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statement, a knowledge base compliant query (110) to provide for searching at least one query result from an ontology knowledge
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A METHOD AND SYSTEM FOR

EXTENDABLE SEMANTIC QUERY INTERPRETATION
FIELD OF INVENTION

The present invention relates to a method and system for extendable semantic query

interpretation.
BACKGROUND ART

The use of semantic query engines is becoming increasingly accepted as the preferred
query processing means to provide meaning-based queries and retrieval of documents
from a semantic based Web. Resources in the semantic based Web are semantically
annotated in Resource Description Framework (RDF) ftriple format to provide for

ontology knowledge bases.

However, to query an Resource Description Framework (RDF) triple or ontology
knowledge base, a user is required to have knowledge of an SQL-like language such as
SPARQL or an Atrtificial Intelligence (Al) language such as PROLOG or LISP. While this
is considered an acceptable option for developers and the technically inclined, general
users need not be required to have such in-depth knowledge to perform a query on the

éemantic based web.

Although SPARQt or Al language query format has been well defined to query ontology
knowledge bases with its powerful inference engine, the query layer remains as the

building block for developing semantic technology applications. This is because a user is
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required to know exactly how and where the information is stored in the knowledge base
in order to perform a query on the same. This hinders the efforts of providing a simple

and practical approach of performing a query on the semantic based web.

Furthermore, there has been a rising need to address the issue of meaningful query
retrieval. In many occasions, it is observed that users have different ways of constructing
a particular query that is required to yield identical query results. It is therefore essential
to understand thev purpose of a query, accurately interpret the same and provide the

precise query results.
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SUMMARY OF INVENTION

In one embodiment of the present invention is a method for extendable semantic query
interpretation. The method comprises receiving a structured natural language user
query, interpreting the structured natural language user query, generating from the
structured natural language user que;'y, an internal query representation statement,
performing query enrichment to generate at least one enriched internal query
representation statement, generating from the at least one enriched internal query
representation statement, a knowledge base compliant query to provide for searching at
least one query result from an ontology knowledge base, generating at least one internal
query result representation statement and converting the at least one internal query

result representation statement to a structured natural language resuilt.

In another embodiment of the present invention is a system for extendable semantic
query interpretation. The system comprises an intelligent word sense, a semantic query
interpreter, a query transformer, a query enricher and a natural language generator. The
intelligent word sense comprises means for receiving a structured natural language user
query. The semantic query interpreter comprises means for interpreting the structured
natural language user query. The query transformer comprises means for generating
from the structured natural language usér query, an internal query representation
statement. The query enricher comprises means for performing query enrichment to
generate at least one enriched internal qury representation statement, generating from
the at least one enriched internal query representation statement, a knowledge base
compliant query to provide for searching at least one query result from an ontology
knowledge base and generating at least one internal query result representatioh

statement. The natural language generator comprises means for converting the at least
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one internal query result representation statement to a structured natural language

resuft.

The present invention consists of several features and a combination of parts hereinafter
fully déscribed and illustrated in the accompanying drawings, it being understood that
various changes in the details may be made without departing from the scope of the

invention or sacrificing any of the advantages of the present invention.
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BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

To fuﬁher clarify various aspects of some embodiments of the present invention, a more
particular description of the invention will be rendered by references to specific
embodiments thereof, which are illustrated, in the appended drawings. It is appreciated
that these drawings depict only typical embodiments of the invention and are therefore
not to be considered limiting of its scope. The invention will be described and explained

with additional specificity and detail through the accompanying drawings in which:

FIG. 1 illustrates a flowchart of a method for an extendable semantic query

interpretation.

FIG. 2 illustrates a block diagram of a system for an extendable semantic query. .

interpretation.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a method and" system for extendable semantic query
interpretation. Hereinafter, this specification will describe the present invention according
to the preferred erﬁbodiments of the present invention. However, it is to. be understood
that limiting the description to the preferred embodiments of the invention is merely to
facilitate discussion of the present invention and it is envisioned that those skilled in the
art may devise various modifications and equivalents without departing from the scope

of the appended claims.

The embodiments ef the present invention relate to a method and system for extendable
semantic query interpretation. The present invention provides an extendable semantic
query interpretation to enable a user to query information stored in ontology knowledge
bases, which are essentially knowledge basee in Resource Description Framework

(RDF) format, without having in-depth understanding of the underlying knowledge base.

The embodiments of the present invention simplifies the process of generating valid

query statements by creating knowledge base compliant query statements from the

- user's query which is received in the form of a structured natural language query.

Further, the embodiments of.the present invention also translate the query results
obtained from the ontology knowledge base in the Resource Description Framework
(RDF) format into a structured natural language result. Hence, this substantially
eliminates the necessity for the user to explicity understand the structure of the
knowledge base to perform a query on the knowledge base. Additionally, the user is
shielded from the complexity of the query processing while having the liberty of _

constructing complex queries.
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The embodiments of the present invention addresses the issue of meaningful query
retriev-al by employing query enrichment techniques. With these techniques, the user's
queAry terms residing in the form of a structured natural language query are expanded by
making reference to a lexical database such as Wordnet. Additionally, different word
senses, synonyms, antonyms and the like are used to expand the user’s query to enable

comprehensive and meaningful query processing.

Reference is now collectively being made to FIGs. 1 and 2. FIG. 1 illustrates a flowchart
of the method (100) for an extendable semantic query interpretation. FIG. 2 illustrates a

block diagram of the system (200) for an extendable semantic query interpretation.

The method (100) for the extendable semantic query interpretation comprises receiving
a structured natufal language user query (102), interpreting the structured natural
language user query (104), generating from the structured natural language user query,
an internal query representation statement (106), performing query enrichment (108) to
generate at least one enriched internal query representation statement, generating from
the at least one enriched internal query representation statement, a knowledge base
compliant query (110) to provide for searching at least one query result from an ontology
knoWledge base, generating at leaét one internal query result representation statement
(112) and converting the at least one internal query result representation statement to a

structured natural language result (114).

The system (200) for the extendable semantic query interpretation comprises an
intelligent word sense (202), a semantic query interpreter (206), a query transformer

(208), a query enricher (210) and a natural language generator (218). These
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components operate in tandem with a parser (204), a query module (214), a lexical
database (212) and a knowledge base (220) as a semantic query engine for the purpose
of providing the extendable semantic query interpretation while the user performs a

query on the knowledge base (220).

The intelligent word sense (202) is the interface module between the user and the
semantic query engine. It has the purpose of preprocessing the query received from the
user for the ontology knowledge base query. The intelligent word sense (202) receives

the user's query in the fdrm of a structured natural language user query (102).

In some embodiments of the present invention, the intelligent word sense (202) provides

a plurality of auto-completion suggestions for the terms of the structured natural -

language user query as the same is being received from the user. The auto-completion
suggestions are obtained from a plurality of terms available in the ontology knowledge
base (220). The plurality of terms is defined by a list of concepts and relations in the

ontology knowledge base (220).

This feature of auto-completion suggestions assists the user while typing the query
statement in the structured naturél language . form by providing auto-completion
suggestions from terms available in the ontblogy knowledge base (220) as an option to
be adopted by the user. This allows the user to provide a query statement without having
knowledge of the variety of complex terms available in the ontology knowledge base
(220)'. Further more, this feature provides the basis of efficient and accurate query‘

statements where the occurrences typographical errors are reduced.
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The query statement received as the structured natural language user query by the
intelligent word sense (202) is then forwarded to the semantic query interpreter (206). In
this module, the structured natural language user query (104) is interpreted before

further processing by the query transformer (208).

The semantic query interpreter (206) comprises means for interpreting the structured
natural language user query (104), which includes two steps. Firstly, using a parser
(204) the structured natural language user query is parsed to identify a Part-of-Speech
(POS) information of each term in the query state_ment. The parser (204) may comprise
of a lexical parser. Upon parsing the structured natural language user query, the Part-of-

Speech (POS) information is identified using a word-level tagging lookup.

The second step comprises identifying a type of query by matching the parsed
structured natural language user query to a set of conﬁgﬁrable query templates. From
the parsed structured natural language user query, the sub-phrases are chunked
together such that by matching the same with a set of configurable query templates, the
type of query may be identified. The set of configurable query templates are a

predefined set of possible identified query types.

The complexity of the structured natural language user query is determined at this stage
that is whether the structured natural language user query is a union, intersection or
negation type of query. The complexity of the user's query may be enhanced by the

extensiveness of the set of configurable query templates.

For example, where the structured natural language user query is as follows:

“What are the symptoms of essential hypertension”,
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parsing the structured natural language user query would yield as follows:

“What/WP areNBP.the/DT symptoms/NNS of/IN essential/JJ hypertension/NN”

From the parsed structuréd natural language usef'query, the sub-phrases such as “the
symptoms” and “essenfial hypertension” are chunked together and then matched to the
set of configurable query templates. Hence, in this example, the parsed structured
natural language user query is classified as being the type of query as follows:
“What/WP is/VBZ NP1 IN NP2”, |

where NP1 would refer to “the symptoms” and NP2 would refer to “essential

hypertension”.

Once the type of query is identified to be within a particular template, the information
pertaining to the parsed structured natural language user query and the type of query is

forwarded to the query tra_nsformer (208) for further processing.

The query transforrher (208) comprises a Subject-Predicate-Object transformer (208).
The Subject-Predicate-Object transformer (208) comprises means for generating from
the structured natural language user query, an internal query representation statement
(106). The internal query representation statement is generated in the form of Resource

Description Framework (RDF) triple format. .-

The Subject-Predicate-Object transformer (208) receives the parsed structured natural
language user query and the type of query. Based on the Part-of-Speech (POS)
information frém the parsed structured natural language user query and the type of
query of the same, the Subject-Predicate-Object transformer (208) extracts a subject

part, a predicate part and an object part of the struc_tured natural language user query.
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The subject part, the predicate part and the object part are used to generate at least one
internal query representation statement in the Resource Description Framework (RDF)
triple format. The ‘subject part refers to the root term of the query statement and the
predicate part refers to the term of the guery statement connecting the subject part to the
object part. Since Resource Description Framework (RDF) stores triples of data in the
ontology knowledge base (220), a query may be performed on either one of the subject

part, predicate part or the object part.

The Subject-Predicate-Object transformer (208) then tags an argument of the at least
one internal query representation sfatement by tagging the subject part, the predicate
part or the object part for searching the at least one query result from the ontology

knowledge base (220). The tag used for tagging the argument comprises a symbol

normally a question mark, “?”.

For example, based on the parsed structured natural language user query as follows:
“What/WP are/VBP the/DT symptoms/NNS of/IN essential/JJ hypertension/NN”

and

the type of query as follows:

“What/WP is/VBZ NP1 IN NP2",

.where NP1 would refer to “the symptoms” and NP2 would refer to “essential
hypertension”, |

obtained from the semantic query interpreter (206), the Subject-Predicate-Object
transformer (208) generates the internal query representation statement comprising a
Subject-Predicate-Object string as follows:

“essential hypertension; symptoms; ?What”
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where “?What” is the tagged argument.

The internal query representation statement in the Resource Description Framework
(RDF) triple format comprising a Subject-Predicate-Object string is then forwarded to the
query enricher (210). The query enricher (210) comprises means for performing query
enrichment (108) to generate at least one enriched internal quvery representation
statement, generating from the at least one enriched internal query representation
statement, a knowledge base compliant query (110) to provide for searching at least one
query result frbm an ontology knowledge base (220) and generating at least one internal

query result representation statement (112).

The query enricher (210) performs query enrichment (108) to generate the at least one
enriched internal query representation statement using syntactic matching and semantic
matching using a lexical database (212). Query enrichment enables comprehensive and’

meaningful query processing.

Syntactic matching determines the degree or score of matching between terms in the
query statement and terms in the ontology knowledge base (220) using syntactic
distance fechniques such as Tf-Idf, Jaro Winkler and the like. If the matching score is
higher than a predetermined threshold score value, which is manually set, the terms are
considered matched and vice-versa. In the case where the terms are matched, the
original term in the query statement will be substituted with the term identified from the

ontology knowledge base (220).

Semantic matching identifies terms in the ontology knowledge base (220) that have

similar meaning with terms in the internal query representation statement. Semantic
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matching may have several level of matching including synonym matching, associative
matching, “kind-of’ matching and “part-of’ matching. In the embodiments of the present
invention, semantic matching is achieved by mat;ching the terms in the ihternal query
representation statement with terms in a lexical database (212) such as Wordnet from
which synsets of a term are retrieved and utilized to generate the at least one enriched
internal query representation statement. The synsets comprise nouns, verbs, adjectives _

and adverbs that are grouped into sets of coghitive synonyms, each expressing a

distinct concept.

For example, query enrichﬁent performed on the internal query representation
statement as follows:

“essential hypertension; symptoms; ?What”

using syntactic matching and semantic matching, would possibly yield in three enriched
internal query representation statemént as follows:

“essential hypertension; has_Symptoms; ?What”

‘_‘High_Blood_Pressufe; has_Symptoms; ?What"

“High_Blood_Pressure; has_Indication; ?What”

The query enricher (210) then generates from the at least one enriched internal query
representation statement, the knowledge base compliant query_(110) to provide for
searching the at least one query result from the ontology knowledge base (220). This
begins with the query enricher (210) combining the at least one enriched internal query
representation statement generated from query enrit;hment (108). The at least one
enriched internal query representation statement is combined to form a valid query

statement.
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Using the valid query statement and based on the properties of the structured natural
language user query, the query enricher (210) automatically identifies which knowledge
base compliant query statement is to be generated, either a SPARQL query statement
ora PROLOG query statement. This knowledge base compliant query statement is used

for searching the at least one query result from the‘ontology knowledge base (220).

The query module (214) searches the at least one query result from the ontology
knowledge base (220). The query module (214), specifically a Resource Description
Framework (RDF) query module receives the knowledge base compliant query
statefnent from the query enricher (210) in the form of Resource Description Framework
(RDF) triple format for SPARQL query and PROLOG statement for PROLOG query. The

same is then validated to generate a validated query statement. The query module (214)

- then uses the validated query statement to search for the at least one query result in the

ontology knowledge base (220) residing in an appropriate knowledge base server. The
query module (214) then returns the at least one query result from the ontology

knowledge base (220) to the query enricher (210).

For example, where the internal query representation statement is as follows:
“essential hypertension; symptoms; ?What”,

the query module (214) returns “headache”, “visual_disturbance® and “vomiting” as the

at least one query result obtained from the ontology knowledge base (220).

The query enricher (210) finally generates the at least one internal query resuit
representation statement (112) by integrating the at least one query result obtained from
the query module (214) with the internal query representation statement generated by

the Subject-Predicate-Object transformer (208). This is performed by an answer modifier
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module of the query e‘nricher (210). The answer modifier module replaces the tagged
argument of the internal query representation statement with the at least one query
result. The answer modifier then tags the at least one query result to generate the at
least one internal query result representation statement. The tag used for tagging the at

least one query result comprises a symbol normally an exclamation question mark,

For examble, using .the internal query representation statement as follows:

“essential hypertension; symptoms; ?What”,

and the at least one query result as follows:

“headache”, “visual_disturbance® and “vomiting”

th'e query enricher (210) generates three internal query result representation statement
as follows:

“essevntial hypertension; symptoms; !headache"

“essential hypertension; symptoms; lvisual_disturbance”

“essential hypertension; symptoms; vomiting”.

The final step for the extendable semantic query interpretation comprises the natural
language generator (218) converting the at least one internal query result representation
statement to a structured natural language result (114). The natural language generator
(218) generates the structured natural language result using the structured natural
language user query and the at least one internal query result representation statement.
More specifically, the natural language generator (218) utilizes the Part-of-Speech
(POS) information from the parsed structured natural language user query to generate
the structured natural language resuit by considering linguistic features such as tense,

part of speech, vowels, consonants and the like.
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The at least one internal query result is provided to the user as the structured natural
language result instead of merely a list of query results. Based on the structured natural
language user query and type of query, the structured natural language result may

comprise of a plurality of structured natural language result.

For example, the structured natural language result for the structured natural language
query “What are the symptoms of essential hypertension?”, is as follows:

“The symptoms of essential hypertension are:

Headache

Visual_disturbance

Vomiting”.

In another embodiment»of the present invention, in the case where a plurality of internal
query representation statements is generated, multiple arguments will be tagged. For
this embodiment, the structured natural language result will be either a union or
intersection of the at least one intérnal query result obtained from the query module
(214). The union or intersection operation is dependant on the type of query as identified

by the semantic query interpreter (206).

Additiona[ly, by using PROLOG statemeht for PROLOG query, it is possible to create
rules that may infer new connections or relationships between concepts in the ontology
knowledge base (220). These new connections or relationships may be used for
searching the at least one query result from the ontology knowledge base (220). For
example, in a given ontology knowledge base that has a “hasParent” relationship, it is

possible to infer other relationships such as ‘grandparent’ and ‘sibling’.
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CLAIMS

1. A method (100) for an extendable semantic query interpretation, the method
(100) comprises

receiving a structured natural language user query (102);
interpreting the structured natural language user query (104);
generaﬁng from the structured natha! language user query, an internal
query representation statement (106);
performing query enrichment (108) to generate at least one enriched
internal query representation statement;
generating from the at least one enriched internal query representation
statement, a knowledge base cbmpliant query (110) to provide for
searching at least one query resuit from an ovntology knowledge base;
generating at least one internal query result representation statement
(112); and
converting the at least one internal query result representation statement

to a structured natural language result (114).

2. The method (100) according to claim 1, wherein the internal query representation
statement and the at least one internal query result representation statement

comprises Resource Description Framework (RDF) triple format.

3. The method (100) according to claim 1, wherein receiving the structured natural
language user query (102) further comprises providing from a plurality of terms in
the ontology knowledge base, a plurality of auto-completion suggestions for at

least one term of the structured natural language user query.
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4. The method (100) according to claim 1, wherein interpreting the structured
natural language user query (104) further comprises |
parsing the str_uctured natural langu.age user query to identify a Part-of-
Speech (POS) information;‘ and
identifying a type of query by matching the parsed structured natural

language user query to a set of configurable query templates.

5. The method (100) according to claim 1 and 4, wherein generating from the
structured natural language user query, the internal query representation
statement (106) further comprises

extracting a subject part, a predicate part and an object part based on the
Part-of-Speech (POS) information and the type of query to generate at
least one internal query representation statement; and

tagging an argument of the at least one internal query representation
statement by tagging either the subject part, the predicate part or the
object part for searching the at least one query result from the ontology

knowledge base.

6. The method (100) according to claim 1, wherein performing query enrichment
(108) to generate the at least one enriched internal query representation
statement query further comprises

. syntactic matching; and

semantic matching using a lexical database.
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7. The method (100) according to claim 1, wherein generating from the at least one
enriched internal query representation statement, the knowledge base compliant
query (110) to provide for searching the at least one query result from the
ontology knowledge base further comprises

combining the at least one enriched internal query representation
statement to form a valid query statement; and
generating frorﬁ the valid query statement, a SPARQL query statement or

a PROLOG query statement.

8. The method (100) according to claim 1 and 5, wherein generating the at least
one internal query result representation statement (112) further comprises
replacing the tagged argument of the internal query representation
statement with the at least one query result; and
tagging the at least one query result to generate the at least one internal

query result representation statement.

9. The method (100) according to claim 1, wherein converting the at least one
internal query result representation statement to the structured natural language
result (114) further comprises generating the structured natural language result
using the structured natural language user query and the at least one internal

query result representation statement.

10. A system (200) for an extendable semantic query interpretation, the system
(200) comprises
an intelligent word sense (202);

a semantic query interpreter (206);
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a Subject-Predicate-Object transformer (208);
a query enricher (210); and
a natural lénguage generator (218);
characterized in that
5 the intelligent word sense (202) comprises means for receiving a
structured natural language user query;
the semantic query interpreter (206) comprises means for interpreting the
structured natural language user query;
the query transformer (208) comprises means for generating from the
10 structured natural language user query, an internal query representation
statement;
the query enricher (210) comprises means for
performing query enrichment to generate at least one enriched
internal query representation statement;

15 generating from the at least one enriched internal query
representation statement, a knowledge base compliant query to
provide for searching at least one query result from an ontology
knowledge base (220); and
generating at least one internal query result representation

20 statement; |

the natural language generator (218) comprises means for converting the
at least one internal query result representation statement to a structured

natural language result.
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11.The system (200) according to claim 10, wherein the internal query
representation statement and the at least one internal query result representation

statement comprises Resource Description Framework (RDF) triple format.

12. The system (200) according to claim 10, wherein the intelligent word sense (202)
further comprises means for providing from a plurality of terms in the ontology
knowledge base (220), a plurality of auto-completion suggestions for at least one

term of the structured natural language user query.

13. The system (200) according to claim 10, wherein the semantic query interpreter
(206) further comprises means for
parsing the structured natural language user query to identify a Part-of-
Speech (POS) ihformation using a parser (204); and
identifying a type of query by matching the parsed structured natural

language user query to a set of configurable query templates.

14. The system (200) according to claim 10 and 13, wherein the query transformer
(208) compriées a Subject-Predicate-Object transformer (208) charactérized in
that the Subject-Predicate-Object transformer (208) c>omprises means for

extracting a subject part, a predicate part and an object part based on the
Part-of—Speech (POS) information and the type of query to generate at
least one internal query representation statement; and

tagging an argument of the at least one internal query representation
statement by tagging either the subject part, the predicate part or the
object part for searching the at least one query result from the ontology

knowledge base (220).
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15. The system (200) according to claim 10 and 14, wherein the query enricher (210)
further comprises means for
syntactic matching;
5 semantic matching using a lexical database (212);

combining the at least one enriched internal query representation
statement to form a valid query statement;
generating from the valid query statement, a SPARQL query statement or
a PROLOG query statefnent;

10 replacing the tagged argument of the internal query representation
statemenf with the at least one query result; and
tagging the at least one query resuit to generate the at least one internal

query result representation statement.

15 16. The system (200) according to claim 10, wherein the natural language generator
(218) further comprises means for generating the structured natural language
result using the structured natural language user query and the at least one

‘internal query result representation statement.

20 17. The system (200) according to claim 10, wherein the system (200) further
comprises a query module (214) for searching the at least one query result from

the ontology knowledge base (220).
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