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Description

Title of Invention: METHOD FOR LEARNING CROSS DOMAIN
PERSONALIZED VOCABULARY AND ELECTRONIC DEVICE

[1]

[2]

[3]

[4]

[5]

THEREOF
Technical Field

One or more embodiments generally relate to personal assistants and, in particular, to
learning cross domain personalized vocabulary and automatically generate structure

variational paraphrases in smart personal assistants.

Background Art

Natural language understanding (NLU) is crucial in personal assistants. NLU helps
understand a user's utterance and carry out the intent of the user. Each intent can be
expressed in many different ways using very different utterances. One important
variability arises from the appearance of partial content (e.g., adjuncts, noun phrases,
etc.) at different portions in an utterance, as well as the different expressions of such
content. For example, for an utterance of "get me a pizza to home by this evening," it

"o

can also be stated as follows: "by this evening get me a pizza to," "get me a pizza for

"o

home before this evening," "to home, buy me a pizza in this evening," etc. Such
variability of one utterance is crucial to train a NLU engine. Otherwise, the NLU
engine can only understand a limited number of fixed formats and fails to carry out a
user's intent in many scenarios.

For each specific content, however, it cannot be arbitrarily placed into the sentence.
The results of doing so will either change the semantic meaning of the whole utterance,
or leave the new utterance completely meaningless. For example, consider the example
"get me a pizza to home by this evening." There could be many invalid utterances "get

"o

to home me a pizza by this evening," "get to home by this evening a pizza," etc.
Therefore, it is non-trivial to generate paraphrases that enable the appearance of partial
contents at their correct places.

State-of-the-art approaches/tools (e.g., APLai, etc.) or state-of-the-practice digital
assistant products heavily rely on a user's manual inputs of utterances to cover the
structural variational paraphrases for each intent. Existing paraphrase generation tools
may use several simple syntax based sentence fragment rearrangement algorithms,
resulting in incorrect paraphrases. Unfortunately, these approaches cannot scalably
support a large number of correct variations of an utterance to generate a good training
data set for an NLU engine.

Intelligent personal assistants (PA) are automated artificial intelligence (Al) systems

which can take natural language input from a user and perform an action as desired by
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the user. In order to enable a PA to perform more actions in a variety of domains, some
PAs also provide a special "skills framework" for developers. Using this framework, a
developer can add any domain specific skill to the PA, enabling it to understand
natural language instructions and perform useful actions in that domain. However, the
extent to which the PA is able to understand domain specific utterances are limited by
the example utterances provided to the skills framework by the skill developer. Such
examples provided by the developer are often limited and does not cover the huge
variety of natural language utterances and paraphrases the users can provide to the PA,
often using some preferred personal vocabulary. More importantly, the skills
framework in current systems cannot leverage the examples provided for one particular
skill to enhance the PA's vocabulary or natural language understanding capabilities for
some other skill.

Disclosure of Invention

Technical Problem

One or more embodiments generally relate to learning cross domain personalized vo-
cabulary and generation of structure variational paraphrases in intelligent personal as-
sistants.

Solution to Problem

In one embodiment, a method for operating an electronic device includes detecting a
first natural language (NL) input, determining a skill from the first NL input, if the NL
input includes at least one unique skill word, transmitting the first NL input to a
custom skill parser for determination of a skill intent, wherein the custom skill parser is
trained based on data including at least a custom training data set, and if the NL input
does not includes the at least one unique skill word, transmitting the first NL input to a
generic parser for determination of a general intent of the first NL input.

In one embodiment, a method for operating an electronic device includes detecting a
first utterance including a first word that is unable to be parsed based on a first skill,
detecting a second utterance including a second word instead of the first word,
identifying an intent corresponding to the second utterance by parsing the second
utterance based on the first skill, adding the first utterance along with the intent into
training data associated with the first skill, and training the first skill by using the
training data.In one embodiment, a method includes determining, by an electronic
device, a skill from a first natural language (NL) input. Upon successful determination
of the skill, the first NL input is transmitted to a custom skill parser for determination
of a skill intent. The custom skill parser is trained based on data including at least a
custom training data set. Upon unsuccessful determination of the skill, the first NL

input is transmitted to a generic parser for determination of a general intent of the first
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NL input.

In one embodiment, an electronic device includes a memory storing instructions. At
least one processor executes the instructions including a process configured to:
determine a skill from a first NL input, upon successful determination of the skill,
transmit the first NL input to a custom skill parser for determination of a skill intent,
wherein the custom skill parser is trained based on data including at least a custom
training data set, and upon unsuccessful determination of the skill, transmit the first NL
input to a generic parser for determination of a general intent of the first NL input.

In one embodiment a non-transitory processor-readable medium that includes a
program that when executed by a processor performing a method that includes de-
termining, by an electronic device, a skill from a first NL input. Upon successful deter-
mination of the skill, the first NL input is transmitted to a custom skill parser for deter-
mination of a skill intent. The custom skill parser is trained based on data including at
least a custom training data set. Upon unsuccessful determination of the skill, the first
NL input is transmitted to a generic parser for determination of a general intent of the
first NL input.

In yet another embodiment, a method for intelligent assistance that includes
generating one or more segments for an NL input, where each segment is based on its
dependency on an action term of the NL input. A leading segment is identified from
the one or more segments. A first replacement phrase is generated based on con-
catenation of the leading segment with each non-leading segment of the one or more
segments. An output is provided that includes at least a portion of the input and the
first replacement phrase.

These and other aspects and advantages of one or more embodiments will become
apparent from the following detailed description, which, when taken in conjunction
with the drawings, illustrate by way of example the principles of the one or more em-

bodiments.
Advantageous Effects of Invention

Various embodiments of the present disclosure provide a cross domain personalized
vocabulary learning schemen.
Brief Description of Drawings

For a fuller understanding of the nature and advantages of the embodiments, as well
as a preferred mode of use, reference should be made to the following detailed de-
scription read in conjunction with the accompanying drawings, in which:

FIG. 1 shows a block diagram of architecture for a system including an electronic
device including a personal assistant app, according to some embodiments;

FIG. 2 shows example vocabulary and paraphrase transfer learning, according to
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some embodiments;
FIG. 3 shows a block diagram of processing for personalized skill intent parsing,

according to some embodiments;

FIG. 4 shows a block diagram of processing for updating a personalized skill parser,
according to some embodiments;

FIG. 5A shows a block diagram of processing for transferring personalized vo-
cabulary, according to some embodiments;

FIG. 5B shows another block diagram of processing for transferring personalized vo-
cabulary, according to some embodiments;

FIG. 6 shows a block diagram for segmentation rephrasing and swapping, according
to some embodiments;

FIG. 7 shows a block diagram for utterance segmentation processing, according to
some embodiments;

FIG. 8 shows an example of segmentation of an utterance, according to some em-
bodiments;

FIG. 9 shows a block diagram of processing for segmentation rephrasing and
swapping, according to some embodiments;

FIG. 10 shows an example of rephrased segments, according to some embodiments;

FIG. 11 shows an example of rephrased segments and combined paraphrases from
rephrased segments, according to some embodiments;

FIG. 12 shows a block diagram for swapped paraphrase ranking, according to some
embodiments;

FIG. 13 shows an example of ranked paraphrases, according to some embodiments;

FIGS. 14A and 14B show an example of rephrased and swapped utterances and an
output of ranked paraphrases, according to some embodiments;

FIG. 15 shows a block diagram of a process for generating structural variational
paraphrases, according to some embodiments; and

FIG. 16 is a high-level block diagram showing an information processing system

comprising a computing system implementing one or more embodiments.

Best Mode for Carrying out the Invention

The following description is made for the purpose of illustrating the general
principles of one or more embodiments and is not meant to limit the inventive concepts
claimed herein. Further, particular features described herein can be used in com-
bination with other described features in each of the various possible combinations and
permutations. Unless otherwise specifically defined herein, all terms are to be given
their broadest possible interpretation including meanings implied from the speci-

fication as well as meanings understood by those skilled in the art and/or as defined in
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dictionaries, treatises, etc.

It should be noted that the terms "at least one of" refers to one or more than one of
the elements that follow. For example, "at least one of a, b, ¢, or a combination
thereof" may be interpreted as "a," "b," or "c" individually; or as "a" and "b" together
in combination, as "b" and "c" together in combination; as "a" and "c" together in com-
bination; or as "a," "b" and "c" together in combination.

A portion of the disclosure of this patent document may contain material that is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure as it appears in
the patent and trademark office patent file or records, but otherwise reserves all
copyright rights whatsoever.

One or more embodiments provide for learning cross domain personalized vo-
cabulary and generation of structure variational paraphrases in intelligent personal as-
sistants. Some embodiments include a method that includes determining, by an
electronic device, a skill from a first NL input. Upon successful determination of the
skill, the first NL input is transmitted to a custom skill parser for determination of a
skill intent. The custom skill parser is trained based on data including at least a custom
training data set. Upon unsuccessful determination of the skill, the first NL input is
transmitted to a generic parser for determination of a general intent of the first NL
input.

In some embodiments, in order to enable a personal assistant (PA) (e.g., PA 129,
FIG. 1) to learn personalized vocabulary used by an end user of the PA, a "per-
sonalized skill parser” 360 (FIGS. 3 and 6) may be implemented for each user which
can parse skill specific utterances for the set of skills being used by the user. Some em-
bodiments automatically generate structure variational paraphrases, and use them to
train a NLU engine. The generated structure variational paraphrases may largely enrich
the variability of a training set in order to train an improved NLU engine for the PA
129.

In some embodiments, the structure variational paraphrases that are generated allow
appearances of partial content at different correct places in an utterance or a sentense.
One or more embodiments automate user manual generation of such structure
variational utterances for each intent, therefore reducing the cost of skill development
for a personal assistant. Some embodiments provide an interface for inputting user-
specified parts of content in an utterance which a user desires to generate its variability
of expressions. In one embodiment, a new structure of a paraphrase of an utterance is
generated by swapping a part of contents with other parts of the utterance. A different
expression of each part of contents may be generated, and rephrasing the details in ut-

terances is provided to generate more paraphrases. In one embodiment, the ranking of
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generated structure variational paraphrases is also provided. Outputs from processing
may be directly used to train existing NLU engines.

FIG. 1 shows a functional block diagram of an architecture system 100 that may be
used for PAs to enhance natural language understanding capabilities and person-
alization for PAs such as BIXBY® using an electronic device 120 (e.g., mobile
telephone devices, television (TV) systems, cameras, camcorders, a device with audio
video capabilities, tablets, pad devices, wearable devices, smart appliances, smart
picture frames, smart lighting, etc.). In one embodiment, the electronic device 120 may
comprise a display 121, a microphone 122, an audio output 123, an input mechanism
124, communications circuitry 125, control circuitry 126, a camera 128, a personal
assistant (or PA) 129 (including, at least, processing for personalized skill intent
parsing 300, FIG. 3, a personal skill parser 360 (FIGS. 3 and 6), and/or segmentation
rephrasing and swapping 700 processing, FIG. 7, and/or communicating with the com-
munications circuitry 125 to obtain/provide information thereof with the cloud or
server 130, and may include any of the processing for, but not limited to, the examples
and embodiments as described below), and/or any other suitable components. In one
embodiment, applications 1-N 127 are provided and may be obtained from a cloud or
server 130, a communications network 110, etc., where N is a positive integer equal to
or greater than 1.

In one embodiment, all of the applications employed by the audio output 123, the
display 121, input mechanism 124, communications circuitry 125, and the microphone
122 may be interconnected and managed by control circuitry 126. In one example, a
handheld music player capable of transmitting music to other tuning devices may be
incorporated into the electronics device 120.

In one embodiment, the audio output 123 may include any suitable audio component
for providing audio to the user of electronics device 120. For example, audio output
123 may include one or more speakers (e.g., mono or stereo speakers) built into the
electronics device 120. In some embodiments, the audio output 123 may include an
audio component that is remotely coupled to the electronics device 120. For example,
the audio output 123 may include a headset, headphones, or earbuds that may be
coupled to communications device with a wire (e.g., coupled to electronics device 120
with a jack) or wirelessly (e.g., BLUETOOTH® headphones or a BLUETOOTH®
headset).

In one embodiment, the display 121 may include any suitable screen or projection
system for providing a display visible to the user. For example, display 121 may
include a screen (e.g., an liquid crystal display (LCD) screen, a light emitting diode
(LED) screen, an organic LED (OLED) screen, etc.) that is incorporated in the

electronics device 120. As another example, display 121 may include a movable
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display or a projecting system for providing a display of content on a surface remote
from electronics device 120 (e.g., a video projector). Display 121 may be operative to
display content (e.g., information regarding communications operations or information
regarding available media selections) under the direction of control circuitry 126.

In one embodiment, input mechanism 124 may be any suitable mechanism or user
interface for providing user inputs or instructions to electronics device 120. Input
mechanism 124 may take a variety of forms, such as a button, keypad, dial, a click
wheel, mouse, visual pointer, remote control, one or more sensors (e.g., a camera or
visual sensor, a light sensor, a proximity sensor, etc., or a touch screen. The input
mechanism 124 may include a multi-touch screen.

In one embodiment, communications circuitry 125 may be any suitable commu-
nications circuitry operative to connect to a communications network and to transmit
communications operations and media from the electronics device 120 to other devices
within the communications network. Communications circuitry 125 may be operative
to interface with the communications network using any suitable communications
protocol such as, for example, Wi-Fi (e.g., an IEEE 802.11 protocol), Bluetooth®, high
frequency systems (e.g., 900 MHz, 2.4 GHz, and 5.6 GHz communication systems),
infrared, global system for mobile communication (GSM), GSM plus enhanced dats
GSM environment (EDGE), code division multiple access (CDMA), quadband, and
other cellular protocols, voice over Internet protocol (VOIP), transmission control
protocol (TCP)-IP, or any other suitable protocol.

In some embodiments, communications circuitry 125 may be operative to create a
communications network using any suitable communications protocol. For example,
communications circuitry 125 may create a short-range communications network using
a short-range communications protocol to connect to other communications devices.
For example, communications circuitry 125 may be operative to create a local commu-
nications network using the BLUETOOTH® protocol to couple the electronics device
120 with a BLUETOOTH?® headset.

In one embodiment, control circuitry 126 may be operative to control the operations
and performance of the electronics device 120. Control circuitry 126 may include, for
example, a processor, a bus (e.g., for sending instructions to the other components of
the electronics device 120), memory, storage, or any other suitable component for con-
trolling the operations of the electronics device 120. In some embodiments, a processor
may drive the display and process inputs received from the user interface. The memory
and storage may include, for example, cache, flash memory, read only memory
(ROM), and/or random access memory (RAM)/DRAM. In some embodiments,
memory may be specifically dedicated to storing firmware (e.g., for device ap-

plications such as an operating system, user interface functions, and processor
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functions). In some embodiments, memory may be operative to store information
related to other devices with which the electronics device 120 performs commu-
nications operations (e.g., saving contact information related to communications op-
erations or storing information related to different media types and media items
selected by the user).

In one embodiment, the control circuitry 126 may be operative to perform the op-
erations of one or more applications implemented on the electronics device 120. Any
suitable number or type of applications may be implemented. Although the following
discussion will enumerate different applications, it will be understood that some or all
of the applications may be combined into one or more applications. For example, the
electronics device 120 may include applications 1-N 127 including, but not limited to:
an automatic speech recognition (ASR) application, optical character reader (OCR) ap-
plication, a dialog application, a map application, a media application (e.g.,
QuickTime, MobileMusic.app, or MobileVideo.app), social networking applications
(e.g., FACEBOOK®, INSTAGRAM®, TWITTER®, etc.), a calendaring application
(e.g., a calendar for managing events, appointments, etc.), an Internet browsing ap-
plication, etc. In some embodiments, the electronics device 120 may include one or
multiple applications operative to perform communications operations. For example,
the electronics device 120 may include a messaging application, an e-mail application,
a voicemail application, an instant messaging application (e.g., for chatting), a video-
conferencing application, a fax application, or any other suitable application for
performing any suitable communications operation.

In some embodiments, the electronics device 120 may include a microphone 122. For
example, electronics device 120 may include microphone 122 to allow the user to
transmit audio (e.g., voice audio) for speech control and navigation of applications 1-N
127, during a communications operation or as a means of establishing a commu-
nications operation or as an alternative to using a physical user interface. The mi-
crophone 122 may be incorporated in the electronics device 120, or may be remotely
coupled to the electronics device 120. For example, the microphone 122 may be in-
corporated in wired headphones, the microphone 122 may be incorporated in a
wireless headset, the microphone 122 may be incorporated in a remote control device,
etc.

In one embodiment, the camera module 128 comprises one or more camera devices
that include functionality for capturing still and video images, editing functionality,
communication interoperability for sending, sharing, etc. photos/videos, etc.

In one embodiment, the electronics device 120 may include any other component
suitable for performing a communications operation. For example, the electronics

device 120 may include a power supply, ports, or interfaces for coupling to a host
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device, a secondary input mechanism (e.g., an ON/OFF switch), or any other suitable
component.

In the present disclosure, "skill" refers to a specialized domain where the PA can un-
derstand/interpret/parse commands related to that domain. For example, in "picture
gallery skill", the PA can understand commands like "show my latest trip photos.” The
skill may be also referred as a 'domain’, a 'field’, a 'category' and another term hainvg
equivalent technical meanings. In some embodiments, a skill may be correspond to an
application. An "intent" refers to the specific goal the user wants to accomplish within
the domain or the skill. For example, in "picture gallery skill", the command "show my
latest trip photos" refers to a intent "DISPLAY-PICTURE," whereas the command
"send my latest trip photos to my mom" may correspond to a different intent "SHARE-
PICTURE." The PA may determine the skill being used by special skill invocation
command, for example "open Samsung shopping," which precedes the main command;
or by string matching when an unique "skill invocation phrase/identifier" is mentioned
within the command itself e.g. phrase "Samsung shopping” in utterance "Open
Samsung shopping, and search Galaxy S8." In some cases, the "skill" can also be de-
termined by special parser called "domain classifier" trained using machine learning al-
gorithms.

FIG. 2 shows example vocabulary and paraphrase transfer learning, according to
some embodiments. In some embodiments, different domains, for example smart home
skill 210, music skill 220, picture gallery skills 230, shopping skill 240, restaurant skill
250 and airline skill 260 may be present for a PA (e.g., PA 129, FIG. 1). In one
example, a user utters "set the TV at medium brightness.” The PA (using a smart home
skill domain 210) may not understand the utterance and responds with "sorry, I did not
understand.” The user then rephrases the utterance as "set the TV at 50 percent
brightness." The PA then learns this new vocabulary that "medium" equates to "50
percent"”, so that the next time the PA directly understands the intent when the user
reissues the same command "set the TV at medium brightness"”. In some embodiments,
transfer learning 205 shares or transfers the learned paraphrase of fifty percent for
medium from smart home skill domain 210 to the music skill domain 220. As a result,
when the user utters "set volume to medium," the PA (using music skill domain 220)
changes the volume setting to fifty percent and replies with "changing volume
settings." That is, the word "medium" is interpreted as a meaning of the word "50
percent"” or is replaced with the word "50 percent”, in case of parsing the utterance "set
volume to medium" in the music skill domain 220 .

In another example, the PA (using the picture gallery skills domain 230) may not un-
derstand an input of "send my trip photos to my mom," and responds with "sorry, I did

not understand.” The input is then rephrased as "send the trip pictures to my mom,"
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which the PA may understand. In some embodiments, transfer learning 206 shares or
transfers the learned paraphrase of pictures for photos from the picture gallery skills
domain 230 to the shopping skill domain 240. When the user utters "show photos of
the new Galaxy note 8," the PA (using the shopping skill domain 240) presents the
photos based on the transferred learning 206 and replies "here you go." In still another
example, the PA (using the restaurant skills domain 250) may not understand an input
of "get some pizza back home by early afternoon,” and responds with "sorry, I did not
understand.” The input is then rephrased as "get some pizza back home by 2PM,"
which the PA may understand. In some embodiments, transfer learning 207 shares or
transfers the learned paraphrase of early afternoon for 2PM from the restaurant skills
domain 250 to the airline skill domain 260.

An out-of-the box PA can understand utterances within a fixed set of domains/skills
called "default/general skills," added by the manufacturer. In addition, many new skills
(typically developed by a third party) can be added to the PA on the fly by user after
deployment. These third party skills are referred as "special skills.” FIG. 3 shows a
block diagram of processing for personalized skill intent parsing 300, according to
some embodiments. It can be understood that operations described below can be
performed by the electronic device 120 or at least one processor (e.g., the control
circuitry 126, the PA 129, etc.) of the electronic device 120. The processing for per-
sonalized skill intent parsing 300 includes the following.

Referring to FIG. 3, in block 310, a natural language input, for example, an
utterance/input X' is received (e.g., using a PA, such as PA 129, FIG. 1). In block 320,
it is determined whether the utterance X' corresponds to a "special skill" (e.g., by string
matching a skill invocation phrase stored within the device or a cloud server). If it is
determined that the utterance X' corresponds to a special skill (i.e., if the utterance X'
includes at least one unique skill word associated with the special skill), the processing
for personalized skill intent parsing 300 proceeds to block 335. In block 335, it is de-
termined whether a skill for the utterance X' is already added to a user's personalized
parser of the PA or not. That is, the electronic device 120 determines whether the per-
sonalized parser is available to determine an intent and perform an action corre-
sponding to the skill.

If it is determined that the skill corresponding to the utterance X' is already added to
a user's personalized parser of the PA, the processing for personalized skill intent
parsing 300 proceeds to block 360 (of the personal skill processing block 350) where
the personalized skill parser is invoked. If it is determined that the skill corresponding
to the utterance X' is not already added to a personalized parser of the PA, the
processing for personalized skill intent parsing 300 proceeds to block 355 (of the

personal skill processing block 350) where the new skill invocation keyword is added
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using an update personal skill parser algorithm and then processing proceeds to block
360.

In some embodiments, from block 360 the processing for personalized skill intent
parsing 300 proceeds to block 365 where it is determined whether the skill intent is
found or not from the personal skill parser 360. If it is determined that the skill intent is
found from the personal skill parser 360, the processing for personalized skill intent
parsing 300 proceeds to block 380 where an action corresponding to the determined
skill intent is performed by an electronic device (e.g., electronic device 120, FIG. 1),
and processing then stops at bock 390. If it is determined that the skill intent is not
found from the personal skill parser 360, the processing for personalized skill intent
parsing 300 proceeds to block 370 where transfer vocabulary processing is performed
invoking a learn personalized vocabulary algorithm to add a new user-specific vo-
cabulary/training data to the personalized skill parser. Accordingly, the electronic
device may define a mapping between the new user-specific vocabulary and a skill
intent based on a subsequent natural language input. Then the processing stops at bock
390.

In some embodiments, if it is determined that the utterance X' does not include a
special skill invocation phrase, the processing for personalized skill intent parsing 300
proceeds to block 325 where an intent (general skill that is not associated with any in-
dividual user) parser is invoked. Processing for personalized skill intent parsing 300
then proceeds to block 330 where it is determined whether the intent is found or not. If
the intent is found, the processing for personalized skill intent parsing 300 proceeds to
block 340 where a corresponding action is performed by an electronic device (e.g.,
electronic device 120, FIG. 1). If the intent is not found in block 330, the processing
for personalized skill intent parsing 300 stops at block 390.

Each "skill" in a PA has an associated training data set, which we refer as "skill
training data." FIG. 4 shows a block diagram of processing for updating a personalized
skill parser block 355, according to some embodiments. It can be understood that op-
erations described below can be performed by the electronic device 120 or at least one
processor (e.g., the control circuitry 126, the PA 129, etc.) of the electronic device 120.
In block 410, a new custom skill (the special skill determined in 320) is input and
added in block 420 to the set of skills S being used by the user. In block 430, the
processing for updating a personalized skill parser constructs a "combined skill
training set" T by merging the "skill training set" for every skill in set S (merging
simply refers to constructing a combined training data set containing utterances from
skill training set of every skill in set S). In block 440, "user-specific training data" U
(which were added by the user using the learn personalized vocabulary algorithm) is

constructed. For example, in FIG. 2, when the user provides a paraphrased utterance
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"set the TV at 50 percent brightness" 205, this utterance is added to the "user-specific
training data" U. In block 450 a "personalized skill parser"” is trained using the
"combined skill training data" T and the "user-specific training data" U.

FIG. 5A shows a block diagram for transferring personalized vocabulary processing
block 370, according to some embodiments. It can be understood that operations
described below can be performed by the electronic device 120 or at least one
processor (e.g., the control circuitry 126, the PA 129, etc.) of the electronic device 120.
In block 510, the intent parse of utterance X failed in the personal skill parser 360
(FIG. 3) (i.e., the personal skill parser 360 was unable to parse the utterance X). In
block 520, it is determined whether to learn a new vocabulary or not (e.g., a user is
prompted/queried if he/she wants the PA to pick up new personal vocabulary). If it is
determined that a new vocabulary is not desired to be learned, then the transferring
personalized vocabulary processing block 370 proceeds to block 570 and stops (e.g., a
user replies "no" to the prompt/query). If it is determined that a new vocabulary is
desired to be learned (e.g., a user replies "yes" to the prompt/query), the transferring
personalized vocabulary processing block 370 proceeds to block 530 where a
paraphrased utterance Y of X is received. In FIG. 2, for example, transfer learning 205
shows that the original utterance X is "set the TV at medium brightness," and the
paraphrased utterance Y provided by the user is "set the TV at fifty percent
brightness." A user is prompted to provide paraphrased utterance Y to any identified
out-of-vocabulary words (e.g., an unkown word) in X. For example, the word
"medium" is highlighted as out-of-vocabulary when a user is prompted to input a
paraphrase. In block 535, processing checks if Y can be parsed correctly with the
personal skill parser 360 to an intent I(Y). If not, then processing declares a failure and
proceeds to block 570 and stops. Otherwise, processing proceeds to the personal skill
parser retraining processing 540 to block 550 and adds X along with the intent I(Y) to
the "user-specific training data" U. The personal skill parser 360 is retrained in block
560 using both "combined skill training data" T and "user-specific training data" U.
The transferring personalized vocabulary processing in block 560 proceeds to transfer
learning of the new personalized vocabulary across all personalized skills S being used
by the user. That is, the new personalized vocabulary is applied to the all personalized
skills S. In an embodiment, tranining using the new personalized vocabulary may be
performed on the all personalized skills S. In another embodiment, information on the
new personalized vocabulary is added to the all personalized skills S. Processing then
proceeds to block 570 and stops.

FIG. 5B shows another block diagram for transferring personalized vocabulary
processing block 370, according to some embodiments. It can be understood that op-

erations described below can be performed by the electronic device 120 or at least one
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processor (e.g., the control circuitry 126, the PA 129, etc.) of the electronic device 120.
In block 545 processing determines the skill s that corresponds to the utterance Y. In
block 546, an extended set of paraphrases P(X) of X within the skill s is generated, also
containing the user provided paraphrase Y. In block 551, for each paraphrase Z in P(X)
processing adds {Z, intent(Y)} to a user-specific training set U. The transferring per-
sonalized vocabulary processing block 370 proceeds to block 560 where the personal
skill parser is retrained, and learning of the new personalized vocabulary is transferred
across all personalized skills S being used by the user. Processing then proceeds to
block 570 and stops.

FIG. 6 shows a block diagram for segmentation rephrasing and swapping processing
600, according to some embodiments. Some embodiments generate structural
variational paraphrases, meaning that the generated paraphrases have different
variability in terms of the structure of details in the input utterance. A natural language
utterance 610 is obtained/received (e.g., by a PA, such as PA 129, FIG. 1) and input
into block 620 for utterance segmentation. In block 620, utterance segmentation
generates the segments of the input utterance 610 and identifies the dependence of
every segment in the utterance. The dependency here stands for a relation between a
leading segment and a dependent segment, where the leading segment of a constituent
was the central organizing word of a larger constituent (e.g., the primary noun in a
noun phrase, or verb in a verb phrase) and the remaining words in the constituent are
either direct, or indirect, dependents of their leading segment. In block 630 segments
rephrasing and swapping includes generating the rephrasing of each segment and
swapping the segments based on their dependencies. In block 640 generated
paraphrase ranking includes ranking of the rephrased and swapped paraphrases based
on a language model. The results of block 640 are output in block 650 as the ranked
paraphrases. These ranked paraphrases can then be added to user-specific training set
as shown in block 551 during transferring personalized vocabulary processing.

FIG. 7 shows a block diagram for utterance segmentation processing of block 620
(FIG. 6), according to some embodiments. In some embodiments, the utterance seg-
mentation processing of block 620 has the following inputs: a user utterance 610 and a
probabilistic context-free grammar (PCFG) parser 710. In one embodiment, the PCFG
parser 710 works out the grammatical structure of sentences, including which groups
of words go together as segments and the dependency between segments. The
utterance segmentation processing of block 620 generates the parser tree of the input
utterance 610 using the PCFG parser 710 and identifies the dependency relations
between every part of the utterance 610. For example, it identifies the verb 720, the
object argument 730 and the adjuncts 740. From the identified verb 720 and the object

argument 730, the utterance 610 is segmented to generate the leading segment
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(including verb phrase) 750 of the input utterance 610; and the adjuncts 740 are
segmented to generate the paraphrases 760 (paraphrase 1-N) of the input utterance 610.

FIG. 8 shows an example of segmentation of an utterance 800, according to some
embodiments. In the example, there are three segments including the leading segment
810 ("deliver some pizza") and two adjuncts 820 ("to my home" 840 and "by noon"
850). The utterance 800 includes a verb 835 of "deliver” 830 and object argument 836
of "some pizza." The utterance 800 is used to describe how some embodiments provide
use of segmentation and rephrasing as shown in FIGS. 10 and 11.

FIG. 9 shows a block diagram of processing for block 630 (FIG. 6) segmentation
rephrasing and swapping, according to some embodiments. In some embodiments, the
segmentation and rephrasing and swapping processing includes block 910 segment
concatenation and block 920 generation of paraphrases for concatenated segments. For
block 910 segment concatenation, the segments of an input utterance are input,
including one or more verb phrase and adjuncts. Block 910 segment concatenation
generates the rephrase forms, the non-leading segments, by concatenating each of verb
phrase with one of the adjuncts. For block 920 generation of paraphrases for con-
catenated segments, some embodiments may use any paraphrase generation algorithm
to rephrase the non-leading segments, and use any paraphrase generation algorithm to
rephrase the leading segment. For adjunct swapping, some embodiments permutate the
segments generated in block 910 to generate the list of swapped paraphrases. If a set of
segments are dependent on the same segment, they are swapped between each other to
generate the list of swapped paraphrases.

FIG. 10 shows an example of rephrased segments, according to some embodiments.
For this example, the input utterance 1010 is "deliver some pizza to my home by
noon." The example non-leading segments 1020 are: "deliver some pizza to my home,"
and "deliver some pizza by noon," where the underlined words refer to the non-leading
segments. The leading segment 1030 is: "deliver some pizza." The example result of
rephrasing processing for the non-leading segments 1025 results in the following
rephrases: "deliver some pizza for home," "deliver some pizza back home," "deliver
some pizza to bring home...," "deliver some pizza before noon," "deliver some pizza at
noon," and "deliver some pizza around noon...," where the underlined portions are the
rephrased non-leading segment. For the rephrasing of the leading segment 1030, the
example rephrased leading segments 1035 are: "get me some pizza," "buy a pizza," and
"I want a piece of pizza..." The rephrasing of a segment is generated by any existing
paraphrasing algorithm.

FIG. 11 shows an example of rephrased segments 1110 and combined paraphrases
from rephrased segments 1120, according to some embodiments. The rephrased

segments are used to substitute the original segment in the utterance to generate a list
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of paraphrases. In this example, the rephrased segments 1110 are: "get me some
pizza," "buy a pizza," and "I want some pizza...," "for home," "back home," and to

"o

bring home;" and "before noon," "at noon," and "around noon...". The combined
paraphrases from rephrased segments 1120 are: "get me some pizza back home by
noon," "by noon get me some pizza and home," "I want a pizza before noon back

"o

home," "before noon I want a pizza back home," "to home get me some pizza via
noon," "buy a pizza for home before noon," "for home buy some pizza before noon,"
"around noon buy a pizza to home," "buy a pizza by noon back home," and "get me
some pizza by noon to home..."

FIG. 12 shows a block diagram for swapped paraphrase ranking for block 640 (FIG.
6), according to some embodiments. In some embodiments, block 640 includes
combined paraphrase ranking that takes the generated swapped and rephrased
paraphrases 1220 and a language model 1210 as input. The language model 1210 is
used to score each generated swapped and rephrased paraphrases based on the
likelihood from the language model 1210. In some embodiments, in block 1230 the
processing extracts each tuple of segments in the dictionary of rephrased segments,
uses the language model 1210 to score each of the combination of permutated tuples,
selects the lowest score among all combinations, marks this score as the score of the
selected tuple, and derives the overall ranking of all swapped paraphrases (ranked
paraphrases 650) by ranking the score on each combined tuple.

FIG. 13 shows an example of ranked paraphrases, according to some embodiments.
In the example 1310 of ranked paraphrases of "deliver some pizza to my home by
noon," the high ranked paraphrases 1320 (from the highest) include: "get me some
pizza back home by noon," "buy a pizza for home before noon," "I want a pizza before

"o

noon back home," "before noon I want a pizza back home," "around noon buy a pizza
to home," and "get me some pizza by noon to home." The low ranked paraphrases
1330 include (from higher to lower): "by noon get me some pizza and home," "for

"o

home buy some pizza before noon," "to home get me some pizza via noon," and "buy a
pizza by noon back home."

FIGS. 14A and 14B show an example of rephrased and swapped utterances, and an
output of ranked paraphrases, according to some embodiments. For the example input
utterance 1410 of "deliver some pizza to my home by noon," the action term 1420 is

"o

"deliver," the three segments 1430 are: "deliver some pizza," "to my home," and "by
noon," and the leading segment 1440 is "deliver some pizza." In some example em-
bodiments, the first replacement of phrases 1450, which is the rephrasing of the non-
leading segments, includes replacement of "to my home" with "for home," "back

"o

home," and "to bring home;" and replacement of "by noon" with "before noon," "at

noon," and "around noon."



16

WO 2019/225837 PCT/KR2019/002406

[70]

[71]

[72]

[73]

[74]

The second replacement phrase of the action term 1460 "deliver some pizza"
includes rephrasing the leading segment with "get me some pizza," "buy a pizza," "I
want some pizza," etc. In some embodiments, the example rephrased and swapped ut-
terances 1470 (by combining first and second replacements) include: "get me some
pizza back home by noon," "by noon get me some pizza and home," "I want a pizza

"o

before noon back home," "before noon I want a pizza back home," "to home get me

some pizza via noon," "buy a pizza for home before noon," "for home buy some pizza

"o

before noon," "around noon buy a pizza to home," "buy a pizza by noon back home,"
and "get me some pizza by noon to home," etc.

The final output of ranked paraphrases 1480 may include high ranked results 1490 of
"get me some pizza back home by noon," "buy a pizza for home before noon," "I want

"o

a pizza before noon back home," "before noon I want a pizza back home," "around
noon buy a pizza to home," and "get me some pizza by noon to home." The final
output of ranked paraphrases 1480 may include high ranked results 1495 of "by noon

"o

get me some pizza and home," "for home buy some pizza before noon," "to home get
me some pizza via noon," and "buy a pizza by noon back home."

FIG. 15 shows a block diagram of a process 1500 for generating structural variational
paraphrases, according to some embodiments. In block 1510, process 1500 determines,
by an electronic device (e.g., electronic device 120, FIG. 1), a skill based on a keyword
from a first NL input. In block 1520, upon successful determination of the skill,
process 1500 transmits the first NL input to a custom skill parser (e.g., personal skill
parser 360, FIG. 3) for determination of a skill intent. In some embodiments, in process
1500 the custom skill parser is trained based on a custom training data set and a com-
bination of multiple skill training data sets, and each skill training data set of the
multiple skill training data sets includes data specific to a distinctive skill of a set of
skills. In block 1530, upon unsuccessful determination of the skill, process 1500
transmits the first NL input to a generic parser (e.g., Intent Parser 325, FIG. 3) for de-
termination of a general intent of the first NL input. In block 1540, upon successful de-
termination of the skill intent, process 1500 adds the skill to the set of skills. In block
1550, upon unsuccessful determination of the skill intent, process 1500 prompts for a
second NL input. In process 1500, the second NL input is a paraphrase of the first NL
input.

In some embodiments, process 1500 may include transmitting the second NL input to
the custom skill parser for determination of the skill intent, updating the custom
training data set based on the first NL input and the skill intent, and training the custom
skill parser based on both the combination of the multiple custom skill training data
sets and the custom training data set.

In some embodiments, process 1500 may include generating segments from the first
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NL input. In process 1500, the segments may include a leading segment and one or
more non-leading segments. Process 1500 may further include generating multiple
rephrases from the segments, and swapping the segments based on dependencies of the
segments to generate swapped rephrases. In some embodiments, process 1500 may
include ranking the multiple rephrases and the swapped rephrases based on an input
language model.

In some embodiments, in process 1500 generating the segments may include
generating a parsing tree of the first NL input and a parser, identifying dependency
relations between portions of the first NL input, identifying details of the first NL
input, where the details include at least one verb, an object argument and one or more
adjuncts, generating the leading segment of the first NL input based on the at least one
verb and the object argument, and generating the multiple paraphrases based on the
one or more adjuncts.

FIG. 16 is a high-level block diagram showing an information processing system
comprising a computing system implementing one or more embodiments. The system
1600 includes one or more processors 1611 (e.g., ASIC, CPU, etc.), and may further
include an electronic display device 1612 (for displaying graphics, text, and other
data), a main memory 1613 (e.g., random access memory (RAM), cache devices, etc.),
storage device 1614 (e.g., hard disk drive), removable storage device 1615 (e.g.,
removable storage drive, removable memory, a magnetic tape drive, optical disk drive,
computer-readable medium having stored therein computer software and/or data), user
interface device 1616 (e.g., keyboard, touch screen, keypad, pointing device), and a
communication interface 1617 (e.g., modem, wireless transceiver (such as Wi-Fi,
Cellular), a network interface (such as an Ethernet card), a communications port, or a
PCMCIA slot and card).

The communication interface 1617 allows software and data to be transferred
between the computer system and external devices through the Internet 1650, mobile
electronic device 1651, a server 1652, a network 1653, etc. The system 1600 further
includes a communications infrastructure 1618 (e.g., a communications bus, cross bar,
or network) to which the aforementioned devices 1617 through 1617 are connected.

The information transferred via communications interface 1617 may be in the form
of signals such as electronic, electromagnetic, optical, or other signals capable of being
received by communications interface 1617, via a communication link that carries
signals and may be implemented using wire or cable, fiber optics, a phone line, a
cellular phone link, a radio frequency (RF) link, and/or other communication channels.

In one implementation of one or more embodiments in a mobile wireless device (e.g.,
a mobile phone, tablet, wearable device, etc.), the system 1600 further includes an

image capture device 1620, such as a camera 128 (FIG. 1), and an audio capture device
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1619, such as a microphone 122 (FIG. 1). The system 1600 may further include ap-
plication processing or processors as MMS 1621, SMS 1622, email 1623, social
network interface (SNI) 1624, audio/video (AV) player 1625, web browser 1626,
image capture 1627, etc.

In one embodiment, the system 1600 includes personal intent learning processing
1630 that may implement processing similar as described regarding personal intent
learning app 129 (FIG. 1), and for processing described above in relation to FIGS. 5-9.
In one embodiment, the personal intent learning processing 1630 along with an
operating system 1629 may be implemented as executable code residing in memory of
the system 1600. In another embodiment, the personal intent learning processing 1630
may be provided in hardware, firmware, etc.

In one embodiment, the main memory 1613, storage device 1614 and removable
storage device 1615, each by themselves or in any combination, may store instructions
for the embodiments described above that may be executed by the one or more
processors 1611.

As is known to those skilled in the art, the aforementioned example architectures
described above, according to said architectures, can be implemented in many ways,
such as program instructions for execution by a processor, as software modules,
microcode, as computer program product on computer readable media, as analog/logic
circuits, as application specific integrated circuits, as firmware, as consumer electronic
devices, AV devices, wireless/wired transmitters, wireless/wired receivers, networks,
multi-media devices, etc. Further, embodiments of said Architecture can take the form
of an entirely hardware embodiment, an entirely software embodiment or an em-
bodiment containing both hardware and software elements.

One or more embodiments have been described with reference to flowchart illus-
trations and/or block diagrams of methods, apparatus (systems) and computer program
products according to one or more embodiments. Each block of such illustrations/
diagrams, or combinations thereof, can be implemented by computer program in-
structions. The computer program instructions when provided to a processor produce a
machine, such that the instructions, which execute via the processor create means for
implementing the functions/operations specified in the flowchart and/or block diagram.
Each block in the flowchart/block diagrams may represent a hardware and/or software
module or logic, implementing one or more embodiments. In alternative imple-
mentations, the functions noted in the blocks may occur out of the order noted in the

figures, concurrently, etc.

"o "o

The terms "computer program medium," "computer usable medium," "computer
readable medium", and "computer program product,” are used to generally refer to

media such as main memory, secondary memory, removable storage drive, a hard disk
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installed in hard disk drive. These computer program products are means for providing
software to the computer system. The computer readable medium allows the computer
system to read data, instructions, messages or message packets, and other computer
readable information from the computer readable medium. The computer readable
medium, for example, may include non-volatile memory, such as a floppy disk, ROM,
flash memory, disk drive memory, a CD-ROM, and other permanent storage. It is
useful, for example, for transporting information, such as data and computer in-
structions, between computer systems. Computer program instructions may be stored
in a computer readable medium that can direct a computer, other programmable data
processing apparatus, or other devices to function in a particular manner, such that the
instructions stored in the computer readable medium produce an article of manufacture
including instructions which implement the function/act specified in the flowchart and/
or block diagram block or blocks.

Computer program instructions representing the block diagram and/or flowcharts
herein may be loaded onto a computer, programmable data processing apparatus, or
processing devices to cause a series of operations performed thereon to produce a
computer implemented process. Computer programs (i.e., computer control logic) are
stored in main memory and/or secondary memory. Computer programs may also be
received via a communications interface. Such computer programs, when executed,
enable the computer system to perform the features of the embodiments as discussed
herein. In particular, the computer programs, when executed, enable the processor and/
or multi-core processor to perform the features of the computer system. Such computer
programs represent controllers of the computer system. A computer program product
comprises a tangible storage medium readable by a computer system and storing in-
structions for execution by the computer system for performing a method of one or
more embodiments.

Though the embodiments have been described with reference to certain versions
thereof; however, other versions are possible. Therefore, the spirit and scope of the
appended claims should not be limited to the description of the preferred versions

contained herein.
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Claims

A method for operating an electronic device, the method comprising:
detecting a first natural language (NL) input;

determining a skill from the first NL input;

if the NL input includes at least one unique skill word, transmitting the
first NL input to a custom skill parser for determination of a skill intent,
wherein the custom skill parser is trained based on data including at
least a custom training data set; and

if the NL input does not includes the at least one unique skill word,
transmitting the first NL input to a generic parser for determination of a
general intent of the first NL input.

The method of claim 1, wherein the data includes a combination of a
plurality of skill training data sets, and

wherein each skill training data set of the plurality of skill training data
sets includes data specific to a distinctive skill of a set of skills.

The method of claim 2, further comprising:

if the NL input includes the at least one unique skill word, adding the
skill to the set of skills.

The method of claim 2, further comprising:

if the NL input does not includes the at least one unique skill word,
prompting for a second NL input, wherein the second NL input is a
paraphrase of the first NL input.

The method of claim 4, further comprising:

transmitting the second NL input to the custom skill parser for deter-
mination of the skill intent;

updating the custom training data set based on the first NL input and
the skill intent; and

training the custom skill parser based on both the combination of the
plurality of custom skill training data sets and the custom training data
set.

The method of claim 4, further comprising:

generating segments from the first NL input, wherein the segments
comprise a leading segment and one or more non-leading segments;
generating a plurality of rephrases from the segments; and

swapping the segments based on dependencies of the segments to
generate swapped rephrases.

The method of claim 6, further comprising:
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ranking the plurality of rephrases and the swapped rephrases based on
an input language model.

The method of claim 6, wherein generating the segments comprises:
generating a parsing tree using the first NL input and a parser;
identifying dependency relations between portions of the first NL input;
identifying details of the first NL input, wherein the details comprise at
least one verb, an object argument and one or more adjuncts;
generating the leading segment based on the at least one verb and the
object argument; and

generating the plurality of rephrases based on the one or more adjuncts.
A method for intelligent assistance, comprising:

generating one or more segments for a natural language (NL) input;
identifying a leading segment from the one or more segments;
generating a first replacement phrase based on concatenation of the
leading segment with one non-leading segment of the one or more
segments; and

providing an output comprising at least the first replacement phrase.
The method of claim 9, further comprising:

swapping the one or more segments based on dependencies of the one
or more segments to generate swapped rephrases.

The method of claim 9, further comprising:

generating a second replacement phrase of an action term based on
semantic of the NL input, wherein the semantic of the NL input is
based on a language model.

The method of claim 9, wherein generating the one or more segments
comprises:

generating a parsing tree using the NL input and a parser;

identifying dependency relations between portions of the NL input; and
identifying details of the NL input, wherein the details comprise at least
one verb, an object argument and one or more adjuncts.

A method for operating an electronic device, the method comprising:
detecting a first utterance including a first word that is unable to be
parsed based on a first skill;

detecting a second utterance including a second word instead of the
first word;

identifying an intent corresponding to the second utterance by parsing
the second utterance based on the first skill;

adding the first utterance along with the intent into training data as-
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sociated with the first skill; and

training the first skill by using the training data.

The method of claim 13, further comprising:

transferring learning of the first word to a second skill

detecting a third utterance including the first word; and

identifying an intent corresponding to the third utterance by parsing the
third utterance based on the second skill; and

performing at least one operation according to the intent corresponding
to the third utterance.

The method of claim 13, wherein the parsing the third utterance
comprises,

interpreting the first word in the third utterance as the meaning of the
second word, or

replacing the first word in the third utterance with the second word.
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User: Set the TV at medium brightness Smart home skill
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PA:  Here you go. -

250
User: Get some pizza back home by early afternoon Restaurant skill
‘PA: - Sorry, ILdid not understand oo
User: Get some pizza back home by 2 pm - 260

(-..PA learning from paraphrased example....)
“User: - Search early afternoon flights to Austin tomorrow / Airline skill
PA:  Showing flights to Austin
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[Fig. 3]
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[Fig. 4]

 e1ep
buiutes) 1j10ads
13sn 133)|0)

ovy’

1 195 Buiuren
[IfS pauIquiod
1INASU0)

oey”

n pue
1 ©1ep pauiquiod
Buisn Jasled
(1S Jeuosiad ures]

0sy’

Jasn ay}
Aq pasn § sjjjs
jo1es a1,S, PPY

Oev”

353

wSu IS MIN \

0Ly’



5/11

PCT/KR2019/002406

WO 2019/225837

[Fig. SA]
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[Fig. 5B]
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[Fig. 7]
620
720
Verb — 4750
eading
610 10 730 segment
L (Verb phrase)
PCFG parser Object argument
760
740 L
/
PP phrase 1
Adjuncts phrase |
PP phrase 2 |

[Fig. 8]

800
810 820

Lead}\g segment Adjuncts 850
(deliver some pizza)(to my home)(by noon)
<verb> <object argument>

935 Three segments 840

836

[Fig. 9]
630

910 /920

Generate paraphrases for

Segment concatenation — concatenated segments

[Fig. 10]

Input: deliver some pizza to my home by noon—~—1010

Non-leading segments —~—1020 Rephrase non-leading segment ——1025

deliver some pizza to my home deliver some pizza for home
deliver some pizza back home

: . deliver some pizza to bring home ...
deliver some pizza by noon

deliver some pizza before noon
deliver some pizza at noon
deliver some pizza around noon ...

Leading segment —~—1030 Repharase leading segment —~—1035
get me some pizza

buy a pizza

i want a piece of pizza ...

deliver some pizza
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[Fig. 11]
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Rephrased segment—~—1110 Combined paraphrases from rephrased segments——1120

get me some pizza
buy a pizza
i want some pizza ...

for home
back home
to bring home ...

before noon
at noon
around noon ...

get me some pizza back home by noon

by noon get me some pizza and home
| want a pizza before noon back home
before noon i want a pizza back home
to home get me some pizza via noon
buy a pizza for home before noon

for home buy some pizza before noon
around noon buy a pizza to home

buy a pizza by noon back home

get me some pizza by noon to home ......

[Fig. 12]

rephrased
paraphrases

Score swapped and
rephrased paraphrases
based on the likelihood

from language model

[Fig. 13]

1310
Example: Ranked paraphrases of "deliver some pizza to my home by noon":

Ranked
paraphrases

1320, |

get me some pizza back home by noon
buy a pizza for home before noon

i want a pizza before noon back home
before noon i want a pizza back home
around noon buy a pizza to home

get me some pizza by noon to home

by noon get me some pizza and home
for home buy some pizza before noon
to home get me some pizza via noon
buy a pizza by noon back home

1330

High Ranked Results

Low Ranked Results
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[Fig. 14A]
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1410—Input: deliver some pizza to my home by noon

1420—Action term : deliver
1430—Three segments:

("pizza", "
1440—Leading segment:  deliver some pizza

deliver some pizza; to my home; by noon
to my home", "by noon" depend on "deliver".)

1450—First replacement of phrases (rephrase non-leading segments):

1460— Second replacement phrase of the action term:

[Fig. 14B]

10
\Input: deliver some pizza to my home by noon

deliver some pizza to my home

deliver some pizza by noon

deliver some pizza for home
deliver some pizza back home
deliver some pizza to bring home

(rephrase the leading segment)

deliver some pizza before noon
deliver some pizza at noon
deliver some pizza around noon

deliver some pizza

get me some pizza
buy a pizza
i want some pizza

1470\Rephrased and swapped utterances (by combining first and second replacement):

1480\
Final

get me some pizza back home by noon
by noon get me some pizza and home
i want a pizza before noon back home
before noon i want a pizza back home
to home get me some pizza via noon

output of ranked paraphrase:

buy a pizza for home before noon

for home buy some pizza before noon
around noon buy a pizza to home

buy a pizza by noon back home

get me some pizza by noon to home ....

1490y

get me some pizza back home by noon
buy a pizza for home before noon

i want a pizza before noon back home
before noon i want a pizza back home
around noon buy a pizza to home

get me some pizza by noon to home

by noon get me some pizza and home
for home buy some pizza before noon
to home get me some pizza via hoon
buy a pizza by noon back home

High Ranked Results

Low Ranked Results
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[Fig. 15]

Determining, by an electronic device, a skill from a
first natural language (NL) input 1510

v

Upon successful determination of the skill,
transmitting the first NL input to a custom skill
parser for determination of a skill intent (the
custom skill parser is trained based on a custom
training data set and a combination of a plurality
of skill training data sets, and each skill training
data set of the plurality of skill training data sets
includes data specific to a distinctive skill of a set
of skills)

Upon Unsuccessful determination of the skill, transmitting
the first NL input to a generic parser for determination of a
general intent of the first NL input

Upon successful determination of the skill intent, adding
the skill to the set of skills

Upon unsuccessful determination of the skill intent,
prompting for a second NL input, wherein the second NL
input is a paraphrase of the first NL input
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[Fig. 16]
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