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ABSTRACT

A method for ranking fuzzy numbers based on the radius of gyration point is proposed and some
of its desirable properties are studied. Many different methods have been proposed to deal with ranking
fuzzy numbers. Constructing ranking indexes based on gyration is an important. But some weaknesses
are found in these indexes. The purpose of this article is to give a new ranking index to rank various
numbers effectively. 
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Introduction

In the decision analysis of the fuzzy environment, fuzzy numbers need to be compared and
discriminated by decision makers. Ranking fuzzy numbers is not the total order relations under the
ordinary meaning, but the partial order under the lattice structure. Thus the ranking theories and
methods of fuzzy numbers become one of the important and difficult task of fuzzy decision problems.
As the fuzzy number is determined by the membership function, to achieve the purpose of ranking,
the sort of fuzzy numbers is to construct various order relationship from the standpoint of membership
function to some extent. Wang et al. (2006), presented a new method of ranking fuzzy numbers with
using radius of gyration. In this article, we shall propose a novel method for ordering fuzzy numbers
to overcome the shortcomings of some previous methods. We prepare our discussion in 4 sections. In
Section 2, we give some definitions and preliminaries. In Section 3, we describe radius of gyration
method. In Section 4, we present a new method to ranking fuzzy numbers. Also, we shall compare
our method with some ranking methods of fuzzy numbers. Finally, we conclude in Section 5.    

2. Preliminaries:

We review some basic notions of fuzzy sets (Deng et al. 2006) in this section. These notions are
expressed as follows.

Definition 2.1.:

A fuzzy number is a fuzzy subset in the universe of discourse  that is both convex and normal.

Here, “Normal” implies that  and “Convex” means that                  (

                 (Bass et al., 1977).

Definition 2.2.: 
A triangular fuzzy number can be described as a triplet (a,b,c) whose membership function is as
follows:
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(1)

The left function fL
A (x): [a,b] 6 [0,w] and the right function fR

A (x): [b,c] 6 [0,w] exist,
similarly, the left inverse function gR

A (y): [0,w]6[a,b] and the right inverse function gR
A (y):

[0,w]6[b,c] also exist. In the case of trapezoidal fuzzy number, the inverse function gL
A (y) and gR

A

(Y) can be analytically expressed as:

 (2)

 (3)

3. The Radius of Gyration Of Fuzzy Numbers:

Radius of Gyration is a concept in mechanics. Deng in (Deng et al. 2006) gave a new area
method to rank fuzzy numbers with the radius of gyration (ROG) points. Here, we keep all discussions
of them. Consider an area located in the plane and the element of area of coordinates and.

Definition 3.1. (Deng et al. 2006):

The moment of inertia of the area  with respect to the  axis, and the moment of inertia of the
area with respect to the axis are defined, respectively, as

 (4)

Definition 3.2. (Deng et al. 2006): 

The radius of gyration of an area A with respect to the x axis is defined as the quantity rx, that
satisfies the relation,

 (6)

where Ix is the moment of inertia of with respect to the  axis.
Solving equation (6) for rx, we have

 (7)
In a similarly way, we define the radius of gyration of an area  with respect to the  axis is

 (8)
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(9)

They mentioned when a generalized fuzzy number A is given, the radius of gyration (ROG) points
of the generalized fuzzy number A is denoted as (rA

x, rA
y) whose value can be obtained by equations

(7) and (9). For an area made up of a number of simple shapes, the moment of inertia of the entire
area is the sum of the moments of inertia of each of the individual area about the axis desired. For
example, the moment of inertia of the generalized trapezoidal fuzzy number can be obtained as follows:

(10)

Example 3.1. (Deng et al. 2006): 

Determine the moment of inertia and the radius gyration of the generalized trapezoidal fuzzy
number. First, the trapezoidal (a, b’,c’d) can be divided into three parts, abb’, bb’c’c and cc’d. The
moment of inertia of the area abb’ with respect to x axis, and the moment of inertia of the area
abb’ with respect to  axis can be calculated,

(11)

The moment of inertia of area bb’c’c and cc’d, with respect to  axis and  axis, can be obtained,
respectively, as follows:

(12)

So, the (ROG) point of generalized trapezoidal fuzzy number (a,b,c,d;w) can be calculated as 

(13)

where the (Ix)1, (Ix)2, (Ix)3, (Iy)1, (Iy)2 and (Iy)3 can be obtained from equations (11) and (12).
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Remark 3.1.:

The ROG points (rA
x,r

A
y) of the generalized fuzzy number (a,a,a,a;w) is .    .  (For more details

see (Deng et al. 2006).

Definition 3.3.: 

Let A = (a,b,c,d,ω) is arbitrary fuzzy number, the radius of gyration is denoted as (rA
x,r

A
y)

(Calculated by (13)). The new measure of fuzzy numbers is defined as follows:

(14)
Where is symbolic function.

Proposition 3.1. Let A is a fuzzy number, for         :

(1) If                             then MRG (A) $ 0.

(2) If                                then MRG (A) # 0.

4. A New Method For Ranking Fuzzy Numbers:

In this section, we present a new approach for ranking fuzzy numbers based on the radius of
gyration method. Assume that there are n fuzzy numbers A1,A2,...An. The proposed method for ranking
fuzzy numbers A1,A2,...An is now presented as follows:

Step 1:

Use formula (13) to calculate the radius of gyration (rAj,
x rAj,

y) of each fuzzy numbers Aj, 1# j
# n.

Step 2:

Use the point (rAj,
x rAj,

y) to calculate the ranking value MRG (Aj) of the fuzzy numbers Aj, where  Aj,
where 1# j # n.
We can see that the larger the value of MRG (Aj), the better the ranking of 1 # j # n where .

Let  is a fuzzy number characterized by (1) and  is the measure of its. Since this article wants
to approximate a fuzzy number by a scalar value, thus the researchers have to use an operator MRG:
F 6 R (A space of all fuzzy numbers will be denoted by ) which transforms fuzzy numbers into a
family of real line. Operator MRG is a crisp approximation operator. Since ever above defuzzification
can be used as a crisp approximation of a fuzzy number, therefore the resultant value is used to rank
the fuzzy numbers. Thus, MRG is used to rank fuzzy numbers. The larger MRG, the larger fuzzy
number.

Let A1,A2 ε F be two arbitrary fuzzy numbers. Define the ranking of A1 and A2 by MRG on
F as follows:

(1) MRG (A1) < MRG (A2) if only if A1 — A2

(2) MRG (A1) > MRG (A2) if only if A1 ™ A2

(3) MRG (A1) = MRG (A2) if only if A1 - A2

Then, this article formulates the order š and ˜ as A1 šA2 if and only if A1 ™ A2 or A1 - A2, A1

˜ A2 if A1 — A2 and only if A1 — A2 or A1 - A2. The new ranking index can sort many different
fuzzy numbers simultaneously. In addition, the calculation is simple, and the index also satisfies the
common properties of ranking fuzzy numbers:
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(a) Transitivity of the order relation, i.e. if A1 ˜ A2 and A2 ˜ A3 then we should have A1 ˜ A3.

(b) Compatibility of addition, that is if there is A1 ˜ A2 on {A1,A2} then there is A1 + A3 ˜ A2

+ A3 on {A1 + A3, A2 + A3}.

Proposition 4.1. If A ˜ B then - A š -B.:

Hence, this article can infer ranking order of the images of the fuzzy numbers. To present
rationality of this method, some examples are proposed to illustrate these methods and compared with
others method. (Saneifard, 2010; Saneifard et. al. 2007; Ezatti, et al. 2010; Allaviranloo, et al. 2010).

Example 4.1.:

Compare fuzzy numbers A = (1,3,5;1), B (2,3,4;1), C = (-2,-1,1,2;1), D = (-2,0,2;0.2) and -B =.
(-4,-3,-2;1) The graphs and the comparative results of their membership function are shown in Figure
1 and Table 1.

From Table 1, we can see the comparative results are D — C — A = B = -B, -B — D = C
— B = A, - B — D — C — B and -B — D — C — B = A, by Cheng’s, Chu’s, Zhao’s and Wang’s
methods respectively. According to the method given by this article, the result is -B — D — C — A
— B. These show that the symmetric fuzzy numbers that have the same centroid can be compared
according to our method, and in line with people’s intuitive judgments, while others methods can’t
make this comparison. 

The above example shows that this method is more consistent with institution than the previous
ranking methods.

Fig. 1:

Table 1: Comparative results of Example (4.1).
Fuzzy number rx ry MRG
A 3 0.30 8.60
B 3 0.30 10.80
C 0 0.40 0.600
D 0 0.07 0.003
-B -3 3.02 -15.17

Conclusion:

Fuzzy systems have gained more and more attention from researchers and practitioners of various
fields. In such systems, the output represented by a fuzzy set sometimes needs to be transformed into
a scalar value, and this task is known as the defuzzification process. Several analytic methods have
been proposed for this problem, but in this paper, the researchers suggest a new approach to the
problem of defuzzification using the new measure of fuzzy numbers. In this study some preliminary
results on properties of such defuzzification reported.
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