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ABSTRACT

The purpose of this paper is to put forward the notion soft super matrix theory[ Based on
[11]W.B.Vasantha Kandasami , Florentin Smarandche, K. Amal “Super Fuzzy Matrices and Super Fuzzy
Models for Social Scientists”, 2008] and some basic properties. In this paper, we define fuzzy soft super
matrix and some new definitions based on fuzzy soft super matrix . Some properties are given with

appropriate examples .Lastly, minor and major product of two fuzzy soft super matrices are defined .
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1. INTRODUCTION

Soft set theory was firstly introduced by Molodsov in 1999[1] as a general mathematical tool for dealing
with uncertain , fuzzy , not clearly defined objects. In classical mathematics, all mathematical tools for
modeling , reasoning and computing are crisp, deterministic and precise in character .So , they can’t solve
those complex problems in real life situations. In recent years, researchers are interested in dealing with
the complexity of uncertain data. There are wide range of theories such as probability theory , fuzzy set
theory , vague set theory etc. which have inherent difficulties due to lack of parameter as pointed out by
Molodsov[1] . Soft set theory is a novel concept having parameterization tools dealing successfully with
uncertainties. Maji et al.[2] introduced the concept of fuzzy soft sets by combining soft sets and fuzzy
sets. Maji et al.[3,4] introduced soft set into decision making problems . Cagman and Enginoglu [5]
defined soft matrices which were matrix representation of the soft sets and constructed a soft max-min
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 multi-observer data to deal with decision
making based on fuzzy soft sets. Majumdar and Samanta[9] generalized the concept of fuzzy soft sets.
M.J.1.Mondal and T.K.Roy[10] introduced some operators of fuzzy soft matrix and decision making on
the basis of t-norm operators .

2. Soft Matrices

2.1 Soft Set ([1]). Let U be an initial universe , P(U) be the power set of U , E be the set of all parameters and Ac
E. A soft set (f4,E) on the universe U is defined by the set of order pairs

(faE) ={(e. fa(e)) : e€ E, fu(e) € P(U) }
where f, : E > P(U) such that f,(e) = ¢ ife ¢ A.
Here f, is called an approximate function of the soft set (f,4,E). The set f,(e) is called e-approximate value set or e-
approximate set which consists of related objects of the parameter e € 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
R,={(u,e):ee A ,ue f,(e)}
which is called relation form of (f,,E) . The characteristic function of R, is written by

XRAZUXE -[0,1],

X, (U1€) 2{ é (Fﬁfg)eezR??A
fU={u ,uy, coennnnnn. Uun . E={e e, i, e, }and A € E , then R, can be represented by a table
in the following form :
Ry, e, e | en
Uy Tr, (U1.€1) T, W€2) | Yr, (U1.€n)
U, o (uy,eq) Yry (uz,ep) | e o (uq,65)
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U o (Um.€1) T (Um,€2) | e T (U €n)

If a;; = o (u.e5) , we can define a matrix

i1 Q2 0 Qip
| Q21 Gz 0 A2n

[aij]an - : :
An1 Amz  *° Amn

which is called an m x n soft matrix of the soft set f,,E) over U.

According to the definition a soft set (f,,E) is uniquely characterized by the matrix [a;;],, x» - It means that a soft
set (f4,E) is formally equal to its soft matrix [a;;], 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 denoted by SM,, x ,. From now we shall use [a;;] in place of
[@ij]m x n .Y Omitting the subscripts m x n of [a;;], x » .Since [a;;] € SM, x , , it means that [a;;] is an m x n soft
matrix forI=1,2,....nandj=1,2,........ m.

Examplel. Assume that U ={ u; ,u, , uz, u,, us yisauniversal setand E={e; ,e,,e3,e, } isasetofall
parameters. If A ={e; , e, , e} and fo(e;) ={uy ,uz }, fale1) = ¢,

fa(es)= U, then we write a soft set

(fa.E) ={(es, {uy , u3 }), (e3,U} and then the relation form of (f,,E) is written by

Ry ={ (wq, €1), (us, €1), (wq, €3), (uz, €3), (us, €3), (U4, €3), (us, €3) }

Hence the soft matrix [a;;] is written as

1 0 1 0
0 010
[aij] =1 0 1 O
0 010
0 01 0

2.3. Soft Super Matrix (SSM) [11 : A soft super matrix A = [a;;] Is a matrix whose elements are themselves
matrices with elements that can either be 0 or 1 or other matrices .

2.4 : Soft Super Sub Matrix : Soft super sub matrices are those matrices considered as elements of soft super
matrix .

Example2. From the example 1, we can write
10 10
[0 Ol [1 Ol 1 0 1 0
[a;;]=|l1 o 1 0 , where a,, :[0 Ol , Qq2 :[1 0]
[0 0] [1 0 10 10
0 0 10

‘121:[8 8] :‘122:[1 8]

Here , [a;;] is a soft super matrix and a,, , a;; , ay; , A, are soft super sub matrices of [a;;] .
2.5 Order of Soft Super Matrix: Order of soft super matrix is nothing but the order of simple matrix from which

it is obtained.
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2.6 [3] Soft Partitioned matrix: A soft matrix can be partitioned by dividing or separating the matrix between
certain specified rows or certain specified columns . The matrix so obtained is known as Soft Partitioned Matrix
2.7 Zero Soft Super Matrix : Let [a;;] € SSM,;, x,,. Then [a;;] is called
a zero soft super matrix denoted by [0], if a;; = 0 for all i and j.
2.8 Universal Soft Super Matrix : Let [a;;] € SSM,, x . Then [a;;] is called
a universal soft super matrix denoted by [1] , if a;; =1 foralliandj.
Example3. Assume that U ={ wu, , u, , us, u,, us }is a universal set and E={e ,e;,e5,¢e,} isaset
of all parameters , and
[a;;], [bij] ) [cij] € SMs x4 .
IfA={e ,e; },fale;) =, falez) =@ ,then [a;;] = [0] is a zero matrix written by

ol 4 [ 51]
R

If B=Eand fz(e;) =U,e; €B,i=12,3,4 then [b;;] = [1] is a universal soft matrix written by

=L

1 1
T
1 1 1 1

2.9 Soft Super Sub Matrix : Let [a;;] , [b;j]] € SSM,, x,. Then [a;;] is called a soft super sub matrix of
[b;;]denoted by [a;;] € [by;], if [a;;] < [by;] foralliand j.

3.0 Soft Super Sub Matrix : Let [a;;] , [b;j] € SSMy, x . Then [a;;] is said to be equal to [b;;] denoted
by [a;;] = [by;] , if a;;= by;for all i and j.

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

union of [a;;]and [b;;] denoted by[a;;] U [by;] if ¢;; = max { a;; , b;;} forall i and j.

3.2 Intersection of Soft Super Matrices : Let [a;;] , [b;;] € SSM,, x . then the soft super matrix [c;;] €
SSM,,, x , is called

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

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

of [a;;] denoted by [a;;]°,ifc;; =1 — a;; foralliandj.
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3.4 Disjoint Soft Super Matrix: Let [a;;] € SSM,, x . Then [a;;]and [b;;] are disjoint if [a;;] A [b;;] = [0]

foralliandj.
1 0] [0 O 0 0] [0 1
[a;]={lo ol Lo 1l . [byl=|l1 ol Lo o
0
0

11l lo o o o o
10
11]

0 1
Ll
Then [aij] V] [bij]: 1 0 0 1

[1 0 [1 0
1 1 0 0
[ai;] n [bi;] =1[0]

[0 1] [1 1]
1 0 1
and [aij]O = l 1 1 1

0
1 1 0(1)
o ol 1 4l

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

i [[ay1°1° = [ay] vii. [a;;] T [0] = [ay]
ii. [0]°=[1] viii. [a;] G [1]=[1]
iii. [a;;] 1] ix. [a;;] 0 [a;] = [ay]
iv. [0] € [1] X. [a;]1 0 [0]1=1]0]

V. [a;;] € [ay] xi. [a;;] 0 [1] =[1]

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

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

ii. [a;;] = [by;] and [by;] = [ci5] = [ay;] = [ci]

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

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

V. [a;;] n [bij] = [bij] n [a;;]

vi. ([ay] T [by]) U [ey] = [a;] T ([by] T [ey])

vii. ( [a;;] n [bij] )n [cij] = [ay] N ( [bij] n [Cij])
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Proposition 3. Let [a;;] , [b;j] € SSMyy, x ».Then De Morgan’s laws are valid.
i. ([ai]1 T [by])° = [a;;]°
il ([a] n [bij] )0 = [aij]o U [bij]o
Proof. Forall i and j
i ([al]] U [bl]] )0 = [maX{ ai}-,bij} ]0

:[ 1- maX{ aij,bij}]

:[ m|n{ 1-— ai}' , 1-— bU}]

= [aij]oﬁ [bij]o
i.  ([a;] 0 [by] )° = [minf{ay, b;}1°

i [1 . mln{ aij,bij}]

= [maX{ 1-— al-j " 1-— bU}]
3 [aij]o0 [bij]o

Example4. Let [a;;] , [b;j] € SMs x4 as given in example3. Then

N

[b;;1°

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

O =l

( 1 1 1 1
X ) [1 1] [1 1]
([a;] & [by] )® =[a;1°T [by;]° = % % % %
. [l
Proposition 4. Let [a;;] , [b;j] , [cij] € SSM,;, x,,.Then
i. [aij] U ( [bij] n [Cij] ) =( [aij] U [bij] )0 ( [aij] U [Cij] )
ii. [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 partitioned symmetrically between rows
and columns.

Example4. Leta = [a;;] € SSMy x4

A Quarterly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [Js=NNECEELEMITIE! as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Engineering, Science and Mathematics
http://www.ijmra.us



December -1V Volume 3, Issue 4 ISSN: 2320-0294

2014

This matrix is symmetrically partitioned between second 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 four in 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 (FS) in the universal set U is defined as A= { (X, us(X)) | x€ U }
where u, : 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 A= [a;;] where a;; is the membership
value of ij —th element in A.
Definition 3.9[11] Fuzzy Soft Super Matrix (FSSM) : A Fuzzy Soft Super Matrix A = [a;;] is a matrix whose
elements are themselves matrices with elements € [0 ,1] or other matrices .
Definition 3.10 Addition of Fuzzy Soft Super Matrices: Let A= [a;;] , B= [b;;] € FSSM,,,, . Then Addition of
Fuzzy Soft Super Matrices A and B is defined by A + B = [max {a;; , b;;}]foralliandj.
Definition 3.11 Subtraction of Fuzzy Soft Super Matrices: Let A= [a;;] , B= [b;;] € FSSM,y,,, . Then Subtraction
of Fuzzy Soft Super Matrices A and B is defined by A — B = [a;; — b;; ], a;j > by

=[bij —a;; 1, a;; < by;

=[0] , otherwise foralliandj .
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Definition 3.12 Multiplication of Fuzzy Soft Super Matrices: Let A= [a;;] ,B = [b;j] € FSSMp,y . Then
Multiplication of Fuzzy Soft Super Matrices A and B is defined by AB = [min {a;; , b;; }]foralliandj.
Definition 3.13 Fuzzy Soft Super Submatrix: The Fuzzy Soft Super Submatrix of a Fuzzy Soft Super Matrix of
order > 1 is obtained by 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 Soft Principal Super Submatrix of order (n -
r ) obtained by deleting r rows and columns of an n-th order Square Fuzzy Soft Super Matrix is called Fuzzy Soft

Principal Super Submatrix .

a11 Q12 Qg3 Q14
Az1 Qzz Q23 Qg

Example5. Let A =
glelled (L a3y A3z dz3 dzg

be a fourth order Square Fuzzy Soft Super Matrix . Then first order
Qg1 Q42 Q43  Qgg
fuzzy soft principal super submatrices obtained from A are [a;4] , [a:2] , [@13] : [@14]-

ai alZ] [alz Qi3
1

etc.
dz1 Ay az2 a23]

The second order fuzzy soft principal super submatrices are [

a1 Q12 g3
The third order fuzzy soft principal super sub matrices are [@21 Q22 Q23] ,

az; 43z 4z

[(121 azo a24]

Q31 A3z O34 etc.
Q41 Q42 Qg

The fourth order fuzzy soft principal super sub matrix is the given matrix A .

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

themselves matrices with elements € [0 ,1].

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

called blocks with consecutive rows and columns 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 Super Block Matrix: The Fuzzy Soft Super Block Matrix A = [a;;] is obtained by

dividing or separating the matrix between certain specified rows and columns .

Q11 i Qi Qg3 Qg
ThenA=|ay; { 4y Q3 Ay :[jn 212 , where
az; i Gz A3z Qg 2 e
Qg1 © Qg2 Qg3 Qgq
az1] QAzz Qz3 Qg
A =[M1] , Ao =[%2 Qi3 Q1a], Ay = [A31], Ayp= 032 a33 ‘134]
Ay Auy Q43 Qug

is an example fuzzy soft super block matrix .
Definition 3.18 Transpose of Fuzzy Soft Super Block Matrix: Transpose of Fuzzy Soft Super Block 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 is said to be Fuzzy Soft Super Square Block Matrix .

11 Q2 P Qi3 Oy
Qdz1 Az * QGz3 Q4 A A
A= = [ 1 12] is a fuzzy soft super square block matrix , since 4;; is 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 An o Aon| g g o |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,
A+pe|Ant B AntByn . Gt By
Api+ Bmi Amz+ Bz o Apn + B

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

(X_All a.Alz e aAln

Ay 0Ape o A,
ai1
az1

Definition 3.22Fuzzy Soft Super Column Matrix of Type I: If A =[Qaz1 | be a super matrix of order nx 1, then A

any

is said to be Fuzzy Soft Super Column Matrix of Type | where each a;; ,i=1, 2, ..., n is sub matrix.

Definition 3.23 Fuzzy Soft Super Row Matrix of Type I: If A=[A11 @12 Q13 ... Qyp] be asuper matrix of
order 1 x n, then A is said to be Fuzzy Soft Super Row Matrix of Type | where each a;; ,i=1,2, ..., nis sub
matrix.

a1 aqp Aipn

Qy1 Gy o Qan

Definition 3.24 Fuzzy Soft Super Column Matrix of Type Il : If A = be a matrix of order

An1 Amz - Amn
a,
a|. . .
mxn, then A= :2 is said to be Fuzzy Soft Super Column Matrix of Type Il where
am

a, =[A11 Q12 o Qip]
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a2 = [a21 azz e aZn]
Ay = [Am1 Qmz - Qmn]
all a12 e aln
s . . _ Q21 Q22 .. Qgp .
Definition 3.25 Fuzzy Soft Super Row Matrix of Type Il : If A= be a super matrix of
A1 Amz2 - Omn
ordermxn,then A=[ gt g2 .. q™]issaidtobe Fuzzy Soft Super Row Matrix of Type Il where a® =
a1 12 Ain
az P a:22 am= Qon
aml amn amn
aq
. a;
Note: Obviously, | " [ =[ a* a® .. a™]
am
all alz e aln
__ . a a oa
Definition 3.26 Transpose of Fuzzy Soft Super Matrix : If A= | ! 22 2" [ be a fuzzy soft super
An1 Oz - Qmn
Q11 d21 - Oma
a12 a22 e amz

matrix of order m x n, then the transpose of A denoted by AT = is a n x m fuzzy soft super

Ay Ao . A
matrix obtained by taking the transpose of each element i.e., the sub matrices of A .
aqq Aqp e A

a21 azz e a2m

Definition 3.27 Transpose of Fuzzy Soft Super Symmetric Matrix : If A = be a fuzzy

soft super symmetric matrix of order m x m , then the transpose of A denoted by AT =

Am Aoy -« Amm

Note: The diagonal matrices are symmetric matrices unaltered by transposition .

D, 0 .. 0
Definition 3.28 Fuzzy Soft Super Diagonal Matrix : If D = 0 D .. O , then D is said to be Fuzzy Soft
0 0 .. D,

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 matrices of type | , then the minor product of A and B is given by
ATB
bll
bz
=[ai1 G21 Q31 - Qma].|b3y
b,
= Q1 b1y + Qg1 byy + A3y b3yt Ayq by
a1 by,
Az b2,

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

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

ai1
az1
T —
AB"=|031].[byy by b3y ... bpql
anq
ay1b11 @u1bar o Aqqbpy
_|@21b11  @21by1r .. Q2ibp
Anibi1  Qnibyy .. Apibpy
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a1 by,
az1 bz,
Proposition 4: If A=|as:1| and B =]bs, | be two fuzzy soft super matrices of type | , then

QAn1 b,1
i)AT B=BTA
i) (ABTYT =B AT
Example7 : Let A=

a1 b4 .1
az1| and B = | b, | be two fuzzy soft super matrices , where a,; =|.2], a,; = and az;=

asy b31 .3

N WD

[;] and by, = [ gl v by = , Q3= [ Z] . Then
. 4 .

N S 00 W

w

.5
ATB=[1 .2 .3][.2]+[.4 S — '2 +[.1 .2][';]
4 ' '

)
=.05+.04+.8+.12+.24+.08+.12+.07+.1
=1.62
=BT A O

CONCLUSION

In this paper, we define soft super matrix and some properties with examples. We define fuzzy soft super matrix
and some new definitions based on fuzzy soft super matrix . Some properties are given with appropriate examples

.Lastly, minor and major product of two fuzzy soft super matrices are defined .
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