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ABSTRACT

Document clustering generates clusters from thelevdocument collection automatically and is used in
many fields, including data mining and informatiatrieval. Clustering text data faces a numberex/ n
challenges. Among others, the volume of text dditagnsionality, sparsity and complex semanticstlaee
most important ones. These characteristics ofdatd require clustering techniques to be scalablarge

and high dimensional data, and able to handle gpansd semantics. In the traditional vector spaelel,

the unique words occurring in the document setusmexd as the features. But because of the synonym
problem and the polysemous problem, such a bagriginal words cannot represent the content of a
document precisely. Most of the existing text auisty methods use clustering techniques which diépen
only on term strength and document frequency wkirgle terms are used as features for represetiting
documents and they are treated independently wd@intbe easily applied to non-ontological clusterihg
overcome the above issues, this paper makes aysafuecent research done on ontology or thesaurus
based document clustering.

Keywords: Ontology, Thesaurus, Document Clustering, Inteliigénformation Retrieval, Semantics,
Wikipedia, WordNet.

1. INTRODUCTION defined, this ranked list approach is efficient.t Bu
for a tremendous information source, such as the
World Wide Web, and poor query conditions (just
one or two key words), it is difficult for the rival
system to identify the interesting items for therus
Sometimes most of the retrieved documents are of
(r)]P interest to the users.

Data clustering partitions a set of unledel
objects into disjoint/joint groups of clusters. #&n
good cluster, all the objects within a cluster\azgey
similar while the objects in other clusters areyver
different. When the data processed is a set
documents, it is called document clustering. Applying documenting clustering to the retrieved
Document clustering is very important and useful illocuments could make it easier for the users to
the information retrieval area. Document clusteringrowse their results and locate what they want
can be applied to a document database so thgitickly. A successful example of this applicatisn i
similar documents are related in the same clustef]VISIMO (http://vivisimo.com/), which is a Web
During the retrieval process, documents belonginggarch engine that organizes search results with
to the same cluster as the retrieved documents cd@cument clustering.
also be returned to the user. This could improee th

. . i Generally, clustering is used in statistics to
recall of an information retrieval system.

discover the structure of large “multivariate” data
Document clustering can also be applied to thgets. It can often reveal latent relationships éidd
retrieved documents to facilitate finding the usefun complex data. Within information retrieval,
documents for the user. Generally, the feedback ofustering (of documents) has several promising
an information retrieval system is a ranked lisapplications, all concerned with improving
ordered by their estimated relevance to the quer§fficiency and effectiveness of the retrieval pssce
When the volume of an information databc_';lse 'ﬁome of the more interesting include:
small and the query formulated by the user is we
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*Finding Similar Documents to a given dictionary. Currently, one of the most widely used
document thesaurus for English is WordNet.

This feature is often used when the user has The vector space model is a widely used
spotted one “good” document in a search result amdethod for document representation in information
wants more-like-this. The interesting property hereetrieval.In  this model, each document is
is that clustering is able to discover documentd threpresented by a feature vector. The unique terms
are conceptually alike in contrast to search-basextcurring in the whole document collection are
approaches that are only able to discover whethiglentified as the attributes (or features) of the
the documents share many of the same words.  feature vector. Different term weighting methods

. may be used in the vector space model, such as the
» Search Result Clustering binary methodtf (term frequency) method[2], and

This allows the user to get a better overview-idf (Inverse document frequency)[1] method.
of the documents returned as results in the search
and to navigate towards clusters that are releteant
the user’s information need.

' Traditionally, the single words or compound
words occurring in the document set are used as the
features. Because of the synonym problem and
* Guided/I nteractive Search polysemous problem, generally such a “bag of

_ words” cannot reflect the semantic content of a
Here clustering is used to help the uset drlnl

down and find the desired information step-by-stegﬁﬁg? entd[gghggitwa{ég:seorll\t/:ﬂ?f pr\?vli)tlﬁ m |tshteo
by gradually refining the search.

background knowledge represented by ontology.

» Organising Site Content into Categories The remainder of this paper is organized as

Allows browsing of the site in a Yahoo-likefollows. Section 2 reviews the basic concept of
fashion. Ontology used to improve document clustering.
Section 3 briefly describes the problems in the
Ontological approach. Section 4 explains how

This, based on the documents the user hi¥ikipedia can be exploited as a domain Ontology.
already visited, recommends other documents. Bection 5 focuses on Concept Weighting Process.
typical use of this is in an e-commerce settingbection 6 describes the use of Ontology (Wordnet)
where products that might interest the customer atie Search Results Clustering and Section 7
suggested based on products the user has alregliscusses the  Frequent Concepts Based
examined/bought. Document Clustering (FCDC) methodology briefly.
Section 8 describes about the Intelligent
* Faster/Better Search Information Retrieval System and Section 9

Utilizes the clustering to optimise the search. &oncludes the paper.
user query could for instance be compared to
clusters instead of the individual documents2. ONTOLOGY FOR TEXT CLUSTERING
effectively limiting the search space.

» Recommender System

In the field of ontology, ontological framework
Many clustering techniques have beefs normally formed using manual or semi-
proposed in the literature. Clustering algorithmes a automated methods requiring the expertise of
mainly categorized into hierarchical anddevelopers and specialists. This is highly
partitioning methods. A hierarchical clusteringincompatible with the developments of World Wide
method works by grouping data objects into a tre&/eb as well as the new E-technology because it
of clusters. These methods can further be cladsifigestricts the process of knowledge sharing. Search
into agglomerative and divisive hierarchicalengines will use ontology to find pages with words
clustering depending on whether the hierarchicdhat are syntactically different but semantically
decomposition is formed in a bottom-up or togsimilar [4, 5, and 6]. Traditionally, ontology has
down fashion. K-means and its variants are theeen defined as the philosophical study of what
most well-known partitioning methods. exists: the study of kinds of entities in realignd
the relationships that these entities bear to one

Semantic (_jocument clustering proyldes @nother [7]. In Computer Science Ontology is an
means of clustering documents on the basis of tré

| inside the d one i ?‘lgineering artifact describing what exists in a
actual content inside the document. One IMpOrtafty ticylar domain. Ontology belongs to a specific
prerequisite for semantic analysis is th

. omain of knowledge. The scope of the ontology
construction of a large-scale thesaurus and
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concentrates on definitions of a certain domaingplacement or introduced as additional features to
although sometimes the domain can be very broatthe original text. Further, the attributes of and
The domain can be an industry domain, arelationships among the ontology terms can be
enterprise, a research field, or any other resttict exploited for clustering.

set of knowledge, whether abstract, concrete or

even imagined. Ontology is usually constructe®. PROBLEMS IN ONTOLOGICAL
with a certain task in mind. APPROACH

In recent years use of term ontology has become Xiaohua Hu et al that . bl f
prominent in the area of computer science researgh laohua Hu €t al. say that a major probiem o
and the application of computer science methods IS c.)nt.olog|cal apprpach for _document clusterm_g !
management of scientific and other kinds o at it is usually difficult to find a comprehensiv

information. In this sense the term ontology has thontology which can cover all the concepts

meaning of a standardized terminoIogica(|?em'0ne;j tm ba clzolltectlcan, e?peually wr:edn th?
framework in terms of which the information js@9CUMENtS o be clustered are from general domain.

organized Previous research has adopted WordNet [9, 10] and
' Mesh [11, 12] as the external ontology for text

2.1. Overview of Ontology enrichment. However, they all have limited

coverage. Another problem is that using ontology

Top level ontology or upper level ontology arete,Erms either as replacement or additional features

the most general ontologies describing the tOp'moﬁas its disadvantages. While replacing original

level in ontologies to which other ontologies can b . . X
content with ontology terms may cause information

connected, directly or indirectly. Domain ontolagjie X
: , : - ; loss, especially when the coverage of the ontology
describe a given domain, eg medicine, agriculture, ' . . .-
|l§ limited, adding ontology terms to the original

politics; etc. Task ontologies define the top leve ocument vector can bring data noise into the
ontologies for generic tasks and activities. Domai . 9
ataset. Therefore, in order to enhance text

task ontologies define domain-level ontologies o ; : _
X o L >~ . clustering by leveraging ontology semantics, two
domain specific task and activities are primarily ) ;
ssues need to be addressed: an ontology which can

designed to fulfill the need for knowledge in a . . L

e P o ; . __cover the topical domain of individual document
specific application. Application ontologies define : oo
knowledge on the application-level. Evaluating ar(]:ollect]ons as comple_tely as poss_|ble, and a proper
ontology language is a matter of determining Whamatchlng method which can enrich the document

relationships are supported by the language arﬁgpresentation by fully leveraging ontology terms

. e . and relations but without introducing more noise.
required by the ontology or application domain [8]. In [13] they address both issues. In terms of

ontology, they rely on Wikipedia concepts and
categories for document enrichment. Wikipedia has

Top-Level Ontology

become the largest electronic knowledge repository

on the web with millions of articles contributed

: collaboratively by volunteers. Unlike other startlar
Domain Oufology Task Ontology ontologies, such as WordNet and Mesh, Wikipedia

¥ itself is not a structured thesaurus. Howeversit i

/ much more comprehensive and up to date.
Application Ontology 4. WIKIPEDIA ASAN ONTOLOGY
Figure 1. Categorization of Ontology In Wikipedia, each article only describes a

single topic. The title of each article is a suctin
phrase that resembles an ontology term. Equivalent
Ontology usually includes at least threeconcepts are grouped together by redirected links.
components:  concepts, attributes, and theleanwhile, it contains a hierarchical categorizatio
relationships among concepts. All of them can bsystem, in which each article belongs to at least o
used for document representation and clusteringategory. All these features make Wikipedia a
The most common way of applying ontologies fopotential ontology which can be exploited for
clustering is to match ontology concepts to thenriching text representation and enhancing text
topical terms appearing in the documents. Then tlodustering. As for how to integrate ontology
matched ontology concepts are either used @&encepts into the document representation and
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clustering process, in [13], they propose twaonodules. They are document preprocessing,
approaches for mapping ontology concepts to thealculating concept weight based on the ontology
documents. The first approach, called exact-matchnd clustering documents with the concept weight.
is a dictionary-based approach. It maps the topicalhe concept weight is also called the Semantic
terms present in the documents directly taveight. The following figure shows the overview of
Wikipedia concepts. It is especially useful wherthe proposed system architecture.

Wikipedia concepts can cover most of the topic
terms in a collection. The second mapping¢

approach is called relatednessmatch.Instead 7 _
mapping Wikipedia concepts to each documer gm’m“g 4’[ Pre-processing J
. . . . oCuments

directly; this approach builds the connectior

between Wikipedia concepts and each docume v

based on the contents of Wikipedia articles. Thi /"_——_““‘“/v{ Concept weighting ]
approach is more useful when Wikipedia concepts [~—— —

cannot fully cover the topical domain of a | Doman v

collection. After the mapping process, eact \3‘““-‘“ ) | Feature selection ]
document is associated with a set of concepts. Thi -

based on the hierarchical structure of Wikipedie Y

each document is further mapped to a set ¢ [ Clustering document ]
Wikipedia categories. Finally, the text document.

are clustered based on a similarity metric which Figure 2. Concept weighting

combines document content information, concept

Information as well as category information. 6. SEARCH RESULTSCLUSTERING

5. CONCEPT OR FEATURE WEIGHTING o , )
Web search results clustering is an increasingly

populartechnique for providing useful grouping of
Andreas Hotho proposed many methods thieb search results, @nippets into clusters. The

proved Ontology improve text document clustering-'"g0 algorithm, proposed by Stanisla@si'nski
nd Dawid Weiss, uses frequent phrases to identify

They stated that the ontology can imprové'Jl X . :
document clustering performance with its ConCeloqandldate cluster labels, and then assigns snippets

hierarchy knowledge. This system integrates cor® these labelsin [18] Ahmed Sameh and Amar

ontologies as background knowledge into th&adray extend on the Lingo algorithm by adding
process of clustering [14, 15]. semantic recognition to the frequent phrase

extraction phase. This is achievég finding the
Lei Zhang, Zhichao Wang [16] proposedsynonyms of frequent words in the WordNet
ontology-based clustering algorithm with featurejatabaseand adding the synonyms to the pool of
weights (OFW-Clustering). They have developedrequent terms that compriséhe cluster label
Ontology-based clustering method. Also featurgandidates. The detection of synonyms helps in
graph is built to calculate feature weights ingrouping together snippets that contain differarit b
clustering. Feature weight in the ontology tree igynonymouswords that would otherwise have not
calculated according to the feature’s overalbeen grouped together using tleiginal Lingo
relevancy. algorithm. The paper’s contribution is adding
semantic recognition to enable the recognition of
ynonyms in snippets, thus improving the quality of
clusters generated. The semantic recognition is
chieved using the WordNet database, which is a
xical database for the English language, in which
Nouns, verbs, adjectives and adverbs are grouped
0 sets of cognitive synonyms (synsets), each
gxpressing a distinct concept” [19].

In [17], Hmway Hmway Tar and Thi Thi Soe
Nyunt proposed a system which has been design
to perform clustering process based on the conce
weight support by the ontology. With the help of
domain specific ontology, the proposed technigut
can transform a feature represented document intq
concept-represented one. Therefore, the targ
document corpus will be clustered in accordanc
with the concepts representing individual

document, and thus, achieve the proceeding of h i h d h
document clustering at the conceptual level. Theynsets, each synset relating the word to other

system uses the text documents for the cIusterirYijfrdS IWItE the ds?(;ne c?nceptualf meanlng.h For
process .Here the system is divided into three maj8 ample, the word “doctor Is part of a synset that

In WordNet, each word can be a part of various
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relates it to the word “physician”, for the meaningtechniques using domain ontology and the other
of “a licensed medical practitioner”; for this would be introducing a case based similarity
meaning, the words “doctor” and “physician” aremeasure for metadata information retrieval using
synonymous. Similarly, “doctor” is also related toCase Based Reasoning (CBR) approach.

“Dr.” in the synset that has the meaning of “a
person who holds Ph.D. degree (or the equivalent)
from an academic institution”.

i

7. FREQUENT CONCEPTS BASED
DOCUMENT CLUSTERING (FCDC) gty

In English dictionary most of the words have
multiple synonyms, therefore it is possible thab tw
different documents which have no common words
may represent the same topic. In [20], concepts a
the set of synonym words which have the sam
meaning. The proposed FCDC first searches tf
concepts in documents and then finds the freque
concepts by apriori paradigm [21, 22]. Finally, it
forms the initial clusters of documents with eact
cluster representing a single frequent conceptnThe
the proposed algorithm processes these initii
clusters to create disjoint clusters. The finalhss
are represented using the hierarchical tree lik
structure.

The Proposed document clustering algorithr St ek Lo CuseBae
consists of the following phases: finding frequen I (et
concepts using apriori algorithm, creating initial
clusters for each frequent concept, making cluste
disjoint using score function, building clusterere Y ﬁ
and tree pruning. Rt Docunent

P 9 RLL‘;:C ; ng:lne[x " < collection

G sente

8. INTELLIGENT INFORMATION
RETRIEVAL USING DOMAIN \J

ONTOLOGY Display Retrieved
Documents

A digital library is a type of information
retrieval (IR) system. In [23], Thinn Mya Mya Swe
proposed a model which uses concept-based
approach (ontology) and metadata case base. This Figure 3. Intelligent Information Retrieval
model consists of identifying domain concepts in
user’s query and applying expansion to them. T? CONCL USION AND FUTURE WORK
system aims at contributing to an improved”
relevance of results retrieved from digital libegi
by proposing a conceptual query expansion fOrSas

|tnt(_elI|ger;ttr(l:oncept-b?s?d rtetlrleval. Tiere IS adr:ﬁtedirection. It brings hope to solve problems of lack
0 Import the concept of ontology, making Use st it go g hticg correlativity in traditional retrieval

advantage of _abunda_r!t semantics and standa\r hnology Thus in this paper, we make a survey
concept. Domain Spec'f!c ontology can be used f recent methodologies and approaches that are
improve information retrieval from traditional ldve followed, used and developed to improve
based on keyword to the lay based on knOWIedqgocument Clustering and Information Retrieval

]Sor cotncglgt)_t) alndk chan%e thet rp])_rocetss of retrt'?\;gtocesses by using Ontology or Thesaurus as
rom traditional keyword matching fo semantic ackground knowledge. These above

matching. One approach is query expansion

s
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methodologies follow various approaches, however [10] Hotho, A., Maedche, A. and Staab, S.
they improve Document Clustering and Information “Text Clustering Based on Good

Retrieval efficiently and effectively which has Inee
experimentally proved and verified by the results.
In Future, research can be done on any of the above
approaches and another direction is that of Link- [11]
based clustering since the links can be a veryutisef
source of information for the clustering process.

There are still some open issues that call for more
research. These include the achievement of better

quality-complexity tradeoffs, as well as effort to
deal with each method’s disadvantages.
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