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Abstract. With the recent advancement of the Semantic Web, researchers are 
now considering developing ontology-based digital librarires for the sake of 
efficient information sharing, exchanging and retrieval. In addition, fuzzy 
queries have been also introduced to help readers to specify their queries more 
precisely when searching information in digital librarires. In this paper, we first 
propose an architecture that enables multiple digital libraries to collaborate in 
the Semantic Web environment. Then we discuss using fuzzy ontology to 
represent uncertain information in digital libraries and fuzzy queries for 
retrieving information from fuzzy ontology. An illustrative system is then 
developed for experiment purpose. Performance of our system is also evaluated 
and analyzed.  

1   Introduction 

Digital library is an organized repository of recorded knowledge which can be 
accessed in a digital and networked environment [1]. With the recent advancement of 
Semantic Web [2], there is much research considering developing digital library 
systems on the Semantic Web enviroment [3]. In addition, to improve the accuracy of 
information retrieval, some digital libraries also adopt fuzzy-based retrieval 
techniques [5]. In this paper, we propose an ontology-based technique for fuzzy 
document retrieval on digital libraries. The rest of this paper is organized as follows. 
Section 2 discusses a proposed Semantic Web-based architecture for exchanging and 
retrieving information cross multiple digital libraries. Section 3 presents a formal 
definitions of fuzzy ontology and fuzzy query. Section 4 provides performance 
evaluation of a experimental system. Finally, Section 5 concludes the paper. 

2   Ontology-Based Digital Libraries on the Semantic Web 

In this section, we propose an architecture supporting exchanging and retrieving 
information from multiple ontology-based digital libraries on the Semantic Web 
environment, given in Figure 1. In our architecture, the scholarly knowledge is not 
merely stored in a single scholarly database as typically designed in classic digital 
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libraries. Instead, the scholarly knowledge will be represented using ontological 
formalism as Scholarly Ontology. It enables scholarly knowledge stored in various 
Scholarly Ontologies can be shared among multiple digital libraries. 
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Fig. 1. Ontological-based Digital Libraries on the Semantic Web 

3   Fuzzy Ontology and Fuzzy Query 

The Semantic Web adopts ontology as standard for knowledge representation.  
Adopting from [7] , we formally define fuzzy ontology and fuzzy query as follows: 

Definition 1 (Fuzzy Ontology). A fuzzy ontology FO consists of 4 elements (C,AC,R, 
X), where C represents a set of concepts; AC represents a collection of attributes sets, 
one for each concept; R = (RT, RN) represents a set of relationships, which consists of 
2 elements: RN  is a set of non-taxonomy relationships and RT  is a set of taxonomy 
relationships. Each attribute value of an object or relationship instance is associated 
with a fuzzy membership value between [0,1] implying the uncertainty degree of this 
attribute value or relationship. X is a set of axioms. 

Definition 2 (Fuzzy Query). A fuzzy query on a fuzzy ontology  (C,AC,R, X) is the 
fuzzy set Qf  = ϕ(A’) where A’⊆ AC. 

To measure the relevance between an ontogical class and a query, we consider both of 
them as two fuzzy sets. Then we calculate the similarities between the fuzzy sets 
using fuzzy logic [8].  

4   Performance Evaluation  

In this section, we introduce an experimental system that makes use of Scholarly 
Ontology to support fuzzy scholarly retrieval. The Scholarly Ontology is generated 
from a citation database built on a set of 1400 scientific documents downloaded from 
the Institute for Scientific Information’s (ISI) website1, as depicted in Figure 2. 

                                                           
1 http://www.isinet.com 
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Fig. 2. Browsing documents in the Scholarly Ontology 

 

Fig. 3. Fuzzy retrieval result 
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Fig. 4. (a) Performance evaluation based on precision. (b) Performance evaluation based on 
recall. (c) Performance evaluation based on F-measure.  



98 T.T. Quan, S.C. Hui, and T.H. Cao 

We have evaluated the performance of fuzzy retrieval in our system. Fuzzy 
queries are formed based on an interface developed to allow user to specify the fuzzy 
membership of each query term. In addition, the retrieval resuls are also displayed the 
similarities between the queries and the retrieved documents as shown in Figure 3. 

Figures 4(a), 4(b) and 4(c) give the performance evaluation based on precision, 
recall and F-measure on both the crisp queries and fuzzy queries. Similar to other 
keyword-based retrieval systems, crisp queries can obtain quite good performance in 
terms of recall. However, the precision on crisp queries is not that good.  On the other 
hand, fuzzy queries have achieved better recall, but the improvement is not significant 
in comparison with crisp queries. However, the precision on fuzzy queries has 
achieved quite good improvement as compared to crisp queries. Finally, the  
F-measure on fuzzy queries is also much better than that of crisp queries as well. 

5   Conclusion 

This paper has proposed two extensions for the current generation of digital librarires. 
First, we propose to use ontology to represent scholarly information in digital 
libraries, thus making the libraries enable to share and exchange knowledge in the 
Semantic Web environment.  Second, fuzzy theory is employed to process uncertain 
scholarly information as the forms of fuzzy  ontology and fuzzy queries. A general 
architecture of digital libraries in the Semantic Web environment has been presented 
and an experimental system has also been developed to verify our ideas and 
techniques.  
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