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Abstract. Different communication mechanisms between ontologies and
database (DB) systems have appeared in the last few years. However,
several problems can arise during this communication, depending on the
nature of the data represented and their representation structure, and
these problems are often enhanced when a Fuzzy Database (FDB) is
involved. An architecture that describes how such communication is es-
tablished and which attends to all the particularities presented by both
technologies, namely ontologies and FDB, is defined in this paper. Specif-
ically, this proposal tries to solve the problems that emerge as a result
of the use of heterogeneous platforms and the complexity of representing
fuzzy data.

1 Introduction

Fuzzy Relational Databases (FRDBs) can be used to represent fuzzy data and
perform flexible queries [TO20I8[I7I7ITH]. Indeed, once a fuzzy data manage-
ment system has been implemented, any other application can use this flexible
information to perform logical deductions [3], data mining procedures [9], data
warehouse representations, etc. [4]. However, a FRDB requires complex data
structures that, in most cases, are dependent on the platform in which they
are implemented. Such drawbacks mean that these FRDB systems are poorly
portable and scalable, even when implemented in standard Relational Databases
(RDBs).

A proposal that involves representing an FRDB using an ontology as an in-
terface has been defined to overcome these problems [6]. This ontology, whose
definition is extended in this paper, provides a frame where fuzzy data are defined
in a platform-independent manner and which is Web-understandable because it
is represented in OWL. An implementation layer, which is responsible for pars-
ing and translating user requests into the corresponding DB implementations in
a transparent manner, is required to establish communication between the on-
tology and the relational database management system (RDBMS). This paper
presents an architecture that shows the flow of information from the data/schema
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definition, the ontology definition, to its representation in any DBMS platform.
This architecture describes both the elements involved in the ontology defini-
tion process and the communication mechanisms with three different RDMBS
implementations. The main differences between these implementations include
their ability to manage information using internal procedures and their ability
to execute developed Fuzzy SQL (FSQL) procedures which allow fuzzy data to
be managed efficiently.

A brief review of databases and ontologies is presented in the 2] section, which
is followed by a description of the proposed ontology in the [3 section. The sys-
tem architecture that describes how communication is established between the
ontology and the heterogeneous DB technologies is presented in the [ section.
Finally, an example is shown in the [A section and conclusions are discussed in
the [6] section.

2 Antecedents

Since the concept of RDBMSs first appeared in the 1970s [T0/2017], these sys-
tems have been extended in order to increase their functionality in different
ways, for example, to manage time, spatial data, multimedia elements, objects,
logic information, etc. One of these extensions consists of including fuzzy data
management capabilities [I7UT8I7TH] to store and query classical or fuzzy infor-
mation. A specific representation of a Fuzzy RDMBS, known as GEFRED [I§],
describes a complete system where fuzzy data can be represented and managed
efficiently [6]. Consequently, this representation has been chosen to develop this
proposal.

Ontologies allow the knowledge of any domain to be represented in a formal
and standardised way [I412T]. Ontologies can represent the knowledge of a do-
main in a similar manner to a DB, although there are also several differences. For
example, the main purpose of an ontology is to describe the reality semantically
and make this semantics machine-readable, whereas the majority of databases
have a commercial purpose and try to represent a data system as efficiently
as possible in order to manage an organization’s information. Thus, both tech-
nologies can be used to describe the same reality in different ways. Relational
Databases are the subject of this paper as, despite the fact that Object-Oriented
and Object-Relational Databases are more similar to ontologies interms of their
representation structures, they are currently the most widely used DB mode.
Both technologies currently exist alongside each other and can exchange in-
formation in order to take advantage of the information that they represent.
Several proposals have been developed to establish a communication between
ontologies and databases [22]. Some of these involve creating ontologies from
database structures [I], whereas others populate ontologies using database data
[2] and others represent databases as ontologies [S19]. The latter are used herein
to solve the problems presented.
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3 Ontology Description

The ontology that describes a Fuzzy Database Schema, as defined previously
[6/5], consists of a fuzzy DB schema and the fuzzy data stored in the DB (the
tuples). This ontology cannot, however, represent schemas and data simultane-
ously as ontology classes cannot be instantiable twice, therefore two ontologies
are defined, one of which describes fuzzy schema as instances of a DB catalog
ontology and the other of which describes the same schema as a domain ontology
which will allow the data instatiating it to be defined.

3.1 Fuzzy Catalog Ontology

An ontology, hereinafter referred to as the Fuzzy Catalog Ontology, has been
defined to represent the Fuzzy RDBMS[I8/4] catalog. This ontology contains all
the relational concepts defined in the ANSI Standard SQL [12/8], for example
the concept of Schema, Table, Column, Constraints, Data Types, etc., and the
fuzzy structures extension to manage flexible information: Fuzzy Columns, fuzzy
labels, fuzzy discrete values and fuzzy data types [6I5]. Moreover, the following
fuzzy structures have been added to this ontology to complete the fuzzy RDBMS
description:

— Fuzzy Constraints. These restrictions, which are described in table [I can
only be applied to fuzzy domains and are used either alone or in combination
to generate domains such as, for example, not unknown, undefined or null
values are allowed, or only labels are allowed.

Table 1. Fuzzy Constraints

Constraint Description

Label Const The use of labels for this attribute is not allowed.

Crisp Const Crisp values are not allowed for this attribute.
Interval Const Interval values are not allowed for this attribute.

Trapezoid Const Non-trapezoidal values are allowed for this attribute.
Approx Const Non-approximated values are allowed for this attribute.
Nullability Const Null values cannot be defined for this attribute.
Unknown Const Undefined values cannot be defined for this attribute.
Undefined Const Unknown values cannot be defined for this attribute

— Fuzzy Domains. These represent a set of values that can be used by one or
more attributes. They are defined by a fuzzy datatype, one or more fuzzy
constraints, and those labels or discrete values that describe this domain.
For example, Temperature of the land is a Fuzzy Type 2 attribute (because it
is defined over a numerical domain) which has the Not Null and Only Label
constraints and the only labels it can use are High, Medium, Low.
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3.2 Fuzzy Schema Ontology

A Fuzzy Schema Ontology is a domain Ontology [I1] that represents a spe-
cific FDB schema. This ontology is generated using the previously defined fuzzy
schema as instances of the Fuzzy Catalog Ontology. The generation process for
this ontology has been described previously [6] and consists of translating the
Table instances into classes, and the Attributes instances into properties. The
constraints restrictions establish the conections between the Attribute proper-
ties and the Fuzzy Data Structures. For example, the object property of the
Tall attribute allows Trapezoidal, Approzimate, Crispt, Interval, Label values to
be defined but not Null, Unknown or Undefined ones. Moreover, the previously
defined structures, namely Fuzzy Labels and Discrete Tags, are included in the
Schema Ontology. The result is a mixed ontology containing the Fuzzy Schema
Ontology and the Fuzzy Catalog Ontology instances or a new ontology where the
fuzzy values are imported as a separate ontology.

4 Architecture

As mentioned above, the representation of fuzzy data in an RDBMS using the
described ontologies is not trivial due, first of all, to the complexity of the data
structure. Secondly, the schema and data representation are dependent on the
characteristics and functionality added to the RDBMS implementation. A fuzzy
database representation ontology simplifies the process of representing this in-
formation because the data structure is defined independently of any RDBMS
implementation. However, when represented as ontologies, the data are defined
without any need for constraints due to the flexibility of the data model, which
means that a data-definition process where the sequence of steps and the ele-
ments involved in the ontology definition process are explicitly declared is nec-
essary. Moreover, despite their noticeable differences, most RDBMS platforms
are catalogued and predefined to make the data representation particularities
invisible to the user. These systems have been categorised accordingly to their
fuzzy management capabilities in the system architecture shown in figure[l This
architecture specifies the flow of information from the user to a DBMS and the
different elements involved when defining a classic or fuzzy DB. This architecture
is divided into two subarchitectures, the first of which manages the representa-
tion of the information into ontologies and the second one of which manages the
communication between a schema ontology and any DBMS implementation.

4.1 Ontology Architecture

This architecture guides the definition of a database schema as an ontology by
the user. The elements involved in this process are:

— User Interface. This interface allows the user to represent all the elements
that constitute a fuzzy database model as an ontology independently of the
particularities of any RDBMS system.
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Fig. 1. System Architecture

— Catalog Ontology. This is the ontology that represents a Fuzzy RDBMS. A
schema definition is performed to instantiate this ontology.

— OWL Generator. This module allows the Schema Ontology to be generated
automatically from the previously defined instances of the Catalog Ontology.

— Schema Ontology. This is the equivalent ontology to the Catalog Ontology
instances that describes a specific fuzzy schema. Consequently, this ontology

can be instantiated to store fuzzy data.

The following applications has been developed to accomplish this functionality:

— A Protégé [16] plug-in which allows any fuzzy database schema to be defined
in an intuitive and platform-independent manner. The domain ontology can
be generated automatically in this plug-in using the definition of the fuzzy
database schema. A screen shot of this application is shown in Figure B

— A Protégé [16] plug-in that allows the user to define fuzzy data in a domain
ontology. These data can be loaded from the ontology, stored in it, loaded
from a database or stored in one or more database systems. Moreover, this
plug-in provides the user with the fuzzy domain information previously de-
fined in the schema, thus making the definition process as easy as possible.
A screen shot of this application is shown in Figure [4]

All these applications provide a DB connection as described below.
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4.2 Database Communication Architecture

This architecture guides the process of generating fuzzy database schemas and
data, previously defined as ontologies, in a specific RDBMS. First of all, the
DBMS must have the catalog structures required to define the fuzzy informa-
tion installed in it. The connection with the RDBMS can then be established
in accordance with the fuzzy data management implementation that the DB
system had installed. At this point, three different RDBMS implementations are
identified:

— RDBMS with FSQL capabilities. These systems are able to execute any
FSQL[L3] sentence as they can execute stored procedures and have the devel-
oped FSQL management libraries installed. This capability makes interac-
tion with the DB faster and the communication simpler, although currently
only Oracle (©) systems can manage these libraries.

— RDBMS with functional capabilities. These systems have no access to FSQL
libraries but have functional capabilities. Therefore, in order to manage fuzzy
data, an external module, called the SQL adapter, is defined to translate any
FSQL sentence into an SQL sentence. However, due to its functional capabil-
ities, this system can execute part of the transformation process internally,
thus making the system more efficient. PostgreSQL() systems are included
in this modality.

— RDBMS without functional capabilities. This system only implements basic
SQL functions, which means that any procedure to manage fuzzy data must
be done outside of this system, thus delaying the process. These external
functions are defined using Java procedures. MySQL (©) is an example of
this kind of system.

The procedures to manage communication with the different implementations
include the development of a parser that considers the particularities of each
RDBMS. Finally, a translator converts a fuzzy domain ontology into the
appropriate database query depending on the capabilities of the RDBMS
implementation.

As a result, this architecture allows several connections to different database
implementations to be established simultaneously. Indeed, the same database
schema can be replicated in heterogeneous RDBMSs. This functionality has been
implemented in the plug-ins developed and shown in figures Bl @l where a simul-
taneous connexion to Oracle (€ and MySql (©) systems has been established.

5 Example

One part of a fuzzy database schema concerning ”Land Characteristics” is shown
in figurePlitem A) as an example. The definition process of this schema involves
instantiating the Ontology Catalog described in the Bl section. For example, the
relation Location has the attribute Tavg, which represents the average tempera-
ture. Tavg values can be fuzzy or classical numbers or one of the labels low, high
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Fig. 2. Example of a land analysis

or medium, but never Null or Unknown. A subset of the resulting instances is
shown in table

Once the instances have been completely defined, the corresponding domain
ontology can be generated. One part of the domain ontology generated is shown
in figure [ item B). The set of classes of this ontology, which are represented as
white rectangles, can be instantiated to define fuzzy data (tuples). All the fuzzy
attributes are properties, represented as arrows, that point towards their allowed
representation structures. For example, the Tavg property points towards Label,
Crisp, Interval Approx, Undefined or Trapezoid data structures. These fuzzy
structures are classes imported from the Catalog Ontology and are marked as
grey ovals in the figure[2l Label values, namely low, high, medium, have previously
been defined and imported for the Tavg domain.

A screen shot of the application used to define fuzzy schemas is shown in
figure[3l The definition of the entire Land Characteristics schema is shown as an
ontology in the application. Moreover, all the attributes and constraints defined
for the class Location, along with the labels and constraints defined for the
attribute Tawvg.

The plug-in that represents the domain ontology is shown in the screen shot
in figure @ This application shows the structure of a concrete relation, namely
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Table 2. Land Ontology Schema Instances

ID instance of values
Localization Table Ref: Lat, fisiography, Tav, ...
Lat Base Column -
PK Loc Primary Key Ref: Lat, Long
fisiography Fuzzy Column Ref: Dom fisiog
Tavg Fuzzy Column -
Dom fisiog Fuzzy Domain Ref: TD fisiog, XX
Dom Tavg Fuzzy Domain Ref: TD Tavg, FC1 Tavg, FC2 Tavg,..
TD fisiog FType2 Struct Value: 1
TD Tavg FType3 Struct Value: 3,4 Ref: Float
Flat Discrete Definition -
Slope Discrete Definition -
Flat-Slope Discrete Relation Val: 0.5
Low Label Definition Ref: Low Tavg TD
Low Tavg TD  Trapezoid Value [0,0,6.5,8.5]
FC1 Tavg Nullability Constraint Val: true
FC2 Tavg  Unknown Constraint Val: true
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Fle f® Prees QWL fensonng Code ook Window  Colskersion  pep )
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Fig. 3. Protégé plug-ins for defining fuzzy tuples in a Fuzzy DB

Location, for defining or showing the data associated with it. Furthermore,
the interface restricts the values that can be inserted into the environment on
the basis of the schema data constraints and provides the imported labels for
the appropriate attributes to make the data-definition process easier.
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Fig. 4. Protégé plug-ins for defining fuzzy tuples in a Fuzzy DB

6 Conclusions

A fuzzy relational database has been isolated from any specific database imple-
mentation and fuzzy database schemas have been presented as OWL ontologies,
thereby making this knowledge platform-independent and accessible through the
Semantic Web. Consequently, DB information can be shared among different
database systems and heterogeneous data representations. The architecture de-
fined in this paper defines the flow of information within the system and helps to
identify the elements involved in the process of communication between the user
and the DB systems. In this process, the fuzzy capabilities that a RDBMS can
execute are detected to choose the most suitable platform to serve any request.
Moreover, the implementation of this proposal allows any data or schema to be
defined in several and heterogeneous RDBMS implementations simultaneously.
Finally, this architecture presents a highly scalable system where the FRDBMS
can be extended easily with other functionalities already implemented in an
RDBMS [39], such as logical databases and data mining operations using fuzzy
data. Both these extensions will be implemented in the near future. Moreover,
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an extension to represent object functionalities required to complete the ANSI
2003 standard described in this ontology proposal is also planned.
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