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Abstract

The importance as well as the difficulty of the problem of ranking fuzzy numbers is pointed out. Here
we consider approaches to the ranking of fuzzy numbers based upon the idea of associating with a
fuzzy number a scalar value, its signal/noise ratios, where the signal and the noise are defined as the
middle-point and the spread of each «-cut of a fuzzy number, respectively. We use the value of a as
the weight of the signal/noise ratio of each y-cut of a fuzzy number to calculate the ranking index of
each fuzzy number. The proposed method can rank any kinds of fuzzy numbers with different kinds

of membership functions.
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1 Introduction

N many applications of fuzzy set theory, par-
I ticularly in decision making, we often obtain a
measure of a course of action expressed as a fuzzy
number, a fuzzy subset of the real line. For exam-
ple the profit obtained by using the new XYZ pro-
cess may be about §300,000. Essentially here we
have some uncertainty as to the exact value of the
profit. As noted in the literaturel this is a kind
of possibilistic uncertainty. Often in these deci-
sion making environments we are faced with the
problem of selecting one from among a collection
of alternative actions. This selection process may
then require that we rank, order, fuzzy numbers.
While it is clear when considering two pure num-
bers which is bigger or smaller, the situation with
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respect to fuzzy numbers is not always obvious.
It was early in the development of the fuzzy set
theory that the problem of comparing fuzzy sub-
sets of the real line was seen to be an important
and difficult problem. The recent literature has
also addressed this problem.4 What seems to be
clear is that there exists no uniquely best method
for comparing fuzzy numbers, the different meth-
ods satisfy different desirable criteria. While cer-
tain properties are necessary for any methodol-
ogy that orders fuzzy numbers, user preferences
account for a significant part of the performance
of a preferred approach. Our focus here is to
try to understand and suggest some methodolo-
gies for comparing fuzzy numbers. In this pa-
per, we present a new approach for ranking fuzzy
numbers using the y-cut, the belief features and
the signal/noise ratios of fuzzy numbers, where
~v € [0,1]. The proposed method can overcome
the drawbacks of Chen and Chen’s method [3],
Cheng’s method [4], Murakami et al. [10], Yong
and Qi’s method [20] and Yager’s method [19].
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2 A review of the existing
methods for ranking fuzzy
numbers

In this paper, we assume that the reader is famil-
iar with basics of fuzzy set theory and fuzzy logic
in the broad sense.

A fuzzy number is a convex fuzzy subset of the
real line R and is completely defined by its mem-
bership function. Let A be a fuzzy number, whose
membership function f4(x) can generally be de-
fined as [1, 2, 12, 13, 14, 15, 8],

fﬁ(a:) when a1 <z < as,
) w when a9 < x < ag,
fa(z) = fR(x) when a3<z<ay,
0 otherwise.
(2.1)
Where 0 < w < 1 is a constant, f£ : [ar, as] —

[0,w] and f& : [a3,a4] — [0,w] are two strictly
monotonically and continuous mappings from R
to closed interval [0,w]. When w = 1, then A
is a normal fuzzy number; otherwise it is said
to be a non-normal fuzzy number. If the mem-
bership function fa(z) is piecewise linear, then
A is referred to as a trapezoidal fuzzy number
and is usually denoted by, A = (a1, a2, a3, as;w).
In particular, if ao = as, the trapezoidal fuzzy
number is reduced to a triangular fuzzy number.
Since fk(z) and f(z) are both strictly mono-
tonically and continuous functions, their inverse
functions exist and should also be continuous and
strictly monotonically. Let g% : [0,w] — [a1, az]
and g% : [0,w] — [a3,a4] be the inverse func-
tions of f4 and f%, respectively. Then g% (y) and
g%(y) should be integrable on the closed inter-
val [0,w]. In other words, both [ ¢%(y)dy and
fow g% (y)dy should exist. In the case of trape-
zoidal fuzzy number, the inverse function gﬁ(y)
and g% (y) can be analytically expressed as:

gi(y) = a1 + (arwal)y 0<y<w, (22)
ghi(y) = as — W 0<y<w. (23)

In order to determine the centroid point (Zo, 7))
of a fuzzy number A, Wang et al. [18] provided
the following centroid formulae:

To(A) =

f;f zfi(z)dr + f(f;’ (rw)dx + fa‘;“ zfi(z)dx

fgf fE(z)dz + f;;(w)d:c+ fa? fi(z)dz
(2.4)

To(A) =
I u(gky) — g5 (y)dy
I (a5 w) — gk (y))dy

The ranking value R(A) of the fuzzy number A
is defined as follows [4]:

(2.5)

R(A) = /73(A) + 73(A).

The larger the value of R(A), the better the rank-
ing of A.

In [7], the authors presented a centroid-index
ranking method for ordering fuzzy numbers. The
centroid point of fuzzy number A, is (Ta,7,)
where 74 and 74 are the same as formula 2 and
3 in [7]. The ranking value S(A) of the fuzzy
number A is defined as follows:

(2.6)

S(A) =TA XYy (2.7)

The larger the value S(A), the better the rank-
ing of A. In [3], Chen et al. proposed a simple
method to obtain COG point of fuzzy numbers.
If A is a generalized fuzzy number, where A =
(a1, a2, a3, as;w), then the COG point (z%,y%) of
A is as follows:
yalaz +as) + (a1 + asg)(1 — y3)
2 )
w(33=%2 19
bR a] = a4.
After obtaining the COG point of fuzzy number A
where A = (a1,a2,as3,a4;w4), the ranking value
Rank(A) can be calculated as

Rank(A) = a7 + (ws — yjil)‘é“‘ X (y4 + 0.5)1_wA,

(2.8)

xy =

(2.9)

(2.10)
where,
fam B @y
3
and,
a:a1+a2+a3+a4. (2.12)

4
The larger the value Rank(A), the better the
ranking A. However, this method has a draw-
back in that it cannot correctly rank generalized
fuzzy numbers in some situations. The example
is used to show the drawback Chen’s method.
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Example 2.1 Two generalized fuzzy number A
and B are shown as follows (Fig. 1):

A = (=0.01,-0.01,—0.01, —0.01; 1),

B = (0.01,0.01,0.01,0.01; 0.8).

It can be easily to obtain the COG points of
fuzzy numbers A and B respectively, as fol-
lows, (x%,y%) = (—0.01,0.5) and (z3,y5) =
(0.01,0.4). By applying Chen method, we have
R(A) = 0.99 and R(B) = 0.989. The ranking
result shows that ranking order is A = B. How-

ever, it can be easily seen that the correct order
is A< B.

0.8 B

Figure 1

3 A novel method for ranking
fuzzy numbers

In this section, we present a new method for
ranking fuzzy numbers. The proposed method
integrates many concepts, such as the approxi-
mate area measure [5], the belief feature [6] and
the signal/noise ratio [9]. Assume that a decision
maker wants to determine the ranking order of
m fuzzy numbers Ay, As, -, and A,,. The kth
y-cut AJ* of fuzzy number 4; is defined as follows:

Te _—
Alf =

k
{.T|fAl(.T) > Ve, T € X}7 Y = ﬁa ke {0,1,"',7’1},
(3.13)
neN

where n denotes the number of y-cuts.
The minimal value /; ;, and the maximal value r; j,
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of the kth ~-cut of the fuzzy number A; are de-
fined as follows:

iy = inf {z|fa,(z) > &} (3.14)
reX

rik = sup{z|fa, () > v} (3.15)

rzeX
respectively. The maximal barrier U and the min-
imal barrier L of the m fuzzy numbers A1, Ao, - - -,
and A,, are defined as follows:

U:rnvax{x’xeA;y, OS"YShA,-, 1:1’27...’m}7
(2
(3.16)
L:Iréi'n{xmeAZ, 0<vy<hy, 1=1,2---,m}.
(2
(3.17)

where A7 denotes the y-cut of the fuzzy number
A; and hu, denotes the height of A; defined as
follows:

ha, = sup fa,(z). (3.18)

zeX
The signal/noise ratio n; j, of the kth y-cut of the
fuzzy number A; used in the proposed method is
defined as follows:

miyk — L

3.19
5i,k +c’ ( )

ik =
where m; ;, and d; j, denote the middle-point and
the spread of A%, respectively, defined as follows:

i l;
Mgy = % (3.20)

Oik = Tik — li k- (3.21)

L denotes the minimal barrier of the m fuzzy
numbers Ay, Ay, -+, A, defined by Eq. (3.17),
c is a parameter, and ¢ > 0. The parameter ¢ > 0
is used to avoid the case that if the fuzzy number
A; is the crisp value 70", the signal/noise ratio
will be indeterminate. From Eq. (3.19), we can
find that the larger the value of ¢, the smaller
the influence of d; ;, on the signal/noise ratio n; .
Therefore, we think that the influence of ¢; on
1;,5 should be smaller than the influence of m; s
on 7; . The value of ¢ should be greater than
the value of R — L in order to avoid the special
case that if we want to obtain the ranking order
of two equal crisp values A; and As, the values of
R—L and 6; i, of the kth v-cut of the fuzzy number
A; and Ay will be all zero and the signal/noise
ratio will be indeterminate or undefined, where
v € [0, 1]. In the following, we present a new ap-
proach for comparing fuzzy numbers based on the
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distance method. The method not only consid-
ers the signal/noise ratio of a fuzzy number, but
also considers the minimum crisp value of fuzzy
numbers. The proposed method for ranking fuzzy
numbers Aq, Ao, -+, A, is now presented as fol-
lows:

Use the point (RI(A;),0) to calculate the ranking
value sn/r(A;) = D(RI(A;), min) of the fuzzy
numbers A;, where A; , where 1 < j < m, as
follows:

D(RI(Aj), tmin) = |[RI(Aj) = Zmin||  (3.22)

From formula (3.22), we can see that sn/r(A;) =
D(RI(Aj), Tmin) can be considered as the Eu-
clidean distance between the point (RI(A;),0)
and the point (Z;n,0). We can see that the
larger the value of sn/r(A;), the better the rank-
ing of A;, where 1 < j < m. When ranking
n fuzzy numbers Ai, Ao, ---, Ay, the minimum
crisp value zp;n is defined as:

ZTmin = main{z|z € Domain(Ay, Aa, -+, Am)}.
(3.23)
The index RI(A;) of fuzzy numbers A; is calcu-

lated as RI(A;) = }W%—lwﬁm, where v =
=1

ha, x %, ke{l,2,---,n}, n € N, and n denotes
the number of y-cuts.

3.1 An Application

Chen and Chen [3] proposed a method to han-
dle fuzzy multi-criteria decision making problems
based on fuzzy number induced ordered weighted
averaging (FN-IOWA) operator and applied the
algorithm to a human selection problem. In this
section, we use the same example illustrated in
Chen and Chen to show the efficiency of the
proposed ranking method. For more detailed
information about the FN-IOWA operator, (see
[11, 16, 17, 19]). Here we just pay attention to
the fuzzy ranking step in the final decision mak-
ing process.

A new manager will be recruited among three
candidates, X, Y and Z. The final scores, which
can be obtained by an FN-IOWA operator, are
fuzzy numbers and are listed as follows:

Sx = (0.2501,0.7727,2.2501; 1),
Sy = (0.0667,0.5000, 1.8750; 1),
S, = (0.1667, 0.6592, 2.2500; 1).

By applying the proposed ranking method, the
index radius of gyration of each alternative can
be obtained as follows:

sn/r(X) = 1.10,
sn/r(Y) = 0.09,
sn/r(Z) = 1.01.

We can see that their ranking order X > Z >
Y. Therefore, Candidate X is more suitable than
Candidate Z, and Candidate Z is more suitable
than Candidate Y. The result are the same as
the one presented in Chen and Chen.

4 Conclusion

In this paper, we have presented a new approach
for ranking of fuzzy numbers. First, we present a
new method for ranking fuzzy numbers based on
the y-cuts, the belief features and the signal /noise
ratios of fuzzy numbers. The proposed method
calculates the signal/noise ratio of each 7-cut of
a fuzzy number to evaluate the quantity and the
quality of a fuzzy number, where the signal and
the noise are defined as the middle-point and the
spread of each ~-cut of a fuzzy number, respec-
tively. We use the value of a as the weight of the
signal /noise ratio of each ~-cut of a fuzzy num-
ber to calculate the ranking index of each fuzzy
number. The proposed fuzzy ranking method can
rank any kinds of fuzzy numbers with different
kinds of membership functions.

References

[1] T. Allahviranloo, S. Abbasbandy and R.
Saneifard, A method for ranking of fuzzy
numbers using new weighted distance, Math-
ematical and Computational Applications 2

(2011) 359-369.

[2] T. Allahviranloo, S. Abbasbandy and R.
Saneifard, An approximation approach for
ranking fuzzy numbers based on weighted

interval-value, Mathematical and Computa-
tional Applications 3 (2011) 588-597.

[3] S. J. Chen, S. M. Chen, Fuzzy risk analy-
sis based on similarity of generalized fuzzy
numbers,IEEE Transactions on Fuzzy Sys-
tems 11 (2003) 45-56.

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

[ww.SID.id


http://www.sid.ir

Rahim Saneifard et al, /IJIM Vol. 9, No. 2 (2017) 99-104 103

[5] L. H. Chen, H. W. Lu, An approximate ap-
proach for ranking fuzzy numbers based on
left and right dominance, Computers and
Mathematics with Applications 41 (2001)
1589-1602.

[6] L. H. Chen, H. W. Lu, The preference or-
der of fuzzy numbers, Computers and Math-
ematics with Applications 44 (2002) 1455-
1465.

[7] T. Chu, C. Tsao, Ranking fuzzy numbers
with an area between the centroid point and
original point, Computers and Mathematics
with Applications 43 (2002) 11-117.

[8] D. Dubois, H. Prade, Ranking of fuzzy num-
bers in the setting of possibility theory, In-
formation Science 30 (1983) 183-224.

9] H. W. Lu, C. B. Wang, An index for ranking
fuzzy numbers by belief feature, Information
and Management Sciences 16 (2005) 57-70.

[10] S. Murakami, S. Maeda, S. Imamura, Fuzzy
decision analysis on the development of a
centralized regional energy control system,
In Proceedings of the IFAC symposium on
fuzzy information, knowledge representation
and decision analysis (1983) 363-368, Tokyo,
Japan.

[11] Rahim Saneifard and Rasoul Saneifard, The
Median Value of Fuzzy Numbers and its Ap-
plications in Decision Making, Journal of
Fuzzy Set Valued Analysis http://dx.doi.
org/10.5899/2012/jfsva-00051/.

[12] R. Saneifard, T. Allahviranloo, F. Hossein-
zadeh and N. Mikaeilvand, Euclidean rank-
ing DMU’s with fuzzy data in dea, Applied
Mathematical Sciences 60 (2007) 2989-2998.

[13] R. Saneifard, A method for defuzzification
by weighted distance, International Journal
of Industrial Mathematics 3 (2009) 209-217.

[14] R. Saneifard, Ranking L-R fuzzy numbers
with weighted averaging based on levels, In-

ternational Journal of Industrial Mathemat-
ics 2 (2009) 163 - 173.

[15] R. Saneifard, Defuzzification method for
solving fuzzy linear systems, International
Journal of Industrial Mathematics 4 (2009)
321-331.

[16] R. Saneiafrd, Some properties of neural net-
works in designing fuzzy systems, Neural
Computing and Appllications http://dx.
doi.org/10.1007/s00521-011-0777-1/.

[17] R. Saneiafrd, Designing an algorithm for
evaluating decision-making units based on
neural weighted function, Neural Computing
and Appllications http://dx.doi.org/10.
1007/s00521-012-0878-5/.

[18] Y. M. Wang, J. B. Yang, D. L. Xu, K. S.
Chin, On the centroids of fuzzy numbers,
Fuzzy Sets and Systems 157 (2006) 919-926.

[19] R. R. Yager, On a general class of fuzzy
connectives, Fuzzy Sets and Systems 4 (1980)
235-242.

[20] D. Yong, L. Qi, A TOPSIS-based centroid-
index ranking method of fuzzy numbers and
its application in decision-making, Cybernet-
ics and Systems 36 (2005) 581-595.

Rahim Saneifard was born in
1972 in Oroumieh, Iran. He
received B.Sc (1997) in pure
mathematics and M.Sc. in ap-
plied mathematics from Azarbi-
jan Teacher Education University
to Tabriz. He is a Associate Prof.
in the department of mathematics at Islamic
Azad University, Urmia Branch, Oroumieh, in
Iran. His current interest is in fuzzy mathemat-
ics.

Rasoul Saneifard received his
Ph.D. in Electrical Engineering
from New Mexico State Univer-
sity in 1994 and has been em-
ployed by Texas Southern Univer-
sity since 1995. He is a Regis-
tered Professional Engineer, and
a licensed Journeyman Electrician in the State
of Texas. He served as Chair of the Department
of Engineering Technologies for three years, and
is a full Professor. Currently, he serves as the
Chair of the Faculty Senate at TSU. And, he is
a Program Evaluator for Engineering Technology
Accreditation Commission (ETAC/ABET). Also,

[ww.SID.id


http://dx.doi.org/10.5899/2012/jfsva-00051/
http://dx.doi.org/10.5899/2012/jfsva-00051/
http://dx.doi.org/10.1007/s00521-011-0777-1/
http://dx.doi.org/10.1007/s00521-011-0777-1/
http://dx.doi.org/10.1007/s00521-012-0878-5/
http://dx.doi.org/10.1007/s00521-012-0878-5/
http://www.sid.ir

104 Rahim Saneifard et al, /IJIM Vol. 9, No. 2 (2017) 99-104

he is Chair of the Engineering Technology Di-
vision of 2015 American Society for Engineering
Education (ASEE), and past Chair of ETD 2013
ASEE. Furthermore, he chaired the Engineering
Technology Division of the 2010 Conference on
Industry and Education Collaboration (CIEC), a
division of ASEE. He has been actively involved
in policy development at TSU in revising of the
Faculty Manual. He has authored numerous ref-
ereed papers that have been published in distin-
guished professional journals such as Institute of
Electrical and Electronics Engineers Transactions
(IEEE), and ASEEs Journal of Engineering Tech-
nology. He is a senior member of IEEE, and mem-
ber of ASEE, Tau Alpha Pi, Faculty Advisor for
Sigma Lambda Beta, and is the founder of Stu-
dents Mentoring Students Association (SMSA).
His research interests include fuzzy logic, electric
power systems analysis, electric machinery, and
power distribution.


http://www.sid.ir

185 Int. J. of Industrial Mathematics Vol. 9, No. 2 (2017)

A New Method for Comparing Fuzzy Quantities Based on Scaler
Value and Middle-Point of Fuzzy Numbers

Rahim Saneifard, Rasoul Saneifard

Gjlﬁ Aac) ) u.ﬂ:m adadl ¢ MOl lala (bl g ‘SJIA e | duwlBa (gl s dda (g SO

XN

s W il o) dl 8L e 550 a5 ) 4l avend ot s b el s a5 68 (5 Anllae allia (pl Coa
iz O ) 4kl a5l Ol st il eael iy el D) (e Gl g AL aneal a5 sl ol s ady s L
A See (5 Autia gl aﬁ@)ﬁﬁﬁ)\u )ngj).ng@ij Sl el saldiul Il AJ}.\)..})dJ}UﬁS

_&L\.m\amiaj)j]‘s.’j\j‘_gu aJ\JM@ﬁ&&_ﬁ\aﬁ@&gjm@w6aﬁ4.3§)§)l5\_3‘_5u)§3)}]),\


http://www.sid.ir

