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ON SOFT MATRICES AND THEIR APPLICATION IN DECISION MAKING
S. SUDHA VANI, MOHANA RUPA. S.V.D, J. HARIPRIYA
Abstract: In this work, we define soft matrices and their operations which are more functional to make
theoretical studies in the soft set theory. Molodtsov in 1999 initiated the concept of soft sets as a general
mathematical tool for the dealing with uncertainty.N. Cagman and S. Enginoglu introduced the notion of soft
matrices in 2010 from the theory of soft sets. We also define products of soft matrices and their properties. We
finally construct a soft max-max decision making method which can be successfully applied to the problems
that contain uncertainties.
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Introduction: Molodtsov introduced the concept of
Soft Set as a completely new mathematical tool for
dealing with uncertainties. Recently, soft set theory
has been developed rapidly and focused by some
scholars in theory and practice. Based on the work of
Molodtsov, Maji et al and Ali et al published detailed
theoretical studies on operations of Soft Sets and
their algebraic properties. Soft set theory has also a
rich potential for applications in many directions,
some of which have been discussed in Maji et al and
Cogman and Enginoglu applied soft set theory to
decision making problems. have studied algebraic
properties Softvector spaces and softvector
subspaces.
Preliminaries:
Soft set theory: Let U be an initial universe set and E
be a set of parameters with respect to U. Let P(U)
denote the power set of U and A be subset of E.
Definition: A pair (F, A) is called a soft set over U,
where F is a mapping F: A՜P(U). In other words, a
soft set over U is parameterised family of subsets of
the universe U. For xϵ A, F(x) may be considered as
the set of x-approximate elements of the soft set (F,
A) i.e (F,A)={ F(x)ϵP(U): xϵA كE }
Definition: For a soft set (F,A), the set Supp(F,A),
called the support of (F,A) is given by Supp(F,A)={
xϵA/ f(x)≠Ø}. If Supp(F,A) ≠ Ø, then the soft set
(F,A) is called non null.
Definition: Let (F, A), (G, B) be two soft sets over U.
Then
i) (F,A) is said to be a soft subset of (G,B) denoted by
(F,A)(كG,B) if AكB and F(x)كG(x)for all xϵA
ii) (F,A) and (G,A) are said to be a soft equal sets
denoted by (F,A)=(G,A) if by (F,A)(كG,B)
G(B)كF(A)
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and

Definition (AND operation on two soft sets): If
(F, A) and (G,B) be two soft sets then ``(F, A) AND
(G,B)" denoted by (F, A) (רG,B) and is defined by (F,
A)( רG,B) = (H, A× B)where H(ߙǡ ߚ) = F(ߙ)תG(ߚ) for
all (ߙǡ ߚ)אA× B .
Definition (OR operation on two soft sets): If (F,
A) and (G,B) be two soft sets then ``(F, A) OR (G,B)"
denoted by (F, A)(שG,B) is defined by (F,A)(שG,B)=
(O,A×B) whereO(ߙǡ ߚ) = F(ߙ) שG(ߚ) ) for all (ߙǡ ߚ) ג
A× B .
Definition: union of two soft sets: The union of
(F,A) and (G,B) over a common universe U denoted
by (F,A) ( ڒG,B) is the soft set (H,C) where C=AڂB
and for all xϵC
ܨሺݔሻǡ ݂݅ ܣ א ݔെ ܤ
ܩሺݔሻǡ ݂݅ ܤ א ݔെ ܣ
H(x)=ቐ
ܨሺݔሻ ܩ ሺݔሻǡ ݂݅ܤ ת ܣ א ݔ
Definition: extended intersection of two soft
sets: The union of (F,A) and (G,B) over a common
universe U denoted by (F,A)( ڑG,B) is the soft set

(H,C) where C=AڂB and for all xϵC

ܨሺݔሻǡ ݂݅ ܣ א ݔെ ܤ
H(x)=ቐ ܩሺݔሻǡ ݂݅ ܤ א ݔെ ܣ
ܨሺݔሻܩځሺݔሻǡ ݂݅ܤ ת ܣ א ݔ
Definition:
1. The restricted union of (F,A) and (G,B) over a
common universe U, denoted by (F,A)( ڒG,B)is
the soft set (H,C) where C= A ځB and for all xϵC,
H(x)= F(x) ڒG(x)
2. The restricted intersection of (F,A) and (G,B) over
a common universe U, denoted by (F,A)( ڑG,B)is
the soft set (H,C) where C= A ځB and for all xϵC,
H(x)= F(x) ځG(x)
We recall some basic notions in soft set theory.
Molodtsov defined soft set in the following way.

ͳ
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Throughout the paper, let U be an initial universe set
and E be a set of parameters. Let P(U) denotes the
power set of U and A, B, C كE.
Definition: Cartesian product of two soft sets: Let
(F, A) and (G,B) be two soft sets over a common
universe U , then the cartesian product of these two
soft sets is denoted by (F, A)ൈ (G, B) and is defined
by(F, A)ൈ(G,B) = (H, AൈB) where H(ߙ,ߚ) =
F(ߙ)ൈG(ߚ).
Soft Matrix:

Definition: Let (F,A) be a soft set over U. Then, a
subset ofU × E is uniquely defined by ܴ ={(u, e) : e
גA, u ݂ג (e)} which is called a relation from (F,A).
The characteristic function of ܴ is written byµܴ : U
× E → {0, 1},
ͳǡ ሺǡ ሻ ܴ  א
µܴ (u, e) ൌ ൜
Ͳǡ ሺǡ ሻ  ܴ  ב
If U = {ݑଵ ,ݑଶ ,ݑଷ ,ݑସ , ࣭࣭࣭,ݑ },E = {݁ଵ ,݁ଶ , ݁ଷ , ࣭࣭࣭,
݁ } and A كE,then the ܴ can be represented by a

table

ܴ

݁ଵ ݁ଶ ݁ଷ ..........................݁

ݑଶ

µܴ ሺݑଶǡ ݁ଵ ሻ µܴ ൫ݑଶǡ ݁ଶ ൯............................ µܴ ሺݑଶǡ ݁ ሻ

ݑଵ

ݑଷ

....
ݑ
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as

in

the

following

form

µܴ ሺݑଵǡ ݁ଵ ሻ µܴ ൫ݑଵǡ ݁ଶ ൯............................ µܴ ሺݑଵǡ ݁ ሻ

µܴ ሺݑଷǡ ݁ଵ ሻ µܴ ൫ݑଷǡ ݁ଶ ൯............................ µܴ ሺݑଷǡ ݁ ሻ

µܴ ሺݑǡ ݁ଵ ሻ µܴ ൫ݑǡ ݁ଶ ൯............................ µܴ ሺݑǡ ݁ ሻ

If aij = µܴ ሺݑǡ ݁ ሻwe define a matrix
ܽଵଵ ܽଵଶ ܽ ڮଵ

SMm×p =ቌ ܽଶଵ ܽଶଶ ܽ ڰଶ ቍwhich is called an
ܽଵ ܽଶ ܽ ڮ
m × n soft matrix of the soft set (F,A) over U.
Example: Let (F,A) = {((݁ଵ ), {ݑଶǡ ݑଷ ݑହ }), ((݁ଶ ),
{ݑଵ ݑଷ }), ((݁ଷ ),{ݑସ })}. Then, the relation form of (F,A)
is
written
byܴ
=
{
(ݑଵ ,
݁ଶ ),
(ݑଶ ,
݁ଵ ),ሺݑଷǡ ݁ଵ ሻ,ሺݑଷǡ ݁ଶ ሻ,ሺݑସǡ ݁ଷ ሻ,ሺݑହǡ ݁ଵ ሻ}.Hence, the soft
matrix
ͲͳͲͲ
ۊͲͲͲͳۇ
[aij ] = ۋͲͲͳͳۈ
ͲͲͳͲ
یͲͲͲͳۉ
Definition: Let [ܽ ] ܯܵגൈ .
1. Then [ܽ ] is called a zero soft matrix denoted by
[0], if ܽ =0 for all i and j.
2. A universal matrix denoted by [1], if ܽ =1, for all i
and j.
Let us consider A = E = {݁ଵ ,݁ଶ , ݁ଷ , ݁ସ } and U
={ݑଵ ,ݑଶ ,ݑଷ ,ݑସ ǡ ݑହ } where (F,A) = {F(݁ଵ ) = expensive
wear = {ݑଵ ,ݑଷ ,ݑହ }, F(݁ଶ ) = stunning wear =
{ݑଵ ,ݑଷ ,ݑସ ,ݑହ }, F(݁ଷ ) =branded wear= {ݑଶ ,ݑଷ ,ݑସ }, F(݁ସ )
= discounted wear= {ݑଶ ,}}. Let
[M(F,A)]=
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 ൌ  ሼݑଵ ǡ ݑଷ ǡ ݑହ ሽ
  ۇൌ  ሼݑଶ ǡ ݑଷ ǡ ݑସ ሽǡ ۊ
 ۈൌ  ሼݑଵ ǡ ݑଷ ǡ ݑସ ǡ ݑହ ሽۋ
  ൌ  ሼݑଶ ǡ ሽ
ۉ
ی
Here we see that all the elements of the matrix
[M(F,A)] are of the soft set (F,A). Hence the above
matrix is a soft matrix.
Product Soft matrices:
Definition (union of two soft matrices): Let
[M(F,A )] = (݉ ) and [ N(F ,A )] = (݊ ) be two soft
matrices of any order over a common soft set (F, A) ,
then ݉ = F(ߙ) and ݊ = F(ߚ) for some ߙǡ ߚ אA. The
union of [M(F, A)] and [N(F, A)] is denoted by [M(F,
A)][N(F, A)] = [L(F, A)] , where [L(F, A)] =݈ is a soft
matrix whose number of rows is equal to the number of
rows of [M(F, A)] and number of columns is equal to
the number of columns of [N(F, A)] and is defined by
݈ =ڂఈ ܨሺߙሻ, where ߙis the common parameter of the
i th row of [M(F, A)] and j th column of[N(F, A)].
Definition 24 (intersection of two soft matrices):
Let [ M(F ,A )] = (݉ ) and [ N(F ,A )] = (݊ ) be two
soft matrices of any order over a common soft set (F,
A) , then ݉ = F(ߙ) and ݊ = F(ߚ) for some ߙǡ ߚ אA.
The union of [M(F, A)] and [N(F, A)] is denoted by
[M(F, A)][N(F, A)] = [L(F, A)] , where [L(F, A)] =݈ is

ʹ
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a soft matrix whose number of rows is equal to the
number of rows of [M(F, A)] and number of columns is
equal to the number of columns of [N(F, A)] and is
defined by ݈ =ځఈ ܨሺߙሻ, where ߙis the common
parameter ofthe i th row of [M(F, A)] and j th column
of[N(F, A)].
Example: Let us consider two soft sets A and B over a
common universe U . Let U = {m1, m2, m3, m4, m5}, A
= {x1, x2} كE and B = {x2, x3} كE. Then F (x1) = {m1, m3,
m4}, F (x2) = {m2, m3, m5}, G(x2) = {m1, m3} and G(x3) =
{m2, m3}. Here A × B = {(x1, x2), (x1, x3), (x2, x2), (x2, x3)}.
Then, the relation form of
=
ܴሺுǡൈሻ
{((x1, x2), {(m1, m1), (m1, m3), (m3, m1), (m3, m3), (m4,
m1), (m4,m3)}),
((x1, x3), {(m1, m2), (m1, m3), (m3, m2), (m3, m3), (m4,
m2), (m4, m3)}),
((x2, x2), {(m2, m1), (m2, m3), (m3, m1), (m3, m3), (m5,
m1), (m5, m3)}),
((x2, x3){(m2, m2), (m2, m3), (m3, m2), (m3, m3), (m5,
m2), (m5, m3)})}.
Definition: Let U be the universal set. Let (F, A)
and (G, B) be a two soft sets over common universe.
Then the Cartesian product soft sets (F, A)×(G, B) =
(H, A×B). We define the relation of (H, A×B) is
R(H,A×B) = {(h, e) : h  אH(α, β), e  אA×B}. The special
function of R(H,A×B) is written by
ͳ
ܴܥሺுǡൈሻ ǣ ܷ ൈ  ܧ՜ ൜Ͳǡ ǡ ͳൠǡ
ʹ
ͳǡ݂݅ሺ݄ǡ ݁ሻ ܤ ת ܣ א
ͳ
ܴܥሺுǡൈሻ ൌ ൞ ൌ ͲǤͷ݂݅ሺ݄ǡ ݁ሻ  ܣ אᇞ ܤ
ʹ
Ͳǡ ݂݅ሺ݄ǡ ݁ሻ ܤ  ܣ ב
If
(݀ ሻ ൌ ݀ሺ݄ǡ ݁ሻǡwe
define
a
matrix
݀ଵଵ ݀ଵଶ ǥ ǥ ݀ଵ
݀ଶଵ ݀ଶଶ ǥ ǥ Ǥ ݀ଶ
ሺ݀ ሻሺൈሻ =൮
൲ is called as a product
ǥǥǥǥǥǤ
݀ଵ ݀ଶ ǥ ǥ Ǥ ݀
soft matrices, where n is the number of elements is U
and p is the product of the number of element in the
set A and the number of elements in the set B.
Definition: Let (F, A) = (aij ) and (G, B) = (bij ) be two
soft matrices. Then (F, A) AND (G, B) is denoted by
[(F, A)] ([ רG, B)] = [H, A × B] = (dij ) is a soft matrix,
is defined by (dij ) = (aij ) ∩ (bij ).
Example: Let U = {m1, m2, m3, m4, m5} and E = {x1, x2,
x3, x4}. Assume that A = {x1, x2, x3} and B = {x2, x3, x4}ك
E. Let (F, A) = {((x1), {m1, m3, m4, m5}), ((x2), {m2, m3,
m5}), ((x3), {m4})}
(F, B) = {((x2), {m1, m3, m5}), ((x3), {m2, m3}), ((x4 ),
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{m2})}.
Hence (F, A)(רF, B) = {((x1,x2), {m1,m3,m5}), ((x1,x3),
{m3}), ((x1, x4),{φ}), ((x2, x2), {m3, m5}), ((x2, x3), {m2,
m3}),
((x2, x4),{m2}),(x3, x2), {φ}), ((x3 , x3), {φ}), ((x3 ,x4),
{φ})}.
Hence the product of the soft matrices is
ሺ݀ ሻሺൈሻ ൌ
ͳͲͲͲͲͲͲͲͲ
ۊ ͲͲͲͳͳͲͲͲͲ ۇ
ۋͲͲͲͲͳͳͲͳͳۈ
ͲͲͲͲͲͲͲͲͲ
یͲͲͲͲͲͳͲͲͳۉ

Definition: Let(F, A) = (ܽ ) and (G, B) = (ܾ ) are
two soft matrices.
Then (F, A) OR (G, B) is denoted by [(F, A)] ([ שG, B)]
= [H, A × B] = (݀ ) is a soft matrix, is defined by (݀ )
= (ܽ ) ܾ(  ).
Example: Let U = {m1, m2, m3, m4, m5} and E = {x1, x2,
x3, x4}. Assume that A = {x1, x2, x3} and B = {x2, x3, x4}ك
E.
Let (F, A) = {((x1), {m1, m3, m4, m5}), ((x2 ), {m2, m3,
m5}), ((x3), {m4})}
(G, B) ={((x2), {m1, m3, m5}), ((x3), {m2, m3}), ((x4),{m2})
Hence (F, A)(G, B) = {((x1, x2), {m1, m3, m4, m5}), ((x1,
x3), {m1, m2, m3,m4, m5}), ((x1, x4), {m1, m2, m3, m4,
m5}), ((x2 ,x2),{m1, m2, m3, m5}),((x2, x3), {m2, m3, m5}),
((x2, x4), {m2, m3, m5}), ((x3 , x2),{m1, m3, m4, m5}),
((x3,x3),
{m2, m3, m4}), ((x3 , x4), {m2, m4})}.
Hence, the product soft matrices is
ሺ݀ ሻሺହൈଽሻ ൌ
Matrix of (1 0.5
0.5 0.5 0 0
0.5 0
0
0
0.5
0.5 0.5 1 1
0.5 0.5 0.5
1
1
0.5 1 1 0.5 0.5 0.5 0
0.5 0.5
0.5 0 0 0 0.5 0.5 0.5
1
0.5
0.5 1 0.5 0.5 0.5 0
0)
Definition: The Choice value of an object ݀  ܷ אis
defined by ݀ =max{max(d(h,e)}, where d(h,e) are the
entries of ݀
Definition: Let U={ m1, m2, m3, . . . , mn} be an initial
universe and max{max(d(h,e))=[ ݑଵ ሿǤ Then a subset
of U can be obtained by using [ݑଵ ሿ as in the following

way  ௨భ = { ݑ ǣݑ ܷ אǡ ݑଵ = max(1 or

ଵ
ଶ

)}, which is

called optimum set of U.
Assume that a set of alternative and a set of
parameters are given. Now, we can construct a soft
max − max decision making method by the following

͵
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algorithm.
Step 1: Choose feasible subsets of the set of
parameters,
Step 2: Construct the Cartesian product soft set,
Step 3: Find a Cartesian or product of the soft
matrices,
Step 4: Compute the max − max decision matrix of
the product.
Step 5: Find an optimum set of U
Example: Assume that a mobile shop has a set of
diﬀerent types of mobiles U = {m1, m2, m3, m4, m5}
which may be characterized by a set of parameters E
= {x1, x2, x3, x4}. For j = 1, 2, 3, 4, the parameters xJ
stand for expensive, beautiful, branded, cheap,
respectively.
Step 1: Suppose that the two friends M r.X and M r.Y
have the choose the sets of their parameters, A = {x1,
x2, x3} and B = {x2, x3, x4}, respectively.
Step 2: The Cartesian product soft set are
(F, A) = {((x1), {m1, m3, m4, m5}), ((x2 ), {m2, m3, m5}),
((x3), {m4})} (G, B) = {((x2), {m1, m3, m5}), ((x3),
{m2,m3}), ((x4), {m2})}.
The “OR product” of cartesian set is defined as
(F, A)(שG, B) = {((x1, x2), {m1, m3, m4, m5}), ((x1, x3),
{m1, m2, m3, m4, m5}),
((x1, x4), {m1, m2, m3, m4, m5}), ((x2 , x2), {m1, m2, m3,
m5}),
((x2, x3), {m2, m3, m5}), ((x2, x4), {m2, m3, m5}), ((x3 , x2),
{m1, m3, m4, m5}), ((x3 , x3), {m2, m3, m4}), ((x3 , x4),
{m2, m4})}.
Step 3: Now, we can find a cartesian product of the
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soft matrix A and B by using Or − product as follows
ሺ݀ ሻሺହൈଽሻ ൌ

Matrix of (1 0.5
0.5 0.5 0 0
0.5 0
0
0
0.5
0.5 0.5 1 1
0.5 0.5 0.5
1
1
0.5 1 1 0.5 0.5 0.5 0
0.5 0.5
0.5 0 0 0 0.5 0.5 0.5
1
0.5
0.5 1 0.5 0.5 0.5 0
0)
Step 4: We can find a max-max decision soft matrix
as Max{Max values in every column}
= Max{{m1, m3, m5}, {m3}, {m1, m2, m3, m4, m5},{m3,
m5}, {m2, m3}, {m2}, {m1, m2, m3, m4, m5}, {m2, m3, m4},
{m2, m4}} = m3.
_
_
And (dJ ) = ሺͲͲͳͲͲሻ்
Step 5: Finally, we can find an optimal set of U
according to M ax{Max(d(h, e))} = [uI1] = m3, where
m3 is an optimum mobile to buy for Mr. X and Mr. Y.
Conclusion: The Soft-set theory is being applied to
many fields varying from theoretical to practical. In
this paper, we defined soft matrices which are matrix
representation of the soft-sets. we have presented a
new algorithm using the product soft marix and
proposed a new “OR” operations of soft matrix to
solve soft matrix based decision making problems.
This new decision making method depends on the
ideas of fuzzy and soft sets. Therefore, this method is
more feasible than the others, because of its
fuzziness. Thus, the advantage of this new suggested
method is that it is very convenient and easy to apply
when compared with the other methods.
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