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Abstract

The analysis of Web log files may give infor-

mation that are useful for improving the services

offered by Web portals and information access and

retrieval tools, giving information on problems oc-

curred to the users.

This study reports on initial findings on a spe-

cific aspect that is highly relevant for personaliza-

tion services: the study of Web user sessions.

Categories and Subject Descriptors

H.3.m [Information Storage and Re-

trieval]: Miscellaneous; H.2.8 [Database Man-

agement]: Database Applications — Data Min-

ing.

General Terms

Experimentation, Measurement, Algorithms.

Keywords

Data mining, Web log mining, User session
analysis.

1 Motivations

Web log file analysis began with the purpose
to offer to Web site administrators a way to en-
sure adequate bandwidth and server capacity to
their organization. This field of analysis made
great advances with the passing of time, and now
e-companies seek ways to use Web log files to ob-
tain information about visitor profiles and buyers
activities [4]. The analysis of Web log may offer
advices about a better way to improve the offer,
information about problems occurred to the users,
and even about problems for the security of the
site. Traces about hacker attacks or heavy use in
particular intervals of time may be really useful to
configure the server and adjust the Web site.

From the point of view of users, the Web is
a growing collection of large amount of informa-
tion, and usually a great portion of time is needed
to look for and find the appropriate information.
Personalization is a possibility for the success of
the evolving of a Web infrastructure. A customer
or a visitor who finds easily what he was searching
for is a customer or a visitor that will return. For
this reason, Web sites are created and adapted to
made contents more easily accessible, using pro-
files found to make recommendations or to target
users with ad hoc advertising. An ideal environ-
ment would dispose of exact history and informa-
tion about a user, permitting to know his tastes
and information needs.

A way to evaluate the effectiveness of a Web
site and its information access tools is through the
mining of web log files. In fact, the three main ap-
proaches to evaluate an information access service
are:

• the studies based on test collection analysis,
the so-called “Cranfield approach” [3],

• the user studies, and

• the analysis of log data.

The collaboration with The European Library1,
a service born to offer access to combined re-
sources (such as books, magazines, and journals
– both digital and non-digital) of 47 national li-
braries of Europe, gave us the possibility to start
a project for the analysis of the data contained in
the log files of The European Library Web servers.
The European Library is a service set up by the
Conference of the European National Librarians
(CENL)2.

One of the scope of the study is to evaluate
the information access service to give recommen-
dations for developing possible future personaliza-
tion services. The log data used for the present

1http://www.theeuropeanlibrary.org/
2http://www.nlib.ee/cenl/
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analysis refer to the collections from 27 out of
the 47 national libraries that were full partners
at the moment of the analysis. The aim of this
paper is to report on initial findings on a specific
aspect that is highly relevant for personalization:
the study of user sessions. To reach this aim Sec-
tion 2 reports on the proposed approach to address
the problem, Section 3 reports on the initial anal-
ysis of experimental data, and finally Section 4
gives some final remarks and indications for the
continuation of the work.

2 Approach

The extraction of the data from Web logs gives
access to information that have to be managed
efficiently in order to be able to exploit them for
analyses.

The solution we have developed is based on
database management methods which permit the
definition of an application which maintains and
manages the necessary data. The specifications
of the proposed solution were presented in [1].
The database and the application which have been
developed enable separation of the different enti-
ties recorded and facilitate data-mining and on-
demand querying of the log data.

We concentrate our attention here only on
deriving the information on user sessions from
the analysis of the HyperText Transfer Protocol
(HTTP) requests made by clients, grouped in ses-
sions, using a specific heuristic.

A request represents the data of the HTTP re-
quest that are recorded in the Web log files. A
session is a particular set of requests made in a
certain interval of time by the same client. Ses-
sions are found, when information about sessions
are not available, as in our case, through empirical
rules, the heuristics.

Organizing the HTTP requests in a single ses-
sion permits to have a better view of the actions
performed by visitors. A procedure, named “ses-
sion reconstruction”, may be used in order to map
the list of activities performed by every single user
to the visitors of the site. We used a heuristic that
identifies a single user with the pair IP address and
user-agent, and permits only a fixed gap of time
between two consecutive requests. In particular,
a new request is put in an existing session if two
conditions are valid:

• the IP address and the user-agent are the
same of the requests already inserted in the
session [6],

• the request is done less than fifteen minutes
after the last request inserted [2].

The reason for the choice of the couple of IP
address and user-agent as identifiers is to distin-
guish different users coming from the same proxy.
Different people using the same proxy result in re-
quests done by the same IP, despite of the real
identity of the clients. The introduction of the
user-agent permits to differentiate more clearly
the source of requests.

Empirical observations showed that there are
high chances that different users are accessing the
Web site when an amount of time greater than
fifteen minutes passes between two requests from
the same client.

With data so organized, it is possible to gener-
ate statistics about the visitors of the Web portal
which can be used by a Web master in order to
offer personalized information to the user.

3 Experimental Analysis

Experimental analysis was performed on the
available Web log files, that correspond to eleven
months of The European Library Web log files,
starting from October 31st 2005 to September
25th 2006. We stopped the analyses before
September 26th since, from that day, the records
in the log file slightly changed in order to incorpo-
rate new data (such as cookies and track sessions).
The structure of the log file record is conform to
the W3C Extended Log File Format [5].

The analyses, that are presented in the follow-
ing, cover software tools such as operating systems
and browsers used by clients, sessions in terms of
daily distribution, and time intervals per number
of HTTP requests.

The numbers we are reporting include all the
requests and sessions, even those ones which can
belong to automatic crawlers and spiders.

A total of 25,881,469 of HTTP requests were
recorded in the log files of the eleven months. Ta-
ble 1 reports the distribution of HTTP methods
which are present in the log files.

During this period, according to the heuris-
tic we chose, 949,643 sessions were reconstructed.
These numbers suggest that each client makes on
average 27.25 accesses per session. The number of
distinct pairs IP address and user-agent is equal
to 285,158.

Figures 2a and 2b show the distribution of the
operating systems and the browsers used by visi-
tors respectively.

It is possible to see how the products of Mi-
crosoft are by far the most used by visitors of The
European Library portal: Windows alone is used
by about 75% of the users; this tendency also af-
fects the situation found in Figure 2b, with In-
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Table 1: Number of HTTP requests for each
method.

HTTP method total number
CONNECT 2
LINK 6
PROPFIND 760
PUT 3,640
OPTIONS 3,779
HEAD 33,770
POST 844,058
GET 24,995,454
Total 25,881,469

ternet Explorer as the most used browser. How-
ever, we noticed a significant increase in the use
of Mozilla Firefox, compared to what we found in
a preliminary analysis of a sample of the initial
months of the logs (from November 2005 to Jan-
uary 2006) as reported in [1].

In Figure 3a, we present the number of sessions
per hour of day. The distribution is the one ex-
pected for European countries, considering that
the time recorded by the server refers to the Cen-
tral European Time: a higher activity during the
day compared to the one during the night.

In Figure 3b, the number of sessions per HTTP
request intervals are shown. Sessions with less, or
exactly, 25 requests are the 75% of the total num-
ber of sessions. This means that the great major-
ity of sessions have a small number of requests.
Sessions with more than 100 requests are only the
6% of the total, but those sessions play an impor-
tant role in the study, since they may belong to
deep browsing of the portal.

Because of this peculiar uneven distribution, we
carried out a further analysis on the study of ses-
sions according to both the number of requests
and the length of the session. In Figure 4, a
barplot which relates the number of requests per
session to the length of sessions, computed in sec-
onds, is shown. In order to make the barplots
visible and clear enough, we split the figure in two
parts: sessions with less than, or exactly, 25 re-
quests (plot on the left side), and sessions with
more than 25 requests (plot on the right side).

For the first set of data, we divided the intervals
of the length of sessions into: less than, or exactly,
20 seconds, between more than 20 and 40, and
more than 40 seconds. The analysis shows that
sessions with less than 25 requests are very short,
in terms of number of seconds, with very few ex-
ceptions. It is still under investigation the study
of this minority, that represents sessions with few
requests which are sent very slowly.

For sessions with more than 25 requests, plot on
the right part of the figure, we chose a finer grain
for the time interval of the length of sessions: 10
seconds for each interval, apart from the last row
where the sessions that last more than 60 seconds
are represented. Many sessions have less than 50
requests.

Nevertheless, there is a sizeable number of ses-
sions, corresponding to the 16% of sessions, which
last more than 60 seconds regardless of the num-
ber of requests per session. It is interesting to note
that 12% of the sessions contain more than 50 re-
quests. An analysis of the sessions with more than
100 requests has been computed separately, since
we believe that these sessions are valuable for the
analysis of users for personalization purposes. The
results are shown in Figure 1. It is worth to note
that the subset of sessions which last from 2 to 30
minutes is the biggest.

An experiment which is currently under inves-
tigation concerns a controlled study of a group
of users who have been asked to freely crawl and
navigate The European Library Web site and, af-
ter that, to fill in a questionnaire provided by The
European Library to report and describe their im-
pressions. The goal is to combine the data of the
sessions of the people which have compiled the
questionnaires, data which are present in the Web
log files, with those that have been reported in
the questionnaires with the aim of gaining insights
from data on user sessions and judgements in the
questionnaires to be used for personalization pur-
poses.

4 Conclusions and Future Work

In this paper, we presented a preliminary analy-
sis of eleven months of The European Library Web
log data, according to a methodology for gathering
and mining information presented in [1]. The aim
of this work was to report on initial findings about
the study of user sessions which have been recon-
structed by means of heuristic methods, since no
personal data was available to track each user.

The heuristics used to identify users and ses-
sions suggested that authentication would be re-
quired since it would allow Web servers to identify
users, track their requests, and more importantly
create profiles to tailor specific needs. Moreover,
authentication would also help to solve the prob-
lem concerning crawlers accesses, granting access
to some sections of the Web site only to registered
users, blocking crawlers using faked user agents.

As a follow up of the cooperation with The Eu-
ropean Library, the Office of The European Li-
brary has implemented the changes, that the re-
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Figure 1: Sessions per time-intervals in seconds with respect to the number of requests per session. The
reported sessions are those with at least 100 HTTP requests.

sults of the analysis here reported were suggest-
ing, in its HTTP server logging system (Septem-
ber 2006) and that The European Library Office
has also established a user authentication proce-
dure (since August 2006).
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Figure 2: Web log general statistics concerning HTTP requests.
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(a) Sessions per hour of day.
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(b) Sessions per number of requests.

Figure 3: Web log analysis of sessions per hour and number of requests.
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Figure 4: Sessions per time-intervals in seconds with respect to the number of requests per session.
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