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Abstract. The fuzzy set theory has been applied in manydigigch as management,
engineering etc. In modern management applicatianking using fuzzy numbers are
the most important aspect in decision making pmcEkis paper proposes a new method
on the incentre of centroids and uses of Euclidémtance to ranking generalized
hexagonal fuzzy numbers. We have used a rankingaddbr ordering fuzzy numbers
based on areas and weights of generalized fuzzypersn
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1. Introduction

Ranking fuzzy number is used mainly in decision-imgk data analysis, artificial
intelligence and various other fields of operatiogsearch. In fuzzy environment ranking
fuzzy numbers is a very important decision makingcpdure. Ranking fuzzy numbers
were first proposed by Jain [9] for decision makimduzzy situations by representing the
ill defined quantity as a fuzzy set and he hasmizeprocedure for multi aspect decision
making using fuzzy sets in [10]. Some of these irapknethods have been compared and
reviewed by Bortolan and Degani [3] and more rdgemt Chen and Hwang [5]. Lee and
Li [14] proposed the comparison of fuzzy numbermuLand Wang [15] presented
ranking fuzzy numbers with interval values. Thetogids of fuzzy numbers have been
examined recently and one of the most commonly usetthods under the class of fuzzy
scoring is the centroid point method. Centroid e&midn ranking fuzzy number only
started in 1980 by Yager [23]. Yager was the retearwho contributed the centroid
concept in the ranking method and used the hodtaatordinate as x and the vertical y
co-ordinates of the centroid point as the rankitdgk. Cheng [6] used a centroid based
distance method to rank fuzzy numbers in 1998.Thlem and Tsao [7] utilized the area
between the centroid point and the origin to ramkzy numbers in 2002. Abbasbandy
and Asady [1] suggested a sign distance methodafoking fuzzy numbers in 2006.
Wang and Lee [22] proposed the revised methodrimg fuzzy numbers with an area
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between the centroid and original points in200&8&ithen several methods have been
proposed by various researchers in [2,16-21] amiimg trapezoidal fuzzy numbers
using area compensation distance method, maximaidgminimizing set decomposition
principle and signed distance [4,24]. For an owamwof fuzzy arithmetic theory one may
refer [11-13] and the mean-value of fuzzy numb¢gB]n

In this paper, a new method is proposed which setan incentre of centroids
to rank fuzzy quantities .In a hexagonal fuzzy namlthe hexagonal is split into three
plane figures where the first part being a Triarayid the second a Hexagon and the third
once again a Triangle and then calculating theroielst of each plane figure followed by
the incenter of these centroids and then findirg Buclidian distance. The proposed
approach is compared with different existing apphes.

2. Preliminaries
Definition 2.1. Let X be a nonempty set. A fuzzy s&tin X is characterized by its
membership functionA: X - [0,1], where AXx) is interpreted as the degree of

membership of elementin fuzzy A for eachkX.

Definition 2.2. A fuzzy set is convex if
Ha (o (14xg) = min {45, 04), 45 0%)} 0, %, 0 X, A 0[0]

Definition 2.3. The fuzzy set A is normal if height (A) = 1. In ettwords there exist at
least onex [1 X suchthat 4z (x) =1

Definition 2.4. A Fuzzy number “A” is a convex normalized fuzzy setthe real line R
such that:

* There exist at least onéR with £/, (x) =1
* U, (X) is piecewise continuous.

3. Hexagonal Fuzzy Numbers

A fuzzy numberA4 is a hexagonal fuzzy number denoted 654 (a1, @, & &, 3, &)
where a, &, & &, &, aare real numbers and its membership funcp’gp(x) is given
below.

Definition 3.1. A fuzzy set /5“ defined on the universal set of real numbers $tid to

be generalized fuzzy number of its membership fandbas the following characteristics
function

(i) P(u) is a bounded left continuous non decreasingtfan over [0,0.5]

(i) Q1 (v) is a bounded left continuous non decreasimgtfon over [0.5,w]

(iii) Q2 (v) is a bounded continuous non increasing funatieer [w, 0.5]

(iv) B (u) is a bounded left continuous non increasimgfion over [0.5,0].
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0, for x< a
1 x- a
— , for a, < x< a,
2 a, - a,;
1 1 x- a,
—+ — , fora, < x< a,
2 2\ a, - a,
1, for a, < x< a,
,UA'H(X):
1 1 x-a,
— - — , for a, £ x< a,
2 2\ a; — a,
1 ag - X
— , for a;, < x < aq
2\ ag — ag
0, for x> a,

Remark 3.1.1. If w = 1, then the hexagonal fuzzy number is cathedormal hexagonal
fuzzy number.

Remark 3.1.2. Membership function,u/SH (X) are continuous functions.

Definition 3.2. A positive hexagonal fuzzy numbefx| is denoted by

A, = (a, &, &, a4,8, &) Where allgs >0 foralli=1, 2, 3,4,5,6.

Definition 3.3. A negative hexagonal fuzzy numbeﬁy| is denoted by

A, = (a, &, & a1 3, &) Where all gs <0 foralli=1, 2, 3,4,5,6.

Definition 3.4. If '5H = (a, &, & a4 &, &) is the hexagonal fuzzy number.
Then —A, = (-a, - & -3, - 8-, -a&) Which is the symmetric image ofA, .

3.5. Ordering of Hexagonal fuzzy number
Let & = (&, &, & &4 8, &) and L5>H = (by, by, bz by bs, bs) be in F(R) be the set of all
real hexagonal fuzzy numbers

) Ax=~By ifandonlyif &b, i=1,2,3,4,5,6

i) Az < By ifandonlyif a b, i=1,2,3,4,5,6

i) Ax> Bx ifand onlyif @b, i=1,2,3,4,5,6.

3.6. Ranking of Hexagonal Fuzzy Numbers
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An efficient approach for comparing the fuzzy numsbés by the use of a ranking
function R : F (R)-» R, where F (R) is a set of fuzzy numbers definedset of real
numbers, which maps each fuzzy number into a reatber, where a natural order

exists. For any two hexagonal fuzzy numbeds, =(a,a,a,a.3,8) and B,

=(loy, by, b, b4, bs,bs) we have the following comparison
i) Ag~ By = R(—’j:.r-.r]I = R[EH)

i)  Ax>Bux = RAx)>REx)
iy 4z <Bx = R@x)<REx)
4. Proposed Method

Gl Do)

w
¥y Bigs,—)
Blay, 7 A

Gy - - Gy

Ala,0) Play, ) Qlagl) R(ag,0)  §(as,0) Flag,0)

Fig.1 Generalized hexagonal fuzzy number

The centriod of a hexagonal fuzzy number is comsiti¢o be the balancing point
of the hexagon (Fig.1). Divide the hexagonal ifteeé plane figures .These three plane
figures are a Triangle ABQ, Hexagon CDERQB andragariangle REF respectively.
Let the centriod of the three plane figures beG&,G;, respectively. The incenter of the
centroids GG, ,Gsis taken as the point of reference to define timkirey of generalized
hexagonal fuzzy numbers. The reason for selectilgpoint as a point of reference is
that each centroid points are balancing pointsamheindividual plane figure and the
incenter of these centroid points is a much morarging point for a generalized
hexagonal fuzzy number. Therefore, this point wdedda better point than the centroid

point of the hexagon. Consider a generalize d menadguzzy numberds =(a, & ,a,
as,a, 3;W). The centriod of the three plane figures are

Gl:[aﬁaﬁas’V_VJ; G, :[az+283+2a4+ as,V_VJ; Gl:[a4+as+as’1vj;
3 6 6 2 3 6
respectively.

Equation of the liné"1 G2 is yzf and G does not lie on the line;&s.
Therefore G ,G; and G are non- collinear and they form a triangle.
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We define the incentrde/SH (x_o,yo) of the triangle with vertices GG, and Gof the

generalized hexagonal fuzzy numies =(ay, & ,3, &, ;W) aS

R (AR gy (2T, (MBI ap (e By, (), ()

A Co =L T PR A, COGRARTAR ()
where

o :\/(84+85+?3e-82-293)2+4V\’2 5 _J@rara-a-a-a) v (@ ras a2+

M 6 A 3 A 6 )

The ranking function of thé generalized hexaghm,zy number

'5H =(a, & ,a%, and, aW),which maps the set of all fuzzy numbers to & fereal
numbers

~ —2 —2
is defined asRA) =VX% *Y ()
This is the Euclidean distance from the incenfrine centroids.
In sum, the rank of two fuzzy numbersﬁ“ and B, based on the incentre of the
centroids is given in the following steps.
Let A* =(a, & ,%, ana, aW; and L5>H =(by, by, b3, by, bs,bg;wW,)  be two generalized
Hexagonal Fuzzy numbers then,
Step 1.
Find “A#A YA, g %8.P8, V8,
Step 2. L L
Find 'z, (X0 Yo) & g, (X0, Yo)
Step 3.

~ [—2 —2 = —2 —2
Find RA) =V *¥o g RBH=VX% *% an9 ysing the following for the ranking of fuzzy
numbers

i) it R(Ax) = R (Bx), then Az = By

i) If R(A%) < RE= ) thendx < By

i) If R(A#) = R®x ) then 4z = Bx

Example5.1. Let A, =(0.2,0.3,0.5,0.6,0.7,0.9;0.35) and

L5>H =(0.1,0.2,0.4,0.5,0.6,0.9;0.7) be two generalizedy numbers, then,
Step 1:
(@ +as+2a-2,- 2207 +an? | (06+07+ 209 -0~ 2097 + 4B
a- = =
A, 6 6 =032

o J 05+ 06+ 2(09) - 02- 2(04))2 + 4(07)?
By 6 =039

a,
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 _J@tata-a-as-a)® _(02+03+05-06-07-09)°

P, 3 3 =0.4
5 - J(©01+02+04-05-06-009)2
Bu 3 =0.43
ye = ‘/(a4+a5—a2—235)2+4wz _J©06+07-03-202)2% + 4(035)?
A 6 ) 6 =0.15
e = J(o.s +0.6-0.2- 2(0.1))2 + 4(0.7)2
Bu 6 =0.26
Step 2:
o 0302703+ 05, 03+1+06+07 )\ 06+07+09) (., 03§ () 03§ o, 0
1%, (0:Y0) =( 3 6 3 6 2 6 )= 043019
032+ 04+ 015 032+ 04+ 015
o 039 0Lt 02+04) | (1 02+08+05+06) ()0 05+06+09) (o007 01007 () 07
I§H (Xo0: Yo) = 3 6 3 ’ 6 2 6°) - (037,020
039+ 043+ 026 039+ 043+ 026
Step 3:

- 43)2 11)2 R 37)2 20)2
R:, V (0.43)2 + (0.11) —0.44 R  (037)2 + (0.20) -0.42

So R’Sﬂ > RﬁH then, Ay > By

Example 5.2. Let A« =(0.1,0.2,0.4,0.6,0.7,0.9 and E’h =(0.204,0.6,0.7,0.8,0.€ be two
generalized fuzzy numbers. Then,

Step 1;
o \/(a4 +a + 285 —ay — 285)° + AW _ J(o.6+ 07+ 2(09) - 02— 2(04))> +4
A 6 6 =0.47
o = J(o.7+ 08+ 2(09) - 03- 2(06))> +4
B 6 =0.44
. J@+a,+a;-a,-a5-25)2 _|/(01+02+04-06-07-09)2
Ar T 3 - 3 =05
5 - J(02+03+06-07-08-009)2
Bu 3 =04
o Jastag-a,-2a)? +aw? _ \J(06+07-02-2(01)%+4
VA " 6 i 6 =0.36
- J(o.7 +08-03-2(02)%2+4
Bn 6 =0.35
Step 2:
_ 01+02+03 02+08+06+07 06+07+09 1 1 1
|~ (X)’M)) y 047( 3 )+ 05( 5 )+ 036( 3 ) 0'47(5) + 0.5(5) + 036(5)) - 0s0027
Ay 047+ 05+ 036 ' 047+ 05+ 036 o
o 4 02+ 03+ 0.6) +04( 03+ 012+07+ 0.8) + 03 0.7+08+ 0.9) 0_44(}) + 0_4(&) + 035(1)
I5 (%,Y0) =¢ 3 6 3 — 2 6') = (053,026)
H 044+ 04+ 035 044+ 04+ 035
Step 3:

Ry, =V 0407+ 020% _ o Rg =1 (0597 + (0267 _
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So R < it then, Ay < By
Examplel of T.C.Chuand C.T.Tsao Approach:

Let A, =(0.2,0.305,0.6,0.7,0.9,0.: and B, =(0.1,0.2,0.4,0.5,0.6,0.9,C be two
generalized fuzzy numbers, then

a, aj a, as ag
J'fode + J'fode + dex + I(foR)dx + J'(foR)dx
- - _ a a a a a
X(Ay) = = a, : as 3a4 465 a65
.[fAde + j fldx + de + j fRdx + J f R dx
a, a, a, a, as
w w
e w e w
_[yg kdy+fyg & dy +Iyg§dy+j(yg§)dy
_ 0 W 0 W
Y (R 7 W 2 W 2
2 w 2 w
ngdy+fgkdy+jg§dy+jg§dy
0 w 0 w
N R
~ = 0 5 Vv, - =
(An ) Y(a,) =049
ki
Similarly,

;(éH):O.57 Y,) =058

S(Ay) = 024,S(B,) = 018
S(A1) > S(BW) then A > By

Examplell of T.C.Chuand C.T.Tsao:
Let A« =(0.1,0.2,0.4,0.6,0.7,0.9 and 3_, =(0.2,0.3,0.6,0.7,0.8,0.9 be two generalized

fuzzy numbers
a, as a,

as ag
jfode + J'fode + J'xdx + J'(foR)dx + J‘(foR)dx

- - _ a
X(Ay) =

1 ar as ay as
a, ag a, as a,
J' fldx + j fldx + J'dx " J' fRdx + J' f Rdx
a, a, ag a, ag

X(A,) = 0.45 Y(A,) =038
Similarly,

X(8,) = 0.55 Yy(B,) =051

S(Ay) = 036S(By) = 028
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S(An) > S(By) then Ay > By

Approache Chu T.C. and Proposed approach
Tsao .C T.[7] | Hexagonal

Ex 1 A, > By Ay > By

EX2 ;\H > §H ;H < §H

6. Conclusion

In this method, splitting the generalized hexagdnaty numbers into three plane figures
and then calculating the centroid of each planaréigiollowed by the incenter of the

centroid and then finding the Euclidian distance #me same problem was compared
with Chu and Tsao [7] method with comparative epkes. The main advantage of the
proposed approach is that this provides the coomdgring of generalized and normal
hexagonal fuzzy numbers and also easy to applizarréal life problems. Presently in

real life there are many situations and parametéts more criteria, so in order to get a
comprehensive result this method is very useful.
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