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Abstract- There are many literatures using fuzzy numbers to represent linguistic and applied to related researches 
of the fuzzy concept networks. However, there is no literature constructed the concept networks based on the 
generalized fuzzy numbers. Therefore, this paper proposed the new method for calculating the relationships and 
the degrees of associating between concepts for multi-relationship fuzzy concept networks based on generalized 
fuzzy numbers. The proposed new method is more useful and more flexible to construct the fuzzy concept 
networks based on fuzzy numbers.  
 
Index Terms- fuzzy concept network, multi-relationship associating extents, fuzzy number, fuzzy generalization. 
 
I. INTRODUCTION 
 
In order to get the better retrieval effectively, 
Lucarella et al. [13] presented a kind of fuzzy concept 
networks for fuzzy information retrieval. However, 
this method may restrict since the actual relationship 
between concepts can not be explicitly specified in 
their concept network models. Therefore, Kracker [10] 
proposed the multi-relationship fuzzy concept 
network. The relationships between concepts can be 
explicitly linked by four fuzzy relationships (i.e. fuzzy 
positive association relationship, fuzzy negative 
association relationship, fuzzy generalization 
relationship and fuzzy specialization relationship). 
In the past researches, some papers used fuzzy sets [14] in 
the concept networks for fuzzy information retrieval [4], 
[5], [11], [13]. Furthermore, fuzzy numbers are always 
used to represent the linguistic values [1], [3], [6], [8], [10]. 
Thus, some papers used fuzzy numbers for handling 
fuzzy-number concept networks. For example, Horng et 
al. [7] presented a fuzzy information retrieval method 
based on fuzzy-valued concept networks, where the 
relevant degree between any two concepts in a 
fuzzy-valued concept network is represented by arbitrary 
shapes of fuzzy numbers. Chen and Horng [3] extend the 
works of Horng and Chen [6] and Itzkovich and Hawkes 
[9] to present a new method for finding the inheritance 
hierarchies in fuzzy-valued concept-networks, where the 
relevant values (degrees of generalization or degrees of 
similarity) between concepts in a fuzzy-valued concept 
network are represented by fuzzy numbers. Horng et al. 
[8] presented a new method for document retrieval using 
fuzzy-valued concept networks, where the relevant 
degrees between the concepts in a fuzzy-valued concept 
network are represented by arbitrary shapes of fuzzy 
numbers. Li and Yangxin [11] proposed a fuzzy 
information retrieval method based on the Internet 
fuzzy-valued concept network. Chen and Liu (2013) 
proposed a new method for calculating the relationships 
and the degrees of associating between concepts.  

However, there is no literature to construct the fuzzy 
concept networks based on the fuzzy numbers. 
Obtaining the associating degree between two 
concepts is an important part for constructing the 
fuzzy-number concept network. Thus, in this paper, 
we propose a new method for calculating the degrees 
of associating between concepts for constructing 
multi-relationship fuzzy concept networks based on 
generalized fuzzy numbers due to the fact that it 
allows the evaluating values of the degree of strength 
of word tj in concept ci to be represented by linguistic 
values. 
 The rest of this paper is organized as follows. In Section 
2, we briefly review the ranking method for generalized 
trapezoidal fuzzy number, the generalized fuzzy number, 
the concept networks and multi-relationship concept 
networks [1], [2], [10], [13]. In Section 3, we proposed the 
new method for calculating associating degrees between 
concepts for multi-relationship fuzzy concept networks 
based on fuzzy numbers. The conclusions are discussed in 
Section 4.  
 
II. PROCEDURE FOR PAPER SUBMISSION 
 
A. The Ranking Method for Generalized 
Trapezoidal Fuzzy Numbers 
Previous research [1] has presented an approach for 
ranking generalized trapezoidal fuzzy numbers and 
interval-valued fuzzy numbers. Assume that there is a 
set of generalized trapezoidal fuzzy numbers A~   
where A~  = (a1, a2, a3, a4; Aw~ˆ  ), and 0 <  

Aw~ˆ  ≦ 1. The 

ranking value )~(DR   of  A~  is expressed as follows: 
 

)].(34224[
8
1)~( 341243214321 aaaaaaaaaaaaDR 

(1) 
The larger the value of )~(DR  , the better the ranking of 
A~  .  
B. Generalized Fuzzy Numbers  
Fig. 1 shows a generalized trapezoidal fuzzy number 
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A~ = (a1, a2, a3, a4; Aw~ˆ  ), where 0 <  
Aw~ˆ  ≦ 1 and a1, a2, 

a3, and a4 are positive real numbers, and a1 ≦ a2 ≦ a3 
≦ a4 [2]. The generalized trapezoidal fuzzy number 
A~  can denote the opinion of a decision-maker’s 
opinion and 

Aw~ˆ  is their degree of confidence of the 
user’s linguistic opinion.  

Fig. 1 A trapezoidal generalized fuzzy number 
 

C. Fuzzy Concept Network 
Lucarella et al. [13] have proposed fuzzy concept 
networks for fuzzy information retrieval. A fuzzy 
concept network includes nodes and directed links. 
Each node represents a concept or document. Each 
directed link either connects two concepts or directs 
from one concept ci to one document di, where each 
directed link is associated with a degree µ, where µ   
[0,1], indicating the degree of strength of the 
relationship between two concepts or the degree of 
strength that a document contains a concept. Fig. 1 
shows a fuzzy concept network, where c1, c2, …, and 
c7 are concepts, and d1, d2, d3 and d4 are documents. A 
link in the fuzzy concept network is defined as: 

l = {<c, r>, u1(c, r)> | c   C and r   C}, 
where C represents the set of concepts, u1 is the 
membership function, u1: C ×  C → [0,1], which 
indicates that the concept c and concept r are 
connected by the link l, and their document retrieval 
relevant is u1(c, r), where u1(c, r)   [0,1]. 
 

 
Fig. 2 A fuzzy concept network 

Assume that the relevance value between concept c 
and concept r is u1(c, r), and the relevance value 

between concept r and concept s is u1(r, s). Based on 
the transitivity of the link relationship, we can obtain 
the relevance value between concept c and concept s 
by applying the following expression: 
u1(c, s) = min(u1(c, r), u1(c, s)). 
Similarly, if u1(c1, c2), u1(c2, c3), …, u1(cn-1, cn) are 
known, then based on the transitivity of relationship, 
we can obtain the relevance value between concept c1 
and concept cn by the following expression: 
u1(c1, cn) = min(u1(c1, c2), (c2, c3), …, u1(cn-1, cn)). 
D. Multi-Relationship Fuzzy Concept Networks 
Kracker [10] proposed the multi-relationship fuzzy 
concept network. The concepts of multi-relationship 
fuzzy concepts are similar to the concepts of semantic 
networks [56]. The following four types of 
relationship can be used to describe the possible 
relationship between concepts in a multi-relationship 
fuzzy concept network as follows: 
1) Positive association: It relates concepts with a 
fuzzy similar meaning (e.g. person - individual) in 
some contexts. 
2) Negative association: It relates concepts with 
fuzzy complementary relationship (e.g. male - 
female), fuzzy incompatible relationship (e.g. 
unemployed - freelance) or fuzzy antonymous 
relationship (e.g. small - large) in some contexts. 
3) Generalization: A concept regarded as a fuzzy 
generalization of another concept if it includes that 
concept in an analytic or partitive sense (e.g. person - 
student). 
4) Specialization: It is the inverse of a fuzzy 
generalization. 
Let C be a set of concepts in a multi-relationship fuzzy 
concept network. The fuzzy relationships between the 
concepts are defined as follows: 
1) Fuzzy positive association P is the fuzzy relation, 
P: C × C → [0, 1], which is reflexive, symmetric, and 
max-*-transitive. 
2) Fuzzy negative association N is the fuzzy relation 
N: C × C → [0, 1], which is anti-reflexive, symmetric, 
and max-*-nontransitive. 
3) Fuzzy generalization G is the fuzzy relation, G: C 
× C → [0, 1], which is anti-reflexive, anti-symmetric, 
and max-*-transitive. 
4) Fuzzy specialization S is the fuzzy relation, S: C × 
C → [0, 1], which is anti-reflexive, anti-symmetric, 
and max-*-transitive. 
A multi-relationship fuzzy concept network is denoted 
as MRFCN (E, L), where E is a set of nodes, and 
where represents a concept or document. L is a set of 
directed edges between nodes. If the directed edge l   
L, then l takes the following two formats: 
1)  ci                                                   cj, means l connects 
ci to cj with a four-tuple (<µp, P>, <µN, N>, <µG, G>, 
<µS, S>,), where µp   [0, 1], µN   [0, 1], µG   [0, 1], 
and µS    [0, 1]. 
2) ci         dj, means that document dj has concept ci 
with the degree of strength , where µ  [0, 1]. 
Fig. 3 shows a multi-relationship fuzzy concept 

(<µP, P>, <µN, N>, <µG, G>, <µS, S>) 

µ 
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network, where c1, c2, …, c7 are concepts; and d1, d2, d3 
and d4 are documents. 
 

 
Fig. 3 A multi-relationship fuzzy concept network 

 
III. A NEW METHOD FOR CALCULATING 
THE DEGREES BETWEEN CONCEPTS FOR 
MULTI-RELATIONSHIP FUZZY CONCEPT 
NETWORKS BASED ON FUZZY NUMBERS  
 
Due to there is no literature to construct the fuzzy 
concept networks based on the fuzzy numbers. 
However, if we use the fuzzy number to construct the 
fuzzy concept networks, we will get the better retrieval 
results. In this section, we proposed the new method 
for calculating the degrees between concepts for 
multi-relationship fuzzy concept networks based on 
fuzzy numbers. Then, we use the examples to 
calculating the associating degrees between concepts 
to prove that the proposed method is feasible. The 
proposed new method is more useful and more flexible 
to construct the fuzzy concept networks based on 
fuzzy numbers. 
Horng et al. [3] indicated that calculating the 
relationships and the degrees of associating between 
concepts is a crucial factor for constructing a 
multi-relationship fuzzy concept network. They 
proposed a fuzzy relationship between two concepts 
based on the following six cases. Assume the concept 
ci and the concept cj be any two arbitrary concepts in 
the concept set C. These six cases are detailed as 
follows:  
Case 1: If concept ci and concept cj contain different 
words, then they are not related. 
Case 2: If concept ci and concept cj contain almost the 
same words, but the weighs of the words in concept ci 
are lager than those in concept cj, then concept ci is 
said to dominate concept cj and should be more 
general than concept cj. 
Case 3: If concept ci and concept cj contain almost the 
same words, but the weights of the words in concept ci 
are smaller than those in concept cj, then concept ci is 
said to be dominated by con concept cj and should be 
more specific than concept cj. 
Case 4: If most words contained in concept cj are also 

contained in concept ci, but many words contained in 
concept ci are not contained in concept cj, then concept 
ci concerns more aspects than concept cj and should be 
more general than concept cj. 
Case 5: If most words contained in concept ci are also 
contained in concept cj, but many words contained in 
concept cj are not contained ci, then concept ci 
concerns fewer aspect than concept cj and should be 
more specific than concept cj. 
Case 6: If concept ci and concept cj contain almost the 
same words, and the weight of the words are similar in 
both concepts, then these two concepts should be 
similar to each other and have a fuzzy positive 
associating relationship. 
Young [14] proposed a method for calculating degrees 
of association between two concepts. The proposed 
method uses the mapping function M to represent each 
concept by showing its corresponding fuzzy subset in 
the word set W. The mapping function M is expressed 
as follows: 

M(cy) = 1
~

is /t1 + 2
~

is /t2 +  …, + ihs~ /th, 
where M: C →  [0, 1]¬W. The generalized fuzzy 
number   means the degree of strength of word tj in 
concept ci, where ijs~  = ( 1

ija , 2
ija , 3

ija , 4
ija ; ijw~ ),  0 ≦

1
ija  ≦ 2

ija  ≦ 3
ija  ≦ 4

ija  ≦ 1, 0 ≦ ijw~ ≦ 1, the integers 

0 ≦ i , 0 ≦ j , and h is the number of words in the 
word set W. The associating degree G(cy, cz) between 
the two concepts cy and cz can be calculated as follows: 

)~;,,,(),( 4321
yzyzyzyzyzzy wggggccG  ,                   (2) 
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WC(cy) is the number of words contained in concept 
cy, WC(cz) is the number of the words contained in 
concept cz, h is the number of words in the word set W, 
and the integers y ≦ 0, z ≦ 0. ROUND(.) is a round 
off function (e.g. ROUND(0.4) = 0 and ROUND(0.6) 
= 1). 
Assume that there is a trapezoidal generalized fuzzy 
number A~  which represents the opinion of 
decision-maker, where Aw ~


 is the degree of confidence 

in that opinion. From Table 1, we can understand that 
the nine-member linguistic terms and the document 
retrieval corresponding generalized trapezoidal fuzzy 
numbers. 

Table 1. A nine-member linguistic term set for generalized 
fuzzy numbers. 
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In the following, we use the examples to present the 
proposed new method for calculating the degrees 
between concepts for multi-relationship fuzzy concept 
networks based on fuzzy numbers. 
Example 3.1: Assume that there are five words t1, 
t2, …, t5 in the word set W, and assume that the 
corresponding fuzzy subset M(cy) and M(cz) of 
concept cy and concept cz in the word set W are shown 
as follows: 
M(cy) = 1

~
ys /t1 + 2

~
ys /t2 + 3

~
ys /t3 + 4

~
ys /t4 + 5

~
ys /t5, 

M(cz) = 1
~

zs /t1 + 2
~

zs /t2 + 3
~

zs /t3 + 4
~

zs /t4. 
where 1

~
ys  = (Medium; 1.0) = (0.4, 0.5, 0.6, 0.7; 1.0), 2

~
ys  

= (Fairly-high; 1.0) = (0.5, 0.6, 0.7, 0.8; 1.0), 3
~

ys  = 
(High; 1.0) = (0.6, 0.7, 0.8, 0.9; 1.0), 4

~
ys  = (Very-high; 

1.0) = (0.7, 0.8, 0.9, 1.0; 1.0), 5
~

ys  = (Absolutely-high; 1) 
= (1.0, 1.0, 1.0, 1.0; 1.0) and 1

~
zs  = (Very-low; 1.0) = 

(0.1, 0.2, 0.3, 0.4; 1.0), 2
~

zs  = (Low; 1.0) = (0.2, 0.3, 0.4, 
0.5; 1.0), 3

~
zs  = (Fairly-low; 1.0) = (0.3, 0.4, 0.5, 0.6; 

1.0), 4
~

zs  = (Medium; 1.0) = (0.4, 0.5, 0.6, 0.7; 1.0) are 
generalized fuzzy numbers. If we apply Formula (1) to 
deal with Example 3.1, we can calculate the two 
associative degrees G(cy, cz) and G(cz, cy), respectively, 
as follows: 

)~;,,,(),( 4321
yzyzyzyzyzzy wggggccG    

= (0.47963, 0.51418, 0.54009, 0.56058; 1), 
)~;,,,(),( 4321

zyzyzyzyzyyz wggggccG   
= (0.98482, 0.92932, 0.89464, 0.87116; 1). 

Furthermore, we can calculate the ranking values of 
generalized fuzzy numbers by Formula (1). The 
ranking value of  R( ),(

~
czcyD ) = 1.05076 and the ranking 

value of R( ),(
~

cyczD ) = 1.831965. Since R( ),(
~

czcyD ) is 

lager than R( ),(
~

cyczD ), we can see that concept cy is 
more general than concept cz, which coincides with 
human intuition, as shown in Case 2. 
Example 3.2: Assume that there are five words t1, 
t2, …, t5 in the word set W, and assume that the 
corresponding fuzzy subset M(cy) and M(cz) of 
concept cy and concept cz in the word set W are shown 
as follows: 
M(cy) = 1

~
ys /t1 + 2

~
ys /t2 + 3

~
ys /t3 + 4

~
ys /t4 + 5

~
ys /t5, 

M(cz) = 1
~

zs /t1 + 2
~

zs /t2. 
where 1

~
ys  = (Low; 1.0) = (0.2, 0.3, 0.4, 0.5; 1.0), 2

~
ys  

= (Very-low; 1.0) = (0.1, 0.2, 0.3, 0.4; 1.0), 3
~

ys  = 

(Fairly-low; 1.0) = (0.3, 0.4, 0.5, 0.6; 1.0), 4
~

ys  = 
(Low; 1.0) = (0.2, 0.3, 0.4, 0.5; 1.0), 5

~
ys  = (Very-low; 

1.0) = (0.1, 0.2, 0.3, 0.4; 1.0) and 1
~

zs  = 
(Absolutely-high; 1.0) = (1.0, 1.0, 1.0, 1.0; 1.0), 2

~
zs  = 

(Very-high; 1.0) = (0.7, 0.8, 0.9, 1.0; 1.0),are 
generalized fuzzy numbers. If we apply Formula (1) to 
deal with Example 3.1, we can calculate the two 
associative degrees G(cy, cz) and G(cz, cy), 
respectively, as follows: 

)~;,,,(),( 4321
yzyzyzyzyzzy wggggccG    

= (0.64544, 0.58847, 0.55532, 0.52908; 1), 
)~;,,,(),( 4321

zyzyzyzyzyyz wggggccG    
= (0.70935, 0.76326, 0.80318, 0.83489; 1). 
Furthermore, we can calculate the ranking values of 
generalized fuzzy numbers by Formula (1). The ranking 
value of  R( ),(

~
czcyD ) = 1.15147 and the ranking value of 

R( ),(
~

cyczD ) = 1.56089. Since R( ),(
~

czcyD ) is lager than R(

),(
~

cyczD ), we can see that concept cy is more general than 
concept cz, which coincides with human intuition, as 
shown in Case 4. 
 
CONCLUSION 
 
This paper proposed the new method for calculating 
the associating degrees between concepts for 
multi-relationship fuzzy concept networks based on 
fuzzy numbers. Then, we use the examples to 
calculating the associating degrees between concepts 
to prove that the proposed method is feasible. Finally, 
the proposed new method is more useful and more 
flexible to construct the fuzzy concept networks based 
on fuzzy numbers.                                           
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