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a b s t r a c t
This paper introduces a multi-objective grammar based genetic programming algorithm, MOG3P-MI, to
solve a Web Mining problem from the perspective of multiple instance learning. This algorithm is evaluated and compared to other algorithms that were previously used to solve this problem. Computational
experiments show that the MOG3P-MI algorithm obtains the best results, adds comprehensibility and
clarity to the knowledge discovery process and overcomes the main drawbacks of previous techniques
obtaining solutions which maintain a balance between conﬂicting measurements like sensitivity and
speciﬁcity.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
In recent years there has been a growing interest in applying
web-usage mining techniques to build web recommender systems
(RSs) [1]. These systems use information ﬁltering technology to
anticipate the needs of web users and provide recommendations
that predict whether a particular user will like a speciﬁc item,
or identify a set of items that will be of interest to a certain
user. Most of these systems involve analyzing the behaviour
of users, identifying patterns of user behaviour, and predicting
their subsequent behaviour or interests. Recommender systems
have been used in a number of different applications, such as
recommending such products as movies [2], news [3], or vacations
[4], identifying web-pages that will be of interest, or suggesting
alternate ways of searching for information. In this paper, we
focus our attention on the application of web index page recommendation from a multi-instance perspective [5]. Web index
pages are pages that contain references or brief summaries of
other pages. The goal is to identify whether a new web index
page will interest a user or not by analyzing the web index
pages that the user has browsed. The difﬁculty entailed in this
learning lies in the fact that the information available about the
user is whether or not he or she is interested in an index page,
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instead of specifying the concrete links that this person is really
interested in.
This problem has been resolved from a traditional perspective with several techniques such as k-nearest neighbour [6] and
inverse document frequencies [7], as well as from a multiple
instance perspective adapting a k-nearest neighbour algorithm [5]
and a grammar guided genetic programming algorithm [8,9]. The
main characteristic which is shared by all the methods previously
described in the literature is that a single objective function is used
which combines different measurements, such as accuracy, recall
and precision by means of using linear combinations of them or
adding constraints. The problem emerges because these measurements often conﬂict with each other (if we optimize one of them,
the values of the others decrease) and it is very difﬁcult to obtain
a trade-off between them. So the user proﬁles generated are not
of high quality, because by optimizing one measurement without
taking the decrease of the others into account, we end up by recommending pages to users that contain no pertinent topics of interest
for this person or vice versa. The relevance of the recommendations depends to a great extent on the adequate optimization of
these contradictory factors, because it is just as important to recommend everything that will be of interest to the user as it is to reject
whatever holds no interest whatsoever. That is why the generation
of user models is a task which is well suited to a multi-objective
(MO) metaheuristic approach that seeks all optimal solutions and
it allows us to select a solution which reconciles the two measurements.
In this study, we propose a novel multi-objective grammar
guided genetic programming algorithm [10], MOG3P-MI, to recommend any particular item that could interest the user by using
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the optimization of two objectives, sensitivity and speciﬁcity. There
are two main motivations for introducing multi-objective genetic
programming into this ﬁeld. First of all, grammar guided genetic
programming (G3P) is considered to be a robust tool for classiﬁcation in noisy and complex domains that overcomes the drawbacks
of k-nearest neighbour (k-NN) algorithms. Although k-NN algorithms have been used extensively and have achieved an important
acknowledgment in this area, these algorithms get harder to scale
for a large number of items, while still maintaining reasonable prediction performance and accuracy. This is because they require
computations that grow linearly with the number of items. Moreover the discovered knowledge is not easily understandable, they
give no information about the user preferences. In this regard, G3P
not only obtains competitive results, but also adds comprehensibility and clarity to the knowledge discovery process, expressing the
information in the form of IF–THEN prediction (classiﬁcation) rules.
The second reason to introduce our proposal is because genetic
programming with multi-objective strategy allows us to obtain a
set of optimal solutions that represent a trade-off between different rule quality measurements, where none can be considered to
be better than any other with respect to all objective functions.
Therefore, from this set of optimal solutions we could introduce
preference information to select that solution which offers the best
classiﬁcation guarantee with respect to new data sets.
Experimental results for solving this problem show that this
approach obtains the best results in terms of accuracy, sensitivity
and speciﬁcity, demonstrating the effectiveness and applicability
of the proposed method. MOG3P-MI allows to discover user preferences and generates a simple rule based model that increases
generalization ability and includes interpretability and clarity in the
discovered knowledge by providing information about the user’s
interests and classifying new examples quickly.
The rest of this paper is organized as follows. Section 2 introduces the multiple instance learning paradigm. Section 3 comments
on the web index pages recommendation problem. Section 4
describes the MOG3P-MI proposed algorithm. Section 5 reports on
experimental results. Finally, Section 6 presents the conclusions
and future research.

2. Multiple instance learning
Multiple instance learning (MIL) introduced by Dietterich et al.
[11] is a learning framework where the labels of individual objects
in the training data, called instances, are not available; instead, the
labelled unit is a set of instances called a bag. In other words, in
multiple instance learning, a training example is a labelled bag and
the labels of the instances are unknown. The goal of learning is
to obtain a hypothesis from the training examples that generates
labels for unseen bags. In this sense, the multiple instance learning
problem can be regarded as a special kind of supervised machine
learning problem where the labeling information is incomplete.
There are several hypotheses for solving this problem. The most
widely used one was proposed by Dietterich et al. [11]. This hypothesis is known as standard assumption and sets that a bag is labelled
positive if and only if the bag has one or more positive instances,
and is labelled negative if and only if all its instances are negative.
More recently, we can ﬁnd other hypothesis categorized as generalized assumptions. These assumptions determine that a bag is
qualiﬁed to be positive if instances in the bag satisfy some sophisticated constraints other than simply having at least one positive
instance. A proposal made by Weidmann et al. [12] deﬁned three
kinds of generalized multi-instance problems, based on employing different assumptions of how the classiﬁcations of instances
determine their bag label. Independently, Scott et al. [13] deﬁned
another generalized multi-instance learning model in which a bag

label is not based on a single instance proximity to a single target
point. Rather, a bag is positive if and only if it contains a collection
of instances, each near one of a set of target points.
During the last decade, this recent learning framework has
found an interested audience in the machine learning community
and its research works are drawing wide-spread attention for two
basic reasons. Firstly, there have been numerous real-world applications which have found in MIL a natural way of being represented.
Among these tasks we can cite text categorization [14], contentbased image retrieval [15–17], drug activity prediction [18,19],
image annotation [20–22], web index page recommendation [5],
stock selection [18], landmark matching [23], computer security
[24] and subgoal discovery [25].
The second reason is due to the great amount of new methods of multi-instance learning that have been designed. If we go
through the literature, we can ﬁnd speciﬁcally developed algorithms for solving MIL problems, such as APR algorithms [11],
Diverse Density (DD) [18], EM-DD [19] and more recently the proposal of Pao et al. [26]. On other hand, we can ﬁnd algorithms
that are adaptations of popular machine learning paradigms, such
as, multi-instance lazy learning algorithms [27], multi-instance
tree learners [24,28,29], multi-instance rule inducers [28], multiinstance logistic regression methods [30], multi-instance neural
networks [31–34], multi-instance kernel methods [14,35–39], and
multi-instance ensembles [17,32]. We can see that almost all
popular machine learning algorithms have been applied to solve
multiple instance problems, but it is remarkable that the ﬁrst proposals to adapt Evolutionary Algorithms (EAs) to this scenario did
not appeared until 2007 [8,10] even though these algorithms have
been applied successfully in many problems of supervised learning.

3. Web index pages recommendation problem
The recommender system (RS) [1] tries to anticipate the needs
of web users and provide them with recommendations for products they might appreciate, taking into account their past rating
proﬁle and history of purchase or interest. Due to the rapid growth
in the amount of information on the Internet and the increasing
need of ﬁnding more exactly needed information, these systems
have become essential tools to assist users.
The recommendation problem, in its most common formulation, is reduced to the problem of estimating ratings for the items
that have not been seen previously seen by a user. This estimation could be used to recommend to the user those items with
the highest estimated ratings. The problem discussed in this study,
web index pages recommendation, is classiﬁed as a recommendation problem, where web index pages are recommended to a
user according to his/her preferences. These pages provide titles
or brief summaries of other pages. They contain plentiful information regarding references, leaving the detailed presentation to their
linked pages. An example of a web index page is the news entry of
CNN (http://www.cnn.com) which is shown in Fig. 1. In this ﬁgure
the web index page is represented in the middle and the content of
four of its linked pages is shown in sides of the ﬁgure. We can see
how a web index page contains a lot of general information. If the
user is interested in any particular topic, he/she has to click on the
link to reach its content.
Many web index pages can be found on Internet. These pages,
like most of the information on the Internet, are largely unstructured, with pages about on diverse domains of topics. Some of
these pages may contain issues that interest the web user while
some may not. It is very difﬁcult for a web user to ﬁnd and select
only those pages containing interesting topics from among so much
information. Therefore, it would be interesting to be able to analyze these pages automatically in order to show the user only those

