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Abstract. Today is a world of uncertainty with its associafgdblems, which can be

well handled by soft set theory. In this paper, prvepose Interval valued fuzzy soft
matrix ,its types with examples and some new opesain the basis of weights . We also
study their properties .
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1. Introduction

In real life scenario, we face so many uncertasntie all walks of life. Zadeh'’s classical
concept of fuzzy set[20] is strong to deal witklstiype of problems. Since the initiation
of fuzzy set theory, there are suggestions for dnigbrder fuzzy sets for different
applications in many fields. Among higher fuzzyssatuitionistic fuzzy set introduced
by Atanassov [1,2,3] have been found to be verjulsed applicable.

Soft set theory has received muchmtte since its introduction by Molodtsov
[11].The concept and basic properties of softlsebry are presented in [11,6]. Later on
Maiji et al. [7] have proposed the theory of fuzpft set. Majumdar et al. [9] have further
generalised the concept of fuzzy soft sets. Majle[8] extended fuzzy soft sets to
intuitionistic fuzzy soft sets which is based oe tombination of the intuitionistic fuzzy
set [1] and soft set.

Yang et al. [18] presented the concepthef interval valued fuzzy soft sets by
combining the interval valued fuzzy sets and sefit §hey have also given an algorithm
to solve interval valued fuzzy soft set based decimaking problems.

Matrices play an important role in the broagheof science and engineering. However
,the classical matrix theory cannot solve the prold involving various types of
uncertainties. Mondal et al. [12] and Shyamal eflal] initiated a matrix representation
of a soft set and interval valued fuzzy set respelgt In [19], Yong et al initiated a
matrix representation of a fuzzy soft set and &gplit in certain decision making
problems. Borah et al. [4] extended fuzzy soft matieory and its application. In [5],
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Chetia et al and in [13,15] Rajarajeswari et afingg intuitionistic fuzzy soft matrix and
interval valued intuitionistic fuzzy soft matrix @nits types. Also extended some
operations and an algorithm for medical diagnosi$1¥4,16].In[10], Mitra Basu et al.
described interval valued fuzzy soft matrix arsctyipes.

In this paper, we extended the concept of Intevadded fuzzy soft matrix, and
defined different types of matrices along withrexdes. We also studied some operators
on the basis of weights and their properties .

2. Preliminaries

2.1. Soft set [6]

Suppose that U is an initial Universe set and &$st of parameters, let P(U) denotes the
power set of U.A pair(F,E) is called a soft se¢io\ where F is a mapping given by F:
E—P(U).Clearly a soft set is a mapping from paranseterP(U)and it is not a set, but a
parameterized family of subsets of the Universe.

2.2. Fuzzy soft set [7]

Let U be an initial Universe set and E be theo$@iarameters. LeA [0 E . A pair (F,A)
is called fuzzy soft set over U where F is a maggjiven by F: A-1”,where Y denotes
the collection of all fuzzy subsets of U.

2.3. Fuzzy Soft Matrices[19]

Let U={c1,C,,Cs...Cn} be the Universal set and E be the set of parameajeven by
E={e.,&,6...6}. Let A LE and (F,A) be a fuzzy soft set in the fuzzy stdss (U,E).
Then fuzzy soft set (F,A) in a matrix form asmd =[aj] mxm O A=[a]
i=1,2,...m, j=1,2,3,.....n

4(c) fE0IA -
where a = . represents the membership ofircthe
2 {o (e #(c) rep po

fuzzy set F(g.

2.4. Interval valued fuzzy soft set [18]

Let U be an initial Universe set and E be theos@iarameters. LeA [0 E . A pair (F,A)
is called interval valued fuzzy soft set over U whE is a mapping given by F-Al",
where P denotes the collection of all interval valued fysnbsets of U.

3. Interval valued fuzzy soft matrix theory

3.1. Interval valued fuzzy soft matrix

Let U={c1,C5,Cs...C} be an Universal set and E be the set of paramegeren by
E={e;,&,6...6}.Let A LE and (F,A) be a interval valued fuzzy soft seer U, where

F is a mapping given by F:-AlY, where Y denotes the collection of all interval valued
fuzzy subsets of U. Then the interval valued fugaft set can be expressed in matrix
form as

Aman=[8] mn O  A=[g] i=1,2,...m, j=1,2,3,.....n
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[t (e) . o (c)] if el A

herea. =
S {[o,o] ife, DA

[,uJ.L (q ), Hiy (q )] represents the membership ¢firc the interval valued fuzzy set

F(g).
Note that if 11,, (G) =, (G) then the interval-valued fuzzy soft matrik/ESM)
reduces to aRSM.

Example 3.1. Suppose that there are four houses under consateratamely the
universes U={ khh,,hs,h, },and the parameter set Es{e,e; & } where ¢ stands for

L IT] LI IT)

“beautiful”, “large”, “cheap”, and “in green surmdings” respectively. Consider the

mapping F from parameter sét={€, &} [ E to the set of all interval valued fuzzy
subsets of power set U. Consider an interval edhltuzzy soft set (F,A) which

describes the “attractiveness of houses” tBatonsidering for purchase. Then interval
valued fuzzy soft set (F,A) is

(F.A) ={ F(e) = {(h4,[0.6, 0.8]), (1,[0.8, 0.9]), (B,[0.6, 0.7]), (,[0.5, 0.6])}

F@® = {(h,,[0.7, 0.8]), (h,[0.6, 0.7]),(,[0.5, 0.7]), (h,[0.8, 0.9])}}
We would represent this interval valued fuzzy seft in matrix form as

[0.6,0.4 [0.7,0p [ 0.0,0]0[ 0.0,
[0.8,09 [0.6,0f [ 0.0,0j0[ 0.0,0.
[0.6,0.4 [05,0f [ 0.0,0/0[ 0.0,0.
[0.5,04 [0.8,0p [ 0.0,0j0[ 0.0,

3.2. Interval valued fuzzy soft sub matrix
Let A =[g] U IVFSM s B = [bj] O IVFSM s, ThenA is alnterval valued
Fuzzy Soft sub matrix of B, denoted by AOB if

Ui < Mg My, < Uy, foralliand ]

3.3. Interval valued fuzzy soft null (zero) matrix
An interval valued fuzzy soft matrix of order mis called interval valuefiizzy soft

null (zero)matrix if all its elements are [0,0]3 denoted byd .

3.4. Interval valued fuzzy soft universal matrix
An interval valued fuzzy soft matrix of ordexmis called interval valueduzzy soft

universal matrix if all its elements are [1,1]dtdenoted byj .

Proposition 3.1. Let A= [&] O IVESM B = [by] O IVFESM yn, C = [c] O
IVESM 1k then
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PO A
i) A OU
i) AQ A
ivyAOB,BOC= AOC
Proof: It follows from the definition

3.5. Interval valued fuzzy soft equal matrix
Let A=[g] 0 IVFSM o, B =[bj] O IVFSM e, ThenA is equal to B ,denoted
by A=Bif ffy = Ha s Hpy = e Toralliand.

3.6. Interval valued fuzzy soft transpose matrix
Let A =[a] U IVFSM nyn Whereg, =[,uj,_ (¢), 1y (< )]

Then A' is interval valued fuzzy soft transpose matdk A if A’ =[a] i=1,2,..m,
i=1,2,..n. A" =[g] U IVFSM .

3.7. Interval valued fuzzy soft rectangular matrix
Let A =[a] O IVFSM mq where a; =[ 11 (), 1, (6) |-

Then A is called interval valued Fuzzy Soft rectangiatrix if m# n.

3.8. Interval valued fuzzy soft square matrix
Let A =[a] O IVFSM ma, where & =[ 1, (), 4, () ].

Then A is called interval valued Fuzzy Soft square Maitrixn= n.

3.9. Interval valued fuzzy soft row matrix
Let A =[a] O IVFSM pq, Where g, =[,u].L (c), 1y (cl)]

Then A is called interval valued Fuzzy Soft row Matrix ifn= 1.1t means that the
universal set contains only one element.

3.10. Interval valued fuzzy soft column matrix
Let A =[g] U IVFSM g, where g :[,uJ.L (c). 1y, (cl)} Then A is called

interval valued Fuzzy Soft Column Matrix if n=1 means that the parameter set
contains only one parameter.

3.11. Interval valued fuzzy soft diagonal matrix
Let A =[a] U IVFSM ma, where & =| 1, (), 4, () ].
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Then Ais called interval valued Fuzzy Soft diagonal Maifi m= n anda; =[0,0]
for all i #j.

3.12. Interval valued fuzzy soft scalar matrix
Let A = [g] O IVFSM pq, where & =[ 4 (c), 4, (G)]. Then A is called
interval valued Fuzzy Soft scalar Matrix if m= mdag, =[0,0] for all i#j and

g =la,a,] a,a,0[01],a,<a, OiF

3.13. Interval valued fuzzy soft upper triangular matrix
Let A = [a] O IVFSM mo, where & =[ 1, (G), 4, ()].  Then A is called

interval valued Fuzzy Soft upper triangular Matfixm= n anda, =[0,0] for all i> |

3.14. Interval valued fuzzy soft lower triangular matrix
Let A = [g] O IVFSM pq, where & =[ 4 (c), 4, (G)]. Then A is called

interval valued Fuzzy Soft lower triangular Matiixm= n anda; =[0,0] for all i<j.

3.15 Interval valued fuzzy soft triangular matrix
An interval valued Fuzzy Soft Matrix is said te tiangular if it is eitheinterval valued
Fuzzy Soft lower triangular Matrix or interval valll Fuzzy Soft upper triangular Matrix.

3.16. Addition of interval valued fuzzy soft matrices
If A=[g] I IVFSM n, B =[bj] U IVFSM v, then we defineA+ B ,addition
of A andB as

A+B = [ Glmn = [Max(u, iy ).maxfs,, iy, )]foralliand.

Example 3.2. Consider

A_([o.e,o.s} [o.7,o.]sﬂ and B [ 0.8,0]9[ 0.6qF

“([0.5,04 [08,0p [ 0.6,0]7[ 0.5,

2X2

are two interval valued fuzzy soft ma#s then sum of these twc

. [[0.8,0.9] [0.7,0.8}
+B=
[0.6,0.7] [0.8,0.9),,,

p~3

Proposition 3.2. Let A= [&] O IVESM B = [by] O IVESM yn, C = [c] O
IVESM . then
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i) A+® =A i) AU=U

iii) A +B = B+A iv ) (A8 HC="#B+C)

V) (A+B) =AT+B’ vi ) (A" BC) = AT+B"+C’
Vil)(AT)T=A

Proof: It follows from the definition

3.17. Subtraction of interval valued fuzzy soft matrices
If A=1[g] U IVFSM nn, B =[] U IVFSM ., then we define A
B ,subtraction ofA and B as

A' é = [Cij]mxn
=[min(4y s Mg ). min(u, 4, )] for all i and:

Example 3.2. Consider

A_([o.e,o.s} [o.7,o.}3j and B [ 08,09 0.6,QF

|[0.5,04 [08,0p [ 0.6,07[ 05,4

2X2

are two interval valued fuzzy soft mags then subtraction of these tw«

. ([0.6,0.8] [0.6,0.7]
A-B=
[0.5,0.6] [05,0.7]),,,

Proposition 3.3.

Let A =[g] O IVFSM 1, B =[] O IVESM e, C =[] O IVFSM o then
VA-P = i-A0=A
iii)A -B = B-A iv WA B -)C=A
V)(A+ B)-C=(A-C)+(B-C) Vvi)A- B*C= A+C)-(B+C)
vii)A- (B+C) = (A-B)+(A-C)

Proof: It follows from the definition

3.18. Product of interval valued fuzzy soft matrices

If A=1[g] U IVFSM nw, B =[] O IVFSM . , then we define A*B,
multiplication of A and B as

A* B = [ Gidmxp = [Mmax min(u,; g ), maxminfe,,; Hey J1H 1,k
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Example 3.2. Consider

A_([O.G,O.é] [0.7,0B

~{[0.5,0.4 [o.s,o.}a}2X2 and

E;_([0.8,0.9] [ 0.6,0.]7J

“|[0.6,0.7 [05,0F
are two interval valued fuzzy soft maes then product of these two matrics
~ ~ ([0.6,0.8] [0.6,0.7
A*B
2X2

[0.6,0.7 [0.5,0.7]
Remark: A*B # B*A.
3.18. Interval valued fuzzy soft complement matrix
Let A =[a] U IVFSM nyn, where g :[,U,-L (c). 1y (c )}

Then AC is called interval valued Fuzzy Soft Complementtitaf AS =[ by] i
where b, :[1-,uju (q),l—,ujL (c) } , O,

Example 3.3.

Let A:([O'E”O-f} [ 0.7,0_}3]

[0.504 [0.8,0p
be interval valued fuzzy soft matrixen complement of this matrix

sc ([02,04] [0.2,0.3
\[0.4,05] [0.1,02),,,

Proposition 3.4.

i) (A°)° = A ° =U

i) (A +0) =@ iv (A+ B)° =(B+A)°
V) (A- B)* =(B- A)° vi A+ B9=A°-B°
Vii)(A- B)* = A° + B° viii A Y= AT Y

iX)(A°- B) = (AT +(BT) x)A° -B°fF=A+B
xi)(A°+ B°)° = A-B

Proof: It follows from the definition
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3.19. Scalar multiple of interval valued fuzzy soft matrix

Let A =[a] U IVFSM mq, where 3 :I:,u”_ (¢). 1y (c )] Then scalar multiple
of interval valued Fuzzy Soft Matrix A by a saalais defined by A =[ kalmxn
whereO<k<1.

Example 3.4.

Let A:[[O-G’O-E] [ 0.7,0_};-j

[0.5,04 [0.8,0P
be an interval valued fuzzy soft matthen the scalar multipl
of this matrix byk =0.5is
kA:([OB’OA] [0.35,0.4]
[0.25,0.3] [0.4,0.45] ,

Proposition 3.5.
Let A =[a] U IVFSM m where a, =[ 11, (), 1 (c)].

If m,n are two scalars such that
0<m,n<1then

i) m(PA) = (mn)A i)m ® mA<nA
iii)ADB= mAL mB iv)m@A )= (mn)A
V)M(nA®) = (mn)A

Proof: It follows from the definition

3.20. Trace of interval valued fuzzy soft matrix
Let A =[] O IVFSM pny, where m=n andy, :[,uJ.L (c) 1y (c )] ThenTrace

of interval valued Fuzzy Soft Matrix Ais trA = [max(ﬂjL (c, )) ,ma>(,ujU (c, ))J

Example 3.5.

Let A:[[o.e,o.q [ o.7,o.}3j2X2

[0.5,04 [0.8,0P
be an interval valued fuzzy soft matthen trace of this matrix
trA=[0.8,0.9]
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Proposition 3.6.
Let A =[a] U IVFSM ., if kis a scalar such that

0<k<1then

i)tr(KA) =k trA i BATEKAT

iii)tr (A+B) =trA+trB iv iy KA ¥k trA°
V)(KA)T =k (A°)' vi t) A +B° JtrA° +trB°

Proof: It follows from the definition

3.21. Interval valued fuzzy soft symmetric matrix
Let A =[] O IVFSM ., ,Wwhere a, =[,u].L(c,),,ujU (cl)] Then an interval

valued fuzzy soft square matix is called arinterval valued Fuzzy Soft Symmetric
Matrixif A=ATie., if [a,] =[a,] Oi,.

Example 3.6.
~ ([0.8,0.9] [0.4,0.5
Let A=
[0.4,0.5] [0.7,0.8],,,
be an interval valued fuzzy soft matrix, then tlranspose of this matrix
.~ _([0.8,0.9] [0.4,0.5
isA =
[0.4,0.5] [0.7,0.8],,,

sinceA= AT , A is calledan interval valued Fuzzy Soft Symmetric Matrix ofler
2.

Special operators of interval valued fuzzy soft matrices

3.19. Arithmetic mean of interval valued fuzzy soft matrices

f A =[] O IVFSM mn, B =[] O IVFSM nn ., then we define
A& B ,arithmetic mean ofA and B as

A& B = [ Cij]mxn

=[K Hi +ﬂ|§Lj (fu/&u + Hyy ]D for all i and |
2 ) 2

3.20. Weighted arithmetic mean of interval valued fuzzy soft matrices

If A=[a] O IVFSM ., B =[] O IVFSM ., then we define A&, B,
weighted arithmetic mean oA andB as

A&y B =[Glmn
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(| VMuHa tWa My | Wy My T Way My
VvlL + W2L ’ WlJ + WZJ

VV_LL’WZIU’WZL'WZJ |:|[O’:I']
\N.I.L +W1U =:I"WZL +W2J :1

3.21. Geometric mean of interval valued fuzzy soft matrices
f A =[] O IVFSM pn, B =[] O IVFSM ., ., then we define

A$ B ,geometric mean oA and B as
A$ B = [ Cij]m><n

=(|:\/'UAL Mg ’\/'UAU Hay J)

3.22. Weighted geometric mean of interval valued fuzzy soft matrices
If A=1[a] U IVFSM nq, B =[b] U IVFSM ., then we define A$,B,

weighted geometric mean & and B as
A$\N B = [ Cij]mxn

([«” Ol )" ) (g Y (o, )Y B

VV.LL’W].U ’W2L ’WZJ D [011]
Wy twy =Lw, +wy =1
3.23. Harmonic mean of interval valued fuzzy soft matrices
If A=[a] U IVFSM 1n, B =[5] U IVFSM 1 ,then we define A@ B harmonic
mean of A and B as
A@ B= [ Cij]mxn

:ﬂz Hita o5 Ha s } Jfor alli and .

Hay Y Hs  Hay tHgy

3.24. Weighted Har monic mean of interval valued fuzzy soft matrices
f A =1[a] U IVFSM ma, B =1[b] U IVFSM . , then we define

A @ B ,weighted harmonic mean @ and B as
A@WB = [Cij]mxn =
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H (M Ma YWy + Wy ) (Mg Mgy )(Way + Wy )D

W2Ltu,2\|_ +W1L/'1|§,|_ WaJ tu,Z\U +W1J tuéu

VVLL’WJU ’W2L 'WaJ D [0!1]

\N.I.L +W1U =:I"WZL +W2J :1

Proposition 3.7.

If A=[a] U IVFSM m, B =[b] U IVFSM 1, then
i) A& B=B& Aand (A& B)° =(B& A°

i) AS B=B$Aand (A$B § = B R §

ilA@ B=B@A and (A@ 5= B @\ 9

iv) A& , B=B& , Aand (A&,, B)® =(B&, A°

V) A$, B=B$,Aand (A§ BT= B$AS

Vi) A@, B=B@,A and A@Q B9=B @AY
Proof: It follows from the definition

Proposition 3.8.

If A=[g] Ll IVFSM pn, B =[] U IVFSM 1, then
i) (A°& B = A& B i) (A°$ B°)° = A$B
iA‘@B°Y=A@B iv)(K& B J=Ag& B
v) (A°$, B°) = A%, B Vi )X @ B°9=A @B
Proof: It follows from the definition

4, Conclusion

In this paper, we proposed the concept of Intevahled fuzzy soft matrix, and defined
different types of matrices in Interval valued Zyzsoft set theory along with examples.
Then we have studied some new operations and piegpen the basis of weights. As far
as future directions are concerned, we hoped thafirding would help enhancing this
study on Interval valued fuzzy soft set theory.future, we will use special operators
which are proposed in this paper in decision makirablem in medical diagnosis .We

will compare the results with other types of digedmgnosis.
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