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Collaborative filtering techniques in the Internet are a means to make predictions about
the behavior of a certain user based on the observation of former users. Frequently in
literature the exploited information is contained in the access-log files of web servers
storing requested data objects. However with additional effort on the server side it
is possible to register, from which to which data object a client actually navigates. In this
article the profile of a user in a distributed web environment will be modeled by the set of
his navigation decisions between data objects. Such a set can be regarded as a graph with
the nodes being the requested data objects and the edges being the decisions. A method
is presented to learn the distribution of such graphs based on distance functions between
graphs and the application of clustering techniques. The estimated distribution is used
to predict future navigation decisions of new users. Results with randomly generated
graphs show properties of the new algorithm. A measure to estimate the prediction
quality for observed profiles is presented.
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1. Introduction

In many applications in the field of Internet research it is important to estimate
the relevance of data objects available in the web for a specific user or a group of
users. In the field of content-based learning the estimation is based on the (former)
behavior of a specific user. Collaborative filtering techniques make it possible to
learn from former usages of other users in order to make predictions for a new user.
These estimations can e.g. be used to make a navigation on a web site easier, to
improve the quality of web sites or to find groups of consumers or interest groups.
In Ref. 10, a procedure was presented to apply a collaborative filtering technique for
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the creation of index lists, i.e. new web pages containing lists of hyperlinks relevant
for a certain topic. The technique is based on an observation of sets of requested
data objects. In Ref. 2, a navigation support system is presented that learns from
search words and browsing decisions of users, applying a reinforcement learning
technique. In Refs. 11 and 13, techniques for pre-sending documents on the WWW
are described, that apply different kinds of Markov-learning techniques.

The information that is known about a specific user in the case of Refs. 10 and
13, is the log data of web servers. Each request is stored in a so called access-log file
containing information about the time of a request, the IP-address of a client and
the URL-address of the requested data object. However, different caching strategies
are used in the web with the purpose to reduce net traffic and to increase the speed
of requests. As a consequence, not all requests of clients actually reach the original
server. Thus only a subset of requested data objects of a specific client is known on
the server side.

In Ref. 13, the actual navigation path is estimated from the access-log informa-
tion. We will however use an idea presented in Ref. 2 to register the actual set of
navigation decisions of a client on the server side. An extended proxy server in the
connection between server and client modifies each requested web page in a way
that all hyperlinks point to that proxy server. The new links contain additional in-
formation like the originally requested page, the page where the link is located and
an id-number assigned to the client. By this means navigation decisions of web users
on the considered web-site can be registered on the server side. This method makes
it also possible to register navigation decisions in a distributed web environment
consisting of a number of web servers.

Our collaborative filtering procedure is based on these sets of navigation deci-
sions of users. In the field of data mining algorithms were presented to find sets
with high frequencies.! Related to that, in Ref. 6, an algorithm is presented to find
frequent navigation sequences in the web. The approach described here is based on
the distances between patterns. A set of navigation decisions can be regarded as a
set of directed edges between data objects. These edges represent a graph structure
with vertices being the requested data objects and the edges being the decisions.
In the field of pattern recognition different distance functions between graph struc-
tures were presented e.g. in Refs. 4, 9 and 12. We will use one of these functions
together with an application of nearest neighborhood clustering” to estimate the
shape of the distribution of the graph profiles. Knowing this distribution, simple
classification procedures can be applied to classify a new profile and thereby to pre-
dict future decisions. The advantage of this technique compared to Markov models
as presented e.g. in Ref. 13 is that we don’t have to consider the order of a Markov
process. Such a predefinition may cause classification errors or otherwise cause an
unnecessary increase of complexity.

In the next section the technique for the estimation of graph distributions and
the prediction technique of future navigation decisions will be described. In Sec. 3,
we present some estimation examples with randomly generated graphs showing




























