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Abstract 
A fuzzy query is a query whose predicate contains a fuzzy term to represent the 

natural language and thought of humans. This work presents a novel framework for 
processing fuzzy queries. The proposed approach is to construct the metadata for the 
predicate in the fuzzy query by applying the fuzzy theory and the feedback resulting from 
comparing the user demands and the user query results on a house purchase. The fuzzy 
queries may be translated into the corresponding crisp queries according to the metadata 
with respect to fuzzy terms in the fuzzy queries. Fuzzy weighting is applied to the 
translation mechanism in order to rationalize the range value resulting from the translation. 
The query results are listed in order of matching level, thus allowing the user to find the 
required data conveniently. The above approach is illustrated by examples. This work also 
illustrates the maintenance of metadata periodically based on an enterprise's transaction 
data. Finally, a translator is implemented for fuzzy queried and incorporated it into a 
traditional database system. 

Key words: Fuzzy Query, Fuzzy Number, Housing Purchase, Similarity Relation 
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=
− −

=
n

i
iiAlevel uuuA

level
1

/)(
αα  (2) 
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=
−

αµ ≤)( iA u 0)( =
− iA u

levelα
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(Yager et. al. 1987)
(Inclusion) (Equality) (Complement) (Intersection) (Union)

A B U

Aµ Bµ [ ]1,0: →UAµ
[ ]1,0: →UBµ { }UuuuA iiAi ∈= |))(,( µ { }UuuuB iiBi ∈= |))(,( µ A B

standard ∗

1.2 (Kaufmann & Gupta 1991) A (Intersection)B BA∩

Uuuuu iiBiAiBA ∈∀=∩ ))(),(min()( µµµ  (3) 
1.3 (Kaufmann & Gupta 1991) A (Union)B BA ∪

Uuuuu iiBiAiBA ∈∀=∪ ))(),(max()( µµµ  (4) 
(Fuzzy Intersection) t-norms (Fuzzy Union)

s-norms (Gupta 1991 ; Schweizer & Sklar 1963 ; Yanger 1980 ; Frank 1979 ; Yn & 
Bien 1994) t-norms s-norms

1.4 (Gupta 1991) A B (Algebraic Product)
UuuBuAu iiiiBA ∈∀⋅=∩ )()()(µ  (5) 

1.5 (Gupta 1991) A B (Algebraic Sum)
UuuBuAuBuAu iiiiiiBA ∈∀⋅−+=∪ )()()()()(µ  (6) 

Membership functions L-R (
) S Z

(Fuzzy numbers) Universal set RU = ( )
A( 1.1) (Buckles & Petry 1984)

1.6 (Kaufmann & Gupta 1991) (Trapezoidal) Aµ
(7) (a, b, c, d) (a, b, d)

                                                
∗
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1.7 (Kaufmann & Gupta 1991) LF RF Reference functions
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1.8 (Kaufmann & Gupta 1991)
( )1111 ,,, dcbaA = ( )2222 ,,, dcbaB =

( )21212121 ,,, ddccbbaaBA ++++=+  (9) 
( )21212121 ,,, adbccbdaBA −−−−=−  (10) 

( )21212121 ,,, ddccbbaaBA ⋅⋅⋅⋅=⋅  (11) 
( )21212121 /,/,/,// adbccbdaBA =  (12) 

Buckles Petry(1983)
Shenoi Melton(1989)

1.9 (Buckles & Petry 1983) (Similarity relations) [ ]1,0: →× KKK DDS

KD K
1. (Reflexive) 1),( =xxS K .
2. (Symmetric) ),(),( xySyxS KK = .

3. (Transitive) { }{ },),(),,(),( zySyxSMinMaxzxS KKDyK
K∈

≥ KDzyx ∈∀ ,, .

1.10  (Shenoi Melton 1989)
(Proximity relations)

(Defuzzication)

(crisp number)

1.11(Chen 1995 ; Kaufmann & Gupta 1988) A A = (a, b, c, d)
10 ≤≤≤≤≤ dcba A (DEF(A)) ( 2)

4/)()( dcbaADEF +++=  (13) 
Zadeh(1975) 1975
(Fuzzy Term) Age young old
(Modification)( Hou & Chen 1995)

very young more or less old (Chen 
& Jong 1997) (Simply) “ ” “ ” “ ” (Composite)

“ ” “ ” (Compound)
“ ”

very more or less Concentration rules Dilation 
rules (Giarratano & Riley 1989) AND

1.2 1.4
OR 1.3 1.5
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(Fuzzy term)

1982 Buckles Petry(1982)
(Domain) (Similarity relations)

(Fuzzy 
numbers)(Buckles & Petry 1984) Petry

(Petry 1996) (precise values) (interval values) (fuzzy values)
(null values)

(
1995)

(Averaging Operators)
Max Min

Kacprzyk
Zadrony(2001) Chen (1986) Chen Jong (1997) (1993)

Kacprzyk Zadrony FQUERY
FQUERY SQL ADD-ON

(ACCESS) Chen Threshold
SQL

(1993)

(Chen & Chen 2000)

1. (Similarity 
Function)

2. (Similarity 
Matrices)

3. 

4. 
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(2002)
(Proximity 

Semantic Equivalence, PSE)
Lin

(Lin & Chen 2000)
(Match)

1

1

(1998)

-

1. 2. 3. 4.
5. 6. 7.

8. 9. 10.
11. 12.

13.
(2000) 1. 

(1) (2) (3) (4) (5) (6)
2. 

(1)
(2)
(3)
(4)
(5)

(2000) 1. 
 (1) (2) (3) (

) (4) (5)
(6) (7)

2. 
 (1) (2) ( ) (3)

(4) (5) (6)
(7) (8) (9)

3. 
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(2000) 1. 

2. 

3. ( )

4. 

(1999)

(1998)

-

1. 

2. 

3. 
(2000) 1. 

2. 

3. 

1
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(2) ( ) (3)

0.8 2 (
)

2 ( )

( )
1

0.8 
0.6 
0.5 

3

29% 26% 
23% 25% 
46% 81% 
N.A. 83% 

(
) 23% ( )

25% 3

–

4
30% 30%-40%

40%-60% 60%-70%
70% 5
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≥
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−
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(  2002)
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( 1.10) ( 2)
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(1)
+
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( 5) (1)



 91 

4.1 “ ” ( )
( ) 2 U( )= 1/ +0.8/ +0.6/ +0.5/
( ) 6 “ ” 0.7
( ) (1) 0.7
( ) SQL select * from  where  in (‘ ’,’

’)
4.2 “ 30-40 ” ( )

( ) 1.7 3 Rx ∈∀ ,

( )
( ) ( )( )

[ ]
( ) ( )( )

( )+×>

+×∈
×

−+×
∈

−×∈
×

−×−
−×<

=

.25.0140,0

.25.0140,40,
25.040
25.0140

.40,30,1

.30,23.0130,
23.030

23.0130
.23.0130,0

)(

x

xxF

x

xxF

x

x

R

L

Aµ

( ) 6 “ ” 0.7
( ) 0.7 28-43
( ) SQL select* from  where  between 28 and 43

4.3  “ ” 0.7 ( )
( ) 5
( ) 6 “ ” 0.7
( ) 0.7 (1080 - 850) * 0.3 + 850 = 919( )
( ) SQL select * from  where  <= 919

6

1
0.7 
0.5 

7

Trapezoidal Fuzzy Numbers 
(0.7113,0.7589,0.8065,0.8541) 
(0.4257,0.4733,0.5209,0.5685) 
(0.0476,0.0925,0.1401,0.1877) 
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( Lin & Chen 2000)

( 7)

1W 2W

1A 2A ( )11111 ,,, dcbaW = ( )22222 ,,, dcbaW = Lin Chen (2000)

1W 2W 1W 2W

(9) (12)

)/( 21 WWWW ii +=
++++

=
21212121

,,,
aa

d
bb

c
cc

b
dd

a iiii 2,1=i  (14) 

4.4 W =(0.4,0.5,0.6,0.7)
W =0.9 ( Lin & Chen 2000 ; Chen & Chen 2000)
0.9 (0.9, 0.9, 0.9, 0.9)

)9.0,9.0,9.0,9.0()7.0,6.0,5.0,4.0(
)7.0,6.0,5.0,4.0(

+
=W  )6.1,5.1,4.1,3.1/()7.0,6.0,5.0,4.0(=

 )54.0,43.0,33.0,25.0(=

)9.0,9.0,9.0,9.0()7.0,6.0,5.0,4.0(
)9.0,9.0,9.0,9.0(

+
=W  )69.0,64.0,60.0,56.0(=

( 1.9)
( 2)

L-R (
1.7) 3

( 5)
OR

(4)
And

(3)
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(14) (13)
1 minimum(

1)
4.5 “ ”

“ ” ( )
( ) 2 U( )= 1/ +0.8/ +0.6/ +0.5/
( ) 0.8

4.6 “ 30-40 ”
“30 ” ( )

( ) 1.5 3 Rx ∈∀
( )

( ) ( )( )

[ ]
( ) ( )( )

( )+×>

+×∈
×

−+×
∈

−×∈
×

−×−
−×<

=

.25.0140,0

.25.0140,40,
25.040
25.0140

.40,30,1

.30,23.0130,
23.030

23.0130
.23.0130,0

)(

x

xxF

x

xxF

x

x

R

L

Aµ

( ) 1
4.7 “ “ ”

“919 ” ( )
( ) 5
( ) 919 1 - (919 - 850) / (1080 - 850) = 0.7

4.8 “ “ ” “ ”
“ ” ( )

( ) 8 U( )= 1/ +0.8/
( ) (4) Max(1,0.8)=1

8

1 0.5 0.5 0.8 0.3 
0.5 1 0.8 0.5 0.7 
0.5 0.8 1 0.5 0.7 
0.8 0.5 0.5 1 0.3 
0.3 0.7 0.7 0.3 1 

4.9 “ 30-40 ”
“ ” “30 ”
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( )
( ) 4.4 4.5 0.8

1
( ) (3) Min(0.8,1)=0.8

4.10 “ 30-40 ”
“ ” “30 ”

( )
( ) 4.4 4.5 0.8

1
( )

=W (0.3,0.36,0.44,0.5) =W (0.5,0.57,0.69,0.75) 

( ) (13)

=W 0.4 =W 0.6 

( ) Min(0.4*0.8+0.6*1, 1)=0.95

and/or min/max (Gupta
1991 ; Yanger 1980)

4.3

4.3

4.9 A B
0.8 28.6

0.8 Min A B
1.4 A 1*0.8=0.8 B

0.8*0.8=0.64
Max Min (Zimmermann 1996)

(negatively compensatory) And Or

4.3
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0.9 0.3 0.7

1. x, y 0.9
0.3 0.7

 0.3x + 0.7y  0.9 (x  0, y  0) 
2. y=1 x=0.67 0.9 x

0.67
3. x  0.67

( 0.9 0.67)
0.3x + 0.7y  0.6 ( x  0, y  0 ) y=1

x=0 0.7
0.6 x

T(0 T
1) X,Y,Z xW , yW , zW  ( xW≤0 , yW , 1≤zW

1=++ zyx WWW ) T X,Y,Z
x, y, z (0 x , y, z  1) 3

xW x + yW y + zW z T (15) 
(15)

X yW + zW T x=0 (15)

yW y + zW z T
X x=0 Y Z T

1=++ zyx WWW
(1 – xW ) = yW + zW yW y + zW z T ( 0 y, z  1) 
∴(1 – xW ) T
(1- )  (16) 

(16) (16)

(16) (1- )
x
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yW y + zW z = 1 - xW (15)
xW x + (1 – xW ) = T x = (T – 1 + xW )/ xW

=( –1+ )/( ) (17) 
(16) , (17)

( 3 )
(unique)

(
) I/O

R (cardinality) || R
|| Q (selectivity) s= ||/|| RQ

 (1 s)×100% I/O
(1 s)×100%

(17) (pre-computation)
cardinality ( I/O )

( )
( )

( ) ( 4 )
I. 
II. 

III. II SQL
IV. And Or (5) (6)

( ) ( 5 )
I. 
II. (14) (13)
III. (15) (1- )

(17)

IV. 
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Web Intranet

9 IE5.5

9

Windows2000 CPU P  1G 
ASP+VBScript RAM 512M 

IIS5.0 20GB 
SQL2000 

( 10) 1

—
tuples

11

10
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11

A0001 38.68  250 
A0002 19.73  310 
A0003 31.92  525 
A0004 35.32 1200 
B0001 15.57  350 
B0002 24.09  690 
B0003 39.38 1700 
B0004 43.93 1180 
C0001 30.00  900 
C0002 60.00 2500 
C0003 30.00  670 
C0004 24.06  733 

4 ( )

5.1 30 40
80%

( ) 80% 0.8
( ) 6 “ ” 0.7

MAX 0.8 2 (1)

( ) (8) 3 (30 40 ) Rx ∈∀
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( )
( ) ( )( )

[ ]
( ) ( )( )

( )+×>

+×∈
×

−+×
∈

−×∈
×

−×−
−×<

=

.25.0140,0

.25.0140,40,
25.040
25.0140

.40,30,1

.30,23.0130,
23.030

23.0130
.23.0130,0

)(

x

xxF

x

xxF

x

x

R

L

Aµ

( ) 6 “ ” 0.7
MAX 0.8 (30 40 )
28 43

( ) 6 “ ” 1
MAX 1 8 (1)

( ) 6 “ ” 1
MAX 1 5

850
( ) SQL select * from  where  in (‘

’, ’ ’) and  between 28 and 43 and  in (‘ ’, ’
’) and  <= 850

( ) A0001 A0003 C0003
2 A0001 A0003 1 C0003 0.8

(30 40 ) 1
Or 8 U( )

= 0.7/  + 1/ (5) S-norm
1

5 1
( ) And (4) t Mat(t)

Mat(t) = * * * .
Mat(A0001)= 1*1*1*1=1 Mat(A0003)= 1*1*1*1=1
Mat(C0003)= 1*1*1*0.8=0.8. 

( )

A0001  38.68  250  1 
A0003  31.92  525  1 
C0003  30.00  670  0.8 
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5 ( )

5.2 30 40
90%

1. (8) 3 (30 40 )

( )
( ) ( )( )

[ ]
( ) ( )( )

( )+×>

+×∈
×

−+×
∈

−×∈
×

−×−
−×<

=

∈∀

.25.0140,0

.25.0140,40,
25.040
25.0140

.40,30,1

.30,23.0130,
23.030

23.0130
.23.0130,0

)(

:

x

xxF

x

xxF

x

x

Rx

R

L

Aµ

2. 7

=W (0.4257,0.4733,0.5209,0.5685) 

=W (0.4257,0.4733,0.5209,0.5685) 

=W (0.7113,0.7589,0.8065,0.8541) 

=W (0.7113,0.7589,0.8065,0.8541) 

WWWWW ++++=Ψ
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Ψ= /WW =(0.1496,0.1782,0.2114,0.25) 

Ψ= /WW =(0.1496,0.1782,0.2114,0.25) 

Ψ= /WW =(0.25,0.2859,0.3273,0.3756) 

Ψ= /WW =(0.25,0.2859,0.3273,0.3756) 

(13)

1973.0)( =WDEF , 1973.0)( =WDEF , 3097.0)( =WDEF

3097.0)( =WDEF

3. 
90% 0.9

(1 - ) = (1 - 0.1973) = 0.8027<0.9( )
(17) (0.9-1+0.1973) / 0.1973 = 0.49 2

(1)
(17) (0.9-1+0.1973) / 0.1973 = 0.49

(30 40 ) 26-45
(17) (0.9-1+0.3097) / 0.3097 = 0.68

8 (1)
(17) (0.9-1+0.3097) / 0.3097 = 0.68

5 924
4. SQL select * from House where  in (‘ ’,’

’) and  between 26 and 45 and in (‘ ’,’ ’ ,’ ’)
and  < 924

5. A0001 A0003 C0001 C0003
2 A0001 A0003 1 C0001 C0003 0.8

1
OR 8 U( )

= 0.7/  + 1/ (5) S-norm
1

5 A0001 A0003 C0003 1 C0001 0.22
6. 
 Mat(A0001) = min{1 * 0.1973 + 1 * 0.1973 + 1 * 3097 + 1 * 0.3097, 1} = 

1.
Mat(A0003) = 1 Mat(C0001) = 0.73 Mat(C0003) = 0.97 
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