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Abstract—Imprecision in queries has being managed using
fuzzy logic techniques in the last few decades. Fuzzy logic tech-
niques represent uncertainty formally and it allows to manage
imprecision on scalar values in an easy and accurate way. The
problem arises when users want to deal with semantics and non-
scalar data at once. In this situation, fuzzy logic helps us to
manage uncertainty, but it lacks of the flexibility that the semantic
properties of words imply. Nowadays, ontologies have addressed
this problem by the establishment of the semantic relationships
among terms. Here, we present a software that allows us to
combine fuzzy and semantic queries on non-scalar data. As
a proof of concept, we will show some examples of queries
performed on a real database about olive trees plantations.

I. INTRODUCTION

Ordinary relational database queries could be considered
rigid because user queries require an exact matching between
query constraints and database content in order to get re-
sults. For example, we can perform a query about student
characteristics like this one: “Return all students with ‘big’
complexion”, but the system would return tuples that match
with the “big” value only. One of the solutions of this
rigidness consists in the use of fuzzy logic techniques in
database management systems[1], [2]. This solution is really
accurate, specially with scalar values modeled by experts.
This is the case of temperatures represented in a specific
context, e.g. ‘Cold’, ‘Chilly’ or ‘Warm’ fuzzy sets could
be represented by possibility distribution functions as those
shown in Figure 1 a). A query like this: “Return all the cities
with ‘chilly’ temperature” would return all the tuples ordered
by the membership degree associated to the ‘chilly’ fuzzy set.
However, queries that involve non-scalar data are a different
issue. A query like this: “Return all the cities with ‘chilly’
temperatures” where the temperature attribute is modeled by
words, imprecision could be achieved establishing an explicit
similarity relationship between each pair of words. In 1 b), we
can see an example of this situation.

This representation that uses fuzzy logic techniques,
presents some disadvantages: i) the difficulty of establishing
all the similarity degrees between each pair of words, ii) the
problem that arises when a new term is included in an already
defined domain. iii) The impossibility of querying terms out
of the domain, i.e. synonyms, specifications/generalization of
a term, etc.

Figure 1. Domain of the Temperature Attribute using Fuzzy Logic.

Consequently, semantic queries are proposed as an exten-
sion to the fuzzy logic database query system to solve this
problem [3]. A definition of an ontology[4], [5] that represents
the domain of an attribute allows to establish a similarity
relationship among database terms and query values. As a
result, query clauses would not be restricted to fixed domains,
they can include any value anytime, included or not in the
domain of the attribute.

The main purpose of this proposal is the description of
a software that has been developed to perform queries on
an Relational Database Management System (RDMBS) that
involves attributes with different domain definitions (ordinary,
fuzzy and semantic). This software allows to manage these
attributes domains, as well.

A brief summary about fuzzy relational database system
implementations is included in Section II together with a
study about the use of ontologies in databases. In Section
III, the architecture of the system and a description of the
main components of the tool are described in detail. Then, the
description of the software and an example on a real database
is presented in Section IV. Finally, conclusions are included
in Section V.



II. BACKGROUND

In the last decades several tools have been developed to
perform queries on databases to manage imprecision [6].
However, these tools use fuzzy logic techniques or semantic
techniques to give an answer, but there are not any solution
that combines both technologies. A brief summary about the
most representative implementations that use fuzzy logic or
ontologies for answering queries are described below.

A. Fuzzy queries

There are many implementations in the literature to manage
on fuzzy databases[1], [2]. In table I, we can see a summary
of the main relevant ones.

Table I
FUZZY QUERIES IN RDBMS.

Software Description
Prade and Testemale
[7] in MACLISP on
DPS8

This model is mainly theoretical, and it per-
forms a small implementation to manage spe-
cially unknown or incomplete information

Umano and Fukami’s
called FOOBD in SQL
[8]

This model is mainly theoretical, and it han-
dles fuzzy and probabilistic information using
object oriented databases

Kacprzyk et al. [9]
called FQuery in Mi-
crosoft Access ©

It is a database query system that allows to
retrieve database information using fuzzy de-
scriptions and linguistic quantifiers

Bosc et al. [10] called
Sqlf

This model extends database functionality and
SQL to allow imprecise queries

Medina et al.
[11] designed and
implemented the
GEFRED model and
FSQL language in
Oracle ©

This system proposes a complete extension of
the relational database management system to
manage imprecision on scalar, non-scalar, un-
known, undefined or incomplete information.
An extension of the SQL language is also
included here

Our proposal is based on Medina et al. [11], [12] imple-
mentation, which extends relational database model with fuzzy
data types and operations. It has been developed in an Oracle
©system because not only data but also procedures can be
included and executed in the system. Moreover, an extension
of SQL has ben developed (Fuzzy SQL (FSQL)) to deal with
fuzzy data in an easier way [13].

B. Semantic queries

Ontologies have became one of the most popular knowledge
representation technique in the last decades thank to the raise
of the Semantic Web [4], [14]. Semantic queries allow to
perform flexible queries on any kind of data sources because
ontologies establish relationships among different terms such
as, synonyms, antecedents or is-a relationships in the same
structure. Database queries using ontologies have been used
in the literature in many implementations. In table II we can
see a summary of some of the main representative.

In Table II, there are not any system that uses an ontology
from scratch. Most of them perform a mapping process be-
tween ontologies and relational databases in a pre-processing
stage. In contrast, in our proposal we select the ontology at
the moment of the query definition.

Table II
SEMANTIC QUERIES ON RDBMS.

Software Description
Necib et al.[15]
and Lim [16]

This proposal enriches queries on relational databases
with the vocabulary provided by an ontology

Barrasa et
al.[17]

It develops a system that maps relational DB and
ontologies to establish a communication between them

Dragut et
al.[18]

This system allows to map automatically an ontology
with a database

Buche et
al.[19]

This system enlarges a query with ontologies and uses
fuzzy completion rules to help users in the formulation
process

Konstantinou
et al. [20]

They develop a visual tool that maps ontologies and
relational databases

Zahng [21] et
al.

This implementation performs queries semantically
enriched by annotations and ontologies. Queries are
executed on the database using keywords.

III. FUZZY AND SEMANTIC QUERY SYSTEM

In this paper we describe a software that answer queries
that involve non-scalar data on databases using fuzzy logic
techniques and ontologies. This idea, that has been described
in deepth in [3], combines both kind of domain descriptions
in order to provide an enriched answer which includes an
accomplishment degree to each returned tuple that satisfies
the query clause. This tool has been developed to deal with
the following situations:

1) Queries that involve attributes which are described by
a set of similarity relationships among each element of
the domain. This is the situation described in Fig. 1 b).

2) Queries that involve attributes that have ontologies as-
sociated to their domains.

3) Queries that involve both kinds of descriptions at once.
Consequently, tuples must be computed in both senses
to provide the most accurate answer according with their
accomplishment degree.

A. System Architecture

The system architecture consists in three basic modules:
fuzzy and semantic modules that are managed by the Query
Processing Module (QPM) (see Figure 2). All these modules
perform the following operations:

Figure 2. System Architecture.

• Fuzzy Module: This module manages fuzzy queries. The
input is a sub-query from the QPM, and this module
interacts with Relational DB catalog to compute all the



similarity relationships between terms. The output is sent
to the query processing module together with each tuple
similarity/membership degree.

• Semantic Module: This module manages semantic
queries. The input is a sub-query from the QPM, and
this module computes relationships among an ontology
and the database content. Resulting tuples are returned
together with a similarity degree.

• Query Processing Module: This is the main module,
where inputs and outputs are managed and formatted.

– Inputs are analyzed and split according with the
query attributes if necessary.

– If there is an attribute described by fuzzy logic, the
subquery is sent to the Fuzzy Module.

– If there is an attribute described by an ontology, the
subquery is sent to the Semantic Module.

– If there is an ordinary attribute, the subquery is sent
to the Relational DB directly.

– Tuples resulting from the different modules or Re-
lational DB are combined and ordered by an ac-
complishment degree. This accomplishment degree
comes from the returned tuples membership or sim-
ilarity degree according with the system strategies
described in Section III-B.

– Database Catalog: This element represents the place
in the database where not only a description of
metadata in the Relational data model but also fuzzy
and semantic descriptions are stored as well. In this
catalog, the system stores similarity relationships and
ontologies to make easier the final user querying
process.

B. Programming strategies

When the QPM module receives a query, it analyzes the
attributes involved in it to split the query into subqueries and
send them to the proper modules (see Figure 3 a)). The answer
of these modules consists of this minimum set of attributes:
Tuple ID, attribute value, similarity-threshold degree
The output is processed by this module using the strategies
below.

1) Decision algorithm: All the results are aggregated and
ordered in the output according with each tuple accomplish-
ment degree. If the user has provided a threshold, then results
are filtered in the output as shown in the Figure 3 c). Here,
it is shown a simplification of the use of a t-norm for the
conjunctive operation and a t-conorm for the disjunctive one.

When one tuple has two associated degrees, the QPM is in
charge to decide the final accomplishment degree following
the algorithm described in Figure 3 b). This situation happens
when two different domain definitions are associated with the
same attribute to cover all its possible values. It is not very
usual but when it happens, the strategy consists basically on
prioritizing fuzzy logic module over the semantic one because
these relationships are considered semantically stronger than
ontology ones.

Figure 3. System Algorithms.

2) Ontology comparison process: This tool evaluates the
semantic relationship between the term included in the query
and in the database attribute using the associated ontology.
For example, in the query: “Return all the cities with ’chilly’
temperatures”, if ’chilly’ is a value represented in the ontology,
a distance calculation between this value and each term of the
database attribute ’Temperature’ would be computed. Some of
the advantages of using ontologies to perform this calculation
are: i) Ontologies can change according with the user interests,
ii) If there are not ontologies available we can use alternatives
such as the well-known thesaurus WordNet, iii) Ontologies
provide different kind of relationships between terms that give
us a framework to establish a weight system to differentiate
them, iv) We can use different methods to calculate a similarity
degree among ontology elements [22].

In this proposal, we extend the semantic relatedness
measure proposed by Hirst and St-Onge in [23] to include
the following relationships: IS-A , Kind-of, Properties and
annotations. Our extension includes Kind-of relationships,
despite this extension is rarely used in most ontologies
because they do not include instances. Also, this similarity
measure is normalized to [0,1]. The equation that computes
the similarity degree is:



sim(a, b) =
(2C − path with inst(a, b)− k ∗ turns(a, b))

2C
(1)

where

• C is the maximum distance to be taken into account. In
our system, this variable is always the maximum distance
between the root or superclass and the farthest instance.
If we are using a very large ontology as Wordnet we must
establish the distance by hand. In the literature Hirst and
St-Onge [23] set this value to 8.

• turns(a,b) is the number of times the path’s direction
changes.

• k is the weight of turns(a,b). We propose to set this
variable to 1 to evaluate turns the same as path distance.

• path with inst(a,b) is the minimum distance between
two elements in the ontology. We have used the Floyd-
Warshall algorithm [24], based in graph analysis to com-
pute this measure.

IV. RESULTS AND DISCUSSION

The developed software is described together with a real
world example that shows how a database can be queried using
different kinds of domains of an attribute.

A. Description of the Software

This development consists in a database client application
developed in Java, it has been called “FuzzyQueries2+” ver-
sion 2.0. The first version was described in [25], [26], [13].
This implementation changes the purpose of the previous
version because of the fact that this software is oriented
to perform only queries on a Relational Database System.
Although, it allows to associate and store fuzzy or semantic
domains to specific attributes in the RDBMS to help in the user
interaction . This application has the characteristics below:

• It allows to establish the connection/disconnection to an
Oracle © database,

• Query Processing Module (QPM) is developed here and
the algorithms described in III-B,

• It includes most of the semantic query module with the
use of the ontology mananagement library OWLAPI [27]
in Java.

• Fuzzy data interaction: SQL or FSQL can be used in this
application,

• Query results are shown as temporal tables,
• Response time calculation is included as well.

This software is a development performed in the core of the
research group and it is available under request to our group
leader. To have a full functionality of this client, it is required
to install some Oracle © database scripts with different stored
PL/SQL procedures that allow to manage:

• FSQL syntax,
• Temporal fuzzy and ontology structures in the database

catalog.

B. Results

A set of queries executed on a real database about land char-
acteristics, which have been made to 542 Spanish olive tree
farmers[28], are analyzed in this section. A brief description
of some of this database attributes is shown in Figure 4 and
5.

Figure 4. Database Schema.

Figure 5. Partial Database Screenshoot.

In this experimentation, only one attribute is being analyzed
due to space limitations. The description of this attribute, that
represents the properties of the soil, can be seen in Figure
6. This attribute domain has been defined twice: i) A fuzzy
domain establishes the most relevant terms used in this context.
This representation is shown in Figure 7 a). ii) An ontology,
that has been generated following the description in [29],
covers many other soil structure terms, as we can see in Figure
7 b).

The following set of queries has been performed on the
database to analyze the behavior of this software. The syntax
of these queries follows this pattern: “Return all the properties
whose soil is ...”.

1) ‘Platy’: The system only uses the fuzzy logic query
module since there are not a ‘Laminar’ definition in the
ontology.

2) ‘Laminar’: The system uses only the semantic module
since there are no other defintion of this term in the
fuzzy logic module. In Table III the resulting similarity
degree of the query restriction and each ontology term
that accomplishes the threshold is shown.



Figure 6. Kind of Soil Quality[30].

Figure 7. Domain Description of Soil Attribute.

3) ‘Prismatic’: Both modules are executed and answered
tuples are combined. Results include tuples with these
terms and a lower accomplishment degrees: ‘Granular’,
‘Blocky’ and ‘Platy’ and Massive’. 1

4) ‘Laminar’ and ‘Platy’: Both modules are executed but
in different modules, and accomplishment degree is got
using a t-norm for the conjunctive operation. Results are
similar to Query 2, but not accomplishment degrees.

5) ‘Migajosa’: There are not any fuzzy or semantic repre-
sentation for this term but it is contained in the database,
consequently, an ordinary query is performed in the
database and all the returned tuples get an accomplish-
ment degree of 1.

In Figure 8), an example of the first query is shown in

1we have considered (Angular/Subangular) ‘Blocky’ as ‘Blocky’ term.

Table III
SIMILARITY DEG. BETWEEN ‘Laminar’ AND EACH ONTOLOGY TERM IN

QUERY 2 WITH 0.5 THRESHOLD

Ontology Value Similarity Deg.
‘Blocky’ (Angular/Subangular) 0.8

‘Granular’ 0.8
‘Massive’ 0.5
‘Grain’ 0.5

‘Prismatic’ 0.6

Table IV
SOME OF THE MOST REPRESENTATIVE SEMANTIC AND FUZZY QUERIES.

Query Rows Time (msec)
1 110 343
2 442 278
3 395 351
4 442 421
5 71 293

Figure 8. FuzzyQueries 2+ Screenshoot.

FSQL syntax: ‘CDEG(*)’ shows the accomplishment degree
of each tuple and ‘FEQ’ represents the fuzzy operator ‘equal’.
‘THOLD’ reprepresent the threshold of 0.5. We have consid-
ered that this threshold would be enough to get a fair set of
tuples to analyze the system. We should remember that all the
returned tuples are ordered by a accomplishment degree.

In Table IV, results and execution times of the queries are
described. As we can observe, execution times are not very
representative because examples are executed on a medium
size database, and the selected ontology manages only 16
concepts. In this situation, connection delay takes the most of
the time and execution time is almost irrelevant. Consequently
these results are not conclusive in terms of efficiency.

V. CONCLUSIONS

A software that implements an extension of a fuzzy database
management system is presented in this paper to solve some
problems arisen with non-scalar data. The extension has been
aimed to include semantic data management to provide an
alternative way of establishing relationships among database
terms.

With this software we do provide a query framework where
ordinary, fuzzy and semantic queries are answered according
with the attribute domain involved in the query. Attribute



domains are temporary stored in the database catalog to help
the user in the query process.

Others considerations that may be taken into account with
the development of this application are:

• The query process is easier when there is not any ex-
pert to model similarity relationships among values of
an attribute thanks to the Semantic Querying Module.
Ontologies can be downloaded from the Semantic Web,
and depending of the ontology source, they are considered
a consensual knowledge about of the modeled reality.

• The resulting tuples are evaluated and their final results
are aggregated and ordered according with each tuple
accomplishment degree which has been calculated using
membership or/and similarity degree.

• This system allows to combine two definitions of the
same attribute at once. This is a rare situation since the
definition process is a heavy task, but when it happens
the process can be solved accurately.

We would like to stress that this software is a prototype
of a combined system that allows to manage two different
techniques for dealing with imprecision and uncertainty in
data, since there is not any similar system in the literature.
In this sense, here it is only analyzed this software behaviour
and performance. However, scalability has not been one of
the main goals of our proposal because this software has
been focused in the management of medium size databases
and medium size ontologies in a fair response time. In future
versions, we will extend it to NoSQL databases in distributed
environments, where not only large databases but also, large or
generic Ontologies or Thesaurus can take part in the process.
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