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GENERATING TRAINING DATA FOR A
CONVERSATIONAL QUERY RESPONSE
SYSTEM

BACKGROUND

Field of the Invention

[0001] This invention relates to algorithms and systems
for processing conversational queries.

Background of the Invention

[0002] Recently, deep neural networks have been very
successful in solving complex, large-scale machine percep-
tion tasks. Large amounts of labeled data is a key enabler for
the success of these deep learning methods. Practical solu-
tions for Natural Language Understanding (NLU) systems
with human-like conversational capability require a huge
amount of structured data sets of Question And Answer
(Q&A) pairs.

[0003] The systems and methods disclosed herein provide
an improved approach for generating Q& A pairs for use in
training a NLU system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Inorder that the advantages of the invention will be
readily understood, a more particular description of the
invention briefly described above will be rendered by ref-
erence to specific embodiments illustrated in the appended
drawings. Understanding that these drawings depict only
typical embodiments of the invention and are not therefore
to be considered limiting of its scope, the invention will be
described and explained with additional specificity and
detail through use of the accompanying drawings, in which:
[0005] FIG. 1 is a schematic block diagram of an envi-
ronment in which to implement systems and methods in
accordance with an embodiment of the present invention;
[0006] FIG. 2 is a schematic block diagram of an example
computing device suitable for implementing methods in
accordance with embodiments of the invention;

[0007] FIG. 3 is a schematic block diagram of components
for generating training data for an NLU system in accor-
dance with an embodiment of the present invention; and
[0008] FIG. 4 is a process flow diagram of a method for
generating and using training data for an NLU system in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0009] Referring to FIG. 1, an environment 100 in which
methods described herein may be implemented may include
a vehicle 102 hosting an in-vehicle infotainment (IVI)
system 104. The IVI system 104 may have some or all of the
attributes of a general purpose computing device. The IVI
system 104 may be coupled to a screen 106a that may be
embodied as a touch screen, one or more speakers 1065, and
one or more microphones 106¢.

[0010] As known in the art, the IVI system 104 may be
programmed to provide an interface for selecting audio
content to be played back using the speakers or other audio
outputs. Audio content may be selected from one or more
sources of audio content coupled to the IVI system 104, such
as radio, compact disc (CD) player, and the like. The IVI
system 104 may further display video content on the screen
106a or one or more other screens disposed within the
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vehicle 102. The IVI system 104 may display video content
selected from one or more sources of video content, such as
a DVD player, paired mobile device, or other source of video
data.

[0011] The IVI system 104 may further be coupled to one
or more systems of the vehicle 102 itself and enable the
display of status information for the vehicle 102 and receiv-
ing inputs modifying the operation of one or more systems
of the vehicle 102 itself, such a climate control, engine
operating parameters, and the like.

[0012] The IVIsystem 104 may implement a voice control
system whereby an output of the microphone 106¢ is inter-
preted into commands for controlling operation of the IVI
system 104 or one or more systems of the vehicle 102
through the IVI system 104. For example, the IVI system
104 may implement the FORD SYNC voice control system.

[0013] A vehicle 102 typically carries a driver and one or
more passengers. A driver or passenger may bring a mobile
device 108 in the vehicle 102. The mobile device 108 may
pair with the IVI system 104, such as through BLU-
ETOOTH or some other wireless protocol. In some embodi-
ments, control inputs to the IVI system 104 may be received
through the mobile device 108 and forwarded to the IVI
system 104. In such embodiments, the mobile device 108
may implement a voice control system and include a micro-
phone and speaker for receiving inputs and providing feed-
back.

[0014] In order to facilitate voice control, the IVI system
104 and/or mobile device 108 may host or access a NLU
model 110. The NLU model 110 may be trained using
question and answer (Q&A) pairs.

[0015] In some embodiments, a server system 112 may
generate the NLU model 110, which may then be installed
on the IVI system 104 or mobile device 108. For example,
the NLU model 110 may be installed on the IVI 104 or
mobile device 108 at the time of manufacture or may be
transmitted to the IVI system 104 or mobile device 108 by
the server system 112. Updates to the NLU may also be
transmitted to the IVI system 104 or mobile device 108.

[0016] Communication with the server system 112 may be
facilitated by a network of cellular communication towers
114 in data communication with one or both of the IVI
system 104 and mobile device 108. The cellular communi-
cation towers may also be in data communication with the
server system 112, such as by means of a network 116. The
network 116 may be include some or all of a local area
network (LAN), wide area network (WAN), the Internet, and
any other wired or wireless network connection.

[0017] In some embodiments, the server system 112 may
host or access a database 118 storing data for generating the
NLU model 110 as well as one or more versions of the NLU
model 110 itself.

[0018] The database 118 may store training data 120. The
training data 120 includes a plurality of tuples that each
include an original text 122a, a question 1224 derived from
the text 122a, and an answer 122¢ derived from the text
122a. For example, the original text 122a may include a
prompt for a standardized test question or from training
materials for a standardized test, the question 1225 may be
a question corresponding to the prompt, and the answer 122¢
may be the answer corresponding to the question 1225. For
example, the prompt may be text for a reading comprehen-
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sion question, a statement of a scenario to which a question
relates, or any other text with respect to which questions
may be asked.

[0019] Examples of standardized tests for which such
materials exist may include the American College Testing
(ACT) test, Scholastic Assessment Test (SAT), Graduate
Record Examination (GRE), Law School Admission Test
(LSAT), Graduate Management Admission Test (GMAT),
Medical College Admission Test (MCAT), Dental Admis-
sion Test (DAT), or any other test for which tests or training
materials exist.

[0020] The training data 120 is used to train a Question
and Answer (Q&A) model 124 as described below. The
Q&A model 124 may then process raw data 126 that does
not include structured question and answer in order to obtain
derived questions and answers. The derived questions and
answers are then used to train the NLU model 110 as
described below.

[0021] FIG. 2 is a block diagram illustrating an example
computing device 200. Computing device 200 may be used
to perform various procedures, such as those discussed
herein. The IVI system 104, mobile device 108, and server
system 112 may have some or all of the attributes of the
computing device 200.

[0022] Computing device 200 includes one or more pro-
cessor(s) 202, one or more memory device(s) 204, one or
more interface(s) 206, one or more mass storage device(s)
208, one or more Input/Output (I/0O) device(s) 210, and a
display device 230 all of which are coupled to a bus 212.
Processor(s) 202 include one or more processors or control-
lers that execute instructions stored in memory device(s) 204
and/or mass storage device(s) 208. Processor(s) 202 may
also include various types of computer-readable media, such
as cache memory.

[0023] Memory device(s) 204 include various computer-
readable media, such as volatile memory (e.g., random
access memory (RAM) 214) and/or nonvolatile memory
(e.g., read-only memory (ROM) 216). Memory device(s)
204 may also include rewritable ROM, such as Flash
memory.

[0024] Mass storage device(s) 208 include various com-
puter readable media, such as magnetic tapes, magnetic
disks, optical disks, solid-state memory (e.g., Flash
memory), and so forth. As shown in FIG. 2, a particular mass
storage device is a hard disk drive 224. Various drives may
also be included in mass storage device(s) 208 to enable
reading from and/or writing to the various computer read-
able media. Mass storage device(s) 208 include removable
media 226 and/or non-removable media.

[0025] 1/O device(s) 210 include various devices that
allow data and/or other information to be input to or
retrieved from computing device 200. Example /O device
(s) 210 include cursor control devices, keyboards, keypads,
microphones, monitors or other display devices, speakers,
printers, network interface cards, modems, lenses, CCDs or
other image capture devices, and the like.

[0026] Display device 230 includes any type of device
capable of displaying information to one or more users of
computing device 200. Examples of display device 230
include a monitor, display terminal, video projection device,
and the like.

[0027] Interface(s) 206 include various interfaces that
allow computing device 200 to interact with other systems,
devices, or computing environments. Example interface(s)
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206 include any number of different network interfaces 220,
such as interfaces to local area networks (LLANs), wide area
networks (WANSs), wireless networks, and the Internet.
Other interface(s) include user interface 218 and peripheral
device interface 222. The interface(s) 206 may also include
one or more peripheral interfaces such as interfaces for
printers, pointing devices (mice, track pad, etc.), keyboards,
and the like.

[0028] Bus 212 allows processor(s) 202, memory device
(s) 204, interface(s) 206, mass storage device(s) 208, 1/0
device(s) 210, and display device 230 to communicate with
one another, as well as other devices or components coupled
to bus 212. Bus 212 represents one or more of several types
of'bus structures, such as a system bus, PCI bus, IEEE 1394
bus, USB bus, and so forth.

[0029] For purposes of illustration, programs and other
executable program components are shown herein as dis-
crete blocks, although it is understood that such programs
and components may reside at various times in different
storage components of computing device 200, and are
executed by processor(s) 202. Alternatively, the systems and
procedures described herein can be implemented in hard-
ware, or a combination of hardware, software, and/or firm-
ware. For example, one or more application specific inte-
grated circuits (ASICs) can be programmed to carry out one
or more of the systems and procedures described herein.
[0030] Referring to FIG. 3, the illustrated system 300 may
be executed by the server system 112 in order to train and
use the NLU model 110. As shown, a machine learning
module 302 receives the Q&A training data 120. The
machine learning module 302 may implement any machine
learning schema known in the art. For example, a deep
neural network (DNN) may be used. However, other types
of machine learning models may be used, such as a decision
tree, clustering, Bayesian network, genetic, or other type of
machine learning model.

[0031] The machine learning module 302 takes as an input
the text 122a of each training tuple (text, question, and
answer) and as a desired output the question 1224 and
answer 122¢ of the each training tuple. Many tuples may be
input to the machine learning module 302 such that a Q&A
model 304 is trained to recognize questions and answers
from any given text.

[0032] Subsequent to training the Q&A model 304, the
machine learning module 302, or other module, may then
use the Q&A model 304 to process raw data 306. The raw
data 306 may be unformatted text that contains information
that may be used to generate questions and answers. For
example, the raw data 306 may be articles from a reference
corpus such as a dictionary, encyclopedia, topical reference
book, WIKIPEDIA, or some other source of information.
Where the NLU model 110 is used in a vehicle 102, the raw
data may be vehicle-specific information, such as an owner’s
manual, traffic laws, navigational information, or the like.
The machine learning module 302 then processes the raw
data to extract question and answer tuples that are then used
as NLU training data 308.

[0033] The NLU training data 308 may then be input into
a NLU learning module 310, which processes the NLU
training data 308 to train an NLU model 110. Techniques for
training a NLU model using formatted Q&A tuples are
known in the art. Accordingly, the NLU learning module
310 may use any of these techniques to process the NLU
training data 308 and define the NLU model 110.
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[0034] The NLU learning module 310 may then cause the
NLU model 110 to be transmitted to, or installed on, the IVI
104 or mobile device 108. The NLU model 110 may then be
used by the IVI 104 or mobile device 108 to receive a
conversational query 312 and determine an appropriate
response 314. Techniques are known in the art for using an
NLU model 110 to respond to conversational queries.
Accordingly, any of such techniques may be used.

[0035] The conversational query 312 may be received in
the form of a voice input that is then processed directly or
translated into text and processed according to the NLU
model 110. Likewise, the response 314 may be converted
into speech and output over speakers.

[0036] Referring to FIG. 4, the illustrated method 400 may
be used to train and use an NLLU model 110 for responding
to conversational queries. The method 400 may include
receiving 402 training tuples that each include a text 122a,
question 1225, and answer 122¢. As noted above, these may
be obtained from standardized tests and/or preparatory mate-
rials for such tests.

[0037] The method 400 then includes training 404 a Q&A
model according to the first training tuples, where the Q& A
model is a machine learning model trained according to a
machine learning schema using the training tuples. In par-
ticular, the text of each tuple is an input and the question and
answer of each tuple is the desired output for the tuple.
[0038] The method 400 may then include obtaining from
raw data second training tuples that each include a question
and an answer using the Q&A model. In some embodiments,
the raw data is first processed. For example, the method 400
may include performing 406 feature extraction on the raw
data. Feature extraction may include identifying concepts
included in a text, identifying a part of speech of words in
the text, or performing other processing to associate a
meaning or role of words or phrases in the text. Performing
feature extraction may include using any natural language
processing (NLP) technique known in the art. In some
embodiments, the text 122a of a first tuple may also be
processed to identify features and may be annotated with
such features when input to the machine learning algorithm
of step 404, i.e. each word or phrase may be annotated with
information indicating a concept, part of speech, or other
information determined to be associated with that word or
phrase.

[0039] The method 400 may then including inputting 408
the raw data into the Q&A model as trained at step 404.
Inputting 408 the raw data may include inputting 408 the
raw data as annotated according to the features identified at
step 406. The method then includes outputting 410, as a
result of step 406, a set of second training tuples that each
includes a question an answer.

[0040] The method 400 may then include training 412 the
NLU model 110 according to the second training tuples. In
particular, the question of a second training tuple may be
provided as an input and the answer of the second training
tuple provided as a desired output when training the NLU
model 110.

[0041] Steps 402-412 are advantageously performed by
the server system 112 inasmuch as large amounts of data
must be processed. The subsequent steps 414-418 may be
performed by the server system 112 or a consumer device
that has the NLU model 110 installed thereon, such as an IVI
system 104, mobile device 108, or any other computing
device.
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[0042] As shown, steps 414-418 may include receiving
414 a conversational query, processing 416 the query using
the NL.U model, and outputting 418 a response to the query.
As noted above, the conversational query may be received
as a voice input that is either input directly to the NLU model
or translated into text and input to the NLU model. The
manner in which the query is processed 416 using the NL.U
model 110 to obtain a response may include any technique
known in the art.

[0043] Inthe above disclosure, reference has been made to
the accompanying drawings, which form a part hereof, and
in which is shown by way of illustration specific implemen-
tations in which the disclosure may be practiced. It is
understood that other implementations may be utilized and
structural changes may be made without departing from the
scope of the present disclosure. References in the specifi-
cation to “one embodiment,” “an embodiment,” “an
example embodiment,” etc., indicate that the embodiment
described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic.
Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge
of one skilled in the art to affect such feature, structure, or
characteristic in connection with other embodiments
whether or not explicitly described.

[0044] Implementations of the systems, devices, and
methods disclosed herein may comprise or utilize a special
purpose or general-purpose computer including computer
hardware, such as, for example, one or more processors and
system memory, as discussed herein. Implementations
within the scope of the present disclosure may also include
physical and other computer-readable media for carrying or
storing computer-executable instructions and/or data struc-
tures. Such computer-readable media can be any available
media that can be accessed by a general purpose or special
purpose computer system. Computer-readable media that
store computer-executable instructions are computer storage
media (devices). Computer-readable media that carry com-
puter-executable instructions are transmission media. Thus,
by way of example, and not limitation, implementations of
the disclosure can comprise at least two distinctly different
kinds of computer-readable media: computer storage media
(devices) and transmission media.

[0045] Computer storage media (devices) includes RAM,
ROM, EEPROM, CD-ROM,; solid state drives (“SSDs”)
(e.g., based on RAM), Flash memory, phase-change
memory (“PCM”), other types of memory, other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store
desired program code means in the form of computer-
executable instructions or data structures and which can be
accessed by a general purpose or special purpose computer.

[0046] An implementation of the devices, systems, and
methods disclosed herein may communicate over a com-
puter network. A “network” is defined as one or more data
links that enable the transport of electronic data between
computer systems and/or modules and/or other electronic
devices. When information is transferred or provided over a
network or another communications connection (either
hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the computer properly views the
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connection as a transmission medium. Transmissions media
can include a network and/or data links, which can be used
to carry desired program code means in the form of com-
puter-executable instructions or data structures and which
can be accessed by a general purpose or special purpose
computer. Combinations of the above should also be
included within the scope of computer-readable media.
[0047] Computer-executable instructions comprise, for
example, instructions and data which, when executed at a
processor, cause a general purpose computer, special pur-
pose computer, or special purpose processing device to
perform a certain function or group of functions. The
computer executable instructions may be, for example,
binaries, intermediate format instructions such as assembly
language, or even source code. Although the subject matter
has been described in language specific to structural features
and/or methodological acts, it is to be understood that the
subject matter defined in the appended claims is not neces-
sarily limited to the described features or acts described
above. Rather, the described features and acts are disclosed
as example forms of implementing the claims.

[0048] Those skilled in the art will appreciate that the
disclosure may be practiced in network computing environ-
ments with many types of computer system configurations,
including, an in-dash vehicle computer, personal computers,
desktop computers, laptop computers, message processors,
hand-held devices, multi-processor systems, microproces-
sor-based or programmable consumer electronics, network
PCs, minicomputers, mainframe computers, mobile tele-
phones, PDAs, tablets, pagers, routers, switches, various
storage devices, and the like. The disclosure may also be
practiced in distributed system environments where local
and remote computer systems, which are linked (either by
hardwired data links, wireless data links, or by a combina-
tion of hardwired and wireless data links) through a network,
both perform tasks. In a distributed system environment,
program modules may be located in both local and remote
memory storage devices.

[0049] Further, where appropriate, functions described
herein can be performed in one or more of: hardware,
software, firmware, digital components, or analog compo-
nents. For example, one or more application specific inte-
grated circuits (ASICs) can be programmed to carry out one
or more of the systems and procedures described herein.
Certain terms are used throughout the description and claims
to refer to particular system components. As one skilled in
the art will appreciate, components may be referred to by
different names. This document does not intend to distin-
guish between components that differ in name, but not
function.

[0050] It should be noted that the sensor embodiments
discussed above may comprise computer hardware, soft-
ware, firmware, or any combination thereof to perform at
least a portion of their functions. For example, a sensor may
include computer code configured to be executed in one or
more processors, and may include hardware logic/electrical
circuitry controlled by the computer code. These example
devices are provided herein purposes of illustration, and are
not intended to be limiting. Embodiments of the present
disclosure may be implemented in further types of devices,
as would be known to persons skilled in the relevant art(s).
At least some embodiments of the disclosure have been
directed to computer program products comprising such
logic (e.g., in the form of software) stored on any computer

Feb. 1,2018

useable medium. Such software, when executed in one or
more data processing devices, causes a device to operate as
described herein.

[0051] Computer program code for carrying out opera-
tions of the present invention may be written in any com-
bination of one or more programming languages, including
an object-oriented programming language such as Java,
Smalltalk, C++, or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The program
code may execute entirely on a computer system as a
stand-alone software package, on a stand-alone hardware
unit, partly on a remote computer spaced some distance from
the computer, or entirely on a remote computer or server. In
the latter scenario, the remote computer may be connected
to the computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service
Provider).

[0052] The present invention is described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer program instructions or code. These
computer program instructions may be provided to a pro-
cessor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

[0053] These computer program instructions may also be
stored in a non-transitory computer-readable medium that
can direct a computer or other programmable data process-
ing apparatus to function in a particular manner, such that
the instructions stored in the computer-readable medium
produce an article of manufacture including instruction
means which implement the function/act specified in the
flowchart and/or block diagram block or blocks.

[0054] The computer program instructions may also be
loaded onto a computer or other programmable data pro-
cessing apparatus to cause a series of operational steps to be
performed on the computer or other programmable appara-
tus to produce a computer implemented process such that the
instructions which execute on the computer or other pro-
grammable apparatus provide processes for implementing
the functions/acts specified in the flowchart and/or block
diagram block or blocks.

[0055] While various embodiments of the present disclo-
sure have been described above, it should be understood that
they have been presented by way of example only, and not
limitation. It will be apparent to persons skilled in the
relevant art that various changes in form and detail can be
made therein without departing from the spirit and scope of
the disclosure. Thus, the breadth and scope of the present
disclosure should not be limited by any of the above-
described exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents. The foregoing description has been presented
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for the purposes of illustration and description. It is not
intended to be exhaustive or to limit the disclosure to the
precise form disclosed. Many modifications and variations
are possible in light of the above teaching. Further, it should
be noted that any or all of the aforementioned alternate
implementations may be used in any combination desired to
form additional hybrid implementations of the disclosure.

What is claimed is:

1. A method for training a query-response model for use
in a vehicle, the method comprising, by a computer system:

training a first model using a first plurality of tuples each

including text, a question, and an answer;

processing unstructured data using the first model to

obtain a second plurality of tuples each including a
question and an answer; and

training a second model using the second plurality of

tuples.

2. The method of claim 1, further comprising loading the
second model onto a consumer computing device.

3. The method of claim 2, wherein the consumer com-
puting device is an in-vehicle infotainment (IVI) system
mounted in a vehicle.

4. The method of claim 3, further comprising:

programming the IVI system to receive a query, input the

query to the second model, and output a response
according to the second model.

5. The method of claim 3, further comprising:

programming the IVI system to input voice queries to the

second model and output a response to the query
according to the second model.

6. The method of claim 1, wherein the first model is a deep
neural network (DNN) model.

7. The method of claim 1, wherein the second model is a
deep neural network (DNN) model.

8. The method of claim 1, wherein processing the unstruc-
tured data using the first model comprises:

pre-processing, by the computer system, the unstructured

data to identify a feature set from within the unstruc-
tured data; and

inputting, by the computer system, the feature set to the

first model.

9. The method of claim 1, wherein the unstructured data
comprises at least one of text and images.

10. The method of claim 1, wherein the first plurality of
tuples are derived from test preparation materials for stu-
dents.
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11. A system for training a query-response model com-
prising:
a first machine learning module including at least one
processing device, the machine learning module pro-
grammed to:
train a first model using a first plurality of tuples each
including text, a question, and an answer;

process unstructured data using the first model to obtain
a second plurality of tuples each including a question
and an answer; and

a second machine learning module programmed to train a
second model using the second plurality of tuples, the
second model being a natural language understanding
(NLU) model.

12. The system of claim 11, wherein the second machine
learning module is further programmed to cause the one or
more processors to load the second model onto a consumer
computing device.

13. The system of claim 12, wherein the consumer com-
puting device is an in-vehicle infotainment (IVI) system
mounted in a vehicle.

14. The system of claim 13, wherein the second machine
learning module is further programmed to program the IVI
system to receive a query, input the query to the second
model, and output a response according to the second model.

15. The system of claim 13 wherein the second machine
learning module is further programmed to program the IVI
system, to input voice queries to the second model and
output a response to the query according to the second
model.

16. The system of claim 11, wherein the first model is a
deep neural network (DNN) model.

17. The system of claim 11, wherein the second model is
a deep neural network (DNN) model.

18. The system of claim 11, wherein the first machine
learning module is further programmed to process the
unstructured data using the first model by:

pre-processing the unstructured data to identify a feature
set from within the unstructured data; and

inputting the feature set to the first model.

19. The system of claim 11, wherein the unstructured data
comprises at least one of text and images.

20. The system of claim 11, wherein the first machine
learning module is further programmed to derive the first
plurality of tuples from test preparation materials for stu-
dents.



