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(54) AUTOMATIC SYNCHRONIZATION FOR AN OFFLINE VIRTUAL ASSISTANT

(57) [Object] Technology is provided to enable a mo-
bile terminal to function as a digital assistant even when
the mobile terminal is in a state where it cannot commu-
nicate with a server apparatus.

[Solution] When a user terminal 200 receives a query
A from a user, user terminal 200 sends query A to a server
100. Server 100 interprets the meaning of query A using

a grammar A. Server 100 obtains a response to query A
based on the meaning of query A and sends the response
to user terminal 200. Server 100 further sends grammar
A to user terminal 200. That is, server 100 sends to user
terminal 200 a grammar used to interpret the query re-
ceived from user terminal 200.
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Description

FIELD

[0001] The present disclosure relates to interpretation
of natural languages, in particular, management of gram-
mars for interpretation of natural languages.

BACKGROUND

[0002] Conventionally, a digital assistant which be-
haves in response to a query input by a user has been
used. When a user uses a digital assistant, the user in-
puts a query to a client terminal such as a smart phone.
When a user uses the digital assistant in a general man-
ner, the client terminal sends a query to a server appa-
ratus. The server apparatus performs speech recognition
and natural language interpretation for the query to de-
termine the meaning of the query. Then, the server ap-
paratus searches a database corresponding to the de-
termined meaning for a response to the query or gener-
ates the response, and/or obtains a response to the query
by transmitting the query to an Application Programming
Interface (API) corresponding to the determined mean-
ing. The server apparatus sends the obtained response
to the client terminal. The client terminal outputs the re-
sponse. In other words, the client terminal behaves as
part of the digital assistant by communicating with the
server apparatus.
[0003] U.S. Patent Application Publication No.
2007/0276651 (Patent Literature 1), paragraph [0037]
discloses a system in which a mobile terminal performs
natural language interpretation. In this system, when the
mobile terminal receives a speech from a user, the mobile
terminal attempts natural language interpretation for that
speech. If the mobile terminal fails natural language in-
terpretation, the mobile terminal requests the server ap-
paratus to perform natural language interpretation for the
speech.
[0004] It may happen that the user desires to use the
digital assistant at a location where the mobile terminal
cannot communicate with the server apparatus (for ex-
ample in a tunnel). There is a necessity to enable a mobile
terminal to function as a digital assistant even when the
mobile terminal is in a state where it cannot communicate
with the server apparatus.

SUMMARY

[0005] The present disclosure provides a technical so-
lution to the above-described problems of conventional
systems by enabling a mobile device to function as a
digital assistant at times where a server apparatus is in-
accessible. According to one aspect of the present dis-
closure, a computer-implemented method includes: re-
ceiving input of a query from a client terminal; performing
natural language interpretation of the query using a gram-
mar; outputting a response to the query after performing

the natural language interpretation; and sending the
grammar to the client terminal.
[0006] The method may further comprise determining,
before sending a grammar to a client terminal, that a client
does not store the grammar. Sending the grammar to the
client terminal may be conditioned upon the client termi-
nal not storing the grammar.
[0007] The method may further comprise determining,
before sending a grammar to a client terminal, that the
client terminal is configured to perform a function using
the grammar in an offline state in which the client terminal
is not connected to the computer. Sending the grammar
to the client terminal is conditioned upon the client termi-
nal being configured to perform the function using the
grammar in the offline state.
[0008] In the method, sending a grammar to a client
terminal may include sending other grammars belonging
to a domain to which the grammar belongs.
[0009] The method may further comprise counting a
number of times that a grammar is used in natural lan-
guage interpretation of queries from a client terminal.
Sending the grammar to the client terminal may be con-
ditioned upon the counted number exceeding a thresh-
old.
[0010] In the method, counting may include all times
that grammars belonging to a domain to which the gram-
mar belongs are used in natural language interpretation
of the query.
[0011] The method may further comprise: predicting,
based on the input query, a type of data needed to re-
spond to a future query; and sending data of that type to
the client terminal.
[0012] In the method, sending the data of that type may
include sending a time-to-live of the data of that type.
[0013] In the method, a query input from a client ter-
minal may include speech audio. The method may further
comprise: training a speech recognition model person-
alized to a user of the client terminal by using utterances
of the user; and sending the trained speech recognition
model to the client terminal.
[0014] According to another aspect of the present dis-
closure, a server apparatus includes: one or more proc-
essors; and a storage device storing a program that,
when executed by the one or more processors, causes
the server apparatus to perform the method described
above.
[0015] According to still another aspect of the present
disclosure, an information system includes: a client ter-
minal; and a server apparatus sending to the client ter-
minal a response to a query input from the client terminal,
wherein the server apparatus includes one or more proc-
essors to perform natural language interpretation of the
input query using a grammar, and wherein the one or
more processors send the grammar to the client terminal.
[0016] According to still another aspect of the present
disclosure, a computer-implemented method includes:
sending a first query to a server apparatus; receiving a
grammar, from the server apparatus, used for natural
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language interpretation of the first query; storing the re-
ceived grammar in a memory; receiving input of a second
query; and performing, when the computer is not con-
nected to the server apparatus, natural language inter-
pretation of the second query using the grammar.
[0017] The method may further comprise: receiving in-
put of a third query; performing, when a computer is not
connected to a server apparatus, natural language inter-
pretation of the third query; determining that natural lan-
guage interpretation of the third query fails; storing the
third query in the memory; and sending, in response to
the failure, when the computer is connected to the server
apparatus, the third query to the server apparatus.
[0018] The method may further comprise: receiving
data related to a first query; storing data related to the
first query in the memory; and acquiring a response to a
second query using the data related to the first query.
[0019] In the method, wherein data related to the first
query may include metadata indicating a time-to-live. The
method may further comprise deleting the data related
to a first query from a memory after time-to-live is expired.
[0020] The method may further comprise acquiring po-
sitional information of a computer. Performing natural
language interpretation of a second query may include
selecting a grammar to be used from one or more gram-
mars in a memory based on the positional information.
[0021] The method may further comprise acquiring
time information indicating a time when a second query
is input. Performing natural language interpretation of the
second query may include selecting a grammar from one
or more grammars in a memory based on the time infor-
mation.
[0022] In the method, receiving a second query may
include receiving input of speech. The method may fur-
ther comprise: receiving, from a server apparatus, a
speech recognition model trained to be personalized to
a user of a computer; and performing, when the computer
is not connected to the server apparatus, speech recog-
nition of the input speech using the speech recognition
model.
[0023] According to still another aspect of the present
disclosure, a computer-implemented method includes:
receiving, when the computer is connected to a server
apparatus, input of a first query; sending the first query
to the server apparatus; receiving, from the server appa-
ratus, a response to the first query; receiving, when the
computer is not connected to the server apparatus, input
of a second query; storing the second query in a memory
together with time information indicating a time when the
second query is input; sending, when the computer is
connected to the server apparatus, the second query to
the server apparatus together with the time information.
[0024] In the method, storing a second query in a mem-
ory may include storing the second query in a memory
together with positional information of a computer at the
time when the computer receives an input of the second
query. Sending the second query to the server apparatus
may include sending the second query to the server ap-

paratus together with the positional information.
[0025] According to still another aspect of the present
disclosure, a computer program, when executed by one
or more processors of a client terminal, causes the client
terminal to perform the method described above.
[0026] According to still another aspect of the present
disclosure, a client terminal includes: one or more proc-
essors; and a memory storing a program that, when ex-
ecuted by the one or more processors, causes the client
terminal to perform the method described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a diagram showing a schematic configura-
tion of a query processing system.
Fig. 2 is a diagram illustrating an implementation of
processing a query in the query processing system.
Fig. 3 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 4 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 5 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 6 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 7 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 8 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 9 is a diagram illustrating a specific example of
an aspect for processing a query by using a user
terminal.
Fig. 10 is a diagram representing a hardware con-
figuration of a server.
Fig. 11 is a diagram representing a data configura-
tion of a grammar library.
Fig. 12 is a diagram representing a data structure of
user information.
Fig. 13 is a diagram representing a hardware con-
figuration of the user terminal.
Fig. 14 is a diagram representing an example of a
data configuration of location information.
Fig. 15 is a flowchart of a process performed in the
server for outputting a response to a query.
Fig. 16 is a flowchart of a process performed in the
server for outputting a response to a query.
Fig. 17 is a flowchart of a process performed in the
user terminal.
Fig. 18 is a flowchart of a process performed in the
user terminal.
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DETAILED DESCRIPTION

[0028] Hereafter, a reference will be made to the draw-
ings to describe one embodiment of an information
processing system. In the following description, identical
parts and components are identically denoted. Their
names and functions are also identical. Accordingly, they
will not be described redundantly.

1. OUTLINE OF QUERY PROCESSING SYSTEM

[0029] Fig. 1 generally illustrates a configuration of a
query processing system. The query processing system
includes a server and a user terminal. In Fig. 1, the server
is indicated as "server 100," and the user terminal is in-
dicated as "user terminals 200A-200G" depending on the
situation where the user terminal is used.
[0030] Fig. 2 illustrates one implementation of process-
ing of a query in the query processing system. In Fig. 2,
a user terminal of any type is referred to as a "user ter-
minal 200." The user terminal is an example of a client
terminal.
[0031] As indicated as step (1), in response to input of
query A, user terminal 200 sends query A to server 100.
User terminal 200 may receive input of query A as voice
through a microphone or as text data through a keyboard
or a touch panel.
[0032] As indicated as step (2), server 100 interprets
a meaning of query A using grammar A.
[0033] As indicated as step (3), server 100 formulates
a response to query A based on the meaning of query A
and sends the response to user terminal 200.
[0034] In the query processing system of Fig. 2, as
indicated as step (4), server 100 further sends grammar
A to user terminal 200. Namely, server 100 sends to user
terminal 200 a grammar used in interpretation of a query
that is received from user terminal 200.
[0035] User terminal 200 stores grammar A sent from
server 100 in a memory of user terminal 200. While of-
fline, in response to input of a query, user terminal 200
interprets the meaning of the query using grammar A
(step (1X)), formulates a response to the query based on
the meaning (step (2X)), and displays (and/or audibly
outputs) the response (step (3X)).

2. SPECIFIC EXAMPLE OF RESPONSE TO QUERY

[0036] Figs. 3 to 9 each show a specific example of an
aspect for processing a query by using user terminal 200.

2-1. Fig. 3

[0037] In Fig. 3, as one example of user terminal 200,
a user terminal 200A used in a vehicle is shown. User
terminal 200A is an information processing terminal at-
tached to a vehicle, for example.
[0038] A user utters "Turn on the radio!" to user termi-
nal 200A as a query. User terminal 200A sends as a

query, a signal corresponding to the utterance "Turn on
the radio!" to server 100. In one implementation, the user
may input the query after pushing a given button of user
terminal 200A. User terminal 200A may receive the query
as the button is operated, and user terminal 200A may
send the received query to server 100.
[0039] Server 100 uses a grammar, which is for a func-
tion to operate an element of the vehicle, to interpret the
meaning of the query received from user terminal 200A,
and obtains a response to the query based on the mean-
ing. As a response to the query received from user ter-
minal 200A, server 100 sends a control signal for turning
on the radio to user terminal 200A. In response, user
terminal 200A turns on the radio of the vehicle that has
user terminal 200A mounted therein.
[0040] Furthermore, as a response to the query re-
ceived from user terminal 200A, server 100 may send an
instruction to user terminal 200A to audibly output "The
radio is turned on." User terminal 200A may audibly out-
put "The radio is turned on." in response to the instruction
being received.

2-2. Fig. 4

[0041] In Fig. 4, as one example of user terminal 200,
a user terminal 200B used in an operating room is shown.
User terminal 200B is an information processing terminal
attachable to the head of a doctor who is a user, for ex-
ample.
[0042] The user utters "Show me the medical record!"
as a query, to user terminal 200B. User terminal 200B
sends as the query, a signal corresponding to the utter-
ance "Show me the medical record!" to server 100. In
one implementation, the user may input the query after
saying a predetermined message (e.g., "OK!") for input-
ting the query. User terminal 200B may receive the query
as the message is input, and user terminal 200B may
send the received query to server 100.
[0043] Server 100 uses a grammar, which is for a func-
tion to provide information to the user in the operating
room, to interpret the meaning of the query received from
user terminal 200B, and forms a response to the query
based on the meaning. The server 100 may form a re-
sponse based solely on operations performed within
server 100. Alternatively or additionally, the server 100
may form a response by acquiring data from a third party
service provider or website. As a response to the query
received from user terminal 200B, server 100 sends the
medical record of the patient present in the operating
room to user terminal 200B. In response, user terminal
200B displays the medical record on a display to which
user terminal 200B is connected. Server 100 may send
the medical record to a display (or a computer to which
the display is connected) directly.
[0044] Furthermore, as a response to the query re-
ceived from user terminal 200B, server 100 may send an
instruction to user terminal 200B to audibly output "Here
is the medical record of Mr. Yamada" (one example of a
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name of a patient). User terminal 200B may audibly out-
put "Here is the medical record of Mr. Yamada" (one ex-
ample of a name of a patient) in response to the instruc-
tion being received.

2-3. Fig. 5

[0045] In Fig. 5, as one example of user terminal 200,
a user terminal 200C used in an office is shown. User
terminal 200C is for example a smart phone.
[0046] The user utters "Check company A!" as a query
to user terminal 200C. User terminal 200C sends a signal
corresponding to the utterance "Check company A!" as
the query to server 100.
[0047] Server 100 uses a grammar, which is for a func-
tion to provide information for stock prices, to interpret
the meaning of the query received from user terminal
200C and forms a response to the query based on the
meaning. As a response to the query received from user
terminal 200C, server 100 sends company A’s stock price
to user terminal 200C. In response, user terminal 200C
displays company A’s stock price on the display of user
terminal 200C, and/or audibly outputs company A’s stock
price through a speaker of user terminal 200C.

2-4. Fig. 6

[0048] In Fig. 6, as one example of user terminal 200,
a user terminal 200D used in a house is shown. User
terminal 200D is for example a smart speaker.
[0049] The user utters "Call Grandma!" to user terminal
200D as a query. User terminal 200D sends a signal cor-
responding to the utterance "Call Grandma!" to server
100 as the query.
[0050] Server 100 uses a grammar, which is for a call
function, to interpret the meaning of the query received
from user terminal 200D and forms a response to the
query based on the meaning. As a response to the query
received from user terminal 200D, server 100 sends an
instruction to user terminal 200D to make a call to a tel-
ephone number stored in user terminal 200D as "Grand-
ma." In response, user terminal 200D makes a call to the
telephone number registered in user terminal 200D as
"Grandma."

2-5. Fig. 7

[0051] In Fig. 7, as one example of user terminal 200,
a user terminal 200E used in a kitchen is shown. User
terminal 200E is for example a smart phone.
[0052] The user utters "Tell me a recipe for pot-au-feu!"
as a query to user terminal 200E. User terminal 200E
sends a signal corresponding to the utterance "Tell me
a recipe for pot-au-feu!" to server 100 as the query.
[0053] Server 100 uses a grammar, which is for a func-
tion to provide information for cooking, to interpret the
meaning of the query received from user terminal 200E
and forms a response to the query based on the meaning.

As a response to the query received from user terminal
200E, server 100 sends a recipe for pot-au-feu to user
terminal 200E. In response, user terminal 200E displays
the recipe for pot-au-feu on a display to which user ter-
minal 200E is connected. Alternatively, as a response to
the query, server 100 may send to user terminal 200E a
list of links of websites which provide recipes of pot-au-
feu. In that case, user terminal 200E displays the list. In
response to the user selecting one link from the list, user
terminal 200E connects to the selected link.

2-6. Fig. 8

[0054] In Fig. 8, as one example of user terminal 200,
a user terminal 200F used by a user sitting in front of a
TV set is shown. User terminal 200F is for example a
smart phone.
[0055] The user utters "What’s on TV tonight?" as a
query to user terminal 200F. User terminal 200F sends
a signal corresponding to the utterance "What’s on TV
tonight?" as the query to server 100.
[0056] Server 100 uses a grammar, which is for a func-
tion to provide information about TV programs, to inter-
pret the meaning of the query received from user terminal
200F, and forms a response to the query based on the
meaning. As a response to the query received from user
terminal 200F, server 100 sends to user terminal 200F
a TV program guide for the night of that day on which the
query is input. In response, user terminal 200F displays
the TV program guide received from server 100.

2-7. Fig. 9

[0057] In Fig. 9, as one example of user terminal 200,
a user terminal 200G is shown. User terminal 200G is
for example a smart phone.
[0058] The user utters "What’s the weather today?" as
a query to user terminal 200G. User terminal 200G sends
a signal corresponding to the utterance "What’s the
weather today?" and an indication of the geolocation of
the smart phone (user terminal 200G) to server 100 as
the query.
[0059] Server 100 uses a grammar, which is for a func-
tion to provide information about weather, to interpret the
meaning of the query received from user terminal 200G
and forms a response to the query based on the meaning.
As a response to the query received from user terminal
200G, server 100 sends to user terminal 200G a weather
forecast for the location and day at and on, respectively,
which the query is input to user terminal 200G. In re-
sponse, user terminal 200G displays and/or audibly out-
puts the weather forecast received from server 100.

3. HARDWARE CONFIGURATION (SERVER 100)

[0060] Fig. 10 illustrates a hardware configuration of
server 100. With reference to Fig. 10, server 100 includes
a processing unit 11, a memory 12, an input/output (I/O)
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interface 14, a network controller 15, and a storage 16
as main hardware elements.
[0061] Processing unit 11 is a computing entity that
performs processing necessary for implementing server
100 by executing various types of programs as will be
described hereinafter. Processing unit 11 is for example
one or more central processing units (CPUs) and/or
graphics processing units (GPUs). Processing unit 11
may be a CPU or GPU having a plurality of cores.
Processing unit 11 may be a Neural network Processing
Unit (NPU) suitable for a training process for generating
a trained model, as described hereinafter.
[0062] Memory 12 provides a storage area which tem-
porarily stores program codes, work memory, and the
like for processing unit 11 to execute a program. Memory
12 may be a volatile memory device, such as DRAM (Dy-
namic Random Access Memory) and SRAM (Static Ran-
dom Access Memory), for example.
[0063] Processing unit 11 can receive data from a de-
vice (a keyboard, a mouse, and the like) connected via
I/O interface 14, and may output data to a device (a dis-
play, a speaker, and the like) via I/O interface 14.
[0064] Network controller 15 communicates data with
any information processor including user terminal 200
through a public line and/or a LAN (Local Area Network).
Network controller 15 may be a network interface card,
for example. Server 100 may send a request to an ex-
ternal Web API using network controller 15 in order to
obtain a response to a query. Network controller 15 may
conform to any system, such as the Ethernet ®, a wireless
LAN, and Bluetooth®, for example.
[0065] Storage 16 may be a nonvolatile memory de-
vice, such as a hard disk drive or a SSD (Solid State
Drive), for example. Storage 16 stores a training program
16A, a pre-processing program 16B, an application pro-
gram 16C, and an OS (Operating System) 16D run in
processing unit 11.
[0066] Processing unit 11 executes training program
16A, preprocessing program 16B, application program
16C, and OS (operating system) 16D. In embodiments,
the server 100 may receive voice data from different us-
ers, and use that voice data for each user to build a trained
model 16G for each user. That trained model 16G may
then be downloaded to a user terminal 200 for that user
to enable the user terminal 200 to perform local speech
recognition of utterances from that user.
[0067] Toward that end, server 100 may include a train-
ing program 16A for training trained model 16G used for
speech recognition of queries. In embodiments, the train-
ing program 16A may be some configuration of a neural
network. Preprocessing program 16B is a program for
generating a training data set 16H for individual users by
collecting and preprocessing voice data input from the
individual users for training trained model 16G. By using
collected voice data input from a specific user, trained
model 16G can be personally trained to the specific user.
Application program 16C is a program for sending a re-
sponse to a query to client terminal 200 in response to

input of the query from client terminal 200. OS 16D is a
basic software program for managing other processing
in server 100.
[0068] Storage 16 further stores a grammar library
16E, user information 16F, trained model 16G, training
data set 16H, and voice data 16X. Grammar library 16E
stores information about a grammar used for interpreta-
tion of a meaning of a query. Grammar library 16E has
a data configuration, which will be described hereinafter
with reference to Fig. 11.
[0069] User information 16F stores information about
each user registered in the query processing system. Us-
er information 16F has a data configuration, which will
be described hereinafter with reference to Fig. 12.
[0070] Trained model 16G is used for speech recog-
nition of a query, as has been discussed above. Training
data set 16H is a data set used for training trained model
16G. In training data set 16H, each voice data may be
tagged to each user who uttered the corresponding voice,
a phonetic transcription indicating a word or a phrase that
the user intended to utter, the attribution (age, sex, oc-
cupation, etc.) of the user, and/or a situation (location,
time, etc.) in which the user uttered the corresponding
voice. Voice data 16X is collected for training trained
model 16G, and stored in storage 16.

4. DATA CONFIGURATION OF GRAMMAR LIBRARY 
16E

[0071] Fig. 11 illustrates a data configuration of gram-
mar library 16E.
[0072] Grammar library 16E stores grammars used for
interpretation of meaning of queries and information re-
lated to each grammar.
[0073] The information associated with each grammar
includes an item (or domain) for classifying the grammar.
In Fig. 11, domains A to G are indicated. Though all the
domains indicated in Fig. 11 include a plurality of gram-
mars, some domains may include only one grammar.
[0074] Domain A includes grammars A1, A2 and A3 or
the like. Grammar A1 defines a combination of words
"turn on the radio." Grammar A2 defines a combination
of words "close the window," and Grammar A3 defines
a combination of words "open the window." Grammars
belonging to domain A are mainly used for interpretation
of queries input inside a vehicle to realize a function to
manipulate elements of the vehicle.
[0075] Domain B includes grammar B1 or the like.
Grammar B1 defines a combination of words "show me
the medical record." Grammars belonging to domain B
are mainly used for interpretation of queries input in an
operating room to realize a function to provide users in
the operating room with information.
[0076] Domain C includes grammar C1 or the like.
Grammar C1 defines a combination of a slot indicating
a name of a company (<name of company> in Fig. 11)
and a word "check." Grammars belonging to domain C
are mainly used for interpretation of queries input in an
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office to realize a function to provide information about
stock prices.
[0077] Domain D includes grammars D1 and D2 or the
like. Grammar D1 defines a combination of a slot indi-
cating a registered name in an address book (<name>
in Fig. 11) and a word "call." Grammar D2 defines a com-
bination of a slot indicating a name of a musician (<mu-
sician> in Fig. 11), a word "by," a slot indicating a title of
a song (<title> in Fig. 11), and a word "play." Grammars
belonging to domain D are mainly used for interpretation
of queries input in a home or office to realize a general
function to provide information and a call function.
[0078] Domain E includes grammar E1 or the like.
Grammar E1 defines a combination of a slot indicating a
name of a dish (<dish> in Fig. 11) and words "tell me a
recipe for." Grammars belonging to domain E are mainly
used for interpretation of queries input in a kitchen to
realize a function to provide information about cooking.
[0079] Domain F includes grammar F1 or the like.
Grammar F1 defines a combination of a slot indicating a
time or a date (<time> in Fig. 11) and words "what’s on
TV for." Grammars belonging to domain F are mainly
used for interpretation of queries input in front of a TV in
a home to realize a function to provide information about
TV programs.
[0080] Domain G includes grammars G1 and G2 or the
like. Grammar G1 defines a combination of words "what’s
the weather today." Grammar G2 defines a combination
of a slot indicating a time or a city (<city> in Fig. 11) and
words "what’s the weather in ... today." Grammars be-
longing to domain G are mainly used for interpretation of
queries input by a user asking for a weather forecast to
realize a function to provide information about weather.
[0081] An item "offline setting" in grammar library 16E
defines whether the function using grammars belonging
to each domain can be used while user terminal 200 is
offline. The value "ON" indicates that the function can be
used even while user terminal 200 is offline. The value
"OFF" indicates that the function cannot be used while
user terminal 200 is offline.
[0082] An item "predicted type of data" in grammar li-
brary 16E defines a type of data to predict that a user
terminal will require in the future when server 100 re-
ceives a query from the user terminal.
[0083] For example, in response to input of a query
"Play Yesterday by the Beatles!" server 100 interprets
the meaning of the query by using grammar D2 ("play
<title> by <musician>"). The value of the item "predicted
type of data" for grammar D2 is "list of titles of songs by
<musician>."
[0084] In the query "Play Yesterday by the Beatles!"
"Yesterday" corresponds to the slot <title>, and "the
Beatles" corresponds to the slot <musician>. In one im-
plementation, in response to the above-mentioned query
"Play Yesterday by the Beatles!" server 100 may further
specify "list of titles of songs by the Beatles" as a "pre-
dicted type of data."
[0085] Then, server 100 may acquire data of the spec-

ified type, i.e., a list of titles of songs by the Beatles, as
related data. Server 100 may send the list of titles of
songs by the Beatles as related data of the query "Play
Yesterday by the Beatles!" to the user terminal from
which the query "Play Yesterday by the Beatles!" is sent,
in addition to the response to the query "Play Yesterday
by the Beatles!"
[0086] An item "time-to-live" of grammar library 16E
defines a time-to-live assigned to related data. The time-
to-live is mainly used in user terminal 200, and defines
a time period over which data relating the query is to be
maintained in memory of user terminal 200.
[0087] For example, in Fig. 11, for grammar G1’s pre-
dicted type of data "weather forecast for the current place
for seven days," a time-to-live of "7 days" is defined. In
that case, when server 100 receives the query "what’s
the weather today" on October 1 from user terminal 200
located in Osaka, server 100 responds to the query by
sending a weather forecast for Osaka for October 1, and
in addition, sending a weather forecast for Osaka for the
7 days from October 2 to October 8 as related data. The
related data is given a time-to-live of "7 days." User ter-
minal 200 holds the related data received from server
100 for the seven days after October 1, that is, until Oc-
tober 8. While user terminal 200 is off-line, user terminal
200 may use the related data to output a response to a
query input by the user. Once the time-to-live has passed,
that is, once October 8 has passed, user terminal 200
deletes the related data from user terminal 200.
[0088] In grammar library 16E an item "count (1)" rep-
resents how many times each grammar is used to inter-
pret a meaning of a query. An item "count (2)" represents
how many times in total any grammar belonging to each
domain is used to interpret a meaning of a query. For
example, when grammar A1 is used for interpreting a
meaning of a query, the count (1) of grammar A1 has a
value incremented by 1, and further, the count (2) of do-
main A has a value incremented by 1.

5. DATA STRUCTURE OF USER INFORMATION 16F

[0089] Fig. 12 illustrates a data structure of user infor-
mation 16F. User information 16F associates "user ID,"
"terminal ID" and "sent grammars. " The item "sent gram-
mars" defines name(s) of domain(s) to which the gram-
mars sent to each user terminal belong.
[0090] A user ID defines a value assigned to each user.
A terminal ID represents a value assigned to each user
terminal 200. Sent grammars represent domains to which
grammars sent to each user terminal 200 belong.
[0091] In the example of Fig. 12, terminal ID "SP01" is
associated with user ID "0001" and domains A and C.
This means that a user assigned user ID "0001" sent one
or more queries to server 100 by using a terminal as-
signed terminal ID "SP01," and that server 100 sent
grammars belonging to domains A and C to the terminal
assigned terminal ID "SP01."
[0092] In one implementation, server 100 may send
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only a grammar of a portion of a domain to each user
terminal 200. In that case, user information 16F may
specify as a value of "sent grammar" a grammar (gram-
mar A1, etc.) sent to each user terminal 200.

6. HARDWARE CONFIGURATION (USER TERINAL 
200)

[0093] Fig. 13 illustrates a hardware configuration of
user terminal 200. With reference to Fig. 13, user terminal
200 includes as main hardware elements a CPU 201, a
display 202, a microphone 203, a speaker 204, a GPS
(Global Positioning System) receiver 205, a communica-
tion interface (I/F) 206, a storage 207, and a memory 210.
[0094] CPU 201 is a computing entity that performs
processing necessary for implementing user terminal
200 by executing various types of programs as will be
described hereinafter.
[0095] Display 202 may be a liquid crystal display de-
vice, for example. CPU 201 may cause display 202 to
display a result of having performed a process.
[0096] Microphone 203 receives voice input and out-
puts a signal corresponding to the received voice for CPU
201 to access. Speaker 204 provides audio output. CPU
201 may output a result of having performed a process
audibly through speaker 204.
[0097] GPS receiver 205 receives a signal from GPS
satellites and outputs the signal for CPU 201 to access.
CPU 201 may determine the current position of user ter-
minal 200 based on the signal received from GPS receiv-
er 205. Communication I/F 206 communicates data with
any information processor including server 100 through
a public line and/or a LAN. Communication I/F 206 may
be a mobile network interface, for example.
[0098] Storage 207 may be a nonvolatile memory de-
vice, such as a hard disk drive or a SSD (Solid State
Drive), for example. Storage 207 stores an application
program 2071. In addition, storage 207 includes a gram-
mar region 2072, a related data region 2073, a failure
data region 2074, location information 2075, and a per-
sonalized trained model 2076.
[0099] Application program 2071 is a program for re-
ceiving a query input by a user and outputting a response
to the query. Application program 2071 may be a car
navigation program or an assistant program, for example.
[0100] Grammar region 2072 stores a grammar sent
from server 100. Related data region 2073 stores related
data related to the grammar and sent from server 100.
Failure data region 2074 stores a target query when user
terminal 200 has failed interpreting what the query
means.
[0101] Location information 2075 indicates the location
of user terminal 200 and information which may be used
to select types of grammars used in interpreting what
queries mean. Location information 2075 has a data con-
figuration, which will be described hereinafter with refer-
ence to Fig. 14. Trained model 16G is sent from server
100 and stored in storage 207 as personalized trained

model 2076.

7. DATA STRUCTURE OF LOCATION INFORMATION 
2075

[0102] Fig. 14 illustrates a detailed structure of location
information 2075. Location information 2075 correlates
location "home" and grammar "domains D, E, F, and G,"
and correlates location "office" and grammar "domain C."
[0103] User terminal 200 may determine one or more
grammars to be used in interpretation of meaning of que-
ries while offline based on information in Fig. 14. For ex-
ample, the user terminal 200 will use different grammars
depending on the location of the user terminal 200.
[0104] In response to input of a query, user terminal
200 may specify its position. In one example, the position
of user terminal 200 can be specified based on a GPS
signals received by GPS receiver 205. In another exam-
ple, the position of user terminal 200 can be specified
based on a kind of a beacon signal received by user
terminal 200. In another example, the position of user
terminal 200 can be specified based on network informa-
tion such as an IP address or mobile base station ID.
[0105] In one implementation, if the specified position
is within the location previously registered as "home,"
user terminal 200 may try to interpret a meaning of the
query using grammars belonging to domains D, E, F, and
G, and may not try to interpret a meaning of the query
using grammars belonging to other domains. If the spec-
ified position is within the location previously registered
as "office," user terminal 200 may try to interpret a mean-
ing of the query using grammars belonging to domain C,
and may not try to interpret of the query using grammars
belonging to other domains.

8. PROCESS IN SERVER 100

[0106] Figs. 15 and 16 are a flowchart of a process
executed in server 100 for outputting a response to a
query. In one implementation, the process is implement-
ed by processing unit 11 running application program
16C. In one implementation, server 100 starts the proc-
ess in response to reception of data which declares that
a query is sent.
[0107] Initially, with reference to Fig. 15, in step S100,
server 100 receives a query from user terminal 200.
[0108] In step S102, server 100 subjects the query re-
ceived from user terminal 200 to speech recognition to
generate a transcription of the query. When the query is
sent from user terminal 200 in a form other than voice,
step S102 may be skipped. The user can input the query
to user terminal 200 in a text format. User terminal 200
can send the query to server 100 in a text format. When
server 100 receives a query in a text format, server 100
may skip step S102.
[0109] In step S104, server 100 subjects the transcrip-
tion generated in step S102 (or the text data received
from user terminal 200) to natural language interpreta-
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tion. Thus, the query’s meaning is interpreted.
[0110] Server 100 in step S104 may select one of a
plurality of grammars on server 100 to interpret the mean-
ing of the query, and interpret the meaning of the query
by using the selected grammar.
[0111] In one implementation, each of step S102 and
step S104 for multiple transcriptions are performed in
multiple iterations such that natural language interpreta-
tion happens on the multiple transcriptions when one
speech of a user includes the multiple transcriptions.
[0112] In step S106, server 100 increments a count for
grammar library 16E for the grammar used to interpret
the meaning of the query in step S104. More specifically,
server 100 increments count (1) by one for the grammar
used and increments count (2) by one the total any gram-
mar belonging to each domain is used.
[0113] In step S108, server 100 forms a response to
the query based on the interpretation done in step S104.
[0114] In one example, as a response to the query
"Turn on the radio," server 100 obtains an instruction to
turn on a radio mounted in a vehicle. In another example,
in order to obtain a response to the query "Check Com-
pany A," server 100 may make an inquiry for Company
A’s stock price by sending at least a portion of the query
(Company A) to an API which provides stock prices. As
a reply to that inquiry, server 100 obtains, as a reply to
the query "Check company A.", the stock price of com-
pany A from the API.
[0115] In yet another example, as a response to the
query "Play Yesterday by the Beatles," server 100 ob-
tains an instruction to search for and retrieve an audio
file of Yesterday by the Beatles and an instruction to play
that audio file.
[0116] In step S110, server 100 sends the response
obtained in step S108 to user terminal 200.
[0117] In step S112, server 100 determines whether
the grammar used in step S104 is stored in user terminal
200. In one implementation, server 100 refers to user
information 16F (see Fig. 12) for the grammar(s) having
been sent to user terminal 200 that is a sender of the
query sent in step S100. More specifically, when a gram-
mar belonging to a domain stored as a sent grammar
includes a grammar used in step S104, server 100 de-
termines that the grammar is stored in user terminal 200.
[0118] When server 100 determines that the grammar
used in step S104 is stored in user terminal 200 (YES in
step S112), the control proceeds to step S120 (Fig. 16),
otherwise (NO in step S112), the control proceeds to step
S114.
[0119] Some implementations do not include step
S112 and proceed directly from step S110 to step S114.
In such implementations, user terminal 200 can some-
times receive one grammar more than once and disre-
gard (or delete) a copy. This uses more communication
bandwidth by increasing network traffic but avoids the
possible complexity of a server maintain accurate infor-
mation of what grammars are stored in user terminals.
[0120] In step S114, server 100 determines whether

the grammar used in step S104 has a value of "offline
setting" set ON in grammar library 16E. When the gram-
mar used in step S104 has a value of "offline setting" set
ON (YES in step S114), the control proceeds to step
S116, otherwise (NO in step S114), the control proceeds
to step S120 (Fig. 16).
[0121] In embodiments, the user terminal 200 may be
set up to only receive a grammar that has been used in
response to a query some predetermined number of
times. In this way, download of a grammar that is rarely
used may be avoided. In accordance with this embodi-
ment, in step S116, server 100 determines whether a
count value related to the grammar used in step S104
exceeds a given threshold value. The "count value" in
step S116 may be the value of count (1), that of count
(2), or both that of count (1) and that of count (2) in gram-
mar library 16E. When server 100 determines that the
count value exceeds the given threshold value (YES in
step S116), the control proceeds to step S118; otherwise
(NO in step S116), the control proceeds to step S120
(Fig. 16).
[0122] In step S118, server 100 sends to user terminal
200 the grammar used in step S104. In step S118, server
100 may further send to user terminal 200 another gram-
mar belonging to the same domain as the grammar used
in step S104. Subsequently, the control proceeds to step
S120 (Fig. 16).
[0123] With reference to Fig. 16, in step S120, as well
as in step S114, server 100 determines whether the
grammar used in step S104 has a value of "offline setting"
set ON in grammar library 16E. When the grammar used
in step S104 has a value of "offline setting" set ON (YES
in step S120), the control proceeds to step S122, other-
wise (NO in step S120), the control ends the process.
[0124] In step S122, server 100 specifies in grammar
library 16E a "predicted type of data" corresponding to
the grammar used in step S104. When grammar D2 is
used in step S104, server 100 specifies as a "predicted
type of data" a list of titles of songs of a musician included
in the query. More specifically, when the meaning of the
query "Play Yesterday by the Beatles" is interpreted using
grammar D2, server 100 specifies "a list of titles of songs
by the Beatles" as the "predicted type of data."
[0125] When grammar G2 is used in step S104, server
100 specifies a 7-day weather forecast for a city included
in the query as a "predicted type of data." More specifi-
cally, when the meaning of the query "Tell me the weather
in Osaka" is interpreted using grammar G2, server 100
specifies as the "predicted type of data" "a weather fore-
cast in Osaka for seven days from the next day as count-
ed from the day on which the query is input."
[0126] In step S124, server 100 obtains, as related da-
ta, data of the type specified in step S122. For example,
when server 100 specifies "a list of titles of songs by the
Beatles" as a "predicted type of data," server 100 obtains
data of the list. When server 100 specifies as a "predicted
type of data" "a weather forecast for Osaka for seven
days from the next day as counted from the day on which
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the query is input," server 100 requests a weather fore-
cast in Osaka for the seven days from a weather forecast
API and obtains data of the weather forecast obtained in
response to that request. In step S126, server 100 sends
to user terminal 200 the related data obtained in step
S124.
[0127] In step S128, server 100 sends personalized
trained model 16G corresponding to the user of user ter-
minal 200 to user terminal 200. In one implementation,
server 100 refers to user information 16F (see Fig. 12)
to specify a user ID associated with user terminal 200
with which server 100 communicates, and server 100
sends to user terminal 200 personalized trained model
16G stored in storage 16 in association with the identified
user. Subsequently, server 100 ends the process.
[0128] Thus, in the process described with reference
to Figs. 15 and 16, server 100 sends to user terminal 200
a grammar used for natural language interpretation of a
query received from user terminal 200.
[0129] As has been described for step S112, server
100 may send the grammar to user terminal 200 when
the grammar is not stored in user terminal 200. As has
been described for step S114, server 100 may send the
grammar to user terminal 200 when user terminal 200 is
configured to function using the grammar in the offline
state (or has a value of offline setting set ON). As has
been described for step S116, server 100 may send the
grammar to user terminal 200 when how many times the
grammar used in step S104 (or count (1)) or how many
times any grammar belonging to the same domain as
that grammar (or count (2)) exceeds a given threshold.
[0130] As has been described for steps S122-S126,
server 100 may predict, based on the input query, a type
of data required for responding to a query received in the
future (or a predicted type of data), and send the predict-
ed type of data (or related data) to user terminal 200.
[0131] Server 100 may further send a time-to-live of
the related data in step S126. The time-to-live may be
specified for each "predicted type of data," as shown in
Fig. 11. The time-to-live may be sent as metadata of the
related data.
[0132] Server 100 may perform a process for training
trained model 16G. The training may be done for each
user. As has been described for step S128, server 100
may send trained model 16G for the user of user terminal
200 to user terminal 200.
[0133] In one embodiment, in training of trained model
16G at server 100, one or more utterances of one or more
users and text data for each of the one or more utterances
can be used as training data set 16H. The training data
may further include information related to each of the one
or more users (names in the "contact list" file stored in
the user terminal of each user, for example). Techniques
described in Reference 1 ("Robust i-vector based Adap-
tation of DNN Acoustic Model for Speech Recognition",
<URL: http://www1.icsi.berkeley.edu/~spar-
ta/2015_ivector_paper.pdf>), Reference 2 ("PERSON-
ALIZED SPEECH RECOGNITION ON MOBILE DEVIC-

ES", <URL: https://arxiv.org/pdf/1603.03185.pdf>), Ref-
erence 3 ("Speech Recognition Based on Unified Model
of Acoustic and Language Aspects of Speech", <URL:
https://www.ntt-review.jp/archive/ntttechnicat.php?con-
tents=ntr201312fa4.pdf&mode=show_pdf>), and Refer-
ence 4 ("Speech Recognition Based on Unified Model of
Acoustic and Language Aspects of Speech", <URL: ht-
tps://www.ntt.co.jp/jour-
nal/1309/files/jn201309022.pdf>) can be used for the
training of trained model 16G.

9. PROCESS IN USER TERINAL 200

[0134] Figs. 17 and 18 are a flowchart of a process
executed by user terminal 200. In one implementation,
CPU 201 of user terminal 200 implements the process
by executing a given program. The process is started for
example whenever a predetermined period of time elaps-
es.
[0135] Referring to Fig. 17, in step S200, user terminal
200 deletes related data stored in related data regions
2073 that has passed a time-to-live.
[0136] In step S202, user terminal 200 determines
whether user terminal 200 is online (or communicable
with server 100). When user terminal 200 determines
that user terminal 200 is online (YES in step S202), the
control proceeds to step S204; otherwise (NO in step
S202), the control proceeds to step S226 (see Fig. 18).
[0137] In step S204, user terminal 200 sends to server
100 any query stored in failure data region 2074 (see
step S242 below). When the query is associated with
time information and/or location information, the time in-
formation and/or location information may also be sent
to server 100 in step S204. After the query is sent, user
terminal 200 may delete the sent query from failure data
regions 2074.
[0138] In step S206, user terminal 200 obtains a query.
In an example, the query is input via voice through mi-
crophone 203. In another example, the query is input in
the form of text data by operating a touch sensor (not
shown) of user terminal 200.
[0139] In step S208, user terminal 200 sends to server
100 the query obtained in step S206. The sent query may
be received by server 100 in step S100 (see Fig. 15).
[0140] In step S210, user terminal 200 receives a re-
sponse to the query from server 100. The response may
be sent from server 100 in step S110 (see Fig. 15).
[0141] In step S212, user terminal 200 outputs the re-
sponse received from server 100. An example of the re-
sponse output is an action following an instruction includ-
ed in the response. For example, when the response
includes an "instruction to turn on the radio", user terminal
200 turns on a radio mounted in a vehicle in which user
terminal 200 is mounted.
[0142] In step S214, user terminal 200 receives a
grammar sent from server 100. The grammar may be
sent from server 100 in step S118 (see Fig. 15).
[0143] In step S216, user terminal 200 stores in gram-
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mar region 2072 the grammar received in step S214.
[0144] In step S218, user terminal 200 receives related
data. The related data may be sent from server 100 in
step S126 (see Fig. 16).
[0145] In step S220, user terminal 200 stores in related
data region 2073 the related data received in step S218.
[0146] In step S222, user terminal 200 receives trained
model 16G. Trained model 16G may be sent from server
100 in step S128 (see Fig. 16).
[0147] In step S224, user terminal 200 stores trained
model 16G that is received in step S222 in storage 207
as personalized trained model 2076. Subsequently, user
terminal 200 ends the process.
[0148] Queries sent to server 100 in step S208 may
result in all, none, or any combination of grammars as in
step S214, related data as in step S218, and a person-
alized trained speech recognition model as in step S222.
[0149] In accordance with aspects of the present tech-
nology, when it is determined in step S202 that the user
terminal 200 is offline (with no connection to server 100),
the user terminal 200 uses speech recognition to parse
the utterance into a query. The personalized trained mod-
el 2076 (generated at server 100 and downloaded to user
terminal 200) may be used for this purpose. Once a query
is recognized, the present technology may then use one
or more of the downloaded and locally stored grammars
to interpret a natural language meaning of the query. The
present technology may apply a variety of predefined cri-
teria, explained below, in selecting which locally stored
grammar or grammars stored at server 100 to use. Fig.
18 explains these steps in greater detail.
[0150] In step S226, user terminal 200 obtains a query
similarly as done in step S206. In step S228, user terminal
200 obtains time information representing when the que-
ry is obtained by user terminal 200. The obtained time
information may be associated with the query obtained
in step S226, and thus stored in storage 207.
[0151] In step S230, user terminal 200 obtains location
information representing where user terminal 200 is lo-
cated when the query is obtained by user terminal 200.
The obtained location information may be associated
with the query obtained in step S226, and thus stored in
storage 207.
[0152] In step S231, user terminal 200 identifies which
one of multiple possible users is using user terminal 200.
In some embodiments, the identification of one user may
be performed by reading out the profile of a logged-in
account. In some embodiments, the identification of one
user may also be performed by using a voice fingerprint-
ing algorithm on the audio of the voice query. Based on
the identification of the user, user terminal 200 chooses
one trained model of one or more models as personalized
trained model 2076.
[0153] In step S232, user terminal 200 subjects the
query obtained in step S226 to speech recognition. In
the speech recognition, user terminal 200 may use per-
sonalized trained model 2076. Step S232 may be per-
formed when the query is input via voice. Step S232 may

be skipped when the query is input as text data.
[0154] In step S234, user terminal 200 subjects the
query obtained in step S226 to natural language inter-
pretation. Thus, the query’s meaning is interpreted. In
the natural language interpretation, user terminal 200
may use a grammar stored in grammar region 2072. The
grammar stored in grammar region 2072 includes the
grammar used to interpret the meaning of the query ob-
tained in step S206. That is, user terminal 200 can use
a grammar used in interpreting the meaning of the query
obtained in step S206 (a first query) to interpret the mean-
ing of the query obtained in step S226 (a second query).
[0155] A grammar used for natural language interpre-
tation may be selected depending on the situation where
user terminal 200 obtains the query. Examples of how
different situations affect which grammar is used are ex-
plained below. Limiting a grammar which can be used
depending on the situation can prevent more reliably an
improper grammar from being used in subjecting a query
to natural language interpretation. That is, the meaning
of the query can be interpreted with increased precision.
[0156] In one example, user terminal 200 may refer to
location information 2075 (see Fig. 14) to follow location
information that is obtained when a query is obtained to
select a range of grammars that can be used in the natural
language interpretation. In the example of Fig. 14, when
the location information obtained when a query is ob-
tained is included in a location registered as "home," a
grammar used for natural language interpretation is se-
lected from domains D, E, F, and G. When the location
information obtained when a query is obtained is included
in a location registered as "office", a grammar used for
the natural language interpretation is selected from do-
main C.
[0157] In another example, user terminal 200 may fol-
low time information that is obtained when a query is
obtained to select a range of grammars that can be used
in the natural language interpretation. More specifically,
when the time information is included in a time zone reg-
istered as the user’s working hours, a grammar used for
the natural language interpretation is selected from do-
main C. When the time information is not included in the
time zone registered as the user’s working hours, a gram-
mar used for the natural language interpretation is se-
lected from domains D, E, F and G.
[0158] In yet another example, user terminal 200 may
follow a combination of location information and time in-
formation that are obtained when a query is obtained to
select a range of grammars that can be used for the nat-
ural language interpretation. More specifically, when the
location information obtained when the query is obtained
is included in a location registered as "home", and the
time information obtained when the query is obtained is
included in a time zone registered as the user’s cooking
time, a grammar used for the natural language interpre-
tation is selected from domain E, whereas when the lo-
cation information obtained when the query is obtained
is included in the location registered as "home", and the
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time information obtained when the query is obtained is
not included in the time zone registered as the user’s
cooking time, a grammar used for the natural language
interpretation is selected from domains D, F and G.
[0159] In some implementations, the location informa-
tion and/or the time information constraint are not strict
conditions but instead provide a weight to one or more
hypothesized correct grammars for interpreting each giv-
en text or utterance transcription. In one example, appli-
cation program 16C outputs possibility of each grammar
to be applied for the given text or utterance transcription.
Application program 16C selects the grammar having the
largest sum of the output possibility and the weight, as a
grammar to be used in interpretation of the given text or
utterance transcription.
[0160] In step S236, user terminal 200 determines
whether the natural language interpretation in step S234
has successfully been performed. User terminal 200 de-
termines that the natural language interpretation is suc-
cessful if the query is interpreted by any of one or more
grammars stored in grammar region 2072. In contrast,
user terminal 200 determines that the natural language
interpretation has failed if the query is not interpreted by
any of one or more grammars stored in grammar regions
2072.
[0161] When it is determined that the natural language
interpretation in step S234 is successful (YES in step
S236), user terminal 200 proceeds to step S238. When
it is determined that the natural language interpretation
in step S234 has failed (NO in step S236), user terminal
200 proceeds to step S242.
[0162] In step S238, user terminal 200 obtains a re-
sponse to the query obtained in step S226, based on the
interpretation done in step S234. User terminal 200 may
obtain the response to the query from the related data in
related data region 2073.
[0163] In one example, when a query "Play Yesterday
by the Beatles" is obtained in step S206, user terminal
200 stores a list of titles of songs by the Beatles as related
data in related data regions 2073 in step S220. Subse-
quently, in step S226, when a query "Tell me a list of
songs by the Beatles" is obtained, user terminal 200 ob-
tains as a response to that query a list of songs of the
Beatles stored in related data regions 2073.
In step S240, user terminal 200 outputs the response
obtained in step S238. Subsequently, user terminal 200
ends the process.
[0164] In step S242, user terminal 200 stores in failure
data regions 2074 the query obtained in step S226. The
query stored in failure data regions 2074 is sent to server
100 in step S204. Subsequently, user terminal 200 ends
the process.
[0165] In the process described with reference to Figs.
17 and 18, a query for which the natural language inter-
pretation has failed when user terminal 200 is offline is
sent to server 100. A query for which the natural language
interpretation is successfully performed when user ter-
minal 200 is offline may also be sent to server 100. Thus,

server 100 can obtain a query input to user terminal 200
when it is offline. Server 100 may specify a grammar
used to interpret what these queries mean. Server 100
may increment and thus update count (1) and count (2)
for a specified grammar. Thus, information about a query
input to user terminal 200 when it is offline may also be
reflected in a value of count (1) and that of count (2).
[0166] The disclosed features can be summarized as
a computer-implemented method, a system, a computer
software (program) and/or a non-transitory computer-
readable data storage medium which stores therein in-
structions to perform the method. For example, according
to one aspect of the present disclosure, a non-transitory
computer-readable data storage medium stores instruc-
tions for implementing a method including receiving input
of a query from a client terminal; performing natural lan-
guage interpretation of the query using a grammar; out-
putting a response to the query after performing the nat-
ural language interpretation; and sending the grammar
to the client terminal.
[0167] It should be understood that the embodiments
disclosed herein have been described for the purpose of
illustration only and in a non-restrictive manner in any
respect. The scope of the present invention is defined by
the terms of the claims, rather than the description above,
and is intended to include any modifications within the
meaning and scope equivalent to the terms of the claims.
In addition, the embodiments and modifications de-
scribed are intended to be implemented singly or in com-
bination as far as possible.

[REFERENCE SIGNS LIST]

[0168] 100: server; 200, 200A to 200G: user terminal;
1500: estimation model.
[0169] The disclosure comprises the following items:

1. A computer-implemented method, comprising:

receiving input of a query from a client terminal;

performing natural language interpretation of
the query using a grammar;

outputting a response to the query after perform-
ing the natural language interpretation; and

sending the grammar to the client terminal.

2. The method of item 1, further comprising:

determining, before sending the grammar to the
client terminal, that the client does not store the
grammar,

wherein sending the grammar to the client ter-
minal is conditioned upon the client terminal not
storing the grammar.
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3. The method of item 1, further comprising:

determining, before sending the grammar to the
client terminal, that the client terminal is config-
ured to perform a function using the grammar in
an offline state in which the client terminal is not
connected to the computer,

wherein sending the grammar to the client ter-
minal is conditioned upon the client terminal be-
ing configured to perform the function using the
grammar in the offline state.

4. The method of item 1, wherein sending the gram-
mar to the client terminal includes sending other
grammars belonging to a domain to which the gram-
mar belongs.

5. The method of item 1, further comprising:

counting a number of times that the grammar is
used in natural language interpretation of que-
ries from the client terminal,

wherein sending the grammar to the client ter-
minal is conditioned upon the counted number
exceeding a threshold.

6. The method of item 5, wherein the counting in-
cludes all times that grammars belonging to a do-
main to which the grammar belongs are used in nat-
ural language interpretation of the query.

7. The method of item 1, further comprising:

predicting, based on the input query, a type of
data needed to respond to a future query; and

sending data of that type to the client terminal.

8. The method of item 7, wherein the sending the
data of that type includes sending a time-to-live of
the data of that type.

9. The method of item 1, wherein the query input
from the client terminal includes speech audio, the
method further comprising:

training a speech recognition model personal-
ized to a user of the client terminal by using ut-
terances of the user; and

sending the trained speech recognition model
to the client terminal.

10.A server apparatus, comprising:

one or more processors; and

a storage device storing a program, when exe-
cuted by the one or more processors, causing
the server apparatus to perform a method of:

receiving input of a query from a client ter-
minal;

performing natural language interpretation
of the query using a grammar;

outputting a response to the query after per-
forming the natural language interpretation;
and

sending the grammar to the client terminal.

11.An information system, comprising:

a client terminal; and

a server apparatus sending a response to a que-
ry input from the client terminal,

wherein the server apparatus includes one or
more processors to perform natural language
interpretation of the input query using a gram-
mar, and

wherein the one or more processors sends the
grammar to the client terminal.

12.A computer-implemented method, comprising:

Sending a first query to a server apparatus;

receiving a grammar, from the server apparatus,
used for natural language interpretation of the
first query;

storing the received grammar in a memory;

receiving input of a second query; and

performing, when the computer is not connected
to the server apparatus, natural language inter-
pretation of the second query using the gram-
mar.

13. The method of item 12, further comprising:

receiving input of a third query;

performing, when the computer is not connected
to the server apparatus, natural language inter-
pretation of the third query;

determining that natural language interpretation
of the third query fails;
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storing the third query in the memory; and

sending, in response to the failure, when the
computer is connected to the server apparatus,
the third query to the server apparatus.

14. The method of item 12, further comprising:

receiving data related to the first query;

storing the data related to the first query in the
memory; and

acquiring a response to the second query using
the data related to the first query.

15. The method of item 14,
wherein the data related to the first query includes
metadata indicating a time-to-live, and
wherein the method further comprises deleting the
data related to the first query from the memory after
time-to-live is expired.

16. The method of item 12, further comprising:

acquiring positional information of the computer,

wherein the performing natural language inter-
pretation of the second query includes selecting
a grammar to be used from one or more gram-
mars in the memory based on the positional in-
formation.

17. The method of item 12, further comprising:

acquiring a time information indicating a time
when the second query is input;

wherein performing natural language interpre-
tation of the second query includes selecting a
grammar from one or more grammars in the
memory based on the time information.

18. The method of item 12,
wherein the receiving the second query includes re-
ceiving input of speech, the method further compris-
ing:

receiving, from the server apparatus, a speech
recognition model trained to be personalized to
a user of the computer; and

performing, when the computer is not connected
to the server apparatus, speech recognition of
the input speech using the speech recognition
model.

19.A computer-implemented method, comprising:

receiving, when the computer is connected to a
server apparatus, input of a first query;

sending the first query to the server apparatus;

receiving, from the server apparatus, a re-
sponse to the first query;

receiving, when the computer is not connected
to the server apparatus, input of a second query;

storing the second query in a memory together
with time information indicating a time when the
second query is input;

sending, when the computer is connected to the
server apparatus, the second query to the server
apparatus together with the time information.

20. The method of item 19,
wherein the storing the second query in the memory
includes storing the second query in the memory to-
gether with a positional information of the computer
at the time when the computer receives the input of
the second query, and
wherein the sending the second query to the server
apparatus includes sending the second query to the
server apparatus together with the positional infor-
mation.

21.A client terminal, comprising:

one or more processors; and

a memory storing a program, when executed by
the one or more processors, causing the client
terminal to perform a method of:

sending a first query to a server apparatus;

receiving a grammar, from the server appa-
ratus, used for natural language interpreta-
tion of the first query;

storing the received grammar in a memory;

receiving input of a second query; and

performing, when the computer is not con-
nected to the server apparatus, natural lan-
guage interpretation of the second query
using the grammar.

12A. A computer-implemented method, comprising:

sending, from a client terminal, a first query to a
server apparatus;
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receiving a grammar, from the server apparatus,
used for natural language interpretation of the
first query;

storing the received grammar in a memory;

receiving input of a second query; and

performing, while the client terminal cannot
communicate with the server apparatus, natural
language interpretation of the second query us-
ing the grammar.

13A. The method of item 12A, further comprising:

receiving input of a third query;

performing, while the client terminal cannot
communicate with the server apparatus, natural
language interpretation of the third query;

determining that the natural language interpre-
tation of the third query fails;

storing the third query in the memory; and

sending, in response to the failure and while the
client terminal is able to communicate with the
server apparatus, the third query to the server
apparatus.

14A. The method of item 12A or 13A, further com-
prising:

receiving data related to the first query;

storing the data related to the first query in the
memory; and

acquiring a response to the second query using
the data related to the first query.

15A. The method of item 14A,
wherein the data related to the first query includes
metadata indicating a time-to-live, and
wherein the method further comprises deleting the
data related to the first query from the memory after
the time-to-live is expired.

16A. The method of any of items 12A-15A, further
comprising:

acquiring positional information of the client ter-
minal,

wherein the performing natural language inter-
pretation of the second query includes selecting
a grammar to be used from one or more gram-

mars in the memory based on the positional in-
formation.

17A. The method of any of items 12A-16A, further
comprising:

acquiring time information indicating a time
when the second query is input;

wherein performing natural language interpre-
tation of the second query includes selecting a
grammar from one or more grammars in the
memory based on the time information.

18A. The method of any of items 12A-17A,
wherein the receiving the second query includes re-
ceiving input of speech, the method further compris-
ing:

receiving, from the server apparatus, a speech
recognition model trained to be personalized to
a user of the client terminal; and

performing, while the client terminal cannot
communicate with the server apparatus, speech
recognition of the input speech using the speech
recognition model.

19A. A computer-implemented method, comprising:

receiving, while the computer is connected to a
server apparatus, input of a first query;

sending the first query to the server apparatus;

receiving, from the server apparatus, a re-
sponse to the first query;

receiving, while the computer is not connected
to the server apparatus, input of a second query;

storing the second query in a memory together
with time information indicating a time when the
second query is input;

sending, while the computer is connected to the
server apparatus, the second query to the server
apparatus together with the time information.

20A. The method of item 19A,
wherein the storing the second query in the memory
includes storing the second query in the memory to-
gether with a positional information of the computer
at the time when the computer receives the input of
the second query, and
wherein the sending the second query to the server
apparatus includes sending the second query to the
server apparatus together with the positional infor-
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mation.

21A. A client terminal, comprising:

one or more processors; and

a memory storing a program that, when execut-
ed by the one or more processors, causes the
client terminal to perform a method of:

sending a first query to a server apparatus;

receiving a grammar, from the server appa-
ratus, used for natural language interpreta-
tion of the first query;

storing the received grammar in a memory;

receiving input of a second query; and

performing, while the client terminal cannot
communicate with the server apparatus,
natural language interpretation of the sec-
ond query using the grammar.

Claims

1. A computer-implemented method, comprising:

receiving input of a query from a client terminal;
performing natural language interpretation of
the query using a grammar;
outputting a response to the query after perform-
ing the natural language interpretation; and
sending the grammar to the client terminal.

2. The method of claim 1, further comprising:

determining, before sending the grammar to the
client terminal, that the grammar is not stored at
the client terminal,
wherein sending the grammar to the client ter-
minal is conditioned upon the grammar not being
stored at the client terminal.

3. The method of claim 1, further comprising:

determining, before sending the grammar to the
client terminal, that the client terminal is config-
ured to perform a function using the grammar in
an offline state,
wherein sending the grammar to the client ter-
minal is conditioned upon the client terminal be-
ing configured to perform the function using the
grammar in the offline state.

4. The method of any of claims 1-3, wherein sending

the grammar to the client terminal includes sending
other grammars belonging to a domain to which the
grammar belongs.

5. The method of claim 1 or 4, further comprising:

counting a number of times that the grammar is
used in natural language interpretation of que-
ries from the client terminal,
wherein sending the grammar to the client ter-
minal is conditioned upon the counted number
exceeding a threshold.

6. The method of claim 5, wherein the counting includes
all times that grammars belonging to a domain to
which the grammar belongs are used in natural lan-
guage interpretation of the query.

7. The method of any preceding claim, further compris-
ing:

predicting, based on the input query, a type of
data needed to respond to a future query; and
sending data of the type of data to the client ter-
minal.

8. The method of claim 7, wherein the sending the data
includes sending a time-to-live of the data.

9. The method of any preceding claim, wherein the que-
ry input from the client terminal includes speech au-
dio, the method further comprising:

training a speech recognition model personal-
ized to a user of the client terminal by using ut-
terances of the user; and
sending the trained speech recognition model
to the client terminal.

10. A server apparatus, comprising:

one or more processors; and
a storage device storing a program that, when
executed by the one or more processors, causes
the server apparatus to perform a method of:

receiving input of a query from a client ter-
minal;
performing natural language interpretation
of the query using a grammar;
outputting a response to the query after per-
forming the natural language interpretation;
and
sending the grammar to the client terminal.

11. An information system, comprising:

a client terminal; and
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a server apparatus configured to:

receive input of a query from the client ter-
minal;
output a response to the query,

wherein the server apparatus includes one or
more processors configured to perform natural
language interpretation of the input query using
a grammar, and
wherein the one or more processors send the
grammar to the client terminal.

12. A computer-implemented method, comprising:

sending, from a client terminal, a first query to a
server apparatus;
receiving a grammar, from the server apparatus,
used for natural language interpretation of the
first query;
storing the received grammar in a memory;
receiving input of a second query; and
performing, while the client terminal cannot
communicate with the server apparatus, natural
language interpretation of the second query us-
ing the grammar.

13. The method of claim 12, further comprising:

receiving input of a third query;
performing, while the client terminal cannot
communicate with the server apparatus, natural
language interpretation of the third query;
determining that the natural language interpre-
tation of the third query fails;
storing the third query in the memory; and
sending, in response to the failure and while the
client terminal is able to communicate with the
server apparatus, the third query to the server
apparatus.

14. The method of claim 12 or 13,
wherein the receiving the second query includes re-
ceiving input of speech,
the method further comprising:

receiving, from the server apparatus, a speech
recognition model trained to be personalized to
a user of the client terminal; and
performing, while the client terminal cannot
communicate with the server apparatus, speech
recognition of the input speech using the speech
recognition model.

15. A computer-implemented method, comprising:

receiving, while the computer is connected to a
server apparatus, input of a first query;

sending the first query to the server apparatus;
receiving, from the server apparatus, a re-
sponse to the first query;
receiving, while the computer is not connected
to the server apparatus, input of a second query;
storing the second query in a memory together
with time information indicating a time when the
second query is input;
sending, while the computer is connected to the
server apparatus, the second query to the server
apparatus together with the time information.
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