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Abstract

We propose a new Web page scoring method based on
the link analysis among sets of Web pages. Conventional
link analyses such as PageRank and HITS cal culate impor-
tance degree of each Web page; however, the authors of
Web pages often create multiple pages to describe a spe-
cific topic. The importance degrees of such multiple Web
pages cannot be derived by the conventional link analyses
accurately. To cope with this problem, we need to treat the
Wb pages with the same contents edited by the same author
as a \eb page set (WPS). After constructing the link struc-
ture among WPSs, we calculate their importance degrees
by using conventional link analysis schemes. In this paper,
we compared our approach with the conventional method
by using the NTCIR test collection, and found that our ap-
proach was better than the conventional method in terms of
both WRR and DCG eval uation measures.

1 Introduction

Recently, Web search engines have become crucial tools
for finding information on the Internet. However, users are
not always satisfied with the search results produced by con-
ventional search engines. For example, the Web pages re-
turned from search engines may not contain needed infor-
mation, even though they surely include query keywords.

Therefore, we need to develop a novel search engine which
can solve this problem and to satisfy users’ information
needs.

Link analysis of Web pages is one of the most effective
methods to improve the retrieval accuracy of Web search
engines. In particular, PageRank and HITS are popular al-
gorithms of the link analysis for Web search engines [2, 8].
The PageRank algorithm produces importance scores of
each Web page by analyzing the Web link structure based
on a random walk model, while the HITS algorithm calcu-
lates the worth of each Web page based on the concepts of
Authorities and Hubs. Both methods analyze the Web link
structure, and then, calculate the importance degrees of in-
dividual Web pages.

However, Web content about an specific topic created by
a single author is often spread over multiple pages, not one.
Moreover, some Web contents are designed to be viewed
over multiple Web pages in order. Conventional PageRank
and HITS algorithms may not correctly generate the impor-
tance degrees of the Web pages in such Web page organiza-
tion, because these algorithms were originally proposed to
evaluate individual Web pages, not sets of pages.

In this paper, therefore, we propose a new Web page
scoring method based on the link analysis among sets of
Web pages with the same contents, called the WWeb Page Set,
or WPS for short, not among Web pages individually. We
believe that our method can accurately calculate the impor-
tance degrees of Web page sets, so that it becomes a key



technology to build useful Web search engines.

The remainder of this paper is organized as follows. We
first describe related work in Section 2 and explain our pro-
posed method in Section 3. Section 4 shows experimental
results to evaluate our method. Finally, Section 5 concludes
the paper.

2 Redated Work

There has been a lot of research which try to improve the
retrieval accuracy of Web search engines by treating multi-
ple Web pages as a set.

Sugiyama et al. tried to improve the retrieval accuracy by
modifying the feature vector of a Web page [12]. In order
to modify the feature vector, their method first calculates
the center of the feature vectors of the multiple Web pages
linked from a Web page. The Web pages are, then, clus-
tered based on their feature vectors, taking inter-document
similarity into account. However, it takes a long time to
calculate the feature vectors.

Masada et al. also tried to improve the retrieval accu-
racy by using the Web pages belonging to the same Web
site [10]. Similar to Sugiyama’s approach [12], this method
also modifies the feature vector of a Web page by using the
clustering result of the multiple Web pages in the same Web
sites. However, the modification of the feature vectors is
calculated only with hyperlink structures.

Tajima et al. developed a Web search engine which de-
rives search results based on the notion of a minimal graph
[13]. The minimal graph consists of the multiple Web pages
which contain all of the query keywords provided by users.
Li et al. also proposed the concept of a information unit
which is similar to the minimal graph [9]. These studies
share a common idea that search results are expressed as
sets of Web pages.

As mentioned above, these conventional schemes utilize
the link structure among Web pages to modify their feature
vectors and to arrange a unit of search results in order to
improve the retrieval accuracy of Web search engines. Most
people do not doubt that the link analysis methods such as
PageRank and HITS algorithms are effective for searching
Web pages related to information needs. To solve the prob-
lem as described in Section 1, we also try to adopt a link
analysis approach. Namely, our method is referred to as a
refined version of link analysis because its scores are calcu-
lated based not on Web pages but on Web page sets.

3 Scoring Based on a Link Analysis of Web
Page Sets

Conventional link analysis methods are considered to be
insufficient for calculating the importance degrees of the
Web pages correctly when one specific topic is described

over several Web pages. Therefore, we first extract Web
page sets, each of which represents one specific topic, be-
fore applying a conventional link analysis method. We re-
construct the link structure of the simplified graph which
consists of the obtained Web page sets as nodes and exist-
ing links as edges. With the reconstructed link structure, the
importance degrees of Web page sets are calculated.

3.1 Definition of a Web Page Set

Here, we define a Web Page Set, or WPSfor short, which
is a unit of our link analysis, as a set of \eb pages that con-
tains only one identical topic written by a unique author.
This definition is based on the following empirical observa-
tions.

o AWED page set is created by a unique author.
Topic and quality of a Web page depend on its author.
Even if the same topic is described by two authors, the
topic and the level of details of the content are totally
different.

For example, a Web content regarding “Database” de-
scribed by an expert of database systems tends to
be more technical and more academic than that by a
novice, even if both contents deal with the same topic.
If a Web search engine equally treats such Web pages
with diverse contents and quality, users cannot accu-
rately retrieve search results because the importance
degrees of Web pages are either overestimated or un-
derestimated. For this reason, we treat a set of Web
pages created by a unique author as a unit when per-
forming link analysis.

In addition, our method divides a Web page set into
multiple sets according to a boundary of the Web sites.
This is based on the assumption that Web pages are
managed by each Web site. In this paper, a Web site is
regarded as a set of Web page sets which has loosely
unified contents and designs as well as one entry page.
The concept of a entry page is basically similar to that
of a top page; however, the entry page is defined as a
unique entry point of a logical domain of Web space,
while the top page is the entry point of a physical Web
server. Further discussion appears in section 3.2.

e AWEb page set hasoneidentical topic.

Web pages created by a unique author do not always
have one identical feature. For example, suppose that
an author writes Web pages on two topics related to
“Database” and “Sports”. The levels of author’s under-
standing on both topics are not necessarily the same. In
this case, their importance degrees of the Web pages
should be calculated individually. Therefore, we also
regard a set of Web pages on one identical topic as a
unit for link analysis.



Only the set of Web pages that meets the above concepts are
called a Web Page Set. The way to derive Web page sets is
discussed in Section 3.2.

3.2 Scoring based on WPSs

Figure 1 indicates the procedure of our method. The de-
tailed explanation is given below.
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1. Cluster by author. (Same color nodes are written by same author)
2. Cluster by topic. (Same pattern nodes are same topic.)
3. Construct cluster graph.

Figure 1. Procedure of Our Method

Step 1. Determining the boundary of Web sites

We adopt the method proposed by Ayan et al. [1] to de-
termine the boundaries of Web sites. Their method ex-
tracts logical domains, which is identified by semantic
relation of Web pages, as opposed to physical domains,
which is identified by domain name of Web servers.
The followings are the procedures of extracting logi-
cal domains of Web pages:

Determining an entry page: The entry page is a rep-
resentative of WPSs. In order to determine the
entry page, their method adds a point to each Web
page if the Web page meets ten given require-
ments like URL strings, titles of the Web pages,
anchor texts, and the number of links. The Web
page with the highest point is then nominated as
a candidate for the entry page.

Determining a boundary of alogical domain:
Their method treats the Web pages in a physical
domain as a directory tree. Candidates for the
entry page and its descendants are regarded as
belonging to the same logical domain. This
is called the Path-based Boundary Definition

Approach in [1]. If the number of Web pages
included in a logical domain is fewer than a
given threshold, the domain is merged into a
parent logical domain in the tree. In this paper,
we set the threshold to 10 pages.

Step 2. Determining a field of Web pages

We make use of a clustering method to determine a
field of Web pages based on their contents. The ob-
tained clusters are identical to WPSs. In order to ex-
tract the feature vectors of Web pages, our method
analyzes them by ChaSen!, which is a morphologi-
cal analysis tool, and then, applies TF-IDF as a term-
weighting strategy to them. In addition, we adopt
Ward’s method which is one of the accurate classifiers
to cluster the Web pages [6]. For the present, the num-
ber of extracted clusters is assumed to be one tenth of
the number of Web pages in each logical domain.

Step 3. Constructing a link structure among WPSs

Now, we derived WPSs by the above Step 1 and 2.
Each of the obtained WPSs is regarded as one. We
then construct the link structure of the simplified graph
which consists of the WPSs and existing links as fol-
lows.

Step 3-1. Delete all links among Web pages within the
same WPSs.

Step 3-2. Modify initial and final points of links so that all
of the links point to WPSs.

Step 3-3. Delete all duplicate links between any two WPSs.

Step 4. Calculating importance degrees of WPSs based on

PageRank

The importance degrees of WPSs are calculated by ap-
plying PageRank to the link structure obtained in Step
3. We should finally compute the importance degrees
of individual Web pages in a WPS; however, we cur-
rently assign the same importance degree, i.e., page
score, as the WPS to each Web page in it.

Since WPSs are derived by using TF-IDF and clustering
methods after constructing logical domains, the contents of
each WPS has almost the same topic written by a unique
author. Therefore, the quality of the contents in each WPS is
stable. However, the results of ranking WPSs by PageRank
do not expose which WPSs have better quality but more
relevant pages. The judgment of the quality is left to users,
because each user has each own familiarity to topics. A user
can determine the quality of a WPS by browsing at least one
page in the WPS. If the page in the WPS is not sufficient
for their needs, the user can proceed the next WPS without
seeing the rest of the pages in the WPS.

lhttp://chasen-legacy.sourceforge.jp/



4 Experimental Evaluation
4.1 Experiments

In order to verify the effectiveness of our link analysis
approach based on the WPSs, we compared our approach
with a link analysis approach based on each Web page. In
this experiment, we implemented our approach based on
a link structure constructed from WPSs as well as a con-
ventional Web search engine using a link structure con-
structed from Web pages as done by Google2. These two
Web search engines were implemented using gram-based
indices [11], so that they perform high recall level charac-
teristically. Link structures of Web pages and WPSs in these
Web search engines were constructed by using the PageR-
ank algorithm [2].

In the following experimental evaluation, we used large-
scale Web page collection, called NW100G-01, which is
a test collection of the NTCIR (NIl Test Collection for IR
Systems) Project®. The NTCIR offers a large-scale test col-
lection used to evaluate information access technologies in-
cluding information retrieval, question answering, text sum-
marization, and so on. The data size of NW100G-01 we
used is about 100GB, and it contains about 11 million Web
pages. We also used search topics and relevance judgment,
called NTCIR-4 WEB Info 1%. The NTCIR provides four
relevance levels (highly relevant, relevant, partially relevant
and irrelevant) for the relevance judgment of contents of
the Web pages. Thus, we can evaluate our approach and
the conventional one based on two evaluation measures,
Weighted Reciprocal Rank (WRR) [3] and Discounted Cu-
mulative Gain (DCG) [4,5]. Both were used to evaluate
Web search engines in the 4th NTCIR Workshop®. These
kinds of new evaluation measures have also been used in
recent IR researches. For example, XCG (eXtended Cumu-
lated Gain) evaluation measure [7] which is similar to DCG
is used in the INEX (INitiative for the Evaluation of XML
Retrieval) Project®, which aims to provide a test collection
to evaluate retrieval methods using uniform scoring proce-
dures.

Figure 2 and 3 illustrate the comparisons of the retrieval
accuracies calculated by using WRR and DCG evaluation
measures. Solid and broken lines indicate the retrieval ac-
curacy of our approach and that of the conventional one in
these figures, respectively.

According to these results, we found that we could ob-
tain the best retrieval accuracy when using our approach.

thtp://www.google.com/
3http://research.nii.ac.jp/ntcir/.
4http://research.nii.ac.jp/ntcir/permission/
ntcir-4/perm-en-WEB.html
5http://research.nii.ac.jp/ntcir/ntcir—ws4/
work-en.html.
6http://inex.is.informatik.uni—duisburg.de/
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This is because Figure 2 shows that the rank of the first rel-
evant Web page in our approach is higher than that in the
conventional one, and also, Figure 3 reveals that the ranks
of relevant Web page in our approach are higher than that in
the conventional one.

That is to say, these results show that our approach is
more effective than the conventional one in terms of re-
trieval accuracy. Therefore, we assert that the link analysis
approach for Web page retrieval should target not individual
Web pages but WPSs, because it allows for more accurate
calculation of importance degrees of Web pages.



4.2 Discussion

The experimental results showed that our method im-
proves the accuracy of Web page retrieval with respect to
both WRR and DCG evaluation measures, even when set-
ting the minimum number of Web pages in a WPS, i.e., the
threshold of WPSs, to 10. This means that the concept of
PageRank based on WPSs has a potential as an accurate
Web search method.

However, the current setting of the threshold of WPSs
does not seem to be optimal. If the threshold decreases, the
behavior of our method approaches the ordinary PageRank,
which does not lead to desired results.

On the other hand, if the threshold increases, the number
of in- and out-bound links of each WPS also grows. Since
we assign the same score as the WPS to each page in it
in our current implementation, all page scores may not be
differentiated enough when the number of pages in a WPS
is too large. In order to avoid this problem, PageRank can
be applied inside of WPSs again, so that each page score
can be distinguished.

5 Conclusion

In this paper, we proposed a new Web page scoring
method based on a link analysis among WPSs, which are
defined as sets of Web pages with the same content. We
also compared our approach with the conventional scoring
method based on link analysis like PageRank algorithm and
tested them by using the NTCIR test collection, which is
one of the most famous test collections for Web page re-
trieval. As a result, we found that our approach is more
effective than the conventional method in terms of retrieval
accuracy using WRR and DCG evaluation measures pro-
vided by the NTCIR test collection.

Though we obtained effective results in our approach,
our current Web search engine does not take in account the
differences of each Web page in the same WPS. It tenta-
tively assigns the same score to each Web page. In or-
der to retrieve Web pages accurately, Web search engines
should recognize the differences of each Web page in the
same WPS. Therefore, we have to implement an algorithm
to recognize the differences. We also found out it is impor-
tant to define what a WPS is. Retrieval accuracies depend
on a method to determine WPSs in our Web search engine.
Consequently, the remaining work also includes develop-
ing an efficient algorithm to cluster WPSs from large-scale
Web page collections, and exploring how to derive an opti-
mal WPS size.
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