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ABSTRACT:

In this paper,interval valuedfuzzy numbershave been defined and a new ranking formula have
been proposed.The membershiparea of the fuzzy numbers aresplitted into plane figures and centroid
of the centroids of these plane figures are calculated. The ranking formula is calculated by finding
the area of this centroid from the origin. The advantage of this paper is that the ranking IVFN by this
approach yields better solution when compared with other ranking methods. This approach is
illustrated with numerical examples.
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INTRODUCTION:

Generally, fuzzy numbers are employed to express uncertainity. Type 1 fuzzy set theory is
used to deal with imprecision. But it is not always possible for a membership function of the type to
assign one point from[0,1]. For a fuzzy number, the degree of the membership is a crisp number
whereas the degree of the membership for an interval valued fuzzy number is an interval.

In May 1975, Sambuc® presented in his doctoral research, the concept of IVFS named as ¢ fuzzy

set. Interval valued fuzzy sets were suggested by Gorzlczany? andTurksen®. Wnag and Li* defined
interval valued fuzzy numbers IVFN and gave their extended operations.Stephen Dinagar and
Abirami® proposed an analytical method for finding critical path using IVFNS in fuzzy project
network. Feng’solved job shop scheduling problem with imprecise processing time as (4, 1) interval
valued fuzzy numbers.Abirami and Stephen® developed a new approach on ranking L-R type
interval valued fuzzy numbers.

In this paper we define triangular, trapezoidal, pentagonal , hexagonal and octagonal interval
valued fuzzy numbers and develop new ranking technique on those fuzzy numbers which are more
efficient .

INTERVAL VALUED TRIANGULAR FUZZY NUMBER:

Atriangularfuzzy number A issaidto be an interval valued triangular fuzzy number(IVTFN) in

the parameter b; < a; < b, < a, < az < b; denoted by A= {(ay,a,, az),(by, by, b3);wh,wl},

0< w} <w/ <1ifits membership functions are as follows.

( 0 x<a )
L p—
az—a;
Lyoy—
Ha (X)=1 r
WL(x—a
L A 3)
< <
Wy ta—a, 2 =X=40az
\ 0, X > as J
( 0 x < by )
U p—
bz—bq
Uroy —
Ha~(X) =3 r
wY(x-b
wy -0 < x < b,
bs—b,
\ 0, X > by J
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Interval Valued Tri lar Fuzzy N
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Consider the IVTFN A={(ay, a,, as,w}), (by, by, b3, wY);}, The centroid of a traingle is considered
to be the balancing point of the triangle.

L
The Centroid of the triangle ABC is:(%, %)

a{+ax+as " wﬁ)

Now we define S(z4) = xo.yo - (2 ;

This is the area between the centroid of the centroid and the original point.

b1+b2+b3 % WX)

similarly S(uf) = xo.yo = (22 -

Using the above definitions, the rank of A is defined as follows:

_ wh s@h+wiswd)
R()= a2 s

INTERVAL VALUED TRAPEZOIDAL FUZZY NUMBER
We define a Trapezoidal fuzzy number A to be alnterval valued Trapezoidal fuzzy
number(IVTrFN) in the parameter by, <a; <b, <a, <az <b; <a, <b, denoted by

A={(ay,a, as, a,,wk), (b, by, bs, byywi);}, 0< wh < wf <1, if its membership functions are as

follows.
( 0 x<a; \
L —
M ) al S X S az
a,—aq
L
L _ W4, Ay <x< as
g (X)= g
WL X—a
Wff—w, a; <x<a,
as—as
\ 0, X > ay J
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( 0 x < b )
Uly—
M’ b, <x<b,
bz—byq
U
wy, b, <x<b
A (X)=4 4z 3 >
U
-b
X_(WIZ)(_xb 2, by <x<b,
4 3
\ 0, x> b, J

Interval Valued Trapezoidal Fuzzy Number
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by a b, a a b, ay b,

Consider the IVTIFN A= {(ay, a,, as, a,, wk), (by, by, bs, by, w¥)}. The centroid of a
Trapezoid is considered to be the balancing point of the Trapezoid. Divide the membership part of
trapezoid into three plane figures namely a triangle, a quadrilateral (kite) and a triangle respectively.
Let G4, G, G5 be the centroids of these three plane figures.

The Centroid of these centroids G;, G,, G5 is considered as the point of reference to define the
ranking of generalized Interval valued fuzzy numbers. As the centroid of these three plane figures
are their balancing points , the centroid of these centroid points is a much better balancing point for a
GIPEN.

The Centroids of these plane figures are

_fait2a, Wf; . _faz+tasz W_ﬁ _f(2az+a, W_ﬁ .
G.= —2); G,= and Gs= respectively.
1 3 ’"3)" 2 2 3 '3

Thus G1, G, and Ggare not collinear and they form a triangle. Thus the centroid of these centroids
5

G(Xo,Yo0) = (

(2a1+ 7a,+7a3z+2a4) 7Wﬁ )
18 18

(2a1+ 7az+7a3+2a,) 7Wﬁ
18 18

Now we define S(u%) = Xo.Yo =

This is the area between the centroid of the centroids and the original point.
Similarly the trapezoid corresponding to the upper membership function is divided into three
plane figures. In similar fashion, the centroid of the three plane figures and the centroid of these

centroids are evaluated. The centroid of these plane figures are

IJSRR, 7(4) Oct. - Dec., 2018 Page 1235



S. Shunmugapriya et al., I]SRR 2018, 7(4), 1232-1242

by+2b, WY by+bz w¥ 2bs+b, wY .
i ) (5 s (22 ) sy

Thus G1, Gy and Ggare not collinear and they form a triangle. Thus the centroid of these centroids
IS

_(2b1+ Tby+7b3+2by) TWY
G(XONO) _( : 218 2 2 ) 1;)

(2by+ 7by+7b3+2by) TWY
18 18

Now we define S(uY) = Xo.Yo =

Using the above definitions, the rank of A is defined as follows:

_ Wi SuD+wysuy)
R(A)=— mfﬁ+w§ :

INTERVAL VALUED PENTAGONAL FUZZY NUMBER

We define apentagonal fuzzy number A to be alnterval valued pentagonal fuzzy
number(IVPEN) in the parameter b < a; < b, < a, < b3 <az <ay < b, < as < bsdenoted by
A= {(ay,az as, a4, aswy), (by, by, bs, by bs,wi);} . 0 < ky<k, < wi<wf< 1, if its

membership functions are as follows.

( 0 x<a )
Ky(x—az)
- <x<
K; p a, <x<a,
Ki-wh)(x-a
Wj_'_w, az SxSaB
az—as
L —
g (X)=1 >
Ki-wh)(x-a
W/lf + w ) a3 S X S a4
as—as
Ki(x-ay)
S 5 Sl 24 <x<
K; p— a, <x<as
\ 0, X > as J
( 0 x < b )
Ky,(x—b
KZ_ Z(X 2)’ b1<x<b2
bi—b,
Ky—wh)(x—b
Wj+—( 2 wiahy <x<bs
by—bs
U -
ta (X)=1 >
Ky—wh)(x—b
W£+—(2 A 3), bs <x <b,
bs—bs
Ky (x=b,)
K1 - —bs—b4 , b4 <x< b5
\ 0, X > bg )
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Interval Valued Pentagonal Fuzzy Number

e .
/- 7/” \\\_\\
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Consider the IVPFN A={(ay, a,, as, a,, as, wk), (by, by, b3, by, bs,w)}. The centroid of a
pentagon is considered to be the balancing point of the pentagon. Divide the lower membership part
of pentagon into three plane figures namely a quadrilateral (kite ) and two triangles. Let G, G,, G5 be
the centroids of these three plane figures.

The Centroid of these centroids G, G,, G5 is considered as the point of reference to define the
ranking of generalized pentagonal Institutionistic fuzzy numbers. As the centroid of these three plane
figures are their balancing points , the centroid of these centroid points is a much better balancing
point for a GIPFN.

The Centroids of these plane figures are

+az+az K +az+ L+k +az+as K .
GI:(%,?l); Gz:(a2 St A 1) and 63:(%,?1) respectively.

Thus Gi, Gy and Ggare not collinear and they form a triangle. Thus the centroid of these

centroids is

(a1+ 2a,+3az+2a4+as) 3K1+Wﬁ )

G(Xo,Yo0) = ( 5 —

((a1+ 2a,+3az+2a4+as) )X 3K1+wﬁ

Now we define S(uk) = Xo.yo = 5 9

This is the area between the centroid of the centroids and the original point.
Similarly the pentagon corresponding to the upper membership function is divided into three
plane figures. In similar fashion, the centroid of the three plane figures and the centroid of these

centroids are evaluated. The centroid of these plane figures are

_ b1+b2+b3 K1 . _ b2+b3+b4 WX+K1 _ b3+b4+b5 K1
Gi=(————=,—),; G,= , ; Gy=|——=,—=).
1 3 3 2 3 3 3 3 3

The centroid of these centroids is

(b1+ 2b2+3b3+2b4+b5) 3K1+W}4]

G’(X01y0): ( 9 P )
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(b1+ 2by+3b3+2bs+bs) )x 3K +wY
9 9

Using the above definitions, the rank of A is defined as follows:

Now we define S(uY) = Xo.yo = (

_ Wi SuD+wysuy)
R(A)=— vfﬁ+w§ :

INTERVAL VALUED HEXAGONAL FUZZY NUMBER

We definehexagonal fuzzy number A to be an interval valued hexagonal fuzzy
number(IVHFN) in the parameter b; <a; < b, <a,<bs;<a;<a,<b,<as<bs; <ag<
be denoted byA= {(ay,a,, as, as, as,ag, wk), (by, by, b3, by, bs, b, wY)}, 0 < ky <k, < wk <

wY <1, ifits membership functions are as follows.

( 0 x<a \
az—a,
L
wy—Kq)(x—a
K+ (Wi-Ka)(x-as) , a, <x<ag
az—asy
pa()=4  wg a; <x<a,
L
L, (Ki-wg)(x—as
- < <
wy + P ,  a, <x<as
Ky (x—as)
- < <
K; p— as <x < aq
\ 0, X > ag J
( 0 x < by )
Kple=by) by <x<b,
by—by
(WX—KZ)(x—b3)
- < <
K, + py— , by <x<bs
pd(x)=2 wy b; <x<b,
Ky—wY)(x—b
wy g emwa)eby oy g
by—b3
K (x—bs)
— =2\ 75 <x<
KZ be—bs b5 X b6
\ 0, X > bg )

Interval Valued Hexagonal Fuzzy Number
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Consider the IVHFN A={(a,, a,, as, a,, as, ag,,wk), (by, by, b3, bs, bs, bs,,wi)}. The centroid of a
Hexagon is considered to be the balancing point of the Hexagon. The centroid of Hexagon is the
centroid of centroids G,, G,, G; which is considered as the point of reference to define the ranking of
generalized hexagonal Intuitionistic fuzzy numbers. As the centroid of these three plane figures are
their balancing points , the centroid of these centroid points is a much better balancing point for a
GIHFN.

The Centroids of these plane figures are

_f(aitazxtas kg _fastastag kq _(2a1+7a3+7a4+2as 7,wﬁ+4k1 respectively
G, =(2TT 1) g=(HTET% M) and G,= , .
3 3 3 3 18 18

From the above figure, the centroid of hexagon is calculated as

(6as+ 8az+13az+13a,+8as+6ag) 7wh+16k,

G(Xo,Yo) = ( ” — )

(6a1+ 8ap+13az+13a,+8as+6as) )x 7wh+16k,
54 54

Now we define S(u%) = Xo.Yo = (

This is the area between the centroid of the hexagon and the original point

Similarly

(6b1+ 8by+13b3+13b,+8bs+6bg) )X 7wy +16k,

we define S(ud) = Xo.yo = ( ” 54

Using the above definitions, the rank of A is defined as follows:

_ wh s@h+wisw)
R()= a2 s

INTERVAL VALUED OCTAGONAL FUZZY NUMBER:

An Octagonal fuzzy number A is said to be a interval valued Octagonal fuzzy
number(IVOFN) in the parameter by <a; <b,<a,<b;3<az<bh,<a,<as<bhs<ag<
bg <a; <b; <ag<bg denotedby
A= {(ay,ay, as,ay,as, ag, a;, ag, wk), (by, by, bs, by, bs, bg, by, bg,w{)} , 0 < k; <k, < wk <

wf <1, if its membership functions are as follows.

( 0 x<a )
ki(x—a
az—a,
kl! a, <x< as
L
wsi—Kq)(x—a
kl + M ) a3 S X S a4
as—as
L
L (y\— wia, <x<a
pa (X)=1 A > ¢
Ki—wh)(x-a
wh oy Eawdllas g
Ag—0Qas
K, ag <x < a,
Ky(x—ay)
- <x<
K o a;, <x<ag
\ 0, X > ag )
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( 0 x < by )
ko (x—by)
sl b <x<b,
ks, b, <x<bsg
Y_K,)(x—b
kz‘l‘w, b3 Sbe4
by—bs
Up <x<
By (0= Wabs =x=bs >
Ky—w¥)(x—b
wY 4 (Kazwa)Gebs) ;”A);x 2 by <x <bg
6~ Us
KZ) b6 <x< b7
K, — %&b b, < x < bg
\ O ) x > b8 J

1 Interval Valued Octagonal Fuzzy Number

In similar fashion, The centroid of octagon is calculated as

2a4+ 7a,+9a3+9a,+9as+9ag+7a,+2ag) Twh+18k,
3 5 6 8 A

G(Xo,Y0) = ( ” s )

L
. 2a,+ 7a,+9a3+9a,+9as+9a¢+7a,+2 w4 +18k
Now we define S(,uﬁ) = Xo.Yo - (( ai+ 7a,+9az a454 as+9ag+7a; as))>< WA54 1

This is the area between the centroid of the centroids and the original point.

Similarly,

. 2by+ 7by+9b3+9b,+9b5+9bg+7by+2b 7wy +18k
Now we define S(y%) = Xo.Yo = (( 2 454 S 8))>< . WA54 2

Using the above definitions, the rank of A is defined as follows:

Ly, Ucr U
ra)twaS(ua)
wh+w¥

ARITHMETIC OPERATIONS:

If A={(ay, ay, as, a,), (by, by, b3, by); wk, w3, and

B={(cy, ¢y, C3,¢4), (dy,dy, ds, dy); wh, WY}, are two IVTFN then

A+B ={(a; + ¢;,a, + cy,a3 + ¢y, a4 + c4),by +di, b, + dy, b3 +ds, by +dy); W, U} where w =

L
R(A)= A%

min{w%, wi}u = max{w/, wi}
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A'B:{ (al - C4, az - C3, a3 - Cz, a4 - Cl)(bl - d4, b2 - d3, b3 - dz, b4 - dl); W, u} Where W =
min{wk, wi}u = max{w/, wi}
A*B ={(a;.R(B),a,.R(B),as.R(B),a,.R(B))(by.R(B), by. R(B), b3. R(B), bs-R(B ));

w ,u} where w = min{w%, wi}, u = max{w}, wj} if R(B)>0

— a az as ay by b, b3 by
AB = Ll )(R(B)'R(B)'R(B)'R(B)

. - H L L —
R(5)’ R(B)’ R(B)’ R(B) );w,u} where w = min{ wy,wg }, u =

max{wy, wj}
In Similar fashion the arithmetic operations can be defined for other fuzzy numbers.
NUMERICAL ILLUSTRATION.
Consider the Interval valued trapezoidal fuzzy number denoted by
A={(ay, ay, as, a,; wk), (b, by, bs, by w¥)}={(2,4,5,7;1)(1,3,6,8;1)
Rank of A by the proposed method:

L L U U
R(A): Wi S(a)+waS(pa) where

wh+wl
L\ — (2a1+ 7a2+7a3+2a4) % _
S(,LLA) = Xo-Yo = 18 T 1.75
U
S(‘u—g) — Xo_yo _ (2b1+ 7b21';7b3+2b4) .7\14/8A — 1.75
R(A) = 1.75

Rank of A defined by the existing method in [6]

ai+ay,+az+as+bi+by+b3z+b
R(A):(l 2+as 481 2+b3 4):4.5

CONCLUSION:

This paper proposes interval valued triangular, trapezoidal, Pentagonal, hexagonal and

Octagonalfuzzy numbers along with a efficient ranking technique. This centroid based ranking

method gives more efficient result and is illustrated with a numerical example.
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