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NATURAL LANGUAGE QUERY
PROCESSING AND DEBUGGING

BACKGROUND

[0001] Using natural language input to query a data store
and 1dentity relevant data therein makes the data more
accessible to users. However, 1t 1s diflicult for a user to
determine whether the query was interpreted correctly such
that the data returned from the data store 1s accurate and
complete.

[0002] It 1s with respect to these and other general con-
siderations that embodiments have been described. Also,
although relatively specific problems have been discussed, 1t
should be understood that the embodiments should not be
limited to solving the specific problems identified 1n the
background.

SUMMARY

[0003] Aspects of the present disclosure relate to natural
language query processing and debugging. In example, a
natural language nput, such as a text input or a voice iput,
1s processed to generate a query 1n a formal data processing
language. The formal query may be executed to retrieve data
from a data store. In some instances, an indication as to
which subparts of the natural language input were used to
generate the formal query may be presented to a user. The
user may determine to understand, assess, or debug the
query, such that associations between natural language 1input
subparts and formal query subparts may be presented to the
user. The user may change, add, or remove such associa-
tions.

[0004] In other examples, sample data may be determined
from the data store, where the sample data comprises data
that 1s responsive (e.g., data from a data store that 1s selected
by the formal query), partially responsive (e.g., data from
the data store that 1s selected by a subquery of the formal
query), or not responsive to the formal query. A set of steps
may be generated and presented to the user, such that the
steps provide an 1ndication to the user as to how the formal
query 1s executed. For example, a template may be identified
for each step, which provides a description of the step and,
in some 1instances, may be populated with data from the
sample data that 1s processed according to the step. The user
may manipulate the sample data, thereby causing the pre-
sented steps to be updated accordingly. Once the user has
made adjustments and has finished debugging (e.g., mnspect-
ing, fixing, or moditying) the query, the revised formal query
may be executed to retrieve updated data from the data store.

[0005] This summary 1s provided to introduce a selection
ol concepts 1n a simplified form that are further described
below 1n the Detailed Description. This summary 1s not
intended to identily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive examples are
described with reference to the following Figures.

[0007] FIG. 1 1llustrates an overview of an example sys-
tem 1n which aspects of the disclosed natural language query
processing and debugging techniques may be practiced.
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[0008] FIG. 2 1llustrates an overview of an example block
diagram for natural language query processing and debug-
oimng.

[0009] FIG. 3 illustrates an overview of an example

method for processing query input to 1dentily data 1n a data
store and indicate query input subparts 1n association with
formal query subparts according to aspects described herein.
[0010] FIG. 4 illustrates an overview of an example
method for providing query debugging and adapting a query
according to user imput according to aspects described
herein.

[0011] FIGS. SA-5D illustrate overviews of example user
interfaces according to aspects described herein.

[0012] FIG. 6 1s a block diagram illustrating example
physical components of a computing device with which
aspects of the disclosure may be practiced.

[0013] FIGS. 7A and 7B are simplified block diagrams of
a mobile computing device with which aspects of the present
disclosure may be practiced.

[0014] FIG. 8 15 a simplified block diagram of a distributed
computing system i1n which aspects of the present disclosure
may be practiced.

[0015] FIG. 9 illustrates a tablet computing device for
executing one or more aspects of the present disclosure.

DETAILED DESCRIPTION

[0016] Inthe following detailed description, references are
made to the accompanying drawings that form a part hereof,
and 1 which are shown by way of illustrations specific
embodiments or examples. These aspects may be combined,
other aspects may be utilized, and structural changes may be
made without departing from the present disclosure.
Embodiments may be practiced as methods, systems, or
devices. Accordingly, embodiments may take the form of a
hardware implementation, an entirely software implemen-
tation, or an implementation combining software and hard-
ware aspects. The following detailed description 1s therefore
not to be taken in a limiting sense, and the scope of the
present disclosure 1s defined by the appended claims and
their equivalents.

[0017] In examples, a natural language interface enables a
user to query a data store using natural language rather than
a formal query language. For example, natural language
input (e.g., text input or voice mput) 1s received from a user
and processed to generate a query 1n a formal data process-
ing language (which may be referred to herein as a “formal
query”’). The formal query i1s executed in the data store,
thereby 1dentifying relevant data within the data store. The
identified data may then be presented to the user 1n response.
[0018] However, it may be diflicult for the user to deter-
mine whether the natural language mput was processed
correctly and that the data provided 1n response 1s accurate.
For example, columns of the data store may be incorrectly
mapped to words of the natural language 1nput or a word of
the natural language input that should have been mapped to
a data store column may have been inadvertently omitted,
among other errors. Identifying such errors may be diflicult
for users that are unfamiliar with the content of the data store
and/or with formal querying techniques.

[0019] Accordingly, aspects of the present disclosure
relate to natural language query processing and debugging.
In examples, natural language mnput is received from a user
and processed to generate a formal query. Natural language
input subparts that are associated with formal query subparts
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may be emphasized, thereby providing an indication to the
user as to which parts of the natural language mmput have
been 1dentified as being part of a query for data of the data
store. The formal query 1s executed in the data store to
generate output data, which 1s provided to the user as a
response to the natural language query. It will be appreciated
that the output data need not be the actual data stored 1n the
data store, but may instead be processed and/or otherwise
associated with data stored in the data store. For example,

output data may comprise an average value or a quantity of
values determined from the data store.

[0020] Insome instances, a user may provide an indication
to debug the formal query with which the output data was
identified (e.g., the user may actuate a user interface element
or provide natural language input indicative of a request to
debug the query), such that an interactive user interface is
presented to the user. The interactive user interface may
present associations between natural language nput sub-
parts and formal query subparts, as well as sample data
selected from the data store. The user may change associa-
tions between a natural language input subpart and a formal
query subpart. As used herein, a natural language nput
subpart may comprise one or more words. A formal query
subpart may comprise an operator, table or column name,
command, function, and/or other formal query command
entities.

[0021] As another example, the user may add or remove
an association. In some examples, the interactive user inter-
face further comprises a set of example steps and sample
data for generating output data, such that the user may
understand how the formal query is used to narrow the
sample data and ultimately vield output data that 1s respon-
sive to the query. For example, each step may be associated
with a subquery of the formal query. The interactive user
interface may change according to user modification of
associations between formal query subparts and natural
language subparts.

[0022] The sample data may be selected from the data
store according to a set of rules that yields sample data that
1s 1structive to the user. For example, the sample data may
be selected so as to include rows that are both selected by to
the query and not selected by to the query, thereby illustrat-
ing to the user how the sample data 1s filtered according to
the query. As used herein, data that 1s not responsive to the
formal query may be data that 1s ultimately not present 1n the
output that results from executing the formal query in the
data store. In other examples, the interactive user interface
enables the user to modity the sample data, such that the user
may change, add, and/or remove data in order to understand
or mspect the behavior of the query. The interactive user
interface may be updated according to such user modifica-
tions, such that the displayed steps associated with gener-
ating the output data and the resulting output data may be
updated accordingly.

[0023] The user may ultimately indicate acceptance of the
formal query (e.g., as may have been modified according to
aspects described herein), such that the formal query is
executed 1n the data store and used to provide resulting
output data accordingly. As a result, the user 1s able to verity
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the behavior of the formal query that was generated based on
the natural language 1nput. In mstances where the generated
formal query 1s incorrect, the user 1s able to correct the
formal query 1n the context of sample data and execute the
corrected formal query 1in the data store. In some examples,
corrections received from the user via the interactive user
interface are stored so as to improve formal query generation
in the future. For example, the corrected formal query may
be stored such that it may be used to provide the correct
output data 1n response to a subsequent natural language
query by the user or, as another example, such corrections
may be stored as annotated training data, which may be used
to improve performance of a machine learning model that 1s
used to generate a formal query from natural language input
accordingly.

[0024] FIG. 1 1llustrates an overview ol an example sys-
tem 100 1n which aspects of the disclosed natural language
query processing and debugging techniques may be prac-
ticed. As illustrated, system 100 comprises server device
102, client device 104, and network 106. In examples, server
device 102 and client device 104 communicate using net-
work 106, which may comprise a local area network, a
wireless network, or the Internet, or any combination
thereof, among other examples.

[0025] Server device 102 may be any of a variety of
computing devices or, 1n other examples, server device 102
may be comprised of multiple computing devices. As illus-
trated, server device 102 comprises query processor 108,
data sampling engine 110, and data store 112. Query pro-
cessor 108 may receive a natural language mput (e.g., from
client device 104) and generate a formal query accordingly.
For example, query processor 108 may apply a machine
learning model such as RAT-SQL (“RAT-SQL: Relation-
Aware Schema FEncoding and Linking for Text-to-SQL
Parsers” by Bailin Wang, Richard Shin, Xiaodong Liu,
Oleksandr Polozov, and Matthew Richardson. Proceedings
of the 58th Annual Meeting of the Association for Compu-
tational Linguistics, pgs. 7567-7578) or SQLNet (“SQLNet:
Generating Structured Queries From Natural Language

Without Reimnforcement Learming” by Xiaojun Xu, Chang
Liu, and Dawn Song. arX1v:1711.04436), both of which are

hereby incorporated by reference in their entirety. Thus, 1t
will be appreciated that any of a variety of techniques may
be used to generate a formal query from a natural language
input.

[0026] Data store 112 may store any of a variety of data.
For example, data store 112 may comprise a relational
database having any of a variety of tables, rows, and/or
datatypes therein. While examples are described herein with
respect to relational databases, 1t will be appreciated that
similar techniques may be applied to any of a variety of data
stores, including, but not limited to, graph databases and
key-value stores. Server device 102 further comprises data
sampling engine 110, which may generate sample data from
data store 112. For example, sample data may comprise data
that 1s associated with a formal query, as well as data that 1s
not associated with the formal query, such that the data may
be processed according to various subqueries of a formal
query, thereby providing an illustration of how the query 1is
processed to a user. In examples, data sampling engine 110
generates sample data according to a set of rules. Example
rules are provided 1n Table 1 below.
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TABLE 1

Example rules for generating sample data from a data store.

Subquery Rule

SELECT Identify columns mentioned in the SELECT clause
FROM Identify tables mentioned i the FROM clause
JOIN Identify records from each to-be-joined

table such that the joined state has at
least one record

GROUP BY Identify records such that the grouped-by
columns have duplicate values
HAVING Identify records such that the grouped-by
state satisfies the HAVING
exXpression(s)
WHERE Identify records such that at least one record
satisfies the WHERE condition and
at least one record fails to satisfy the
WHERE condition
DISTINCT Identify records such that the grouped-by
column has duplicate values.

LIMIT Identify records such that the result set has
enough records to apply the LIMIT
operation

INTERSECT Identify records such that the execution
EXCEPT of the subqueries has intersecting sub-
UNION ANSWETS
Subquery Identify records such that the execution
of this subquery produces a non-empty
final result set in the parent query
Functions Aggregation functions like COUNT and SUM
Operators Wildcards, such as *, %, and LIKE
[0027] In examples, data sampling engine 110 generates a

predetermined number of sampled rows or, as another
example, generates sample data having as many rows as
needed to satisty the set of rules. In some instances, rules
processed by data sampling engine 110 may be hierarchical
or may be prioritized to satisiy as many rules as possible via
the predetermined number of sampled rows. In 1nstances
where data sampling engine 110 1s unable to i1dentity data
from data store 112 that satisfies a rule, data sampling engine
110 may generate new data for inclusion 1n the sample data.
For example, new data may be generated programmatically
or based on user mput, among other examples. As such, the
sample data may be generated so as to provide data that 1s
responsive to the formal query, while turther including data
that 1s not responsive or partially responsive so as to enable
a user to evaluate the behavior of the formal query. It will be
appreciated that any of a variety of techniques may be used
to sample data from data store 112.

[0028] Client device 104 may be any of a variety of
computing devices, including, but not limited to, a mobile
computing device, a tablet computing device, or a desktop
computing device. Client device 104 1s illustrated as com-
prising application 114 and interactive query engine 116. In
examples, application 114 receives natural language input
from a user of client device 104, such that data associated
with the natural language mput may be 1dentified from data
store 112 according to aspects described herein. For
example, application 114 may receive voice input and/or
text input. In examples, application 114 facilitates commu-
nication with a chatbot or virtual assistant of server device

102.

[0029] In examples, application 114 provides received
natural language mput to query processor 108, which may
generate a formal query based on the natural language 1input
as discussed above. Accordingly, query processor 108 may
execute the formal query in data store 112 to identily
associated data. Query processor 108 may provide at least a
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part of the identified data 1n response to application 114. In
examples, query processor 108 provides the formal query, at
least a part of the schema of data store 112, an attention map,
and/or other processing output associated with the genera-
tion of the formal query from the natural language mnput. As
a result, application 114 may process the attention map to
associate natural language 1input subparts with formal query
subparts, thereby providing an indication to the user as to
which parts of the natural language mput were used to
generate the formal query. Application 114 may present the
received data (e.g., that was determined to be responsive to
the natural language input) to the user.

[0030] In examples, a user may provide an indication to
debug the query. As a result, interactive query engine 116
may obtain sample data from data store 112, as may be
generated by data sampling engine 110 as described above.
Interactive query engine 116 may generate a display of
associations between natural language mput subparts and
formal query subparts. The displayed associations may be
generated based at least 1n part on the recerved formal query
and/or schema that was received from query processor 108.
The display may enable a user to change such associations,
for example updating a mapping between a natural language
input subpart and a column of data store 112. As another
example, a user may add or remove associations.

[0031] Interactive query engine 116 may generate a dis-
play of one or more example steps associated with gener-
ating output data based on the sample data, such that the user
may understand how the formal query 1s used to yield output
data that 1s responsive to the query. Thus, 1t will be appre-
ciated that the example steps used with the sample data need
not be the same steps as are actually used to 1dentify data
from data store 112. For example, query processor 108 may
process the formal query using a query planner when
identifying data 1in data store 112, while the steps presented
by interactive query engine 116 may be presented for ease of
understanding by the user. Thus, the actions performed by
query processor 108 and the example steps may be different
but semantically equivalent. Thus, both the actions per-
formed by query processor 108 and the example steps will
return the same data when used to process the same source

data.

TABLE 2

Example explanation templates.

Subquery Template

FROM Choose columns from the {table} table
FROM + JOIN For each record in {table,}, choose

each corresponding record in {table,},
where {column, | %Dpﬂl‘&tﬂl‘} columns, |

WHERE Keep those records whose {column} {operator}
{value}
GROUP BY  Group records with the same {column} together
HAVING Keep those groups where {aggregation }
of {records/column} {operator}
{value }
SELECT Choose the {column}
DISTINCT Keep unique records
ORDER BY  Sort the records by {column}
in the {orderType} order
LIMIT Choose the first {N} record(s)
INTERSECT  Choose all records that are common to
the answers of Step {M} and Step {N}
EXCEPT Choose all records from the answer of

Step {M | that are not in the answer of
Step N
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TABLE 2-continued

Example explanation templates.

Subquery Template
UNION Combine all records from the answer of
Step {M} and the answer of Step {N}
[0032] Each example step may be associated with a sub-

query of the formal query. For example, a template may be
identified for each step and used to provide a description to
the user of the actions performed by the subquery. The
template may comprise a textual explanation of the sub-
query, as well as a graphical representation of the subquery
(e.g., using sample data to illustrate the operation of the
subquery). For example, one or more rows of the sample
data may be dimmed to indicate that they are removed by a
subquery or, as another example, adjacent tables may have
visual differences of the data contained therein. In examples,
the set of templates may convey an order 1n which steps are
to be presented. For example, a first template may 1llustrate
that relevant columns are selected (and, 1n some 1nstances,
joined as necessary). A subsequent template may illustrate
that the resulting records may be filtered accordingly.

[0033] In examples, a template 1s populated using the
sample data, such that the sample data i1s processed accord-
ing to the subquery and presented accordingly. In some
instances, the interactive user iterface may change accord-
ing to user modification of associations between formal
query subparts and natural language subparts. In other
instances, the interactive user interface enables the user to
manipulate the sample data, for example to add data, remove
data, or change data. As a result, the presented steps may be
updated accordingly. Example explanation templates are
provided above 1n Table 2.

[0034] While user input processed by interactive query
engine 116 may be used to update templates and/or output
data identified from the sample data, such user input is
separate from data store 112, such that the user may manipu-
late the sample data without aflecting data stored by data
store 112. In some instances, iteractive query engine 116
may request new sample data from data sampling engine
110. Further, in other examples, at least some of the sample
data may be manually selected by the user or, as another
example, may be manufactured by data sampling engine 110
and/or interactive query engine 116, as may be the case 1n
instances where data corresponding to a rule does not exist.
In other examples, data may be selected, manufactured, or
adapted such that certain characteristics match that of data in
data store 112. For example, the sample data may be
generated such that 1t has a variance and/or an average
similar to that of data 1n data store 112.

[0035] Once a user has finished debugging the formal
query, interactive query engine 116 may receive a user
indication to execute the revised query on data store 112
(e.g., rather than the sample data). Accordingly, interactive
query engine 116 may provide an indication of the revised
query to query processor 108, which may 1dentity data from
data store 112. Interactive query engine 116 receives the
identified data, which 1s presented to the user by application
114. In some 1instances, application 114 presents the data
associated with the revised query in conjunction with the
data associated with the 1nitial query, such that the user may
compare the results. In other instances, the formal query
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may remain unchanged, such that the formal query need not
be re-executed by query processor 108. In such instances,
the 1nteractive user interface may no longer be displayed.

[0036] While example functionality 1s described with
respect to server device 102 and client device 104, 1t will be
appreciated that, in other examples, such functionality may
be 1mplemented according to any of a variety of other
paradigms. For example, data sampling engine 110 may be
implemented by client device 104, such that data sampling
engine 110 generates one or more queries with which to
retrieve sample data from data store 112 via query processor
108. As another example, a data sampling engine local to
client device 104 may receive or cache at least a subpart of
the data stored by data store 112, which may be processed
locally according to aspects described herein. In other
instances, aspects of the present disclosure may be applied
to a data store that 1s local to client device 104 or, as another
example, server device 102 may implement an interactive
query engine that, for example, populates templates with
sample data and provides populated templates to client
device 104 for display by application 114.

[0037] FIG. 2 illustrates an overview of an example block
diagram 200 for natural language query processing and
debugging. As illustrated, natural language input 202 is
provided to natural language query processor 204 to gener-
ate formal query 206 accordingly. For example, natural
language mput 202 may be received from an application of
a client device, such as application 114 of client device 104
discussed above with respect to FIG. 1. In examples, natural
language query processor 204 further generates mapping
208 between subparts of natural language mput 202 and
subparts of formal query 206, which may be associated as
described above. Accordingly, formal query 206 1s used to
identify data from data store 210. For example, formal query
206 may be executed 1n data store 210 by a query processor,
such as query processor 108 discussed above with respect to
FIG. 1. As a result, data store output 214 1s generated, which
may be provided for display to a user (e.g., by an application
such as application 114 of client device 104 1n FIG. 1).

[0038] Block diagram 200 1s further illustrated as com-
prising sample data 212, which 1s generated from data store
210. For example, a data sampling engine such as data
sampling engine 110 1 FIG. 1 may be used to generate
sample data 212. Accordingly, formal query 206 may be
used to identify data from sample data 212, such that query
explanation 216 1s generated using sample data 212. For
example, query explanation 216 may be generated by an
interactive query engine, such as interactive query engine

116 1n FIG. 1.

[0039] In examples, user adjustments 218 are received,
which may be used to update query explanation 216 as
described above. In some instances, formal query 206 may
be updated, as may be the case 1n instances where a user
adds, removes, and/or changes associations between natural
language 1mput 202 and formal query 206. Ultimately, 1f a
user 1s satisfied with formal query 206 (e.g., as a result of
query explanation 216 and/or user adjustments 218), formal
query 206 may be executed in data store 210, thereby
yielding data store output 214. An arrow 1s illustrated from
data store 210 to natural language query processor 204 to
indicate that natural language query processor 204 may be
trained at least 1n part on data from data store 210 or, as
another example, natural language query processor 204 may
be trained based on user adjustments 218.
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[0040] FIG. 3 1illustrates an overview of an example
method 300 for processing query mput to identify data in a
data store and indicate query input subparts 1n association
with formal query subparts according to aspects described
herein. In examples, aspects of method 300 are performed
by a computing device, such as server device 102 discussed
above with respect to FIG. 1.

[0041] Method 300 begins at operation 302, where natural
language 1nput 1s received. For example, text input or voice
input may be received. The natural language mput may be
received from an application of a client device, such as
application 114 on client device 104 in FIG. 1. At operation
304, a formal query 1s generated based on the received
natural language mput. For example, the natural language
input may be processed by a query processor, such as query
processor 108 1in FIG. 1. In instances where the received
natural language mput comprises voice input, operation 304
may comprise generating a textual representation of the
voice put.

[0042] Flow progresses to operation 306, where formal
query subparts are associated with natural language 1nput
subparts. For example, operation 304 may generate an
attention map that may be processed to determine which
subparts of the generated formal query are associated with
which subparts of the natural language input. In some
instances, operation 306 may be omitted. For instance, an
attention map and/or other output generated at operation 304
may be provided to a client device, such that it may be
processed by the client device according to aspects
described herein.

[0043] At operation 308, the formal query 1s executed to
identify data in a data store. For example, the formal query
may be executed by a query processor (€.g., query processor
108 1n FIG. 1) to 1dentify data in a data store similar to data
store 112. Accordingly, at operation 310, the 1dentified data
1s provided 1n response to the natural language imput that was
received at operation 302. Thus, the natural language input
1s processed to generate a formal query, which 1s used to
identily data from the data store that 1s responsive to the
natural language input. In examples, operation 310 com-
prises providing the formal query and/or the associations
that were generated at operations 304 and 306, respectively.
As a result, subparts of the natural language mput may be
emphasized or otherwise annotated to indicate such subparts
were used to generate the formal query. In other instances,
operation 310 comprises providing an attention map and/or
other model output generated at operation 304, such that
associations may be generated by the recipient device
accordingly. Method 300 terminates at operation 310.

[0044] FIG. 4 1illustrates an overview of an example
method 400 for providing query debugging and adapting a
query according to user mput according to aspects described
herein. In examples, aspects of method 400 are performed
by a computing device, such as client device 104 discussed
above with respect to FIG. 1.

[0045] Method 400 begins at operation 402, where natural
language input 1s received to query for data of a data store.
For example, the natural language input may be received by
an application of a client device, such as application 114 of
client device 104 1n FIG. 1. As discussed above, the natural
language 1nput may comprise any of a variety of inputs,
including, but not limited to, text input and/or voice mnput.
[0046] At operation 404, data responsive to the natural
language mput 1s provided. For example, operation 404 may
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comprise providing the natural language mput to a query
processor (e.g., query processor 108 of server device 102 in
FIG. 1), which may process the natural language iput and
provide associated data 1n response. In some 1nstances, the
query processor further provides an indication as to a formal
query that was generated based on the natural language
iput, as well as an attention map or other model output
associated with generating the formal query from the natural
language input. Accordingly, operation 404 may further
comprise providing an indication of one or more associa-
tions between natural language input subparts and formal
query subparts. For example, text associated with formal
query subparts may be highlighted and/or bolded. It will be
appreciated that any of a variety of styling, annotations,
and/or other emphasis techniques may be used.

[0047] Flow progresses to operation 406, where an 1ndi-
cation to debug the query 1s received. For example, a user
interface element may have been presented at operation 404
in association with the data that 1s responsive to the natural
language mnput, such that the received indication 1s a user
actuation of the user interface element.

[0048] At operation 408, sample data associated with the
query 1s obtained. For example, a request for sample data
may be provided to a server device (e.g., server device 102
in FIG. 1), such that sample data 1s received 1n response
(e.g., as may be generated by a data sampling engine, such
as data sampling engine 110). In other examples, at least a
part of a data store may be stored locally, such that 1t may
be processed to generate sample data according to aspects
described herein. Thus, sample data may be generated based
processing the formal query according to a set of rules (e.g.,
as discussed above with respect to Table 1). In some
instances, operation 408 comprises generating manufactured
entries, as may be the case when data corresponding to a rule
1s not available. In other 1nstances, operation 408 comprises
receiving user input, for example receiving one or more
selections of data from the data store or receiving new data
to be included 1n the sample data, among other examples.

[0049] At operation 410, a query explanation 1s generated
based on the sample data. For example, the explanation may
comprise a set of steps associated with subqueries of the
formal query. As described above, a template may be 1den-
tified for each step and used to provide a description of the
actions performed by the subquery. Example templates are
described above with respect to Table 2. In some 1nstances,
operation 410 further comprises populating the template
with at least a part of the sample data that was obtained at
operation 408. As noted above, the example steps need not
be the same steps as are performed by a query processor
when executing the formal query. For instance, the example
steps may comprise a different order or, as another example,
may illustrate the data being processed 1n a manner that 1s
different from that of a query processor. Rows that would be
climinated by the formal query (e.g., as the result of a
“where” subquery) may be greyed out or using strikethrough
or, as another example, a row that 1s the product of a “group
by” subquery may be expandable to enable a user to see the
constituent rows.

[0050] Flow progresses to operation 412, where one or
more user adjustments are recerved. For example, a user
may update the formal query (e.g., as was used to identify
data responsive to the natural language input at operation
404). As an example, the user may add, remove, and/or
change associations between the natural language mput and
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the formal query. In other instances, the user may add,
remove, or change the sample data, thereby enabling the
user to evaluate how the formal query processes the sample
data. Thus, aspects described herein enable the user to
evaluate the formal query and adjust the formal query as
appropriate using sample data from the data store. The data
store need not be repeatedly queried, nor do changes to the
sample data aflect the data in the data store itself.

[0051] An arrow 1s illustrated from operation 412 to
operation 410 to indicate that, as the user changes the formal
query and/or sample data, the query explanation may be
updated accordingly. In other examples, a user input may be
received to obtain new sample data. Thus, method 400 1s
illustrated with a dashed arrow from operation 412 to
operation 408 to indicate that, in such examples, flow may
instead progress from operation 412 to operation 408. The
sample data may be generated according to an adjusted
formal query (e.g., as may be the result of operation 412).
Accordingly, flow loops between operations 408, 410, and/
or 412 to enable the user to debug the query and explore the
behavior of the formal query using sample data as described
above. Such aspects may be performed by an interactive
query engine, such as interactive query engine 116 in FIG.

1

[0052] Ultimately, 1f the user 1s satisfied with the formal
query (e.g., as a result of one or more iterations though
operations 410 and 412), tlow progresses to operation 414,
where the revised query 1s executed to identily data in the
data store. Such aspects may be similar to operation 404,
where the revised formal query 1s provided to a query
processor, such that data 1s received 1n response.

[0053] Accordingly, at operation 416, the 1dentified data 1s
provided. In some nstances, the data associated with the
revised query (e.g., from operation 414) 1s provided in
conjunction with the data associated with the 1mitial query
(e.g., from operation 402), such that the user may compare
the results. For example, the data may be displayed side-
by-side or may be displayed in a way that shows changes
between the sets of data. Flow terminates at operation 416.

[0054] FIGS. SA-5D illustrate overviews of example user
interfaces 300, 530, 560, and 580 according to aspects
described herein. Certain aspects of FIGS. 5A-5D are simi-
lar and are therefore not necessarily re-described below 1n
detail.

[0055] With reference to FIG. SA, user interface 500
illustrates an example user interface 500 via which a natural
language 1mput may be received in mput field 502. Accord-
ingly, a user may type a query 1n input field 502, which may
be submitted by actuating submit button 504. In other
examples, a keypress may be received via a keyboard or any
ol a variety of other input mechanisms may be used. It will
be appreciated that while the 1nstant example 1s described in
the context of text mput, any of a variety of other natural
language mput may be used 1n other instances.

[0056] Message box 506 1s 1llustrated as comprising text
input that was received from a user via mput field 502
(“which countries in Europe have more than 1 car manu-
tacturer?”). As illustrated, certain subparts 510, 512, 514,
and 516 of the mput are emphasized. Such emphasis may
have been generated as a result of a query processor (e.g.,
query processor 108 1n FIG. 1) generating an attention map
for the natural language input, which may have been pro-
cessed to 1dentify associations between formal query sub-

parts and the emphasized subparts 510, 512, 514, and 516.
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[0057] User interface 500 1s further 1llustrated as compris-
ing message box 508, which comprises output data respon-
sive to the natural language input. For example, a formal
query generated based on the natural language mnput 1n
message box 506 may have been used to identify data from
a data store, such as data store 112 in FIG. 1. Message box
508 further comprises user interface element 518 that, when
actuated, presents an interactive user interface for query
debugging (e.g., as may be generated by an interactive query
engine, such as interactive query engine 116 in FIG. 1).

[0058] FIG. 5B illustrates an example of such an interac-
tive user interface 530. As illustrated, user interface 532
comprises message box 532 in which a user may view,
change, add, and/or remove associations between the natural
language mput (e.g., as was displayed in message box 506)
and aspects of a generated formal query. For example, a user
may select a different mapping using drop down menus 534
(e.g., to change a column association) and 538 (e.g., to
change an operation mapping) or may enter a different value
in 1mput fields 536 and 540. In other examples, a user may
actuate one or more terms 1n the displayed natural language
input, such that the user may be presented with an option to
associate the mput subpart with a formal query subpart (e.g.,
adding a new column or operator, among other examples).

[0059] FIG. 5C illustrates additional aspects of an inter-
active user itertace 360, in which sample data 564 and steps
570 are presented to the user. In examples, aspects of
message box 562 are displayed beneath or to the nght of
those displayed 1n message box 532 of FIG. 5B, such that the
user may scroll or swipe vertically or sideways, respectively,
within message box 562 to view additional query debugging
information. Sample data 564 comprises tables 566 and 568,
which, as discussed above, may have been sampled from a
data store according to a set of rules, thereby 1dentifying data
associated with the query (e.g., Germany, France, and Swe-
den are all located in Europe) as well as data that i1s not
associated with the query (e.g., USA 1s not in Europe).

[0060] Steps 570 may have been generated according to a
set of templates, such that each of the three screens 1s
assocliated with a template of the set of templates. As
illustrated, steps 570 depicts the first step, where descriptive
text 572 1s presented 1n conjunction with populated template
table 574. According to aspects described herein, populated
template table 574 illustrates a result of performing the step
based on the sample data (e.g., table 566), where row 576 1s
illustrated using strikethrough to indicate that it would be
omitted as a result of performing the depicted step.

[0061] FIG. 3D illustrates additional aspects of an inter-
active user interface 580. As illustrated, steps 570 has shifted
to the left (e.g., as a result of a user scrolling or swiping),
such that answer 582 1s displayed. Answer 582 comprises
output data 584 based on the sample data. A user may
modily the sample data (e.g., by adding rows, removing
rows, and/or changing rows of tables 566 and/or 568). As
noted above with respect to FIG. 5B, the user may similarly
adjust the formal query. As a result of modifying the sample
data, aspects of user interfaces 530, 560, and 380 (e.g.,
sample data 564, steps 570, and/or output data 584) may be
updated accordingly.

[0062] FIGS. 5C and 3D further depict the user interface
as comprising cancel button 586 and save button 588. In
examples, 11 a user decides to discard any of the changes
discussed above, the user may actuate cancel button 586
such that the debugging user interface i1s hidden (e.g.,
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returning the user interface to one similar to user interface
500 i FIG. 5A). However, if the user mnstead decides to
retain any changes, the user may instead actuate save button
588, thereby causing the adjusted formal query to be
executed based on data in the data store (rather than the
sample data that yielded output data 584), thereby yielding
updated output data, which may be displayed in conjunction
with the output data in message box 508 such that the user
may view any changes associated therewith.

[0063] It will be appreciated that the user interface and
associated user experience aspects discussed above with
respect to FIGS. SA-5D are provided as examples and, in
other examples, other paradigms may be used. For example,
a tabbed user interface may be used to present sample data

564, steps 570, and output data 584.

[0064] FIGS. 6-9 and the associated descriptions provide
a discussion of a variety of operating environments 1n which
aspects of the disclosure may be practiced. However, the
devices and systems 1llustrated and discussed with respect to
FIGS. 6-9 are for purposes of example and 1llustration and
are not limiting of a vast number of computing device
configurations that may be utilized for practicing aspects of
the disclosure, described herein.

[0065] FIG. 6 1s a block diagram illustrating physical
components (e.g., hardware) of a computing device 600 with
which aspects of the disclosure may be practiced. The
computing device components described below may be
suitable for the computing devices described above, includ-
ing server device 102 and client device 104 1n FIG. 1. In a
basic configuration, the computing device 600 may include
at least one processing unit 602 and a system memory 604.
Depending on the configuration and type of computing
device, the system memory 604 may comprise, but 1s not
limited to, volatile storage (e.g., random access memory),
non-volatile storage (e.g., read-only memory), {flash
memory, or any combination of such memories.

[0066] The system memory 604 may include an operating
system 603 and one or more program modules 606 suitable
for running software application 620, such as one or more
components supported by the systems described herein. As
examples, system memory 604 may store interactive query
engine 624 and data sampling engine 626. The operating
system 603, for example, may be suitable for controlling the
operation of the computing device 600.

[0067] Furthermore, embodiments of the disclosure may
be practiced 1n conjunction with a graphics library, other
operating systems, or any other application program and 1s
not limited to any particular application or system. This
basic configuration 1s i1llustrated 1n FIG. 6 by those compo-
nents within a dashed line 608. The computing device 600
may have additional features or functionality. For example,
the computing device 600 may also include additional data
storage devices (removable and/or non-removable) such as,
for example, magnetic disks, optical disks, or tape. Such
additional storage 1s illustrated 1n FIG. 6 by a removable
storage device 609 and a non-removable storage device 610.

[0068] As stated above, a number of program modules and
data files may be stored 1n the system memory 604. While
executing on the processing unit 602, the program modules
606 (c.g., application 620) may perform processes including,
but not limited to, the aspects, as described herein. Other
program modules that may be used in accordance with
aspects of the present disclosure may include electronic mail
and contacts applications, word processing applications,
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spreadsheet applications, database applications, slide pre-
sentation applications, drawing or computer-aided applica-
tion programs, etc.

[0069] Furthermore, embodiments of the disclosure may
be practiced 1n an electrical circuit comprising discrete
clectronic elements, packaged or integrated electronic chips
containing logic gates, a circuit utilizing a microprocessor,
or on a single chip containing electronic elements or micro-
processors. For example, embodiments of the disclosure
may be practiced via a system-on-a-chip (SOC) where each
or many of the components illustrated in FIG. 6 may be
integrated onto a single integrated circuit. Such an SOC
device may include one or more processing units, graphics
units, communications units, system virtualization unmts and
various application functionality all of which are integrated
(or “burned”) onto the chip substrate as a single integrated
circuit. When operating via an SOC, the functionality,
described herein, with respect to the capability of client to
switch protocols may be operated via application-specific
logic integrated with other components of the computing
device 600 on the single integrated circuit (chip). Embodi-
ments of the disclosure may also be practiced using other
technologies capable of performing logical operations such
as, for example, AND, OR, and NOT, including but not
limited to mechanical, optical, fluidic, and quantum tech-
nologies. In addition, embodiments of the disclosure may be
practiced within a general purpose computer or in any other
circuits or systems.

[0070] The computing device 600 may also have one or
more input device(s) 612 such as a keyboard, a mouse, a pen,
a sound or voice input device, a touch or swipe mput device,
etc. The output device(s) 614 such as a display, speakers, a
printer, etc. may also be included. The aforementioned
devices are examples and others may be used. The comput-
ing device 600 may include one or more communication
connections 616 allowing communications with other com-
puting devices 650. Examples of suitable communication
connections 616 include, but are not limited to, radio fre-
quency (RF) transmitter, receiver, and/or transceiver cir-
cuitry; universal serial bus (USB), parallel, and/or serial
ports.

[0071] The term computer readable media as used herein
may include computer storage media. Computer storage
media may include volatile and nonvolatile, removable and
non-removable media implemented 1n any method or tech-
nology for storage of information, such as computer read-
able 1nstructions, data structures, or program modules. The
system memory 604, the removable storage device 609, and
the non-removable storage device 610 are all computer
storage media examples (e.g., memory storage). Computer
storage media may include RAM, ROM, electrically eras-
able read-only memory (EEPROM), tlash memory or other
memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other article of manufacture which can be
used to store information and which can be accessed by the
computing device 600. Any such computer storage media
may be part of the computing device 600. Computer storage
media does not include a carrier wave or other propagated or
modulated data signal.

[0072] Communication media may be embodied by com-
puter readable instructions, data structures, program mod-
ules, or other data 1n a modulated data signal, such as a




US 2022/0309106 Al

carrier wave or other transport mechanism, and includes any
information delivery media. The term “modulated data sig-
nal” may describe a signal that has one or more character-
istics set or changed 1n such a manner as to encode infor-
mation in the signal. By way of example, and not limitation,
communication media may include wired media such as a
wired network or direct-wired connection, and wireless
media such as acoustic, radio frequency (RF), infrared, and
other wireless media.

[0073] FIGS. 7A and 7B illustrate a mobile computing
device 700, for example, a mobile telephone, a smart phone,
wearable computer (such as a smart watch), a tablet com-
puter, a laptop computer, and the like, with which embodi-
ments of the disclosure may be practiced. In some aspects,
the client may be a mobile computing device. With reference
to FIG. 7A, one aspect of a mobile computing device 700 for
implementing the aspects 1s illustrated. In a basic configu-
ration, the mobile computing device 700 1s a handheld
computer having both imnput elements and output elements.
The mobile computing device 700 typically includes a
display 705 and one or more input buttons 710 that allow the
user to enter information nto the mobile computing device
700. The display 705 of the mobile computing device 700
may also function as an input device (e.g., a touch screen
display).

[0074] If included, an optional side mput element 715
allows further user input. The side mput element 715 may be
a rotary switch, a button, or any other type of manual 1nput
clement. In alternative aspects, mobile computing device
700 may incorporate more or less input elements. For
example, the display 705 may not be a touch screen 1n some
embodiments.

[0075] In yet another alternative embodiment, the mobile
computing device 700 1s a portable phone system, such as a
cellular phone. The mobile computing device 700 may also
include an optional keypad 735. Optional keypad 735 may
be a physical keypad or a “soit” keypad generated on the
touch screen display.

[0076] In various embodiments, the output eclements
include the display 705 for showing a graphical user inter-
tace (GUI), a visual indicator 720 (e.g., a light emitting
diode), and/or an audio transducer 725 (e.g., a speaker). In
some aspects, the mobile computing device 700 incorporates
a vibration transducer for providing the user with tactile
teedback. In yet another aspect, the mobile computing
device 700 incorporates input and/or output ports, such as an
audio 1mput (e.g., a microphone jack), an audio output (e.g.,
a headphone jack), and a video output (e.g., a HDMI port)
for sending signals to or receiving signals from an external
device.

[0077] FIG. 7B 1s a block diagram illustrating the archi-
tecture of one aspect of a mobile computing device. That 1s,
the mobile computing device 700 can incorporate a system
(e.g., an architecture) 702 to implement some aspects. In one
embodiment, the system 702 1s implemented as a “smart
phone™ capable of running one or more applications (e.g.,
browser, e-mail, calendaring, contact managers, messaging,
clients, games, and media clients/players). In some aspects,
the system 702 1s integrated as a computing device, such as
an integrated personal digital assistant (PDA) and wireless
phone.

[0078] One or more application programs 766 may be
loaded into the memory 762 and run on or in association

with the operating system 764. Examples of the application
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programs include phone dialer programs, e-mail programs,
personal mformation management (PIM) programs, word
processing programs, spreadsheet programs, Internet
browser programs, messaging programs, and so forth. The
system 702 also includes a non-volatile storage arca 768
within the memory 762. The non-volatile storage area 768
may be used to store persistent information that should not
be lost 11 the system 702 1s powered down. The application
programs 766 may use and store information in the non-
volatile storage area 768, such as e-mail or other messages
used by an e-mail application, and the like. A synchroniza-
tion application (not shown) also resides on the system 702
and 1s programmed to interact with a corresponding syn-
chronization application resident on a host computer to keep
the information stored i1n the non-volatile storage arca 768
synchronized with corresponding information stored at the
host computer. As should be appreciated, other applications
may be loaded into the memory 762 and run on the mobile
computing device 700 described herein (e.g., search engine,
extractor module, relevancy ranking module, answer scoring
module, etc.).

[0079] The system 702 has a power supply 770, which
may be implemented as one or more batteries. The power
supply 770 might further include an external power source,
such as an AC adapter or a powered docking cradle that
supplements or recharges the batteries.

[0080] The system 702 may also include a radio interface
layer 772 that performs the function of transmitting and
receiving radio frequency communications. The radio inter-
tace layer 772 facilitates wireless connectivity between the
system 702 and the “outside world,” via a communications
carrier or service provider. Transmissions to and from the
radio iterface layer 772 are conducted under control of the
operating system 764. In other words, communications
received by the radio interface layer 772 may be dissemi-
nated to the application programs 766 via the operating
system 764, and vice versa.

[0081] The visual indicator 720 may be used to provide
visual notifications, and/or an audio interface 774 may be
used for producing audible notifications via the audio trans-
ducer 725. In the 1llustrated embodiment, the visual indica-
tor 720 1s a light emitting diode (LED) and the audio
transducer 725 1s a speaker. These devices may be directly
coupled to the power supply 770 so that when activated, they
remain on for a duration dictated by the notification mecha-
nism even though the processor 760 and other components
might shut down for conserving battery power. The LED
may be programmed to remain on indefinitely until the user
takes action to indicate the powered-on status of the device.
The audio interface 774 1s used to provide audible signals to
and receive audible signals from the user. For example, 1n
addition to being coupled to the audio transducer 725, the
audio mterface 774 may also be coupled to a microphone to
receive audible iput, such as to facilitate a telephone
conversation. In accordance with embodiments of the pres-
ent disclosure, the microphone may also serve as an audio
sensor to {facilitate control of notifications, as will be
described below. The system 702 may further include a
video interface 776 that enables an operation of an on-board
camera 730 to record still images, video stream, and the like.

[0082] A mobile computing device 700 implementing the
system 702 may have additional features or functionality.
For example, the mobile computing device 700 may also
include additional data storage devices (removable and/or
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non-removable) such as, magnetic disks, optical disks, or
tape. Such additional storage 1s illustrated in FIG. 7B by the
non-volatile storage areca 768.

[0083] Data/information generated or captured by the
mobile computing device 700 and stored via the system 702
may be stored locally on the mobile computing device 700,
as described above, or the data may be stored on any number
ol storage media that may be accessed by the device via the
radio interface layer 772 or via a wired connection between
the mobile computing device 700 and a separate computing,
device associated with the mobile computing device 700, for
example, a server computer 1n a distributed computing
network, such as the Internet. As should be appreciated such
data/information may be accessed via the mobile computing
device 700 wvia the radio iterface layer 772 or via a
distributed computing network Similarly, such data/infor-
mation may be readily transierred between computing
devices for storage and use according to well-known data/
information transfer and storage means, mncluding electronic
mail and collaborative data/information sharing systems.

[0084] FIG. 8 illustrates one aspect of the architecture of
a system for processing data received at a computing system
from a remote source, such as a personal computer 804,
tablet computing device 806, or mobile computing device
808, as described above. Content displayed at server device
802 may be stored in different communication channels or
other storage types. For example, various documents may be
stored using a directory service 822, a web portal 824, a
mailbox service 826, an instant messaging store 828, or a
social networking site 830.

[0085] An imteractive query engine 820 may be employed
by a client that communicates with server device 802, and/or
data sampling engine 821 may be employed by server device
802. The server device 802 may provide data to and from a
client computing device such as a personal computer 804, a
tablet computing device 806 and/or a mobile computing
device 808 (e.g., a smart phone) through a network 815. By
way of example, the computer system described above may
be embodied 1n a personal computer 804, a tablet computing
device 806 and/or a mobile computing device 808 (e.g., a
smart phone). Any of these embodiments of the computing
devices may obtain content from the store 816, 1n addition
to receiving graphical data useable to be either pre-pro-
cessed at a graphic-originating system, or post-processed at
a receiving computing system.

[0086] FIG. 9 illustrates an exemplary tablet computing
device 900 that may execute one or more aspects disclosed
herein. In addition, the aspects and functionalities described
herein may operate over distributed systems (e.g., cloud-
based computing systems), where application functionality,
memory, data storage and retrieval and various processing,
functions may be operated remotely from each other over a
distributed computing network, such as the Internet or an
intranet. User interfaces and information of various types
may be displayed via on-board computing device displays or
via remote display units associated with one or more com-
puting devices. For example, user interfaces and information
of various types may be displayed and interacted with on a
wall surface onto which user interfaces and information of
various types are projected. Interaction with the multitude of
computing systems with which embodiments of the inven-
tion may be practiced include, keystroke entry, touch screen
entry, voice or other audio entry, gesture entry where an
associated computing device 1s equipped with detection
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(e.g., camera) functionality for capturing and interpreting
user gestures for controlling the functionality of the com-
puting device, and the like.

[0087] Aspects of the present disclosure, for example, are
described above with reference to block diagrams and/or
operational 1llustrations of methods, systems, and computer
program products according to aspects of the disclosure. The
functions/acts noted 1n the blocks may occur out of the order
as shown 1n any flowchart. For example, two blocks shown
in succession may 1n fact be executed substantially concur-
rently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality/acts
ivolved.

[0088] As will be understood from the foregoing disclo-
sure, one aspect of the technology relates to a system
comprising: at least one processor; and memory storing
instructions that, when executed by the at least one proces-
sor, causes the system to perform a set of operations. The set
ol operations comprises: recerving, from a user, a natural
language user input associated with a query for data from a
data store; obtaining data from the data store responsive to
the natural language user input; processing the natural
language user input to i1dentify an association between a
subpart of the natural language user input and a subpart of
a formal query for the data in the data store; providing an
indication of the identified association to the user; receiving
user iput to debug the formal query, thereby generating an
adjusted formal query; obtaining updated data from the data
store responsive to the adjusted formal query; and presenting
the updated data to the user. In an example, the set of
operations further comprises: 1n response to the user iput to
debug the formal query: obtaining sample data from the data
store based on the formal query; and presenting a set of steps
associated with the formal query, wherein each step of the
set of steps 1s generated according to a template using the
sample data. In another example, the sample data 1s gener-
ated based on the formal query according to a set of rules and
comprises data that 1s responsive to the formal query and
data that 1s not responsive to the formal query. In a further
example, the set of operations further comprises: receiving
user input to modity the sample data; and 1n response to the
received user 1nput to modily the sample data, updating the
set of steps. In yet another example, receiving user input to
debug the formal query comprises receiving user iput to
add, remove, or change an association between a subpart of
the natural language user input and a subpart of the formal
query, thereby generating the adjusted formal query. In a
turther still example, processing the natural language user
input to 1dentify the association between the subpart of the
natural language user mput and the formal query comprises:
processing an attention map generated by a machine learn-
ing model, wherein the machine learning model was used to
generate the formal query based on the natural language user
input. In an example, the natural language user input com-
prises text input; and providing an indication of the identi-
fied association to the user comprises emphasizing at least a
part of a display of the text input.

[0089] In another aspect, the technology relates to a
method for debugging a formal query based on natural
language user input. The method comprises: receiving, from
a user, a natural language user input associated with a query
for data from a data store; obtaining data from the data store
responsive to the natural language user imnput; recerving user
input to debug the formal query; and in response to the user
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input to debug the formal query: obtaining, based on the
formal query, sample data from the data store, wherein the
sample data comprises data that 1s not responsive to the
formal query; generating a set of steps associated with the
formal query, wherein each step of the set of steps 1is
generated according to a template using the sample data; and
presenting at least one step of the generated set of steps to
the user. In an example, the sample data 1s generated
according to a set of rules based on the formal query. In
another example, the method further comprises: receiving
user input to modily the sample data; and 1n response to the
received user mput to modify the sample data, updating at
least one step of the set of steps. In a further example, the
method further comprises presenting updated data from the
sample data that 1s responsive or non-responsive to the
formal query. In et another example, the method further
comprises: recerving user input to add, remove, or change an
association between a subpart of the natural language user
input and a subpart of the formal query, thereby generating
an adjusted formal query; obtaining updated data from the
data store responsive to the adjusted formal query; and
presenting the updated data to the user. In a further still
example, the method further comprises storing the adjusted
formal query as training data for a machine learning model
that processes natural language nput to generate formal
queries.

[0090] In a further aspect, the technology relates to a
method for debugging a formal query based on natural
language user input. The method comprises: receiving, from
a user, a natural language user input associated with a query
for data from a data store; obtaining data from the data store
responsive to the natural language user mnput; processing the
natural language user input to identily an association
between a subpart of the natural language user input and a
subpart of a formal query for the data in the data store;
providing an indication of the i1dentified association to the
user; receiving user iput to debug the formal query, thereby
generating an adjusted formal query; obtaining updated data
from the data store responsive to the adjusted formal query;
and presenting the updated data to the user. In an example,
the method further comprises: in response to the user input
to debug the formal query: obtaining sample data from the
data store based on the formal query; and presenting a set of
steps associated with the formal query, wherein each step of
the set of steps 1s generated according to a template using the
sample data. In another example, the sample data 1s gener-
ated based on the formal query according to a set of rules and
comprises data that 1s responsive to the formal query and
data that 1s not responsive to the formal query. In a further
example, the method further comprises: receiving user mput
to modily the sample data; and in response to the received
user input to modily the sample data, updating the set of
steps. In yet another example, example, receiving user input
to debug the formal query comprises receiving user iput to
add, remove, or change an association between a subpart of
the natural language user input and a subpart of the formal
query, thereby generating the adjusted formal query. In a
turther still example, processing the natural language user
input to 1dentily the association between the subpart of the
natural language user input and the formal query comprises:
processing an attention map generated by a machine learn-
ing model, wherein the machine learning model was used to
generate the formal query based on the natural language user
input. In another example, the natural language user 1mput
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comprises text input; and providing an indication of the
identified association to the user comprises emphasizing at
least a part of a display of the text input.
[0091] The description and illustration of one or more
aspects provided 1n this application are not intended to limat
or restrict the scope of the disclosure as claimed 1n any way.
The aspects, examples, and details provided 1n this applica-
tion are considered suflicient to convey possession and
cnable others to make and use the claimed aspects of the
disclosure. The claimed disclosure should not be construed
as being limited to any aspect, example, or detail provided
in this application. Regardless of whether shown and
described 1n combination or separately, the various features
(both structural and methodological) are intended to be
selectively included or omitted to produce an embodiment
with a particular set of features. Having been provided with
the description and 1illustration of the present application,
one skilled in the art may envision variations, modifications,
and alternate aspects falling within the spirit of the broader
aspects of the general mventive concept embodied 1n this
application that do not depart from the broader scope of the
claimed disclosure.
What 1s claimed 1s:
1. A system comprising:
at least one processor; and
memory storing mstructions that, when executed by the at
least one processor, causes the system to perform a set
ol operations, the set of operations comprising:
receiving, from a user, a natural language user input
associated with a query for data from a data store;
obtaining data from the data store responsive to the
natural language user iput;
processing the natural language user mput to identify
an association between a subpart of the natural
language user input and a subpart of a formal query
for the data in the data store:
providing an indication of the identified association to
the user;
receiving user mput to debug the formal query, thereby
generating an adjusted formal query;
obtaining updated data from the data store responsive
to the adjusted formal query; and

presenting the updated data to the user.

2. The system of claim 1, wherein the set of operations
further comprises:

in response to the user mput to debug the formal query:

obtaining sample data from the data store based on the
formal query; and

presenting a set of steps associated with the formal
query, wherein each step of the set of steps 1s
generated according to a template using the sample
data.

3. The system of claim 2, wherein the sample data 1s
generated based on the formal query according to a set of
rules and comprises data that is responsive to the formal
query and data that 1s not responsive to the formal query.

4. The system of claim 2, wherein the set of operations
further comprises:

recetving user mput to modily the sample data; and

in response to the received user input to modity the

sample data, updating the set of steps.

5. The system of claim 1, wherein recerving user imput to
debug the formal query comprises receiving user iput to
add, remove, or change an association between a subpart of
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the natural language user input and a subpart of the formal
query, thereby generating the adjusted formal query.

6. The system of claim 1, wherein processing the natural
language user 1mput to 1dentily the association between the
subpart of the natural language user input and the formal
query comprises:

processing an attention map generated by a machine

learning model, wherein the machine learning model
was used to generate the formal query based on the
natural language user input.

7. The system of claim 1, wherein:

the natural language user input comprises text iput; and

providing an indication of the 1identified association to the

user comprises emphasizing at least a part of a display
of the text 1nput.

8. A method for debugging a formal query based on
natural language user mput, the method comprising:

receiving, from a user, a natural language user input

associated with a query for data from a data store;
obtaining data from the data store responsive to the
natural language user mput;

receiving user mput to debug the formal query; and

in response to the user mput to debug the formal query:

obtaining, based on the formal query, sample data from
the data store, wherein the sample data comprises
data that 1s not responsive to the formal query;

generating a set of steps associated with the formal
query, wherein each step of the set of steps 1s
generated according to a template using the sample
data; and

presenting at least one step of the generated set of steps
to the user.

9. The method of claim 8, wherein the sample data 1s
generated according to a set of rules based on the formal
query.

10. The method of claim 8, further comprising:

receiving user mput to modity the sample data; and

in response to the received user mput to modify the

sample data, updating at least one step of the set of
steps.

11. The method of claim 10, further comprising present-
ing updated data from the sample data that 1s responsive or
non-responsive to the formal query.

12. The method of claim 8, further comprising;:

receiving user input to add, remove, or change an asso-

ciation between a subpart of the natural language user
input and a subpart of the formal query, thereby gen-
erating an adjusted formal query;

obtaining updated data from the data store responsive to

the adjusted formal query; and

presenting the updated data to the user.

13. The method of claim 12, further comprising storing
the adjusted formal query as training data for a machine
learning model that processes natural language nput to
generate formal queries.
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14. A method for debugging a formal query based on
natural language user mput, the method comprising:

receiving, from a user, a natural language user input
associated with a query for data from a data store;

obtaining data from the data store responsive to the
natural language user input;

processing the natural language user 1nput to 1dentify an
association between a subpart of the natural language
user mput and a subpart of a formal query for the data
in the data store;

providing an indication of the identified association to the
user;

receiving user mnput to debug the formal query, thereby
generating an adjusted formal query;

obtaining updated data from the data store responsive to
the adjusted formal query; and

presenting the updated data to the user.
15. The method of claim 14, comprising:
in response to the user mput to debug the formal query:

obtaining sample data from the data store based on the
formal query; and

presenting a set of steps associated with the formal
query, wherein each step of the set of steps 1s

generated according to a template using the sample
data.

16. The method of claim 15, wherein the sample data 1s

generated based on the formal query according to a set of
rules and comprises data that i1s responsive to the formal

query and data that 1s not responsive to the formal query.
17. The method of claim 15, further comprising:
recetving user mput to modily the sample data; and

in response to the received user input to modity the
sample data, updating the set of steps.

18. The method of claim 14, wherein receiving user input
to debug the formal query comprises receiving user input to
add, remove, or change an association between a subpart of
the natural language user input and a subpart of the formal
query, thereby generating the adjusted formal query.

19. The method of claim 14, wherein processing the
natural language user mput to i1dentify the association
between the subpart of the natural language user mput and
the formal query comprises:

processing an attention map generated by a machine
learning model, wherein the machine learning model
was used to generate the formal query based on the
natural language user input.

20. The method of claim 14, wherein:
the natural language user input comprises text input; and

providing an indication of the identified association to the
user comprises emphasizing at least a part of a display
of the text input.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

