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ABSTR.ACT

In this paper, some new elementary operators on a-cuts of Triangular Fuzzy Numbers
(TFNs) and some new operators on ce-cuts of Triangular Fuzzy Number Matrices (TFNMs)
are defined. Using these operators, some important properties are proved.

INTRODUCTION

Real world decision making problems are veiy often uncertain (or) vague in a number of ways. In
1965, Zadeh [5] introduced the concept of fuzzy set theory to meet those problems. The fuzzyness can be
represented by different ways. One of the most useful representation is the membership function. Depending on
the nature of the membership function the fuzzy numbers can be classified in different forms, such as Triangular
Fuzzy Numbers (TFNs), Trapezoidal Fuzzy Numbers, Interval Fuzzy Numbers etc. Fuzzy matrices play an
important role in scientific development. Fuzzy matrices were introduced by M.G.Thomason [4]. A.K.Shymal
and M.Pal introduced Triangular Fuzzy Number Matrices [2]. Two new operators and some properties of fuzzy
matrices over these new operators are given in [1]. Some new operators on triangular fuzzy numbers and
triangular fuzzy number matrices are given in [3].

In this paper, some new elementary operators on a-cuts of Triangular Fuzzy Numbers (TFNs) and
some new operators on a-cuts of Triangular Fuzzy Number Matrices (TFNMs) are defined. Using these
operators, some important properties are proved.

1 Basic Definitions and Properties
Definition ; 11 [2]

A Triangular Fuzzy Number denoted by = <m, a, P> has the membership
function.
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0 for X<m- a

M= 2 form- a<X<m
a
Em(") 1 for X=m
X-m form<X<m+P
P
0 for X>m +p

The point m, with membership grade of 1, is called the mean value and a, P are the left hand and right
hand spreads of M respectively.

Example : 1.2

M =<3, 6, 7> is a triangular fuzzy number.
Deriiiition : 1.3 |2|
A Triangular Fuzzy Number Matrix of order mxn is defined as M where
My =<mj, aj, Pj>
Example ; 14
<2,3,4> <4,6,7> <3,6,7>
M <0,1,0> <123> <6,810> and

<7.9,11> «<0,0,0> <5,3,4>
<0.3, 03, 06> <0.8, 01, 03>

N are triangular fuzzy number matrices.

<0.4, 09 05> <0.2, 01, 03>

Deriiiition : 1.5 |3]

Let M=<m, p,p>and N=<n,vy, 6> be two Triangular Fuzzy Numbers where m, p, p,n,y,6
e[0,1]. Then the following operators are defined.

(D MON =<m+n-mnp+y-py,p+5- P5>

(2) Mv N = <mvn, pvy, pv5> where x v y means max {x, y}. Thatis, x vy = max {x, y}.
[x, ifX>y

3) MON = <mOn, p0y, P©5> where x © y = .
[O ifx<y

4 M>N ifm>np>yandP>5

(5) Fora 6 [0, 1M >a ifm>a, p>a, P>a anda > Mifa >m,a >p,a >p.

Definition : 1.6 |3j



Let M = and N = be two Triangular Fuzzy Number Matrices of the same order.

Then the following operators are defined.

@) MON = (M.jON.j)
o) MVN = (M,jVN,j)
@) MON = (Mj© N,j)

4) M >N iff M|j > Ny Vi=1tom,j = 1lton.

2. a-Cuts of Triangular Fuzzy Numbers and a-Cuts of Triangular Fuzzy Number Matrices
Definition : 2.1 [1]

For all X, a e [0, 1] the upper a-cut of x is denoted as and is defined as

O~ fl, ifx>a
[0, if X<a

1 N
and the lower a-cut of x is denoted as X’y and is defined as X, = ,Ilﬁj [I){;(A ch

Now we define a-cuts of the Triangular Fuzzy Numbers and Triangular Fuzzy Number Matrices.

Definition : 2.2

Fora e [0,1], the upper a-cut of the Triangular Fuzzy Number M =< m, p, 3> is defined
as

M<*) =
and the lower a-cut of M is defined as
M(a) = <m(”)’ P(”)’ Pl")>

Example : 2.3

Consider the triangular fuzzy number M as follows :
M = <0.5,0.1, 0.4 > By takinga = 0.5, we get
M@ = <050 0>and

M™ = <1,0,0>

Definition : 2.4

The upper a-cut of a Triangular Fuzzy Number Matrix M = is defined as

and the lower a-cut of M is defined as

M@



Example : 25

Consider the triangular fuzzy number matrix M as follows;

'<0.5,0.1,0.4> <0.1,0.7,0.6>
M
<0.3,0.5,0.2> <0.6,0.3,0.65>
Then by taking a =0.5, we get

m<0.5,0,0> <0,0.7,0.6>

M, and
<0,0.5,0> <0.6,0,0.65>
<1,0,0> <0,1,1>

M-(a)
<0,1,0> <1,0,1>

Theorem : 2.6

For any two triangular fuzzy number matrices M and N.
0) (M ©N)"”
(ii) (M VN)™
(iii) (MON)* > m“©n'”

Proof
LetM= (M,j where My =< mj, pj, @j>and
N= (Ny )mxn where Ny =<n,,vy,, 5j>
0] Let Ejj and Dj; be the ij'” elements ofM “*0 N"“and (M ©N)"“.
Ey = 0o (8 and D= (M., 0
y U = (M 0 e
Casel : Mjj > Njj>a
<mij, pj, pj >><nj, ¥j, 5j>>a
L mj>nj>a, pj>yj>a, >5j>a
Therefore, Dy = (MyGNy)/~*/An
= <m,, pj, pj>
[T VI
<11 1>
ii = NN
and Eii T © N~
il (VAN 'U M1
= <101, 101, 11 >
= <0,0,0>
ie, Dy > Ey

Case 2 : Mjj >a>



m< mij, Fij, Pj > > a > <iiij, ij, 5ij >
niij > a > iiy, Aj > a >y}, Aj>a >5j.

Then
Dij = (MijONij)(*)
<ma pij B (9
= <1,11>
andEij=
ij DAl A3 ij

= <100,100,100>

Case3 :a> ~ Ny

a ><mj pj pj>> <njyij, 5" >
a >niij > 1j, a > Hj> yij,a > Py> 5j.

Here
Dij - (MijONij)'*>
= <0,0,0>
and Ejj = 0
= <000,09 0,09 o>
= <0, 0, 0>
ie. Djj = Ejj

In all the cases, Djj > Ejj

(Mjj© Njj~=~> n %A
(M ON)<* > MK*G N
(ii) Let Cjj and Djj be theij*elementso f v N**and (Mv N)*“A
Cij = and D;j = (Mjjv Njjjrme
Casel : My>Ny>a
i, < mij, Fij, Aj > > <nij, y’ 5j>>a
~mj>nj>a, pj>yj>aandpj>6j>a.
(MijvNjj)(*)

= <mj, Pij, pj

.Djj



= <111>
and CIJ = X
N} N} NI i N N}
= <1lv11v 11v 1>
= ~<UU1>
ie, Djj = Cjj.
Case2 : My Ny

m<mp Pij, Aij>S a ~ <Hj,Tv 5ij >
=m,>a >njpj>a>y,j Pj>a>6j

Then
Dij - (MijvNij)<*>
= < mj pij, Pj>">
<111>
and Cjj = (2)
= <) ya"), py VYL, PI(J“): é('()>
= <lvO, IvO, IvO>
= <11 1>
= Dy = Cy

Cased : a> My ~ Ny

ie,a ><m,npi,pj>> <nj 6j>
~ X>mj> nj,a>pj>yja>Pj>5j

Then

Dy

(MyvNiiIA_’\“’\

<m,,p.j, P,,> @

(VAN

<0, 0, 0>

andGji= M@y, .

ie, Dy

(11 (11 (11 /\“ @ AN
<m >vnqj\ Qg N g \, B>V 5>
<0vO0, OvO, 0v0>
<0,0, 0>

= Cy.

. Inall the cases, Dy = Cy



MV ga T 7
(MvN/“= My N,

Let PHJ and Qj: be the ij"” elements of M***0 N**"and (M © N)™".
Pij = MA“AON|*"andQij = (Mij

Casel: My > Ny >a

<mj, pj, PI>; LY, 5> > a
ffij > nj > a, pij > ¥j>a and Py >5y >a.

Then Qi (MiJONIj)(“*

< niy + ny mmmy . lly, Py+Yi- Py.Yi, Pj+ Sj~Pje5y ~®
<mj+nj@-mj), py+Y(- py) pj+5y(@L- Py)>@
> < mij, pj, pj>

> < < ’-pr-pr>

= <i,i,i>
and Pii = o 3
<m|fa) .('a) (a) (a) 2_(_a) B<tt 5>
) I 1]
(ct) , (@)
9 3 9 Rg ™+ % u "Y
+ AR A
i NI J
<l+1-1,1 +1-1,1+1-1>
<111>
Qy >Pii-

Case2 : My>a>Ny

<my, Py, Py>> tt > < Hy, Yij, 5y >
my >a>ny, py>a>YyPy"a>5oy.

Then
i = (MijeNij)»
= <mr+lly- my.lly, Py+YW*" PyeYy, Py+5y- Py. 5
<llly +nj(1- my), Py+Yy(1- Py), Py+6y(l- py)
> <nmy, Py, Py>
>
<t Uporoprs
= <1,1,1>
and P,j =
= <m[u)©n[u\ ©y(“\_ p[u) ©5fu)>

_ a) (a) (a) (a) a) a) _ a) ya
= el g T R )
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ij N]om il
= <1+0-0, 1+0-0, I+0-0>

e QiJ N Nijm
Case3 : a> My > Ny

ie,a > <mj Pij Pj> > <nj, Vi, 5j>
a>m,>n,a>p,>VYja>Pj>5]
Then

Qy = (MyO©Nij)*™”’
= < m, +iiij- iTiij. nj, pj+ Vi - p.j.Yii. Pj + 5ii - P.j. 5l
= <mj+nj(l-mj) pj+yi(l-Pj)Pj+5j(l- Pj)
> <mj, pj, Fij >
N
(@) (a) ,5'(-a) S

> <
- <0,0 0>
(a)
T "
= 2 ) e
<m§"a© 1RO W

_ (@, (a) () (@) (B, LA) | (3) (@)
= <My +r%j) m;ij ] 91(1 +-st§1 9‘>i'qu’j :

“A
w0t wi @
= <0+0-00+0-0,0 +0-0>
= <0,0,0>
m Qij = Py

In all the cases, Qjj > Py

(My© Ny)#~** > M[j“Affi n [“7

Thus, (M © N)™'> M“ © N“,

In a similar manner, for the lower cut of triangular fuzzy number matrices, one can prove the following
theorem :

Theorem : 2.7
For any two triangular fuzzy number matrices M and N
(@ (MVN)(,, =
(i) (M ©N),,, = M., ON,,,
@iii) (M®N)(a)> M(a)©N,a)
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