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Abstract

In this work we introduce a novel algorithm for spreading information
across a complex network. Depending on the initial conditions and on the
structure of the graph, this algorithm can be applied to a great variety
of problems, all of them included in the wide family of Data Mining
applications. Specifically, when the network is constructed around a
buyers dataset and the information represents users tastes, this strategy
leads to an improvement of standard Recommendation Systems.
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1. Introduction

In recent years, recommendation algorithms have been under the focus of
the scientific community, because of the challenges they set (e.g., the large
amount of information to be parsed and the resulting computational load)
and the interest of the market, increased by the growing number of e-stores.
Within this framework, recommender systems benefit users by making easier
to find items they like and, conversely, this helps the business by generating
more sales. This interest can be represented by the acquisition of MyStrands,
a young company specialized in recommendation systems, by venture capitals
for 31 million Dollars [1].

Many studies have been developed in this field, using a wide variety of
theories: from matrix manipulations to sociological approaches (a review of
the evolution of recommendation techniques can be found on [2]). Another
approach has been proposed by the authors in the past [3], and it focus in the
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improvements resulting from applying complex networks theories [4, 5] to the
recommendation problem.

In this work, improvements in the recommendation are obtained through
the construction of an underlying bipartite complex network of users and
items, and by selecting and diffusing some characteristic information about
those items. Moreover, this approach allows to construct a family of algo-
rithms, included in the wide topic of data mining [6], that can be applied to
different problems by changing the information and the diffusion mechanism.

2. Main application: recommending to users

The basic problem covered by this algorithm is a recommendation process:
with the information of the past acquisitions of a user, the system should be
able to suggest a new item that fulfill with the taste of that user. The data
obtained from the users background can be projected into a bipartite network,
with users belonging to an upper layer and items in a lower one. Connections
between layers are created when a user buys a certain item (see Fig. 1 for a
schematic representation of the bipartite network).

Figure 1: Creation of a bipartite network from users’ acquisitions. Nodes in
the upper layer represents users while nodes in the bottom layer are items. A
connection is created when a user acquires a certain item.

After a first diffusion process, the system outputs a compatibility value for
each item, in the range [0, 1], which indicates how close is that item to the
target user. Items that have been recommended to a given user are ranked



Massimiliano Zanin, Pedro Cano, Javier M. Buldú, Oscar Celma 3

according to their compatibility value, i.e., items in the upper part of this rank
should be closer to the target user, at least from the point of view of its previous
taste, and therefore they are the first to be recommended. The actual score
of the algorithm is calculated by comparing the first n items recommended
with the real purchases of the user, and then this score is compared with
the one obtained with a standard recommendation system (e.g. item-based
collaborative filtering).

Figure 2: Results obtained with two different datasets, namely the Netflix
movies dataset (left) and the Art of the Mix playlists dataset (right).

In Fig. 2 results are shown for two different datasets. The first dataset
includes ratings about movies obtained from the Netflix dataset [2]. The basic
user-based recommendation algorithm, i.e. when the weight of the reranking
algorithm is zero, has a mean score of 0.0127; on the other side, when the
reranking is included, we obtain a score close to 0.02, that is an improvement
of about 55%. The Art of the Mix dataset is slightly different, as it is created
by users representing their own musical tastes in personal playlists of songs.
Due to the low mean degree of the items (around 2.81 links per song), results
obtained with a standard user-based algorithm are disappointing (red hori-
zontal line in Fig. 2 right); when adding the reranking, we can improve the
mean score up to 10 times.

3. Conclusions

From the above examples, it is clear that an interesting application of complex
network theories can be found in recommendation systems; in this case, we use
a bipartite network to construct the layout of an information spreading algo-
rithm, and next we use this information for constructing a reranking strategy.
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Numerical results obtained over two different datasets show how this approach
is useful even in extreme situations, e.g. when the network is too sparse for a
standard algorithm.

Other applications include score forecasting (i.e., detecting how a user will
score an item, for example a movie) or tags mismatching detections.
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