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Abstract—This study proposes a new mechanism based on
extended fuzzy concept networks for fuzzy query processing of
document retrieval and we use a relevance matrix and a relation
matrix to model extended fuzzy concept networks. This
mechanism combines the document descriptor relevance matrix
defined by the expert with the user’s query descriptor based on
different weights for obtaining a matrix called a satisfaction
matrix. This mechanism uses the AND operator of the quadratic-
mean averaging operators to calculate the AND operation of all
components in each row of the satisfaction matrix. Finally,
ranking the degrees of satisfaction of each satisfaction matrix
obtains documents more suitable for the user’s needs.
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1. INTRODUCTION

Recently, several researchers (Chen and Wang 1995; Her and
Ke 1983; Horng and Chen 1999; Kamel et al. 1990; Lucarella
and R.Morara 1991; Miyamoto 1990; Moradi et al. 2008; Murai
et al. 1989; Radechi 1977; Tadechi 1979; Tahani 1976;
Zemankova 1989) dealt with document retrieval processing
problems based on fuzzy set theory presented by Zadeh (1965).
Lucarella et al. (1991) presented an information retrieval method
based on fuzzy concept networks. However, there is only one
kind of fuzzy relationship between concepts in concept networks

(Lucarella et al. 1991) (i.e., a fuzzy positive association relation).

Kracker (1992) presented an extended fuzzy concept network
model and its applications that have four kinds of fuzzy
relationships between concepts in the concept networks for
database queries (i.e., fuzzy positive association, fuzzy negative
association, fuzzy generalization, and fuzzy specialization).
Furthermore, Horng and Chen (1999) and Moradi et al. (2008)
presented information retrieval systems that deal with document
retrieval based on extended fuzzy concept networks. However,
these methods based on fuzzy concept networks do not satisfy
efficiency or effectiveness. For example, the general user cannot
define the degree of relevance and fuzzy relationship between
concepts and documents as precisely as can an expert.

This paper proposes a new mechanism for dealing with
document retrieval based on extended fuzzy concept networks.
The rest of the paper is organized as follows. Section 2 briefly
reviews the principles of concept networks presented by
Lucarella et al. (1991) and extended fuzzy concept networks
presented by Kracker (1992). Section 3 proposes a new

IJERTV 1315120027

mechanism for fuzzy query processing for document retrieval
based on extended fuzzy concept networks and we use relevance
matrix and relation matrix to model extended fuzzy concept
networks. Section 4 discusses the conclusions.

2. PRELIMINARY

2.1. Concept networks

Lucarella et al. (1991) presented a fuzzy information retrieval
method based on concept networks. A concept network
consists of nodes and directed links where each node presents
a concept or a document; each directed link connects two
concepts or directs from one concept C; to one document d;
and is labeled with a real value between zero and one. If

u
C; = C;, it indicates that the degree of relevance from concept

C; to concept C; is u whereu € [0,1]. IfC; i d;, it indicates
that the degree of relevance of concept C; with respect to
document d; is u where p € [0,1] . For example, Fig. 1
presents a concept network where Cy, C,, ..., C; are concepts;
dy, d,, ds,d, are documents. Fig. 1 shows documents
dy, d,, ds, d, as a fuzzy subset of concepts,
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Fig. 1. A concept network

where d; = {(C1,0.9)}, d; = {(C1,0.6),(C2,1),(C5,0.8)}, d; =
{(C7,0.9)}, ds= {(Cs,0.8)}, and 0.6 presents the relevance value
of the document d, with respect to conceptC;.

2.2. Extended Fuzzy Concept Networks

There is only one kind of fuzzy relationship between concepts
in the concept networks presented by Lucarella et al. (1991) (i.e.,
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a fuzzy positive association relation). Kracker (1992) presented
an extended fuzzy concept network model and its applications
for database queries that have four kinds of fuzzy relationships
between concepts in a concept network (i.e., fuzzy positive
association, fuzzy negative association, fuzzy generalization,
and fuzzy specialization). Horng and Chen (1999) and Moradi
et al. (2008) presented information retrieval systems for dealing
with document retrieval based on extended fuzzy concept
networks. The fuzzy relationships between concepts are
described by Kracker (1992) as follows:

(1) Fuzzy Positive Association, it relates concepts which in some
contexts have a fuzzy similar meaning (e.g., person <
individual).

(2) Fuzzy Negative Association, it relates concepts which are
fuzzy complementary (e.g., male < female), fuzzy
incompatible (e.g., unemployed < freelance) or fuzzy
antonyms (e.g., large <> small).

3) Fuzzy Generalization, one concept that is regarded as a fuzz
y P g y
generalization of another concept if it consists of that concept
(e.g., vehicle & car).

(4) Fuzzy Specialization, the inverse of the fuzzy generalization
relationship. That is, one concept that is regarded as a fuzzy
specialization of another concept if it parts of that concept
(e.g., car & vehicle)

The fuzzy relationships between concepts introduced can be
formally described by Kracker (1992) as follows:

Definition 2.1: Let C be the universal set of all concepts, then

(1) Fuzzy Positive Association (P) is a fuzzy relation yp, ,
Up:C X C — [0,1], which is reflexive, sysmmetric, and
max-*-transitive.

2) Fuzzy Negative Association is a fuzzy relation uy ,
y Neg y Un
uy:C x C - [0,1], which is anti-reflexive, sysmmetric,
and max-*-nontransitive.

(3) Fuzzy Generalization (G) is a fuzzy relationp, ug: € X C =
[0,1], which is anti-reflexive, anti-sysmmetric, and max-*-
transitive.

(4) Fuzzy Specialization (S) is a fuzzy relationyg, pug: € X C =
[0,1], which is anti-reflexive, anti-sysmmetric, and max-*-
transitive

Definition 2.2: An extended fuzzy concept network consists of
nodes and directed links. Each node presents a concept of a
document. Each directed link connects two concepts or directs
from a concept to a document presented by Kracker (1992)
and Horng and Chen (1999). If

(D¢ (u_.l:) cj, then there is a positive association relationship
between concept ¢; and concept ¢;, and the relevance degree is
u where u € [0,1].

(wN)

(2)c; — cj, then there is a negative association relationship
between concept ¢; and concept ¢;, and the relevance degree is
u where u € [0,1].

w6)
(3)c; = ¢, then concept ¢; is more general than concept ¢;,
and the degree of generalization is y where u € [0,1].
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(w.5)
(4)¢c; — ¢j, then concept ¢; is more special than conceptc;,
and the degree of specialization is ¢ whereu € [0,1].

(w.2)
(5)¢; = ¢, then concept ¢; and concept ¢; is not defined by
the expert explicitly.

(wP)
(6) c; — dj, then there is a positive association relationship
between concept ¢; and document d;, and the relevance degree
is u where u € [0,1].

(wN)
(7)¢; — dj, then there is a negative association relationship
between concept ¢; and documentd;, and the relevance degree is
u whereu € [0,1].

w2)
(8) c; — dj, then concept ¢; and document d; is not defined
by the expert explicitly.

For example, Fig. 2 presents an extended concept network where
¢1,Cy, ..., C7 are concepts; dq,d,, d3, d, are documents. Fig. 2
expresses documents d,, d,, d3, d, as a fuzzy subset of concepts
as follows:
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Fig. 2. An extended fuzzy concept network.

where d; = {(c1,0.9,P)}, d2= {(c1,0.5,P),(c2,1,N),(c5,0.8,P)}, d3=
{(c7,0.9,P)}, da= {(cs,0.8,P)},0.5 presents the relevance value of
the document d, with respect to conceptc,, and P presents fuzzy
positive association of the fuzzy relationship of the document d,
with respect to conceptc; .

3. APROPOSED MECHANISM FOR A DOCUMENT
RETRIEVAL METHOD BASED ON EXTENDED FUZZY
CONCEPT NETWORKS

This section proposes a new mechanism of fuzzy query
processing for document retrieval based on extended fuzzy
concept networks. Fig. 3 shows the new mechanism for dealing
with document retrieval based on extended fuzzy concept
networks. The first step models the matrices (i.e., relevance
matrix and relation matrix) between concepts and concepts, and
the second step models the matrices (i.e., relevance matrix and
relation matrix) between concepts and documents. The third step
presents the user’s query descriptor vectors. The forth step
combines the document descriptor relevance matrix defined by
the expert with the wuser’s query descriptor using
different weights to obtain a satisfaction matrix. The last step
ranks the degrees of satisfaction to which each document
satisfies the user’s query descriptor.

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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Fig. 3. A new mechanism of fuzzy query processing for document retrieval
based on extended fuzzy concept networks

3.1. Modelling the matrices between concepts and concepts in
an extended fuzzy concept network

Definition 3.1: A relevance matrix V is a fuzzy matrix presented
by Kandel (1986) in which the element v;; € [0, 1] presents the
relevance degree between concept ¢; and concept ¢; as follows:

¢ ¢ .. ¢,
cr -
1 Vi Vs Vln
C
21 Vy Vyo eV,
V= ,
C _vnl vn2 .. vnn |

where n is the number of concepts, v; €[0,1], 1<i<n
andl < j < n. Ifv; = 0, the relevance degree between concept
¢; and concept ¢; is not defined by the expert explicitly. A

positive integer p exists where p <n—1, such thatV? =
PP = P2 = | LetV* = VP, then V* is called the transitive
closure of relevance matrix as follows:

[._V (WiAvy) .V (WuAvg) .V (0 Avy)
i=1,.,n i=1,..n i=1,..n
V(i Avy) V(v Avgp) V(v Avyy)
i=1,..n i=1..n 7 i=1,.
V=V ®V= . . . . ) (1)

[_V  (WiAvi)
i=1,..n

where v is the maximum operator and » is the minimum operator.

Definition 3.2: A relation matrix R is a fuzzy matrix in which the
element 7; € {P,N,G,S,Z} presents the fuzzy relationship
between concept ¢; and conceptc;, and P, N, G, S indicated that
fuzzy positive association, fuzzy negative association, fuzzy
generalization, and fuzzy specialization, respectively as follows:

IJERTV 1315120027

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Volume 13, Issue 12, December 2024

¢ ¢ ... C,
or -
"Wh hy o Ry
C
2|\ h Iy e By,
R= ,
C _}/;11 rnZ nm_

where n is the number of concepts, 7;; € {P,N,G,S,Z},1 < i <
nandl<j<n. Ifry; =7, the fuzzy relationship between
concept ¢; and concept ¢; is not defined by the expert explicitly.

A positive integer p exists where p < n — 1, such thatR? =
RP¥1 = RP*2 = LetR* = RP, then R* is called the transitive
closure of relevance matrix as follows:

[V (uAm) V(A1) vV (uAr)
i=1,..,n i=1..n i=1,..n
liet (i Ary) V(g ATp) V(i ATi)
i=1,..n i=1,..n i=1,..n
R"=R®R = . . . . , (2)
|_._\7 (i ATia) ._\7 hilT2) ._\7 (Ti 7\Tin)J
i=1,..n i=1,..n i=1,..n

where V is the operation of choosing the highest priority fuzzy
relationship and A is the operation of choosing the combination
of two relationships according to Table I presented by Kracker
(1992) and Horng and Chen (1999). Moreover, in Table I, we let
the five different fuzzy relationships have different priorities
(i.e., the negative associations (N) has the highest priority, the
positive associations (P) has the second highest priority, the
relationships (Z) not defined by the expert explicitly is lower,
and the priority of the generalization (G) and the specialization
(S) are the lowest priority). In Table I, the combination of the
high priority relationship and the low priority relationship results
in a relationship of high priority except that the combination of
the generalization (G) and the specialization (S) is a positive
association (P), and the combination of the negative associations
(N) with itself is a positive association (P).

TABLE I. THE COMBINATION OF FUZZY RELATIONSHIPS IN A RELATION

MATRIX

P N G S 4
P P N P P P
N N P N N N
G P N G P V4
S P N P S V4
V4 P N zZ Z Z

3.2. Modelling the matrices between concepts and documents
in an extended fuzzy concept network

Definition 3.3: Let P be a set of documents where P =
{d,,d,, ... d}, and let C be a set of concepts where C =
{c1, ¢, ..., ¢ }. The document descriptor relevance matrix D as
follows:

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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where m is the number of documents, nis the number of
concepts, w;jpresents the relevance degree between document d;
and conceptc;, u; € [0,1],1<i<mand1<j<n.
Definition 3.4: Let P be a set of documents where P =
{d,,d,, ..., dy}, and let C be a set of concepts where C =
{cy,¢3, ..., ¢y }. The document descriptor relation matrix M as
follows:

Cl Cl e Cn
d
dl S11 S12 .- Sin
2 S71 Sy Son
M= )
’ lsml Smz .- san
dim

where m is the number of documents, nis the number of
concepts, spresents the fuzzy relationship between concept ¢;
and documentd;, s;; € {P,N,Z}, 1< i<mandl <j <n.

Horng and Chen (1999) indicated that the document descriptor
relevance matrix D and the document descriptor relation matrix
M are given subjectively by expert. However, the expert may
somehow forget to set some relevance degree and fuzzy
relationship between concepts and documents. So, we can obtain
the implicit relevance degree between concepts and documents
by calculating the document descriptor relevance matrix D* =
D ® V* and the implicit fuzzy relationship between concepts
and documents by calculating the document descriptor relation
matrixM* =M @ R*.

3.3. Presenting the user’s query descriptor by vectors
The user’s query descriptor Q can be expressed as follows:

Q = {(c1, (1, 1), (C20 (2, ¥2)eens (€10 (K Yidevos (Ey (s Y3

where x; presents the desired relevance degree of the concept c;
with respect to a document d, wherex; € [0, 1], and y; presents
the desired fuzzy relationships of the concept ¢; with respect to
a document d wherey; € {P,N,-},1 < i < n.

The user’s query descriptor Q can also be expressed as a query
descriptor relevance vector gv and a query descriptor relation
vector gr as follows:

W = (xll Xyeeiy Xjyerny xn),

qr = V1, Y200 Yirs Yn)-

In a query descriptor relevance vector gv, if x; = 0, it indicates
that desired document d by the general user does not possess
concept ¢; If y; = "-", it indicates that the relevance degree of
the concept ¢; with respect to the desired document d can be

neglected.
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3.4. Combining the document descriptor relevance matrix
defined by the expert with the user’s query descriptor
using different weights to obtain a satisfaction matrix

In the following, we use a formula based on weighted power
mean to calculate the degrees of weighted T between expert and
general user, and use the document descriptor relevance matrix
D™ defined by the expert and the user’s query descriptor Q in
extended fuzzy concept networks as follows:

T =[5 5y (2m = 2k + Dyl 3

where m presents the number of experts and general users,
kpresents the priority of expert and general user, and p, presents
the relevance value, where fqy, presents the relevance value of

the document descriptor relevance matrix D  defined by the
expert, and u,., presents the relevance value of the user’s query
descriptorQ,a € {expert,user}. For example, assume that there
are one expert and one general user, and the expert is first in
priority and the general user is second in priority in the document
retrieval system. We can understand that the degree of weighted
T between expert and general user based on formula (3) as
follows:

1 1
T=[2—2(2><2—2><11+1)xuexpm+2—2(?x2—
= 3 1 =
2x2+ 1) X :uuser]z = [Z:uexpen + Z.uuser]2~

The expert get the degree of weighted is 0.75 and the general
user get the degree of weighted is 0.25.

Let (x,s) and (y, t) be two pairs of values, wherex € [0, 1],
y €]0,1], s € {P,N,Z}, andt €. Assume that the document

descriptor relevance vector d_rl (i.e., the ith row of the document
descriptor relevance matrixD*), the document descriptor relation

vector d_rl (i.e., the ith row of the document descriptor relation
matrix M*), the query descriptor relevance vector gv and the
query descriptor relation vector g7 are presented as follows:

dvi = (Xi1, Xz Xin),
dri = (SillSiZ""' Sin)'
qv = (Y1, Y2,--Yn)>

q_l’ = (tl’ tz,..., tn),

Where xij € [0,1] > Vi € [0,1], Sij S {P,N,Z}, andti €, 1<
i<mand1l <j<n,mis the number of documents, n is the
number of concepts. gv and gr are defined by the general user.
The degree of weighted T'((x,s), (y,t)) between (x,s) and
(y,t) as follows:

0 ifs #t,

(LS, 2m = 2k + Dpgal ¥

T((x,5), 1)) = { ifs=t,

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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where T((x,s),(y,t)) € [0,1], m presents the number of
experts and general users, k presents the priority of expert and
general user, and p, presents the relevance value, where feyper
presents the relevance value of the document descriptor
relevance matrix D* defined by the expert, and y,.., presents the
relevance value of the user’s query descriptor Q , a €
{expert,user}. If y = "-"ort = "-", it indicates that concept is
neglected by the user’s query descriptor. Based on formula (4),
we get a matrix called “satisfaction matrix” SM that combines
the document descriptor relevance matrix D* defined by the
expert with the user’s query descriptor Q in extended fuzzy
concept networks as follows:

Cl Cl IS Cn
* * *
di M1 M2 - Hin

dy M Hn - Hon

e . : . o

A, L“:m Hma2 .U;;mJ

where p;; presents the degree of satisfaction between concept ¢;
and document d; from the document descriptor relevance matrix
D defined by the expert and the user’s query descriptor Q
using formula (4) (e.g., T((x,s), v, ))=p;j), wj € [0,1], 1 <
i <mandl <j <n,mis the number of documents, nis the
number of concepts.

3.5. Ranking the degrees of satisfaction to which each
document satisfies the user’s query descriptor

In the following, we use quadratic-mean averaging (QMA)
operators presented by Chen and Chu (2010) to deal with AND
operation in document retrieval based on extended fuzzy
concept networks. Furthermore, we calculate the degree of
satisfaction to which each document satisfies the user’s query
descriptor Q for ranking the desired documents for general user
needs. According to satisfaction matrixSM, we can use formula
(5) to calculate the degree of satisfaction to which document d;
satisfies the user’s query descriptor Q as follows:

Z;}=1(2_ua)2

n-k '’ (5)

where RS vpa,gy €[0,1] , 1<i<m and 1<j<n,
RS np(a,qv) Presents the degree of satisfaction to which
document d; satisfies the user’s query descriptor Q of AND
operation, and pj; presents the degree of satisfaction between
concept ¢; and document d; from the documentt descriptor
relevance matrix D* defined by the expert and the user’s query
descriptor @, where yj; € [0,1],1<i<mand1<j<n, k
is the number of concepts neglected by the user’s query
descriptor, m is the number of documents, and n is the number
of concepts. The larger the value of RS np(q; qv)» the greater the
degree of satisfaction to which document d; satisfies the user’s
query descriptor Q.

RS npa ) =2 —

Example 3.1: Assume that there is an extended fuzzy concept
network as shown in Fig. 4. We can model the extended fuzzy
concept network with relevance matrix V and relation matrix R
as follows:
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(e

Fig. 4. An extended fuzzy concept network of Example 3.1..

1 07 05 0 038

07 1 0 0 0
V=105 0 1 06 0
0 0 06 1 0
l0.8 0 0 0 1J

P S S Z N

G P Z Z Z

R=G Z P S 7.

Z Z G P Z

N Z Z Z PJ

Based on the previous discussion, we can calculate the
transitive closure of relevance matrix V* and the transitive
closure of relation matrix R* based on formulas (1) and (2) as
follows:

1 0.7 05 05 038
07 1 05 05 07
V*=05 05 1 06 05,
05 05 06 1 05
l0.8 0.7 05 05 1 J

P NNNP
N P P P N
RR=N P P P N.
N P P P N
b v v~ Pl

Assume that there are five documents in a fuzzy information
retrieval system, and the document descriptor relevance matrix
D and the document descriptor relation matrix M as follows:

1 1 1 0 0

0.5 0 07 0
D=0 0 0 06 0,
08 1 1 1 0
loa 09 0 o 4
P PP Z Z
PP Z P Z
M=27 7 Z P Z.
PP PP Z
b p 2z 2z W

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)
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Then, based on the previous discussion, we can calculate the
document descriptor relevance matrix D* by D* = D @ V* and
the document descriptor relation matrix M* by M* = M @ R*
as follows:

1 1 1 0 0 1 07 05 05 08 [1 1 1 06 08
05 1 007 0| |07 1 05 05 07| [07 1 06 07 07

D'=DRV'=[0 0 0 06 0[®05 05 1 06 05/=05 05 06 06 05|,
08 1 1 1 0| |05 0506 1 05 (08 1 1 1 08
04 09 0 0 1| [08 07 05 05 1| |08 09 05 05 1
P PP Z Z|[PNNNFP[NPPPN
PP ZPZ| |NPPPN |NPPPN

M'-M®R'=|Z Z Z P Z|®N P P P N|=|N P P P N|.
PPPPZ| |NPPPN |NPPPN
PP Z ZN||P NNNP||PNNNP

If the user’s query descriptor Q; presents by the query descriptor
relevance vector gv; and the query descriptor relation vector gr;
as follows:

q_vl = {06, 10, 08; ™ 07}’
Ez {N,P;P’_!N}’

Based on formula (4), the satisfaction matrix SM; that combines
the document descriptor relevance matrix D* defined by the
expert with the user’s query descriptor Q; as follows:

0.94868 1 0.97468 — 0.88034
0.82158 1 0.80623 — 0.83666
SM, = 0.72457 0.79057 0.80623 — 0.74162,
10.86603 1 0.97468 — 0.88034J
0 0 0 - 0

Furthermore, based on formula (5), the degree of satisfaction to
which document d; with respect to the user’s query descriptor
Q, can be calculated as follows:

RS, o (2-0.94868)° +(2—1)° +(2—0.97468)° + (2 —0.88034)° ~0.949977,
AND (dyqw) 51
2 12 _ 2 _ 2
RSy :27\{(2—0.82158) +(2-1 +(2-080623)" + (2-0.83666)° _ (o \oo
AND(d, 51
RS oy 2 [(2-0.72457)* +(2-0.79057)° +(2-0.80623)° +(2-0.74162)° 0765289,
AND(d3.qw) V 5.1
RS - -2 (2-0.86603)* +(2—-1)* +(2-0.97468)* +(2 — 0.88034)* - 0.928692,
AND(d4.1) 5-1
B (2-0+(2-0)° +(2-0)" +(2-0)* _
RS iy =2 7\/ o =0..

Hence, we can understand that the documents that satisfy the
user’s query descriptor are d,, d,, d,, d3, ds. In this case,
document d; is the best choice for the user’s query descriptor

Q4, because it has the largest retrieval status value.

4. CONCLUSIONS

This paper presents the concepts of extended fuzzy concept
networks in which four kinds of fuzzy relationships exist
fuzzy
fuzzy
generalization, and fuzzy specialization). We also propose a

between concepts in the concept networks
positiveassociation, fuzzy negative

(i.e.,
association,

new mechanism for dealing with document retrieval based on
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extended fuzzy concept networks. Hence, the proposed method
is a more useful fuzzy information retrieval method for dealing
with document retrieval because it provides different weights
for experts and general users, and coincides with human
intuition.
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