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ABSTRACT

Experience paper. World Wide Web contains billions of publidy
available documents (pages) and it grows and changes rapidly.
Web search engines, such as Google and Altavista, provide
access to indexable Web documents. An important part of a
search engine is a Web crawler whose function is to collect Web
pages for the search engine. Due to the Web's immense size and
dynamic nature no crawler is able to cover the entire Web and to
keep up with all the changes. This fact has pushed the
development of focused crawlers. In contrast to crawlers used by
the general search engines focused crawlers selectively download
Web documents, restricting the scope of crawling to a predefined
domain. The downloaded documents can be stored and used as a
source for data mining. In this paper we describe the main
features of focused crawling, discuss the research on focused
crawling conducted by the research group of the author, and
discuss the problem areas associated with focused crawling not
discussed in the literature which our work so far has revealed.
Our test data consisted of Web documents in the genomics
domain.

1. INTRODUCTION

Currently World Wide Web contains billions of publicy
available documents (pages). Besides its huge size the Web is
characterized by its rapid growth and change rates. It grows
rapidly in terms of new servers, sites, and documents. The URL
addresses of documents and their contents are changed, and
documents are removed from Web sites. As more information
becomes available on the Web it is more difficult to find relevant
information from it.

Web search engines, such as Google and Altavista, provide
access to Web documents. A search engine’s crawler collects
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Web documents and periodicaly revisits the pages to update the
index of the search engine. Due to the Web's immense size and
dynamic nature no crawler is able to cover the entire Web and to
keep up with al the changes. This fact has motivated the
development of focused (topical) cramlers[1, 2, 3, 5, 6, 12, 13].
The focused crawlers are designed to download Web documents
that are relevant to a predefined domain (e.g. genomics or
immunology), and to avoid irrelevant areas of the Web.
Depending on the purpose of focused crawling different methods
are applied to process the downloaded documents, e.g., they can
be indexed for a domain specific search engine or they can be
stored and used as a source for data mining. The benefits of the
focused crawling approach are that focused crawling is able to
find a large proportion of relevant documents on that particul ar
domain, it is able to effectively discard irrelevant documents, and
it iswell ableto keep up with the change of the Web.

In this experience paper we describe the main features of focused
crawling, discuss the research on focused crawling conducted by
the research group of the author, and discuss the problem areas
associated with focused crawling not discussed in the literature
which our work so far has revealed.

2. GENERAL VS. FOCUSED CRAWLING

Figure 1 shows the main processes of a general Web crawler
used by a Web search engine. Crawling usually starts with a
collection of seed URL addresses. The crawler connects to
servers and downloads documents from the servers. Crawling
starting from a given URL continues until it comes to a dead end
or until some restriction defined in the crawling policy of a
search engine is met. Words and URLs are extracted from the
documents, the words are indexed and the URLSs are added to the
URL queue which determines the order in which new documents
are downloaded. The huge size of the Web impliesthat a crawler
of a general purpose search engine cannot download al the
indexable Web documents, but it has to prioritize which portions
of the Web to download. Usually aso other types of information,
such as PageRank scores (see below), is stored to make crawling
and information retrieval more effective.
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Figure 1. Basic processes of a Web crawler of a search engine

A focused crawler differs from a general crawler in two main
points. First, it judges whether the visited documents and the
documents pointed to by the URL addresses are relevant for the
predefined domain. Domain identification is usually based on the
use of domain vocabularies. Second, focused crawlers reorder the
URL queue based on the relevance probability (i.e., the
likelihood that a document deal s with a topic in the domain). The
documents assessed to be very relevant for the specific domain
are downloaded first. General crawlers reorder the queue based
on the authoritativeness or popularity of documents. The HITS
algorithm [7] searches for authoritative documents based on the
number of links pointing to documents. The popularity of
documents can be determined e.g. using a PageRank algorithm
[4] which rewards documents that are pointed to by documents
that themsel ves are popular documents. However, also in focused
crawling the authoritativeness and popularity of documents can
be taken into account to improve the quality of the results of
crawling.

The effectiveness of focused crawling is often evaluated using
the measures of harvest rate and coverage. Harvest rate refers to
the proportion of documents relevant to the domain to all
downloaded documents. Coverage refers to the number of
obtained relevant pages at time point T. The domain rel evance of
the documentsis judged by human assessors.

3. RESEARCH ON WEB CRAWLING BY

THE RESEARCH GROUP

The research group of the author has implemented two Web
Crawlers. The first one (implemented in C language) is a general
crawler which is used for the purpose of constructing word
frequency lists in different languages [8]. The Crawler first
downloads Web documents. Then the language of each sentence
in each document is identified and sentences in a desired
language are extracted from the documents. Finaly word

frequency lists are congtructed on the basis of the extracted
sentences. We have also used the Crawler to construct a
vocabulary in the field of immunology. In this case the domain of
documents was identified by using a (long) list of URLs known
to point to documents discussing immunol ogy.

In a recent research [11] we built a Focused Crawler (coded in
Perl) which was used as atool to acquire comparable corporain
German-English and Spanish-English in the genomics domain
(for data see [10]). The acquired corpora were used as a
statistical translation tool in cross-language information retrieval
(CLIR) experiments (CLIR refers to the retrieval of documentsin
other languages than the language of queries, see e.g. [9]).

Prior to the actual crawling phase seed URLs were retrieved
using a Web search engine. A set of genomics terms in English,
German, and Spanish were used as search terms to find relevant
seed URLs. For each language, a few dozen seed URLS were
used in the crawling phase. The genomics term lists played a
key role also in the crawling phase - they were used to filter
genomics-specific content from the documents. Since Web
documents contain lots of noise from domains's point of view
(e.g. persond contact information) the Crawler extracted text
paragraphs from the downloaded documents. Thus text
paragraphs rather than the entire documents were used to
construct the comparable corpora. In a few days we were able to
collect 149 500 English paragraphs, 84 200 German paragraphs
and 30 800 Spanish paragraphs.

4. PROBLEM AREAS

The qudity of the downloaded data and the effectiveness of
focused crawling vary considerably depending on many factors.
One important factor is the method how probably relevant links
areidentified, e.g. on the basis of the content of documents or on
the basis of link anchor texts [2]. The second major factor is how
irrdlevant documents should be handled [1, 3]. It is quite



common that a relevant document points to an irrelevant
document which points to another relevant document.

Based on our experiments we have so far found two significant
problem areas not discussed in the literature:

(1) The source of seed URLs. Focused crawlers usually start with
a core of URL addresses obtained by means of general search
engines, thus being unable to find documents outside the
crawling scope of the general search engines. Many of the
documents that are distant from the starting points as measured
by the number of intermediate links are missed. A geographical
location of a server may dso affect the performance of afocused
crawler. In an ongoing study, we use two sets of seed URLSs to
investigate the effects of seed URL sources on the performance
of focused crawling: URLs obtained from the Web search
engines, and URLs obtained from the Web search engines and
additional sources, such as literature references and databases
(e.g. the Medline database). Electronic additional sources are
identified so that URL extraction can be automated.

(2) Plain monolingual crawling vs. monolingua crawling trough
foreign language documents. An example of the former case is
German crawling where only German documents are traversed,
and an example of the latter case is German crawling trough
documents written in English and other foreign (i.e. non-
German) languages. A German document may point to an
English document which may point to another German document.
These kinds of cases are common and they may lead to a
performance loss when plain monolingual crawling is used as a
crawling strategy.

5. CONCLUSIONS

The Web is a significant source of biological data and focused
crawling is a means to download data from the Web for data
mining and other purposes. The potential benefits of focused
Web crawling in biological sciences are considerable. We have
experimented with focused crawling and have identified two
important problem areas - the source of seed URLs and the
issues related to the multilinguality of the Web - which may have
considerable effects on the quality of the downloaded data and
the effectiveness of focused crawling. In an ongoing study we are
investigating these problems. In particular the multilinguality of
the Web pases major challenges for focused crawling.
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