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1. Introduction
Vagueness and ambiguity in information are crucial factors in decision making

process. Crisp set theory is insufficient to handle the complex MADM problems
involving vague and imprecise information. To handle the impreciseness and un-
certainty of complex problems, Zadeh [19] in 1965, created FSs as an extension of
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crisp sets. After the occurrence of Zadeh [19] paper many generalizations of FS
such as IFS [1], SS [9], PFS [17] and FFS [13] have been appeared in the litera-
ture. Due to the parameterizations tools in SSs, many hybridized classes with SSs
such as FSSs [6], IFSSs [7], PFSSs [12] and FFSSs [15] have been invented
and studied. In 1968, Chang [2] published fuzzy topological spaces and extended
many topological notions to FSs. In the recent past topological structures over
these classes of fuzzy sets have been invented and studied [3, 14, 16, 5, 10, 18, 4,
11].

The organization of this paper is as follows. Section 2, reviewed the basic op-
erations and properties of FFSS. Section 3, defined the mappings on FFSSs,
and their properties are presented. Section 4 is devoted to the study of Fermatean
fuzzy soft continuity of mappings. Section 5 created and studied Fermatean fuzzy
soft open and Fermatean fuzzy soft closed mappings in Fermatean fuzzy soft topo-
logical spaces.

2. Preliminaries

Definition 2.1. [19] A fuzzy set (FS) ν on a universe of discourse P is a structure
ν = {< p,mν(p) >: p ∈ P}, where mν : P → [0, 1] called membership function of
fuzzy set ν.

Definition 2.2. Let P be an initial universal set. A structure ν = {< p,mν(p), nν(p)
>: p ∈ P} where mν : P → [0, 1] and nν : P → [0, 1] denotes the degree of member-
ship and the degree of nonmembership of each p ∈ P to ν is called :

(a) Intuitionistic fuzzy set (IFS) [1] in P if 0 ≤ mν(p) + nν(p) ≤ 1, ∀ p ∈ P.

(b) Pythagorean fuzzy set (PFS) [17] in P if 0 ≤ m2
ν(p) + n2

ν(p) ≤ 1, ∀ p ∈ P.

(c) Fermatean fuzzy set (FFS) [13] in P if 0 ≤ m3
ν(p) + n3

ν(p) ≤ 1, ∀ p ∈ P.

The set of all FSs (resp. IFSs, PFSs, FFSs) on P will be denoted by FS(P)
(resp. IFS(P), PFS(P), FFS(P)).
Remark 2.3. [15] In general FS ⇒ IFS ⇒ PFS ⇒ FFS. However, the reverse
implications are not true.

Definition 2.4. Let P be a universe of discourse, Σ be the set of parameters and
Υ ⊆ Σ. A pair (ξ,Υ) is called :

(a) a soft set (SS) [9] over P, where ξ : Σ → P(P) and P(P) is a power set of P.

(b) a fuzzy soft set (FSS) [6] over P, where ξ : Υ → FS(P).
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(c) an intuitionistic fuzzy soft set (IFSS) [7] over P, where ξ : Υ → IFS(P).

(d) a Pythagorean fuzzy soft set (PFSS) [12] over P, where ξ : Υ → PFS(P).

(e) a Fermatean fuzzy soft set (FFSS) [15] over P, where ξ : Υ → FFS(P).

The collection of all SSs (resp. FSSs, IFSSs, PFSSs, FFSSs) over (P,Σ)
will be denoted by SS(P,Σ) (resp. FSS(P,Σ), IFSS(P,Σ), PFSS(P,Σ), FFSS
(P,Σ)).

A FFSS on P is a family of parameters formed by some FSS on P. For any
parameter ϵ ∈ Υ, ξ(ϵ) is a FFS associated with ϵ of P. Then it is called the
Fermatean fuzzy value set of parameter ϵ. ξ(ϵ) can be written as an FFS such
that ξ(ϵ) = {< p,mξ(ϵ)(p), nξ(ϵ)(p) >: p ∈ P}, where mξ(ϵ)(p) and nξ(ϵ)(p) are the
membership and non-membership functions, respectively satisfying the condition
0 ≤ m3

ξ(ϵ)(p) + n3
ξ(ϵ)(p) ≤ 1, ∀ p ∈ P. Hence,

(ξ,Υ) = {(ϵ, {< p,mξ(ϵ)(p), nξ(ϵ)(p) >}) : ϵ ∈ Υ, p ∈ P}.

Remark 2.5. [15] Every IFSS is a PFSS and every PFSS is a FFSS. But
the converse may not be true.

Definition 2.6. [15] A FFSS (ν,Σ) over P is known as a null FFSS represented
as Φ̃ if for all ϵ ∈ Σ, Φ̃ = 0̄ where 0̄ denote the null FFS. Hence, Φ̃ = {(ϵ, <
p, 0, 1 >) : ϵ ∈ Σ, p ∈ P}.
Definition 2.7. [15] A FFSS (ν,Σ) over P is known as an absolute FFSS
represented as P̃ if ∀ ϵ ∈ Σ, P̃ = 1̄ where 1̄ denote the absolute FFS. Hence,
P̃ = {(ϵ, < p, 1, 0 >) : ϵ ∈ Σ, p ∈ P}.
Definition 2.8. [15] Let Σ1,Σ2 ⊂ Σ and (ξ1,Σ1), (ξ2,Σ2) ∈ FFSS(P,Σ). Then
(ξ1,Σ1) is called a subset of (ξ2,Σ2) denoted by (ξ1,Σ1) ⊂ (ξ2,Σ2) if:

(a) Σ1 ⊂ Σ2 and

(b) For all ϵ ∈ Σ1, ξ1(ϵ) ⊂ ξ2(ϵ) that is, for all p ∈ P and ϵ ∈ Σ1, mξ1(p) ≤
mξ2(p) and nξ1(p) ≥ nξ2(p).

Definition 2.9. [15] Two FFSSs (ξ1,Σ1) and (ξ2,Σ2) are said to be equal (writ-
ten as (ξ1,Σ1) = (ξ2,Σ2)) if (ξ1,Σ1) ⊂ (ξ2,Σ2) and (ξ2,Σ2) ⊂ (ξ1,Σ1).

Definition 2.10. [15] Let (ξ,Σ) ∈ FFSS(P,Σ). The complement of (ξ,Σ), de-
noted by (ξ,Σ)c defined by (ξ,Σ)c = (ξc,Σ), where ξc : Σ → FFS(P) is a mapping
given by ξc(ϵ) = (ξ(ϵ))c for every ϵ ∈ Σ.
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Definition 2.11. [15] Let (ξ1,Σ1), (ξ2,Σ2) ∈ FFSS(P,Σ). The union of (ξ1,Σ1)
and (ξ2,Σ2) is represented as (ξ1,Σ1)∪(ξ2,Σ2) is a FFSS (ξ,Υ), where Υ = Σ1∪Σ2

and

ξ(ϵ) =


ξ1(ϵ), if ϵ ∈ Σ1 − Σ2,

ξ2(ϵ), if ϵ ∈ Σ2 − Σ1,

ξ1(ϵ) ∪ ξ2(ϵ), if ϵ ∈ Σ1 ∩ Σ2.

Definition 2.12. [15] Let (ξ1,Σ1), (ξ2,Σ2) ∈ FFSS(P,Σ). The intersection of
(ξ1,Σ1) and (ξ2,Σ2) is represented as (ξ1,Σ1) ∩ (ξ2,Σ2) is a FFSS (ξ,Υ), where
Υ = Σ1 ∩ Σ2 and

ξ(ϵ) = ξ1(ϵ) ∩ ξ2(ϵ), ∀ ϵ ∈ Υ.

Definition 2.13. [11] A subfamily Γ of FFSS(P,Σ) is called a Fermatean fuzzy
soft topology (FFST ) on P if:

(a) Φ̃, P̃ ∈ Γ.

(b) (νi,Σ) ∈ Γ, ∀ i ∈ Λ ⇒ ∪i∈Λ(νi,Σ) ∈ Γ.

(c) (ν1,Σ), (ν2,Σ) ∈ Γ ⇒ (ν1,Σ) ∩ (ν2,Σ) ∈ Γ.

If Γ is a FFST on P then the structure (P,Γ,Σ) is called a Fermatean fuzzy
soft topological space (FFST S) over P and the members of Γ are called Fermatean
fuzzy soft open (FFSO) sets and their complements are called Fermatean fuzzy soft
closed (FFSC). The family of all FFSCs of (P,Σ) is denoted by FFSC(P,Σ).
Definition 2.14. [11] Let (P,Γ,Σ) be a FFST S and (ξ,Σ) ∈ FFSS(P,Σ). Then
the interior and closure of (ξ,Σ) denoted respectively by Int(ξ,Σ) and Cl(ξ,Σ) are
defined as follows:

(a) Int(ξ,Σ) = ∪{(ν,Σ) ∈ Γ : (ν,Σ) ⊂ (ξ,Σ)}.

(b) Cl(ξ,Σ) = ∩{(ν,Σ) ∈ FFSC(P,Σ) : (ξ,Σ) ⊂ (ν,Σ)}.

3. Fermatean Fuzzy Soft Mappings

Definition 3.1. Let FFSS(P,Σ) and FFSS(Q,Ω) be families of FFSSs over P
and Q respectively. Then fψφ : FFSS(P,Σ) → FFSS(Q,Ω) is called a Fermatean
fuzzy soft mapping, where ψ : P → Q and φ : Σ → Υ.
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(a) Let (ξ,Σ) ∈ FFSS(P,Σ). The image of (ξ,Σ) under fψφ is written as
fψφ(ξ,Σ) = (ψ(ξ), φ(Σ)) is a FFSS in (Q,Υ) such that

mψ(ξ)(ι)(q) =

 sup
ϵ∈φ−1(ι)∩Υ, p∈ψ−1(q)

mξ(ϵ)(p), ψ−1(q) ̸= ϕ,

0 otherwise

and

nψ(ξ)(ι)(q) =

 inf
ϵ∈φ−1(ι)∩Υ, p∈ψ−1(q)

nξ(ϵ)(p), ψ−1(q) ̸= ϕ,

1 otherwise

∀ ϵ ∈ Σ, p ∈ P, ι ∈ Ω and q ∈ Q.

(b) Let (δ,Ω) ∈ FFSS(Q,Ω). The inverse image of (δ,Ω) under fψφ, denoted
by f−1

ψφ((δ,Ω)) is a FFSS in (P,Σ) given by:

mψ−1(δ)(ϵ)(p) = mδ(φ(ϵ))(ψ(p))

and

nψ−1(δ)(ϵ)(p) = nδ(φ(ϵ))(ψ(p))

∀ ϵ ∈ Σ and p ∈ P
Theorem 3.1. Let fψφ : FFSS(P,Σ) → FFSS(Q,Ω) is a Fermatean fuzzy soft
mapping. Then:

(a) fψφ((α,Υ)) ∈ FFSS(Q,Ω), ∀ (α,Υ) ∈ FFSS(P,Σ).

(b) f−1
Ψφ((δ,Ω)) ∈ FFSS(P,Σ), ∀ (δ,Ω) ∈ FFSS(Q,Ω).

Proof.

(a) By definition 3.1(a) we have fψφ(α,Σ) = (ψ(α), φ(Σ)) and

m3
ψ(α)(ι)(q) + n3

ψ(α)(ι)(q) =
(

sup
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

mα(ϵ)(p)
)3

+
(

inf
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

nα(ϵ)(p)
)3

= sup
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

m3
α(ϵ)(p)

+ inf
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

n3
α(ϵ)(p)

≤ sup
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

(1− n3
α(ϵ)(p))
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+ inf
ϵ∈φ−1(ι)∩Υ,p∈ψ−1(q)

n3
α(ϵ)(p)

= 1.

Whenever ψ−1(q) ̸= ϕ. On the other hand if ψ−1(q) = ϕ, then we have
m3
ψ(α)(ι)(q) + n3

ψ(α)(ι)(q) = 1. Thus, we have shown that the Fermatean fuzzy
membership grade condition is provided for Fermatean fuzzy soft image.
Hence fψφ(α,Υ) ∈ FFS(Q,Ω).

(b) Similar to the proof of (a).

Theorem 3.3. Let fψφ : FFSS(P,Σ) → FFSS(Q,Ω) be a Fermatean fuzzy soft
mapping. Then for (λ,Υ), (µ,Ψ) ∈ Γ, we have,

(a) fψφ(Φ̃) = Φ̃.

(b) fψφ(P̃) = Q̃.

(c) fψφ((λ,Υ) ∪ ((µ,Ψ)) = fψφ((λ,Υ)) ∪ fψφ((µ,Ψ)).

(d) fψφ((λ,Υ) ∩ ((µ,Ψ)) ⊂ fψφ((λ,Υ)) ∩ fψφ((µ,Ψ)).

(e) If (λ,Υ) ⊂ (µ,Ψ) then fψφ(λ,Υ) ⊂ fψφ(µ,Ψ).

Proof. The proofs of (a) and (b) are obvious.

(c) We consider (λ,Υ)∪(µ,Ψ) = (Θ,Υ∪Ψ) and fψφ((λ,Υ)∪((µ,Ψ)) = (ψ(λ), φ(Υ
))∪(ψ(µ), φ(Ψ)) = (∆, φ(Υ)∪φ(Ψ)). Then fψφ((λ,Υ)∪((µ,Ψ)) = (ψ(Θ), φ(Υ
∪Ψ)) = (ψ(Θ), φ()∪φ(Ψ)). For any q ∈ Q and ι ∈ φ(Υ)∪φ(Ψ), if ψ−1(q) ̸= ϕ,
then m∆(ι)(q) = mψ(Θ)(ι)(q) = 0 and n∆(ι)(q) = nψ(Θ)(ι)(q) = 1. Otherwise,

(i) If ι ∈ φ(Υ) − φ(Ψ), then ∆(ι) = ψ(λ)(ι). On the other hand, ι ∈
φ(Υ) − φ(Ψ) implies there does not exists ϵ ∈ Ψ such that φ(ϵ) = ι. That
is, for any ϵ ∈ φ−1(ι) ∩ (Υ ∪ Ψ), we have ϵ ∈ φ−1(ι) ∩ (Υ − Ψ). Hence by
definition 19, we have

mψ(Θ)(ι)(q) = sup
ϵ∈φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)

= sup
ϵ∈φ−1(ι)∩(Υ−Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)

= sup
ϵ∈φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)

mλ(ϵ)(p)

= m∆(ι)(q)
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Similarly, we obtain nψ(Θ)(ι)(q) = n∆(ι)(q).

(ii) If ι ∈ φ(Ψ) − φ(Υ), analogous to (i) we have mψ(Θ)(ι)(q) = m∆(ι)(q),
nψ(Θ)(ι)(q) = n∆(ι)(q).

(iii) If ι ∈ φ(Υ) ∩ φ(Ψ), then

mψ(Θ)(ι)(q) = sup
ϵ∈φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)

= sup
ϵ∈(φ−1(ι)∩Υ)∪(φ−1(ι)∩Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)

= ( sup
ϵ∈(φ−1(ι)∩Υ)−(φ−1(ι)∩Ψ), p∈ψ−1(q)

mλ(ϵ)(p))∨
( sup
ϵ∈(φ−1(ι)∩Υ)−(φ−1(ι)∩Ψ), p∈ψ−1(q)

max{mλ(ϵ)(p),mµ(ϵ)(p)})∨
( sup
ϵ∈(φ−1(ι)∩Υ)−(φ−1(ι)∩Ψ), p∈ψ−1(q)

mµ(ϵ)(p))

= max


sup

ϵ∈(φ−1(ι)∩Υ), p∈ψ−1(q)

mλ(ϵ)(p),

sup
ϵ∈(φ−1(ι)∩Ψ), p∈ψ−1(q)

mµ(ϵ)(p)


= max

{
mψ(λ)(ι)(q),mψ(µ)(ι)(q)

}
= m∆(ι)(q).

Similarly, we obtain nψ(Θ)(ι)(q) = n∆(ι)(q). Therefore,

fψφ((λ,Υ) ∪ (µ,Ψ)) = fψφ((λ,Υ)) ∪ fψφ((µ,Ψ)).

(d) Suppose that (λ,Υ)∩(µ,Ψ) = (Θ,Υ∪Ψ) and fψφ((λ,Υ)∩(µ,Ψ)) = (ψ(λ), φ(Υ))
∩(ψ(µ), φ(Ψ)) = (∆, φ(Υ)∪φ(Ψ)). Then fψφ((λ,Υ)∩((µ,Ψ)) = (ψ(Θ), φ(Υ∪
Ψ)) = (ψ(Θ), φ(Υ)∪φ(Ψ)). For any q ∈ Q and ι ∈ φ(Υ)∪φ(Ψ), if ψ−1(q) ̸=
ϕ, then m∆(ι)(q) = mψ(Θ)(ι)(q) = 0 and n∆(ι)(q) = nψ(Θ)(ι)(q) = 1. Other-
wise,

(i) If ι ∈ φ(Υ) − φ(Ψ), then ∆(ι) = ψ(λ)(ι). On the other hand, ι ∈
φ(Υ) − φ(Ψ) implies there does not exists ϵ ∈ Ψ such that φ(ϵ) = ι. That
is, for any ϵ ∈ φ−1(ι) ∩ (Υ ∪ Ψ), we have ϵ ∈ φ−1(ι) ∩ (Υ − Ψ). Hence by
definition 19, we have

mψ(Θ)(ι)(q) = sup
ϵ∈φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)

= sup
ϵ∈φ−1(ι)∩(Υ−Ψ), p∈ψ−1(q)

mΘ(ϵ)(p)
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= sup
ϵ∈φ−1(ι)∩(Υ−Ψ), p∈ψ−1(q)

mλ(ϵ)(p)

≤ min


sup

ϵ∈(φ−1(ι)∩Υ), p∈ψ−1(q)

mλ(ϵ)(p),

sup
ϵ∈(φ−1(ι)∩Ψ), p∈ψ−1(q)

mµ(ϵ)(p)


= min{mψ(λ)(ι)(q),mψ(µ)(ι)(q)}
= m∆(ι)(q).

Similarity, we obtain nψ(Θ)(ι)(q) ≥ n∆(ι)(q).

(ii) If ι ∈ φ(Υ) − φ(Ψ), analogous to (i) we have mψ(Θ)(ι)(q) = m∆(ι)(q),
nψ(Θ)(ι)(q) = n∆(ι)(q).

(iii) If ι ∈ φ(Υ) ∩ φ(Ψ), then

mψ(Θ)(ι)(q) = sup
ϵ∈φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)=

mΘ(ϵ)(p)

= sup
ϵ∈(φ−1(ι)∩(Υ∪Ψ), p∈ψ−1(q)

max{mλ(ϵ)(p),mµ(ϵ)(p)}

≤ max


sup

ϵ∈(φ−1(ι)∩Υ), p∈ψ−1(q)

mλ(ϵ)(p),

sup
ϵ∈(φ−1(ι)∩Ψ), p∈ψ−1(q)

mµ(ϵ)(p)


= max{mψ(λ)(ι)(q),mψ(µ)(ι)(q)}
= m∆(ι)(q).

Similarly, we obtain nψ(Θ)(ι)(q) = n∆(ι)(q). Therefore,

fψφ((λ,Υ) ∩ ((µ,Ψ)) ⊂ fψφ((λ,Υ)) ∩ fψφ((µ,Ψ)).

(e) Suppose that (λ,Υ) ⊂ (µ,Ψ). Then Υ ⊂ Ψ and for any ϵ ∈ Υ and p ∈ P we
have ψ(Υ) ⊂ ψ(Ψ). we have,

mψ(λ)(ι)(q) =

 sup
ϵ∈(φ−1(ι)∩Υ), p∈ψ−1(q)

mλ(ϵ)(p), ψ−1(q) ̸= ϕ,

0 otherwise

≤

 sup
ϵ∈(φ−1(ι)∩Ψ), p∈ψ−1(q)

mµ(ϵ)(p), ψ−1(q) ̸= ϕ,

0 otherwise

= mψ(µ)(ι)(q)
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Similarly, we obtain nψ(λ)(ι)(q) ≥ nψ(µ)(ι)(q). Therefore,

fψφ((λ,Υ)) ⊂ fψφ((µ,Ψ)).

Theorem 3.4. Let fψφ : FFSS(P,Σ) → FFSS(Q,Ω) be a Fermatean fuzzy soft
mapping. Then for (ξ, χ), (ζ, κ) ∈ FFSS(Q,Ω), we have,

(a) f−1
ψφ(Φ̃) = Φ̃.

(b) f−1
ψφ(Q̃) = P̃.

(c) f−1
ψφ((ξ, χ) ∪ ((ζ, κ)) = f−1

ψφ((ξ, χ)) ∪ f
−1
ψφ((ζ, κ)).

(d) f−1
ψφ((ξ, χ) ∩ ((ζ, κ)) ⊂ f−1

ψφ((ξ, χ)) ∩ f
−1
ψφ((ζ, κ)).

(e) If (ξ, χ) ⊂ (ζ, κ) then f−1
ψφ(ξ, χ) ⊂ f−1

ψφ(ζ, κ).

(f) f−1
ψφ((ξ, χ)

c) = (f−1
ψφ((ξ, χ)))

c

Proof. Straightforward.

4. Fermatean Fuzzy Soft Continuous Mappings

Definition 4.1. Let (P,Γ1,Σ) and (Q,Γ2,Ω) be two FFST Ss, a Fermatean fuzzy
soft mapping fψφ : FFSS(P,Σ) → FFSS(Q,Ω) is Fermatean fuzzy soft continu-
ous if f−1

ψφ((µ,Ω)) ∈ Γ1, ∀ (µ,Ω) ∈ Γ2.

Example 4.2. Let P = {p1, p2},Q = {q1, q2},Σ = {ϵ1, ϵ2},Ω = {ι1, ι2} and
(ξ1,Σ), (ξ2,Σ) be FFSSs over P, defined as follows:

(ξ1,Σ) =

{
(ϵ1, {< p1, 0.85, 0.65 >,< p2, 0.9, 0.5 >}),
(ϵ2, {< p1, 0.9, 0.4 >,< p2, 0.75, 0.85 >}

}
(ξ2,Σ) =

{
(ϵ1, {< p1, 0.65, 0.75 >,< p2, 0.6, 0.7 >}),
(ϵ2, {< p1, 0.7, 0.85 >,< p2, 0.6, 0.95 >}

}
.

Then Γ1 = {Φ,P, (ξ1,Σ), (ξ2,Σ)} is a FFST over P and hence (P,Γ1,Σ) is a
FFST S. Let Γ2 = {Φ,Q, (δ1,Ω), (δ2,Ω)} where (δ1,Ω), (δ2,Ω) are FFSS over Q,
defined as follows:

(δ1,Ω) =

{
(ι1, {< q1, 0.85, 0.65 >,< q2, 0.9, 0.5 >}),
(ι2, {< q1, 0.9, 0.4 >,< q2, 0.75, 0.85 >}

}
(δ2,Ω) =

{
(ι2, {< q1, 0.65, 0.75 >,< q2, 0.6, 0.7 >}),
(ι2, {< q1, 0.7, 0.85 >,< q2, 0.6, 0.95 >}

}
.
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Then Γ2 is a FFST over Q and hence (Q,Γ2,Ω) is a FFST S. Let fψφ :
FFSS(P,Γ1,Σ) → FFSS(Q,Γ2,Ω) be a Fermatean fuzzy soft mapping defined
as follows:

ψ(p1) = q1 φ(ϵ1) = ι1

ψ(p2) = q2 φ(ϵ2) = ι2

It can be easily verified that f−1
ψφ(δ,Ω) ∈ Γ1, ∀ (δ,Ω) ∈ Γ2. Thus fψφ is a Fermatean

fuzzy soft continuous mapping.

Theorem 4.3. A Fermatean fuzzy soft mapping fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω) is
Fermatean fuzzy soft continuous if and only if f−1

ψφ((δ,Ω)) ∈ FFSC(P,Σ), ∀ (δ,Ω) ∈
FFSC(Q,Ω).
Proof. Let (δ,Ω) ∈ FFSC(Q,Ω). Then (δ,Ω)c ∈ Γ2. Since fψφ is continuous
(f−1
ψφ((δ,Ω)))

c =f−1
ψφ((δ,Ω)

c) ∈ Γ1. Hence f
−1
ψφ((δ,Ω)) ∈ FFSC(P,Σ).

Conversely, suppose that f−1
ψφ((δ,Ω)) ∈ FFSC(P,Σ) whenever (δ,Ω) ∈ FFSC

(Q,Ω). Let (ξ,Ω) ∈ Γ2. Then (ξ,Ω)c ∈ FFSC(Q,Ω). Therefore by hypoth-
esis f−1

ψφ((ξ,Ω)
c) ∈ FFSC(P,Σ) . But f−1

ψφ((ξ,Ω)
c) = (f−1

ψφ((ξ,Ω)))
c, we have

(f−1
ψφ((ξ,Ω)))

c ∈ FFSC(P,Σ). This implies that f−1
ψφ((ξ,Ω)) ∈ Γ1. Hence fψφ

is Fermatean fuzzy soft continuous.

Theorem 4.4. A Fermatean fuzzy soft mapping fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω) is
Fermatean fuzzy soft continuous if and only if f−1

ψφ(Int(δ,Ω)) ⊂ Int(f−1
ψφ((δ,Ω)),

∀ (δ,Ω) ∈ FFSS(Q,Ω).
Proof. Suppose that fψφ is Fermatean fuzzy soft continuous and (δ,Ω) ∈ FFSS
(Q,Ω). Then f−1

ψφ(Int(δ,Ω)) ∈ Γ1 and from Int(δ,Ω) ⊂ (δ,Ω) we obtain that

f−1
ψφ(Int(δ,Ω)) ⊂ f−1

ψφ((δ,Ω)), because Int(f−1
ψφ((δ,Ω)) ∈ Γ is largest such that

Int(f−1
ψφ((δ,Ω)) ⊂ f−1

ψφ((δ,Ω)). Hence f
−1
ψφ(Int(δ,Ω)) ⊂ Int(f−1

ψφ((δ,Ω))).

Conversely, suppose that f−1
ψφ(Int(δ,Ω)) ⊂ Int(f−1

ψφ((δ,Ω))), ∀ (δ,Ω) ∈ FFSS
(Q,Ω). If (δ,Ω) ∈ Γ2, then we have, f−1

ψφ((δ,Ω)) ⊂ f−1
ψφ(Int(δ,Ω)) ⊂ Int(f−1

ψφ((δ,Ω)))

⊂ f−1
ψφ((δ,Ω)). So, f

−1
ψφ((δ,Ω)) ∈ Γ1. Hence fψφ is Fermatean fuzzy soft continuous.

Theorem 4.5. A Fermatean fuzzy soft mapping fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω)
is Fermatean fuzzy soft continuous if and only if fψφ(Cl(ξ,Ω)) ⊂ Cl(fψφ((ξ,Ω)),
∀ (ξ,Ω) ∈ FFSS(Q,Ω).
Proof. Suppose that fψφ is Fermatean fuzzy soft continuous and (ξ,Ω) ∈ FFSS
(P,Σ). Since Cl(fψφ((ξ,Ω))) ∈ FFSC(Q,Ω), f−1

ψφ(Cl(fψφ(ξ,Ω))) ∈ FFSC(P,Σ).
Therefor, Cl(f−1

ψφ(Cl(fψφ((ξ,Ω))))) = f−1
ψφ(Cl(fψφ((ξ,Ω)))) and fψφ((ξ,Ω)) ⊂ Cl

(fψφ((ξ,Ω))). Thus we have (ξ,Ω) ⊂ f−1
ψφ(fψφ((ξ,Ω))) ⊂ f−1

ψφ(Cl(fψφ((ξ,Ω)))).
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It follows that (ξ,Ω) ⊂ Cl(f−1
ψφ(Cl(fψφ((ξ,Ω))))) ⊂ f−1

ψφ(Cl(fψφ((ξ,Ω)))). Hence
fψφ(Cl(ξ,Ω)) ⊂ Cl(fψφ((ξ,Ω))).

Conversely, suppose that fψφ(Cl(ξ,Ω)) ⊂ Cl(fψφ((ξ,Ω))), ∀ (ξ,Ω) ∈ FFSS
(Q,Ω) and (δ,Ω) ∈ FFSS(Q,Ω). So Cl(δ,Ω) = (δ,Ω). By hypothesis, fψφ(Cl
(f−1
ψφ((δ,Ω)))) ⊂ Cl(fψφ(f

−1
ψφ((δ,Ω)))) ⊂ Cl(δ,Ω) = (δ,Ω) is obtained. Hence

Cl(f−1
ψφ((δ,Ω))) = f−1

ψφ((δ,Ω)) and f−1
ψφ((δ,Ω)) ⊂ Cl(f−1

ψφ((δ,Ω))). That is Cl(f−1
ψφ

((δ,Ω))) = f−1
ψφ((δ,Ω)). This implies that f−1

ψφ((δ,Ω)) ∈ FFSC(P,Σ). Hence fψφ is
Fermatean fuzzy soft continuous.

5. Fermatean Fuzzy Soft Open and Closed Mappings

Definition 5.1. Let (P,Γ1,Σ) and (Q,Γ2,Ω) be two FFST Ss. Then the Fer-
matean fuzzy soft mapping fψφ : (P,Γ1,Σ) → (Q,Γ1,Ω) is said to be:

(a) Fermatean fuzzy soft open if fψφ(ξ,Σ) ∈ Γ2, ∀ (ξ,Σ) ∈ Γ1.

(b) Fermatean fuzzy soft closed if fψφ(ξ,Σ) ∈ FFSC(Q,Ω), ∀(ξ,Σ) ∈ FFSC(P,Σ).

Theorem 5.2. Let fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω) be a Fermatean fuzzy soft map-
ping. Then the next statements are equivalent:

(a) fψφ is Fermatean fuzzy soft open.

(b) fψφ(Int(λ,Σ)) ⊂ Int(fψφ(λ,Σ)), ∀ (λ,Σ) ∈ FFSS(P,Σ).

(c) Int(f−1
ψφ(µ,Σ)) ⊂ f−1

ψφ(Int(µ,Σ)), ∀ (µ,Σ) ∈ FFSS(Q,Ω).

Proof. (a) ⇒ (b) Let (λ,Σ) ∈ FFSS(P,Σ). Clearly Int(λ,Σ) ∈ Γ. Since
fψφ is Fermatean fuzzy soft open, fψφ(Int(λ,Σ)) ∈ Γ. Thus, fψφ(Int(λ,Σ)) =
Int(fψφ(λ,Σ)) ⊂ fψφ(Int(λ,Σ)).

(b) ⇒ (c) Let (λ,Σ) ∈ FFSS(Q,Ω). Then f−1
ψφ(λ,Σ) ∈ FFS(P,Σ). Then

By (b) fψφ(Int(f
−1
ψφ(λ,Σ))) ⊂ Int(fψφ(f

−1
ψφ(λ,Σ))) ⊂ Int(λ,Σ). Thus we have

Int(f−1
ψφ(λ,Σ)) ⊂ f−1

ψφ(fψφ(Int(f
−1
ψφ(λ,Σ)))) ⊂ fψφ(Int(λ,Σ).

(c) ⇒ (a) Let (λ,Σ) ∈ FFSS(P,Σ). Then Int(λ,Σ) = (λ,Σ) and fψφ(λ,Σ) ∈
FFSS(P,Σ). By (c) (λ,Σ) = Int(λ,Σ) ⊂ Int(f−1

ψφ(fψφ(λ,Σ))) ⊂ f−1
ψφ(Int(fψφ

(λ,Σ))). Hence we have fψφ(λ,Σ) ⊂ fψφ(f
−1
ψφ(Int(fψφ(λ,Σ)))) ⊂ Int(fψφ(λ,Σ)) ⊂

fψφ(λ,Σ). Thus fψφ(λ,Σ) = Int(fψφ(λ,Σ)) and hence fψφ(λ,Σ) ∈ FFSS(P,Σ).
Therefore fψφ is Fermatean fuzzy soft open.

Theorem 5.3. Let fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω) be a Fermatean fuzzy soft map-
ping. Then the next statements are equivalent:

(a) fψφ is Fermatean fuzzy soft closed.
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(b) Cl(fψφ(λ,Σ)) ⊂ fψφ(Cl(λ,Σ)), ∀ (λ,Σ) ∈ FFSS(P,Σ).

Proof. (a) ⇒ (b) Let (λ,Σ) ∈ FFS(P,Σ). Clearly Cl(λ,Σ) ∈ FFSC(P,Σ). Since
fψφ is Fermatean fuzzy soft closed, fψφ(Cl(λ,Σ)) ∈ FFSC(Q,Ω). Then we have
Cl(fψφ(λ,Σ)) = Cl(fψφ(Cl(λ,Σ))) ⊂ fψφ(Cl(λ,Σ)).

(b) ⇒ (c) Let (λ,Σ) ∈ FFSC(P,Σ). Then Cl(λ,Σ) = (λ,Σ). By (b) Cl(fψφ
(λ,Σ)) ⊂ fψφ(Cl((λ,Σ)) = fψφ(λ,Σ) ⊂ Cl(fψφ(λ,Σ)). Thus fψφ(λ,Σ) = Cl(fψφ
(λ,Σ)) and hence fψφ(λ,Σ) ∈ FFSC(Q,Ω). Therefore fψφ is Fermatean fuzzy soft
closed.

Theorem 5.4. Let fψφ : (P,Γ1,Σ) → (Q,Γ2,Ω) be a bijective Fermatean fuzzy
soft mapping. Then the next statements are equivalent:

(a) fψφ is Fermatean fuzzy soft closed.

(b) Cl(fψφ(Int(λ,Σ))) ⊂ Cl(fψφ(λ,Σ)), ∀ (λ,Σ) ∈ FFSS(P,Σ) .

(c) f−1
ψφ(Cl(µ,Σ)) ⊂ f−1

ψφ(Cl(µ,Σ)), ∀ (µ,Σ) ∈ FFSS(Q,Ω).

Proof. Obvious.

Theorem 5.5. Let (P,Γ1,Σ) and (Q,Γ2,Ω) be two FFST Ss and let fψφ :
FFSS(P,Σ) → FFSS(Q,Ω) be a bijective frematean fuzzy soft mapping. Then
the next statements are equivalent:

(a) fψφ is Fermatean fuzzy soft continuous and frematean fuzzy soft open.

(b) fψφ is Fermatean fuzzy soft continuous and frematean fuzzy soft closed.

(c) fψφ(Cl(λ,Σ)) = Cl(fψφ(λ,Σ)) for every (λ,Σ) ∈ FFS(P,Σ) .

(d) Cl(f−1
ψφ(µ,Σ)) = f−1

ψφ(Cl(µ,Σ)) for every (µ,Σ) ∈ FFSS(Q,Ω).

(e) f−1
ψφ(Int(µ,Σ)) = Int(f−1

ψφ(µ,Σ)) for every (µ,Σ) ∈ FFSS(Q,Ω).

(f) Int(fψφ(λ,Σ)) = fψφ(Int(λ,Σ)) for every (λ,Σ) ∈ FFSS(P,Σ) .

Proof. Easy and left to the readers.

References

[1] Atanassov K. T., Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20 (1986),
87-96.



Mappings on Fermatean Fuzzy Soft Classes 209

[2] Chang C. L., Fuzzy topological spaces, J. Math. Anal. Appl., 24 (1968),
182-190.

[3] Coker D., An introduction to Intuitionistic fuzzy topological spaces, Fuzzy
sets and systems, 88 (1997), 81-89.

[4] Ibrahim H. Z., Fermatean Fuzzy topological spaces, J. Appl. Math. and
Informatics, 40(1-2) (2022), 85-98.

[5] Li Z. and Cui R., On the topological structure of intuitionistic fuzzy soft sets,
Ann. Fuzzy Math. Inform., 5(1) (2013), 229-239.

[6] Maji P. K., Biswas R. and Roy A. R., Fuzzy soft sets, J. Fuzzy Math., 9
(2001), 589-602.

[7] Maji P. K., Biswas R. and Roy A. R., Intuitionistic fuzzy soft sets, J. Fuzzy
Math., 9 (2001), 677-692.

[8] Maji P. K., Biswas R. and Roy A. R., Soft Set Theory, Computers and
Mathematics with Applications, 45(4-5) (2003), 555-562.

[9] Molodtsov D., Soft set theory-First results, Comput. Math. Appl., 37 (1999),
19-31.

[10] Olgun Z., Unver M. and Yard S., Pythagorean fuzzy topological spaces, Com-
plex Intell. Syst., 5 (2019), 1-7.

[11] Prasad A. K., Bajpai J. P. and Thakur S. S., Topological structure on Fer-
matean fuzzy soft sets, Ganita (Accepted).

[12] Peng X., Yang Y., Song J. and Jiang Y., Pyhagorean fuzzy soft set and its
application, Computer Engineering, 41(7) (2015), 224-229.

[13] Senapati T. and Yager R. R., Fermatean fuzzy sets, Journal of Ambient
Intelligence and Humanized Computing, 11 (2020), 663-674.

[14] Shabir M. and Naz M., On soft topological spaces, Comput. Math. Appl.,
61 (2011), 1786-1799.

[15] Sivadas A. and John S. J., Fermatean Fuzzy soft sets and its applications,
Computational Sciences - Modelling, Computing and Soft Computing, Com-
munications in Computer and Information Science, In eds. A. Awasthi, S. J



210 South East Asian J. of Mathematics and Mathematical Sciences

John, and S. Panda, Springer, Singapore (2020), https://doi.org/10.1007/978-
981-16-4772-7-16.

[16] Tanay B. and Kandemir K. B., Topological structure of fuzzy soft sets, Com-
put. Math. Appl. 61 (2011), 2952–2957.

[17] Yager R. R., Pythagorean fuzzy subsets, In : Editor , Pedrycz,W. Refor-
mat,Marek Z.,(eds) Proceedings of the 2013 joint IFSA world congress and
NAFIPS annual meeting (IFSA/NAFIPS) IEEE, Edmonton, Canada, (2013),
57-61.

[18] Yolcu A. and Taha Y. O., Some new results of pythagorean fuzzy soft topo-
logical spaces, TWMS J. App. and Eng. Math, 12(3) (2022), 1107-1122.

[19] Zadeh L. A., Fuzzy sets, Inf. and Control, 8 (1965), 338-353.


