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Abstract: This presents a new distance method to find the distance between trapezoidal fuzzy numbers using centriod of
centriods. In addition, we prove that our proposed distance measure satisfies metric space properties. So far in literature,
This type of measure is first time introduced and applied by centroid of centroids using trapezoidal fuzzy numbers.
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INTRODUCTION

The theory of fuzzy sets has been associated to many fields that need to administer uncertain and inconclusive
data. These areas are approximate reasoning, decision making, optimization and control, where fuzzy number ranking is
a very vital constituent in the process of decision [2] , Fuzzy set theory and its application discussed in [3]. In [4]
approximation and aggregation of trapezoidal fuzzy number and metric and orders in space discussed in [5]. Distance
between intuitionist fuzzy sets and interval-valued fuzzy sets based on Hausdorff metric explained [6].The relation
between fuzzy number and its centroid evinced [7]. They had explicitly solved the related linear system in order to
characterize the ingredients of each of the trapezoidal fuzzy numbers. Albeit, the uniqueness of the problem is that this
system was not investigated by them. In the paper [9], the correct centroid formulae for fuzzy numbers and justify them
from the viewpoint of analytical geometry is discussed. The ranking of fuzzy numbers by sign distance was explained
[10]. The distance between the two arbitrary trapezoidal fuzzy numbers is the distance between its centroid explained in
[20].The compilation of the paper is as follows. Section - 2 consists of some basic concepts and the construction of
centroid of centroid trapezoidal fuzzy numbersSection - 3 is composed of a new distance measure putting into use the
centroid of centroids formula as well as left-right spreads. In addition, the metric properties of the suggested distance are
explored, finally example is furnished.

CENTROID OF CENTROIDS FORMULA FOR TRAPEZOIDAL FUZZY NUMBER
The membership function of a trapezoidal fuzzy number A= (a,b,c,d ;w) is given by:

M a<x<b
b-a = '
w <x<
f00=1" pExse w
M c<x<d
c—d ' -
0, otherwise.

If w =1, then Az (a, b,c,d ;1) is a normalized trapezoidal fuzzy number, otherwise A is a generalized or non normal
trapezoidal fuzzy number if O<w<1.

The Fig. 1 represents a trapezoidal fuzzy number A:
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Fig-1: Trapezoidal fuzzy number

Let us consider A to be a given trapezoidal fuzzy number such that A= (al, a,, 8, a4)then the centroid of

centriods point of Aiis obtained from the paper [19]

GAZ(ai+2a2+5a3+a4'4_Wj=(8~’8,~) @
9 9 ACA
where €. = 8 +28,+5%+3, and g’ _Aw

A 9 A 9

Hence, for any triangular fuzzy number with a piecewise linear membership function, its centroid of centroids
can be derived by

Gk:[m,ﬂv):(g”gg) @
9 9 A A
where €. :m and 8’~ -

A 9

A briefly review about the relation between trapezoidal fuzzy number and its centroid formula is given. Let us
consider the left and right spreads, (lA, r;\) where |3 =a, —aand rz =a, —agand centroid of centroids point

(cca,c'Cy ), where

_a+23,+5a;+3, ook = 4w
A 9 AT
The Fig. 3 represents centroid of centroid trapezoidal fuzzy number

(4)

909



Pardha Saradhi B et al., Sch. J. Eng. Tech., 2014; 2(6B):908-912

v

Fig-2: Trapezoidal fuzzy number

PROPOSED DISTANCE MEASURE FOR TRAPEZOIDAL FUZZY NUMBERS
In this section, we propose a new distance measure for trapezoidal fuzzy numbers using their centroid of
centroids point and left - right spread.

Let us consider trapezoidal fuzzy numbers A:(al,az,ag,a4)andl.5)=(bl,b b3, b, )with centroid of

centroids points (CC,C'C ) and(CCg,C'Cg ), left and right spreads (15, rg )and (15,15 ), respectively. The distance
measure of Trapezoidal fuzzy Numbers
fg (A B)=max{|ccs —ccgl,|Ia —lg|.ra — 15} ©)
And this fd satisfies the metric distance property. The following theorem proved the metric distance.
Theorem:
The distance measure fq under the consideration of the centroid of centroids points(CC4,C'C; ) and(CCg,C'Cj) of

positive fuzzy Numbers and also it’s, left and right spreads(lA, I‘A)and(lé,rg) respectively. Then the following
property are yield:

fa (A B)=0, (6)

fq (AB)=fq(B,A), %

fd(~,|§)=0:>A=|§, ®)

fq (AC)< fy(AB)+f4(B,C), ©)
for all positive fuzzy numbers A, I§, é

Proof:
Consider A= (a,,a,,85,8,)and B= (by,b,, by, b, ) are positive fuzzy numbers.

From Eq. 5 ,all the values of fy (A, é)ZO are positive so fy (A, |§)20,and fq (A, LS)): fq (é,A) for the
reason that|cCx —CCg| =|ccs -CCa| . [la—l5|=|ls —1a| |ra—Trs|=|rs —ra|-Now for & <bj,i=12,3 4.and
suppose that ’
fq (A B)=0= max{|ccs —ccs|,[Iz ~lg|.|ra — 15} =0
= |ccz—ccg|=0,|lz—15|=0.|rs—r5| =0
cci=ccg.lz=lg.rz=135.
li=lg=ay - =b-by=k;rg=rg=a,-a;=b, —b; =t (10)
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FromEq.4, CC; = a1+2a2;5a3+a4 ,CCx = bl+2b2;5b3+b4

a +2a,+5a; +4a, by +2by +5bs +by
= ,0)2=
9 9
Where CCz = @ =, =CCx
9w, =&, +2a, + 535 +a,and 9w, =b, +2b, +5b; +b,
a, =9m, —2a, -5a; —a, andb, =90, —2b, —5b, —D,
From Eq.10,8 =90, —2(a, +k)—5a; —(a5 +1), b, = 9w, —2(b, + k) —5b, —(b; +1)
a =9, —2a, —2k —5a; —a; —t, b, =9w, —2(b, + k) —5b, —(b; +1)
33, =9m, —2k —6a; —t, 30, =9m, —2k —6b, —t
33, =9m, —2k —t —6a,,3b, =9w, —2k —t —6b, (12)
FromEq.12, (b, —a,)+2(b;—a;)=0
We conclude that & =by,a, =b,,a, =b;,a, =b,and A=B.

(11)

Finally fq (A,C)=max{|ccs —cce| Iz —le|,|ra —rel}
= max {|cc; —ccg +CCs —CCe |, |la — g + 15 —lg|.[ra — 15 + 15 — 15}
< max{(|cc;\ —ccg|+|ces —cce|), ([1a —1a] +1s =) (Jra —rs| +|rs — ré|)}
< max{(|ccA —ccg|).(J1a—1g]).(Jra— r§|)}+max{|cc,§ —ccg|ls — s —re}
< fq(AB)+fy(B.C) #
Example:
Consider two Trapezoidal fuzzy Numbers '&1 = (0.1,0.2,0.4,0.5;1) ,
A,=(0.2,05,0.8,0.9;1)

From the Eq. 2 the centroid of centriods point of Al and Az are

G, (5%.%,)= {0.1+2(o.2);5(o.4)+o.5 | 421)]: (0.3,0444)

G, (% ’yo):(0.2+2(0.5);5(0.8)+0.9 | 42)1)]: (0.68.0.444)

From section 2, the centroid of centriods is
(cc;l ) crc’ﬁl ) = (0.3,0.444) , (CCAZ ,c’Ciaz ) = (0.68,0.444)

left and right spreads are (l,g1 , rﬁ& ) = (0.1, 0.1) and (lA2 , I’Az ) = (0.3, 0.1).

From the Eq.4 ,the distance measure of Trapezoidal fuzzy Numbers is

fd (&,Az)zmax{ccﬁl—cc'&z ,‘|51—|A2 ,‘rﬂi—r&‘}
= max {|0.3—0.68,/0.1-0.3,/0.1- 0.1}
=0.38

The Fig. 3 represents a trapezoidal fuzzy numbers Al , Az :

911



Pardha Saradhi B et al., Sch. J. Eng. Tech., 2014; 2(6B):908-912

1
I
1
I
I
I
1
I
1
I
1
I
J,
2 03 04 05 06 07 08 09 X

Fig-3: Trapezoidal fuzzy number Al , AZ

ADVANTAGES
The centroid of centroids of the two positive trapezoidal fuzzy numbers contains equal second coordinates of the

4w . - .
form ? so the distance formula [20] can be reduced. Moreover it is very comfortable to evaluate the distance

measures of Trapezoidal fuzzy Numbers. Further the distance measure is very useful to evaluate the fuzzy critical path
method using Fuzzy Topsis.

CONCLUSION

A novel distance measure is found for the space of all Trapezoidal fuzzy numbers putting into use the centroid
of the centroids point alongside left-right spread of trapezoidal fuzzy numbers. In addition to this, an investigation
regarding the metric properties of the suggested distance measure has been conducted. As a matter of fact, it is shown
that if the distance between centroid of centroids points of two arbitrary trapezoidal fuzzy numbers and the distance
between the left and the right extend to zero, then the two given fuzzy numbers are equal.

REFERENCES

1. Zadeh LA; Fuzzy sets, Information and Computation, 1965; 8:338-353.

2. Kaufmann A, Gupta MM; Introduction to Fuzzy Arithmetic:Theory and Application, Van Nostrand Reinhold,
NewYork, NY, USA, 1991.

3. Zimmermann HJ; Fuzzy sets theory and its applications, Kluwer Academic, Dordrecht, The Netherlands, Second
edition,1992.

4. Ban A, Coroianu L, Grzegorzewski P; Trapezoidal approximation and aggregation, Fuzzy Sets and Systems, 2011,

177:45-59.

Grzegorzewski P; Metrics and orders in space of fuzzy numbers, Fuzzy Sets and Systems, 1998; 97(1):83-94.

6. Grzegorzewski P; Distances between intuitionistic fuzzy sets and/or interval-valued fuzzy sets based on the
Hausdorffmetric, Fuzzy Sets and Systems, 2004; 148(2):319-328.

7. Hadi-Vencheh A, Allame M; On the relation between a fuzzy number and its centroid, Computers &Mathematics
with Applications, 2010; 59(11): 3578— 3582.

8. Friedman M, Ma M, Kandel A; Numerical solutions of fuzzy differential and integral equations, Fuzzy Sets and
Systems, 1999; 106(1):35-48.

9. Wang YG, Yang JB, Xu DL, Chin KS; On the centroids of fuzzy numbers, Fuzzy Sets and Systems, 2006;
157(7):919-926.

10. Abbasbandy S, Asady B; Ranking of fuzzy numbers by sign distance Information Sciences, 2006; 176(16):2405—
2416.

11. Abbasbandy S, Hajjari T; A new approach for ranking of trapezoidal fuzzy numbers, Computers & Mathematics
with Applications, 2009; 57(3):413-4109.

12. Asady B, The revised method of ranking LR fuzzy number based on deviation degree, Expert Systems with
Applications, 2010; 37(7):5056-5060.

13. Asady B, Zendehnam A; Ranking fuzzy numbers by distance minimization, Applied Mathematical Modelling, 2007;
31(11): 2589-2598.

14. Salahshour S, Abbasbandy S, Allahviranloo T; Ranking fuzzy numbers using fuzzy maximizing minimizing points,
Advances in Intelligent Systems Research, 2011; 1:763-769.

o

912



Pardha Saradhi B et al., Sch. J. Eng. Tech., 2014; 2(6B):908-912

15.

16.

17.

18.

19.

20.

Wang ZX, Liu YJ, Fan ZP, Feng B; Ranking L-R fuzzy number based on deviation degree, Information Sciences,
2009; 179(13):2070-2077.

Wang YM, Luo Y; Area ranking of fuzzy numbers based on positive and negative ideal points, Computers &
Mathematics with Applications, 2009; 58(9):1769-1779.

Chen SM, Chen JH; Fuzzy risk analysis based on ranking generalized fuzzy numbers with different heights and
different spreads, Expert Systems with Applications, 2009; 36(3):6833-6842.

Grzegorzewski P; Nearest interval approximation of a fuzzy number, Fuzzy Sets and Systems, 2002; 130(3):321-
330.

Ravi Shankar N, Pardha Saradhi S, Suresh Babu; Fuzzy Critical Path Method Based on a New Approach of Ranking
Fuzzy Numbers using Centroid of Centroids, International Journal of Fuzzy System Applications, 2013; 3(2):16-31,
2013

Ebadi MJ, Suleiman M, Ismail FB, Ahmadian A, Shahryari MR, Salahshour S; A New Distance Measure for
Trapezoidal Fuzzy Numbers. Mathematical Problems in Engineering, 2013.

913



