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Abstract. A soft set is a parametrized family of subsets of an initial universal set. Soft set theory is a generalization
of fuzzy set theory and is a mathematical tool for dealing with uncertainty and vagueness. Posets are used in many
applications of Mathematics and Computer Science. Matrix representations are more applicable for handling data
in computer programs. In this paper, we introduce the ordinary matrix representation of a soft relation, soft matrix
representation of soft partial ordering and operations of soft partial orderings on a generalized soft poset.
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1. INTRODUCTION

Classical set theory is not enough to solve many complicated problems in different fields
which containing various types of uncertainties. The concept of soft set was introduced by D
Molodstov in [7] as a generalization of fuzzy set for dealing with uncertain data. He defined
some basic notions and showed that it can be applied to more fields of mathematics, economics,

engineering, physics and so on.
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A partial ordering is a binary relation which is reflexive, antisymmetric and transitive. A
poset is a set together with a partial ordering on it. Poset is actually the generalization of the
concept of ordering or sequencing or arranging the elements of a set. S.Das and S.K.Samanta in
[2] introduced the notion of soft elements, soft real numbers and their properties. In this paper,
we study the concept of soft matrix representation of a soft partial ordering and operations
of soft partial orderings on a generalized soft poset(gs poset) in terms of soft elements. Here
we uses zero-one matrix representation for a gs poset which are more appropriate to computer
operations.

This paper is organized as follows. In section 2 we recall some preliminaries. In section
3, we explain the concept of generalized soft poset(gs poset) with some properties. Also, we
describe the ordinary matrix representation of a soft relation and some of its properties. Here
we also give different operations of soft relations on a gs poset. In section 4 we describe the
soft matrix representation of a gs poset with example and give a relation between soft matrix
representation and ordinary matrix representation. The last section deals with operations of soft

partial orderings on a gs poset and their soft matrix representations with sufficient examples.

2. PRELIMINARIES

Definition 2.1. [7] Let X be an initial universe and E be a set of parameters. Let P(X) denotes
the power set of X and A C E. Then a soft set over X is a pair (F,A), where F is a mapping from
A to P(X).

Definition 2.2. [5]Let E be the set of parameters and A C E. Then for each soft set (F,A) over
U a soft set (H,E) is constructed over X,where for all o. € E,

o - F(L) ifAcA

¢ ifA€E\A

Thus the soft sets (F,A) and (H,E) are equivalent to each other and the usual set operations on

both are same. So we have to consider soft sets over the same parameter set A.

Definition 2.3. [3] Let (F,A) and (G, B) be two soft sets over a non empty universal set X .
Then (a) (F,A) is a soft subset of (G,B) if (i) A C B and
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(i) F(a) C G(a),Ya €A.

We write (F,A)C(G,B).

(b) (F,A) and (G,B) are soft equal if (F,A) is a soft subset of (G,B) and (G, B) is a soft subset
of (F,A).

Definition 2.4. [6]Let X be a nonempty universal set and A be a nonempty parameter set. Then
a soft set (F,A) over X is said to be a null soft set if F(A) = ¢, VA € A and absolute soft set if
F(A) =X, VA €A.

The absolute soft set over X with parameter set A is denoted by X or (X,A) and the null soft set

is denoted by ® or (®,A).

Definition 2.5. [2]Let X be a nonempty universal set and A be a nonempty parameter set. Then
a function % : A — X is called a soft element of X and we write ¥ &€ X.

A soft element X is said to be belongs to a soft set (F,A) over X if (L) € F(A), VA € A and we
write X € (F,A).

Thus for a soft set (F,A) over X with the parameter set A with F(A) # ¢, YA € A, we have
F(A)={%(A):X € (F,A)}. Soft elements are usually denoted by ,5y,Z, etc.

Definition 2.6. [1]Ler X be a nonempty set. The collection of all soft sets (F,A) over X for
which F(A) # ¢, VA € A together with the null soft set (®,A) is denoted by S(X).

For any non null soft set in S(X), the collection of all soft elements of (F,A) is denoted by
SE((F,A).

Let B be a collection of soft elements of (F,A). Then the soft set generated by A is given by
SS(A) = (G,A), where G(A) = {X(A) : X € A}.

Definition 2.7. [4]Let (F,A) be a soft set in S(X) with a nonempty parameter set A. Then a soft
relation < on (F,A) is a binary relation on SE(F,A). Then it is said to be

(i)soft reflexive if % < %, VX € SE(F,A)

(ii)soft symmetricif ¥ < §=73 < % Vi€ SE(F,A)
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(iii)soft antisymmetric i

(iv)soft transitve if ¥ < yandy < 7=Xx=17, Vi y,7€SE(F,A).
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A soft partial ordering < is a soft relation on (F,A) if it is soft reflexive, soft antisymmetric

and soft transitive.

Definition 2.8. [8]Let A = [a;;] and B = [b;j] be two m X n zero-one matrices. Then the
Boolean operations join(\V ) and meet(\) of the matrices A and B are given by

AV B = [cjj], where ¢;j = a;j; V b;j,Vi and j

and

ANB= [dij], where dij = aij/\b,’j,Vi and j.

Definition 2.9. [8]Let A = [a;;] be an m x k zero-one matrix and B = [b;j| be a k x n zero-
one matrix. Then the Boolean product of A and B is given by

A ® B = [c;j] which is the m x n matrix, where c;j = (aj1 Nby1;)V (aip Nbaj) V ...V (aj N byj).

3. GS POSETS AND ITS ORDINARY MATRIX REPRESENTATION

Throughout this section X denotes a non empty universal set with a non empty parameter set
A. Let (F,A) be a soft set in S(X) with a non empty parameter set A .Then a soft relation <
on (F,A) is a binary relation on SE(F,A).

Definition 3.1. Ler (F,A) be a soft set over a poset (P,<). Then (F,A) is said to be a soft poset
over Pif F(A) is a subposet of P. Since a subset of a poset is itself a poset, every soft set over P

is a soft poset. Hence any soft set over a poset is called a soft poset.

A generalized soft poset (gs poset) is a soft set (F,A) in S(X) together with a soft partial
ordering on it and is denoted by ((F,A), <).

Proposition 3.2. Any soft set (F,A) in S(P) over a poset (P,<) is a gs poset. In particular,

(P,A) is a gs-poset.

Proof. Let P be the absolute soft set over a poset (P,<) .

Define the relation < on SE(F,A) by % < § ifand onlyif %) <F(1),VA €A
(i) Herex € (F,A) = %(A) e F(A) CP=X(A) e PVA €A

Since (P,<) is a poset and X(A) € P, VA € A, we have X(L) < X(A), VA € A.

Hence ¥ < %, VX & (F,A) and the relation < on (F,A) is soft reflexive .
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(ii)Let %,5 € (F,A)suchthat¥ < Jandj < X.
Now% < and§ < = %(A) <F(A) and F(A) <L) = X(A) =F(A), VA €A.

Hence < is soft antisymmetric on (F,A) .
(iii)Let %,5,% &€ (F,A)such that¥ < §andy < Z.

Nowx < Jandj < 7= %(A) <F§(A) and §(A) < (L) = %(A) < Z(A), VAEA.

<

Hence < is soft transitive on (F,A) .
Hence (F,A) is a gs poset.
In particular, taking P instead of (F,A), we get P is a gs poset .

Here P is called the gs poset generated by the poset (P,<).
Proposition 3.3. Any family of partial orderings {<, : L € A} on a set X generate a gs-poset.

Proof. Consider (X,A) with < definedon SE(X) by < 7 iff ¥(A) <, F(A), VA €A.

Then as in the proof of proposition 3.2, we get (X,A) with < is a gs poset.

Note. The gs poset defined in the above proposition is said to be the gs poset generated by the

family of partial orderings {<, : L € A} on P.

Definition 3.4. Ler (F,A) be a gs poset. Then a soft subset (G,A) of (F,A) is a gs subposet of
(F,A) if (G,A) itself a gs poset under the same soft relation.

Example 3.5. Consider (R,A), the absolute soft set over R, the set of all real numbers wth

the partial ordering < (with the usual meaning) on R. Define the soft relation < on R
by # < § ifand only if #(A) < §(A), VA € A. Then R is a gs poset. Also, (Q,A) is a gs

subposet of (R,A), where Q is the set of rational numbers.

Definition 3.6. The soft set (F,A) in S(X) is said to be soft finite if |(F,A)

, the number of soft

elements in (F,A) is finite. If |(F,A)| is infinite then (F,A) is said to be soft infinite.

Definition 3.7. Let (F,A) be a soft finite soft set in S(X) with the soft relation < on (F,A)

and |(F,A)| = n. Then the ordinary matrix represenation of the soft relation < on the soft set
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(F,A) is the ordinary matrix representation of < on SE(F,A). It is given by
1 if% < X
M(F,A),é = [m,-j]n, where mij; =
0 otherwise.

Using matrix representation of soft relations we can prove the following theorem.

~ }12*”
Theorem 3.8. If a soft set (F,A) in S(X) have n soft elements then it have exactly 3 = different

ways of soft relations which are both soft reflexive and soft anti symmetric.

Proof. Each gs-poset (F,A) with n soft elements have a unique matrix representation which
have the following properties.
(i)diagonal elements must be 1.|By reflexivity]

.. . . . 2_ . . .
ii)In an n X n matrix \m;;|, fori there are "5 number of pairs (m;;,m;;) in the matrix and
J J 2 14 71y

each pair have three possibilities (1,0),(0,1) and (0,0).

[(1,1) is not possible in a gs-poset since mjj =1 and mj; =1 =% < X;and%; < % =
¥ = Xj.( By antisymmetry) |

Hence there are exactly 3,,27_,1 different ways of soft relations which are both soft reflexive and

soft anti symmetric.

2_
Example 3.9. If (F,A) have two soft elements then it have exactly 355 =3 different ways of

. : . . . 10 11 10
soft partial orderings. Their matrix representations are < ) ( ),and ( )

0 1 0 1 11
2
Similarly, if (F,A) have three soft elements then it have exactly 3350 =27 different ways of soft

partial orderings.

Definition 3.10. Soft sets over set of matrices with a nonempty parameter set is called a soft
matrix set. If (F,A) is a soft matrix set, then if F(A) is a singleton set of matrices for each A € A

then identifying it with that matrix is called a soft matrix element.

Example 3.11. Let (F,A) be a soft set over My(Z,), the set of all 2 X2 matrices with entries
zeros and ones. Let A = {ej,e;}. Define i(e) = <1 O), i(er) = (1 1>. Here X is a soft
10 1o

matrix element.
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4. SOFT MATRIX REPRESENTATION OF A GS POSET

Matrix representation is an efficient tool in computer programming. In this section we discuss
the soft matrix representation of a gs-poset and is given as a soft matrix element of a soft set

over M,(Z,), the setof all n xn matrices with entries zeros and ones with parameter set A.

Definition 4.1. Let P be a gs poset generated by a poset (P, <) with a non empty parameter set
A. Let (F,A) be any soft finite soft set in P and SE(F,A) = {%,%,,...,%,} . Here the soft partial
ordering < onPisgivenby % < X iff f(A)< %(h), VA€A for %,%; € P.

Then the soft relation < on (F,A) can be represented by the soft matrix element 1\7[( F.A),< over

M, (Zy). It is given by

M(EA)é(/l) = [z, 5;(A)]n, @ matrix of order n, where iz, 5;(1) = [m);(;t)’fj(l)]n, a matrx of

(e} l
1L ifs(d) <x5(4)
order n, where nﬁfi(g),fj(l) = |
0 otherwise

Note. By proposition 3.2, any non null soft finite soft set (F,A) in S(P), where P is the gs poset

generated by a poset (P, <) is a gs-poset and have a soft matrix representation.

Proposition 4.2. If (F,A) is any gs poset in S(P), where P is generated by a poset (P,<) then
the ordinary matrix representation of the gs poset (F,A),

M)z =N {M(EA),é(;L)}’ where N is taken over all A € A.
Proof. It follows from the definitions 3.7 and 4.1.

Example 4.3. Let A={ej,ex}, P=1{1,2,3,4}. Define (F,A)by F(e;)={1,2}, F(ez)=
{1,4}. Then its soft elements are %(e;) =1, Xi(ex) =1, Xa(e)) =1, %(er) =4, F3(er) =
2,.%3(ex) =1, R4(er) =2, Fy(er) =4

The ordinary matrix representation of the gs poset (F,A) induced from the gs poset (P,<)

generated by the poset (P, <) is given by
111
01 0 1
M(pp),<=
00 1 1
00 0 1
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The soft matrix representation of the soft partial ordering < on (F,A) generated by the

partial ordering < on P, M(F,A),g is given by (M(F,A),g), where

—
—_
—

1

—_

—_

—
—
—
—
—

1

Mp ) z(e1) = 1 and Mg 5 = (€2) =

(=]
—
(]
[

(=]
(=]
—_
—
—
—
—_

(=]
(=]

1

(=]
=]
—_

Here M(F,A),S = M(FA)’é(el) /\M(EA) 2(62)

=

Note. In the above example ordinary matrix representation of P is a square matrix of order 16
and its soft matrix represetation Mp = is a soft matrix element of a soft set over M1¢(Z,) with

the same parameter set A.

5. OPERATIONS OF SOFT PARTIAL ORDERINGS ON A GS POSET AND ITS MATRIX

REPRESENTATIONS

If we are given two soft partial ordering in a gs poset then their operations union, intersection
and composition can also be represented in terms of ordinary and soft matrix representation by

means of Boolean operations meet, join and product of matrices.

Definition 5.1. Let <{,<, be two soft partial ordering on a gs poset (F,A) over a nonempty
universal set X with the parameter set A. Then their union, intersection, composition, difference

and symmetric difference are given by for X,5,Z € (F,A),

AXS
<

| Jor <, §

(DF <1USs 5= % x
| Vand ¥ <,

[A
1

2)f <IN §= %

<

| /\Y
)
<

(3)% <0<y §= ifthere existsan 7 E(F,A) such that ¥ <| ZorZ
4f -2, y=% Z;yand % £, §

(5)F 2102, 7= U)Fbu s £, Fand % £, 5.

Theorem 5.2. If <;,<, be two soft partial ordering on a gs poset (F,A) over a nonempty
universal set X with the parameter set A. Then the ordinary matrix representations of their
union, intersection and composition are given by

(IMz,yz, =Mz VMz,
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(2)Mz nz, =Mz NMz,
(3)M=

>1

o2, =Mz OM:=,, where © denotes the Boolean product of M= and M=,

Proof. Let <|, <, betwo soft partial ordering on a gs poset (F,A) over a nonempty universal
set X with the parameter set A.

(I)Let M= and Mz, be the ordinary matrix representations of < and <, respectively.

The matrix representing their union Mz |z, has value 1 in the position where either Mz or
Mz, has value 1. Also, it has value O if both the positions of Mz and Mz, are 0.

Hence Mz \jz, =Mz VM=,

Similarly we get (2) and (3).

Remark. In the above theorem, if (F,A) is a gs poset in S(P), where P is generated by a poset
(P, <), then the soft matrix representation of union,intersection and composition of <| and
<, are given by for A € A,

(DMz,yz,(A) =Mz, () V Mz, (2)

(2)Mz 2, (A) = Mz, (A) ANMz,(4)

(3)Mz oz,(A) =Mz (A) ©Mz,(2)

The ordinary matrix representations are given by

(IMz,z, = NMz,yz,(2))

(2Mz,(z, = A(Mz,q2,(2))

(3)Mz 2, = NMz 2, (1))

Example 5.3. Let <, <, be two soft partial ordering on a absolute gs poset P, where P =
{1,2,4} with the parameter set A = {e|,e2}, where <| defined by

£ 7 if #A) < %(A), VA €A

and <, defined by

£ <, 5 iff () | X(A), VA €A, '<' and '|' are the usual relations ’less than or equal
to’ and ’divides’ respectively.

Soft elements of P are %1, %, %3, X4, X5, X6, X7, X3 and X9 and are given by

Zi(e1) =1, Xi(ex) =1, Xa(e1) =1, fa(e2) =2, F3(e1) =1, F3(ex) =4,
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Ta(er) =2, Xalex) =1, Is5(e1) =2, s5(ex) =2, Xler) =2, Fole2) =4,
1) =4, fo(ez2) =

Then the soft matrix representations of (P,<1) and (P,<,) are given by

)f7(€1) =4, )f7(62) =1, )?8(61) =4, fg(ez) =2, 559(6

N T T R TS B B R 01 1 0 1
I T T T T T R 001 0 0
000 1 1 1 1 1 1 L1 1
Mpz(e)=fo o0 1t 1 1 1 1 1|, Mpz(e)=|o 1 1 01
000 0 1 1 1 1 1 1 001 0 0
000000 1 1 1 L1111
000000 1 1 1 01 1 0 1
000000 1 1 1 00 1 0 0
11 10000 0 0 100 1 0
11 1000 0 0 0 10 11
11 100000 0 S T T
000 1 1 1 1 1 1 100 10
Mpz(e)=fo o0 1 1 1 1 1 1|, Mpz(e)=|1 1 0 11
000 1 1 1 1 1 1 L1111
000000 1 1 1 100 10
000000 1 1 1 110 1 1
000000 1 1 1 1111
Also M§1U§27M§1ﬂizandM§1O§z are given by
N T T B T T B R o1
I T T T T T B R 11
I T O TS T R L1
00 0 1 1 1 1 1 1 1 1 1 1
Mz jz,(er)=10o 0 0o 1 1 1 1 1 1|, Mz jz(e2)= |1 1 11
000 1 1 1 1 1 1 P11
000000 1 1 1 o1
000000 1 1 1 R
000000 1 1 1 111

- o o

[=R )

- o <o

(=R )

- o o

S O

5115

and
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11 10000 0 0 100100 1 0 0
11 100 0 0 1 1 01 00 1 00 1 0
11 10000 0 0 00 100 1 00 1
00 0 1 1 1 1 11 100100 1 0 0

Mz Az,(er)=]0 00 1 1 1 1 1 1|,Mznz(e2)=f0 1 00 1 00 1 ofand
000 1 1 1 1 11 00100 1 00 1
000000 1 1 1 100 100 1 0 0
000000 1 1 1 01 00 100 1 0
000000 1 1 1 00 100 1 00 I
T T R T B R B T T T T B B B
A TS T T T T B B R S T B S TR TR
T T T T B B B T T B T B R B
000 1 1 1 1 11 R T T T T B B T

Mz z(e)=]o0o 00 1 1 1 1 1 1|, Mz z(e2)=]1 1 1 1 1 1 1 11
00 0 1 1 1 1 11 R T T T T B B
000000 1 1 1 R TS T U T TR T B
000000 1 1 1 R T T T T B B B
000000 1 1 1 R S T U S TR R

Here MélUé2 :Mil \/Miz’ MélﬂéZ :Mél /\Miz and Méloéz :Mél ®M§2'

6. CONCLUSION

Posets play a vital role in algebra, topology, probability theory, computer science, economics,
etc. In this paper, we discuss the concept of gs-poset in terms of soft elements. Also we
explain the ordinary matrix representation and the soft matrix representation of a gs-poset as
well as operations of soft partial orderings on it. Matrix representations are most appropriate in

computer programs. We hope that this theory can be extended in more applicable ways.
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