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where fuzzy sets can be adjusted to the user needs and domains, but non-scalar values are
a more complex task. Here, we extend non-scalar attribute management in fuzzy queries
with the use of ontologies. Thus, we allow to compute this kind of queries not only with
the similarity relationships defined explicitly on a fuzzy set but with semantically interre-

ﬁi{:ﬁfgg; databases lated terms modeled as a domain ontology as well. Moreover, we present the architecture
Ontologies of a novel system that combines both techniques to return an answer as much complete as
Semantic queries possible and ordered by a degree of accomplishment. Finally, a qualitative and quantitative
Fuzzy logic study about the use of flexible queries on relational databases is included in this work, as
Fuzzy databases well.

Flexible queries
© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Why do we need flexible queries? In many cases users are unsure about the characteristics of the elements they are
trying to retrieve from a database. They cannot provide precise terms or values to perform the query. In those cases, a
system that allows users to execute a query in a flexible way can solve their requirements satisfactorily.

There are many proposals in the literature to perform flexible queries on relational databases [28]. Most of them are re-
lated with fuzzy logic implementations because they allow users to represent imprecise data instead of crisp values to make
a search. In terms of scalar values this practice results very effective because any fuzzy set can be defined according to the
domain of the queried attribute. This is the case, for example, of querying: “Return people around 50 years”. In this situation,
a triangular or gaussian function could represent the “around 50” fuzzy set to compute the search. However, non-scalar at-
tributes such as “qualification”, “attitude” or “hair color”, closer to natural language representations are treated differently in
fuzzy logic. In most representations similarity relationships among all the domain elements of an attribute must be defined
in the design phase. For example, in a search like this: return blond people, Could red hair people be included in the an-
swer?. The answer would be affirmative if the relationship between “blond” and “red haired” were established with a high
degree of similarity.
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Oid Hair Blond |Red Brown
Colour
Red 0.6
Brown |0.4 0.7
Dark |0 0.1 0.8
60 65 100
(a) Human Age (b) Human Hair Colour

Fig. 1. Fuzzy sets representing human age and hair color.

In the past decade, a new technology has appeared to make flexible queries in the frame of the semantics. It consists in
using ontologies, a formal representation of the reality which are, theoretically, designed in a consensual and collaborative
way [40].

In this paper we aim at answering flexible queries like this one: return long films about Zombies, where the concept
Zombie is not included in any database; or this other: return all tall students interested in Life Sciences, meaning Biology,
Zoology, Botany, etc. In the last one, there is not any attribute in an academic database that specifies the categorization of a
subject, e.g., Life Science, Arts or Social Sciences.

Here, we propose the use of ontologies to solve the disadvantages that fuzzy logic entails on non-scalar domains, i.e.
non-scalar fuzzy sets require the establishment of a similarity degree among each pair of domain terms. Consequently, the
domain must be closed because of the tediousness of the definition process. Another disadvantage consists in the subjectiv-
ity involved in the evaluation process of these similarity relationships, which devolves upon the query or database designer.

In this proposal, when a flexible query is executed, the system uses fuzzy logic techniques if the attribute domain is
scalar, but if the domain is not scalar, the system uses semantic or fuzzy logic techniques according to the available in-
formation or the user preferences. The principles involved in the designing of a system architecture for processing flexible
queries are also described here and as a proof of concept, we also report a thoughtful example of the behavior of our system
through the execution of a flexible query using two test-bed relational databases.

This paper is organized as follows: first, we present a brief overview about fuzzy databases and ontologies in Section 2.
Afterwards, we present the system architecture and development details in Section 3. Two examples of working and ex-
perimentation results are included in Section 4 along with a qualitative and quantitative study of the main features of this
proposal. Finally, several conclusions are discussed in Section 5.

2. Background

Two different technologies, further studied in the literature: fuzzy databases and ontologies, have been reviewed in this
section to establish the basis of the proposal presented in this contribution.

2.1. Fuzzy queries on relational databases

Several relational database model extensions have been proposed to define fuzzy queries on data during the last four
decades. Since the first relational database proposal was defined by Codd [9] and the fuzzy set theory was defined by Zadeh’s
[44] a frame that extends the relational database model to manage fuzzy data was opened [28]. In Section 4.3, a qualitative
comparison among different fuzzy database implementations is presented together with the main features of these models.
Some of the latest fuzzy relational data models have tried to include the most relevant characteristics to manage fuzzy data,
such as, Rudensteiner et al. [37], Zemancoba and Kandel [45] or Medina et al. [32] proposals. The last one, which is called
GEFRED, represents fuzzy data using possibility distributions and similarity relationships. This model extends the relational
database model to allow the storage of fuzzy data and the execution of fuzzy queries with the following characteristics:

o Fuzzy data types to manage fuzzy data (scalar and non-scalar).

o Fuzzy operators, of equality and similarity. Each one has associated a membership degree. For example, “height FEQ $tall
0.8” means: values of height attribute that are equal to “tall” with an accomplishment degree of 0.8.

o Null values: Null, Unknown and Undefined.

o Possibility distributions. Fuzzy sets can be represented as: Crisp values which are ordinary numeric values, Approximate
values represented by a triangular distribution, Trapezoidal values represented by a trapezoidal distribution, Interval val-
ues represented by an Interval structure. All of them can be associated with a label as shown in Fig. 1(a).

o Labels are associated with any domain.

o Similarity relationships establish a numeric relationship among different labels based on non-scalar domains, e.g. Fig. 1(b).

An architecture for this theoretical model has been developed in FIRST [32], where a fuzzy database catalogue has been
extended to manage this fuzzy model. Also, an extension of SQL, called Fuzzy SQL (FSQL), has been designed to perform
queries easily. We can see an example of how this system works in [31].
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