An Ontology to represent Queries in Fuzzy Relational Databases
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Abstract—Fuzzy data management in databases is a com-
plex process because of flexible data nature and heteroge-
neous database systems. A solution to this problem has been
solved using an ontology which isolates the fuzzy database
representation of their management platform making fuzzy
schemas Relational Database Management System (RDBMS)-
independent and Web-accessible. However, queries performed
on fuzzy databases present similar problems. In this proposal
an ontology which represents a query structure regardless of
any RDBMS implementation is defined. This ontology allows
generating and executing any query on fuzzy or classical data
according to the system where it is executed.
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Ontology, FSQL, Select Clause.

I. INTRODUCTION

There are many proposals that extend the relational
database model to manage fuzzy data (see compilations [1],
[2]). However, such representations present several incon-
veniences: fuzzy databases are not considered an standard
in any of their representations and then, their portability
is reduced to those systems that adopt their specifications.
Moreover, fuzzy data management extension involves a
system complexity that is increased with Relational Database
Management Systems (RDBMS) implementation particular-
ities. A proposal that represents a fuzzy database representa-
tion model as an ontology regardless of any database model
restriction appears as a solution to the previous problems [3].
Also, once the fuzzy relational database catalog ontology
is defined, a fuzzy schema is translated into a concrete
database implementation attending to RDBMS particularities
and fuzzy data management capabilities.

After a fuzzy schema definition as an ontology, a query
system to support fuzzy data management is proposed in this
paper. Thus, an extension to the fuzzy catalog ontology is
presented here to include a fuzzy query representation struc-
ture. This extension is mainly motivated because of fuzzy
data comparators and constraints are complete new and out
of the SQL scope, despite of the storage model being the
relational one. Moreover, SQL standard can not be used due
to the complexity of the fuzzy data management. Moreover,
an extension to SQL, called FSQL [4], [5], that manages
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fuzzy data in databases, is not implemented in any RDBMS
and consequently is not portable as well. Finally, ontologies
allows describing database front-end pages semantically and
consequently, a query answer.

This query ontology description shows two views of the
same query information: on one side, a complete description
of a query (like a SQL query specification if only classic
information were involved) and on the other side “a partial
domain ontology” that describes the query and the answer
result set in a web format. The process that leads to the
generation of the domain ontology from the query instance
specification is also described in this paper.

A brief review of databases and ontologies is presented in
section II. Moreover, this review includes a description of
the fuzzy relational database catalog ontology. After that,
the Ontology Query Specification is presented in section III.
In this section, the process of building a domain ontology
that represents the query and an example are also shown.
Finally, conclusions and future extensions to this proposal
are discussed in sectionIV.

II. BACKGROUND
A. Ontologies vs. Databases

Ontologies allow representing knowledge of any domain
in a formal and consensuated way [6]. On the other hand,
relational DBs also represent knowledge of any domain but
following certain rules specified by ANSI Standard SQL [7].
Nowadays, both technologies coexist together and they can
exchange information to take advantage of the information
that they represent. Several proposals have been developed
for establishing the communication between ontologies and
databases. Some of them consist of creating ontologies
from a database structures, others populate ontologies us-
ing database data, and there are another which represent
databases as ontologies. A more thorough comparison about
both technologies and their communication methods is in-
cluded in Martinez-Cruz et al. [8].

B. Fuzzy Databases

Several relational database model extensions to define
fuzzy data have been proposed during the last four decades.
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Since the first relational database proposal was defined by
Codd [9] and the Fuzzy Set theory was defined by Zadeh
[10], a frame that extends the relational database model
to manage fuzzy data was opened. Compilations like Ma’s
[11] and Galindo’s [2] present a complete overview of these
extensions. A specific representation of a fuzzy RDBMS,
known as GEFRED [12], describes a complete system where
fuzzy data can be represented and managed efficiently [6].
Consequently, this representation has been chosen to develop
this proposal.

C. Ontology Database Description

An ontology based in Calero et al.’s [13] work which
describes the ANSI SQL 2003 specification is defined by
Martinez-Cruz et al [3]. This ontology models fuzzy data
specification presented in the GEFRED model [12], that is
a fuzzy relational database catalog. Henceforth, this meta-
ontology, called Fuzzy Catalog Ontology, models all fuzzy
relational database structures (the system catalog) such as
fuzzy data types, fuzzy columns, fuzzy constraints, etc. and
their relations with classical SQL elements.

Thus, a database schema, that manages fuzzy or classic
data, is viewed as an ontology regardless of any RDBMS
implementation constraint. This representation presents a
fuzzy database schema from two different perspectives: The
first one, a fuzzy schema is presented as a set of instances
of the Fuzzy Catalog Ontology. The second one, a fuzzy
schema is presented as a domain ontology where a set of
classes, properties and constraints defines the reality and data
(or tuples) are defined as instances of this ontology. This
ontology is generated automatically from the instances of
the Fuzzy Catalog Ontology.

The Fuzzy Catalog Ontology has been used in this pa-
per to support data query management on fuzzy relational
databases. This ontology is accessible in the Web page
http://wwwdi.ujaen.es/ “cmcruz/ontology/fdtscho.owl.

D. Queries

There are several proposals to represent database queries
using ontologies. In general, these proposals, first map the
Relational DB schema in an ontology and after that, they
perform the query. Some examples are shown in Necib and
Freitag [14] proposal, that defines formally several rules to
describe DB ontologies and queries or Trinh et al. [15]
and Laclavick [16] proposals that develop a language to
represent mappings between relational databases and ontolo-
gies. Semantic Queries are an alternative to make queries
on Databases, SPARQL[17] or OSEC in [18] are ontology
query languages. f-SPARQL [19] and f-SWRL [20] present
a frame where flexible queries can be made on ontologies,
but there are not fuzziness in the data represented. On the
other hand, there are fuzzy ontologies like fuzzy OWL 2
[21] that allows fuzziness to be represented in ontologies.
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But none of these proposals allow representing fuzzy data
that are already stored in a fuzzy relational database.

III. FUzZzzY QUERIES ON ONTOLOGIES REPRESENTING
FUZZY DATABASE

Database queries can be viewed as ontologies from two
different perspectives: The first one, a query is a set of de-
scriptions, conditions and rules defined as a set of instances
of a Fuzzy Query Specification ontology. In this sense, this
query can be viewed as a Fuzzy SQL (FSQL) statement
(see [4], [5] for further information about FSQL) where any
element of the sentence is modeled in the ontology. The
second one, a query is described as a a reduced domain
ontology where a set of classes, properties and axioms
represent a query specification and the ontology instances
represent the resulting tuples.

A. Fuzzy Query Specification Ontology

An ontology, called from now Fuzzy Query Specification
Ontology (FuQueS), represents all the basic fuzzy relational
database query constituents to get a flexible Select clause
definition (the fuzzy select specification is defined in [4]).
After the instantiation of this ontology, the query process can
start. A diagram of this ontology is shown in figure III-A
and it is described below:

e Query class: This class represents a query composed of
one or more subqueries joined by logical connectors.

o Subquery class: Tt is a simple query composed of a
list of ordered columns. This class has two subclasses:
classic and fuzzy subqueries. Subquery properties are:

— distinct prop.: establishes if the result set allows
duplicated registers.

— order prop.: establishes the order of a subquery in
the general query structure.

— [Oper prop.: establishes the logical operator to
integrate this subquery in the main query struc-
ture. The most common operators are: Union and
Intersection (but they can be extended).

— [OperDeg: establishes the threshold to accomplish
the logic operation.

— allColl: establishes if all the columns are displayed
in the answer.

o cSubquery class: It is a subquery that only uses classical
data. A classic subquery involves only classic columns.
This representation can be made as a SQL sentence as
well.

— hasColumns: establishes which columns are in-
volved in a subquery.

— hasCondition: establishes the filtering conditions to
get results.

— having: establishes the filtering conditions to get
results in an aggregation operation.
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Figure 1. Fuzzy Query Specification Ontology

o Fsubquery class: Subquery that uses fuzzy columns. have the following properties:
This kind of queries can also use classical data. This

. . — visibility: determines if this column will be in the
class is represented by the properties:

resulting set.

— cDegAll prop.: represents a threshold that the re-
sulting records of the fuzzy query must accom-
plish.

— hasColumns prop.: establishes the columns in-
volved in a subquery. The range of this property is
Qcolumn class.

— hasCondition prop.: establishes the filtering condi-
tion to get results. This property goes to conditions
class because conditions involved in this subquery
can be fuzzy or not.

— having prop.: establishes the filtering condition to
get result in an aggregation operation.

alias: establishes the final name of the column.
order: establishes the order of the column in the
result set.

gAsc: establishes the data order in this column
(ascendent or descendent).

function: establishes the operation to do in this
column. This can be a simple operation or an
aggregation function (AVG, MAX, MIN, COUNT,
Other).

groupBy: establishes if this column is used to make
a group.

name: establishes the relation between this column
and the one defined in the schema definition.

o qColumn class: represents any column involved in an
specific subquery, no matter if they are visible or not.
These columns are related with columns defined in the
Schema Ontology Description modeled in [3]. It has
two subclasses: fColumn and cColumn. These classes

e Condition class: This class represents any subquery
condition to filter data. All conditions are related with a
column or a set of them, one operator, and a condition
object. This class has two subclasses depending if
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there are fuzzy: fConditions and Classic_conditions.
Condition class properties are:

— order: establishes the order in the list of conditions
in a subquery.

— conex: establishes the logical operator that join this
condition in a subquery: AND, OR.

— not: establishes if the condition is negated or not.

ClassicCondition class: This class represents any clas-
sic condition, and the property origin defines the list of
columns to be compared with. There are three kinds
of conditions according to the range and operators
of the condition object (Conditionl, Condition2 and
Condition3).

— Conditionl class addresses those conditions whose
range goes to another column or set of columns.
Operators involved on it are the classic compara-
tors, IN, EXIST and their negations.

— Condition2 class addresses those conditions whose
range goes to a literal value. The cardinality of
this property goes from O to many. The allowed
operators in this condition are classic comparators:
IS, BETWEEN, IN, LIKE and their negations.

— Condition3 class addresses those conditions whose
range goes to a subquery result. Operators related
with this condition are classic comparators: IN,
EXIST and their negations.

o fCondition class represents any constraint that involves

fuzzy data. There are three kinds of fuzzy conditions
(FConl, FCon2 and FCon3). This class has the follow-
ing properties:

— thresholdVal: Numeric threshold that fuzzy data
should accomplish.

— op: represents the fuzzy operation to be exe-
cuted in the filtering process (FEQ, FGT,FGEQ,
FLT, FLEQ, MGT, MLT, NFEQ, NFGT, NFGEQ,
NFLT, NFLEQ, NMGT, NMLT, IS) (see [5] for
further details about these fuzzy comparators).

e fConl class represents those fuzzy conditions that com-

pare a fuzzy column with a specific fuzzy type 2 value.
These kind of data types are further described in [12].

o fCon2 class represents those fuzzy conditions that com-

pares a fuzzy column with an specific fuzzy type 3
value. These kind of data types are further described in
[12].

e fCon3 class represents contraints that compare a

columns with other fuzzy columns.

o fHaving class filters a aggregation operation results.

This class has the properties:

— thold: represents the threshold to be accomplished
by the quantifier of the having condition.

— quantif: represents the quantifier value to be com-
pared with.

— fCondlI: represents the fuzzy conditions to be ag-
gregated.

Moreover, there are several axioms that should be accom-
plished to maintain the integrity of the model: Any value in
the groupBy property should be previously included in the
hasColumns property and if operator is BETWEEN then
value cardinality is 2.

It is important to notice that this ontology is an extension
of the Fuzzy Catalog Ontology [3], which defines the fuzzy
database catalog and any fuzzy schema. Then, this query
ontology uses any ontology structure of a previously defined
schema to represent elements involved in the query. Classes
colored grey in the figure III-A are part of this schema
ontology, e.g. cColumn, fuzzyColumn, fStructure, Domain,
etc. The Fuzzy Schema Ontology is included in the Query
Ontology as an imported ontology because this representa-
tion can be only read or instantiated.

This ontology is available in the web page
http:/fwwwdi.ujaen.es/"cmcruz/ontology/fgso.owl.

B. Query Domain Ontology

Any query represented as instances of the Fuzzy Query
Specification Ontology can be used in many different pro-
cesses. The most important one is getting a result set that
satisfies the query specification, but these instances can be
used to generate automatically a new ontology as well.
Specifically, the generated ontology, called Query Domain
Ontology, represents the extracted data but using a set
of simple classes, properties and constraints. In order to
generate this ontology the following guidelines must be
accomplished:

o There are one class per each table involved in the query.
This table is given by the fables object property.

o Each class has one property per each column involved
in the query, visualized or not.

o Each column instance that represents a non-fuzzy at-
tribute is transformed into a datatype property.

o Each fuzzy column instance is translated into an object
property and their range goes to their correspondent
fuzzy structure (shown in [3]). This information is got
from the schema definition.

o Any property has a cardinality value established to one.

« Any condition established in the query specification is
translated into a constraint:

o Each classic condition defines a value property that is
translated into a hasValue constraint, no matter if the
value goes to a literal or to a column definition.

o Each fuzzy condition defines a value property can not
be translated into a hasValue constraint because the
fuzzy results are not limited to specific values. But,
IS/IS NOT restriction can constraint the range of a
class if they are related to general fuzzy structures: LA-
BELs, TRAPEZOID, APPROXIMATE, INTERVALS,
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Hue_hume : TD3 value_SE: TD3

value_hu:TD3
croma _hu: TD3

croma_SE: TD3
hue SE: TD3

Figure 2. Class Diagram of a Land DB.

CRISPs, UNKNOWN, UNDEFINED or NULL (see [3]
for further details of these structures).

o Having conditions behave similarly to the other condi-

tions.

This ontology is a subontology that represents part of the
database schema (defined in [3]) and consequently its only
purpose is to describe the resulting data set in order to be
shareable into the web.

C. Example

A simple example that allows querying a soil database
is shown below. The structure of this database is shown in
figure 2 and a complete reference to this database can be
found in [3]. This database schema has been represented as
instances of the Fuzzy Catalog Ontology and it is available in
the URL http://wwwdi.ujaen.es/"cmcruz/ontology/land.owl.

The query, which is expressed in FSQL below, repre-
sents the latitude and longitude values of those locations
whose average temperature is “fuzzy greater than” (FGT) a
trapezoidal structure and their physiography has the value of
“Bottom Slope” holds to a degree of 0.5, and its vegetation
is not unknown. The CDEG parameter shows the accom-
plishment degree for each tuple. The instances that represent
this query are shown in table I. Instances or classes marked
with * symbol are part of the schema catalog ontology
definition ([3]) and they have not been included here for
space limitations.

SELECT Lat, Lon, CDEG (%)
FROM Location, Structure

WHERE Tavg FGT $[20,23,26,30] THOLD 0.7
AND physiography IS ’'Bottom Slope’

THOLD 0.5
AND vegetation IS NOT ’Unknown’

Once the query has been defined as instances of the
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Figure 3.

Fuzzy Query Specification Ontology the domain ontology
correspondent to this specification is shown in figure 3.
Instances of this ontology are the result set of the query
answer.

IV. CONCLUSION

The Fuzzy Query Specification Ontology presented models
any query made on an schema that uses fuzzy data and
consequently, this schema and data are stored in a fuzzy re-
lational database system. This proposal solves the problems
arisen with fuzzy data management in RDBMS, specially
those related with the data representation complexity and
database portability. The use of ontologies has provided of
an independent layer where data can be modeled regardless
of any RDBMS implementation particularity. Thus, the
user interaction is performed through this ontology and an
interface between the ontology and a real RDBMS is in
charge of establishing the communication. In this proposal,
not only the query specification has been represented as an
ontology but the process of generating a domain ontology
that models the query information is presented. The domain
ontology allows resulting tuples to be represented as ontol-
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ogy instances and making the information semantically web
accessible.

Due to the space limitations and for clarity reasons the
complete ontology, that is, the definition of the fuzzy catalog
and schema described in [3] has not been added in the
paper. Nor a description of the communication interface
between the ontology and the final database. This interface
development and the communication particularities will be
included in future works. In this paper, the query ontology
specification has been presented for the first time.

Finally, a fuzzy catalog ontology description provides the
basis to extend fuzzy data management to other data types,
such as, objects, temporal information, or rules. Ontology
extensions to represent these data and their management will
be developed in a future work.
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