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I.  Introduction

In real world problems we have uncertainties. Zadeh [13] in 1965, has introduced the concept namely
Fuzzy sets to deal uncertainties which consists of degree of membership. As an extension of fuzzy sets,
Atanassov ([1],[2]) have introduced Interval Valued Fuzzy Sets and Intuitionistic Fuzzy Sets.The concept Soft
set theory have been introduced by Molodtsor [8] in 1999 and he also studied various properties of soft set.
Yang et.al [12] introduced Interval Valued Fuzzy Soft sets. Representation of Soft setsin matrix form was given
byCagman et.al [5].Rajarajeswari et.al [9 ] studied about Interval Valued Fuzzy Soft matrices. Multi sets and
Multi Fuzzy Sets were studied in [3,4] and [11]. Multi Interval valued fuzzy soft sets were introduced by
ShawkatAlkhazaleh [ 10].
AMS Mathematics subject classification (2010): 08A72

Il. Preleminaries

In this section we have given some basic definitions and properties which are required for this paper.
Definition 2.1

Let X denote 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.
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, ua : 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 every X € E: 0 < pa(X) + va(x) < 1.
Definition2. 3
An interval valued fuzzy set X on a universe U is a mapping such thatX: U — int([0,1]) , where int([0,1])
stands for the set of all closed subintervals of [0, 1], the set of all interval valued fuzzy sets on U is denoted
byP(U). Suppose thatX € P(U),Vx € U, u, (x) = [u; (x), uf (x)] Is called the degree of membership of an
element x to X.u; (x)andu’ (x) are referred to as the lower and upper degrees of membership of x to X
where0 < u; (x) < uif(x) < 1.
Definition 2.4

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— | Y where 1Y denotes the collection of all fuzzy subsets of
U. An fuzzy soft set is a parameterized family of fuzzy subsets of Universe U.

Definition 2.5
Let U = {C},C,,C3,Cp s C., } be an Universal set and E be the set of parameters given by E={
€::€,,€3,€4 ,.0nnns €,} Let AcEand (F,A)is acalled Interval Valued Fuzzy Soft set over U, where F is a

mapping given by F:A— IV, where 1Y denotes the collection of all intervals valued fuzzy subsets of U.
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Then the Interval Valued Fuzzy Soft set can be expressed in matrix form as A= (a
i=1,2,3,...m,j=1,2,3,...n.

VR CYYI (D CL VN e;eA
Where a, = LRl Ao A AL; ' AU if

[0,0] € A

L2 (€i), 12, (C;)] represents the Interval Valued Fuzzy membership degree of object C; in the Interval

or K:(aij),

ij )mxn

Valued Fuzzy set F(€;) with the condition 0< z; (C;) + 4, (C;) <1.
If 4 (¢;) = 45, (C;) then the Interval Valued Fuzzy Soft Matrix reduces to Fuzzy Soft Matrix.

The set of all m X n Interval Valued Fuzzy Soft Matrices will be denoted by IVFSM

Definition 2.6
A pair (F, A) is called a Multi Interval valued fuzzy soft set of dimension K over U, where F is a mapping given
by F : A — M¥Int(U), where M ¥ Int(U) denotes the collection of all multi interval valued fuzzy subsets of U
with dimension k.
3. Some special operators on Multi-Interval valued Fuzzy soft Matrices

In this section two Special Operators @,& are defined on Multi Interval Valued Fuzzy Soft Matrix.
We have studied some of the properties of these defined operators on Multi Interval Valued Fuzzy Soft
Matrices. Also the concepts are illustrated with suitable examples.
Definition 3.1

Let U = {Cy, C,, ..., C,,, } be an universal set and E be the set of parameters given byE = {e;, e;, ..., e, }.
Let A € E and (F,A) be an Multi Interval valued Fuzzy soft set over U where F is a mapping given by F: 4 —
M¥Int(U)whereM*Int(U) denotes the collection of all Multi Interval valued Fuzzy subsets of U. Then the

Multi Interval valued Fuzzy soft set can be expressed in matrix form as A®) = (a-(-k)) O 400 _ = ()i =

1,2,3,..,m, j =1,23,..,n where each a; )is Multi Interval valued Fuzzy soft set with cardinality k. where
40 _ {([MJL (cl),u],, €)]) .ifg el k=12.,k
! ([0,01) ife & A
[u]’-‘L (Ci),u]’-‘u (Cl-)]Represents the Multi Interval valued Fuzzy membership degree of object C; in the Multi
Interval valued Fuzzy set F(e) with the condition 0 < uf (C,) + iy (C;) < 1,where k=1,2,....p.The set of

m x n Multi Interval valued Fuzzy soft Matrices will be denoted by M ) [VESM,, .

Definition 3.2

Let Ay ® = (af?) e MY 1vFsH, E’an = (b(k)) e M® vFSM then A®)is an Multi Interval valued
Fuzzy soft sub Matrix ofB ()| denoted by Ak ) if u(k) < y(k) and '“/(1,;1) < yg‘U) forall iandj
and k.

Definition 3.3

A Multi Interval Valued Fuzzy Soft Matrix of order m xn with cardinality is called Multi Internal Valued Fuzzy

Soft Null (zero) Matrix if all its element are [0, 0]. It is denoted by 3%,

Definition 3.4

An Multi Interval Valued Fuzzy Soft Matrix of order m x n with cardinality k is called Multi interval Valued
Fuzzy Soft Absolute Matrix if all its elements are [1,1]. It is denoted by | Q.
Definition 3.5

k k
If A( ) = (a( ))mxn mxn

e M® VFSM where a(k) |_,uA(Lk),,uAU)J and B = (b(k)) eM© 1VFSM where
k (k) (k) . . .
by = Lué L, *HBu, then It is defined

R e e,

R 59 < ), =i e ol ) et

Definition 3.6
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(K

~ ~=(K) | .
Let AW = (a;®)_ eM®IVFSM, where a; ® = [p%‘: s )i]_] Then AT is Multi Interval Valued

U

~ ~(K)
Fuzzy Soft Transpose matrix of A" is given by AT =(a;®)__eMOIVFsSMm,

Example 3.7
o _ (([0.2,0.4],[0.6,0.8]) ([0.1,0.3],[0.3,0.4])
Consider Az, = (([0.5,0.7], [0.6,0.9]) ([0.2,0.5],[0.4,0.6]))'
Then its transpose is given by,
~@  (([0.2,0.4],[0.6,0.8]) ([0.5,0.7],[0.6,0.9])
2z = <([o.1,o.3], [0.3,0.4]) ([0.2,0.5], [0.4,0.6]))'

Definition 3.8
A= [ ® ~ K .
Let A =(ay ("))mxneM(K)IVFSM where a; © = [(HT*LU- ’uﬁuij)] Then A® s called Multi Interval
.. "(’:(K) )
Valued Fuzzy Soft Complement Matrix if A~ "= (by )mxn where
by = ([1 - 1$ (€, 1 - pf(cy])forallij and K.
Example 3.9
L KO (([0.6,0.8], [0.4,0.6]) ([0.4,0.6],[0.5,0.7])
2x27\([0,5,0.6],[0.6,0.8])  ([0.2,0.3],[0.3,0.5])
O (([0.2,0.4], [04,0.6]) ([0.4,0.6], [0.3,0.5]))
([0.4,0.51,[0.2,04])  ([0.7,0.8],[0.5,0.7])

)Then its Complement is given by,

Definition 3.10
11AY = (g;®)  eM®iviEsMand BY = (b;®) € M®IVFSM then two Special Operators
J mXn ] mXxn

@, are defined as follows,

8 AE o gK_ ®, © _ ® K (K ® _ ® (K .
iH.A""pB = ([(”T\L; ng” H‘E‘Li]‘ .ugLij’ H‘E‘Uij + pguij ”Kuij' HEUH)D forall i,j and K.
o 7K o 5(K) ® ® K (K -

(i) A" QB "= ([HALU IHEL”' ”Kuij'”ﬁuij]) forall i,j and K.

where A% @ 8% and A% @ B®eM®1VFESM of order mxn and +.-, . are usual addition, subtraction and

multiplication respectively.
Theorem 3.11

Let A% 8"eM® 1VFSM then the following results are true

(i) Z\(K) ® E(K)QE(K) + ;“(K)

iy A¥@B" ™ 4+aA®

i A@a"2A% + 58%2A" g g%
(iV) A(K) ® E(K) QA(K) ® E(K)

Proof :-

5 &K 5K _ ) ® _ o ® K ® _® K
0 ATSB = ([(H‘T\ * u§Lij uﬁ[‘ij .ugLij’ u‘KUij + ugUij uﬂuij. uﬁUij)])

Ljj
Also, A 4 8Y= ([max <u§? ,ug? ) ,max <u(~];) o )])

i Bl i Py
Since,

(CORN () (9] ® _ K
max <H5Lij ’EEL”)SKHKL” +KH§L“ : Ay HBL
We have A% + B*ca® D g"

(ii). For all i,j and K,
% (K) 5K)_ ® (K ® K
AT®BT= ([HKH' IHELij’ HKUij. HEU ])

j ij

~(K) | 5K _ x® K x (K
A+B _<[max (uKLij ’ p'§L11> /rax <HKUij' ugUij)])

i ® 005 o o CEMCR PR
Since max (“ALi,- ’“BLij) > “ALij '“BLi “Auij' ”Bui,) = uAuij' “Buij

© ) <u® 4 ® _ o | ©
< 5,

andmax<~,~ ~ — s U
Wy M, Auj; g My My

and max (
j

We have, AL L RN Q g®
(iii). Proof follows by using the results (i) and (ii)
(iv). For all i,j and K,
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© ©_ ®, ® KK ©  ® - ® K K
ha,, My, <uAL+uBL Ha,, ey, and puy - ”BU1<“ + g, ~ My, May,
We have, A(K) ® B(K)QA(K) ® B(K).

Corollary 3.12

Let A“YeM®1VFSM of order mxn then the following results hold

0 A @ KOoAK

(ii) A(K) ® A(K) A(K)
i  AY @ AY2R8%28% g AX
Proof :-
Proof is obvious from the above Theorem 3.11.

Proposition 3.13
%K) =(K)

Let A%, B* and €*eM®@1VFSM then
(i) AY g B(K) 8% @ A“( commutative Law)
i) A% C(K) A% @ (B® @ c") (Associative Law)
(iii) AN ® 8Y=8 (K) (K)( Commutative Law)
ivy AYes"e C(K) A% ® (B" ® c") (Associative Law)

Proof :-
x(K) 5K _ (9] (9] ® K (9] ® K o
0).AY @ B ([(“AL g =) g0 w0 ) i g )])for all i,j and K.

® & K &) (K) (]
([, o, 0
-89 @ I&(K)
(ii). Proof is Slmilar to (i).

(iii). Con5|derA ® "= ([uﬂ? pg?, u‘(*?u uB)D foralli,j and K.

K K K
- ([“1(33 ”1(\3' p]gu)u pA) ])for all i,j and K.

5 @ A"
(iv). Proof is Similar to (iii).
Proposition 3.14
Let A, 8" ana ¢

() (A<K)@§(K))T¢AT 'oE™"

(i) ( A ®B(K))T 2 AT EBBT
Proof :-
The above inequalities are true which can be seen from the following examples.
.~ (@_(([0.3,0.5],[0.4,0.5]) ([0.4,0.6],[0.6,0.7])
Consider, Az = (([o 4,0.5],[0.5,0.6]) ([0.6,0.8], [0.7,0.8])) d
5 ([0.2,0.3],[0.3,0.4]) ([0.5,0.6],[0.6,0.7])
! (([0.4,0.5], [0.5,0.6]) ([0.2,0.3],[0.4,0.4]))
~@ =@_ ( ([0.44,0.65],[0.58,0.7])  ([0.7,0.84],[0.84,0.91])
Now, A~ OB (([0 64,0.75], [0.75,0.84]) ([0.68,0.86],[0.82,0.88]))

eM®VESM then

—~=(K)

© - <(onT_ (([0.44,0.65],[0.58,0.7])  ([0.64,0.75],[0.75,0.84])
Therefore, (A" @B ) (([0.7,0.84], [0.84,0.91]) ([0.68,0.86], [0.82,0.88])) """ >
o, AT (103,051, [0405])  ([0.405], [0.5,0.6])
oW (([0406] [0.60.7]) ([0.6,0.8], [0708]))
700 (([0 2,0.3],[03,04]) ([0.4,0.5],[0.5,0. 6]))
([0.5,0.6],[0.6,0.7]) ([0.2,0.3],[0.4,0.4])
)~ (([0.06,0.15],[0.12,0.2]) ([0.16,0.25], [0.25,0.36])
Therefore, AT @B (([o 20361,0360.49) ([012,0.24], [0280. 32])) """ 2@

~(K) ~(K) ®B T(K)

—~(K)

From (1) and (2) we have (A @B ) ;& AT

Therefore in general (A(K)GBB(K)) + AT ®BT
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() - =_ ( ([0.06,0.15],[0.12,0.2])  ([0.2,0.36],[0.36,0.49])
Now, A™" @B _(([016025],[0.25,0.36]) ([0.12,0.24],[0.28,0.32]))

® — =N (([0.06,0.15],[0.12,0.2])  ([0.16,0.25],[0.25,0.36])
Therefore, (A ®B ) (([0.2,0.36],[0.36,0.49]) ([0.12,0.24], [0.28,0.32])
([0.44,0.65],[0.58,0.7])  ([0.64,0.75], [0.75,0.84]))

~(K)  —~=(K)
T T "
Also, A™ B = (([0.7,0.84], [0.84,091]) ([0.68,0.86], [0.82,0.88])
From (3) and (4), we see that
- . T —=K) —~
(A(K)®B(K)) #AT @BT
~ — T =K ~
Therefore in general (A(K) ®B(K)) +AT @B’
Proposition 3.15
Let A% 8" and C‘K)elvl(K) IVFSM then
T —~ T —=(K)  —=(K)
0 (A(K)EBB(K)) 5% @ A and (A(K)@B(K)) A BT
~(K) _ —=(K)
(i) ( A(K)®B(K)) 59 @A and ( A(K)®B(K)) AT gE
i 1FAYB™ then A® ~(K)cB(K)eac(K) and AV @™ gc

@éC
(iv) 1f A%nd B®are Symmetric then Ae8"and A @8%are Symmetric.

Proof :-
Forall i,j and K

T
) (K> (K) ® _ K (K (K) ® (K
(A @B (([H uBL ”‘AL uBL ’ HAU HBU HAU §Uij]>)

) () ® K K) ) [(CORR Y
([(uBL p'AL p'BL HAL ’HBU HAU p'BU uAU )])
_ T
EBA(K)

Also, foralll,J and K
T

(K) (K) ) (L9) ® & (K ) ® (K

(A ®B (([u + Mg, uAL uBL.uA + Uz, uAU Mg, ))

Ujj

)ne@)

K)

(K)

=K

~(K)

(K) ® _ (K (K) (K) (K)
([u g TR e Hay T HE, TRy ]) ---------- ~>1)
Now,
~(K) _ ~(K)
T T ® (K (K)
A @B (uAL ,uAU D@([uBL ,uB D
—([,,® ® _ (K (K) (K) (K)
—([HAL Mg, ~HE e May uBU ~ My, uB ]) ---------- 2(2)
() (K)
From (1) and (2) we have (A EBB(K)) =AT ‘@BT .
(ii). Proof is Similar way as (i).
(iii). Since A"'cBY | for all i,j and K we have
K K K
uA)<u() andu() <u§B~U)
©, 0 0 ©O_ 0, ©_ ® K
=>uAL +ug, AL <Hg, +u ~ Mg, Moy and
K) © 0w, _a® ()
HAU + IJ’ uAU uCU < HBU] + l‘l‘ HEU] + HCU“
:A(K)EBC(K)QB(K)EBC(K)
Similarly we can prove Al ®C(K)CB(K)®C(K)

(iv). sinceA™ and B are Symmetric ,
~ ~(K) —~(K)
we have A®=AT" and B*=B =>u§? = = ugK) and

s, M, =
K K K K
Also g = u(BL) : ufgu) =ng
ji

~ o~ T ~ ~
To Prove A EBB(K) is Symmetric , we have to prove that (A(K)EBB(K)) :A(K)EBB(K).
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T
; K &K ®) ® _ KK (K) K (K
Consider, (A @B )—(([ugL Me,, M, Mey Ma, uBU ~ Hay, M

By..
ij
() ) ® K K ) & &)
([u L S AT Y Ml T ])

By assu mptlon
X) (K) ® & (K X) )
([u HAL HBL .HAU + U, HAU ])
~(K)EBB(K)

Similarly we can easily prove A28 are Symmetric.
Proposition 3.16

Let A% BY and €"eM®IVESM then

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

(ii) ( ))C A ~(K)
(iii) (A ))CCAC gc®
(iv) (A(K)®B(K))CQ K).
Proof :-

(i). Forall i,jand K.

AW pg® ®) (K) © K K, K KK
®B ([ ~ My, HE MR, + U, ~ My, ey, )

9 (K) K K) (K (K K K) (K K
(A @B ([1 (HE\L)J’”(BL) “;L) “BL)) 1- (”E\U)'i'”(BU) HE\U)” H(BU) )D ________ >)
We know For all i,j and K
~=(K)

AC ([1 u - (K)]) and B ([1 u(K) 1- pg‘L)D

Therefore,

~—=(K)  ~—=(K)

C (SR (K) ) ) )
A o8 —<[(1 iy, ) (1=, )- (1= )(1 o))
- ® 4 ,© © @ ® K ® K
—([1—( gy T Mg uBU)l <uA g, M ME )D ------ 2>(2)
From (1) and (2) we have

£ 5K\ _7c® o, o)

(A" oB ) =A" " ®B

In Similar way result (ii) can also be proved.
(iii). For all i,j and K

(K) ~(K) K, 0 _ K K ® ® K (K
(R"@8") =([1 = (1 iy, = v 0, ) 1= (0, o, = 2-082)])
Forall i,j and K

~—=(K)

—~=(K)
A u;;o]) and 51 - 1 - ug?])
Ui

K K K K K K K K
:([1-u%)+1 u( ) (1 b ))(1 0 )) 1y )+1 u( ) (1 u ))(1 “(EL))D
ij
® K © L 10 00 () o 1 0 1, (0, 0 0 K
([2 MRy, My, 1+uBU Tz, 5 o, iy, 2ol M 1+uBL +uAL Mg, - uBL”D

- (K) K) ® | ®
([ k)
Since,
K K K K K
uiU) ufgu) uiU) uB) >u() u}g) and

K)

K K K K) (K
()+I1() ”,(AL) uB) >uiL) u(BL)

We have (A(K)QBB(K)) CAC GalgE
Similarly we can prove (iv).

I11. Conclusion
In this paper we have defined two Special Operators @,&® on Multi Interval valued Fuzzy soft Matrix.
Also we have studies some of these properties. The concepts are illustrated with suitable examples. Also we
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observe that the operators @,® are not obeying the De-Margon’s Law over transpose. But their complements
are obeying the De-Margon’s Law.
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