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Abstract

The paper introduces XFSQL (XML Fuzzy Struc-
tured Query Language), a preliminary prototype
of a portable query language for Fuzzy Database
Management Systems (FDBMS) using the XML
formatting rules. The need for a portable query
language for FDBMSs is discussed, and a ba-
sic language syntax and its associated datamodel
are proposed. Additionally, the paper proposes a
framework for implementing XFSQL query trans-
lator interfaces, which would make a particu-
lar FDBMS able to process XFSQL queries by
translating them to the FDBMS proprietary fuzzy
query language. Finally, an example of XFSQL
query, together with its translation to the query
language of a FDBMS implemented on a commer-
cial DBMS, is shown.

Keywords: Fuzzy Databases, XML, Query Lan-
guage, Object-Relational.

1 Introduction

Together with the inclusion of the fuzzy para-
digm in many aspects of computer science, an
easy and efficient way of managing, manipulating
and storing fuzzy data is becoming more neces-
sary. This fact makes fuzzy database management
systems (FDBMS) an important part of complex
soft-computing systems, and stimulates research
in this area. This leads to different proposals
of fuzzy database models and implementations
[1, 2, 3, 4, 5, 6, 7].

The growing computational and storage needs of
soft-computing systems demand high quality and

performance for components of these systems, es-
pecially for FDBMSs. Therefore, in order to cre-
ate a FDBMS satisfying the performance require-
ments with low implementation effort, a strategy
to implement a FDBMS extending a commercial
DBMS is becoming more significant [1, 2, 7].

Extending commercial DBMS to implement a
FDBMS takes advantage of the high performance,
value added extensions and services – datamin-
ing, spatial data, clustering, etc. – of host DBMS.
On the other hand, commercial DBMS implement
proprietary extension mechanisms – stored pro-
cedures, user datatypes, etc. – which result in
different and proprietary ways of accessing these
extensions – procedure calls, object methods, etc.
–. Due to these differences implementing and ac-
cessing extensions, it is almost impossible to spec-
ify a fuzzy query language accepted directly by
the host DBMS and working in every compati-
ble fuzzy extension of a commercial DBMS, like
SQL:2003 tries to do in crisp DBMS area.

A common and portable fuzzy query language
could represent an improvement in FDBMS area,
analogous to SQL standards. It would allow query
portability between different FDBMS and plat-
forms, increasing interoperatibility of the systems.
This query language should be specified in a for-
mat which ensures high portability between differ-
ent platforms, as the XML document format does.
Additionally, in order to use a portable common
fuzzy query language to query FDBMS, a middle
layer between FDBMS and clients, seems to be
necessary to translate fuzzy queries from clients to
the query language accepted by the host DBMS.

This paper introduces a preliminary prototype
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Figure 1: Datatype hierarchy

of a portable fuzzy query language in XML for-
mat, XML fuzzy structured query language (XF-
SQL), for the object-relational data model de-
scribed later, which could represent the beginning
of a common FDBMS query language. Addition-
ally, it describes the framework for implementing
middleware components to enable a FDBMS to
be queried using XFSQL language.

The paper is organized as follows. Section 2 in-
troduces the fuzzy data model on which XFSQL
is based. The definition of XFSQL is presented in
Section 3. In Section 4 a translator for XFSQL
queries is introduced. Section 5 shows an example
of a query executed using a XFSQL translator.
Finally, Section 6 highlights concluding remarks
and future works.

2 Fuzzy Data Model

Every query language is associated to a data
model, which characterizes the type and organiza-
tion of the data on which language queries will be
defined. This section introduces the data model,
derived from previous work [1, 2], on which XF-
SQL query language, and its associated result for-
mat, is based. This data model is specified as a
datatype hierarchy in order to take advantage of
object oriented modeling benefits. Figure 1 shows
this datatype hierarchy.

FuzzyDataTypes (FDT) is an abstract type which
is the root ancestor of all supported fuzzy
datatypes. This type declares abstract methods
which must be implemented in its instantiable
subtypes. These methods are common to the sub-
types, for instance the method FEQ (fuzzy equal
to), which extends the concept of the classical
equality to the fuzzy framework. FEQ method

gets two fuzzy values as arguments and returns a
value in the interval [0, 1], standing for the resem-
blance degree between these fuzzy values.

AtomicFuzzyTypes (AFT) is an abstract type de-
signed for collecting common behavior of subtypes
aimed to represent atomic data.

OrderedAFTs (OAFT) datatype gives support for
fuzzy numbers, which are atomic fuzzy data repre-
sented by a possibility distribution defined on an
ordered domain. The extended relational opera-
tors for OAFT data are for instance FEQ (fuzzy
equal to), FLEQ (fuzzy less than or equal to), etc.

NonOrderedAFTs (NOAFT) datatype is designed
to store fuzzy data defined on a scalar domain
without any order between its elements. Instead
of an order relation, a fuzzy nearness relation is
defined between domain members by the user.
The FEQ operator is the only comparator for data
of this datatype, which uses the nearness relation
associated to the domain to compute the resem-
blance degree between two data values.

FuzzyCollections (FC) is an abstract datatype
which extends the concept of classical collections
to a fuzzy one. Membership of collection elements
is fuzzified, so the membership value of collection
elements is in the interval [0, 1], representing dif-
ferent degrees of membership of the elements.

DisjunctiveFCs (DFC) datatype, a subtype of
FC, supports fuzzy collections with disjunctive se-
mantics. The collection semantics is relevant, be-
cause it affects the way in which the fuzzy equality
(FEQ) between DFCs is computed.

ConjunctiveFuzzyCollections (CFC) datatype is
similar to DFC but supports collections with con-
junctive semantics.

FuzzyObject (FO) is an abstract datatype which
sets a general framework for dealing with user de-
fined complex fuzzy objects. Every fuzzy object
type must be a subtype of FO datatype to inherit
fuzzy object management functionality.

3 XFSQL Language Definition

Nowadays a wide variety of database systems are
available, each one using different approaches to
perform data handling, depending on the used
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data model. There are relational databases,
object-relational databases, object-oriented data-
bases, etc. with different implementations de-
pending on developers, which implies different
query language syntaxes making it unlikely that
a fuzzy query created for a particular implemen-
tation could work on other implementations. To
solve this problem, the creation of a portable, flex-
ible, extensible and implementation independent
fuzzy query language is proposed.

Using XML is possible to define a fuzzy query
language with the required characteristics. XML
(eXtensible Markup Language) is a data descrip-
tion language designed to describe document con-
taining structured data using tags. The use of
XML provides benefits such as data portability,
allowing data interchange between different plat-
forms and heterogeneous environments, data in-
dependence from representation, interoperability,
scalability, flexibility and extensibility.

Defining a Fuzzy Query Language in XML (XF-
SQL) takes advantage of XML benefits. In this
case the extensibility is particularly useful, in or-
der to define different extensions in the syntax
language. These extensions may allow interaction
with different databases, defining a more complex
syntax for databases with more functionalities,
and using a core syntax to interact with those
that only implement the basic functionality.

XFSQL provides a structured format to express
queries showing the data to retrieve, avoiding
syntax particularities of the different query lan-
guage implementations. The transformation of
XFSQL syntax into a particular database syntax
can be done by means of XSL/T or by a program
specifically designed for that purpose. Different
XSL/T stylesheets or programs allow communica-
tion with different databases, solving the problem
of implementation dependent syntaxes.

Studying different FDBMS proposals and mod-
els, a set of basic common fuzzy characteristics
shared by different models is determined to be im-
plemented by XFSQL. Modeling of fuzzy condi-
tions in XML is done taking into account previous
works on fuzzy data representation in XML [8, 9].
XFSQL is defined by a XML Schema which allows
more control, over language structure definition

and the data types to be used, to be obtained. It
is possible to define extensions to the language,
allowing systems with advanced fuzzy features to
display their capabilities, which divides XFSQL
in core functionality and extensions.

XFSQL Core. This part of the specification
includes the minimum fuzzy functionality im-
plemented in the studied FDBMSs. XFSQL
Core allows querying on AFT attributes – OAFT
and NOAFT – and fuzzy querying on crisp at-
tributes. From a general structure SELECT-
FROM-WHERE it is possible to indicate at-
tributes to retrieve, tables from which data is re-
trieved and to establish conditions.

<xfsql><query>
<select>
<columns>

<attribute name="AName"/>
...

</columns>
</select>
<from>
<table name="TName"/>

...
</from>
<where>
<condition>
<fuzzy-equal>
<left><attribute name="AName"/></left>
<right>
<trapezoid a="0" b="1" c="2" d="3">

</right>
</fuzzy-equal>
...

</condition>
</where>

</query></xfsql>

XFSQL FO Extension. Specifies an extension to
deal with FO, allowing querying, access to at-
tributes and calls to methods. The following code
shows a excerpt of a XFSQL query in which a
method is called.

<xfsql><query>
...
<object name="ObjectName">
...
<object name="SubObjectName">

<method name="MethodName">
<parameter value="ParameterValue"/>
...

</method>
</object>

...
</object>
...

</query></xfsql>
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There are other possible extensions for XFSQL.
For instance, XFSQL FC Extension, could define
the language syntax for fuzzy collection compari-
son, retrieval and condition establishment.

4 XFSQL Interface

Every XFSQL-able FDBMS needs a XFSQL in-
terface which translates XFSQL queries to the na-
tive fuzzy extension query language, and query
results to the XFSQL query result format.

Due to the significant differences between existing
FDBMS, it is necessary to implement a particular
XFSQL interface for each one. The main differ-
ences between different FDBMS – assuming that
they share a basic group of fuzzy datatypes and
fuzzy relational and logic operators – are the fuzzy
query language, the query result format, and the
mechanisms – communication ways – to send to
the FDBMS queries and receive query results.

Therefore, the whole process, which takes part
when a XFSQL sentence arrives to the XFSQL
translator, is the following. Firstly, the sentence
is sent to the sentence translator resulting in a
native sentence. Secondly, the native sentence is
sent to the sentence dispatcher which sends the
native sentence to the host FDBMS and receives
the sentence result from the same system, using
host FDBMS interfacing mechanisms. Thirdly,
when the sentence is a query, the query result in
native format is sent to the result translator which
convert it to a XML document representing query
result in XFSQL format. Finally, the resulting
XML document is sent back as response of the
received XFSQL query.

5 Implementation Example

This section is devoted to develop an example of
real estate searching based on the model of Im-
moSoftWeb [10], a fuzzy real estate web search
application that uses XML for independent inter-
change of information, but adapted to the XFSQL
translator proposed in this article.

From a wide variety of attributes, the most repre-
sentative and those which can be modeled using
the fuzzy types described before are selected as
shown in Table 1.

Table 1: Real estate fuzzy type attributes

Type Attributes

Crisp ID

Non Ordered AFT Kind

Ordered AFT Price, Area, Rooms

Table 2: Proximity relation for attribute Kind

Flat House Duplex Attic Kind

0.75 0.3 0.2 0.75 Apartment

0.3 0.3 0.75 Flat

0.75 0.1 House

0.1 Duplex

Attribute Kind scalar domain elements are
{Apartment, F lat,House,Duplex, Attic}. The
associated proximity relation for these values on
attribute Kind is shown in Table 2.

Once the structure of real estates is defined, a
reduced set of them is described in order to be
queried. A query can be defined in natural lan-
guage as “Search for Flats which price is lower
than 175,000 euros with an area of approximately
100 m2 with an error of 15 m2 and 3 or 4 rooms”.
In Fig. 2 a representation of the query and data-
base real estates is presented.

The query can be introduced via web form into
the application. The web form is filled with the
query conditions as in Fig. 3, then the applica-
tion processes the form data and generates a XML
document of XFSQL type, containing all the nec-
essary information to perform the query.

The XFSQL document obtained is:

<xfsql><query>
<select>
<columns>
<attribute name="ID"/>
<function name="relevance">
<attribute name="Kind"/>
<attribute name="Price"/>
<attribute name="Area"/>
<attribute name="Rooms"/>
</function>
<attribute name="Kind"/>
<attribute name="Price"/>
<attribute name="Area"/>
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Query

Kind: Flat

Price: < €175,000
Area: 100 ± 15 m

2

Rooms: 3-4

?

Real Estate 1

Kind: Flat

Price: €155,000
Area: 90 15 m

2
±

Rooms: 4

Real Estate 2

Kind: Apartment

Price: €120,000
Area: 100 m

2

Rooms: 3

Real Estate 3

Kind: Attic

Price: €170,000
Area: 80 10 m

2
±

Rooms: 4

Real Estate 4

Kind: House

Price: €166,000
Area: 122 m

2

Rooms: 2

Figure 2: Real estate search example

Figure 3: Query expressed as web form

<attribute name="Rooms"/>
</columns>
</select>
<from>
<table name="RealEstate_tab"/>
</from>
<where>
<condition>
<and>
<fuzzy-equal>
<left><attribute name="Kind"/></left>
<right>
<linguistic label="flat" type="TKind"/>
</right>
</fuzzy-equal>
<fuzzy-less-or-equal>
<left><attribute name="Price"/></left>
<right><numeric value="150000"/></right>
</fuzzy-less-or-equal>
<fuzzy-equal>
<left><attribute name="Area"/></left>
<right>
<approximate value="100" margin="15"/>

</right>
</fuzzy-equal>
<fuzzy-equal>
<left><attribute name="Rooms"/></left>
<right>
<range lbound="3" ubound="4"/>
</right>
</fuzzy-equal>
</and>
</condition>

</where>
</query></xfsql>

This XFSQL query is independent from the
FDBMS on which it is going to be executed. In

Table 3: Fulfillment degrees obtained

ID Relevance Kind Price Area Rooms

RE1 0.917 1 1 0.67 1

RE2 0.937 0.75 1 1 1

RE3 0.737 0.75 1 0.2 1

RE4 0.355 0.3 1 0.12 0

order to adapt to the target FDBMS syntax, the
XFSQL document must be transformed. Once
the XFSQL query is translated into a particular
syntax, it can be executed by the FDBMS. In this
case, the target FDBMS is an object-relational
database implemented on Oracle DBMS, such as
the one described in [1, 2], expressing the query
as:

SELECT ID,relevance(Kind,Price,Area,Rooms),
Kind,Price,Area,Rooms

FROM RealEstate_tab
WHERE FEQ(Kind,TKind(’flat’)) and

FLEQ(Price,TPrice(150000)) and
FEQ(Area,TArea(85,100,115)) and
FEQ(Rooms,TRooms(3,4));

The function relevance( ) computes the fulfill-
ment degrees obtained for each condition and cal-
culates a global fulfillment degree value for the
real estate as a whole, by calculating the average
of each condition fulfillment degree.

The query is executed in the host FDBMS and the
fulfillment degrees are calculated obtaining the re-
sults of Table 3.

The results are expressed as a XML document
too, in order to be sent back to the application,
and then rendered. The XML response document
generated in this case is:

<xfsql><results>
<columns>
<description name="ID" ID="ID1"/>
<description name="relevance()" ID="ID2"/>
<description name="Kind" ID="ID3"/>
<description name="Price" ID="ID4"/>
<description name="Area" ID="ID5"/>
<description name="Rooms" ID="ID6"/>
</columns>
<rows>
<row>
<element IDREF="ID1"><string value="RE1"/>
</element>
<element IDREF="ID2"><numeric value="0.917"/>
</element>
<element IDREF="ID3"><label value="flat"/>
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</element>
<element IDREF="ID4"><numeric value="155000"/>
</element>
<element IDREF="ID5">
<approximate value="90" margin="15"/>
</element>
<element IDREF="ID6"><numeric value="4"/>
</element>
</row>
...
</rows>

</results></xfsql>

When results come back to the application they
are shown in form of web page as in Fig. 4.

Figure 4: Results shown in web application

6 Concluding Remarks and Future
Works

In this paper a fuzzy query language XFSQL has
been presented, as a first step to ease access to
different FDBMSs. In addition, a framework for
implementing translators to perform independent
queries has been proposed. Once created transla-
tors for different FDBMS and extended the pro-
posed language prototype with new elements from
others FDBMS not considered before, the basis
of a fuzzy common query language could be set.
The creation of a Fuzzy Data Definition Language
(DDL) integrated in the proposed translator, and
definition and implementation of a XFSQL FC
Extension for fuzzy collection handling are main
guidelines for future works. Additionally, future
works will focus on the study of new elements used
in other FDBMS such as fuzzy types, complex
possibility distributions, intelligent labels, etc.
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Pons, M.A. Vila, “Fuzzy object Management
in an Object-Relational Framework”, X Intl.
Conf. of information processing and manage-
ment of uncertainty in knowledge-based sys-
tems, pp.1767-1774. July 4-9 2004. Perugia
(Italy).

[3] H. Prade, C. Testemale, “Generalizing Data-
base Relational Algebra for the Treatment
of Incomplete or Uncertain Information and
Vague Queries”, Information Sciences Vol.
34, 1984, pp. 115-143.

[4] M. Zemankova-Leech, A. Kandel, “Fuzzy
Relational Databases – A Key to Expert
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