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1 Introduction

An abstract set lacks practical utility; however, when it is structured
as a U.A ( universal algebra) and forearmed with various operations, it
transforms into a system and gains significant applications. One of the
foundational algebras in the realm of U.A is logical algebra. Logical al-
gebra represents a crucial annex of mathematics with extensive applica-
tions across interdisciplinary sciences. For instance, the field of computer
engineering and computational processes is fundamentally grounded in
two-valued logic. The foundation of this algebra lies in axioms derived
from two-valued logic, constructed upon these core principles. Logical al-
gebra remains among the most critical branches of algebra, with diverse
applications in interdisciplinary fields such as computer science. To ex-
plore the fundamentals of logical algebra within the theoretical context
of residuated lattices, Imai and Iseki introduced two classes of abstract
algebras: BC K-algebras and BCI-algebras (for further details, see ref-
erences [5, 0]). Later, J. Neggres, introduced a new notion, as Q-algebra,
which is a generalization of BCI/BC K-algebras and generalized some
theorems from the theory of BCI-algebras [9]. Fuzzy set theory, con-
ceived by Zadeh to address uncertainty [ 1], represents a generalization
of classical set theory. An Intuitionistic Fuzzy Set (IFS), introduced
by K. Atanassov (1986), generalizes Zadeh’s fuzzy sets by incorporating
independent membership and non-membership degrees with a hesita-
tion margin [1]. Fermatean fuzzy subsets (FFSs) are an extension of
intuitionistic fuzzy sets (IFSs), introduced to model uncertainty with
weaker constraints on membership and non-membership degrees. They
are named after Pierre de Fermat (due to their connection with cubic
equations in fuzzy logic) and were formally proposed by Yager et. al
(2019) [10]. Fermatean Fuzzy Subsets (FFSs) offer greater flexibility in
modeling uncertainty than Intuitionistic Fuzzy Sets. Their relaxed con-
dition (allows for wider ranges of membership/non-membership values,
making them useful in complex decision-making scenarios such as multi-
criteria decision-making, medical diagnosis and healthcare, artificial in-
telligence and machine learning, pattern recognition and image process-
ing, risk assessment and financial modeling, robotics and autonomous
systems, blockchain and cybersecurity, environmental and climate sci-
ence. See sources for further research too [?, 2, 4, 8, 12].
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Motivation, advantage and contributions: In this paper, we
first introduce Fermatean fuzzy @-subalgebras as a generalization of
Q-fuzzy subalgebras and discuss their properties. Our motivation for
introducing Fermatean fuzzy Q-subalgebras is to equip Q-algebras with
two membership functions and to construct a new generalization of Q-
algebras based on the axioms on )-fuzzy subalgebras. We have general-
ized Q-fuzzy subalgebras to Fermatean fuzzy ()-subalgebras and indeed,
Fermatean fuzzy (Q-subalgebras have the properties of the axioms of logic
algebras and fuzzy nonlinear problems. Considering the importance of
the isomorphisms in this paper, we have introduced the null radial Fer-
matean fuzzy @-subalgebras, and consider the relation between of the
null radial image of Fermatean fuzzy (-subalgebras and have shown
under the conditions that the null radial image of Fermatean fuzzy Q-
subalgebras and the null radial image of Fermatean fuzzy QQ-subalgebras
are equal to each other. Considering that the characteristic function is of
great importance in issues related to the membership or non-membership
of a part in the whole, we have shown that the characteristic function of
a subalgebra is extended to a Fermatean fuzzy (Q-subalgebra. Since the
characteristic function is a fuzzy subset, the motivation is to ask whether
an arbitrary fuzzy @)-subalgebra can be a Fermatean fuzzy @)-subalgebra.
By investigating this issue, it can be seen that if the component is a fuzzy
@-subalgebra in a Fermatean fuzzy subset, the second component (as a
non-membership of the element) must be an anti-fuzzy @-subalgebra
to obtain a Fermatean fuzzy )-subalgebra. By transforming the fuzzy
@-subalgebra into the Fermatean fuzzy ()-subalgebra, the idea, and mo-
tivation of introducing anti-fuzzy Q-subalgebras (as a non-membership
component) is created and we show that if the Fermatean fuzzy subset
has two components, fuzzy ()-subalgebra, and anti-fuzzy Q-subalgebra,
then it forms a Fermatean fuzzy @-subalgebra and in this research,
for further confirmation, we call it a two-sided Fermatean fuzzy Q-
subalgebra. The purpose of introducing Fermatean fuzzy Q)-subalgebras
is to be able to transform the combination of two Fermatean fuzzy Q-
subalgebra into a Fermatean fuzzy Q-subalgebra in such a way that this
combination includes one of these Fermatean fuzzy @Q-subalgebra. In
this research, considering that the combination of Fermatean fuzzy Q-
subalgebras cannot necessarily be a Fermatean fuzzy Q-subalgebra (the
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elements of the Fermatean fuzzy subset are nonlinear), we have shown
that the combination of Fermatean fuzzy )-subalgebras can be a Fer-
matean fuzzy Q-subalgebra with the commutative condition. Therefore,
the introduction of two-sided Fermatean fuzzy ()-subalgebras is another
motivation to be able to combine Fermatean fuzzy QQ-subalgebras with-
out considering the power of Fermatean fuzzy (Q-subalgebras. The Q-
algebras with associate property(ALQ-algebra), play an important role
in the structure and development of Fermatean fuzzy ()-subalgebras, so
that if our underline set is not a ALQ-algebra, the combination of Fer-
matean fuzzy (J-subalgebras cannot necessarily be a Fermatean fuzzy Q-
subalgebra. Finally, considering the importance of isomorphisms, which
are transformations or mappings from a Fermatean fuzzy QQ-subalgebra
to a Fermatean fuzzy ()-subalgebra, we have been able to address the
null radial connection of Fermatean fuzzy (Q-subalgebras and establish
the conditions for the development of a Fermatean fuzzy @-subalgebra
between Fermatean fuzzy (Q-subalgebras. Also, we present the notion
of Fermatean fuzzy (Q-ideals as another types of extension of (J-algebras
and prove that 3-regular Fermatean fuzzy @-subalgebras are Fermatean
fuzzy (Q-ideals.

2 Preliminaries

This section compiles key concepts pertinent to our work.

Definition 2.1. [5] A structure (X, *,0x) is a Q-algebra, if, V z,y, z €
X,

(1) x+z =05,
(i1) x % 0x =z,
(1i1) (z*xy)*xz=(x*2z)*y.

In (X, %,0x), define <x by z <x y < z*xy = 0x. Let X be a Q-algebra
and ) #Y C X. Then Y is referred to as a subalgebra of X, if for any
z,y €Y, xxy €Y and will denote by Y <5 X.

Theorem 2.2. [5] Let (X, *,0x) be a Q-algebra. ThenV z,y € X,
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(i) (z(z+y))*y = 0x,

(i7) if v <x Ox, then X = {0x},
(1ii) if © <x y, then x x (x * (xxy)) = 0x.
Theorem 2.3. [7]

(1) Any quadratic Q-algebra on finite fields is isomorphic to any other
similar algebra on finite fields.

(ii) Any quadratic Q-algebra on finite fields generates the abelian groups.

Definition 2.4. [5] I # 0 of Q-algebra (X,x,0x) is referred to as an
ideal of X, if (1),0x € I and (2),V z,y € X,z xy € I and y € I, imply
y el

Definition 2.5. [7] A fuzzy subset (FS) of ) # X, is a set as A =
{(z,p(z)) | € X}, that pu: X — I =[0,1] is membership map.

In what follow, for any k € N, any € X, denote p¥(x) = (u(z))*

Definition 2.6. [10] A Fermatean fuzzy subset (FFS) E of () # X is
given by E = {(ug,vg) | © € X}, that ug,vg : X — I (as membership
and non-membership, respectively) and for any z € X,0 < p3(z) +
vi(z) < 1.

From now on, will denote any F'S, A = {(z, u(z)) | z € X} by A and
any FFS, E ={(ug,vg) | © € X} by E for simplify.

Definition 2.7. [3] An F'S A of a Q-algebra (X, *,0x) is a fuzzy Q-
subalgebra (F'Qs) of X, if for any z,y € X, pu(z *y) > min{pu(z), u(y)}
and in equality, it is referred to as strong.

3 On CLQ-algebras and ALQ-algebras.

In this section, we introduce the notions C' LQ-algebras and ALQ-algebras
via the commutative properties and associative properties on any given
Q-algebra. Also two distinct tripes of powers of elements in ()-algebras
are introduced and is established that C'LQ-algebras are ALQ-algebras
and two tripes of powers of elements in any ALQ-algebras are equal.
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Let n € N, (X,%,0x) be a Q-algebra and x € X. Define 2 =

z*z,z3 = 212« ¢ and for any n > 3 cotnt = {1z and 2@ =

zxx,z®) =z x2® and for any n > 3,2 = 2 % (1,

Example 3.1. For any prime p, view the Q-algebra (R, *,,/p), that for
any z,y € R,z xy = v —y + /p. Obviously, for any k,n € N,z =
(n—1)yp— (n—2)z, 2%V = /5 and 2 = z.

Let x,y € X. We state that (X, *,0x) is a CLQ-algebra, if is sat-
isfied in the commutative law, i.e for any x,y,z € X,z *y = y x x and
is an ALQ-algebra, if it is satisfied in the associative law, i.e for any
r,y,z € X,ox(y*x2) = (xxy)* 2.

Example 3.2. (i) Consider the Q-algebra (Y, *,0y) as shown in Table 2.
One can see that (X, *,0x) is not a C' LQ-algebra and an ALQ-algebra,
because of axb £ bxa and bx* (b*b) # (b*b) x b, respectively.

(74) Let n € Z. Then (Z,—,0) and (nZ,—,0) are not C'LQ-algebras
and AL(Q-algebras.

(7i7) Klein four-group is an ALQ-algebra and a C'LQ-algebras.

Proposition 3.3. Let (X, *,0x) be a Q-algebra and x,y € X andn,m €
N. Then

(1) (X,*,0x) is an ALQ-algebra, iff (X,*,0x) is a CLQ-algebra.
(i1) if (X,*,0x) is an ALQ-algebra, then (% y)U" = z{n} « ¢ {nd,
(iii) if (X,*,0x) is an ALQ-algebra, then (zin})im} = glmn},
Proof. (i) Let z,y,z € X. Since (X, *,0x) is a CLQ-algebra,
(xxy)xz=(x*x2)xy=(2z%x)xy=(2xy)*xx=2a%*(y*2)

and so (X, x,0x) is an ALQ-algebra.
Conversely, let (X, *,0x) be an ALQ-algebra. Then for any =z € X,
Ox xx=(xxx)*x=xx(x+xz)=x%0x = and so for any z,y € X,

rxy = Oxx*(zxy)=(yxy)*(@*xy)=((yry)*xz)xy=((y*xz)*y) xy
= (yxx)x(y*xy)=(yxz)*x0x =y=z
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and so (X, *,0x) is a CLQ-algebra.
(i) Let z,y € X. Since (X, *,0x) is an ALQ-algebra

(@xy)® = (zxy)*(@xy) = (ex (@xy))xy = ((xx2) xy) xy = (a7 xy) *y

=22k (yxy) =22 x>

Now, by induction, we assume that (zxy)i"=1} = 2= 4y =1} Then

@yt = (
(@ eyt s (@ ey) = (@ gy sy
(:1:{”_1} * (y{"_l} *xy)) k1 = (x{"_l} * y{”}) * X
(211 s ) 5y (d = glnd sy it

(7it) Let x € X and r,s € N. Since (X,*,0x) is an ALQ-algebra
caUhsalslh = (s s x)x(zrxx. . xx) = (zrxx... xx) =z} Clearly

r—times s—times (r+s)—times
(zirhl = {0} = 271} Assume the statement holds for some positive
integer m = k, i.e. (21" = 2178} For m = k + 1, have
(2t tet1} — (plnh){k} g g} = pink}t y pind — ginkdn} — p{n(k+D}

g

Corollary 3.4. Let (X,*,0x) be an ALQ-algebra, z,y € X and m,n €
N. Then

(1) zint =z,
(i1) (z * y)(") =z x y(”).
(iid) (2(™)m) = glmn),

Based Corollary 3.4, from now on, will denote z{" = 2(" by 2, for
simplify.

Example 3.5. (i) Consider the Q-algebras X,Y,Z as Tables 1, 2 and
3. (1) In Q-algebra (X, *,0x), for any n € N, a® = qen) = Ox and
d{Qn—l} _ d(2n_1) _ d'

(2) In Q-algebra (Y, %,0x), foranyn > 2, m € N, al™t = 0x,a®m-b =
a and a®™ = (y.
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a n=0x (mod 3)
(3) In Q-algebra (Z,%,0x), foranyn € N,b{" = {bp  n=1 (mod 3)
Ox n=2 (mod 3)
b= = b and b = 0x.

* Ox «a b c d

Ox Ox Ox Ox Ox d * Ox «a b c
a a OX OX a d OX OX OX OX OX
b b b Ox Ox d a a Ox Ox Ox
& C OX C OX d b b OX OX OX
d d d d d Ox c c c c Ox
Table 1: (X, *,0x) Table 2: (Y, x*,0y)

* Ox «a b
Ox Ox b a
a a Ox b
b b a Ox

Table 3: (Z,%,0z)

4 On Fermatean fuzzy ()-subalgebras

In this section, we introduce the notion of Fermatean fuzzy Q-subalgebras
and investigate the connection between Fermatean fuzzy Q-subalgebras
and (anti)fuzzy Q-subalgebras.

From now on, we consider (X, x,0x) as a Q-algebra and obtain the
subsequent results. Let F'S be a fuzzy sub-Q-algebra of X. We say F'S'is
an anti fuzzy sub-Q-algebra of X, ifat all z,y € X, pu(x*y) < p(z)Ap(y).

In what follow, for any k,l € N, any x € X and any map p: X —
T = [0,1], denote E*D = {(x, uk(z),vl(x)) | 2 € X}. Tt is clear that
EMY = B for any k > 1> 2, 4% C pit and for any k < k/,1 < U, if E(*:D
is an FFS of X, then E*) is an FFS of X.

Definition 4.1. Let E be an FFFS of X. Then F is a Fermatean
fuzzy Q-subalgebra (FFQs) of X, if for any x,y € X,ud(xz xy) >
min{u,(z), 5 (y)} and vi(z xy) < max{p3(z), p3(y)} and is an anti
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FFQs of X, if for any =,y € X, ps(x *y) < max{us(x),ud(y)} and
vE(z % y) > min{p (@), pE(y) -
Remark 4.2. Let F is an FF(Q, of X. Then

(i) for any x € X, up(0x) > u3(0x) > pi(x) and v3(0x) < vi(x) <
ve(x).

(i1) pp,vE are FQs and anti F'Q, of X, respectively.

The converse of Remark 5.2, is not true, necessarily based the Ex-
ample 4.3.

Let (X,*,0x) be a Q-algebra and § # Y C X. Will say YV is a
subalgebra of X, if for any x,t € Y,x xt € Y and will denote by Y <,
X.

Example 4.3. (i) Let (X, *,0x) be a Q-algebra and Y <g,;, X. Then
E={(xv,x5)}is an FFQs of X.

(74) Consider the Q-algebra Z as Tables 3. Then A and B are F'Q)
and anti F'Qs of Z, as Tables 4 and 5, respectively, while E = (u,v) is
not an FFQ; of Z.

I Ox a b v Ox a b
Ox 095 0.8 0.8 Ox 0.85 0.95 0.95
Table 4: FS A Table 5: FS B

Proposition 4.4. Let E be a FFQs of X and n > 2. Then for any
x € X,

() p(™) > 13(z) and A1) < v(a).
(i) pw(z™) > p(x) and v3(z™) < v(z).

Let F and F be FFQs of X. We discuss that £ C F, if at all
x € X,ugp(x) < pp(r) and vg(x) > vp(x). Obviously at all n >
n/, En) C B and at all n < n/,m < m/, E™n) C pmn’) - Also,
define

ENF ={(r,min{pg(x), pr(z)}, max{vg(z),vr(x)})} and
EUF = {(z,max{pp(z), pr(x)}, min{ve(z), vr(z)})}.
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Obviously, EN F and E U F are an FFQ; of X.

Theorem 4.5. Let A be an FQ of X. Then [A, é, il,) x, o p(x), /p
is an FFQs of X.

Proof. Let z € X Then S (@) + (pc(x)? = p(z) +1—p(z) =1

and so [4, 3, 1] = \/,u,(:n), Y uc(x))} is an FFS of X. Now, since A
is an F'Q, of X,
V(e y) = nlaxy) > ple = {/u(@)’ A
Also
(Vielwy) = 1-px y) < 1= () Ap(y) < (1= p(@) v (1= p(y))

= W@) V) = V) v Y e(y)
Then [A, %,% x, p(x), Y pc(x))} is an FFQs of X. O

Theorem 4.6. Let A be an FQ, of X. Then (A, - ) x, Y vé(x), Yv(z))}
is an FFQs of X.

Proof. Let x € X. Then (/v(2))® + (3/v°(x))® =v(z) + 1 —v(z) =1

and so (A, 1, 1) = {(z, ¥/v¢(z), ¢/v(x))} is an FFS of X. Now, being
Aisan FQ, of X,

(Vve(@*y)))® =v(xxy) > v(xz) Av(y) = (Vo) A (vey).
Also,
(Vv(z*y)? = v(wxy) <v(x) V() = (Yre(@)® v (rvey)?.

Then (A,é,é x, y/ve(x), Yv(x))} is an FFQs of X. O

Let E be an FFSofX andx € X Define E¢ = {(z,vg(x), up(x)) | x €
X}, it is clear that E€ is an anti FFQs of X.

Corollary 4.7. Let A be an FQs of X. Then
(i) [[4,3,3] = \/7 S (x))} is an anti FFQs of X.
(i) <<A7:1')aé x, v(x), /vé(x))} is an anti FFQs of X.
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Definition 4.8. Let E be an FFS of X and «, 8 € I. Define E(@f) =
{z € X | p}(z) > a,vi(z) < B} is known as Fermatean fuzzy level
subset of E.

Theorem 4.9. Let E be a FFS of X and o, 8 € I. Then E@#) < ., X
iff £ is a FFQs of X.

Proof. Let z,y € E(®#. Then u%(ac) > « and vi(y)) < B. This
implies that u3(x * y) > ph(x) A pd(y) > aAa =« and vi(z xy) <
vi(z) Vri(y) < BV B = and sox*yEE(

Conversely, let u3(z) A p3(y) = a and I/E( z) Vvi(y) = B. Then
ph(z) > a, pi(y) > a and vi(z) < B,v3(y) < 8. This implies that

z,y € E@P) and so z xy € E@# because EP) is a Q-subalgebra
of X. Therefore, pu%(z) > o = p3(z) A s (y) and vi(z) < B =vi(z)V
vi(y),so Eisan FFQs of X. O

Definition 4.10. Let E be an FFS of ALQ-algebra X. Define VE =
(g vy \f) known as Fermatean fuzzy nil radical of E, which p 37 (z) =

/\ME ) and Vyg = \/ vp(z

n>1 n>1

Example 4.11. Consider the ALQ-algebra (X, *,0) in the following
Table 6, where X = {0,a,b}.

*0 a b
0 0 b a
a a 0 b
b b a 0

Table 6: ALQ-algebra (X, *,0)

and F = (ug,vg) by pp(0) =0.9, ug(a) = 0.6, ug(b) = 0.3,vg(0) =
0.2,vg(a) = 0.5,vg(b) = 0.7. Thus

(0.9,0.2) for xz =0,
VE = (nygvyp) = { (06,05) forz=a,.
(0.3,0.7) for x =0,

11
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Theorem 4.12. Let (X,*,0x) be an ALQ-algebra and E be a FFQs
of X. Then VE is a FFQ, of X.

Proof. Let z € X and n > 1. Since E is an FFS of X, 0 < p3.(z") +
v3(z)) < 1 and so

and so VE is an FFS of X. In addition,

whyp@sy) = N ph(@y)™) = N\ pha"y™) > N\ (") A k™)

n>1 n>1 n>1

> N ub @) AN k") = 1hg@) Audgw).

n>1 n>1
Also,
Yplexy) =\ vk((@xy)") = \/ v« y") <\ Wh(") v ri(y™)
n>1 n<l n>1
<\ v v\ v ") = v (@) vV i)
n>1 n>1

Therefore, JE is a FFQg of X. O

Theorem 4.13. Let (X, *,0x) be a Q-algebra and E, F be FFQs of X.
Then

(i) VECE,

(ii) if EC F, then /E C V/F,

(vit) if X is an ALQ-algebra, then VVYE=VE.

(i) if X is an ALQ-algebra, then (\VE)(&?’) = EG3),

Proof. (i) Let z € X. Then pyp(x /\ pe(x") = pp(x) A
n>1

(/\ pe(x") < pep(z) and so pup 2 pyp. In addition, vygp(z) =
n>2
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\/ ve(z") = vg(z) V (\/ ve(z")) > ve(z) and vyp 2 vp and so
n>2

_(zz) Let x € X. Then up(z) < pp(z) and vg(z) > ve(x), so

= N wpla™) < N\ pr") = pyp(o)

n>1 n>1

and vyp(z) = \/ vp(z") > \/ vp(z") = vyp(z). Hence VE C V/F.

n>1 n>1

(i4i) By (i), VE C V/V/E. Let € X. Then by definition and
Lemma 3.3,

vy = A mie) = A A ne@ = A N sta"

n>1 n>1m>1 n>1m>1

= A\ (") = pyp(a).

k>1

In similar to 1/%/3—@( z) = v yp(x) and so YIE = VE.
(iv) Let z € X. Then

z) = N\ uha") = phx) A ph(0x) = ph(z) and

n>1
W p)(@) =\ vh(a") = vih(2) v vih(0x) = vi(x).
n>1

Hence, (VE)®3) = {(z, p3(zx), v} (2)) |z € X}. O
Corollary 4.14. Let (X,*,0x) be an ALQ-algebra. Then V'E = E.

Example 4.15, shows that the converse of Corollary 4.14, is not true
necessarily.

Example 4.15. Let A be any FQ, of Z as Table 3. Then

(1) by Theorem 4.5, [A,:l,),zl,)] = [A, é,é] while Z is not ALQ-

algebra.

13
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(i) by Theorem 4.6, {/(A,1,1) = (A, 1 1), while Z is not ALQ-
algebra.

Definition 4.16. Let E'and F' be FFS of X. Define EoF = {(z, (ugor)(2), (VEor)(x) | x €

XY, which (ipor)(@) = \/ (ne(@)Aur®)) and (vpor)(@) =\ (vs(a)v

axb=x axb=zx
vp(b)).

Theorem 4.17. Let E be an FFS of X. Then the subsequent are
equivalent:

(i) E is FFQ, of X,
(i) (Eo E)33) C BG3),

Proof. Let x,y € X. Then there are ¢,d,d,d € X in a way that

Whon(@) + vhop(@) = (\/ (usla) Aus®)’+( N\ (wela)Vp®)’

axb=x axb=zx
= (V@A ube)) + (N @) v iEm)
axb=x axb=x

= (e A (D)) + () V V() < 1.

Hence, E o E is an FFS of X and so (E o E)®%) is an FFS of X.
Since F is an FFQs of X,

Whop(@) = (\/ (usla) Aup®)’ =\ (Wha) Apk) < \/ whlaxb) = u

axb=x axb=x axb=x
vhop(@) = ( /\ we(@)Vvs®)’ = A @h@Vvi®) > N\ vilaxb)
axb=x axb=x axb=x

Hence (E o E)33) C E(:3),
Conversely, let (E o E)33) C EG3) . Then with choose, z = a and
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y = b, have

hop(zxy) = (\/ (ue(e) Aps®)’ =\ (uh(a) A pk®) > ph(@) A ph(y)
axb=xxy axb=xxy

> whop(2) A pibep(y) and

vhop(@=y) = ( N\ wel@Ves®)’= N\ @@ Vri®) <vi@) vii)

axb=xxy axb=xxy
< V%OE(:C) v V%OE(y)'
Hence (E o E)®3) is an FFQ, of X. O

Theorem 4.18. Let ¥ and F be FFQg of X. If X is an ALQ-algebra,
then the subsequent are equivalent:

(i) (EoF)33) is an FFQ, of X,
( ) (EOF)(33) (FOE)(33)
Proof. Let 2,y € X and (E o F)33) = (F o E)33). Then
(Whopp)o(uhopd) = pho(upoup)on
= uEO(#EOM%)OMF
= (upoup)o (uhopuh) C uhoud

and
(vpovE)o(Vypovp) = vho(Vpovp)ovk
= y%o(y%oy%)ou%

= (Whovy)o(Whovy) Duiovd.
Hence ((E o F) o (E o F))33) C (E o F)®3 and by Theorem 4.17,
(Eo F)33) is an FFQ, of X.
Conversely, let (E o F)33) be an FFQ, of X. Since X is an ALQ-
algebra,

(Hhor)(@) =\ wh(a) Apuh(b)

axb=x

=\ #h(0) A ph(a) = (1hop) ().

bxa=x
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In similar to, (v3,)(z) = (V3. ) (). Hence, (Eo F)33) = (Fo E)33),
|

Theorem 4.19. Let E and F be FFQs of X. If EC F and vg(0x) =
v3(0x), then EGY C Eo F.

Proof. Let z,y € X. Since z x0x = z,

(mor)(@) =\ (up(a) Aur(®) > pp(@) A pr0x) > ph) A pb(e) = ph(@)
axb=zx
and (vEor)(z) = /\ (ve(a) Vvr(() <ve(z)Vve(0x) <vg(z) Vve(Ox)
axb=x

= vp(z)VrE(0x) <vp(z)Vre(z) = ve(x).

This implies that ,u?jE C pupor and vgor C vp and so EGL C EoF.
O

Corollary 4.20. Let E and F be FFQs of X.
(i) If ve(0x) = v3(0x), then EG) C Eo E.
(ii) EC EoFE.

(iii) If ECF, then EC EoF.

Corollary 4.21. Let A be an FQs of X. Then [A, %,%] C [A4,
(A, 5, 5)-
Theorem 4.22. Let E and F be FFQgas of X. Then

(1) \?’/Eﬁ\?’/F:\S/EﬂF,andVS )

3
v
VEUVFE = " VEoF’

(i1) If EC F, then VE®3) C {/(Eo F)33). vg(0x) = v3,(0x), then
EoF C EGY,
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Proof. (i) Let z,y € X. Using Theorem 4.13, VENF CVYENVE.

(hyp Npyp) @) = pyp) A pyp) />\1uE />\1MF(16
= A\l A _
- N ) a) = A\ e 67) = i) ) and
(VSJE Uvyp)(z) = y%(;) Vv yg(n) = \>/1 ve(z") Vv \>/1 vp(z")
= V) e * *
- V o 07)(a") = Vo) = () ),

(i7) Let € X. Then
Wypr@) = N dber@) = N\ (k@) A pg®) = N (1) A pg(0x))

n>1 n>1 axb=x™ n>1

> N\ k(™) Ap™) = (N k™) AN phE™)
n>1 n>1 n>1

= whp(@) A pha(e) = (1 N el p) ().

1
Hence “é/E N M\J/F My por Also

V(@) =\ vdor@) =\ A\ ) Vi)

n>1 n>1 axb=xm
<\ (@) v v (0x))
n>1
< Vi) vga™) = (\/ W) v\ viE™)
n>1 n>1 n=1

= V%/E(x) Vv V%/F(a;) = (V%/E U I/?;;/F)({L‘)
Hence V%/ﬁ (v3 \3/5 %) Since £ C F', we get ,u?ig/ﬁ N u?’%? = M%/E

aDnd 1/% % = V%/E' This implies that VEG3) C {/(E o F)33).
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Theorem 4.23. Let E be an FFQ, of X. Then VE®3) = {/(E o E)33).

Proof. Let x € X. Then

phop(®) = \ ph(a) A pg(b) < ph(axb) = ph(z) and
n>1

Viop(r) = \[ vh(a) V() = vh(axb) = vi(x).
n>1

Thus N3E0E - u% and V% C I/%OE and so (EoE)(3’3) C EG3), Therefore,
Y/(E o E)B3) € VEB3) and by Theorem 4.22, VEG3) = {/(E o E)33).
O

Let (X, *,0x) and (X', *',0x/) be Q-algebras. Then a map f : X —
X' is referred to as a homomorphism, if for any z,y € X, f(z xy) =

f(z)* f(y). If f is onto, then it is referred to as an epimorphism. For
any FS, A ={(z,u(x)) |z € X} of X and FS, B = {(z,v(x)) |z € X'}

Vo ow@) ) A0
of X', recall that (uf)(y) = f(n)(y) = ¢ v=r() and
0 fHy) =0
(vp1)(@) = 110 (@) = v(f(@).

Theorem 4.24. Let F be an FFQ, of X'. Then for homomorphism
f: X=X,

(i) f7YF) is an FFQ4 of X.
(@) /fHF) = fH(IF).
(i) f~H(F) € fFHVF).

Theorem 4.25. Let E be an FFQg of X and f : X — X' be an
isomorphism. Then

(i) f(E) is an FFQs of X'.

(it) /f(E) S {/F(VE).
(ii) {/f(E) = f(VE).



Fermatean Fuzzy Q-Ideals in QQ-algebras 19

Proof. (i) Let 2/, € X’. Then there is ¢,d € X in a way that

Plus))+RAve)w) =\ wb@+ \/ vi(z) = k) +pkd) <1
y=f(x) y=f(z)

and so f(F) is an F'SS of X’. Since f is onto, there are z,y € X in a

way that 2/ = f(z),y' = f(y) and so

(EDe) o) = ) <y)= '\ b > W (x xy)
o'y =f(a) F@w)=f(@)
> Vo @A) =\ wk@)A N kW)
f(@xy)=f(a) f(z)=z' fy)=y

= f3up)@) A f2(ur)(y), and since f is one to one

(Pp) '+ ) = Pl ¥ y) =\ v
a'+'y'=f(a)
=V vixy)
f(zxy)=f(a)

Vo @@ avi@) =0\ vi@) A v (y))
f(zxy)=f(a) fz)=a’ )=y

= Fe)) A Pe)).

IN

Hence f(FE) is an FFQ, of X'.
(ii) Let y € X'. Since f is onto, then f~1(y) # 0, so

n>1 n>1 f(z)=y" fl@)=y
vim W) = Vvm@) =V V ve@ <\ ve@) = vim).
n>1 n>1 f(x)=y» flx)=y

Hence pypy € uf(%),yf(E)(y) D Vi(VE) and so f(E) C f(VE).
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(iii) Let y € X'. Since f is onto, then f~!(y) # 0, so for any 0 < ¢,
vemm W) — € < (rm) ™) = (i) (F(@™))

= W) @™ = veE™) < g @ <\ vy m(E) = vy m W) and
f(z)=2
o/ () € 2 () (™) = <uf(E>><f<:cm>>

= () (@™) = pe(™) = (1 f(/\ Peyvm) (2) =ty ym (Y)

Hence, gz 2 g ym) ¥ 3/ S Vrovm and so (V/F(E) 2 f(VE).

On the other hand, f is onto, then by definition of supremum, there
is x € X in a way that

yf(%)(y) —e<vyp(r) = \/ vep(z") and

n>1
Mf(é/ﬁ)(?/) tez :U*é/E(m) = /\ pe(z")
n>1
In addition, since
v =V vypl \/ \V ve V' ve") and
f(@)=y ynxl nzl f(z)=y
Nf(%/ﬁ)(y) = \/ \/ /\ pe(r") = /\ \/ pe(™),
f(@)=y )=ynx1 n2l f(z)=y

there is m € N in a way that

Crym) - Vsl = W)™ < V tre)6") = 7)) and
J(z)=y™

n>1

(pym) W) e N VE(W)I(Mf(E))(?Jm)2/\(“ﬂE))(yn):(“W)(y)'

f(w)=y™ n>1

Thus p HYE D s VI® and Vi YE) - V1B This implies that
FVE) 2% f( ) and so f(\F)Z VI(E). O
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Example 4.26. Consider the Q-algebras (X, xx,0x) and (Y, *y,0y) as
Tables 7 and 8, that X = {0x,1,2,3} and Y = {0y, b, ¢, d}.

Ox Ox 3 2 1 Oy Oy b d c
1 1 0x 3 2 b b 0y ¢ d
2 2 1 0x 3 c c d 0Oy b
3 3 2 1 o0y d d ¢ b Oy
Table 7: (X, *,0x) Table 8: (Y, *,0y)

Now, define a bijection ¢ : X — Y by ¢ = {(0x,0y), (1,¢),(2,b), (3,d)},
which is an isomorphism. Define a Fermatean fuzzy set £ = (ug, vg)
on X by

z |0x 1 2 3
pe(x) |09 0.6 0.6 0.6
vg(x) |04 0.7 0.7 0.7

Then ¢(E) = (ly(E), Vp(p)) on Y is

Y ‘ Oy b ¢ d
uf(E)(y) 09 06 06 0.6 .
Vf(E) (y) 0.4 0.7 0.7 0.7

One can see that ¢/p(F) = ¢(E) = o(VE).

5 On Fermatean fuzzy ()-Ideal

In this section, we present the Fermatean fuzzy Q-ideals(F F'I) based the
fuzzy @-ideals and investigate their properties. We present the notion 3-
regular F'S and make a correspondence between of an F'/F Qs and FFQ);.

Let X be a Q-algebra and A be an F'S. Then A is referred to as
a fuzzy Q-ideal (F'Q;) of X, if for any =,y € X, u(0x) > p(z), p(z) >
min{u(z xy), u(y)} and it is referred to as an anti F'Q; of X, if for any
z,y € X,pu(0x) < p(x), u(x) < max{u(z *y),u(y)}. Obviously, if A is
an F'Q; of X, then A€ is an anti F'Q); of X, which pu¢(z) =1 — u(x).
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Definition 5.1. Let E be an FFS = (ug,vg) of X. Then F is a
Fermatean fuzzy Q-ideal (FFI) of X, if for any z,y € X, (1), u%,(0x) >
(), vE(0x) < vi(2), (2), pi(e) = min{p(z * y), uj(y)} and (3) :
vE(z) < max{vj(a *y), uE(y)}.

Remark 5.2. Let F is an FFFQ; of X. Then up,vg are F'QQ; and anti
FQ; of X, respectively.

The converse of Remark 5.2, is not true, necessarily based the Ex-
ample 4.3.

Example 5.3. (i) Let I be an ideal of X. Then E = (xr,x}) is an
FFQ; of X.

(ii) Let A be an FQ; of X. Then [A, £, 1] is an FFQ; of X.

(iii) Let A be an FQ; of X. Then (A, 1 1) is an FFQ; of X.

Proposition 5.4. Let E = (ug,vg) be an FFQ; of X. Then ug and
vE are order-reserving and order-preserving, respectively.

Example 5.5. Consider the Q-algebra (X, *,0) in Table 9)

xx 0 a b c
0 0 a b c
a a 0 ¢ b
b b ¢ 0 a
c c b a 0

Table 9: (X, x,0)

and the FFQ; F = (ug,vg) defined by

T ‘ 0 a b c
pe(z) [ 0.75 0.75 0.75 0.75 .
vg(x) | 0.1 03 0.5 0.75

Proposition 5.6. Any FFQ; of X is a FFQs of X.

The opposite of Proposition 5.6, may not be true.
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Example 5.7. Consider the ()-algebra Y as Tables 2. Then E =
(ug,vp)is an FFQs of Y as Tables 10 and 11, while is not an FFQ; of
Y.

pe Ox a b c vg Ox a b c
Ox 05 04 03 0.2 Ox 03 04 0.5 0.6

Table 10: FS ug Table 11: FS vg

Let m € NJE be an FFS of X and z,y,z € X. We state that
E is m-regular, if z x y < 2, then pg(z) > min{uf(y), u5(2)} and
v (xz) < max{vi(y), vy (2)}.

Theorem 5.8. Let X be a QQ-algebra. Then
(1) Any FFQ; of X, is 3-reqular.
(ii) Any 3-reqular FFQs of X is an FFQ; of X.

Proof. (i) Let z,y,z € X,z xy < z and E = (ug,vg) be an FFQ; of
X. Then (z *y) * z = 0x and so

p ()

AV

min{p®(z % y), 1*(y)} = min{min{p?((z * y) * 2), x> (2)}, 1 ()}
= min{min{z*(0x), 1*(2)}, 1* (y)} = min{p?(2), 1> (y) }.

In similar to, v3(z) < max{v3,(y),vs(2)} and so E is 3-regular.

(i) Let z,y € X and E be a 3-regular FFQ, of X. Then by def-
inition, up(0x) > ph(r) and v3(0x) < ve(x). Since, for any x,y €
X,z * (x*xy) <x y, It implies that by hypothesis that

pe(z) > min{up(r * y), ue(y)} and vep(r) < min{ve(z xy),ve(y)}.
Hence, F is an FF(Q; of X. O

Theorem 5.9. Let E and F be 3-reqular FFQ; of X, X', respectively
and f : X — X' be an isomorphism. Then

(i) f(E) is a 3-reqular an FFQs of X'.

(ii) f~Y(F) is a 3-regular an FFQs of X.
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Proof. (i) Using Theorem 4.25, f(E) is a an FFQs of X'. Now, for
o'y e X if ol ¥y <, 2, then there are x,y,z € X in a way that

flxxy) <., f(2) and so x xy <, z because, f is a bijection. Since F
s a 3-reqular an FFQgs of X,

Plue)a) = \/ wh@) > \/ min{uh@),phz)}

f(z)=2' fly)=y
f(z)=z'
>min{ \/ uh@), \V w#h(z)}
fly)=y’ f(z)=2'

= min{f*(up)W), 2 (ue)(?)}.

In similar to, f3(ve)(z") < min{f3(ve)'), f3(ve)(2)} and so f(E) is
a 3-reqular an FFQ of X'.
(ii) By Theorem 4.2/, and similar to (i), the proof is obtained. [

Corollary 5.10. Let E and F be FFQ; of X, X', respectively and f :
X — X' be an isomorphism. Then

(1) f(E) is an FFQ; of X'.
(ii) f~Y(F) is an FFQ; of X.

Example 5.11. Consider the isomorphic Q-algebras (X, *x,0x) and
(Y, *y,0y) Tables 7 and 8. Define E = (ug,vg) on X by

x |ox 1 2 3
1p(x) [ 0.9 05 05 0.5
vg(z) | 0.2 0.7 0.7 0.7

One can check that F is an FFQ; of X, hence it is 3-regular. Now,
o(F) on'Y is given by

y |0y b ¢ d
oy (y) 0.9 05 0.5 0.5
02 0.7 0.7 0.7

and clearly ¢(F) is a 3-regular FFQg of Y.
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Next, define F' = (up,vr) on Y by

y |0y b ¢ d
pr(y) [ 0.8 04 04 04
ve(y) | 0.3 0.8 0.8 08

One can check that F' is an FF(Q; (hence 3-regular) of Y. Then

90_1(F) = (Mapfl(F)ﬂ/go*l(F))
on X is
x  Jox 1 2 3
po-1(py(x) | 0.8 0.4 04 04
V@—I(F)(IE) 0.3 0.8 0.8 0.8

which is a 3-regular FFQg of X.

Theorem 5.12. Let E = (ug,vE) be an FFS of X. Then
(i) E is an FFQ; of X iff u3, and v3, are FQ; of X.

(t7) Eis an FFQ; of X iff F = (ug, u$;) and G = (v§,,vg) are FFQ;

of X.
Proof. Let z,y € X.

(i) If Fis an FFQ; of X, clearly ug is an FQ; of X. In addition,

v30x) = 1-vp(0x)>1—vi(z) =v%(x) and
3

vp(e) =1 —v(z) 21— max{vg(z « y), vi(x)}

= min{l — V%(ZE xy), 1 — V%(y)}
= min{vr(z *y), v%(y)}.

Hence, vg is an F'Q; of X.

Conversely, assume that u% and I/C3E are F'Q); of X. Then for each
z,y € X, 1 (0x) > p(x), vg(0x) = 1— v (0x) < 1—v%(z) = v(z)

and

1—vh(z) = v%(x) > min{v %z +y), v %(y)}
=min{l — v (z*y), 1 —vi(y)}

= 1—max{ri(zxy),vi(y)},

25
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that is v3(z) < max{vi(z xy), v (y)}. Moreover, u3, is an FQ; of X,
so E is an FFFQ; of X.

(ii) Let E be an FFQ; of X. Then by item (i), u3, and 13 are
FQ; of X and so p3% and v3g are anti FQ; of X. It implies that
F = (pug, p%) and G = (v, vg) are FFQ; of X.

Conversely, let F' = (ug, pny) and G = (v, vg) are FFQ; of X. By
item (i), p3 and 3% are FQ; of X and so E = (ug,vg) is an FFQ; of
X. U

Theorem 5.13. Let E, F be 3-reqular FF'S of X. Then
(i) VE is a 3-reqular FFS of X.
(13) EoF is a 3-reqular FFS of X.

Proof. Let z,y,z € X and z xy <, z.
(i) Since E is a 3-regular F'F'S of X,

whp(@) = N\ i) > min{ A\ pi(y™), N\ wib(=")} = min{u ), 1%5(2)})

n>1 n>1 n>1

and

Ayple) = V) < max{\ vb). \/ vBG") = max{v (). v ().
n>1 n>1 n>1

Hence, V/E is a 3-regular FF'S of X. (ii) Since E, F are 3-regular FFS
of X and z+0x =z, y*x0x =y,2x0x = 2,

(Hhor) (@) =\ (uh(a) A (9)) < (uh(2) A p(0x))

axb=x

> (g (y) A ph(2) A pi(0x)) = (Vi) A pd(0x) A ph(z) A pk(0x))

>\ b Apb@) A\ b)) Apk(a) = hor) W) A (Hhor) (2)-
cxd=y prq=2

and

VEor)@) = N\ (vi(a@) v vE(D)) < (Vh(2) v v (0x))

axb=x
(g (Vvi(2) V vp(0x)) = (vp(y) V p(0x V vi(2) V vp(0x))

<
< N\ W@ VvV A\ WEm) V@) = Vb))V (Vher)(2)-
cxd=y prq=2z
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Hence, E o F'is a 3-regular FFSof X [

Corollary 5.14. Let (X, *,0x) be an ALQ-algebra and E be an FFQ);
of X. Then

(i) VE is an FFQ; of X.
(ii) If (E o F)33) = (Fo E)33), then Fo E is an FFQ; of X.

Let E be an FS of X and o, € 1. Define U(E,a) = {z €
X | pi(z) > o} and L(E,B) = {z € X | vi(x) < B} are call as
upper a-level cut of A and lower a-level cut of A, respectively.

Theorem 5.15. An FFS E is an FFQ; of X iff for any o, 3 € I,() #
U(E,a) and O # L(E,8) are FQ; of X.

Proof. Let a, 8 € I and E be an FFQ; of X. Firstly, u%(z) > o and
vi(z) < 8,50 0x € U(E,a) N L(E, B). Assume that z xy,y € U(E, a).
Then p(x * y) > a, ph(y) > a and p(z) > min{p(z x y), uh(y)} >
min{«a, a} and so y € U(E,a). It implies that U(E, a) is an F'Q; of X
and in similar to L(FE, 3) is an FQ; of X.

Conversely, let U(F,«) and L(E, () are FQ; of X. For any x €
X, p3(x) = a,vi(z) = B. So {z,0x} C U(E,a)N L(E, B), because
U(E,«) and L(E, 8) are FQ; of X. Hence u%(0x) > a and v3,(0x) <
B. Let for some z,y € X,ud(z) < min{ud(z * y),u3(y)}, then by

taking 7 = (b (r) + min{yid(x ), wh(1)), we have ph(r) < 7 <
min{u3 (z * y), u%(y)}. Hence x € not € U(E,~), while z xy € U(E, )
and y € U(E,~), which is a contradiction, because U(E,~) is an ideal
of X. Moreover, if there is z,y € X in a way that v} (z) > max{v}(z *

D), VE )}, by taking « == () + min{ad(x * ), 1 (1)), we get
that

max{u3(z * y), p3(y)} < v < pi(x). Therefore, z xy,y € L(E,*),
but x ¢ L(E,*) and is a contradiction, because L(E, %) is an ideal of X.
Hence F is an FFQ; of X. O

Corollary 5.16. Let {E;};cr be a collection of FFQ; of X. Then

(1) ﬂEl is an FFQ; of X.
i€l

27
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(i) If {E;}ier be a chain, then U E; is an FFQ; of X.
i€l
Let J =1[0,0.75] C [0,1],J = {Jx | A € J} be a collection of ideals
of X and \,\ € J. Define A < X iff Jy C J) and say (J,CQ) is a

J-poset. Also we say that X is a J-coverd, if X = U Jy and (J, Q)

Ae]
is a J-poset. So based the Theorem 5.15 and Corollary 5.16, have the

subsequent results.

Theorem 5.17. Let X be a J-coverd Q-algebra. Then E = {(x,sup{\ €
Jlxzedy },inf{ el |xedy})}isan FFQ; of X.

Proof. Let z,y € X. Then there is A € J in a way that x € I and

(supfrh el |z ey })3+(inf{Ael |z el,})?
=sup{Mel|rxecdy}+inf{\el|zecl,}<1

and so F is an F'F'S of X. Let x € X and a € [. Then thereis A € J
in a way that x € I,. If a = \/ A, then U(F,«a) = ﬂ I, because
A< A<a
of, VA < a,z € U(E,a) & x € ﬂ Iy. Thus U(F,«) is an FQ; of
A<
X. Ifa# \/ A, then there is * > 0 in a way that (a — *,a) N J = 0.
A<
Assume that = € U I, then there is A > « in a way that x € I, and
A>a
so pug(x)A > «a. Hence U I, C U(E,«a). Suppose x ¢ U I, then
A>o A>a
VA >,z ¢ I\ and so forall A > a—x*,x & I\. Thus up(z) <a—x <«
and so z € U(E,a). Therefore, U I, = U(F,a) and so in any cases,

A>a
U(E,a), is an FQ; of X. Now, let 8= /\ A. Then L(E,8) = () I,
B<A B<A
because of V8 < A\,x € I, & x € ﬂ I. Hence L(E,p) is an FQ; of
B<A

X. If g # /\)\, then there is * > 0 in a way that (8,8 + )N J = 0.
B<A
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Let z € U I, then there is A < 8 in a way that x € I,. Then

A<B

pe(r) < A < B so that = € L(E,$3). Hence U I, C L(E,B). If
AZB

x ¢ | JIn then V X\ < B,z ¢ I, special @ ¢ I, which A < 8 + *.

A<B
It implies that vg(x) > 8+ > [ and so = ¢ L(E,). Therefore,
L(E,p) C U I, an in any cases, L(FE,3) C U I, which implies that
A<B A<B
L(E,p)isan FQ; of X. O

Example 5.18. Let X = {0, a,b, c} be the Q-algebra given by Table 9.
Take J = [0, 0.75] C [0, 1] and define a descending chain of ideals:

JO.l — {0}, J0.3 - {07 a}, J0.5 - {Ovavb}7 J0.75 - {O,CL, b7 C} =X.

Clearly Jo.75 € Jos C Jo3 C Jo.1 corresponds to A < X < Jy C J,
and X = (Jy¢jJx, s0 X is J-covered.
Now define E = (ug,vg) as in the theorem, by

pe(z) =sup{r € J |z € J\}, vp(z) =inf{\ e J |z € J\}

and so
T ‘ 0 a b c

pp(z) | 075 0.75 0.75 0.75
ve(z) | 0.1 03 05 0.75.

One can see that F is indeed an FFFQ; of X.

6 Conclusion

Fermatean fuzzy subsets offer a stronger and more adaptable approach to
managing uncertainty in complex decision-making scenarios when com-
pared to traditional fuzzy sets, intuitionistic fuzzy sets, and Pythagorean
fuzzy sets. Their less restrictive constraints enable a more accurate rep-
resentation of real-world ambiguities, making them particularly effec-
tive across a wide range of fields, including medicine, engineering, and
risk management. In this paper, we orient the idea of Fermatean fuzzy
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@-subalgebras as fuzzy ()-subalgebras and investigate their properties.
Also

(1) The notions of ALQ-algebra and C'LQ-algebra are introduced and
is proved that, ALQ-algebra and C'LQ-algebra are equal.

(74) It has been proven that any Fermatean fuzzy @-subalgebra is a
generalization of fuzzy ()-subalgebra and anti fuzzy ()-subalgebra.

(7i7) Fermatean fuzzy level subset of Fermatean fuzzy Q-subalgebra is
defined and is shown that Fermatean fuzzy subset is a Fermatean
fuzzy @-subalgebra iff its Fermatean fuzzy level subset is a -
algebra.

(tv) The notation of Fermatean fuzzy nil radical is introduced and is
shown that Fermatean fuzzy nil radical of any Fermatean fuzzy
(Q-subalgebra is a Fermatean fuzzy @Q-subalgebra.

(v) It is shown that in any ALQ-algebra, the fuzzy nil radical of a
Fermatean fuzzy @Q-subalgebra is equal to Fermatean fuzzy Q-
subalgebra.

(vi) Using the isomorphisms, it is transformed the Fermatean fuzzy
Q-subalgebras between two ()-algebras.

(vii) The notion of Fermatean fuzzy ()-ideals is presented and is made a
link between Fermatean fuzzy ()-subalgebras and Fermatean fuzzy
Q-ideals.

6.1 Suggestions for future researches

We hope to obtain more results regarding (J-algebras such as:
(1) orient the (anti) (m,n)-fuzzy @Q-subalgebras,
(74) introduce the notion of (m,n)-fuzzy @Q-hypersubalgebra,
(7i1) present the (m,n)-fuzzy graphs regard to (m, n)-fuzzy Q-subalgebras,
)

(iv) present the (m,n)-fuzzy hypergraphs regard to (m,n)-fuzzy Q-
hypersubalgebra,



Fermatean Fuzzy Q-Ideals in QQ-algebras

(v) compute the domination number of (m,n)-fuzzy graphs of (m,n)-

(vi) compute domination number of (m, n)-fuzzy hypergraphs of (m, n)-

fuzzy graphs,

fuzzy Q-hypersubalgebra.
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