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Abstract. This paper addresses the problem of identifying and selecting rele-
vant sources of information in order to enhance the accuracy of recommender
systems. Recommender systems suggest to the users the items they will proba-
bly like. The large amount of information available nowadays on Internet
makes the process of detecting user’s preferences and selecting recommended
products more and more difficult. In this paper we present a methodology to
identify and select sources holding relevant information for recommender sys-
tems. This methodology is applied using two recommender methods: Content-
Based Filtering (CBF) and Collaborative Filtering (CF) and showed in a real
case-study, how the accuracy of the recommendations made with these methods
and the selected sources increase.

1 Introduction

Information overload is one of the most important problems met by the Internet’s
users nowadays. The great amount of old and new information to analyze, contradic-
tions in the available information generate noise and make difficult the identification
process of relevant information. The information overload phenomena is determined
by the lack of methods to compare and process the available information Recom-
mender Systems address this problem filtering the most relevant information for the
user’s purpose. These systems receive as input the preferences of the users, analyze
them and deliver recommendations.

Recommender systems are used in a network overloaded of information. In such a
case, the search of specific information for recommender systems is a difficult task.
The literature in the field of recommender systems is focused towards the methods
that are used to filter the information to make the recommendations. Methods such
as Content-Based Filtering (CBF) [4] [5] and Collaborative Filtering (CF) [8][9] are
significant examples in this field. This paper presents a methodology for the identifi-
cation of information sources, comparing the sources and to selecting most relevant
information to make recommendations. This methodology allows the optimization of
the search of the information obtained only from the relevant sources for the recom-
mendations. A Multi-Agent System (MAS) called ISIIRES (Identifying, Selecting,
and Integrating Information for Recommender Systems) has been designed for this
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purpose [2]. ISIIRES identifies information sources based on a set of intrinsic charac-
teristics and selects the most relevant to be recommended. In this paper we present
the result obtained applied the methodology using two recommender methods: CBF
and CF and showed in a real case-study, how the accuracy of the recommendations
increases. :

The paper is organized as follows. In Section 2 are described the lSIIRI;S meth-
odology and the Multi-Agent System to implement the methoFiology. In Section 3, the
application of the recommender methods is showed. In SCF[IOD 4'a Case Study with
some result is described and finally, conclusions are drawn in Section 5.

2 Identifying, Selecting, Integrating Information for Recommender
Systems (ISIIRES)

A methodology for the identification of information sources, comparing the sources
and to selecting most relevant information to make recommendations has been pro-
posed and has been described by Aciar et.al. in [2]. Four blocks compose the meth-
odology which is shown in figure I.
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Fig. 1. Functional blocks of the methodology

2.1 Description

A set of intrinsic characteristics of the sources has been defined for the identification
of relevant information to make recommendations [3]. These characteristics are:

- an abstract representation of the information contained in the sources

— criteria to compare and to select the sources.

2.2 Selection

The selection of the information sources is made based on the intrinsic characteristics
and a value of trust from last recommendations. An initial value of trust = 1 is as-
signed to the sources that have not been used in last recommendations [1].
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2.3 Integration

Mapping between' the ontologies is made to integrate the information from the se-
lected sources which are distributed and heterogeneous. The mapping has been made

defining a global ontology comparing the ontologies of each source looking for simi-
lar concepts among them [2].

2.4 Recommendation

The methodology is focussed on the selection of the sources. When the relevant in-
formation sources have been selected it is possible to apply any of recommender
methods. In this paper the methodology is applied using two recommender methods:

CBF and CF. The Multi-Agent System (MAS) shown in figure 2 has been designed
to implement the methodology [3].
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Fig. 2. MAS to implement the methodology

Four types of agents compose the MAS: Source Agent (SA), Selector Agent

(SEA), Integrator Agent (IA) and Recommender Agent (RA).

- The SA managers the sources obtaining intrinsic characteristics.

— The SEA selects the sources that provide the most relevant information to make
the recommendation based on the intrinsic characteristics and a trust value.

= The 1A integrates the information from selected sources establishing a mapping
between the ontologies of the selected sources.

~ The RA is an interface agent that interacts with the users. Once the sources have
been selected, it makes the recommendations and evaluates the results to keep
them for future selections.
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3 Applying Different Methods to Recommend

Two main methods have been used to compute recommendations: Content-Based
Filtering and Collaborative Filtering, these methods are implemented in this paper
with information from the selected sources.

3.1 Content-Based Filtering (CBF)

In this method the attributes of products are extracted and they are compared with a
user profile (preferences and tastes). Vectors are used to represent the user profile and
products in this work. The user vector is:

The values of the user vector represent the preferences that he has for the attributes
of products. Where u; represent the weight of attribute i with respect to the user ob-
tained from previous purchases made by the user. The product vector is:

P=<pipas ceeeeceeecnns yPn>

Where p; represent the weight of attribute i whit respect to the product. This weight
is assigned by an expert of the domain. The cosine function based on the vectorial
space proposed by Salton [7] has been used to establish the relevance of products for
the users using both vectors: P and U

S (i uy) 1
V §I=1p'2 * V Zi:l ll?

Cos(P.U) =

The products that have a higher value of relevance are recommended the users.

3.2 Collaborative Filtering (CF)

The information provided by users with similar interests or necessities is used to
determine the relevance that the products have for the user. Similarity between users
is calculated for this purpose and the recommendations are made based only in this
similarity, the bought products are not analyzed as it is made in the FBC. In this paper
the cosine vector similarity (7] is used to compute the distance between the represen-
tation of the present user and the other users. All users are represented by vectors.

U=<uj;up.ceeennnnnnn. ;U >
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Where u; are the preferences of the user which is represented by the weight as-

signed by him to any attribute of the product, such as colour, type of product, etc. The
similarity measurement is calculated by:

C'OS(L;'_ ‘/) = Z:;l(ll.‘ * p’.) @)

\% Zi:l uf * v/ Z;:x v?

Where U and V are the user vectors.

3.3 Evaluating Recommendations

The purchases made by the users after the recommendations are used like feedback to
evaluate the accuracy of the system. The accuracy is evaluated using the precision
equation from the Information Retrieval field [6] adapted to our problem.

Precision = & S

R

Where Pr is the number of recommended products that have been bought and R is
the total number of recommended products. The precision represents the probability
that a recommendation will be successful.

4 Case-Study

Eight data bases in the consumer package goods domain (retail) have been used. The
data bases are related tables containing information of the retail products, 1200 cus-
tomers and the purchases realized by them during the period 2001-2002. All data
bases contain common customers.

The sources used in the experiments are the sources selected in the previous phase
of the methodology, see Aciar et. al [1] for more detail about the selection of the
sources.

4.1 Content-Based Filtering (CBF))

An expert of the supermarket has defined the relevant attributes of the product used in
the CBF method. Based in these attributes shown in figure 3 has been established the
user preferences represented by a vector:



124 Aciar S., Lopez Herrera J. and de la Rosa J.

2 Marca

3 Tipo de compra

4 Genero sujeto consumidor
5 Perfil consumidor

6 Edad consumidor |
7 implicacion

8 Transportable

9 Frecuencia uso

10 Tipo producto

11 Ciclo de venta

12 Complementariedad

13 Caducidad

14 Madurez

15 Fresco

16 Salud

17 Precio

18 Origen

18 Practico, almacenaje, conservacior
20 Sensibilidad_Precio_PF
21 Sensibilidad_Precio_PFS
22 Sensibilidad_Precio_SIO
23 Sensibilidad_Precio_C
24 Sensibilidad_Precio_VL
25 Sensibilidad_Precio_CIO
26 Sensibilidad_Precio_HO
27 Sensibilidad_Precio_PB
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Fig. 3. Relevant attributes in the consumer package goods domain (retail) defined by an
expert.

The weight ui has been obtained from last purchases of the user using the tf-idf
method (Term Frequency Times Inver Document Frequency) [6].

@

w=torlogy(X)
ny

Where ti is the frequency of attribute i in the purchases, ni is the number of users
who have been bought a product with attribute i and N is the total number of users.
The weight pi of the product vector has been assigned by the expert in the supermar-
ket.

P=<piip2 ceeerrrrrunnn.. s Pn>

The weights ui and pi of each vector are shown in figure 4. The relevance of each
product for the users has been established with equation 1 using the vectors represent-
ing the users and the products ( See figure 5).
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The products with a value of relevance > 6 have been recommended the users.

Theses recommendation are shown in figure 6.
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Fig. 5. Relevance of the products for the users
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=132 €3473 CERVEZALATA  33CL CAPRABO
Tleram £47310 PATATAS TRADICION 170G EAGLE SNAC
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mim 274372 VINO TINTO ORIK 1 L DON SIMON
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B3 9000003 Frutas y Verduras
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|ss13m 510004 LAUREL BOLSA 10 G DANI
=am 24677 CHAMPU NORMAL  400ML WELLA BALS
k] 143111 LATA I3CL COCA COLA
|®13m 483052 PARMESAN RALLADO 40 G KRAFT
se13m 374305 TOMATE TRITURADO 410 G APIS
113, A

Fig. 6. Recommendations made using CBF

4.2 Collaborative Filtering (CF)

The attributes shown in figure 3 defined by the expert of the supermarket have
been used to obtain the user vectors.

The weight ui has been obtained from last purchases of the user using the tf-idf
method (Term Frequency Times Inver Document Frequency) [6] like in the CBF

N ®)

u; = ti % loga(—)
ny

Where ti is the frequency of attribute i in the purchases, ni is the number of users
who have been bought a product with attribute i and N is the total number of users.
The weights ui obtained for each user are shown in figure 7.

The similarity between users has been established with equation 2 using the vec-
tors representing the users (See figure 8)
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Fig. 7. Weights for the user vectors — CF

Fig. 8 Similarity between users - CF

VeclorClienteUT_cliente | VeclorClienteU2 cliente | S|
|| 1000285 299840 07426971197
| | 1000285 12997340 07426971197
|| 1000285 2098776 07426371197
" | 1000285 2998773 0,7426971197
| 1000285 2998766 07112738823
[ |1000285 2998515 07112738823
[ |1000285 2098386 05798506450
| 1000285 2998342 0,5730506450
|| 1000285 2993339 07112738823
| |1000285 2097973 07426971197
~|1000285 2098743 07112738823
[ | 1000285 2997953 07112738823
[ |1000285 2998291 06484274077
[ 1000285 2998022 07112738823
[ | 1000285 299803 07426971197
[ 1000285 2998045 07426971197
[ 1000285 299807 06798506450
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|~ |1000285 299819 06798506450
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The products bought by other users with a value of similarity > 6 have been rec-
ommended to the user. Theses recommendation are shown in figure 9.
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Chente | Productos_recomendadosy | ipcion
|__[1000285 931830 PLATANO CANARIO EXTRA BANDEJA
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|__| 1000285 1818 ESPINACA CORTADA 400 G FINDUS
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Fig. 9. Recommendations made using CF

4.3 Evaluating Recommendations

The experiments have been made implementing both methods: CBF and CF with the
information of all the sources (8 data bases) without the methodology. The precision
of recommendations has been evaluated using equation 3 obtaining the results shown
in figure 10 and figure 11.
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Fig. 10. Accuracy of the recommendations using CBF with all sources

.In figures 12 and 13 can be observed the accuracy of the recommendations made
using the CBF and the CF with information of the selected sources in the methodol-
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ogy. In the graphs are showed, how the accuracy of the recommendations made with
these methods and the selected sources increase. The selection of the sources is estab-
lished based on intrinsic characteristics of each source.
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Fig. 11. Accuracy of the recommendations using CF with all sources
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Fig. 12. Accuracy of the recommendations using CBF only with the selected sources in the

methodology
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Fig. 13. Accuracy of the recommendations using CF only with the selected sources in the
methodology
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5 Conclusions

The large amount of information available nowadays on Internet makes the process
of detecting user’s preferences and selecting recommended products more and more
difficult. A methodology has been developed to make this task easier and to optimize
the information search to recommend resulting in better recommendations. In the
methodology has been defined a set of intrinsic characteristics of information sources,
The characteristics represent relevant information contained in the sources used to
make recommendations. The selection of relevant sources is made based in these
characteristics. The user preferences are established from the selected sources. The
methodology has been used with two recommender methods: CBF and FC obtaining
good results in each one of them. The results obtained in a real case-study show how
the accuracy of the recommendation made with the selected sources increase.
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