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Abstract

Soft set theory is a newly emerging mathematical tool to deal with uncertain problems.In this paper,we
proposed intuitionistic fuzzy soft matrices and defined different types of intuitionistic fuzzy soft
matrices and some operations.Finally we extend our approach in application of these matrices in decision
making problems.
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1.Introduction

In real life situation, most of the problems. in economics, social science, environment etc,have
various uncertainties. However most of the existing mathematical tools for formal modeling, reasoning
and computing are crisp deterministic and precise in character. There are theories viz,theory of
probability, evidence, fuzzy set,intuitionistic fuzzy set, vague set, interval mathematics, rough set for
dealing with uncertainties. These theories have their own difficulties as pointed out by Molodtsov[1].In
1999, Molodtsov[1] initiated a novel concept of soft set theory, which is completely new approach for
modeling vagueness and uncertainties. Soft set theory has a rich potential for application in solving
practical problems in economics, social science, medical science etc. Later on Maji et al [2] have studied
the theory of fuzzy soft set.Majumdar et al[3] have further generalised the concept of fuzzy soft
sets.Maji et al[4] extended soft sets to intuitionistic fuzzy soft sets.

Matrices play an important role in the broad area of science and engineering. However ,the
classical matrix theory sometimes fails to solve the problems involving uncertainties.In [5],Yong et al
initiated a matrix representation of a fuzzy soft set and applied it in certain decision making
problems.In[6] Borah et al extended fuzzy soft matrix theory and its application.

In this paper,we proposed intuitionistic fuzzy soft matrices and defined different types of
intuitionistic fuzzy soft matrices and some operations.Finally we extend our approach in application of
these matrices in decision making problems.

2.Preliminaries

In this section,we recall some basic notion of fuzzy soft set theory and fuzzy soft matrices
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2.1.Soft set [1] Suppose that U is an initial universe set and E is a set of parameters, let P(U) denotes the
power set of U.A pair(F,E) is called a soft set over U where F is a mapping given by F: E-P(U).Clearly,
a soft set is a mapping from parameters to P(U),and it is not a set, but a parameterized family of subsets
of the Universe.

Example 2.1.Suppose that U={s1,55,53,54} is a set of students and E={e;,e;,e3} is a set of parameters,
which stand for result, conduct and sports performances respectively. Consider the mapping from
parameters set E to the set of all subsets of power set U.Then soft set (F,E) describes the character of the
students with respect to the given parameters, for finding the best student of an academic year.

(F,E) = { {result =s3,53,54 } {conduct =sy,5, } {sports performances =s,,53,5: }}

We can represent a soft set in the form of Tablel

U Result(e;) Conduct(e,) Sports(e,)

S1 1 1 0

Ss 0 1 1

S3 1 0 1

Sy 1 0 1
Tablel

2.2. Fuzzy soft set [ 2]

Let U be an initial Universe set and E be the set of parameters. Let A< E . A pair (F,A) is called fuzzy
soft set over U where F is a mapping given by F: A—I",where 1Y denotes the collection of all fuzzy
subsets of U.

Example 2.2.Consider the example2.1,in soft set(F,E),if s; is medium in studies, we cannot expressed
with only the two numbers 0 and 1,we can characterize it by a membership function instead of the crisp
number 0 and 1,which associates with each element a real number in the interval [0,1].Then fuzzy soft
set can describe as where A={ e;e,}

(F,A)={F(e1) = {(51,0.9), (52,0.3), (55,0.8), (54,0.9)}, F(e2) = {(52,0.8), (52,0.9), (55,0.4), (54,0.3)}}

We can represent a fuzzy soft set in the form of table2

2.3.Fuzzy Soft Matrices[6]

U Result(e;) Conduct(e,)

S 0.9 0.8

S 0.3 0.9

S3 0.8 0.4

Sy 0.9 0.3
Table2

Let U={c,,Co,C3...cm} be the Universal set and E be the set of parameters given by
E={e;,es6€3...en}.Let A cE and (F,A) be a fuzzy soft set in the fuzzy soft class (U,E).Then fuzzy soft set
(F,A) in a matrix form as Anyxn =[ajj] mxn OF
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A=[a;] i=12,..m, j=1,2,3,....n
K, (ci) ife; e A . )
Where a; = _ #; (c;) represents the membership of c; in the fuzzy set
0 ife; ¢ A

F(e).

Example 2.3.Consider the example2.2, the matrix representation is

09 038
03 0.9
08 04
09 03

o O O O

2.4.Intuitionistic Fuzzy soft set [ 4]

Let U be an initial Universe set and E be the set of parameters. Let A< E . A pair (F,A) is called
intuitionistic fuzzy soft set over U where F is a mapping given by F: A—I",where IV denotes the
collection of all intuitionistic fuzzy subsets of U.

Example 2.4. Suppose that U={5,,,,53,54} is a set of students and E={ej,e,,es} is a set of parameters,
which stand for result, conduct and sports performances respectively. Consider the mapping from
parameters set A E to the set of all intuitionistic fuzzy subsets of power set U.Then soft set (F,A)

describes the character of the students with respect to the given parameters, for finding the best student of
an academic year.Consider, A={ e; e,} then intuitionistic fuzzy soft set is

(F,A) = { F(e1) ={(51,0.8,0.1), (52,0.3,0.6), (53,0.8,0.2), (54,0.9,0.0)},
F(ez2) = {(51,0.8,0.1), (52,0.9,0.1), (s5,0.4,0.5), (54,0.3,0.6)}

3. Intuitionistic Fuzzy Soft Matrix Theory

3.1 Intuitionistic Fuzzy Soft Matrix(IFSM)

Let U={c,C5,C3...cn} be the Universal set and E be the set of parameters given by E={e;,e,,es...e.}.Let A
cE and (F,A) be a intuitionistic fuzzy soft set in the fuzzy soft class (U,E).Then intuitionistic fuzzy soft

set (F,A) in a matrix form as Anxn =[ai]] mn OF  A=[ay] i=1,2,...m, j=1,2,3,.....n
u(c),v (c ife. €A

Where a;; = ( J( ') J( ')) :
(0,1) ife, ¢ A

#; (c;) represents the membership of ¢; in the intuitionistic fuzzy set F(e;).

V; (Ci ) represents the non-membership of ¢; in the intuitionistic fuzzy set F(g;).
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Example 3.1 Suppose that U={s1,5,,53,54} is a set of students and E={e;,e,,es} is a set of parameters,
which stand for result, conduct and sports performances respectively. Consider the mapping from
parameters set A < E to the set of all intuitionistic fuzzy subsets of power set U.Then soft set (F,A)
describes the character of the students with respect to the given parameters, for finding the best student of
an academic year.Consider, A={ e; e,} then intuitionistic fuzzy soft set is

(F.A) = { F(er) = {(51,0.8,0.1), (5,0.3,0.6), (55.0.8,0.2), (55,0.9,0.0)},
F(ez) = {(31,0.8,0.1), (52,0.9,0.1), (33,0.4,0.5), (54,03,06)}

We would represent this intuitionistic fuzzy soft set in matrix form as

(0.8,0.1) (0.8,0.1) (0.0,1.0)
(0.3,0.6) (0.9,0.1) (0.0,1.0)
(0.8,0.2) (0.4,05) (0.0,1.0)
(0.9,0.0) (0.3,0.6) (0.0,1.0)

3.2 Intuitionistic Fuzzy Soft sub Matrix

Let A=[a;] € IFSM nxn, B=1[bjj] € IFSM nn, Then Alisa intuitionistic fuzzy soft submatrix
of B,denotedby Ac B if pa<upgandva>vg Vi, |

3.3 Intuitionistic Fuzzy Soft null (zero)Matrix

An intuitionistic fuzzy soft matrix of order mxn is called intuitionistic fuzzy soft null
(zero)matrix if all its elements are (0,1).It is denoted by @ .

3.4Intuitionistic Fuzzy Soft universal Matrix

An intuitionistic fuzzy soft matrix of order mxn is called intuitionistic fuzzy soft universal
matrix if all its elements are (1,0).1t is denoted by U .

3.5 Intuitionistic Fuzzy Soft equal Matrix
Let A=[a;] € IFSM i, B=[bj] € IFSM ., Then Alisequal to B,denotedby A=B if
if pa=psand va=vg Vi, j
3.6 Intuitionistic Fuzzy Soft transpose Matrix
Let A=[aj] € IFSM n, Then ATis a intuitionistic fuzzy soft transpose matrix of A if AT = [a;i]

3.7 Intuitionistic Fuzzy Soft rectangular Matrix

Let A=[ay] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy

Soft rectangular Matrix if m=n.
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3.8Intuitionistic Fuzzy Soft square Matrix

Let A=[ag] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy
Soft rectangular Matrix if m=n.
3.9 Intuitionistic Fuzzy Soft rowMatrix

Let A=[ag] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy
Soft row Matrix if m=1.
3.10 Intuitionistic Fuzzy Soft columnMatrix

Let A=[ag] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy
Soft rectangular Matrix if n=1.
3.11 Intuitionistic Fuzzy Soft diagonal Matrix

Let A=[ag] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy

Soft diagonal Matrix if m=nand a; =(0,1). forall i
3.12 Intuitionistic Fuzzy Soft scalar Matrix

Let A=[ag] € IFSM pe Where a; = (,uj (c ),vj (c )) Then A is called a Intuitionistic Fuzzy
Soft scalar Matrix if m=nand a; =(0,1) foralli=jand a; =(a,),a €[01], f[0,1] Vi=j
3.13 Intuitionistic Fuzzy Soft upper triangular Matrix

Let A=[a;] € IFSM nq Where a; = (,uj (c)wv(c )) Then A is called a Intuitionistic Fuzzy

Soft upper triangular Matrix if m=nand a; =(0,1) forall i> .
3.14 Intuitionistic Fuzzy Soft lower triangular Matrix

Let A=[a;] € IFSM nq Where a; = (,uj (c)wv(c )) Then A is called a Intuitionistic Fuzzy

Soft upper triangular Matrix if m=nand a; =(0,1) for all i<j.

3.15 Intuitionistic Fuzzy Soft triangular Matrix

A Intuitionistic Fuzzy Soft Matrix is said to be triangular if it is either Intuitionistic Fuzzy Soft
lower triangular Matrix or Intuitionistic Fuzzy Soft upper triangular Matrix.

3.16 Addition of Intuitionistic Fuzzy Soft Matrices

If A=[a;] € IFSM o, B=[bj] € IFSM px, then we define A+B,addition of A and B as
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A+B = [Cij]mxn
= (maX(HA7uB)9min(VA:VB)) v'l J

Example 3.2

| (0.8,01) (0.4,05) ((06,03) (0.8,02)
Cons'derA:[(OJ,o.s) (0.4,0.6)1)(2 and B_{(0.7,0.3) (0.5,0.5)1x2

are two intuitionistic fuzzy soft matrices, then the sum of these two is

(0801) (0802)
AtE =[(0.7,0-3) (0'5’0'5)lxz

3.17 Subtraction of Intuitionistic Fuzzy Soft Matrices

If A=[a] € IFSM nn, B=[bj] € IFSM nn, then we define A-B,subtraction of A and B as
A-B = [ cij]mxn

= (min(pa,pe).max(va,ve)) Vi, j

Example 3.2

| (0.8,01) (0.4,05) ((0.6,03) (0.8,02)
Cons'derA:[(OJ,o.s) (0.4,0.6)1)(2 ™ B_{(0.7,0.3) (0.5,0.5)1x2

are two intuitionistic fuzzy soft matrices, then the subtraction of these two is

(0.6,0.3) (0.4,0.5)
(0.7,0.3) (0.4,0.6]

3.17 Product of Intuitionistic Fuzzy Soft Matrices

IfA=[a] € IFSM i, B=[by] € IFSM 4, then we define A*B, multiplication of A and B
as

A*B = [ Cik]mxp

= (Max min(gy , 4 ), MiNMax( v, vg;)) Vi,j

Example 3.2

| (08,0.1) (0.4,0.5) ((06,0.3) (08,0.2)
Cons'derA:[(o.zo.s) (0.4,0.6)1)(2 and B{(o.zo.e) (0.5,0.5)}2x2
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are two intuitionistic fuzzy soft matrices, then the product of these two matrices is

. _[(06,03) (08,02)
A B_((o.a,o.s) (o.7,o.3)j2X

Remark: A*B = B*A
3.1Proposition

NDdc A

ii)AcU

)Ac A

iV)AcB,BcC= AcC

PROOF: It follows from the definition.
3.2Proposition

Let A=[a;] € IFSM e, B=[b;] € IFSM o, C=[Ci] € IFSM pyq then

)A+D =A
i)A+U=U
iii) A +B = B+A

iv) (A+ B) +C = A+(B+C)
PROOF: It follows from the definition.

3.18 Intuitionistic Fuzzy Soft Complement Matrix

Let A=[a;] € IFSM nq Where a; = (yj (c)wv(c )) Then A% is called a Intuitionistic
Fuzzy Soft Complement Matrix if A® =[ bjjlmxn

by =(V,- (G). a4 (c )) vij.

Example 3.3

(0.8,01) (0.4,05)
let A:((0.7,0.3) (0.4,0.6)Lz

be intuitionistic fuzzy soft matrix, then the complement of this matrix is
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. ((0.1,08) (05,0.4)
A :[(0.3,0.7) (0.6,0.4)]2“

3.3Proposition

i) (A =A

i) ®° =U

iii) (A+U)" =

iv) (A+B)° = (B + A)°

3.19 Scalar multiple of Intuitionistic Fuzzy Soft Matrix

Let A=[a;] € IFSM py, ,Where a; =(yj (c).vi(c )) Then scalar multiple of Intuitionistic
Fuzzy Soft Matrix A by a scalar k is defined by kA =[ kajj]mx, Where 0 <k <1.

Example 3.4

et Az{(o.&o&) (0.4,0.5)]

(0.7,03) (0.4,0.6)

be intuitionistic fuzzy soft matrix, then the scalar multiple of this matrix by k=0.5 is

A ((0.40, 0.05) (0.2, o.zs)J2X2

(0.35,0.15) (0.2,0.30)
3.4 Proposition
Let A=[aj] € IFSM n Where a; = (,uj (c)wv(c )) if m,n are two scalars such that
0<m,n <1, then

i) m(nA) = (mn)A
ii)m<n=mA<nA
i) Ac B=>mAcmB

3.19 Trace of Intuitionistic Fuzzy Soft Matrix
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Let A=[a] € IFSM p,, Where m=n, a; = (,uj (c)v(c )) Then trace of Intuitionistic Fuzzy Soft

Matrix A is trA =Zaﬁ = Zy“ — V-

i=1 i=1

Example 3.5

(0.8,0.1) (0.4,05)
let A:[(o.7,0-3) (0.4,0-6)1“

be intuitionistic fuzzy soft matrix, then trace of this matrix is
trA=0.8--0.1+0.4 --0.6 = 0.5

3.5Proposition

Let A=[ag] € IFSM pm Where a; = (,uj (c)wv(c )) if m isa two scalar such that

0<m<1,then
i) tr(kA)=k trA
i) (KA)'=kAT
4. Intuitionistic Fuzzy Soft Matrix Theory in Decision Making

4.1Value matrix

Let A=[ag] € IFSM ny Where & = (,uj (c)v(c )) Then we define the Value matrix of

Intuitionistic Fuzzy Soft Matrix A is V(A) =[a;] = [,uj (c)-v;(c )J i=1,2,...m,j=1,2,...n

4.2Score matrix

If A=[a;] € IFSM n,, B=1[bj] € IFSM n, then we define Score matrix of A and B as
Sap=[dilmxn Where [di] =V(A)-V(B)

4.2Total Score

Let A=[a;] € IFSM i, B =[b] € IFSM n, .Let the corresponding Value matrices be V(A),V(B)

n
and their score matrix is Sia g)=[djjlmxn then we define Total Score for each ciinU is Si= Zdij
j=1

Methodology

Suppose U is a set of candidates appearing in an interview for appointment in Manager post in a
company.Let E is a set of parameters related to managerial level of candidates.We construct IFSS
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(F,E)over U represent the selection of candidate by field expert X,where F is a mapping F:E—IF" IFY is
the collection of all intuitionistic Fuzzy subsets of U. We further construct another IFSS (G,E)over U
represent the selection of candidate by field expert Y,where G is a mapping G:E—IFYIFY is the
collection of all intuitionistic Fuzzy subsets of U.The matricesA and B corresponding to the intuitionistic
Fuzzy softsets (F,E) and (G,E) are constructed,we compute the complements (F,E)® and (G,E)° and their
matrices A° and B corresponding to (F,E)° and (G,E)° respectively. compute A+B which is the
maximum membership of selection of candidates by the judges. compute A°+B® which is the maximum
membership of non selection of candidates by the judges. using def (4.1) ,Compute V(A+B),V(A‘+B")
S(a+p)(a"+8) and the total score S; for each candidate in U.Finally find S; = max(S;),then conclude that the
candidate c; has selected by the judges.If S; has more than one value the process is repeated by
reassessing the parameters.

5. ALGORITHM

Stepl:Input the intuitionistic fuzzy soft set (F,E) , (G,E) and obtain the intuitionistic fuzzy soft matrices
A,B corresponding to (F,E) and (G,E) respectively .

Step2: Write the intuitionistic fuzzy soft complement set (F,E)°, (G,E)° and obtain the intuitionistic
fuzzy soft matrices A°,B® corresponding to (F,E)° and (G,E)° respectively .

Step3:Compute (A+B),(A+B°), V(A+B),V(A°+B°) and Siass) ’+s°)

Step4:Compute the total score S; for each c; inU.

Step5:Find ¢ for which max (S;) .

Then we conclude that the candidate c; is selected for the post .

Incase max S; occurs for more than one value, then repeat the process by reassessing the parameters.
6.CASE STUDY

Let (F,E) and (G,E) be two intuitionistic fuzzy soft set representing the selection of four candidates from
the universal set U= {c;,C,,C3,C4} by the experts X,and Y.Let E = {e,e,,e3} be the set of parameters which
stand for confident ,presence of mind and willingness to take risk.

(F.E)={F(e1)={(¢1,0.7,0.1) ),(c2,0.5,0.5), (C5,0.1,0.8), (¢4,0.4,0.6)}
F(e2)={(c1,0.6,0.3) ),(C2,0.4,0.6), (c,0.5,0.4), (C4,0.7,0.3)}
F(e5)={(c1,0.5,0.4) ),(c2,0.7,0.2), (¢3,0.6,0.3), (¢4,0.5,0.4)}}

(G.E)={G(e1)={(¢1,0.6,0.2) ),(¢2,0.6,0.4), (¢,0.2,0.7), (¢4,0.6,0.4)}
G(e2)={(c1,0.6,0.3) ),(c2,0.5,0.5), (3,0.6,0.4), (c4,0.8,0.1)}

G(e3)={(¢1,0.5,0.5) ),(c2,0.8,0.1), (c3,0.7,0.1), (c4,0.5,0.4)}}
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These two intuitionistic fuzzy soft sets are represented by the following intuitionistic fuzzy soft matrices

respectively

el e2 e3 el e2 e3
¢, ((0.7,0.1) (0.6,0.3) (0.5,0.4) ¢, ((0.6,0.2) (0.6,0.3) (0.5,0.5)
A C | (0505 (0406) (0.7,02) _c [(06,04) (0505) (08,0.0)
c, |(0.1,08) (050.4) (0.6,0.3) c, |(0.2,07) (0.6,04) (0.7,0.])
c, ((0.4,06) (0.7,0.3) (0.50.4) c, ((0.6,04) (0.8,0.1) (0.5,0.)

Then the intuitionistic fuzzy soft complement matrices are

e e, e, e e, e,
¢, ((0.1,0.7) (0.30.3) (0.4,0.5) ¢, ((0.2,06) (0.3,0.6) (0.5,0.5)
a2 G | (0508) (0604) (0207) L. _c [(0406) (0505 (0108)
c, |(0.8,01) (0.4,05) (0.30.6) ¢, |(0.7,0.2) (0.4,06) (0.1,0.7)
c, ((0.6,04) (0801 (0.4,05) c, (0.4,0.6) (0.1,0.8) (0.4,0.5)
Then the addition matrices are
el ez e3 € e, €,
¢ ((0.7,0.0) (0.603) (05,0.4) ¢, ((0.2,06) (0.306) (05,05)
A+B:C2 (0.6,0.4) (0.505) (0.8,0:0) A°+BC:C2 (0.5,0.5) (0.5,0.4) (0.2,0.7)
¢, |(02,07) (0.6,04) (0.7,0:0) C, (8281) (g:g? (gjg?
¢, |(0.6,04) (0801 (0.50.4) ¢ ((06,04) (0307) (04,05
el e2 e3 el eZ eS
¢ (06 03 01 ¢ (-4 -3 00
02 00 07 0 01 -
V(A+B) = vac+gry= @ |00 0L =9
c, |-5 02 06 c, |07 -1 -3
¢, 02 07 0.1 c, 02 —4 -1

Calculate the score matrix and the total score for selection
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e1 eZ eB
c, (1.0 06 01
S ¢ | 02 -1 12
ArB)(A4B) T ¢ | 12 0.2 0.9
c, L00 1.1 0.2

c,[1.7

c,| 1.3

Total score =
c;| 0.0
c, |13

We see that the first candidate has the maximum value and thus conclude that from both the expert’s
opinion,candidate c, is selected for the post.

7.Conclusion

In this paper,we proposed intuitionistic fuzzy soft matrices and defined different types of
intuitionistic fuzzy soft matrices and some operations.Finally we extend our approach in application of
these matrices in decision making problems.Our work is infact an attempt to extend the notion of
intuitionistic fuzzy soft matrix.Future work in this regard would be required to study whether the notions
put forward in this paper yield a fruitful result.
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