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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 ZFS [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], ZFSSs [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) v on a universe of discourse P is a structure
v =A{< p,m,(p) >: p € P}, where m, : P — [0,1] called membership function of
fuzzy set v.

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

(a) Intuitionistic fuzzy set (ZFS) [1] in P if 0 <m,(p) +n,(p) <1, VpeP.
(b) Pythagorean fuzzy set (PFS) [17] in P if 0 <m?(p) +n2(p) <1, VpeP.
(c) Fermatean fuzzy set (FFS)[13] in P of 0 <m3(p)+ni(p) <1, VpeP.

The set of all FSs (resp. ZFSs, PFSs, FFSs) on P will be denoted by FS(P)
(resp. ZFS(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, ¥ be the set of parameters and
T CX. A pair (§,7) is called :

(a) a soft set (SS) 9] over P, where & : ¥ — B(P) and P(P) is a power set of P.

(b) a fuzzy soft set (FSS) [6] over P, where £ : T — FS(P).
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(¢) an intuitionistic fuzzy soft set (ZFSS) [7] over P, where £ : T — ZFS(P).
(d) a Pythagorean fuzzy soft set (PFSS) [12] over P, where £ : T — PFS(P).
(e) a Fermatean fuzzy soft set (FFSS) [15] over P, where € : ¥ — FFS(P).

The collection of all SSs (resp. FSSs, ZFSSs, PFSSs, FFSSs) over (P, Y)
will be denoted by SS(P, ) (resp. FSS(P,%), ZFSS(P, X), PFSS(P,Y), FFSS
®,5)

A FFSS on P is a family of parameters formed by some FSS on P. For any
parameter € € T, (¢) is a FFS associated with € of P. Then it is called the
Fermatean fuzzy value set of parameter e. &(€) can be written as an FFS such

that £(e) = {< p, Mg (D), nee)(p) >: p € P}, where me)(p) and ng)(p) are the
membership and non-membership functions, respectively satisfying the condition

0<m ()(P) +n (E)(p) <1, VpeP. Hence,

(&) = {(e, A< P, me(e) () g (p) >3) e €T, p e Pl

Remark 2.5. [15] Every ZFSS is a PFSS and every PFSS is a FFSS. But

the converse may not be true.

Definition 2.6. [15] A FFSS (v,X) over P is known as a null FFSS represented
as ® if for all e € ¥, ® = 0 where 0 denote the null FFS. Hence, ® = {(e, <
p,0,1>):e€X, pEIP’}

Definition 2.7. [15] A FFSS (v,%) over P is known as an absolute FFSS
represented as P if Veed, P = 1 where 1 denote the absolute FFS. Hence,
P={(e,<p1,0>):e€, pE]P’}

Definition 2.8. [15] Let 1,5 C % and (£1,%1), (€2,5s) € FFSS(P,S). Then
(&1,%1) is called a subset of (£3,%5) denoted by (§1,%1) C (&2, X2) if:
(a) ¥, C X9 and

(b) For all e € 3y, & (€) C &(e) that is, for all p € P and € € Xy, mg (p) <
Mg, (p) and Mg (p) 2 Mg, (p)

Definition 2.9. [15] Two FFSSs (&1,%1) and (&2, %) are said to be equal (writ-
ten as (§1,%1) = (§2,52)) if (&1, %1) C (&2, 52) and (&2, 52) C (&, %),
Definition 2.10. [15] Let (§,%) € FFSS(P,X). The complement of (£,%), de-
noted by (&, %) defined by (§,%) = (£%, %), where ¢ : ¥ — FFS(P) is a mapping
given by £°(e) = (£(€))¢ for every e € X.
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The union of (&1,%1)

Definition 2.11. [15] Let (£1,%1), (&2, %) € FFSS(P, ).
(&,7), where T = ¥;UY,

and (&2, X9) is represented as (§1, X1)U(Ea, X2) is a FFS
and

&1(e), if € € Xy — X,
£(e) = q &a(e), if € € ¥g — X,
&) Uéale), ife€ XN,
Definition 2.12. [15] Let (&1,%1), (&, %2) € FFSS(P,X). The intersection of

(&1,21) and (&, 3) is represented as (&1,%1) N (&2, X2) is a FFSS (€, 7Y), where
T=XN%Xy and

E(e) = &1(e) N&ae), Vee T.

Definition 2.13. [11] A subfamily T' of FFSS(P,X) is called a Fermatean fuzzy
soft topology (FFST ) on P if:

(a) ®,PeT.
(b) (v,X)el', Vie A= Ujep(v;,X) €T
(C) (1/1,2), (VQ,E) el'= (1/172) N (VQ,E) el.

If U is a FFST on P then the structure (P,T", %) is called a Fermatean fuzzy
soft topological space (FFSTS) over P and the members of I' 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,%) is denoted by FFSC(P,%).

Definition 2.14. [11] Let (P, I, X) be a FFSTS and (§,X) € FFSS(P,X). Then
the interior and closure of (£, %) denoted respectively by Int(&,X) and CL(§, %) are
defined as follows:

(a) Int(€,S) = U{(1,X) €T : (1, D) C (£, %)}
(b) CUE X)) =N{(1,X) € FFSC(P,X) : (£,5) C (1, 3)}.

3. Fermatean Fuzzy Soft Mappings

Definition 3.1. Let FFSS(P,Y) and FFSS(Q,Q) be families of FFSSs over P
and Q respectively. Then fy, : FFSS(P,X) — FFSS(Q, Q) is called a Fermatean
fuzzy soft mapping, where ¥ : P — Q and p: X — T.
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(a) Let (§,X) € FFSS(P,X). The image of (£,X) under fy, is written as
fup(&2) = (¥(€), p(2)) is a FFSS in (Q,T) such that
sup mf(e)(p)7 77D*l(q)7é¢7
mw(@(b) (Q) = { ecp1(\)NT, pey—1i(q)
0 otherwise
and
lnf ng(g)(p)’ ¢fl(q>#¢7
n¢(§)<L) (Q) = { e€p1()NT, pcy—1i(q)
L otherwise

VeeX,peP,teQ and g € Q.

(b) Let (6,2) € FFSS(Q,). The inverse image of (6,Q) under fy,, denoted
by fuzpl((é, Q) is a FFSS in (P, X) given by:

My=15)(€)(P) = Me(p(e)) (¥ (P))

and

ny-15)(€)(P) = Ns(p(e)) (V(p))
VeeXandp eP

Theorem 3.1. Let fy, : FFSS(P,X) - FFSS(Q,Q) is a Fermatean fuzzy soft
mapping. Then:

(a) foo((a, 1)) € FFSS(Q,9Q), ¥ (a,T) € FFSS(P, ).

(b) fo,((6,Q)) € FFSS(P,X), ¥V (6,Q) € FFSS(Q, Q).
Proof.
(a) By definition 3.1(a) we have fy,(a,>) = (¥ (), p(X)) and

3
3 3
M@+ mlwu@=( s ma()
P(a)(e) P(e)(v) o1 ()T .pev-1(q)

3
+ < inf Toe )
o (o1 (o) (P)

= sup mi(e) ()
ecp~H()NT,perp—1(q)
inf
ecp~()NT,pep—1(q)
< sup (1= nd(P)
e~ 1(L)NYT,pe—1(q)

Nae) ()
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inf n>
e~ LN per—1(q) a0 (P)

=1

Whenever ¥ 1(q) # ¢. On the other hand if ¥ ~'(q) = ¢, then we have
M3 (@) + M0y (@) = 1. Thus, we have shown that the Fermatean fuzzy
membership grade condition is provided for Fermatean fuzzy soft image.

Hence fy,(a, T) € FFS(Q,Q).
(b) Similar to the proof of (a).

Theorem 3.3. Let fy, : FFSS(P,X) — FFSS(Q,Q) be a Fermatean fuzzy soft
mapping. Then for (A, 1), (u, ¥) € ', we have,

T)U (1)) = Fup (A T U fup(12, D).
(@) FuplOT) 0 (1 9)) C Fup((0 1) O fip((1,0)).
(e) I (\T) € (1, ) then fup(\T) C funlp, V).

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

(c) We consider (A, T)U(p, ¥) = (0, YTUW¥) and fy, (A, T)U((1, V) = (¥(N), (T
DU (1), (W) = (A, (T)Up (V). Then fu, (A, T)U((1, W) = (4(8), p(T
W) = (4(8), 9()Up(T)). Forany ¢ € Q and s € o(T)Up(), if b (g) # 6,
then ma(¢)(q) = my@©)(t)(q) = 0 and na(t)(q) = nye)(t)(g) = 1. Otherwise,
(i) If ¢ € (1) — ¢(¥), then A(r) = ¥(A)(¢). On the other hand, ¢ €
©(YT) — (¥) implies there does not exists € € ¥ such that p(e¢) = ¢. That
is, for any € € ¢ 1(¢1) N (YU T), we have € € ¢ 1(¢1) N (T — ¥). Hence by
definition 19, we have

mye)(t)(q) = sup me(e)(p)
e€p~1(L)N(TUY), pey=1(q)

= sup me(e) (p)
e€p=L(L)N(T—), pey—1(q)

g Sup m)\(é) (p)
e€p=1(L)N(TUW), pey—1(q)

= mA(L) (Q)



Mappings on Fermatean Fuzzy Soft Classes 203

Similarly, we obtain nye)(¢)(q) = naw)(q).

(i) If ¢ € p(¥) — ¢(T), analogous to (i) we have my@e)(t)(q) = maq)(q),
nye)(t)(q) = naw(9).

(iii) If ¢ € p(T) Ne(¥), then

mye)()(q) = sup me(e) (p)
eCp~1(L)N(TUW), peyp—1(q)
- sup me(e) (p)
e€(pHW)NT)U(p~L(1)N®), peyp=1(q)
- ( sup Mx(e) (p))
e€(pHW)NT)=(p~ 1 (1)NY), peb=1(q)
\/( sup maz{mxe) (), Mue(p)})
e€(e=1()NT)— (=1 ()NP), peyp~1(q)
\/( sup My(e) (p))
e€(p~H(W)NT) (=1 (1)), peyp=1(q)
) sup ) Mx(e) (p)a
— max 4 €¥TWNT), peY=Hq)
sup My(e) (p)

e€(p™1(1)NY), pep~1(q)

= maw{my (0)(0), My (D)) b= ma (a):
Similarly, we obtain nywe)(¢)(q) = na)(q). Therefore,
Juo(T)U (1, W) = S (A1) U fp (11, 9)).

Suppose that (1Y), 1) = (6 TU¥) and fye(0 TG 1) = (V0N (1)
(W), () = (B, p(T)Up(W)). Then fu, (X, T)N((12, ¥)) = (4(6), (YU
) = ((6), (1) Up(W). Foramy g € Q and 1 € o(T) Up(W), if v~ (q) #
o, then ma(1)(q) = my(e)(1)(@) = 0 and na(1)(g) = ny(e)(1)() = 1. Other-

(i) If ¢ € (1) — (¥), then A(t) = (N)(¢t). On the other hand, ¢ €
©(T) — (¥) implies there does not exists € € ¥ such that ¢(e) = ¢. That
is, for any € € o71(1) N (YU V), we have ¢ € ¢ 1(¢:) N (T — ¥). Hence by
definition 19, we have

mye)(L)(q) = sup me(e)(p)
eco~H()N(TUT), pey—1(q)
= sup Me(e) (p)

ecp=1(L)N(T—W), pey—1(q)
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= sup mA(e)(p)
eEp~1(L)N(T-T), peyp—1(q)
» sup B m)\(e)(p)7
< min J €O, v (@)
sup m#(e)(p)

e€(e=1(L)NW), pey—1(q)
= min{mw(,\)(b)(q), m¢(u)<b)(Q>}
= mA(L)((J)-

Similarity, we obtain nye)(¢)(q) > naw(q)-
(ii) If ¢ € (1) — (¥
nye)(1)(q) = naw(9)-
(iii) If ¢ € (1) N (V), then

), analogous to (i) we have mye)(¢)(q) = maw)(q),

mye)(L)(q) = sup mee) (p)
eco~H()N(YUT), peyp—1(g)=

= sup ma:x{m,\(e) (p), Mpye) (p)}
e€(p~1()N(TUT), peyp—1(q)

sup M (p),
e€(p1(1)NY), pe—1(q)

sup Mye) (p)
e€(p™1(1)NT), pep~1(q)

= maz{myx) ()(q), My ()(q)}
= MA@ (Q)

< max

Similarly, we obtain nye)(¢)(¢) = na)(q). Therefore,
Foo (A1) 0 (1, W) C fuo (A1) O fo (1, 9).

(e) Suppose that (A, T) C (u, ¥). Then T C ¥ and for any € € T and p € P we
(V).

have (1) C ¢ we have,
Supb mao(p), ¥ q) # o,
My (1) (q) = { e€le10NT), pev=1(@)
0 otherwise
o, muo(p), V) # 6,
< ( e€(p™t(y)NT), pey—i(q)
0 otherwise

= My (¢)(q)
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Similarly, we obtain n.x)(¢)(q) > 1y (¢)(q). Therefore,

Foo (A1) C fyp((p, 0)).

Theorem 3.4. Let fy, : FFSS(P,E) — FFSS(Q,Q) be a Fermatean fuzzy soft
mapping. Then for (€,%), (C, k) € FFSS(Q,Q), we have,

(a) fa(®) = .

(b) f,2(Q) =P.

(c) frp((&X) UG R) = fra((€X)) U i ((Cow)).

(d) fia((&X) N (¢ k) C fra((€ X)) N Fr (G k)

(e) If (§:x) C (¢ k) then fr (6,X) C fr (¢ w).

() Fop(€,X)%) = (£, ((€:)))°

Proof. Straightforward.

4. Fermatean Fuzzy Soft Continuous Mappings

Definition 4.1. Let (P,T'1,%) and (Q,T'9,Q) be two FFSTSs, a Fermatean fuzzy
soft mapping fp, : FFSS(P,X) — FFSS(Q, Q) is Fermatean fuzzy soft continu-
ous if £;}((1.Q)) € Ty, ¥ (1,Q) € Ty,

Example 4.2. Let P = {p;,p2},Q = {q1,0},X = {e1,6},Q = {u,02} and
(£1,2), (&2, %) be FFSSs over P, defined as follows:

(€,%) = (€1,{< p1,0.85,0.65 >, < ps,0.9,0.5 >}),
DT (e, {< p1,0.9,0.4 >, < py,0.75,0.85 >}

(6,%) = (€1,{< p1,0.65,0.75 >, < ps,0.6,0.7 >}),
277 (e, {< p1,0.7,0.85 >, < p,,0.6,0.95 >} [

Then I'y = {®,P,(&,%),(&, %)} is a FFST over P and hence (P,T'1,%) is a
FFSTS. Let I'y = {D,Q, (61,9), (09, Q) } where (1, 2), (52, 2) are FFSS over Q,
defined as follows:

(6,.9) = (11,{< ¢1,0.85,0.65 >, < g2,0.9,0.5 >}),
DT (b0, {< ¢1,0.9,0.4 >, < ¢2,0.75,0.85 >}

(62,) = (t2,{< ¢1,0.65,0.75 >, < ¢2,0.6,0.7 >}),
257 (12, {< 01,0.7,0.85 >, < 42,0.6,0.95 >} [
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Then T'y is a FFST over Q and hence (Q,I'2,Q) is a FFSTS. Let fy, :
FFSS(P,T',Y) - FFSS(Q,T'5, ) be a Fermatean fuzzy soft mapping defined
as follows:

¢(p1) =q1 90(61) =4
V(p2) =g plea) = 1o

It can be easily verified that f;; (0,) € I'1, V (0,8) € I'y. Thus fy, is a Fermatean
fuzzy soft continuous mapping.

Theorem 4.3. A Fermatean fuzzy soft mapping fy, @ (P, I'1,2) = (Q,T'3, Q) is
Fermatean fuzzy soft continuous if and only z'ffﬁ((c?, Q) € FFSC(P, %), V (5,9Q) €
FFSC(Q, Q).

Proof. Let (6,2) € FFSC(Q,). Then (§,Q)¢ € I's. Since fy, is continuous
(f;;((é, 0)))¢ :fw_wl((é, 2)¢) € I'y. Hence fﬁ((é, ) e FFSC(P,Y).

Conversely, suppose that f@l((é, ) € FFSC(P, ) whenever (6,Q) € FFSC
(Q,9Q). Let (£,Q) € T'y. Then (£,Q)¢ € FFSC(Q,Q2). Therefore by hypoth-
esis fqﬁ((é, 2)°) € FFSC(P,%¥) . But f;;((f,Q)c) = (f;;((g,ﬂ)))c, we have
(f4.((£,Q)))° € FFSC(P,¥). This implies that f,((£,9)) € I'1. Hence fy,
is Fermatean fuzzy soft continuous.

Theorem 4.4. A Fermatean fuzzy soft mapping fy, @ (P,I'1,X) = (Q,I'2,Q) is
Fermatean fuzzy soft continuous if and only if fQ;Pl(Int(é, ) C Int(f@((é, 2)),
vV (6,Q) € FFSS(Q, Q).

Proof. Suppose that fy, is Fermatean fuzzy soft continuous and (6,2) € FFSS
(Q,€Q). Then flz;(]nt(é, ) € I'y and from Int(6,Q2) C (9,§2) we obtain that
f@;;([m(&, Q) C f@((d, 2)), because Int(f;é((&, ) € I is largest such that
Int(f&pl((é, Q) C fw_;((é, Q)). Hence f;(;(]nt(é, Q) C Int(f&pl((& 2))).

Conversely, suppose that fqﬁ(lnt(é, 2)) C Int(flg;((é, 2))), V (0,Q) € FFSS
(Q,Q). If (,92) € I'y, then we have, flzé((é, ) C f;;(]nt(é, ) C ]nt(f&pl((é, 2)))
C f@((d, Q)). So, fw’;((é, ) € I'y. Hence fy,, is Fermatean fuzzy soft continuous.

Theorem 4.5. A Fermatean fuzzy soft mapping fp, : (P,I'1,3) = (Q,I'9,Q)
is Fermatean fuzzy soft continuous if and only if fu,(ClL(E, Q) C Cl(fue((€,82)),
vV (£,Q) € FFSS(Q,Q).

Proof. Suppose that fy, is Fermatean fuzzy soft continuous and (¢, Q) € FFSS
(IP,3). Since Cl(fy,((£,9Q))) € FFSC(Q,Q), f;(;(C’l(fww(f,Q))) € FFSC(P,Y).
Therefor, CUULL(CU fuul (€ D)) = £1(CUFor((€,92)))) and fou((6,9)) C CI
(fer((&9))). Thus we have (£,Q) C fil(fue((6,9)) C fr(Cl(fue((€.9)))).
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It follows that (€,Q) C CI(f,2(CUfup (€. D)) C f5H(CUFupl(€,2)))). Hence

fee(CUE, Q) C Cl(fy((8,9)))-
Conversely, suppose that f,,(Cl(£,Q)) C )C 1€ o

(f
(Q,Q) and (6,Q) € FFSS(Q,). So Cl(6,9) =
(fup ((0,0)))) C Cl(fw(f@((&ﬁ)))) c ClU(5.9) =
CU(f,((6,9) = f5,((6,Q)) and f,,((8,Q)) € CU(f,,,((6,9))). That is CU(f},
((0,92))) = f;;(((s, 2)). This implies that fzz ((6,Q)) € FFSC(P,%). Hence fy,, is

Fermatean fuzzy soft continuous.

(£,9))), V (£,Q) € FFSS
Q) By hypothesis, fy,(Cl
(0,€2) is obtained. Hence

5. Fermatean Fuzzy Soft Open and Closed Mappings

Definition 5.1. Let (P,I'1,%) and (Q,I'2,Q) be two FFSTSs. Then the Fer-
matean fuzzy soft mapping fy, : (P,I'1,3) = (Q,I'1,Q) is said to be:

(a) Fermatean fuzzy soft open if fy,(§,X) € I'y, V (£, %) € I'y.
(b) Fermatean fuzzy soft closed if fy,(€,%X) € FFSC(Q,N),V(,,X) € FFSC(P,X).

Theorem 5.2. Let fy, : (P,I'1,X) = (Q,I'2,Q) be a Fermatean fuzzy soft map-
ping. Then the next statements are equivalent:

(a) fp, s Fermatean fuzzy soft open.
(b) fpo(Int(X, X)) C Int(fu(N\, X)), V (N X) € FFSS(P,X).
(

() Int(£7)(1.2) € F52(Int(n, D), ¥ (1.3) € FFSS(Q.0).
Proof. (a) = (b) Let (\,X) € FFSS(P,X). Clearly Int(\,X) € I'. Since
fup 1s Fermatean fuzzy soft open, fy,(Int(\, X)) € I'. Thus, fy,(Int(\,X)) =
Int(Fup(\5)) € fup(Int(), ).
(b) = (c) Let (A, %) € FFSS(Q,Q). Then f,;(\,¥) € FFS(P,X). Then
y (b) fW(Int(fJ;(/\,Z))) C Int(fw(f@i()\, Y))) C Int(\,X). Thus we have
Int(fy, (A 2)) C fup (fue(Int(fi, (N 2)))) C fyp(Int(N, ).
(c) = (a) Let (A\,X) € FFSS(P,X). Then Int(\, X) = (
FFSS(P.X). By (c) (A %) = Int(\, %) C Int(f,,(fue(\2)) C fo,(Int(fu,
(A, X)) Hence we have fy,(A,X) C fup(fyp (Int(fyp(A, 2)))) € Int(fye(X, X))
fuo(A,2). Thus fy,(A,2) = Int(fy.(N, X)) and hence fy,(A,2) € FFSS(P,X).
Therefore fy, is Fermatean fuzzy soft open.

Theorem 5.3. Let fy, : (P,I'1,X) = (Q,I'2,Q) be a Fermatean fuzzy soft map-
ping. Then the next statements are equivalent:

A X) and fy,o(A,X) €
)

(a) fp, s Fermatean fuzzy soft closed.
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(b) Cl(fpo(A %)) C fuo(CIA D)), ¥V (A, X) € FFSS(P, ).

Proof. (a) = (b) Let (\,X) € FFS(P,%). Clearly Cl(\,X) € FFSC(P,X). Since
fpp 1s Fermatean fuzzy soft closed, fy,(Cl(A, X)) € FFSC(Q, ). Then we have

Cl(fypo(N\, 2)) = Clfy(CUA X)) C fup(CUA,X)).
(b) = (c) Let (A, %) € FFSC(P,%). Then CI(A\, %) = (A, ). By (b) Cl(fy,

(A, X)) C fuo(CUA X)) = fupo(A,X) C Cl(fpp(A, X)) Thus fyu(A, Z) Cl(fy
(A, X)) and hence fy,(A, X) € FFSC(Q, ). Therefore fy, is Fermatean fuzzy soft
closed.

Theorem 5.4. Let fy, : (P,I'1,X) = (Q,T'5,Q) be a bijective Fermatean fuzzy
soft mapping. Then the next statements are equivalent:

(a) fp, s Fermatean fuzzy soft closed.
(b) Cl(fyp,(Int(X,X))) C Cl(fpeo(N X)), ¥V (N, X) € FFSS(P,Y) .
(¢) fro(Clp,2)) C fr,(Cl(p, %)), ¥ (1,%) € FFSS(Q, Q).

Proof. Obvious.

Theorem 5.5. Let (P,I1,%) and (Q,I'5,Q) be two FFSTSs and let fp, :
FFSS(P,Y) — FFSS(Q,Q) be a bijective frematean fuzzy soft mapping. Then

the next statements are equivalent:
(a) fp, is Fermatean fuzzy soft continuous and frematean fuzzy soft open.
(b) fyp is Fermatean fuzzy soft continuous and frematean fuzzy soft closed.
(c) fuo(CUN X)) = Cl(fpyo(N, X)) for every (A, X) € FFS(P, %) .
(@) CUF (D) = [7A(CU %)) for every (1, 5) € FFSS(Q,9).
(e) fﬁ([nt(u, ) = Int(fﬁ(u, X)) for every (u,¥) € FFSS(Q, ).
(f) Int(fpp(A, %)) = fueo(Int(\, X)) for every (A, X) € FFSS(P,X) .
Proof. Easy and left to the readers.
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