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1. Introduction

Fuzzy sets were introduced by Zadeh[29] in 1965. The fuzzy set concept was the basis of mathematical
testing of the fuzzy concept that exists in our real world and the formation of new branches in mathe-
matics. The fuzzy set concept corresponding to unexplained physical situations gives useful applications
on many topics such as statistics, data processing and linguistics. A lot of research has been done on this
subject since 1965. In 1968, Chang [7] defined the concept of fuzzy topological space and generalized
some basic notions of topology such as open set, closed set, continuity and compactness to fuzzy topo-
logical spaces. The idea of intuitionistic fuzzy set was first published by Atanassov [1] and many works
by the same author and his colleagues appeared in the literature [2,6]. Coker [8] initiated a study of
intuitionistic fuzzy topological spaces. Later Yager [27] launched a non standard fuzzy set referred to as
Phythagorean fuzzy set. Olgun et al., [13] defined a Phythagorean fuzzy topological spaces. Fermatean
fuzzy sets proposed by Senapati and Yager in 2020 [17], can handle uncertain information more easily in
the process of decision making. They defined basic operations over the Fermatean fuzzy sets. Hariwan
Z. Ibrahim defined a Fermatean fuzzy topological spaces and the continuity of a function defind among
Fermatean fuzzy topological spaces. we developed the concept of some stronger and weaker forms of
Fermatean fuzzy open sets in Fermatean fuzzy topological spaces and also specialized some of their basic
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properties with examples. S. Saha [16] defined δ-open sets in fuzzy topological spaces, topological space
by Pankajam et al. [15] and neutrosophic topological space by Vadivel et al. [20]. Lellis Thivagar
et.al [12] explored a new concept of neutrosophic topology, intuitionistic topology and fuzzy topology.
El-Maghrabi and Al-Juhani [9] proposed the concept of M -open sets in topological spaces in 2011 and
examined some of their features. Padma et al. [14] also found M -open sets in topological spaces. Vadivel
et al. [18,19,21] discussed some open sets in fuzzy and neutrosophic topological spaces. Kalaiyarsan et
al. [?] and Vadivel et al. [22] introduced M -open sets in fuzzy and neutrosophic topological spaces.
Research Gap: No investigation on some new mappings such as Fermatean fuzzy M open, Fermatean
fuzzy M closed mappings, Fermatean fuzzy M -Homeomorphism, almost Fermatean fuzzy M totally
mappings, almost Fermatean fuzzy M totally continuous mappings and super Fermatean fuzzy M clopen
continuous functions on Fermatean fuzzy topological space has been reported in the Fermatean fuzzy
literature. In section 2 of this paper is some basic definitions of fs’s, IFS’s PF ′s and FFs’s are briefly
reviewed. In section 3 and 4 we introduce Fermatean fuzzy M open and Fermatean fuzzy M closed map-
pings in Fermatean fuzzy topological spaces. Also, we study about Fermatean fuzzy M Homeomorphism,
almost Fermatean fuzzy M totally mappings, almost Fermatean fuzzy M totally continuous mappings
and super Fermatean fuzzy M clopen continuous functions and discuss their properties in FFts’s.

2. Preliminaries

We recall some basic notions of fuzzy sets, IFS’s, pfs’s and FFs’s.

Definition 2.1 [29] Let X be a nonempty set. A fuzzy set A in X is characterized by a membership
function µA : X → [0, 1]. That is:

µA(x) =


1, if x ∈ X

0, if x /∈ X

(0, 1) if x is partly in X.

Alternatively, a fuzzy set A in X is an object having the form A = {< x, µA(x) > |x ∈ X} or

A =
{〈

µA(x)
x

〉
|x ∈ X

}
, where the function µA(x) : X → [0, 1] defines the degree of membership of the

element, x ∈ X.
The closer the membership value µA(x) to 1, the more x belongs to A, where the grades 1 and 0

represent full membership and full nonmembership. Fuzzy set is a collection of objects with graded
membership, that is, having degree of membership. Fuzzy set is an extension of the classical notion of
set. In classical set theory, the membership of elements in a set is assessed in a binary terms according to
a bivalent condition; an element either belongs or does not belong to the set. Classical bivalent sets are
in fuzzy set theory called crisp sets. Fuzzy sets are generalized classical sets, since the indicator function
of classical sets is special cases of the membership functions of fuzzy sets, if the latter only take values
0 or 1. Fuzzy sets theory permits the gradual assessment of the membership of element in a set; this is
described with the aid of a membership function valued in the real unit interval [0, 1].

Let us consider two examples:
(i) all employees ofXY Z who are over 1.8m in height; (ii) all employees ofXY Z who are tall. The first

example is a classical set with a universe (all XY Z employees) and a membership rule that divides the
universe into members (those over 1.8m) and nonmembers. The second example is a fuzzy set, because
some employees are definitely in the set and some are definitely not in the set, but some are borderline.

This distinction between the ins, the outs, and the borderline is made more exact by the membership
function, µ. If we return to our second example and let A represent the fuzzy set of all tall employees
and x represent a member of the universe X (i.e. all employees), then µA(x) would be µA(x) = 1 if x is
definitely tall or µA(x) = 0 if x is definitely not tall or 0 < µA(x) < 1 for borderline cases.

Definition 2.2 [1] The intuitionistic fuzzy sets are defined on a non-empty sets X as objects having
the form I = {⟨x, µI(x), λI(x)⟩ : x ∈ X}, where µI(x) : X → [0, 1] and λI(x) : X → [0, 1] denote
the degree of memebership and the degree of non-memebership of each element x ∈ X to the set I,
respectively, and 0 ≤ µI(x) + λI(x) ≤ 1, for all x ∈ X.
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Definition 2.3 [1,2,4,5] Let a nonempty set X be fixed. An IFS A in X is an object having the

form: A = {< x, µA(x), λA(x) > |x ∈ X} or A =
{〈

µA(x),λA(x)
x

〉
|x ∈ X

}
, where the functions

µA(x) : X → [0, 1] and λA(x) : X → [0, 1] define the degree of membership and the degree of
nonmembership, respectively, of the element x ∈ X toA, which is a subset ofX, and for every x ∈ X :
0 ≤ µA(x) + λA(x) ≤ 1. For each A in X: πA(x) = 1− µA(x)− λA(x) is the intuitionistic fuzzy set
index or hesitation margin of x in X. The hesitation margin πA(x) is the degree of nondeterminacy
of x ∈ X to the set A and πA(x) ∈ [0, 1]. The hesitation margin is the function that expresses lack
of knowledge of whether x ∈ X or x /∈ X. Thus: µA(x) + λA(x) + πA(x) = 1.

Example 2.1 Let X = {x, y, z} be a fixed universe of discourse and A =
{〈

0.6,0.1
x

〉
,
〈

0.8,0.1
y

〉
,
〈
0.5,0.3

z

〉}
,

be the intuitionistic fuzzy set in X. The hesitation margins of the elements x, y, z to A are as follows:
πA(x) = 0.3, πA(y) = 0.1 and πA(z) = 0.2.

Definition 2.4 [26,27,28] Let X be a universal set. Then, a Pythagorean fuzzy set A, which is
a set of ordered pairs over X, is defined by the following: A = {< x, µA(x), λA(x)|x ∈ X} or

A =
{〈

µA(x),λA(x)
x

〉
|x ∈ X

}
, where the functions µA(x) : X → [0, 1] and λA(x) : X → [0, 1] define

the degree of membership and the degree of nonmembership, respectively, of the element x ∈ X
to A, which is a subset of X, and for every x ∈ X, 0 ≤ (µA(x))

2 + (λA(x))
2 ≤ 1. Supposing

(µA(x))
2 +(λA(x))

2 ≤ 1, then there is a degree of indeterminacy of x ∈ X to A defined by πA(x) =√
1− [(µA(x))2 + (λA(x))2] and πA(x) ∈ [0, 1]. In what follows, (µA(x))

2+(λA(x))
2+(πA(x))

2 = 1.
Otherwise, πA(x) = 0 whenever (µA(x))

2 + (λA(x))
2 = 1. We denote the set of all PFS’s over X

by pfs(X).

Definition 2.5 [17] Let X be a universe of discourse. A Fermatean fuzzy set (FFs) F in X is an
object having the form F = {< x, µF (x), λF (x) >: x ∈ X} where µF (x) : X → [0, 1] and λF (x) :
X → [0, 1], including the condition 0 ≤ (µF (x))

3+(λF (x))
3 ≤ 1, for all x ∈ X. The numbers µF (x)

and λF (x) denote, respectively, the degree of memebership and the degree of non-memebership of
the element x in the set F . For any FFs F and x ∈ X, πF (x) = 3

√
1− [(µF (x))3 − (λF (x))3] is

identified as the degree of interminancy of x to F . In the interest of simplicity, we shall mention
the symbol F = (µF , λF ) for the FFs F = {< x, µF (x), λF (x) : x ∈ X}.

Definition 2.6 [17] Let F = (µF , λF ), F1 = (µF1
, λF1

) and F2 = (µF2
, λF2

), be three Fermatean
fuzzy sets (FFs’s), then their operations are defined as follows:

(i) F1 ∩ F2 = (min{µF1
, µF2

},max{λF1
, λF2

}).
(ii) F1 ∪ F2 = (max{µF1 , µF2},min{λF1 , λF2}).
(iii) F c = (λF , µF ).

Remark 2.1 If µF1 = µF2 and λF1 = λF2 , then F1 = F2

For understanding the Fermatean fuzzy set better, we give an instance to illuminate the understand-
ability of the Fermatean fuzzy set. The point when someone needs will plan as much craving for the
level for an alternative si on a criterion Cj , he might provide for the degree on which that alternative
si fulfils those criteria Cj likewise 0.85, what is more correspondingly the elective si dissatisfies the cri-
terion Cj similarly as 0.65. We can definitely get 0.85 + 0.65 = 1.5 > 1, and, therefore, it does not
follow the condition of intuitionistic fuzzy sets. Also, we can get (0.85)2 + (0.65)2 = 0.7225 + 0.4225 =
1.145 > 1, which does not obey the constraint condition of Pythagorean fuzzy set. However, we can
get (0.85)3 + (0.65)3 = 0.614125 + 0.274625 = 0.88875 ≤ 1, which is good enough to apply the Fer-
matean fuzzy set to control it [17]. Throughout this paper, we use the notation 1F for the Fermatean
fuzzy subset (1, 0) and we use the notation 0F for the Fermatean fuzzy subset (0, 1), that is, µ1F = 1,
λ1F = 0, µ0F = 0, λ0F = 1. A Fermatean fuzzy subset F of a non-empty set X is a pair (µF, λF) of
a membership function (µF(x) : X → [0, 1] and a non-membership function (λF(x) : X → [0, 1] with
(µF(x))

3 + (λF(x))
3 = (γF(x))

3 for any x ∈ X where γF(x) : X → [0, 1] is a function which is called the
strength of commitment at point x.
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Definition 2.7 [10] Let X be a non empty set and τ be a family of Fermatean fuzzy subsets of X. If

(i) 1F , 0F ∈ τ

(ii) for any F1, F2 ∈ τ , we have F1 ∩ F2 ∈ τ ,

(iii) for any {Fi}i∈I ⊂ τ , we have
⋃

i∈I Fi ∈ τ where I is an arbitrary index set then τ is called a
Fermatean fuzzy topology on X.
The pair (X, τ) is said to be a Fermatean fuzzy topological space. Each member of τ is called
an Fermatean fuzzy oprn set. The complement of an Fermatean fuzzy open set is called a
Fermatean fuzzy closed set.

Remark 2.2 [10] As any Intuitionistic fuzzy subset or Phythagorean fuzzy subset of a set can be consid-
ered as Fermatean fuzzy subset, we observe that any Intuitionstic fuzzy topological space or Phythagorean
fuzzy topological space is a Fermatean fuzzy topological space as well. On the other hand, it is obvious that
a Fermatean fuzzy topological space need not be Intuitionistic fuzzy topological space and Phythagorean
fuzzy topological space. Even an Fermatean fuzzy open set maybe neither an Intuitionistic fuzzy set nor
Phythagorean fuzzy set.

Example 2.2 [10] Let X = {c1, c2}. Consider the following family Fermatean fuzzy subsets τ =
{1F , 0F , F1, F2} where F1 = {⟨c1, µF1

(c1) = 0.4, λF1
(c1) = 0.6⟩, ⟨c2, µF1

(c2) = 0.1, λF1
(c2) = 0.3⟩} and

F2 = {⟨c1, µF2
(c1) = 0.9, λF2

(c1) = 0.6⟩, ⟨c2, µF2
(c2) = 0.2, λF2

(c2) = 0.3⟩}. Observe that (X, τ) is a Fer-
matean fuzzy topological space but (X, τ) is neither Intuitionistic fuzzy topological space nor Phythagorean
fuzzy topological space.

Definition 2.8 [10] Let (X, τ) be an FFts and A = {< a, µA(a), λA(a) > |a ∈ X} be an FFs
in X. Then the Fermatean fuzzy interior and the Fermatean fuzzy closure of A are denoted by
FFint(A) and FFcl(A) and are defined as follows: FFint(A) = ∪{G|G is a FFos and G ⊆ A} and
FFcl(A) = ∩{K|K is a FFcs and A ⊆ K}. Also, it can be established that FFcl(A) is an FFcs
and FFint(A) is an FFos, A is an FFcs if and only if FFcl(A) = A and A is an FFos if and only
if FFint(A) = A. We say that A is FF-dense if FFcl(A) = 1F.

Lemma 2.1 [10] For any Fermatean fuzzy set A in (X, τ), we have 1F −FFint(A) = FFcl(1F−A) and
1F − FFcl(A) = FFint(1F −A).

Definition 2.9 [23] Let (X, τ) be a FFts and S = {< s, µS(s), λS(s) > |s ∈ X} be an FFs in X. A
set S is said to be FF

(i) regular open (briefly, FFro) set if S = FFint(FFcl(S)).

(ii) regular closed (briefly, FFrc) set if S = FFcl(FFint(S)).

Definition 2.10 [23] Let (X, τ) be an FFts and S = {< s, µS(s), λS(s) > |s ∈ X} be an FFs in
X. Then the FFδ-interior and the FFδ-closure of S are denoted by FFδint(S) and FFδcl(S) and
are defined as follows. FFδint(S) =

⋃
{G|G is an FFros and G ⊆ S}, FFδcl(S) =

⋂
{K|K is an

FFrcs and S ⊆ K}.

Definition 2.11 [23] Let (X, τ) be a FFts and S = {< s, µS(s), λS(s) > |s ∈ X} be an FFs in X.
A set S is said to be FF

(i) δ-open set (briefly, FFδos) if S = FFδint(S),

(ii) δ-pre open set (briefly, FFδPos) if S ⊆ FFint(FFδcl(S)).

(iii) δ-semi open set (briefly, FFδSos) if S ⊆ FFcl(FFδint(S)).

(iv) e open set (briefly, FFeos ) if S ⊆ FFcl(FFδint(S)) ∪ FFint(FFδcl(S)).

(v) δ (resp. δ-pre, δ-semi and e) dense if FFδcl(S) (resp.FFδPcl(S), FFδScl(S) and FFecl(S)) =
1F.
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The complement of an FFδos (resp. FFδPos, FFδSos and FFeos) is called an FFδ (resp. FFδP,
FFδS and FFe) closed set (briefly, FFδcs (resp. FFδPcs, FFδScs and FFecs)) in X.

The family of all FFδos (resp. FFδcs, FFδPos, FFδPcs, FFδSos, FFδScs, FFeos and FFecs) ofX
is denoted by FFδOS(X), (resp. FFδCS(X), FFδPOS(X), FFδPCS(X),FFδSOS(X),FFδSCS(X),
FFeOS(X) and FFeCS(X)).

Definition 2.12 [23] Let (X, τ) be an FFts and S = {< s, µS(s), λS(s) > |s ∈ X} be an FFs in X.
Then the FFδ-pre (resp. FFδ-semi and FFe)-interior and the FFδ-pre (resp. FFδ-semi and FFe)-
closure of S are denoted by FFδPint(S) (resp. FFδSint(S) and FFeint(S)) and the FFδPcl(S)
(resp. FFδScl(S) and FFecl(S)) and are defined as follows:

FFδPint(S) (resp. FFδSint(S) and FFeint(S)) =
⋃
{G|G is a FFδPos (resp. FFδSos and FFeos)

and G ⊆ S} and FFδPcl(S) (resp. FFδScl(S) and FFecl(S)) =
⋂
{K|K is an FFδPcs (resp.

FFδScs and FFecs) and S ⊆ K}.

Definition 2.13 [24] Let (X1, τ1) and (X2, τ2) be any two FFts’s. A mapping hF : (X1, τ1) → (X2, τ2)
is said to be a Fermatean fuzzy (resp. δ, δP and δS )-continuous (briefly, FFCts (resp. FFδCts,
FFδPCts and FFδSCts)) if the inverse image of every FFos in (X2, τ2) is a FFos (resp. FFδos,
FFδPos and FFδSos) in (X1, τ1).

Definition 2.14 [25]Let (X1, τ1) and (X2, τ2) be two FFts. A function hF : (X1, τ1) → (X2, τ2) is
said to be Fermatean fuzzy (resp. δ, δS and δP) open map (briefly, FFO (resp. FFδO, FFδSO
and FFδPO)) if the image of each FFc set in X1 is FFo (resp. FFδo, FFδSo and FFδPo)-set in
X2.

Definition 2.15 [25] Let (X1, τ1) and (X2, τ2) be two FFts. A function hF : (X1, τ1) → (X2, τ2) is
said to be Fermatean fuzzy (resp. δ, δS and δP) closed map (briefly, FFC (resp. FFδC, FFδSC
and FFδPC)) if the image of each FFc set in X1 is FFc (resp. FFδc, FFδSc and FFδPc)-set in
X2.

3. Fermatean Fuzzy M homeomorphism

The purpose of this section is to introduces the idea of Fermatean fuzzy M homeomorphism in FFts
and establish some of their attributes.

Definition 3.1 Let (X, τ) be a FFts and S be a FFs in X. A set S is said to be FF

(i) θ-interior of S (briefly, FFθint(S)) is defined by

FFθint(S) =
⋃
{FFint(T ) : T ⊆ S & T is a FFcs in X}.

(ii) θ-open set (briefly, FFθos) if S = FFθint(S).

(iii) θ -semi open set (briefly, FFθSos) if S ⊆ FFcl(FFθint(S)).

(iv) M -open set (briefly, FFMos) if S ⊆ FFcl(FFθint(S)) ∪ FFint(FFδcl(S)).

The complement of a FFMos (resp. FFθos & FFθSos) is called an FFM (resp. FFθ & FFθS) closed
set (briefly, FFMcs (resp. FFθcs & FFθScs)) in X.

The family of all FFθos (resp. FFθcs, FFθSos, FFθScs, FFMos and FFMcs) of X is denoted by
FFθOS(X) (resp. FFθCS(X), FFθSOS(X), FFθSCS(X), FFMOS(X) and FFMCS(X)).

Definition 3.2 Let (X, τ) be a FFts and S be a FFs in X. Then the FF

(i) M -interior (resp. FFθ-interior and FFθ-semi interior) of S (briefly,
FFMint(S) (resp. FFθint(S), FFθSint(S)) is defined by FFMint(S) (resp. FFθint(S)
and FFθSint(S)) =

⋃
{T : T ⊆ S and T is a FFMos (resp. FFθos and FFθSos) in X}.

(ii) M -closure (resp. θ-closure and θ-semi closure) of S (briefly, FFMcl(S) (resp. FFθcl(S) &
FFθScl(S)) is defined by FFMcl(S) (resp. FFθcl(S) and FFθScl(S)) =

⋂
{T : S ⊆ T and T

is a FFMcs (resp. FFθcs and FFθScs) in X}.
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Theorem 3.1 Let K be a Fermatean fuzzy subset of a space (X, τ) Then

(i) K is a FFMo set iff K = FFMint(K),

(ii) K is a FFMc set iff K = FFMcl(K).

Definition 3.3 Let (X1, τ1) and (X2, τ2) be any two FFts’s. A mapping hF : (X1, τ1) → (X2, τ2) is
said to be a Fermatean fuzzy M (resp. θ, θS and e )-continuous (briefly, FFMCts (resp. FFθCts,
FFθSCts and FFeCts)) if the inverse image of every FFos in (X2, τ2) is a FFMos (resp. FFθos,
FFθSos and FFeos) in (X1, τ1).

Definition 3.4 Let (X1, τ1) and (X2, τ2) be two FFts. A function hF : (X1, τ1) → (X2, τ2) is said to
be Fermatean fuzzy M (resp. θ, θS and e) open map (briefly, FFMO (resp. FFθO, FFθSO and
FFeO)) if the image of each FFo set in X1 is FFMo (resp. FFθo, FFθSo and FFeo)-set in X2.

Definition 3.5 Let (X1, τ1) and (X2, τ2) be two FFts. A function hF : (X1, τ1) → (X2, τ2) is said to
be Fermatean fuzzy M (resp. θ, θS and e) closed map (briefly, FFMC (resp. FFθC, FFθSC and
FFeC)) if the image of each FFc set in X1 is FFMc (resp. FFθc, FFθSc and FFec)-set in X2.

Definition 3.6 Let (X1, τF(F1)) and (X2, τF(F2)) be FFts. A mapping hF : (X1, τ1) → (X2, τ2) is
said to be a Fermatean fuzzy (resp. θ, θS, δP, δ, δS, e and M) homeomorphism (briefly, FFHom
(resp. FFθHom, FFθSHom, FFδPHom, FFδHom, FFδSHom, FFeHom and FFMHom)) if
hF is bijective, FFCts (resp. FFθCts, FFθSCts, FFδPCts, FFδCts, FFδSCts, FFeCts and
FFMCts) function and FFCts (resp. FFθCts, FFθSCts, FFδPCts, FFδCts, FFδSCts, FFeCts
and FFMCts) mapping.

Proposition 3.1 Let (X1, τ1) & (X2, τ2) be a FFts’s. Let hF : (X1, τ1) → (X2, τ2) be a mapping. Then
the following statements are hold for FFts, but not conversely.

(i) Every FFθHom is a FFHom.

(ii) Every FFθHom is a FFθSHom.

(iii) Every FFθSHom is a FFMHom.

(iv) Every FFδHom is a FFHom.

(v) Every FFδHom is a FFδSHom.

(vi) Every FFδHom is a FFδPHom.

(vii) Every FFδSHom is a FFeHom.

(viii) Every FFδPHom is a FFMHom.

(ix) Every FFMHom is a FFeHom.

Proof: (i) Let hF be FFθHom, then hF and h−1
F are FFθCts. But every FFθCts function is FFCts.

Hence, hF and h−1
F are FFCts. Therefore, hF is a FFHom.

(ii) Let hF be FFθHom, then hF and h−1
F are FFθCts. But every FFθCts function is FFθSCts.

Hence, hF and h−1
F are FFθSCts. Therefore, hF is a FFθSHom.

(iii) Let hF be FFθSHom, then hF and h−1
F are FFθSCts. But every FFθSCts function is FFMCts.

Hence, hF and h−1
F are FFMCts. Therefore, hF is a FFMHom.

(iv) Let hF be FFδHom, then hF and h−1
F are FFδCts. But every FFδCts function is FFCts. Hence,

hF and h−1
F are FFCts. Therefore, hF is a FFHom.

(v) Let hF be FFδHom, then hF and h−1
F are FFδCts. But every FFδCts function is FFδSCts.

Hence, hF and h−1
F are FFδSCts. Therefore, hF is a FFδSHom.
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(vi) Let hF be FFδHom, then hF and h−1
F are FFδCts. But every FFδCts function is FFδPCts.

Hence, hF and h−1
F are FFδPCts. Therefore, hF is a FFδPHom.

(vii) Let hF be FFδSHom, then hF and h−1
F are FFδSCts. But every FFδSCts function is FFeCts.

Hence, hF and h−1
F are FFeCts. Therefore, hF is a FFeHom.

(viii) Let hF be FFδPHom, then hF and h−1
F are FFδPCts. But every FFδPCts function is FFMCts.

Hence, hF and h−1
F are FFMCts. Therefore, hF is a FFMHom.

(ix) Let hF be FFMHom, then hF and h−1
F are FFMCts. But every FFMCts function is FFeCts.

Hence, hF and h−1
F are FFeCts. Therefore, hF is a FFeHom.

2

Remark 3.1 We obtain the following diagram from the results are discussed above.

FFθHom - FFHom

?

6

FFθSHom FFδHom

? ?

�
�

�	

FFδPHom

FFMHom FFδSHom

FFeHom

�
�

�	

@
@
@R

�
�

�	

Note: A → B denotes A implies B, but not conversely.

Example 3.1 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2, A3 and A4 are defined as
αA1(a) = 0.2, βA1(a) = 0.8,
αA1

(b) = 0.4, βA1
(b) = 0.6;

αA2
(a) = 0.1, βA2

(a) = 0.9,
αA2

(b) = 0.3, βA2
(b) = 0.7;

αA3(a) = 0.9, βA3(a) = 0.1,
αA3(b) = 0.7, βA3(b) = 0.7;
αA4

(a) = 0.2, βA4
(a) = 0.8,

αA4
(b) = 0.3, βA4

(b) = 0.7;
Let τ1 = τ2 = τ = {0F, 1F, A1, A2, A3, A4} be a FFts on X and let hF : (X1, τ1) → (X2, τ2) be an
identity function, Then hF is FFHom (resp. FFδPHom) but not FFδHom (resp. FFδHom ). Since,
A4 is a FFo set in X2 but h−1

F (A4) = A4 is not FFδo (resp. FFδo) set in X1.

Example 3.2 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2, A3 and A4 are defined as
αA1(a) = 0.4, βA1(a) = 0.6,
αA1

(b) = 0.5, βA1
(b) = 0.5;

αA2
(a) = 0.6, βA2

(a) = 0.4,
αA2

(b) = 0.6, βA2
(b) = 0.4;

αA3(a) = 0.7, βA3(a) = 0.3,
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αA3
(b) = 0.6, βA3

(b) = 0.4;
αA4(a) = 0.4, βA4(a) = 0.6,
αA4(b) = 0.4, βA4(b) = 0.6;
Let τ1 = τ2 = τ = {0F, 1F, A1, A2, A3, A4} be a FFts on X and let hF : (X1, τ1) → (X2, τ2)
be an identity function, Then hF is FFδSHom but not FFδHom. Since, A3 is a FFo set in X2 but
h−1
F (A3) = A3 is not FFδo set in X1.

Example 3.3 Let X1 = X2 = X = {a, b} and the FFs’s A1 and A2 are defined as

A1 = {< x1, 0.20, 0.70 >,< x2, 0.10, 0.80 >}
A2 = {< x1, 0.30, 0.60 >,< x2, 0.40, 0.50 >}.

Let τ1 = τ2 = τ = {0F, 1F, A1, A2} be a FFts on X and let hF : (X1, τ1) → (X2, τ2) be an identity
function, Then hF is FFHom but not FFθHom. Since, A1 is a FFo set in X2 but h−1

F (A1) = A1 is not
FFθo set in X1.

Example 3.4 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2 and A3 are defined as

A1 = {< x1, 0.90, 0.10 >,< x2, 0.70, 0.30 >}
A2 = {< x1, 0.10, 0.90 >,< x2, 0.30, 0.70 >}
A3 = {< x1, 0.20, 0.80 >,< x2, 0.40, 0.60 >}.

Let τ1 = τ2 = τ = {0F, 1F, A1, A2, A3} be a FFts on X and let hF : (X1, τ1) → (X2, τ2) be
an identity function, Then hF is FFMHom but not FFθSHom. Since, A3 is a FFo set in X2 but
h−1
F (A3) = A3 is not FFθSo set in X1.

Example 3.5 Let X1 = X2 = X = {a, b} and the FFs’s A1, B1 and B2 are defined as

A1 = {< x1, 0.10, 0.90 >,< x2, 0.30, 0.70 >}
B1 = {< x1, 0.30, 0.70 >,< x2, 0.40, 0.60 >}
B2 = {< x1, 0.20, 0.80 >,< x2, 0.30, 0.70 >}.

Let τ1 = {0F, 1F, A1} and τ2 = {0F, 1F, B1, B2} be a FFts on X1 and X2. Let hF : (X1, τ1) →
(X2, τ2) be an identity function, Then hF is FFeHom (resp. FFeHom) but not FFMHom (resp.
FFδSHom). Since, (i) B1 is a FFo set in X2 but h−1

F (B1) = B1 is not FFMo set in X1. (ii) A1

is a FFo set in X2 but h−1
F (A1) = A1 is not FFδSo set in X1.

Theorem 3.2 Let (X1, τ1) and (X2, τ2) be two FFts and hF : (X1, τ1) → (X2, τ2) be a bijective function.
Then hF is a FFMHom if and only if hF is a FFMCts function and FFMC mapping.

Proof: Let hF be a FFMHom. From Definition 3.6 hF is a FFMCts function. From Theorem ??, we
have h−1

F is a FFMC function. So, (h−1
F )−1 = hF is a FFMC function. 2

Theorem 3.3 Let gF : (X1, τ1) → (X2, τ2) be a bijective mapping. If gF is FFMCts, then the following
statements are equivalent:

(a) gF is a FFMC mapping.

(b) gF is a FFMO mapping.

(c) g−1
F is a FFMHom.
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Proof: (a) ⇒ (b) Let us assume that gF is a bijective mapping and a FFMC mapping. Hence, g−1
F is a

FFMCts mapping. Since each FFo set is a FFMo set, gF is a FFMO mapping.
(b) ⇒ (c) Let gF be a bijective and FFMO mapping. Furthermore, g−1

F is a FFMCts mapping.

Hence, gF and g−1
F are FFMCts. Therefore, gF is a FFMHom.

(c) ⇒ (a) Let gF be a FFMHom. Then gF and g−1
F are FFMCts. Since each FFc set in X1 is a

FFMc set in X2, hence gF is a FFMC mapping. 2

Remark 3.2 Theorems 3.2 and 3.3 are holds for FFo, FFθo, FFθSo & FFδPo sets.

4. Fermatean fuzzy M-C homeomorphism

Definition 4.1 Let (X1, τF(F1)) and (X2, τF(F2)) be FFts. A mapping hF : (X1, τ1) → (X2, τ2)
is said to be a Fermatean fuzzy (resp. θ, θS, δP, δ, δS, e and M) C homeomorphism (briefly,
FFCHom (resp. FFθCHom, FFθSCHom, FFδPCHom, FFδCHom, FFδSCHom, FFeCHom
and FFMCHom)) if hF is bijective, FFIrr (resp. FFθIrr, FFθSIrr, FFδPIrr, FFδIrr, FFδSIrr,
FFeIrr and FFMIrr) function and FFIrr (resp. FFθIrr, FFθSIrr, FFδPIrr, FFδIrr, FFδSIrr,
FFeIrr and FFMIrr) mapping.

Proposition 4.1 Let (X1, τ1) & (X2, τ2) be a FFts’s. Let hF : (X1, τ1) → (X2, τ2) be a mapping. Then
the following statements are hold for FFts, but not conversely.

(i) Every FFHom is a FFCHom.

(ii) Every FFθHom is a FFθCHom.

(iii) Every FFδHom is a FFδCHom.

(iv) Every FFδSCHom is a FFδSHom.

(v) Every FFδPCHom is a FFδPHom.

(vi) Every FFθSCHom is a FFθSHom.

(vii) Every FFMCHom is a FFMHom.

(viii) Every FFeCHom is a FFeHom.

Proof: (i) Let us assume that K be a FFcs in (X2, τ2). This shows that K is a FFMcs in (X2, τ2). By
assumption, h−1

F (K) is a FFMcs in (X1, τ1). Hence, hF is a FFMCts mapping. Hence, hF and h−1
F are

FFMCts mappings. Hence hF is a FFMHom. The proof of other cases are similar. 2

Example 4.1 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2, A3 and A4 are defined as
αA1

(a) = 0.2, βA1
(a) = 0.8,

αA1
(b) = 0.4, βA1

(b) = 0.6;
αA2(a) = 0.1, βA2(a) = 0.9,
αA2(b) = 0.3, βA2(b) = 0.7;
αA3

(a) = 0.9, βA3
(a) = 0.1,

αA3
(b) = 0.7, βA3

(b) = 0.3;
αA4

(a) = 0.2, βA4
(a) = 0.8,

αA4(b) = 0.3, βA4(b) = 0.7;
Let τ1 = {0F, 1F, A1, A2, A3, A4}, τ2 = {0F, 1F, A1, A2, A3} be a FFts on X1 and X2; and let
hF : (X1, τ1) → (X2, τ2) be an identity function, Then hF is FFCHom (resp. FFδCHom) but not
FFHom (resp. FFδHom). Since, A4 is a FFo set in X2 but (h−1

F )−1(A4) = A4 is not FFo (resp. FFδo
) set in X1.
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Example 4.2 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2, A3, A4, B1, B2 and B3 are defined as

A1 = {< x1, 0.20, 0.80 >,< x2, 0.40, 0.60 >}
A2 = {< x1, 0.10, 0.90 >,< x2, 0.30, 0.70 >}
A3 = {< x1, 0.90, 0.10 >,< x2, 0.70, 0.30 >}
A4 = {< x1, 0.20, 0.80 >,< x2, 0.30, 0.70 >}
B1 = {< x1, 0.90, 0.10 >,< x2, 0.70, 0.30 >}
B2 = {< x1, 0.10, 0.90 >,< x2, 0.30, 0.70 >}
B3 = {< x1, 0.20, 0.80 >,< x2, 0.40, 0.60 >}.

Let τ1 = {0F, 1F, A1, A2, A3, A4}, τ2 = {0F, 1F, B1, B2, B3} be a FFts on X1 and X2; and let
hF : (X1, τ1) → (X2, τ2) be an identity function, Then hF is FFθCHom but not FFθHom. Since, A4 is
a FFo set in X2 but (h−1

F )−1(A4) = A4 is not FFθo set in X1.

Example 4.3 Let X1 = X2 = X = {a, b} and the FFs’s A1, A2, B1 and B2 are defined as

A1 = {< x1, 0.20, 0.70 >,< x2, 0.10, 0.80 >}
A2 = {< x1, 0.30, 0.60 >,< x2, 0.40, 0.50 >}
B1 = {< x1, 0.10, 0.90 >,< x2, 0.20, 0.90 >}
B2 = {< x1, 0.20, 0.90 >,< x2, 0.40, 0.70 >}.

Let τ1 = {0F, 1F, A1, A2}, τ2 = {0F, 1F, B1, B2} be a FFts on X1 and X2; and let hF : (X1, τ1) →
(X2, τ2) be an identity function, Then hF is FFMHom but not FFMCHom. Since, A2 is a FFo set in
X2 but (h−1

F )−1(A2) = A2 is not FFMo set in X1.

Example 4.4 Let X1 = X2 = X = {a, b} and the FFs’s A1, B1 and B2 are defined as

A1 = {< x1, 0.10, 0.90 >,< x2, 0.30, 0.70 >}
A2 = {< x1, 0.20, 0.80 >,< x2, 0.40, 0.60 >}
B1 = {< x1, 0.30, 0.70 >,< x2, 0.40, 0.60 >}
B2 = {< x1, 0.20, 0.80 >,< x2, 0.30, 0.70 >}.

Let τ1 = {0F, 1F, A1}, τ2 = {0F, 1F, B1, B2} be a FFts on X1 and X2; and let hF : (X1, τ1) → (X2, τ2)
be an identity function, Then hF is FFeHom but not FFeCHom. Since, Ac

2 is a FFeo set in X2 but
(h−1

F )−1(Ac
2) = Ac

2 is not FFeo set in X1.

Theorem 4.1 If hF : (X1, τ1) → (X2, τ2) is a FFMHom, then FFMcl(h−1
F (K)) ⊆ h−1

F (FFcl(K)) for
each FFs K in (X2, τ2).

Proof: Let K be a FFs in (X2, τ2). Then, FFcl(K) is a FFcs in (X2, τ2), and every FFcs is a FFMcs in
(X2, τ2). Assume hF is FFMIrr and h−1

F (FFcl(K)) is a FFMcs in (X1, τ1). Then, FFcl(h−1
F (FFcl(K)))

= h−1
F (FFcl(K)). Here, FFMcl(h−1

F (K)) ⊆ FFMcl(h−1
F (FFcl(K))) = h−1

F (FF cl(K)). Therefore,

FFMcl (h−1
F (K)) ⊆ h−1

F (FFcl(K)) for every FFs K in (X2, τ2). 2

Theorem 4.2 Let hF : (X1, τ1) → (X2, τ2) be a FFMCHom. Then FFMcl(h−1
F (K)) = h−1

F (FFMcl(K))
for each FFs K in (X2, τ2).
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Proof: Since hF is a FFMCHom, hF is a FFMIrr mapping. Let K be a FFs in (X2, τ2). Clearly,
FFMcl(K) is a FFMcs in (X2, τ2). Then FFMcl(K) is a FFMcs in (X2, τ2). Since h−1

F (K) ⊆
h−1
F (FFMcl(K)), then FFMcl(h−1

F (K)) ⊆ FFMcl(h−1
F (FFMcl(K))) = h−1

F (FFMcl(K)). Therefore,

FF Mcl(h−1
F (K)) ⊆ h−1

F (FFMcl(K)). Let hF be a FFMC Hom. h−1
F is a FFMIrr mapping. Let

us consider FFs h−1
F (K) in (X1, τ1), which implies FFMcl(h−1

F (K)) is a FFMcs in (X1, τ1). Hence,

FFMcl(h−1
F (K)) is a FFMcs in (X1, τ1). This implies that (h−1

F )−1(FFMcl(h−1
F (K))) = hF(FFMcl(h−1

F

(K))) is a FFMcs in (X2, τ2). This proves K = (h−1
F )−1(h−1

F (K)) ⊆ (h−1
F )−1(FFMcl(h−1

F (K))) =

hF(FFMcl(h−1
F (K))). Therefore, FFMcl(K) ⊆ FFMcl(hp(FFMcl(h−1

F (K)))) = hF(FFMcl(h−1
F (K))),

since h−1
F is a FFMIrr mapping. Hence, h−1

F (FFMcl(K)) ⊆ h−1
F (hF(FFMcl(h−1

F (K)))) = FFMcl(h−1
F

(K)). That is, h−1
F (FFMcl(K)) ⊆ FFMcl(h−1

F (K)). Hence, FFMcl(h−1
F (K)) = h−1

F (FFMcl(K)). 2

Remark 4.1 Theorems 4.1 and 4.2 are also true if hF is a FFCHom (resp. FFδCHom, FFθCHom,
FFθSCHom, FFδSCHom, FFMCHom, FFeCHom & FFδPCHom.)

Theorem 4.3 If hF : (X1, τ1) → (X2, τ2) and gF : (X2, τ2) → (X3, τ3) are FFCHom (resp. FFθCHom,
FFθSCHom, FFδPCHom, FFδCHom, FFδSCHom, FFeCHom and FFMCHom)’s, then gF ◦ hF is
a FFCHom (resp. FFθCHom, FFθSCHom, FFδPCHom, FFδCHom, FFδSCHom, FFeCHom and
FFMCHom).

Proof: Let hF and gF be two FFMCHom’s. Assume K is a FFMcs in (X3, τ3). Then, g−1
F (K) is a

FFMcs in (X2, τ2). Then, by hypothesis, h−1
F (g−1

F (K)) is a FFMcs in (X1, τ1). Hence, gF ◦ hF is a
FFMIrr mapping. Now, let K be a FFMcs in (X1, τ1). Then, by presumption, hF(K) is a FFMcs in
(X2, τ2). Then, by hypothesis, gF(hF(K)) is a FFMcs in (X3, τ3). This implies that gF ◦hF is a FFMIrr
mapping. Hence, gF ◦ hF is a FFMCHom. The proof of other cases are similar. 2

5. Almost Fermatean fuzzy M totally mappings

In this section, we introduce almost Fermatean fuzzy M totally mappings and we discuss some basic
properties.

Definition 5.1 A function hF : (X1, τ1) → (X2, τ2) is said to be

(i) Almost Fermatean fuzzy (resp. θ, θS, δP and M) open map (briefly, AFFO (resp. AFFθO,
AFFθSO, AFFδPO and AFFMO)) if the image of each FFro set in X1 is FFo (resp. FFθo,
FFθSo, FFδPo and FFMo)-set in X2.

(ii) Almost Fermatean fuzzy (resp. θ, θS, δP and M) closed map (briefly, AFFC (resp. AFFθC,
AFFθSC, AFFδPC and AFFMC)) if the image of each FFrc set in X1 is FFc (resp. FFθc,
FFθSc, FFδPc and FFMc)-set in X2.

(iii) Almost Fermatean fuzzy (resp. θ, θS, δP and M) clopen map (briefly, AFFclO (resp.
AFFθclO, AFFθSclO, AFFδPclO and AFFMclO)) if the image of each FFrclo set in X1 is
FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.

(iv) Fermatean fuzzy (resp. θ, θS, δP and M) totally open map (briefly, FFT O (resp. FFθT O,
FFθST O, FFδPT O and FFMT O)) if the image of each FFo (resp. FFθo, FFθSo, FFδPo
and FFMo) set in X1 is FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.

(v) Fermatean fuzzy (resp. θ, θS, δP and M) totally closed map (briefly, FFT C (resp. FFθT C,
FFθST C, FFδPT C and FFMT C)) if the image of each FFc (resp. FFθc, FFθSc, FFδPc
and FFMc) set in X1 is FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.

(vi) Almost Fermatean fuzzy (resp. θ, θS, δP and M) totally open map (briefly, AFFT O (resp.
AFFθT O, AFFθST O, AFFδPT O and AFFMT O)) if the image of each FFro set in X1 is
FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.
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(vii) Almost Fermatean fuzzy (resp. θ, θS, δP and M) totally closed map (briefly, AFFT C (resp.
AFFθT C, AFFθST C, AFFδPT C and AFFMT C)) if the image of each FFrc set in X1 is
FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.

(viii) Almost Fermatean fuzzy (resp. θ, θS, δP and M) totally clopen map (briefly, AFFT clO (resp.
AFFθT clO, AFFθST clO, AFFδPT clO and AFFMT clO)) if the image of each FFrclo set
in X1 is FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo)-set in X2.

Theorem 5.1 Every AFFMT C map is AFFMC.

Proof: Let X1 and X2 be FFts. Let hF : (X1, τ1) → (X2, τ2) be an AFFMT C mapping. To prove hF

is AFFMC, let H be any FFrc subset of X1. Since hF is AFFMT C mapping, hF(H) is AFFMclo in
X2. This implies that hF(H) is FFc in X2. Therefore hF is AFFMC. 2

Corollary 5.1 Every AFFMT O map is AFFMO.

Theorem 5.2 If a bijective function hF : (X1, τ1) → (X2, τ2) is AFFMT O, then the image of each
FFrc set in X1 is AFFMclo set in X2.

Proof: Let F be a FFrc set in X1. Then F c is FFro in X1. Since hF is AFFMT O, hc
F = [f(F )]c is

AFFMclo in X2. This implies that hF(F ) is AFFMclo set in X2. 2

Theorem 5.3 A surjective function hF : (X1, τ1) → (X2, τ2) is AFFMT O if and only if for each subset
B of X2 and for each FFro set U containing h−1

F (B), there is a FFMclo set V of X2 such that B ⊆ V

and h−1
F (V ) ⊆ U.

Proof: Suppose hF : (X1, τ1) → (X2, τ2) is a surjective and AFFMT O function and B ⊆ V . Let U be
FFro set of X1 such that h−1

F (B) ⊆ U . Since hF is AFFMT O function, hF(U) = [hF(U
c)]c is FFMclo

set. Then V = [hF(U
c)]c is FFMclo set of X2 containing B such that h−1

F (V ) ⊆ U . 2

Theorem 5.4 A map hF : (X1, τ1) → (X2, τ2) is AFFMT O if and only if for each subset A of X2 and
each FFrc set U containing h−1

F (A) there is a FFMclo set V of X2 such that A ⊆ V and h−1
F (V ) ⊆ U.

Proof: Suppose hF is AFFMT O. Let A ⊆ Y and U be a FFrc set of X1 such that h−1
F (A) ⊆ U . Now

U c is FFro and hF is AFFMT O, hF(U
c) is FFMclo set in X2. Then V = (hF(U

c))c is a FFMclo set
in X2. Note that h−1

F (A) ⊆ U implies A ⊆ V and h−1
F (V ) = (h−1

F (hF(U
c)))c ⊆ (U c)c = U . That is

h−1
F (V ) ⊆ U.

Conversely, let F be a FFro set of X1. Then h−1
F (hF(F )c) ⊆ F c and F c is FFrc set in X1. By

hypothesis, there exist a FFMclo set V in X2 such that hF(F
c) ⊆ V and V c ⊆ hF(F ) and so F ⊆

(h−1
F (V ))c. Hence hF(F ) ⊆ hF((h

−1
F (V ))c) which implies hF(F ) ⊆ V c. Since V c is FFMclo, hF(F ) is

FFMclo. That is hF(F ) is FFMclo in X2. Therefore hF is AFFMT O. 2

Corollary 5.2 A map hF : (X1, τ1) → (X2, τ2) is AFFMT C if and only if for each subset A of X2 and
each FFro set U containing h−1

F (A), there is a FFMclo set V of X2 such that A ⊆ V and h−1
F (V ) ⊆ U.

Theorem 5.5 ???? If hF : (X1, τ1) → (X2, τ2) is AFFMT C and A is FFrc subset of X1 then hF :
(XA, τF(F1)) → (X2, τ2) is AFFMT C.

Proof: Consider the function hF : (XA, τF(FA)) → (X2, τ2) and let V be any FFMclo set in X2. Since
hF is AFFMT C, h−1

F (V ) is FFrc subset of X1. Since A is FFrc susset of X1 and h−1
F (V ) = A∩h−1

F (V )

is FFrcs in A, it follows h−1
F (V ) is FFrcs in A. Hence hF is AFFMT C. 2

Remark 5.1 AFFMT clO mapping is AFFMT O and AFFMT C map.

Remark 5.2 Theorems 5.1 to 5.5, Corollaries 5.1 and 5.2 and Remark 5.1 are holds for FFo, FFθo,
FFθSo & FFδPo sets.
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6. Almost Fermatean fuzzy M totally continuous functions

In this section, some new continuous functions are introduced and discussed their characterizations.

Definition 6.1 A map hF : (X1, τ1) → (X2, τ2) is said to be

(i) Fermatean fuzzy (resp. θ, θS, δP andM) totally continuous (briefly, FFT Cts (resp. FFθT Cts,
FFθST Cts, FFδPT Cts and FFMT Cts)) if h−1

F (V ) is FFclo (resp. FFθclo, FFθSclo, FFδPclo
and FFMclo) set in X1 for each FFo (resp. FFθo, FFθSo, FFδPo and FFMo) set V in X2.

(ii) Almost Fermatean fuzzy (resp. θ, θS, δP and M) totally continuous (briefly, AFFT Cts
(resp. AFFθT Cts, AFFθST Cts, AFFδPT Cts and AFFMT Cts)) if h−1

F (V ) is FFclo (resp.
FFθclo, FFθSclo, FFδPclo and FFMclo) set in X1 for each FFro set V in X2.

(iii) Almost Fermatean fuzzy (resp. θ, θS, δP andM) totally clopen continuous (briefly, AFFT cloCts
(resp. AFFθT cloCts, AFFθST cloCts, AFFδPT cloCts and AFFMT cloCts)) if h−1

F (V ) is
FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo) set in X1 for each FFrclo set V in
X2.

Theorem 6.1 A function hF : (X1, τ1) → (X2, τ2) is AFFMT Cts function if the inverse image of every
FFrc set of X2 is FFMclo set in X1.

Proof: Let hF : (X1, τ1) → (X2, τ2) be AFFMT Cts and F be any FFrc set in X2. Then F c is FFro
set in X2. Since hF is AFFMT Cts, h−1

F (F c) is FFMclo set in X1. That is (h
−1
F (F ))c is FFMclo set in

X1. This implies that h−1
F (F ) is FFMclo set in X1. 2

Theorem 6.2 A function hF : (X1, τ1) → (X2, τ2) is AFFMT Cts is an AFFMCts function.

Proof: Suppose hF : (X1, τ1) → (X2, τ2) is AFFMT Cts and U is any FFro subset of X2. Since hF

is AFFMT Cts, h−1
F (U) is FFMclo in X1. This implies that h−1

F (U) is FFMo in X1. Therefore the
function hF is AFFMCts. 2

Theorem 6.3 For any bijective map hF : (X1, τ1) → (X2, τ2) the following statements are equivalent:

(i) h−1
F : (X2, τ2) → (X1, τ1) is AFFMT Cts.

(ii) hF is AFFMT O.

(iii) hF is AFFMT C.

Proof: (i) → (ii): Let U be a FFro set of X1. By assumption, (h−1
F )−1(U) = hF(U) is FFMclo in X2

and so hF is AFFMT O.

(ii) → (iii): Let F be a FFrc set of X1. Then F c is FFro set in X1. By assumption hF(F
c) is

FFMclo set in X2. Hence hF is AFFMT C.

(iii) → (i): Let F be a FFrc set of X1. By assumption, hF(F ) is FFMclo set in X2. But hF(F ) =
(h−1

F )−1(F ) and therefore h−1
F is AFFMT Cts. 2

Remark 6.1 Theorems 6.1 to 6.3 are holds for FFo, FFθo, FFθSo & FFδPo sets.
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7. Super Fermatean fuzzy M clopen continuous functions

In this section, we introduce the concept of super FFMclo continuous in FFts.

Definition 7.1 A map hF : (X1, τ1) → (X2, τ2) is said to be super Fermatean fuzzy (resp. θ,
θS, δP and M) clopen continuous (briefly, SUFFcloCts (resp. SUFFθcloCts, SUFFθScloCts,
SUFFδPcloCts and SUFFMcloCts)) if for each xα ∈ X1 and for each FFclo (resp. FFθclo,
FFθSclo, FFδPclo and FFMclo) set V containing hF(xα) in X2, there exist a FFro set U contain-
ing xα such that hF(U) ⊆ V.

Theorem 7.1 Let hF : (X1, τ1) → (X2, τ2) be AFFMT O. Then hF is SUFFMcloCts if hF(xα) is
FFMclo in X2.

Proof: Let G be FFMclo set in X2. Now h−1
F (G) is FFros in X1. Since the intersection of FFMclo

set is FFMclo set in X2, hF(h
−1
F (G)) = G∧ hF(xα) is FFMclo in X2. Therefore, h

−1
F (G) is FFro in X1.

Hence hF is SUFFMcloCts function. 2

Theorem 7.2 If hF : (X1, τ1) → (X2, τ2) is surjective and AFFMT O, then hF is SUFFMcloCts.

Proof: Let G be FFMclo set in X2. Take A = h−1
F (G). Since hF(A) = G is FFMclo set in X2, by the

Theorem 7.1, A is FFro set in X1. Therefore hF is SUFFMcloCts. 2

Definition 7.2 A map hF : (X1, τ1) → (X2, τ2) is said to be Fermatean fuzzy (resp. θ, θS, δP and
M) clopen irresolute function (briefly, FFcloIrr (resp. FFθcloIrr, FFθScloIrr, FFδPcloIrr and
FFMcloIrr)) if h−1

F (V ) is FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo) set in X1 for
each FFclo (resp. FFθclo, FFθSclo, FFδPclo and FFMclo) set V in X2.

Theorem 7.3 Let (X1, τ1), (X2, τ2) and (X3, τ3) be FFts. Then the composition gF ◦ hF : (X1, τ1) →
(X3, τ3) is SUFFMcloCts function where hF : (X1, τ1) → (X2, τ2) is SUFFMcloCts function and
gF : (X2, τ2) → (X3, τ3) is FFMcloIrr function.

Proof: Let A be a FFrc set of X1. Since hF is SUFFMcloCts, hF(A) is FFMclo set in X2. Then by
hypothesis, hF(A) is FFMclo set. Since gF is FFMcloIrr, gF(hF(A)) = (gF ◦ hF)(A). Therefore gF ◦ hF

is SUFFMcloCts. 2

Theorem 7.4 If hF : (X1, τ1) → (X2, τ2) and gF : (X2, τ2) → (X3, τ3) are two mappings such that their
composition gF ◦ hF : (X1, τ1) → (X3, τ3) is AFFMT C mapping then the following statements are true.

(i) If hF is SUFFMcloCts and surjective, then gF is a FFMcloIrr function.

(ii) If gF is FFMcloIrr function and injective, then hF is an AFFMT C function.

Proof: (i) Let A be a FFMclo set of X2. Since hF is SUFFMcloCts, h−1
F (A) is FFrcs in X1. Since

(gF ◦ hF)(h
−1
F (A)) is FFMclo set in M. Since hF is surjective, g(A) is FFMclo set in X3. Therefore gF

is FFMcloIrr function.
(ii) Let B be FFrc set of X1. Since gF ◦ hF is AFFMT C, gF ◦ hF(B) is FFMclo set in X3. Since gF

is a FFMcloIrr function, g−1
F ((gF ◦ hF)(B)) is FFMclo set in X2. That is hF(B) is FFMclo set in X2.

Since hF is injective, hF is an AFFMT C function. 2

Remark 7.1 Theorems 7.1 to 7.4 are holds for FFo, FFθo, FFθSo & FFδPo sets.
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8. Application

Entropy as a measure of fuzziness was first proposed by Zadeh [30]. Later many mathematicians
defined several entropy measures. In this section, we focus on defining an entropy measure for FFs that
connects the degree of membership and non-membership. As an example, we have applied the proposed
entropy measure in the field of seasons.

Definition 8.1 Let A = {< x, µA(x), λA(x)|x ∈ X} be a FFs in X. The new entropy measure
for A denoted by εFFs(A), is a function, εFFs : τFFs(X) → [0, 1] and is defined as εFFs(A) =
1− 1

n

∑n
i=1(αA − γA)

2; for every xi ∈ A, where τFFs(X) denote the family of all FFs’s on X.

Example 8.1 This example illustrate the entropy measure by considering a real-world issue involving the
selection of a reputable national auditing agency. The ministry of finance of a developing nation provides
quotes to choose a reputable auditing agency in order to obtain an objective and equitable audit report that
will keep the state’s economic development on track and guarantee the accountability and transparency
of state-run institutions. Experts make up the committee that reviews the quotations and determines
which of them are successful. Eligible quotations are those that the committee finds successfully; the
others are rejected. An expert panel is asked to rank the auditing companies {A1, A2, A3} and choose the
top one based on established criteria {C1, C2, C3}. Table 1 provides criteria descriptions, while Table 2
displays the weights assigned to the criteria. Table 2 shows that, even when the alternatives are different,
the weights of the criteria determined by the entropy are consistently the same. Table 3 displays the
outcomes. Furthermore, the relative closeness degrees of each alternative to ideal solution are shown in
Table 4.

Criteria Description of Criteria

Required experience and capability
to make independent decisions (C1) Certification and required knowledge of accounting, business, and taxa-

tion law; understanding of management systems; auditor should not be
influenced by anyone; actions, decisions, and reports based on careful
analysis.

Effective communication skills (C2) Excellent mastery of communication skills; well-versed in compelling
report writing and convincing presentation skills; patient enough to
elaborate points to auditee satisfaction.

Capability to comprehend different
business needs (C3) Ability to work with diverse company setups; strong analytical ability;

effective planning and strategy formulation.

Table 1: Key Criteria for Auditor Selection

Table 2. Entropy measure of each patient through their symptoms.

C1 C2 C3
A1 < A1, C1; 0.1, 0.8 > < A1, C2; 0.1, 0.4 > < A1, C3; 0.5, 0.2 >
A2 < A2, C1; 0.7, 0.9 > < A2, C2; 0.3, 0.2 > < A2, C3; 0.3, 0.5 >
A3 < A3, C1; 0.7, 0.2 > < A3, C2; 0.1, 0.5 > < A3, C3; 0.8, 0.2 >

9. Conclusion

In this paper, we have continued to study the properties of Fermatean fuzzy M open and Fermatean
fuzzy M closed mappings in Fermatean fuzzy topological spaces. Also, we study about Fermatean fuzzy
M Homeomorphism, almost Fermatean fuzzy M totally mappings, almost Fermatean fuzzy M totally
continuous mappings and super Fermatean fuzzy M clopen continuous functions and established the
relations between them we obtain some new characterizations of these mappings in Fermatean fuzzy
topological spaces.
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