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ABSTRACT

In this paper, we have defined four new operators namely o, 0, €5 , & ona

new type of matrix namely Multi Intuitionistic Fuzzy soft Matrix were
defined and some of their properties are studied. The concepts are
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1. INTRODUCTION

In real world problems we have uncertainties. Zadeh [11]
in 1965, has introduced the concept namely Fuzzy sets to
deal uncertainties which consists of degree of
membership. Intuitionistic Fuzzy Sets are introduced by
Atanasov[1,2] which are extension of Fuzzy Sets and
consists of both membership value and non-membership
value associated with every element. The concept Soft set
theory have been introduced by Molodtsor [8] in 1999 and
he also studied various properties of soft set
Representation of Soft sets in matrix form was given by
Cagman etal [5]. Maji et. Al. [7] have introduced the
concept of Intuitionistic fuzzy soft set. Multi sets and Multi
Fuzzy Sets were studied in [3,4] and [10]. Intuitionistic
Multi fuzzy soft sets were introduced by Sujit Das and
Samarjit Kar [9].

AMS Mathematics subject classification (2010): 08A72

2. PRELEMINARIES
In this section we have given some basic definitions and
properties which are required for this paper.

Definition 2.1

Let X denotes a Universal set. Then the membership
function pa by which a fuzzy set (FS) A is usually defined
has the form pa: X — [0, 1], where [0, 1] denotes the

interval of real numbers from 0 to 1 inclusive.
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Definition 2.2

An Intuitionistic Fuzzy Set (IFS) A in E is defined as an
object of the following form A= {( x, pa (x), va (x))/ x € E}
where the functions, pa: E—=[0,1]and va: E—=[0,1]
define the degree of membership and the degree of non-
membership of the element x € E respectively and for
everyx e E: 0<spa(x) +va(x) < 1.

Definition 2.3
Let U be an initial Universe Set and E be the set of
parameters. Let ACE. A pair (F,A) is called Fuzzy Soft Set

over U where F is a mapping given by F:A— 1Y , Where

IV denotes the collection of all fuzzy subsets of U. An
fuzzy soft set is a parameterized family of fuzzy subsets of
Universe U.

Definition 2.4

Let IP(U) denotes the set of all intuitionistic fuzzy set of U.
A pair (F,A) is called a intuitionistic fuzzy soft set (IFSS) of
over U, where F is a mapping given by F:A— IP(U). For

any parameter e A, F(e) is an intuitionistic fuzzy subset
of U and is called Intuitionistic fuzzy value set of
parameter e. Clearly F(e) can be written as an
Intuitionistic fuzzy set such that F(e) = { X, Ure) (X), V) (X)
| x €U }. Here pree (X) , Vr@e (X) are membership amd non-
membership functions respectively and Vx €U, pre) (x) +
Vi) (X) < 1,
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Definition 2.5

Let IMFS(U) denotes the set of all intuitionistic multi fuzzy
set of U. A pair (F,A) is called a intuitionistic multi-fuzzy
soft set (IMFSS) of dimension k over U, where F is a

mapping given by F:A—IMFS*(U). An intuitionistic
multi fuzzy soft set is a mapping from parameters A to

IMFS * U) 1tisa parameterized family of intuitionistic
multi fuzzy subsets of U. For e €A, F(e) may be considered
as the set of e- approximate elements of the intuitionistic
multi fuzzy soft set( F,A).

3. Some New Operators on Multi Intuitionistic Fuzzy
Soft Matrices

In this section, some new Operators on Multi Intuitionistic

Fuzzy Soft Matrices are defined and based on these

operators some properties are studied.

Definition 3.1

Let U = {uy,u,,.., u,,} be the universal set and E = {e,e,,..,,
e,} be the set of parameters. Let ACE and be a Multi
Intuitionistic Fuzzy Soft Set on U. Then the matrix
associated with this set namely Multi Intuitionistic Fuzzy

Soft Matrix A" = [aij(K)]mxn,i=1,2,...,mj=1,2,...,n

where,

(50 @O @) (o) (W W) ifeen

K) 1(K) i
(089,109 if e;¢A
Also 0 < p® )+ v () < 1 and p®(u), v (u) and
H&K),V%) represents the membership and non-

membership of the Multi Intuitionistic Fuzzy Soft Set.

The set of all m X n Multi Intuitionistic Fuzzy Soft Matrices
are denoted by MY IVFSM.

Example 3.2

Suppose that U = {u;,u,,u3} is the universal set of students
and E = {eq,e,} is the set of parameters where e; =
Academic performance and e, = Sports performance. Let A
= E. Then the Multi Intuitionistic Fuzzy Soft Set (F,A),
where F: n - M®IFS (Multi Intuitionistic Fuzzy Sets on U)
and is given by

F(A) = { F(e;) = {( uy, (080.1),(0.7,02))}, {( uy,
(0.5,0.3),(0.4,0.2))}, {( us, (0.6,0.2),(0.8,0.1))}}, F(ez) = {(
uy, (0.7,0.2),(0.6,0.3))}, {( u,, (0.4,0.2),(0.50.1))}, {( us,
(0.7,0.1),(0.6,0.2))}}}

We can represent the above Multi Intuitionistic Fuzzy Soft
Set in Matrix as follows.
e e,
© u; /((0.8,0.1),(0.7,0.2)) ((0.7,0.2),(0.6,0.3))
Az, =Uz| ((0.50.3),(0.4,0.2)) ((0.4,0.2),(0.5,0.1))
Uz \ ((0.6,0.2),(0.8,0.1)) ((0.7,0.1),(0.6,0.2)) s

Definition 3.3
~(K)

Let A = [aij(K)]an

M®IFSM. Then A"

e MMIFSM and B = [b; ] €

mxn

is a Multi Intuitionistic Fuzzy Soft Sub

Matrix of B, denoted by A«

1f I”lliu < uﬁl] and
vgi? > vgi? for alli,j and K.

Definition 3.4

A Multi Intuitionistic Fuzzy Soft Matrix of order m X n
with cardinality K is called Multi Intuitionistic Fuzzy Soft
Null (Zero) Matrix if all of its elements are (O(K),l(m). Itis

denoted by ff)(K)

Definition 3.5

A Multi Intuitionistic Fuzzy Soft Matrix of order m X n
with cardinality K is called Multi Intuitionistic Fuzzy Soft
Absolute Matrix if all of its elements are (1(9,00). It is

denoted by i®

Definition 3.6
if A% =[a;0] eM®IFSM and B™ = [b;®]

mxn mXxXn
M®FSM then Addition, Subtraction and Multlpllcatlon of
two Multi Intuitionistic Fuzzy Soft Matrices A and B"
are defined as

\ K(K] n 'B'(K] _
(max( > Iigq ) ,min (vg?, V(Eli? ) )] for alli,j and K.
- K(K] _ 'B'(K] _
(mm ( uA , uB ) , max (v%?,vg? ) )] for alli,j and K.
) 7 =)
A" «B = [Cil =
[ /max min mm max
(T ), o )
Example 3.7
Consider A,y (2) =

(((0 7,0.2)(0.8,0.1))  ((0.6,0.25(0.7,0. 1))) Iy

((0.5,0.4)(0.4,0.5))  ((0.2,0.6)(0.4,0.5))

- o (((0 6,0.2)(0.5,0.4)) ((0.6,0.1)(0.7, 0.2)))
2x2 . =\((0.7,0.1)(0.6,0.2))  ((0.5,0.3)(0.2,0.7))

are two Multi Intuitionistic Fuzzy Soft Matrices then

) <K (((0.6,0.2)(0.5,0.4)) ((0.6,0.1)(0.7,0.1)))
((0.7,0.1)(0.6,0.2))  ((0.5,0.3)(0.4,0.5))
200 500 _ (((0.6,0.2)(0.5,0.4)) ((0.6,0.2)(0.7,0.2)))
((0.5,0.4)(0.4,0.5))  ((0.2,0.6)(0.2,0.7))
209, 500 _ (((0.6,0.2)(0.6,0.2)) ((0.6,0.2)(0.7,0.2)))
((0.5,0.4)(0.4,0.5))  ((0.5,0.4)(0.4,0.5))

Definition 3.8

+(K)
Let A = [aij(K]]an
Intuitionistic Fuzzy Soft Transpose Matrix of ZX(KJ

—(K)
given by AT :[aji(K)]nmeM(K) IVFSM.

—~(®)
e M®IFSM then A" is the Multi

and is

Definition 3.9
Let A" =[a,®]

K)
@Wwﬁ@mmwﬁ,

EM(K)IFSM where ;0 =

the Multi Intuitionistic Fuzzy

Soft Complement Matrix A% is defined as

~=(K)
AS =[p,;M] = (v].(K) (ui),pj(K) (1,)), Forallijand K.

mxn
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Definition 3.10

Let A =[a;®] € MYMIFSM where a;®=
® ey & g
(u]. (€, v (C;))- Then
L DK(K) is called a Multi Intuitionistic Fuzzy Soft
Necessity Matrix of K(K) and is defined as
(K
DA = [bii(m]mxﬂ: where bij[K): (H,-(K)(Ci),l—
v (C)) forallijand K.
I 0A™ is called a Multi Intuitionistic Fuzzy Soft
Possibility Matrix of A and is defined as
OK(K) = [bll (K)] Where bl] (K]: (1 -
mx

€, vI(C))) for allij and K.

Example 3.11
Let A,,, "
by

@ (([0.6,0.3], [0.7,0.3])
22 ~\([0.5,0.4],[0.6,0.2])

be a Multi Intuitionistic Fuzzy Soft Matrix given

([0.6,0.2], [0.5,0.3]))
([0.7,0.2],[0.8,0.1])

2X2

Then Multi Intuitionistic Fuzzy Soft Necessity Matrix of
A s given by
-~ @_ (([0.6,0.4], [0.7,0.3])

([0.6,0.4],[0.5,0.5])
Bhaa =\ ([0.5,0.5], [0.6,0.4]) )

([0.7,0.3],0.8,0.2])

2X2

Also Multi Intuitionistic Fuzzy Soft Possibility Matrix of

K(z) is given by
~ (@ (([0.7,0.3],[0.7,0.3])
OAZXZ = (

([0.8,0.2], [0.7,0.3]))
([0.6,0.4],[0.8,0.2])

([0.8,0.21,[0.9,0.1])

2X2

Proposition 3.12

Lt A9 = [a,0]

(u(K) ()} V(K) (C D) Then
~(K) ~

L (DAC ) = oA

—NC
L. (<> AC ) T

2. (0=

MMIFSM i

where

m. oAPca®c oz
IV. O (DA(K)) DA(K)

v. oA"Y =0a"
~(K) ~(K)

VI (OA ) 0A
VIIL. <>(|:|A )=|:|A

viiL o*(A™) = o(o(@( ... (A))) = oA™ for all integer n >

0.

X, oA™Y =000 (0 (.. (A))) = 0 A" for all integer n >
0.

Proof

~=(K)
MAS = (v(c),u¥(c)) forallijand K.

~(K)
Now, 0A® = (v, ®cy,1- vj(K) (Cy)) foralli,jand K.

(DAC ) (1- (K) (Cy), vj(K) (Cy)) foralli,jand K.

=0 A’(K)

Similarly (ii) can be proved.

(iii). We have 0 < uj(K) )+ v].(K) (C) =1forallallijandK.

(W), 1P < [P v¥Cn < [
() v“‘) (C))] for all all i,jand K.

Hence |:|A C A(K]C OA

(). oA = [ (c), 1-n*(C))] forall all i and K.

ooA™ = [ (€, 1-u ()] for allall i, and K.

~(K
=|:|A()

(v).Similarly we can prove ¢ (OK(K)) =A™

wi). o0& = o ([(1-v (C), v (€)]) for all i and K.

= [(1v*(€), v (€] for allij and K.

o™

(wii). 0 @A™) = 0 ([ (C), 1-u (C)]) for all ijand K.
= [ (€, 1-u (€] forall i, and K.
_ DA'(K]

(viii). Proof follows from (iv)
(ix). Proof follows from (v)

Remark 3.13
Let A be a Multi Intuitionistic Fuzzy Soft Matrix. Then in
general O ¢ A% o ga®

Proposition 3.14
if & =[a,0]
MM IFSM then

0 D(A(K]+B oE oA +l:|B
(ii) 0 A + 8% =0 A" 408"
i) oG )= (oA’(K’)

) 0@AC )= (DK(K’)C

e MOIFSM and B =[b;®]

mXxn

Proof
(1) Let K(K] = [aij(K)]
E(K) = [bij(K]]

[(u(K) ('f))] e M®IFSM and
Ay

mXxn

[(u(K) ('9)] € M®IFSM then

mxn

K(K) n E(K]

K
0@ + 59 - [(m aX(u%K), ugK)) 1- max(ug(),u(gm))] for
alli j and K -------- >(1)
E L Pe—
ij
DE(K] _ [(P—gf]' 1-— (K) ] foralli,j and K
ij

- 121 -]

= [(max(ug(), ug()) mln(v(K) () ))] foralli,j and

A" 4 o
foralli,j and K
[ (mart. 1 -

~>(2)

+K) | =K
From (1)and (2) oA +B )= oA + oB™
Similarly (ii) can be proved.

max(ug(), Hy )))] foralli,jand K ----
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—(K)
(iii). Consider A® =
[(v“_(_) 1-
0AN = |(1 - (K) forallijand K
j
Aij

() <[

~(K)
From (3) and (4), 0(A¢ )= (OA(K))
Similarly, (iv) can be proved.

[( %K) sl ))] for alli,jand K

—~K)
Now,0A®" " = vi| for all i,j and K-> (3)

vgi?)] for all i,j and K -—-->(4)

Definition 3.15
if A% =1[a,®] € M®IFSM and B = [b;®]
1] mxn ! mxn

M®™IFSM then the operators @ and ® are defined on
these matrices as follows.

K K K K K
() A @ B [(u( ) IJ'1(311) IJ'E\u) IJ'](3ij) ’ V‘g‘ii).
i,jand K
~ ~ (K)
. 29 @ 5% [( (0 00 00, O
B

0 )] for all

(K)
vE‘_‘_). v )| forall
Ky,

Au Bu Au i
i,jand K
98 € M®FsM and AX @BY €
M®1FSM Here + -, represents usual addition,

subtraction and multiplication.

Proposition 3.16

Let A% € MOIFSM and BLo. € MMIFSM then
0 | =0 _ K)o (K

(i) A + B cA @ B

(ii) A ® g9 ca® 4+ g*

G A° @B A"+ §“<) ci¥ o8
Proof

5

Let AL = [( “‘), “‘))] e MMIFSM and BY. =

[(u(K) v (If))] c M(K)IFSM
Bjj

Now, A ) + E( [(max(u&m,ug)) mln(v(m g%)] for all
ij

i,jand K

7O nx® _fow, © e K © .

A OB = [(H,:ﬁ g, TR Mg V,:i].-vﬁij) for all i,j

and K

K K K K K
maX(u,&),uB) < u,ﬁ) ufgu) ugl]) ugu) and

)
Bjj

HenceA +B CA(K)EBB

Since

K) (K
mln(vgu) EM)) > VK.j .V

Corollary 3.17

Let A% € M®IESM then
0 A9 cF0 g 50
i AV @i ca®

(111) A(K] ® K(K] c K(K) c K(K) D K(K)
(iv) A(K] ® K(K] ~(K) ~(K)

Proofis Obvious.

Proposition 3.18

LetA® and tMe M“QIVFSM then

@ A" ea B(K) g™ ® Al (Commutatlve Law)
(i) A o8 e 2" o B o™
(Associative Law)

(iii) P e8"-8"g K(K)( Commutative Law)

. +K o =K ~(K)_+(K) =(K) =K
iv), (A ®B)®C=A"Q®(B & )
(Associative Law)
Proof
700 1w 2 ® ®
Let Ay =[] = [(uKij WV, )]mxn € MYIFSM,
~(K) (K) ® K (K)
Bmen =[b5"] = |( [ 5, 'V, )]mxn e MYIFSM and
¢® 1 ® ® | ® ®
Cown =[c5™] = ]( [ & Ve, )]mxneM IFSM and
Now,
7K~ 5K ®
A @B - [(uf;_‘? -0 )|
ij ij ij ij 1] Bij
[(“B +I1 ug?.pg?, B, )] for alli,j and K
=% GBA
Similarly (ii) can be proved
(K)
(ii). For all i,j and K. i @8" = [(”A “B 1(:() —
j ij ij ij
X (K]
K KK K) _
[(HBIJ uAIJ Bj; TV All Bll All )]
_ E(K) ®K(K]
Similarly (iv) can be proved.
Proposition 3.19
() K
Let A =[a3®] = |( [ w ))] e M®IFSM and

~(K) K ~(K)
Bunsn =[05 "] =] [ ) ))] M(K)IFSM.IfA and

s = =( K | (K (1() X

ii). Now, A B = +v = ~ ~ ~
(i ® [(HKU uﬁu By B(K) are Symmetric, then A 69 B ® and A(K) X B(KJ

(K) also Symmetric.
vg). v o) foralli,j and K
1 B
) TR0 ® ,® w ® proof
. K K) (K . K
> < +(K) K

Since max (MK Mg, ) Hx; - M, and min (VKH'VEH) = Let A, .n :[ai]-“()]mxn: [(ll;(;) ,VK))] € MMIFSM and

®,  ® ® K =(K) (K) K) (K

Vi +V o — ViV =[b., vy ®

Vg, zsl, 5 Buen =[by ] = [(u )]mxn e MMIFSM.
Therefore A ® B(K) c A + B Then we have 0 < u(K) < land O < u(K) ) <1 for
(iii). From above results (i) and (ii) combining both we alli,j and K.
iy Given that A and B We have AT =
~K) o =K _~K) <K _ ~ ~(K =
A( ) ® B( ) QA( ) + B( ) QA EB B( ) 1v]en t it.(K an are symmetric. We have

ndB" =B
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®_ K ®_, K

Therefore, “}i _”A and vy X Ku
Also u(K) = ug() and vg()— vg()
j ji ij
For all ij and K (A[K)EBB[K)) = [(um ](31()_
ij
(K) !
K (K (K)
A uEu ’ A,] vBij )]
(K) (K) (K) (K) (K) (K)
[(u Bn _uA Bll v A’ Bll )]
(K)
[(u“{) g, — g, Vi,V )]
~(K)@§(K) ’
Therefore A @B is Symmetric.
Similarly we can prove 29 08" is Symmetric.
Remark 3.20
G K (K)
Let Apan =[ay®] EM()IFSM and BL). =[b;®] €
M®IESM. Then
. ~(K) —~(K) —~(K)
M (AYeBY) AT @B
~(K) ()
(ii) (A(K)®B(K)) £AT @B
Proposition 3.21
7® _r 1 [ ) (K)] (K)
LetA™ =[a;®] _ =|(u; Kij)mxneM IFSM,
=0 K ® K ()
B =[] = [(HB] Bu)]manM IFSM and
=00 _1 i [( (K (K))] ®
€ =[] = e, +Ve, manM IFSM,
~ T ~
(i) (A(K)EBB(K) ) = (B(K)EBA[K)) and
~ ~=(K)
(A(K)@B(K)) AT @ BT
o~ T ~ ~
(i) ( 709 ®B(K) 509 x® il
~ ~=(K)
(A(K)®B(K)) AT ®BT
(iii) 1f A9 then K[K)EBC[K)EE(K)GBC(K) and
A(K)®C(K)§§(K)®C(K)
Proof
(K =K =K =K
(A8 ) (“ex )
For all ij and K, (A(K)EBB(K)) = [(H%K) ng
(X !
K (K (K)
uAll By’ AU V§ij )]
K K KK K (K
[(u” a0 u%) 1(3,1)'7[&)"1[3]3)] _____ NG
~ K K (K K (K
AT :[(%), %))] a7 [( ) (“))]
~=(K) ()
Now, AT @B [( (9 1,09 ”%K) MO (K) }(310)] _____
ji ji
>(2)

00\~ ()
From (1) and (2), (A“‘)@B“‘)) A" @®BT .

Similarly we can prove (ii).

(iii). Let A9<B™ | Therefore for all i,j and K we have

(K) (K) (K) (K)
andvl & 2 Bl] Cu

Now, 5 ea(~:(l<) [(M%K) +”(CK)

Also, B(K]GBC(K]

o))

©, ©
[(uv e MEU MC )V B” C” )]

From (3) we have, Al @C(K)Cﬁ(m@ﬁm

”7& “é

In the following Proposition, we prove that the
Complement based on the operators & and & follows De-

Morgan’s Laws.

Proposition 3.22

Let A" =[a; 1] %‘?)] € MMIFSM and
U Imxn

mxn [ A]]

5™
‘[bllm]mxn [(Hg? ’ Vgl?)]

(i) (o8
—~—K  —~=(K)
A“ @®BC

_ - C —(K —~—=(K) —~—K)  —~=(K)
(iii)(Am@Bm)gAc @B (iv) A° ®B° c
(A(K)®§U<J)
Proof

For all ij and K (K(K]GBE

e M®IFSM . Then

mxn

)C=Kém®§ém (i) (K(K)®']§(K) )c=

K K
[( 09 4 0 _
© |°
© 00 K
sy, » Vi, Vs )]
]

[(V V(N__.uA u,% uA uB )]----9(1)
" 0

For all ij and K, AC [(VA ,uv )] and BC =
ij

057 67)

~([K)  ~—(K) r K
A [ 0+ - 049 >

Bj;
- ~(K)  ~=(K)
From (1) and (2), (A" EBB(K’) -A® ®BC

Similarly we can prove (ii).

~K (K K (K) K K) K K

Now, AC @BC = |:V\(A/ij)+ VB’.. - Vl(v\ij)lvg,.'ul(vkij)'u(ﬁij) ——
1 ij
>(3)

X)
Since, vy v < Vg;)+\)§ - Vgi?' ) and u(K)_|_ugl<l)
D) ij ij

K K K K
P—;l]) H](gl]] = ugu] ulgu]

X ( K)
K

~(K)  —~(K)
From (1) and (3) we have, (A @B(K) ) cAC @B

In a Similar way result (iv) can be proved.

Conclusion:

In this paper, we have defined some new operators
namely o, ¢ on a new type of matrix namely Multi
Intuitionistic Fuzzy soft Matrix were defined and some of
their properties are studied. Also we have defined another
two new operators namely ¢ , ® on Multi Intuitionistic
Fuzzy soft Matrix and we have studied some of their
properties. The concepts are illustrated with suitable

(K) (K) (K) (K)
Mz, = Mg, and vy © < VE; numerical examples.
=) Ty g S u(fq + ugq g, - e, ~>(3)
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