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I. INTRODUCTION :

Fuzzy matrix are now a very rich topic in modeling uncertain situations occurred in science, automata
theory, logic of binary relations, medical diagonis etc.

Fuzzy matrices defined first time by Thomson in 1977 [1] and discussed about the convergence of the
powers of a fuzzy matrix. The theories of fuzzy matrix were developed by Kim and Roush [2] as an extension of
Boolean Matrices. In 1965, Zadeh [3] first introduced the concept of fuzzy set theory. In 1999, soft set theory
was firstly introduced by Molodtsov [4] as a general mathematical tool for dealing with uncertain, fuzzy not
clearly defined objects. In 2001, Maji, Biswas and Roy [5] studied the theory of soft sets initiated by Molodtsov
[4] and developed several basic notions of soft set theory. In 2009, Ahmad and Kharal [6] developed the result
of Maji [5]. In 2012, Cagman and Enginogu [7] defined fuzzy soft matrices and constructed decision making
problem. In 2012, Rajarajeswari and Dhanalakshmi [8] introduced the application of similarity between two
fuzzy soft set based on distance. In 2012 Neog, sut extended fuzzy soft matrix theory and its application.

In 2014, Dr.N.Sarala and Mrs.l.Jannathul Firthouse extended intuitionistic fuzzy soft matrix in obesity
problems.

In this paper, we proposed the properties of fuzzy matrix, fuzzy soft matrix and intuitionistic fuzzy soft
matrix.

I1. PROPERTIES OF FUZZY MATRIX
Addition and Multiplication of Fuzzy Matrices Using reference Function.
2.1 Addition of fuzzy matrices:

Two fuzzy matrices are conformable for addition if the matrices are of same order. That is to say, when
we wish to find addition of two matrices, the number of rows and columns of both the matrices should be same.

If A and B be two matrices of same order then their addition can be
defined as follows

A+ B = {max (a;,by;),min (r;,7;)}
where a;; stands for the membership function of fuzzy matrix A for the i" row and j™ column and 7 is the
corresponding reference function and b;; stands for the membership function of the fuzzy matrix B for the i
row and " column where ri} represents the corresponding reference function.

Again we can see that if we define the addition of two fuzzy matrices in the aforesaid manner and
thereafter if we use the new definition of complementation of fuzzy matrices which is in accordance with the
definition of complementation of fuzzy sets as introduced by Baruah [2,3,4] and later on used in the works of
Dhar [5,6,7,8,9 & 10]. We would be able to arrive at the following result ;

(A+ B) = A° + B¢

Example 2.1
Let A and B be two fuzzy matrices of order 3.
03 0.7 038 1 02 03
A=]104 05 03 land B=]08 05 02 l
06 01 04 05 1 08
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be two fuzzy matrices of order 3.

where Cy, = {max(ayq, by1), min(ryy, 111)}
={max(0.3,1), min(0,0)} = (1,0)
Ciz = {max(ay,, b12), min(ryz, 11,)}
= {max(0.7,0.2), min(0,0)} = (0.7,0)
C13 = {max(a,3, by3), min(ry3, 713)}

= {max(0.8,0.3), min(0,0)} =(0.8,0)
Proceeding in the above manner, we get

(1,1) (1,0.7) (1,0.8)
A+B=|(108) (1,05 (1,0.3)
(1,0.6) (1,00 (0.8,0)
Again we have
[ (1,0.3) (1,0.7) (1,0.8) ]
A° =1 (1,04) (1,05 (1,0.3)

| (1,06) (1,0.1) (1,04) |
[ (1,1) (1,0.2) (1,0.3) ]
B¢ =| (1,08) (1,0.5) (1,0.2)
| (1,05) (1,1) (1,0.8) |
be the two fuzzy complement matrices. Proceeding similarly we get the sum of these two matrices as
(1,1)  (1,0.7) (1,0.8)
A°+ B¢ =1 (1,08) (1,0.5) (1,0.3)
(1,0.6) (1,1) (1,0.8)

Again proceeding in similarly way,
(1,1) (1,0.7) (1,0.8)
(A+B)*=| (1,08 (1,05 (1,0.3)
(1,06) (1,1) (1,0.8)
Hence we have the following result (A + B)¢ = A° + B°.

2.2 Multiplication of fuzzy matrices :

Now after finding addition of fuzzy matrices, we shall try to find the multiplication of two fuzzy
matrices. The product of two fuzzy matrices under usual matrix multiplication is not a fuzzy matrix. Let A and
B be a two fuzzy matrices. Then the product AB to be defined if the number of columns of the first fuzzy matrix
A is equal to the number of rows of the second fuzzy matrix B.

In the process of finding multiplication of fuzzy matrices, if this condition is satisfied then the
multiplication of two fuzzy matrices A and B, will be defined and can be represented in the following form:

AB = {maxmin (aij,bij ), min max (ri-,ri} )}
Example 2.2
(1,03) (1,0.7) (1,0.8)
A°=| (1,04) (1,05) (1,0.3)
(1,0.6) (1,0.1) (1,0.4)
(1,1)  (1,02) (1,0.3) (1,0.6)
B¢ =| (1,0.8) (1,0.5) (1,0.2) (1,0.6)
(1,05 (1,1) (1,0.8) (1,0.7)
Then the product would be defined as
ABC=| Cn Cpp Gz Cyy
, C31 C32 C33 C34
Let C;; ={max min(a,q, b11),min, max(ry1, 111)}
= [max{min(1,1), min(1,1), min(1,1)},
min{max(0.3,1), min(0.7,0.8),min(0.8,0.5)}]
={max(1,1,1), min(1,0.8,0.8)} = (1,0.8)
Ciy = {max min(a,;, by;),min, max(ry,, 11,)}
= [max{min(1,1), min(1,1), min(1,1)},
min{max(0.3,0.2), max(0.7,0.5), max(0.8,1)}]
={max(1,1,1), min(0.3,0.7,1)} = (1,0.3)

C1 Gy Gz CH]
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Ci3 = {max min(ay3, by3),min, max(ri3, r3)}
= [max{min(1,1), min(1,1), min(1,1)},
min{max(0.3,0.3), max(0.7,0.2), max(0.8,0.8)}]
= {max(1,1,1), min(0.3,0.7,0.8)} = (1,0.3)
Cia = {max min(a,4, by4),Min, max(r, 114)}

= [max{min(1,1), min(1,1), min(1,1)},
min{max(0.3,0.6), max(0.7,0.9), max(0.8,0.7)}]
= {max(1,1,1), min(0.6,0.9,0.8)} = (1,0.6)
proceeding similarly we get the product of the two matrices as
(1,0.8) (1,0.3) (1,0.3) (1,0.6)
(1,0.5) (1,0.4) (1,0.4) (1,0.6)
(1,0.5) (1,0.5) (1,0.2) (1,0.6)

Multiplication of matrices in the aforesaid manner would lead us to write some properties of fuzzy
matrices about which we shall discuss in the following section. But before proceeding further, we would like to
mention one thing that since we have defined complementation of a fuzzy matrix, it would be helpful if we try
to establish the properties with the help of complementation of fuzzy matrices. In the following section, we have
cited some numerical examples for the purpose of showing the properties of multiplication of fuzzy matrices.

ACBC -

2.3 Properties of Fuzzy Matrix Multiplication

In this section, we shall consider some of properties of multiplication of fuzzy matrices.
Property 1:

Multiplication of fuzzy matrices is associative, if conformability is assured that is A(BC) = (AB)C if A,
B, C are mXxn,nXxXp,pXxq matrices respectively. The same result would hold if we consider the
complementation fuzzy matrices in our manner. Here we would like to cite an example with the
complementation of fuzzy matrices illustration for illustration purposes.

Example 2.3
_[01 03 _[05 02 _ro1 1 . .
A_[O.S 0.7 ],B— 0.7 0.8] and C = 0.9 0.6] be three fuzzy matrices then their
complement would be defined as
x| (1,0.1) (1,0.3)
| (1,0.5) (1,0.7) |
Be = [ (1,0.5) (1,0.2) ]
1 @07 (1,08) |
and
ce = [ (1,0.1)  (1,D)
| (1,0.9) (1,0.6) |
Then, we have
eoe _ | (1,0.5) (1,0.2)
AB =1 105) (1,0.5)
and
cre _ [ @1,05) (1,0.6)
BC=1 107 108
Consequently, we get
croeres _ | (1,0.5)  (1,0.6)
AT(BECT) = [ (1,0.7) (1,0.8)

Consequently, we get
AC(BCCC) — (ACBC)CC
Property 2.4
Multiplication of fuzzy matrices is distributive with respect to addition of fuzzy matrices. That is,
A(B+C) = AB+AC, where A, B, C are mxn, nxp, pxq matrices respectively. Here we shall show the following
if the complementation of the matrices are considered.
AS(B® 4+ C¢) = A°B¢ + A°C°
Property 2.5
Multiplication of fuzzy matrices is not always commutative. That is to say that whenever A B¢ and
B€ A€ exist and are matrices of same type, it is not necessary that
eoc _ | (1,0.5) (1,0.2)
AB" = [ (1,05) (1,05)
(1,0.5) (1,0.2)

and Similarly (1,0.5) (1,0.5)

BCAC=[
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which shows that

A°B¢ # B¢A°
111 Properties of a fuzzy soft matrix
Proposition : 3.1

Let A =[af] € FSM,,. Then (i) [[4]’ ] [4], (i) ATA =4, (i)ARA =4 (iv) AT [0] = 4,
W AA[0] =0, (v) [0]" = [1]

Proof :

v [0 =[1-0]=[i]
Proposition : 3.2
Let 4 = [afl], B = [B]] € FSMyyy,. Then (i) [4 0 B] = [4]° A [B°, (i) [47 B] = [4]° U [B]°.
Proof:
(i) Foralliand j
[A0B] = [max{af, 5}]0 = [1 — max{af, p}]
= [min{1 — af,1 - BE}] = [A]’ A [B]°
(i) Foralliand j
[AnB] = [min{af, 5}]0 = [1 - min{af, p7}]
= [max{1 - af, 1 - pE}] = [4]° T [B]°
Proposition : 3.3
Let A=

S
\-:>
—

tUt
f—

= [BE].C = [y5] € FSMyx,. Then (i) AT(BRC)=(ATB)R(ATC), (i)

(i) ATG(BAC)=|a f}] [mln{ﬁu Vij 1
= [maxife], min{BE,v5 D]
(ATB)F(A0C) = [[max(af, B)] 7 [max(af, vi )]
= [min(max{aj, B;}), max{aj,v{}]
[mln(au max{ﬁl] Yij })]
[max(al] mm{ﬂu Yii DI
)=(ATB)A(ATC).
af] & [max{[)’u vill )
= [min! (alj max{B], v D]
(47B) 0 (AR C) = [fmin{a], p5)] O [minfaf vi)]]
= [max(mf'n{ag, ﬂil;‘:})' min{a’f}, VS }]
[max(au mln{ﬂu VU})]

[mm(al} max{ﬁu Yij })]
Hence, AN(BUC)=(AAB)T (ARC).

I S
ﬁz

Gy An(B

Example : 3.3
(i) Let A= [ai]] [Bl]] [VU] € FSMyxa,
7(05,0) (0.40) 03,0) (0.6,0)
Where A = [(0.1,0) 0.3.0)] 8= [(0.8,0) (0.1,0)] d
_[©70) ©10)
= [(0.2,0) (0.5,0)
. 1(03,0) (0.1,0) _[(0.50) (0.60)
BNC=l020 (01, 0)] ATB=]0050) (030)
e [070) (040

~ 1(0.2,0) (0.5,0)
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-~ [(0.50) (0.4,0)
AT(BAC)= [(020) (0.3,0)
ey~ = [(0.50) (0.4,0)
(40B)A(40C) = [(0.2,0) (0.3,0)
Hence AG(BAC)=(ATB)A(ATC).
(ii) The above said matrices may be considered for the
ARN(BUC)=(AAB)T(ARC)
_ o [(0.7,0) (0.60)]. 5~ [(03,0) (0.4,0)
(B )= [(0.8,0) 050 4NE= [(0.1,0) (0.1,0)
~ ¢ = [(050) (0.1,0)
(0.1,0) (0.3,0)
~ =~ [(050) (0.4,0)
An(BUC)= [(0.1,0) (0.3,0)
sy~ a _ [(0.50) (0.4,0)
(AAB)T(AAC) = [(010) (0.3,0)
Hence AN (BTC)=(ARAB)T(ARC).
Proposition : .3.5
Let A=[af],B=[pE].C=[yi] € FSMyyx,. Then (i) ATB=BUTA4 (i) (ATB)TC =
AT (BTC), (i) AT [1] = [1).
Proof:
(1 Forall iand j
AUB = [max{ai’?,ﬁg}] = [matx{ﬁil]?,ocij4T |=8T4
(i)  (AUB)UC = [(max{af,B))] U [rf]
= [max(max{af, 65}), ;]
= AU(BUC)
(i)  AU[1] = [(max{af,1})] = [].
Proposition : 3.6
Let A=|a
AR (BAC), (i) AR
Proof:
(1) Forall iand j
ANB = [min{a{},ﬁg}] = [min{ﬁg,aiﬂ] =BNA
() (AAB)AC = [(mn{af, AT A [r§]
= [min(af, min{gf, V5 )]
=An(BAC)
(i)  AU[I] = [(min{af,1})] = [4].
Proposition : 3.7
Let A=[af]B=[B]].C = [r§] € FSMyunwhere [af] = [(x, ¥, [B5] =[G, ¥, [vij] =
[(x5,¥5)]. Then the following results hold.

[B),€ = [vS] € FSMyn. Then () ARB=BRA (i) (ARB)AC=

4]

1B
[1] =

]
1]

(i) A+ B = B + A (Commutative Law)

(ii) (A+B)+C =4+ (B + C) (Associative Law)
Proof:

(i) LetA = [(xu Yij )] B = [(xl} Yij )]

Now A + B = [(max{x }) (mm{yif,yg})]

= [(max{xg, xf}), (min{yf,y{})]

=B+ A
(i) Let A = [(xu Yij )] B= [(xl} Yij )] C= [(xu Yij )] o
Now (A+B)+C = - [(tnax{x }) (mm{yu Yij })] + [(xicj'yij' )]
= [(max(xg,xg),xf}), (min(yu yu) yU)]
_ [(max (xf, (el x )) (min(y, v8),v)]

=A+(B+0).
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Example : 3.7
. - [(0.50) (0.2,00] 5 _[(0.1,0) (0.60)].
0 Let 4= [(0.4,0) 010 8= [(0.3,0) (0.7.0)] &
F [(0.8,0) (0.1,0)
~1(0.50) (0.4,0)

- = [(0.50) (0.6,0)
A+B = [(0.4,0) (0.7,0)
Hence A+ B=B+ A4
(ii) The above said matrices may be considered for the

(A+B)+C=4A+(B+C)
- = [(050) (0.60)] 5, ~_ [(050) (0.6,0)
AtB= [(0.4,0) (0.7,0)]’3 A= [(0.4,0) (0.7,0)
-~ ~ _[(0.5,0) (0.6,0) (0.8,0) (0.1,0)
(A+B)+C= [(0.4,0) (0.7,0) + [(0.5,0) (0.4,0)
3 [(0.8,0) (0.6,0)

(0.5,0) (0.6,0)

]’ B+d= [(0.4,0) (0.7,0)

(0.5,0) (0.7,0)
(0.5,0) (0.2,0) +[(0.8,0) (0.6,0)
0.4,0) (0.1,00] " [(0.50) (0.7,0)
_[(0.8,0) (0.6,0)

A+ (B+0)=|
~ (05,00 (0.7,0)
Hence (A+B)+C =4+ (B +C).
Proposition : 3.8
The product of two fuzzy soft matrices A and B representing fuzzy soft sets over the same initial
universe is defined only when the matrices are square matrices. Then A.B and B. A exist and matrices are of

same type, it is not necessary that A.B = B.A. Let the following illustration may be taken into account for
proof.

Example : 3.8
- [(0.4,0) (0.3,00] 5 _[(0.20) (0.1,0)
Let 4= [(0.6,0) 050]) 5= [(0.1,0) (0.7,0)
be two fuzzy soft square matrices representing two fuzzy soft sets defined over the same initial
universe.
-~ (02,00 (03071 =~ ~ [(0.2,0) (0.2,0)
Then 4.8 = [(0.2,0) (0.5,0)]' B.4= [(0.6,0) (0.5,0)
From the example, we obtained that A. B # B. A.
If the product A. B is defined then B. A may not be defined.
Example : 3.9
If the product A. B is defined then B. A may not be defined.
(0.5,0) (0.1,0) (0.4,0) (0.8,0)
Let 4 = [(0.2,0) (0.6,0) (0.1,0) (0.3,0)‘;
(0.4,0) (0.3,0) (0.7,0) (0.2,0)
(0.3,0) (0.4,0)
(0.5,0) (0.1,0)
(0.2,0) (0.1,0)
(0.6,0) (0.7,0)

B =

We have A.B = [(0.5,0) (0.3,0)
(0.3,0) (0.4,0)
But here B. 4 is not defined as number of columns in B = 2, whereas number of row in 4 = 3.
Proposition : 3.10
Let A=[afl],B = [BE] € FSMyx,, where [af] = [(xf,v)], [BE] = [(xE,¥E)]. Then the following
results hold.

(06,0 (0.7,0)‘

T

Q) (/TT) =A
(i) (A+B) =4 +B"
Proof:

i) Letd=[(xf,y)]
Here A™ = [(x{, ¥ ]T =[x, v)]
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AT = [(xl}'yl] )] = [(xl]’yl] )]
Hence (A1) =4
(ii) [(xl]’yl] )] [(xu'yu )] C= [(xl],yl] )]
HEI’EA + B= [(max(xl]’ ) mln(yl] yl] ))]
[(max(xl], )mm(yl] yu))]
[(xl]'ylj) + (xlj'ylj )]
[(xu'yu)] +[x U’ylj]
— AT +BT
Hence (A + B) = 4T + B.
Example : 3.10
0.2,0) (0.50) (0.3,0)
Let 4=(040) (0.7,0) (0.1,0)

and B ={(0.2,0) (0.1,0) (0.7,0)

(0.6,0) (0.1,0) (0.5,0) (0.5,0) (0.6,0) (0.3,0)

(0.2,0) (0.4,0) (0.6,0)‘

(0.1,0) (0.3,0) (0.4,0)‘

(") =

(0.5,0) (0.7,0) (0.1,0)|;
(0.3,0) (0.1,0) (0.5,0)

0.6,0) (0.1,0) (0.5,0)
Hence (47)" = 4.
(ii) The above said matrices may be considered for the (4 + E’)T = A" + BT
[(0.1,0) (0.2,0) (0.5,0)]

. [(020) (050) (03,0)
(A7) =1(0.4,0) (0.7,0) (0.1,00|=4

=1(0.3,0) (0.1,0) (0.6,0)];
(0.4,0) (0.7,0) (0.3,0)
(0.2,0) (0.5,0) (0.4,0)
B =1(0.4,0) (0.7,0) (0.7,0)|;
(0.6,0) (0.6,0) (0.5,0)
(0.2,0) (0.4,0) (0.6,0)‘

(A4+B) =[050) (0.7,0) (0.6,0)
0.4,0) (0.7,0) (0.5,0)
(0.2,0) (0.4,0) (0.6,0)
AT+ BT =[(050) (0.7,0) (0.6,0)
(0.4,0) (0.7,0) (0.5,0)

Hence (A + B)" = 4T + B".

IV Properties of Intuitionistic Fuzzy Soft Matrix
Proposition : 4.1

Let A = [(x,y{)] be fuzzy soft square matrices each of order n. Then tr(A) = tr(AT), where A" is
the transpose of A.

Proof :
Let A = [(x,,,yl, )], then A" = [(xu'yu )]
tr(AT) = (max(x ), min(x! >= tr(4)
Hence ¢r(4) = er(A7).
Example : 4.1

(0.4,0) (0.2,0) (0.7,0)
Let 4 =(0.50) (0.3,0) (0.80)|;
(0.1,0) (0.6,0) (0.1,0)
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(0.2,0) (0.3,0) (0.6,0)

(0.4,0) (0.5,0) (0.1,0)
i =
(0.7,0) (0.8,0) (0.1,0)

tr(4) = (max{0.4,0.3,0.1}, min{0,0,0}) = (0.4,0)
tr(A") = (max{0.4,0.3,0.1}, min{0,0,0}) = (0.4,0)

Hence tr(4) = tr(A7).
Proposition : 4.2

Let A= [(xg,yif)],é = [(xg,yg)] € IFSM,,, «,- Then De Morgan’s type results are true which can
be written as : (a) (AT B)" = A2 B° (b) (AR B)" = A° U B°.

Proof :
(@) Foralliand j, we have

0 © mamtr 1 Eaq0
@05 =[O0
= [max(xg,yg),min(yi?,yg)]
~ [min(of, ) max( )
NEEILIEES
=A"NB
(b) Forall i and j, we have
~ o~ ~~0 Pe ~ —~ ~ ~ 0
(AaB) =[G xDIn [yl
= [min(x{}: x{i),max(y{z,y{i—a ]
= [max(y4,yE), min(x?, xE
[max(yg, y;), min(xj, x;
~ [0 D1 (0 )
= A" U BY.

Example 4.2
1(0.1,0.2) (0.2,0.3) (0.7,0.1)7

(0.3,02) (0.5,0.1) (0.6,0.2)
(0.3,03) (0.402) (0.3,0.1)
(0.4,0.1) (0.5,0.3) (0.1,0.8)]

Let 4 =

Then
r(0.3,0.2) (0.5,0.2) (0.7,0.1)7
(0.4,0.1) (0.5,0.1) (0.6,0.2)].
(0.5,0.1) (0.4,0.2) (0.8,0.1)/
[(0.4,0.1) (0.5,0.3) (0.4,0.1)]
(0.2,0.1) (0.3,0.2) (0.1,0.7)

0 = (0.2,0.3) (0.1,0.5) (0.2,0.6)
(0.3,0.3) (0.2,04) (0.1,0.3)
(0.1,0.4) (0.3,0.5) (0.8,0.1)
(0.2,0.3) (0.2,0.5) (0.1,0.7)

AUB =

and B® =

and B =

ANB =

(0.3,0.2) (0.5,0.2) (0.2,0.6)
(0.4,0.1) (0.3,0.5) (0.3,0.4)
(0.5,0.1) (0.1,0.3) (0.8,0.1)
(0.2,0.3) (0.1,0.7) (0.4,0.1)

(0.1,02) (0.2,0.3) (0.2,0.6)
0.3,02) (0.3,0.5) (0.3,0.4)
0.3,0.3) (0.1,0.3) (0.3,0.1)

(0.2,03) (0.1,0.7) (0.1,0.8)
(0.2,0.3) (0.2,0.5) (0.6,0.2)

(0.1,04) (0.5,0.3) (0.4,0.3)
(0.1,05) (0.3,0.1) (0.1,0.8)
0.3,02) (0.7,0.1) (0.1,0.4)

o _[(01,04) (0.1,05) (0.2,06)]

@ (AUB) =
(0.1,0.4) (0.3,05) (0.1,0.4)
(0.2,0.3) (0.2,0.5) (0.1,0.7)

_1(0.1,0.4) (0.1,0.5) (0.2,0.6)

~[0.1,05) (0.2,04) (0.1,0.8)
(0.1,04) (0.3,0.5) (0.1,0.4)

Hence (AT B)’ = A° f B°.

(0.2,01) (0.3,0.2) (0.6,0.2)

AR B

() (AR B)’
(0.3,0.2) (0.7,0.1) (0.8,0.1)

(0.1,0.5) (0.2,04) (0.1,0.8)|’

_[(0203) (0503) (0.403)]
~1(0.3,03) (0.3,0.1) (0.1,0.3)]’
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(0.2,0.1) (0.3,03) (0.6,0.3)
(0.2,0.4) (0.5,0.4) (0.4,0.4)
(0.3,03) (0.3,0.1) (0.1,0.3)
(0.3,02) (0.7,0.1) (0.8,0.1)
Hence (AR B)’ = 4° T B°.
Proposition : 4.3
= [(Z, 9] B = [(xE,¥E)] € IFSMypy. Then (i) (A°7AB°)° = AT B (i) (4°TBY) =

AT B =

ANB.
Proof :
(@) Foralliand j, we have

(@ 58" = (Gl DI A Gi <)D)
[min(yu,ylj),max(xi?,xB ]
[max(xl], ) min(yu'yu )]

[(xu » Vij )] U [(xu ' Vij )]

=AUB
(b) Foralliand j, we have
= =N\0 I B\~
(A V] B) = [(x{};xB ] U [(yz] yl])]
[max(xu ,yu) mm(yu ' Yij )]
[mm(yg Vi ). m(}x(g’u 2 Vij )]
[(yl.]' )]n[(yg,xg ]

ANB

Example 4.3 :
Let A,B € IFSM,,,,, as in the Example 4.2
(0.2,0.3) (0.2,05) (0.1,0.7)

. v 01,04 0105 (0206
(@A) =10105 (0204) (0.10.8)
(0.1,04) (0.3,05) (0.1,0.4)
(03,02) (0.50.2) (0.7,01)
0401) (0.50.1) (0.6,0.2)
0501) (0.40.2) (0.80.1)

(04,0.1) (0.5,0.3) (0.4,0.1)
(0.3,02) (0.5,0.2) (0.7,0.1)

(0.40.1) (0.50.1) (0.6,0.2)
(050.1) (04,02) (0.80.1)
(0.4,0.1) (0.5,0.3) (0.4,0.1)
Hence (4° A 5°)’ = AU B.

(0.2,0.1) (0.3,02) (0.6,0.2)
(0.2,03) (0503) (0.4,0.3)
(0.3,03) (0.3,0.1) (0.1,0.3)

(0.3,02) (0.7,0.1) (0.8,0.1)
(0.1,02) (0.2,03) (0.2,0.6)

_103,02) (03,05) (03,04)
~10.3,03) (0.1,03) (0.3,0.1)

0.2,03) (0.1,0.7) (0.1,0.8)
(0.1,02) (0.2,0.3) (0.2,0.6)

_1€03,0.2) (0.3,0.5) (0.3,0.4)
~1(0.3,03) (0.1,0.3) (0.3,0.1)
(0.2,0.3) (0.1,0.7) (0.1,0.8)
Hence (A° G 5°)" = AA B.
Proposition : 4.4
Let A= [(x{f,yﬁ)
(ii)ARNB=BRA(i)(ATB)TC =40
Proof :

(A° @ B)" =

AUB =

(i) (A°TB°) =
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(i) For all i and j, we have
AUB = [max{xu, -},min{yu Yy A
[max{xu , »}, min{yu Yij }]
=BUA
Validity : since 0 < xU, U <
(i) Forall i and j, we~ha\{e o
ARB = [min{xfz,xg;}, max{yij-‘,yg}]
= [min{xf}, x{f}, max{y], y{}]
=BNA
Validity : same as (i)
(iii) For all i and j, we have
(ATB) T C = [(maxfx{,x! } min{yl] LY [x5 v ]
[(max{(xu,x )x }mm{yu,yu}yu )
= [(max{xf, (xF, x§)} min{yf, (v], v )})]
= A U (B Uc0)
Validity : since 0 < xU, U, U <10< yu,yu,yl] <1, max{xu, i X } <1, mm{yu,yu,ylj} <1
(iv) For all i and j, we have
(ANB)AC= [(mln{xu,x } max{yl] Yij ik [xL]'yL]]
[(mln{(xu,x ) Xij } max{ylj yl]}yL] )]
[(mm{xtj'(xtj'x )} max{yl]’ (yu'yu )})]
=An(BAC)
Validity : same as (iii)

<1,0< yu,yU <1, max{xu, } < l,min{y{f,yg} <1

Example 4.4 :
Let 4 = [(x§,y§)],§ = [(xg,yg)],f = [(xg-,yg)] € IFSM,,.,, where
- [(0402) (03,04)] -~ [(0.203) (0.3,04)] »_[(0.301) (0.50.1)
= [(0.5,0.3) 0.1,07))° = [(o 8,0. 1) (0 502)) ¢ = [(0.6,0.2) (0.4,0.3)
. . 1(0.4,02) (0.3,0.4)] 1(04,0.2) (0.3,0.4)
(M) AUB = [(0 8,0.1) (0.50.2)] = 1(0.80.1) (0502)
Hence AUB=BUA
) - 7(02,03) (0.3,0.4)] (0.2,0.3) (0.3,0.4)
@ AnE= [(0 503) (0.10.7)] AA=10503) (0.1.07)

Hence ARB=BNnA
. 7(0402) (03,04)]~[(030.1) (050.1)] _[(0.40.1) (0.50.1)]
(i)  (ATB)UC=|0g01) (050210602 (0403) = 10801 (050.2)
A5 (Fo0) <[00 (0308)]51(0301) (0501 _[0401) (0.501)
=10503) 0.1,07]Y0801) (0502~ 0801) (0.50.2)]
Hence (ATB)TUC=AT(BTC)
. o 1(0203) (03,04)] < [(0.301) (050.1)] [(0.203) (03,0.4)]
) (AAB)AC=|0c03) (0107) 10602 (0403 = 10503 (0.107)]
An(Ene) <0402 (0308)],1(0203) (0304 _[(0203) (0304)
=10503) 0.1,07)]"0.602) (0403)] = 1(0503) (0.1,0.7)]

Hence (ARB)AC =AA(BAC).
Proposition : 4.5
Let A= [(xij!,yu)],ﬁ [(x Lj'yu)] C [(xg'yi?)] € IFS M-
Then (i) AR(BUC)=(ANB)U(ARCE), (i)(ARB)UC=(ARC)T(BAC) (iAU(BAC)=
(AUB)A(AUE), (v) (ATB)AC=(ARC)T(BAC)

Proof :
Let A= [(xlj'yu ).B= [(xu'yu )¢ [(xu'yu )] € IFSMyc,- Then
) AA(BUTC) =[(xf, )] A [max{x],xf}, min{yg, y§}|
= [mln(xu,max{xu, }) min(yljl,max{yu Yij })] ) -
(AR B)T (AR C) = [(min{x], x! }, max{yf, yi D] U [(min{xf, x5}, max{yZ, y5 )]
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= bmas(minf o il ) ity ) o )
= [(min(x{},max{xg,xg}), max {y{?,min{yu Vi }})]
Hence AN(BTC)=(AAB)T (AR C).
(i) (ANB)TC = [(min{x{?,xi]} max{yu 7D 0 [(xl] Xij i)l
= [max(min{x{, x5}, x§ £), mm(max{yl] v}, vi)] )
(ATC)T(BA ?) = [(max{)fu . } mln{yu Yij })] [(max{xl] xu} mm{yﬁ 3’5 bl
= [min(max{xy, xj }, max{yj, x }) max(min{yg, y§}, min{y], y§})]
= [(max(min{x } xt ) mm{max{yl] yu} Vi })]
Hence (ARB)TC = (Auc)n(Buc)
(i) AG(BNC)= [{xu Yij }] [miri{xg: xg |2 max{yl] Yij }] .
[max(ul] , min{)fg, {cg b, min(yg, max{yu DI ) )
(A0 B) T (A0 C) = [(max{xg, x;}, min{yj, y;})] A [(max{x, x5}, minfx, y5 })]
= [mi n(max{x ]}, mflx{x{},xg}):max(min{yu yl]} mln{yu,yu DI
[( Ln(xl- max{x[,x}}), max {y{}’,max{yu i }})]
[( ax(xl, max{xf, xt}), min {y;}’ max{yl,y§ }})]
Hence AT (BAC) = (AuB) (AT C).
vy (4 U B) A C = [(max{x, xf}, min{y, y§ D] A {x], v}
[mm(max{x } x§), max(min{yf, yE}, v6)]
(ARC)T(BRA ?) : [(mm{xu, } max{yu,yu D] T [(mm{xl] x”} max{yg yi Dl
= [ma x(min{x{? xg} mm{x }) min(max{yl] yl]} max{yu Vi })]
= [(max(min{x } X ) max(mln{yl] yl]} )’U))]
— [(min(max{af ), ), max{min{y, ), 5E))]
Hence(AUE)nc (ARC)T(BAO).
Proposition : 4.6
Let A=[(x,y])] € IFSMpxn, B = [(x,¥E)] € IFSMypn, C = [(x,¥E)] € IFSM,5,.  Then
A+B=B+A4(Gi)(A+B)+C=A+(B+C), i) (A+B) =4+ 8"
Proof :
(i) A+B= [max{xif,xg}, min{yif,xg-}]
[max{x } min{yu }]
= [(xu Yij )] + [(xu Yij )]
=B+4
(i) (A+B)+C= [max{x } mln{yu ] + [xl] yl]]
= [max{(xf, xf} ), xj } min{(y{, yu) ¥l
[max{x (xu Xij )} mm{yu (yu Yij )}]
=4+ (B+0C)
Hence (A+B)+C =4+ (B+C)
(iii) (A+ I?)T = [maai{xij},xg}, mirf{yl} Vi }]
= [max(i, ) miny. )
= [(xu yu) + (xu Yij i)l
= [(xff, v )] + x5, yu]

=A" + BT
Hence (A + B) = AT + B"
Example 4.6 :
Let A = [(xu Yij 7)).B = [(xu yl} )€ [(xu Yij 7)) € IFSMy,5, where
_[(0502) (0301)]. 5 _[(0.106) (0503)]. [(0305) (0.4,0.4)
=1004,03) (07,02)]'° = [(0.204) (0.304)] (0.6,0.2) (0.1,0.5)
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. ~ [0502) (03,0.1) (0.1,0.6) (0.5,03)
O A+B=]0403) (0702)],, [(0.2,0.4) (0.3,0.4)
1(0502) (0501)] 5

=0403) ©702)],,~F*4
o [(0502) (050.1) (0.3,0.5) (0.4,0.4)
(i) (A+B)+C= [(0.4,0.3) 07,021, [(0 6,02) (0.1,05)
(0.5,0.2) (0.5,0.1)
0602) (0.7,02)],,,
Hence (A+B)+C =4+ (B+C)
~ 1 [(0502) (0.4,03)
(@) (A+B) =|0501) (0702) -
(0.5,0.2) (0.4,03) [(0.1,0.6) (0.2,0.4)
0301 (0.702),, T10503) (0304),,
~ [(o 502) (0.4,03)
~ 0501 (0702,

Hence (A + B) = AT + B"

2X2

2X2

AT + BT = [

Proposition : 4.7
Let 4 = [(x,y/)] € IFSMyyn. Then (i) (A7)" = 4, (i) AT AT = AT U A, (iii) AN AT = AT A 4.
Proof :
(i) Let 4 =[(x,y)]
T
Here A" = [(xj'yu )] [(xu'yu )]

(AT) _([(xj'yu)] ) =(xf.yj)=4
i et A =[(xf, )] and 47 = [(xf )]
ATAT [(xl]’yl])] ( uy]z) )
= [(max{xl], ~}, mm{yl} i)/ﬁ-‘}]
= [(max{x{, x{, }, min{y{, v§}]
=ATTA
Hence AGAT =ATU A
iy Let A=[(x]yD)] and A" = [(x, y)]
ARA =[Gyl [P
= [mm{(xl{, ]{)}, max{x%, yj‘ii}]
= [min{(x§, i)}, max{yj, yi}]
=ATRA
Hence AN AT = AT A A.

Example 4.7:
(0.1,0.7) (0.3,0.1)

~ [(0.50.2) (0.1,0.5)

(0.1,0.7) (0.5,0.2)

AT —
JEIFSMyy,, A” = (0.3,0.1) (0.1,0.5)

_ 701,07 (03,0)] _ -

M (@) = [(0502) (0.1,0.5)] =4
Hence (47)" = 4

) 0.1,0.7) (0501  +r — -

(i) — ATA"= [(0501) (0105)] 4TuA
Hence AGAT = AT U A

0.1,0.7) (0302)]  +r~ -

(i) ARAT= [(0302) (0105)] ATna

Hence ANAT = ATh A
Proposition : 4.8

Let A= [(x, )] € IFSMyxy, if k is a scalar such that 0 < k <1, then (i) (kA) = kAT, (ii)
(kA" = kAT (iii) tr(kA) = ktrA, (iv) tr(kA®) = ktrA°
Proof :
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(i)

(ii

(ii

Let A= [(x/,y])] € IFSMy,x,

We have k4 = [(ka,ky ]

Therefore (k/T) [(ext, k! )] = k[(xf,y)] = kAT
) Let A= [(x/,y)] € IFSMy 5

We have kA® = [(ky, kx{)]

(kA")" = [y o)) = (G k)] = KO )] = (A%)
i) Let A=[(x]y])] € IFSMpsm

We have k4 = [(ka,ky ]

tr(kA) xm l(kx” )— kYT 1(x” y”) = ktrd.

(iv) Let A= [(xu,yu)]EIFSMme

We have kA° = [(ky{l, kx{1)]
wtr(kA?) = ¥ (kyff — kxfl) = k X7 (vl — xi1) = ktr(A°)

I11. CONCLUSION

In this paper, we have extended fuzzy matrix, fuzzy soft matrix and intuitionistic fuzzy matrix by employing
different kinds of its properties with example.
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