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ABSTRACT

This paper presents a survey about various purpose of crawling through the web and methodologies used to
crawl in order to collect relevant pages. Normally, crawling process have the important factor of determining the
relevant pages that makes the topic of crawl to be more efficient. Hence there is a need to adopt the crawling process
to be more focused to a specific domain or topic. Here we explore the relevant pages by considering the importance
of page and the similarity of pages across the various depth of crawl. In this paper, we provide the detail review about
the crawling process, functionalities, methodologies and the tools that exist for the crawling process; moreover, we
analyse the evaluation strategies of the crawling process, necessary to achieve the relevant pages of the specific
domain.
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1. INTRODUCTION

With the enormous growth of information on the World Wide Web, there is a need for developing efficient
and effective technique to organize and retrieve the information available. Search engines are unable to index more
than one-third of the complete web pages (Lawrence and Giles, 1998). Normally, crawler gathers pages on a precise
set of topics that represent a relatively narrow segment of the web. Various methodologies have been introduced to
achieve better coverage of web pages, such as search and optimizing the results are done through the enhancement
of meta-search engines with domain knowledge (Ke, 2006). One way that the meta-search engines are enhanced
through providing the crawling process to be more specific to a topic.

The criteria for designing the web crawler to be more specific to a topic involves getting relevant web pages
to the crawler, determining the refresh web pages by the crawler, parallelizing the crawling process and getting the
time sensitive information (Rahul, 2014). In this paper we concentrate towards the criteria of getting relevant web
pages to the crawling process which in turn specify the priority of interlinks that are needed to be considered. The
study involves the functional aspect of crawling process, different machine learning approaches used in crawling
process, system/tools designed for the crawling and the various aspects considered in the evaluation of crawling
process. Figure.1, denotes the outline of the study of various aspects under the crawling of web documents.
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Figure.1. Study of various aspects under crawling of web documents

Functional aspect based crawler: We classify the functional aspect of crawler as focused crawler and the focused
crawler using ontology.

Focused Crawler: The focused crawlers start with a set of URLS generally known as the seed URLSs, retrieves only
a part of the web that is relevant to a particular topic. Focused crawling offers a reasonable mechanism for regular
updation of search engine indexes. They have been useful for applications similar to distributed processing of the
complete web where each crawler has been allocated to a small part of the web. In addition focused crawlers offer
customized alerts, enhanced search engines, web databases and business intelligence.

The link structure analysis and content similarity is used to retrieve the web pages (Jamali, 2006). The
indication of relevant page in the crawling process is up to the URLSs that are present in the web pages. The content
of web pages is the added extra source to relate the web pages to a domain. The crawler defined by the authors
initially starts with a single seed page, attempts to retrieve the most related pages to specific domain (Sports) from
the Web. The pages are extracted from the URLSs available in the seed page. The relevancy of the page is computed
by the similarity degree of the page to the domain, number of links from the page to seed pages and number of links
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from seed pages to itself and stored for all the downloaded pages. The similarity computation is made through the
keywords and phrases used in the domain. The candidate crawled pages are arranged based on a combination of the
above aspects. The page having the highest score which is selected; the links are added to seed pages and the crawling
process is continued.

The relevancy score of the URL is calculated based on the weight of the topic keywords in the topic table
obtained from pages corresponding to seed URLs and the weight of the topic available in the hyperlinks (Hati and
Kumar, 2010). The division score with respect to topic keywords are those available in a division of HTML web
page i.e., finding out how many topic keywords are present in a division in which this particular URL exists. Both
these scores are used to calculate the link score which in turn the crawler decides the order in which links are to be
crawled. The effective focused crawling is done based on content and link structure analysis, the relevance of a page
is calculated with respect to the topic and it uses metadata information (URL score, Anchor score, links from the
relevant pages) to prioritize the extracted out links (Pal, 2009).

The relational learning perspective of focused crawler makes use of the relevance clues to determine the
unvisited page that are relational in nature (Xu and Zuo, 2007). A hyperlink of the relevant page has an anchor that
exists within a downloaded page and the anchor takes structural relationships with other HTML elements in its link
context. These relations are determined by learning classification rules based on first — order logic. Labelling the
instances with the knowledge of link structure is used for relevancy of the web page. The relational learning algorithm
makes use of the relevance clues to define a set of first-order rules. The rules which are identified direct the crawling
process. In another approach, the structural aspect is considered for downloading the pages. The anchor text of the
html structure orders the pages to be crawled (Patel and Schmid, 2011).

The priority based focused web crawler (Lokhande, 2014) downloads relevant pages related to a specific
topic and uses the priority queue for the similarity score of the URL. The queue will return maximum score of the
web page to crawl, when performing a delete operation. In another approach, the relevance of a document pertaining
to a topic is determined by locality based document segmentation in which a document is segmented into a set of
sub-documents using contextual features around the hyperlinks (Yang, 2005). The features are chosen by the chi-
square measure and anchor text of a hyperlink descriptors associated in a parent node.

The content-related information and genre information have been considered for determining the relevancy
of the page in the crawling process (Assis, 2007, 2009). Genre-aware approach to focused crawling depends on the
fact that some specific topics of interest can be represented by considering two distinct aspects: its genre (text style)
and content-related information. The content is examined for each of the visited pages by determining the degree of
similarity between the page and the predefined set of terms which describes the required topic of interest. The genre,
content and the URL string based specific similarity scores are calculated for the current page and the sets of terms.
These similarity scores are combined to a single score and compared to the given threshold. The page relevancy is
based on this combined score being greater than a threshold value. The priority of the non-visited pages is updated
by changing new score to the URLSs corresponding to the sibling pages of a given URL.

Focused Crawler using Ontology: Ontology based focused crawlers makes use of ontologies to link the fetched
web documents with the ontological concepts (topics), through the purpose of organizing and categorizing web
documents, or filtering irrelevant web pages with regard to the topics under consideration.

Ontology based web crawler (Ganesh, 2004) determines the semantic content of the URL in a given set of
documents based on the domain dependent ontology, which strengthens the metric for prioritizing the URL queue.
The relevancy of the links in that page is determined by the association metric and the importance metric. An
ontology supported web focused crawler (Onto Crawler) (Yang and Hsu, 2010) uses the domain ontology for the
user specified keywords to improve the precision and recall rates of webpage searching. The crawler starts by giving
guery to Google and Yahoo search engines and the query results obtained from the search engines is a list of URLs
corresponding to search results. The content of the pages is compared with the ontology; if the pages are relevant to
the concept in the ontology then the corresponding pages are downloaded.

An intelligent focused crawler (Huang, 2009) evaluates the page’s relevance to a specific domain by
considering both the domain ontology and the hyperlinks connection to the domain web pages. They download the
visited web pages; the corresponding links and content information were parsed. From the processed pages, entities
and the links structures are extracted and counted. The link priority score is calculated by analysing the link
information. The entities are mapped to E-commerce ontology and are used to determine the content relevancy score.
The link priority and content relevancy score orders the URLSs in the crawling process where maximum score of
crawled page will be visited first. They utilize their approach to bootstrap the corresponding used ontology by using
a machine learning algorithms.

Figure.2, denotes the outline of Concept based focused Crawling using at each depth (Thenmalar and Geetha,
2011). The coloured boxes indicate the variation in the crawling process. The basic assumption made is that concepts
available in the seed URLSs given by the user convey the topic to be crawled. The concept based focused crawling
using ontology (Thenmalar and Geetha, 2011) represent the topic as the overall concept vector which is obtained by
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combining concept vectors of individual pages associated with seed URLS. The relevancy of the page is based on
similarity between conceptual vectors at each depth, across depths and between the overall topics indicating seed
concept vector. In addition, the modified concept based focused crawling using ontology (Thenmalar and Geetha,
2014) represents the seed page set. The page set is filtered in order to achieve web pages more similar to the concepts
in the seed URLSs. In addition, the missing concepts are included to the crawling process in order to achieve more

number of concepts of a domain pertaining to the web page can be collected during the crawling process.
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Figure.2. Outline of Concept based Focused Crawling using Ontology at each depth

2. METHODS & MATERIALS

Methodologies in Crawling process: Various machine learning technigues have been used in the crawling process.
Ontology based focused crawler (Luong, 2009) for retrieving documents from the search engines using biological
domain ontology. The relevant documents to the biological domain of interest are separated automatically. They
automatically generate queries for each concept in the hierarchy. These queries are submitted to a various Web search
engines and digital libraries. They make use of SVM classification to filter out retrieved documents that match the
guery relevant to the domain of amphibian morphology ontology. A collection of documents relevant to amphibian
morphology are created. The crawler initially starts with a manual ontology and is enhanced by mining the extracted
information from the crawled documents.

The crawlers are capable of learning the content of pages and also paths leading to relevant pages (Batsakis,

2009). The Hidden Markov Model based methodology describes a novel learning crawler and provides an unbiased
evaluation framework. This is attained by comparing the content of the candidate page with the centroid of pages
matching the query topic that are available in the training set. The performance of the crawler is improved with the
combination of page content and the link anchor text which is taken as the description of the candidate page. The
maximal set of relevant page is to be retrieved (Hati, 2010). The unvisited URL is classified using Naive Bayesian
classification based on the visited URLS attribute score. The Naive Bayes classifier is used to predict the most-
likely class with the maximum posterior value for the features extracted from a new document while comparing with
the training examples. The initial set of keywords is expanded by using the genetic algorithm in the crawling process
(Singh, 2013). The relevant web pages are collected based on the expanded keywords.
System aspects of crawler: A context ontology rule enhanced (CORE) focused crawler (Kumar and Vig, 2009) that
enhances the crawling process and downloads the documents using ontological relevancy score (ontology terms that
occurred in the context link of the web page). The authors download relevant pages by crawling some irrelevant
pages known to be tunnelling. The crawler starts with seed words given by the user and extracts corresponding URL
from the Google, Yahoo and MSN search engines. The seed URLs of priority assumed to be High, Medium, and
Low order priority. The crawler manager downloads the documents are downloaded based on the URL priority
gueue, and stored in the document repository. The URLs from the documents in document repository were extracted
along with addition information of neighbouring text from URLSs. The addition information includes preceding and
succeeding letters of URLS, heading and subheading where the URLs appear in the document. The retrieved link
with the context information is mapped to the ontology which calculates the relevance score for each context link.
The look ahead relevancy score is calculated by the rules to progress the crawling process and simplifies the retrieval
of relevant pages through some irrelevant pages.

The BINGO crawler (Sergej, 2002) determines among the crawled and positively classified documents
pertaining to a topic, specific to “archetypes” and uses for occasionally re-training the classifier; thus crawler is
enhanced dynamically based on the most significant documents visited so far. The system considers two kinds of
archetypes authorities and the hub as identified by retaining Kleinberg’s link analysis algorithm and in turn high
confidence using linear SVM is used to classify the documents automatically.

A context driven focused crawler (CDFC) (Chauhan & Sharma, 2009) downloads related web pages based
on the augmented hypertext document, which in turn reduces the network traffic. The augmented hypertext document
is related to the context of keywords and is stored in the form of TOC (Table of Contents). The TOC coupled with a
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category tree which provides the broad context (categories) of keywords. Hence the downloaded documents are
based on the context (keywords) that are available in the TOC and the user given choice.

Thus the system aspect of crawler is fully depended on the set of rules and the trained classifier for

determining the relevant pages. The trained classifier and the set of rules need a lot of examples to classify the
relevant page pertaining to a topic.
Evaluation aspects of crawler: The evaluation of the crawling process has been done by the harvest rate (Ganesh,
2004; Hati and Kumar, 2010; Jamali, 2006; Thenmalar and Geetha, 2011) and the time taken to complete the crawling
process. The harvest rate is denoted as the fraction of web pages crawled which satisfy the crawling target among
the crawled pages.

The new evaluation metric has been identified as convergence and density contour in the crawling process
(Thenmalar and Geetha, 2014). The convergence measure is used to determine how cohesive the web pages are
collected at the end of the crawl when compared with the initial seed URLS. In other words convergence measures
the number of concepts in the final set of crawled documents that are also present in the initial seed page set. The
density contour considers the structural aspects of evaluation in the domain ontology. The density contour is based
on the number of concepts that are covered in the domain ontology and the number of documents associated with
these concepts.

3. CONCLUSION

This paper surveyed several aspects in the crawling process of web documents classifying them into
functional aspects of crawling process, Methodologies used for crawling, System designed for crawling process and
the Evaluation metrics used for the crawling process. Most of the methodologies and the functional aspects of
crawling process require large set of training examples to achieve efficient crawling process. Obtaining the large
training set is a tedious task. One way of acquiring keywords is by making use of domain specific ontology. From
the survey we infer that, in addition to the links associated in documents, the content similarity of documents across
the depth of the crawl makes the focus of crawl to be more effective to the specific domain.
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