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ABSTRACT: As a model for knowledge description and formalization, ontologies are widely used to represent user
profiles in personalized web information gathering. However in the existing models user profiles are represented either
knowledge from local repository or global knowledge base. In this paper a personalized web information gathering
model is proposed to retrieve the most relevant information from the web based on the user’s profiles. This model
learns ontology based personalized user profiles and discovers the user background knowledge from a knowledge base
and gives most relevant information from the web. The proposed model is evaluated and the results are compared with
other existing models.The result shows that personalized web information gathering model is successful.

Categories and Subject Descriptors: [Computer-Artificial Intelligence]: Ontology
General Terms: Data mining, Information retrieval

Additional Key Words and Phrases —Ontology, personalization, knowledge base, user profiles, web information
gathering.

I. INTRODUCTION

The availability of web-based information gathering has increased dramatically. To gather the useful information from
the web is difficult and challenging for the users. Current web information gathering system attempt to capture the
information from the web based on their needs. For this purpose user profiles are created to discover the user
background knowledge.

Users possess a concept when gathering the web information and user profiles represent the user concepts. To simulate
the concept models, ontologies—a knowledge description and formalization model—are utilized in personalized web
information gathering. These user profiles are called as ontology based personalized user profiles. Researchers
represent the user profiles by discovering user background knowledge either through global or local analysis. Global
analysis uses existing global knowledge bases for representing user background knowledge.The existing global
knowledge bases generic ontologies (e.g., Word Net), thesauruses (e.g., digital libraries), and online knowledge bases
(e.g., online categorizations and Wikipedia). Since these knowledge bases are not domain based it is difficult to
discover the user background knowledge.

Local analysis discovers the user background knowledge from the user’s behavior. For example, Li and Zhong [8]
discovered taxonomical patterns from the users’local text documents to represent the user background knowledge.
Some researchers [7], [9] discover the user background knowledge from the users browsing history. Some researchers
discover the user background knowledge by providing a set of documents against a topic and asking their feedback.
These works effectively discovered user background knowledge; however, their performance was limited by the quality
of the global knowledge bases.From these analyses, the user background knowledge can be better discovered from the
knowledge base by getting user profiles manually and preferring subjects semi-automatically.
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In this paper An Ontology based web information gathering model is developed to discover the user background
knowledge and to produce a superior representation of the user profile. The objective of the paper is to retrieve the most
relevant information from the web through personalized user profiles. This model simulates users’ concept model and
attempts to improve performance of web information gathering.The knowledge baseis used in the proposed model.
Knowledge base is commonsense knowledge acquired by people from experience and education. Ontology is used for
developing a knowledge base for a specific domain. The user profiles are acquired by using manual technique, such as
interviewing users.Porter Stemming Algorithm is used for preprocessing. An Ontology Learning Environment (OLE)is
a tool, developed to collect the users’ preference semi-automatically. An ontology mining method, specificity also
introduced in the proposed model for retrieving concepts specified in ontology. The web information’s are extracted
from the knowledgebase based on their users’ profile.This gives an ontology based personalized web search.The
proposed model is evaluated by comparison against some benchmark models. The evaluation result shows that the
proposed personalized web information gathering model is successful.

The research contributes to knowledge engineering, and has the potential to improve the design ontology based
personalized web information gathering system. The contributions are original and increasingly significant, considering
the rapid explosion of web information and growing accessibility of online documents.

The paper is organized as follows: Section 2 discusses the related work; in Section 3, we introduce how profile and
domain ontologies are constructed for users; in section 4 we describe how ontology manager manages domain
ontologyand in Section 5, present how OLE tool is constructed. After that, Section 6 gives the architecture of the
proposed model; Section 7 discusses the evaluation issues, and the results are analyzed in Section 8. Finally, Section 9
makes conclusions and addresses our future work.

Il. RELATED WORK

A. Ontology Learning

Knowledge bases were used by many existing models to learn ontologies for web information gathering. For example,
Xiaohui Tao et.al[1] discovers the user background knowledge from the world knowledge base called LCSH(Library
Congress Of Subject Heading). It also learns a user profiles and specify the user’s preference. Wikipedia was used by
Downey et al. [10] to help understand underlying user interests in queries.LCSH was used by X. Tao et.al[2] to
discover the user’s background knowledge from world knowledge base and specifies the user’s preferences in web
search.J. Trajkova et.al[3] Learns an ontological user profiles through users behavior and activity. S.E. Robertson
et.al[4] Learns user profile manually and discovers the user’s background knowledge from the knowledge base. Li and
Zhong [8] used pattern recognition and association rule mining techniques to discover knowledge from user local
documents for ontology construction.Yuefeng Li et.al[5] discovers the user background knowledge through
mathematical model which is used for representing co-relation between compound classes. The above said models are
not a domain specific and it is generic. So the performances are limited by the quality of knowledge base. The
performance can be increased by creating a knowledge base for a specific domain.

B. User Profiles

User profiles can be categorized into three groups: interviewing, semi-interviewing, and non-interviewing.Interviewing
user profiles gives a perfect user profiles. This is a manual technique and collects the user profiles through
questionnaires and interviewing users. One typical example is the TRECFiltering Track training sets [4] collect the user
profiles manually. For a given search topic, the users are allowed to read and judge a document as a positive and
negative judgment to a document.

Semi-interviewing is a semi-automated technique with limited user involvement.Web training set acquisition model
introduced by Tao et al.[6], produces a user-profiles with limited user involvement. This technique usually provides
with list of categories and asks users for interesting and non-interesting categories. Non-interviewing is a full automatic
without user involvement. They produce a user profile by observing the user behavior and activity. A typicalmodel is
OBIWAN, proposed by Gauch et al. [7], which acquires user profiles based on users’ online browsing history. The
interviewing, semi-interviewing, and non-interviewing user profiles can also be viewed as manual, semiautomatic, and
automatic profiles, respectively.
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11l. ONTOLOGY CONSTRUCTION

Ontologies are conceptualization model that formally describes and specifies user background knowledge. From
observation we understood web users have different expectations for the same search query. For example, for the topic
“India,” business travelers may expect different information from leisure travelers. Same user may have different
expectation for the same search query at different situations. From this observation, an assumption is made that web
users have personal concepts for their information needs. Personalized web information gathering model is introduced

for web user’s concepts.

A. Knowledge Representation
Knowledge base is important for web information gathering. Knowledge base is commonsense knowledge possessed

by people and acquired through their experience and education.

We first need to construct the knowledge base. The knowledge base must be a domain specific and consist wide range
of topics. Since users may have different backgrounds. Knowledge base is constructed through ontology. Ontology is
constructed with the semantic relations of is-a and part-of relation. Is-a relation defines that the subjects describing the
topic but at different levels of abstraction. Part-of relation defines that subject belongs to particular topic i.e. when an
objectA is used for an action. For e.g.*a fork is used for dining”.

The primitive knowledge unit in our knowledge base is topics. The topics are formalized as follows:

Definition 1.Let T be a set of topic, an element t T is formalized as 4 tuples t:=< label, neighbor, ancestor,

descendant>, where

) label is the heading of t in the knowledge base.
) neighbor is a function returning the topic that have direct links to t in the knowledge base.
. ancestor is a function returning the topic that have a higher level of abstraction than t and link to t directly or
indirectly in the knowledge base.
. descendant is a function returning the subject that are more specific than s and link directly in the knowledge
base.
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Fig.1. A sample part of the knowledge base
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The topics in the knowledge base are linked to each other by semantic relations of is-a and part-of. The relations are
formalized as follows:

Definition 2.Let IR be a set of relations, an element r IR is a 2-tuple r:=<edge, type>, where

. an edge connects two subjects that hold a type of relation.

. A type of relation is an element of {is-a, part-of}.

With Definitions 1 and 2, the knowledge can then be

formalized as follows:

Definition 3.Let KB be the knowledge base, which is taxonomy constructed as a directed acyclic graph. The KB
consists of a set of subjects linked by their semantic relations, and can be formally defined as a 2- tuple KB:=<T, IR>,
where

. T is a set of topics T:={t1, t2,....tn};

) IR is a set of semantic relations IR :={r1, r2,...... } linking the topic in T.

Fig.1 illustrates a sample of the KB dealing with the specific domain.

B. Profile representation

User profiles are represented with more user involvement. User profile is collected manually by asking questions to the
users and they are represented through ontology. Thisinformation’s are collected and stored in profile ontology. The
collected user profiles are used for personalized web search. The user searched query items are saved into the profile
ontology. The user can view their browsed history through the profile ontology.

il
=

Thing | = I Users l = l & user2 ‘

Fig. 2. A sample part of the profile ontology

The primitive knowledge unit in our profile ontology is user details. The user details are formalized as follows:
Definition 1.Let U be the set of users, an element u Uis formalized as a 2-tuple u:=< label, childs>, where

. label is the user name in the profile ontology;

) childs are the user details.

The user name in the profile ontology are linked by the semantic relations of has relationship. The relations are
formalized as follows:

Definition 2.Let IR be a set of relations, an element r IR is a 2-tuple r:=<edge,type>, where

) an edge connects the users and user details that hold a type of relation;

) a type of relations is an element of{has-a}.

With the definitions of 1 and 2, the profile ontology can then be formalized as follows:

Definition 3.Let P be a profile ontology, which is a taxonomy constructed as a directed acyclic graph. The profile
ontology consists of a set of users linked by their semantic relations, and can be formally defined as a 2-tuple P:=<U,
IR>, where

. U is a set of users U:={ul, u2.... Un};

. IR is a set of semantic relations IR :={r1, r2....... rn}linking the usersin U
Fig. 2 illustrates a sample of the profile ontology dealing with three users.
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IV. ONTOLOGY MANAGER

Ontology Manager is designed to allow multiple users to create, enhance and browse all types of semantic model,
whether they are lists, controlled vocabularies, taxonomies, thesauri or ontologies. Ontology manager manages the
language that defines your space,creates the model of links and structure between language elements that can drive a
new user experience and holds any term 'metadata’ to drive or enhance connected applications. Ontology Manager
supports a taxonomy design, initial build, validate, and enhance cycle. To populate the domain ontology, ontology
manager view the users profile history which is collected in the profile ontology. If the users searched query terms are
not present in the domain
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Fig. 3. Ontology Learning Environment

ontology, the ontology manager will update the query terms in the domain ontology by removing stemming and stop
word.

V. OLE TooL CONSTRUCTIONS

The subjects of user interest are extracted from the KB via user interaction. A tool called Ontology Learning
Environment (OLE) is developed to assist users with such interaction.[11]

Regarding a topic, the interesting subjects consist of two sets: positive subjects are the concepts relevant to the
information need, and negative subjects are the concepts which are relevant to positive subjects. Thus, for a given topic,
the OLE provides users with a set of candidate’s subject to identify positive and negative subjects. These candidate
subjects are extracted from the KB.The figure3shown is OLE Tool extraction for the topic Looping structures.[12] The
topic search was preprocessed by removing the stop words, and stemming and grouping the terms. The subjects shown
on the top left panel are the positive candidate subjects shown in the hierarchical form based on the users interesting are
which is represented in the users’ profile.[13]
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For each search topic the subject “s”, its ancestor and descendants are extracted from the knowledge base if any one of
the query terms are present in the subject (e.g. “Looping”,“Structures™). From these positive candidate subjects, the
user selects the positive subjects for the topic. The selected positive subjects are shown in top right panel in the
hierarchical form.The candidate negative subjects are extracted from the knowledge base based on the user selected
positive subject which are shown on the bottom left panel in the hierarchical form.The selected subjects from the
negative candidate subjects become negative subjects which is shown bottom right panel in the hierarchical form.
Definition 4.For a given search topic ‘T’ can be formalized as 3-tupleole<T, T+, T-> in the OLE Tool where,

. T is a set of topics;

. T+ is a set of positive topics;

. T- is a set of negative topics.

A. Ontology mining

Algorithm1. Analyzing the topic specificity.

input: a search topic ‘T’.
output: links ‘I’.
1. Let ‘T’ be the search topic;
2. Let ‘O’ and ‘P’ be the domain profile
ontology respectively;
3. Map ‘O’ and ‘P’;

4. Get the user preferences;

5. T+ s aset of positive topics based on
mapping;

6. T-isa set of negative topics based on positive
topics;

7. Get the links ‘I’

Topic Specificity

Topic specificity of a subject is investigated, based on the user background knowledge discovered from user profile.
From the Definition 4, ontology contains set of positive topics and negative topics. Positive subjects are the concepts
relevant to the information need, and negative subjects are the concepts which are relevant to positive subjects. The
algorithmic approach for topic specificity is described in algorithm1.

Thus the OLE is personalized because the user selects positive and negative subjects for personal preferences and
interests. Thus, if a user searches “India” and plans for a business trip, the user would have different subjects selected
and compared to those selected by leisure user, planning for a holiday.Ontology mining is done from knowledgebase
based on the user selected positive and negative subjects through OLE Tool.

VI. ARCHITECTURE OF THE ONTOLOGY MODEL

The proposed ontology based personalized web information gathering model is developed to discover the user
background knowledge from the knowledge base. The figure4 illustrates the architecture personalized web information
gathering model. The ontology is constructed for the specific domain. The users interesting area is collected through
questionaries’ and these are stored in the ontology.[14] The topic is preprocessed by removing the stop words,
stemming and grouping the terms. The preferred subjects are collected through OLE Tool. The user selects the positive
and negative subjects from the generated positive and negative candidate subjects. The web information’s are retrieved
from the domain knowledgeresources according to a given topic based on the interested and preferred subjects.[15]
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Fig. 4. Architecture of Personalized Web Information
Gathering Model

VII. EVALUATION

The proposed personalized web information gathering model was evaluated through precision and recall values and
compared with other models.Precision is the ability of a system to retrieve only relevant documents. Recall is the
ability to retrieve all relevant documents

User profiles can be categorized into three groups: interviewing, semi-interviewing, and non-interviewing profiles, as
previously discussed in Section 2. In an attempt to compare the proposed personalized web information gathering
model to the typical models representing these three group user profiles.

1. The proposed web information gathering model discovers the user background knowledge computationally from the
domain knowledge base both manually and semi — automatically collected user profiles.

2. The Ontology model discovers user background knowledge semi-automatically collected user profiles.

3. The TREC model that represented the perfect interviewing user profiles. User background knowledge was manually
specified by users in this model.

4. The Category model that represented the semi-interviewing user.

The figure5 is a Web information gathering system which collects the web information for the users against a topic
search. The proposed model results are compared with the other models.The proposed model is evaluated by collecting
more than 50 users profile that have, more range of interested topics. Each user has a different interested area and user
profiles are collected and stored.

VIII.RESULTS AND DISCUSSION
The proposed personalized web information gathering model was evaluated through precision, recall, Flscore values

and compared with other models.
Precision is the ability of a system to retrieve only relevant
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Fig. 5. Web Information Gathering Systems
Precision is the ability of a system to retrieve only relevant documents.

[{Relevant}N{Retrieved}|
Precision=

[{Retrieved}|
Recall is the ability to retrieve all relevant documents.

[{Relevant}N{Retrieved}|
Recall=

[{Relevant}|

F1 Score is a combined measurethat assesses precision/recall trade off. The greater F1 value indicates the better
performance.
The personalized ontology model is evaluated through precision, recall, and F1 measure values as follows.

True Positive(TP)=No of relevant links retrieved.

True Negative(TN)=No of irrelevant links not retrieved.
False Positive(FP)=No of irrelevant links retrieved.
False Negative(FN)=No of relevant links not retrieved.

Noof relevant links ririeved (TF)
Precision=

o -
P e ol oF o

No of relevant lin(TP)

Recall=

i) AT
P ol ol S
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The F1 measure is calculated by

F1 =

precision + recall
The proposed model is compared with other models like Ontology model, TREC model and Category Model.The table
1 shows the comparison of proposed model with other benchmark models.

Table 1
The precision, recall, F1 measure experimental results
ONTOLOGY TREC CATEGORY | PROPOSED
MODEL[1] | MODEL[4] | MODEL[7] | MODEL
Precision 50% 52% 45% 55%
Recall 89% 85% 80% 90%
F1 39% 38% 37% 46%
measure
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Fig. 6. The precision and recall value results.

According to the results in Fig.6 the personalized web information gathering model was the best, followed by ontology
model, TREC and category model. Since the web information’s are retrieved from the web based on the both manually
and semi-automatically collected user profiles. The retrieved documents are more relevant against a search topic.

IX. CONCLUSION AND FUTURE WORK

In this paper, ontology based personalized web information gathering model is proposed to discover the user
background knowledge for personalized web search. The benchmark models ontology model-collected user profile
semi-automatically, TREC model-collected user profiles manuallyln the proposed model, the knowledge base is
constructed through ontology. It learns the user profiles manually and semi-automatically and discovers the user
background knowledge. Ontology mining method specificity is introduced for discovering user background knowledge.
The present work retrieves the information from the knowledgebase only based on the user area of interest stored in the
profile ontology and preferred subjects in the OLE Tool. The OLE Tool reduces the search time for the users. In future
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work the information’s are retrieved based on the local instance repository. Many of the web documents do not contain
the content related descriptors. So, to solve this problem ontology mapping, text clustering and classification is
suggested. The investigation will extend the applicability of the ontology model to the majority of the existing web
documents and increase the contribution and significance of the present work.
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