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ABSTRACT 
 

 
The work on this paper is an application of fuzzy set theory in relational databases. We introduce a new contribution to fuzzy 

SQL for ordered attribute in relational databases, using some linguistic variables. The concept is explained with an example and 

application. 
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1. INTRODUCTION  
 

 Traditional databases handle data, which is 

deterministic and precise. But real situations are very often not 

crisp and deterministic .Our aim is to give an insight to the 

Fuzzy structured query language (FSQL). A prototype of this 

contribution has been implemented in VB.net.  

We give to the users of the fuzzy databases the possibility and 

the way to develop applications based on the following tools:  

 

¶ ADO.NET for the connection between the database 

and VB.NET.  

¶ SQL for classical query.  

¶ SQL Server 2008.  

 

In the fuzzy theory the key is the choose of the membership 

function, in our paper we give same algorithms to illustrate 

some membership functions of fuzzy set.  

The paper is organized with five sections. We present some 

preliminaries on fuzzy set theory in Section 2. We revisit, in 

brief, the fuzzy databases in Section 3.In Section 4 we 

introduce the fuzzy query language. Finally in Section 5 we 

illustrate a practical example developing with VB.net 

connected to SQLServer using ADO.net. 

 

2. FUZZY SETS 
 

 In this section we give some basic preliminaries on 

fuzzy set theory. 
Let U be a universe of discourse. 

╤= ◊ ,◊ ,ȣȣȣ,◊▪ . 

 
Definition 2.1 A fuzzy set A in the universe of discourse U 

is characterized by the membership function given by: 

‘ὃḊ╤ᴼ , . 
 
 

 
Exemple  
A fuzzy set, say {0.7/18, 0.95/19, 0.98/20, 0.85/21} for the 

age of Mohammed, is more informative because it contains 

information imprecision (the age may be 18, 19, 20, or 21 and 

we do not know which one is true) and uncertainty (the 

degrees of truth of all possible age values are respectively 0.7, 

0.95, 0.98, and 0.85) simultaneously. 

 

Definition 2.2 If A and B are two fuzzy sets of the universe 

U, then 

 
 

 
3. FUZZY DATABASE  

 
A fuzzy database is defined as an enhanced relational database 

that allows fuzzy attribute values and fuzzy truth values, both 

of these are expressed as fuzzy sets. Fuzzy database is an 

approach to computing based on "degrees of truth" rather than 

the usual "true or false" logic.  

 
3.1 Fuzzy Data Model:  
A fuzzy database consists of relations: a relation is a relation 

ἠἼ,Ἴ,Ἴȣȣ.Ἴἶ in a Cartesian product P1  ×  P2 ×  Ἔ  ×
ȣ.× Ἔἶof domains Pi; each Pi is a set of fuzzy sets ti over an 

attribute domain Ἆἱ(1 Ò i Òn). It is assumed that key attributes 

take ordinary no fuzzy values.  
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3.2 Fuzzy Attributes:  
Attribute values such as age have non fuzzy values such as 20 

in the relational database; attribute values are defined as fuzzy 

predicates such as ñyoungò and ñabout fortyò in the fuzzy 

database.  

 
3.3 Linguistic identifier:  
A linguistic variable is a variable that apart from representing 

a fuzzy number also represents linguistic concepts interpreted 

in a particular context. Each linguistic variable is defined in 

terms of a variable which either has a physical interpretation 

(speed, weight etc.) or any other numerical variable (salary, 

absences etc.). 

 

A linguistic variable is fully characterized by a quintuple 

<v, T, X, g, m> where: 
V:is the name of the linguistic variable.  

T: is the set of linguistic terms that apply to this variable.  

X:is the universal set of the values of X.  

g:is a grammar for generating the linguistic terms.  

m: is a semantic rule that assigns to each term t belongs to, a 

fuzzy set on X.  

 
Example:  

¶ X is SMALL  

¶ Temperature is HOT  

 

3.4.1 Linguistic identifier represented with 

Explicit Possibility Distribution  

 

3.4.2 Linguistic identifier represented with 

Implicit Possibility Distribution  
Id  Name  Age  Salary  

12  Ali  Young  5000  

54  Omar  26  Moderate 
 

4. FUZZY QUERIES OR FLEXIBLE 

QUERIES:  
Fuzzy queries represent a large portion of research in 

databases. The main idea in flexible querying is to introduce 

preferences inside queries. There exist two ways to implement 

flexible queries, the first approach is developing interface 

systems that authorizes queries in pseudo natural language; the 

second is developing an extended SQL ïlike languages.  

 
4.1 SQL -Like languages  
The WHERE  part of the SQL based on linguistic expressions 

has been created in [5]. It is important to define the Query 

Compatibility Index (QCI) . The QCI is used to indicate how 

the selected record satisfies a query criterion. The QCI has 

values from the [0, 1] interval with the following meaning: 

 

 

 0 ï record does not satisfy a query, 1 -record fully satisfies 

the query, interval (0, 1) - record partially satisfies a query 

with the distance to the full query satisfaction.  

TheWHERE part of the fuzzy SQL has the following form: 

 
Where n denotes the number of attributes with fuzzy 

constraints in a WHERE  clause of a query. 

 

 
Where and and or are fuzzy logical operators, 

 
 

Where  ὥὭ is a database attribute,ὒὨὭ is the lower bound and 

ὒὫὭ is upper bound of a linguistic expression described by 

fuzzy sets shown in figure 1. 

 
Appropriate t-norms or t-conormsare used to calculate Query 

Compatibility Index (QCI) : 

t-norms for and operator: 
 

 
                        t- conorms for or operator: 

 

 
 

Conditions in queries contain these comparison operators: >, 

<, =, Í and between when numerical attributes are used. These 

crisp logical comparison operators are adapted for fuzzy 

queries in the following way:  

 

Id  Name  Age  

123  Omar 45  

425 Oussama {1.0/26;0.8/28;0.6/30}  

535  Fatima  23  

234  Ali  {1.0/26;0.9/25;0.6/30}  
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Operator >: (greater than) was improved with fuzzy set ñBig 

valueñ(figure 1a). 

Operator <: (less than) was improved with fuzzy set ñSmall 

valueñ(figure 1b). 

Operator=: (equal) was improved with fuzzy set ñAbout 

valueñ(figure 1c) . 

Operator Í: is the negation of the operator =. 

 
 
 

  
  

 
The querying process consists of the two steps: 

1) In the first step lower and/or upper bounds of 

linguistic expressions (fuzzy sets) are used as 

parameters for database queries. Thus all records 

those have QCI (Query   Compatibility Index) greater 

than zero are selected only.  

 

2) In the second step the chosen analytical form of the 

fuzzy set is used to calculate the membership degree 

of each selected record to appropriate fuzzy set.  

 

We can give a fuzzy query interpreter, which transform fuzzy 

queries to the classical SQL structure. To develop this 

interpreter we can base on the following steps:  

Step1  
Lower and/or upper limits of linguistic expressions 

are calculated 

 
 
 

 

Step2  
The chosen analytical form of the fuzzy set is used to 

determine the membership degree of each selected record to 

appropriate fuzzy set.  

Let T is a database attribute, and MU_T  denotes the 

membership degree of the attribute T to the fuzzy set.  

Example 1 ñT takes big valueò we can choose the analytical 

form of the fuzzy set as follows 

 

 
 

Example 2 ñT takes Lower valueò we can choose the 

analytical form of the fuzzy set as follows: 

 

 
Step3  
T-norm and/or T-conorm function also defined to calculate 

the QCI (Query Compatibility Index) value. 

 
Case study  
This system is tested on data from a database used in banc in 

morocco. In this case study, Employee (Id_emp, Name, 

Salary, Age) with high salary and young age are selected.  

Select Id_emp, Name, Salary, Age 

From employee 

Where salary is high and age is young 

We follow exemple1 to compute ʈ(Salary)  and exemple2 to 

compute ʈ(Age) . 
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5. IMPLEMENTATION  
5.1 Introduction  
To explain the process we introduce and developed a software 

specific for an example of fuzzy query: 

                      Select Id_emp, Name, Salary, Age  

                                  From employee  

         Where salary is high and age is young 
Example  

 
(Figure 2)  
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