
TURKISH JOURNAL OF SCIENCE
VOLUME 5, ISSUE 3, 233–241
ISSN: 2587–0971

http:/dergipark.gov.tr/tjos

Weak Structures on Pythagorean Fuzzy Soft Topological Spaces
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Abstract. In this paper, we initiate the topological structures of pythagorean fuzzy soft semi-open sets and
pythagorean fuzzy soft semi-closed sets. Furthermore, the concept of pythagorean fuzzy soft semi-interior,
pythagorean fuzzy soft semi-closure are presented. Also some related properties are investigated.

1. Introduction

Molodtsov [20] has presented soft-set theory as a new mathematical method for working with com-
plexity, imprecise and uncertainly defined objects, and overcoming incompatibility with parameterization
methods, where theories such as fuzzy sets, intuitionistic fuzzy sets theory, rough set theory fall short. The
soft set theory proved useful in a number of areas, not restricted to decision-making [8, 26], data analysis
[6, 34], forecasting [29] and so on. Topological structures for soft sets are studied and explored in [1, 2, 10, 11].
In [21] Molodtsov et al. listed a variety of directions for the implementation of soft sets, such as smoothness
of functions, game theory, operational analysis, Riemann integration, Perron integration, probability and
calculation theory for modeling problems in architecture, computer science, economics, social sciences.

The concept of fuzzy sets was initiated by Zadeh [33]. Intuitionistic fuzzy set (IFS) and intuitionistic
L-fuzzy sets (ILFS) were initiated and discussed by Atanassov [3] to generalize the idea of fuzzy set. Maji
et al. developed the idea of intuitionistic fuzzy soft sets [18], a generalization of fuzzy soft sets [17] and
standard soft sets[19]. Coker [7] has presented and researched the concept of intuitionistic fuzzy topological
spaces. Li et al. [16] initiated intuitionistic fuzzy topological constructs of intuitionistic fuzzy soft sets.
They discussed the notions of intuitionistic fuzzy soft open (closed) sets, intuitionistic fuzzy soft interior
(closure) and intuitionistic fuzzy soft base in intuitionistic fuzzy soft topological spaces. Recently, Hussain
[12] initiated the idea of an intuitionistic fuzzy soft boundary and discussed the features and properties of the
intuitionistic fuzzy soft boundary in general as well as the intuitionistic fuzzy soft interior and intuitionistic
fuzzy soft closure. He also studied some weak structures on intuitionistic fuzzy soft topological spaces [13].

Yager [30, 31] introduced Pythagorean fuzzy set(PFS) as an expansion of Atanassov’s intuitionistic fuzzy
set and provided Pythagorean membership ratings for multi-criteria decision-making (MCDM) implemen-
tations. The main features of the PFS are that the sum of the membership degree and non-membership
squares for each alternative is less than or equal to 1. Obviously, PFSs have more power than IFSs to model
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the vagueness of realistic MCDM issues. The Pythagorean fuzzy soft set theory was defined by Peng et
al.[24], and its significant properties were studied. Pythagorean fuzzy topology introduced by Olgun et al
[22]. Also Riaz et al. [27] and Yolcu and Ozturk [32] studied on Pythagorean fuzzy soft topological spaces.
Pythagorean fuzzy set theory is one of the most studied topics of recent times [4, 5, 9, 14, 23, 25, 28].

In this paper, we initiate and define the topological structures of pythagorean fuzzy soft semi-open sets
and pythagorean fuzzy, soft semi-closed sets. We also investigate the properties of pythagorean fuzzy soft
semi-interior, pythagorean fuzzy soft semi-closure, and discuss the relationship between them.

2. Preliminaries

Definition 2.1. [33] Let X be an universe. A fuzzy set F in X, F = {(x, µF(x)) : x ∈ X}, where µF : X→ [0, 1] is the
membership function of the fuzzy set F; µF(x) ∈ [0, 1] is the membership of x ∈ X in f . The set of all fuzzy sets over
X will be denoted by FS(X).

Definition 2.2. [3] An intuitionistic fuzzy set F in X is F = {(x, µF(x), vF(x)) : x ∈ X}, where µF : X → [0, 1],
vF : X → [0, 1] with the condition 0 ≤ µF(x) + vF(x) ≤ 1, ∀x ∈ X. The numbers µF, vF ∈ [0, 1] denote the degree of
membership and non-membership of x to F, respectively. The set of all intuitionistic fuzzy sets over X will be denoted
by IFS(X).

Definition 2.3. [20] Let E be a set of parameters and X be the universal set. A pair (F,E) is called a soft set over X,
where F is a mapping F : E→ P(X). In other words, the soft set is a parameterized family of subsets of the set X.

Definition 2.4. [17] Let E be a set of parameters and X be the universal set. A pair (F,E) is called a fuzzy soft set
over X, If F : E→ FS(X) is a mapping from E into set of all fuzzy sets in X,where FS(X) is set of all fuzzy subset of X.

Definition 2.5. [18] Let X be an initial universe E be a set of parameters. A pair (F,E) is called an intuitionistic
fuzzy soft set over X, where F is a mapping given by, F : E→ IFS(X).

In general, for every e ∈ E, F(e) is an intuitionistic fuzzy set of X and it is called intuitionistic fuzzy value set of
parameter e. Clearly, F(e) can be written as a intuitionistic fuzzy set such that F(e) = {(x, µF(x), vF(x)) : x ∈ X}

Definition 2.6. [30] Let X be a universe of discourse. A pythagorean fuzzy set (PFS) in X is given by, P =
{(x, µP(x), vP(x)) : x ∈ X} where, µP : X → [0, 1] denotes the degree of membership and vp : X → [0, 1] denotes the
degree of nonmembership of the element x ∈ X to the set P with the condition that 0 ≤ (µP(x))2 + (vP(x))2

≤ 1.

Definition 2.7. [24] Let X be the universal set and E be a set of parameters. The pythagorean fuzzy soft set is
defined as the pair (F,E) where, F : E → PFS(X) and PFS(X) is the set of all Pythagorean fuzzy subsets of X. If
µ2

F(x) + v2
F(x) ≤ 1 and µF(x) + vF(x) ≤ 1, then pythagorean fuzzy soft sets degenerate into intuitionistic fuzzy soft

sets.

Definition 2.8. [24] Let A,B ⊆ E and (F,A), (G,B) be two pythagorean fuzzy soft sets over X. (F,A) is said to be
pythagorean fuzzy soft subset of (G,B) denoted by (F,A)⊆̃(G,B) if,

1. A ⊆ B
2. ∀e ∈ A, F(e) is a pythagorean fuzzy subset of G(e) that is, ∀x ∈ U and ∀e ∈ A, µF(e)(x) ≤ µG(e)(x) and

vF(e)(x) ≥ vG(e)(x). If (F,A)⊆̃(G,B) and (G,B)⊆̃(F,A) then (F,A), (G,B) are said to be equal.

Definition 2.9. [24] Let (F,E) two pythagorean fuzzy soft sets over X. The complement of (F,E) is denoted by (F,E)c

and is defined by
(F,E)c = {(e, (x, vF(e)(x), µF(e)(x)) : x ∈ X) : e ∈ E}
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Definition 2.10. [15] a) A pythagorean fuzzy soft set (F,E) over the universe X is said to be null pythagorean fuzzy
soft set if µF(e)(x) = 0 and vF(e)(x) = 1; ∀e ∈ E, ∀x ∈ X. It is denoted by 0̃(X,E).

b) A pythagorean fuzzy soft set (F,E) over the universe X is said to be absolute pythagorean fuzzy soft set if
µF(e)(x) = 1 and vF(e)(x) = 0; ∀e ∈ E, ∀x ∈ X. It is denoted by 1̃(X,E).

Definition 2.11. [15] Let (F,A) and (G,B) be two pythagorean fuzzy soft sets over the universe set X, E be a
parameter set and A,B ⊆ E.Then,

a) Extended union of (F,A) and (G,B) is denoted by (F,E)∪̃E(G,B) = (H,C) where C = A ∪ B and (H,C) defined
by;

(H,C) = {(e, (x, µH(e)(x), vH(e)(x)) : x ∈ X) : e ∈ E}

where

µH(e)(x) =


µF(e)(x), if e ∈ A − B
µG(e)(x), if e ∈ B − A

max{µF(e)(x), µG(e)(x)}, if e ∈ A ∩ B

vH(e)(x) =


vF(e)(x), if e ∈ A − B
vG(e)(x), if e ∈ B − A

min{µF(e)(x), µG(e)(x)}, if e ∈ A ∩ B

b) Extended intersection of (F,A) and (G,B) is denoted by (F,E)∩̃E(G,B) = (H,C) where C = A ∪ B and (H,C)
defined by;

(H,C) = {(e, (x, µH(e)(x), vH(e)(x)) : x ∈ X) : e ∈ E}

where

µH(e)(x) =


µF(e)(x), if e ∈ A − B
µG(e)(x), if e ∈ B − A

min{µF(e)(x), µG(e)(x)}, if e ∈ A ∩ B

vH(e)(x) =


vF(e)(x), if e ∈ A − B
vG(e)(x), if e ∈ B − A

max{µF(e)(x), µG(e)(x)}, if e ∈ A ∩ B

Let X be an initial universe and PFS(X) denote the family of pythagorean fuzzy sets over X and PFSS(X,E)
be the family of all pythagorean fuzzy soft sets over X with parameters in E.

Definition 2.12. [32]Let X , ∅ be a universe set and τ̃ ⊂ PFSS(X,E) be a collection of pythagorean fuzzy soft sets
over X, then τ is said to be on pythagorean fuzzy soft topology on X if

(i) 0̃(X,E), 1̃(X,E) belong to τ̃,
(ii) The union of any number of pythagorean fuzzy soft sets in τ̃ belongs to τ̃,
(iii) The intersection of any two pythagorean fuzzy soft sets in τ̃ belongs to τ̃.
The triple

(
X, τ̃,E

)
p is called an pythagorean fuzzy soft tpological space over X. Every member of τ is

called a pythagorean fuzzy soft open set in X.

Definition 2.13. [32] a) Let X be an initial universe set, E be the set of parameters and τ̃ =
{̃
0(X,E), 1̃(X,E)

}
. Then τ̃ is

called a pythagorean fuzzy soft indiscrete topology on X and
(
X, τ̃,E

)
p is said to be a pythagorean fuzzy soft indiscrete

space over X.
b) Let X be an initial universe set, E be the set of parameters and τ̃ be the collection of all pythagorean fuzzy soft

sets which can be defined over X. Then τ̃ is called a pythagorean fuzzy soft discrete topology on X and
(
X, τ̃,E

)
p is

said to be a pythagorean fuzzy soft discrete space over X.

Definition 2.14. [32] Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X. A pythagorean fuzzy soft

set (F,E) over X is said to be a pythagorean fuzzy soft closed set in X, if its complement (F,E)c belongs to τ̃.
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Proposition 2.15. [32]Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X. Then, the following

properties hold.

(i) 0̃(X,E), 1̃(X,E) are pythagorean fuzzy soft closed set over X.
(ii) The intersection of any number of pythagorean fuzzy soft closed set is a pythagorean fuzzy soft

closed set over X.
(iii) The union of any two pythagorean fuzzy soft closed set is a pythagorean fuzzy soft closed set over

X.

Definition 2.16. [32]Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E) be a pythagorean

fuzzy soft sets over X. The pythagorean fuzzy soft closure of (F,E) denoted by pcl(F,E) is the intersection of all
pythagorean fuzzy soft closed super sets of (F,E).

Clearly pcl(F,E) is the smallest pythagorean fuzzy soft closed set over X which contain (F,E).

Definition 2.17. [32]Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (H,E) ∈ PFSS(X,E).

The pythagorean fuzzy soft interior of (H,E), denoted by pint(H,E), is the union of all the pythagorean fuzzy soft
open sets contained in (H,E).

3. Main Results

Definition 3.1. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E)⊂̃PFSS(X,E). If there

exists a pythagorean fuzzy soft open set (G,E) such that (G,E)⊂̃(F,E)⊂̃pcl(G,E), then (F,E) is called pythagorean
fuzzy soft semi-open set over X.

Definition 3.2. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E)⊂̃PFSS(X,E). (F,E) is

pythagorean fuzzy soft semi-closed set if and only if its complement (F,E)c is pythagorean fuzzy soft semi-open set.

Remark 3.3. It is obvious that a pythagorean fuzzy soft open set is pythagorean fuzzy soft semi-open set. But the
converse is not true in general. This is shown in following example.

Example 3.4. Let X = {x1, x2} , E = {e1, e2} and

τ̃ =
{̃
0(X,E), 1̃(X,E), (F1,E) , (F2,E) , (F3,E)

}
where (F1,E) , (F2,E) , (F3,E) pythagorean fuzzy soft sets over X, defined as;

(F1,E) =

{
(e1, {(x1, 0.4, 0.6) , (x2, 0.3, 0.7)})
(e2, {(x1, 0.5, 0.4) , (x2, 0.7, 0.6)})

}
(F2,E) =

{
(e1, {(x1, 0.5, 0.5) , (x2, 0.4, 0.5)})
(e2, {(x1, 0.6, 0.4) , (x2, 0.8, 0.3)})

}
(F3,E) =

{
(e1, {(x1, 0.7, 0.3) , (x2, 0.7, 0.2)})
(e2, {(x1, 0.8, 0.2) , (x2, 0.9, 0.2)})

}
It is clear that τ̃ is a pythagorean fuzzy soft topological spaces and

(
X, τ̃,E

)
p is pythagorean fuzzy soft topological

spaces. The pythagorean fuzzy soft closed sets as follow;
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(̃
0(X,E)

)c
= 1̃(X,E)(̃

1(X,E)

)c
= 0̃(X,E)

(F1,E)c =

{
(e1, {(x1, 0.6, 0.4) , (x2, 0.7, 0.3)})
(e2, {(x1, 0.4, 0.5) , (x2, 0.6, 0.7)})

}
(F2,E)c =

{
(e1, {(x1, 0.5, 0.5) , (x2, 0.5, 0.4)})
(e2, {(x1, 0.4, 0.6) , (x2, 0.3, 0.8)})

}
(F3,E)c =

{
(e1, {(x1, 0.3, 0.7) , (x2, 0.3, 0.7)})
(e2, {(x1, 0.3, 0.8) , (x2, 0.2, 0.9)})

}
Now we consider a pythagorean fuzzy soft set (G,E) over X defined by,

(G,E) =
{

(e1, {(x1, 0.6, 0.4) , (x2, 0.7, 0.3)})
(e2, {(x1, 0.7, 0.3) , (x2, 0.8, 0.2)})

}
Then there exist a pythagorean fuzzy open set (F2,E) such that (F2,E)⊂̃(G,E)⊂̃pcl(F2,E) = 1̃(X,E).

Hence (G,E) is a pythagorean fuzzy soft semi-open set, but (G,E) is not pythagorean fuzzy soft open set.

Proposition 3.5. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E)⊂̃PFSS(X,E). Then

(F,E) is pythagorean fuzzy soft semi-open set if and only if (F,E)⊂̃pcl
(
pint(F,E)

)
.

Proof. (⇒)Suppose that (F,E) is pythagorean fuzzy soft semi-open set, then there exists a pythagorean fuzzy
soft open set (G,E) such that (G,E)⊂̃(F,E)⊂̃pcl(G,E).Now (G,E)⊂̃pint(F,E) implies that pcl(G,E)⊂̃pcl

(
pint(F,E)

)
.

Therefore (
F,E)⊂̃pcl(G,E)⊂̃pcl

(
pint(F,E)

)
.

(⇐) Suppose that (F,E)⊂̃pcl
(
pint(F,E)

)
. Take (G,E) = pint(F,E), we have

(G,E)⊂̃(F,E)⊂̃pcl(G,E)

This complete this proof.

Theorem 3.6. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X . Then an arbitrary union of

pythagorean fuzzy soft semi-open sets is pythagorean fuzzy soft semi-open set.

Proof. Let {(Fi,E) : i ∈ I} be a collection of pythagorean fuzzy soft semi-open sets and (G,E) = ∪
i∈I

(Fi,E). Since each

(Fi,E) is PFS semi-open, then there exist a pythagorean fuzzy soft open set (Hi,E) such that (Hi,E)⊂̃(Fi,E)⊂̃pcl(Hi,E)

and so ∪
i∈I

(Hi,E)⊂̃ ∪
i∈I

(Fi,E)⊂̃ ∪
i∈I

pcl(Hi,E)⊂̃pcl
(
∪
i∈I

(Hi,E)
)
. Let (H,E) = ∪

i∈I
(Hi,E). Then (H,E) is pythagorean fuzzy

soft open and (H,E)⊂̃ ∪
i∈I

(Fi,E)⊂̃pcl(H,E). Therefore, ∪
i∈I

(Fi,E) is a pythagorean fuzzy soft semi-open set.

Corollary 3.7. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X . Then the family of all pythagorean

fuzzy soft semi-open sets are a pythagorean fuzzy soft supra topology on X.

Proposition 3.8. Let (F,E) be a pythagorean fuzzy soft semi-open set and (G,E) be a pythagorean fuzzy soft set in(
X, τ̃,E

)
p . Suppose (F,E)⊂̃(G,E)⊂̃pcl(F,E). Then (G,E) is a pythagorean fuzzy soft semi-open set over X.

Proof. (F,E) be a pythagorean fuzzy soft semi-open set implies that there exist a pythagorean fuzzy soft open set
(H,E) such that (H,E)⊂̃(F,E)⊂̃pcl(H,E). Now (H,E)⊂̃(G,E) and pcl(F,E)⊂̃pcl(H,E) implies that (G,E)⊂̃pcl(H,E).
Therefore (H,E)⊂̃(G,E)⊂̃pcl(H,E). Hence (G,E) is a pythagorean fuzzy soft semi-open set in X.
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Proposition 3.9. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E)⊂̃PFSS(X,E). Then

(F,E) is pythagorean fuzzy soft semi-closed if and only if there exist a pythagorean fuzzy soft closed set (G,E) such
that pint(G,E)⊂̃(F,E)⊂̃(G,E).

Proof. This proof is clear that from the definition of pythagorean fuzzy soft semi-closed set.

Proposition 3.10. Every pythagorean fuzzy soft closed set is pythagorean fuzzy soft semi-closed set in a pythagorean
fuzzy soft topological spaces

(
X, τ̃,E

)
p .

Proof. Straightforward.

Remark 3.11. The converse of Proposition 3.10 may not be provide in general. It is shown in following example.

Example 3.12. Consider the Example 3.4.

(G,E)c =

{
(e1, {(x1, 0.4, 0.6) , (x2, 0.3, 0.7)})
(e2, {(x1, 0.3, 0.7) , (x2, 0.2, 0.8)})

}
is pythagorean fuzzy soft semi-closed set. But (G,E)c is not pythagorean fuzzy soft closed set.

Theorem 3.13. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E) ∈ PFSS(X,E). Then

(F,E) is pythagorean fuzzy soft semi-closed set if and only if pint
(
pcl(F,E)

)
⊂̃(F,E).

Proof. (⇒) Suppose that (F,E) is a pythagorean fuzzy soft closed set, then by Proposition 3.9, there exists a pythagorean
fuzzy soft closed set (G,E) such that pint(G,E)⊂̃(F,E)⊂̃(G,E). This follows that pcl(F,E)⊂̃pcl(G,E) = (G,E). Thus
pint

(
pcl(F,E)

)
⊂̃pint(G,E). Therefore, pint

(
pcl(F,E)

)
⊂̃pint(G,E)⊂̃(F,E).

(⇐) Suppose that (F,E) be a pythagorean fuzzy soft set in
(
X, τ̃,E

)
p such that pint

(
pcl(F,E)

)
⊂̃(F,E). We take

pcl(F,E) = (G,E). Then pint(G,E)⊂̃(F,E)⊂̃(G,E). This implies that (F,E) is a pythagorean fuzzy soft semi-closed
set.

Theorem 3.14. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X . Then an arbitrary intersection of

pythagorean fuzzy soft semi-closed sets is pythagorean fuzzy soft semi-closed set.

Proof. Suppose that {(Fi,E) : i ∈ I} be a collection of pythagorean fuzzy soft semi-closed sets. Since each i ∈ I,
(Fi,E) is a pythagorean fuzzy soft semi-closed set, then by Proposition 3.9, there exist a pythagorean fuzzy soft
closed set (Gi,E) such that pint(Gi,E)⊂̃(Fi,E)⊂̃(Gi,E). This follows that ∩

i∈I

(
pint(Gi,E)

)
⊂̃ ∩

i∈I
(Fi,E)⊂̃ ∩

i∈I
(Gi,E). We

take ∩
i∈I

(Gi,E) = (G,E). Then by Theorem 2.15, (G,E) is a pythagorean fuzzy soft closed set and hence ∩
i∈I

(Fi,E) is a

pytahgorean fuzzy soft semi-closed set.

Theorem 3.15. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X, (F,E) be a pythagoren fuzzy

soft semi-closed set and (G,E) be a pythagorean fuzzy soft set over X. If pint(F,E)⊂̃(G,E)⊂̃(F,E), then (G,E) is a
pythagorean fuzzy soft semi-closed set.

Proof. Since (F,E) is a pythagorean fuzzy soft semi-closed set, then by Prosoposition 3.9, tehere exists an pythagorean
fuzzy soft closed set (H,E) such that pint(H,E)⊂̃(F,E)⊂̃(H,E). Then (G,E)⊂̃(H,E). Also pint

(
pint(H,E)

)
=

pint(H,E)⊂̃pint(F,E). This implies that pint(H,E)⊂̃(G,E).
Therefore, pint(H,E)⊂̃(G,E)⊂̃(H,E). Hence (G,E) is a pythagorean fuzzy soft semi-closed set.

Definition 3.16. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E) ∈ PFSS(X,E).

1. The pythagorean fuzzy soft semi-interior of (F,E), denoted by spint(F,E), is the union of all the pythagorean
fuzzy soft semi-open sets contained in (F,E).
Clearly, spint(F,E) is the largest pythagorean fuzzy soft semi-open set over X contained in (F,E).
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2. The pythagorean fuzzy soft semi-closure of (F,E), denoted by spcl(F,E), is the intersection of all the pythagorean
fuzzy soft semi-closed sets contains (F,E).
Clearly, spcl(F,E) is the smallest pythagorean fuzzy soft semi-closed set over X which contains (F,E).

Remark 3.17. It is clear that, If (F,E) be a pythagorean fuzzy soft set, then

pint(F,E)⊂̃spint(F,E)⊂̃(F,E)⊂̃spcl(F,E)⊂̃pcl(F,E)

.

Theorem 3.18. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E) , (G,E) ∈ PFSS(X,E).Then,

1. spint(̃0(X,E)) = spcl(̃0(X,E)) = 0̃(X,E) and spint(̃1(X,E)) = spcl(̃1(X,E)) = 1̃(X,E),
2. (F,E) is a pythagorean fuzzy soft semi-open(semi-closed) set if and only if spint(F,E) = (F,E) (spcl(F,E) = (F,E)).
3. spint

(
spint(F,E)

)
= (F,E).

4. (F,E)⊂̃(G,E) implies spint(F,E)⊂̃spint(G,E) and spcl(F,E)⊂̃spcl(G,E),

5. (i) spint(F,E)∩̃Espint(G,E) = spint
(
(F,E)∩̃E(G,E)

)
(ii) spcl(F,E)∩̃Espcl(G,E)⊇̃spcl

(
(F,E)∩̃E(G,E)

)
6. spint(F,E)∪̃Espint(G,E)⊆̃spint

(
(F,E)∪̃E(G,E)

)
spcl(F,E)∪̃Espcl(G,E) = spcl

(
(F,E)∪̃E(G,E)

)
Proof. (1)-(4) follow directly from the definition of pythagorean fuzzy soft semi-interior and pythagorean fuzzy soft
semi-closure .

(5) (i) By (4), we have
(
(F,E)∩̃E(G,E)

)
⊆̃(F,E),

(
(F,E)∩̃E(G,E)

)
⊆̃(G,E) implies

spint
(
(F,E)∩̃E(G,E)

)
⊆̃spint(F,E), spint

(
(F,E)∩̃E(G,E)

)
⊆̃spint(G,E),

so that spint
(
(F,E)∩̃E(G,E)

)
⊆̃spint(F,E)∩̃Espint(G,E).Also, since spint(F,E)⊆̃(F,E) and spint(G,E)⊆̃(G,E) implies

spint(F,E)∩̃Espint(G,E)⊆̃
(
(F,E)∩̃E(G,E)

)
.

Thus spint(F,E)∩̃Espint(G,E) is a pythagorean fuzzy soft semi-open subsets of
(
(F,E)∩̃E(G,E)

)
.

Hence spint(F,E)∩̃Espint(G,E)⊆̃spint
(
(F,E)∩̃E(G,E)

)
. Thus spint(F,E)∩̃Espint(G,E) =

(
(F,E)∩̃E(G,E)

)
.

(ii) By (4), we have
(
(F,E)∩̃E(G,E)

)
⊆̃(F,E),

(
(F,E)∩̃E(G,E)

)
⊆̃(G,E) implies

spcl
(
(F,E)∩̃E(G,E)

)
⊆̃spcl(F,E), spcl

(
(F,E)∩̃E(G,E)

)
⊆̃spcl(G,E),

so that spcl
(
(F,E)∩̃E(G,E)

)
⊆̃spcl(F,E)∩̃Espcl(G,E).

(6) The proof is similar to (5) by using property that (F,E)⊆̃
(
(F,E)∪̃E(G,E)

)
, (G,E)⊆̃

(
(F,E)∪̃E(G,E)

)
.

Theorem 3.19. Let
(
X, τ̃,E

)
p be a pythagorean fuzzy soft topological space over X and (F,E) ∈ PFSS(X,E).Then,

1.
(
spint(F,E)

)c = spcl ((F,E)c) .
2.

(
pcl(F,E)

)c = spint ((F,E)c) .
3. spint

(
pint(F,E)

)
= pint

(
spint(F,E)

)
= pint(F,E).

4. spcl
(
pcl(F,E)

)
= pcl

(
spcl(F,E)

)
= pcl(F,E).

Proof. (1) spint(F,E)⊆̃(F,E) implies that (F,E)c
⊆̃

(
spint(F,E)

)c .Now by Theorem 3.18 (2), and since
(
spint(F,E)

)c

is a pythagorean fuzzy soft semi-closed set, we have spcl ((F,E)c) ⊆̃spcl
((

spint(F,E)
)c
)
=

(
spint(F,E)

)c . For
the reverse inclusion, (F,E)c

⊆̃spcl ((F,E)c) implies that
(
spcl ((F,E)c)

)c
⊆̃ ((F,E)c)c = (F,E). spcl ((F,E)c) being



T.Y. Öztürk / TJOS 5 (3), 233–241 240

pythagorean fuzzy soft semi-closed implies that
(
spcl ((F,E)c)

)c is pythagorean fuzzy soft semi-open. Thus(
spcl ((F,E)c)

)c
⊆̃spint(F,E) and hence

(
spint(F,E)

)c
⊆̃

((
spcl ((F,E)c)

)c
)c
= spcl ((F,E)c) .

(2) It is similar to (1).
(3) By Remark 3.3, pint(F,E) is a pythagorean fuzzy soft open set implies that it is pythagorean fuzzy

soft semi-open set. Therefore, by Theorem 3.18(2), spint
(
pint(F,E)

)
= pint(F,E). pint(F,E)⊆̃spint(F,E) = (F,E).

This implies that spint(pint(F,E)) = pint(F,E).
(4) pcl(F,E) is pythagorean fuzzy soft closed set implies that it is pythagorean fuzzy soft semi-closed.

Therefore spcl
(
pcl(F,E)

)
= pcl(F,E). Then (F,E)⊆̃spcl(F,E)⊆̃pcl(F,E).Hence spcl(F,E)⊆̃pcl

(
spcl(F,E)

)
⊆̃spcl(F,E).

This implies that pcl
(
spcl(F,E)

)
= pcl(F,E).

4. Conclusion

In this study,we presented topological structures of pythagorean fuzzy soft semi-open and pythagorean
fuzzy soft semi-closed sets. We also investigated and explored some properties of pythagorean fuzzy soft
semi-interior and pythagorean fuzzy soft semi-closure and discussed relationship between them. We hope
that the findings in this paper will enhance and promote the further study in the pythagorean fuzzy soft
set theory.
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