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ABSTRACT

The innovation about soft point in this study is, soft point’s
soft matrix form which were not described before is defined
for each set of parameters. The matrix representation of soft
points is useful for storing all soft points that can be ob-
tained in all different parameters. The proposed soft matrix pro-
vides every soft point that changes with each parameter that
takes place in a soft set is proved and showed that it en-
ables detailed examination in application of soft set theory.

General Terms

2010 AMS Classification: 03G25,20D05

Keywords

Soft set, soft point, soft matrix, soft matrix form of soft point.

1. INTRODUCTION

Classical method to solve complicated problem in economics, en-
gineering and environment because of various uncertainties typical
for those problems can not be successfully used. There are theo-
ries, viz. theory of probability, theory of fuzzy sets, theory of vague
set [[16], theory of interval mathematics [23|] and theory of rough
sets [24] which can be consider as mathematical tools for dealing
with uncertainties. But all these theories have their own difficul-
ties. The reason of the difficulties is, possibly, the inadequacy of
the parametrization tool of the theories. To overcome these diffi-
culties Molodtsov [19]] introduced the concept of soft set as a new
mathematical tool for dealing with uncertainties which is free from
the difficulties that have troubled the usual theoretical approaches.
The parametrization tool of soft set theory enhance the flexibility
of its applications. Maji et al. [17, [18]] introduced several appli-
cations of soft sets in decision making problems. There has been
some progress concerning practical applications of soft set theory,
especially the use of soft sets in decision making. So, the properties
and applications of soft set theory have been studied increasingly
(L1204l I5tlel (7L [1SL[18L [19) 120, 121].

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, occurring in an im-
precise environment. In [3f], initiated a matrix representation of a
soft set and successfully applied the proposed notion of soft ma-

trix in certain decision making problems. Also the soft max - min
decision making method was set up in it. The very common oper-
ations of soft matrices are defined in [22] like AND, OR, union,
intersection, commutative, associative, distributive, De Morgan’s
laws and convergent property for soft matrices are investigated. In
[27] Thomason, introduced the fuzzy matrices to represent fuzzy
relation in a system based on fuzzy set theory and discussed about
the convergence of powers of fuzzy matrix. In [12| |13 [14], some
important results on determinant of a square fuzzy matrices are dis-
cussed. Thereafter, in [10], T.J. Neog, D. K. Sutwere extended this
new concept to soft set theory, introducing a new concept called
fuzzy soft set based on fuzzy reference function. Recently, N. Tridi-
vlyoti et al. [11] combined fuzzy soft set based on reference func-
tion with soft matrices.

The concept of point generalized to the theory of soft set in [3].
According to the definition of soft point, Zorlutuna et al.[28]] intro-
duce constant soft mapping and observe that the image of a soft set
under constant soft mapping is a soft point as in classical set theory.
S. Das et al.[9] introduced the concept of soft point and using this
concept they have given some new definitions in soft set theory.

In this study, all definitions were examined for soft point defined
in [3, 19, 128]. According to the definitions, being a soft point the
parameters in the set X must have a response of one and only one
in the initial universe. Therefore, the provision of such parameters
do not need to show on the symbol of soft point with a fixed set
of parameters, has to show by indexed parameters. We know that
f soft set’s all soft points specify one and each soft set. More than
one soft point can be generated with a parameter e. The innovation
about soft point in this study is, soft point’s soft matrix form which
is useful for storing all soft points that can be obtained in all differ-
ent parameters is defined.

Since matrix is a very important tool in any branches of mathemat-
ics mentioned above so we motivated to study it over soft points
and provide better understanding the concept of soft points with
soft matrix.

In this study, the concept of soft point is analized by generating a
useful method with soft matrix. Different applications of soft ma-
trix of a soft point that were not described before is presented. Case
studies of current practice are presented to course development and
delivery of soft set theory. The paper unfolds as follows. In the next
section, we briefly introduce some definitions related to soft set
and soft real set. In section 3, the definition of soft point for each
set of parameters is presented. Also, the notion of soft matrix of



soft points is given and its applications are presented. Conclusion
is appear in the last section.

2. PRELIMINARY

In this section, some basic notions of soft set theory which may be
found in [6} (7, [150 {18} 119} 125. [28]] are recalled for further details.
Throughout this work, U refers to an initial universe, F is a set of
parameters, ACE and P(U) is the power set of U.

DEFINITION 1. ([6l],[19]) A soft set fa on the universe U is a
set defined by

fa:E—PWU) suchthat fa(z)=0 if z¢ A

Here f 4 is also called an approximate function. A soft set over U
can be represented by the set of ordered pairs

fa= {(%fA(J?)) tx € E, fa(x) € P(U)}A
Note that the set of all soft sets over U will be denoted by S.

DEFINITION 2. ([6l]) Let f4 € S. Then,
If fa(z) = O forall x € E, then f4 is called an empty set, denoted
by ®.
If fa(z) = U forall x € E, then f4 is called universal soft set,
denoted by E.
If fa(z) is a singleton set for all x € E, then f 4 is called a single-
ton soft set.

DEFINITION 3. ([6l]) Let fa, fg € S. Then,

fa is a soft subset of fg, denoted by faCfp, if fa(x) C fu(x)
forallxz € E.

DEFINITION 4. ([6l]) Let fa, fg € S. Then, union of fa and
fB, denoted by foUfg, is defined as faUfp = fagp, where
faos = fa(x) U fp(x) forallz € E.

DEFINITION 5. ([6]) Let fa, fg € S. Then, intersection of fa
and fp, denoted by faN[fp, is defined as faN\fp = fanp, where
fars = fa(z)N fp(x) forall z € E.

DEFINITION 6. ([8l]) Let X be a non-empty set and E be a
non-empty parameter set. Then a function ¢ : E — X is said to
be a soft element of X. A soft element € of X is said to belong to a
soft set A of X, denoted by e € A, ife(e) € A(e),Ve € E. Thus a
soft set A of X with respect to the index set E can be expressed as
A(e) = {e(e),e € A},e € E.

DEFINITION 7. ([8]) Let R be the set of real numbers, P(R)
be the collection of all non-empty bounded subsets of R, E be a
set of parameters and A C E. Then a mapping f : A — P(R) is
called a soft real set. It is denoted by (f, A) . If in particular (f, A)
is a singleton soft set, then identifying (f, A) with the correspond-
ing soft element, it will be called a soft real number.

From now on, the single parameter set to be used is denoted by E
to define soft sets and their operations. Thus, the subscript £ can be
deleted from the soft sets (f, ), i.e, a soft set fx will be denoted
shortly by f unless this will cause confusion. In general, soft sets
and their approximate functions are denoted by f, g, h, ..., and soft
sets and their approximate functions are used interchangeably.

DEFINITION 8. Let us denote the collection of all soft points
of f by SP(f), the set of all soft real sets by R(E), the set of all

soft real numbers by R(E) and the set of all non-negative soft real

numbers by R (E). If a soft real set is a singleton soft set, it will
be called a soft real number and denoted by 7, § etc.
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3. SOFT POINT

The innovation about soft point in this section is, soft point’s soft
matrix form based on [3]] which is representative of the soft sets
is defined. This style of representation is useful for storing all soft
points that can be obtained in all different parameters.

DEFINITION 9. ([3|]) The soft set f is called a soft point in S,
if for the parameter e; € E such that f(e;) # 0 and f(e;) = 0,

foralle; € E\ {e;} is denoted by (eif)jfar alli,j e N*.
Note that the set of all soft points of f will be denoted by SP(f).
Let U = {uy, u2,u3,us,us} and E = {e1,e2,e3}. f € S and

f= {(el, {u,us}), (e2,{uz,us}), (63»{%7“27”3})}

Then the soft points for the parameter e; are;

(e1,), = (ex {w})

(e1,); = (en {us})

er;), = (er, {u1,us})
one of them can be chosen as soft point.

For the the parameter e; one of three occasions can be chosen as
soft point likewise;

(e2,), = (e2, {uz})

(e2,), = (e2 fus})
= (627{u27U3})

The soft points for the parameter es are;

€25 )5

(ear), = (ea {un})
(ear), = (ca {ua})
(car); = (es: {ua})
(ear)s = (ea {ur,ua})
(ear)5 = (es {wa,ua})
(e3)g = (es: {uzus))
(e3); = (es, {wr,uz, us})

DEFINITION 10. ([26)]) Let f € S. Then,
If f(e) = O forall e € E, then f is called null soft point, denoted
by €.
If f(e) = U forall e € E, then f is called universal soft point,
denoted by e,
If there is only one parameter e € E in f, then f is denoted by ey, .
If there is only one parameter e € E in f, and f(e) = {u} then f
is denoted by e;.

DEFINITION 11. ([28]) The soft point (eif>j is said to belong
to a soft set g € S, denoted by (eif)j € g, if for the parameter
e; € Eand f(e;) C g(e;).

([28]]) Let E and U be finite sets. All the soft points of soft set f is

equal to
Z(Q\f(e)\ —1)

ecE

where | f(e)] is cardinality of f(e;).

DEFINITION 12. ([28]) The soft points (eif)j and (ekf)s are
said to be equal if e; = ey, and f(e;) = f(eg).



International Journal of Computer Applications (0975 - 8887)
Volume 164 - No.l, April 2017

It is clearly from the definition of soft point that if e; # e then, the following form:

(eif)j * (ekf)s. But being (eif)], #* (ekf)s is not implies to be

€; .75 er as s.een in the following e.xample: Consider the soft set (elf)] fler) flea) -+ flej) - fles)
f is defined in Example soft points (elf) | = (el, {ul}) and f1 (e2) an a1s o ay T ayu
(elf)2 = (el, {U3}) are written by the parameter e; but they are ( i) az1 a2 T A2; ce a2

different. ([9]) The union of any collection of soft points can be
considered as a soft set and every soft set can be expressed as union

of all soft points belonging to it. It can be shown as, frle) | an Gr2 0t gttt O
= _ G )
Ulesy) o))
where
Let { e1,{u e, {uy, us,u }Allthesoft oints of 5 .~ P
f Pt el P are = {71, fi(ee) € f(ee), FE R(E),0, fr(er) ¢ f(ee), 0€ R(E).
are;
{(e,),} = {(er{ual)} 3.2 Application
{(le ) 1} - {(62’ {ul})} From now on to the next section, the definition of the soft ma-
{(e2,),} = {(e2:{ua}) } trix form of the soft point (e;, ) . which is defined in Definition
{(62f)3} = {(82’ {u3})} [13] will be used. To illustrate matrix representation of soft point
{(€2f)4} = {(62, {u1,uz, Us})} the following example is considered: Let U = {uj,u2,u3} and
FE= {61,62}. f € S and
Here we get
£= e (aten),) 7 = {(ex, {ur))s (ex, fua ua))}
([28]) Let f, g € S. Then, Then,
li.1fCg, if (eif)_~f then (eif) Eg for all ;€F. f = g, o= }Eeh?ﬁ%,
fa = {(e2,{u2})},
if and only if (elf) €f then (ezf) € g and (ezf) € g and o = {(es {us)},
(e”) Ef forall e;Ef. Fo= {(ea, {us,uz})},
fs = {(ex, {u1}), (e2,{u2})},
Let f€S.If (elf) € f then, (eif) ¢ fe. (elf> € fUg does ;6 - }(el,{ul}),(e Aush},
7T — )
not imply that (elf) Efor (elf) €g. It is shown in the fol- fs = @
lowing example: Let U= {u17u2’u3} and E = {e1,es, 3} Then the soft point for the parameter e; is;
f,g€ S and
[= {(ela{ul})7(627{U17U3})7(€3»{u1,U27U3})} (61.,0)1 = (61’{u1})
and one of them can be chosen as soft point.
For the the parameter e; one of three occasions can be chosen as
9= {(617 {uz,us}), (€2, {u1,u2}), (es, {UQ})} soft point;
Hence, fUg = {(el,U),(eg,U) (e3, U } and e;, € fUg. But E22f§1 : gZZ’iZZB
e, ¢ fandei, ¢ g. 25)2 - 2,143
€2 )y = (627 {u27u3})
3.1 Soft matrix of soft point Then the matrix represantations of soft points are;

More than one soft point can be generated with a parameter e. Let
e;, 4 € NT, be these soft points, having soft set f;, j € NT,

equivalent to each parameter e;, (ei f)j soft point can be defined fi(ex

—
s
[
.y
SN—

fle1)

[
—

@
=
=

[

by a soft matrix. According to this, definition of soft point is re-
desingned by soft matrix as taking into account all soft points that
can be obtained in all different parameters.

(g
[ah

®
[ah

(2) DEFINITION 13. Let E = {ej,e3,...}, feSand(ezf) Ef.

Then the soft point (e, f) can be presented by a soft matrix as in

(g
[ah

)
(A a e
Q
Ny
=
D N OO

PrrrrrD
ZITI=EE
S

S 2
®
[ur g

®
fah




and

(€2f) : f(e2)

f1(62) a2 =0
f2(€2) (g =T
fale2) | aga =7
f4(€2) a4 =T
fs(e2) | asa =7
f6(€2) agz =T

(e2) =7

(e2) 0

(es,); | flen)

%
~
®
N
=

(s
[ah

D N OO
DTN N H T O

The following propositions were accepted as a generalization of
classical set theory in [25]]. Now, we study them with soft real num-
bers in dept and give their proofs using soft matrix form of soft
points. From now on, we will use arithmetic operations on soft real

sets based on study of [8].
7+ 5| = |7[ + |35]

forall 7,5 € R(E). 1stCase:Let fi(es) € f(e;) forall£ € N*.
Then, from the Definition[T3}

T=ar; and 35=ag;
for all kK € N. So that,
|7+ 8] = |ar: + aw;]
On the other hand, since
7|+ 18] = lar:| + |ax;]|

As we know that |ax; + ax;| = |aki| + |ax;| from classical matrix
theory. So, the equality is valid.
2nd Case : Let fi.(e¢) ¢ f(ec) forall £ € NT. Then, from Defini-

tion[13]

So that,
= |aki + ary|
and

0] +10] =

7] + 13| = laki| + |ax;]

So, the equality is handed.

3rd case : Let fi(eq) € f(e;) and fi(e,) ¢ f(e;) foralld € N+,
Then, 7 = ap; = land 5 = ap; = 0. Using these, we get the
below equalities,
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and
7| + 15| = lans| + 0] = [a]

Finally, we have the equality.
4th case : Let fi(ee) ¢ f(e;) and fi(e) € f(e;) forall £ € N,
In this case, we can say that, 7 = ax; = Oand 5 = ay;. From this

standpoint, it is obvious that we have similar equality. Then,
|7 + 3| = [7] + [3]

is valid.
Let {ry} and {sx} be squences of soft real sets. Then,

n n n
v Z\m%—%l"é v Zlml"-i- . Z\Sﬂ”
k=1 k=1 k=1

forall k € N and pl. 1stcase: Let fy(e,) € f(e) forall £ €
N+ In this case, from the Definition|13]

T=ay; oand 5=ay;

for all kK € N. Then for pl1,

n n
v Z|Tk+8k|p: v Z|aki+akj|p
k=1 k=1

and

n n n n

DIl 2| D lsklr = 2| D lawilr + 5] D lawle

k=1 k=1 k=1 k=1

From Minkowski inequality, the proof is handed.

In the other cases : Let fi(e¢) ¢ f(e;). Then, from the Definition
. we get = ag; = Oand 5§ = aj = 0. It is indefinite because
the radicand is zero radicand is zero in every each situation.

|7 — 8|7 — | + |t — 3|

forall 7, 5,1 € R(E)

Istcase : Let fr(e,) € f(ey) for all £ € N+. Then, from the

Definition[13}
F=ay , S=ay and t = ags
And then,
|7 — 5| = lar: — ax]
and
‘7: - 7~5~| = |aki - aks‘7
[t — 3| = |ars — anjl-

From triangle inequality, we get the proof.

2nd case : Let fi(e¢) ¢ f(ee) for V2 € NT.In this case 7 = ay; =
6, S5=a; = 6, t=aps = 0. The equality is satisfied similarly in
the 1st case.

3rd case : Let fr(e) € flei) . fulee) ¢ f(e;) and fi(ee) ¢
f(es). Then,

F:ak“é:akj:@f:am:().

Since,

|7 =3 = laks — ax;| = |ag|



and
|f — t~| = |ll1“‘ — aks‘ = ‘aki‘7
|t —3|=10-0|=0|

the equalities are satisfied.

4th case : Let fx(er) € f(es) , fr(ee) € f(ey) and fr(er) ¢
f(es). Then, we get

T =agi, S=ar; and t=aps =0

So, the following equalities are handed:

|7 — 8] = |agi — ax|
and
|7 — 1| = |ari — ans| = lagil,
|t — 3| = lars — ar;| = |ax;|.

The soft inequality is satisfied.

Sthcase : Let fy(ee) € f(e:) , fulee) ¢ f(e;) and fr(er) €
f(es). Then,

T =, S=a; =0 and t=ays

From these equalities we have the following:

|7 — 3| = |ar; — a;| = |ar|
and
|7: - t~| = |ar; — aks\7
|£_ §| = |aks - akj‘ = ‘ak5|
It is handed.

6th case : Let fi(ee) ¢ f(ei), fr(er) € f(e;) and fr(er) ¢
f(es). Then,

F=a =0, 5=ax; and t=ars =0

|7 — 3| = laki — ax;| = |ay,|
and

|7 — t = |aki — axs| = 10— 0 = [0],

|t — 38| = |ars — ar;| = |an;]

So, the equality is maintained.

Tth case : Let fr(e) ¢ f(e:) ., fr(ee) ¢ fle;) and fi(er) €
f(es). Then,

FT=ag =0 §=ar; =0 and t=aps

We get
|7 — 3| = |ag; — ay;| = 10— 0] = |0|
and
|F—ﬂ = |ak; — ars| = |aks/|,
[t — & = |ars — ar;| = |axs|
equalities.

8thcase : Let fi(e;) € f(e:), fu(ee) ¢ f(e;) and fr(er) ¢
f(es). Then,

T =ay, s=ay; =0 and t=ays =0.
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So, the following equalities are handed:

|7 = 5| = lar: — ar;| = [ari
and
|7 — 1] = |ari — ans| = |agil,
|t - 3| = |aks — ax;| = [0 — 0] = |0]

So, the equality is maintained.

4. CONCLUSION

In this work, the notion of soft matrix of soft points is introduced
and its applications are presented . The main objective of this work
is observe detailed examination about soft point by soft matrix
method which changes with each parameter that takes place in a
soft set. The scope of this approach is exhibited by storing all soft
points in a systematic and unified way. The presented conceptual
matrix is applied to several types of inequalities in classical set the-
ory that are obtained as soft equalities in soft set theory and give a
relation between soft set theory and classical set theory.
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