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Abstract— The majority of approaches to
information mining focus on to improve
information retrieves system performance. The
main methodology underlying these approaches is
to make approximate matches between query and
documents in terms of recall level and ranking.
Generally speaking, there are few approaches that
have already been induced in modern search
engines and crawlers. The purpose of this paper is
to review the existing approaches of association rule
mining, clustering and information retrieval based
on rough set, fuzzy set and ontology that have been
used to increase the effectiveness of information
mining system.
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1. INTRODUCTION

Nowadays, large quantity of data is being
accumulated in the data repository. Seeking knowledge
from massive data is one of the most desired attributes
of Data Mining. However, in reality, a substantial
portion of the available information is stored in text
databases (or document databases), which consists of
large collections of documents from various sources,
such as news articles, books, digital libraries and Web
pages. Since web search engines have become
pervasive and search has become integrated, retrieving
of information from these search engines consist of
three essentials: query, documents, and search results.
The long history of information retrieval does not begin
with the Internet. Information retrieval (IR) systems
were found in commercial and intelligence applications
as long ago as the 1960s. As with many computer
technologies, the capabilities of retrieval systems grew
with increases in processor speed and storage capacity.
An IR system locates information that is relevant to a
user’s query (by using a set of keyword), typically
searches in collections of unstructured or
semi-structured data (e.g., web pages, documents,
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images, video, etc.), which might be useful to the
specific purpose. The need for an IR system occurs
when a collection reaches a size where traditional
cataloguing techniques can no longer cope, which
today is the relative case. With the growth of digitized
unstructured information and, via high-speed networks,
rapid global access to enormous quantities of that
information, the only viable solution to finding relevant
items from these large text databases was search, and
IR systems became ubiquitous [5].

IR as a research discipline emerged with two important
developments: how to index documents and how to
retrieve them [5]. To index items by a list of keywords
was a radical step in early days, and after a number of
experiments use of words to index the documents of an
IR system became established. With increasing data the
need of its retrieval also arrived. To solve this so-called
Boolean retrieval was used. Boolean model deals with
using logical functions in the query to retrieve the
required data. A query was a logical combination of
terms which resulted in a set of those documents that
exactly matched the query.

The concept of ranking was introduced to retrieve the
result on the basis of occurrence of terms in the queries.
This ranked retrieval approach to search was taken up
by IR researchers, who over the following decades
refined and revised the means by which documents
were sorted in relation to a query [9].

Web Search

The Web has become the largest easy available
repository of data. Hence, it is natural to extract
information from it and Web search engines have
become one of the most used tools in Internet.
However, the exponential growth and the fast pace of
change of the Web, makes really hard to retrieve all
relevant information [5].

Data Challenges
Richardo Baeza-Yates [8] lists several data issues that
need to be addressed. Among them some:

Dynamic Data:

The static Web has become small compared to
content generated on demand, in particular by querying
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in e-business or information services sites. Current
search engines can follow dynamic links, but that has to
be done with care, as there might be no limits or even
the same page can be generated again and again. The
queries asked can sometimes be more time consuming.

Multimedia Data:

Multimedia data includes images, animations,
audio in several forms, and video. All of them have no
standard formats. The ideal solution is to search on any
kind of data, including text, using the same model and
with a single query language.

Structured Data

Most data has some structure, leading to what is
called semi-structured data. Examples are e-mail, news
postings, etc. The first challenge is to design data
models and associated query languages that allow
mixing content and structure.

Semantic Data

The two main problems with semantic
information are standards for metadata that describe the
semantic, and the quality or degree of trust of an
information source. Other problems are common issues
such as scaling, distributed authority, heterogeneous
content and quality, multiple sources, etc.

2. Few Approaches to Information Mining

2.1 Rough sets: an introduction

Rough set theory, proposed by Pawlak in 1980s [6]
can be seen as a new mathematical approach to deal
with vagueness. The rough set philosophy is founded
on the assumption that with every object of the universe
of discourse we associate some information (data,
knowledge). Objects characterized by the same
information are similar in view of the available
information about them. The indiscernibility relation
generated in this way is the mathematical basis of rough
set theory. In the rough set approach indiscernibility is
defined relative to a given set of functional (attributes).
Any set of all indiscernible (similar) objects is called an
elementary set, and forms a basic granule (atom) of
knowledge about the universe. Any union of some
elementary sets is referred to as crisp (precise) set —
otherwise the set is rough (imprecise, vague). Each
rough set has boundary-line cases, i.e., objects which
cannot with certainty be classified either as members of
the set or of its complement, thus assuming that
knowledge has granular structure. Due to the
granularity of knowledge, some objects of interest
cannot be discerned and appear as the same (or similar).
As a consequence, vague concepts in contrast to precise
concepts cannot be characterized in terms of
information about their elements.
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Therefore, we assume that any vague concept is
replaced by a pair of precise concepts — called the lower
approximation consisting of all objects which surely
belong to the concept and the upper approximation
containing all objects which possibly belong to the
concept.

[(hunulu\ of knowledge ][ The universe of objects ]

I

The lower

The upper

approximation

approximation

The difference between the upper and the lower
approximation constitutes the boundary region of the
vague concept. Approximations are two basic
operations in rough set theory [1][6].

2.2 Ontology and Text Clustering

The concept of Ontology deals with various
languages that are used for building semantic structures
and increases its extraction efficiency. Semantic data
and ontology is imagined as future web that uses text
documents as well as semantic markup documents. We
need to build a new paradigm for Information Retrieval
(IR) that is compatible with all standards and provides
effective and fast search. Thesaurus defines the set of
standard terms or words that are used to search a
document and set of relations between these terms. It
gives hint related to words which are typed in search
box. The selection of most discriminative characteristic
of a linguistic unit that serves to distinguish it from
other units of the same kind is employed by Ontology
Label [3]. Ontology is very useful in defining the
similar terms and with the help of clustering technique,
the grouping of the words can be incorporated in IR.
Semantic data selection technique improves the
clustering that had already been performed using
statistical selection method. Hence, motivated by
co-occurrence terms and the semantic similarity
between words, text clustering algorithm is used.

2.3 Fuzzy Set Theory

The notion of fuzzy sets provides a convenient tool
for representing vague concepts by allowing partial
memberships. A fuzzy set can be interpreted by a
family of crisp sets, and fuzzy set operators can be
defined using standard set operators. The membership
values may be interpreted in terms of truth values of
certain propositions, and fuzzy set operators in terms of
logic connectives in many-valued logic. This provides a
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formulation of fuzzy set theory based on many-valued
logic

Comparative Study of Fuzzy Sets and Rough Sets

Y. Yao illustrates how fuzzy sets and rough sets are
generalizations of classical set theory. Both fuzzy set
and rough set are applied for modeling vagueness and
uncertainty. The rough set theory takes into
consideration the indiscernibility between objects. The
indiscernibility is typically characterized by an
equivalence relation. Rough sets are the results of
approximating crisp sets using equivalence classes. The
fuzzy set theory deals with the ill-definition of the
boundary of a class through a continuous generalization
of set characteristic functions. The indiscernibility
between objects is not used in fuzzy set theory. A fuzzy
set may be viewed as a class with unsharp boundaries,
whereas a rough set is a crisp set which is coarsely
described [7].

Recent Approach: Rough Set Theory to IR Field

As an extension of conventional set theory, it is
considered as a good mathematical tool to deal with
vagueness and uncertainty in data. Rough set theory
analyzes data in an information system (e.g.,
information table). Objects of the universe are
classified into equivalence classes if they share the
same attribute values. For an arbitrary set of objects in
the universe, we may not be able to represent it by using
the equivalence classes induced by certain attribute set.
The notion of approximation is introduced, in which
two  approximation  operators, called lower
approximation and upper approximation, are used to
estimate the set of objects. Rough set theory has been
used in many research fields, such as information
retrieval, machine learning, and data mining. It is found
to be particular useful for feature selection, data
reduction, decision rule generation, and pattern
extraction (templates, association rules) etc [1] [6].

As an interdisciplinary field of study of text mining, the
developments of information retrieval (IR) theories and
techniques are accompanied by the growth of
information science, cognitive science, statistics,
linguistics and the World Wide Web. Since the first IR
system was introduced in the 1950s [5], the searching
contents, retrieval methodologies, and user interface of
an IR system have been dramatically changed. In the
late 1990s, the successful implementations of web
search engines boosted many features of IR systems
from experimental studies to World Wide Web
applications, and consequently brought more
challenges to information retrieval researchers. The
more recent approach attempts to improve retrieval
quality by using intelligent matching strategies. The
rough set approach to information retrieval is following
this direction.
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3. Related Work

Rough set theory is a useful mathematical tool
that deals with vagueness and uncertainty in data. It has
been applied to many computer scientific fields, such as
data mining, machine learning, pattern recognition, and
expert systems [1][6][7].
One of the applications of Rough Set theory in machine
learning is the so-called feature selection [2] especially
for classification problems. This is performed by means
of finding a reduce set of attributes which is a subset of
all features which retains classification accuracy as
original attributes. Finding a reduce set in decision
systems is NP-head problem which has attracted many
researchers to combine different methods with rough
set.
Hong Zhou et. al [3] proposed an approach by using
ontology and label mechanism which solve retrieval
result information under the Chinese context, thus
interacting information system at the layer of semantics
and knowledge.

The explosive growth of information stored in
unstructured texts created a great demand for new and
powerful tools to acquire useful information, such as
text mining. Document clustering is one of its the
powerful methods and by which document retrieval,
organization and summarization can be achieved [4].
However, it represents a challenge when dealing with a
big number of data due to high dimensionality of the
feature space and to the semantic correlation between
features. In this paper, we propose a new sequential
document clustering algorithm that uses a statistical
and semantic feature selection methods. The semantic
process was proposed to improve the frequency
mechanism with the semantic relations of the text
documents. The proposed algorithm selects iteratively
relevant features and performs clustering until
convergence.

Currently, most of the commercial information retrieval
systems are based on the Boolean logic model [9]. They
assume that a user’s queries can precisely be
characterized by the index terms. However, this
assumption is inappropriate due to the fact that the
user’s queries may contain fuzziness. The reason for the
fuzziness contained in the user’s queries is that the user
may not know much about the subject he/she is
searching or may not be familiar with the information
retrieval system. Therefore, the query specified by the
user may not describe the information request properly.
The fuzzy set theory can be used to deal with
imprecision. Yih-Jen Horng et. al [10] proposed a fuzzy
agglomerative hierarchical clustering algorithm for
clustering documents and to get the document cluster
more flexible and more intelligent than the existing
methods due to the fact that it can expand users’
queries.
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4. Discussion and Future Scope

The majority of rough set approaches to
information retrieval focus on applying rough
approximation to improve IR system performance by
approximate matches between query and documents.
Based on the equivalence relation, documents that are
similar to each other will be put into the same
equivalence class. This strategy provides the maximum
flexibility of what types of objects one can choose.

Search efficiency in the system of circulation of
information, which ensures the expanded reproduction
of knowledge, is associated with the choice or the
introduction of special terminology. Surely, ontologies
represent one of the promising areas in the
formalization of knowledge, which enables their
computer processing.

When using ontologies, there will be a need to group
similar semantic data and documents which therefore
can be retrieved with a good deal relative to the
traditional retrieval methods. Clustering technique can
be used to group similar semantic data and query
through these clusters. Association rule mining can also
be used to find the similar pattern behavior occurring in
query relative to ontology, though being diverse in
nature. It could help in bringing out rules that are more
optimized and will retrieve more relevant data for the
user.

There are certain drawbacks of rough set theory [6, 7]
which could be overcome by fuzzy sets. Y. Yao confer
that both the techniques have their certain merits either
of which could be used in increasing the performance
of information retrieval system in terms of document
ranking, recall level and even more user oriented search
strategies. Another purpose of the association
mechanism in information retrieval systems using
fuzzy set is to build the association relationships
between index terms and to modify the user’s queries
by adding or replacing index terms associated with the
queries which should find more relevant documents
than that of the original user’s queries and thus improve
the retrieval performance [10]. Rough sets concepts can
be pooled with fuzzy sets to find more appropriate
fuzzy membership values that help in defining the
granularity of knowledge. Therefore, the study of the
association mechanism is very important in the field of
information retrieval.

Moreover, other hybrid method such as machine
learning can be used to enhance and increase the
effectiveness of information retrieval systems. Thus
using fuzzy set, rough set, clustering, association
mechanism, etc could definitely be cooperative in
decision making for an IR system.
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5. Conclusion
The following conclusions can be deducted from
the above review. The rough sets being capable of
handling vagueness and fuzzy sets, which can deal with
imprecision, could be used in combination with rough
set to improve the query structure.
On the other hand, ontology is used to understand the
query parameters by adding semantic knowledge to
these terms. Clustering can be used in parallel to
ontology by forming similar semantic terms clusters
and than using the fuzzy-rough sets to improve the
efficiency of query.
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