i,é Available online at www.globalilluminators.org

|-

S T - Globalllluminators FULL PAPER PROCEEDING

$,~ ~ Multidisciplinary Studies
”2atot”®

Full Paper Proceeding ITMAR -2014, Vol. 1, 157-164
ISBN: 978-969-9948-24-4

ITMAR-14
Query Reformulation Using Domain Ontology

Azilawati Azizan 1" Zainab Abu Bakar 2, Nor Adzlan Jamaludin ® , Khairul Nurmazianna
Ismail * & Rohana Ismail®

Faculty of Computer and Mathematical Sciences Universiti Teknologi MARA,Shah Alam, Selangor Darul
Ehsan, Malaysia

Abstract

Indeed, today's search engines have made a giant leap towards helping users in finding relevant information
within a large body of poorly organized information (i.e., the Web). However, existing search engine can
perform well in retrieving relevant results only if the user submits a query that clearly reflects their information
needs. But most users are unable to provide such queries. Motivated by this issue, this paper discusses an
ongoing research project in developing a search engine using several elements of semantic technology. We
propose to apply the domain ontology at the query processor module. Our approach proposed to reformulate the
user’s natural language query by performing a SPARQL (Protocol and RDF Query Language) against the
domain ontology. Then, the results from ontology were matched with the index file generated using
conventional method. The ontology is assisting infinding answers and links to related documents and web sites.
In this sense, user will retrieve more relevant information since the query has been refined with the knowledge
in the domain ontology.

© 2014 The Authors. Published by Global llluminators . This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Peer-review under responsibility of the Scientific & Review committee of ITMAR-2014.

Keywords: Query Reformulation, Search Engine, Ontology, SPARQL, Natural Language

Introduction

At present day, finding information on the Web is not an easy task, since the Web
content is unorganized and it is growing without limit. Search engine has tried hard in
assisting the user to fulfil the user’s needs. And today’s search engine seems has done a good
job in helping the user to dig out information from a huge unorganized library (Web). But
actually the search engine is just helping us in providing tons of links (Ramachandran and
Sujatha 2011) for users to inspect one by one in order to filter which link is actually providing
the answer to the user.

We also cannot deny the capabilities of the current search engines such as Google and
Bing are really effective in finding documents on the Web. Most of the times they return
correct and relevant results to the user, if only when the user submits with correct query.

Usually user would typically prefer to submit query in their native language (Wu 2011;
and Manning 2008) but this resulted in less relevant of searched result. It is because of the
difficulties in translating the user query by the search engine. Then user attempts to
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reformulate query into a simpler and shorter query (Imran, H., & Sharan, 2009). The user also
needs to reformulate queries several times for getting other related information for the same
concept (Sharef 2012; and Abu Bakar 2012). This only makes the search result too general and
high in recall.

In this project we are trying to improve the retrieval result by applying query
reformulation on the user’s query. We use domain ontology to assist the task of finding
relevant answer based on the user’s query. Instead of matching user’s query terms with the
index terms, we use the answer (terms) supplied by the ontology to match with the index’s
terms.

Related Work

Query reformulation is the process of modifying a query with the objective to
improve retrieval results. The reformulations that can be performed on the query can include
spelling suggestions and corrections, automated term suggestions, suggesting popular
destinations, relevance feedback, and showing related articles (Hearst 2009). In most cases ,
query reformulation is performed with the support of a dictionary , query logs (Huang and
Efthimiadis 2009) or ontology (Stevens et al. 2003; Bechara 2009; and Wu 2011).

Current query mechanisms are highly dependent on a prior understanding of the data
model in the ontology. To query the ontology, users need to express their information needs
in a graph query language such as SPARQL which is structured and formal representations of
the relationships between the data. Natural language query is able to provide users for
querying the ontology and thus ignore the complexity of formulating a query expressed in a
SPARQL (Pradel et al. 2013).

Natural Language (NL) Query to SPARQL Tools

PowerAgqua et al (2011), is a Question Answering (QA) system which able to answer
queries by discovering and integrating information from distributed semantic resources. The
system process and extract query using Gate NL processing tool to identify accurate queries
formed with question wh-terms (which, what, who, when, where) or commands (give, list,
show, tell, etc) with variation of length and complexity.

FREYA Damljanovic et al. (2012), is another QA system which employs an interactive
Natural Language Interface for querying ontologies. It uses syntactic parsing in combination
with the ontology-based lookup in order to interpret the question. The system involves user’s
feedback and clarification dialogs to resolve ambiguities in a query.

AutoSparQL Lehmann and Bilhmann (2011), is also a QA system which can convert a
natural language question to a SPARQL query for retrieving the answer of a question from a
triple store. The system uses supervised machine learning and allows users to query the triple
store without knowing the schema of the underlying knowledge base and without expertise in
the SPARQL query language. The user interface has implements an active learning approach
to support users.

Ontology

Since Semantic Web emerged, ontology has greatly being used to support
Information Retrieval. Various aspect of ontology activities is being manipulate to improve
the retrieval (Azizan et al. 2013). There are various definitions of ontology in Computer
Science. One of the most widely accepted is the definition by Gruber, “An explicit
specification of a conceptualization” (Gruber 1993).
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Ontology in Computer Science evolved from semantic networks Studer et al. (1998),
and extended to the knowledge sharing. It was recognize to be useful in representing and
facilitating the sharing of knowledge about a domain by human and automatic agents.
Ontology has been used in Configuration System, Software Engineering, Information
Retrieval, Conceptual Modeling, Interoperability, Enterprise Modeling, Electronic
Commerce, and many other fields in the research and production areas. Ontology has been
adopted in various ways in Information Retrieval (IR) for achieving better retrieval results.
For example, they employ ontology in the indexing process (Kara et al. 2012). Some employ it
at ranking process (Aleman-Meza et al. 2010), and they also employ it for query expansion
(Navigli and Velardi 2003; and Wu et al. 2011) and reformulation purposes.The research that
related toontologyin thefield of IR isclosely related to theSemanticWeb. Ontologyis one of
the componentinSemanticWebtechnology (Antoniou et al. 2005). Many researches claims that
the existence of ontology in the Semantic Web can purposely producerelevant answers
(Mukhopadhyay 2011).

Methodology

Main focus of this research is on the query formulation. We applied the SPARQL
towardsthe domain ontology to reformulate the user query. Figure 1 shows the general

architecture of our approach.
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Figure 1: General Architecture of Our Approach

Conversion of Natural Language Query to SPARQL

Figure 2 illustrate our methods for converting from the user natural language into
SPARQL query.
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Figure 2: Conversion Natural Language to SPARQL

We perform Part of Speech (POS) tagging on the user's query. Afterwards, we
attempt to identify patterns in the query in the form of subject-predicate-object (S-P-O)
term(s) from the resulting tags. This S-P-O pattern isused as the basis for the SPARQL query
generation.

From preliminary analysis of the 20 validated queries, we found that these queries
tend to take certain patterns. As such, we created several SPARQL templates that reflect the
identified patterns. During conversion, any terms contained in S-P-O pattern will first be
lemmatized. After the lemmatization process is complete, we attempt to match the S-P-O
patterns with the SPARQL templates. With this, we generate the SPARQL query that will be
run against the ontology.

Indexing Process
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Figure 3 : Document Processing and Indexing

Indexing is a pre-process task. In this process, it begins with parsing the HTML
documents.2000 HTML documents (from our data collection) are parsed to remove the
HTML tags. Then all the terms are tokenized, and stop words are removed. After all, the
inverted index is created and ready for use in the matching process. Figure 3 demonstrate
how indexing process is done in our project.
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Figure 4: Retrieval Method

In a normal search engine, the retrieval part starts with the input query from the user.
Then the user’s query will be translated into a query terms or into a same structure of the
index terms so that the matching process will be easier. In our approach the input query is
provided by the answers given from the ontology. Results given from ontology could be in
terms of concepts / instances / relationships in the domain ontology. It is then matched with
the terms in the inverted index created beforehand. Then all HTML document matched with
the ontology result is being retrieved and presented to the user. Figure 4 represent the above
task.

The HTML result of this search engine will be presented to the user according to the
results from the ontology. These organized results will ease the users to look for the expected
relevance documents to the submitted query instead of mixing all the HTML documents
together.

Implementation

Our test data consist of 2000 HTML documents that have been collected by our own
crawler. Data cleaning is done manually. All non-related document, broken link documents,
and duplicate content from different sources was removed to make sure the collection only
contain quality documents. For initial testing, we only processed English documents.

We also provide query collection in our test data. We have collected hundreds of
query that is related to our scope of domain. After doing some cleaning and grouping
process, and also get validation from the domain expert, we published 20 queries that is the
most common question being asked in the scope of the domain. All the queries are in natural
language form. Figure 5 show example of the query collection.

In this project we modified the domain ontology from our previous work (Bakar and
Ismail 2013). This is because the previous ontology primarily focuses on one aspect of the
domain. We have enriched the ontology with additional classes, relations and instances to
reflect broader knowledge of the domain.

What are the durian varieties?
What are the durian tree
diseases?
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Figure 5: Sample of NL Queries

Figure 5 shows a portion of NL queries that we have collected. Figure 6 shows the
POS tagging result for the query “What are the durian varieties?”. With the tagging at figure
6 we are able to extract the S-P-O pattern as shown in figure 7. The SPARQL generated from
the S-P-O pattern is as shown in figure 8 and a sample of the results of the SPARQL query
when run against the domain ontology can be seen in figure 9.

What\Wbp are/VVBP the/DT

Figure 6: POS Tagging Result

Subject Predicate Object
? typedurian varieties

Figure 7: S-P-O Pattern

PREFIX rdf: <http://www.w3.0rg/1999/82/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www. w3 org/2000/01/rdf -schema>
PREFIX owl: <http://www.w3.org/2002/87/owl#>

PREFIX uitm:  <http://www.uitm.edu.my#>
select ?durianVariety where {
?durianvariety rdf:type uitm:Durianvariety .

¥

Figure 8: Sample of Generated SPARQL

| <http://www.uitm.edu.my#masMuars>

| <http://www.uitm.edu.my#rajakunyit>

| <http://www.uitm.edu.my#099> |
| <http://www.uitm.edu.my#D145>

| <http://www.uitm.edu.my#kopkecil>

Figure 9: Sample of Results from Ontology
Conclusion

We believe that it is too early to conclude that ontology-based query reformulation is
promising in improving the retrieval precision. Our approach suggests that by translating the
user query into SPARQL and using it to manipulate the ontology will probably increase the
relevancy. At current stage, we are revising our initial experiment towards a better ontology-
based query reformulation strategy. Our future works will also focus on the search result
presentation. We will organized the information given by the search engine according to the
‘WH’ question such as ‘what’, ‘why’, ‘when’, ‘who’, ‘where’, and ‘how’.
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