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Abstract

Ranking fuzzy numbers play as a key tool in many applied models in the world and in
particular decision-making procedures. We are going to present a new method based on the
ranking the fuzzy number and real number. The problem of ranking the fuzzy number and
real number is proposed with ranking function and then this approach to extend the ranking
of two fuzzy numbers with ranking function. The proposed method is illustrated by some
numerical examples and in particular the results of ranking by the proposed method and
some common and existing methods for ranking fuzzy sets is compared to verify the
advantage of the new approach. We will see that against of most existing ranking approaches
where for two fuzzy sets are the exact ranking, the above men sioned method can give a
ranking fuzzy numbers with acceptance rate smaller as fuzzy.
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1 -Introduction

Fuzzy ranking is a topic which has been studied by many researchers. In [6], Wang and
Kree introduced reasonable properties for the ordering of fuzzy quantities .In [18],
Abbasbandy and Asady defined a sign distance of fuzzy numbers and proposed a ranking
method with a fuzzy origin for fuzzy numbers and distance of fuzzy numbers with respect to
it s origin. In [23], Yao and Wu defined a sign distance of fuzzy numbers and proposed a
ranking method. In [20], Allah- viranloo and Adabitabar Firozja introduced a new metric
distance on fuzzy numbers which was used for ranking fuzzy numbers by comparing with
two crisp numbers max and min. Tran and Duckste in [15], compared the fuzzy numbers
using a fuzzy distance measure. Some researchers for ranking fuzzy numbers introduced a
defuzzification methods in [16, 13]. Fortemps and Roubens in [1], proposed a ranking
method based on area compensation. Some of the other researchers have proposed functions
for ranking. In Modarres and in [2], Sadi-Nezhad method a fuzzy number is evaluated by a
function called preference function and ranked by preference ratio. Wang et al. In [22],
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defined the maximal and minimal reference sets of fuzzy numbers to measure LR deviation
degree and then the transfer coecient was defined to measure the relative variation of LR
deviation degree of fuzzy number and then proposed the ranking method based on the LR
deviation degree and relative variation of fuzzy numbers. In [20], Asady proposed a revised
method of ranking LR fuzzy number based on deviation degree with Wang's method. In [21],
Wang and Luo presented a ranking approach for fuzzy numbers called area ranking based on
positive and negative ideal points, which defined two indices for the purpose of ranking. In
[19], Abbasbandy and Hajjari introduced a ranking of trapezoidal fuzzy numbers based on
the left and the right spreads at some «-levels of trapezoidal fuzzy numbers. Each method
has a shortcoming. Adabitabar firozja et al. In [11], proposed a ranking function for ranking
real numbers and fuzzy number with acceptance rate and then to extended for ranking two
fuzzy numbers. In this paper, we proposed a new ranking function for ranking real numbers
and fuzzy number with acceptance rate and then to extended for ranking two fuzzy numbers.
The paper is organized as follows: The background on fuzzy concepts is presented in section
2. A comparison between one real number and a fuzzy number with its properties is
introduced in Section 3. Subsequently, in Section 4 ranking of two fuzzy numbers and its
properties is considered, Numerical Examples in section 5, finally, conclusion are drawn in
Section 6.

2 - Background
A fuzzy set Ais a generaljzed left right fuzzy numbers (GLRFN) defined by Dubois and
Prade[8], and denoted as A=(ay, a5, a3, a4 ) . if it 's membership function satisfies the

following:

L 227X, a; <x<a
ap—aq " 1=7=92
y'&(x): 1 ap <x<ag 1)
R( X7% ) as <x<a
ay a3’ 3<X<3y

Where L and R are strictly decreasing functions defined on [0,1] and satisfying the
conditions:

L) =R(Mt)=1  if t<0

Lt)=R(t)=0  if t>0 (2)

Trapeziodal fuzzy numbers (TrFN) are special cases of GLRFN with L(t)=R(t)=1-t.
A o -level interval of fuzzy number A is denoted as:

[Al, =[A ().Ay(a)]= [az ~(ap -3 )L N )85+ (3 —a3)R'1(a)} (3)

Andif1eR then
A+4=(ar+rag+ragtiastig

(lag.ta.iagtag) g’ 420 4
A<0

A=
(tag-taz-tapta1) R’

We denote by F|  the set of generalized left right fuzzy numbers.
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3 - Comparison between crisp and fuzzy number
LetAe F| rand x e Rthen we consider the following problem:

What do we say about whether x is greater to A?

To solve this problem, Adabitabar frozja et al. In [3] proposed a ranking function for ranking
of fuzzy numbers and real numbers but, for two real numbers x, y where:

()

xyel, -, _al)L_l(%)’aS -, _as)R_l(%)].

If x<y then A~x and A~ y, where this is not a good result.
In this paper, we proposed new ranking functions for comparison between crisp and fuzzy

number. We extend the natural ordering relation < on real numbers by increasing real
function L(A,):R—[0,1], and L(B,.):R—[0,1] decreasing real function to introduce the

ordering relation crisp and fuzzy number with the characteristic functions L(A,x), (acceptance
rate larger x of A)and L(B,x), (acceptance rate larger x of B ) as follow:

X d X d
L= onal% gy - g (6)
oo p a0t o upat

Where with A=(01,2,3) 5 , Figure 1 shows the diagram of L(A,x), L(x,A).

a' - ™
N Y
| ) 1

\

T

\ azf
\ %
|
34 % s o es v sz i3 3

Figure 1: A=(0,1,2,3); g — and L(A,z) %% and L(z, A) **x.

3.1- Some properties

Let Ae FLr and KeR, then

Proposition 1.
LAY, 0s<k L(ké-’kx):{L(B,x) 0<k )

L(KA, kx)= Z
(k0 {L(X,A), k>0 L(x,B) k>0
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Proposition 2. L(A+ X,x+K)=L(A,X), LB+xx+k=L(B,X) keR (8)

Proposition 3.If x<y then
LAX<LAY),  LKA)>L(y.A) ©)
Regarding to equations (5) proofs is evident.

4- Ranking of two fuzzy numbers

LetAe F g and B e F|_r We consider the following problem:

What do we say about whether A is greater (smaller) than or equal to B ?
In order to solve this problem, Adabitabar frozja et al. [3] proposed a ranking function for
ranking of two fuzzy numbers but in this paper we proposed the new ranking function for

ranking of two fuzzy numbers. We have used ordering relations L(A,x) and L(B,x) where

we defined in (6) and denoted ordering relation Aand Bby R(A,B)and defined such as
follow:

R(A,B) = [L(A,x)— L(B,x)dx (10)
supp(A)Jsupp(B)

Where L(A,x) defined fin equations (6) and L(A,B)is acceptance

rate smaller Aofx. In this paper, to compare of two fuzzy numbers AandB all values in
Supp (A, B) with the membership degree compare with A and vice versa.

4.1- Some properties

For 4andBeF g and keR
Proposition 4. R(A,A)=0
Proof: Recording to equation (10).

R(A,A) = [(L(A,X)— L(A,x))dx =0 (11)
supp(A)U supp(A)

Proposition 5. R(A,B)=-R(B, A)
Proof: Recording to equation (10)

(A,B) = [ L(A,X) — L(B,x)dx
supp(A)U supp(B)

= [L(B.x) - L(Axydx= ~R(AB) (12)
supp(A)Usupp(B)
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Proposition 6: R(A+k,B+k)=R(A,B), keR

Proof: By considering to equations (8) and (10).

R(A+k,B +k)= J(A+KB +K)dx
supp( A+ k)w supp( B +K)

(13)

Ifx=k+tthen dx=dt, A cording to t=supp(A)Usupp(B) X=supp(A+Kk)U supp(B+Kk)

we have :
I“@.fﬂA+k(t+k)dt U0 up (tH Rt
= )d(t+k)
supp(Ark)Usupp(B+k) I_OoﬂA k(t+k)dt [ Coonpy k(t k)dt
t)dt t)dt -~
= Looup® Foriig® )d(®==R(AB)
~supp(ALsupp(B) (155 A(t)dt 1% ug Odt
L _[R(AB) k>0
Proposition 7: R(kA,kA)_{_ R(AB) <0 (14)
Proof: From equations (8), (10) and also k >0,k R we can write
X dx %o d
R(KAKB)= | I o a0 _ Im“kB(X) " i (15)
supp(KAU supp(kB) JF Lre a()dX  J=o0 g (X)X
According to t = supp(A)U supp(B), x = supp(kA)U supp(kB),  we have:
(kt)d(kt) (kt)d(kt)
[ [ dt = R(A.B)

= fsupp(kAUSUPp(kB)I ooukA(kt)d(kt) [ ﬂkB(kt)d(kt)

Definition 1.We define the ranking of AcF  , Be o

1) If R(AB)<0<A>B
2) If R(A,B)=0«<>A~B
3) If RAB)>0<A<B

5. Numerical Examples
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We have considered some examples constructed and discussed in [4,16] for comparing the
current method with some other ranking methods, where results of some other ranking rules
[4] are shown in Table 1 and results of current method are shown the following form:

Setl: A =(0.4,09,1), Ay =(0.4,05,1), A;=(0.4,0.51) thenR(A;, Ay )=-0.066,

R(Ay,A3)=-0.066 and R(Ay,Aq)=-0.133therefore, a;>py, Ap> A3, A1 A3.

Set2: A10.2,0.5,07) A,~(0.2,0.5,08) A, =(0.4,0.5,06), then there for, A=A,

Set 3:A=(0.5,0.7,09), A,=(0.30709) ,A3=(0.30.4,07,09) so, R(A;,A,)=-0.066,

R(Ay,Ag)=-0.214 and R(Ay, A3)=-0.148, therefore, o > Ay, Ay > Ag, Ag > Aq.
The proposed method has been used by continuous function for ranking and gives the
acceptance rate.

6 -Conclusions

In this paper, initially we proposed a ranking approach for ranking one crisp real number and
one fuzzy number with membership function then have extended this approach for ranking
two fuzzy numbers. For comparing of two fuzzy numbers Aand B on Supp(/?\) to the
membership degree, is compared with B also, on Supp( B ) with the membership degree, is
compared with A. Thus, we obtain some useful properties. Some numerical examples have

been presented in order to compare the proposed method of ranking with some of the
approaches. This method was used a continuous function for ranking and gives the
acceptance rate.

1 (1] 1 (3 12 [

Set 3- {/11 = “s'), /i;;}

References:

[1] A. Esi, On some new paranormed sequence spaces of fuzzy numbers de_nedby Orlicz functions and
statistical convergence, Math. Modelling Analysis,4(2006), 379-388.

[2] A. Mahmodi Nejad and M. Mashinchi, Ranking fuzzy numbers based on the areas on the left and the right
sides of fuzzy number, Computers and Mathematics with Applications 61 (2011), 431-442.

[3] B. Asady, The revised method of ranking LR fuzzy number based on deviation degree, Expert Systems with
Application 37 (2010), 5056-5060.

[4] B.C. Tripathy and A. Baruah, Lacunary statistically convergent and lacunary strongly convergent
generalized difference sequences of fuzzy real numbers, Kyungpook Mathematical Journal, 50(2010), 565-574.
[5] B.C. Tripathy and A. J. Dutta : On l-acceleration convergence of sequencesof fuzzy real numbers,
Mathematical Modelling and Analysis,17(2012),549-557.

[6] B.C. Tripathy and B. Sarma : On I-convergent double sequences of fuzzy real numbers; Kyungpook
Mathematical Journal, 52(2012), 189-200.

70



M. Yaghobi, M. Rabbani, M. Adabitabar Firozja, J. Vahidi/ J. Math. Computer Sci. 12 (2014) 65 -72

[7] C.H. Cheng, A new approach for ranking fuzzy numbers by distance method, Fuzzy sets and Systems 95
(1998), 307-317.

[8] D. Dubios and H. prade, Fuzzy sets and Systems: Theory and Application,Academic Press, New york,
1980.

[9] G. Bortolan and R. Degan, A review of some method for ranking fuzzysets, fuzzy sets and Systems 15
(1985), 1-19.

[10] L. Tran and L. Duckstein, Comparison of fuzzy numbers using a fuzzydistance measure, Fuzzy Sets and
Systems 130 (2002), 331-341.

[11] M. Adabitabar Firozja, B.Agheli and M. Hosseinzadeh, Ranking function of two LR-fuzzy numbers,
Journal of Intelligent and Fuzzy Systems (2013),accepted.

[12]. M. Adabitabar Firozja, T. Houlari, Comparison of fuzzy numbers with ranking function of two LR-fuzzy
numbers

[13] M,Ma, A. Kandel and M. Friedman,A new approach for defuzzification, Fuzzy Sets and Systems 111
(2000),351-356.6

[14] M. Ma, A. Kandel and M. Friedman, Correction to "A new approach for defuzzification", Fuzzy Sets and
Systems 128 (2000), 133-134.

[15] M. Modarres, S.S. Nezhad, Ranking fuzzy numbers by preference ratio, Fuzzy Sets and Systems 118
(2001), 429-439.

[16] O. Kaleva and S. Seikkala: On fuzzy metric spaces, Fuzzy Sets Systems,12(1984), 215-229.

[17] P. Fortemps and M. Roubens, Ranking and defuzziifcation method based on area compensation, Fuzzy
Sts and Systems 82 (1996), 319-330.

[18] S. Abbasbandy and B. Asady, Ranking of Fuzzy numbers by sign distance, Information Sciences 176
(2006), 2405-2416.

[19] S. Abbasbandy and T. Hajjari, A new approach for ranking of trapezoidal fuzzy numbers, Computing and
Methematics with Application 57 (2009),413-419.

[20] T. Allahviranloo and M. Adabitabar Firozja, Ranking of fuzzy numbers bya new metric, Soft
Computing14 (2010),773-782.

[21] X.Wang and E.E. Kree, Reasonable Properties for the ordering of fuzzy quantities I, Fuzzy Sets
Systems, 118 (2001),375-385.

[22] Y.M. Wang and Y. Luo, Area ranking of fuzzy numbers based on positiveand negative ideal point,
Computers and Mathematics with Applications58 (2009), 1769-1779.

[23] z.X. Wang, Y.J. Liu, Z.P. Fan and B. Feng, Ranking LR fuzzy number based on deviation degree,
Information Sciences 179 (2009), 2070-2077.

Table 1: Comparison on fuzzy numbers by some methods.

Methods Setl Set2 Set3
Y ager
F1 0.760 0.700  0.630 0.500 0.500 0.700 0.630 0.570
F2 0.90 0.76 0.660 0.610 0.540  0.750 0.750 0.750
F3 0.800 0.700 0.600 0.600 0.500  0.700 0.650 0.570
Ba,Kw 1.000 0.740  0.600 1.000 1.000 1.000 1.000 1.000
Bald
1:P 0.420 0.330 0.330 0.270 0270 0370 0.270 0.270
G 0.550 0.400 0.340 0300 0240 0420 0350 0.350
r:a 0.280 0.230 0.220 0.200  0.230 0.270 0190 0.19
Kerre 1.000 0.860 0.760 0.910 0.910 1.000 0.910 0.750
Jain
k=1 0.900 0.760 0.660 0.730 0.670 0.820 0.820 0.820
k=2 0.840 0.650 0.540 0.600 0.480 0.710 0.710 0.710
k=1/2 0.950 0.860 0.780 0.830 0.800 0.890 0.890  0.890
Dub,Pra
PD 1.000 0.740 0.600 1.000 1.000 1.000 1.000 1.000
PSD 0.740  0.230 0.160 0.730  0.240 0.500 0.500 0.500
ND 0.630  0.380 0.180 0.270  0.760 0.670 0.350 0.000
NSD 0.260  0.000 0.000 0.000  0.000 0.000 0.000 0.000
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Lee, Li
um 0.760  0.700 0.630 0.500 0.500 0.700 0.630 0.570
U.G 0.120 0.040
P.m 0.800  0.700 0.600 0.500 0.500 0.700 0.650 0.580
P.G 0.090 0.030
For,Rou
FO 0.800 0.700 0.600 0.500 0.500 0.700 0.650 0.575
Tran,Duc
DM; f:x 0.187  0.308 0.442 0.505 0.501 0.304 0.342 0.457
Dm; f:x 0.838 0.704  0.573 0.505 0.501 0.702  0.671 0.585
DM; f:1 0.231 0.316  0.416 0.510 0.501 0.307 0.365 0.445
Dm; f:1 0.808  0.707 0.611 0.510 0.501 0.703 0.658 0.590
Tof — Moh y2
d(.,M);s=1 0.3412 0.500 0.6588  0.500 0.500 0.3789  0.421 0.5455
y2
d(.,m);s=1 0.6588 0.500 0.3412 0.500  0.500 0.6211 0.5784 0.4545
y2
d(.,M);s=a 0.2976  0.500 0.7024 0500 0500 0.3378 0.3956 0.5481
y2
d(.,m);s=a 0.7024  0.500 0.2976 0.500 0.500 0.6622 0.6044 0.4519
MahmodiNejad 0.1019 0.1837  0.2958 0.274  0.190 0.1396  0.2451 0.3636
etal.[13]
Wangetal.[21] 0 0.0476  0.1364 0.1429 0.15670 0.0246 0.2
Wang[20]
Risk(a)RIAL
0.208  0.375  0.542 0.375 045 0500 0.385 0.458 0.556
0.333 0,500 0.667 0.500 0500 0.500 0.458 0.583 0.667
0458 0.625 0.792 0.625 0542 0.500 0.531 0.708 0.778
Risk(a)RIA2
0.115 0375 0729 0375 0458 0500 0.282 0.533 0.682
0.167 0500 0.833 0500 0500 0500 0.333 0.667 0.750
0.271 0.625 0.885 0.625 0542 0500 0.394 0.762 0.808
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