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ABSTRACT

Thework on this paper is an application of fuzzy set theory in relational databases. We introduce a new contribution to fuzz
SQL for ordered attribute in relational databases, using some linguistic variables. The concept is explained with aarekample
applcation.
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1. INTRODUCTION Exemple

- _ A fuzzy set, say {0.7/18, 0.95/19, 0.98/20, 0.85/21} for the
_Traditional databases handle data, which jgge of Mohammed, is more informative because it contains
deterministic and precise. But real situations are very often ¢ rmation imprecision (the age may be 18, 19, 20, or 21 and
crisp and deterministic .Our aim is to give an insight to ”We do notknow which one is true) and uncertainty (the
Fuzzy structured query language (FSQL). A prototype of thiggrees ofrtith of all possible age values are respectively 0.7,
contribution has been premented in VB.net. 0.95, 0.98, and 0.85) simultaneously.
We give to the users of the fuzzy databases the possibility and

the way to develop applications based on the following toolspefinition 2.2  If A and B are two fuzzy sets of the universe

U, then
1 ADO.NET for the connection between the database
and VB.NET.

1 SQL for classical query. ACBiffvrc U palz)< puplz).

1 SQL Server 2008. BOAiffACB
In the fuzzy theory the key is the choose of the membership A=BifVreU pslzr)= pp(x)
function, in our paper we give same algorithms to illustrate A = {(2,1 = pa(z))|z €U}
some membership functions of fuzzy set. - . ) o o
The paper is organized with five sections. We present some ANB = {{z,min{palz),pplz)}):xe U}
preliminaries on fuzzy set theory Section 2. We revisit, in AUB={(r.max{pa(z),pup(x)}): zc U}

brief, the fuzzy databases in Section 3.In Section 4 we
introduce the fuzzy query language. Finally in Section 5
illustrate a practical example developing with VB.net: FUZZY DATABASE
connected to SQLServer using ADO.net.
A fuzzy database is defined as an enhanced relational database
2. FUZZY SETS that allows fuzzy attribute values and fuzzy truth values, both
of these are expressed as fuzzy sets. Fuzzy database is an

In this section we give some basic preliminaries g¥pproach to computing based on "degrees of truth” rather than

fuzzy set theory. the usu&"true or false" logic.
Let U be a universe of discourse.

== 0 0 888 0 3.1 Fuzzy Data Model:_ . o _

T J ! 1 Vom A fuzzy database consists of relations: a relation is a relation

n",71,"188." in a Cartesian produd® x B, x "E x
Definition 2.1 A fuzzy set A in the universe of discourse B .x "Eof domains Pi; each Pi is a set of fuzzy sets ti over an
is characterized by the membership function given by: attribute domai A( 1 O ltiis as3umed that key attributes
‘ 5 D'I_' o . take ordinary no fuzzy values.
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3.2 Fuzzy Attributes: 07 record does not satisfy a query;record fully satisfies
Attribute values such as age have non fuzzy values such ash@0query, interval (0, 1) record partially satisfies a query
in the relational database; attribute values are defined as fuwith the distance to the full query satisfaction.
Sredig:ates suchaByoungo and fabout ThdMHERE pgart of the fukz SQL Hasl theZoflowing form:
atabase.

i
3.3 Linguistic identifier: where '_8' (f?,-' 2 L_—._-,—'] :
A linguistic variable is a variable that apart from representing i=1
a fuzzy number also represents linguistic concepts interpr
in a particular context. Each linguistic varialdedefined in
terms of a variable which either has a physical interpretati
(speed, weight etc.) or any other numericatiable (salary,

e{[ﬁﬂere n denotes the nuneb of attributes with fuzzy
Sﬂnstraints in &YHERE clause of a query.

absencestc.) ® and

A linguistic variable is fully characterized by a quintuple or

<v, T, X, g, m>where: .

V:is the name of the linguistic variable. Whereand andor are fuzzy logical operators,

T:.is the sgt of linguistic terms that apply to this variable. a. s Ld.—'- a; 15 Big
X:is the universal set of the values of X. ) .

g:is a grammar for generating the linguistic terms. a;eL,=qa;< L, a; 1s Small

m: is a semantic rule that assigns to each term tgsim, a
fuzzy set on X.

a; > Ly anda; < L. a, 1s About

Example:
1 Xis SMALL Where Gxis a database attributig,,is the lower bound and
1 Temperature is HOT Uq,is upper bound of a linguistic expression described by

fuzzy sets shown in figure 1.
3.4.1 Linguistic identifier represented with

Explicit Possibility Distribution Appropriatet-norms or t-conormsare used to calculat@uery
Compatibility Index(QCI) :
Id Name Age t-norms for and operator:
123 | Omar 45 _
425 | Oussama | {1.0/26;0.8/280.6/30} + min:
535 | Fatima 23 QCI= min(y,(a;)), i=1,...,n.
234 | Ali {1.0/260.9/25;0.6/30} ,
s product:

3.4.2 Linguistic identifier represented with

Implicit Possibility Distribution Qct= H] G,
Id Name Age Salary i
12 Al Young | 5000 + bounded difference (BD):
F
54 Omar | 26 Moderate QCT= max(0,Y u,(a,)- n+1) |
i=1
4. FUZzZY QUERIES OR FLEXIBLE t- conorms for or operator:
QUERIES: e max:
Fuzzy queries represent a large portion of research )
databases. The main idea in flexible querying is to introdu QCI= max(y;(a,)), i=1,..,n.

preferences inside queries. There exist two ways to implems
flexible queries, the first approach is developing interfac
systems that ahbrizes queries in pseudo natural language; tt n
second is developing an extended SQke languages. QCI= mma_E uiCa))

i=1
4.1 SQL -Like languages where /i ;(@;) denotes the membership degree of the attribute a; to the i-th
The WHERE part of the SQL based on linguistic expressionfuzzy set.
has been created in [5]. It is important to define Gheery
Compatibility Index (QCI) . The QClI is used to indicate howConditions in queries contain these comparison operators: >,
the selected record satisfies a query criterion. The QCl ltas =, | and bet ween when nume|

values from the [0, 1] interval with the following meaning: ~ crisp logical comparison operators are adapted for fuzzy
queries in the following way:

« bounded sum (BS):
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Operator>:( gr eat er than) was
valued(figure 1a)
Operator<: (|l ess than) was
valueda(figure 1hb)

Operator=: (equal) was i mproved
valuedA(figure 1c)

Op e r atisathe nelgation of theperator =.

A
n(B) ne)

|
0 Lg Lp attribute o Lg Lp attribute
a) Big value

r(S) nis)
1 1
N K
| |
N
0 Lp Lg attribute 0
b} Small value

|
Lp Lg attribute

r(A) niA)

N I

[
[
/ 1 1
ld lp Lg Lg attribute 0Ly Lp  Lg attribute

c) About value

o

The querying process consists of the steps:

1)

2)

In the first step lower and/or upper bounds o

linguistic expressions (fuzzy sets) are used

i mgtep2 v e d

wi t

h fuzzy

set

ABi g

The chosen analytical form of the fuzzy set is used to

appropriate fuzzy set.

i mp r odetershine whe tmbmbdrgahip degreesofdach Befrewatt 1o

Lew IT tish a datalzagey attribuget afdUAD a@endtes the
membership degree of the attribute T to the fuzzy set.

E x a mp IT ¢akegd bigivalue

we ca

form of the fuzzy set as follows

n

choose |

(i)

MU T ()=T (i) MaxT
MU T (1)=0

Dim T (n) as double
Dim MU_T (n) as double

MaxT=max {T (i); 1<=i<=n}
MinT=min {T (i); 1<=i<=n}

Pos_min is the position of the lower value of the

if I<>pos min
if 1=pos min

Example 2 AT takesLower valued we
analytical form of the fuzzy set as follows:

C

an choose

MU T (1)=0

3

Dim T (n) as double
Dim MU_T (n) as double
MaxT=max {T (i); 1<=i<=n}
MinT= min {T (i); 1<==i<=n}
Pos_max is the position of the min value of the T{(i)

MUT (1)=Min T/T(1) 1f T<>pos max
if 1=pos max

parameters for database queries. Thus all recorus
those have QCI (Query Compatibility Index) greater

than zero are selected only.

of each selected record to appropriate fuzzy set.

interpreter we can base on the following steps:

Stepl

Lower and/or upper limits of linguistic expressions
are calculated

Dim T (n) as double
Dim i as integer
Dim maxim, minim as integer
Maxim=T (1)
Minim=T (1)
Fori=1ton
If T(i)>= Maxim then
Maxim=T {i)
End if
If T(i)<= Minim then
Minim =T (i)
End if
Next

Step3

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

In the second step the chosen analytical form of thethe QCI (Query Compatibility Index) value.
fuzzy set is used to calculate the membership degree

Case study

This system is tested on data from a database used in banc in
We can give a fuzzy query interpreter, which transform fuzsgorocco. In this case studgmployee (Id_emp, Name,
queries to the classical SQL strueturTo develop this 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 youg
We follow exemplel to computg Salary) and exemple2 to

computet (Age).
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5. IMPLEMENTATION

5.1 Introduction

To explain the processe introduce and developadoftware

specific foran example ofuzzy query:

Select Id_emp, Name, Salary, Age
From employee

Where salary is high and age is young

Example

(Figure 2)
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