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A KNOWLED GE-BASED METHOD FOR
FUZZY QUERY PR OCESSING FOR
D OCUMENT RETR IEVAL

SHYI-MING CHEN
WEN-HOAR HSIAO
YIH-JEN HORNG

Department of Computer and Information Science,
National Chiao Tung University, Hsinchu, Taiwan,
Republic of China

This paper pre sents a knowle dge -based method for proce ssing fuzzy que ries

and weighted-fuzzy que ries for docume nt re trieval, whe re fuzzy concept

matrices are used for knowle dge repre se ntation and the e lements in a fuzzy

conce pt matrix are repre se nted by trapezoidal fuzzy numbe rs param eterized

s .by quadruple s a, b, c, d , where 0 ( a ( b ( c ( d ( 1. Inte lligent re-

trie val capability and flexible use r’ s que ries are conseque ntly provide d for.

s .Salton and McGill 1983 pointed out that information re trieval is

concerned with the representation, storage , organization, and accessing

of information items. Most commercial information re trieval systems

still adopt the Boolean logic model for information retrieval. However,

the information retrieval systems based on the Boolean logic mode l are
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S.-M. CHEN ET AL.100

rathe r re stricted in applications because these systems cannot process

fuzzy queries. Several fuzzy information retrieval me thods based on

s .fuzzy set theory Zadeh, 1965 have been proposed for improving the

disadvantage of the Boolean logic mode l, such as those in Her and Ke

s . s . s . s .1983 , Kraft and Bue ll 1983 , Miyamoto 1990 , Murai e t al. 1989 ,

s . s . s .Radechi 1979 , Tahani 1976 , and Z emankova 1989 . Although the se

fuzzy information retrieval me thods have the fuzzy query processing

capability, the efficiency and effectivene ss of the se methods are not

s .satisfactory. Lucarella and Morara 1991 presented a fuzzy information

re trieval system FIRST based on concept networks. In Chen and Wang

s . s .1993, 1995 and Wang and Chen 1993 , we have presented some

methods for dealing with document retrieval using knowledge-based

fuzzy information re trieval techniques. The methods we presented in

s . s .Chen and Wang 1993, 1995a and Wang and Chen 1993 allow the

system’s use rs to pe rform simple queries, we ighted querie s, interval

querie s, and weighted-inte rval queries. In this paper, we extend the

s . s .works of Chen and Wang 1993, 1995a , Lucare lla and Morara 1991 ,

s .and Wang and Chen 1993 to present a knowledge-based method for

dealing with fuzzy querie s and we ighted-fuzzy queries for document

re trieval, where fuzzy concept matrices are used for knowledge repre-

sentation, the elements in a fuzzy concept matrix represent fuzzy

re levant values between concepts, and the fuzzy relevant value s between

concepts are represented by trapezoidal fuzzy numbers. The transitive

closure of the fuzzy concept matrix is calculated by the fuzzy number

arithmetic ope rations to evaluate the implicit fuzzy re levant value s

between concepts. The proposed method is more flexible than the ones

s .presented in Chen and Wang 1993, 1995a , Lucare lla and Morara

s . s .1991 , and Wang and Chen 1993 because it allows the system’s users

to pe rform fuzzy queries and we ighted-fuzzy querie s. Intelligent re -

trieval capability and flexible user’ s querie s are consequently provided

for.

BASIC CONCEPTS OF FUZZY SET THEORY

In 1965, Zadeh proposed the theory of fuzzy sets. In the following, we

sbriefly review some basic de finitions of fuzzy sets from Chen 1992a, b,
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 101

. s . s . sc; 1994 , Chen e t al. 1991 , Kande l 1986 , Kaufman and Gupta 1985,

. s .1988 , and Z adeh 1965 . Le t U be the universe of discourse, U s
v 4u , u , . . . , u . A fuzzy set A in U is a se t of orde red pairs1 2 n

v s s .. s s .. s s ..4u , f u , u , f u , . . . , u , f u , where f is the membership1 A 1 2 A 2 n A n A

w x s .function of A , f : U ª 0, 1 , and f u indicate s the grade of mem-A A i

bership of u in A. A fuzzy se t A is convex if and only if for all u , u ini 1 2

U,

s s . . s s . s . . s .f l u q 1 y l u 0 Min f u , f u 1A 1 2 A 1 A 2

w xwhere l g 0, 1 . A fuzzy se t A of the universe of discourse U is called

s .a normal fuzzy se t if ’ u g U, f u s 1. A fuzzy number is a fuzzyi A i

subset in the universe of discourse of U that is both convex and normal.

A fuzzy number M of the universe of discourse U may also be

characte rized by a trapezoidal distribution parametrized by a quadruple

s .a, b , c, d shown in Figure 1.

Let A and B be two trapezoidal fuzzy numbers, where A s
s . s .a , b , c , d and B s a , b , c , d . The trapezoidal fuzzy numbers1 1 1 1 2 2 2 2

s .A and B are called equal i.e ., A s B if and only if a s a , b s b ,1 2 1 2

c s c , and d s d .1 2 1 2

Let A and B be two trapezoidal fuzzy numbers, where A s
s . s . s .a , b , c , d and B s a , b , c , d . Based on Chen 1992a and1 1 1 1 2 2 2 2

Figure 1. A trapezoidal fuzzy numbe r.
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S.-M. CHEN ET AL.102

s .Kaufman and Gupta 1985, 1988 , the addition, subtraction, multiplica-

tion, division, AND, O R, and ratio operations of the trapezoidal fuzzy

numbers A and B can be defined shown as follows.

Fuzzy number addition Å :

s . s .A Å B s a , b , c , d Å a , b , c , d1 1 1 1 2 2 2 2

s . s .s a q a , b q b , c q c , d q d 21 2 1 2 1 2 1 2

Fuzzy number subtraction ] :

s . s .A ] B s a , b , c , d ] a , b , c , d1 1 1 1 2 2 2 2

s . s .s a y d , b y c , c y b , d y a 31 2 1 2 1 2 1 2

Fuzzy number multiplication m :

s . s .A m B s a , b , c , d m a , b , c , d1 1 1 1 2 2 2 2

s . s .s a = a , b = b , c = c , d = d 4Ç 1 2 1 2 1 2 1 2
Ç

Fuzzy number division /̀ :

s . s .A /̀ s a , b , c , d /̀ a , b , c , d1 1 1 1 2 2 2 2

s . s .s a r d , b r c , c r b , d r a 5Ç 1 2 1 2 1 2 1 2
Ç

nFuzzy number AND :D

n ns . s .A B s a , b , c , d a , b , c , d1 1 1 1 2 2 2 2D D
s s . s . s . s . . s .s Min a , a , Min b , b , Min c , c , Min d , d 61 2 1 2 1 2 1 2

kFuzzy number OR :D

k ks . s .A B s a , b , c , d a , b , c , d1 1 1 1 2 2 2 2D D
s s . s . s . s . . s .s Max a , a , Max b , b , Max c , c , Max d , d 71 2 1 2 1 2 1 2
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 103

%Fuzzy number ratio :D

% %s . s .A B s a , b , c , d a , b , c , d1 1 1 1 2 2 2 2D D

s . s .s a r a , b r b , c r c , d r d 81 2 1 2 1 2 1 2

Let k be a real number between zero and one and A be a

s .trapezoidal fuzzy number, A s a , b , c , d . Then, we can see that1 1 1 1

s . s .k m A s k , k , k , k m a , b , c , d1 1 1 1

s . s .s k = a , k = b , k = c , k = d 91 1 1 1

In the following, we introduce a defuzzification technique for trape-

s .zoidal fuzzy numbers Kaufmann & Gupta, 1988; Chen, 1994a . Let us

conside r the trapezoidal fuzzy number shown in Figure 2, where e is a

defuzzification value of the trapezoidal fuzzy number. From Figure 2,

we can see that

1 1s . s . s . s . s . s . s . s .e y b 1 q b y a 1 s c y e 1 q d y c 12 2

1 1s . s . s . s .« e y b q b y a s c y e q d y c2 2

1 1s . s . s . s .« e y b y c y e s d y c y b y a2 2

a q d y b y c 2 b q 2 c
« 2 e s q

2 2

a q b q c q d
« 2 e s

2

a q b q c q d
s .« e s 10

4

s .In the following, we present a similarity measure Chen, 1995b for

measuring the degree of similarity between two trapezoidal fuzzy num-
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S.-M. CHEN ET AL.104

Figure 2. Defuzzification of a trape zoidal fuzzy num be r.

bers. Let A and B be two trapezoidal fuzzy numbers, where A s
s . s .a , b , c , d and B s a , b , c , d . The degree of similarity between1 1 1 1 2 2 2 2

the trapezoidal fuzzy numbers A and B can be measured by the

similarity function S,

< < < < < < < <a y a q b y b q c y c q d y d1 2 1 2 1 2 1 2
s . s .S A , B s 1 y 11

4

s . w x s .where S A, B g 0, 1 . The larger the value of S A, B , the greater the

similarity between the trapezoidal fuzzy numbers A and B. It is obvious

s . s .that if A s 1, 1, 1, 1 and B s 0, 0, 0, 0 , then

< < < < < < < <1 y 0 q 1 y 0 q 1 y 0 q 1 y 0
s . s .S A , B s 1 y s 0 12

4

s . sFurthe rmore, if A s B s a , b , c , d i.e ., A and B are identical1 1 1 1

.trapezoidal fuzzy numbers , then

< < < < < < < <a y a q b y b q c y c q d y d1 1 1 1 1 1 1 1
s . s .S A , B s 1 y s 1 13

4
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 105

Let x and y be two real values between zero and one. It is obvious

that x and y can be represented by trapezoidal fuzzy numbers, that is,

s . s . s .x s x, x, x, x and y s y, y, y, y . Based on formula 11 , the degree

of similarity between x and y can be evaluated shown as follows:

< < < < < < < <x y y q x y y q x y y q x y y
s . < < s .S x, y s 1 y s 1 y x y y 14

4

s .This result is coincident with the one we show in Chen et al. 1989 .

CONCEPT NETWORKS AND C ONCEPTS MATRICES

s .Lucare lla and Morara 1991 presented concept ne tworks for fuzzy

information re trieval. A concept network includes nodes and directed

links, where each node represents a concept or a document and each

directed link connects two concepts or is directed from one concept C i

to one document d and is labe led with a real value between zero andj
m

one. If C ª C , then it indicates that the degree of relevance fromi j
m

w xconcept C to concept C is m , where m g 0, 1 . If C ª d , then iti j i j

indicates that the degree of relevance of document d with respect toj

w xconcept C is m , where m g 0, 1 . Figure 3 shows a concept networki

s .adapted from Lucarella and Morara 1991 , where C , C , . . . , and C1 2 7

are concepts; d , d , d , and d are documents.1 2 3 4

s . s .In Chen and Wang 1993, 1995 and Wang and Chen 1993 , we

s .have extended the work of Lucarella and Morara 1991 to allow the

Figure 3. A concept network.
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S.-M. CHEN ET AL.106

directed links in a concept network to be associated with real intervals

w xin 0, 1 . Howe ver, if we can allow the directed links in a concept

network to be associated with linguistic te rms or trapezoidal fuzzy

s .numbers parameterized by a, b , c, d , where 0 ( a ( b ( c ( d ( 1,

then the re is room for more flexibility. Thus, in this pape r, we furthe r

s .extend the works of Chen and Wang 1993, 1995a , Lucare lla and

s . s .Morara 1991 , and Wang and Chen 1993 to allow the directed links in

a concept ne twork to be associated with linguistic te rms or trapezoidal

fuzzy numbers. The se t of linguistic terms we used in this paper and

their corresponding trapezoidal fuzzy numbers are shown in Table 1.

s . s .In Chen and W ang 1993, 1995a and Wang and Chen 1993 , we

have presented the definitions of concept matrices for modeling concept

networks. The de finitions of concept matrices and the transitive closure

of the concept matrices are reviewe d as follows.

v 4Definition 1: Let C be a se t of concepts, C s C , C , . . . , C . A1 2 n

s . s .concept matrix M is a fuzzy matrix Kande l, 1986 ; M C , C representsi j

s .the re levant value from concept C to concept C , where M C , C gi j i j

w x0, 1 .

A concept matrix M has the following properties:

1. Reflexivity,

s .M C , C s 1 , ; C g Ci i i

Table 1. Linguistic terms and the ir corre sponding trape zoidal fuzzy numbe rs

Linguistic terms Trape zoidal fuzzy numbe rs

s .Nonre levant 0, 0, 0, 0

s .V ery low 0, 0, 0.02, 0.07

s .Low 0.04, 0.1, 0.18, 0.23

s .Medium low 0.17, 0.22, 0.36, 0.42

s .Medium 0.32, 0.42, 0.58, 0.65

s .Medium high 0.58, 0.63, 0.80, 0.86

s .High 0.72, 0.78, 0.92, 0.97

s .V ery high 0.975, 0.98, 1, 1

s .Fully re levant 1, 1, 1, 1
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 107

2. M may not be symmetric,

s . s .M C , C / M C , Ci j j i

3. Transitivity,

s . s . s .M C , C 0 Max Min M C , C , M C , Cs .i k i j j k
C g Cj

Definition 2: Let M be a concept matrix,

f f ? ? ? f11 12 1 n

f f ? ? ? f21 22 2 n

? ? ? ? ? ?M s
? ? ? ? ? ?
? ? ? ? ? ?

f f ? ? ? fn1 n 2 n n

w xwhere n is the number of concepts in a concept ne twork, f g 0, 1 ,i j

1 ( i ( n , 1 ( j ( n , and le t

M
2 s M ª M

s . s . s .f n f f n f ? ? ? f n fE E E1i i1 1 i i2 1 i i n

is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s . s . s .f n f f n f ? ? ? f n fE E E2 i i1 2 i i2 2 i i n

is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s ? ? ? ? ? ?
? ? ? ? ? ?
? ? ? ? ? ?
s . s . s .f n f f n f ? ? ? f n fE E Eni i1 n i i2 n i i n

is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s .15

where k and n are the maximum and minimum operators, respec-

tive ly. Then, the re exists an integer p ( n y 1, such that M
P s M

Pq 1

Pq 2 s . Ps M s ? ? ? please see Kandel, 1986, p. 117 . Let Q s M . Q is

called the transitive closure of the concept matrix M.

In this paper, we allow the directed links in a concept network to be

associated with linguistic te rms shown in Table 1 or trapezoidal fuzzy

s .numbers parameterized by a, b , c, d , where 0 ( a ( b ( c ( d ( 1,
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S.-M. CHEN ET AL.108

and we use fuzzy concept matrices to modeling the concept networks.

The definition of fuzzy concept matrices is pre sented as follows.

v 4Definition 3: Let C be a set of concepts, C s C , C , . . . , C , and F1 2 n

s . s .be a fuzzy concept matrix. F C , C s a , b , c , d indicate s that thei j i j i j i j i j

fuzzy re levant value from concept C to concept C is repre sented byi j

s .trapezoidal fuzzy number a , b , c , d , where 0 ( a ( b ( c (i j i j i j i j i j i j i j

d ( 1.i j

Definition 4: Let F be a fuzzy concept matrix,

A A ? ? ? A11 12 1 n

A A ? ? ? A21 22 2 n

? ? ? ? ? ?F s
? ? ? ? ? ?
? ? ? ? ? ?

A A ? ? ? An1 n 2 n n

where n is the number of concepts, A are trapezoidal fuzzy numbers,i j

s .A s a , b , c , d , 0 ( a ( b ( c ( d ( 1, 1 ( i ( n , and 1 (i j i j i j i j i j i j i j i j i j

j ( n , and let

F 2 s F ( F

k n k n k nA A A A ? ? ? A As . s . s .1 i i1 1 i i2 1 i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

k n k n k nA A A A ? ? ? A As . s . s .2 i i1 2 i i2 2 i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

? ? ? ? ? ?

s

? ? ? ? ? ?

? ? ? ? ? ?

k n k n k nA A A A ? ? ? A As . s . s .n i i1 n i i2 n i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s .16
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 109

n kwhere and represent the AND and O R operators of theD D
trapezoidal fuzzy numbers, respectively. Then there exists an integer p ,

p ( n y 1, such that F
P s F

Pq 1 s F
Pq 2 s ? ? ? . Le t Q s F

P
. Q is

called the transitive closure of the fuzzy concept matrix F .

FUZZY QUERY PR OC ESSING TECHNIQUES FOR
D OC UMENT RETRIEVAL

v 4Let D be a set of documents, D s d , d , . . . , d , and C be a se t of1 2 m

v 4concepts, C s C , C , . . . , C . A document in a document re trieval1 2 n

system is gene rally described by a se t of concepts with each concept

representing a topic. The relations between documents and concepts

can be represented by a document descriptor matrix D shown as

follows:

C C ? ? ? C1 2 n

d B B ? ? ? B1 11 12 1n

d B B ? ? ? B2 21 22 2 n

D s ? ? ? ? ? ? ?
? ? ? ? ? ? ?
? ? ? ? ? ? ?

d B B ? ? ? Bm m 1 m 2 m n

where m is the number of documents, n is the number of concepts, B i j

is a trapezoidal fuzzy number parameterized by a quadruple represent-

ing the degree of relevance of document d with respect to concept C ,i j

1 ( i ( m , and 1 ( j ( n . In a document de scriptor matrix D , the

degree of relevance of each document with respect to a specific concept

is de te rmined by experts. Howe ver, an expe rt may possibly neglect the

degree of relevance of a certain document with respect to some specific

concepts. Because concepts may be not independent of each othe r, the

transitive closure Q of the fuzzy concept matrix F can be used to

evaluate the implicit re levant value s of each document with respect to

specific concepts to improve this. Let D be a document de scriptor

matrix and Q be the transitive closure of the fuzzy concept matrix F ,
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S.-M. CHEN ET AL.110

where

C C ? ? ? C1 2 n

d B B ? ? ? B1 11 12 1n

d B B ? ? ? B2 21 22 2 n

D s ? ? ? ? ? ? ?
? ? ? ? ? ? ?
? ? ? ? ? ? ?

d B B ? ? ? Bm m 1 m 2 m n

S S ? ? ? S11 12 1 n

S S ? ? ? S21 22 2 n

? ? ? ? ? ?Q s
? ? ? ? ? ?
? ? ? ? ? ?

S S ? ? ? Sn1 n 2 n n

where B and S are trapezoidal fuzzy numbers parametrized byi j i j

quadruples, 1 ( i ( n and 1 ( j ( n . Le t

D
U s D ( Q

k n k n k nB S B S ? ? ? B Ss . s . s .1 i i1 1 i i2 1 i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

k n k n k nB S B S ? ? ? B Ss . s . s .2 i i1 2 i i2 2 i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s ,? ? ? ? ? ?
? ? ? ? ? ?
? ? ? ? ? ?

k n k n k nB S B S ? ? ? B Ss . s . s .n i i1 n i i2 n i i nD D D D D D
is 1 , . . . , n is 1 , . . . , n is 1 , . . . , n

s .17

n kwhere and are the AND and O R operators of the trapezoidalD D
fuzzy numbers, re spectively. The document de scriptor matrix D

U
indi-

cate s the degree s of re levance of each document with re spect to specific

concepts and is used as a basis for similarity measures between user’ s

querie s and documents as described late r.
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 111

In a fuzzy information retrieval system, the user’ s que ry can be

described by a query descriptor Q represented by a query de scriptor

matrix q, that is,

v s . s . s . 4Q s C , V , C , V , . . . , C , V1 1 2 2 n n

w xq s V , V , . . . , V1 2 n

where V is a trapezoidal fuzzy number parameterized by a quadruple,i

1 ( i ( n , repre senting the degree of strength that the desired docu-

ments contain concept C . If the user considers that certain conceptsi

may be neglected, then the user doe s not have to assign the degree s of

strength with re spect to such concepts in the query descriptor vector q.

The symbol y is used for labeling a neglected concept. Thus, if V s y ,i

it indicate s that concept C is a neglected concept. In this case , thei

concept C would not be considered in the document re trieval process.i
U

Let d denote the ith row of the document de scriptor matrix D ,i

w xd s P , P , . . . , P , and let q be the query de scriptor matrix, q si i1 i2 i n

w xV , V , . . . , V , where P and V are trapezoidal fuzzy numbers,1 2 n i j j

s .P s a , b , c , di j i j i j i j i j

s .V s w , x , y , zj j j j j

1 ( j ( n , 1 ( i ( m , n is the number of concepts, and m is the

s .number of documents. Let q j denote the jth component of the query

s .descriptor matrix q. If q j s y , it indicate s that the concept C is aj

negle cted concept with respect to the fuzzy query. Based on formula

s .11 , the degree of similarity between d and q can be evaluated asi

follows:

s .S P , Vp i j j

s .q j / ``y ’ ’ an d js 1 , . . . , n
s . s .RS d s 18i

k

where

< < < < < < < <a y w q b y x q c y y q d y zi j j i j j i j j i j j
s . s .S P , V s 1 y 19i j j

4
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S.-M. CHEN ET AL.112

s . w xRS d g 0, 1 , 1 ( i ( m , and k is the number of concepts not ne-i

s .glected in the query. The re trieval status value RS d indicate s thei

degree of similarity between the query and the document d , wherei

s .1 ( i ( m . The larger the value of RS d , the highe r the similarityi

between the query and the document d .i

Conside r the following O R-connected query:

q O R q1 2

where q and q are query descriptor matrices. In this case, the degree1 2

of similarity between the query and the documents can be evaluated as

follows:

U s . s s . s . . s .RS d s Max RS d , RS d 20i 1 i 2 i

s .where RS d represents the degree of similarity between the query1 i

descriptor matrix q and the i th row of the document descriptor matrix1
U s .D , RS d represents the degree of similarity between the query2 i

descriptor matrix q and the ith row of the document descriptor matrix2
U U s .D , the retrieval status value RS d represents the degree of similar-i

ity of the query with respect to the document d , and 1 ( i ( m . Thei

information re trieval system would display every document having a

w xre trieval status value greate r than a threshold value l , where l g 0, 1 ,

in a sequential orde r from the document with the highest degree of

re trieval status value to that with the lowest one .

Weighted-fuzzy querie s can also be processed by our method. In

we ighted-fuzzy querie s, a query expression can be represented by a

query descriptor matrix q shown as follows:

w s . s . s . xq s V , W , V , W , . . . , V , W1 1 2 2 n n

where V and W are trapezoidal fuzzy numbers parameterized byj j

quadruples, W represents the weights of concept C , and 1 ( j ( n . Le tj j
U w xthe ith row of the document de scriptor matrix D be P , P , . . . , P ,i1 i2 i n

where P , P , . . . , and P are trapezoidal fuzzy numbers parameter-i1 i2 i n
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 113

ized by quadruple s. Then the degree of similarity between the we ighted

fuzzy query and the document d can be calculated as follows:i

s . s .RS d s S P , V m Wpw i i j j jt /
s .q j / ``y ’ ’ an d js 1 , . . . , n

% s .W 21p jD t /
s .Q j / ``y ’ ’ an d js 1 , . . . , n

%where m and are the multiplication operator and the ratio opera-D
tor of the trapezoidal fuzzy numbers, re spectively, and p denotes the

summation of the trapezoidal fuzzy numbers. The re trieval status value

s .RS d is a trapezoidal fuzzy number indicating the degree of similarityw i

between the we ighted-fuzzy query and the document d , where 1 ( i (i

m . Assume that

s . s .RS d s a , b , c , dw 1 1 1 1 1

s . s .RS d s a , b , c , dw 2 2 2 2 2

.

.

.

s .22

s . s .RS d s a , b , c , dw m m m m n

s . s .Based on formula 10 , the retrieval status value RS d can bew i

defuzzified into a crisp real value, where 1 ( i ( m . In this case , the

s . s .defuzzified value of RS d is equal to a q b q c q d r 4, wherew i i i i i

s .1 ( i ( m . Let the defuzzified value of RS d be equal to k , wherew i i

w x w xk g 0, 1 and 1 ( i ( m , and let l be a threshold value , l g 0, 1 .2 9

The information re trieval system would display every document having

a defuzzified re trieval status value k greate r than the threshold value li

in a sequential orde r from the document with the highest degree of

defuzzified re trieval status value to that with the lowe st one.

In the following, we use an example to illustrate the weighted-fuzzy

query processing process for document re trieval.

Example: Assume that the re trieval threshold value l is 0.65, and

assume that the re are four concepts C , C , C , C and five documents1 2 3 4
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S.-M. CHEN ET AL.114

d , d , d , d , and d . Furthermore, assume that the document descrip-1 2 3 4 5

tor matrix D and the fuzzy concept matrix F have the following forms:

C C C C1 2 3 4

s . s . s . s .0 .2, 0.3, 0.4, 0 .5 0 .5, 0.6, 0.7, 0 .8 1 , 1 , 1, 1 0 , 0 , 0 , 0d1

s . s . s . s .1 , 1 , 1, 1 0 .6, 0.7, 0.8, 0 .9 0 .3, 0.4, 0.5, 0 .6 0.5, 0.6, 0 .7 , 0 .8d 2

s . s . s . s .d 0 .5, 0.6, 0.7, 0 .8 1 , 1 , 1, 1 0 .1, 0.2, 0.3, 0 .4 0.7, 0.7, 0 .7 , 0 .7D s 3

s . s . s . s .d 0 , 0 , 0, 0 0 .3, 0.4, 0.5, 0 .6 0 .5, 0.6, 0.7, 0 .8 1 , 1 , 1 , 14

d s . s . s . s .0 .3, 0.4, 0.5, 0 .6 0 .4, 0.5, 0.6, 0 .7 0 , 0 , 0, 0 0.5, 0.6, 0 .7 , 0 .85

C C C C1 2 3 4

s . s . s . s .1, 1 , 1 , 1 0 .975, 0 .98, 1, 1 0 , 0 , 0, 0 0, 0 , 0 , 0C1

s . s . s . s .0, 0 , 0 , 0 1 , 1 , 1 , 1 0.58 , 0 .63, 0 .80, 0 .86 0 .975, 0 .98, 1, 1C2
F s

s . s . s . s .C 0, 0 , 0 , 0 0 , 0 , 0 , 0 1 , 1 , 1, 1 0, 0 , 0 , 03

C s . s . s . s .0, 0 , 0 , 0 0 , 0 , 0 , 0 0 , 0 , 0, 0 1, 1 , 1 , 14

In this case , the transitive closure Q of the fuzzy concept matrix F can

be calculated as follows:

C C C C1 2 3 4

s . s . s . s .1, 1 , 1 , 1 0 .975, 0 .98, 1, 1 0.58 , 0 .63, 0 .80, 0 .86 0 .975 , 0 .98, 1 , 1
C1 s . s . s . s .0, 0, 0 , 0 1 , 1 , 1 , 1 0.58 , 0 .63, 0 .80, 0 .86 0 .975 , 0 .98, 1 , 1
CQ s 2

s . s . s . s .0, 0 , 0 , 0 0 , 0 , 0 , 0 1 , 1 , 1 , 1 0, 0, 0, 0
C3

s . s . s . s .0, 0 , 0 , 0 0 , 0 , 0 , 0 0 , 0 , 0 , 0 1, 1, 1, 1
C4

The document de scriptor matrix D
U

can be obtained based on the

document descriptor matrix D and the transitive closure Q of the fuzzy

concept matrix F as follows:

D
U s D ( Q

C C C C1 2 3 4

s . s . s . s .0 .2 , 0 .3 , 0 .4 , 0 .5 0 .5 , 0 .6 , 0 .7 , 0 .8 1 , 1 , 1 , 1 0 .5 , 0 .6 , 0 .7 , 0 .8d1

s . s . s . s .1 , 1 , 1 , 1 0 .975 , 0 .8 , 1 , 1 0 .58 , 0 .63 , 0 .80 , 0 .86 0 .975 , 0 .98 , 1 , 1d 2

d s . s . s . s .s 0 .5 , 0 .6 , 0 .7 , 0 .8 1 , 1 , 1 , 1 0 .58 , 0 .63 , 0 .80 , 0 .86 0 .975 , 0 .98 , 1 , 13

d 4 s . s . s . s .0 , 0 , 0 , 0 0 .3 , 0 .4 , 0 .5 , 0 .6 0 .5 , 0 .6 , 0 .7 , 0 .8 1 , 1 , 1 , 1

d 5 s . s . s . s .0 .3 , 0 .4 , 0 .5 , 0 .6 0 .4 , 0 .5 , 0 .6 , 0 .7 0 .4 , 0 .5 , 0 .6 , 0 .7 0 .5 , 0 .6 , 0 .7 , 0 .8
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 115

If the user’s we ighted-fuzzy query is represented by the query

descriptor matrix q shown as follows:

w s s . s . .q s 0 .6 , 0 .7 , 0 .8 , 0 .9 , 0 .6 , 0 .7 , 0 .8 , 0 .9 , y , y ,

s s . s . . x0 .9 , 0 .95, 0 .95 , 1 , 0 .5 , 0 .6, 0 .7 , 0 .8

s .Then based on formula 21 , we can get the following results:

< < < < < < < <0 .2 y 0 .6 q 0 .3 y 0 .7 q 0 .4 y 0 .8 q 0 .5 y 0 .9
s .RS d s 1 yw 1 t /4

s .m 0 .6 , 0 .7 , 0 .8 , 0 .9

< < < < < < < <0 .5 y 0 .9 q 0 .6 y 0 .95 q 0 .7 y 0 .95 q 0 .8 y 1
Å 1 yt /4

s .m 0 .5 , 0 .6 , 0 .7 , 0 .8

% w s . s . x0 .6, 0 .7 , 0 .8 , 0 .9 Å 0 .5 , 0 .6 , 0 .7 , 0 .8D
s .s 0 .64545 , 0 .64615 , 0 .64667, 0 .64706

< < < < < < < <1 y 0 .6 q 1 y 0 .7 q 1 y 0 .8 q 1 y 0 .9
s .RS d s 1 yw 2 t /4

s .m 0 .6 , 0 .7 , 0 .8 , 0 .9

< < < < < < < <0 .975 y 0 .9 q 0 .98 y 0 .95 q 1 y 0 .95 q 1 y 1
Å 1 yt /4

s .m 0 .5 , 0 .6 , 0 .7 , 0 .8

% w s . s . x0 .6 , 0 .7 , 0 .8 , 0 .9 Å 0 .5 , 0 .6 , 0 .7 , 0 .8D
s .s 0 .84603, 0 .8475, 0 .84859, 0 .84941
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S.-M. CHEN ET AL.116

< < < < < < < <0 .5 y 0 .6 q 0 .6 y 0 .7 q 0 .7 y 0 .8 q 0 .8 y 0 .9
s .RS d s 1 yw 3 t /4

s .m 0 .6, 0 .7 , 0 .8 , 0 .9

< < < < < < < <0 .975 y 0 .9 q 0 .98 y 0 .95 q 1 y 0 .95 q 1 y 1
Å 1 yt /4

s .m 0 .5, 0 .6 , 0 .7 , 0 .8

% w s . s . x0 .6 , 0 .7 , 0 .8 , 0 .9 Å 0 .5 , 0 .6, 0 .7 , 0 .8D
s .s 0 .92785 , 0 .92827, 0 .92859, 0 .92882

< < < < < < < <0 y 0 .6 q 0 y 0 .7 q 0 y 0 .8 q 0 y 0 .9
s .RS d s 1 yw 4 t /4

s .m 0 .6 , 0 .7 , 0 .8 , 0 .9

< < < < < < < <1 y 0 .9 q 1 y 0 .95 q 1 y 0 .95 q 1 y 1
Å 1 yt /4

s .m 0 .5 , 0 .6 , 0 .7 , 0 .8

% w s . s . x0 .6 , 0 .7, 0 .8 , 0 .9 Å 0 .5 , 0 .6 , 0 .7 , 0 .8D
s .s 0 .56818 , 0 .57308, 0 .57667, 0 .57941

< < < < < < < <0 .3 y 0 .6 q 0 .4 y 0 .7 q 0 .5 y 0 .8 q 0 .6 y 0 .9
s .RS d s 1 yw 5 t /4

s .m 0 .6 , 0 .7 , 0 .8 , 0 .9

< < < < < < < <0 .5 y 0 .9 q 0 .6 y 0 .95 q 0 .7 y 0 .95 q 0 .8 y 1
Å 1 yt /4
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METHOD FOR FUZZY QUERY PROCESSING FOR DOCUMENT RETRIEVAL 117

%s . w s . s . xm 0 .5 , 0 .6 , 0 .7 , 0 .8 0 .6 , 0 .7 , 0 .8 , 0 .9 Å 0 .5 , 0 .6 , 0 .7 , 0 .8D

s .s 0 .7 , 0 .7 , 0 .7 , 0 .7

s .Based on formula 10 , we can get the following results:

s .The defuzzified value of RS d is equal tow 1

0 .64545 q 0 .64615 q 0 .64667 q 0 .64706
s 0 .64333Ç

4 Ç

s .The defuzzified value of RS d is equal tow 2

0 .84603 q 0 .8475 q 0 .84859 q 0 .84941
s 0 .84788Ç

4 Ç

s .The defuzzified value of RS d is equal tow 3

0 .92785 q 0 .92827 q 0 .92859 q 0 .92882
s 0 .92838Ç

4 Ç

s .The defuzzified value of RS d is equal tow 4

0 .56818 q 0 .57308 q 0 .57667 q 0 .57941
s 0 .57434 .Ç

4 Ç

s .The defuzzified value of RS d is equal tow 5

0 .7 q 0 .7 q 0 .7 q 0 .7
s 0 .7 .

4

Because the retrieval thre shold value l is 0.65, the documents d1

and d will not be re trieved because the re trieval status value s of the4

documents d and d are le ss than the threshold value . From these1 4

re sults, we also can see that the document d is the most suitable to the3

user’ s we ighted-fuzzy query because it has the largest retrieval status

value.

CONCLUSIONS

In this paper, we have presented a knowledge-based method for pro-

ce ssing fuzzy querie s and we ighted-fuzzy queries for document re trieval,
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S.-M. CHEN ET AL.118

where the fuzzy concept matrices are used for knowledge representation

and the e lements in fuzzy concept matrices are represented by trape-

s .zoidal fuzzy numbers parameterized by quadruples a, b , c, d , where

0 ( a ( b ( c ( d ( 1. We also use an example to illustrate the

we ighted-fuzzy query processing process for document re trieval. From

the illustrated example , we can see that the proposed method can be

executed very e fficiently. The proposed method is a significant improve-

ment over the method based on Boolean algebra because it has the

fuzzy query processing capability. Furthermore , the proposed method is

s .more flexible than the ones presented in Chen and Wang 1993, 1995a ,

s . s .Lucare lla and Morara 1991 , and Wang and Chen 1993 because it

allows the system’ s use rs to pe rform fuzzy queries and we ighted-fuzzy

querie s. Intelligent retrieval capability and flexible use r’s que rie s are

consequently provided for.
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