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A SURVEY ON WEB PAGE CLASSIFICATION TECHNIQUES

  S. K. Chaturvedii*, D. K. Swami* and R. C. Jain*

ABSTRACT

With the huge amount of information available online, the World Wide Web is a fertile
area for data mining research. The Web page classification research is at the cross road
of research from several research communities, such as database, information retrieval,
and within AI, especially the sub-areas of machine learning and natural language
processing.. In this paper, we survey the research in the area of Web page classification.
For the survey, we focus on representation issues, on the process, on the learning algorithm,
and on the application of the recent works as the criteria.
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Introduction

The World Wide Web (Web) is a popular and interactive medium to disseminate information
today. The Web is huge, diverse, and dynamic and thus raises the scalability, multimedia data,
and temporal issues respectively. Due to those situations, we are currently drowning in
information and facing information overload Information users could encounter, among others,
the following problems when interacting with the Web

I. Finding relevant information: However today’s a search tool have the following problems?
People either browse or use the search service when they want to find specific information
on the Web [28]. We are using different search engine like Google, yahoo, Khoj etc.When
a user uses search service he or she usually inputs a simple keyword query and the
query response is the list of pages ranked based on their similarity to the query. The first
problem is low precision, which is due to the irrelevance of many of the search results.
This results in a difficulty finding the relevant information. The second problem is low recall,
which is due to the inability to index all the information available on the Web. This results
in a difficulty finding the unindexed information that is relevant.

II. Creating new knowledge out of the information available on the Web: Actually this problem
could be regarded as a Sub-problem of the problem above. While the problem above is
usually a query-triggered process (retrieval oriented), this problem is a data-triggered process
that presumes that we already have a collection of Web data and we want to extract
potentially useful knowledge out of it (data mining oriented).

III. Personalization of the information: This problem is often associated with the type and
presentation of information, since it is likely that people differ in the contents and
presentations they prefer while interacting with the Web.
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IV. Learning about consumers or individual users: This is a problem that specifically deals with
the problem c above, which about knows what the customers do and want. Inside this
problem, there are sub-problems such as mass customizing the information to the intended
consumers or even to personalize it to individual user, problems related to effective Web
site design and management, problems related to marketing, etc.

Web mining techniques could be used to solve the information overload problems above
directly or indirectly. However, we do not claim that Web mining techniques are the only tools
to solve those problems. Other techniques and works from different research areas, such as
database (DB), information retrieval (IR), natural language processing (NLP), and the Web
document community, could also be used. By the direct approach we mean that the application
of the Web mining techniques directly addresses the above problems. For example, a Newsgroup
agent that classifies whether the news is relevant to the user. By the indirect approach we
mean that the Web mining techniques are used as a part of a bigger application that addresses

 Web mining Tasks

(a) Resource finding

(b) Information selection & pre-processing

(c) Generalization

(d) Analysis

the above problems. For example, Web mining techniques could be used to create index
terms for the Web search services.

Web mining performs following subtasks, namely

1. Resource finding: the task of retrieving intended Web documents.

2. Information selection and pre-processing: automatically selecting and pre-processing specific
information from retrieved Web resources.

3. Generalization: automatically discovers general patterns at individual Web sites as well as
across multiple sites.

4. Analysis: validation and/or interpretation of the mined patterns.

Web Mining and Information Retrieval

Actually IR is the automatic retrieval of all relevant documents while at the same time retrieving
as few of the non-relevant as possible. [11]IR has the primary goals of indexing text and
searching for useful documents in a collection and nowadays research in IR includes modeling,
document classification and categorization, user interfaces, data visualization, filtering, etc.

Web Mining and Information Extraction

IE has the goal of transforming a collection of documents, usually with the help of an IR
system, into information that is more readily digested and analyzed. IE aims to extract relevant
facts from the documents while IR aims to select relevant documents. While IE is interested in
the structure or representation of a document, IR views the text in a document just as a bag
of unordered words. Thus, in general IE works at a finer granularity level than IR does on the
documents. However, the differences between the two become blurred if the interest of IR is in
extraction and when used in the context of vague forms of information in which a full text IR
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system can provide some IE features.

Definition

The web is a huge repository of information and there is a need for categorizing web documents
to facilitate the search and retrieval of pages. These algorithms rely solely on the text content
of the web pages for classification. However, the web has a lot of information contained in
structure, images, video etc present in the document. We propose a survey on classification of
web pages into a few broad categories based on the structure of the web document. Earlier,
domain experts did this classification manually. But very soon, the classification had to be
done semi-automatically or automatically. Some of the approaches according to [25]; are web
page classification based statistical and machine-learning algorithms like K-Nearest Neighbor
approach, Bayesians probabilistic models, inductive rule learning, support vector mechanics,
neural networks and decision trees. Very few learning methods exploit the hierarchical structure
and an effort was made by [29] to classify web content based on hierarchical structure for
classification.

Besides the text content of the web page, the images, video and other multimedia content
and the structure of the document also provide a lot of information aiding in the classification
of a page. A human mind categorizes pages into a few broad categories at first sight without
knowing the exact content of the page. It uses other features like the structure of the page, the
images, links contained in the page, their placement etc.

Different Categories for Web page Classification

Several attempts have been made to categorize the web pages with varying degree of success.
The major classifications can be classified into the following broad categories

1. Manual classification by domain specific experts.

2. Clustering approaches.

3. META tags

4. A collection of document content (like images, multimedia data etc.)

5. Solely on web page content analysis and hyperlink Analysis.

Manual Classification

The traditional manual approach to classification would involve the analysis of the contents of
the web page by a number of domain experts and classification based on the textual content
as by Google. The real data on the web rules out this approach. Moreover, such a classification
would be subject specific and hence open to question. This resulted in efforts to automate the
entire classification process. However, this is based on a number of positive and negative
training sets, for which again a number of domain experts are required.

Clustering Approaches

Clustering algorithms have been used widely as the clusters can be formed directly without
any background information. However, most of the clustering algorithms like K-Means etc.
require the number of clusters to be specified in advance.

META Tags

These classification techniques solely rely on content attr ibutes of the <META
name=’’Keywords’’> and <META name=’’description’’> tags. Though relying on these tags might
give accurate results to a large extent, there is a possibility of the web page author to include
keywords that don’t reflect the content of the page, just to increase the hit-rate of his page in
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search engine results. So, some search engines that relied on this method failed to appropriately
classify the web documents.

The fourth and fifth approaches use the text content of the web page for classification. In
text-based approaches, first a database of keywords in a category is prepared as follows. The
frequency of the occurrence of words, phrases etc in a category is computed from an existing
corpus (a large amount of text). The commonly occurring words (called stop words) are removed
from this list. The remaining words are the keywords for that particular category and can be
used for classification. To classify a document, all the stop words are removed and the remaining
keywords/phrases are represented in the form of a feature vector.

Structure Based Approach

Structure based approach relies on the fact that there are many other features apart from text
content which form the whole gamut of information present in a web document. Structure
based approach tends to exploit this fact. Web pages belonging to a particular category have
some similarity in their structure. Based on these similarities, any web page can be categorized
into at least three broad categories:

A typical information page has a logo on the top followed by a navigation bar linking the
page to other important pages. The amount of information available on the web is huge and
growing each year. At present Google searches more than 4.2 billion pages. As the web has
grown, the ability to mine for specific information has become almost important as the web
itself. Data mining consists of a set of techniques used to find useful patterns within a set of
data and to express these patterns in a way which can be used for intelligent decision making.
In this project the knowledge is represented as classification rules. A rule consists of an
antecedent (a set of attribute values) and a consequent (class): IF <attrib = value> AND ...
AND <attrib = value> THEN <class>. The class part of the rule (consequent) is the class
predicted by the rule for the records where the predictor attributes hold. An example rule
might be IF <Salary = high> AND <Mort gate = No> THEN <Good Credit>. This kind of
knowledge representation has the advantage of being intuitively comprehensible to the user.
This is important, because the general goal of data mining is to discover knowledge that is not
only accurate, but also comprehensible to the user. In the classification task, the goal is to
discover rules from a set of training data and apply those rules to a set of test data (unseen
during training), and hopefully predict the correct class in the test set. In this project, the goal
is to discover a good set of classification rules to classify web pages based on their subject.

Web page Classification Algorithms

Web-page Classification through Summarization

Web-page classification can borrow directly from the machine learning literature for text
classification. Web pages have their own underlying embedded structure in the HTML language.
Authors in [32] quote that web pages typically contain noisy content such as advertisement
banner and navigation bar. If a pure-text classification method is directly applied to these
pages, it will incur much bias for the classification algorithm, making it possible to lose focus
on the main topics and important content. Thus, a critical issue is to design an intelligent
preprocessing technique to extract the main topic of a Web page. Web-page summarization

Web pages Categories

(a) Information Pages  (b) Research Pages (c) Personal Home Pages
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techniques for preprocessing in Web-page classification is a viable and effective technique.
Authors in [32] show that instead of using an off-the-shelf summarization technique that is
designed for pure-text summarization, it is possible to design specialized summarization methods
catering to Web-page structures. In order to collect the empirical evidence that summarization
techniques can benefit Web classification, they first conduct an ideal case experiment, in which
each Web page is substituted by its summary generated by human editors. Compared to
using the full-text of the Web pages, we gain an impressive 14.8% improvement in
Classification’s measurement. They also propose a new automatic Web summarization algorithm,
which extracts the main topic of a Web page by a page-layout analysis to enhance the accuracy
of classification. [32]. they evaluate the classification performance with this algorithm and
compare to some traditional state-of-the-art automatic text summarization algorithms which
including supervised methods and unsupervised learning methods. Experiment results on Look
Smart Web directory show that all summarization methods can improve the other measurement
results. Finally, they show that an approach of summarization methods can achieve about
12.9% improvement relatively on other measurement results, which is very close to the upper
bound achieved in our ideal case experiment. They will consider four different methods for
conducting the Web page summarization. The first method uses to an adaptation of Luhn’s
summarization technique. The second method uses to using Latent Semantic Analysis on
Web pages for summarization. The third method uses to finding the important content body as
a basic summarization component. Finally, the fourth method looks at summarization as a
supervised learning task. They gather the results of all four summarization methods into an
ensemble of summarizers, and use it for Web page summarization.

Web Page Classification Based on Fuzzy Association

Web mining is discovering and collecting of useful information from WWW. Some of Web
mining techniques include analysis of user access patterns, Web document clustering, and
classification. Document classification or text categorization (as used in information retrieval
context) is the process of assigning a document to a predefined set of categories based on
the document content. Document classification can be applied as an information filtering tool
and can also be used to improve the retrieval results from a query process. To help the users
search and browse for specific information on the Web, many of the well-known Web portals
such as Google! have organized the information, in form of Web documents, into some
predefined categories such as Arts & Humanities, Computers & Internet, and Entertainment.
A method of automatically classifying Web documents into a set of categories using the fuzzy
association concept is proposed.[12] The fuzzy association uses the concept of the Fuzzy Set
theory to model the vagueness in the information retrieval process. Examples of the research
works involving the use of the fuzzy association technique include. The basic concept of fuzzy
association involves the construction of a pseudo thesaurus of keywords or index terms from
a set of documents. [12]By constructing a pseudo thesaurus, the relationship among different
index terms or keywords in the documents is captured, i.e., each pair of words has an associated
value to distinguish itself from other pairs of words. Therefore, the ambiguity in word usage is
minimized.

Web Page Classification with an Ant Colony Algorithm

In Ant Colony Optimization (ACO) algorithm for discovering classification rules. Investigating
the use of Ant-Miner in web mining is an important research direction, as follows. [1]First, an
empirical comparison between Ant- Miner and two very popular rule induction algorithms (C4.5
and CN2), across six data sets, has shown that Ant-Miner is not only competitive with respect
to predictive accuracy, but also tends to discover much simpler rules However, that comparison

A Survey on Web Page Classification Techniques



616

involved only “conventional” data mining – i.e., mining structured data sets. Web mining is
more challenging, because it involves unstructured or semi-structured text found in web pages.
there are a potentially very large number of attributes (words) associated with web pages, and
a theoretical analysis of Ant-Miner (under very pessimistic assumptions) shows that its
computational time is quite sensitive to the number of attributes Hence, it is important to
understand how scalable Ant- Miner is to data sets with a large number of attributes in practice,
in a challenge real world domain such as web mining. In nature ants are seen creating
“highways” to and from their food, often using the shortest route. Each ant lays down an
amount of pheromone and the other ants are attracted to the strongest scent. As a result, ants
tend to converge to the shortest path.

This is because a shorter path is faster to transverse, so if an equal amount of ants follow
the long path and the short path, the ants that follow the short path will make more trips to the
food and back to the colony. If the ants make more trips when following the shorter path, then
they will deposit more pheromone over a given distance when compared to the longer path.
This is a type of positive feedback and the ants following the longer path will be more likely to
change to follow the shorter path, where scent from the pheromone is stronger.

Webpage Classification Using URL Features

In Current webpage classification techniques use a variety of information to classify a
target page: the text of the page itself, its hyperlink structure, the link structure and anchor text
from pages pointing to the target page and its location (given by its URL)[11]. Of this information,
a web page’s uniform resource locator (URL) is the least expensive to obtain and one of the
more informative sources with respect to classification. Past systems have incorporated URL
features into machine learning frameworks before. URLs are often meant to be easily recalled
by humans, and websites that follow good design techniques will encode useful words that
describe their resource in the website’s domain name as advocated by best practice guidelines.
Websites that present a large amount of expository information often break their contents into
a hierarchy of pages on subtopics. This information structuring for the web often is mirrored in
their URLs as well. As the URL is short, ubiquitous (all web pages, whether or not they are
accessible or even exist, have URLs) and is largely content-bearing, it seems logical to expend
more effort in making full use of this resource. They approach this problem by considering a
classifier that is restricted to using the URL as the sole source of input. Such a classifier is of
interest as it would be magnitudes faster than traditional approaches as it does not require
pages to be fetched or the full text or links to be analyzed. We have implemented such a
classifier which uses a two-step machine learning approach. A URL is first segmented into
meaningful tokens using information-theoretic measures. This is necessary as some components
of a URL are not delimited by spaces (especially domain names). These tokens are then fed
into an analysis module that derives useful composite features for classification. These features
model sequential dependencies between tokens, their orthographic patterns, length, and
originating URI component. In the second step, machine learning is used to induce a multiclass
or regression model from labeled training URLs that have been processed by the above pipeline.
New, unseen test URLs can then be classified by processing them first to extract features,
and then applying the derived model to obtain a final classification. A key result is that the
combination of quality URL segmentation and feature extraction results in a significant
improvement in classification accuracy over baseline approaches.

Hierarchical Classification of Web Content

Authors in [32] make use of automatic classification methods to supplement human effort in
creating structured knowledge hierarchies. Although many real world classification systems
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have complex hierarchical structure (e.g., MeSH, U.S. Patents, Yahoo!, Look Smart), few learning
methods capitalize on this structure. Most of the approaches mentioned above ignore hierarchical
structure and treat each category or class separately, thus in effect “flattening” the class structure.
[12]A separate binary classifier is learned to distinguish each class from all other classes. The
binary classifiers can be considered independently, so an item may fall into none, one, or
more than one category. Or they can be considered as an m-ary problem, where the best
matching category is chosen. The hierarchical structure can also be used to set the negative
set for discriminative training and at classification time to combine information from different
levels. First, they test the approach on a large collection of very heterogeneous web content,
which we believe is increasingly characteristic of information organization problems. Second,
they use a learning model, support vector machine (SVM) that has not previously been explored
in the context of hierarchical classification. SVMs have been found to be more accurate for
text classification than popular approaches like naïve Bayes, neural nets, and Rocchio We use
a reduced-dimension binaryfeature version of the SVM model that is very efficient for both
initial learning and real-time classification, thus making it applicable to large dynamic collections.

Heterogeneous Learner for Web Page Classification

Classification of an interesting class of Web pages (e.g., personal homepages, resume pages)
has been an interesting problem. Typical machine learning algorithms for this problem require
two classes of data for training: positive and negative training examples. However, in application
to Web page classification, gathering an unbiased sample of negative examples appears to be
difficult. They propose a heterogeneous learning framework for classifying Web pages, which
(1) eliminates the need for negative training data, and (2) increases classification accuracy by
using two heterogeneous learners. This framework uses two heterogeneous learners – a
decision list and a linear separator which complement each other – to eliminate the need for
negative training data in the training phase and to increase the accuracy in the testing phase.
They present here a new machine learning framework that exactly matches these problems of
Web page classification. There have been many attempts to use multiple homogeneous learners
to increase classification accuracy. However, combination of homogeneous learners generally
does not overcome the genuine weakness of each learner. The purpose of the decision list in
training phase is to eliminate the need for negative training data in constructing a linear
separator. The decision list in testing phase enhances the accuracy of the linear separator
especially for low-margin data. As a result, our heterogeneous framework (1) makes easier to
create a classifier for a new concept by reducing the work to collect training documents, and
also (2) increases the final classification accuracy by complementing the weakness of linear
separators for low-margin data. The contributions of our framework are the following. Our
heterogeneous framework enables pre-filtering stage in training phase to induce negative training
data from universe and positive training data. Previous machine learning schemes need to
classify large number of pages manually to prepare unbiased positive and negative training
documents. The pre-filtering stage makes possible to construct a classifier without requiring
negative training data, which speeds up the process of creating a classifier for a new class,
but also opens a possible way to support type-specific queries on the Internet from sample
pages. We propose a new early-inclusion stage for correctly classifying low-margin data. Linear
separators such as Winnow, Perceptron, and SVMs have been studied extensively and have
proved their outstanding performances when the environment has high dimensions, the number
of active features is small, and the instance spaces are sparse. Consequently, the linear
separators are the most widely used algorithms for Web page classification problems since
Web page classification has the same properties as environment these linear separators work
well.
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Conclusion

In this paper we have surveyed state of art techniques of Web page classification. We reviewed
some standard approaches to classify web pages such as summarization based classification,
fuzzy association based, URL based approach and hierarchical classification and Heterogeneous
Learner for Web Page Classification. The classification of a page detecting very useful
approaches and it would increase the classification accuracy. Classification by URL features
has advantages like real-time efficiency. An alternative approach of automatically classifying
the Web documents into some predefined categories using the fuzzy association .Several
approaches exist in the literature for web page classification. Still challenges like web images
classification, applets categorization, and multimedia data classification etc exist and beckon
further research in the area of we page classification.
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