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 This paper discusses the ontology-based retrieval system and indexing for keyword-
based semantics in the Java learning content domain. The traditional keyword searching 
mechanism has been unable to meet the needs of current expert knowledge base in 
searching based on semantic. Semantic search has been one of the motivations of the 
Semantic Web since it was envisioned. The system focuses on semantic search, 
usability, scalability, and data retrieval performance. The system uses specific domain 
information extraction to improve its performance, provide matchmaking to users, and 
subsequently rank search results. Scalability is achieved by adapting the semantic 
indexing approach. The implementation of the system involved Semantic Web 
approach. The performance of this approach was evaluated in comparison with 
traditional system approach. Detailed evaluation is provided to observe performance by 
query expansion and specific information extraction. 
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INTRODUCTION 

 
 The increasing amount of information on the Web arises in difficulties for users to obtain, organize, access, 
and update information they need. This overwhelming amount of information has caused the Web information 
retrieval system to face new challenges in helping users to locate the relevant information precisely and to 
access and aggregate a variety of information from different resources automatically.  
 The Semantic Web relies heavily on the formal ontologies that structure underlying data for the purpose of 
comprehensive and transportable machine understanding. Therefore, the success of the Semantic Web depends 
strongly on the proliferation of ontologies, which requires fast and easy engineering of ontologies and avoidance 
of a knowledge acquisition bottleneck. With Semantic Web technology, Web information can be given a well-
defined meaning that can be understood by machines. Content description and query processing for information 
retrieval are based on keywords. This capability has limitations in grasping and exploiting certain concepts, user 
needs, and content meanings.  
 This paper is interested in the development of retrieval systems that are based on query expansion and 
domain gives the suggestion of newly selected terms from the conceptualized knowledge, and result in more 
effective and systematic semantic data retrieval. Thus, an ontology-based framework is applied in extraction and 
semantic information retrieval in Java learning content domain. The framework is used to observe 
improvements compared with the traditional approach.  
 This paper is organized into the following sections: Section 2 provides the background and related research. 
Section 3 explains the approach to the entire system, ontology design, semantic indexing and searching, query 
expansion using WordNet. Section 4 discusses the implementation process, and Section 5 presents the 
evaluation and results. The last section contains concluding remarks and future directions for research. 
 
Related Research: 
 Information retrieval concerns structure, analysis, organized search, storage, and retrieval of data (Salton 
1971). An information retrieval system automates this task. Evaluation in the system is required to ensure 
relevance; several studies have been conducted to improve this relevance (Salton & McGill 2003). The major 
information retrieval models include vector space model (Miller 1996), Boolean model, Fuzzy Set model, and 
probabilistic retrieval model (Van Rijsbergen 1979). These models are used to find similarities between the 
query and the documents to retrieve documents that reflect the query. This approach does not require any 
extraction or annotation phase, but is easy to implement. However, in terms of query performance, the precision 
rate is relatively low. 
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 The Semantic Web is an extension of the Web in which information is given a well-defined meaning by 
formally and explicitly representing data in a shareable manner. The Semantic Web aims to provide semantic 
documents that can be read by machines (Berners-Lee et al. 2001). With the introduction of Semantic Web 
technologies, knowledge representation has become more structured. However, it requires a more advanced 
extraction and retrieval method. 
 
Ontology –based information retrieval: 
 Ontologies are the way to describe knowledge with a structured method.  Ontology consists of three parts 
including basic terms and their definitions, the relations between terms and their definitions and the rules that 
identify how to combine terms. According to definition (Gruber 1993), ontology is a specified 
conceptualization. It captures terms form the vocabulary, conceptualizes them into some domains or subject 
matter. The terms in ontology can be used to describe specific domains or common sense knowledge. Ontology 
is considered as the backbone of the Semantic Web, and is an area with great research potential. Ontology has 
also been regarded as an alternative to enhance the task of information retrieval (Henze et al. 2004). 
 Generally, the OWL format is used to store the extracted data in RDF, and SPAQRL or RDQL is used in 
querying with RDF language. However, accessing and extracting semantic information from Web documents 
are beneficial to both people and machines. People can retrieve the documents semantically and machines can 
easily process the structured representation. OWL provides an expressive shared vocabulary to represent 
knowledge in the Semantic Web. The vocabulary allows expressing axioms about classes, properties, and 
individuals in the domain (Alhadi et al. 2004). 
 In Information Retrieval, ontology can be used on various levels (Mao 2003), first, it makes it possible to 
refine a system based on a traditional process of indexing by increasing the chances to formulate a request 
starting from the terms or descriptors representing as well as possible information requirements. This process 
presents several interests: 
 
Recall will be increased: 
  In traditional indexing techniques, keyword-based documents are retrieved if they contain keywords 
specified by the user’s query. However, many documents contain the desired semantic information, even though 
they do not contain the user specified keywords. This limitation can be addressed through the use of a query 
expansion mechanism. Additional terms are added to the original query based on statistical co-occurrence of 
terms. 
 
Precision will be increased: 
  The purpose is to avoid restoring documents containing the terms of the query, which are used with 
different sense. Ontology defining in a single and no ambiguous way each concept, the objective is to exploit as 
well as possible these properties by using correctly relations of synonymy to preserve in the query only terms 
expressing without ambiguity information need. 
 
Query Expansion: 
 Query expansion is one of the methods to improve the performance of retrieval system. The basic process is 
that select new terms which are based on the initial query, and then combine both of them to form a new query. 
It seemed more effective to users for simpler search tasks whereas interactive query expansion appeared more 
productive for more complex search tasks .No matter which method is used, the key point is to get the best 
refinement words that are used to expand the query. 
 Query Expansion is a process of reformulating the root query by adding an optimal set of terms that 
improves recall and precision. The purpose for query expansion is to reduce the mismatch between query and 
documents by expanding the query terms using words or phrases which are synonymous to query terms or share 
other statistical relationships with the terms contained in the set of relevant documents. Query expansion aims to 
express an information need by multiple terms. The ontology-based query expansion gives the suggestion of 
newly selected terms from the conceptualized knowledge. 
 However, efforts in information retrieval are limited to query expansion and relevance feedback by 
exploiting the functions of a linguistic ontology such as WordNet (Miller et al. 1993). WordNet, an online 
lexical database, is similar to a standard dictionary that contains the definitions of words and their relationships. 
It describes word relationships in three dimensions: hypernym, hyponym, and synonym (Mao 2007). Otherwise, 
WordNet is organized conceptually. The basic unit used in WordNet is a synonym set (synset), which represents 
a lexicalized concept (WordNet 2012).  
 In information retrieval, an index of textual documents traditionally contains selected terms, each indicating 
its own location (Korfhage 1997). To improve search quality and make searching an easier task for users, 
semantics should be integrated into the document indexing process. One simple approach is to use a thesaurus 
during the indexing process. 
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 The first step toward semantic retrieval is using a WordNet synonym set for the semantic word, which aims 
to expand the indices and query the semantics of the words, achieving improved relevance in query results in 
terms of precision and recall. Retrieval will improve with the combination of an effective Word Sense 
Disambiguation (WSD) algorithm. Query expansion with WordNet is potentially relevant to enhance recall, and 
it permits matching the relevant document that does not contain any of the query terms (Villa et al 2003). 
However, it has been tested in only a few successful experiments. The expansion has been found useful with 
short and incomplete queries, but is rather useless with complete statements. In short queries, problem remains 
in automatically selecting the expansion.  
 Semantic indexing is a scalable alternative to query construction from keywords. In this approach, semantic 
data in RDF knowledge bases are indexed in a structured manner and made directly available via keyword 
queries. However, the complex semantic that involves extracted and inferred knowledge cannot be answered by 
the information retrieval system, and the index term must be designed and enriched. Based on existing studies, 
keyword-based semantic searching is not yet fully developed; the system remains unable to capture query 
semantics. Thus, implementing a keyword-based system based on the semantic indexing approach is necessary 
to improve performance and usability of semantic queries. 
 
Searching and indexing: 
 Web search is a key technology of the Web, which is essentially based on a combination of textual keyword 
search with an importance ranking of the documents depending on the link structure of the Web. Keyword 
search is a proven and widely popular mechanism for querying document systems and the World Wide Web. 
Recently, it has even been extensively applied to extract useful and relevant information from the Internet. The 
main problem with the traditional Boolean word-based approach to Information Retrieval is that it usually 
returns too many results or wrong results to be useful. Keywords have often multiple lexical functionalities or 
have several semantic senses 
 Introduction of semantic web technologies, knowledge representation has become more structured, which 
requires more advanced extraction and retrieval methods to be implemented. The general approach is storing the 
extracted data in RDF or OWL format, and querying with RDF query languages such as RDQL or SPARQL. 
Although this approach will offers the ultimate precision and recall performance. 
 In general, index terms describe the content of a text to different extents.  The indexing process to transform 
document into number of term as a identifier to present the content of the document (Muelen, 1977).  The 
retrieval process is depending on the term that chosen term should be present the content of the document. In 
indexing algorithms, this characteristic is captured by assigning each term a weight that acts as an indicator of 
the relative importance of the term. Many weighting functions have been proposed and tested (Fuhr & Buckley, 
1991; Salton & Buckley, 1988.) 
 
Research Method: 
 The development of the semantic system uses ontology and query expansion by WordNet. This method is 
used to analyze the text of input queries and documents to identify concepts for representing the query and the 
concepts in the document content. Figure 1 illustrates the entire process involved in the semantic document 
retrieval model. 

 
Fig. 1: Semantic Document Retrieval Model. 
 
Ontology Design: 
 In this study, Java learning ontology was designed to be utilized by every aspect of the system, especially in 
phases of information extraction, inference, and retrieval. Therefore, the entire system performance is highly 



55                                                      Nurul Shahida Tukiman and Amirah Ismail, 2014 
Australian Journal of Basic and Applied Sciences, 8(1) January 2014, Pages: 52-57 

dependent on the quality of ontology. The development process followed the various phases of ontology 
engineering. It started with a core ontology, including basic concepts and a simple hierarchy. An experiment 
was then conducted, and issues in reasoning and searching were addressed. These steps were repeated 
continuously until a stable ontology containing 6 classes and 24 properties in the Java learning content domain 
was obtained. The figure 1.1 presents the ontology design in TopBraid composer.  
 
Semantic Indexing and Retrieval: 
 In a similar way as traditional IR techniques base their ranking algorithms on keyword weighting, our 
approach relies on measuring the relevance of each individual association between semantic concepts and Web 
documents. In this way, not just the retrieval, but also the ranking of query answers can take advantage from the 
available semantic information. 
 The indexing process aims to obtain a synthetic representation of a collection. This representation is called 
an index. Indexing is based on ontology. The usage of word senses in the process of document indexing. 
Descriptors are selected among concepts of the considered ontology; one or more resources are attached to each 
concept. In the retrieval part, WordNet serves as an implemented semantic indexing approach. Expanding the 
traditional full text of the index and inferred knowledge, and modifying the ranking of the ontological 
information contained in the document can provide a higher accuracy rate of the search result. The structure of 
semantic indexing is the most important element for obtaining relevant results in information retrieval.  
 
Querying Processing: 
 W3C has developed a query language called SPAQRL for RDF retrieval. SPAQRL is based on the 
matching graph pattern. SPAQRL’s basic query features have been implemented, but class expression is not 
supported in user queries. In this paper, the query- answering algorithm simply retrieves results from the 
database, including both original assertions and inferred facts. The translator uses the “join” or “union” 
operations in basic selection to build the complete SQL statement and obtain the result. Thus, the effective use 
of the well-optimized SQL query engine for SPAQRL evaluation is achieved. Our system takes as input a 
formal SPARQL query. This query could be generated from a keyword query. 
 
System Architecture: 
 Figure 1.2 presents the architecture of the system comprising several components, including the Web-based 
system user interface, web server, an ontology repository, and a SPARQL query engine for querying a database. 
The system was implemented by using Java, and interoperates with other open-source and Semantic Web 
technologies, including Jena, WordNet, and TopBraid. The procedure involves connecting the Jena API (for 
querying the RDF contents) to the RDF Query Language (RDQL) generator. To query the index, the user enters 
a query into a Web form and submits it to the Web server. The server processes the values of properties input by 
the client. The content providers download the defined ontology from the ontology server and create RDF 
instances. The ontologies can be exploited by different Semantic Web applications. The user can obtain the 
required results by inputting the values for searching on the Web system interface by using the Web server. 
 

 
Fig. 2: System Architecture Design. 
 
Searching and Ranking: 
 The query execution  returns a set of tuples that satisfy the query. It is the searching module task to obtain 
all the documents that correspond to the instance tuples. If the tuples are only made up of instances of domain 
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concepts, the retriever follows all outgoing annotation links from the instances, and collects all the documents in 
the repository that are annotated with the instances. If the tuples contain instances of document classes, the same 
procedure is followed, but restricted to the documents in the result set, instead of the whole repository. Once the 
list of documents isformed, the search engine computes a semantic similarity value between the query and each 
document. 
 
Implementation: 
 The semantic information retrieval system produced two main functions of Web document classification: 
indexing and extraction of semantic information via the query expansion and ontology approach. The semantic 
information retrieval system was implemented based on the ontology and query expansion that manages and 
conducts the search and retrieval process based on the existing data to produce a new conclusion for each query 
that is sent by the system. Otherwise, the system helps the user to retrieve the information and restructure the 
Web content document. The Web content represents the semantic connections between the concept of the 
system and the provided information. 
 
Indexing: 
 The semantic index structure is the most critical element in information retrieval performance. Retrieval of 
the document is based on the input query. The information retrieval system should combine keyword-based 
querying of Web resources with the ability to browse and query against RDF annotations of those resources. 
RDF Schema and RDF are used to specify and populate ontology; the resulting RDF annotations are then 
indexed along with the full text of the annotated resources. The resultant index allows both keyword querying 
against the document full text and the literal values occurring in the RDF. This approach is considered as a key 
enabler to fully exploit the Semantic Web in knowledge management. Furthermore, this approach holds that the 
ability to combine searching and browsing behaviors, along with the ability to browse and query the ontology, 
more fully supports typical information seeking and task annotation retrieval.  
 
Query Expansion: 
 The query expansion can be employed to disambiguate the query by adding new terms, which are related to 
the original query in a particular context. Term co-occurrence can be used as a means to identify the related 
terms. When a user query is received, Text preprocessing is usually the first step in an indexing procedure. This 
step will give an introduction to tokenization, stop word removal, and normalization of terms.  
 However, when a key words has different meanings in different senses. We use Word sense 
Disambiguation (WSD) with help of WordNet to reducing complexity of Information Retrieval process. Synset 
is built over the WordNet. A Synset is a set of words with the same part of speech that interchangeably in 
certain contexts.  In this approach, all the senses of a word to be disambiguated are retrieved from the WordNet. 
Each of these senses is then compared to the WordNet definitions of all the remaining words in context. 
 
Evaluation: 
 In this study, we conducted experiments to evaluate the scalability, efficiency, and inference capability of 
Java learning Web content. To evaluate the retrieval performance of the system, two prototypes were tested by 
using the semantic retrieval system and the retrieval system with keyword search. Two measures, precision and 
recall, were used in evaluating system performance. 
 Based on the performance evaluation of a Semantic Web retrieval system and a traditional retrieval system, 
the number of words was the factor with the greatest impact on system performance.  When the same keywords 
are used, the use of a traditional retrieval system and a semantic retrieval system indicates that corresponding 
domain ontology can be used to significantly improve search precision and recall rate.  
 The retrieval model is the main test of the performance of semantic retrieval, so in submitting keywords, the 
vocabulary should be related to the concept of a particular body. A comparison shows that, in a particular 
environment, this semantic-based retrieval model ontology technology indicates satisfactory recall and precision 
ratio. This proves the feasibility of using ontology reasoning capabilities can increase recall rate, and that of 
precise application of the concept of ontology descriptions and the synonym expansion of ontology to improve 
precision in a specific environment. 
 
Discussions and Conclusion: 
 Semantic retrieval approaches can integrate and take advantage of semantic web  and information retrieval  
views and technologies to provide better search capabilities, achieving a qualitative improvement over keyword-
based retrieval by means of the introduction and exploitation of fine-grained domain ontologies. The application 
of semantic retrieval models to the Web, and more specifically the integration of ontologies as key-enablers to 
improve search in this environment, remains an open problem.  
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 Challenges and limitations such as the size and heterogeneity of the Web, the scarceness of the semantic 
knowledge, the usability constraints, or the lack of formal evaluation benchmarks, can be pointed out as some of 
the main reasons for the slow application of the semantic retrieval paradigm at a Web scale. 
 Domain ontology is significant in supporting the tasks of document classification and organization. This 
paper focused on ontology construction, ontology used in information retrieval technology, and on semantic-
based intelligent information retrieval to improve traditional information retrieval. This paper demonstrated that 
domain ontology combined with inference techniques could be exploited to extract a Web document and to 
construct its semantic content. 
 Based on comparison and analysis of system operation and retrieval of semantic keyword search 
technology, the ontology-based semantic search technology performs better than the traditional keyword search 
technology in terms of recall and precision. 
 Furthermore, the information is stored in a form that is more structured and semantically richer. Both 
approaches showed that the technology could enable access of detailed document Web semantics. Therefore, the 
study revealed the potential of domain ontology to support the semantic representation of Web document 
content. In addition, both techniques used in the semantic information retrieval system can address problems 
related to extraction and indexing of Web documents, and increase the quality of access to information on the 
Web. 
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