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Abstract

The paper introduces definitions for some properties of the soft set as balanced, absorbing and
convex. The study discusses a number of theorems and observations about these properties. A
definition for soft semi-norm space is introduced. The paper also proves one of the soft
pseudo metric space axioms which are introduced by [7]. It discusses some of the
propositions and theories related to the two spaces. A theory that explains the relation
between the two spaces is introduced.
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1.Introduction This paper deals with some of the

properties of soft set such as the balanced

In the year 1999, Molodtsov [2] initiated set, absorbing set, convex set. The study

the theory of soft sets as a new discusses a number of theorems and
mathematical tool for dealing with observations about these properties.

uncertainties which cannot be dealt with
by classical methods. He has shown
several applications for his theory in
solving many practical problems in
economics, engineering, social science,

2. Preliminaries

Definition 1 [2]: A pair (F,E) is called a
soft set over X, where F is a mapping

iven by F: E — P(X).
and medicine. Research works in soft sets g Y )

theory and its applications in various fields Definition 2 [6]: A soft set (F, E) over X
have been progressing rapidly since Maji is said to be a null soft set denoted by ¢ ,if
et al. [5] [6] introduced several operations for all ecE, F(e)= ¢ (null set).

on soft sets and applied it to decision

making problems. In the line of reduction Definition 3 [6]: A soft set (F,E) over X
and addition of parameters of soft sets is said to be an absolute soft set denoted
some works have been done by Chen [1], by X, if for all €€k, F (&) = X.

Pei and Miao [3], Kong et al. [9], Zou and

Xiao [8]. Definition 4 [4]: Let R be the set of real

numbers and B(R) be the collection of all
non-empty bounded subset of R and E
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taken as a set of parameters. Then a
mapping F: E — B(R) is called a soft real
set. If a soft real set is a singleton soft set,
it will be called a soft real number and
denoted by 7, 5.F etc. 0, 1 are the soft real
numbers where 0(e) =0, 1(e) =1 for
all eeE, respectively.

Definition 5 [7): A soft set (F, E) over X
is said to be a soft point if there is exactly
one e € E, such that F(e) = {x} for some
xeX and F(é) = ¢, ve'eE/{c}.It will be
denoted by X,.

Definition 6 [7]: Two soft point %, ¥,
are said to be equal ife = éand x = y.
Thus X, # y; © x ¥ yore #é,

Definition 7 [4]: Lct (F, E) be a soft sct
over X .The soft set (F, E) is said to be a
soft vector and denoted by X, if there is
exactly one e € E, such that F(e) = {x}

for some x €X and F(é) = ¢, Ve'eE /{e}.

The set of all soft vectors over X will be
denoted by SV (X).

Definition 8 [4]: The set SV(X) is called
a soft vector space.

Proposition 1 [4]: The set SV(X) is a
vector space according to the following
operations;

l. %+ ¥s= (x’-T-dy)(eJ,é) for every
. €SV (X);
2. FEe = (X)(re) for every

xe? SV(X) and for every soft real
number 7.
3. Main Result
A. Soft Balanced, Soft Absorbing
And Soft Convex set

Definition [9]: A soft subset A of a soft
vector space X over a field R is said the
balanced if #4 & A for every soft real
number 7 with || < 1.

Definition [10]: Let A and B be two
soft subsets in a soft vector space X
over F. we say that A is a soft absorbs
B if there exist 7 & A such that B ©#,A
for all || S |#,|, and we say that 4 is
a soft abserbing if for every %.,&X,
there exists 7 > 0 such that %, 7 X.

Proposition 2: The set A =
{X,€X: P(%.) < 1} is a soft balanced, soft
absorbing set.

Proof: Let ¥ is a soft rcal number with
|7| < 1.let ¥,€7 A then X, = 7 J5 where
PFEps) R 1=P(&.) 21
%,€A=FAC A= Ais a soft balanced
set.

Let ¥,€A and let P() 37,7 S0 =
] —
P (F XE) <1
= 5,84 = &7 therefore 4 is a soft

absorbing set.

Proposition 3: Let (F,A) and (G, B) be
two soft balanced sets in X then A A B is
also soft balanced.

Proof' Let Z,e7(A0B) , [F|I€S1=

e = 7 ¥ suth that J,€ (A N B) = §J,€ A
and yeeB = X,€ (AN B) therefore
A B is a soft

balanced.

Proposition 4: The union of two soft
balanced sets (K, A) and (G, B) over X is
the soft balanced set, where € = A U B.

Proof: Let J,eF(AUB) , |f|Z1 =
Jg =7 X, suchthat %, EF (AU B) =
H(%.)
F(%,) if % €A-B
={G(JEE) if % eéB-A
F(%,) UG (%) if %€ (ARB)
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%, EAorZ, e€Bork, & (ANB) = j; =
PR, EFACAory; = FX,EFB &€ B ot
J,=F% €EF(ARE) e€&@ANE)
= J,£(AUB)

= 7(AUB)E AUB, therefore AURB is
a soft balanced set.

Definition 11: A soft subset A of a soft
vector space X over a field R is said the
soft convex set if FA+(1—-)A € A,
0 <7 < 1. Or cquivatently if #%, + (1 —
7)y; € A, whenever %, , J, € A, and

0<#<1.

i

A

Proposition 5: The set A =
{X%,EX: P(%,) < 1} is a soft convex set in
X

Proof: Let %,,7s€A and 0 £ # < 1 then
P(x,) <1.P(Fs) <1

B) = P& + [~
7P(E) HI—7) P(Fs)

Since P(%)<1 , P() <1 =
TP(%) X7, (1-7) PFe) R (1-7)

A is soft convex set.

Remark 1: If A s a soft subset of a soft
vector space X, then (7 + §)A € 74 + 5A.

Theorem (1): If A is a soft subset of a
soft vector space X, then is soft convex
set if and only if (7 + 3)A = #4 4 §4 such
that ¥, § are soft real numbers.

Proof: Suppose that A is soft convex set,
since (7 + §)A € 74 + §A we most prove
[#A + 54 € (F+ 5)A]

120

Let ¥, FA+34 = %, =79, +57,

such that ¥, . Zs, €A

o -
Te = (F+3) G %y +73%,) » put
f=—I-f=—,02¢21

r+s T+s

Since A is convex soft set then fyel +
(A-Dz,64 =

Fo 5
st
hence A
(F+3)

"y

Il

St

> 4
+ wn
(513

The converse: let (F+35)A4 = 7A+ 54
such that #, § are soft real numbers

= tA+(A—-6)A Z A then 4 is soft
convex set.

Theorem (2): If A and B are soft convex
sets in a vector space X and 7 is  soft
real number then :

1. ARB 27A 3.A+B ar
also soft convex sets in X,

Prooft:

l. Let %, 7:,€ANB and 0
= X,,y;€Aand %,,7:€ B

IA
I
(=%

F

Since A and B are soft convex sets
then 7% +(1-7)y:;€A and
e+ (1 —MJseB =7z, +(1—
7)Js€AN B

= A A B is soft convex sct.

2. Let %, js€FfAand 0 1,
X, = TZg,. Y¢ = TW,, such that

Zeq

, We, &4, since 4 is soft convex set,
then {7, + (1 — D)W, ,€A =
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+(I-8)W,,)eFA , since

i(fze) +(1-0O)F W, )eFfd =
# A 15 soft convex set.

3, Let ¥ e,yéEA+Balld0<t<l
Xo =2+ Wey Vs = Ee3 +F,
Zey Ee ;€A and W, F, (€ B and A and B
L=
F EB

such that

then £Z,
D)E., €A and W, +(1—

sinu.

are soft convex sets,

tx, + (1 —B)¥e
(i _ f)(E;'g * Fre‘g;} ik

- By, t W) +

[ize, + (A -B)E,,] + &, +(A—
Hi,= tx.+(1-Dy:.€A+B

A + B is soft convex set.

B. Soft Semi-Norm and Soft Pseudo
Metric

Definition 12: Let X be a vector space
over F, p:X - R" is semi-norm function
if and only if it satisfies the following
conditions for all x,y, zeX | AeF :

p(x) = 0;
p(x)=0if x =0;
p(Ax) = |A|p(x)
p(x+y) < p(x) +p()

bl e

The wvector F over X together with p is
called a semi-normed space and is denoted

by (X, p).

Remark 2: we can prove the conditions 2
of the above definition to make the
definition consisted of three conditions as
following:

From condition 3 and by take A =0 we
can get condition 2.

Definition 13: Let
vector space.

SV(X) be a soft
Then a mapping P :

121

SV(X) = RT(E) is said to be a soft semi-
norm on SV(X), if P satisfies the
following conditions:

N1:P(F%,)=|7|P(%,) for all %, &
and for every soft scalar 7;

SV

N2: P(%, + ¥5) € P(%,) + P(J;) for all
Ko, Vo€ SV (X).

The soft vector space SV(X)with a soft
semi-norm P on X is said to be a soft
semi-norm linear space and 1s denoted
by(X, P) .

Theorem (3): Let P: SV(X) - R*(E) is
a soft semi-norm, then for all
%o, V€SV (X):
1. B(d) =0
2 p(_fe) = p(ie);
3. P(X—Ys) = P(Fs — %.);
4. lﬁ(fe) = p(?e)] g p(ie = j;é);
5. P(x.)20;
6. The set N(P) = {%.€X: P(%,) =
0} is a soft subspace of SV (X).

Proof: For all %,, §:€ SV (X):
1. P(0)=P(0.%,)=]0|P(x)=0.
2 ij( fe)ﬁ_|_‘ilﬁ(f.c):ﬁ(fe)

3. P(-x —ye] = P( (}’e
%e))= |_ |P(ye —F)= P(J‘e 5 Ie)

4.%e - (Ke—Jo)+Fe =
P = Pl~Ya) +7] =
P(Xo~ o)+ P(52)

P(%c) - P(F¢) 2 P(%e - Je)-...*

Ve = (s — %) +%. =
fi(}_’é) F[_(?é — %) + %] <
P(Je — %)+ P(X,)

_ﬁ(fe _y_é) g ﬁ(fe) =
P¥s)...r>

From *&** |P(.) — P(75)| £

ﬁ(fe o= j"’é)‘
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5. Since |P(x.) —PGs)| 2
P(%, — §) tuke F:=10 =
|P(x.)| 2 P(%)

Since |F(%,)| =0 = P(%,)

6. Since ?(5)26 = 0 &
= N(.ﬁ) #Q

Let X, J,€ N(P)
real numbers,

and ¥, § are soft

p(fe) zonﬁ(?é):ﬁa
P(7%e +576) 2 P(7%e) + PG 72)
= |FIP(&) +181P(Fs) =0...*

Since ., 7:€ N(P)
Ko, FeESV(X) and SV(X) is a soft

=N

vector space, then 7%, +3 Vs
ESV(X) > P&+
§9,)30...%*

By (*&* *J

P(%, +57,)=0 = 7%, +357;
€ N(P) . therefore N(P) is a soft
subspace.

Example: Let X be a soft semi-norm
space, for every ¥, €SV (X)

P(%.) = le] +p(x) is a soft semi-
norm such that p is a semi-norm on X.

Proof: (NI) P(F%.) PI(7X) re)]
=|re| + p(rx)=|r|le| + [rIp(x)

=[rigle] + p()}=IF|P(%,)

N P+ Fe) = P(EFPiere))
=le+él+px+y) < le|l +1é] +p(x)
+ p() =( lel+p)) +( lél+p())
=P(%,) +P(Js). Therefore P(X,) is a soft
semi-norm.

Definition 14: Let SV(X) be a soft

vector space, then

122

d:SV(X) xSV(X) - R*(E) is said to se
a soft pseudo metric function on X if it
satisfies the following conditions for all
Keoyr Veoyr Ze, € X:

1. d(%e,,7,) 20
2. diE.%)=0;

3. dm(fepyez) = &(fezr fel)
4. d ( ZeyYe,) = d ( RepZe)+
d(2e,. Fe,)

The soft set X with a soft pseudo metric
d is called a soft pseudo metric space
and denoted by (X ,d, E).

Remark 3: We can prove the conditions 1
of the above definition to make the
definition consisted of three conditions as
following:

ReXe) Sd ( Top,Te,)
i d"(j”ezuiel)_- d(fe!;y‘-ez)* d(felj ?ez)

=2d (%, T, S d(%,%)=0=
d(%s,,3e,) S 0 for all X, 7,,€X.

Definition 15: Let SP(X) be a soft point
space, then d:SP(X) x SP(X) -
R*(E) is said to be a soft pseudo metric
function on X if it satisfies the following
conditions for all %, 7, , Z,, € X:

1. d(%,,, %) = 0;

2. -(iellfee) = &(}yfej)

3 d(805) T d(R,5,)+
d(Ze, Fe,)

The soft set X with a soft pseudo metric
d is called a soft pseudo metric space
and denoted by (X ,d, E).

Theorem (4): Every soft semi-normed
space is a soft pseudo metric space.

Proof: Let ()?,ﬁ) be a soft semi-normed
space. If we define the soft pseudo metric
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by &(5::'61,3732) = ﬁ(fel -~ ¥) for every
Zor Foyr Ze,E X

?6'2) = p(iel = 7:\‘3'3 + 263 =
= P(jel = 233) + P(Z.E‘g - J}ez)
=d(Xe,» Ze,) +d(Ze,, Ve, )-

Then (X, &} is a soft pseudo metric space.

Theorem (5): Let d : SP(X) x
SP(X) — RY(E) be a soft pseudo metric
function. SV (X)is a soft semi-normed
space if and only if the following
conditions for all X, , Vi, Ze, € X:

1. d ( -fel +2e3y}7€2+283) =
d(Xe, Je,)

2 d(FZe, T 3e,) =  IFld(Ee,Te,)
satisfied.
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