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Maintaining a plurality of natural language (NL) instances,
each NL instance comprising a set of training data and a
prediction model that predicts a user-desired application
function based on a NL query
305

'

Receiving one or more linking requests to link NL
instances to other NL instances of
the plurality of NL instances
310

,

Linking one or more NL instances of the plurality of NL
instances to one or more other NL instances of the plurality
of NL instances responsive to the received linking requests

315

Training each of the NL instances of the plurality of NL instances
based at least in part on:
the training data for the NL instance and the training data for any
other NL instances to which the NL instance is linked
320

Y

For each of one or more of the plurality of NL instances:

Receiving an application request for the NL instance to
provide a user-desired application function based on a
natural language input NL query
325

Using the prediction model for the NL instance to
determine an application function according to the
prediction model, and
330

Responding to the application request with the
determined application function
335

FIG. 3



Patent Application Publication  Oct. 22,2015 Sheet 5 of 10 US 2015/0301795 A1

492 486 400
[
/ name / instance @ / inbox 3
&3 Inbox =2 Intents ¢ Enties §ll Logs & Settings
) e
ats | (omertion s [) @z dn £
f"“ Buy abook 4353 445 ¥
e (or 240 %)
410a o) | shopping_item |450a | book 455a|'| 485 x
ATz ] awmeraggg
65
B [J validate J [XDismiss ] More Confidence: 0.467 0
| 1 —_
- 460 470
f‘.qN,. Hello there  435b o
4300 Corcotns [ @]
410b <
[J Validate ] (XDismiss J More Confidence: 0.643
£t | want to watch a 30m|nute: movie at1 Oam1 £
oo 9]
[o} 450b 1800 seconds 4551 b4
410¢c
O | witdatetime 450¢  From 9/11/3014 10:00:00 AM to  9/11/3014 11:00:00 Al x
Ms5c
{J Validate ] [XDismiss ] More Confidence: 0.561
‘ W,- Good morning £
Cooore W)
410d* Quick Add
(J Validate ] [XDismiss ] More Confidence: 0.601
v

FIG. 4



US 2015/0301795 A1l

Oct. 22,2015 Sheet 6 of 10

Patent Application Publication

4

G 'Old

19¥°0 ‘99UsSpyuod

310N H ww_Ew_n_XAd H SlEPIEA \,d

(¥ 1noge) sainow

(Y malp) 1814 ON

0cs (g1 1noge) doys

X (a] 004 (z inoge) sBunssib

HD_ Tows (z1 noge) wueje jes

B 018 " yoleag
o g HD (ily MBIA) o3I ON |
mmc_ﬁmwﬁ sbo1 M sennug * sjusjul = xoqu| T

Xoqul / @ @duejsul / sweu /

(e

O]

<

<



US 2015/0301795 A1l

Oct. 22,2015 Sheet 7 of 10

Patent Application Publication

4

9 'Old

0l9  souso0ib
/9%°0 :92UsplUOD) peaiq H ww_Ew_oxu H a1epieA \.H
A
=5 PPY oD AU
=5 = 3PPV +
x v _ 004 woy Buiddoys
G m

omve HD (IIv maIA) Joid ON HW

sbumes L

sbo1 M sennug * sjusjul = xoqu| T

Xoqul / @ @duejsul / sweu /

g
(=
<

<



US 2015/0301795 A1l

Oct. 22,2015 Sheet 8 of 10

Patent Application Publication

4

L 'Old

19%°0 :80Uspyuod 10 H ww_Ew_oxu H siepleA \.H
_ doys |
SaIAoW PPY 0IND E
sbunsalb —
x 0lZ uwiee jes Loy ouddows
2 I =)
o v_oonm Ang 5y
~~ omve HD (I maIA) Jaly ozu
R
mmc_ﬁmwﬁ sbo1 M sennug * sjusjul = xoqu| T

Xoqul / @ @duejsul / sweu /

g
(=
<

O]

<

<



US 2015/0301795 A1l

Oct. 22,2015 Sheet 9 of 10

Patent Application Publication

4

8 'Old

ghiuspim
vAnuspim
chinuspim

ZAnuspim

AN AN N AN AN

LAmusaim
DjuUl 310W 88S 0} J3| 8Yj 0} SaNIjuUs 8y} UO 211D

184 Buisn jou ale noA salua ul-ing

A

swnsiepaim

JUSUI SIy) Ul sannug

vy 028 sennue yoleas u

o
—
0

mmc_ﬁmwﬁ sbo1 M sennug * sjusjul = xoqu| T

Xoqul / @ @duejsul / sweu /

g
(=
<

(=
<
0

o
™
0



Patent Application Publication  Oct. 22,2015 Sheet 10 of 10 US 2015/0301795 A1

Receiving a plurality of user logs comprising a
™ natural language expression and an intent
9205

Determining a list of user logs based on user-
specified list criteria
910

Use retrained ' to determine the list !
natural language I 925 I
configuration system
to generate
user logs
945

Displaying a plurality of action panels in an inbox
view,
each action panel associated with one or more
different user logs of the list,
each action panel comprising the natural language
expression and intent of the associated user logs
930

l

Displaying for each action panel an option to validate
or dismiss the associated user logs
935

'

In response to selecting the option to validate the
user logs:
configuring and training the natural language
configuration system based on the natural language
expression and the intent of the validated user logs
940

FIG. 9
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CROWD SOURCED BASED TRAINING FOR
NATURAL LANGUAGE INTERFACE
SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The application claims the benefit of Provisional
Application No. 61/980,355, filed on Apr. 16, 2014, the ben-
efitof Provisional Application No. 62/020,354, filed on Jul. 2,
2014, and the benefit of Provisional Application No. 62/050,
073, filed on Sep. 12, 2014, all of which are incorporated
herein by reference.

BACKGROUND

[0002] This application relates in general to the field of
natural language processing, and in particular to an email-like
user interface and a crowd-source based network for config-
uring and training a natural language system interfaced with
a runtime system or application.

[0003] Voice control of devices such as wearable and other
computing devices is becoming increasingly popular.
Enabling voice control requires a natural language system in
addition to a speech recognition system, which translate
speech into textual input. The natural language system is
capable of processing a user’s natural expression into pro-
gram code that the device’s runtime system or an application
running on the device understands. However, integration of a
natural language system into an application running on wear-
able devices is often not feasible, since generic models lack-
ing functionality specific to an application are not accurate
enough for application-specific contexts. Furthermore, mod-
els customized for a particular application are very expensive
to build and require large training data sets for accurately
processing natural language. In particular, an application that
perform complex task require a large training data set to train
the natural language interface, since the application needs to
correctly translate a large number of, for example, compli-
cated natural language request into actionable commands.

SUMMARY

[0004] A system provides an email-like user interface (“in-
box”) to configure and train natural language (NL) configu-
ration systems. An NL configuration system allows a runtime
system or application to process natural language expressions
into program code or an application function that the runtime
system or application can execute. The processing of natural
language expression includes the runtime system or applica-
tion communicating the expression in form of a NL. query to
the NL configuration system, which in turn predicts a user’s
intent based on the NL. query. The NL configuration system
associates the predicted intent with a program code or appli-
cation function, which it communicates back to the runtime
system or application for execution.

[0005] Upon processing natural language expressions,
runtime systems and applications generates a plurality of user
logs that are received by a developer platform. Each user log
includes one or more natural language expression in form of
an NL query and the intent predicted by the NL configuration
system based on the natural language expressions. The devel-
oper platform’s inbox allows for minimizing the number of
human interactions required to improve the quality and accu-
racy of an NL configuration system in processing natural
language expressions. From the received user logs, the inbox

Oct. 22,2015

determines at least a filtered, grouped or sorted list of user
logs. The inbox allows the developer to input specific param-
eter to filter, sort, and group the received user logs. The inbox
displays a plurality of action panels in an inbox view. Each
displayed action panel is associated with one or more differ-
ent user log of the list of user logs and includes the natural
language expression and the intent of the associated user log.
The inbox further displays to the developer for each action
panel an option to validate or dismiss the associated user log.
When a developer selects the option to validate a particular
user log, the developer platform configures and trains the
corresponding NL configuration system based on the natural
language expression and the intent of the validated user log.
In some embodiments, the developer platform includes an
Application Programming Interface (API) server that config-
ures and trains the NL configuration system by automatically
processing received user logs.

[0006] The system may be further configured to leverage a
crowd-sourcing community of developers to efficiently cre-
ate a customizable NL configuration system. The system uses
a training interface as part of the developer platform and
includes maintaining a plurality of natural language (NL)
instances. As such, the plurality of NL instances forms a
network of NL instances. Each NL instance includes a set of
training data and a prediction model as part of an NL con-
figuration system that predicts a user-desired application
function based on an NL query. Upon receiving one or more
requests by developers to link NL instances to other NL
instances, the developer platform links one or more NL
instances to one or more other NL instances within the net-
work. The NL configuration systems associated with the NL,
instances then train each of the NL instances in the network
based at least in part on: the training data for the NL instance
and the training data for any other NL instances to which the
NL instance is linked. In addition, for each of one or more of
the plurality of NL instances the NL configuration systems
associated with each NL instance receive a request for the NL.
instance to provide a user-desired application function based
on a user-provided NL query. The NL configuration systems
associated with each NL instance use each NL instance’s
prediction model to determine an application function
according to the prediction model and respond to the received
request with the determined application function. In some
embodiments, the response includes communicating the
application function to the device of the user, and in turn to the
application for execution. The NL configuration systems are
domain agnostic and based on actual end-users’ interactions
validated by each developer in the community for their own
NL configuration system, thus minimizing the time required
to bootstrap and improve such a system.

[0007] The advantages of this method include, without
limitation, that it is simple and fast to start a new configuration
of'a NL configuration system leveraging the work and con-
figurations from a community of developers. In a single step,
accepting suggested instances from network of instances, a
developer can fork all or part of existing NLL configuration
systems and leverage the work and experience from other
developers.

[0008] The training interface of the NL configuration sys-
tem encourages the sharing and collaboration between sev-
eral developers working on implementing a natural language
environment for a runtime system or application that process
similar natural language expressions and intents. The NL
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configuration system creates a network of instances and ranks
instances of NL configuration systems in terms of accuracy
and quality.

[0009] The features and advantages described in this sum-
mary and the following detailed description are not all-inclu-
sive. Many additional features and advantages will be appar-
ent to one of ordinary skill in the art in view of the drawings,
specification, and claims hereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A and 1B illustrate a natural language (NL)
training environment configured to integrate a natural lan-
guage system with a runtime system or application on a
device, according to some embodiments.

[0011] FIG. 2 illustrates a crowd-source based network of
instances associated with different NL configuration systems
and developers within the NL training environment, accord-
ing to an embodiment.

[0012] FIG. 3 illustrates a flow chart of a method for creat-
ing and training a NL configuration system using a network of
NL instances, according to an embodiment.

[0013] FIGS. 4-8 illustrate an email-like user interface dis-
playing action panels corresponding to user logs provided by
the NL configuration system, according to some embodi-
ments.

[0014] FIG. 9 illustrates a flow chart of a method for con-
figuring and training a natural language configuration system
using an email-like user interface displaying user logs,
according to an embodiment.

[0015] The figures depict various embodiments of the
present invention for purposes of illustration only. One skilled
in the art will readily recognize from the following discussion
that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from
the principles of the invention described herein.

DETAILED DESCRIPTION

Architecture of Natural Language Training Environment

[0016] FIGS. 1A and 1B illustrate a natural language (NL)
training environment 100, according to some embodiment.
The NL training environment 100 facilitates the development
of a natural language system or interface that translates an NL.
query by a human user into instructions that a computer is
able to process. For example, the system translates the NL
query into machine-readable code. An embodiment of the NL.
training environment 100 includes a number of different com-
puting systems including a user’s device 110, a developer
platform 120 of a natural language system, and a natural
language (NL) configuration system 130, all communica-
tively coupled through a communications network (e.g., the
internet), and shown as arrows between the computing sys-
tems. For example, the computing systems may be pro-
grammed to communicate with each other using a networking
protocol such as transmission control protocol/internet pro-
tocol (TCP/IP). In some embodiments, the communication
network runs locally on the device and includes an internal
data bus. Although the figures only show one of each type of
computing system, in practice, many types of computing
systems exist, and the various types of computing systems
communicate with each other on a frequent basis.

[0017] In some embodiments, the developer platform 120
and the NL configuration system 130 are implemented using
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a server/client-side programming language, e.g., the Clojure
development language. In one embodiment (not shown), in
response to a user’s natural language input the device com-
municates the input for processing to the NL configuration
system 130 that runs on an external server. In this embodi-
ment, the NL configuration system 130 is implemented on a
server running a runtime system that communicates with the
runtime system on the device. In another embodiments as
shown in FIG. 1A, a runtime system locally processes the NL.
query of user 141 on the device 110 using the NL configura-
tion system 130. In this embodiment, the NL configuration
system 130 can be integrated with the runtime system 112 on
the device 110. In yet another embodiment of a “hybrid”
mode (not shown), the device 110 employs a runtime system
including a NL configuration system that can process certain
NL inputs by a user locally, but is also configured to commu-
nicate other NL inputs to a complimentary NL configuration
system on a server.

[0018] As shown in FIGS. 1A and 1B, in some embodi-
ments, the runtime system 112 invokes the NL configuration
system 130, when the user 141 inputs 142 an NL query to the
device 110, e.g., a smart phone, tablet computer, laptop com-
puter, personal computer, navigation system, security system,
etc. The runtime system 112 communicates 132 the NL query
to the NL configuration system 130 for translating the NL
query into computer instructions. Upon translation of the NL.
query, the NL configuration system 130 communicates 134
the translated computer instructions back to the runtime sys-
tem 112. In some embodiments, runtime system 112 commu-
nicates the instructions to an application 114, which interacts
with the user via user inputs, including NL. queries. The NLL
configuration system 130 provides an interface between the
NL query provided by a user and an application 114 that lacks
the capability to translate or interpret such NL queries. In
some embodiment, instead of directly communicating with
the NL configuration system 130, the runtime system 112
communicates the N query to an NL runtime system (not
shown) that interfaces with the NL configuration system 130.
The device’s runtime system 112 establishes access to the NL.
runtime system (not shown) or the NL configuration system
130 through Application Programming Interface (API) calls.
In some embodiments, the NL runtime system processes the
NL query before communicating the NL query to the NL
configuration system 130.

Natural Language Queries and Training

[0019] In some embodiments, the NL. query includes a
question, a command, a request, or combination thereof
Examples of NL queries include questions about the weather
ata specified location, about results of sport’s events, creation
of a schedule reminder, a request for turning lights on at
home, or a general greeting. The user inputs the NL query on
the runtime system 112 through voice commands, touch-
screen gestures, audio signals or keystrokes. An explicit form
of an NL query includes as a natural language expression.
Example expressions of a NLL query for setting an alarm may
include: “Wake me up at 6 tomorrow morning,” “Set the alarm
at6am,” and “I’d like you to wake me up by 6 inthe morning.”
In some embodiments, in response to the user inputting an NL
query the runtime system 112 provides 144 the user with
related information, including a text message or speech
prompt based on the NL. query, or performs a specific pro-
grammatic task. For sake of clarity, a reference to a user 141
may also refer to the user’s device 110, e.g., a computer, and
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to both the user’s actions executed using the device, as well as
the device’s actions responsive to the user’s input, depending
upon whichever (or both) is more appropriate given the con-
text.

[0020] In some embodiments, the runtime system 112
receives the NL query directly from the user through the
device 110, e.g. a microphone or keyboard, or indirectly
through an application 114 running on the device 110.
Example applications using embodiments of the NL training
environment 100 include, but are not limited to, applications
that remotely control services or devices through SMS-based
or IM-based messages and voice commands. Other example
applications using the NL training environment 100 include
schedule reminders, calendar applications, search applica-
tions of database entries, and applications interfacing with
robotic machines through command dialogs. The runtime
system 112 is configured to processes an NL query inputted in
the form of a natural language expression that is directed at
the application 114 by invoking the NL configuration system
130.

[0021] The runtime system 112 uses the NL configuration
system 130 to process the natural language expression of the
inputted NL query into program or machine-readable code,
computer instructions, or constructs that the runtime system
is capable of interpreting or executing. The code, instructions
or constructs represent the intent of the N query that the
runtime system 112 and/or the application 114 can under-
stand. For an application 114, the intent also represents a
user-desired application function. In turn, the intent repre-
sents one or more actions that an expression represents for the
runtime system 112 and/or the application 114. When pre-
sented with a particular intent, the runtime system 112 and/or
the application 114 perform the actions associated with the
intent. Since an NL query can correspond to multiple difter-
ent natural language expressions, the one or more expressions
are associated with the intent predicted from the NL query.

[0022] Based on user-inputted natural language expres-
sions the NI configuration system 130 is trained to determine
the user’s intents and associate the appropriate actions with
these intents. Upon training, the NL configuration system 130
predicts the intent based on a user-inputted natural language
expression. As described above, the system can group mul-
tiple natural language expressions together to form a single
NL query and associates an intent with the grouped query. In
this disclosure, NL query and natural language expression are
used interchangeably, unless otherwise stated. In some
embodiments, each user’s intent corresponds to a unique
action that the runtime system 112 or the application 114
performs in response to a user-inputted NL query. Since the
user’s intent is expressed in natural language format, the NLL
configuration system is capable of interpreting a large num-
ber of inputted NL queries, through which an end-user
expresses an intent. By interpreting a user’s intent the NL
configuration system 130 maps the user’s expression onto an
action. In some embodiment, the developer previously
defined the action within the NL training environment 100.
For example, for setting an alarm the NL configuration sys-
tem 130 maps the inputted NL query to the intent “set_alarm”
that represents an action that the runtime system 112 or appli-
cation 114 is capable of interpreting or executing. In this
example, the runtime system 112 or application 114 receives
an API call for interpreting or executing an alarm function
within the runtime system or the application.
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[0023] AsshowninFIG.1A,insomeembodiments, the NL
configuration system 130 includes a speech recognition sys-
tem 140 and a natural language understanding (NLU) system
150 to translate an NL query into an action. The speech
recognition system 140 translates sound expressions into tex-
tual expressions. To translate sound expressions into textual
expressions the speech recognition system 140 employs an
acoustic model 142 and a language model 144. In some
embodiments, the runtime system 112 supplies the speech
recognition system 140 with the language used for the trans-
lation. In some embodiments, the developer sets a default
language in the developer’s platform 120 that the speech
recognition system 140 then uses for the translation. Accord-
ingly, the speech recognition system 140 uses the language
model 144 that corresponds to the supplied language. In turn,
the natural language understanding (NLU) system 150 pro-
cesses the textual expression from the speech recognition
system 140 or the runtime system 112 into a program code or
construct. To process a textual expression received from the
speech recognition system 140 or directly from the runtime
system 112, the NLU configuration system uses a NL.U model
152 generated by a NLU model generator 154. The NLU
model generator 154 uses machine-learning techniques to
generate and train the NLU model 152. In some embodi-
ments, the NLU model generator 154 applies machine learn-
ing techniques to generate the acoustic model 142 and lan-
guage model 144 based on a selected set of model features
with each model.

[0024] The NLU model generator 154 may apply any
machine-learning technique based on a selected set of model
features with the model having a particular goodness, predic-
tive error, and robustness. In some embodiments, machine-
learning techniques include supervised, semi-supervised, or
unsupervised semi-supervised machine-learning algorithms
that are well known in the art. In some embodiments, the
model generator 154 also calculates the confidence for a
particular combination of input query and predicted program
code/construct (the intent of the query) based on each NL
model, i.e. NLU model 152, the acoustic model 142, and the
language model 144, or any combination thereof. In some
embodiments, the NLLU model generator 154 calculates the
confidence for a particular combination of input NI queries
and predicted intents of the queries, including the associated
actions, i.e. program code, machine-readable instructions or
constructs. A confidence value represents the likelihood that
an outcome, i.e. the predicted intent for a query, is associated
with feature X. Generally, confidence and support are used in
association rule learning to identify association rules, i.e.
implications of the form Y, among non-overlapping variables
within a dataset.

Email-Like User Interface (“Inbox™)

[0025] Referring to FIG. 1A, in some embodiments, the
developer platform 120 of the natural language training envi-
ronment 100 includes an inbox 160 and an Application Pro-
gramming Interface (API) server 180. The inbox 160 has an
email-like user interface for the developerto interact with and
the NL configuration system 130 and the API server 180. In
some embodiments, the developer platform optionally
includes a training interface 170 that provides an interface to
anetwork of NL instances. An NL instance refers a particular
implementation of an NL configuration system that its devel-
oper shares with other developers over the network. Another
developer can use various shared NL instances to build and
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maintain his own NL configuration system 130. In some
embodiments that include a training interface, the interface
170 is accessible through the inbox 160 so that the inbox
provides an integrated interface for the developer.

[0026] The developer platform 120 facilitates the develop-
ment and training of the NI configuration system 130, includ-
ing the speech recognition system 140 and the NLU system
150. The training of the systems can be based in part on input
by the developer and user logs received by the platform from
the devices. The user logs include one or more NL queries, the
queries’ intents and associated actions performed by the runt-
ime system 112 and/or application 114 in response to the NL
queries. The runtime system 112 and/or application 114 gen-
erate the user logs based on the configuration state of the NL.
configuration system used by the system 112 or application
114. Upon receiving 142 a user’s NL query the runtime sys-
tem 112 or application 114 sends 132 the query to the NL
configuration system 130 that determines the intent of the
query based on its models, including the NLLU model 152, the
acoustic model 142 and/or language model 144. The NL
configuration system 130 then sends 184 the determined
intent and corresponding NI query to the API server 180.
Based on the intent, the NL. query, and from which runtime
system and/or application the NL query originated the API
server 180 determines an action for the runtime system and/or
application to perform. The API server 180 sends back the
determined action to the NL configuration system 130, which
receives 186 and redirects 134 the action to the device 110
that runs the runtime system 112 and/or application 114. The
runtime system 112 and/or application 114 then performs the
action and records the results of the action, which action was
performed, the NL query, predicted intent and other configu-
ration parameters of the NL configuration system 130 in a
user log.

[0027] In some embodiments, the developer platform 120
is implemented in form of a web console that allows the
developer 190 to configure the NL configuration system 130.
The web console in turn is associated with a particular Uni-
versal Resource Locator (URL), to which the runtime system
112 and the NL configuration system 130 sends communica-
tion between the platform and the systems. In some embodi-
ments, the API server 180 is associated with a unique URL
address and automatically generates an action, in form of for
example an API request, based user logs received 182 from
the runtime system 112 and/or application 114. In some
embodiments, API server 180 sends the generated action in
JavaScript Object Notation (JSON) format. As described
above, in some embodiments, the action includes a program
code, machine-readable instruction and/or constructs that the
runtime system 112 and/or application 114 can execute or
interpret. In some embodiments, the action includes a mes-
sage identifier, a body of the message, an intent identifier, a
confidence value, and entity values associated intent identi-
fier. In some embodiments, the entity values include a start
value, an end value, a current value, and entity identifier. In
some embodiments (not shown), the API server directly com-
municates the determined action to the device 110, including
the runtime system 112 and/or application 114. In some
embodiments, upon receiving 186 the action the NL configu-
ration system 130 updates its models used to process/translate
a natural language expression into an intent associated with
an action.

[0028] The inbox 160 includes a filter module 162, a cluster
module 164, a sort module 166, and an action module 168 and
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is configured to display a set of user logs received by the
developer platform 120. User logs are generated by the NL
configuration system in response to receiving an NL query
from the runtime system 112 and/or the application 114 and
are send 182 to the developer platform 120. The user log
includes the NL query and the intent that the NL configuration
system predicts from the NL query, and other configuration
parameters of the NL configuration system 130. The param-
eters in some embodiments include the NLU model 152, and
in case of sound expressions the acoustic model 142 and the
language model 144 of the speech recognition engine. In
some embodiments, user logs include a textual or sound
expression of the NL. query. In some embodiments, a NL
query recorded in a user log is associated with the predicted
intent and the models used by NL configuration system to
predict the intent. In some embodiments, statistics of the
prediction and specifics of the machine-learning techniques
of predicting an intent for the NL. query are recorded in the
user logs. The prediction statistics and specifics are also asso-
ciated with the corresponding NL query in the user logs.

[0029] The filter, cluster and sort module determine which
and in what order user logs are displayed in the inbox 160.
The filter module 162 allows the developer to reduce the
number of displayed user logs by applying filter criteria to the
received user logs. The cluster module 164 combines a num-
ber of user logs into groups of user logs, allowing the devel-
oper to select a specified group of user logs. The sort module
166 allows the developer to sort user logs according to user-
specified or pre-determined search criteria. Filtering, group-
ing and sorting of the user logs in the inbox 160 depends on
the configuration state of the NL configuration system 130,
including the current state of the NLU model. In some
embodiments, a new query inputted by the user alters the
configuration state of the system 130, and thus the display of
user logs in the inbox 160.

[0030] The action module 168 determines the action initi-
ated by the developer in validating or dismissing a user log
and communicates/sends 186 the action to the NL configura-
tion system 130. In some embodiments, a developer can ini-
tiate an action through the action module 168 on a group of
user logs as the corresponding user logs are arranged in
groups in the inbox view. Upon receiving an action because of
the developer validating or dismissing a user log, the NL
configuration system 130 retrains the NLU model based on
the content of the action and the number of previously
received actions. In some embodiments, the developer can
specify the numbers of actions triggering a retraining of one
or more model, which for example includes the NLLU model
152, the acoustic model 142, and the language model 144. In
some embodiments, the NI, configuration system 130 retrains
the speech engine that includes the acoustic and language
model to predict a textual expression from a sound expression
with higher confidence.

[0031] In some embodiments, the user 141 provides addi-
tional information that is displayed to the developer through
the inbox 160 of the developer platform 120. For example,
when observing the response of the runtime system 112 and/
or application 114 upon providing an NL query the user can
grade his experience. In some embodiments, the developer
can use this additional information to generate or retrain the
models of the NL configuration system 130. This information
includes the user’s natural language expressions associated
with the user-provided NL query and the subsequent action
communicated 134 by the NL configuration system 130 to the
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device 110 in response to these queries. In some embodi-
ments, the runtime system 112 directs this information to the
NL configuration system 130 that uses it to retrain the NLU
model 152, and in some embodiments, the acoustic model
142 and language models 144 of the speech recognition sys-
tem 140.

[0032] In some embodiments, when retraining its models
the NL configuration system 130 uses the user-provided
grade with the confidence score of each natural language
expression and intent combination. Accordingly, the NL con-
figuration system 130 increases or decreases the combina-
tion’s significance in training its models based on a higher or
lower grade, respectively. In some embodiments, the grade is
weighted based on other characteristics of the user who is
providing the grade. For example, the developer may assign a
user and/or user logs originating from a particular device with
a higher weight based on the developer’s assessment of the
user’s grading experience. In some embodiments, when dis-
playing the user logs, the user’s grade and other grading
characteristics are displayed in the inbox 160, too. For
example, these grading characteristics may include if the
developer previously accepted grades from this particular
user and/or device and the number of accepted grades in
addition to the corresponding NL query, predicted intent and
associated action. In some embodiments, the runtime system
112 sends 182 the user-provided information in addition to
the user logs to the developer platform 120, which further
communicates this information to the API server 180. Insome
embodiments, the API server 180 automatically generates an
action, in form of for example an API request, for each com-
bination included in the information and sends 186 the action
to the NL configuration system 130. The API server 180 may
selects the action based on the grade provided by the user 141.
In some embodiments, third parties (not shown), e.g., Ama-
zon Mechanical Turk workers, grade the performance of the
NL configuration system 130, and in addition may provide
the corresponding actions to the NL configuration system in
form of API requests.

[0033] In some embodiments, the inbox 160 allows the
developer to retrain the acoustic and language model of the
speech recognition system 140 by presenting the sound
expression in a user log to the developer. The developer can
listen to the presented sound expression and validate or dis-
miss the textual expression generated (transcribed) by the
speech recognition system. The developer platform 120 then
displays the generated textual expression along with the
sound expression in the inbox. In some embodiments, the
developer can edit the textual expression generated from the
sound expression before validating the edited textual expres-
sion. In some embodiments, the developer can tag sound
expression for particular characteristics of the expression,
e.g., the speaker’s emotions or identity. In some embodi-
ments, the speech recognition system automatically detects
these characteristics. The developer platform then displays
these characteristics in the inbox along with the sound expres-
sion for the developer to validate or dismiss. For example, the
inbox view displays an emotion icon next to sound expression
in form of a “Happy Face” to indicate a positive emotion of
the speaker or of a “Sad Face” for negative emotions. In
another example, the inbox displays a picture or a name of the
user 141 identified by the speech recognition system to be the
speaker of the sound expression. In some embodiments, the
NLU model generator uses the tagged characteristics to train
the acoustic and language model of the speech recognition
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system 140. In some embodiments, the NLU model generator
adjusts the confidence value for sound expression of positive
emotions compared to negative emotions, if the developer
more frequently validates without editing expressions of
positive emotions over those expression tagged as negative.
In some embodiments, the NLU model generator maintains
different NLU models for each user 141 based on the tag of
the speaker’s identity. One benefit of per-user NLU models
includes more reliably handling a user’s vocal patterns, such
as intonation, pronunciation, stress and accents in a user’s
voice.

Crowd-Source Based Network of Natural Language
Instances

[0034] AsshowninFIG. 1B, in some embodiments, the NL
configuration system 130 includes a training interface 170
that provides an interface to a plurality of NL instances 174
that form a network 172 of NL instances. The training inter-
face 170 allows a developer to identify and retrieve content
from NL instances 174 included in the network 172 to build
and/or train his own NL configuration system. Developers
can share NL instances among themselves over the network
to build and maintain their own NL configuration systems. An
NL instance includes a set of the training data and a prediction
model used to predict an intent based on a NL query. In case
that the NL. query directed at an application 114, the intent
also represents a user-desired application function. In this
case, the prediction model is capable of predicting a user-
desired application function. In some embodiments, the
intent For example, a prediction model include the NLU
model of an NLU system or the acoustic model and language
model of a speech recognition system, as described with
respect to FIG. 1A. In some embodiments, an NL instance
includes one or more prediction models. The training data of
an NL instance refers to NL queries used to train the corre-
sponding prediction model. In some embodiments, the train-
ing of NL configuration system is based on NL queries,
predicted intents, user logs, and/or input by a developer vali-
dating or dismissing the combination of a NL query and its
predicted intent, which is described in detail above.

[0035] When building a NL configuration system, in some
embodiment, the training interface receives 192 a request
from a developer 190 to link his NL instance to other NL
instances included in the network. An NL instance refers to a
particular implementation of a developer’s NL configuration
system, including the system’s configuration state. In some
embodiments, an NL instance is dynamic in time, since the
NL configuration system is continually updated and/or
retrained. For example, the NLU model is retrained based on
received user logs as described in detail with respect to FIG.
1A. The developer can use NL instances 174 included in the
network 172 to retrain the NLU model 152 and, in some
embodiments, the models of the speech recognition system
140.

[0036] To use other NL instances for building a NL. con-
figuration system, the training interface links 176 one or more
NL instances 174 included in the network 172 in response to
the received request by the developer. In some embodiments,
the NL configuration system automatically identifies NL
instances included in the network 172, links the identified NL.
instances, and uses these linked NL instances to retrain one or
more of prediction models of these NL instances. The iden-
tification may be based on a similarity measure between the
NL instances included in the network 172. In some embodi-
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ments, a similarity measure is based on string comparison of
the natural language expressions included in NL queries of
the training data of the NL instances. In some embodiments,
NL instances of the same NL configuration system are
included in the network 172 with the instances representing
different snapshots of the system in time. NL instances 174
are accessible by developers of other NL configuration sys-
tems and vice versa through the network 172, and changes to
an NL instance are communicated to all other linked NL
instances in the network. In some embodiments, the training
interface 170 provides the developer with accessibility,
including relevant information, to NL instances 174 of the
network 172 to assist the developer in deciding whether to
include this NL instance into the developer’s NL configura-
tion system 130.

[0037] As shown in FIG. 2, in some embodiments, the
network 172 includes a plurality of linked NL instances 174
provided by a community of developers. By building one or
more NL configuration systems a developer can contribute
multiple NL instances to a network. In the network, each NLL
instance 174 can be linked to one or several other NL
instances 174. A directed link 210 between two NL instances
174a and 1745 means that at some point in the past, some
content, e.g. the training data and/or prediction model, asso-
ciated with one of the NL instances 1745 was used by a
developer 220q of the other NL instance 174a. Each of the
linked NL instances are trained at least in part on its own
training data and the training of any other NL instance to
which the NL instance is linked.

[0038] For example, the link between NL instances 174a
and 174b is established as follows: Upon the receiving 230 a
linking request by a developer 220a, the developer platform
identifies one or more NL instances, including instance 174a,
based on the developer’s NL configuration system and the
received request. The training interface displays 232 the con-
tent from any identified NL instance to the developer 220q. In
some embodiments, the training interface 170 filters, clusters
and groups the identified NL instances for displaying to the
developer similar to the user logs being filtered, sorted and
grouped in the inbox 160 as described above. When the devel-
oper 220a then uses the content of the displayed NL instance
174b, e.g. the training data and/or prediction model, to build
his own NL configuration system associated with instance
174a, the developer platform links the two NL instances.
[0039] An arrow indicates the direction of the link. The
direction represents which of the linked NL instance was used
to train the other of the two NL instances that are linked. For
the shown instances 174a and 1745, instance 1745 was used
to train instance 174aq as the arrow points from 1745 to 174a.
For example, the developer 220a may use an example of a
voice command and the translated textual expression pro-
vided in NL instance 1744 to build or improve the speech
recognition system of his own NL configuration system. In
some embodiments, an NL instance 174 is ranked among
other instances of the network 172 based on the number of
links that the instance has with all other instances included in
the network. Other ranking criteria may include the frequency
that are instance is being forked or re-used by developers or
whether the instance is owned by a developer who is consid-
ered a top contributor to network.

[0040] In some embodiments, the training interface 170
provides a search functionality that allows a developer to
search the network 172 for a particular NL instance. A search
can include categories or types of intents or text-based match-
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ing of the search term with a natural language expression and
a text string that identifies an intent. In some embodiments,
the training interface identifies an NL instance based a simi-
larity measure as describe above or the popularity of the NL
instance among other developers. The training interface dis-
plays 232 the content from identified NL instances to the
developer 220a to be included in his own NL configuration
system. In some embodiments, the training interface displays
the entire content of the identified NL instance or only its
relevant parts. For example, the interface 170 only displays
the content of synonymous expressions to the one entered by
the developer 220a in his linking request. The developer 220a
may then either accept or modify 234 the content for building
his own NL configuration system associated with NL instance
174a.

[0041] The developer 220a may decide based on indicators
whether to accept or modify 234 all or part of the content of a
displayed NL instance. Such indicators include, for example,
the similarity of the content, the freshness of the content, and
its popularity amongst the community. If the developer 220a
rejects 235 the content, the corresponding NL instance 1745
is tagged to indicate a rejection by a developer. Using any
rejection-tagged NL instances the training interface 170
avoids identifying other NL instances, having the same or
similar content, to be displayed to the developer 220q in the
future. If the developer 220a accepts all or part of the dis-
played content, the corresponding NL instance is tagged to
indicate an acceptance by a developer. Accepted NL instance
receive a higher rank than other similar NL instances in the
network. The number of links of an NL instance is directly
correlated to the rank of the instance within the network. The
training interface is more likely to provide content of higher
ranked instance in the future to a developer, e.g., when the
instance is updated or retrained.

[0042] Upon accepting an instance, the training interface
170 duplicates 236 the accepted content, including the date
and source of the corresponding NI instance, and stores 236
the duplicated content with the developer’s NL configuration
system. Duplicating the content allows for later synchroniz-
ing accepted content with the corresponding NI instance,
when the instance’s owner, i.e. the original developer, pro-
vides an updates to the NL instance. In addition, the training
interface updates 238 the network of NL instances. This
update includes tagging the accepted or rejected NL instance
in addition to linking and ranking the NL instances based on
the developer’s acceptance or rejection. If the training inter-
face identifies 240 more than one instance to be displayed to
the developer, in some embodiments, the content of the other
identified instances is sequentially displayed allowing the
developer to again accept/modify or reject the displayed con-
tent. In some embodiments, subsequently updating an
accepted instance also updates the recorded synchronization
time. In some embodiments, the user browses through the one
or more identified NL instances using the training interface
170. For example, if the developer 2205 updates the instance
17454, the training interface communicates the change to the
developer 220a who previously accepted instance 1745 as
illustrated by the dashed arrow in FIG. 2.

[0043] FIG. 3 is a flow chart illustrating a method for cre-
ating and training an NL configuration system using a net-
work of NL instances, according to an embodiment. The
developer platform 170 maintains 305 a plurality of NL
instances that each includes a set of training data and predic-
tion model. Using the training data and prediction model the
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developer platform is configured to predict an intent based on
anNL query. In case the NL query is directed to an application
114, the predicted intent can refers to user-desired application
function. In response to a user inputting an NL query to the
device 110 running the application 114, the NL configuration
system 130 communicates the predicted user-desired appli-
cation function back to the device 110 for the application 114
to execute. When creating or training an NL configuration
system, the developer platform through its training interface
may receive 310 one or more requests from the developer to
link NL instances among the plurality of NL instances main-
tained by the platform.

[0044] Upon receiving such requests, the developer plat-
form links 315 the one or more NL instances to other NL
instances among the plurality of NL instances. The developer
platform then trains 320 each of the linked NL instances
based at least in part on the training data and prediction model
of any other NL instances linked to the to-be-trained NL
instance. In some embodiments, the training involves sending
atraining request to the NL configuration systems associated
with the to-be-trained NL instance. The NL configuration
system then uses at least in part the training data and predic-
tion model of the other linked NL instances to retrain the
prediction model of the to-be-trained NL instance. In some
embodiments, the prediction model includes an NLLU model
for an NLU system, an acoustic model or language model, the
latter two models being part of a speech recognition system.
[0045] In addition, for each of one or more of the plurality
of NL instances the NL configuration systems associated with
each NL instance receive 325 a request for the NL instance to
provide a user-desired application function based on a user-
provided NL query. Prior to receiving such request, a user
sends the NL query to an application running on the user’s
device, which communicates the NL query to the NL con-
figuration systems associated with each NL instance. The NL
configuration systems associated with each NL instance use
330 each NL instance’s prediction model to determine an
application function according to the prediction model and
respond 335 to the received request with the determined
application function. In some embodiments, the response
includes communicating the application function to the
device of the user, and in turn to the application for execution.

Forking of NL Instances

[0046] In some embodiments, a developer uses instances
provided by the network 172 as the starting point to build a
NL configuration system 130. For example, a voice-con-
trolled home management system, the network of instances
may provide instances that include intents and actions for
manage lights, thermostats, blinds and other home devices.
Creating an NL instance based on already existing NL
instances is referred to as “forking” an NL instance or part of
an NL instance, including particular intents and the intent’s
corresponding entities. Public NL instances can be forked by
any developer, while a private NL instance can be forked by
its owner or a developer who the owner has granted access to
the private instance. In some embodiments, private instances
are only visible to its owner and developers who were granted
access by the owner. In some embodiments, the owner forks
its own instances to create duplicate instances that can be used
in different versions of an NL configuration system.

[0047] The training interface 170 is configured to share NL.
instances via the network 172 and/or browse public or acces-
sible private NL instances. In some embodiments, the training
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interface 170 presents the developer with N: instances
included in the network 172 for the developer to add to his
own NL configuration system. The selection of instances that
are presented to the developer may be based on whether
expressions, intents and/or entities of the presented instances
are related (similar) to expressions, intents and/or entities of
instance that are already part of the NL configuration system.
[0048] In some embodiments, the developer browses
through NL instances of the network 172 through the training
interface 170. When browsing a shared NL instance the
intents and entities associated with the shared instance can be
viewed in a read-only mode. In some embodiments, the inbox
160 of other developers are not visible. In some embodi-
ments, the owner of an NL instance can grant “write access”
to other developers who can then edit the instance’s intents
and entities. In some embodiments, in response to granting
“write access” the owner’s NL configuration system forwards
the instance to inbox 160 of the receiving NL configuration
system. In some embodiments, in response to a developer
forking an instance owned by another developer, user logs
created by the other developer’s NL configuration system are
forward to the developer’s inbox 160 for validation or dis-
missal. In some embodiments, the developer’s action of vali-
dating or dismissing the user log only affects the forked
instance, leaving the original instance of the other developer
unchanged. In some embodiments, the developer’s action
affects both the forked and original instance, resulting in
retraining of the NL configuration systems associated with
both the forked and original instance.

Graphical User Interface for Natural Language Training
Environment

[0049] FIG. 4 illustrates a user interface 400 of an inbox
160, according to an embodiment. The inbox 160 allow a
developer to process a larger number of the user logs received
by the developer platform 120. In some embodiments, the
inbox 160 is displayed within a console window, e.g., a web
console. The developer can select an action through a dis-
played action panel 410 of the inbox. The developer platform
120 then sends the selected action to the NL configuration
system 130 for semi-supervised training of the NLU model
152 and in some embodiments the models of the speech
recognition system 140.

[0050] The displayed user interface 400 of the inbox 160
includes action panels 410a, 4105, 410c¢, a drop-down list 415
for filtering the inbox by intent or search the inbox for a
particular intent. An indicator 420 displays the total number
of action panels included in the inbox 160. In some embodi-
ments, at most ten action panels are displayed at one time. In
some embodiments, the number of displayed action panels in
the console window can be changed by the user of the devel-
oper platform. Each action panels 410 displays a user log
from a list of user logs. In some embodiments, an action panel
410 displays a group of user logs that were grouped together
by the cluster module 164 as described below. The list is
determined through filtering, sorting, and grouping of the
user logs received by the developer platform 120 from the
runtime system 112 or the application 114 when processing a
natural language query.

[0051] Each displayed user log includes an expression 435
of'a natural language query, the predicted intent 440 based on
the query’s expression 435, entities 450 associated with the
intent, and the intent’s confidence value 480. The action panel
410 displays the action buttons 460 and 470 to initiate a
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“validate” or “dismiss” action for the panel’s combination of
natural language expression and intent predicted by the NL
configuration system. In some embodiments, the action
selected by the developer may include other types of action in
addition to the “validate” and “dismiss™ action that are dis-
played for selection in an action panel. Upon selecting the
validate button 460 or dismiss button 470 the action panel is
removed from the inbox and the action module 168 sends the
corresponding action to the NL configuration system 130 for
updating the NLU model 152 and in some embodiments the
models of the speech recognition system 140.

[0052] Selecting an action from an action panel updates one
or more NI models (i.e. NLU, acoustic and/or language
model) and data contained within the NL configuration sys-
tem in real-time. A “validate” action trains the NLU system
150 to recognize the combination of a natural language
expression and an intent, including the intent’s entity values.
In some embodiments, a “validate” action trains the speech
recognition system 140 separately or in combination with
training the NLU system 150. The intent represents a piece of
program code or construct that the runtime system 112 and/or
application 114 can interpret and/or execute. A “dismiss”
action results in the NLU system 150 assigning the corre-
sponding combination of expression and intent a low confi-
dence value so that the combination has very little influence
on the overall predictability of the NLU model. In some
embodiments, selection of ten actions and submission to the
NL configuration system results in automatically retraining
the NLU model based on the selected actions. In some
embodiments, the developer can optionally alter the number
of actions that trigger a retraining of the NLU model and date.
In some embodiments, retraining of the NLU model results in
an update of the NLU configuration state, leading to changes
on how the developer platform determines a list of user logs
and displays the list in the inbox. Updates to the NL configu-
ration system, including the NLU, acoustic and language
models can improve the accuracy and latency of the runtime
system 112 in processing a natural language query.

[0053] Insomeembodiments, the filter module 162 applies
various filters to user logs received by the developer platform
120 to help the developer with efficiently training the NL.
configuration system. By filtering received user logs the filter
module 162 determines a list of user logs for display in the
inbox 160. For example, the filter module 162 analyzes
attributes of the received user logs in view of characteristics
of the existing NLU model and NL configuration state.
Examples of attributes of user logs include the type of the
log’s expression and/or intent (e.g., question, request, com-
mand, etc.), the expression’s form (e.g., textual or sound), the
user and/or runtime system from which user log was received,
the time when a user log was retrieved, and subject matter/
category of the log’s expression or intent (e.g., setting an
alarm, controlling devices, sending greetings, weather or traf-
fic information, etc.). In some embodiments, a user log’s
attribute includes the frequency and/or confidence score of a
similar expression or a similar expression/intent combination
within the NLU model and NL configuration state. In some
embodiments, the frequency and/or confidence score of a
similar expression or expression/intent combination is based
on instances including such an expression or combination
within the network of instances 172. In some embodiments,
the drop-down list 415 for filtering the inbox presents the
attributes of the user log to the developer to be selected as a
filtering criterion.
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[0054] Insomeembodiments, user logs are ranked accord-
ing to their significance on improving the accuracy and/or
other modeling criteria of the NLU model 152. In some
embodiments, the filter module 162 filters out user logs
ranked below a threshold that can be specified by the devel-
oper through the drop-down list 415. For example, user logs
scored with a very high confidence as calculated by the NLLU
system 150 and in case of sound expressions as calculated by
the speech recognition system 140 using the acoustic and
language models possess very little significance for accuracy
and/robustness for the model, since the model is already well
trained on them, and are therefore filtered out by the filter
module 162. Another example includes user insults that the
filter module 162 removes from the inbox 160, preventing
insults from entering the training of the NLU model 152.

[0055] In some embodiments, the cluster module 164
groups user logs of the inbox’s list of user logs together based
on user-specified cluster criteria. This grouping of user logs
and displaying user groups according to groups in the inbox
allows the developer to process a maximum number of user
logs through triggering a single action for a group, e.g. vali-
dating all grouped user logs. In some embodiments, even after
the filter module 162 applies multiple filter criteria to the
received user logs, the inbox’s list of user logs still contains
millions of user logs. In some embodiments, grouping is
based on a similarity measure of the user logs, meaning
similar logs are group together. The Similarity may be mea-
sured based on the similarity of the expression or intent
included in a user log. For example, an expression or intent
belonging to the same type or category, as described with
reference to the filtering user logs, receives a higher similarity
score. In some embodiments, user logs that include the iden-
tical expression or identical intent score the highest similarity.
In some embodiments, the similarity of user logs is based on
the textual or sound similarity between the user log’s expres-
sions. In some embodiments, the similarity of user logs is
based on the similarity in textual strings representing intents
of'two user logs. For example, a “set_alarm” intent is similar
to a “set_wakeup_call” intent.

[0056] Insomeembodiments, grouping is performed based
on time stamps associated with the user logs. User logs from
the same device and with time stamps generated on the device
within a short time period receive a high similarity score and
are therefore grouped together. In particular, user logs gener-
ated on the device within a short time period very likely
represent user queries that express the same intent by the user
regardless of the intent predicted by the NL configuration
system. In some embodiments, the grouping of user logs that
include sound expressions is based on actions taken by other
developers on similar user logs generated from other
instances within network of instances 172. This improves the
accuracy of grouping of such user logs if the speech recogni-
tion system 140 returns a low confidence value after process-
ing the user log’s sound expression. In some embodiments,
other grouping algorithms can be added and employed by the
cluster module 164.

[0057] In some embodiments, the sort module 166 sorts
inbox’s list of user logs and the corresponding action panels
410 by rank that may be based on the impact on the NL
configuration system’s accuracy and robustness. In some
embodiments, an action panel for a user log with a higher
confidence is ranked lower, and thus the corresponding action
panel displayed at lower position in the inbox view compared
to action panels associated with a higher ranking user log. In
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some embodiments, the sort module 166 sorts groups of user
logs obtained from the cluster module 164 after the logs have
been grouped. The rank of a group of user logs can be based
on the average rank of each user log included in the group. In
some embodiments, the sort module 166 orders groups based
on the groups’ impact scores on the NLU model’s accuracy
and robustness if an action is triggered for a particular group.
In case of sound expressions included in the user logs of a
group, the sort module 166 also considers the group’s impact
scores on the accuracy and robustness of the acoustic and
language models when ordering groups. The impact score
equals the estimated gain of accuracy and robustness divided
by the estimated cost (in seconds) of the triggering the action.
Higher scoring groups are ranked higher than lower scoring
groups with their corresponding action panels displayed at a
higher position in the inbox view.

[0058] In response to sending (triggering) a “validate” or
“dismiss” action for one of the action panels 410, the corre-
sponding action panel is removed from the inbox. In some
embodiments, if all displayed action panels have been
removed, the display of the inbox reloads and ten new action
panels are displayed in an order sorted based on the updated
configuration state of the NL configuration system and any
newly received user logs. In some embodiments, the devel-
oper reloads the display of the inbox by selecting the reload
indicator 425, e.g. through clicking at a location close to the
reload indicator on the console window.

[0059] As shown in FIG. 4, in some embodiments, an
action panel 410 includes an expression-type indicator 430.
The indicator 430 shows if the user expression includes a
textural expression 430a or sound expression 43056. The
expression field 435 displays the textual expression 435a of
the query or the textual transcription 4356 of the sound
expression from the speech recognition system 165. In some
embodiments, the display is configured to allow playing the
sound expression over a connected speaker by selecting, e.g.,
clicking on, the indicator 4305. As described above, in some
embodiments, after listening to the sound expression the
developer can validate or dismiss the textual expression gen-
erated (transcribed) by the speech recognition engine and
displayed along with the sound expression in the inbox. In
some embodiments, the developer can edit the textual expres-
sion generated from the sound expression before validating
the edited textual expression. In some embodiments, the
developer can tag sound expression for particular character-
istics of the expression, e.g., the speaker’s emotions or iden-
tity, or the speech recognition engine automatically detects
these characteristics and displays them to the developer in the
inbox, e.g., as an emotion icon, along with the sound expres-
sion for validation or dismissal.

[0060] Insomeembodiments, the action panel 410 displays
the suggested intent 440 and a modity button 445 for modi-
fying the displayed expression 435. In some embodiments,
the edit button 445 allows the developer to edit and correct the
expression 435. In some embodiments, selecting the modify
button 445 displays an option list that includes options for
“editing,” “copying,” “previewing the API output,” and
“reporting” the expression. The displayed intent 440 is based
on the program code/construct generated by the NL configu-
ration system for the user-supplied expression 435.

[0061] In some embodiments, the user interface 400 of an
inbox 160 includes a fork button 496. Upon selection of the
fork button 496, the developer platform 120 issues a fork
command to fork the instance 492 in the NL configuration
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system 130. In some embodiments, updates to a forked
instance are reported to owner and developers who have been
granted access to the forked instance. The NL configuration
system 130 maintains a copy of the configuration state of the
forked instance at the time of issuing fork command. In some
embodiments, maintain a copy of configuration state includes
creating a copy of the NLU model 152 and the data underly-
ing the NL.U model.

[0062] As shown in FIG. 5, in some embodiments, a drop-
down list 415 for filtering the inbox by intent or search the
inbox for a particular intent is displayed. A search field 510
allows for searching for a particular intent available from the
NL configuration system. Selecting an intent from the intent
list 520 limits the display to action panels corresponding to
the selected intent. The number displayed next to each listed
intent indicates the number of user logs including the corre-
sponding intent.

[0063] Referring back to FIG. 4, in some embodiments, the
action panel displays one or more entities fields, including the
entity 450 and their corresponding entity values 455 based on
the displayed intent 440 and the NL configuration state. For
example, if the NL configuration system determines that an
expression represents a “shop” intent and identifies the cor-
responding “shopping_item” entity for the “shop” intent, the
action panel displays both the intent “shop” and the entity
“shopping_item” with the identified shopping_item value.
[0064] As shown in FIG. 6, for some entities, a drop-down
list allows to change to a listed entity field value 610 or search
620 available entity values, according to an embodiment. In
some embodiments, selecting word or characters in the
expression 435 that are not already identified with a displayed
entity changes the value to the selected words. A color coding
of words or characters within an expression visually associ-
ates those words or characters with an entity of the action
panel, shown in FIG. 3 as dash-lined rectangles within an
expression. Add entity button 465 and quick add button 475
allow the developer to add additional entities and their values
to the displayed intent 440. A delete button 485 allows the
developer to remove the corresponding entity from the dis-
played intent 440.

[0065] As shown in FIG. 7, in some embodiments, a drop-
down list 710 of intents that are available in the NL configu-
ration system is displayed if the intent 440 is selected, e.g., by
clicking on it. In some embodiments, the drop-down list
includes options 720 and 730 to search or create a new intent.
The developer can accept the suggested intent, select an exist-
ing one or create a new intent through the drop-down list 710.
[0066] As shown in FIG. 8, in some embodiments, upon
selection of the entity button 465 of an action panel 410 an
entity selection panel 810 is displayed in the inbox view. The
entity selection panel 810 includes a search field 820 that
allows the developer to enter a search term for obtaining a
selection of entities. Furthermore, the entity selection panel
810 displays for selection by the developer a list of entities
830 that are associated with the intent of the action panel 810.
Additionally, the entity selection panel 810 displays for selec-
tion by the developer a list of standard entities 840 that are
built-in to the NL configuration system.

Using Inbox to Training Natural Language Configuration
System

[0067] FIG. 9 is a flow chart illustrating a method for con-
figuring and training a natural language configuration system
using an email-like user interface displaying user logs,
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according to an embodiment. The developer platform 120
receives 905 a plurality of user logs from the runtime system
112 or the application 114 in the NL language environment
100, as shown in FIG. 1A. Each user log includes a natural
language expression of a user query and the intent predicted
by the NL configuration system 130. The inbox 160 of the
developer platform 120 determines 910 a list of user logs
from the received user logs based on user-specified list crite-
ria. List criteria, for example, include attributes of a user log
that qualify the user log to be included in the list. In some
embodiments, list criteria determine the order use logs are
included in the list. In some embodiments, the determining of
the list comprises filtering 915 the received user logs based on
user-specified filter criteria as described with reference to
FIG. 4. In some embodiments, the determining of the list
comprises grouping 920 the received user logs into logs based
on user-specified grouping criteria as described with refer-
ence to FIG. 4. In some embodiments, the determining of the
list comprises sorting 925 the received user logs based on
user-specified sorting criteria as described with reference to
FIG. 4.

[0068] The method further includes the developer platform
120 displaying 930 a plurality of action panels with each
action panel being associated with one or more different user
log of the determined list and comprising natural language
expression and intent of the associated user log. For each
action panel an option to validate or dismiss the associated
one or more user log is displayed 935 in the inbox view. In
response to the developer selecting the option to validate the
user log, the NL language system is configured and trained
940 based on the natural language expression and intent of the
validated user log. Future user logs are generated using 945
the retrained NL configuration system before being received
by the developer platform 120.

Alternative Applications

[0069] The foregoing description of the embodiments of
the invention has been presented for the purpose of illustra-
tion; itis not intended to be exhaustive or to limit the invention
to the precise forms disclosed. Persons skilled in the relevant
art can appreciate that many modifications and variations are
possible in light of the above disclosure.

[0070] Some portions of this description describe the
embodiments of the invention in terms of algorithms and
symbolic representations of operations on information. These
algorithmic descriptions and representations are commonly
used by those skilled in the data processing arts to convey the
substance of their work effectively to others skilled in the art.
These operations, while described functionally, computation-
ally, or logically, are understood to be implemented by com-
puter programs or equivalent electrical circuits, microcode, or
the like. Furthermore, it has also proven convenient at times,
to refer to these arrangements of operations as modules, with-
out loss of generality. The described operations and their
associated modules may be embodied in software, firmware,
hardware, or any combinations thereof.

[0071] Any of the steps, operations, or processes described
herein may be performed or implemented with one or more
hardware or software modules, alone or in combination with
other devices. In one embodiment, a software module is
implemented with a computer program product comprising a
computer-readable medium containing computer program
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code, which can be executed by a computer processor for
performing any or all of the steps, operations, or processes
described.

[0072] Embodiments of the invention may also relate to an
apparatus for performing the operations herein. This appara-
tus may be specially constructed for the required purposes,
and/or it may comprise a general-purpose computing device
selectively activated or reconfigured by a computer program
stored in the computer. Such a computer program may be
stored in a tangible computer readable storage medium or any
type of media suitable for storing electronic instructions, and
coupled to a computer system bus. Furthermore, any comput-
ing systems referred to in the specification may include a
single processor or may be architectures employing multiple
processor designs for increased computing capability.
[0073] Finally, the language used in the specification has
been principally selected for readability and instructional
purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore
intended that the scope of the invention be limited not by this
detailed description, but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the
embodiments of the invention is intended to be illustrative,
but not limiting, of the scope of the invention, which is set
forth in the following claims.

What is claimed is:

1. A computer-implemented method comprising:

maintaining a plurality of natural language (NL) instances,

each NL instance comprising a set of training data and a
prediction model that predicts a user-desired application
function based on a NL. query;
receiving one or more linking requests to link NL instances
to other NL instances of the plurality of NL instances;

linking one or more NL instances of the plurality of NLL
instances to one or more other NL instances of the plu-
rality of NL instances responsive to the received linking
requests; and

training each of the NL instances of the plurality of NL.

instances based at least in part on: the training data for
the NL instance and the training data for any other NL.
instances to which the NL instance is linked;

for each of one or more of the plurality of NL instances:

receiving an application request for the NL instance to
provide a user-desired application function based on a
NL query,

using the prediction model for the NL instance to deter-
mine an application function according to the predic-
tion model, and

responding to the application request with the deter-
mined application function.

2. The method of claim 1, wherein content indicators are
associated with the one or more NL instances.

3. The method of claim 1 further comprising:

ranking each of the linked NL instances of the plurality of

NL instances according to the number of links associ-
ated with each linked NL instance,

wherein an NL instance that is not linked to any other NL.

instance is ranked at zero.

4. The method of claim 3, wherein the receiving of the one
linking requests to link NL instances is at least in part based
on the rank of each NL instance of the plurality of NL
instances.
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5. The method of claim 1 further comprising:

displaying a list of NL instances of the plurality of NL
instance for inclusion in the one or more linking
requests.

6. The method of claim 5, wherein the displaying of the list
of NL instances is at least in part based on the rank of each NL.
instance of the plurality of NL instances.

7. The method of claim 1 further comprising:

searching the plurality of NL instances based on user-

specified search criteria to determine a set of NL
instance for inclusion in the one or more linking
requests.

8. The method of claim 7, wherein the user-specified search
criteria comprises a similarity measure to a local NL instance
of the plurality of NL instances.

9. A computer program product comprising a non-transi-
tory computer readable storage medium for version control
for application development, the non-transitory computer
readable storage medium storing instructions for:

maintaining a plurality of natural language (NL) instances,

each NL instance comprising a set of training data and a
prediction model that predicts a user-desired application
function based on a natural language input;
receiving one or more requests to link NL instances to other
NL instances of the plurality of NL instances;

linking one or more NL instances of the plurality of NL
instances to one or more other NL instances of the plu-
rality of NL instances responsive to the received
requests; and

training each of the NL instances of the plurality of NL

instances based at least in part on: the training data for
the NL instance and the training data for any other NL.
instances to which the NL instance is linked;

for each of one or more of the plurality of NL instances:

receiving a request for the NL instance to provide a
user-desired application function based on a natural
language input,
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using the prediction model for the NL instance to deter-
mine an application function according to the predic-
tion model, and

responding to the request with the determined applica-
tion function.

10. The computer program product of claim 9 further com-
prising:

ranking each of the linked NL instances of the plurality of

NL instances according to the number of links associ-
ated with each linked NL instance,

wherein an NL instance that is not linked to any other NL.

instance is ranked at zero.

11. The computer program product of claim 10, wherein
the receiving of the one linking requests to link NL instances
is at least in part based on the rank of each NL instance of the
plurality of NL instances.

12. The computer program product of claim 9 further com-
prising:

displaying a list of NL instances of the plurality of NL

instance for inclusion in the one or more linking
requests.

13. The computer program product of claim 12, wherein
the displaying of the list of NL instances is at least in part
based on the rank of each NL instance of the plurality of NLL
instances.

14. The computer program product of claim 9 further com-
prising:

searching the plurality of NL instances based on user-

specified search criteria to determine a set of NL
instance for inclusion in the one or more linking
requests.

15. The method of claim 14, wherein the user-specified
search criteria comprises a similarity measure to a local NL.
instance of the plurality of NL instances.
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