use of analog or digital phase shifting -
circuitry. The pattern of the actix;e array is steered to poi_ni: in the direction of the c‘)ne or
more users _speaking. At the same time, nulls can be added to the pattern to notch out
point or limited area noise sources. The use of the array microphone also helps reduce
the cross talk between output from the text toi speech engine 124 through the speaker 136
and defection 6{ the user’s sbeech. |

[94] | The microphone can be comple1n¢nted with an analog or digitai (i.e., Voice over
IP) speech intgrface. This interfaée allowsd a remote user to connect to the system and |
interact with the system in the same manner possible if they were physi;:ally present.

[95] The speech unit 128, according to an embodiment of the invention, may use an
anald g -or digitai filter 132 between the array microphone 134 and the speech coder 138.

The pé.ss band of the filter is set to optimize the signal to noise ratio at the input to the

speech recognition éngine 120. In some embodiments, the filter is adaptive, using band
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shaping combined with notch filtering to reject narrow-band notse. In one embodiment of

the invention, the system 90 may employ adaptive écho cancellation in the ﬁlter. The

echo cancellation helps prevent cross falk between output from the text to speech engine
a;nd detection of the user’é speech as Well as suppression of environmentélly caused
echoes. Calculations are conducted for comparing the background noise to the signal
received from the users speech are used to optimize the band-shaping parameters of the -
ac.laptive' filter. Those skilled in the art will Be familiar with multiple techniques used to
construct suitable digital and analog filters.

[96] The spe‘erch rec_:eived by the array mi‘crophone 134 and passed through the filter - .
.' 132 may be sent to the speech digitizer or@oder 138. The speech coder 138 may use
“adaptive lossy audio compression to optimize bandwidth requirements for the |

trénsmission of the codéd speech to the speech recognition engine 12(0 over a wireless

link. The lossy codigg niay be optimized to preserve oﬁly the componen‘;s of the speéch
signal required for optimal recognition. Further, the lossy compression algorithms that
may be used may be designed to preventl even momentary gaps in the signal stream,

which can cause severe errors in thé speech recognition engine. The digitized speech

may be 1b-uffered in the coder and the coder may adapt the output data rate to optimize the |

use of the available bandwidth. The use of the adaptive speech coder is particularly
adyantageous when a band-lim.ited wireless link is used between the coder and the speech
recognition engine. | |

[97] In an alternative embodiment, the array microphone can be replaced by a set of

physically distributed microphones or a headset worn by the user. The distribﬁted

microphones can be placed in different parts of a room or in different rooms. The
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distributed microphones‘ can create a three-dimensional array to improve signal to noise
ration. The headset may use a wireless or wired connection.
[98] While the invention is inténded to be able to accept most any natural language
5 _ _
question or command, ambiguity may be a problem. To assist users formulate concise
questioﬁ.s and commands, the system 90 ﬁay support a voice query language. The
language is structured to allow a variety of queries with minimal ambiguity. Thus, the
voice query language helps users clearly specify the keywords or contexts of the question
or command along with the param'éters or criteria. The language provides a grammar to
clearly specify the keywbrd used to determine the contéxt and a set- of one or criteria or
parameters. A user asking a question or stating a command iﬁ the voice query language.
is neéﬂy always guaranteed to receive a response. |

: o o
[99]. The voice query language may be sensitive to the contents of the context stack,
wherein a context defines a set of questions that can be acﬁvated or deactivated during a
conversation. According to one embédiment, each agént may designate one context to be
the root context that deﬁn.es bas_e al gorithms that the agent implements. Thus, following-
on questiqns can be asked using an éb_breviated grammar, sinc‘e key Wo'1fds and criteria |
can be i.nherited from the context stack. For example, the user can simply asked about
another keyword if the criteria of the question remain constant.
{1001 The system 90, may provide built in training capabilities to help the user learn the
best methods to formulate their questions and commands. The interactive training allows
users to audibly or visibly see the machine interpretation of their queries and provides

suggestions on how to better structure a query. Using the interactive training users can
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quickly become comfortable with the voice query language and at the same time learn
how to optimize the amount of information required with cach step of a dialog.
[101] The output of the speech coder 122 may be fed to the speech recognition engine
120. The speechlrecognition engine 120 recognizes words and phrases, using
information in the context description grammar 112, and passes these to the parser 118
for interpfétation. The speech recognition engine 120 may determine the user’s identity
by voice and name for each utterance. Recognized words and phrases may be tagged
with this identity in all further processing. Thus, as multiple users engage in overlapping
_ sessions, the tags added"by the speech revcogn-ition engine 120 to each utterance allows
. other components of the system 90 to tie that utterance to the correct ﬁéer and dialog.
The user recognition capability fnay fﬁ.rther b.e used as a security measure for
applications, such as auctions or inine shopping, where this is required. Voice
characteristics of each user may be contained in ther user profile 110.
[102] According to one embodimeﬁt of the invention, us'ersrmay start a dialog with the
-systern 90 when they first address it. Th1s can be done by'speaking a generic word |
(“computer”) or addressing a specific ﬁaﬂie (“Fred”), which may be generally tiedtoa
system personality 108. Once the user starts the dialog, it may be recognized by the -
speech recognition engine 120, using unique characteristics of thé user’s speech. At the.
end of a dialog or to interrupt a &ialog, the user may utter aﬂ dismissal word (“good bye™).
[1 03] According to another embodiment of .the invention, the system 90 may employ a
speech recognition engiﬁe 124 that gains improved word reco gﬂiﬁm accuracy using data
from context description grammar 112, user p&:oﬁles 110, and the agents 106, among

other components. Af the same time, the fuzzy set possibilities or prior probabilitiesfor
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the words in the context description grammar may be dynamically updated to maximize

the probability of correct reco gnitio'n at each stage of the diaiog. The pfobabilities or

possibilities may be dynamically updated based on a number of criteria including the

aiaialication domain, the questions or commands, contexts, the userlproﬁle and |

preferences, user dialog history, the recognizer dictionary and phrase tables, and word

spellings, among other criteria.

[104] For uncommon words or new vocabulary words, a ﬁser may be given the option

to spell the words. The spelling may be done by saying the names or the letters or using a

phoneti.c alphabet. The phoneﬁc alphabet can be a default one or-one of the user’s

choosing.

[105] Alternatively, when a user submits a Werd that is not reco geized atall oris nof

correctly recognized by the speech recognition engine 120 then the user may be asked‘ to

spell the word. The epeech recognition engine 120 determines this condition based on

- confidence level for the scoring process. The word may be looked up in a dictionary and
the pronunciation for the word is added to either the dictionary, the ageﬁt 106, or the
user’s profile 110. The word i)ronunciation can then be associated w1th the domain, the

- question, the context and the user. Through this process, the speech recorgniti_on engine
.leams with time and improves in accuracy. To assist users in spelling words, an |
individualized .phonetic alphabet can be used. | Each user can modify the standard
phonetic alphabets with words, which they can remember niore easily.
[106] ..Once the. words and/or phrases have been recognized by the speech reco gﬁition
engine 120, the tokens and user identification is passed to the pars& 118. The parser 118

examines the tokens for the questions or commands, context and criteria. The parser 118
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determines a context for an utterance by applying prior probabilities or fuzzy possibilities
to keyword matching, user profile 110, and dialog history. The conteit of é guestion or
command determines the domain and thereby, the domain agent 156, if any, to be
evoked. For example, a question with the keywords “temperature” implies a context
value of Wéather for the. question. The parser dynamically receives keywbrd and
associated prior probability or fuzzy poésibility updates from the system agent 150 or an
already active domain agent 156. Based on these probabilities or possibilities tﬁe
possiblé contexts are scored and the top one or few are uéed for further processing.
[107] The parser 118 uses a scoring syét‘em to deternﬁne the most likely éontext or
domain for a user’s question and/or command. The score is determined from weighing a
numbef of factors including, the user profile 110, the domain agent’s data content and

| .
previous context. Based on this scoring, ﬁe system 90 invokes the correct agent. If the
conﬁdence level of the score 1s not high enough to ensure a reliable response, the system
90 may ask the user to verify whether the quéstion an‘dr/or‘ command is correctly
ﬁnderstood. . _
[108] In éeneral, the question that is asked By the éystem 90 may be phrased to indicate |
the context of the question including all criteria or parameterg. For example, the question .
can be in the form of: “Did I understand that you want such-and—suéh”' If the user
confirms that the question is correct ﬁe 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.

49 |
Page 58 of 104



Attorney Docket No. 090611-0381992

[109] 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 118 may determine required and optional
values for the criteria or parameters. These Criteria may have been exialicitly supplied by
the user or may need to be inferred. The parser 118 may make use of the criteria handlers
152 supplied_by thé system ager_lt 150: The criteria handiers 152 may p;ovide context

| sensitive procedures for extracting the criteria or parameters from the user’s questions or
conuﬁands. Some cﬁten'a are determined by exeéuting algbritlnns in the agent, while

| others may be deﬁer;nmed by applying probabilistic Qf fuzzy reasoning to tables of
possible values. Prior probabiﬁties or fuzzy possibilities and associated values are
received from a number of sourbes including thé history of the dialog, the user profile
110, and the agent.  Based on user responses,. the prior probabiiities or fuzzy possibilities
.are updated as the system leamns the desired behavior. For a weather contéxt, examples
of criteria include, location, date and t‘ime.‘ Other criteria can inélude command criteria
G.e., yeé/no; on/off, pause, stbp),‘ and spelling. Special criteria handlers are available
frém the system agent for processing lists, tables, barge-in commands, rlong strings of text
and system commands.
[110] The criteria handlers 152 operate iteratively or recursively on the criteria
extracted to eliminate ambiguity. Thié prbcéssing helps reduce the amﬁiguity in the
user’s question or command. For example, if the user has a piace name (or other proper
noun) in their utterance, the parser 118 can use services of the d.omain agent 156 to look
up tables in the databases 102 for place names or can attempt to determine which word 18

the proper noun from the syntax of the utterance. In another example, the user asks
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“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 plausible interpretation among; flight 100 and flight 20 also, flight 100 and flight
22, flight 122, and the like. |
[111] Once the context and the criteria are determined, the pafser 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 and some
optional tokens for the grammar of the context. Often the tokens must be transformed to
Values_and forms acceptable to the agénts. The parser obtains the required
transformations from the agents, &ialo g history or user profile 110. Examples of
transformations or. substifutioris performed by the parser on tokens include:

. subétituﬁng a stock symbol for a coinpany name or abbreviation;

. | substitutillg a numerical value for a word or words;

o adding a zip code to an address; and

. changing a place or other name to a commonly‘ used standard abbreviation.
[112] The agents 150, 156 may feceive a command or question once the parser 118 has
placed it in the required standard fonnat, Based on thé context, the pafser 118 evokes
the correct aé,ent to process the question or comménd.
[113] Commands can be directed to the system 90 or to an external entity. System
commands are generally directed to the system agent 150. Commands for external
entities are generally processed by a domain agent 156, which includes the command

context and behavior for the external entity.
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| [114] Specific questiéns' are generally directed to one of the domain agents 156. Eased
on the question or context and the parameters or criteria, the domain agent creates 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 infonnétion sources. Even for
objective questions, the system 90 may need to apply probabilistic or fuzzy set ﬁnalysis to
deal with cases of conflicting information or incomplete information. Information 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.
[115] Once the domain agent 156 has formulated the one or more qﬁeries, they may be
i
sent to local and/or network information sources. The queries are"perfonned in an
asynchronous manner to account for the fact that sources respond at different speeds or
may .fai.l to respond at all. Duplicate queries are sent to different infonﬁation sources to
~ ensure that at least one source responds with éuseful result in a timely manner. Further,
if mﬂﬁple results are received in a timely manner, they can be scored by fhe system to |
deteﬁnine which data is most reliable or appropriéte. Examples of data sources
accommodafed include, HTTP data sources, sources with fneta—data in various fbnﬁats
including XML, entertainment audio, video and game files includin_g MP3, databases
using query languages and structured fesponses such as SQL, and other data sources.
[116] The local information sources can be stored in one or more system databases 102
or can be on any local data storage sﬁch as a set of CDs or DVDs in a player or other

local data storage. Network information sources can be connected to the Internet 136 or

b

/

/
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other network and accessed through a series of plug-ins or adaptors, known a pluggable
sources, in the network interface 116. ‘The pluggable sources in the.ncfwork: interface
.l 16 may be capable of executing the protocols and interpreting the data formats for the
data sources of interest. The pluggable sources may provide information, scrapping data
and procedures for each source to the domain agents 156. If a new type of data source is
to be used, a new plug-in or adaptor can be added to the network interface 116.  *
[117] The domain-agent 156 evaluates the results of the one or more ‘queries as they
arrive. The domain agent 156 scores the relevance of the results based on results already
received, the context, the criteria, the llistory of the dialog, the user profile 110 and
domain specific infoﬁnaﬁon using probabilistic or fuzzy scoring techniques. Part of the
diaio g history is maintainéd' in a context stack. The weight of eacil context for the

| _
scoring is based on the relevance of one context to another and the age of the contexts.
Other scoring variables can be aSs;ciated through the context stack. Contexts can also be
e};;clusive, so that previous contexts ﬁave no weight in the écon'ng. |
[118] Based on the continuous scoring processes, the domain agent 156 may determine
ifa siﬁgl,e best answer can be extracted. For most questions, the desired result has a; set
of tokens that must be found to formula’fe an answer, Once a value has been found for
each of these tokené, the results are ready for presentation to the user. For example, for a
question on.weather, the tokens can include the date, day of vx}eek, predicted high -
témperatufe, prédicted. low temperature, chance of precipitation, expécted cloud cover,
expected type of precipitation and other tokens. Results processed in this manner include
error ineséages. .For subj eétive questions, this determination is made by determining a

most likely answer or answers, extracted by matching of the results received. Ifno
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satisfactory answer can be inferred from the results of the query, the agent can do one of
the following:
i. . 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 irresélvable ambiguity arises in the formulation ofé TESpONSE.
2. Formulate new queries brased on the results received from the first set of
qﬁeries. This approach is typically appiied in cases Where the responses received
do not contain ail the required iﬁfdrmation. Informatio_n sources to query can
inferred from the results already obtained (ie., links in an HTML document) or
from other sources. Using this approach one or m01;e sets of queries and
responsés can be chained without the need for action by the user.
3. Wait for additional queries to returﬁ results.
[119] hl'an_y case, the‘ domain agent 156 may continue to make requests and cvaluate
results unfil a satisfactory fesponse 1s constructed. In doing so, the agent can start several
ovérlappir}g query paths or threads of inquiry, typically mediated by the event ﬁnanager
100. This technique, cémbined with the use of asynchronous queries ﬁbm multiple déta
sources, provides the real-time response performance required for a natural mteraction
with the user.
[120] The domain agent 156 may apply cond.itional scraping operations to eaﬁh query
response as it is received. The conditional scraping actions dep.end on the context, th¢
criteria, user proﬁle 110, and domain agent coding and data. For each token to be
extr.acted,‘ a scraping criteria 152 may bé created using the services of the system agent

150. The scraping criteria use format specific scraping methods including, tables, lists,
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text, and other scrapping methods. One or more scraping criteria can be applied to a page
or results set. Once additional results are received, the domain agent 156 can create new.
scraping criteria to apply to results already acquired. The conditional scarping process
‘removes extraneous information, such as graphics, which need not be further processed
or stored, improving system performancg.
[121] The domain agent 156 may strongly influence how the results are presented. For
instance, once the domain agent 156 has created a satisfactory response ItO a question, the
agent 156 ﬁlay format that response for presentation. Typically, the aomain agent 156
formats the response into the markup formaf used by the text to speech engine 124. The
domain agent 156 may also format the result presentation using available format
.templates and based on the context, the criteria, and the user prof'ﬂe 110. Variable
| substitutions and transformations may be performed by the agent 156 to produce a
response best'ﬁnderstood and most natural to thé user. Further, the order of presentatioﬁ o
of tokens and the exact terminology used to create a more natural response to the user
may be varied by the agent 1 56. The domain agent 156 1ﬁay also select the piesentation
personality 108 to be used. | |
[122] The domajn"agent 156 may select the presentation. template, determine order of
presentation for tokens and determine variable substitutions and.transformatio'ns using
probabilistic ‘orr fuzzy set decision methods. The femplate used to form fhe presentation
can be from the domain agent itself or from the user profile 110. The user profile 110
can completely specify the presentation format or can be used to select and then modify

an existing presentation format. Selection and formatting of presentation templates can

also dépend on the presentation personality modules 108. At the same time, the
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characteristics of the personality used for the response are dynamically determined usiﬁg
prdbabilities or fuzzy possibilities derived fro.;m the context, the criteria, the domain agent
jtself and the user profile 110.
[123] ..The domain agent 156 may apply a numbe; 6f transformations to the tokens
before presentation to the user. These variable substitutions and transformations are
derived from a nﬁmber of sources including, domain information carried by the agent, the
context, the token values, the criteria, the persoﬁality module 108 to be used, and the user
profile 110. Examples of variable substitutions and n‘ansfonnations include:

;- sﬁbstitution of words for numbers;

 substitution of names for acronyms or symbols (i.e., trading symbols);

e useof formatt.iir}g information derived from the information sources (i.e.,

‘ HTML tags);

e nature of the"'ffc'esponse.including, text, long text,:.list, table;

e possible missing information or errors;

 units for measurement (i.e., English or metric); and

o preferred terminology from the user profile 110 or presentation personality

108. | |

[124] The system 90, according to another embodiment of the iﬁventibn, may i)rovide
special purpose presentatioﬁ capabilities for long text strings, tables, lists and other large
results sets. Domain agents 156 may use special 'forméttting tefnplates for such resuits.
The system agent 150 may provide special criteria héndlers_ 152 for presentation and user
commands for large results sets. The presentation templates used by the domain agents

156 for large results sets typically include methods for summarizing the results and then
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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 152 provide users with the capability to browse
large results sets. Commands provided by the criteria handlers 152 for large results sets
include, stop, pause, skip, rewind, start, and forward.
[125] Some infdnnation, in formats such as video, pictures and graphics, may be best
presented in a displayed format_. The domain agents 156 may apply suitable presentation
templates in these cases aﬁd present the information through the graphical user interface
114. The system agent 150 provides special criteria handlers 152 for pfesentation and
ﬁs’er commands for display presentation and control.
[126] FIG.3 illustrates a high Ievel prOcéss 300 for receivihg natural language. speech-
based queries and/ér commands and generating a response according to an embodiment
- of the invention. _The process 300 comprises of individual steps, several of which may be
repetitive in order to accommodate partial failures. The process 300 may begin when a
user’s utterance is received and processed at 302. The user uttefanc;e may be a query
and/or‘-a command and may be of a ngturél language speech-based form. Afterreceiving
' the natural langﬁage'query and/or command, the query and/or command may be
proéesséd so that the data is in a more machine understandable forrhat such as in a digital
format. On;:e the utterahce hds been converted into an understandabie forr_nat, the
utterance may be préceséed so that at least an approximate meaning of the utterance can
| be de’;erminéd at 304, This may be accomplished by, for example, the use of stored

dictionaries, phrases, user profiles, domain agent data, and other data. Based on the
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approximate meaning of the utterance, one or more correctly formatted queries and/or
commands may be génerated.

[127] A user created query and/or command may require that multiple requests and/or
commands may be needed in order to generate the desired response or action. Further,
depending upon the context in which the Query and/or command has been submitted (e.g.,
who is the user, what is the subject the query and/or command directed to, at what time or
location is the query and/or command béing directed to, and oth_er parameters used in
defining the query and/or command), a speqiﬁc format for the query and/or command
may be required. For instance, each of the domain agents 156 may require that requests
and/or commands be formatted in a spéciﬁc manner. Thus at 306, one or more properly
fohnaﬁed queries aﬁd/or commands may be generated. Operations 304 and 306 may be
) |
repeated in order to obfain the correct interpretation of the user utterance and result in the.
" desired response and/or action. Once, £he properly formatted queries and/or commands
are generated, the appropriate action mé.y be taken at 308, This may require that the
properly formatted ciueries and/or commands be sent fo specific domaﬁn agent|s],
information source[s], device[s], or other appropriate destination[s] that can fulfill the
requirements of the query and/or command. Once the appropriate action[s] have been

| executed, this event may be recbrded to, for example, the user’s proﬁ'le, database and/or
‘one or more agents at 310. Suc]fi data masr be useful for future user inquires and
commands. After the action{s] have been performed, a response, if need be, may be
gen'grated ‘and forwarded to the user and/or third parties at 312.

[128] Inthe case of a query for retrieving data, the response would contain the

requested information. In the case of a command, the response may be a confirmation
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that a specific action[s] has been executed. The response may be in the form of a natural
language format. The response may also be formatted to reflect a'particular personality
or tone to the response in order to make the response more “human.” The response may
relayed to the user and/or third parties as an audio message and/or a visual message
displayed on a user. interface.
[129] | FIG. 4A illustrates an exemplary process 400 for receiving natural 1anguage ,
speech-based requests and/or commands and generating a response using the system 90
according to anofher embodiment of the invention. The process 400 may begin when a
user’s utterance (i.e., user quefy and/or command) is captured using speech recognition
that operates in a variety of real-wo'rlud environments at 402. Once the utterance is
captured, it is parsed and interpreted to determine the quéry and/or command that is

r : :
contained in the utterance at 404. According to one embodiment of the invention, the
utterance may be transcribed to text and analyzed using the general cognitive model 806,
the environmental model 808, and/or the personalizéd cognitive model 810. Next, the
- request and/or command are reviewed to determine the domain of experﬁse r.equired and
the context of the query, invoking the proper resources inéluding, for exami)rlre, agents at
406. The original query and/or corﬁmand submitted by the user may require that multiple
queries and/or commands be generated.' | | |
[130] For instance, suppose a user is interested in retrieving the value of her stock
portfolio. The user may utter “please ‘get the value of my stock portfolio.” The system
90 may review thJs request together with stored data such as the user’s profile,

environmental model 808, and/or persé_nalized cognitive model 810, to determine

keywords such as “get the value” and “my stock portfolio.” The Sysfgm 90 may then
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generate requests to determine the stocks in the user’s portfolio, the number of shares and
the source for cuﬁent pricing information. These queries may then be sent to one or
more agent doelains, such as a domain which may access a database containing the user’s
profile and a domain which accesses stock pricing sources to determine the answers to
these questions. |

[131] Requests may be sent to these doﬁlain agents or sources in order to obtain the
desired data. Thus, at operation 408, one or more ‘requests may bé formulated and sent to
one or more local and/or network data sources and/or appropriate commands may be sent
o local or remote devices or the system itsclf. The requests are then sent to the
designeted agent[s]. The agents may then, in turn, genei'ate their own requests and/or
commands to be sent to, for example, local or remote iﬁfonnation eources to retrieve

T : _ _

needed data. The agent generated requests and/or commands lﬁay be formatted
according to the re@uirements of the target sources and variable sebstimtions and
transformations are performed to modify the fequests to a form most likely to yield
desired results from the available sources at 410. Once the requests are fomiatted
correeﬂ.y, they may be executed in an asynchronous manner and dealing gracefully with
failures at 412. As aresult of the execution of the requests, results may be returned by
the domain _agentslandjor sources. "The system 90 may then.‘extraci': or scrape the desired |
information from the one or more results, which may be returned in any one of a number
of different formats at 414. That 1s, the resulte sought by a user may be the summary or
the results of further processing of informatioh obtained from several sources for

example.
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[132] Next, the results may be evaluated and interpreted inclucﬁng processing of errors,
and gathering and combining them into a single best result judged to be “best” even if the
results are ambiguous, incomplete, or conflicting at 416. Once the best results are
determined, any required formatting is performed. At operation'41 8, variable
substitutions and transformations may be used to modify the results. Finally, at operation
420, the compound results mé.y be presented to the user in a useful and eﬁpected manner
tﬁrough the text to speech engine 124. The process 400 may be performed while
accounting for the domain of expertise required, the context in which the question or
command is presented, the domain specific information available, the history of the
user’s interacﬁoi:l, the user preferenceé, the information sources or cdmmands that are
available, and responses obtained from the sources.

[133] At each stage of process 400, probabilistic or fuzzy set decision é.nd matching
méthods may .be af:plied td deal with inconsistent, ambigunous, conflicting and iﬁcomplete
information or responses. In addition, the use of asynchronous queries that may result in
rapid and graceful failure of some queries or commands may allow the system 90 to
robustly return results quickly and in a manner that seems naturél to the user.

[134] FIG. 4B illustrates an exemplary proc;ss 450 for receiving natural language
speech-based commands in order to locally or remotely control functions of the system
90, or for other devices, according to another embodiment of the invention. The process
450 may begin when a user’s utterance (i.e., usef query and/or command) is captured

" using speech recognition sys_t:ems that operate in a variety of real-world environments at
452, Once the utterance is captured, it is parsed and interpreted to determine the

" command that 1s contained in the utterance at operation 454,
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[135] Next, at opefation 456, the command is feviewed to determine the domain for the
command and context, h;;voking the proper resources including agents, The original
command submitted by the user will often require that multiple queries and/or commands
be generated. For instance, suppose a user is interested in recording his favorite
_televisioﬁ program. The user may utter “please record my favorite TV program.” The
gystem 90 inay review this request together with stored data such as the user’s profile and
determine keywords such as “record” and _“my favorite TV program.” The‘system 90

- may then generate queries to determine the name; the channel, -a.nd time for the user’s
favorite TV program. These queries Iﬁay then be sent to an agent domain, which ﬁay
access a database containing the user’s profile and determine thg answers to these

questions. A command may then be sent to a video recorder ordering the video recorder

i
|

to record the selected TV program. Thus, at operation 458, one or.more queries may be
formulated that are to be sent to one or more local an_d/_or network data sourqeé.
Appropriate commands may be sent to local or remote devi'ceé or the system itlsélf.‘ Next,
at operation 460, the genefated comménds may be routed to the appropriate syst.em[s] |
aﬁd/ or external devices. Once the commands have .been executed, results including errors
may Be received and processed at 462. The results of the executed commands may be . .
optionally presented to the usér at operation 464.

[136] " Some of the operations depicting in FIG. .4A may be performed using multiple
steps that may be fepetitive. For instance, in operaﬁon 404, the user’s ufterance is pérsed '
and interpreted 111 order to determine the meaning of the utterance. System 90 may make
an initial interpretation of the utteran?:e based the data stored in, for example, the context

description grammar module 112, user profiles, 110, agents 106 and the databases 104.
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A&eai-time scoring system or other techniques may be applied to the interpretation
results in order; td generate a domain or a context score. If the confidence level of the
domain or context score is riot'high enough to ensure a reliable response, the system 90
cén request that the user verify the question or command is correctly understood. In
general, the question may be phrased to indicate the context of the question including all
criferia or parameters. If the user confirms that the question is correct, the system 90 may
proceed to produée aresponse. Otherwise, either the user can rephrase the original
question,'perhaps adding additional information to remove 'a_mbiguity, or the system.may
ask one or.more (iuestions to attempt to resolve the ambiguity or other actions may taken.
[137] FIG. 5 illustrates a process 500 for correctly interpreting a user’s utterance
according to one embodiment of the invention. ‘The process 500 generally represents
! | ‘ :
| operations 402 a.nd 404 of probess 400. Initially the user’s utterance is inputted into the
system 90 at operation 502. The input 1s then interpreted using, for example, vaﬁous
stored data such as user profiles, agent data, dictiohary and phrases, and other relévaht
daté. The interpretation is then scored using, for instance, é, weighted scoring system as
described previblisly at 506. Onc.:e a score is thainea, the con.ﬁdence level of the |
interpretation may be analyzed to determine if it is satisfactory at operation 508.‘ In other
~words, a determination is made whether the score given fo the interpretation exceeds ‘a
certain value, If the confidence level is determined to be unsatisfac-:tory, then a request
may be submitted to the user requesting that the user verify the interpretation at 510 and
512. If the user is unsatisﬁed with the interpretation, he/she may be asked to rephrase the

utterance and/or provide additional information at 514. Once the user provides the

rephrased utterance and/or additional information, the process 500 returns to the
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beginning at operation 502. If, on the other hand, the user is satisfied with the
interpretation, ﬁen the process 400 for receiving natural language speech-based requests
and/or commands, and generating a response, may continue at operation 516. Once the

- meaning of the utterance has been determinéd, the appropriate domain agenf[s] and the
query and/or commands may bé properly formatted for the agent][s].

[138] "FIG. 6 illustrates a process 600 for determining the proper domain agent[s] to
invoké and the proper format for queries and/or commands that are submitted to the
agents 106, as geﬁerally depicted in steps 406-408 of FIG. 4A. In order to formuiate a

~ question or command in the regular gramumar used by agents 106, a determination may Bé
made as to the required and oﬁﬁonal valués for the ériteria or parameters of the queries |
and/or cqﬁnnands. These criteria may have been explicitly supplied by the user or may
need to be inferred. Thus, the properly interpreted qﬁery and/or command that is
generated by, for example, operations 404 and 454 of FIGS. 4A and 4B, is parsed at
opgration 602. | |

_'_[139] ' The content of the properly interpreted request and/or comunand is then analyzed
to determine the cﬂxiteriarand]or parameters of the properly interpreted request and/or
commd at 604. A context sensitive procedure for extracting the criteria or parameters
from the‘ properly interpfeted requeét and/or command may be used. Some cﬁten'a are
determined by exeéuting algorithms in the agent, while othérs may be determined by
applying probabilistic ﬁf fuzzy reasoning to tables of possible values. Prior probabilities
or fuzzy possibilities and associated values are reéeived from a number of sources

including the history of the dialo g, the user profile 110, and the agent.
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[140] Based on user responses, the prior probabilities or fuzzy possibilities are updated
- as the system 90 learns the desired behavior, For a weather context; examples of criteria
inclﬁde, location, date and time. - Other criteria can include comman(i criferia (i.e.,
yes/no, on/off, pause, stop), and spelling. The process for determim'ng criteria may be
iterative or recursive in order to eliminate ambiguity in the user’s question or command.
For example, if the user has a place name (or other proper noun) in their u£terance, tables |
in the databases‘l.OZ may be reviewed for place naﬁles or an aﬁempt may be made o
determine which word is the proper noun from the syntax of the utterance. In moﬁer
example, the usef asks “What‘a‘t‘)out flight one hundred and twenty too?” In such a
-situation, flight information iﬁ the database and network mformation along with 6ohtext
may be used to determine the mo.st plausible interpretation a:fnong; ﬂight 100 and flight

|
20 also, flight 100 and flight 22, flight 122, and the like. Once the parameters and criteria
for the query and/or command have been established, the proper agenfs 106 may be
selected at 606. | |
[141] After selecting the agents 106, at operation 608, a properly formatted query and/or
command that will Be submitted to the agents 106 may be.detennined. The query and/or |
command may be in a standard format or may be a hierarchical data strﬁcture used for
processing by the agent 106. In order to submit the properly formatted query and/or
* command to the agent 106, all of the required, and some optional token‘s,.fbr the gra:rmnar
of the context may be filled in. Oftén the tokens‘ must be transformed to values and forms
acceptable to the agents, The requifed- transformations may Be obtained from the agents,

dialog history or user profile 110. Examples of transformations or substitutions that may '

<’\
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be performed were p_rovided above. Once the properly formatted queries and/or
commands are generated, the process (e.g., process 400) may continue at 610.

[142] While specific embodiments of the invention have been described above, it will
be appreciated that the invention may be practiced otherwise than as described. For
example, the invention may take the form of a computer program containing one or more
sequences of machine-readable instructions describing a method as disclosed ab.ove, ora
data storgge medium (e.g. semiconductor memory, magnetic or optical disk) having such
a computer program stored therein. -

[143] The descriptions above are intended to be illustrative, not limiting. Thus, it will
be apparent to one skilled in the art that modifications may be ma&e to the invention as

describea without departing from the scope of the claims set out below.
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We claim:
L. | A system for processing natural language utterances, comprising:

a multimodal device configured to receive a natural language utterance;

a speech recognition engine .configured to recognize one or more words from the
natural language utterance;

a parser configured to generate an interpretation of the natural language utterance
from the one or more recognized words, and further configured to generate a request
baéed on thé interprétation of the natural language uttéran_ce;

a domain agent configured to process the geneérated request; and

an adaptive misreco gnition eﬁgine configured to:

monitor one or more actions associated with the domain agent proc.essing _
the request; aﬁd |
determine whether the interpretation of the natural language utterance is

correct or incorrect based on the one or more monitored actions.

2. The sysfem of claim 1, wherein the adaptive misrecognition engine is further
configured to generate an unrecognized event in response to determining that the -

‘ intelj)retation of the natural language utterance is incorrect.

3. The 'syétem of claim 2, further comprising an analyzer configured to:
‘track an interaction pattern with the system over time for a user that provided the

natural language utterance;
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generate a personalized cognitive model for the user based on the interaction
pattern tracked for the user; and

use the personalized cognitive model to predict the one or more actions associated

with the domain agent processing the request.

4, The system of claim 3, wherein the analyzer is further ‘conﬁgu.red to update the
personalized cognitive model based on a frequency of incorrect interpretations for the

request.

5. The system of claim 3, wherein the parser is further configured to generate a
plurality of interpretations of the .natu.ral language utterance, and wherein the analyzer is
further configured to use the personalized cognitive model to Select a next best
interpretation from the pluralify of interpretations in response to the adaptive
misrecognition engine determining that the hﬁterpretation generated by the parser is

incorrect.

6. The systenﬁ of claim 3, wherein the analyzer is fut_‘ther configured to track

interaction patterns with the system over time for a plurality users. -

7. The system of claim 6, wherein the analyzer is further configured to generaté a
generalized cognitive model for the plurality of users based on the interaction patterns
tracked for the plurality of users, wherein the generalized cognitive mode! includes a

statistical abstract that corresponds to the tracked interaction patterns.
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8. The system of claim 7, wherein the analyzer is further configured to use the
generalized cognitive model to predict the one or more actions associated with the

domain agent processing the request.

9. The system of claim 7, wherein the analyzer is further configured to update the
generalized cognitive model based on a frequency of incorrect interpretations for the

request.

10.  The system of claim 3, wherein the analyzer is further configured to generate an
environmental model that includes information associated with at least one of

!
environmental conditions or surroundings associated with the user.

' 11  The system of claim 10, wherein the environmental conditions or surroundings
include one or more of a global position of the user, movement information associated
- with the user, quiet or noisy conditions associated with an envirbnment of the user, or a
Vicinity to one or more voice-enabled devices.

\
12..  The system of claim 10, wherein the environmental model provides one orl more
of context, domain knowledge, preferences, or cognitive qualities to enhance the

interpretation of the natural language utterance.
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13. The system of claim 2, further comprisihg an -analyzer configured to:

analyze the unreco gnized event to determine how-the natural laﬁguage utterance
was incorrectly interpreted; and

determining one or more tuning parameters for at least one of the speech
recognition engine or the parser based on how the natural language utterance was
incorrectly interpreted, wherein the tuning pérameters are used to improve interpretations

of subsequent natural language utterances relating to the request.

14. The system of claim 1, further comprising:
a knowledge-enhanced speech reco.gnition engine conﬁgured to determine a most
likely context for the natural laﬁguage utterance, wherein the knowledge-enhanced
! . )
speech feco gnition engine is further configured to:
identify one or more contexts that completely or partially match one or
more text combinations, wherein identifying the one or more contexts inchides |
comparing the text combinations against one of more grammar expression entries
ina contexf description grammar;
provide a relevance score fo_r each of the identified matching contexts; and
select the inatching context having a highest score as the most likely |
context for the natural language utterance, wherein the domain agent configured
0 process the generéted request is associated with the selected context; and
a fespdﬁse generating module configured to:

communicate the request to the domain agent associated with the selected

contexf; and
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generate a response to the natural language utterance using content
gathered as a result of the domain agent processing the request, wherein the
response arranges the content in an order based on the relevance scores for the

identified matching contexts.

15.  The system of claim 14, wherein the response generated by the response
generating module includes an aggregation of the content gathered as a result of the

domain agent processing the request.

16.  The system of claim 14, further compﬁsing a personality module configured to

format the response.

17.  The system of claim 14, wherein the knowlédge—enhanced speech recognition
engine identifying the one or more contexts further includes comparing the text

combinations against a context stack that stores one or more expected contexts.

18.  The system of claim 14, wherein the knowledge-enhanced speéch TeCO ghiﬁon
engine identifying the one or more contexts further includes applying prior probabilities
or fuzzy possibilities to at least one of keyword matching, user profiles, or a dialog

history. '
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19.  The system of claim 14, wherein the domain agent is further configuréd to direct a
query to at least one of a local information source or a network information source to

process the request.

20.  The system of claim 19, wherein the domain agent is further configured to

evaluate a plurality of responses to the query to process the request.

21.  The system of claim 14, wherein the domain agent is further configured to direct a

command to at least one of a l_ocal device or a remote device to process the request.

22.  The system of claim 1, wherein the multimodal device includes at least one of a
' ' ' !
personal digital assistant, a cellular telephone, a portable computer, or a desktop

computer. -

23, Thg system of claim 1, wherein the multimodal device is further configured to

subsequently receive one or more follow-up multimodal inputs.

24.  The system of claim 23, wherein the speech recognition en.gin_e 15 fufther
conﬁgured to recognize one or mofe words from a natural language utterance provided in
the follow-up ﬁdthnodal input, and wherein the parser is further configured to generate
an interpretation of the follow-up multimodal input from the one or more words
recognized from the natural language uﬁerance provided in the follow-up Iﬁultimodal

nput.
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25.  The system of claim 24, wherein the follow-up multimodal input includes a
follow-up request associated with a same context as the request'being processed by the

domain agent.

26.  The system of claim 1, wherein the adaptive misrecognition engine determines
that the interpretation of the natural language utterance was incorrect in response to a user

providinig a subsequent request to stop the request being processed by the domain agent.

27.  The systém of claim 1, wherein the adaptive misrecognition engine determines
that the interpretation of the natural language utterance was incorrect in response to a user

[
repeating the natural language utterance.

28.  The system of claim 1, wherein the multimodal device is further configured to
receive a non-speech input relating to the natural Iangﬁagc ﬁtte_rance, and whére'm the
system further comprises:

a transcription module configured to transcribe the non—speéch input to create a
non-speech-based transcription; and | |

a merging module configured to merge the recognized words and the non-speech-
based transcription to create a merged transcriptiop, wherein the parser is further
configured to génerate the interpretation of the natural 1anguage utterance from tﬁe

merged transcription.
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29. A method for processing natural language utterances, comprising:

receiving a natural language utterance at a multimodal device;

recognizing one or more words from the natural langu.age utterance using a
speech recognition engine coupled to the multiqual device;

generating an interpretation of the natural language utterance from the one or
more recognized words ﬁsing a parsér éoupled to the multimodal device, wherein the
parser further generates a request based on the interpretation of the natural langnage
utterance;

invoking a domain agent configured to process the generated request;

monitoring one or motre actions aséociated with the domain agent processing the
request using an adaptive misreco gnition'engine; and

detefmining whether the interpretation of the natural language utterance is correct

or incorrect based on the actions monitored using the adaptive misrecognition engine.

30.  The method of claim 29, further comprising generating an unrecognized event in
response to the adaptive misrecognition éngine determining that the interpretation of the

natural language utterance is incorrect.

31. The .method of claim 30, further comprising:
tracking an interaction pattern over time for a user that provided the natural
language utterance;

generating a personalized cognitive model for the user based on the interaction

pattern tracked for the user; and
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using the personalized cognitive model to predict the one or more-actions

associated with the domain agent processing the request,

32.  The method of claim 31, further comprising updating the personalized cognitive

model based on a frequency of incorrect interpretations for the requeét.

33.  The method of claim 31, further comprising:
generating a plurality of interpretation's of the natural language.utterance; and
using the personalized co gnitive model to sellect a next best interpretation from
the plurality of interpreéations in response to the adaptive misrecoglition engine

determining that the interpretation generated by the parser is incorrect.

34.  The method of claim 31, further comprising tré,cking‘ interaction patterns over

time for a plurality of users.

35.  The method of claim 34, further comprising generating a generalized cognitive
model for the plurality of users based on the interaction patterns tracked for the plurality
of users, wherein the generalized cognitive model includes a statistical abstract that

~ corresponds to the tracked interaction patterns.

36.  The method of claim 35, further comprising using the generalized cognitive
model to predict the one or more actions associated with the domain agent processing the

request.
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37.  Themethod of claim 35, further comprising updating the generalized cognitive

model based on a frequency of incorrect interpretations for the request.

38. The meth;)d of claim 30, further comprising generating an environmental model
that includes information associated with at least one of environmental conditions or
surroundings associated with the user.

39. The method of claim 38, wherein the environmental coﬁditions o£ surroundings
include one or more of a global position of the user, movement information associated
witﬁ the user, quiét or noisy conditions associated with an environment of the user, or a

‘ !
vicinity to one or more voice-enabled devices.

40.  The method of claim 38, wherein the environmental model provides one or more

of context, domain knowledge, preferences, or cognitive qualities to enhance the

. - interpretation of the natural _languagé utterance.

| 41-‘ The method of claim’30, further comprising:

analyzing the unrecognized event to determine how the natural language utterance
was incotrectly iﬁterpreted; and

determine one or more fum'ng parameters for at least one of the speech

recognition engine or the parser based on how the natural languagé utterance was
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incorrectly interpreted, wherein the tuning parameters are used to improve interpretations

of subsequent natural language uftterances relating to the request.

42.  The method of claim 29, further compﬁsing determining a most likely context for
the natural IailgL__lage utterance using a knowledge-enhanced speech recognition engine,
wherein determining the most likely context further includes:

identifying one or more contextsl completely or partially match one or more text
combinations, Whefein identifying the one or more contexts includes comparing the text
combinations against one or more grammar expression entries in a context description
grammar,

providing a relevance score for each of identified matching contexts;

selecting the matching context héving a highest score as the most likely context
for the natural language u&eraﬁce, wherein the dom_aiﬁ agent configured to process the
generated réquést is associated with the selected éontext; -

communicating thel request to the dofnainagent associated with the selected
context; and | )

generating a response to the natural language utterance using content gathered as
a result of the domain agent processing the request, wherein the response arranges the

content in an order based on the relevance scores for the identified matching contexts.

43.  The method of claim 42, wherein the response includes an aggregation of the

content gathered as a result of the domain agent processing the request.
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44, The method of claim 42, further comprising formatting the response using a
personality module.
-45.  The method of claim 42, wherein identifying the one or more contexts further
includes comparing the text combinations against a context stack that stores one or more

expected contexts.

46.  The method of claim 45, wherein identifying the one or more contexts further
includes applying prior probabilities or fuzzy possibilities to at least one of keyword
matching, user profiles, or a dialog history.

47.  Themethod of claim 29, further comprising receiving one or more follow-up

multimodal inputs at the multimodal device.

48." The method of claim 29, wherein the adaptive misrecognition engine determines
that the interpretation of the natural language utterance was incorrect in response to the
user providing a subsequent request to stop the request being processed by the domain

agent.

49.  The method of claim 29, wherein the adaptive misrecognition engine determines
that the interpretation of the natural language utterance was incorrect in response to the

user repeating the natural language utterance.
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-

50.  The method of claim 29, further comprising:

receiving a non-speech input relaﬁng to the natural language utterance at the
multimodal dévice;

transcribing the non-speech input to create a non-speech-based transcription; and

merging the recognized words and the non-speech-based transcription to create a
merged franscription, wherein the parser is further confi gured to generate the

interpretation of the natural langnage utterance from the merged transcription.
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ABSTRACT

A system and method are provided for receiving speech and/or non-speech
communications of natural language questions and/or commands and executing the
questions and/or commands. The invention provideé a convefsational human-machine
interfacé that includes a conversational speech analyzer, a general cognitive model, an
environmental modei, and a personalized cognitive model to determine context, domain
knowledge, and invoke prior iﬁfOrmatiqn to interpret a spoken utterance or a received
non-spoken message. The system and méthod creates, stores and uses extensive personal
profile information for each user, thereby improving the reliability of determining the
~context of the speech or non-speech communication and presenting the expected results

fora particulaf question or command.
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COMBINED DECLARATION AND POWER OF ATTORNEY
FOR PATENT APPLICATION -

As the below named inventors, we hereby declare that:

Our residences, post office addresses and citizenships are as stated next to our -
names;

We believe that we are the original, first and joint inventors of the subject matter
which is claimed and for which a patent is sought on the invention entitled:

“SYSTEM AND METHOD OF SUPPORTING ADAPTIVE
MISRECOGNITION IN CONVERSATIONAL SPEECH”

the specification of which is attached hereto.

We have reviewed and understand the contents of the above-identified
gpecification, including the claims, as amended by any amendment referred to above;

We acknowledge the duty to disclose fo the U 'S Patent and Trademark Office all
information which is known to us to be material to the patentability of said invention in
accordance with 37 C.F.R. § 1.56;

We do not know and do not believe said invention was ever known or used in the
United States of America before our invention thereof, or patented or described in any
- printed publication in any country-before our invention thereof or more than one year
prior to said application; that said invention was not in public use or on sale in the
United States of America more than one year prior to said application; that said
invention has not been patented or made the subject of an inventor's certificate issued
before the date of said application in any country foreign to the United States of America
on any application filed by us or our legal representatives or assigns more than six
months prior to said application;

We hereby claim the benefit under 35 U.S.C. §119(e) of any United States
provisional application(s) listed below:

(Application Number)  (Filing Date) @ay, manth, year)
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| We hereby appoint the following attorneys and/or agents to prosecute this
application and ta transact all business in the Patent and Trademark QOffice connected
therewith:

James (. Gatte  Registration No. 32,424
Rick A. Toering Registration No. 43,195
Bradford C. Blaise Registration No. 47,428
Sean L. Ingram Registration No. 48,283

Address all telephone calls to James G. Gatto at telephone number 703-805-
2054, Address all comespondence to Customer Number

. 00909

We hereby declare that all statements made herein of our own knowledge are
true and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United Statés Code and that such williul false staterments may
jeopardize the validity of the application or any patent issued therson.

'D.ate rR/[D/O

Full name of .
first Inventor: Philippe Di Crist

Inventar's signatu

Residence: 177 107" Avefue, N.E., #1007
Bellevue, Washington 98004

Citizen of: = Frange '

Post Ofiice Address: Same a5 residence

Full name of
- second Inventor: Cv Weudar

Inventor's signature
Residence: 2618 Grand Avenue #B-508
Everett, Washington 98201
- Citizen of.  United States of America -
Post Office Address: Same as residence

Date 2//2/05

Full name of , ‘
_third inventor:  Ro A. Kennewick : :
_ ”
Inventor's signature A, Date f // O/ 0.J

Residence: 2204 S. Eddy Street
: Seattle, Washington 88108
Citizen of  United States of America
Post Office Address: Same as residence
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New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTQ-9199 and select option 2.

Page 104 of 104



	174899_12571795_10-01-2009_Transmittal of New Application
	174899_12571795_10-01-2009_Application Data Sheet
	174899_12571795_10-01-2009_Fee Worksheet (SB06)
	174899_12571795_10-01-2009_Electronic Filing System Acknowledgment Receipt
	174899_12571795_10-01-2009_Specification
	174899_12571795_10-01-2009_Claims
	174899_12571795_10-01-2009_Abstract
	174899_12571795_10-01-2009_Drawings-only black and white line drawings
	174899_12571795_10-01-2009_Oath or Declaration filed
	174899_12571795_10-01-2009_Authorization for Extension of Time all replies
	174899_12571795_10-01-2009_Fee Worksheet (SB06)



