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ABSTRACT

A software agent will be described that makes it possi-
ble to provide the visitor of an internel site with adaptive
maps of the hyperlink structure. The maps represent es-
limations of important navigation decisions for the user
depending on his own former partial navigation path and
navigation information provided by other users. A user’s
navigation behaviour is characterized by the set of his na-
vigation decisions in the hyperlink structure (navigation
graphs). The problem of finding a suitable characterization
of the distribution of these navigation graphs and the de-
velopment of an estimation procedure for this distribution
will be described. This estimation can be reached by defin-
ing different metrices or distance [unctions between graphs
like string-edit- or largest-common-subgraph distance and
by application of nearcst neighbourhood clustering. The
knowledge concerning the distribution is then used for a
classification of a user and thereby an adaptive hyperspace
view presentation using graph matching techniques. A vi-
sualization example will be presented.
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1 Introduction

The fast increasing amount of information in the internet
makes it more and more necessary o examine the problem
of finding information in hyperspace. Basically there are
two different ways 1o look for information in the internet
that are normally used in combination. It is possible to usc
a scarch engine where a request is done by search words.
A second search strategy is the navigation or browsing be-
tween dala objects that is made possible by the hyperlink
structure. Browsing is suitable when a concrete question is
difficult to formulate or when a web site has 1o be scanned
according to certain aspects.

The system described in this article makes it possible to
present an internet user a visualization of the local hyper-
link structure similar to a map in the real world in order
lo make browsing casier. The actual layout strategy for
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the structure, which is an important problem in the field
of information visualization [1], [2] is not considered here.
Emphasis is laid on the estimation of relevant navigation
decisions between data objects and sets of such decisions.
This estimation can be used to simplify and improve the vi-
sualized hyperlink structure e.g. by omitting data and nav-
igation decisions that are estimated to be nol relevant.

Due lo a similarity to systems presented in the field of in-
telligent software agents especially collaborative filtering
agents as presented in [3] and [4], we will call the described
software system a software agent.

In [5] a procedure was presented Lo apply a collaborative
fillering technique for the creation of index lists based on
sets of requested data objects. In [3] a navigation sup-
port system is presented that learns from scarch words
and browsing decisions of users, applying a reinforcement
learning technique. In the system described here, however,
it will be assumed that no search words are available. In [6]
and [7] techniques for presending documents on the WWW
are described that apply Markov-learning techniques and
can also be used to learn the relevance of data objects for a
specific client from former profiles of other users.

The system described here applies a different (unsuper-
vised) learning technique. The agent actively registrates
navigation decisions belween data objects, a method that
can casily be applied o an access analysis for multiple
servers, oo [8]. Having measured the sets of navigation
decisions of clients we are going to apply clustering tech-
niques as described in [9] using results about graph met-
rices as presented in the field of pattern recognition [10],
[11]. The computed clusters can be used for the classifica-
tion of a new profile and thus a prediction of future deci-
sions and especially a relevance estimation is possible. The
system will be tested using simulated data; the described
procedure can however easily be applied to real navigation
profiles.

The advantage of this technique compared to Markov mod-
cls is that we don't have to think about the order of the
Markov process. Such a predefinition may cause classifi-
cation errors or otherwise causc an unnecessary increase
of complexity. Moreover, we don’t work with sets of re-
quested data objects but with sets of navigation decisions



which we suppose 1o contain more information. The de-
scribed strategy is similar to procedures in the field of data
mining [12],[13], however we will not deal with very large
databases but we hope to achieve a better segmentation of
the set of navigation profiles.

In section 2 the structure of the agent will be described, lay-
ing emphasis on the profile registration component. In the
third section a technigue for the estimation of graph disti-
butions will be described and the applicability for a predic-
tion of navigation profiles. Some properties ol the estima-
tion technique will be shown and a visualization example is
presented. Section 4 gives a summary and mentions further
research issues.

2 Agent description and data acquisition

In this section the structure of the agent is described,
laying emphasis on the technique to registrate navigation
decisions of a specific client on the server’s side. The
visualization component of the agent was presented in [8].
The structure of the software system can be seen in figure
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Figure 1. Structure of the navigation support tool.

1. It is shown that the agent, represented by the ellipse on
the left acts between the internet client and server. The
ellipse on the right represents a number of internet servers,
e.g. the servers of a university.

The tracing technique for user navigations is similar to
a method described in [3] but it is quite different from a
proxy server method applied e.g. in [14]. The navigation
support starts by sending a prepared web page o the user,
which can be done automatically if the user isn’t registrated
yet, The page is modified in a way that all hyperlinks i.c.
URL addresses point to the IP-address of the agent. The
modified hyperlinks contain additional parameters like the
original address where the hyperlink originally pointed
{0, the address of the page where the hyperlink is located
and an identification number being assigned to a specific
client. The address ’http://server/origpage’ is modified to
*http://agent ?server/origpage+frompage+id’ where "agent’
is the web address of the agent and "server’ is the original
server containing the web page, "origpage’ is the address
of the page, 'frompage’ is the address of the page where
the hyperlink is located, *id" is the identification number.
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It is obvious that in this way the agent can registrate and
seperate the navigation decisions of internet users on the
considered website. As it may happen that a user applies a
search engine during his navigation, the agent should be
combined with a local scarch engine that replaces hyper-
links and communicates with the agent in a similar way.
The different profiles arc stored in the agent component
denoled as "knowledge’ in figure 1.

One disadvantage of this method compared to a proxy
server lechnique is the effort to realize the modification
step in the case of web-pages containing e.g. JavaScript or
Java. However, Lhe provided information is more accurate
than the usual access-log information stored by internel
servers, Duc 1o caching techniques in the internet we
may only get a subset of the actual navigation decisions
of users. Therefore in the following we model user pro-
files by the set (and not a sequence) of navigation decisions.

3 Estimation of graph distributions

3.1 Definitions and model

As described in the preceding section, the information we
get about a specific internet user on the server side is the
set (or at least a subset) of his navigation decisions. These
navigation decisions take place between certain data ob-
jects being available on the considered internet site, like
web pages, images, scripts, elc . Let D denote the set of
data objects in the internet sitc, having an (own) URL ad-
dress.

A user profile, measured by the agent, is then a graph struc-
ture:

DEF. 1 A(profile-) graph or navigation profile is a 4-Tupel
G = (V,E,u,v). Visasetofknotsand E CV x V is
a set of edges. Function 1 : V — Ly C D assigns labels
to the knots. Function v : E — Ly assigns labels to the
edges.

Let < G > be the set of all graphs following the preceding
definition. This set will be denoted as graph space’ based
on D. Let {G} C< G > denote a set of graphs.

Ly is a subset of D or a set of pointers to D. The
edges considered here are in the most common case hy-
perlinks that are present on certain web pages, Java applets
or scripts. However, with the help of a search engine, the
user can gel from one data object to possibly any other ob-
ject.

In the following sections the definitions of a subgraph, a
graph and subgraph isomorphism, graph-edit operations
and an error correcting subgraph isomorphism are used that
are common in the field of graph theory or artificial intelli-
gence and that are presented e.g. in [15] and [10].
















