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Abstract

Foraging information in large and complex web sites
simply using keyword search usually results in unpleas-
ant experience due to the relatively low precision of exist-
ing search engines. To support more precise information
search, some abstractions of the web sites, like sitemaps,
are needed. However, their creation normally requires man-
ual effort. In this paper, we extend the HITS algorithm and
integrate hyperlink topology and web site hierarchy to iden-
tify a hierarchy of web page clusters as web site abstrac-
tions. As the algorithm is based on HITS, each cluster fol-
lows the bipartite graph structure and is computed with an
authority and hub pair as the cluster summary. The effec-
tiveness of the algorithm has been evaluated using three dif-
ferent web sites (containing ~6000-14000 web pages) with
promising results. Detailed interpretation of the experimen-
tal results as well as qualitative comparison with other re-
lated works are also included.

Keywords: Cluster mining, web site analysis, HITS algo-
rithm, information search and retrieval

1. Introduction

Foraging information in a web site can be a time-
consuming task, especially when the web site is both large
and complex. To support information search in a web site,
we need either a search engine or some sort of web site ab-
straction, like a sitemap. The existing search engines are
mostly keyword-based and it is a common experience that
the results they can return are far more than expected. For
sitemaps, its quality depends very much on the web master,
and yet has to be regularly updated due to the fast changing
web contents. Therefore, it will be useful if a sitemap tru-
ely refecting the contents of the web site can be generated
automatically.

A web site normally contains a collection of on-line doc-
uments interconnected by hyperlinks which are explicitly
created by different authors for showing logical relation-
ships between documents. Various algorithms have been
proposed in the literature to analyze hyperlink structures for
useful applications, like computing authorities and hubs for
topic distillation [8], estimating document associations [3],
identifying web communities [6], etc. With a similar mo-
tivation, the random graph approach has recently drawn a
lot of researchers’ attention for web modelling [10] where
the use of power law has shown to be effective in charac-
terizing the web connectivity. While most of the link anal-
ysis algorithms found in the literature attempt to identify
emerging communities in the global Web, the connectivity
structure of web pages within a web site can also be used
for identifying logically coherent clusters. Besides, the di-
rectory hierarchy of a web site, in most cases, is carefully
created by the web master and thus provides useful informa-
tion about the relationship of web pages within a site [11].
It is obvious that effectively integrating the two sources of
information — link topology and site hierarchy can result
in effective web site mining algorithms.

Table 1 shows various research problems related to web
site mining grouped under three commonly adopted cate-
gories of web mining [9], with the possible applications and
representative references included. The focus of this paper
is under the category of web structure mining and we fo-
cus on web subgraph identification.> Here, we define web
subgraph identification as the task of identifying clusters
of web pages of a certain subgraph structure within a web
site. In the following, we will simply called it web clus-
ter identification to highlight its intuitive meaning. As we
do not assume the union of the clusters to form the whole
web site, the approach is also called cluster mining [14].

11t should be noted that there are many applications where people fi nd
combining techniques under different categories effective in performance
boosting. E.g., web page categorization can be enhanced by using snippets
[7]. Also, topic distillation can be improved by weighting hyperlinks with
some content similarity measures [2].



Mining the web pages in web sites:
Web - Web page categorization [1]

content (support web site catalog generation)
mining - Web site content comparison [12]
(understand competitors’ web sites)
Mining the web log of the web site:
Web - User access sequence clustering [16]
usage (user profiling)
mining - User access sequence prediction [13]

(personalized recommendation/prefetching)
- User access sequence mining [14]
(support sitemap generation)

Mining the web site connectivity:

Web - Web subgraph identification [3]
structure (support sitemap generation)

mining - Web site classification [5]

(support global web catalog generation)

Table 1. Research problems related to web
site mining.

Among different subgraph structures, densely connected bi-
partite graphs are mostly interested in hyperlink analysis as
a good representation of communities emerged in the Web.
In this paper, we made the conjecture that bipartite graphs
also form good approximates of logically coherent clusters
in web sites and proposed to extend a link analysis algo-
rithm called the HITS algorithm for mining the clusters [8].
The HITS algorithm is an iterative algorithm which was
originally proposed to identify authorities and hubs of bi-
partite subgraphs in web search results. To the best of our
knowledge, it has not been applied to analyze web sites.
In this paper, we first investigate the intrinsic limitation of
the HITS algorithm in web cluster identification. Then, we
extend to an algorithm called ReHITS which integrates re-
peated applications of HITS with the path information pro-
vided by the web site hierarchy to identify logical coherent
clusters in a hierchical manner. To demonstrate its effec-
tiveness, we have applied the proposed algorithm to three
real web sites and evaluted in detail the identified clusters.
In the literature, there exist some related works in com-
puting representations of web sites, though their formula-
tions are quite different from ours. Perkowitz et al. [14]
applied statistical clustering as well as conceptual learn-
ing algorithms to user access log and web page contents
to identify conceptual clusters in a web site. Besides, Li
and Candan have proposed to first make use of some care-
fully designed rules to characterize the entry points of a web
site’s logical domains (or partitions), and the web pages are
merged according to the hyperlink structure to form the log-
ical domains [11]. Then, graphs with key web pages de-
scribing document associations are computed as the domain

summaries [3].

The rest of this paper is organized as follows. Section
2.2 describes the characteristics of the web site summariza-
tion problem. Section 2.1 gives the background of the HITS
algorithm and discusses its limitations for analyzing web
sites. Then, we propose to model a web site using a set
of bipartite subgraphs and describe our proposed algorithm
for summarizing web sites in Section 3. Experimental re-
sults are presented and discussed in Section 4. Section 5
concludes our contributions and lists out possible future ex-
tensions.

2. HITS & Web Cluster Identification
2.1. The HITS algorithm

One of link anlysis algorithms have been proposed where
The HITS algorithm is one of the link analysis algorithms
which was proposed to identify authorities and hubs in web
search results [8]. Authorities are defined as the web pages
which are referred or cited many times by hubs, while hubs
are the web pages which contain many links to authorities.
These co-definitions of authorities and hubs imply that the
two sets of web pages should form a structure similar to
a bipartite graph, i.e., majorities of the directed links are
going from hubs to authorities.?

Let G = {V,E} denote the graph representing the hy-
perlink connectivity structure of a web site, where V is the
vertex set containing all the web pages in the site as its ele-
ments, and E := {(V,, V)} is the edge set containing or-
dered pairs of vertices, each formed by recording the source
'V, and the destination V4 of all the hyperlinks. Also, let
A; and H; denote the authority score and the hub score of
the vertex V;.

The HITS algorithm contains two main steps:

Step 1: Computing Authority Scores

A; = > H;
(Vi,Vj)EE
A
A, = e
2viev Al

Step 2: Computing Hub Scores:

H;, = Z A;j
(Vi,V;)EE
H;
H = —
’ 2v,ev H;?

2Note that the bipartite graph assumption is only a suffi cient but not
necessary condition for defi ning authorities and hubs.



Figure 1. A website with several dense bipar-
tite subgraphs as cluster candidates.

The algorithm iterates Step 1 and 2 until the authority
scores and the hub scores converge. The vertices with high
enough values of A; and H; are computed as the authori-
ties and hubs respectively. It has been shown that the set of
converged values forms the principle eigenvector of an ad-
jacency related matrix. The resulting set of web pages with
high authority and hub scores corresponds to the bipartite
subgraph (or the cluster) of the web site with the highest
degree of inter-connectivity.

2.2. Web cluster identification

As mentioned in [3], although it seems natural to apply
the HITS algorithm to analyze and summarize Web sites,
the applicability is limited. The main reason is that the
HITS algorithm assumes the existence of only one densely
connected bipartite subgraph in the web site where you can
find all the information. This scenario, however, can sel-
dom be found in real web sites. For example, it is common
for a computer science department’s web site to contain a
large numbers of programming or systems documentation
archives (e.g., java documentation, unix commands’ glos-
sary, etc.). At the same time, the relatively smaller but im-
portant information like staff or projects also exist. Direct
application of the HITS algorithm to such a web site will
result in all the computed authorities and hubs biased to
and only to the most densely connected information clus-
ters, which are mostly document archives like, for example,
a mixture of HOW-TO documents. This is good as some
documentation archives can be identified. But obviously,
the web site visitors expect also the other types of informa-
tion in order to have an overview of the website. See Figure
1 for a pictorial illustration.

In [8], the issue about multiple sets of authorities and
hubs in web search results has been pointed out, with the
suggested causes mainly related to the nature of the query

string (e.g. its polysemy, its references to multiple commu-
nities). For multiple clusters in a web site, we note that due
to the differences in link semantics and page context, they
have their specific characteristics as compared to communi-
ties emerged in the Web.

Link semantics in web sites

Web search results mostly contain cross-domain links. The
main objective for an author to create links crossing the
domain boundaries is to cite logically related Web pages.
However, for links within a web site (intra-domain), the ob-
jectives are far more diverse, from providing citations of re-
lated topics (e.g., a tutorial page pointing to many important
references) to assisting web site navigation (e.g., links to
next pages, previous pages and home pages). So, it is much
more common for web pages within a web site to form a
large number of densely connected subgraphs. Also, the
underlying “clustering” structure, e.g., the number of clus-
ters, their sizes and their degrees of inter-connectivity, de-
pends very much on the web site designers. In order words,
the degree of multiple cluster problem is intensified in web
cluster identification.

Page context in web sites

Due to the cross-domain requirement, we do expect the ap-
plication of HITS to Web search results to be sensitive to the
existence of polysemy, resulting in the well-known Topic
Drift Problem. On the contrary, web pages in a web site
have more or less the same context. For example, a univer-
sity web site can contain course information, student infor-
mation, job vacancies, mission statements, press releases,
etc., but all are under the university context. So, we believe
that applying HITS to summarize web sites is less affected
by topic drift and related techniques may not be relevant.

To summarize, the main causes of multiple clusters
within a web sites include

e existence of self-referenced and indexed hypertext
document archives (e.g., Java SDK documentation,
presentation slides),

e existence of self-referenced topics’ description (e.g.,
project/people home pages),

e links showing the inter-relationship between those
self-contained archives and topics (e.g., the navigation
aids near the root of the Web site).

Note that the first two causes should result in clusters
found in deeper levels of Web sites, but normally with a
higher degree of inter-connectivity. The last one should
form clusters at a higher level, where people used to reveal
in the sitemap. This hints a notion of cluster hierarchy and
motivates the recursive algorithm we are going to propose.



3. ReHITS - A Recursive HITS Algorithm

In [8], Kleinberg has studied the possibility of extracting
not only the principle eigenvector of an adjacency related
matrix but also the non-principle ones as logical clusters.
However, to the best of our knowledge, we have not seen
any work that apply or analyze this approach intensively.
Also, a web site normally contains thousands to ten thou-
sands of web pages. The size of the adjacency related ma-
trix could be too large for eigenvalue decomposition.

3.1. Repeated applications of HITS

In this section, we demonstrate how the HITS algorithm
can be extended to extract a hierarchy of clusters from a
web site, with each cluster summarized by a set of corre-
sponding authorities and hubs. In order to relax the single
bipartite graph assumption, we first apply the HITS algo-
rithm to the whole web site. The authorities and hubs of
the densest cluster(s) can be identified. Then, we remove
the authorities and hubs as well as other vertices in the clus-
ter, and apply the HITS algorithm again to the remainings
to further explore the presence of more clusters. Also, for
each of the identified clusters, the same procedure can be
applied recursively until no more clusters can be identified.
We call such a recursive application of HITS — the Re-
HITS algorithm. We consider such an iterative procedure
as an approximation to make the extraction of non-principle
eigenvectors tractable. We are currently studying the theo-
retical link between them.

To realize the proposed idea, there are a number of im-
plementation issues needed to be carefully considered. First
of all, the identified set of authorities and hubs is just an im-
plicit representation of the clusters without explicitly defin-
ing the cluster boundaries. So, we need a way to infer the
boundaries so as to make hierarchical clustering possible.
Second, the authorities and hubs obtained in each round of
HITS can come from a mixture of multiple clusters with the
similiar degree of inter-connectivity. It is essential to sep-
arate them as different logical clusters. Lastly, it would be
important for the extracted clusters to be properly organized
for subsequent visualization or processing needs.

3.2. Directory subtrees as cluster boundaries

One obvious approach to address the aforementioned
issues is to further analyze the local hyperlink structures
around the extracted authorities and hubs. This, however,
could be computationally expensive and yet the perfor-
mance depends very much on how the navigation hyper-
links are designed. With the rationale that people tend to put
related materials not too far apart in the site directory hier-
archym, we propose to utilize the path information embed-

ded in the URLs of the authorities and hubs with the hope
of achieving the same goal. We first scan through the au-
thorities and extract those with their authority scores higher
than a fraction p of A’s maximum value.® The extracted
authorities will then be grouped if part of their paths have
overlaps.* The longest common path of each group is con-
sidered to be a potential directory subtree containing logical
clusters. For example, the following authorities

http://www.abc.edu/doc/java/classes/index.html
http://www.abc.edu/doc/java/index.html
http://www.abc.edu/doc/proj/Slides/index0.html
http://www.abc.edu/doc/proj/Slides/App/page.htmi

will be grouped and form two potential subtrees as

Potential Subtree 1: /doc/java/
Potential Subtree 2: /doc/proj/Slides/

After this grouping process, a set of potential subtrees,
denoted as T4, is resulted. A similar procedure can be ap-
plied to the hubs to identify another set of potential subtrees,
denoted as TH. The common elements in the two sets T4
and TB forms the “confirmed” set of subtrees, T with the
identified clusters embedded. We believe that this can make
sure that all the authorities and hubs corresponding to the
extracted clusters are logically coherent. The subtrees be-
ing identified, i.e., T, will then be removed from G and
this complete one application of HITS. The whole process
will be repeated until there is no more cluster found. By ap-
plying the aforementioned procedures recursively to all the
identified clusters, a hierarchy of clusters can be extracted.
The situation is similar to the Scatter/Gather methodology
[4]. The use of this URL-based approach makes our algo-
rithm both effective and efficient. The detailed algorithm is
shown in Figure 2.

4. Experimental Results and Discussion

In order to evaluate the performance of our proposed Re-
HITS algorithm, we have applied it to three web sites with
their details shown in Table 2. The datasets used in our ex-
periment contain all the web pages retrieved from the web
sites, except for media files (e.g., *.jpg), dynamically gener-
ated pages (e.g., *.php) as well as other resources accessed
with protocols other than http (e.g., ftp). The graph data
structure of each of the web sites was then created by ex-
tracting the hyperlinks embedded in the <A> tags. Note
that all the javascripts in the web pages are discarded.®

3In our experiments, we fi nd that p = 0.1 turns out to be agood choice

4Note that the path in a URL refers to the sub-string starting from right
after the domain name to just before the fi e name.

5Nowadays, more and more web pages have their drop-down menus
implemented using Javascript. Removal of the javascripts results in unnec-
essary elimination of some hyperlinks. In this paper, we ignore this issue
for simplicity.



1. Set G = {V, E} to be the input graph (the whole web site
initially).

2. R := the root of the substree containing V (the whole web
site hierarchy initially)

3. Do

() Apply the HITS algorithm to G to compute the au-
thority scores A and hub scores H for all the vertices
VeV

(b) Extract the elements from V with A; < p X max{A}
and form vV

(c) Group elements in V;,“ based on their directory paths
to identify potential subtrees (with clusters embedded)
and store their roots as T*.

(d) Extract the elements from V with H; < p x max{H}
and form VZ

(e) Group elements in Vf based on their directory paths
to identify potential subtrees (with clusters embedded)
and store their roots as TH.

() T := {path : path € T4 A path € TH}
(g) ForeachT;inT,
e remove from V the elements Vﬁ U Vf which
are under T; in the site hierarchy as the identi-

fied cluster C;, and remove from E all the edges
pointing to those elements.

e remove from V the elements which are under T';
butnotin C; as V,\ ¢, and remove from E all
the edges pointing to those elements.

e G; := {Vp,\c;,Er,\c;} Where Er\¢, are
the edges corresponding to Vr;\c; -

(h) Repeat until T = R /* no more clusters found */

4. Output {C;} as the logical clusters.

5. Treat each elementin {G;} as an individual input graph and
repeat all the steps recursively.

Figure 2. ReHITS algorithm

We implemented the ReHITS algorithm in Java and ap-
plied it to the prepared datasets. Using a Pentinum Il ma-
chine, the computational time for the whole cluster iden-
tification process is within a few minutes for the scale of
the Web sites we considered. In the following, we use the
web site of www-db.stanford.edu as the major brenchmark
dataset as it was also used in [11]. The results of applying
the ReHITS algorithm to this web site are shown in Table
3 and 4. A set of logical clusters is successfully identified,
each being summarized by their sizes as well as their own
authorities and hubs which lead to the cluster formation.

4.1 Characteristics of identified clusters

After carefully evaluating the logical clusters identified,
there are a number of observations worth discussing:

| URL | No. of pages |
http://www.eee.hku.hk/ 14711
http://www-db.stanford.edu/ | 12342
http://www.ox.ac.uk/ 6091

Table 2. Web sites tested.

1. There were mainly three types of clusters identified,
namely system documentations, research project de-
scription, and personal web sites. The system docu-
mentation clusters were identified first and then fol-
lowed by the other two types. Also, among the large
number of project descriptions and personal web sites,
the identified ones were those with more contents and
hyperlinks in them. We believe that these are the tar-
gets to look for in information foraging.

2. Most of the best authority and hubs were either home
or index pages of the identified clusters. Some even
reveals the authoritative research area of an individual.
For example, for the cluster /~burback/ found in the
seventh iteration of ReHITS (see Table 3), it is inter-
esting to find that Theorem 4 of Ron Burback’s PhD
thesis was identified as the most authoritative page of
his personal home and the theorem summary page of
this thesis was identified as the strongest hub. By refer-
ing back to the web site, the “Theorem 4” turns out to
be the formal foundations of the thesis research.

3. Itis interesting to observe that index pages, which in-
tuitively should serve as hubs, sometimes appear as
authorities of some clusters (e.g., in /~testbed/cos/)
while sometimes as hubs (e.g., in /~LIC/). Also, there
are also cases that both the most authoritative and hub
pages are in fact the same page (e.g., /db_pages/). The
discrepancy is mainly due to the different design of hy-
perlinks as navigation aids.

4. ltis also observed that the cluster /pub/ does not con-
tain any strong hubs or authorities. By carefully exam-
ining it, it is noted that it basically contains one web
page pointing to a directory structure, instead of spe-
cific documents or pages. So, /pub/ possesses a giant
tree structure without any obvious authorities or hubs.
This also implies that our algorithm is not effectively in
extracting groups of logically related web pages which
follow tree structure.

4.2 Hierarchical structure of clusters
As described in Section 3, the cluster identification pro-

cess can be repeated recursively. For example, by applying
it to the cluster /dbseminar/, seminars archives of different



years were identified as shown in Table 5. In fact, if the
recursion continues, individuals’ presentations within each
archives can be further extracted as shown in Table 6. As
noted in Table 6, there were only six presentations while
there are eleven in the original web sites. The fact is that
only seven of the eleven presentation got hyperlinks (but
one of them is broken) and the others are either in postscript
or pdf formats. So, as a whole, all the html slides are
successfully detected. Similar hierarchical structures also
present in other clusters. However, due to the limitation of
space, they are not illustrated in the paper.

In addition to www-db.stanford.edu, we have also ap-
plied the ReHITS algorithm to two more web sites —
http://www.eee.hku.hk and http://www.ox.ac.uk. Similar
results were observed and tabulated in Table 7 and 8. In
order to visualize those Web site summaries, we have also
built a visualization tool with a GUI. Figure 3 is a snap shot
of the visualization tool.

4.3. Qualitative comparison with related algorithms

A related project on web site mining done by Li and
Candan was reported in [11, 3]. In terms of the methodol-
ogy adopted, Li&Candan system involves three major steps,
namely entry point identification using a set of heuristic
rules, logical domain identification by merging Web pages,
and finally representing the domain using a simpler graph
via random walks. The methods used for each steps are in-
dependent to each other. For our system, we have all three
steps performed in an integrated manner as a recursive ap-
plication of HITS. All the clusters’ summaries are computed
at the same time when the clusters are identified (c.f. seg-
mentation by recognition paradigm in pattern recognition).
Regarding the cluster representation, with the use of HITS
as its core, the ReHITS algorithm can guarantee that each
of the identified clusters contains not only an obvious home
page but also a densely connected bipartite graph under it.
The existence of such bipartite graphs have been consid-
ered as good indications of informative self-contained re-
sources in many other works [8]. Besides, there have been
quite some works on enhancing the performance of HITS,
e.g., weighting the links by contents similarity between Web
pages. We believe all such research efforts can easily be in-
corporated into the ReHITS algorithm. Similar advantages
are not shared by Li&Candan system. However, our pro-
posed algorithm cannot result in detailed logical partititions
which is the strength of Li&Candan system.

Another related work is done by Kumar et al. [10] and
later further enhanced by Reddy et al. [15] on trawling the
global Web for emerging cyber-communities. The approach
represents a community as a bipartite graph of hyperlinks,
where it is called a core. To extract those cores, an itera-
tive edge pruning step is first applied and the cores are then

| k] Clusters found | Remarks
1 | /~melnik/rdf/api-doc/ | RDF java doc.
(182) A: UML core class
H: The class index
2 [~testbed/ilu/ ILU alpha 7 manual
ilu20a7doc/ A: Using ILU in ANSI C
(25) H: Table of content
3 [/~testbed/ilu/ ILU manual
ilu20doc A: Using ILU in ANSI C
(24) H: Table of content
4 /CHAIMS/Code/ A java package doc.
Wrappers/ A: Class Invocation
RMI_Wrapper/ H: The class index
Vers_2_0/Doc/
(54)
/cs446/Assignments/ | A clone of the above
Assignment3/Doc/
5 /~burback/dcg/ The distributed computing
(44) group - two-year plan
A: Appendix (list of tables)
H: Index to the tables
6 /pub/gio/CS99l/ A seminar course
(89) A: Course references
H: A topic with many ref.
7 /~burback/ A personal home
(476) A: WaterSluice S/W Eng.
Methodology
H: Main Theorem summary
8 Ipeople/ Old personal homes
(22) A: Gio Wiederhold’s home
H: Gio Wiederhold’s home
/[CHAIMS/ The CHAIMS project
(515) A: Project home
H: no strong hubs
Ipub/ Publication directory
(3768) A: no strong authority
H: no strong hub
/LIC/ The LIC project
(357) A: Asslide presentation home
H: A slide presentation index
9 /dbseminar/Archive/ | Seminars in Spring 96
SpringY 96/ A: Asslide presentation index
(62) H: One particular slide
10 /~testbed/cos/ Common Obj. Services
(57) A: Asslide presentation index
H: One particular slide
11 /dbseminar/ DB Seminarsfrom 97
(1342) A: Archive year index
H: Index page of
seminars in 1999

Table 3. Results of applying ReHITS to
http://www-db.stanford.edu, where k is the
number of HITS iterations (Part I).




| k | Clustersfound [ Remarks |

12 | /~hector/photos/ | A photo archive
(2117) A: A photo index page
H: Another photo index page
[~vassalos/ A personal home
(22) A: Publication abstracts

H: Publication index page
[~ullman/ A personal home

(399) A: Ullman’s home
H: Ullman’s home
/db_pages/ Web site overview

(15) A: Index to members
H: Index to members
[~widom/ A personal home

(43) A: XML Management Research
H: Jennifer Widom’s home

13 [lore/ The LORE project
(33) A: Publication index
H: Research overview
14 ISKC/ The SKC project
(84) A: Project home
H: A slide presentation index
[~jan/ A personal home

(43) A: Whale watching

H: Jan Jannink’s home

15 [~crespo/ A personal home

(163) A: The first presentation slide
H: A slide presentation index

Table 4. Results of applying ReHITS to
http://www-db.stanford.edu, where k is the
number of HITS iterations (Part II).

identified using an algorithm similar to a priori algorithm.
One major limitation of this algorithm is that the size of the
cores has to be predetermined. In a web site, the size of
those cores can vary greatly.

The use of graph theoretics methods is yet another ap-
proach which could be useful for web site mining. Based
on the maxflow/minimum cut framework, Flake et al. [6]
proposed an algorithm together with a focused crawler to
identify communities in the global Web. We believe that
similar algorithms can also be applied to web sites for clus-
tering. But again, the algorithm does not provide a way to
represent the contents of the clusters and we did that using
the authority and hub pairs.

In addition to more extensive performance comparison
with other approaches, there are still a number ways to ex-
tend our work. The clusters extracted from a web site are of
various content types, e.g., in our case, research projects,
personal homes, documentations, etc. We believe that it
will be useful if we can automatically categorize the clus-
ters, which however has to rely on further information from
the web page contents. Besides, it will be interested to in-

/dbseminar/
k | Clusters found | Remarks
1 /Archive/ Spring 99 Seminars
SpringY99/ A: Manasse’s slides home
(563) H: Manasse’s slides index
2 /Archive/ Fall 99 Seminars
FallY99/ A: Russakovskii’s slides home
(447) H: Russakovskii’s slides index
3 [Archive/ Fall 97 Seminars
FallYy97/ A: Jan Jannink’s slides home
(94) H: Jan Jannink’s slides index
4 /Archive/ Other Seminar Archives
(225) A: Genome Databases Seminar Abstracts
H: Genome Databases Seminar home

Table 5. Results of applying ReHITS to the
cluster /dbseminar/.

tegrate also text summarization techniques so that not only
a summarized structure, but also a textual summary, can be
obtained for each cluster.

From the perspective of Web site summarization which
includes content summarization [17] and structure summa-
rization [3], our work definitely belongs to the latter one.
Web site content summarization aims at extracting key-
words, key-terms and key phrases to summarize the en-
tire web site. Information retrieval and natural language
processing techniques are commonly used to generate the
“summary”. Instead of generating a content summary, Web
site structure summarization emphasizes on converting the
graph structure of a Web site into a simpler data structure
with representative web pages of the Web site stored in it.
In fact, one can first perform Web site clustering and then
extract representation subgraphs from each cluster forming
the summary of the Web site structure.

5. Conclusion

In this paper, we have demonstrated how to effectively
integrate the hyperlink topology and the site hierarchy for
logical cluster identification in a web site. By extending
the HITS algorithm, we proposed a a novel recursive algo-
rithm called ReHITS where a hierarchy of logical clusters
can be identified. Besides, each computed cluster is associ-
ated with a authority and hub pair which appears naturally
as a by-product of the algorithm. We have tested the effec-
tiveness of the algorithm using three web sites, and show
that the proposed method for cluster identification is both
efficient and yet powerful.
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/dbseminar/Archive/FallY 99/
Clusters found | Remarks
/russakovskii-slides/ | Russakovskii’s Presentation
(117) A: Slide home
H: Slide index
/meersman-slides/ Meersman’s Presentation
(115) A: Slide home
H: Slide index
/hector-slides/ Hector’s Presentation
(69) A: Slide home
H: Slide index
[fankhauser-slides/ | Fankhauser’s Presentation
(59) A: Slide home
H: Slide index
/malhotra-slides/ Malhotra’s Presentation
(39) A: Slide home
H: Slide index
[sikka-slides/ Sikka’s Presentation
(37) A: Slide home
H: Slide index

Table 6. Results of applying ReHITS to the
cluster /dbseminar/Archive/FallY99/.
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| k] Clusters found | Remarks
1 /LDP/LDP/ Linux cookbook
linuxcookbook/html/

2 /LDP/LDP/nag2/ Network admin. guide

3 /LDP/LDP/LG/ Linux Gazette

4 /LDP/HOWTO/ An how-to doc.

Antares-RAID-
sparcLinux-HOWTO/

5 /LDP/LDP/gs/ Linux installation doc.

6 /LDP/ Linux doc. project

7 /eee/undergrad/ Undergraduate

curricul/ curriculum
8 /computer/unix/ Unix commands
9 [~mpsev/ The MPSEV project
/ITSAbstract/

10 /~ceal Comp. Eng. Assoc.

11 /~ktchau/ Personal home

12 /~ugsnews/ Undergraduate Forum

13 leee/ Dept’s overview

14 /~ykwok/advice/ Readings for PGs

15 /computer/eeefaq Computer FAQs
/~electsoc/ Elect. Eng. Soc.
/seminars/ Seminars listing

16 /news/ Dept’s newsletter

17 [~eese/ A degree program

18 | /power_electronics_lab/ | Power Elect. Lab
/~ieeesb/ IEEE Student Branch
/~kyeung/ Personal home

19 [~ykwok/ Personal home
/computer/ Computing facilities

Table 7. Results on http://www.eee.hku.hk.

| k] Clusters found | Remarks |
1 | /gazette/1996-7/supps/ | A journal supplements
2 /blueprint/ An official newsletter
[gazette/ An official journal
3 it/ IT resources
Ipublicrelations/ PR office
/aboutoxford/ Oxford’s overview
Ivisitors/ Visitors’” Information
[contact/ Contact Information
4 /services/ On-campus services
[associnst/ Associated institutions
/departments/ Academic departments
5 /innovation/ Oxford’s leading fields
/business/ Business acitivities
6 lyear2000/ Year 2000 overview

Table 8. Results on http://www.ox.ac.uk.




Figure 3. A snap shot of our visualization tool.



