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distance, the weighted interval and point approximations of fuzzy numbers are obtained.
These indices are applied to rank the fuzzy numbers. This method is new and interesting

IFﬂ?z) Zm;dusr:nbers for ranking fuzzy numbers, and it can be applied for solving and optimizing engineering
Ranl?i]ng and economics problems in a fuzzy environment.

Weighted interval approximation © 2011 Elsevier Ltd. All rights reserved.

Weighted point approximation

1. Introduction

Ranking fuzzy numbers plays an important role in fuzzy decision making problems; therefore, deriving the final efficiency
and powerful ranking are helpful to decision makers when solving fuzzy problems. Selecting a good ranking method can
apply to choosing a desired criterion in a fuzzy environment. In recent years, many ranking methods have been introduced
by researchers; some of these ranking methods have been compared and reviewed by Bortolan and Degani [1]. Wang and
Kerre [2,3] proposed some axioms as reasonable properties to determine the rationality of a fuzzy ranking method and
systematically compared a wide array of existing fuzzy ranking methods. Almost all methods, however, have pitfalls in some
aspect, such as inconsistency with human intuition, indiscrimination, and difficulty of interpretation. What seems to be
clear is that there exists no uniquely best method for comparing fuzzy numbers, and different methods may satisfy different
criteria. Among the existing ranking methods of fuzzy numbers, a number of them are based on area measurements with
the integral value of the membership function of fuzzy numbers. A commonly used ranking technique for fuzzy numbers is
the centroid-based ranking method. Some other methods use statistical techniques such as simulation and hypothesis and
quadratic fuzzy regression.

In the following, we first introduce the developments of centroid-based fuzzy number ranking methods. Yager [4]
proposed the centroid index ranking method with a weighting function. Chen and others have proposed a centroid index
ranking method that calculates the distance between the centroid point of each fuzzy number and the original point to
improve some of the ranking methods [5-8]. They also proposed a coefficient of variation (CV index) to improve Lee and
Li’s method [9]. Chu and Tsao [7] proposed a ranking method of fuzzy numbers by using the area between the centroid and
the original point. Chen and Chen [10] proposed a ranking index based on the centroid point and standard deviations to
overcome some of the drawbacks of previous centroid point indices. Lee [11] proposed a fuzzy number ranking method
with user viewpoints. Yager and Filve [12] proposed a ranking method with parameterized valuation functions. Detyniecki
and Yager [13] proposed a fuzzy number ranking method with an « weighting function. Tran and Duckstein [14] proposed a
weighting function that represents the decision maker’s attitude. Lee and Li [9] introduced a ranking method for normalized
trapezoidal fuzzy numbers (NTFNs). Tang [15] showed that Lee and Li’s method for ranking fuzzy numbers is inconsistent.
Liu and Han [16] proposed a method to rank fuzzy numbers with preference weighting function expectation. Cheng [6]
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has proposed the distance method for ranking fuzzy numbers. Goetschel and Voxman [17] introduced a method for ranking
fuzzy numbers: their definition for ordering fuzzy numbers was motivated by the desire to give less importance to the lower
levels of fuzzy numbers. Deng et al. [ 18] introduced the ranking of fuzzy numbers by an area method using the radius of
gyration (ROG). Wang et al. [8] improved the correct centroid formula for ranking fuzzy numbers that justified them from
the viewpoint of analytical geometry. Abbasbandy and Asady [19] proposed the ranking of fuzzy numbers by sign distance.
Therefore, the essential subject of paper is the weighted ranking of fuzzy numbers.

The rest of this paper is organized as follows. In Section 2, we recall some of the basic definitions and notions. In Section 3,
we obtain the nearest weighted interval and point approximations of a fuzzy number. In Section 4, we introduce a new
method for ranking fuzzy numbers by the weighting mean, and its properties are mentioned. The last section (Section 5) is
devoted to a discussion and conclusion.

2. Basic definitions and notions

Let R be the set of all real numbers. We assume a fuzzy number A that can be expressed for all x € R in the form

AL(x) XE[Z, b],
x € [b, c]

AX) =\ ae0) x€lc.dl, (0
0 otherwise,

where a, b, ¢, and d are real numbers such thata < b < ¢ < d, A; is real-valued function that is increasing and right
continuous, and Ay, is a real-valued function that is decreasing and left continuous. Notice that (I) is an L-R fuzzy number
with strictly monotone shape function, as proposed by Dubois and Prade in 1981, and also described in [20]. Each fuzzy
number A described by (I) has the following y -level sets (y -cuts): [A], = [A[l(oz),A,;l(y)] = la(y), a(y)]forally € [0, 1].
The family of fuzzy numbers will be denoted by #.

Definition 1. A fuzzy number A = (a, b, c, d) is called a trapezoidal fuzzy number if its membership function A(x) has the
following form:

X—a
X € [a, b],

b a [a, b]

1 x e [b,c],

AR =1 4_« (In

x € [c,d],

i_c [c. d]

0 otherwise.

Definition 2. For two arbitrary fuzzy numbers A and B with y-cuts [A], = [a(y),a(y)] and [B], = [b(y), E()/)],
respectively, the quantity

1

1 1 2
d(A, B) = [ / (a(y) — b(y))*dy + / @cy) —B<y))2dy] (1)
0 0

is the distance between A and B. This metric is a particular member of the family of distance §, ¢, defined as follows:

1 1
Sp.q = [f (1—=qla(y) — b(y)PPdy +/ qlay) — E(y)|de] ,
0 0

where1 < p <ooand0 < g < 1(see[21,22]).

We also recall some concepts and results on the possibility space and fuzzy variables.
Let ® be a nonempty set, and P(®) the power set of @. A function Pos is called a possibility measure if
(i) Pos{®} =1,
(ii) Pos{¢p} =0,
(iii) Pos{|J;Ai} = sup; Pos{A;} for any collection {A;} in P(®).

Then, the triplet (®, P(®), Pos) is called a possibility space.

Definition 3 ([23]). A fuzzy variable £ is defined as a function from a possibility space (©, P(®), Pos) to the set of real
numbers.
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Fig. 1. Fuzzy number A from Example 2.

Definition 4 (/23]). A fuzzy variable £ is said to be nonnegative, denoted by & > 0, if Pos{é < 0} = 0.If & is a fuzzy variable
with membership function A(x), then the possibility measure of a fuzzy event £ < r (r € R) is defined as

Pos{& < r} = supA(x).
X<r
Also it follows that, like probability, the possibility measure on finite or countably infinite sets is determined by its behavior
on singletons:

Pos{u} = rglax Pos({0}).

Example 1. Let © = {a, b, c,d,e,f},andlet IT = {1, 1, 1, 3, 2, 2} be a possibility distribution over ®. Then

1
IT{a, b} = I1{b,c} = I1{b} =1, H{C,d}=§, H{d,e,f}=z,
and, if U = {a, c, d}, then

@ € U) =supr({6})) = 1.
deU

Example 2 ([24]). Let A be a fuzzy number with the following membership function (Fig. 1).

X
- 0<x<3,
AX) =13 -0

4—x 3<x<4
Then, we have [A], = [a(y), da(y)] = [3y,4 — y], and hence
Pos(A < a(y)) = sup Alx) =y,
x=a(y)

Pos(A = a(y)) = sup A(x) =vy.

x>a(y)

3. The nearest weighted interval and point approximations

In this section, we propose an interval operator of a fuzzy number, which is called the nearest weighted possibilistic
interval approximation. First, an f-weighted distance quantity is introduced on the fuzzy numbers, and then the interval
and point approximations are obtained for a fuzzy number (see [22,25,24]).

Definition 5 ([24]). Suppose that A € # is a fuzzy number with [A], = [a(y), a(y)]. A possibilistic distance quantity of A
is defined as

1
1 1

1 2
d(A, Ca(A)) = [ / Pos(A < a(y))(a(y) — C)*dy + f Pos(A > a(y))@(y) — cufdy}
0 0

1 1
d(A, C4(A) = \// y(a(y) — C)2dy +/ y(@(y) — Cy)3dy, (2)
0 0

where C4(A) = [C;, Cy] is an interval of support function, i.e. [C4(A)], = [C, Cy]. In fact, the relationship (2) is a type
expected distance between the endpoints of its level sets and two points of support function fuzzy number. In [24], it is
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shown that the interval
1 1
Ci(A) = [C, Gyl = [2 / ya(y)dy,2 / ya(y)dy]
0 0

is the nearest interval to A with respect to (2). Similarly, we consider the f-weighted distance quantity as

1! _
dr (A, ChA) = \/ 5 [ rmao - day+fmam - da]ar. 3)
0

where Cﬁ A) = [Cf, le]] is an interval of support function, and f = (f, f): ([0, 1], [0, 1]) — (R, R) is a weighting function
such that the functions f ,f are non-negative, monotone increasing, and satisfy the following normalization condition:

1 1
[ sy =1 [Foray =1.
0 0
Note thatifg = (g, 2) : ([0, 1], [0, 1]) — (R, R) is a function that is non-negative and monotone increasing, then we can
consider N
&) Fiy) = gy)
Jy gdy’ Jo 8()dy

Now we minimize (3) with respect to Cf, C{,. In order to minimize df (A, C{;(A)) it suffices to minimize the function
D(Cf , Cﬁ) = d2 (A, Cf (A)). Thus we have to find partial derivatives

fr) =

ap(cl, c))
= / f)(ay) = )Hdy = / f)atdy +¢
L
ap(cl, cl) o o
— = f Fn@y) - chdy = - [ Famdy + .
aCu 0
f
By solving the equations ancf W _ =0and M = 0, we get
L U
f ! f e
o = f fatdy, )= f Fyyat)dy. (4)
0 0
a2, c)y . d)
. a2 aclad, | _ (1 o) _ o2 .cl) anrcl.d) f
Moreover, since det BDZ(Cz,C{]) 302(cf cf) =det|, ;)=1>0and a(cf)z =1>0, e 1> 0,then G
acac] ach)?

and C{, given by (4) actually minimize D(Cf , C{,) and simultaneously minimize dy (A, C£ (A)). Therefore, the interval [C{ , C{,]
is indeed the nearest weighted interval approximation to fuzzy number A with respect to the f-weighted distance quantity.

Definition 6. Let A € ¥ be a fuzzy number with [A], = [a(y), d(y)]and f(y) = ([(y),f(y)) be a weighting function. We
define the nearest f = (f ,f)-weighted interval approximation of A as

1 1
NWIA, (A) = [C] ,cﬁ]z[ / f()akdy, / f(y)a(y)dy] (5)
0 0

where C{ is the nearest lower weighted point approximation (NLWPA; (A)) and C{, is the nearest upper weighted point
approximation (NUWPAg(A)) of fuzzy number A.

Theorem 1. Let A € F be a fuzzy number with [A], = [a(y),a(y)]and f(y) = (i(y),f(y)) be a weighted function. Then,
the interval NUWPAF(A) = [NLWPA): (A), NUWPAr(A)] is the nearest weighted interval approximation to fuzzy number A.

Definition 7. Let A € ¥ be a fuzzy number with [A], = [a(y), d(y)]and f(y) = (f(y), f(»)) be a weighting function. We
define the f-weighted mean of A as B

(6)

: -
Mf(A)=/O [(J/)g()/);f(y)a(y)dy
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In fact, Mf (A) is the weighting mean of fuzzy number A,

_ 1 ! _
My (A) = 5/ Faly)dy +f(y)a(y)dy
0

o fmawdy + [y F()aty)dy
BFnde) + fiFde)

Therefore, we have the following theorems.

Theorem 2. Let A € F be a fuzzy number with [A], = [a(y),a(y)]and f(y) = ([(y),f(y)) be a weighted function. Then
1\7[f (A) is the nearest f-weighted point approximation to fuzzy number A which is unique.

Proof. For the proof of theorem it suffices that we replace C{ = C{, = Mf (A) in(3), and then minimize function dy (A, 1\7If (A))
with respect to My (A). O

This theorem shows that I\7If (A) is the nearest f-weighted point approximation to A € # which is unique. The nearest f-
weighted point to fuzzy number A belongs to support function, and this theorem, which is the main result of this section,
is a new and interesting justification for the definition of the weighted mean of a fuzzy number.
Theorem 3. Let A,B € F,let f(y) = (i(y),f(y)) be a weighting function, and let A € R. Then we have

NLWPA; (A + B) = NLWPA; (A) -+ NLWPA (B),

NLWPA; (AA) = ANLWPA; (A)

M;(A+ B) = Mp(A) + M;(A),  My(LA) = AMs(A).

Corollary 1. Let A = (a, b, c, d) be a trapezoidal fuzzy number, and let f(y) = (f(¥), f(y)) be a weighting function. Then the
following hold. B

(1) For f(y) = (1, 1), we have

[a+b c+d - a+b+c+d
Nwia, () = | 2B e F ] Wy < Ao tetd ®)
2 2 4
(2) For f(y) = @2y, 2y),
i 2b 2 d _ 2(b d
NWIA;(A) = aJ; , C;L ] M,(A):%_ 9)
(3) For f(y) = (ny™ 1, ny™ 1), n € N (natural numbers),
i b d _ b d
NwiAs () = | AR netd] gy Zatnbro d (10)
Ln+1 n+1 2n+2
(4) For f(y) = (ny™ L, my™ ), n,me N,
(a+nb mc+d _ a+nb d+mc
NWIAf(A) = ,—, M (A) = . 11
(&) | n+1 m+1] A =2 T amt2 (1

Proof. The proof is simple.

Corollary 2. Let A = (a, b, ¢, d) be a trapezoidal fuzzy number, and let f(y) = (my™ !, ny""!), m,n € N be a weighting
function. Then, for m,n — oo,

a+mb d+nc
NWIAs (A) = , — [b, c],
m+1 n+1
b+c

Mf(A) — 5

The above corollary shows that, for large values m and n, the interval [b, c] and the point % are the nearest weighted
interval and point to the trapezoidal fuzzy number, respectively (see Fig. 2).
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A

a —>b c<— d
Fig. 2. Fuzzy number A and its intervals.

When the variables are fuzzy in nature, in order to find the degree of relationship between them, a measure of correlation
coefficient is required that can compute the relation value between fuzzy variables. Here, we consider the correlation
coefficient between two fuzzy number A, B € ¥ as

P13 (A, B)
NLWPA; (AYNLWPA; (B) -+ NUWPAF(A)NUWPA(B)

B \/ (NLWPA; (A))? + (NUWPAF(A))? \/ (NLWPA; (B))? + (NUWPA-(B))?

The above-mentioned measure of correlation coefficient depends on the nearest f-weighted interval approximation to
A € . Also the choice of the weighting function f (y) = (f(y), f(y)) plays a key role in the conclusions. Thus, for different
choices of the weighting function, the value of the correlation coefficient will differ [24].

Example 3. let A = (ay,b1,c1,dy) and B = (ay, by, ¢2,dy) be two trapezoidal fuzzy numbers, and let f, =
(myy™~1, nyy™m~Yand fy = (mypy™ =1, nyy™~1) be two weighting functions. Then we obtain the correlation coefficient
between A and B as follows:

aj+mqby ap+myby + di+nqcq da+nycy
mq+1 my+1 ni+1 np+1

2 2 2 2
ay+miby + ditnicq ay+myby + dy+nyc)
mi+1 ni+1 my+1 ny+1

For large values of mq, ny, my, n, we have

bib; + cic;

Prafz (A, B) = .
Jbi A+ b+

Therefore, the above results show that the weighting functions fx, fz can affect the correlation coefficient between two fuzzy
numbers. It will also be a good thing to define a measure of correlation coefficient that is devoid of the y-cut values.

Psafp (A, B) = (12)

Example 4. Let A be a fuzzy number with the following membership function and f;(y) = (2y, 2y) be a weighting function.

1= &= 5)* 3<x<7
Alx) = T4 =Xx=/
otherwise.

Then we have

[Al, =la(y). a1 =[5—-2/1—y,5+2/1—y], y €(0,1],

and hence the nearest weighted interval to A is

59 91
NWIA;, (A) = [NLWPAy, (A), NUWPAy, (A)] = [E’ E] ,

and its membership grade is at least 0.715. The nearest weighted point to fuzzy number A is I\7If (A) = 5 such that its
membership grade is 1.
Also, let f5(y) = (4y3, 4y>) be a weighting function. Then we obtain

1319 1831]

NWIAy, (A) = [NLWPA;, (A), NUWPA;, (A)] = | ——, ——
p(A) =1 i, (A) p, (A)] [315 35
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1,

0.715

>

3 59/15 5 91/15 7

Fig. 3. Fuzzy number A from Example 4.

This example shows that weighting functions have an effect on the fuzzy intervals, namely NWIAy, (A) © NWIAy, (A) (see
Fig. 3).

4. Ranking fuzzy numbers by the weighting mean
This section proposes a new ranking method by the weighting mean of a fuzzy number.

Definition 8. For two fuzzy numbers A, B € F, and the weighting function f, we define the ranking of A and B by I\7If A,
ie,

M;(A) < M;(B) if and only if A < B,

M (A) = M; (B) if and only if A ~ B,

M¢(A) > Mg (B) if and only if A > B.

Then we formulate the order < and > as

A < BifandonlyifA < BorA ~ B,
A > Bifand only ifA > Bor A ~ B.

We consider the following reasonable properties for the ordering approaches (see [3]).

Aq: For an arbitrary finite subset I of # andA € I', A > A.

A,: For an arbitrary finite subset I" of ¥ and (A, B) € I'?>,A > Band B > A, we should have A ~ B.

As: For an arbitrary finite subset I" of ¥ and (A, B, C) € I'>,A > Band B > C, we should have A > C.

Ag: For an arbitrary finite subset I" of ¥ and (A, B) € I'?, infsup(A) > infsup(B), we should have A > B.

Aj: For an arbitrary finite subset I" of ¥ and (A, B) € I'?,infsup(A) > infsup(B), we should have A > B.

Ag: Let I and I'' be two arbitrary finite subset of #; also, Aand B are in I" N I"’. We obtain the ranking order A > B by 1\71f(.)
on I"' if and only if A = Bby M;(.) on I'.

Ag: Let A, B,A+ C and B + C be elements of #.1fA > B,thenA+ C > B+ C.

A LetA,B,A+ C,and B+ C be elements of #.IfA > B,then A+ C > B+ C.

A7: For an arbitrary finite subset I" of # and A € I, I\7If (A) must belong to its support.
Theorem 4. The function I\_/If has the properties Ay, Az, ..., A7.

Proof. It is easy to verify that the properties A;-As hold. For the proof of A; we consider the fuzzy number [A], =
[a(y), a(y)], and the weighting function f (y) = (i(y),f(y)). Forall y € [0, 1], we havea < a(y) < a(y) < d; hence

fa+fya _Lat) +fy)aty) _fnd +f(y)d

’

2 - 2 - 2
SO
/‘ fa+fya /1 fay) +fyaly) /1 fd+f(y)d
= dy < dy < | =—""dy,
0 2 0 2 0 2
or
1 _ e +Fpay) - d _
g/o ) +Fo)dy s/o SRS < 5/0 ) +Fo)dy,
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1 ; 1 -7
A /- \A \
B/ - B | 5
0.5 / - 0.5 .
/ - C ‘c\
/ C. A
0 /L 0 | 0
0 0304 05 07 09 1 0 03 05 070809 1 0 0102 040506070809 1
Set 1. Set 2. Set 3.

Fig. 4. Fuzzy numbers A, B, C insets 1, 2, 3.

0.6
0.4f

021

|

05 52 54 56 58 6 62 64 66 68 7

Fig. 5. Fuzzy numbers A, B, C from Example 6.

and this implies that

a<M(@A) <d O

Example 5. Consider the following sets (Fig. 4); see [26,19].

Set1: A=(0.3,0.4,0.7,0.9),B = (0.3,0.7,0.9),C = (0.5, 0.7, 0.9).

Set2:A=(0.3,0.5,0.7),B=(0.3,0.5,0.8,0.9),C = (0.3, 0.5, 0.9).

Set3:A=(0,0.4,0.7,0.8),B=(0.2,0.5,0.9),C = (0.1, 0.6, 0.8).

Table 1 gives the results.

In set 1, the ranking result by our method and by nine other methods is A < B < C. One can see that this result is more
desirable with respect to the other six methods (see Fig. 4, set 1).

In set 2, the ranking result for the four methods is A < B < C. Our method has the same result as in other eleven papers
(A < C < B).We conclude that A < C < Bis better than A < B < C (see Fig. 4, set 2).

In set 3 (Fig. 4, set 3), our method has the same result as in four papers of Choobineh and Li, Yager, Chen, and Goetschel
and Voxman. The ranking result by Baldwin and Guild, Yao and Wu, Abbasbandy and Asady, and Asady and Zendehnam is
A < B ~ C. By Cheng’s distance method and that of Chu and Taso, the ranking orderisA < C < B,B < C < A. For the CV
index, the ranking order is C < A < B. By the Wang distance method, the Wang et al. centroid method, and the Deng et al.
area method, the ranking order is C < B < A. However some of methods have a shortcoming.

Example 6. Consider the three triangular fuzzy numbers A = (5,6,7),B = (5.9,6,7),C = (6, 6, 7) (Fig. 5). The results
are given in Table 2.

In Table 2, the ranking results by the Chu and Tsao method, the Cheng CV index, the Wang et al. centroid method, and
the Deng et al. area method are unreasonable. By the proposed method, the ranking resultis A < B < C (see Fig. 5).

Example 7. Consider fuzzy number A, (Fig. 6) as follows:

x—a\"
<b—a> x € [a, b),

x € [b, o),

1
(d_x>" x e [c, d)
d—c T

0 otherwise.

Ap(x) =
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Table 1
Comparative results of Example 5.

Authors Fuzzy number Set 1 Set 2 Set 3

A 0.458 0.333 0.50
Choobineh and Li B 0.583 0.4167 0.5833

C 0.667 0.5417 0.6111
Results A<B<C A<B<C A<B<C

A 0.5778 0.5 0.4336
Yager B 0.6333 0.6222 0.5353

C 0.8571 0.6986 84
Results A<B<C A<B<C A<B<C

A 0.4315 0.375 0.52
Chen B 0.5625 0.425 0.57

C 0.625 0.55 0.625
Results A<B<C A<B<C A<B<C

A 0.27 0.27 0.40
Baldwin and Guild B 0.27 0.37 0.42

C 0.37 0.45 0.42
Results A~B=<C A<B<C A<B~C

A 0.2847 0.25 0.24402
Chu and Tsao B 0.32478 0.31526 0.26243

C 0.350 0.27475 0.2619
Results A<B<C A<C<B A<C<B

A 0.7577 0.7071 0.7106
Cheng distance B 0.8149 0.8037 0.7256

C 0.8602 0.7458 0.7241
Results A<B=<C A<C<B A<C=<B

A 0.2568 0.1778 0.1967
Wang et al. centroid B 0.2111 0.2765 0.1778

C 0.2333 0.1889 0.1667
Results B<C<A A<C<B C<B<A

A 0.7289 0.6009 0.6284
Wang distance B 0.7157 0.7646 0.6289

C 0.7753 0.6574 0.6009
Results B<A<C A<C<B C<A<B

A 0.575 0.5 0.475
Yao and Wu B 0.65 0.625 0.525

C 0.7 0.55 0.525
Results A<B<C A<C<B A<B~C

A 0.3169 0.2369 0.2523
Deng et al. area method B 0.3240 0.3503 0.2495

C 0.3240 0.2549 0.2473
Results A<B~C A<C<B C<B<A

A 0.0328 0.0133 0.0693
Cheng CV uniform distribution B 0.0246 0.0304 0.0385

C 0.0095 0.0275 0.0433
Results C<B<A A<C<B B<C<A

A 0.026 0.008 0.0471
Cheng CV proportional distribution B 0.0146 0.0234 0.0236

C 0.0057 0.0173 0.0255
Results C<B<A A<C<B B<C~A

A 0.5667 0.5 0.5
Goetschel and Voxman B 0.6667 0.6333 0.5167

C 0.7 0.5333 0.55
Results A<B<C A<C<B A<B<C

A 1.15 1 0.95
Abbasbandy and Asady sign distance B 13 1.25 1.05

C 14 1.1 1.05
Results A<B=<C A<C<B A<B~C

A 0.575 0.5 0.475
Asady and Zendehnam B 0.65 0.625 0.525

C 0.7 0.55 0.525
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Table 1 (continued)

Authors Fuzzy number Set 1 Set2 Set 3
Results A<B=<C A<C=<B A<B~C
A 0.5667 0.5 0.5
Propose method f (y) = 2y, 2y) B 0.6667 0.6333 0.5167
C 0.7 0.5333 0.55
Results A<B=<C A<C<B A<B=<C
Table 2
Comparative results of Example 6.
Fuzzy number A B C
Proposed method, f(y) = (1, 1) 6 6.225 6.25
Result A<B<C
Proposed method, f (y) = (2y, 2y) 6 6.15 6.1667
Result A<B<C
Proposed method, f(y) = (3y2, 3y?%) 6 6.1125 6.875
Result A<B<C
Chu and Tsao 3 3.125 3.085
Result A<C<B
CV index 0.028 .0098 0.0089
Result C<B<A
Deng et al. area method (ROG) 2.6719 2.5786 2.5874
Result B<C<A
Wang et al. centroid 2 2.1 1.44
Results C<A<B

L

0 i 2 4 6 7.1667 8 8.8333 12

Fig. 6. Fuzzy numbers Ag s, A1, A, from Example 7.

We obtain that
iff(y) = (1, 1) then, M(Aos) = 7.1667, M(A;) = 8, M(A;) = 8.8333,
and hence the ranking order is Ags < A1 < A;
if f(y) = 2y, 2y) then, M(Ag5) = 8, M(A;) = 8.8333, M(A,) = 9.5,
and hence Ags < A1 < As.
Note that decision makers can select other suitable functions for ranking fuzzy numbers. Therefore this method of ranking

fuzzy numbers is new and flexible.

Example 8. Let[A], = [3y,4—y],[Bl, = [1+y,5—3y],and[C], = [2+4 3y, 3— 5] be three triangular fuzzy numbers
(Fig. 7). _ _ )
Iff(y) = (1, 1), then My (A) = 2.5, M;(B) = 2.5, M;(C) = 2.5; hence, the ranking resultisA ~ B ~ C.
Iff(y) = 2y, 2y), then,
Ms(A) = 2.667,  M;(B) =2.333,  M;(C) =2.5;

hence, the ranking resultis B < C < A.
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Fig. 7. Fuzzy numbers A, B, C from Example 8.

Iff(y) = 2y, 3y?), then

M;(A) = 2.625,  M;(B) =2.208,  M;(C) = 2.479;

therefore, the fuzzy numbers are ranked as B < C < A.

Note that the function f is selected by decision maker and it depends on different problems in fuzzy environments.

We give an interesting example that the nearest weighted interval and point of a fuzzy number can be applied for a
variety of problems in a fuzzy environment, namely the fuzzy analytical hierarchical process (FAHP). These approximations
can apply for transforming the fuzzy comparison matrices into the interval and point comparison matrices.

Example 9. Consider the following fuzzy comparison matrix:

1,1,1) (1,2,3) (3,4,5) (7,8,9)

= 1,1,1) (1,2,3) (3,4,5)
o 1,1,1) (1,2,3) |

(1,1, 1

where its elements are triangular fuzzy numbers.

Suppose that A = (1,2,3),B = (3,4,5),and C = (7, 8,9) are triangular fuzzy numbers. And let f, = (1,1),fz =
2y, 2y), f: = (3y2, 3y?) be weighting functions for the fuzzy numbers A, B, C; respectively. We obtain the interval and
point comparison matrices as follows:

r 35 11 13 15 1777
[]7]] 757 777 7?7
2’2 373 4’ 4
35 11 13
[151] P s T
IMy = 2’2 373
1] 35
’ 2’2
L [1,1]
1 2 4 8
1 2 4
PMy = 1 2|
1

and therefore the fuzzy comparison matrix M is transformed into a interval comparison matrix IM; and a crisp point
comparison matrix PM;. Also we get the ranking result of fuzzy numbers asA < B < C, and

Py 5z (A, B) = 0.9869, P.fe (B, €) = 0.9987, Prfe (A, C) = 0.9834.
One can see that the correlation coefficient between the two fuzzy numbers A and B is greater than the correlation coefficient
between the two fuzzy numbers A and C.
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Furthermore, ifA = (1, 2, 3),B = (2, 3, 4),and C = (2, 4, 5) are three triangular fuzzy numbers and f; = 2y, 2y), fz =
2y, 3y2), fc = (3y2, 4y?) are weighting functions, then we have

r 5 7 8 13 7 2177
[151] 7?7 757 777
3’3 3’4 2’5
5 7 8 13
[1, 1] - = - —
IM; = 3’3 374,
[, 1] 5 7
’ 3’3
L [1,1] U
71 77
1 2 — =
24 20
PM 1 2 /1
r= 24
1 2
1

Therefore, the ranking resultis A < B < C, and we have
P55z (A, B) = 0.9978, Pra.fe (B, C) = 0.9999, Phafe (A, C) = 0.9872.

The above correlation coefficients show that the weighting functions have an effect on the ranking fuzzy numbers. However,
comparison matrices can apply in the industry engendering problems, especially in the FAHP.

5. Discussion and conclusion

In this paper the following properties are discussed.

1. We have applied a weighted distance in the metric space of fuzzy numbers. According to this distance, the nearest
weighed interval and point approximations to a fuzzy number are obtained, such that the approximations are unique.

2. The function 1\7If(.) is applied for ranking fuzzy numbers and this topic is not mentioned in previous papers. The
properties of 1\71f(.) are given by theorems and corollaries.

3. For weighting function f(y) = (1, 1), I\7If (A) is the index of ranking fuzzy numbers that was introduced by Asady and
Zendehnam [26] as

Jya) + ay)dy

My (A) = >

4.For weighting functionf (y) = 2y, 2y), I\7If (A) is the index of ranking fuzzy numbers that was introduced by Goetschel
and Voxman [17] as

1
Wiy (A) = f Y @) +30)dy.
0

5. The flexibility is one of the most important properties of our ranking method, because decision makers can select
different weighting functions as f = (f, f) such that functions f, f : [0, 1] — R are weighting functions for the lower and
upper y-cuts sets of a fuzzy number, respectively. This means that the functions f () and f () can be treated as subjective
weights indicating neutral, optimistic, or pessimistic preferences of the decision maker. Therefore, our method is more
general and interesting for ranking fuzzy numbers.

6. For weighting function f(y) = f(y), 1\7If(A) is defined as the f-weighted possibilistic mean of the fuzzy number

A [27,24]. Also, the maximum entropy of weighting function (f (y)) is discussed in [28]. It can be used to choose a suitable
weighting function.

In general, the aim of this paper is threefold. The first aim is to find out the nearest weighted interval approximation of
a fuzzy number. The second one is to obtain the nearest weighted point approximations of a fuzzy number. The last one is
a new flexibility ranking method of the fuzzy numbers by their the f-weighted mean.
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