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Abstract. This paper presents a Multi-agent System and a Methodology to select
and to integrate heterogenous and distributed information sources to make recom-
mendations. A set of intrinsic characteristics has been defined. These characteristics
allow having a description of the information contained in the sources to select the
most relevant information sources. Ontologies are used to integrate the information
from the selected sources. And a case study confirms our proposal.
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1. Introduction

Today an essential research challenge is the development of large-scale agent-oriented
information systems that can connect the right information with the right people at the
right time [12]. This challenge has been exacerbated by the explosive increase of the
information available in the web. Models and techniques for multi-agents systems, in-
formation retrieval and recommender systems have emerged as research approaches to
address this problem. Recommender systems present relevant information to users ac-
cording to previous patterns of information retrieval and individual user model [8] what
has been used to deal with the information overload problem [12]. In e-commerce ap-
plications, recommender systems need a responsive, strategic network of interchange of
information that can respond instantly to requirements of the users. They need access to
different information sources to find the information necessary to make the best recom-
mendation that satisfies every user requirements.

To improve the recommendation through the interchange of information the prob-
lems are:

• Select the information source with the most appropriate information to a recom-
mender.

• Integration of the information: to set more knowledge from disperse data bases.

Nevertheless the problem of selecting and integrating information from other sources
is a difficult task,[1][11] the complexity is made by :
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Figure 1. Multi-Agent System

• The dynamism of the sources.
• The geographic distribution.
• The heterogeneity of the sources.

A Multi-agent System and a Methodology are presented to solve this problem. This
paper is organized as follows: InSection 2a Multi-agent System for selecting and inte-
grating distributed and heterogenous information sources is presented. A methodology
to select and integrate the information is described inSection 3. Section 4describes a
case study. Finally, conclusions are presented inSection 5.

2. Multi-agent System

A Multi-agent system to select and integrate the information from distributed and het-
erogenous sources has been designed, it can be see in Figure 1.

A Multi-agent system is an Artificial Intelligence approach suitable to manage geo-
graphically distributed information [4] in which is necessary to have agents to mediate
the differences between the components. The agents interact by a negotiation protocol
for selecting the relevant sources, and the information is integrated with ontologies.

• Each information source is managed by aSource Agent (SCA). It has different
roles in the system, asProperty Agent (PA) is the agent in charge of obtaining
the description of the source.Buyer or Seller Agents (BA/SA)participate in the
negotiation process by buying or selling information contained in the sources. The
BA is aSCA agent that demands information and theSA agent offers information.

• Negotiator Agent (NA) is a mediator between theBA and theSA. It is responsi-
ble for selecting the sources which provide the most relevant information to make
the recommendation.

• Integrator Agent (IA) integrates the information from the selected sources.
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Figure 2. Functional view of the methodology

• Recommender Agent (RA): makes the recommendation with information from
the selected sources.

The agents execute the steps of the methodology explained in the next sections.

3. Methodology

This methodology attempts to provide access to information from multiple, distributed
and heterogeneous information sources to make best recommendations. Figure 2 shows
a functional view of the methodology.

3.1. Phase1: Description of the sources

The description of the information contained in the sources is interchanged among the
agents to select the most appropriate source. A set of characteristics are defined to
achieve:

• A representation of the information contained in the source;
• Criteria to compare and select a source.

In Figure 3 the characteristics defined for the present research are listed.

3.2. Phase 2: Negotiation

A negotiation protocol is applied to choose the relevant information source. The negoti-
ation protocol is initiated by an BA agent. A user looking for a certain good or service
contacts BA agent and provides it with all the necessary information, then:

1. The BA agent sends a message of requirement to the NA agent.
2. The NA agent sends a message of request about the description of the sources to

all the SA agents in the system.
3. The SA agents answer with the description of the source (characteristics).
4. The NA agent selects the SA agents. The strategy applied by the NA is to choose

the SA that offers the best information that satisfies the requirements of the BA. If
none of the SA gives an acceptable offer the negotiation enters conflict. To solve
this conflict the sources are selected by values of the characteristics near to an
acceptable value.



Characteristics Measure

Completeness: Number of users
from one information source also 
found in another source Users existing in both sources 

A, B = Users from one source of information 

Diversity: Number of user groups. 
It allows the users to be to be 
grouped according to degree of 
similarity following a given criterion.

Number of users included in group i
N =   Total number of users in the source

Ontology:Semantic
representation of the information 
contained in the sources

Number of relevant attributes for the 
recommendation, includes in the source

Timeliness: Update of the 
information about the users 
interactions. Number of user that purchased in a period of time i

Weight of the period of time.
Total number of user in the source

Frequency: Frequency of the 
user interactions

Number of user in a ratio of purchase frequency
Weight of the a frequency of purchase
Total number of user in the source
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Figure 3. Source description

ag1: Buyer ag2: Negotiator ag3: Seller ag4: Seller
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Figure 4. Negotiation protocol between the BA agent, NA agent and SA agents in this system

5. The NA answers to the BA with a list of the possible SA that has the source that
contains information that satisfies his requirements.

The negotiation protocol is showed in the Figure 4.

3.3. Phase 3: Integrating the information from the selected sources

In addition to the capability of retrieving information from a large number of heteroge-
nous sources is necessary an ontological approach to connect conceptually related infor-
mation [7]. The RA agent can see a collection of physically distributed and heteroge-
neous data sources as relational databases structured according to a global ontology. The
global ontology is specified by the mappings between the ontologies of each source. A
"concept" in the global ontology is a subset of a cartesian product of a list of domains,
i.e., if D1, ..., Dn is a list of domains, then:X ⊆ D1...Dn is a concept. The structure of a
concept, X is described by a list of attributes as:X = ((at1, v1); (at2, v2); ...; (atn, vn)),
i.e., Person= (("name", Juan), ("age", 25)) is the structure of a concept with two at-
tributes. The concept can be formed with instances retrieved from one or more relevant
data sources using a set of predefined queries. When the instances of a concept are frag-
mented across two or more ontologies. Thus, each information source stores values of a
subset of attributes of the concept. It is assumed that the existence of a special concept



that is created a global ontology so that the corresponding fragments of each instance can
be combined. Giving two concepts Y and Z into a new concept YZ involves combining
each instance of Y with the corresponding instance of Z followed by taking the union of
the instances of Y and instances of Z,Y Z = Y

⋃
Z.

3.4. Phase 4: Making the recommendation

In a recommendation, relevant information is presented to users according to their pref-
erences. Some methods are used to realize the recommendations. These methods are
Collaborative Filtering [9], Content-based Filtering [2] and a hybrid approach between
both methods [10]. This work is focussed on the selection and integration of the sources.
When the relevant information sources have been selected it is possible to apply any of
these methods.

4. Case study

Three data bases in the consumer package goods domain (retail) were used. The data
bases are related tables that contain information of the retail products, 1200 customers
and the purchases that they realized during the period 2001-2002. A data base S1 con-
tains information about the purchases realized on Internet (Online). The data base S2
and S3 they contain information about the purchases realized at the store. The three data
bases contain common customers. The experiments were based on the information from
the table that contains information about the purchases realized. This table has 23 at-
tributes, between which are identifier of the customers, identifier of the products pur-
chased, import of the purchase, the quantity of units and date of the purchase. Basically
these are the attributes used in this case of study.

4.1. Description of the sources

Figure 5 shows the values of the characteristics of each source. The values were obtained
according to the equations defined in the section "Description of the sources" Figure 3.
The characteristics shown in Figure 5 allow to know, in an abstract way , the information
contained in the sources S1, S2 and S3. Observing the results the following conclusions
are obtained: The source S1 contains the most relevant attributes for the recommendation,
the most complete source is the source S2 and the source S3 is the most updated and the
most diverse.

4.2. Selection of the sources

Once the characteristics of the sources were define, the selection is realized across the
negotiation protocol between the agents of the system. The Buyer Agent (Source S1) and
the SA agents (Source S2 and S3). The process of negotiation executed in this case of
study gave a result that the selected source was the source S2. Once selected the source
it waits that the results of the recommendation will be better, incorporating information
from S2 into of S1. This is:

E(R(S1 + S2)) > E(R(S1)) (1)



Characteristics Source 1
(S1)

Source 2
(S2)

Source 3
(S3)

Ontology 0.80 0.50 0.20

Diversity

Z (Zone) 0.13 0.11 0.12

F (Family) 0.66 0.67 0.67

S (Sex) 0.20 0.20 0.21

Completeness 0.10 0.60 0.30

Frequency 0.23 0.40 0.25

Timeliness 0.25 0.40 0.42

Figure 5. Intrinsic characteristics of the sources in the consumer packaged good domain

/* Global Ontology (Ontology 
Supermatket1 And Supermarket 2)
daml_oil:domain
rdf:resource="#Description"/>
<daml_oil:range

rdf:resource="http://www.w3.org/2000/10/
XMLSchema#string"/>
><daml_oil:DatatypeProperty
rdf:ID=“address">
<daml_oil:domain rdf:resource=“city"/>

<daml_oil:domain rdf:resource=“state-
zip"/>
<daml_oil:range >

/* Superm arketS1 O ntology
<
< /defaultNam espace# "
>

< dam l_oil:DatatypeProperty rdf:ID= "Id-
Super">

< dam l_oil:dom ain
rdf:resource= "city"/>
< dam l_oil:range

rdf:resource= "http://w w w .w 3.org/2000/10
/XM LSchem a# string"/>
< /dam l_oil:DatatypeProperty>

/*Superm arketS2 O ntology
< ?xm lversion= "1.0" encoding= "UTF-8" ?>
- < project>
< Class nam e= "product" />  
< XM LSchem a nam e= "XM LSchem a:int" />  

< Class nam e= "type" />  
< Class nam e= "locality" />  
< Class nam e= "zip-stzte" />

/>
- < Class nam e= "Hom eDelivery">
- < restriction p_attr= "t">
- < m inCardinality nam e= "[441]">
< value> 1< /value>

Ontology source S1

Global Ontology

Ontology source S2

Figure 6. Global Ontology for S1 and S2

It hopes that the recommendations with information of the source S1 and information
of the source S2 are better than the recommendations with only information of the source
S1.

4.3. Integration of the information

In this first prototype the information to integrate is from the same domain (retail) al-
though, for each source an ontology was created. The mapping through the query [3] is
illustrated by an example. Assume a global concept corresponding called BEVERAGE
with attributes ID, DESCRIPTION, TYPE. There are two data sources S1 and S2 with
each ontology that contains information about BEVERAGE. In the global ontology the
BEVERAGE concept is described in terms of global concepts associated with the sources
S1 and S2 as follows:

Create Or Replace View BEVERAGE (Id, Name, Type)
As Select Id, Name, Type From S1supermarket.BEVERAGE

Union
Select Id, Name, Type From S2supermarket.BEVERAGE

The global ontology obtained from the mapping between the sources S1 and S2 is shown
in Figure 6
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Figure 7. Evaluation of the recommendation

4.4. Recommendation

The TF-IDF (Term Frequency times Inverse Document Frequency) technique [6] has
been used to make the recommendation. With the TF-IDF the relevance of the products
for every customer can be established. A table is generated containing total frequencies
of product using the next equation:

TF − IDF = Tik ∗ log2(
N

nk
) (2)

Where,Tik is the frequency of the product k in the purchase of customer i,nk is the
total number of customers that have purchased the product k andN is the total number
of customers.

Two related criteria, normalized recall and normalized precision, have been used to
evaluate the recommendation . The following equations [5] describe these measures:

Precision =
Nrf

nr
(3)

Recall =
Nrf

nf
(4)

Where Nrf is the number of recommended products that match with the purchases,
Nr is the total number of recommended products and Nf is the total number of purchased
products. Precision represents the probability of a recommendation to be successful. Re-
call measure represents the probability that a relevant product will be purchased. Apply-
ing the evaluation measures in the recommendations the result obtained are shown in the
Figure 7.

The values of the precision and recall measures demonstrate the hypothesis
E(R(S1+S2)) > E(R(S1)) can be supposed, because the method used to make the recom-
mendation is the TF-IDF which is based on the purchase frequencies, and the source S2
has more purchases (Frequency measure) and is more updated (Timeliness measure) and



almost it includes all the clients of S1, then improvements were waited in the efficiency
of the recommendation given by the precision and the recall.

5. Conclusion

This paper presents a SMA (Multi Agent System) and a methodology to select and to
integrate information sources. The use of the intrinsic characteristics of the sources that
describe the information contained in them let have a priori idea if a potential source can
or can-not improve the efficiency of a given recommender system. The results obtained
in the case study show that integrating information of a source with certain characteristics
increases the efficiency of the recommender systems. The efficiency is obtained by the
precision and recall measure. The future work considers to implement a mechanism of
trust to infer the results of the recommendations from the characteristics of the sources.
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