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Abstract—Ranking fuzzy numbers has become an
important process in decision making. Many ranking
methods have been proposed thus far and one of the
commonly used is centroid of trapezoid. Here we try to
derive detail mathematical derivation of centroids of a
Trapezoidal Intuitionistic Fuzzy Number along x and y
axis. After that we derive the ranking value from two
centroid along x and y axis. At the end of the article
ranking value on fuzzy geometric programming is used.
Here we are dealing with three strong decision making
concepts. Intuitionistic trapezoidal fuzzy system is much
more decision oriented approach than normal fuzzy
number in real life uncertain environment, where we can
apply membership and non membership concept for
analyzing any real life situation. Ranking value, based on
centroid of any Trapezoidal Intuitionistic Fuzzy Number
helps for conclusion derivation in quantitative way. We
here choose most powerful non linear optimization tool,
geometrical programming technique, for generating any
decision, using Trapezoidal Intuitionistic Fuzzy Number
with centroid ranking approach.

Index Terms—Centroid ranking method, geometric
programming, fuzzy number, generalized intuitionistic
fuzzy number, Trapezoidal Intuitionistic Fuzzy Number,
membership and non membership value.

I. INTRODUCTION

Ranking fuzzy numbers has been an indispensable area
of research especially for its applications in decision
making analysis to represent uncertain value. Ranking
fuzzy numbers started in 1976 when Jain [9] proposed a
ranking fuzzy numbers for decision making in the
presence of fuzzy variables by representing the ill-defined
quantity as a fuzzy set. Bortolan and Degani [5] reviewed
some of ranking methods for ranking fuzzy subsets. Chen
[17] suggested ranking fuzzy numbers with maximizing
set and minimizing set. Delgado et al. [3] showed a
procedure for ranking fuzzy numbers. Chen and Lu [5]
suggested an approximate approach for ranking fuzzy
numbers based on left and right dominance. Here we tries
to incorporate the centroid based ranking method with
Trapezoidal Intuitionistic Fuzzy Number (TrIFN).
Atanassov [1,2] first introduced the concept of
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intuitionistic  fuzzy set(IFS) characterized by a
membership function and a non-membership function,
which is a generalization of the concept of fuzzy set [6]
whose basic component is only a membership function.
In real life application non linearity in optimization
technique is biggest challenge. Geometric programming
is one of the best ways to deal with such situation. But
non linear optimization in real life can be uncertain and
situation oriented, due to changing the environmental
components. Here intuitionistic trapezoidal fuzzy system
(TrIFS) is used to deal with such uncertain nonlinear
environment. Coefficients of decision variables in the
objective function, the constraint coefficients, and the
right-hand sides of geometric programming problem are
taken as TrIFN. Using centroid ranking method at first
we generate centroids along x axis and y axis of
individual TrIFN. After that we calculate the ranking
value from two centrioids. In this way we get individual
ranking value of all TrIFNs. These ranking values can be
used in geometric programming problem for making
decisions.

Il. PRELIMINARIES

2.1. Definition

Intuitionistic Fuzzy Set: Let a set X be fixed, A is an
IFS in the form

A={<Xu (X),v () > xe X}

M, (X) is degree of membership and v, (X) is a degree
of non-membership. Where

i)y 0< M, (x) <1

ii) Osvﬂ(x) <1

iii) 0< M, (x) +V, (x)<1

2.2. Definition

Intuitionistic Fuzzy Number: An IFN A is defined as
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follows:

i) Anintuitionistic fuzzy subset of the real line.
if) Normal, i.e., there isany X, € R such that

() =1V, (x) =0)

iii) A convex set for the membership function ,, (x)

1, (% + (L= 0%, 2 min (%), 1 (%))¥%, %, €R 2 €[0.]

iv) A concave set for the non-membership unction
v_(X)

p ()(Ax+ (L= 2)%,) <max(u (%), 4, (06))¥%, X, €R, A€[0,1]

2.3. Definition

Let A is a TrIFN and is
A=([a,b,c,d],[&,b,c,d];w,u)

represented as

where0<w<10<u<lw+u<l;ab,c,d,a’,d' eR

Its membership and non-membership functions are
defined as follows:

(x—2a)
(b—a)

w,as<x<b (1)

,UA(X) = (;’ —x)

(d-c)
o, otherwise

w,c<x<d

(b—x)+(x—a")u
(b-a’)

u, b<x<c
(x—=c)+(d"=x)u
(d'-c)

0, otherwise

,a'<x<b (2)

V;(X):
,c<x<d’

For sake of simplicity, throughout this paper we have
considered a=a’,d =d’

Symbolically, then TrIFN has been represented as
A=([a,b,c,d],;w,u)

Fig.1. Trapezoidal Intuitionistic Fuzzy Number
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I1l. CENTROID BASED RANKING METHOD

Let A=([a,b,c,d],;w,u) be a TrIFN, which has
been shown in Fig-1. In order to find out the centroid of
TrIFN, the area under the membership and non
membership function has been considered together. First
of all the whole TrIFN has been split into five rectangles:
AGHB, BHKC, KJDC, DJIE and EILF.

Now, the centroid point has been determined by using
the formulae

. jxf (x)dx

j o _Jyamdy ®)
f (x)dx

~ [a(yay

Where the specific region bounded by continuous
function f(x) and g(y) respectively.

The required centroid point is (X ,,Y,) -

3.1. Mathematical derivation of centroid point

From Fig-1 we get

i) fu[ab]->[0w] and fr[c,d]->[0,w] are left and
right part of membership function of TrIFN
A respectively.

ii) gu[ab]->[0,u] and gr[c,d]->[0,u]are left and
right part of non membership function of TrIFN
A respectively.

iii) h..[O,w]->[a,b] and hg.[0,w]->[c,d]are the inverse
function of f_ and fr respectively

iv) k.. [0,u]->[a,b] and kg:[0,u]->[c,d]are the inverse
function of g and gr respectively.

From equation (1) and (2) and representing TrIFN as
A=([a,b,c,d],;w,u), we get

_(x-a) 7(d—x)W _(b-x)+(x-a)u  (x=c)+(d-x)u
Ch-a) "t d-9 Tt (b-a) Y (d-o)
h —a+ (b—a)yyhR _d- (d —c)y’kL _(a-b)y+(b-au) K= (d—c)y+(c—du)
w w (1-u) (1-u)
4)
From Fig-1 we get
(aw—au-+b)
w—u-+1
X, = _f Xg, dx+ xf dx +
a (aw—au+b)
w—u+1
(dw—du+c)
c w—u-+1
wadx+ _f X frdx + Xgrdx
b c (dw—du+c)
w—u+1
(aw—au+b)
w—u+1
X, = g, dx+ fodx+
a (aw—au+b)
w—u-+1
(dw—du-+c)
c w—u-+1 d
dex+ _f frdx + grdx
b c (dw—du-+c)
w—u+1
®)
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Integrating X, we get ol p2 (aw—au+b)?
1 (w—u—|—1)2
_|__
m e (avlezb) 2 b 2 b—a
=9, |—= + f | —= +
" L_ZL L|:2:|(awau+b) aw b — aw—au -+ b
w—u+1 B W—u—|—1
_ (dw—du-c) b — a
W2 ° [ Tweurl 21
w|—| +f | = +0q| —
2 Rl 2 . 9 2 | (dw-du+c) W[(dw—du-f—c)z_cz]
i —I—w(c—b)—i—i (w—u+l)2
2 c—d
(l_u)[(aw—au+b)3 _a3J
1 (w—u+1)3 dw(dw—du—l—c —CJ
3 a—>b L w—u + 1
c — d
(-6 +au) [ (a(w—au+)b2)2 7(12]
1 w—u—+ 1 2
32 a—b (1—u) | d®— (dw—du+c)
_}_i (w—u—i—l)2
b3 (aw—au—!—b)3 2 d—c
1 " B (w—u—l—l)3
+_
3 b—a dw—du+c
(—c—|—du)(d— E—— )
B PR PREY ; w—u
_ 1 (w — u + 1)? d—c
2 b — a

Putting the values of X and X, at equation (3), we get
w[ (dw—du+c)3 _03]

1 2 2 1 (w—u-‘rl)3
+2W(c b)+3 P XA:i:
X5
dvv((afw—du—i—c)2 _02] 3
1 (w —u + 1)2 1 (aw—au+b) 3
) c —d (1 —u) 3
1 (w—u-+1)
3 (dwfdquc)3 3 a—b
(1 —u) | d — 3
_|_L (w —u + 1) )
3 d — ¢ —
(=b +au) (aw au—l—l;) _2
5 _'_L (w—u+1)
(-c+du) [dzf (dw—du—!—cz) ] 2 a—>b
+L (w—u—+1)
2 d—c¢ 3
w(b3— (aw—au—FZ;) J
Integrating X, we get 1 (w—u-—+1)
_|__
3 b — a
(aw—au-+b) b
XZZQL[X]a w-u+l +fL[X] (aw—au+b) + 5 (aw—au +b)2
w—u+1 aw | b” — >
1 (w—u—+1)
c (dw-du-c) g 2 b —a
wx], + fo[X], vt + g [X] @w-tue) = 3
w-u+l (dw—du+c) 3
1 - (w—u+1)° ~c
1 242 1 -
(l_u)[(aw—au-l—b)2 _azJ +2W(c b)+3 c—d
1 (w—u—l—l)2
2 a—>b o 2
dw{(d(w dqu)cz) _CQJ
1 w—u+ 1
(_,,Hu)(w_a] i P
n w—u+ 1

a—>b
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|

(dw—du+ c)? _CzJ

w— u +
_ 1 ( 1)?
2 c—d
(—c+du)[dz——(dw_d”-l-c)z]
-I-l (w—u-l—l)2
2 d—c
. 2
(1_u)((aw au-l—l;) _azJ
1 (w—u+1)
2 a—>b
aw—au-+b
N ( b—l—au)( o — 1+ 1 a)
a—>b
w[bz— (aw—au—l—b)z)
+i (w—u~+ 1)>
2 b — a
w[bz— (aw—au—!—b)z]
—i—l (w—u+l)2
2 b —a
W (dw—du—!—c)2 _ 2
1 (w—u+ 1)
L+ L w—u )

2 c—d
dw(dw—du+c _CJ
. w—u—+ 1 i
c —d
(1—u)[d2— (dw—du—l—c)z]
1 (w—u—i—l)2 "

2 d—c
(—c—|—du)(d— dw—du—!—c)
4 w—u—+ 1
d—c

Fig.2. Inverse Function of TrIFN
From Fig-2 we get
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(€)

w
—u+1

w 1 W- 1
y1=jy(hR—hL)dy+{jyddy— [ yhedy— |
0 0 0 w

_w
w—u—+1

+

[e]

1
yhody+ |

w—u—+1 >
w _

w—u+1 1
[ hedy— [ kedy
0 w

w

1
Yo = I(hR - hL)dy+{[ddy_
0

0

w
w—u—+1

—+

Oty

h_dy + _T k,_dy —j'ady
w [e]

w—u-+1 }

Integrating Y, we get

27w 271t 27 weurd 2
et ] 7T ]

Ld—i—i (a’—c)w2
2 3 (w—u-{-l)3
3
5 (d—c)[l— L4 ]
1 dw 1 w=—u+1)
2 w—ut1? 3 I—u
W
(c—du)[l 2] )
1 (w=—u+1) -I-l (b—a)w
2 I—u 3 w—ut1)
1 aw?
+ 5 2

3
(a—b)(l— Lid 3J
1 (w—u-+1)
+3 1 —u
b 1 w?
! a”)( (w—u+1)2J
2 1 —u

Integrating Y, we get
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Ya :(hR _hL)[y]oW+d[y } _hR[y]Oﬁ_kR [y]li

w-u+1

2

+h, [y]oV\Fqul + K [y]li - a[y]o1

w—u+1

:l[_u_b;a) Y rdw-awtd-
2 w w

dw
w—u+1

1 (d—cw
2 (w—u—l—1)2

get

_l_ a1
2 w-ut)t 3 I-u
W2
(c—du)[l— 2] )
1 (w=—u+1) 1 (b—a)w
2 I=u 3 w-utl)

1
+? 1 —u
WZ
(b—au)[l— 2]
+i (w—u+1)
2 1—u
>
(b—au)[l— w ZJ
1 (w—u—+1)
+7 1 —u
i(_d—c_b—a) 2
2 w w
+dw—aw+d- dw Jrl (d—c)w2
woutl D -y 41)
(d—c) |1 w
1 c( (w—u—!—l)zj
2 1 —u
w
_(c_du)(l_w—u-l-l] aw
1—u w—u-+1
1 (b—a)w
+ - ——+
2 (w—u—i—l)2
(a —b) |1 w?
1 “ [ (w—u—!—l)z} 4
2 1 —u
w
(b_au)(l_w—u+lj _;
1—u (8)

3.2. Centroid Based Ranking function
The ranking function of the TrIFN

A= ([a,b,c,d],; w,u) is defined as
R (A) =X, +Y,7 , which is the Euclidean

distance from the circumcenter of the centroids and the
original points.
Now from equation (6) and (8) we can generate

centroid based ranking value of A= ([a,b,c,d],;w,u),
whichis Rcentroid (A)
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IV. COMPARATIVE STUDY OF CENTROID RANKING
METHOD WITH OTHER RANKING APPROACHES

Here we try to compare centroid based ranking
approach with a) Wu and Cao ranking method b)
Jiangiang and Zhong ranking, using two numeric
examples and conclude to a particular decision.

4.1. Numerical Example

Example 1:

Suppose TrIFN
A =[(0.63.0.75.0.83.0); 0.65.0.2]
B =[(0.62,0.75,0.829,0); 0.63,0.21]

Using Wu and Cao ranking method we get

1
d(d,r*) =2 [0 +wy —ugda— (1 +w; —ug) 1l
+HQ +wy —uydb— 1 +wy —uy) 1
+HQ +wy —ugo— (4 +wy —uy) 1]
+1 +wy —ugdd — (1 +wy —uyl 1]

Where A = [(a. b, c. dJ; w, u]
And v+ = [(1.1,1,1): 1,0]

If d(4; v*) = d(A4;.r*) then 4; < 4
Here
d(4,r*) =0.35 and d(B,r*) = 0.35

So, dlA.r*) = d(B,r*)or A=B

But putting the value of A and B at equations (5), (6),
(7) (8) we get
X, =0.2547 ¥, = 0.2475
¥z = 0.357

= 0.357 X3

So, A>B

Example 2:

Suppose TriFN
A = [(0.56,0.74,0.20,0.9); 0.5,0.5]
B =[(0.50,0.70,0.85,0.95); 0.5,0.5]

Using Jiangiang and Zhong ranking approach we get
S(A4) =1(4) = (w —u)

H{A) = I'(A) = (w + u)

Where I(4) =>[(a + b+ c +d) = (1 +w — ]
A=[a, bc.dlwu]

Here ST4) =0.5(B) =0
H(A) = 0.375, H(B) = 0.375

So, A~B
But putting the value of A, B at equations (5), (6), (7)
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(8) we get
X, =0.7236 V,
Xz = 0.3542

= 03715 Xz =07146

So, A>B

4.2. Discussion

From examplel, using Wu and Cao ranking method,
we observe that, these two TrIFNs (A, B) are not
comparable, but using centroid ranking method two
TrIFNs (A, B) can be compared as A>B.

Similarly in example2, using Jiangiang and Zhong
ranking method we observe that ,these two TrIFNs(A,B)
cannot be compared, but using centroid ranking method
two TrIFNs(A,B) can be compared as A>B.

From these examples it is clear that, for deriving the
ranking result, centroid based ranking method is one of
the best approaches because this method gives ranking
result correctly and overcomes the drawbacks of the
existing methods (Wu and Cao, Jiangiang and
Zhong).For this reason we try to incorporate this
approach in nonlinear uncertain environment for getting
better decision making results. Fuzzy geometric
programming is one of the significant areas to take
decision at most uncertain real life situations. Below we
try to implement geometric programming and its duality
in fuzzy environment and using centroid based ranking
method we generate ranking values of TrIFNs and using
them we generate a mathematical derivation.

V. CENTROID BASED RANKING VALUE IN Fuzzy
GEOMETRIC PROGRAMMING

5.1. Generalized
programming

equation of Fuzzy geometric

Here we are taking the coefficients of objective
function,constrains and right hand side of constrains as
TrIFN.

H No n
Mln f (X) — ZC’OJ_HXiao-J
j=1 i=1
Subject to constrain

gk(x):ickjf[xiaku =5 > 9)

Or
1 1E L e
=00 ==> ¢ ] [x™ <=1
bi bi j=1 i=1 /
Where
601(121,2, ......... vNy)
ij(k—l,Z, ........ ,m; j=12,....... Ny)
b (i=12,......... ,N) are TrIFN.
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5.2 Dual form of Fuzzy geometric programming equation
with centroid approach

M 4 (Gy) A
aX V(ﬂ,) HH( centroi q] ZﬂmJ

k=0 j=1

Where R 04 (€)= Centr0|d based value.

Subject to constrain >(10)
2’101_1 Zzaku’?’kl =0, /q'kl 20
k=0 j=1
Where i=12,... N =12, Ny
k=12,.... ,m J

VI. NUMERICAL EXAMPLE

Example:
Min
f(x)=(234,6,0.4,0.6)xx, +(4,6,7,9,0.3,0.7)x,%, +(8,9,10,12,0.5,0.5)x X,
Subject to
(50,70,80,90;0.8,0.2)x,x,"x;* < (10, 20, 25,30;0.6,0.4)
Where X, X,,X; =0
Where X, X,,X; =0

For TrIFN A=([a,b,c,d],;w,u) , we have
Rcentroid (A) = \/ XA2 +YA2
Here

=(2,3,4,6;0.4,0.6)
=(4,6,7,9:0.3,0.7)
=(8,9,10,12;0.5,0.5)
&, = (50,70,80,90;0.8,0.2) / (10, 20, 25,30; 0.6,0.4)

Using equations (6), (8) and R, (A) = JXAZ +Y,7

we can generate

Rcentroid (601) =4.111 RCentroid (602) =6.513
R entroid (603) =10.097 R entroid (611) =3.554

{““(ﬂmwz ﬂos)} {6213%1%2%3)}

/111
[%mmwzmm} [if“(ﬂlo}
(1)

v(4)=

Subject to
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Aoy + Agp + Agg =1
Aoy + Ags — A4, =0
Joz + P = A0y =0 (12)
Aoy + Ay — A4, =0

01 20,45, 20,45 20,24, 20

Solving equations (12) we get

A = Aoy = 203__ And 4, =

Putting the values in equation (11) we get

2
(12:333) (19.539): (30.291) (3.554)s=43.48

So the minimum value of f (x) =43.48

From Ay =Ag, =Ags = and Ay =

=— we get

X =1.6, X, =1.008, Xy = 2.476
So,

Min

f(x)=43.48and x, =1.6,x, =1.008,x, =2.476

VII. CONCLUSION

In this paper we try to analyze one of the important
ranking approach, which is centroid based and apply it on
Trapezoidal Intuitionistic Fuzzy Number(TrIFN).We
choose TrIFN, because of its both membership and non
membership functional support. Any real life situation is
combination of possible and non possible occurrence of
incidents, which can be represented by TrIFN, in better
way. Using centroid based ranking approach we generate
single quantitative value from interval based TrIFN,
which is applied on geometric programming problem. For
working on real life non linear environment geometric
programming is a better approach and using TrIFN with
centroid based ranking method on geometric
programming gives perfect decision making result. Here
our main aim is to deal with situation oriented real life
decision making problem with non linear uncertain
mathematical analysis in presence of ranking approach.
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