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Abstract 
The decision making process is based on accurate and timely available information. To obtain precise information from the internet is 
becoming more difficult due to the continuous increase in vagueness and uncertainty from online information resources. This also poses a 
problem for blind people who desire the full use from online resources available to other users for decision making in their daily life. 
Ontology is considered as one of the emerging technology of knowledge representation and information sharing today. Fuzzy logic is a very 
popular technique of artificial intelligence which deals with imprecision and uncertainty. The classical ontology can deal ideally with crisp 
data but cannot give sufficient support to handle the imprecise data or information. In this paper, we incorporate fuzzy logic with 
heavyweight ontology to solve the imprecise information extraction problem from heterogeneous misty sources. Fuzzy ontology consists of 
fuzzy rules, fuzzy classes and their properties with axioms. We use Fuzzy OWL plug-in of Protégé to model the fuzzy ontology. A prototype 
is developed which is based on OWL-2 (Web Ontology Language-2), PAL (Protégé Axiom Language), and fuzzy logic in order to examine 
the effectiveness of the proposed system. 
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1. Introduction 
 
Right decision is direct proportional to the information 

which is provided at the time of decision making. The 
increasing dynamicity in the web applications and continuous 
addition in web data are making the process of precise 
information extraction difficult. While real time applications 
are based on fuzzy data which does not have crisp or clear-cut 
boundaries. Several search engines and information extraction 
utilities are available on internet but for the most part, these 
tools are keyword base and cannot fulfill the requirements of 
modern era. The invention of the internet has profoundly 
changed our means of communication and information sharing. 
Easy access to the internet has played a major role in both its 
own growth and its utility in day to day life [1]. When the 
internet was invented, its vision was to create a virtual world in 
which human and computer work together while sharing 
information. Although not explicitly stated, this vision of the 
internet implied the development of computers with the same 
ability to understand content as a human. Its continuously 
unchecked growth derailed its structure from its vision. Due to 
its gigantic scale and the human ability to process information 
and make connections, there was not sufficient impetus to 

correct the deficiencies in the hardware and software side of the 
equation regarding relevant and correct information retrieval. 
Currently one has to work a lot to find correct and relevant 
information in a short span of time because currently the web is 
designed for human consumption and does not provide any 
help for machine interpretation. Several techniques were used 
in the past to make the computers operate intelligently while 
dealing with information. In [2, 3], web content mining and 
wrapper induction techniques were discussed to extract and 
integrate the useful data, information and knowledge from web 
pages. The two methods most widely used in web content 
mining are wrapper induction information extraction and 
automatic information extraction. In wrapper induction 
technique [3], we use machine learning techniques to make 
rules for information extraction. But to write wrapper classes 
and keep them updated is a very tough job when you consider 
the dynamic growth on the internet. Whenever the website 
contents and structure change, we have to relearn our wrapper 
and make significant changes according to new structures. The 
probability of errors occurring in wrappers is also very high. 
Several software were developed for visually impaired internet 
users to use for retrieving precise information quickly, but most 
of them used screen reading techniques such as BrookesTalk 
[4]. BrookesTalk is one of the tools which give a summary of 
the page to the user vocally. Another approach names as 
NavAccess is introduced in [5], which aims to facilitate the 
visually impaired users in website searching and navigation. In 
[6] the researcher presented the idea of a semantic web. The 
basic theme behind a semantic web is to make the web 
intelligent so that it can understand and conceive the meaning 
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5. Define the properties of classes—slots  
6. Define the facets of the slots  
7. Create instances 
 
We developed heavyweight ontology for an electronic store 

(e-store) following the steps mentioned in [12]. The basic 
difference between lightweight and heavyweight ontology is 
that in heavyweight ontology, the ontology is enriched by 
axioms which produce a deep expressivity level. In the past, 
experiments based on lightweight ontology produced set of 
results with limited inferences. PAL (Protégé Axiom Language) 
is used to write axioms in Protégé (a well known ontology 
development tool by Stanford university) [14]. PAL is basically 
a constraint language that is used to enforce the semantic 
properties of knowledgebase encoded in Protégé [11]. These 
axioms are based on mathematical notation. They add 
constraints and link the information with other sets of 
information by applying certain criteria. The addition of axioms 
in lightweight ontology increases the expressivity level of 
ontology, and helps in machine interpretability. The PAL 
constraint rules for the electronic store ontology in which an 
IPhone price must be greater than Nokia3200 can be coded as 
shown in Fig 2.  

 

 
Fig. 2 The PAL axioms Code File 

 
IPhone is the name of the variable. Variable names start 

either with ‘?’ or ‘%’ which define local and global variables, 
respectively. FRAME is one type of variable. Other types of 
variables are SET, SYMBOL, STRING, INTEGER, and 
NUMBER. Fig. 3 shows the inferred model of the E-Store 
ontology. The inferred model is the graphical structure of 
interconnected domain elements. We used Pellet Reasoner 
Tool in Protégé to generate inferences; a screen view of Palett 
Rasoner can be seen in Fig. 6(a).  

To add the fuzzy property into ontology, we mark the fuzzy 
terms in our ontology design before exporting heavyweight 
ontology into Fuzzy OWL tab of Protégé. In case of electronic 
mall we have several fuzzy concepts like price, quantity, size, 
delivery time etc. the fuzzy concept price has some fuzzy 
properties like Price {Low Price, high price, Medium Price} 
similarly we can define the fuzzy properties for the concept size 
{Large, Medium, Small}. Fuzzy OWL is basically a 
semiautomatic plug-in of protégé which assists the ontology 
author to add fuzzy logics in ontology. Fuzzy OWL-2 utilizes 
the annotation property of OWL-2 to entertain the fuzzy terms. 
Writing annotations manually is very tough and time 
consuming job. Also the ratio of error pruning in manual 
annotations writing is very high. Fuzzy OWL tab makes all the 
process speedy and error free. After installing plug-in we see a 
drop down menu on plug-in page .This helps us to create fuzzy 

data types, fuzzy concepts, fuzzy modifiers, fuzzy axioms etc. 
Fig. 4 is the screenshot of fuzzy OWL plug-in of Protégé 4.1. 
On the down right side of Fig. 4 we can see the annotations 
which we added to define the fuzziness of the terms [14]. 

 

 
Fig. 3 E-Store heavyweight ontology inferred Model generated    

by Protégé OWL-VIZ extension 
 

 
Fig. 4 A view of Fuzzy OWL plug-in which is used for fuzzy 

ontology modeling 
 
 

3. Proposed Architecture for Imprecise 
Information Extraction for Decision Making 
 
The proposed heavyweight fuzzy ontology based framework 

is a novel architecture which facilitates for extraction of highly 
precise information from imprecise heterogeneous web sources 
using a vocal command system for exact and timely decision 
making for the visually impaired user. The architecture is based 
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information. The prototype has ability to store each event into 
its dynamic logs file. These files can become helpful resource 
in troubleshooting of system as these keep records of all 
activities performed by user or system [18]. At the last stage 
results are forwarded to the user’s handset and the built-in 
conversion module converts results into voice and user can hear 
the inquiry response in the form of voice. As this process takes 
not more than 180 sec (in ideal case, checked experimentally), 
so it can help the blind user to take decision quickly.  

 
 

4. Experiments and Results 
 

 4.1 Research Design Evaluation and Validity   
To ensure the effectiveness of our proposed research design 

in ontology based information systems. We have some known 
ways of evaluation, such as description logic queries, user level 
testing and domain expert manual evaluation. DL-Query and 
fuzzy DL-Query are powerful and user friendly tools used for 
searching a classified ontology. We tested and analyzed the 
performance of our modeled heavyweight ontology using 
Protégé 4.0. Manchester OWL syntax is used for writing 
description logic queries. Reasoner is a tool which can infer 
information on the basis of described rules. The Protégé 
Package normally has FACT++ and Pellet as reasoner by 
default and the fuzzy OWL tab also has fuzzy ontology based 
reseasoners named as: FuzzyDL and DeLorean [14] .We used 
Pellet and FuzzyDL reasoners in our experiments. Pellet is one 
of the best tools which provide cutting edge reasoning for 
sound and complete information extraction. Pellet is available 
in the Protégé Package by default, or it can be added as a third 
party utility. Figure 7(a) shows the Pellet is working on 
electronic store ontology. 

 

 
Fig. 7 Experiment Results on different Scenarios. 

 
7(a) Pellet Reasoner tool in working mode.  7(b) Applet 

window of ontology based focused crawler.  7(c & d) Result 
windows of DL-queries  

We designed some queries (with user and domain expert 
concern) to completely judge the overall performance of the 
system and found results according to requirements. Some of 
these are listed in table 1 and resulting screenshots can be 
viewed in 7(c) and 7(d). 

 

4.2 System Precision Measurements 
A series of experiments were designed to test and evaluate 

the efficiency and performance of the ontology, and the 
performance and information extraction capabilities of the 
prototype tool. Normally in every information extraction 
system there are three main performance measures: extraction 
rate, precision and recall. These parameters are considered 
while evaluating the performance of the system. 
Mathematically precision and recall can be expressed as: 

   RC ൌ ୡୣୡୣା୲ୣ ൈ 100% (3) 

   PR ൌ ୡୣୡୣା୤ୣ ൈ 100% (4)            

Where RC is the recall and PR is the precision ‘ce’ is the 
correct information that is extracted, ‘te’ and ‘fe’ represents the 
right and wrong information that are extracted by system 
respectively. 

 
Table 1. A table depicting DL-Queries and explanation with 
possible Results 

DL-Query Syntax Explanation 
Possible 
Results 

Travel_Agencyan
dprovideTravelSc
heduling  value 

RyanAirLine 

In this query the domain user 
wants information from a 
travel agency, whose schedule 
is selected according to the 
domain user’s schedule.  

Swedish 
Travel   

Agency 

Travel_Agency 
and 

bookHotelReserv
ation value 

HotelReservation
1. 

This query displays travel 
agencies that can make hotel 
reservations.   

XANADU 
and 

Swedish 

Domain_User 
and 

accessJewelry 
value 

BraceletJewelry1

This query describes the user, 
who, for the purposes of our 
test, is the valid domain user 
and likes jewelry; specifically, 
bracelets. 

Blind 
Female    

User 

 
Our experimental environment had Intel(R) Core (TM1) 2 

Quad CPU with 2.0 GB RAM, Window XP. We used Tomcat 
as web server and CDMA based external modem for sending 
and receiving user SMS. First, we designed the lightweight 
ontology and loaded it into our ontology crawler. This practice 
returned some statistical outcomes. Subsequently, we added the 
axioms and fuzzy logics into our ontology and refined it to get 
deep expressivity levels and loaded the ontology into the 
crawler and searched from the internet. We obtained different 
precision and recall results, shown in the tables below. Table 2 
and 3 depict some statistics of ontology base information 
extraction tool. 
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Table 2 Precision and Recall Statistics of prototype using 
conventional E-Store ontology  

Ontology 
Elements 

Resource 
Elements 

(ce) 

True 
Elements 

(te) 

False 
Elements 

(fe) 

Precision 
(PR) (%)

Recall 
(RC) 
(%) 

Class 
(Concept) 

413 389 24 94.5 51.5 

Property 687 591 96 87.8 53.8 

Individual 109 93 16 87.2 54.0 
 
Table 3 Precision and Recall Statistics of prototype using E-
Store heavyweight fuzzy Ontology 

Ontology 
Elements 

Resource 
Elements 

(ce) 

True 
Elements 

(te) 

False 
Elements 

(fe) 

Precisio
n (PR) 

(%) 

Recall 
(RC) 
(%) 

Class(Co
ncept) 

413 235 178 69.9 63.7 

Property 687 496 191 77.3 58.1 
Individual 109 78 31 77.9 52.3 

 
We have noted that precision and recall ratios using a 

conventional ontology approach are: 69.9%, 77.3%, 77.9% and 
63.7%, 58.1%, 52.3% respectively. In the case of the 
heavyweight fuzzy ontology, the precision rate increased from 
69.9% to 94.5%, 77.3% to 87.8% and 77.9% to 87.2%. So 
according to our experiment more precise information can be 
achieved by using heavyweight fuzzy ontology. In figure 8, the 
bar chart shows a comparison between heavyweight fuzzy and 
lightweight ontologies on the basis of true and false elements. 
On the vertical side of graph, the metric 0 to 700 refers to 
elements retrieved by the ontology crawler’s spider. Classes, 
Properties and Individuals on horizontal side refer to the 
measurement of the classification of results. 

 

 
Fig.8 Graphical comparison between classical and 

Heavyweight fuzzy Ontology 
 
 

5. Conclusion 
 
In this research paper, we propose heavyweight fuzzy 

ontology architecture to extract exact information from 

imprecise resources for timely decision making. The automatic 
execution of this novel architecture makes the complex process 
of vague information extraction faster and more adaptable than 
existing solutions. The interactivity of the prototype enables the 
user to retrieve and filter the desired information while roaming 
using cell phone and PDA. The Classical ontology technique 
can not deal with blur information due to its limitation in 
concepts expressivity and intelligence. The proposed technique 
ideally copes to extract information in several kinds of data. 
We presented the results and performance measures of our tool 
and ontology. The results were significantly better than our 
previous experiments. The enrichment of axioms and fuzzy 
logic produces a quality of expressivity with intelligence, and 
makes the information more understandable for computers. As 
a result, the precision of extracted information increases which 
further helps to take right decisions. Currently, we are 
developing new capabilities for automatic axioms rules 
generation with fuzzy type-2 logic, and improving the 
portability of this system. More research is required, but we are 
confident that this will make the system more efficient overall.  
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