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ABSTRACT

The purpose of this paper is to put forward the notion soft super matrix [thBasgd on
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Model s f or Soci ardsdofe hasimptopesidaghis papet, v @fine fuzzy soft super

matrix and some new definitions basedfomzy soft super matrix Some properties are given with

appropriate examplekastly, minor and major product of two fuzzy soft super matri@esdefined
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1. INTRODUCTION

Soft set theory was firstlyntroducedby Molodsov in 1999[1] as a general mathematical tool for dealing
with uncertain , fuzzy , not clearly defined objedtsclassical mathematics, all mathematical tools for

modeling , reasoningandm@ ut i ng

are c¢ri

Sp,

det er mi

ni

stic

and p

those complex problemn real life situationsin recent years, researchers are interested in dealing with

the complexity of uncertain data. There are wide range of theswasas probability theory , fuzzy set

theory , vague set theory etc. which have inherent difficutliesto lack of parametes pointed out by

Molodsov[1]. Soft set theory is a novel concept having parameterization tools dealing successfully with

uncetainties. Maji et al.[2] introduced the concept of fuzzy soft dggscombining soft sets and fuzzy

sets. Maji et al.[3,4] introduced soft set into decision making problems .

defined soft matrices which were matrix representatibthe soft sets and constructed a soft mmax

Cagman and Enginoglu [5]

decision making method. Cagman and Enginoglu [6] defined fuzzy soft matrices and constructed a

decision making problem. Borah et al.[7] extended fuzzy soft matrix theory and its application. Maji and

Roy [8] presented a novel method of object from an imprecise ‘oloderver data to deal with decision

making based on fuzzy soft sets. Majumdar and Samanta[9] generalized the concept of fuzzy soft sets.

M.J.l.Mondaland T.K.Roy[10] introducedsome operators ofifzy soft matrix and decision making on

the basis of-horm operators .

2. Soft Matrices

2.1 Soft Set([1]). Let U be an initial universeP(U) be the power set b&f , E be the set of all parameters and A

E. A soft set f,,E) on the universe U iefined by the set of order pairs
(fa.E) ={(e .fa(e)) : &= E , fa(e) e P(U) }
wheref, : E— P(U) such thaf,(e) =¢ if e ¢ A.

Here f, is called an approximate function of the soft st K). The sef,(e) is called eapproximate value set or e

approximate set which consists of related objects of the parameter. e
2.2 Soft Matrix[2] Let (f4,E) be a soft set over U. Then a subset of U x E is uniquely defined by

Ry,={(u,e):& A ,ue f,(e)}

which is called relation form of f{,E) . The characteristic function @i, is written by
XRAZUXE—>[0,1],

X, (U €) ={ é (Fﬁfg)eeR??A
fU={u ,u,, ¢éééug} E={e .,e,, €¢€ceéep}andAcE,thenR, can be represented by a table
in the following form:
R, e e, eééé en
Uy Xr 4 (wy,€1) Xr, (ug,€2) eéeée Xr 4 (wy,e)
U; Xr, (uz.e1) Xr, (uz.ez) ééeée Xr, (ug,€n)
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If a;; = o (u;,e;) , we can define a matrix

i1 Q2 0 Qip
_|G21 Q21 - Apn

[aij]an - : :
An1 Amz  *° Amn

which is called an m x n soft matrix of the soft £E) over U.
According to the definition a soet (f4,E) is uniquely characterized by the matfix;;],,, x » - It means that a soft
set (f4,E) is formally equal to its soft matrj«;;]., x » .Therefore , we shall identify any soft set with its soft matrix
and use these two concepts as interchangeable.
The set of all m x n soft matrices over U will be denotedsidy, x ,. From now we shall usg;;] in place of
[aij]m x n DY Omittingthe subscripts m x n qt;;],, x  .Since[a;;] € SM,, x,, , it means thafa;;] is an m x n soft
matrix for | = 1,2,¢é..n and |j = 1,2, ¢éé. . m.
Examplel. Assume thatU = { u; , u, , uz , Uy , Us } is a universal sedndE = {e; , e, ,e3 ,e, } is a set of all
parameters. If A =¢, , e, , ezt and fy(e;) ={u; ,uz } , fuley) = ¢,
fa(esz)= U, then we write a soft set
(fa.E) = {(e1, { uy , u3 }), (e3,U} and then the relation form off4,E) is written by
Ry ={ (uy, €1), (us, €1), [y, €3), (U2, €3), (U3, €3), (s, €3), (Us, €3) }
Hence the soft matrika;;] is written as

1

[aij] =

=)
cocoocoo

[EEGEN
coc oo

0 1 0
2.3. Soft Super Matrix (SSM) [11 : A soft super matrixA = [a;;] is a matrixwhose elements are themselves

matrices with elements that can eitheiObar 1 or other matrices
24 : Soft Super SubMatrix : Soft super sub matrices are those matrices considered as elements of soft super
matrix .

Example2. From the examplé& , we can write
10 10
[0 Ol [1 Ol 1 0 1 0
[a;;]=[l1 o 1 0 , wherea, , :[0 Ol , Qq2 :[1 0]
[0 0] [1 0 10 10
0 0 10

‘121:[8 8] aazzzﬁ 8]

Here ,[a;;] is a soft super matrix and, , a;, , a,; , a,, are ®ft super sub matrices dt;] .
25 Order of Soft Super Matrix: Order of soft super matrix is nothing but the order of simple mé&wix which
it is obtained
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2.6 [3] Soft Partitioned matrix: A soft matrix can be partitioned ldjviding or separating the matrix between
certain specified rows or dain specified columnsThe matrix so obtained is known as Soft Partitioiedirix
2.7 Zero Soft Super Matrix : Let [a;;] € SSM,;, x . Then[a;;] is called
a zero sofsupermatrix denoted by [0], i&;; = O for alli and j.
2.8 Universal Soft Super Matrix : Let [a;;] € SSM,,, x . Then[a;;] is called
a universal sofsupermatrix denoted by [1] if a;; = 1 foralliandj.
Example3. Assume thatU = { u, ,u, , us, u, , us } is a universal set and E={e ,e;,,e5,¢e,} isaset
of all parameters , and
[ai;], [bij] . [€ij] € SMs x4 -
IfA={ e ,e}, fale:) =@, fale;) =¢ ,then [a;;] =[0] is a zero matrix written by

ol 4 [ 51]
R

If B=Eandfz(e;) =U ,e; EB,i=12,3 ,4then[b;] =[1] is a universaboft matrix written by

SLERE

1 1
T
1 1 1 1

2.9 Soft Super Sub Matrix : Let [a;;] , [b;;] € SSMy, x . Then[a;;] is calleda softsupersubmatrix of
[b;;]denoted by[a;;] € [by;], if [a;;] < [by;] for alli and j.

3.0 Soft Super Sub Matrix : Let [a;;] , [b;j] € SSM,, x,. Then[a;;] is said to beequal to[b;;] denoted
by [a;;] = [by;] , if a;;= by;for alli and j.

3.1 Union of Soft Super Matrices :Let [a;;] , [b;j] € SSM,, x,. Then the soft supermatrix [¢;;] €
SSM,,, x  is called

union of [a;;]and[b;;] denoted bja;;] T [b;;] if ¢;; = max {a;; , b;;} for all i and j.

3.2 Intersection of Soft Super Matrices :Let [a;;] , [b;;] € SSM,, x». then thesoft super matrifc;;] €
SSM,,, x  is called

intersection ofa;;]and[b;;] denoted bfa;;] N [b;;]if ¢;; = min{a;; , b;;} for all i and j.

3.3 Compliment of Soft Super Matrix: Let [a;;] € SSM,, x ,. Then[c;;] € SSM,, x,, is calledcomplement

of [a;;] denoted by[a;;]° , if ¢;; = 1— a;; for alli and j.
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34 Disjoint Soft Super Matrix: Let [a;;] € SSM,,, x . Then[a;;]and[b;;] are disjoint if[a;;] N [b;;] = [0]

foralliandj.
[1 0] [0 Ol [0 Ol [0 1]
1 0
[a;] = 8 0 » [bij] = 0 0 0
[1 1] [0 [0 0] [O ]
[1 Ol [0 1]
1 1 1
Then[a;;] U [by;]= % 8 (1)
3 oo

[ai;] A [bi;] =1[0]
0 1 1
[k
and [a;]° = 0
0 1
0 o [ 1l

Proposition 1. Let[a;;] € SSM,, x,,.Then

i [[a;]1°1° = [ay] vii. [a;;] T [0] = [ay]
ii. [0]°=[1] viii. [a;] G[1] =[1]
. [aij] g1 iX. [aij] n [aij] 3 [aij]
iv. [0] € [1] X. [a;] 0 [0]=10]

V. [a;)] g [a;j] Xi. [a] N [1] =[1]

vi. [ai;] Ulay] = [ay] xii. [a;;] 0 [a;;]° =[0]

Proposition 2. Let [a;;] , [b;j] , [¢ij] € SSMy, x,.Then
i [a;] c [bi;] and[b;] c [cij] = [ay] c [cij]

ii. [a;;] = [b;] and[b;;] = [cij] = [a;;] = [ci]

iii. [a;;] € [by]and[b;] € [ay;] = [a;] = [by]

. [a;;] U [by] = [bi;] U [ay]

V. [a;]1 0 [by;] = [by] il

vi. ([ay] T [by]) U [ey] = [a;] U ([by] T [ey])
vii. ([ag] 8 [b]) B [e5] = [ay] 0 ([by] 0 [ei])

Ul
A [a;
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Proposition 3.Let [a;;] , [b;j] € SSMy,x,. Then De Morgands | aws are valid.
i. ([aij] U [bij] )0 = [aij]o n [bij]o
ii. ([ay] n [bij] )0 = [aij]o U [bij]o
Proof. For alli and j
I, ([ay] U [byj] )0 = [maX{aij'bij}]o

:[ 1-— maX{ aij,bij}]

:[ m|n{ 1- aij 1- bU}]

= [aij]oﬁ [bij]o
i.  ([ag] A [by])° = [min{ay;, b} 1°

= [1_ mln{ aij,bij}]

= [maX{l— al-j Y 1- bU}]

= [aij]o0 [bij]o

Exampled.Let [a;;] , [b;j] € SMsx4 as given in example3. Then

([0 1] [1 0
0 0 0 1
([ay;] U [bij] )0 = [aij]oﬁ [bij]0: 0 1 1 0

O =l

( 1 1 1 1

. ) [1 1] [1 1]

([a;] & [by] )® =[a;1°0 [b;1°= L1 1] 11 1
L[l 1] [1 1]
1 1 1 1

Proposition 4.Let [a;;] , [b;j] , [cij] € SSM,;, x,,.Then
I, [aij] U ( [bij] n [Cij] ) =( [aij] U [bij] )0 ( [aij] U [Cij] )
i, [aij] N ( [bij] U [Cij] ) =( [aij] n [bij] )U ([aij] n [Cij] )

3.5 Soft Super Square Matrix : Let [a;;] € SSM,, x ,. Then[a;;] is said to be soft super square matrix if m

=nforalliandj.
3.6 Soft Super Symmetric Partitioning Matrix : Let [a;;] € SSM,, x , be a soft super square matrix .Then
[a;;] is said to be soft super symmetric partitioning matrix if it is partitiossdmetricallybetweenrows
and columns

Example4.Leta =[a;;] € SSMy x4
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i I i I
a= I 1 I i
1 0 1 I
I i I i

This matrix is symmetrically partitioned betwesgrond and third rows and second and third columns.
It can also be partitioned between rows one and two and rows three and four and columns one and two and

columns three and foum the following way:

i I 1 I
A= 0 i I i
1 I i I
I i I i

Definition 3.7. Fuzzy Set :A Fuzzy Set (Fpin the universal set U is defined as A= {(x,X))|x€ U}
wherepu, : U - [0,1] is a mapping called membership function of the fuzzy set A .
Definition 3.8 Fuzzy Matrix : A Fuzzy Matrix of order m x n is defined as  fa;] wherea;; is the membership
value of iji th elementin A .
Definition 3.911] Fuzzy Soft Super Matrix (FSSM) :A Fuzzy $ft SuperMatrix A = [a;;] is a matrix whose
elements are themselves matrices with elemefis,1] or other matrices
Definition 3.10 Addition of Fuzzy Soft Super Matrices:Let A= [a;;] , B= [b;;] € FSSM,,,,, . ThenAddition of
Fuzzy Soft Super Matrices A and B is defined by+8 = [ max {a;; , b;;} ] foralliand j.
Definition 3.11 Subtraction of Fuzzy Soft Super Matrices:Let A= [a;;] , B= [b;;] € FSSM,,, . Then Subtraction
of Fuzzy Soft Super Matrices A and B is defined by-8 = [a;; — b;; | , a;j > by

=[bij — a;; ], a;j < by;

=1[0] , Otherwise foralliandj.
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Definition 3.12 Multiplication of Fuzzy Soft Super Matrices: Let A= [a;;] ,B = [b;;] € FSSMy,, . Then
Multiplication of Fuzzy Soft Super Matrices A and B is defined by AB = [min {b;; } ] foralliandj.

Definition 3.13 Fuzzy Soft Super Submatrix: The Fuzzy Soft Super Submatrix of a Fuzzy Soft Super Matrix of
order> 1 is obtainedy deleting some rows or some columns or both or neither .

A Fuzzy Soft Super Matrix is itself a Fuzzy Soft Super Submatrix .

Definition 3.14 Fuzzy Soft Principal Super Submatrix: The Fuzzy SofPrincipalSuperSubmatrix of order ( nZ

r ) obtained by deleting rows and columnsof an rth order Squar€&uzzy Soft Super Matrix is called Fuzzy Soft

PrincipalSuper Submatrix .

a11 Q12 Qg3 Q14
Az1 Qzz Q23 Qg

Example5. Let A =
UG, (T2 a3y A3z dz3 dzg

be a fourth ordeSquareFuzzy SoftSuper Matrix. Then first order
Qg1 Q42 Q43  Qgg
fuzzy soft principal super submatrices obtained from Aeyd [ [a:2] , [a13] » [@14])-

a12] [a12 Qi3
1

etc.
az2 az2 a23]

The second order fuzzy soft principal super submatricegé]lre

a1 Q12 g3
The third order fuzzgoftprincipal super sumatrices ar¢dz: az2 az3|,

az; 43z 4z

[au Azz a24]

Q31 A3z O34 etc.
Q41 Q42 Qg

The fourth order fuzzgoft principal super sutmatrix is the given matrix A

Definition 3.15 Fuzzy Soft Super Matrix: The Fuzzy Soft Super Matrix A fa;;] is a matrix whose elements are

themselves matrices with elemestf0 ,1].

Definition 3.16 Fuzzy Soft SuperPartitioning Matrix: If a FSSM is divided or partitioned into smaller FSSMs

called blocks withconsecutive rows andolumns separated by dotted horizontal lines between rows and vertical

lines between columns , then it is called Fuzzy Soft Super Partitioning Matrix.

It is also called Fuzzy Soft Super Block Matrix.

Definition 3.17 Fuzzy Soft SuperBlock Matrix: The Fuzzy Soft Super Block Matrix A ;] is obtained by

dividing or separating the matrix between certain specified amdsolumrs.

Q11 i Qi Qg3 Qg
Then A=[ay; § Gy Q3 A= [ﬁll 212 , Where
az; i Gz A3z Qg 2 e
Qg1 © Qg2 Qg3 Qgq
az1] QAzz Qz3 Qg
A =[M1] , Ao =[%2 Qi3 Q1a], Ay = (031, Ay,= 032 A33 ‘134]
Ay Auy Q43 Qug

is an exampleuzzy soft super block matrix .
Definition 3.18 Transpose ofFuzzy Soft Super Block Matrix: Transpose of Fuzzy Soft SupBlock Matrix is

the transpose of both the blocks and its constituent blocks
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AT = A11T A21T
AT 4,7
12 22

Definition 3.19 Fuzzy Soft Super Square Block Matrix:If the number of rows and number of columns of blocks

are equal , then the matrix iSd#o be Fuzzy Soft Super Square Block Matrix

11 Q2 P Qi3 Oy
Qdz1 Az * QGz3 Q4 A A
A=1 .. . = ("1 12] is a fuzzy soft super square block matrix , singgis a square
. Ay Az
31 Gz ¢ 43z 43z
(g1 Q42 Qq3 Qgq
block.

3.20 Addition of Fuzzy Soft Super Block Matrices : Fuzzy Soft Super Block Matrices can be added if
corresponding block are of same order.

Ay A o Agg Byy Bz .. By
Example5. Let A = An A o Aon| g = |Ba Bz Ban | be two fuzzy soft super block
A1 Apz o Apn Bnmi Bmz - Bmn
matrices. Then
Aq1 + By Ay, + By w. Ain+ B,
prpo|Ant B AntByn . Gt By
Api+ Bmi Amz+ Bz o Apn + B

3.21Scalar Multiplication: Scalar multiplication of a fuzzy soft super block matrigans each block of the matrix
is multiplied by the matrix .

ady; Al .. 0Agy,

Ay 0Ape o A,
ai1
az1

Definition 3.22Fuzzy Soft SuperColumn Matrix of Type I: If A = [a31 [ be asupermatrix of order n x 1, then A

Qn1
is said to bd-uzzy Soft Super Column Matrix of Typewhere eacla;; , i = 1, 2, é n is sub m
Definition 3.23 Fuzzy Soft Super Row Matrix of Type L:If A= [d11 Q12 Q13 .. Q1n] be asuper matrix of
order 1 x n, hen A is said to b&uzzy Soft Super Row Matrix of Type | where eagh, i = 1, 2, e n
matrix.
a1 aqp Aipn
Definition 3.24 Fuzzy Soft SupeiColumn Matrix of Type Il : If A = a?l @22 - @l po o matrix of order
Ami Az o Omn
a,
m x n, then A= a.z is said to bé-uzzy Soft Super Column Matrix of Typk Where
-
a, =[M1 Q12 - Qin]
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a, =[dz1 Az 2]
é .
Ay = [aml Am2 amn]

Definition 3.25 Fuzzy Soft SuperRow Matrix of Type Il : If A=

ordermxn,then Af gl g2

a1 12 Ain
) az=|92) gms |
Am1 Amn Amn
aq
Note: Obviously =[at a2 7|
am
Definition 3.26 Transpose of Fuzzy Soft Super Matrix :If A =
a1

a
matrix of order m x n , then the transpose of A denoted’by 1

Ain

ai1
azi

Am1

a1 Q12 A1n
Az Ay azn
am1 Am2 Amn

a2 (5T))

Az Azn

Am2 Amn

azq1 Am1

Az Am2

dzn Amn

matrix obtained by taking the transpose of each element i.e., teagribes of A .

Definition 3.27 Transpose of Fuzzy Soft Super Symmetric Matrix if A =

soft super symmetric matrix of order m x m, then the transpose of A denofg

21

Ami

Aim  Qom

Note: The diagonal mateés are symmetric matrices unaltered by transposition

Definition 3.28 Fuzzy Soft Super Diagonal Matrix :If D =

D,

0

0 D,

0
0

A1m

Aom

amm

be a supermatrix of

a™] is said to be Fuzzy Soft Super Row Matrix of Type Il whete

be afuzzy softsuper

is a n x m fuzzy soft super

be a fuzzy

Am1
Am2

amm

, then D is said to be Fuzzy Soft

Dy,

Super Diagonal Matrix where zeros denote matrices with zero as all entries .

Example 6 :
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c o4 3 0|
3 B 7 0

is an example of fuzzy soft super diagonal matrix

L 0 0
Definition 3.29 Fuzzy Soft Super Identity Matrix : If | = 0 I 0 , then D is said to be Fuzzy Soft
0 0 I
Super Identity Matrix .
a1 by,
az1 bsy

Definition 3.30 Minor Product of Two Fuzzy Soft Super Matrices :If A = |d31| and B=]|bs, | be two fuzzy

Qn1 b

soft super matcesof type |, then the minor product of A and B is given by

AT B
bi4
bz,
=[A11 Q1 Q31 - Qni].|b3
by
=ayq byg +Apq by tazq b3+ € auitby,
a1 b4
az1 ba4

Definition 3.31 Major Product of Two Fuzzy Soft Super Matrices :If A = |a3:1| and B=|bs, | be two fuzzy

soft super matrices of type |, then the major product of A and B is given by

ai1
az1
T —
AB" =|A31|.[byy by b3y ... bpil
anq
ay1b11 @u1bar o Aqqbpy
_|@21b11  @21bp1r .. Q2ibp
Anibi1  Qnibyy .. Apibpy
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