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Abstract: Link andyss is the mogt important gpplication of
web gructure mining and serves as a new knowledge source in
web information retrieval. However, the mono-dimensond
andyss of links neglects many other aspects The results
presented in this article show that the structure of a dte affects
the in-links for its pages Link andyds dgorithms need to be
refined in order to account for that fact and the retrieva of high
qudity pages cannot soldy be based on links as the only

parameter.



1. Introduction

The Internet poses severd new chdlenges for information retrieval and, a the same time,
offers additiond knowledge sources. One of the man problems for search engines is the
heterogeneous qudity of internet pages [HMO2]. The common approach to autometicaly
measure the quality of a page has been link andyss. The number of links pointing to a page
ae conddered as man qudity indicator. A large number of dgorithms for link andyss has
been developed [HeO00]. However, link andysis has severd shortcomings.

The assgnment of links is an inherently socid process leading to drikingly clear overdl
patterns. The number of in-links for a web page follows a power law digtribution [DKO1]. In
such a didribution, the median vaue is much lower than the average. That means, many
pages have few in-links while few pages have an extremdy high number of in-links The
authority value derived from the link-structure needs to be aggregate with the retrieva
ranking. The power law digribution of PageRank vadues makes the value of some pages very
dominant while other have little influence.

The influence of the power law is dso visble for popularity measure in other socid networks
[BaD3]. It indicates that web page athors choose the web dtes they link to without a
thorough qudity evduation. Much rather, they act according to economic principles and
invest as little time as possible for their sdection. As a consequence, socid actors in networks
rely on the preferences of other actors. Pages with a high in-link degree are more likely to
receive further in-links than other pages [PF02].

Ancther reason for sting links is thematic gmilarity. A co-citation matrix between web
pages of different topics shows that most links are based on topicd samilarity [CJ02]. Qudlity
decisgons are not the only ones when setting alink.

Link analyss does not condder dte dructure. An andyss including the hierarchica postion
of a page within the dte dructure revealed that pages low in the hierarchy are more unlikely
to recave in-links than top leve pages like home pages [MaD2]. This andyss was based on
internet catadogues. In this paper it is extended to a crawl of non cataogue pages. It seems
that different parameters are necessary to describe the difference between catalogue and non
cadogue pages. Further dructurd anayds hints that the hierarchicd podtion has less
influence on page specific features.

Lage scde evauation of web information retrieval can be done within the TREC (Text
Retrievd Conference) initiativee. TREC provides a tesbed for information retrieva
experiments. TREC is organized by the Nationd Inditute for Standards and Technology
(NIST) which maintains a large red world collection of documents. Research groups apply
ther IR systems to this corpus and train it with the results from previous years. Ther results
can be NIST, where they are evduated according to relevance. A few years ago, a web track
has been introduced, where a large snapshot of the web is target of etrievd sysems. In this
context link based measures have been compared with standard retrievd systems on a large
scae. The results show that the consideration of link structure does not lead to better etrievd
performance for topica queries. Only for home page finding, improvement has been achieved
by integrating the PageRank vaues into a retrieva adgorithm [Ha01,GS01,Ya01,Ma03]. As a
consequence, more research and possbly refinements of link based dgorithms are necessary.



2. Site Structure and In-Links

Web directories or internet catdogues are important services for the orientation in the
internet. They usudly intend to topicdly organize information sources and to introduce a
catan levd of qudity control. Human editors monitor the web, evauate and comment on
pages. They order pagesin atopica hierarchy.

One experiment presented in [MaD2] focused on the question to which catalogue pages web
authors st their links. Are they more likely to point to a generd high levd entry page of a
catdogue? Or do they vdue the work of the editing dtaff which may have sdected high
quaity dtes for their specid topic? In the latter case, links to lower levels of the hierarchy
would be more likely. The work presented in [Ma02] is extended to noncatalogue pages and
page structure which is discussed in chapter 3.

2.1 Experiment and Results

The experiments are based on two German web catalogues. Pages in these web directories
have been downloaded and andyzed. For this mining task, a document object modd of each
page has been generated. In addition, both Google and Altavista were queried about the
number of in links to each of the pages in the internet catalogues. In the second experiment,
we aso queried these search engines for the number of back links for the entries contained in
the catalogue pages. In total, some 3000 pages of the Google cataogue, some 4000 pages of
the Yahoo directory and 8000 non catalogue pages from search engine results were
downloaded and parsed.
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Figure 1. Relation between In-Links and Hierarchical Position of a Page

The information derived during the web mining process shows a drastic decrease in the
number of links for a decreasing hierarchy level. The lower the pages are postioned in the
dte hierarchy, the less likdy they are to recaive back-links. The rdationship between the
average number of back-links for a page and its podtion in the hierarchy are shown in figure
1. There dso seems to be a difference between the catalogue pages and non catalogue pages.



Assuming an exponentia didribution, the reation for catalogue pages can be gpproximated
by a parameter of 4 whereas for the non catadogue pages, a parameter of 0.3 gives a good
approximeation.

Another analysis of the non catdogue page crawl is shown in figure 2. The in-link degree is
shown in reation to the percentage of pages with that in-link degree. It is dearly visble tha
the pages on different hierarchicd levels exhibit a diffeeent cumulative didtribution.
Especidly the pages on level O which are the home pages of the Stes have a congderable
higher probability of receiving many in-links than other pages.
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Figure 2: Cumulative Distribution for In-Links and Hierarchical Position of a Page

2.2 Consequencesfor link analysis algorithms

These results should be considered by the developers of web search engines. A cognitively
more adequate exploitation of link dructure may result in better retrieval results. Currently,
link-based measures do not take into account the hierarchica podtion of a page. However, a
page deep in the hierarchy which receives reatively many back-links deserves to be assgned
ahigherr authority vaue.

Furthermore, the andyss shows, how web page authors assume, that catalogue pages are best
used. They prefer the presence of further options over pointing to a very specific page. Rather
than targeting a pages with a narrow topica focus on lower hierarchica levels, they infer that
users will benefit from further options for browsing. Web page authors sress the importance
of navigation by browsing asinformation finding strategy in human computer interaction.

The experiments presented here dso shed light on limits of the automatic evauation of
cadogue dtes. This is especidly interesting for sysems which automaticdly search for the
most authoritative catalogue page for a given topic. These would need to observe the
hierarchica position of a topic within a catalogue.



3. Page Structure

Further dructura andyss of the pages tried to reved whether the hierarchica podtion has
a0 effects on the structure of a page. If that is the case, eg. home pages could be structuraly
vey different from other pages and may therefore bias their accessibility by search engines.
This may ultimatdy lead to higher inlink counts. In that case the results from the previous
chapter may aso have dructural and technicad reasons. However, this could not be verified.
The dructure of document is aso subject to research within XML information retrieva
[FGO1].

The andyds of non catdogue pages was extended to page properties. We extracted the
number of nodes in the document object model (DOM) derived from the page, the number of
tables and the number of meta tags. The two firs parameters are indicators for the structura
complexity of a page wheress the number of meta tags indicates the extent to which the
author ads indexing. These parameters were compared to both the in-link degree and the
hierarchical position measured by the crawl order from the home pages.

A corrdation andyss between both crawl order and in-link degree to the other parameters
revedled no srong correation. Only the number of tables and the number of DOM dements
in a page correlated with avaue of 0.24 and 0.21 respectively to the number of in-links

A ddidicad andyss of the pages shows that pages on higher in the Ste Sructure tree tend to
have more DOM dements with a lower deviation. They dso seem to have more tables.
However, these trends are very weak. The study needs to be repeated with a larger number of
pages and Sites.

Table 1: Statistics of the Analyzed Pages

Average
Hierarchy Level | Nr DOM Elements | Nr MetaTags | Nr Tables
0 2952 87 13.6
1 292.8 11.9 10.9
2 252.5 9.1 95

Standard Deviation

Hierarchy Level | Nr DOM Elements | Nr MetaTags | Nr Tables

0 3822 10.1 234

1 429.3 11.7 179

2 470.3 81 28.3
4. Outlook

Link andyds dgorithms 4ill suffer from many shortcomings. Some of them are presented in
chapter 1. In addition, the analyss in [Ma02], reveded no correation between the link based
authority of a catdogue page and the link based authority of its entries. Therefore, a qudity
definition for web pages $ould not rely on one of one parameter only. It is necessary to find
more reliable metrics for the qudity of aweb page which can be derived autométicaly.
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