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4900 

4910 Receive a speech input from a user through a dialogue 
interface of the digital assistant 

Determine context information associated with the speech 
input , the context information including at least one prior 

interaction between the user and the digital assistant through 
the dialogue interface 

4920 

4930 
Process the speech input to determine one or more restaurant 

search criteria , wherein the processing comprises 
disambiguating at least part of the speech input based on the 

context information 

4940 
Present a plurality of search results to the user through the 
dialogue interface , each search result corresponding to a 

respective restaurant identified in accordance with the one or 
more restaurant search criteria 

FIG . 49 
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5000 

Receive a speech input from a user through a dialogue 
interface of the digital assistant 

5010 

5020 Determine context information associated with the speech 
input 

Process the speech input to determine one or more 
entertainment search criteria , wherein the processing 

comprises at least one of supplementing and 
disambiguating the speech input with the context 

information to determine at least one of the one or more 
entertainment search criteria 

5030 

Present a plurality of search results to the user through 
the dialogue interface , each search result corresponding 

to a respective entertainment event identified in 
accordance with the one or more entertainment search 

criteria 

5040 

FIG . 50 
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5100 

5102 

Store vocabulary associated with a predetermined domain of 
information , the vocabulary organized in accordance with a 

plurality of predetermined query types for selectively 
retrieving information related to the predetermined domain of 

information 

Receive a speech input from a user through a dialogue 
interface of a digital assistant 

5104 

5106 Determine context information associated with the speech 
input 

5108 
Process the speech input to determine one or more search 
criteria , wherein the processing comprises at least one of 
supplementing and disambiguating the speech input using 
the context information and the vocabulary associated with 

the predetermined domain of information 

Retrieve information related to the predetermined domain of 
information in accordance with the one or more search 

criteria 
5110 

5112 Present the retrieved information to the user through the 
dialogue interface of the digital assistant 

FIG . 51 
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INTELLIGENT AUTOMATED ASSISTANT can be burdensome to learn or overwhelming for users . In 
addition , many users may have difficulty even discovering 

CROSS - REFERENCE TO RELATED what functionality and / or information is available on their 
APPLICATIONS electronic devices or on various websites ; thus , such users 

may become frustrated or overwhelmed , or may simply be 
This application is a continuation of U.S. patent applica unable to use the resources available to them in an effective 

tion Ser . No. 13 / 913,336 , entitled “ INTELLIGENT AUTO 
MATED ASSISTANT , ” filed Jun . 7 , 2013 , which is a In particular , novice users , or individuals who are 
continuation - in - part application of and claims priority to impaired or disabled in some manner , and / or are elderly , 
U.S. patent application Ser . No. 12 / 987,982 , entitled “ Intel- 10 busy , distracted , and / or operating a vehicle may have diffi 
ligent Automated Assistant , ” filed Jan. 10 , 2011 , which culty interfacing with their electronic devices effectively , 
claims the benefit of U.S. Provisional Application Ser . No. and / or engaging online services effectively . Such users are 
61 / 295,774 , filed Jan. 18 , 2010. This application further particularly likely to have difficulty with the large number of 
claims the benefit of U.S. Provisional Application Ser . No. diverse and inconsistent functions , applications , and web 
61 / 657,736 , entitled “ Intelligent Automated Assistant , ” filed 15 sites that may be available for their use . 
Jun . 8 , 2012. All of the above - mentioned applications are Accordingly , existing systems are often difficult to use 
incorporated herein by reference in their entirety . and to navigate , and often present users with inconsistent 

This application is further related to ( 1 ) U.S. application and overwhelming interfaces that often prevent the users 
Ser . No. 11 / 518,292 , filed Sep. 8 , 2006 , entitled “ Method from making effective use of the technology . 
and Apparatus for Building an Intelligent Automated Assis- 20 
tant ; " ( 2 ) U.S. Provisional Application Ser . No. 61 / 186,414 SUMMARY 
filed Jun . 12 , 2009 , entitled “ System and Method for Seman 
tic Auto - Completion ; " ( 3 ) U.S. application Ser . No. 13/725 , According to various embodiments of the present inven 
512 , filed Dec. 21 , 2012 , entitled " Active Input Elicitation tion , an intelligent automated assistant is implemented on an 
by Intelligent Automated Assistant , ” ; ( 4 ) U.S. application 25 electronic device , to facilitate user interaction with a device , 
Ser . No. 13 / 725,550 , filed Dec. 21 , 2012 , entitled “ Deter and to help the user more effectively engage with local 
mining User Intent Based on Ontologies of Domains , " ; ( 5 ) and / or remote services . In various embodiments , the intel 
U.S. application Ser . No. 13 / 725,616 , filed Dec. 21 , 2012 , ligent automated assistant engages with the user in an 
entitled “ Service Orchestration for Intelligent Automated integrated , conversational manner using natural language 
Assistant , ” ; ( 6 ) U.S. application Ser . No. 13 / 725,656 , filed 30 dialog , and invokes external services when appropriate to 
Dec. 21 , 2012 , entitled “ Prioritizing Selection Criteria by obtain information or perform various actions . 
Automated Assistant , ” ; ( 7 ) U.S. application Ser . No. 13/725 , According to various embodiments of the present inven 
713 , filed Dec. 21 , 2012 , entitled “ Disambiguation Based tion , the intelligent automated assistant integrates a variety 
on Active Input Elicitation by Intelligent Automated Assis of capabilities provided by different software components 
tant , ” ; ( 8 ) U.S. application Ser . No. 13 / 784,694 , filed Mar. 4 , 35 ( e.g. , for supporting natural language recognition and dialog , 
2013 , entitled “ Paraphrasing of User Request by Automated multimodal input , personal information management , task 
Digital Assistant , ” ; ( 9 ) U.S. application Ser . No. 13 / 784,707 , flow management , orchestrating distributed services , and the 
filed Mar. 4 , 2013 , entitled “ Maintaining Context Informa like ) . Furthermore , to offer intelligent interfaces and useful 
tion Between User Interactions with a Voice Assistant , ” ; ( 10 ) functionality to users , the intelligent automated assistant of 
U.S. application Ser . No. 13 / 725,742 , filed Dec. 21 , 2012 , 40 the present invention may , in at least some embodiments , 
entitled “ Intent Deduction Based on Previous User Interac coordinate these components and services . The conversation 
tions with a Voice Assistant , ” ; and ( 11 ) U.S. application Ser . interface , and the ability to obtain information and perform 
No. 13 / 725,761 , filed Dec. 21 , 2012 , entitled “ Using Event follow - on task , are implemented , in at least some embodi 
Alert Text as Input to an Automated Assistant , ” , all of which ments , by coordinating various components such as lan 
are incorporated herein by reference in their entirety . 45 guage components , dialog components , task management 

This application is related to U.S. Provisional Patent components , information management components and / or a 
Application Ser . No. 61 / 186,414 for “ System and Method plurality of external services . 
for Semantic Auto - Completion , ” filed Jun . 12 , 2009 , which According to various embodiments of the present inven 
is incorporated herein by reference . tion , intelligent automated assistant systems may be config 

50 ured , designed , and / or operable to provide various different 
FIELD OF THE INVENTION types of operations , functionalities , and / or features , and / or 

to combine a plurality of features , operations , and applica 
The present invention relates to intelligent systems , and tions of an electronic device on which it is installed . In some 

more specifically for classes of applications for intelligent embodiments , the intelligent automated assistant systems of 
automated assistants . 55 the present invention can perform any or all of : actively 

eliciting input from a user , interpreting user intent , disam 
BACKGROUND OF THE INVENTION biguating among competing interpretations , requesting and 

receiving clarifying information as needed , and performing 
Today's electronic devices are able to access a large , ( or initiating ) actions based on the discerned intent . Actions 

growing , and diverse quantity of functions , services , and 60 can be performed , for example , by activating and / or inter 
information , both via the Internet and from other sources . facing with any applications or services that may be avail 
Functionality for such devices is increasing rapidly , as many able on an electronic device , as well as services that are 
consumer devices , smartphones , tablet computers , and the available over an electronic network such as the Internet . In 
like , are able to run software applications to perform various various embodiments , such activation of external services 
tasks and provide different types of information . Often , each 65 can be performed via APIs or by any other suitable mecha 
application , function , website , or feature has its own user nism . In this manner , the intelligent automated assistant 
interface and its own operational paradigms , many of which systems of various embodiments of the present invention 
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can unify , simplify , and improve the user's experience with In various embodiments , the system of the present inven 
respect to many different applications and functions of an tion can be implemented to provide assistance in any of a 
electronic device , and with respect to services that may be number of different domains . Examples include : 
available over the Internet . The user can thereby be relieved Local Services ( including location- and time - specific ser 
of the burden of learning what functionality may be avail- 5 vices such as restaurants , movies , automated teller 
able on the device and on web - connected services , how to machines ( ATMs ) , events , and places to meet ) ; 
interface with such services to get what he or she wants , and Personal and Social Memory Services ( including action 
how to interpret the output received from such services ; items , notes , calendar events , shared links , and the 

like ) ; rather , the assistant of the present invention can act as a 
go - between between the user and such diverse services . E - commerce ( including online purchases of items such as 

books , DVDs , music , and the like ) ; In addition , in various embodiments , the assistant of the Travel Services ( including flights , hotels , attractions , and present invention provides a conversational interface that the the like ) . user may find more intuitive and less burdensome than One skilled in the art will recognize that the above list of 
conventional graphical user interfaces . The user can engage 15 domains is merely exemplary . In addition , the system of the 
in a form of conversational dialog with the assistant using present invention can be implemented in any combination of 
any of a number of available input and output mechanisms , domains . 
such as for example speech , graphical user interfaces ( but In various embodiments , the intelligent automated assis 
tons and links ) , text entry , and the like . The system can be tant systems disclosed herein may be configured or designed 
implemented using any of a number of different platforms , 20 to include functionality for automating the application of 
such as device APIs , the web , email , and the like , or any data and services available over the Internet to discover , 
combination thereof . Requests for additional input can be find , choose among , purchase , reserve , or order products and 
presented to the user in the context of such a conversation . services . In addition to automating the process of using these 
Short and long term memory can be engaged so that user data and services , at least one intelligent automated assistant 
input can be interpreted in proper context given previous 25 system embodiment disclosed herein may also enable the 
events and communications within a given session , as well combined use of several sources of data and services at once . 
as historical and profile information about the user . For ex - ample , it may combine information about products 

In addition , in various embodiments , context information from several review sites , check prices and availability from 
derived from user interaction with a feature , operation , or multiple distributors , and check their locations and time 
application on a device can be used to streamline the 30 constraints , and help a user find a personalized solution to their problem . Additionally , at least one intelligent auto operation of other features , operations , or applications on the mated assistant system embodiment disclosed herein may be device or on other devices . For example , the intelligent configured or designed to include functionality for automat automated assistant can use the context of a phone call ( such ing the use of data and services available over the Internet as the person called ) to streamline the initiation of a text 35 to discover , investigate , select among , reserve , and other message ( for example to determine that the text message wise learn about things to do ( including but not limited to should be sent to the same person , without the user having movies , events , performances , exhibits , shows and at - trac to explicitly specify the recipient of the text message ) . The tions ) ; places to go ( including but not limited to travel 
intelligent automated assistant of the present invention can destinations , hotels and other places to stay , landmarks and 
thereby interpret instructions such as “ send him a text 40 other sites of interest , etc. ) ; places to eat or drink ( such as 
message ” , wherein the “ him ” is interpreted according to restaurants and bars ) , times and places to meet others , and 
context information derived from a current phone call , any other source of entertainment or social interaction which 
and / or from any feature , operation , or application on the may be found on the Internet . Additionally , at least one 
device . In various embodiments , the intelligent automated intelligent automated assistant system embodiment dis 
assistant takes into account various types of available con- 45 closed herein may be configured or designed to include 
text data to determine which address book contact to use , functionality for enabling the operation of applications and 
which contact data to use , which telephone number to use services via natural language dialog that may be otherwise 
for the contact , and the like , so that the user need not provided by dedicated applications with graphical user inter 
re - specify such information manually . faces including search ( including location - based search ) ; 

In various embodiments , the assistant can also take into 50 navigation ( maps and directions ) ; database lookup ( such as 
account external events and respond accordingly , for finding businesses or people by name or other properties ) ; 
example , to initiate action , initiate communication with the getting weather conditions and forecasts , checking the price 
user , provide alerts , and / or modify previously initiated of market items or status of financial transactions ; monitor 
action in view of the external events . If input is required ing traffic or the status of flights , accessing and updating 
from the user , a conversational interface can again be used . 55 calendars and schedules ; managing reminders , alerts , tasks 

In one embodiment , the system is based on sets of and projects ; communicating over email or other messaging 
interrelated domains and tasks , and employs additional platforms , and operating devices locally or remotely ( e.g. , 
functionally powered by external ser - vices with which the dialing telephones , controlling light and temperature , con 
system can interact . In various embodiments , these external trolling home security devices , playing music or video , etc. ) . 
services include web - enabled services , as well as function- 60 Further , at least one intelligent automated assistant system 
ality related to the hardware device itself . For example , in an embodiment disclosed herein may be configured or designed 
embodiment where the intelligent automated assistant is to include functionality for identifying , generating , and / or 
implemented on a smartphone , personal digital assistant , providing personalized recommendations for activities , 
tablet computer , or other device , the assistant can control products , services , source of entertainment , time manage 
many operations and functions of the device , such as to dial 65 ment , or any other kind of recommendation service that 
a telephone number , send a text message , set reminders , add benefits from an interactive dialog in natural language and 
events to a calendar , and the like . automated access to data and services . 
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In various embodiments , the intelligent automated assis FIG . 22 is a flow diagram depicting a method for active 
tant of the present invention can control many features and input elicitation for voice or speech input according to one 
operations of an electronic device . For example , the intel embodiment . 
ligent automated assistant can call services that interface FIG . 23 is a flow diagram depicting a method for active 
with functionality and applications on a device via APIs or 5 input elicitation for GUI - based input according to one 
by other means , to perform functions and operations that embodiment . 
might otherwise be initiated using a conventional user FIG . 24 is a flow diagram depicting a method for active 
interface on the device . Such functions and operations may input elicitation at the level of a dialog flow according to one 

embodiment . include , for example , setting an alarm , making a telephone 
call , sending a text message or email message , adding a FIG . 25 is a flow diagram depicting a method for active 

monitoring for relevant events according to one embodi calendar event , and the like . Such functions and operations ment . may be performed as add - on functions in the context of a FIG . 26 is a flow diagram depicting a method for multi conversational dialog between a user and the assistant . Such modal active input elicitation according to one embodiment . functions and operations can be specified by the user in the FIG . 27 is a set of screen shots illustrating an example of context of such a dialog , or they may be automatically various types of functions , operations , actions , and / or other 
performed based on the context of the dialog . One skilled in features which may be provided by domain models compo 
the art will recognize that the assistant can thereby be used nent ( s ) and services orchestration according to one embodi 
as a control mechanism for initiating and controlling various ment . 
operations on the electronic device , which may be used as an 20 FIG . 28 is a flow diagram depicting an example of a 
alternative to conventional mechanisms such as buttons or method for natural language processing according to one 
graphical user interfaces . embodiment . 

FIG . 29 is a screen shot illustrating natural language 
BRIEF DESCRIPTION OF THE DRAWINGS processing according to one embodiment . 

FIGS . 30 and 31 are screen shots illustrating an example 
The accompanying drawings illustrate several embodi of various types of functions , operations , actions , and / or 

ments of the invention and , together with the description , other features which may be provided by dialog flow pro 
serve to explain the principles of the invention according to cessor component ( s ) according to one embodiment . 
the embodiments . One skilled in the art will recognize that FIG . 32 is a flow diagram depicting a method of operation 
the particular embodiments illustrated in the drawings are 30 for dialog flow processor component ( s ) according to one 
merely exemplary , and are not intended to limit the scope of embodiment . 
the present invention . FIG . 33 is a flow diagram depicting an automatic call and 

FIG . 1 is a block diagram depicting an example of one response procedure , according to one embodiment . 
embodiment of an intelligent automated assistant system . FIG . 34 is a flow diagram depicting an example of task 

FIG . 2 illustrates an example of an interaction between a 35 flow for a constrained selection task according to one 
user and an intelligent automated assistant according to at embodiment . 
least one embodiment . FIGS . 35 and 36 are screen shots illustrating an example 

FIG . 3 is a block diagram depicting a computing device of the operation of constrained selection task according to 
suitable for implementing at least a portion of an intelligent one embodiment . 
automated assistant according to at least one embodiment . 40 FIG . 37 is a flow diagram depicting an example of a 

FIG . 4 is a block diagram depicting an architecture for procedure for executing a service orchestration procedure 
implementing at least a portion of an intelligent automated according to one embodiment . 
assistant on a standalone computing system , according to at FIG . 38 is a flow diagram depicting an example of a 
least one embodiment . service invocation procedure according to one embodiment . 

FIG . 5 is a block diagram depicting an architecture for 45 FIG . 39 is a flow diagram depicting an example of a 
implementing at least a portion of an intelligent automated multiphase output procedure according to one embodiment . 
assistant on a distributed computing network , according to at FIGS . 40 and 41 are screen shots depicting examples of 
least one embodiment . output processing according to one embodiment . 

FIG . 6 is a block diagram depicting a system architecture FIG . 42 is a flow diagram depicting an example of 
illustrating several different types of clients and modes of 50 multimodal output processing according to one embodi 
operation . ment . 

FIG . 7 is a block diagram depicting a client and a server , FIGS . 43A and 43B are screen shots depicting an example 
which communicate with each other to implement the pres of the use of short term personal memory component ( s ) to 
ent invention according to one embodiment . maintain dialog context while changing location , according 

FIG . 8 is a block diagram depicting a fragment of an 55 to one embodiment . 
active ontology ac - cording to one embodiment . FIGS . 44A through 44C are screen shots depicting an 

FIG . 9 is a block diagram depicting an example of an example of the use of long term personal memory compo 
alternative embodiment of an intelligent automated assistant nent ( s ) , according to one embodiment . 
system . FIG . 45 depicts an example of an abstract model for a 

FIG . 10 is a flow diagram depicting a method of operation 60 constrained selection task . 
for active input elicitation component ( s ) according to one FIG . 46 depicts an example of a dialog flow model to help 
embodiment . guide the user through a search process . 

FIG . 11 is a flow diagram depicting a method for active FIG . 47 is a flow diagram depicting a method of con 
typed - input elicitation according to one embodiment . strained selection according to one embodiment . 
FIGS . 12 to 21 are screen shots illustrating some portions 65 FIG . 48 is a flow diagram depicting a method for provid 

of some of the procedures for active typed - input elicitation ing assistance with search and reservation requests using a 
according to one embodiment . digital assistant according to some embodiments . 



US 10,741,185 B2 
7 8 

FIG . 49 is a flow diagram depicting a method for per A description of an embodiment with several components 
forming a restaurant search using a digital assistant accord in communication with each other does not imply that all 
ing to some embodiments . such components are required . To the contrary , a variety of 

FIG . 50 is a flow diagram depicting a method for provid optional components are described to illustrate the wide 
ing assistance with entertainment - related requests using a 5 variety of possible embodiments of one or more of the 
digital assistant according to some embodiments . invention ( s ) . 

FIG . 51 is a flow diagram depicting a method for provid Further , although process steps , method steps , algorithms 
ing information related to particular domains of information or the like may be described in a sequential order , such 
using a digital assistant according to some embodiments . processes , methods and algorithms may be configured to 

FIG . 52 is an example of constrained selection domains 10 work in alternate orders . In other words , any sequence or order of steps that may be described in this patent applica that may be handled by assistant 1002 according to various tion does not , in and of itself , indicate a requirement that the embodiments . steps be performed in that order . The steps of described 
DETAILED DESCRIPTION OF THE processes may be performed in any order practical . Further , 

15 some steps may be performed simultaneously despite being EMBODIMENTS described or implied as occurring non - simultaneously ( e.g. , 
because one step is described after the other step ) . Moreover , Various techniques will now be described in detail with the illustration of a process by its depiction in a drawing reference to a few example embodiments thereof as illus does not imply that the illustrated process is exclusive of 

trated in the accompanying drawings . In the following 20 other variations and modifications thereto , does not imply 
description , numerous specific details are set forth in order that the illustrated process or any of its steps are necessary 
to provide a thorough understanding of one or more aspects to one or more of the invention ( s ) , and does not imply that 
and / or features described or reference herein . It will be the illustrated process is preferred . 
apparent , however , to one skilled in the art , that one or more When a single device or article is described , it will be 
aspects and / or features described or reference herein may be 25 readily apparent that more than one device / article ( whether 
practiced without some or all of these specific details . In or not they cooperate ) may be used in place of a single 
other instances , well known process steps and / or structures device / article . Similarly , where more than one device or 
have not been described in detail in order to not obscure article is described ( whether or not they cooperate ) , it will be 
some of the aspects and / or features described or reference readily apparent that a single device / article may be used in 
herein . 30 place of the more than one device or article . 
One or more different inventions may be described in The functionality and / or the features of a device may be 

the present application . Further , for one or more of the alternatively embodied by one or more other devices that are 
invention ( s ) described herein , numerous embodiments may not explicitly described as having such functionality / fea 
be described in this patent application , and are presented for tures . Thus , other embodiments of one or more of the 
illustrative purposes only . The described embodiments are 35 invention ( s ) need not include the device itself . 
not intended to be limiting in any sense . One or more of the Techniques and mechanisms described or reference 
invention ( s ) may be widely applicable to numerous embodi herein will sometimes be described in singular form for 
ments , as is readily apparent from the disclosure . These clarity . However , it should be noted that particular embodi 
embodiments are described in sufficient detail to enable ments include multiple iterations of a technique or multiple 
those skilled in the art to practice one or more of the 40 instantiations of a mechanism unless noted otherwise . 
invention ( s ) , and it is to be understood that other embodi Although described within the context of intelligent auto 
ments may be utilized and that structural , logical , software , mated assistant technology , it may be understood that the 
electrical and other changes may be made without departing various aspects and techniques described herein ( such as 
from the scope of the one or more of the invention ( s ) . those associated with active ontologies , for example ) may 
Accordingly , those skilled in the art will recognize that the 45 also be deployed and / or applied in other fields of technology 
one or more of the invention ( s ) may be practiced with involving human and / or computerized interaction with soft 
various modifications and alterations . Particular features of 
one or more of the invention ( s ) may be described with Other aspects relating to intelligent automated assistant 
reference to one or more particular embodiments or figures technology ( e.g. , which may be utilized by , provided by , 
that form a part of the present disclosure , and in which are 50 and / or implemented at one or more intelligent automated 
shown , by way of illustration , specific embodiments of one assistant system embodiments described herein ) are dis 
or more of the invention ( s ) . It should be understood , how closed in one or more of the following references : 
ever , that such features are not limited to usage in the one or U.S. Provisional Patent Application Ser . No. 61 / 295,774 
more particular embodiments or figures with reference to for “ Intelligent Automated Assistant , ” filed Jan. 18 , 
which they are described . The present disclosure is neither 55 2010 , the disclosure of which is incorporated herein by 
a literal description of all embodiments of one or more of the reference ; 
invention ( s ) nor a listing of features of one or more of the U.S. patent application Ser . No. 11 / 518,292 for “ Method 
invention ( s ) that must be present in all embodiments . And Apparatus for Building an Intelligent Automated 
Headings of sections provided in this patent application Assistant , ” filed Sep. 8 , 2006 , the disclosure of which 

and the title of this patent application are for convenience 60 is incorporated herein by reference ; and 
only , and are not to be taken as limiting the disclosure in any U.S. Provisional Patent Application Ser . No. 61 / 186,414 
way . for “ System and Method for Semantic Auto - Comple 

Devices that are in communication with each other need tion , " filed Jun . 12 , 2009 , the disclosure of which is 
not be in continuous communication with each other , unless incorporated herein by reference . 
expressly specified otherwise . In addition , devices that are in 65 Hardware Architecture 
communication with each other may communicate directly Generally , the intelligent automated assistant techniques 
or indirectly through one or more intermediaries . disclosed herein may be implemented on hardware or a 

ware . 
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combination of software and hardware . For example , they In some embodiments , processor ( s ) 63 may include spe 
may be implemented in an operating system kernel , in a cially designed hardware ( e.g. , application - specific inte 
separate user process , in a library package bound into grated circuits ( ASICs ) , electrically erasable programmable 
network applications , on a specially constructed machine , or read - only memories ( EEPROMs ) , field - programmable gate 
on a network interface card . In a specific embodiment , the 5 arrays ( FPGAs ) , and the like ) for controlling the operations 
techniques disclosed herein may be implemented in software of computing device 60. In a specific embodiment , a 
such as an operating system or in an application running on memory 61 ( such as non - volatile random access memory 
an operating system . ( RAM ) and / or read - only memory ( ROM ) ) also forms part of 

Software / hardware hybrid implementation ( s ) of at least CPU 62. However , there are many different ways in which 
some of the intelligent automated assistant embodiment ( s ) 10 memory may be coupled to the system . Memory block 61 
disclosed herein may be implemented on a programmable may be used for a variety of purposes such as , for example , 
machine selectively activated or reconfigured by a computer caching and / or storing data , programming instructions , and 
program stored in memory . Such network devices may have the like . 
multiple network interfaces which may be configured or As used herein , the term “ processor ” is not limited merely 
designed to utilize different types of network communica- 15 to those integrated circuits referred to in the art as a 
tion protocols . A general architecture for some of these processor , but broadly refers to a microcontroller , a micro 
machines may appear from the descriptions disclosed computer , a programmable logic controller , an application 
herein . According to specific embodiments , at least some of specific integrated circuit , and any other programmable 
the features and / or functionalities of the various intelligent circuit . 
automated assistant embodiments disclosed herein may be 20 In one embodiment , interfaces 68 are provided as inter 
implemented on one or more general - purpose network host face cards ( sometimes referred to as “ line cards ” ) . Generally , 
machines such as an end - user computer system , computer , they control the sending and receiving of data packets over 
network server or server system , mobile computing device a computing network and sometimes support other periph 
( e.g. , personal digital assistant , mobile phone , smartphone , erals used with computing device 60. Among the interfaces 
laptop , tablet computer , or the like ) , consumer electronic 25 that may be provided are Ethernet interfaces , frame relay 
device , music player , or any other suitable electronic device , interfaces , cable interfaces , DSL interfaces , token ring inter 
router , switch , or the like , or any combination thereof . In at faces , and the like . In addition , various types of interfaces 
least some embodiments , at least some of the features and / or may be provided such as , for example , universal serial bus 
functionalities of the various intelligent automated assistant ( USB ) , Serial , Ethernet , Firewire , PCI , parallel , radio fre 
embodiments disclosed herein may be implemented in one 30 quency ( RF ) , BluetoothTM , near - field communications ( e.g. , 
or more virtualized computing environments ( e.g. , network using near - field magnetics ) , 802.11 ( WiFi ) , frame relay , 
computing clouds , or the like ) . TCP / IP , ISDN , fast Ethernet interfaces , Gigabit Ethernet 

Referring now to FIG . 3 , there is shown a block diagram interfaces , asynchronous transfer mode ( ATM ) interfaces , 
depicting a computing device 60 suitable for implementing high - speed serial interface ( HSSI ) interfaces , Point of Sale 
at least a portion of the intelligent automated assistant 35 ( POS ) interfaces , fiber data distributed interfaces ( FDDIs ) , 
features and / or functionalities disclosed herein . Computing and the like . Generally , such interfaces 68 may include ports 
device 60 may be , for example , an end - user computer appropriate for communication with the appropriate media . 
system , network server or server system , mobile computing In some cases , they may also include an independent pro 
device ( e.g. , personal digital assistant , mobile phone , smart cessor and , in some instances , volatile and / or nonvolatile 
phone , laptop , tablet computer , or the like ) , consumer elec- 40 memory ( e.g. , RAM ) . 
tronic device , music player , or any other suitable electronic Although the system shown in FIG . 3 illustrates one 
device , or any combination or portion thereof . Computing specific architecture for a computing device 60 for imple 
device 60 may be adapted to communicate with other menting the techniques of the invention described herein , it 
computing devices , such as clients and / or servers , over a is by no means the only device architecture on which at least 
communications network such as the Internet , using known 45 a portion of the features and techniques described herein 
protocols for such communication , whether wireless or may be implemented . For example , architectures having one 
wired . or any number of processors 63 can be used , and such 

In one embodiment , computing device 60 includes central processors 63 can be present in a single device or distributed 
processing unit ( CPU ) 62 , interfaces 68 , and a bus 67 ( such among any number of devices . In one embodiment , a single 
as a peripheral component inter - connect ( PCI ) bus ) . When 50 processor 63 handles communications as well as routing 
acting under the control of appropriate software or firmware , computations . In various embodiments , different types of 
CPU 62 may be responsible for implementing specific intelligent automated assistant features and / or functional 
functions associated with the functions of a specifically ities may be implemented in an intelligent automated assis 
configured computing device or machine . For example , in at tant system which includes a client device ( such as a 
least one embodiment , a user's personal digital assistant 55 personal digital assistant or smartphone running client soft 
( PDA ) may be configured or designed to function as an ware ) and server system ( s ) ( such as server system 
intelligent automated assistant system utilizing CPU 62 , described in more detail below ) . 
memory 61 , 65 , and interface ( s ) 68. In at least one embodi Regardless of network device configuration , the system of 
ment , the CPU 62 may be caused to perform one or more of the present invention may employ one or more memories or 
the different types of intelligent automated assistant func- 60 memory modules ( such as , for example , memory block 65 ) 
tions and / or operations under the control of software mod configured to store data , program instructions for the gen 
ules / components , which for example , may include an oper eral - purpose network operations and / or other information 
ating system and any appropriate applications software , relating to the functionality of the intelligent automated 
drivers , and the like . assistant techniques described herein . The program instruc 

CPU 62 may include one or more processor ( s ) 63 such as , 65 tions may control the operation of an operating system 
for example , a processor from the Motorola or Intel family and / or one or more applications , for example . The memory 
of microprocessors or the MIPS family of microprocessors . or memories may also be configured to store data structures , 
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keyword taxonomy information , advertisement information , smartphone or other electronic device , assistant 1002 can 
user click and impression information , and / or other specific obtain information stored in a calendar application ( " app " ) , 
non - program information described herein . contacts , and / or other sources . 

Because such information and program instructions may In various embodiments , assistant 1002 can control many 
be employed to implement the systems / methods described 5 features and operations of an electronic device on which it 
herein , at least some network device embodiments may is installed . For example , assistant 1002 can call external 
include nontransitory machine - readable storage media , services 1360 that interface with functionality and applica 
which , for example , may be configured or designed to store tions on a device via APIs or by other means , to perform 
program instructions , state information , and the like for functions and operations that might otherwise be initiated 
performing various operations described herein . Examples 10 using a conventional user interface on the device . Such 
of such nontransitory machine - readable storage media functions and operations may include , for example , setting 
include , but are not limited to , magnetic media such as hard an alarm , making a telephone call , sending a text message or 
disks , floppy disks , and magnetic tape ; optical media such as email message , adding a calendar event , and the like . Such 
CD - ROM disks ; magneto - optical media such as floptical functions and operations may be performed as add - on func 
disks , and hardware devices that are specially configured to 15 tions in the context of a conversational dialog between a user 
store and perform program instructions , such as read - only and assistant 1002. Such functions and operations can be 
memory devices ( ROM ) , flash memory , memristor memory , specified by the user in the context of such a dialog , or they 
random access memory ( RAM ) , and the like . Examples of may be automatically performed based on the context of the 
program instructions include both machine code , such as dialog . One skilled in the art will recognize that assistant 
produced by a compiler , and files containing higher level 20 1002 can thereby be used as a control mechanism for 
code that may be executed by the computer using an initiating and controlling various operations on the elec 
interpreter . tronic device , which may be used as an alternative to 

In one embodiment , the system of the present invention is conventional mechanisms such as buttons or graphical user 
implemented on a standalone computing system . Referring interfaces . 
now to FIG . 4 , there is shown a block diagram depicting an 25 For example , the user may provide input to assistant 1002 
architecture for implementing at least a portion of an intel such as " I need to wake tomorrow at 8 am ” . Once assistant 
ligent automated assistant on a standalone computing sys 1002 has determined the user's intent , using the techniques 
tem , according to at least one embodiment . Computing described herein , assistant 1002 can call external services 
device 60 includes processor ( s ) 63 which run software for 1360 to interface with an alarm clock function or application 
implementing intelligent automated assistant 1002. Input 30 on the device . Assistant 1002 sets the alarm on behalf of the 
device 1206 can be of any type suitable for receiving user user . In this manner , the user can use assistant 1002 as a 
input , including for example a keyboard , touchscreen , replacement for conventional mechanisms for setting the 
microphone ( for example , for voice input ) , mouse , touch alarm or performing other functions on the device . If the 
pad , trackball , five - way switch , joystick , and / or any com user's requests are ambiguous or need further clarification , 
bination thereof . Output device 1207 can be a screen , 35 assistant 1002 can use the various techniques described 
speaker , printer , and / or any combination thereof . Memory herein , including active elicitation , paraphrasing , sugges 
1210 can be random - access memory having a structure and tions , and the like , to obtain the needed information so that 
architecture as are known in the art , for use by processor ( s ) the correct services 1360 are called and the intended action 
63 in the course of running software . Storage device 1208 taken . In one embodiment , assistant 1002 may prompt the 
can be any magnetic , optical , and / or electrical storage device 40 user for confirmation before calling a service 1360 to 
for storage of data in digital form ; examples include flash perform a function . In one embodiment , a user can selec 
memory , magnetic hard drive , CD - ROM , and / or the like . tively disable assistant's 1002 ability to call particular 

In another embodiment , the system of the present inven services 1360 or can disable all such service - calling if 
tion is implemented on a distributed computing network , desired . 
such as one having any number of clients and / or servers . 45 The system of the present invention can be implemented 
Referring now to FIG . 5 , there is shown a block diagram with many different types of clients 1304 and modes of 
depicting an architecture for implementing at least a portion operation . Referring now to FIG . 6 , there is shown a block 
of an intelligent automated assistant on a distributed com diagram depicting a system architecture illustrating several 
puting network , according to at least one embodiment . different types of clients 1304 and modes of operation . One 

In the arrangement shown in FIG . 5 , any number of clients 50 skilled in the art will recognize that the various types of 
1304 are provided ; each client 1304 may run software for clients 1304 and modes of operation shown in FIG . 6 are 
implementing client - side portions of the present invention . merely exemplary , and that the system of the present inven 
In addition , any number of servers 1340 can be provided for tion can be implemented using clients 1304 and / or modes of 
handling requests received from clients 1304. Clients 1304 seration other than those depicted . Additionally , the systen 
and servers 1340 can communicate with one another via 55 can include any or all of such clients 1304 and / or modes of 
electronic network 1361 , such as the Internet . Network 1361 operation , alone or in any combination . Depicted examples 
may be implemented using any known net - work protocols , include : 
including for example wired and / or wireless protocols . Computer devices with input / output devices and / or sen 

In addition , in one embodiment , servers 1340 can call sors 1402. A client component may be deployed on any 
external services 1360 when needed to obtain additional 60 such computer device 1402. At least one embodiment 
information or refer to store data concerning previous inter may be implemented using a web browser 1304A or 
actions with particular users . Communications with external other software application for enabling communication 
services 1360 can take place , for example , via network 1361 . with servers 1340 via network 1361. Input and output 
In various embodiments , external services 1360 include channels may of any type , including for example visual 
web - enabled services and / or functionality related to or 65 and / or auditory channels . For example , in one embodi 
installed on the hardware device itself . For example , in an ment , the system of the invention can be implemented 
embodiment where assistant 1002 is implemented on a using voice - based communication methods , allowing 
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for an embodiment of the assistant for the blind whose In the example of FIG . 7 , input elicitation functionality 
equivalent of a web browser is driven by speech and and output processing functionality are distributed among 
uses speech for output . client 1304 and server 1340 , with client part of input 

Mobile Devices with I / O and sensors 1406 , for which the elicitation 1094a and client part of output processing 1092a 
client may be implemented as an application on the 5 located at client 1304 , and server part of input elicitation 
mobile device 1304B . This includes , but is not limited 1094b and server part of output processing 1092b located at 
to , mobile phones , smartphones , personal digital assis server 1340. The following components are located at server 
tants , tablet devices , networked game consoles , and the 1340 : 
like . complete vocabulary 1058b ; 

Consumer Appliances with I / O and sensors 1410 , for complete library of language pattern recognizers 1060b ; 
which the client may be implemented as an embedded master version of short term personal memory 1052b ; 
application on the appliance 1304C . master version of long term personal memory 1054b . 

Automobiles and other vehicles with dashboard interfaces In one embodiment , client 1304 maintains subsets and / or 
and sensors 1414 , for which the client may be imple portions of these components locally , to improve respon 
mented as an embedded system application 1304D . siveness and reduce dependence on network communica 
This includes , but is not limited to , car navigation tions . Such subsets and / or portions can be maintained and 
systems , voice control systems , in - car entertainment updated according to well known cache management tech 
systems , and the like . niques . Such subsets and / or portions include , for example : 

Networked computing devices such as routers 1418 or 20 subset of vocabulary 1058a ; 
any other device that resides on or interfaces with a subset of library of language pattern recognizers 1060a ; 
network , for which the client may be implemented as a cache of short term personal memory 1052a ; 
device - resident application 1304E . cache of long term personal memory 1054a . 

Email clients 1424 , for which an embodiment of the Additional components may be implemented as part of 
assistant is connected via an Email Modality Server 25 server 1340 , including for example : 
1426. Email Modality server 1426 acts as a communi language interpreter 1070 ; 
cation bridge , for example taking input from the user as dialog flow processor 1080 ; 
email messages sent to the assistant and sending output output processor 1090 ; 
from the assistant to the user as replies . domain entity databases 1072 ; 

Instant messaging clients 1428 , for which an embodiment 30 task flow models 1086 ; 
of the assistant is connected via a Messaging Modality services orchestration 1082 ; 
Server 1430. Messaging Modality server 1430 acts as service capability models 1088 . 
a communication bridge , taking input from the user as Each of these components will be described in more detail 
messages sent to the assistant and sending output from below . Server 1340 obtains additional information by inter 
the assistant to the user as messages in reply . 35 facing with external services 1360 when needed . 

Voice telephones 1432 , for which an embodiment of the Conceptual Architecture 
assistant is connected via a Voice over Internet Protocol Referring now to FIG . 1 , there is shown a simplified block 
( VoIP ) Modality Server 1430. VoIP Modality server diagram of a specific example embodiment of an intelligent 
1430 acts as a communication bridge , taking input from automated assistant 1002. As described in greater detail 
the user as voice spoken to the assistant and sending 40 herein , different embodiments of intelligent automated assis 
output from the assistant to the user , for example as tant systems may be configured , designed , and / or operable 
synthesized speech , in reply . to provide various different types of operations , functional 

For messaging platforms including but not limited to ities , and / or features generally relating to intelligent auto 
email , instant messaging , discussion forums , group chat mated assistant technology . Further , as described in greater 
sessions , live help or customer support sessions and the like , 45 detail herein , many of the various operations , functionalities , 
assistant 1002 may act as a participant in the conversations . and / or features of the intelligent automated assistant sys 
Assistant 1002 may monitor the conversation and reply to tem ( s ) disclosed herein may provide may enable or provide 
individuals or the group using one or more the techniques different types of advantages and / or benefits to different 
and methods described herein for one - to - one interactions . entities interacting with the intelligent automated assistant 

In various embodiments , functionality for implementing 50 system ( s ) . The embodiment shown in FIG . 1 may be imple 
the techniques of the present invention can be distributed mented using any of the hardware architectures described 
among any number of client and / or server components . For above , or using a different type of hardware architecture . 
example , various software modules can be implemented for For example , according to different embodiments , at least 
performing various functions in connection with the present some intelligent automated assistant system ( s ) may be con 
invention , and such modules can be variously implemented 55 figured , designed , and / or operable to provide various differ 
to run on server and / or client components . Referring now to ent types of operations , functionalities , and / or features , such 
FIG . 7 , there is shown an example of a client 1304 and a as , for example , one or more of the following ( or combina 
server 1340 , which communicate with each other to imple tions thereof ) : 
ment the present invention according to one embodiment . automate the application of data and services available 
FIG . 7 depicts one possible arrangement by which software 60 over the Internet to discover , find , choose among , 
modules can be distributed among client 1304 and server purchase , reserve , or order products and services . In 
1340. One skilled in the art will recognize that the depicted addition to automating the process of using these data 
arrangement is merely exemplary , and that such modules can and services , intelligent automated assistant 1002 may 
be distributed in many different ways . In addition , any also enable the combined use of several sources of data 
number of clients 1304 and / or servers 1340 can be provided , 65 and services at once . For example , it may combine 
and the modules can be distributed among these clients 1304 information about products from several review sites , 
and / or servers 1340 in any of a number of different ways . check prices and availability from multiple distributors , 
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and check their locations and time constraints , and help over domains and tasks with human - managed vocabu 
a user find a personalized solution to their problem . lary and mappings from intent to services parameters . 

automate the use of data and services available over the The ability to solve user problems by invoking services on 
Internet to discover , investigate , select among , reserve , their behalf over the Internet , using APIs . Unlike search 
and otherwise learn about things to do ( including but 5 engines which only return links and content , some 
not limited to movies , events , performances , exhibits , embodiments of automated assistants 1002 described 
shows and attractions ) ; places to go ( including but not herein may automate research and problem - solving 
limited to travel destinations , hotels and other places to activities . The ability to invoke multiple services for a 
stay , landmarks and other sites of interest , and the like ) ; given request also provides broader functionality to the 
places to eat or drink ( such as restaurants and bars ) , user than is achieved by visiting a single site , for 

instance to produce a product or service or find some times and places to meet others , and any other source thing to do . of entertainment or social interaction which may be The application of personal information and personal found on the Internet . interaction history in the interpretation and execution of enable the operation of applications and services via user requests . Unlike conventional search engines or natural language dialog that are otherwise provided by question answering services , the embodiments 
dedicated applications with graphical user interfaces described herein use information from personal inter 
including search ( including location - based search ) ; action history ( e.g. , dialog history , previous selections 
navigation ( maps and directions ) ; database lookup from results , and the like ) , personal physical context 
( such as finding businesses or people by name or other 20 ( e.g. , user's location and time ) , and personal informa 
properties ) ; getting weather conditions and forecasts , tion gathered in the context of interaction ( e.g. , name , 
checking the price of market items or status of financial email addresses , physical addresses , phone numbers , 
transactions ; monitoring traffic or the status of flights ; account numbers , preferences , and the like ) . Using 
accessing and updating calendars and schedules ; man these sources of information enables , for example , 
aging reminders , alerts , tasks and projects ; communi- 25 better interpretation of user input ( e.g. , using personal 
cating over email or other messaging platforms ; and history and physical context when interpreting lan 
operating devices locally or remotely ( e.g. , dialing guage ) ; 
telephones , controlling light and temperature , control more personalized results ( e.g. , that bias toward pref 
ling home security devices , playing music or video , and erences or recent selections ) ; 
the like ) . In one embodiment , assistant 1002 can be 30 improved efficiency for the user ( e.g. , by automating 
used to initiate , operate , and control many functions steps involving the signing up to services or filling 
and apps available on the device . out forms ) . 

offer personal recommendations for activities , products , The use of dialog history in interpreting the natural 
services , source of entertainment , time management , or language of user inputs . Because the embodiments may 
any other kind of recommendation service that benefits 35 keep personal history and apply natural language 
from an interactive dialog in natural language and understanding on user inputs , they may also use dialog 
automated access to data and services . context such as current location , time , domain , task 

According to different embodiments , at least a portion of step , and task parameters to interpret the new inputs . 
the various types of functions , operations , actions , and / or Conventional search engines and command processors 
other features provided by intelligent automated assistant 40 interpret at least one query independent of a dialog 
1002 may be implemented at one or more client systems ( s ) , history . The ability to use dialog history may make a 
at one or more server systems ( s ) , and / or combinations more natural interaction possible , one which resembles 
thereof . normal human conversation . 

According to different embodiments , at least a portion of Active input elicitation , in which assistant 1002 actively 
the various types of functions , operations , actions , and / or 45 guides and constrains the input from the user , based on 
other features provided by assistant 1002 may implement by the same models and information used to interpret their 
at least one embodiment of an automated call and response input . For example , assistant 1002 may apply dialog 
procedure , such as that illustrated and described , for models to suggest next steps in a dialog with the user 
example , with respect to FIG . 33 . in which they are refining a request ; offer completions 

Additionally , various embodiments of assistant 1002 50 to partially typed input based on domain and context 
described herein may include or provide a number of specific possibilities ; or use semantic interpretation to 
different advantages and / or benefits over currently existing select from among ambiguous interpretations of speech 
intelligent automated assistant technology such as , for as text or text as intent . 
example , one or more of the following ( or combinations The explicit modeling and dynamic management of ser 
thereof ) : vices , with dynamic and robust services orchestration . 

The integration of speech - to - text and natural language The architecture of embodiments described enables 
understanding technology that is constrained by a set of assistant 1002 to interface with many external services , 
explicit models of domains , tasks , services , and dia dynamically determine which services may provide 
logs . Unlike assistant technology that attempts to information for a specific user request , map parameters 
implement a general - purpose artificial intelligence sys- 60 of the user request to different service APIs , call 
tem , the embodiments described herein may apply the multiple services at once , integrate results from mul 
multiple sources of constraints to reduce the number of tiple services , fail over gracefully on failed services , 
solutions to a more tractable size . This results in fewer and / or efficiently maintain the implementation of ser 
ambiguous interpretations of language , fewer relevant vices as their APIs and capabilities evolve . 
domains or tasks , and fewer ways to operationalize the 65 The use of active ontologies as a method and apparatus for 
intent in services . The focus on specific domains , tasks , building assistants 1002 , which simplifies the software 
and dialogs also makes it feasible to achieve coverage engineering and data maintenance of automated assis 

55 
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tant systems . Active ontologies are an integration of Compass , accelerometer , gyroscope , and / or travel veloc 
data modeling and execution environments for assis ity data , as well as other sensor data from mobile or 
tants . They provide a framework to tie together the handheld devices or embedded systems such as auto 
various sources of models and data ( domain concepts , mobile control systems . This may also include device 
task flows , vocabulary , language pattern recognizers , positioning data from remote controls to appliances and 
dialog context , user personal information , and map game consoles . 
pings from domain and task requests to external ser Clicking and menu selection and other events from a 
vices . Active ontologies and the other architectural graphical user interface ( GUI ) on any device having a 
innovations described herein make it practical to build GUI . Further examples include touches to a touch 
deep functionality within domains , unifying multiple Events from sensors and other data - driven triggers , such sources of information and services , and to do this as alarm clocks , calendar alerts , price change triggers , across a set of domains . location triggers , push notification onto a device from In at least one embodiment , intelligent automated assis servers , and the like . tant 1002 may be operable to utilize and / or generate various The input to the embodiments described herein also different types of data and / or other types of information includes the context of the user interaction history , including when performing specific tasks and / or operations . This may dialog and request history . 

include , for example , input data / information and / or output Examples of different types of output data / information 
data / information . For example , in at least one embodiment , which may be generated by intelligent automated assistant 
intelligent automated assistant 1002 may be operable to 20 1002 may include , but are not limited to , one or more of the 
access , process , and / or otherwise utilize information from following ( or combinations thereof ) : 
one or more different types of sources , such as , for example , Text output sent directly to an output device and / or to the 
one or more local and / or remote memories , devices and / or user interface of a device 
systems . Additionally , in at least one embodiment , intelli Text and graphics sent to a user over email 
gent automated assistant 1002 may be operable to generate 25 Text and graphics send to a user over a messaging service 
one or more different types of output data / information , Speech output , may include one or more of the following 
which , for example , may be stored in memory of one or ( or combinations thereof ) : 
more local and / or remote devices and / or systems . Synthesized speech 

Examples of different types of input data / information Sampled speech 
which may be accessed and / or utilized by intelligent auto- 30 Recorded messages 
mated assistant 1002 may include , but are not limited to , one Graphical layout of information with photos , rich text , 
or more of the following ( or combinations thereof ) : videos , sounds , and hyperlinks . For instance , the con 

Voice input : from mobile devices such as mobile tele tent rendered in a web browser . 
phones and tablets , computers with microphones , Blu Actuator output to control physical actions on a device , 
etooth headsets , automobile voice control systems , 35 such as causing it to turn on or off , make a sound , 
over the telephone system , recordings on answering change color , vibrate , control a light , or the like . 
services , audio voicemail on integrated messaging ser Invoking other applications on a device , such as calling a 
vices , consumer applications with voice input such as mapping application , voice dialing a telephone , send 
clock radios , telephone station , home entertainment ing an email or instant message , playing media , making 
control systems , and game consoles . entries in calendars , task managers , and note applica 

Text input from keyboards on computers or mobile tions , and other applications . 
devices , keypads on remote controls or other consumer Actuator output to control physical actions to devices 
electronics devices , email messages sent to the assis attached or controlled by a device , such as operating a 
tant , instant messages or similar short messages sent to remote camera , controlling a wheelchair , playing music 
the assistant , text received from players in multiuser 45 on remote speakers , playing videos on remote displays , 
game environments , and text streamed in message and the like . 
feeds . It may be appreciated that the intelligent automated 

Location information coming from sensors or location assistant 1002 of FIG . 1 is but one example from a wide 
based systems . Examples include Global Positioning range of intelligent automated assistant system embodi 
System ( GPS ) and Assisted GPS ( A - GPS ) on mobile 50 ments which may be implemented . Other embodiments of 
phones . In one embodiment , location information is the intelligent automated assistant system ( not shown ) may 
combined with explicit user input . In one embodiment , include additional , fewer and / or different components / fea 
the system of the present invention is able to detect tures than those illustrated , for example , in the example 
when a user is at home , based on known address intelligent automated assistant system embodiment of FIG . 
information and current location determination . In this 55 1 . 
manner , certain inferences may be made about the type User Interaction 
of information the user might be interested in when at Referring now to FIG . 2 , there is shown an example of an 
home as opposed to outside the home , as well as the interaction between a user and at least one embodiment of an 
type of services and actions that should be invoked on intelligent automated assistant 1002. The example of FIG . 2 
behalf of the user depending on whether or not he or 60 assumes that a user is speaking to intelligent automated 
she is at home . assistant 1002 using input device 1206 ( FIG . 4 ) , which may 

Time information from clocks on client devices . This may be a speech input mechanism , and the output is graphical 
include , for example , time from telephones or other layout to output device 1207 ( FIG . 4 ) , which may be a 
client devices indicating the local time and time zone . scrollable screen . Conversation screen 101A features a con 
In addition , time may be used in the context of user 65 versational user interface showing what the user said 101B 
requests , such as for instance , to interpret phrases such ( “ I'd like a romantic place for Italian food near my office ” ) 
as “ in an hour ” and “ tonight ” . and assistant's 1002 response , which is a summary of its 
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findings 101C ( “ OK , I found these Italian restaurants which Task flow models component ( s ) 1086 ; 
reviews say are romantic close to your work : ” ) and a set of Dialog flow models component ( s ) 1087 ; 
results 101D ( the first three of a list of restaurants are Service models component ( s ) 1088 ; 
shown ) . In this example , the user clicks on the first result in Output processor component ( s ) 1090 . 
the list , and the result automatically opens up to reveal more As described in connection with FIG . 7 , in certain client / 
information about the restaurant , shown in information server - based embodiments , some or all of these components 
screen 101E . Information screen 101E and conversation may be distributed between client 1304 and server 1340 . screen 101A may appear on the same output device , such as For purposes of illustration , at least a portion of the a touch - screen or other display device ; the examples 
depicted in FIG . 2 are two different output states for the 10 ment of intelligent automated assistant 1002 will now be 

different types of components of a specific example embodi 
same output device . 

In one embodiment , information screen 101E shows described in greater detail with reference to the example 
intelligent automated assistant 1002 embodiment of FIG . 1 . information gathered and combined from a variety of ser 

vices , including for example , any or all of the following : Active Ontologies 1050 
Addresses and geolocations of businesses ; Active ontologies 1050 serve as a unifying infrastructure 
Distance from user's current location ; that integrates models , components , and / or data from other 
Reviews from a plurality of sources ; parts of embodiments of intelligent automated assistants 
In one embodiment , information screen 101E also 1002. In the field of computer and information science , 

includes some examples of services that assistant 1002 ontologies provide structures for data and knowledge rep 
might offer on behalf of the user , including : 20 resentation such as classes / types , relations , attributes / prop 

Dial a telephone to call the business ( " call ” ' ) ; erties and their instantiation in instances . Ontologies are 
Remember this restaurant for future reference ( “ save ” ) ; used , for example , to build models of data and knowledge . 
Send an email to someone with the directions and infor In some embodiments of the intelligent automated system 
mation about this restaurant ( “ share ” ) ; 1002 , ontologies are part of the modeling framework in 

Show the location of and directions to this restaurant on 25 which to build models such as domain models . 
a map ( “ map it " ) ; Within the context of the present invention , an “ active 

Save personal notes about this restaurant ( “ my notes ” ) . ontology ” 1050 may also serve as an execution environ 
As shown in the example of FIG . 2 , in one embodiment , ment , in which distinct processing elements are arranged in 

assistant 1002 includes intelligence beyond simple database an ontology - like manner ( e.g. , having distinct attributes and 
applications , such as , for example , 30 relations with other processing elements ) . These processing 

Processing a statement of intent in a natural language elements carry out at least some of the tasks of intelligent 
101B , not just keywords ; automated assistant 1002. Any number of active ontologies 

Inferring semantic intent from that language input , such 1050 can be provided . 
as interpreting “ place for Italian food ” as “ Italian In at least one embodiment , active ontologies 1050 may 
restaurants ” ; 35 be operable to perform and / or implement various types of 

Operationalizing semantic intent into a strategy for using functions , operations , actions , and / or other features such as , 
online services and executing that strategy on behalf of for example , one or more of the following ( or combinations 
the user ( e.g. , operationalizing the desire for a romantic thereof ) : 
place into the strategy of checking on - line review sites Act as a modeling and development environment , inte 
for reviews that describe a place as “ romantic ” ) . grating models and data from various model and data 

Intelligent Automated Assistant Components components , including but not limited to 
According to various embodiments , intelligent automated Domain models 1056 

assistant 1002 may include a plurality of different types of Vocabulary 1058 
components , devices , modules , processes , systems , and the Domain entity databases 1072 
like , which , for example , may be implemented and / or 45 Task flow models 1086 
instantiated via the use of hardware and / or combinations of Dialog flow models 1087 
hardware and software . For example , as illustrated in the Service capability models 1088 
example embodiment of FIG . 1 , assistant 1002 may include Act as a data - modeling environment on which ontology 
one or more of the following types of systems , components , based editing tools may operate to develop new mod 
devices , processes , and the like ( or combinations thereof ) : 50 els , data structures , database schemata , and represen 
One or more active ontologies 1050 ; tations . 
Active input elicitation component ( s ) 1094 ( may include Act as a live execution environment , instantiating values 

client part 1094a and server part 1094b ) ; for elements of domain 1056 , task 1086 , and / or dialog 
Short term personal memory component ( s ) 1052 ( may models 1087 , language pattern recognizers , and / or 

include master version 1052b and cache 1052a ) ; vocabulary 1058 , and user - specific information such as 
Long - term personal memory component ( s ) 1054 ( may that found in short term personal memory 1052 , long 

include master version 1052b and cache 1052a ) ; term personal memory 1054 , and / or the results of 
Domain models component ( s ) 1056 ; service orchestration 1082. For example , some nodes of 
Vocabulary component ( s ) 1058 ( may include complete an active ontology may correspond to domain concepts 

vocabulary 1058b and subset 1058a ) ; such as restaurant and its property restaurant name . 
Language pattern recognizer ( s ) component ( s ) 1060 ( may During live execution , these active ontology nodes may 

include full library 1060b and subset 1560a ) ; be instantiated with the identity of a particular restau 
Language interpreter component ( s ) 1070 ; rant entity and its name , and how its name corresponds 
Domain entity database ( s ) 1072 ; to words in a natural language input utterance . Thus , in 
Dialog flow processor component ( s ) 1080 ; this embodiment , the active ontology is serving as both 
Services orchestration component ( s ) 1082 ; a modeling environment specifying the concept that 
Services component ( s ) 1084 ; restaurants are entities with identities that have names , 
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and for storing dynamic bindings of those modeling represents , among other things , the idea that dining out 
nodes with data from entity databases and parses of involves meal event that occur at restaurants . The 
natural language . active ontology nodes restaurant 1610 and meal event 

Enable the communication and coordination among com 1616 are also included and / or referenced by other 
ponents and processing elements of an intelligent auto- 5 components of the intelligent automated assistant , a 
mated assistant , such as , for example , one or more of shown by dotted lines in FIG . 8 . 
the following ( or combinations thereof ) : Active ontologies may include and / or make reference to 
Active input elicitation component ( s ) 1094 task flow models 1086. For example , FIG . 8 depicts an 
Language interpreter component ( s ) 1070 event planning task flow model 1630 , which models the 
Dialog flow processor component ( s ) 1080 planning of events independent of domains , applied to 
Services orchestration component ( s ) 1082 a domain - specific kind of event : meal event 1616 . 
Services component ( s ) 1084 Here , active ontology 1050 includes general event 

In one embodiment , at least a portion of the functions , planning task flow model 1630 , which comprises nodes 
operations , actions , and / or other features of active ontolo representing events and other concepts involved in 
gies 1050 described herein may be implemented , at least in 15 planning them . Active ontology 1050 also includes the 
part , using various methods and apparatuses described in node meal event 1616 , which is a particular kind of 
U.S. patent application Ser . No. 11 / 518,292 for “ Method and event . In this example , meal event 1616 is included or 
Apparatus for Building an Intelligent Automated Assistant , ” made reference to by both domain model 1622 and task 
filed Sep. 8 , 2006 . flow model 1630 , and both of these models are included 

In at least one embodiment , a given instance of active 20 in and / or referenced by active ontology 1050. Again , 
ontology 1050 may access and / or utilize information from meal event 1616 is an example of how active ontolo 
one or more associated databases . In at least one embodi gies can unify elements of various components 
ment , at least a portion of the database information may be included and / or referenced by other components of the 
accessed via communication with one or more local and / or intelligent automated assistant , a shown by dotted lines 
remote memory devices . Examples of different types of data 25 in FIG . 8 . 
which may be accessed by active ontologies 1050 may Active ontologies may include and / or make reference to 
include , but are not limited to , one or more of the following dialog flow models 1087. For example , FIG . 8 depicts 
( or combinations thereof ) : a dialog flow model 1642 for getting the values of 

Static data that is available from one or more components constraints required for a transaction instantiated on the 
of intelligent automated assistant 1002 ; constraint party size as represented in concept 1619 . 

Data that is dynamically instantiated per user session , for Again , active ontology 1050 provides a framework for 
example , but not limited to , maintaining the state of the relating and unifying various components such as dia 
user - specific inputs and outputs exchanged among log flow models 1087. In this case , dialog flow model 
components of intelligent automated assistant 1002 , the 1642 has a general concept of a constraint that is 
contents of short term personal memory , the inferences 35 instantiated in this particular example to the active 
made from previous states of the user session , and the ontology node party size 1619. This particular dialog 
like . flow model 1642 operates at the abstraction of con 

In this manner , active ontologies 1050 are used to unify straints , independent of domain . Active ontology 1050 
elements of various components in intelligent automated represents party size property 1619 of party node 1617 , 
assistant 1002. An active ontology 1050 allows an author , 40 which is related to meal event node 1616. In such an 
designer , or system builder to integrate components so that embodiment , intelligent automated assistant 1002 uses 
the elements of one component are identified with elements active ontology 1050 to unify the concept of constraint 
of other components . The author , designer , or system builder in dialog flow model 1642 with the property of party 
can thus combine and integrate the components more easily . size 1619 as part of a cluster of nodes representing meal 

Referring now to FIG . 8 , there is shown an example of a 45 event concept 1616 , which is part of the domain model 
fragment of an active ontology 1050 according to one 1622 for dining out . 
embodiment . This example is intended to help illustrate Active ontologies may include and / or make reference to 
some of the various types of functions , operations , actions , service models 1088. For example , FIG . 8 depicts a 
and / or other features that may be provided by active ontolo model of a restaurant reservation service 1672 associ 
gies 1050 . ated with the dialog flow step for getting values 

Active ontology 1050 in FIG . 8 includes representations required for that service to perform a transaction . In this 
of a restaurant and meal event . In this example , a restaurant instance , service model 1672 for a restaurant reserva 
is a concept 1610 with properties such as its name 1612 , tion service specifies that a reservation requires a value 
cuisines served 1615 , and its location 1613 , which in turn for party size 1619 ( the number of people sitting at a 
might be modeled as a structured node with properties for 55 table to reserve ) . The concept party size 1619 , which is 
street address 1614. The concept of a meal event might be part of active ontology 1050 , also is linked or related to 
modeled as a node 1616 including a dining party 1617 a general dialog flow model 1642 for asking the user 
( which has a size 1619 ) and time period 1618 . about the constraints for a transaction ; in this instance , 

Active ontologies may include and / or make reference to the party size is a required constraint for dialog flow 
domain models 1056. For example , FIG . 8 depicts a 60 model 1642 . 
dining out domain model 1622 linked to restaurant Active ontologies may include and / or make reference to 
concept 1610 and meal event concept 1616. In this domain entity databases 1072. For example , FIG . 8 
instance , active ontology 1050 includes dining out depicts a domain entity database of restaurants 1652 
domain model 1622 ; specifically , at least two nodes of associated with restaurant node 1610 in active ontology 
active ontology 1050 , namely restaurant 1610 and meal 65 1050. Active ontology 1050 represents the general 
event 1616 , are also included in and / or referenced by concept of restaurant 1610 , as may be used by the 
dining out domain model 1622. This domain model various components of intelligent automated assistant 
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1002 , and it is instantiated by data about specific memory 1054 components are organized under a common 
restaurants in restaurant database 1652 . container associated with active ontology 1050 , and other 

Active ontologies may include and / or make reference to components such as active input elicitation component ( s ) 
vocabulary databases 1058. For example , FIG . 8 1094 , language interpreter 1070 and dialog flow processor 
depicts a vocabulary database of cuisines 1662 , such as 5 1080 are associated with active ontology 1050 via API 
Italian , French , and the like , and the words associated relationships . 
with each cuisine such as “ French ” , " continental ” , Active Input Elicitation Component ( s ) 1094 
“ provincial ” , and the like . Active ontology 1050 In at least one embodiment , active input elicitation com 
includes restaurant node 1610 , which is related to ponent ( s ) 1094 ( which , as described above , may be imple 
cuisines served node 1615 , which is associated with the 10 mented in a stand - alone configuration or in a configuration 
representation of cuisines in cuisines database 1662. A including both server and client components ) may be oper 
specific entry in database 1662 for a cuisine , such as able to perform and / or implement various types of functions , 
“ French ” , is thus related through active ontology 1050 operations , actions , and / or other features such as , for 
as an instance of the concept of cuisines served 1615 . example , one or more of the following ( or combinations 

Active ontologies may include and / or make reference to 15 thereof ) : 
any database that can be mapped to concepts or other Elicit , facilitate and / or process input from the user or the 
representations in ontology 1050. Domain entity data user's environment , and / or information about their 
bases 1072 and vocabulary databases 1058 are merely need ( s ) or request ( s ) . For example , if the user is look 
two examples of how active ontology 1050 may inte ing to find a restaurant , the input elicitation module 
grate databases with each other and with other compo- 20 may get information about the user's constraints or 
nents of automated assistant 1002. Active ontologies preferences for location , time , cuisine , price , and so 
allow the author , designer , or system builder to specify forth . 
a nontrivial mapping between representations in the Facilitate different kinds of input from various sources , 
database and representations in ontology 1050. For such as for example , one or more of the following ( or 
example , the database schema for restaurants database 25 combinations thereof ) : 
1652 may represent a restaurant as a table of strings and input from keyboards or any other input device that 
numbers , or as a projection from a larger database of generates text 
business , or any other representation suitable for data input from keyboards in user interfaces that offer 
base 1652. In this example active ontology 1050 , dynamic suggested completions of partial input 
restaurant 1610 is a concept node with properties and 30 input from voice or speech input systems 
relations , organized differently from the database input from Graphical User Interfaces ( GUIS ) in which 
tables . In this example , nodes of ontology 1050 are users click , select , or otherwise directly manipulate 
associated with elements of database schemata . The graphical objects to indicate choices 
integration of database and ontology 1050 provides a input from other applications that generate text and 
unified representation for interpreting and acting on 35 send it to the automated assistant , including email , 
specific data entries in databases in term's of the larger text messaging , or other text communication plat 
sets of models and data in active ontology 1050. For forms 
instance , the word “ French ” may be an entry in cuisines By performing active input elicitation , assistant 1002 is 
database 1662. Because , in this example , database 1662 able to disambiguate intent at an early phase of input 
is integrated in active ontology 1050 , that same word 40 processing . For example , in an embodiment where input is 
“ French ” also has an interpretation as a possible cuisine provided by speech , the waveform might be sent to a server 
served at a restaurant , which is involved in planning 1340 where words are extracted , and semantic interpretation 
meal events , and this cuisine serves as a constraint to performed . The results of such semantic interpretation can 
use when using restaurants reservation services , and so then be used to drive active input elicitation , which may 
forth . Active ontologies can thus integrate databases 45 offer the user alternative candidate words to choose among 
into the modeling and execution environment to inter based on their degree of semantic fit as well as phonetic 
operate with other components of automated assistant match . 
1002 . In at least one embodiment , active input elicitation com 

As described above , active ontology 1050 allows the ponent ( s ) 1094 actively , automatically , and dynamically 
author , designer , or system builder to integrate components ; 50 guide the user toward inputs that may be acted upon by one 
thus , in the example of FIG . 8 , the elements of a component or more of the services offered by embodiments of assistant 
such as constraint in dialog flow model 1642 can be iden 1002. Referring now to FIG . 10 , there is shown a flow 
tified with elements of other components such as required diagram depicting a method of operation for active input 
parameter of restaurant reservation service 1672 . elicitation component ( s ) 1094 according to one embodi 

Active ontologies 1050 may be embodied as , for example , 55 ment . 
configurations of models , databases , and components in The procedure begins 20. In step 21 , assistant 1002 may 
which the relationships among models , databases , and com offer interfaces on one or more input channels . For example , 
ponents are any of : a user interface may offer the user options to speak or type 

containership and / or inclusion ; or tap at any stage of a conversational interaction . In step 22 , 
relationship with links and / or pointers ; 60 the user selects an input channel by initiating input on one 
interface over APIs , both internal to a program and modality , such as pressing a button to start recording speech 
between programs . or to bring up an interface for typing . 

For example , referring now to FIG . 9 , there is shown an In at least one embodiment , assistant 1002 offers default 
example of an alternative embodiment of intelligent auto suggestions for the selected modality 23. That is , it offers 
mated assistant system 1002 , wherein domain models 1056 , 65 options 24 that are relevant in the current context prior to the 
vocabulary 1058 , language pattern recognizers 1060 , short user entering any input on that modality . For example , in a 
term personal memory 1052 , and long term personal text input modality , assistant 1002 might offer a list of 
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common words that would begin textual requests or com ( e.g. , “ favorite ” restaurants , movies , theaters , venues , 
mands such as , for example , one or more of the following ( or and the like ) , to - do items , list items , calendar entries , 
combinations thereof ) : imperative verbs ( e.g. , find , buy , people names in contacts / address books , street or city 
reserve , get , call , check , schedule , and the like ) , nouns ( e.g. , names mentioned in contact / address books , and the 
restaurants , movies , events , businesses , and the like ) , or 5 like . 
menu - like options naming domains of discourse ( e.g. , Task flow models 1086 , which may be used to suggest 
weather , sports , news , and the like ) inputs based on the next possible steps of in a task flow . 

If the user selects one of the default options in 25 , and a Dialog flow models 1087 , which may be used to suggest preference to autosubmit 30 is set , the procedure may return inputs based on the next possible steps of in a dialog immediately . This is similar to the operation of a conven flow . tional menu selection . Service capability models 1088 , which may be used to However , the initial option may be taken as a partial input , 
or the user may have started to enter a partial input 26. At suggest possible services to employ , by name , category , 
any point of input , in at least one embodiment , the user may capability , or any other property in the model . For 
choose to indicate that the partial input is complete 22 , 15 example , a user may type part of the name of a 
which causes the procedure to return . preferred review site , and assistant 1002 may suggest a 

In 28 , the latest input , whether selected or entered , is complete command for querying that review site for 
added to the cumulative input . review . 

In 29 , the system suggestions next possible inputs that are In at least one embodiment , active input elicitation com 
relevant given the current input and other sources of con- 20 ponent ( s ) 1094 present to the user a conversational interface , 
straints on what constitutes relevant and / or meaningful for example , an interface in which the user and assistant 
input . communicate by making utterances back and forth in a 

In at least one embodiment , the sources of constraints on conversational manner . Active input elicitation compo 
user input ( for example , which are used in steps 23 and 29 ) nent ( s ) 1094 may be operable to perform and / or implement 
are one or more of the various models and data sources that 25 various types of conversational interfaces . 
may be included in assistant 1002 , which may include , but In at least one embodiment , active input elicitation com 
are not limited to , one or more of the following ( or combi ponent ( s ) 1094 may be operable to perform and / or imple 
nations thereof ) : ment various types of conversational interfaces in which 

Vocabulary 1058. For example , words or phrases that assistant 1002 uses plies of the conversation to prompt for 
match the current input may be suggested . In at least 30 information from the user according to dialog models . 
one embodiment , vocabulary may be associated with Dialog models may represent a procedure for executing a 
any or one or more nodes of active ontologies , domain dialog , such as , for example , a series of steps required to 
models , task odels , dialog m dels , and / or service elicit the information needed perform a service . 
models . In at least one embodiment , active input elicitation com 

Domain models 1056 , which may constrain the inputs that 35 ponent ( s ) 1094 offer constraints and guidance to the user in 
may instantiate or otherwise be consistent with the real time , while the user is in the midst of typing , speaking , 
domain model . For example , in at least one embodi or otherwise creating input . For example , active elicitation 
ment , domain models 1056 may be used to suggest may guide the user to type text inputs that are recognizable 
concepts , relations , properties , and / or instances that by an embodiment of assistant 1002 and / or that may be 
would be consistent with the current input . 40 serviced by one or more services offered by embodiments of 

Language pattern recognizers 1060 , which may be used to assistant 1002. This is an advantage over passively waiting 
recognize idioms , phrases , grammatical constructs , or for unconstrained input from a user because it enables the 
other patterns in the current input and be used to user's efforts to be focused on inputs that may or might be 
suggest completions that fill out the pattern . useful , and / or it enables embodiments of assistant 1002 to 

Domain entity databases 1072 , which may be used to 45 apply its interpretations of the input in real time as the user 
suggest possible entities in the domain that match the is inputting it . 
input ( e.g. , business names , movie names , event names , At least a portion of the functions , operations , actions , 
and the like ) . and / or other features of active input elicitation described 

Short term memory 1052 , which may be used to match herein may be implemented , at least in part , using various 
any prior input or portion of prior input , and / or any 50 methods and apparatuses described in U.S. patent applica 
other property or fact about the history of interaction tion Ser . No. 11 / 518,292 for “ Method and Apparatus for 
with a user . For example , partial input may be matched Building an Intelligent Automated Assistant , ” filed Sep. 8 , 
against cities that the user has encountered in a session , 2006 . 
whether hypothetically ( e.g. , mentioned in queries ) According to specific embodiments , multiple instances or 
and / or physically ( e.g. , as determined from location 55 threads of active input elicitation component ( s ) 1094 may be 
sensors ) . concurrently implemented and / or initiated via the use of one 

In at least one embodiment , semantic paraphrases of or more processors 63 and / or other combinations of hard 
recent inputs , request , or results may be matched ware and / or hardware and software . 
against the current input . For example , if the user had According to different embodiments , one 
previously request “ live music ” and obtained concert 60 different threads or instances of active input elicitation 
listing , and then typed “ music ” in an active input component ( s ) 1094 may be initiated in response to detection 
elicitation environment , suggestions may include " live of one or more conditions or events satisfying one or more 
music ” and / or “ concerts ” . different types of minimum threshold criteria for triggering 

Long term personal memory 1054 , which may be used to initiation of at least one instance of active input elicitation 
suggest matching items from long term memory . Such 65 component ( s ) 1094. Various examples of conditions or 
matching items may include , for example , one or more events which may trigger initiation and / or implementation 
or any combination of : domain entities that are saved of one or more different threads or instances of active input 

or more 
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elicitation component ( s ) 1094 may include , but are not 116. These suggestions may be syntactic , semantic , and / or 
limited to , one or more of the following ( or combinations other kinds of suggestion based any of the sources of 
thereof ) : information or constraints described herein . If the sugges 

Start of user session . For example , when the user session tion is selected 118 , the input is transformed 117 to include 
starts up an application that is an embodiment of 5 the selected suggestion . 
assistant 1002 , the interface may offer the opportunity In at least one embodiment , the suggestions may include 
for the user to initiate input , for example , by pressing extensions to the current input . For example , a suggestion 
a button to initiate a speech input system or clicking on for “ rest ” may be " restaurants ” . 
a text field to initiate a text input session . In at least one embodiment , the suggestions may include 

User input detected . 10 replacements of parts of the current input . For example , a 
When assistant 1002 explicitly prompts the user for input , suggestion for “ rest ” may be “ places to eat ” . 

as when it requests a response to a question or offers a In at least one embodiment , the suggestions may include 
menu of next steps from which to choose . replacing and rephrasing of parts of the current input . For 

When assistant 1002 is helping the user perform a trans example , if the current input is “ find restaurants of style ” a 
action and is gathering data for that transaction , e.g. , 15 suggestion may be “ italian ” and when the suggestion is 
filling in a form . chosen , the entire input may be rewritten as “ find Italian 

In at least one embodiment , a given instance of active restaurants ” . 
input elicitation component ( s ) 1094 may access and / or uti In at least one embodiment , the resulting input that is 
lize information from one or more associated databases . In returned is annotated 119 , so that information about which 
at least one embodiment , at least a portion of the database 20 choices were made in 118 is preserved along with the textual 
information may be accessed via communication with one or input . This enables , for example , the semantic concepts or 
more local and / or remote memory devices . Examples of entities underlying a string to be associated with the string 
different types of data which may be accessed by active when it is returned , which improves accuracy of subsequent 
input elicitation component ( s ) 1094 may include , but are not language interpretation . 
limited to , one or more of the following ( or combinations 25 Referring now to FIGS . 12 to 21 , there are shown screen 
thereof ) : shots illustrating some portions of some of the procedures 

database of possible words to use in a textual input ; for active typed - input elicitation according to one embodi 
grammar of possible phrases to use in a textual input ment . The screen shots depict an example of an embodiment 

utterance ; of assistant 1002 as implemented on a smartphone such as 
database of possible interpretations of speech input ; 30 the iPhone available from Apple Inc. of Cupertino , Calif . 
database of previous inputs from a user or from other Input is provided to such device via a touchscreen , including 

users ; on - screen keyboard functionality . One skilled in the art will 
data from any of the various models and data sources that recognize that the screen shots depict an embodiment that is 
may be part of embodiments of assistant 1002 , which merely exemplary , and that the techniques of the present 
may include , but are not limited to , one or more of the 35 invention can be implemented on other devices and using 
following ( or combinations thereof ) : other layouts and arrangements . 

Domain models 1056 ; In FIG . 12 , screen 1201 includes a top - level set of 
Vocabulary 1058 ; suggestions 1202 shown when no input has been provided in 
Language pattern recognizers 1060 ; field 1203. This corresponds to no - input step 23 of FIG . 10 
Domain entity databases 1072 ; 40 applied to step 114 of FIG . 11 where there is no input . 
Short term memory 1052 ; In FIG . 13 , screen 1301 depicts an example of the use of 
Long term personal memory 1054 ; vocabulary to offer suggested completions 1303 of partial 
Task flow models 1086 ; user input 1305 entered in field 1203 using on - screen 
Dialog flow models 1087 ; keyboard 1304. These suggested completions 1303 may be 
Service capability models 1088 . 45 part of the function of active input elicitation 1094. The user 
According to different embodiments , active input elicita has entered partial user input 1305 including the string 

tion component ( s ) 1094 may apply active elicitation proce “ comm ” . Vocabulary component 1058 has provided a map 
dures to , for example , one or more of the following ( or ping of this string into three different kinds of instances , 
combinations thereof ) : which are listed as suggested completions 1303 : the phrase 

typed input ; 50 “ community & local events ” is a category of the events 
speech input ; domain ; “ chambers of commerce ” is a category of the local 
input from graphical user interfaces ( GUI ) , including business search domain , and " Jewish Community Center ” is 

gestures ; the name of an instance of local businesses . Vocabulary 
input from suggestions offered in a dialog ; and component 1058 may provide the data lookup and manage 
events from the computational and / or sensed environ- 55 ment of name spaces like these . The user can tap Go button 
ments . 1306 to indicate that he or she has finished entering input ; 

Active Typed Input Elicitation this causes assistant 1002 to proceed with the completed text 
Referring now to FIG . 11 , there is shown a flow diagram string as a unit of user input . 

depicting a method for active typed input elicitation accord In FIG . 14 , screen 1401 depicts an example in which 
ing to one embodiment . 60 suggested semantic completions 1303 for a partial string 

The method begins 110. Assistant 1002 receives 111 “ wh ” 1305 include entire phrases with typed parameters . 
partial text input , for example via input device 1206. Partial These kinds of suggestions may be enabled by the use of one 
text input may include , for example , the characters that have or more of the various models and sources of input con 
been typed so far in a text input field . At any time , a user may straints described herein . For example , in one embodiment 
indicate that the typed input is complete 112 , as , for 65 shown in FIG . 14 , “ what is happening in city ” is an active 
example , by pressing an Enter key . If not complete , a elicitation of the location parameter of the Local Events 
suggestion generator generates 114 candidate suggestions domain ; “ where is business name ” is an active elicitation of 
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the Business Name constraint of the Local Business Search Active Speech Input Elicitation 
domain ; " what is showing at the venue name ” is an active Referring now to FIG . 22 , there is shown a flow diagram 
elicitation of the Venue Name constraint of the Local Events depicting a method for active input elicitation for voice or 
domain ; and “ what is playing at the movie theater " is an speech input according to one embodiment . 
active elicitation of the Movie Theater Name constraint of 5 The method begins 221. Assistant 1002 receives 121 
the Local Events domain . These examples illustrate that the voice or speech input in the form of an auditory signal . A 
suggested completions are generated by models rather than speech - to - text service 122 or processor generates a set of 
simply drawn from a database of previously entered queries . candidate text interpretations 124 of the auditory signal . In 

In FIG . 15 , screen 1501 depicts a continuation of the same one embodiment , speech - to - text service 122 is implemented 
example , after the user has entered additional text 1305 in 10 using , for example , Nuance Recognizer , available from Nuance Communications , Inc. of Burlington , Mass . field 1203. Suggested completions 1303 are updated to In one embodiment , assistant 1002 employs statistical match the additional text 1305. In this example , data from a language models to generate candidate text interpretations 
domain entity database 1072 were used : venues whose name 124 of speech input 121 . 
starts with “ I ” . Note that this is a significantly smaller and In addition , in one embodiment , the statistical language 
more semantically relevant set of suggestions than all words models are tuned to look for words , names , and phrases that 
that begin with " t " . Again , the suggestions are generated by occur in the various models of assistant 1002 shown in FIG . 
applying a model , in this case the domain model that 8. For example , in at least one embodiment the statistical 
represents Local Events as happening at Venues , which are language models are given words , names , and phrases from 
Businesses with Names . The suggestions actively elicit some or all of : domain models 1056 ( e.g. , words and phrases 
inputs that would make potentially meaningful entries when relating to restaurant and meal events ) , task flow models 

1086 ( e.g. , words and phrases relating to planning an event ) , using a Local Events service . dialog flow models 1087 ( e.g. , words and phrases related to 
In FIG . 16 , screen 1601 depicts a continuation of the same the constraints that are needed to gather the inputs for a 

example , after the user has selected one of suggested restaurant reservation ) , domain entity databases 1072 ( e.g. , 
completions 1303. Active elicitation continues by prompting 25 names of restaurants ) , vocabulary databases 1058 ( e.g. , 
the user to further specify the type of information desired , names of cuisines ) , service models 1088 ( e.g. , names of 
here by presenting a number of specifiers 1602 from which service provides such as OpenTable ) , and / or any words , 
the user can select . In this example , these specifiers are names , or phrases associated with any node of active ontol 
generated by the domain , task flow , and dialog flow models . 
The Domain is Local Events , which includes Categories of In one embodiment , the statistical language models are 

also tuned to look for words , names , and phrases from events that happen on Dates in Locations and have Event long - term personal memory 1054. For example , statistical Names and Feature Performers . In this embodiment , the fact language models can be given text from to - do items , list 
that these five options are offered to the user is generated items , personal notes , calendar entries , people names in 
from the Dialog Flow model that indicates that users should contacts / address books , email addresses , street or city names 
be asked for Constraints that they have not yet entered and mentioned in contact / address books , and the like . 
from the Service Model that indicates that these five Con A ranking component analyzes the candidate interpreta 
straints are parameters to Local Event services available to tions 124 and ranks 126 them according to how well they fit 
the assistant . Even the choice of preferred phrases to use as syntactic and / or semantic models of intelligent automated 
specifiers , such as “ by category ” and “ featured ” , are gener- 40 be used . For example , in one embodiment , assistant 1002 assistant 1002. Any sources of constraints on user input may 
ated from the Domain Vocabulary databases . may rank the output of the speech - to - text interpreter accord In FIG . 17 , screen 1701 depicts a continuation of the same ing to how well the interpretations parse in a syntactic and / or example , after the user has selected one of specifiers 1602 . semantic sense , a domain model , task flow model , and / or 

In FIG . 18 , screen 1801 depicts a continuation of the same dialog model , and / or the like : it evaluates how well various 
example , wherein the selected specifier 1602 has been added 45 combinations of words in the text interpretations 124 would 
to field 1203 , and additional specifiers 1602 are presented . fit the concepts , relations , entities , and properties of active 
The user can select one of specifiers 1602 and / or provide ontology 1050 and its associated models . For example , if 
additional text input via keyboard 1304 . speech - to - text service 122 generates the two candidate inter 

In FIG . 19 , screen 1901 depicts a continuation of the same pretations “ italian food for lunch ” and “ italian shoes for 
example , wherein the selected specifier 1602 has been added 50 lunch ” , the ranking by semantic relevance 126 might rank 
to field 1203 , and yet more specifiers 1602 are presented . In “ italian food for lunch ” higher if it better matches the nodes 
this example , previously entered constraints are not actively assistant's 1002 active ontology 1050 ( e.g. , the words “ ital 
elicited redundantly . ian ” , “ food ” and “ lunch " all match nodes in ontology 1050 

In FIG . 20 , screen 2001 depicts a continuation of the same and they are all connected by relationships in ontology 1050 , 
example , wherein the user has tapped the Go button 1306. 55 whereas the word “ shoes ” does not match ontology 1050 or 
The user's input is shown in box 2002 , and a message is matches a node that is not part of the dining out domain 

network ) . shown in box 2003 , providing feedback to the user as to the In various embodiments , algorithms or procedures used query being performed in response to the user's input . by assistant 1002 for interpretation of text inputs , including In FIG . 21 , screen 2101 depicts a continuation of the same any embodiment of the natural language processing proce example , wherein results have been found . Message is 60 dure shown in FIG . 28 , can be used to rank and score 
shown in box 2102. Results 2103 , including input elements candidate text interpretations 124 generated by speech - to allowing the user to view further details , save the identified text service 122 . 
event , buy tickets , add notes , or the like . In one embodiment , if ranking component 126 determines 

In one screen 2101 , and other displayed screens , are 128 that the highest - ranking speech interpretation from 
scrollable , allowing the user to scroll upwards to see screen 65 interpretations 124 ranks above a specified threshold , the 2001 or other previously presented screens , and to make highest - ranking interpretation may be automatically selected 
changes to the query if desired . 130. If no interpretation ranks above a specified threshold , 
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possible candidate interpretations of speech 134 are pre spoken input , getting syntactic and semantic corrections , 
sented 132 to the user . The user can then select 136 among suggestions , and guidance at one step . 
the displayed choices . Active GUI - Based Input Elicitation 

In various embodiments , user selection 136 among the Referring now to FIG . 23 , there is shown a flow diagram 
displayed choices can be achieved by any mode of input , 5 depicting a method for active input elicitation for GUI - based 
including for example any of the modes of multimodal input input according to one embodiment . 
described in connection with FIG . 16. Such input modes The method begins 140. Assistant 1002 presents 141 
include , without limitation , actively elicited typed input graphical user interface ( GUI ) on output device 1207 , which 
2610 , actively elicited speech input 2620 , actively presented may include , for example , links and buttons . The user 
GUI for input 2640 , and / or the like . In one embodiment , the 10 interacts 142 with at least one GUI element . Data 144 is 
user can select among candidate interpretations 134 , for received , and converted 146 to a uniform format . The 
example by tapping or speaking . In the case of speaking , the converted data is then returned . 
possible interpretation of the new speech input is highly In at least one embodiment , some of the elements of the 
constrained by the small set of choices offered 134. For GUI are generated dynamically from the models of the 
example , if offered “ Did you mean italian food or italian 15 active ontology , rather than written into a computer pro 
shoes ? ” the user can just say “ food ” and the assistant can gram . For example , assistant 1002 can offer a set of con 
match this to the phrase “ italian food ” and not get it straints to guide a restaurant reservation service as regions 
confused with other global interpretations of the input . for tapping on a screen , with each region representing the 

Whether input is automatically selected 130 or selected name of the constraint and / or a value . For instance , the 
136 by the user , the resulting input 138 is returned . In at least 20 screen could have rows of a dynamically generated GUI 

layout with regions for the constraints Cuisine , Location , one embodiment , the returned input annotated 138 , so that and Price Range . If the models of the active ontology information about which choices were made in step 136 is change , the GUI screen would automatically change without preserved along with the textual input . This enables , for reprogramming 
example , the semantic concepts or entities underlying a Active Dialog Suggestion Input Elicitation 
string to be associated with the string when it is returned , 25 FIG . 24 is a flow diagram depicting a method for active 
which improves accuracy of subsequent language interpre input elicitation at the level of a dialog flow according to one 
tation . For example , if “ Italian food ” was offered as one of embodiment . The method begins 150. Assistant 1002 sug 
the candidate interpretations 134 based on a semantic inter gests 151 possible responses 152. The user selects 154 a 
pretation of Cuisine = ItalianFood , then the machine - readable suggested response . The received input is converted 156 to 
semantic interpretation can be sent along with the user's 30 a uniform format . The converted data is then returned . 
selection of the string “ Italian food ” as annotated text input In at least one embodiment , the suggestions offered in step 
138 . 151 are offered as follow - up steps in a dialog and / or task 

In at least one embodiment , candidate text interpretations flow . 
124 are generated based on speech interpretations received In at least one embodiment , the suggestions offer options 
as output of speech - to - text service 122 . to refine a query , for example using parameters from a 

In at least one embodiment , candidate text interpretations domain and / or task model . For example , one may be offered 
124 are generated by paraphrasing speech interpretations in to change the assumed location or time of a request . 
terms of their semantic meaning . In some embodiments , In at least one embodiment , the suggestions offer options 
there can be multiple paraphrases of the same speech to choose among ambiguous alternative interpretations 
interpretation , offering different word sense or homonym given by a language interpretation procedure or component . 
alternatives . For example , if speech - to - text service 122 In at least one embodiment , the suggestions offer options 
indicates “ place for meet ” , the candidate interpretations to choose among ambiguous alternative interpretations 
presented to the user could be paraphrased as “ place to meet given by a language interpretation procedure or component . 
( local businesses ) ” and “ place for meat ( restaurants ) " . In at least one embodiment , the suggestions offer options 

In at least one embodiment , candidate text interpretations to choose among next steps in a workflow associated dialog 
124 include offers to correct substrings . 45 flow model 1087. For example , dialog flow model 1087 may 

In at least one embodiment , candidate text interpretations suggest that after gathering the constrained for one domain 
124 include offers to correct substrings of candidate inter ( e.g. , restaurant dining ) , assistant 1002 should suggest other 
pretations using syntactic and semantic analysis as described related domains ( e.g. , a movie nearby ) . 
herein . Active Monitoring for Relevant Events 

In at least one embodiment , when the user selects a 50 In at least one embodiment , asynchronous events may be 
candidate interpretation , it is returned . treated as inputs in an analogous manner to the other 

In at least one embodiment , the user is offered an interface modalities of active elicited input . Thus , such events may be 
to edit the interpretation before it is returned . provided as inputs to assistant 1002. Once interpreted , such 

In at least one embodiment , the user is offered an interface events can be treated in a manner similar to any other input . 
to continue with more voice input before input is returned . For example , a flight status change may initiate an alert 
This enables one to incrementally build up an input utter notification to be sent to a user . If a flight is indicated as 
ance , getting syntactic and semantic corrections , sugges being late , assistant 1002 may continue the dialog by pre 
tions , and guidance at one iteration . senting alternative flights , making other suggestions , and the 

In at least one embodiment , the user is offered an interface like , based on the detected event . 
to proceed directly from 136 to step 111 of a method of Such events can be of any type . For example , assistant 
active typed input elicitation ( described above in connection 60 1002 might detect that the user just got home , or is lost ( off 
with FIG . 11 ) . This enables one to interleave typed and a specified route ) , or that a stock price hit a threshold value , 
spoken input , getting syntactic and semantic corrections , or that a television show the user is interested in is starting , 
suggestions , and guidance at one step . or that a musician of interest is touring in the area . In any of 

In at least one embodiment , the user is offered an interface these situations , assistant 1002 can proceed with a dialog in 
to proceed directly from step 111 of an embodiment of active 65 substantially the same manner as if the user had him- or 
typed input elicitation to an embodiment of active speech herself initiated the inquiry . In one embodiment , events can 
input elicitation . This enables one to interleave typed and even be based on data provided from other devices , for 
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example to tell the user when a coworker has returned from Case : Null Input 
lunch ( the coworker's device can signal such an event to the 
user's device , at which time assistant 1002 installed on the 
user's device responds accordingly ) . User Input System Response 

In one embodiment , the events can be notifications or 5 
alerts from a calendar , clock , reminder , or to - do application . With an empty Find restaurants , hotels , Black text would 

For example , an alert from a calendar application about a field and no movies , ... be inserted into 
dinner date can initiate a dialog with assistant 1002 about the dialog context , Book a table , a room , a seat , the input field . 
dining event . The dialog can proceed as if the user had just type a question Order food , flowers , . Italicized text 
spoken or typed the information about the upcoming dinner 10 or space charac Buy a ticket , a book , a DVD , . would be the 
event , such as " dinner for 2 in San Francisco ” . Schedule a meeting , an event , follow - up sugges 

In one embodiment , the context of possible event trigger nothing for some Remember to a thing to do .. tions once the 
162 can include information about people , places , times , and period of time . Explain results text was inserted . 
other data . These data can be used as part of the input to 
assistant 1002 to use in various steps of processing . 

In one embodiment , these data from the context of event 
trigger 162 can be used to disambiguate speech or text inputs Case : First Word Input 
from the user . For example , if a calendar event alert includes 
the name of a person invited to the event , that information 
can help disambiguate input which might match several User Input System Response 
people with the same or similar name . 

Referring now to FIG . 25 , there is shown a flow diagram With empty dialog Find restaurants , Black text would be 
context If the user hotels , movies , . inserted into the input depicting a method for active monitoring for relevant events types the first letter of field . Italicized text according to one embodiment . In this example , event trigger any command , it is would be the follow - up events are sets of input 162. The method begins 160 . suggested . For suggestions once the 

Assistant 1002 monitors 161 for such events . Detected example text was inserted . 
events may be filtered and sorted 164 for semantic relevance 
using models , data and information available from other 
components in intelligent automated assistant 1002. For 
example , an event that reports a change in flight status may Case : Key Word Input 
be given higher relevance if the short - term or long - term 30 
memory records for a user indicate that the user is on that 
flight and / or have made inquiries about it to assistant 1002 . User Input System Response Comment 
This sorting and filtering may then present only the top With empty dialog Remember to a thing Black text would be 
events for review by the user , who may then choose to pick context If the user to do ... inserted into the input 
one or more and act on them . 35 types the first two Find restaurants by field . Italicized text 

Event data is converted 166 to a uniform input format , and letters of any location , cuisine , would be the follow - up 
returned . keyword , it is suggestions once the 

In at least one embodiment , assistant 1002 may proac suggested as well as text was inserted . 
command . For tively offer services associated with events that were sug example 

gested for user attention . For example , if a flight status alert 
indicates a flight may be missed , assistant 1002 may suggest 
to the user a task flow for replanning the itinerary or booking 
a hotel . Case : Prompting for Arguments 

20 Comment 

25 
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User Input System Response Comment 

The user has entered 
or selected a 
" command " verb and 
nothing else . For 
example , 
Find 

restaurants by location , cuisine , 
hotels by location , availability , 
movies by location , genre , . . 
name of place 

Offer not only the 
selection class but 
advertise the constraint 
options . Note that 
name of place is a just 
a prompt , and would 
not insert text . 
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Comment 

Input Elicitation Component ( s ) Example : Case : Suggesting Criteria 
The following example is intended to help illustrate some 

of the various types of functions , operations , actions , and / or 
other features which may be provided by active input User Input System Response 
elicitation component ( s ) 1094 . The user has already in city , zip code 

60 entered enough to near home , office , place 
Example : Command Completion ( What can the establish a task and 

User Say to Assistant 1002 ) domain , and now is named restaurant name 
prompted for 
constraints in order . The user is facing a text input box with the general find restaurants_1 instruction to enter " what do you want to do ? ” Depending on 65 

the context and the user input , any of several system 
responses are provided . Examples are shown below 

name 

Black text would be 
inserted into the input 
field . Italicized text 
would be the follow - up 
suggestions once the 
text was inserted . 
























































































