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CONVERSION OF NATURAL LANGUAGE QUERY

BACKGROUND

[0001] Natural Language Interfaces to Database (NLIDB) allows a user to query the
database with a natural language, to relieve the user from the burden of learning the database
query language. Compared with the traditional method which queries the database with
Structured Query Language (SQL), NLIDB provides pbetter interactive experience. The
natural language query can be automatically converted, via the semantic parsing techniques,
into a computer-executable query (e.g., SQL query) to retrieve an answer from the database.
At present, the technical solution for NLIDB usually assumes that the natural language
query is context-independent. However, multiple rounds of interactions with NLIDB may
involve multiple semantically dependent queries. In this case, it is required to combine the
contextual information to correctly understand the query intent of the user.

SUMMARY

[0002] In accordance with implementations of the present disclosure, a solution for
converting a natural language query is provided. In this solution, a first natural language
query and a second natural language query for one or more data tables are received, wherein
semantics of the second natural language query is dependent on the first natural language
query. A third natural language query for one or more data tables is generated based on
the first natural language query and the second natural language query, wherein semantics
of the third natural language query is identical to the semantics of the second natural
language query and independent of the first natural language query. In this way, this
solution can convert a context-dependent natural language query into a context-independent
natural language query, thereby enabling interfacing with any semantic parsers which can
convert a natural language query into a computer-executable query, so as to implement a
query operation on one or more data tables.

[0003] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Fig. 1 illustrates a block diagram of a computing device which can implement a
plurality of implementations of the present disclosure;

[0005] Fig. 2 illustrates a block diagram of a converting module for converting a natural



10

15

20

25

30

WO 2020/149959 PCT/US2019/065314

language query in accordance with implementations of the present disclosure;

[0006] Fig. 3 illustrates a schematic diagram of a procedure for converting a context-
dependent natural language query into a context-independent natural language query in
accordance with implementations of the present disclosure;

[0007] Figs. 4A and 4B illustrate a schematic diagram of executing a fusion operation on
a pair of conflicting segments in accordance with implementations of the present disclosure;
[0008] Fig. 5 illustrates a schematic diagram of executing a fusion operation on a pair of
conflicting segments in accordance with implementations of the present disclosure;

[0009] Fig. 6 illustrates a flowchart of a method for converting a natural language query
in accordance with implementations of the present disclosure.

[0010] Throughout the drawings, the same or similar reference signs refer to the same or
similar elements.

DETAILED DESCRIPTION

[0011] The present disclosure will now be discussed with reference to several example
implementations. It is to be understood these implementations are discussed only for the
purpose of enabling those skilled persons in the art to better understand and thus implement
the present disclosure, rather than suggesting any limitations on the scope of the subject
matter.

[0012] As used herein, the term “includes” and its variants are to be read as open terms
that mean “includes, but is not limited to”. The term “based on” is to be read as “based at
least in part on”. The term “one implementation” and “an implementation” are to be read
as “at least one implementation”. The term “another implementation” is to be read as “at
least one other implementation”. The terms “first”, “second” and the like may refer to
different or same objects. Other definitions, explicit and implicit, may be included below.
[0013] As used herein, the term “natural language” refers to a daily language practiced
by human beings for written and verbal communications. Examples of the natural
language include Chinese, English, German, Spanish, French and the like. In the
following description, English will act as the example of the natural language. However,
it should be understood that this is merely for the purpose of illustration and is not intended
to limit the scope of the present disclosure. Implementations of the present disclosure can
be applicable to a variety of different natural languages.

[0014] As mentioned above, NLIDB allows a user to query the database with a natural
language, to relieve the user from the burden of learning the database query language. The

natural language query can be automatically converted, via the semantic parsing techniques,
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into a computer-executable query (e.g., SQL query) to retrieve an answer from the database.
[0015] However, multiple rounds of interactions with NLIDB may involve multiple
semantically dependent queries. In other words, the current query initiated by a user may
be dependent on a certain precedent query in the multiple rounds of interactions with the
NLIDB. For example, the user may have already initiated a query “Show the sales in 2017”
and then initiate an elliptic query “How about 20187?”  In this case, it is required to combine
the contextual information to correctly understand the query intent of the user.

[0016] For the purpose of simplification, the above multiple rounds of queries will be
discussed below by taking two rounds of queries as the example. The two rounds of
queries described herein include a context-independent precedent natural language query
(also referred to as “first natural language query”, “first query” or “precedent query” in the
following) and a follow-up natural language query (also referred to as “second natural
language query”, “second query” or “follow-up query”) whose semantics are dependent on
the precedent natural language query. It should be understood that the precedent query and
the follow-up query described herein are not necessarily two consecutive queries but instead
only refer to two semantically dependent queries.

[0017] Some traditional solutions analyze, based on a particular data set in a particular
domain (e.g., the aerospace domain), the follow-up query whose semantics are dependent
on the precedent query, so as to generate a SQL query corresponding to the follow-up query.
However, these methods are often limited to use in specific areas and are difficult to apply
to different data sets. Some traditional solutions may restrict the scenario of the follow-up
query. For example, it may be required that results of the follow-up query must be a subset
of results of the precedent query. In addition, the traditional solutions usually parse the
follow-up natural language query, whose semantics are dependent on the precedent query,
directly into a corresponding SQL query. Therefore, the traditional solutions rely on the
implementation of a specific semantic parser for parsing a natural language query into an
SQL query, which accordingly increases processing and/or computation overheads.

[0018] Problems existing in the current solutions of analyzing the follow-up natural
language query have been discussed above. In accordance with implementations of the
present disclosure, there is provided a solution for converting a natural language query, so
as to solve one or more of the above problems or other potential problems. In this solution,
a first natural language query and a second natural language query for one or more data
tables are received, wherein semantics of the second natural language query is dependent

on the first natural language query. A third natural language query for one or more data
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tables is generated based on the first natural language query and the second natural language
query, wherein semantics of the third natural language query is identical to the semantics of
the second natural language query and independent of the first natural language query.
[0019] In this way, this solution can convert a context-dependent natural language query
into a context-independent natural language query. In addition, this solution has no
restrictions on the applicable field, dataset, query scenario, type of natural language, type of
a downstream parser and the number of targeted data tables or databases and the like and
thus is highly flexible. Being independent of the implementation of the specific semantic
parser, this solution can effectively reduce processing and/or computation overheads,
thereby achieving higher system performance.

[0020]  Various example implementations of the solution are further described in details
below with reference to the drawings.

Example Environment

[0021] Fig. 1 illustrates a block diagram of a computing device 100 that can carry out a
plurality of implementations of the present disclosure. It should be understood that the
computing device 100 shown in Fig. 1 is only exemplary, without suggesting any limitation
to functions and the scope of the implementations of the present disclosure. According to
Fig. 1, the computing device 100 includes a computing device 100 in the form of a general
purpose computing device. Components of the computing device 100 can include, but not
limited to, one or more processors or processing units 110, memory 120, storage device 130,
one or more communication units 140, one or more input devices 150 and one or more
output devices 160.

[0022] In some implementations, the computing device 100 can be implemented as
various user terminals or service terminals with computing power. The service terminals
can be servers, large-scale computing devices and the like provided by a variety of service
providers. The user terminal, for example, is mobile terminal, fixed terminal or portable
terminal of any types, including mobile phone, site, unit, device, multimedia computer,
multimedia tablet, Internet nodes, communicator, desktop computer, laptop computer,
notebook computer, netbook computer, tablet computer, Personal Communication System
(PCS) device, personal navigation device, Personal Digital Assistant (PDA), audio/video
player, digital camera/video, positioning device, television receiver, radio broadcast receiver,
electronic book device, gaming device or any other combinations thereof consisting of
accessories and peripherals of these devices or any other combinations thereof. It can also

be predicted that the computing device 100 can support any types of user-specific interfaces
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(such as “wearable” circuit and the like).

[0023] The processing unit 110 can be a physical or virtual processor and can execute
various processing based on the programs stored in the memory 120. In a multi-processor
system, a plurality of processing units executes computer-executable instructions in parallel
to enhance parallel processing capability of the computing device 100. The processing
unit 110 also can be known as central processing unit (CPU), microprocessor, controller and
microcontroller.

[0024] The computing device 100 usually includes a plurality of computer storage media.
Such media can be any attainable media accessible by the computing device 100, including
but not limited to volatile and non-volatile media, removable and non-removable media.
The memory 120 can be a volatile memory (e.g., register, cache, Random Access Memory
(RAM)), a non-volatile memory (such as, Read-Only Memory (ROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM), flash), or any combinations thereof. The
memory 120 can include a converting module 122 configured to execute functions of
various implementations described herein. The converting module 122 can be accessed
and operated by the processing unit 110 to perform corresponding functions.

[0025] The storage device 130 can be removable or non-removable medium, and can
include machine readable medium, which can be used for storing information and/or data
and can be accessed within the computing device 100. The computing device 100 can
further include a further removable/non-removable, volatile/non-volatile storage medium.
Although not shown in Fig. 1, there can be provided a disk drive for reading from or writing
into a removable and non-volatile disk and an optical disk drive for reading from or writing
into a removable and non-volatile optical disk. In such cases, each drive can be connected
via one or more data medium interfaces to the bus (not shown).

[0026] The communication unit 140 implements communication with another
computing device through communication media. Additionally, functions of components
of the computing device 100 can be realized by a single computing cluster or a plurality of
computing machines, and these computing machines can communicate through
communication connections. Therefore, the computing device 100 can be operated in a
networked environment using a logic connection to one or more other servers, a Personal
Computer (PC) or a further general network node.

[0027] The input device 150 can be one or more various input devices, such as mouse,
keyboard, trackball, voice-input device and the like. The output device 160 can be one or

more output devices, e.g., display, loudspeaker and printer etc. The computing device 100
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also can communicate through the communication unit 140 with one or more external
devices (not shown) as required, wherein the external device, e.g., storage device, display
device etc., communicates with one or more devices that enable the users to interact with
the computing device 100, or with any devices (such as network card, modem and the like)
that enable the computing device 100 to communicate with one or more other computing
devices. Such communication can be executed via Input/Output (I/O) interface (not
shown).

[0028] In some implementations, apart from being integrated on an individual device,
some or all of the respective components of the computing device 100 also can be set in the
form of cloud computing architecture. In the cloud computing architecture, these
components can be remotely arranged and can cooperate to implement the functions
described by the present disclosure. In some implementations, the cloud computing
provides computation, software, data access and storage services without informing a
terminal user of physical positions or configurations of systems or hardware providing such
services. In various implementations, the cloud computing provides services via Wide
Area Network (such as Internet) using a suitable protocol. For example, the cloud
computing provider provides, via the Wide Area Network, the applications, which can be
accessed through a web browser or any other computing components. Software or
components of the cloud computing architecture and corresponding data can be stored on a
server at a remote position. The computing resources in the cloud computing environment
can be merged or spread at a remote datacenter. The cloud computing infrastructure can
provide, via a shared datacenter, the services even though they are shown as a single access
point for the user. Therefore, components and functions described herein can be provided
using the cloud computing architecture from a service provider at a remote position.
Alternatively, components and functions also can be provided from a conventional server,
or they can be mounted on a client device directly or in other ways.

[0029] The computing device 100 can convert a context-dependent natural language
query into a context-independent natural language query according to implementations of
the present disclosure. As shown in Fig. 1, the computing device 100 can receive, via the
input device 150, natural language queries 170-1 and 170-2 for a data table 132, where
semantics of the natural language query 170-2 is dependent on the natural language query
170-1. In the example of Fig. 1, the natural language query 170-1 is, for example, “Show
the sum of sales by brand in the year 2018 and the natural language query 170-2 is, for

example, “How about the average?” According to Fig. 1, the data table 132 may include,
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for example, a table name “Brand Sales”, a plurality of column names “Brand”, “Sales” and
“Year” and data items defined by rows and columns.

[0030] The natural language queries 170-1 and 170-2 are inputted into the converting
module 122 in the memory 120. The converting module 122 may convert the natural
language query 170-2 whose semantics are dependent on the natural language query 170-1
into a natural language query 180 corresponding to its semantics, where semantics of the
natural language query 180 is independent of the natural language query 170-1. In the
example of Fig. 1, the natural language query 180 is, for example, “Show the average of
sales by brand in the year 2018”.

[0031] It should be understood that the natural language queries 170-1, 170-2 and 180
and the data table 132 in Fig. 1 are provided only for the purpose of illustration, without
suggesting any limitation to the scope of the present disclosure. The natural language
queries 170-1, 170-2 and 180 may involve various scenarios, including but not limited to,
analysis, comparison, computation and statistics, acquisition of extremum, filtering,
grouping, sorting and searching etc. For example, Table 1 illustrates example scenarios
that may be involved in a natural language query and their corresponding examples in
accordance with implementations of the present disclosure.

Table 1: Exemplary Scenarios of Natural Language Queries

Scenarios Examples

Analysis 170-1: In 1995, is there any network named CBC?

170-2: Any TSN?

180: In 1995, is there any network named TSN?

Comparison | 170-1: How much money has Smith earned?

170-2: Compared it with Bill Collins.

180: Compare money Smith earned with Bill Collins.

Computation | 170-1: List all universities founded before 1855.

and Analysis | 1702, Show their number.

180: Show the number of all universities founded before 1855.

Acquisition | 170-1: Which stadium has the most capacity?

of 170-2: Which get the highest attendance?
Extremum

180: Which stadium gets the highest attendance?
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Filtering 170-1: How many roles are from studio paramount?

170-2: List all titles produced by that studio.

180: List all titles produced by studio paramount.

Grouping 170-1: Show the industry which has the most companies?

170-2: Show in different countries.

180: Show the industry which has the most companies in different

countries.

Sorting 170-1: Show all chassis produced after the year 1990.

170-2: Sort them by year.

180: Show all chassis produced after the year 1990 and sort by

year.

Searching 170-1: What position did Sid O’Neill play?

170-2: Which players else are in the same position?

180: Which players play in the position of Sid O’Neill excluding
Sid O’Neill?

[0032] Inaddition, although English acts as the example of the natural language, it should
be understood that the implementations of the present disclosure are also applicable to
various natural languages. In addition, although the natural language queries illustrated in
Fig. 1 are targeted to one data table 132, it should be understood that the implementations
of the present disclosure also are also applicable to natural language queries for multiple
data tables.

Working Principle

[0033] In accordance with implementations of the present disclosure, a solution for
converting a natural language query is provided. In this solution, a first natural language
query and a second natural language query for one or more data tables are received, wherein
semantics of the second natural language query is dependent on the first natural language
query. A third natural language query for one or more data tables is generated based on
the first natural language query and the second natural language query, wherein semantics
of the third natural language query is identical to the semantics of the second natural
language query and independent of the first natural language query. In this way, this
solution can convert a context-dependent natural language query into a context-independent

natural language query, thereby enabling interfacing with any semantic parsers which can
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convert a natural language query into a computer-executable query, so as to implement a
query operation on one or more data tables.

[0034] Fig. 2 illustrates a block diagram of a converting module 122 for converting the
natural language query in accordance with implementations of the present disclosure. The
converting module 122 can be implemented in the computing device 100 of Fig. 1. As
shown, the converting module 122 includes a data abstraction module 210, a semantic
analysis module 220 and a fusion module 230.

Data Abstraction

[0035] The data abstraction module 210 may receive the natural language queries 170-1
and 170-2 for one or more data tables, wherein semantics of the natural language query 170-
2 depend on the natural language query 170-1. As shown in Fig. 2, the natural language
query 170-1 is also denoted as x and the natural language query 170-2 is also denoted as y.
Each of the natural language queries 170-1 and 170-2 can be considered as a natural
language-based sentence consisting of a plurality of words. Depending on the language
used in the natural language query, the plurality of words can be the words included in the
natural language. Each of the one or more data tables can include a table name, row and/or
column names, and data items defined by rows and columns. One example of the data
table is the data set 132 shown in Fig. 1. The data table is a query object of the natural
language queries 170-1 and 170-2, i.e,, it is expected to acquire a query result from the data
table. In some implementations, the natural language used in the natural language queries
170-1 and 170-2 can be identical to the natural language presenting the data table. In some
implementations, these two natural languages can be different. Different natural languages
only affect how the data abstraction process replaces symbols, which can be achieved
through natural language translation.

[0036] In some implementations, the data abstraction module 210 may execute the data
abstraction operation. Specifically, the natural language query 170-1 may include a first
group of words while the natural language query 170-2 may contain a second group of words.
The data abstraction module 210 can concatenate the first group of words and the second
group of words into a sequence of words and convert the sequence of words into a sequence
of symbols 202 by replacing a plurality of words in the sequence of words with
corresponding symbols in the predefined symbol table, where the sequence of symbols may
be represented as w.

[0037] In a sentence of the natural language query, words can be divided into two types:

query-related words and rhetorical words. The query-related words, for example, can



10

15

20

WO 2020/149959 PCT/US2019/065314

clearly indicate query parameters (e.g., parameters of SQL clauses) whereas the rhetorical
words usually are used for forming a sentence pattern of the query sentence only.
According to Fig. 1, words, such as “sum”, “sales”, “brand”, “year” and “2018” etc., in the
precedent query 170-1 “Show the sum of sales by brand in the year 2018” can be considered
as query-related words while others are rhetorical words. In the follow-up query 170-2
“How about the average?”, the word “average” can be deemed as the query-related word
and the rest are rhetorical words.

[0038] Table 2 illustrates an exemplary symbol table predefined for the query-related
words in accordance with implementations of the present disclosure.  In some
implementations, the data abstraction module 210 may identify the query-related words in
the sequence of words concatenated by the precedent query 170-1 and the follow-up query
170-2 and replace the words with corresponding symbols, for example, in Table 2, to
generate a sequence of symbols corresponding to the sequence of words. It should be
understood that Table 2 is provided only for the purpose of illustration, without suggesting
any limitation to the scope of the present disclosure. In other implementations, different
symbol tables can be employed. Moreover, for different natural languages, words
corresponding to the symbols in the symbol table can be replaced accordingly, which can
be realized by mutual translation of natural language.

Table 2 Exemplary Symbol Table for Words Indicating Query Parameters

Symbols Meanings Examples

Col Column Name sale, country

Val Unit Value 2018

Agg Aggregation sum, maximum, count
Com Comparison more, later, higher
Dir Sorting Direction descending, ascending
Per Personal Pronouns it, he, them

Pos Possessive Pronouns its, his, their
Dem Demonstrative Pronouns that, those, other

[0039] In Table 2, for example, symbols Co/ and Val are associated with the data table
and other symbols are related to the language. The query-related words can be determined,
for the symbols associated with the data table, from the data table (e.g., data table 132 shown
by Fig. 1) targeted by each query. It should be noted that all numbers and dates belong to
Val. Replacing column names and cell values by Col and Val is the key to equip the data

10
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abstraction module 210 with the ability of operating across different data tables.
Regarding the language-related symbols, symbols {Per, Pos, Dem} represent pronouns and
other symbols are used for different types of SQL operators. For example, symbol Agg
corresponds to an aggregation function; symbol Com indicates a comparison operator; and
symbol Dir denotes direction of ORDERYBY. Since the meanings of the language-related
symbols are limited to a narrow space, it is viable to enumerate the most common analysis-
specific words empirically. For example, symbol Pos can correspond to words their, its,
his, her and the like, while symbol Agg can correspond to words average, sum, count,
maximum and the like.

[0040] In this way, for example, the sequence of symbols generated for the precedent
query 170-1 “Show the sum of sales by brand in the year 2018” in Fig. 1 is “Show the Agg
of Col by Col in the Col Val”. In the following, the sequence of symbols corresponding to
the precedent query is also denoted as #. The sequence of symbols generated for the
follow-up query 170-2 “How about the average?” in Fig. 1 is “How about the Agg”. Inthe
text below, the sequence of symbols corresponding to the follow-up query is also indicated
as.

[0041] The sequence of symbols generated for the sequence of words concatenated by
the precedent query 170-1 and the follow-up query 170-2 is shown as the sequence of
symbols 202 in Fig. 3. It can be seen that the order in which the plurality of predetermined
symbols in the symbol sequence 202 are arranged is the same as the order in which the
corresponding plurality of words are in the sequence of words concatenated by the natural
language queries 170-1 and 170-2. The data abstraction process is to map the original
words in the word sequence to finite predefined symbols in the predefined symbol table,
which can reduce the difficulty of parsing too many words in different natural languages.

Semantic Analysis

[0042]  With reference back to Fig. 2, where the sequence of symbols 202 can be provided
to the semantic analysis module 220. As shown in Fig. 2, the semantic analysis module
220, for example, may include a segment sequence generating unit 221, an intent labeling
unit 222 and a ranking unit 223.

[0043] In some implementations, the segment sequence generating unit 221 may receive
a sequence of symbols 202 generated by the data abstraction module 210 and convert the
sequence of symbols 202 into a plurality of segment sequences 204 by applying a set of
deduction rules to the sequence of symbols 202. In the following text, the plurality of

segment sequences generated by the segment sequence generating unit 221 are also denoted
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as Segi, Segz, ..., Segn (where n is a natural number). Each segment sequence may
represent a prediction of semantics of the sequence of symbols 202.
[0044]  The predefined symbol, with which the query-related word is replaced, can reflect
the intrinsic semantics of the word, but ignore the contents around it. For example, it is
assumed that the precedent query 170-1 “Show the sum of sales by brand in the year 2018”
has been parsed into an SQL sentence. Although the words “brand” and “year” both
correspond to the same symbol Co/, they belong to different SQL clauses. As an adjacent
word “2018” corresponding to the symbol Val exists around the word “year”, the word “year”
in fact corresponds to the SQL clause “WHERE year=2018".  Since a rhetorical word like
“by” exists around the word “brand”, it actually corresponds to the SQL clause “GROUPBY
brand”.
[0045] In some implementations, in order to capture the influence of the rhetorical word
over the query-related words, a plurality of predefined segments can be defined to combine
adjacent predefined symbols and capture the exerted influence of the rhetorical word. For
example, one or more deduction rules can be defined, where each deduction rule specifies a
corresponding relation between a combination of adjacent predefined symbols and a
corresponding predefined segment. As used herein, “adjacent predefined symbols”
indicates that there are no other words than the rhetorical words between two predefined
symbols, and the number of words between the two predefined symbols is lower than a
predefined threshold (e.g.,4). If the number of words between the two predefined symbols
exceeds the predefined threshold, the two predefined symbols cannot be combined.
[0046] Table 3 illustrates 8 exemplary types of segments and their corresponding
exemplary deduction rules in accordance with implementations of the present disclosure.
It should be appreciated that Table 3 is provided merely for the purpose of illustration,
without suggesting any limitation to the scope of the present disclosure. In other
implementations, different types of segments and/or deduction rules can be used. In Table
3, “II” 1s used for indicating an optional symbol, and W and P respectively represent
WHERE and pronounces .

Table 3 Exemplary Segments and Deduction Rules Thereof

Segment Deduction Rule
Select [Agg + [Val]] + Col
Order [Dir] + Col

Wi [Col] + [Com] + Val
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w2 Col + Com + Col
Group Col

Pl Per

P2 Pos

P3 Dem + Col

[0047] It can be seen from Table 3 that each deduction rule in the deduction rule set
shown in Table 3 specifies a corresponding relation between the combination of the adjacent
predefined symbols and a predefined segment. The design of the deduction rules
originates from the SQL clauses. In some implementations, the segment sequence
generating unit 221 may identify, for each deduction rule in the deduction rule set shown in
Table 3, a combination of adjacent symbols in the sequence of symbols 202.  Afterwards,
the segment sequence generating unit 221 can replace the identified combination of adjacent
symbols with a corresponding segment, thereby generating a segment sequence
corresponding to the sequence of symbols 202.

[0048] Because there are various ways of combining symbols, the segment sequence
generating unit 221 can convert the sequence of symbols 202 into a plurality of segment
sequences 204, where each segment sequence represents a prediction of semantics of the
sequence of symbols 202.

[0049] Fig. 3 illustrates examples of a plurality of segment sequences 204 converted from
the sequence of symbols 202. According to Fig. 3, “sum of sales” (corresponding to the
symbol combination “Agg of Col” in the sequence of symbols 202) in the precedent query
170-1 corresponds to the segment “Selec?” in Table 3, which corresponds to the SQL clause
“SELECT SUM(sales)”. However, the overlapping of the deduction rules in Table 3 leads
to the presence of various combinations of symbols. For example, “year” (corresponding
to symbol “Co/l” in the sequence of symbols 202) in the precedent query 170-1 can solely
correspond to segments “Select”, “Order” and “Group” in Table 3. In addition, the
combination of “year” and “2018” (corresponding to symbols “Col Val” in the sequence of
symbols 202) in the precedent query 170-1 can correspond to the segment “#;” in Table 3.
[0050] In some implementations, in order to make the deduction rules more robust, the
segment sequence generating unit 221 can leave out the order of symbols. For example,
the symbol combinations “[Dir] Col” and “Col [Dir]” are both considered to be equal to the
symbol combination “[Dir]+Col” and thus correspond to the segment “Order ”.

[0051] In some implementations, each deduction rule in the deduction rule set shown in

13



10

15

20

25

30

WO 2020/149959 PCT/US2019/065314

Table 3 can be directly applied into the precedent query since it usually have a complete
sentence structure. However, ellipsis usually exists in the follow-up query to a certain
degree, when a deduction rule is applied to the follow-up queries, all symbols in the first
five deduction rules of Table 3 become optional. As such, “average” in the follow-up
query 170-2 can correspond to segment “Select” in Table 3 even though there is no symbol
“Col” combined with the symbol “Agg” corresponding to “average”. Besides, the symbols
in the precedent query cannot combine with the symbols in the follow-up query. Therefore,
the segment sequence generating unit 221 can generate 12 segment sequences
corresponding to the sequence of symbols 202, as shown by 204 in Fig. 3.

[0052] With reference to Fig. 4, where a plurality of segment sequences 204 can be
provided to the intent labeling unit 222, which can determine one or more possible intents
of the follow-up query. In some implementations, the intent labeling unit 222 can
determine, based on the sentence structure of the follow-up query, possible intents of the
follow-up query. The sentence structure can be determined by multiple rhetorical words
before the first query-related word in the follow-up query. The possible intents of the
follow-up query can include, but not limited to: changing a certain query parameter of the
precedent query and/or comparing with the query result of the precedent query. In some
embodiments, if the first query-related word has no rhetorical words in the follow-up query,
the possible intent of the follow-up query can be determined as changing a certain query
parameter of the precedent query.  Alternatively, in some embodiments, the possible intent
of the follow-up query can include both changing a certain query parameter of the precedent
query and comparing with the query result of the precedent query.

[0053] The intent labeling unit 222 can further label each segment sequence of the
plurality of segment sequences 204 using a corresponding label indicating each possible
intent of the one or more possible intents, so as to generate a labeled segment sequence (also
known as “tag sequence”) reflecting the possible intent. That is, the intent labeling unit
222 can generate, for each segment sequence of the plurality of segment sequences 204, one
or more labeled segment sequences reflecting one or more possible intents. In this way,
the intent labeling unit 222 can generate, for the plurality of segment sequences 204, a
plurality of labeled segment sequences 206 denoted as 55, 52, ..., sx (wherein K is a natural
number). For example, each labeled segment sequence represents a predication of
semantics corresponding to the sequence of symbols 202 while reflecting a corresponding
query intent.

[0054] In some implementations, for the sake of simplicity, when generating the labeled
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segment sequence, the segment {W1, W2} can be uniformly represented as W and the
segment {P1, P2, P3} can be uniformly represented as P. An additional segment O can be
utilized to represent those words in the precedent query that do not correspond to any of
segments in Table 3. Besides, when the pronouns are ambiguouse, for example, “that”
used as a conjunction, the symbols {Per, Pos, Dem} also can be deduced as the segment O.
[0055] Additionally or alternatively, in some implementations, each segment can be
labeled with B (Beginning) and I (Inside) labels. By taking the segment sequence “Show
the Select by Select in the Group W1 How about the Select” corresponding to the query 170-
1 “Show the sum of sales by brand in the year 2018” as an example, the segment “Select”
corresponding to “sum of sales” can be converted into a segment combination “Selects
Select) Select;”, where the labeled segment “Selects” corresponds to the word “sum” to
indicate an initial word corresponding to the segment “Select” and the subsequent two
labeled segments “Select;” respectively correspond to the words “of” and “sales” to indicate
the follow-up words corresponding to the segment “Select”. In addition, regarding the
segment sequence “How about the Selec” corresponding to the follow-up query 170-2
“How about the average”, “How about the” therein can be converted into a labeled segment
combination “Refines Refine; Refine;” to indicate an intent of changing a certain query
parameter of the precedent query 170-1 or can be converted into a labeled segment
combination “Appends Append; Append,” to indicate an intent of comparing with the query
result of the precedent query 170-1. In this way, the intent labeling unit 222 can generate
a plurality of labeled segment sequences corresponding to the plurality of segment
sequences 204 and labeled with corresponding query intents, as shown by 206 in Fig. 3.
[0056] With reference to Fig. 2, where the plurality of labeled segment sequences 206
can be provided to the ranking unit 223, which may select, from the plurality of labeled
segment sequences 206, one labeled segment sequence 208 having a highest degree of
matching with the semantics and the intent of the follow-up query 170-2. The labeled
segment sequence 208 is represented as s~ (selected from the labeled segment sequence set
{s1, s2, ..., sk}). In some implementations, the labeled segment sequence having a highest
degree of matching with the semantics and the intent of the follow-up query 170-2 can be
selected from the plurality of labeled segment sequences 206 using a trained ranking model,
as shown by 208 in Fig. 3. For example, the ranking model can be trained based on a
weakly supervised learning method. The details of the model training will be further
discussed in the following text.

Fusion
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[0057] As shown in Fig. 2, the selected labeled segment sequence 208 can be provided
to the fusion module 230, which can generate, based on the labeled segment sequence 208,
a natural language query 180 corresponding to the follow-up query 180-2. The natural
language query 180 is represented as z.  The natural language query 180 is also known as
“fused query”, whose semantics are independent of the natural language query 170-1.
[0058] In some implementations, the fusion module 230 can determine, based on the
labeled segment sequence 208, an actual intent of the follow-up query 170-2.  For example,
as shown in Fig. 3, the labeled segment sequence 208 is “O O Selects Select;Select; O Selects
O O Wgs Wi Refiner Refiner Refiner Selects” and the indicated query intent is to change a
certain query parameter of the precedent query 170-1. Besides, the fusion module 230 can
determine, from the plurality of segment sequences 204, a segment sequence corresponding
to the labeled segment sequence 208 and generate a fused query 180 based on the
determined actual intent and segment sequence. For example, the segment sequence
corresponding to the labeled segment sequence 208 “O O Selects Select; Select; O Groups
O O Ws Wi Refines Refiner Refiner Selects” in the plurality of segment sequences 204 is
“Show the Select by Group in the W/ How about the Select”. To generate the fused query
180, the fusion module 230 can divide the above segment sequence into a first sub-sequence
“Show the Select by Select in the W1” corresponding to the precedent query 170-1 and a
second sub-sequence “How about the Select” corresponding to the follow-up query 170-2.
The fusion module 230 can determining, from among the first sub-sequence and the second
sub-sequence, a pair of segments conflicting with each other. Then, the fusion module 230
can generate the fused query 180 by performing the fusing operation on the pair of
conflicting segments based on the determined actual intent of the follow-up query 170-2.
[0059] The pair of conflicting segments indicates that the two segments in the pair have
identical or incompatible semantics. In some implementations, the segments of the same
type conflict with each other. For example, two Select segments conflict with one another.
However, there are also some special cases. In some implementations, for example, two
segments W/ conflict with one another only when their inner symbol Val are located in the
same column of the data table (e.g., data table 132 shown in Fig. 1). Additionally or
alternatively, in order to adapt to the query situation for multiple data tables, similarity of
the two segments can be determined, in some implementations, by calculating the similarity
of the symbols involved with the two segments and/or similarity of semantics of the query
context related to the two segments. When the similarity of the two segments exceeds a

threshold, the two segments can be considered as conflicting with each other.
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[0060] Figs. 4A and 4B illustrate schematic diagrams of executing the fusing operation
on the conflicting segments in accordance with implementations of the present disclosure.
Fig. 4A illustrates a precedent query 410 “In 1995, is there any network named CBC” and
a follow-up query 420 “Any TSN”.  As shown in Fig. 4, the segment W/ corresponding to
the word “TSN” in the query 420 and the segment '/ corresponding to the word “CBC” in
the query 410 form a pair of conflicting segments, since “TSN” and “CBC” are located in
the same column (e.g., the “network” column) of the data table. In some implementations,
for the pronoun-related segments P1, P2 and P3, for example, the fusion module 230 may
determine the pair of conflicting segments based on the following semantics conflicting rule:
P3 (corresponding to the symbol combination “Dem+Col”) conflicts with the segment W/
describing the same column in the data table. Fig. 4B illustrates a precedent query 410 “In
1995, is there any network named CBD” and a follow-up query 430 “Show all networks in
the year”. As shown in Fig. 4B, the segment P3 corresponding to the words “that year” in
the query 430 and the segment W/ corresponding to the word “1995” in the query 410 form
a pair of conflicting segments, since “that year” and “1995” are targeted at the same column
(e.g., the “year” column) of the data table.

[0061] Here, it is assumed that the pair of conflicting segments determined by the fusion
module 230 includes a first segment corresponding to a first sub-sequence of the precedent
query and a second segment corresponding to a second sub-sequence of the follow-up query,
where the first segment may correspond to a first word in the precedent query and the second
segment may correspond to a second word in the follow-up query. In some
implementations, the fusing operation on the pair of conflicting segments can be performed
by replacing one word of the first word and the second word with the other. For example,
as shown in Fig. 4A, the word “CBC” in the precedent query 410 can be replaced with the
word “TSN” in the follow-up query 420, so as to generate the fused query 411 “In 1995, is
there any network named TSN”.  As shown in Fig. 4B, the words “that year” in the follow-
up query 430 can be replaced with the word “1995” in the precedent query 410 to generate
a fused query 431 “Show all networks in 1995”. The word “network” in the precedent
query 410 can be replaced with the word “networks” in the follow-up query 430 to generate
a fused query 412 “In 1995, is there any networks named CBC”. In the example shown in
Fig. 4B, the fusion module 230 can finally select the fused query 431 as the outputted fused
query z, which is a context-independent natural language query corresponding to the follow-
up query 430.

[0062] In some implementations, when there is no pronoun in the pair of words
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corresponding to the pair of conflicting segments, the above word replacement can be based
on symbols. Fig. 5 illustrates a schematic diagram of executing the fusing operation on
the conflicting segments in accordance with implementations of the present disclosure. As
shown, the fusion module 230, for example, divides the determined segment sequence
“Show the Select by Group in the W1 How about the Select” into a first sub-sequence 410
(i.e., “Show the Select by Group in the W1’) corresponding to the precedent 170-1 and a
second sub-sequence 420 (i.e., “How about the Select”) corresponding to the follow-up
query 170-2.  “Sum of sales” (corresponding to the symbol combination “Agg of Col” in
the sequence of symbols 202) in the precedent query 170-1 corresponds to the segment
Select and “average” (corresponding to symbol “4gg” in the sequence of symbols 202) in
the follow-up query 170-2 also corresponds to the segment Select.  Since the two segments
both are the same segment Select, it can be determined that these two are a pair of conflicting
segments. Because the fusion module 230 determines that the actual intent of the follow-
up query 170-2 is to change a certain query parameter of the precedent query 170-1, the
fusion module 230 can replace the word “sum” corresponding to the symbol “Agg” in the
precedent query 170-1 with the word “average” corresponding to the symbol “4gg” in the
follow-up query 170-2, thereby forming the fused query 180, i.e., “Show the average of
sales by brand in the year 2018”.

[0063] As described above, the fusion module 230 can determine, based on the selected
labeled segment sequence, the actual intent of the follow-up query. In some
implementations, when the fusion module 230 determines that the actual intent of the
follow-up query is to compare with the query result of the precedent query, the fusing
operation on the pair of conflicting segments can be implemented by attaching the second
word in the follow-up query to the first word in the precedent query. For example, it is
assumed that the precedent query is “How much money has Smith earned” and the follow-
up query is “Compared with Bill Collins”. Since the fusion module 230 has determined
that the actual intent of the follow-up query is to compare with the query result of the
precedent query, the fusion module 230 can generate the fused query by attaching the word
“Bill Collins” to the word “Smith”, e.g., “How much money has Smith and Bill Collins
earned”. Alternatively, in some implementations, when the fusion module 230 determines
that the actual intent of the follow-up query is to compare with the query result of the
precedent query, the fusing operation on the pair of conflicting segments can be performed
by attaching the first word in the precedent query to the second word in the follow-up query.

For example, regarding the above example, the fusion module 230 also can generate the
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fused query by attaching the word “Smith” to the word “Bill Collins”, for example,
“Compare money Smith earned with Bill Collins”.

Ranking Model

[0064] As described above, in the semantic analysis module 220 shown by Fig. 2, the
ranking unit 223 may select, from a plurality of labeled segment sequences 206, one labeled
segment sequence 208 having a highest degree of matching with the semantics and the intent
of the follow-up query 170-2, where the labeled segment sequence 208 may be denoted as
s*. In some implementations, the labeled segment sequence that best matches with the
semantics and the intent of the follow-up query can be selected from the plurality of labeled
segment sequences 206 using a trained ranking model. The generation and usage of the
ranking model will be discussed in details below.
[0065] Inthe following discussion, the sequence of symbols generated from the sequence
concatenated by the precedent query 170-1 and the follow-up query 170-2 is represented as
w = {wy,wa, -+, wx), where N represents the number of symbols in the sequence of
symbols and N>1 and w; (ie[1, N]) represents a symbol in the sequence of symbols. The
set of labeled segment sequences 206 generated by the intent labeling unit 222 is represented
as S={si1, s2, ..., sk}, where K represents the number of labeled segment sequences, and
one labeled segment sequence of the labeled segment sequence set is
s = (#7485, . 1%), where ke[1, K]. The expected optimal labeled segment sequence
s” can be represented as follows:

§" = arg max g{s|@) (1)

SES

Where g{ . @}} is a score function given the parameter set ©. In some implementations,

the labeled segment sequence set S can be ranked using a bidirectional Long Short Term
Memory-Conditional Random Field (LSTM-CRF) trained based on the weakly supervised
max-margin learning method.

[0066] Specifically, for eachw; (ie[1, N]), the bidirectional LSTM-CRF model computes

a hidden state h; = E}, %;} and the forward hidden state is represented as:

—%

h; = LSTM(o(w;); hi_() (2)
Where ¢) is an embedding function initialized using a word characterizing tool Glove

(Global Vectors for Word Representation). Let T represent the number of labels and {;

denote the T-dimensional network score vector for w;, which can be computed as:
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fi = h;W (3)
where W is the learned matrix. Let A denote the 7' X7 transition matrix of CRF layer,
and the entry Auv is the probability of transferring from label # to v. Let 0 denote the
parameters of network in LSTM. Given @ = {A, W, #}, the score function for the
labeled segment sequence Si is defined as the sum of two parts: transition score by CRF

and network score by bidirectional LSTM, which can be formulated as:
N

0) = Z{At;ﬁi-ﬁj’- + £ [ 4)

i=1

gisk

where tf is a label corresponding to the symbol w; in the labeled segment sequence $z.

[0067] A procedure for training the bidirectional LSTM-CRF model is further discussed
below based on the weakly supervised learning method. In some implementations, the
bidirectional LSTM-CRF model is trained based on the weakly supervised learning method
which uses the actual fused query in the natural language as supervision.
[0068] Specifically, in some implementations, for each labeled segment sequence 8¢
S, fusion can be performed based on its corresponding segment sequence and intent (as
described in the above section of “fusion”) and a natural language query 2} is obtained.
Let z* denote an actual fused query corresponding to the labeled segment sequence, which
can come from the pre-acquired training data. In order to compare 2% and 27, the data
abstraction procedure (as described in the above section “Data Abstraction”) can be
executed on them to generate a corresponding sequence of symbols, where the pronouns
can be ignored. Then, the symbols in the two sequences of symbols can be checked. If
the two sequences of symbols have identical symbols associated with the same
corresponding word, they are symbol consistent and &5 1is putin a positive set P; otherwise,
they are symbol inconsistent and Sz can be putin a negative set N. It can be seen that §
= PUN. However, the label sequences in P are not all correct. After fusion and data
abstraction, the sequences with wrong labels may result in symbol consistency by chance.
Only one label sequence in S may be correct, and the correct one is alwaysin P.  As symbol
consistence is the requirement of correctness on labels, the scores of all label sequences in
S are calculated and the highest ones are respectively selected from P and NV:

s, = argmax g{s]0), §, = argmax ¢{s|Q) 5)

sgP 8N

Then, a max-margin learning method can be employed to encourage a margin of at least A

between 3, and .. Considering various lengths of different inputs, normalization
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factors can be added to the scores. The hinge penalty is formulated as:

» g{8,10) g{s,160).
max{(, A — }(If)l L4 9(5n|0. ).
Sp%

(6)

where A>0 is a hyper-parameter. In some implementations, the bidirectional LSTM-CRF
model can be trained based on the penalty function as described in the above equation (6).
[0069] It should be understood that the above contents only illustrate an example of a
ranking model that the ranking unit 223 can use to determine an optimal labeled segment
sequence. It should be appreciated that other models also can be used instead of the
bidirectional LSTM-CRF model as described above. The scope of the present disclosure
is not limited in this regard.

Exemplary Procedure

[0070] Fig. 6 illustrates a flowchart of a method 600 for converting natural language
queries in accordance with some implementations of the present disclosure. The method
600 can be implemented by the computing device 100, e.g., at the converting module 122
in the memory 120 of the computing device 100. At 610, the computing device 100
receives a first natural language query and a second natural language query for one or more
data tables, where semantics of the second natural language query is dependent on the first
natural language query. At 620, the computing device 100 generates, based on the first
natural language query and the second natural language query, a third natural language
query for the one or more data tables, where semantics of the third natural language query
is identical to the semantics of the second natural language query and independent of the
first natural language query.

[0071] In some implementations, the first natural language query comprises a first group
of words and the second natural language query comprises a second group of words, and
generating the third natural language query comprises: incorporating the first group of words
and the second group of words into a sequence of words; converting the sequence of words
into a sequence of symbols by replacing one or more words in the sequence of words with
corresponding symbols in a predefined symbol table; converting the sequence of symbols
into a plurality of segment sequences by applying a set of deduction rules to the sequence
of symbols, wherein one segment sequence represents a prediction of semantics of the
sequence of symbols; and generating the third natural language query based on one of the
plurality of segment sequences.

[0072] In some implementations, converting the sequence of words into the sequence of
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symbols comprises: identifying a query-related word in the sequence of words; determining,
from the predefined symbol table, a symbol representing semantics of the word; and
replacing the word in the sequence of words with the symbol.

[0073] In some implementations, a deduction rule of the set of deduction rules assigns a
corresponding relation between a combination of adjacent predefined symbols and a
predefined segment, and converting the sequence of symbols into the plurality of segment
sequences comprises: for the deduction rule of the set of deduction rules, identifying the
combination of adjacent predefined symbols in the sequence of symbols; and replacing the
combination of adjacent predefined symbols in the sequence of symbols with the predefined
segment.

[0074] In some implementations, generating the third natural language query based on
one of the plurality of segment sequences comprises: determining, based on a sentence
pattern of the second natural language query, one or more possible intents of the second
natural language query; for a segment sequence of the plurality of segment sequences,
labeling the segment sequence respectively with corresponding labels indicating the one or
more possible intents, to derive one or more labeled segment sequences reflecting the one
or more possible intents; selecting, from a plurality of labeled segment sequences derived
from labeling the plurality of segment sequences, a labeled segment sequence having a
degree of matching with semantics of the second natural language query exceeding a
threshold matching degree; and generating, based on the selected labeled segment sequence,
the third natural language query.

[0075] In some implementations, the one or more possible intents of the second natural
language intent comprise at least one of the following: changing a query parameter of the
first natural language query; or comparing with a query result of the first natural language
query.

[0076] In some implementations, selecting the labeled segment sequence from the
plurality of labeled segment sequences comprises: selecting, from the plurality of labeled
segment sequences, the labeled segment sequence having a highest degree of matching with
semantics of the second natural language query using a trained ranking model, wherein the
ranking model is trained based on a weakly supervised learning method.

[0077] In some implementations, generating the third natural language query based on
the selected labeled segment sequence comprises: determining, based on the selected
labeled segment sequence, an actual intent of the second natural language query;

determining, from the plurality of segment sequences, a segment sequence corresponding
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to the selected labeled segment sequence; and generating, based on the actual intent and the
determined segment sequence, the third natural language query.

[0078] In some implementations, generating the third natural language query based on
the actual intent and the determined segment sequence comprises: dividing the determined
segment sequence into a first sub-sequence corresponding to the first natural language query
and a second sub-sequence corresponding to the second natural language query; determining,
from among the first sub-sequence and the second sub-sequence, a pair of segments
conflicting with each other; and generating, based on the actual intent, the third natural
language query by executing a fusion operation on the pair of segments.

[0079] In some implementations, the pair of segments comprise a first segment from the
first sub-sequence and a second segment from the second sub-sequence, the first segment is
associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to change a query
parameter of the first natural language query, replacing the second word in the second
natural language query with the first word in the first natural language query, or replacing
the first word in the first natural language query with the second word in the second natural
language query; and generating the third natural language query based on the replaced first
natural language query or the replaced second natural language query.

[0080] In some implementations, the pair of segments comprise a first segment from the
first sub-sequence and a second segment from the second sub-sequence, the first segment is
associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to compare with
a query result of the first natural language query, attaching the second word in the second
natural language query to the first word in the first natural language query, or attaching the
first word in the first natural language query to the second word in the second natural
language query; and generating the third natural language query based on the first natural
language query attached with the second word or the second natural language query attached
with the first word.

[0081] In view of the above description, it can be seen that the solution for converting

natural language queries in accordance with the present disclosure can convert a context-
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dependent natural language query into a context-independent natural language query. In
addition, this solution has no restrictions on the applicable field, dataset, query scenario,
type of natural language, type of a downstream parser and the number of targeted data tables
or databases and the like and thus is highly flexible. Being independent of the
implementation of the specific semantic parser, this solution can effectively reduce
processing and/or computation overheads, thereby achieving higher system performance.

Exemplary Implementations

[0082] Some exemplary implementations of the present disclosure are listed below.
[0083] In one aspect, the present disclosure provides a computer-implemented method.
The method comprises: receiving a first natural language query and a second natural
language query for one or more data tables, wherein semantics of the second natural
language query is dependent on the first natural language query; and generating, based on
the first natural language query and the second natural language query, a third natural
language query for the one or more data tables, wherein semantics of the third natural
language query is identical to the semantics of the second natural language query and
independent of the first natural language query.

[0084] In some implementations, the first natural language query comprises a first group
of words and the second natural language query comprises a second group of words, and
generating the third natural language query comprises: incorporating the first group of words
and the second group of words into a sequence of words; converting the sequence of words
into a sequence of symbols by replacing one or more words in the sequence of words with
corresponding symbols in a predefined symbol table; converting the sequence of symbols
into a plurality of segment sequences by applying a set of deduction rules to the sequence
of symbols, wherein one segment sequence represents a prediction of semantics of the
sequence of symbols; and generating the third natural language query based on one of the
plurality of segment sequences.

[0085] In some implementations, converting the sequence of words into the sequence of
symbols comprises: identifying a query-related word in the sequence of words; determining,
from the predefined symbol table, a symbol representing semantics of the word; and
replacing the word in the sequence of words with the symbol.

[0086] In some implementations, a deduction rule of the set of deduction rules assigns a
corresponding relation between a combination of adjacent predefined symbols and a
predefined segment, and converting the sequence of symbols into the plurality of segment

sequences comprises: for the deduction rule of the set of deduction rules, identifying the

24



10

15

20

25

30

WO 2020/149959 PCT/US2019/065314

combination of adjacent predefined symbols in the sequence of symbols; and replacing the
combination of adjacent predefined symbols in the sequence of symbols with the predefined
segment.

[0087] In some implementations, generating the third natural language query based on
one of the plurality of segment sequences comprises: determining, based on a sentence
pattern of the second natural language query, one or more possible intents of the second
natural language query; for a segment sequence of the plurality of segment sequences,
labeling the segment sequence respectively with corresponding labels indicating the one or
more possible intents, to derive one or more labeled segment sequences reflecting the one
or more possible intents; selecting, from a plurality of labeled segment sequences derived
from labeling the plurality of segment sequences, a labeled segment sequence having a
degree of matching with semantics of the second natural language query exceeding a
threshold matching degree; and generating, based on the selected labeled segment sequence,
the third natural language query.

[0088] In some implementations, the one or more possible intents of the second natural
language intent comprise at least one of the following: changing a query parameter of the
first natural language query; or comparing with a query result of the first natural language
query.

[0089] In some implementations, selecting the labeled segment sequence from the
plurality of labeled segment sequences comprises: selecting, from the plurality of labeled
segment sequences, the labeled segment sequence having a highest degree of matching with
semantics of the second natural language query using a trained ranking model, wherein the
ranking model is trained based on a weakly supervised learning method.

[0090] In some implementations, generating the third natural language query based on
the selected labeled segment sequence comprises: determining, based on the selected
labeled segment sequence, an actual intent of the second natural language query;
determining, from the plurality of segment sequences, a segment sequence corresponding
to the selected labeled segment sequence; and generating, based on the actual intent and the
determined segment sequence, the third natural language query.

[0091] In some implementations, generating the third natural language query based on
the actual intent and the determined segment sequence comprises: dividing the determined
segment sequence into a first sub-sequence corresponding to the first natural language query
and a second sub-sequence corresponding to the second natural language query; determining,

from among the first sub-sequence and the second sub-sequence, a pair of segments
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conflicting with each other; and generating, based on the actual intent, the third natural
language query by executing a fusion operation on the pair of segments.

[0092] In some implementations, the pair of segments comprise a first segment from the
first sub-sequence and a second segment from the second sub-sequence, the first segment is
associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to change a query
parameter of the first natural language query, replacing the second word in the second
natural language query with the first word in the first natural language query, or replacing
the first word in the first natural language query with the second word in the second natural
language query; and generating the third natural language query based on the replaced first
natural language query or the replaced second natural language query.

[0093] In some implementations, the pair of segments comprise a first segment from the
first sub-sequence and a second segment from the second sub-sequence, the first segment is
associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to compare with
a query result of the first natural language query, attaching the second word in the second
natural language query to the first word in the first natural language query, or attaching the
first word in the first natural language query to the second word in the second natural
language query; and generating the third natural language query based on the first natural
language query attached with the second word or the second natural language query attached
with the first word.

[0094] In another aspect, the present disclosure provides an electronic device. The
electronic device comprises: a processing unit; and a memory coupled to the processing unit
and having instructions stored thereon, the instructions, when executed by the processing
unit, causing the device to perform actions comprising: receiving a first natural language
query and a second natural language query for one or more data tables, wherein semantics
of the second natural language query is dependent on the first natural language query; and
generating, based on the first natural language query and the second natural language query,
a third natural language query for the one or more data tables, wherein semantics of the third

natural language query is identical to the semantics of the second natural language query
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and independent of the first natural language query.

[0095] In some implementations, the first natural language query comprises a first group
of words and the second natural language query comprises a second group of words, and
generating the third natural language query comprises: incorporating the first group of words
and the second group of words into a sequence of words; converting the sequence of words
into a sequence of symbols by replacing one or more words in the sequence of words with
corresponding symbols in a predefined symbol table; converting the sequence of symbols
into a plurality of segment sequences by applying a set of deduction rules to the sequence
of symbols, wherein one segment sequence represents a prediction of semantics of the
sequence of symbols; and generating the third natural language query based on one of the
plurality of segment sequences.

[0096] In some implementations, converting the sequence of words into the sequence of
symbols comprises: identifying a query-related word in the sequence of words; determining,
from the predefined symbol table, a symbol representing semantics of the word; and
replacing the word in the sequence of words with the symbol.

[0097] In some implementations, a deduction rule of the set of deduction rules assigns a
corresponding relation between a combination of adjacent predefined symbols and a
predefined segment, and converting the sequence of symbols into the plurality of segment
sequences comprises: for the deduction rule of the set of deduction rules, identifying the
combination of adjacent predefined symbols in the sequence of symbols; and replacing the
combination of adjacent predefined symbols in the sequence of symbols with the predefined
segment.

[0098] In some implementations, generating the third natural language query based on
one of the plurality of segment sequences comprises: determining, based on a sentence
pattern of the second natural language query, one or more possible intents of the second
natural language query; for a segment sequence of the plurality of segment sequences,
labeling the segment sequence respectively with corresponding labels indicating the one or
more possible intents, to derive one or more labeled segment sequences reflecting the one
or more possible intents; selecting, from a plurality of labeled segment sequences derived
from labeling the plurality of segment sequences, a labeled segment sequence having a
degree of matching with semantics of the second natural language query exceeding a
threshold matching degree; and generating, based on the selected labeled segment sequence,
the third natural language query.

[0099] In some implementations, the one or more possible intents of the second natural
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language intent comprise at least one of the following: changing a query parameter of the
first natural language query; or comparing with a query result of the first natural language
query.

[00100] In some implementations, selecting the labeled segment sequence from the
plurality of labeled segment sequences comprises: selecting, from the plurality of labeled
segment sequences, the labeled segment sequence having a highest degree of matching with
semantics of the second natural language query using a trained ranking model, wherein the
ranking model is trained based on a weakly supervised learning method.

[00101] In some implementations, generating the third natural language query based on
the selected labeled segment sequence comprises: determining, based on the selected
labeled segment sequence, an actual intent of the second natural language query;
determining, from the plurality of segment sequences, a segment sequence corresponding
to the selected labeled segment sequence; and generating, based on the actual intent and the
determined segment sequence, the third natural language query.

[00102] In some implementations, generating the third natural language query based on
the actual intent and the determined segment sequence comprises: dividing the determined
segment sequence into a first sub-sequence corresponding to the first natural language query
and a second sub-sequence corresponding to the second natural language query; determining,
from among the first sub-sequence and the second sub-sequence, a pair of segments
conflicting with each other; and generating, based on the actual intent, the third natural
language query by executing a fusion operation on the pair of segments.

[00103] In some implementations, the pair of segments comprise a first segment from the
first sub-sequence and a second segment from the second sub-sequence, the first segment is
associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to change a query
parameter of the first natural language query, replacing the second word in the second
natural language query with the first word in the first natural language query, or replacing
the first word in the first natural language query with the second word in the second natural
language query; and generating the third natural language query based on the replaced first
natural language query or the replaced second natural language query.

[00104] In some implementations, the pair of segments comprise a first segment from the

first sub-sequence and a second segment from the second sub-sequence, the first segment is
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associated with a first word in the first natural language query and the second segment is
associated with a second word in the second natural language query, and generating the third
natural language query by executing the fusion operation on the pair of segments comprises:
in response to the actual intent of the second natural language query being to compare with
a query result of the first natural language query, attaching the second word in the second
natural language query to the first word in the first natural language query, or attaching the
first word in the first natural language query to the second word in the second natural
language query; and generating the third natural language query based on the first natural
language query attached with the second word or the second natural language query attached
with the first word.

[00105] In a further aspect, the present disclosure provides a computer program product
tangibly stored in a non-transitory computer storage medium and including machine-
executable instructions, the machine-executable instructions, when executed by a device,
causing the device to perform the method of the above aspect.

[00106] In a further aspect, the present disclosure provides a computer-readable medium
having machine-executable instructions stored thereon, the machine-executable instructions,
when executed by a device, causing the device to perform the method of the above aspect.
[00107] The functionality described herein can be performed, at least in part, by one or
more hardware logic components. For example, and without limitation, illustrative types
of hardware logic components that can be used include Field-Programmable Gate Arrays
(FPGAs), Application-specific Integrated Circuits (ASICs), Application-specific Standard
Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), and the like.

[00108] Program code for carrying out methods of the present disclosure may be written
in any combination of one or more programming languages. These program codes may be
provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may execute
entirely on a machine, partly on the machine, as a stand-alone software package, partly on
the machine and partly on a remote machine or entirely on the remote machine or server.
[00109] In the context of this disclosure, a machine readable medium may be any tangible
medium that may contain, or store a program for use by or in connection with an instruction

execution system, apparatus, or device. The machine readable medium may be a machine
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readable signal medium or a machine readable storage medium. A machine readable
medium may include but not limited to an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination of the
foregoing. More specific examples of the machine readable storage medium would
include an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
device, or any suitable combination of the foregoing.

[00110] Further, although operations are depicted in a particular order, it should be
understood that the operations are required to be executed in the shown particular order or
in a sequential order, or all shown operations are required to be executed to achieve the
expected results. In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
subject matter described herein. Certain features that are described in the context of
separate implementations may also be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a single
implementation may also be implemented in multiple implementations separately or in any
suitable sub-combination.

[00111] 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 specified
in the appended claims is not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are disclosed as example

forms of implementing the claims.
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CLAIMS

1. A computer-implemented method, comprising:

receiving a first natural language query and a second natural language query for one
or more data tables, wherein semantics of the second natural language query is dependent
on the first natural language query; and

generating, based on the first natural language query and the second natural language
query, a third natural language query for the one or more data tables, wherein semantics of
the third natural language query is identical to the semantics of the second natural language
query and independent of the first natural language query.

2. The method of claim 1, wherein the first natural language query comprises a
first group of words and the second natural language query comprises a second group of
words, and generating the third natural language query comprises:

incorporating the first group of words and the second group of words into a sequence
of words;

converting the sequence of words into a sequence of symbols by replacing one or
more words in the sequence of words with corresponding symbols in a predefined symbol
table;

converting the sequence of symbols into a plurality of segment sequences by
applying a set of deduction rules to the sequence of symbols, wherein one segment sequence
represents a prediction of semantics of the sequence of symbols; and

generating the third natural language query based on one of the plurality of segment
sequences.

3. The method of claim 2, wherein converting the sequence of words into the
sequence of symbols comprises:

identifying a query-related word in the sequence of words;

determining, from the predefined symbol table, a symbol representing semantics of
the word; and

replacing the word in the sequence of words with the symbol.

4. The method of claim 2, wherein a deduction rule of the set of deduction rules
assigns a corresponding relation between a combination of adjacent predefined symbols and
a predefined segment, and converting the sequence of symbols into the plurality of segment
sequences comprises:

for the deduction rule of the set of deduction rules,

identifying the combination of adjacent predefined symbols in the sequence
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of symbols; and
replacing the combination of adjacent predefined symbols in the sequence of

symbols with the predefined segment.

5. The method of claim 2, wherein generating the third natural language query
based on one of the plurality of segment sequences comprises:

determining, based on a sentence pattern of the second natural language query, one
or more possible intents of the second natural language query;

for a segment sequence of the plurality of segment sequences, labeling the segment
sequence respectively with corresponding labels indicating the one or more possible intents,
to derive one or more labeled segment sequences reflecting the one or more possible intents;

selecting, from a plurality of labeled segment sequences derived from labeling the
plurality of segment sequences, a labeled segment sequence having a degree of matching
with semantics of the second natural language query exceeding a threshold matching degree;
and

generating, based on the selected labeled segment sequence, the third natural
language query.

6.  The method of claim 5, wherein the one or more possible intents of the second
natural language intent comprise at least one of the following:

changing a query parameter of the first natural language query; or

comparing with a query result of the first natural language query.

7. The method of claim 5, wherein selecting the labeled segment sequence from
the plurality of labeled segment sequences comprises:

selecting, from the plurality of labeled segment sequences, the labeled segment
sequence having a highest degree of matching with semantics of the second natural language
query using a trained ranking model,

wherein the ranking model is trained based on a weakly supervised learning method.

8. The method of claim 5, wherein generating the third natural language query
based on the selected labeled segment sequence comprises:

determining, based on the selected labeled segment sequence, an actual intent of the
second natural language query;

determining, from the plurality of segment sequences, a segment sequence
corresponding to the selected labeled segment sequence; and

generating, based on the actual intent and the determined segment sequence, the third

natural language query.
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9. The method of claim 8, wherein generating the third natural language query
based on the actual intent and the determined segment sequence comprises:

dividing the determined segment sequence into a first sub-sequence corresponding
to the first natural language query and a second sub-sequence corresponding to the second
natural language query;

determining, from among the first sub-sequence and the second sub-sequence, a pair
of segments conflicting with each other; and

generating, based on the actual intent, the third natural language query by executing
a fusion operation on the pair of segments.

10. The method of claim 9, wherein the pair of segments comprise a first segment
from the first sub-sequence and a second segment from the second sub-sequence, the first
segment is associated with a first word in the first natural language query and the second
segment is associated with a second word in the second natural language query, and
generating the third natural language query by executing the fusion operation on the pair of
segments comprises:

in response to the actual intent of the second natural language query being to change
a query parameter of the first natural language query,

replacing the second word in the second natural language query with the first
word in the first natural language query, or

replacing the first word in the first natural language query with the second
word in the second natural language query; and

generating the third natural language query based on the replaced first natural
language query or the replaced second natural language query.

11. The method of claim 9, wherein the pair of segments comprise a first segment
from the first sub-sequence and a second segment from the second sub-sequence, the first
segment is associated with a first word in the first natural language query and the second
segment is associated with a second word in the second natural language query, and
generating the third natural language query by executing the fusion operation on the pair of
segments comprises:

in response to the actual intent of the second natural language query being to
compare with a query result of the first natural language query,

attaching the second word in the second natural language query to the first
word in the first natural language query, or

attaching the first word in the first natural language query to the second word
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in the second natural language query; and

generating the third natural language query based on the first natural language query
attached with the second word or the second natural language query attached with the first
word.

12.  An electronic device, comprising:

a processing unit; and

a memory coupled to the processing unit and having instructions stored thereon, the
instructions, when executed by the processing unit, causing the device to perform actions
comprising:

receiving a first natural language query and a second natural language query for one
or more data tables, wherein semantics of the second natural language query is dependent
on the first natural language query; and

generating, based on the first natural language query and the second natural language
query, a third natural language query for the one or more data tables, wherein semantics of
the third natural language query is identical to the semantics of the second natural language
query and independent of the first natural language query.

13. The device of claim 12, wherein the first natural language query comprises a first
group of words and the second natural language query comprises a second group of words,
and generating the third natural language query comprises:

incorporating the first group of words and the second group of words into a sequence
of words;

converting the sequence of words into a sequence of symbols by replacing one or
more words in the sequence of words with corresponding symbols in a predefined symbol
table;

converting the sequence of symbols into a plurality of segment sequences by
applying a set of deduction rules to the sequence of symbols, wherein one segment sequence
represents a prediction of semantics of the sequence of symbols; and

generating the third natural language query based on one of the plurality of segment
sequences.

14. The device of claim 13, wherein converting the sequence of words into the
sequence of symbols comprises:

identifying a query-related word in the sequence of words;

determining, from the predefined symbol table, a symbol representing semantics of

the word; and

34



WO 2020/149959 PCT/US2019/065314

replacing the word in the sequence of words with the symbol.

15. A computer program product tangibly stored in a non-transitory computer
storage medium and including machine-executable instructions, the machine-executable
instructions, when executed by a device, causing the device to perform actions comprising:

receiving a first natural language query and a second natural language query for one
or more data tables, wherein semantics of the second natural language query is dependent
on the first natural language query; and

generating, based on the first natural language query and the second natural language
query, a third natural language query for the one or more data tables, wherein semantics of
the third natural language query is identical to the semantics of the second natural language

query and independent of the first natural language query.
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