(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 November 2023 (02.11.2023)

(10) International Publication Number

WO 2023/211370 A2

WIPO I PCT

(51) International Patent Classification:
Not classified

(21) International Application Number:
PCT/8G2023/050249

(22) International Filing Date:
13 April 2023 (13.04.2023)

Rui; 12655 West Jefferson Boulevard, Sixth Floor, Suite
No. 137, Los Angeles, CA 90066 (US). FENG, Yigqi; 12655
West Jefferson Boulevard, Sixth Floor, Suite No. 137, Los
Angeles, CA 90066 (US). GAO, Yuan; 12655 West Jeffer-
son Boulevard, Sixth Floor, Suite No. 137, Los Angeles,
CA 90066 (US). ZENG, Xiangyu; 12655 West Jefferson
Boulevard, Sixth Floor, Suite No. 137, Los Angeles, CA

wo 2023/211370 A2 I AL A0 R0 00 R

90006 (US). LU, Qingyi; 12655 West Jefferson Boulevard,

(25) Filing Language: English Sixth Floor, Suite No. 137, Los Angeles, CA 90066 (US).
(26) Publication Language: English LIU, Bin; 12655 West Jefferson Boulevard, Sixth Floor,
.. Suite No. 137, Los Angeles, CA 90066 (US).

(30) Priority Data:

17/728,248 25 April 2022 (25.04.2022) US (74) Agent: POH, Chee Kian, Daniel, Marks & Clerk Singa-

) pore LLP, Tanjong Pagar Post Office, P.O. Box 636, Singa-

(71) Applicant: LEMON INC. [GB/SG]; P.O. Box 31119, pore 910816 (SG).

Grand Pavilion, Hibiscus Way, 802 West Bay Road, Grand

Cayman, KY1-1205 (KY). (81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,

(72) Inventors: XIONG, Hongyu; 12655 West Jefferson Boule-
vard, Sixth Floor, Suite No. 137, Los Angeles, CA 90066
(US). WANG, Han; 12655 West Jefferson Boulevard, Sixth
Floor, Suite No. 137, Los Angeles, CA 90066 (US). LI,

(54) Title: SEMANTIC PARSING FOR SHORT TEXT

200
N

_— 202

OBTAIN A SET OF SENTENCES ASSOCIATED WITH A SHORT TEXT, EACH OF THE
SET OF SENTENCES CONTAINING ALL OF WORDS IN THE SHORT TEXT

' 204
DETERMINE ASET OF SYNTACTIC FEATURES ASSOCIATED WITH THE SETOF
SENTENCES, EACH OF THE SET OF SYNTACTIC FEATURES INDICATING AT LEAST
ONE OF A CONSTITUENCY RELATION AND ADEPENDENCY RELATION OF THE
CORRESPONDING SENTENCE

v _— 206

DETERMINE A SEMANTIC STRUCTURE OF THE SHORT TEXT BASED ON THE SET
OF SYNTACTIC FEATURES

Fig. 2

(57) Abstract: Embodiments of the present disclosure relate to semantic parsing for short text. According to embodiments of the present
disclosure, a method is proposed. The method comprises; obtaining a set of sentences associated with a short text, each of the set of
sentences containing all of words in the short text; determining a set of syntactic features associated with the set of sentences, each of
the set of syntactic features indicating at least one of a constituency relation and a dependency relation of the corresponding sentence;
and determining a semantic structure of the short text based on the set of syntactic features.

[Continued on next page]



WO 20237211370 A2} IA0R !0 000020 R 0

KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE,LR,LS, MW, MZ NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2023/211370 PCT/SG2023/050249

SEMANTIC PARSING FOR SHORT TEXT

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U. S. Application Ser. No. 17/728,248, filed April
25, 2022, and titled “SEMANTIC PARSING FOR SHORT TEXT”, the disclosure of which

is incorporated herein by reference in its entirety.

FIELD

[0001] Embodiments of the present disclosure relates generally to computer techniques, and

more particularly, to language processing.

BACKGROUND

[0002] With rapid development of the Internet, a large number of short texts emerge on
various platforms, such as blogs, forums and chatting software. Examples of short text can be
found in a number of contexts such as chat messages, search queries, product descriptions, or
online reviews. These short texts carry a wealth of information, e.g., data information. Short
text 1s sparse with a low number of features and doesn’t provide enough word co-occurrence,
which poses a great challenge for using existing natural language processing (NLP) methods to

parse the short text.

SUMMARY

[0003] Embodiments of the present disclosure provide a solution for parsing a short text.

[0004] In a first aspect, a method is proposed. The method comprises: obtaining a set of
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sentences associated with a short text, each of the set of sentences containing all of words in the
short text; determining a set of syntactic features associated with the set of sentences, each of the
set of syntactic features indicating at least one of a constituency relation and a dependency
relation of the corresponding sentence; and determining a semantic structure of the short text
based on the set of syntactic features. The method in accordance with the first aspect of the
present disclosure is capable of determining a semantic structure of the short text through
utilizing the existing NLP technology. Thereby, compared with the conventional solution, the
method in accordance with the first aspect of the present disclosure makes it possible to parse a

short text with improved accuracy at lower cost.

[0005] 1In a second aspect, a system is proposed. The system comprises: at least one
processor; and at least one memory communicatively coupled to the at least one processor and
comprising computer-readable instructions that upon execution by the at least one processor
cause the at least one processor to perform a method in accordance with the first aspect of the

present disclosure.

[0006] In a third aspect, a non-transitory computer-readable storage medium is proposed.
The non-transitory computer-readable storage medium stores computer-readable instructions that
upon execution by a computing device cause the computing device to perform a method in

accordance with the first aspect of the present disclosure.

[0007]  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

[0008] Through the following detailed description with reference to the accompanying
drawings, the above and other objectives, features, and advantages of example embodiments of

the present disclosure will become more apparent, wherein:
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[0009] Fig. 1 illustrates a block diagram of an example environment in accordance with some

embodiments of the present disclosure;

[0010] Fig. 2 illustrates a flowchart of a method for parsing a short text in accordance with

some example embodiments of the present disclosure;
[0011] Fig. 3 illustrates a diagram of a constituency tree of a sentence;
[0012] Fig. 4 illustrates a diagram of a dependency tree of the sentence shown in Fig. 3;

[0013] Fig. S illustrates a flowchart of a method for determining a semantic structure of a short

text in accordance with some example embodiments of the present disclosure;

[0014] Fig. 6 illustrates a sub-tree extracted from the constituency tree shown in Fig. 3 in

accordance with some example embodiments of the present disclosure;

[0015] Fig. 7 illustrates a restructured tree associated with the sub-tree shown in Fig. 6 in

accordance with some example embodiments of the present disclosure;
[0016] Fig. 8 illustrates a diagram of a constituency tree of another sentence;

[0017] Fig. 9 illustrates a sub-tree extracted from the constituency tree shown in Fig. 8 in

accordance with some example embodiments of the present disclosure;

[0018] Fig. 10 illustrates a restructured tree associated with the sub-tree shown in Fig. 9 in

accordance with some example embodiments of the present disclosure; and

[0019] Fig. 11 illustrates a block diagram of an example computing system/device suitable for

implementing example embodiments of the present disclosure.

[0020] Throughout the drawings, the same or similar reference numerals usually refer to the
same or similar elements.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0021] Principle of the present disclosure will now be described with reference to some

embodiments. It is to be understood that these embodiments are described only for the purpose
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of illustration and help those skilled in the art to understand and implement the present disclosure,
without suggesting any limitation as to the scope of the disclosure. The disclosure described

herein can be implemented in various manners other than the ones described below.

[0022] In the following description and claims, unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary

skills in the art to which this disclosure belongs.

2

[0023] References in the present disclosure to “one embodiment,” “an embodiment,” “an
example embodiment,” and the like indicate that the embodiment described may include a
particular feature, structure, or characteristic, but it is not necessary that every embodiment
includes the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an example embodiment, it is submitted that it is

within the knowledge of one skilled in the art to affect such feature, structure, or characteristic in

connection with other embodiments whether or not explicitly described.

[0024] It shall be understood that although the terms “first” and “second” etc. may be used
herein to describe various elements, these elements should not be limited by these terms. These
terms are only used to distinguish one element from another. For example, a first element could
be termed a second element, and similarly, a second element could be termed a first element,
without departing from the scope of example embodiments. As used herein, the term “and/or”

includes any and all combinations of one or more of the listed terms.

[0025] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of example embodiments. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises”,
“comprising”, “has”, “having”, “includes” and/or “including”, when used herein, specify the

presence of stated features, elements, and/or components etc., but do not preclude the presence or

addition of one or more other features, elements, components and/ or combinations thereof.
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[0026] Fig. 1 illustrates a block diagram of an example environment 100 in accordance with
some embodiments of the present disclosure. As shown in Fig. 1, an example environment 100
may generally include an electronic device 130. In some embodiments, electronic device 130
may be a device capable of computing such as a personal computer, workstation, server, or the

like. The scope of the present disclosure is not limited in this respect.

[0027]  The electronic device 130 may receive a short text 110 to be parsed as input. As used
herein, the term “short text” refers to a text that lacks at least a part of elements that constitute a
sentence. For ease of discussion, the short text “restaurant robot” will be used as an exemplary
short text herein. It should be understood that the solution proposed herein can be applied to

any other suitable short text. The scope of the present disclosure is not limited in this respect.

[0028]  The electronic device 130 may further receive a set of sentences 120 associated with
the short text 110 as input. Each of the set of sentences 120 containing all of words in the short
text 110. In the case that the short text 110 is “restaurant robot”, examples of the sentences
comprise, but are not limited to, “Some restaurant people see robots as the end of the industry.”

and “A restaurant robot from this California company offers the best experience.”.

[0029]  The electronic device 130 may determine a semantic structure 140 of the short text 110
based on the set of syntactic features. This will be described in further detail below with

reference to Figs. 2-10.

[0030] Fig. 2 illustrates a flowchart of a method 200 for parsing a short text 110 in accordance
with some example embodiments of the present disclosure. For example, the method 200 may
be performed by the electronic device 130 as shown in Fig. 1. It should be understood that the
method 200 may also include additional blocks not shown, and/or blocks shown may be omitted.

The scope of the present disclosure is not limited in this respect.

[0031] At block 202, the electronic device 130 obtains a set of sentences 120 associated with a
short text 110, each of the set of sentences 120 containing all of words in the short text 110. In
some embodiments, the set of sentences 120 can be obtained from an external device. In some

embodiments, the electronic device 130 may acquire the set of sentences 120 from a preset
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database. By way of example, the short text 110 may correspond to a search query. The
electronic device 130 may extract a set of documents, such as a set of webpages, associated with
the search query from a search log. As used herein, the term “search log” refers to a database
which records the search results associated with a search query. That is, information contained
in a search log is clustered based on a search query. Then, the electronic device 130 may search
for a set of sentences 120 associated with the short text 110, each of the set of sentences 120
containing all of words in the short text 110. It should be understood that the electronic device
130 may also acquire the set of sentences 120 in any other suitable manner. The scope of the

present disclosure is not limited in this respect.

[0032] Moreover, it should be appreciated that different variations of a word may be regard as
a same word. Different variations of a word comprise, but are not limited to, plural form,
gerund and conjugation of the word. For example, the words “restaurants” and “restaurant” may
be regard as a same word. The words “offer”, “offers”, and “offering” may be regard as a same
word. It should be understood that any other suitable variations of a word may also be regard as

a same word. The scope of the present disclosure is not limited in this respect.

[0033] At block 204, the electronic device 130 determines a set of syntactic features associated
with the set of sentences 120, each of the set of syntactic features indicating at least one of a
constituency relation and a dependency relation of the corresponding sentence. In some
embodiments, the electronic device 130 may parse at least one of the set of sentences 120 using
an existing natural language processing technology, e.g., Stanford NLP Parser, to obtain the
constituency relation of a sentence. In some embodiments, the electronic device 130 may parse
at least one of the set of sentences 120 using an existing natural language processing technology,
e.g., Stanford NLP Parser, to obtain the dependency relation of a sentence. In some
embodiments, both the constituency relation and the dependency relation may be obtained for at
least one of the set of sentences 120. It should be understood that the electronic device 130 may
also determine the set of syntactic features in any other suitable manner. The scope of the

present disclosure is not limited in this respect.

[0034] In some embodiments, each of the set of syntactic features may be organized and
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presented in form of a hierarchical structure, e.g. a tree structure. By way of example, the
constituency relation may be presented in form of a constituency tree, and the dependency
relation may be presented in form of a dependency tree. This will be described in further detail

with reference to Figs. 3-4.

[0035] Fig. 3 illustrates a diagram of a constituency tree 300 of a sentence. The sentence
shown in Fig. 3 is “A restaurant robot from this California company offers the best experience.”
As shown in Fig. 3, the constituency tree 300 contains the words of the sentence as its leaf nodes.
Meanwhile, each word is associated with at least one tag which indicates the constituent and
part-of-speech of the word or a phrase containing the word. In Fig. 3, the tag is shown in a
format of “X:Y”, wherein “X” indicates the constituent of the word or phrase, and “Y” indicates
the part-of-speech of the word or phrase. For the purpose of clarity, the meanings of

abbreviations used in the constituency tree 300 are listed in the following Table 1.

Table 1. Abbreviations used in a constituency tree

S subject

P predicate
Od object

Co complement
D determiner
H head

g group

\% verb

n noun

pron pronoun
prp preposition
art article

[0036] For example, the tag “S:g” associated with the phrase “A restaurant robot from this
California company” indicates that the constituent of the phrase is subject and the part-of-speech

of the phrase is group. The tag “H:n” associated with the word “robot” indicates that the
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constituent of the word is head and the part-of-speech of the word is noun. It should be
understood that the constituency relation of a sentence may be organized and presented in any

other suitable manner. The scope of the present disclosure is not limited in this respect.

[0037] Fig. 4 illustrates a diagram of a dependency tree 400 of the sentence shown in Fig. 3.
The dependency tree 400 express the syntax of the sentence in terms of dependencies between
words - that is, directed, typed edges between words in a graph. More formally, a dependency
tree 1s a graph G = (V, E) where the set of nodes V contains the words in the sentence, and each
of the set of edges E connects two words in the sentence. The graph G satisfy following
conditions: (1) there is a single root node with no incoming edges. It can be seen that the word
“offers” having no incoming edges corresponds to the root node; (2) for each of the set of nodes
V, there is a path from the root node to the respective node; (3) each node except the root node
has exactly one incoming edge. For the purpose of clarity, the meanings of abbreviations used

in the dependency tree 400 are listed in the following Table 2.

Table 2. Abbreviations used in a dependency tree

DT article

NN noun

NNP proper noun

IN preposition

VBZ verb

JJS adjective, superlative
det determiner

comp compound

nsubj nominal subject
nmod nominal modifier
case prepositional complement
obj object

amod adjectival modifier
punct punctuation
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[0038] As shown in Fig. 4, each node has a tag indicting the part-of-speech of the
corresponding word. For example, the tag “VBZ” associated with the word “offers” indicates
that the part-of-speech of the word “offers” is verb. Similarly, the tag “NN” associated with the
word “robot” indicates that the part-of-speech of the word “robot” is noun. Additionally, each
edge has a type, which defines the grammatical relation that occurs between the two words. By
way of example, the verb “offers” has an outgoing edge of type “nsubj” to the noun “robot”,
meaning that the word “robot” is a nominal subject of the word “offers”. In this case, the word
“robot” depends on the word “offers”. The noun “robot” has an outgoing edge of type “nmod”
to the noun “company”, meaning that the word “company” is a nominal modifier of the word
“robot”. In this case, the word “company” depends on the word “robot”. It should be
understood that the dependency relation of a sentence may be organized and presented in any

other suitable manner. The scope of the present disclosure is not limited in this respect.

[0039] Referring back to Fig. 2, at block 206, the electronic device 130 determines a semantic
structure 140 of the short text 110 based on the set of syntactic features. This will be discussed

in further detail with reference to Figs. 5-10.

[0040] Fig. S illustrates a flowchart of a method 500 for determining a semantic structure 140
of a short text 110 in accordance with some example embodiments of the present disclosure.
For example, method 500 may corresponds to an example implementation of block 206 as shown
in Fig. 2. In some embodiments, the method 500 may be performed by the electronic device
130 as shown in Fig. 1. It should be understood that the method 500 may also include additional
blocks not shown, and/or blocks shown may be omitted. The scope of the present disclosure is

not limited in this respect.

[0041] At block 502, the electronic device 130 determines at least one candidate semantic
structure of the short text 110 based on the set of syntactic feature. For ease of discussion, a
target sentence, which may be any sentence in the set of sentences 120, will be taken as an
example below. In this case, the set of syntactic features comprises a target syntactic feature
associated with the target sentence, the target syntactic feature comprises a target constituency

tree indicating the constituency relation of the target sentence, the at least one candidate semantic
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structure comprises a target candidate semantic structure associated with the target sentence. In
order to determine the target candidate semantic structure, the electronic device 130 may
determine a sub-tree from the target constituency tree, leaf nodes of the sub-tree consisting of all
of the words in the short text 110. The electronic device 130 may further reconstruct the

sub-tree to obtain the target candidate semantic structure.

[0042] By way of example, for the sentence shown in Fig. 3, the electronic device 130 may
extract a sub-tree from the constituency tree 300. Fig. 6 illustrates a sub-tree 600 extracted from
the constituency tree 300 shown in Fig. 3 in accordance with some example embodiments of the
present disclosure. It is seen that the leaf nodes of sub-tree 600 consists of all of the words in
the short text “restaurant robot”. The electronic device 130 may further reconstruct the sub-tree

600 to obtain a candidate semantic structure for the short text “restaurant robot”.

[0043] In some embodiments, for restructuring the sub-tree, the electronic device 130 may
determine whether all of the words in the short text 110 belong to a same constituent. In
response to a determination that all of the words in the short text 110 belong to a same constituent,
the electronic device 130 may determine a root node of the sub-tree based on the target syntactic
feature, and determine a part-of-speech for the short text 110. In some embodiments, the
electronic device 130 may determine the root node of the sub-tree based on a target dependency

tree indicating the dependency relation of the target sentence.

[0044] By way of example, for the sentence shown in Fig. 3, it can be seen from the extracted
sub-tree 600 shown in Fig. 6 that the words “restaurant” and “robot” belong to a same constituent,
1e., subject. In this case, the electronic device 130 may determine the root node of the sub-tree
600 based on the dependency tree 400 shown in Fig. 4. As shown in Fig. 4, the word “robot”
has an outgoing edge of type “comp” to the noun “restaurant”, meaning that the word “restaurant”
is a compound of the word “robot”. In this case, the word “restaurant” depends on the word
“robot”. As such, the word “robot” may be taken as the root node of the sub-tree 600 and the
part-of-speech for the short text “restaurant robot” can be determined as noun group. Fig. 7
illustrates a restructured tree 700 associated with the sub-tree 600 shown in Fig. 6 in accordance

with some example embodiments of the present disclosure.  As shown in Fig. 7, the root node of

10
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the restructured tree 700 is the word “restaurant” and the part-of-speech for the short text

“restaurant robot” is tagged as noun group.

[0045] In some embodiments, for restructuring the sub-tree, the electronic device 130 may
determine whether a part of the short text 110 belongs to a subject and another part of the short
text 110 belongs to an object or an adverb. In response to a determination that a part of the short
text 110 belongs to a subject and another part of the short text 110 belongs to an object or an
adverb, the electronic device 130 may determine a predicate as a root node of the sub-tree, and
determine a constituent and a part-of-speech for each of the words based on the target
constituency tree. In this manner, when the sentence is complex, e.g., comprises one or more
clauses, the above process can be performed recursively. That, is, the electronic device 130 may
break down the original sentence into two or more sub-sentences of the same or related type, until
the resulted sub-sentence become simple enough to be processed directly. Thereby, the method
in accordance with some embodiments of the present disclosure makes it possible to parse a short

text more efficiently while using fewer resources.

[0046] For the purpose of illustration, a sentence “Some restaurant people see robots as the
end of the industry.” is taken as an example for the discussion below. Fig. 8 illustrates a
diagram of a constituency tree 800 of this sentence. As stated with reference to Fig. 3, the
constituency tree 800 contains the words of the sentence as its leaf nodes. Similarly, each word
is associated with at least one tag which indicates the constituent and part-of-speech of the word
or a phrase containing the word. The meanings of abbreviations used in the constituency tree
800 can be found the above Table 1. For example, the tag “D:pron” associated with the word
“some” indicates that the constituent of the word is determiner and the part-of-speech of the word
is pronoun. The tag “S:g” associated with the phrase “some restaurant people” indicates that

constituent of the phrase is subject and the part-of-speech of the phrase is group.

[0047] In some embodiments, the electronic device 130 may determine a sub-tree from the
constituency tree 800, leaf nodes of the sub-tree consisting of all of the words in the short text
110. Fig. 9 illustrates a sub-tree 900 extracted from the constituency tree 800 shown in Fig. 8 in

accordance with some example embodiments of the present disclosure. It is seen that the leaf

11
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nodes of the sub-tree 900 consists of all of the words in the short text “restaurant robot”. The
electronic device 130 may further reconstruct the sub-tree 900 to obtain a candidate semantic
structure for the short text “restaurant robot”.  As can be seen from Fig. 9, the words “restaurant”
belongs to a subject, while the word “robots” belongs to an object. In this case, the electronic
device 130 may determine a predicate as a root node of the sub-tree 900. The electronic device
130 may further determine a constituent and a part-of-speech for each of the words based on the
constituency tree 800. For example, the constituent and the part-of-speech of the word
“restaurant” may be determined as subject and noun, respectively. The constituent and the
part-of-speech of the word “robot” may be determined as object and noun, respectively. Fig. 10
illustrates a restructured tree 1000 associated with the sub-tree 900 shown in Fig. 9 in accordance
with some example embodiments of the present disclosure. As shown in Fig. 10, the root node
of the restructured tree 700 is a predicate; the constituent and the part-of-speech are tagged for

each word.

[0048] It should be understood that the electronic device 130 may determine the candidate
semantic structure of the short text 110 based on the set of syntactic features in any other suitable

manner. The scope of the present disclosure is not limited in this respect.

[0049] Referring back to Fig. 5, at block 504, the electronic device 130 determines a
frequency of occurrence for each of the at least one candidate semantic structure. In some
embodiments, the electronic device 130 may count the number of occurrence for each candidate
semantic structure. It should be understood that the frequency of occurrence may be determined

in any other suitable manner. The scope of the present disclosure is not limited in this respect.

[0050] At block 506, the electronic device 130 orders the at least one candidate semantic
structure based on the frequency of occurrence. In some embodiment, the electronic device 130
may orders the at least one candidate semantic structure in descending order based on the
frequency of occurrence. Alternatively, the electronic device 130 may orders the at least one
candidate semantic structure in ascending order based on the frequency of occurrence. Thereby,
the method in accordance with the first aspect of the present disclosure may provide information

about the possibilities of the respective candidate semantic structure, which improves the

12
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accuracy of the parsing result of the short text.

[0051] It should be understood that the electronic device 130 may organize the at least one
candidate semantic structure in any other suitable manner. The scope of the present disclosure

is not limited in this respect.

[0052] In some embodiment, the electronic device 130 may output all of the at least one
candidate semantic structure together with their frequency of occurrence. In some embodiment,
the electronic device 130 may output one of the at least one candidate semantic structure that has
the highest frequency of occurrence as the semantic structure 140 of the short text 110. In some
embodiment, the electronic device 130 may determine one of the at least one candidate semantic
structure as the semantic structure 140 of the short text 110 in any other suitable manner. The

scope of the present disclosure is not limited in this respect.

[0053] It should be understood that although the method in accordance with some example
embodiments of the present disclosure are illustrate in the context of the short text “restaurant
robot” and the sentences “Some restaurant people see robots as the end of the industry.” and “A
restaurant robot from this California company offers the best experience.”, the method in
accordance with some example embodiments of the present disclosure may also be applied to any
other suitable short texts and sentences. The scope of the present disclosure is not limited in this

respect.

[0054] As discussed above, a method for parsing a short text is proposed herein, which is
capable of determining a semantic structure of the short text through utilizing the existing NLP
technology. Compared with the conventional solution, the method in accordance with some
example embodiments of the present disclosure makes it possible to parse a short text with
improved accuracy at lower cost, which may facilitate the text mining, information retrieval, and

the building of knowledge graph.

[0055] Fig 11 illustrates a block diagram of an example computing system/device 1100
suitable for implementing example embodiments of the present disclosure. The electronic
device 130 shown in Fig. 1 may be implemented as or included in the system/device 1100. The

system/device 1100 may be a general-purpose computer, a physical computing device, or a

13



WO 2023/211370 PCT/SG2023/050249

portable electronic device, or may be practiced in distributed cloud computing environments
where tasks are performed by remote processing devices that are linked through a communication
network. The system/device 1100 can be used to implement any of the processes described

herein.

[0056] As depicted, the system/device 1100 includes a processor 1101 which is capable of
performing various processes according to a program stored in a read only memory (ROM) 1102
or a program loaded from a storage unit 1108 to a random access memory (RAM) 1103. In the
RAM 1103, data required when the processor 1101 performs the various processes or the like is
also stored as required. The processor 1101, the ROM 1102 and the RAM 1103 are connected
to one another via a bus 1104.  An input/output (I/O) interface 1105 is also connected to the bus

1104.

[0057] The processor 1101 may be of any type suitable to the local technical network and may
include one or more of the following: general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), graphic processing unit (GPU), co-processors,
and processors based on multicore processor architecture, as non-limiting examples. The
system/device 1100 may have multiple processors, such as an application-specific integrated

circuit chip that is slaved in time to a clock which synchronizes the main processor.

[0058] A plurality of components in the system/device 1100 are connected to the I/O interface
1105, including an input unit 1106, such as a keyboard, a mouse, or the like; an output unit 1107
including a display such as a cathode ray tube (CRT), a liquid crystal display (LCD), or the like,
and a loudspeaker or the like; the storage unit 1108, such as disk and optical disk, and the like;
and a communication unit 1109, such as a network card, a modem, a wireless transceiver, or the
like. The communication unit 1109 allows the system/device 1100 to exchange
information/data with other devices via a communication network, such as the Internet, various

telecommunication networks, and/or the like.

[0059] The methods and processes described above, such as the method 200, can also be
performed by the processor 1101. In some embodiments, the method 200 can be implemented
as a computer software program or a computer program product tangibly included in the
computer readable medium, e.g., storage unit 1108. In some embodiments, the computer

program can be partially or fully loaded and/or embodied to the system/device 1100 via ROM
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1102 and/or communication unit 1109. The computer program includes computer executable
instructions that are executed by the associated processor 1101.  When the computer program 1is
loaded to RAM 1103 and executed by the processor 1101, one or more acts of the method 200
described above can be implemented. Alternatively, processor 1101 can be configured via any
other suitable manners (e.g., by means of firmware) to execute the method 200 in other

embodiments.

[0060] In some example embodiments of the present disclosure, there is provided a computer
program product comprising instructions which, when executed by a processor of an apparatus,

cause the apparatus to perform steps of any one of the methods described above.

[0061] In some example embodiments of the present disclosure, there is provided a computer
readable medium comprising program instructions for causing an apparatus to perform at least
steps of any one of the methods described above. The computer readable medium may be a

non-transitory computer readable medium in some embodiments.

[0062] In some example embodiments of the present disclosure, there is provided a computer
readable medium comprising program instructions for causing an apparatus to perform at least
steps of any one of the methods described above. The computer readable medium may be a

non-transitory computer readable medium in some embodiments.

[0063] Generally, various example embodiments of the present disclosure may be
implemented in hardware or special purpose circuits, software, logic or any combination thereof.
Some aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other computing
device. While various aspects of the example embodiments of the present disclosure are
illustrated and described as block diagrams, flowcharts, or using some other pictorial
representations, it will be appreciated that the blocks, apparatuses, systems, techniques, or
methods described herein may be implemented in, as non-limiting examples, hardware, software,
firmware, special purpose circuits or logic, general purpose hardware or controller or other

computing devices, or some combination thereof.

[0064] The present disclosure also provides at least one computer program product tangibly

stored on a non-transitory computer readable storage medium. The computer program product
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includes computer-executable instructions, such as those included in program modules, being
executed in a device on a target real or virtual processor, to carry out the methods/processes as
described above. Generally, program modules include routines, programs, libraries, objects,
classes, components, data structures, or the like that perform particular tasks or implement
particular abstract types. The functionality of the program modules may be combined or split
between program modules as desired in various embodiments.  Computer-executable
instructions for program modules may be executed within a local or distributed device. In a

distributed device, program modules may be located in both local and remote storage media.

[0065] The computer readable medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable medium may include but is 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 computer 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.

[0066] Computer program code for carrying out methods disclosed herein may be written in
any combination of one or more programming languages. The program code 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 computer, partly on
the computer, as a stand-alone software package, partly on the computer and partly on a remote
computer or entirely on the remote computer or server. The program code may be distributed on
specially-programmed devices which may be generally referred to herein as “modules”.
Software component portions of the modules may be written in any computer language and may
be a portion of a monolithic code base, or may be developed in more discrete code portions, such
as is typical in object-oriented computer languages. In addition, the modules may be distributed

across a plurality of computer platforms, servers, terminals, mobile devices and the like. A
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given module may even be implemented such that the described functions are performed by

separate processors and/or computing hardware platforms.

[0067] Implementations of the present disclosure can be described in view of the following

clauses, the features of which can be combined in any reasonable manner.

[0068] Clause 1. A method, comprising: obtaining a set of sentences associated with a short
text, each of the set of sentences containing all of words in the short text; determining a set of
syntactic features associated with the set of sentences, each of the set of syntactic features
indicating at least one of a constituency relation and a dependency relation of the corresponding
sentence; and determining a semantic structure of the short text based on the set of syntactic

features.

[0069] Clause 2. The method of Clause 1, wherein determining the semantic structure of the
short text comprises: determining at least one candidate semantic structure of the short text based
on the set of syntactic features; determining a frequency of occurrence for each of the at least one
candidate semantic structure; and ordering the at least one candidate semantic structure based on

the frequency of occurrence.

[0070] Clause 3. The method of Clause 2, wherein the set of sentences comprises a target
sentence, the set of syntactic features comprises a target syntactic feature associated with the
target sentence, the target syntactic feature comprises a target constituency tree indicating the
constituency relation of the target sentence, the at least one candidate semantic structure
comprises a target candidate semantic structure associated with the target sentence, and
determining the at least one candidate semantic structure comprises: determining a sub-tree from
the target constituency tree, leaf nodes of the sub-tree consisting of all of the words in the short

text; and restructuring the sub-tree to obtain the target candidate semantic structure.

[0071] Clause 4. The method of Clause 3, wherein restructuring the sub-tree comprises: in
response to a determination that a part of the short text belongs to a subject and another part of
the short text belongs to an object or an adverb, determining a predicate as a root node of the

sub-tree; and determining a constituent and a part-of-speech for each of the words based on the
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target constituency tree.

[0072] Clause 5. The method of Clause 3, wherein restructuring the sub-tree comprises: in
response to a determination that all of the words in the short text belong to a same constituent,
determining a root node of the sub-tree based on the target syntactic feature; and determining a

part-of-speech for the short text.

[0073] Clause 6. The method of Clause 5, wherein the target syntactic feature further
comprises a target dependency tree indicating the dependency relation of the target sentence, and
determining the root node comprises: determining the root node based on the target dependency

tree.

[0074] Clause 7. The method of Clause 1, wherein the short text corresponds to a search query,
and obtaining the set of sentences comprises: extracting a set of documents associated with the

search query from a search log; and acquiring the set of sentences from the set of documents.

[0075] Clause 8. The method of Clause 1, wherein the set of sentences comprises a target
sentence, determining the set of syntactic features comprises: parsing the target sentence to obtain

at least one of the constituency relation and the dependency relation of the target sentence.

[0076] Clause 9. A system, comprising: at least one processor; and at least one memory
communicatively coupled to the at least one processor and comprising computer-readable
instructions that upon execution by the at least one processor cause the at least one processor to
perform actions comprising: obtaining a set of sentences associated with a short text, each of the
set of sentences containing all of words in the short text; determining a set of syntactic features
associated with the set of sentences, each of the set of syntactic features indicating at least one of
a constituency relation and a dependency relation of the corresponding sentence; and determining

a semantic structure of the short text based on the set of syntactic features.

[0077]  Clause 10. The system of Clause 9, wherein determining the semantic structure of the
short text comprises: determining at least one candidate semantic structure of the short text based
on the set of syntactic features; determining a frequency of occurrence for each of the at least one

candidate semantic structure; and ordering the at least one candidate semantic structure based on
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the frequency of occurrence.

[0078] Clause 11. The system of Clause 10, wherein the set of sentences comprises a target
sentence, the set of syntactic features comprises a target syntactic feature associated with the
target sentence, the target syntactic feature comprises a target constituency tree indicating the
constituency relation of the target sentence, the at least one candidate semantic structure
comprises a target candidate semantic structure associated with the target sentence, and
determining the at least one candidate semantic structure comprises: determining a sub-tree from
the target constituency tree, leaf nodes of the sub-tree consisting of all of the words in the short

text; and restructuring the sub-tree to obtain the target candidate semantic structure.

[0079] Clause 12. The system of Clause 11, wherein restructuring the sub-tree comprises: in
response to a determination that a part of the short text belongs to a subject and another part of
the short text belongs to an object or an adverb, determining a predicate as a root node of the
sub-tree; and determining a constituent and a part-of-speech for each of the words based on the

target constituency tree.

[0080] Clause 13. The system of Clause 11, wherein restructuring the sub-tree comprises: in
response to a determination that all of the words in the short text belong to a same constituent,
determining a root node of the sub-tree based on the target syntactic feature; and determining a

part-of-speech for the short text.

[0081] Clause 14. The system of Clause 13, wherein the target syntactic feature further
comprises a target dependency tree indicating the dependency relation of the target sentence, and
determining the root node comprises: determining the root node based on the target dependency

tree.

[0082] Clause 15. The system of Clause 9, wherein the short text corresponds to a search
query, and obtaining the set of sentences comprises: extracting a set of documents associated with

the search query from a search log; and acquiring the set of sentences from the set of documents.

[0083] Clause 16. The system of Clause 9, wherein the set of sentences comprises a target

sentence, determining the set of syntactic features comprises: parsing the target sentence to obtain
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at least one of the constituency relation and the dependency relation of the target sentence.

[0084] Clause 17. A non-transitory computer-readable storage medium, storing
computer-readable instructions that upon execution by a computing device cause the computing
device to perform actions comprising: obtaining a set of sentences associated with a short text,
each of the set of sentences containing all of words in the short text; determining a set of syntactic
features associated with the set of sentences, each of the set of syntactic features indicating at
least one of a constituency relation and a dependency relation of the corresponding sentence; and

determining a semantic structure of the short text based on the set of syntactic features.

[0085] Clause 18 The non-transitory computer-readable storage medium of Clause 17,
wherein determining the semantic structure of the short text comprises: determining at least one
candidate semantic structure of the short text based on the set of syntactic features; determining a
frequency of occurrence for each of the at least one candidate semantic structure; and ordering the

at least one candidate semantic structure based on the frequency of occurrence.

[0086] Clause 19. The non-transitory computer-readable storage medium of Clause 18,
wherein the set of sentences comprises a target sentence, the set of syntactic features comprises a
target syntactic feature associated with the target sentence, the target syntactic feature comprises
a target constituency tree indicating the constituency relation of the target sentence, the at least
one candidate semantic structure comprises a target candidate semantic structure associated with
the target sentence, and determining the at least one candidate semantic structure comprises:
determining a sub-tree from the target constituency tree, leaf nodes of the sub-tree consisting of
all of the words in the short text; and restructuring the sub-tree to obtain the target candidate

semantic structure.

[0087] Clause 20. The non-transitory computer-readable storage medium of Clause 19,
wherein restructuring the sub-tree comprises: in response to a determination that a part of the
short text belongs to a subject and another part of the short text belongs to an object or an adverb,
determining a predicate as a root node of the sub-tree; and determining a constituent and a

part-of-speech for each of the words based on the target constituency tree.
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[0088] Clause 21. The non-transitory computer-readable storage medium of Clause 19,
wherein restructuring the sub-tree comprises: in response to a determination that all of the words
in the short text belong to a same constituent, determining a root node of the sub-tree based on the

target syntactic feature; and determining a part-of-speech for the short text.

[0089] Clause 22. The non-transitory computer-readable storage medium of Clause 21,
wherein the target syntactic feature further comprises a target dependency tree indicating the
dependency relation of the target sentence, and determining the root node comprises: determining

the root node based on the target dependency tree.

[0090] Clause 23. The non-transitory computer-readable storage medium of Clause 17,
wherein the short text corresponds to a search query, and obtaining the set of sentences comprises:
extracting a set of documents associated with the search query from a search log; and acquiring

the set of sentences from the set of documents.

[0091] Clause 24. The non-transitory computer-readable storage medium of Clause 17,
wherein the set of sentences comprises a target sentence, determining the set of syntactic features
comprises: parsing the target sentence to obtain at least one of the constituency relation and the

dependency relation of the target sentence.

[0092] While operations are depicted in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve desirable 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 present disclosure, but rather as descriptions of
features that may be specific to particular embodiments. Certain features that are described in
the context of separate embodiments may also be implemented in combination in a single
embodiment. Conversely, various features that are described in the context of a single
embodiment may also be implemented in multiple embodiments separately or in any suitable

sub-combination.

[0093]  Although the present disclosure has been described in languages specific to structural
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features and/or methodological acts, it is to be understood that the present disclosure defined 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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I’/We Claim:

1. A method, comprising:

obtaining a set of sentences associated with a short text, each of the set of sentences
containing all of words in the short text;

determining a set of syntactic features associated with the set of sentences, each of the set
of syntactic features indicating at least one of a constituency relation and a dependency relation of
the corresponding sentence; and

determining a semantic structure of the short text based on the set of syntactic features.

2. The method of claim 1, wherein determining the semantic structure of the short text
comprises:

determining at least one candidate semantic structure of the short text based on the set of
syntactic features;

determining a frequency of occurrence for each of the at least one candidate semantic
structure; and

ordering the at least one candidate semantic structure based on the frequency of

occurrence.

3. The method of claim 2, wherein the set of sentences comprises a target sentence, the set
of syntactic features comprises a target syntactic feature associated with the target sentence, the
target syntactic feature comprises a target constituency tree indicating the constituency relation of
the target sentence, the at least one candidate semantic structure comprises a target candidate
semantic structure associated with the target sentence, and determining the at least one candidate
semantic structure comprises:

determining a sub-tree from the target constituency tree, leaf nodes of the sub-tree
consisting of all of the words in the short text; and

restructuring the sub-tree to obtain the target candidate semantic structure.

4. The method of claim 3, wherein restructuring the sub-tree comprises:
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in response to a determination that a part of the short text belongs to a subject and another
part of the short text belongs to an object or an adverb,
determining a predicate as a root node of the sub-tree; and
determining a constituent and a part-of-speech for each of the words based on the

target constituency tree.

5. The method of claim 3, wherein restructuring the sub-tree comprises:
in response to a determination that all of the words in the short text belong to a same
constituent,
determining a root node of the sub-tree based on the target syntactic feature; and

determining a part-of-speech for the short text.

6. The method of claim 5, wherein the target syntactic feature further comprises a target
dependency tree indicating the dependency relation of the target sentence, and determining the
root node comprises:

determining the root node based on the target dependency tree.

7. The method of claim 1, wherein the short text corresponds to a search query, and
obtaining the set of sentences comprises:
extracting a set of documents associated with the search query from a search log; and

acquiring the set of sentences from the set of documents.

8. The method of claim 1, wherein the set of sentences comprises a target sentence,
determining the set of syntactic features comprises:
parsing the target sentence to obtain at least one of the constituency relation and the

dependency relation of the target sentence.

9. A system, comprising;

at least one processor; and
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at least one memory communicatively coupled to the at least one processor and

comprising computer-readable instructions that upon execution by the at least one processor
cause the at least one processor to perform actions comprising:

obtaining a set of sentences associated with a short text, each of the set of
sentences containing all of words in the short text;

determining a set of syntactic features associated with the set of sentences, each of
the set of syntactic features indicating at least one of a constituency relation and a dependency
relation of the corresponding sentence; and

determining a semantic structure of the short text based on the set of syntactic

features.

10. The system of claim 9, wherein determining the semantic structure of the short text
comprises:

determining at least one candidate semantic structure of the short text based on the set of
syntactic features;

determining a frequency of occurrence for each of the at least one candidate semantic
structure; and

ordering the at least one candidate semantic structure based on the frequency of

occurrence.

11. The system of claim 10, wherein the set of sentences comprises a target sentence, the
set of syntactic features comprises a target syntactic feature associated with the target sentence,
the target syntactic feature comprises a target constituency tree indicating the constituency
relation of the target sentence, the at least one candidate semantic structure comprises a target
candidate semantic structure associated with the target sentence, and determining the at least one
candidate semantic structure comprises:

determining a sub-tree from the target constituency tree, leaf nodes of the sub-tree
consisting of all of the words in the short text; and

restructuring the sub-tree to obtain the target candidate semantic structure.

12. The system of claim 11, wherein restructuring the sub-tree comprises:
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in response to a determination that a part of the short text belongs to a subject and another
part of the short text belongs to an object or an adverb,
determining a predicate as a root node of the sub-tree; and
determining a constituent and a part-of-speech for each of the words based on the

target constituency tree.

13. The system of claim 11, wherein restructuring the sub-tree comprises:
in response to a determination that all of the words in the short text belong to a same
constituent,
determining a root node of the sub-tree based on the target syntactic feature; and

determining a part-of-speech for the short text.

14. The system of claim 13, wherein the target syntactic feature further comprises a target
dependency tree indicating the dependency relation of the target sentence, and determining the
root node comprises:

determining the root node based on the target dependency tree.

15. The system of claim 9, wherein the short text corresponds to a search query, and
obtaining the set of sentences comprises:
extracting a set of documents associated with the search query from a search log; and

acquiring the set of sentences from the set of documents.

16. The system of claim 9, wherein the set of sentences comprises a target sentence,
determining the set of syntactic features comprises:
parsing the target sentence to obtain at least one of the constituency relation and the

dependency relation of the target sentence.
17. A non-transitory computer-readable storage medium, storing computer-readable

instructions that upon execution by a computing device cause the computing device to perform

actions comprising;:
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obtaining a set of sentences associated with a short text, each of the set of sentences
containing all of words in the short text;

determining a set of syntactic features associated with the set of sentences, each of the set
of syntactic features indicating at least one of a constituency relation and a dependency relation of
the corresponding sentence; and

determining a semantic structure of the short text based on the set of syntactic features.

18. The non-transitory computer-readable storage medium of claim 17, wherein
determining the semantic structure of the short text comprises:

determining at least one candidate semantic structure of the short text based on the set of
syntactic features;

determining a frequency of occurrence for each of the at least one candidate semantic
structure; and

ordering the at least one candidate semantic structure based on the frequency of

occurrence.

19. The non-transitory computer-readable storage medium of claim 18, wherein the set of
sentences comprises a target sentence, the set of syntactic features comprises a target syntactic
feature associated with the target sentence, the target syntactic feature comprises a target
constituency tree indicating the constituency relation of the target sentence, the at least one
candidate semantic structure comprises a target candidate semantic structure associated with the
target sentence, and determining the at least one candidate semantic structure comprises:

determining a sub-tree from the target constituency tree, leaf nodes of the sub-tree
consisting of all of the words in the short text; and

restructuring the sub-tree to obtain the target candidate semantic structure.

20. The non-transitory computer-readable storage medium of claim 17, wherein the short
text corresponds to a search query, and obtaining the set of sentences comprises:
extracting a set of documents associated with the search query from a search log; and

acquiring the set of sentences from the set of documents.
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