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ABSTRACT. In this study, a neutrosophic N'—subalgebra, a (implicative)
neutrosophic A/ — filter, level sets of these neutrosophic N'—structures and
their properties are introduced on a Sheffer stroke BE-algebras (briefly,
SBE-algebras). It is proved that the level set of neutrosophic A'— subal-
gebras ((implicative) neutrosophic N —filter) of this algebra is the SBE-
subalgebra ((implicative) SBE-filter) and vice versa. Then we present
relationships between upper sets and neutrosophic N —filters of this alge-
bra. Also, it is given that every neutrosophic N —filter of a SBE-algebra
is its neutrosophic N —subalgebra but the inverse is generally not true.
We study on neutrosophic N —filters of SBE-algebras by means of SBE-
homomorphisms, and present relationships between mentioned structures
on a SBE-algebra in detail. Finally, certain subsets of a SBE-algebra are
determined by means of A'—functions and some properties are examined.
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1. Introduction

Sheffer stroke which is one of the two operators that can be used by itself,
without any other logical operators, was originally introduced by H. M. Sheffer
to build a logical formal system [19]. Since it provides new, basic and easily
applicable axiom systems for many algebraic structures owing to its commu-
tative property, this operation has many applications in algebraic structures
such as orthoimplication algebras [1], ortholattices [4], Boolean algebras [11],
strong Sheffer stroke non-associative MV-algebras [5], filters [14] and neutro-
sophic N-structures [15], Sheffer Stroke Hilbert Algebras [12], fuzzy filters [13]
and neutrosophic N-structures [16]. On the other hand, H S. Kim and Y. H.
Kim introduced BE-algebras as a generalization of a dual BCK-algebra and
defined filters and upper sets on this algebra [10]. Also, some types of filters
in BE-algebras [3] and some results in BE-algebras [17]. Recently, Katican et
al. introduced BE-algebras with Sheffer stroke and investigated upper sets,
SBE-filters and SBE-homomorphisms [8].
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The fuzzy set theory which has the truth (t) (membership) function and
positive meaning of information was introduced by L. Zadeh [23]. There-
fore, researchers deal with negative meaning of information. For this propose,
Atanassov introduced the intuitionistic fuzzy set theory [2] which is a type
of fuzzy sets and has truth (t) (membership) and the falsehood (f) (nonmem-
bership) functions. Then, Smarandache introduced the neutrosophic set theory
which is the intuitionistic fuzzy set theory and has the indeteminacy /neutrality
(i) function with membership and nonmembership functions [20,21]. Hence,
neutrosophic sets are defined on three components (¢, 4, f) [24]. In recent times,
neutrospohic sets are applied to the algebraic structures such as BCK/BCI-
algebras and BE-algebras ( [6], [7], [9], [18], [22]).

In the second section, basic definitions and notions on Sheffer stroke BE-
algebras, neutrosophic A'—functions and neutrosophic A/ —structures are pre-
sented (briefly, SBE-algebra). In third section, a neutrosophic N —subalgebra
and a level set on neutrosophic N —structures are defined on SBE-algebras.
Then it is shown that the level set of a neutrosophic N'—subalgebra on a SBE-
algebra is its SBE-subalgebra and vice versa, and that the family of all neutro-
sophic N —subalgebras of the algebraic structure forms a complete distributive
modular lattice. In fourth section, a (implicative) neutrosophic N —filter and
a (implicative) neutrosophic N —filter of a SBE-algebra are defined, and some
properties are investigated. Also, a neutrosophic N —filter of a SBE-algebra
is restated by means of upper sets. We demonstrate that every implicative
neutrosophic A/ —filter of a SBE-algebra is the neutrosophic N —filter but the
inverse is generally not true. It is propounded that level set of a (implicative)
neutrosophic N —filter of a SBE-algebra is its (implicative) SBE-filter and the
inverse always holds. Indeed, it is proved that a neutrosophic A/ —structure on
a SBE-algebra defined by means of a (implicative) neutrosophic N —filter of
another SBE-algebra and a surjective SBE-homomorphism is a (implicative)
neutrosophic N —filter. We illustrate that every neutrosophic N —filter of a
SBE-algebra is the neutrosophic A/ —subalgebra but the inverse is mostly not
valid. Besides, the cases which a neutrosophic A —filter of a SBE-algebra is
an implicative neutrosophic N —filter are analyzed. Special subsets of a SBE-
algebra are described by N —functions and it is shown that these subsets are
(implicative) SBE-filters of SBE-algebra for its (implicative) N —filter. Finally,
we determine new subsets by means of the N —functions and some elements
of a SBE-algebra and prove that these subsets are (implicative) SBE-filters
of a SBE-algebra for a (implicative) neutrosophic A —filter of this algebraic
structure but the inverse does not hold in general.

2. Preliminaries

In this section, basic definitions and notions about Sheffer stroke BE-algebras
(for short, SBE-algebras) and neutrosophic N —structures on crispy sets are
given.
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Definition 2.1. [4] Let S = (S, 0) be a groupoid. The operation o on S is
said to be a Sheffer operation (or Sheffer stroke) if it satisfies the following
conditions for all z,y,z € S:

(S1) w0y =you,

(52) (ox)o(voy) =u,

(53) zo((yoz)o(yoz)) =((xoy)o(xoy)) oz,

(54) (o ((zox)o(yoy)))o(zo((zox)o(yoy))) ==

Definition 2.2. [8] A Sheffer stroke BE-algebra (shortly, SBE-algebra) is a
structure (S;0,1) of type (2,0) such that 1 is the constant in S, o is a Sheffer
operation on S and the following axioms are satisfied for all x,y,z € S:
(SBE—1)zo(zroxz)=1,
(SBE—2)zo((yo(zo0z))o(yo(zo0z)))=yo((xo(z02z))o(xo(z02))).
Lemma 2.3. [8] Let (S;0,1) be a SBE-algebra. Then the following hold for

(i) zo(lol) =1,

(ii) 1o (zox) ==,

(iii) 2o ((yo(zox))o(yo(zox))) =1,

(iv) zo(((zo(yoy))o(yoy))o((zo(yoy))o(yoy))) =1,

(v) (zol)o(xol)=u,

(vi) (vi) ((zoy)o(zoy))o(zox)=1and ((xoy)o(zoy))o(yoy) =1,
(vii) zo((zoy)o(zoy)) =zoy=((zoy)o(zoy))oy.

Definition 2.4. [8] A SBE-algebra (S;0,1) is called self-distributive if
zo((yo(z02))o(yo(z02)))=(xo(yoy))o((zo(zoz))o(xo(z02))),

for any z,y,z € S.
Definition 2.5. [8] Let (S;0,1) be a SBE-algebra. Define a relation < on S
by
xz <yifand only if zo (yoy) =1,

for all z,y € S. The relation is not a partial order on .S, since it is only reflexive
by (SBE —1).
Lemma 2.6. [8] Let (S;0,1) be a SBE-algebra. Then

(i) ifz <y, thenyoy Jzoux,
z2yo(roux),

)

(iii) y 2 (yo(zox))o(zox),
) if S is self-distributive, then x <y implies yoz X xo z,
)

(y o (xox))).

Definition 2.7. [8] Let (S;0,1) be a SBE-algebra. Then a nonempty subset
F C S is called a SBE-filter of S if it satisfies the following properties:
(SBEf—-1)1€F,

(SBEf—2) Forallz,y € S, z0(yoy) € F and z € F imply y € F.



120 T. Oner, T. Katican, S. Svanidze and A. Rezaei

Lemma 2.8. [8] Let (S;o0,1) be a SBE-algebra. Then a nonempty subset
F C S is a SBE-filter of S if and only if for all z,y € S

(i) x € F andy € F imply (xoy)o(xoy) € F,

(i) x € F and x <y imply y € F.

Definition 2.9. [8] Let (S;o0,1) be a SBE-algebra, z,y € S and define
Ul,y) ={z € S:20((yo(z02)o(yo(z0z2))) = 1}. Then U(z,y) is
called an upper set of  and y. For z,y € S, U(z,y) is not a SBE-filter of S in
general.

Definition 2.10. [8] A subset T of a SBE-algebra (S;0,1) is called a SBE-
subalgebra of S if xo(yoy) € T, for z,y € T. Clearly, S itself and {1} are
SBE-subalgebras of S.

Definition 2.11. [8] Let (S;o0g,1g) and (P;op,1p) be SBE-algebras. A
mapping f : S — P is called a SBE-homomorphism if f(xogy) = f(z)op f(y),
for all z,y € S and f(lg) = 1p.

Definition 2.12. [6] F(X,[—1,0]) denotes the collection of functions from
a set X to [—1,0] and a element of F(X,[—1,0]) is called a negative-valued
function from X to [—1,0] (briefly, N'—function on X). An N —structure refers
to an ordered pair (X, f) of X and N —function f on X.

Definition 2.13. [9] A neutrosophic N —structure over a nonempty universe
X z
X is defined by Xy = = rx e X
Ty I ) (TN (). Iy (@), F (2) J
where T, Iy and Fyy are N'—function on X, called the negative truth mem-
bership function, the negative indeterminacy membership function and the
negative falsity membership function, respectively.

Every neutrosophic A/ —structure X over X satisfies the condition

(VCC € X)(73 < TN(I) + [N(x) + FN(I) < 0)

Definition 2.14. [7] Let X be a neutrosophic N —structure on a set X and
«, 3,7 be any elements of [—1,0] such that —3 < a+ 5+ v < 0. Consider the
following sets:

Ty ={r e X :Tn(z) < a},

I8 ={eeX: Iy > 8}
and

Fy:={reX:Fn(z) <~}
The set Xy (o, 8,7) i={z € X : Tn(z) < a,In(z) > B and Tn(z) < 7} is
called the (o, 8, v)—level set of Xn. Moreover, Xn (o, 8,7) =Tx N If, nEy.

Consider sets



Neutrosophic N —structures on SBE-algebras — JMMRC Vol. 11, No. 1 (2022) 121

and
Xy ={r € X :Fn(z) < Fy(wy)},
for any wy, w;,w; € X. Obviously, w; € Xn', w; € X' and wy € Xy [7].

3. Neutrosophic N —subalgebras

In this section, we present neutrosophic A'—subalgebras of SBE-algebras and
some properties. Unless indicated otherwise, S states a SBE-algebra.

Definition 3.1. A neutrosophic N —subalgebra Sy of a SBE-algebra S is a
neutrosophic N —structure on S satisfying the condition

min{Tn (z), Tn(y)} < Tn(z o (yoy)),

In(zo(yoy)) <max{In(z),In(y)}
@) and

Fy(zo(yoy)) <max{Fy(z), Fx(y)},
forall z,y € S.

Example 3.2. Consider a SBE-algebra S where the set S = {0, u, v, w,t,1}
and the Sheffer operation o on S has Table 1 [8]:

TABLE 1. Cayley table of Sheffer operation o on S in Example 3.2

o0 u v w t 1
o0jr 11 1 1 1
vl » 1 1 1 w
v| i1 1 w 1 1 wu
wll 1 1 ¢t 1 ¢
t|1 1 1 1 w w
111 v w t w O
Then a neutrosophic A/ —structure
T 1
Sy ={ cxeS—{1}}u{ }

(—0.87,-0.1,-0.2)
on S is a neutrosophic N —subalgebra of S.

(—0.03, —1, —0.78)

Definition 3.3. Let Sy be a neutrosophic N —structure on a SBE-algebra S
and «a, 8,7 be any elements of [—1,0] such that —3 < a+ 8+ v < 0. For the
sets

Ty ={z € S:a<Ty)},

I8 ={xeS: Iy <8}
and

Fy:={z€S:Fy(z) <},
the set Sy(o, B,7) :=={x € S: a <Ty(x),In(z) < S and Fn(z) < v} is called
the (o, B8,7)—level set of Sn. Also, Sy (v, 8,7) =T N Iﬁ, NnFEyY.
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Theorem 3.4. Let Sy be a neutrosophic N —structure on a SBE-algebra S
and «, 3,7 be any elements of [—-1,0] with -3 < a+8+v < 0. If Sy isa
neutrosophic N —subalgebra of S, then the mnonempty level set Sy(a, 8,7) of
SN is a SBE-subalgebra of S.

Proof. Let Sy be a neutrosophic A/'—subalgebra of S and z,y be any elements
of Sn(a, B,7), for a, B,y € [-1,0] with =3 < a+ 4+~ < 0. Then a <
Tn(x), Tn(y); In(2), In(y) < B and Fy(z), Fn(y) <. Since

a <min{Ty(z), Tn(y)} < Tn(z o (yoy)),
In(zo(yoy)) <max{In(z),In(y)} < B

and

Fy(zo(yoy)) <max{Fy(z), Fx(y)} <7,
for all x,y € S, it is obtained that xo (yoy) € T]‘\",,Iﬁ,,FJ\Y,7 and so, zo (yoy) €
ij‘,ﬂ]f, NFY = Sn(a,B,7). Hence, Sy (e, 8,7) is a SBE-subalgebra of S. [

Theorem 3.5. Let Sy be a neutrosophic N —structure on a SBE-algebra S
and Tﬁ,,]ﬁ, and Fy, be SBE-subalgebras of S, for all a,pB,v € [—1,0] with
-3<a+B+v<0. Then Sy is a neutrosophic N —subalgebra of S.

Proof. Let Tg, Iﬁ, and Fy, be SBE-subalgebras of S, for all o, 8,7 € [—1, 0] with
—3 < a+pB+7v <0. Suppose that a1 = T (zo(yoy)) < min{Tn(z), Tn(y)} =

1
ay. fa = §(a1+a2) € [-1,0), then oy < a < ag. So, z,y € Ty but xo(yoy) ¢

T which is a contradiction. Thus, min{Tn(z),Tn(y)} < Tn(z o (yoy)), for
all x,y € S. Assume that 51 = max{Iy(x),In(y)} < IN(z o (yoy)) = fa. If

1
8= 5(614—52) € [-1,0), then 51 < § < B2. Hence, z,y € Iﬁ, but zo(yoy) ¢ I]’%
which is a contradiction. Thus, In(z o (y oy)) < max{Iy(z),In(y)}, for all
x,y € S. Moreover, suppose that 73 = max{Fn(z), Fnv(y)} < Fn(zo (yo

1
Y) = ve. Ify = 5(71 +72) € [-1,0), then 71 < v < 72. Thus, z,y € Fy,
whereas x o (y o y) ¢ Fy which is a contradiction. Thereby, Fy(z o (y o

y)) < max{Fn(z), Fx(y)}, for all z,y € S. Therefore, Sy is a neutrosophic
N —subalgebra of S. 0O

Theorem 3.6. Let {Sy, : i € N} be a family of all neutrosophic N —subalgebras
of a SBE-algebra S. Then {Sn, : i € N} forms a complete distributive modular
lattice.

Proof. Let T be a nonempty subset of {Sy, : ¢ € N}. Since Sy, is a neutro-
sophic N —subalgebra of S, for all ¢ € N, it satisfies the condition (1) for all
x,y € S. Then (T satisfies the condition (1). Thus, (7T is a neutrosophic
N —subalgebra of S. Let P be a family of all neutrosophic N —subalgebras of
S containing (J{Sn, : © € N}. So, (| P is a neutrosophic A'—subalgebra of S.
If Nien Sn, = Nien Sn, and /oy Sy, = () P, then ({Sy, : i € N}, \/, A) forms
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a complete lattice. Moreover, it is distibutive by the definitions of \/ and A.
Since every distributive lattice is a modular lattice, the lattice is modular. [

Lemma 3.7. Let Sy be a neutrosophic N —subalgebra of a SBE-algebra S.
Then

(2) Tn(z) <Tn(1),In(1) < Iy(x) and Fn(1) < Fn(z),

forallz € S.

Proof. 1t is clear from (SBE-1). O
The inverse of Lemma 3.7 does not usually hold.

Example 3.8. Consider the SBE-algebra A in Example 3.2. Then a neutro-
sophic A —structure

Sy ={

(—0.91,-0.4, —0.5)} N {(0, —07,—0g) "€ S —{v}}

on S satisfies the condition (2) but it is not a neutrosophic N —subalgebra of
S since max{Fn(u), FN(0)} = —0.8 < —0.5 = Fy(v) = Fy(uo (000)).

Lemma 3.9. A neutrosophic N —subalgebra Sy of a SBE-algebra S satisfies
Tn(x) <Tn(zo(yoy)), In(zo(yoy)) < In(x) and Fy(zo(yoy)) < Fy(z),
for all x,y € S if and only if Ty, In and Fn are constant.

Proof. The proof is obtained from Lemma 2.3 (ii) and Lemma 3.7. O

4. Neutrosophic N —filters

In this section, implicative SBE-filters and (implicative) neutrosophic N —
filters of SBE-algebras are introduced. Also, relationships between aforemen-
tioned structures are analyzed.

Definition 4.1. A nonempty subset F' of a SBE-algebra S is called a implica-
tive SBE-filter of S if it satisfies

(SIF—1)1€F,

(SIF = 2) 2o ((yo (:02) 0 (yo(202) € Fand zo(yoy) € F imply
xo(zoz) € F, forall z,y,z €8S.

Example 4.2. Consider a SBE-algebra S in which the set S = {0, u,v,w,t,1}
and the Sheffer operation o on S has Table 2 [8]: Then {w, ¢, 1} is an implicative
SBE-filter of S while {v, 1} is not, since wo (uowu) =u ¢ {v,1} when wo ((vo
(uou))o(wo(uowu)))=1€{v,1} and wo (vowv) =v € {v,1}.

Lemma 4.3. Every implicative SBE-filter of a SBE-algebra S is a SBE-filter
of S.

Proof. Tt follows from Lemma 2.3 (ii) and (STF — 2). O

The inverse of Lemma 4.3 is not true in general.



124 T. Oner, T. Katican, S. Svanidze and A. Rezaei

TABLE 2. Cayley table of Sheffer operation o on S in Example 4.2

— & @ 2 Oo|o
e il e S o )
e e e S
E R~ & & rc
S N s B
S 2 2 M - |
o2 S & &+ MK

Example 4.4. Consider a SBE-algebra S in Example 3.2. Then {1} is a
SBE-filter of S but it is not implicative since u o (vowv) = v ¢ {1} when
uo ((wo(vow))o(wo(vow)))=1€{1l} and uo(wow)=1¢€ {1}.
Definition 4.5. A neutrosophic A —structure Sy on a SBE-algebra S is called
a neutrosophic N —filter of S if

min{Ty(zo (yoy)),Tn(x)} < Tn(y) <Tn(1),
3) In(1) < In(y) < maXC{lIN(IE o(yoy)),In(x)}

Fn(1) < Fn(y) <max{Fy(z o (yoy)), Fn(z)},
for all z,y € S.

Example 4.6. Consider the SBE-algebra S in Example 4.2. Then a neutro-
sophic A —structure

S x ) 0 x
Nﬁ{(—l,—O.OQ,O) T = ,w,t}U{

on S is a neutrosophic N —filter of S.

T . z=uul
0,-02,-05) " v, 1}

Lemma 4.7. Let Sy be a neutrosophic N —structure on a SBE-algebra S.
Then Sy is a neutrosophic N —filter of S if and only if

(1) = =Xy implies Ty (x) <Tn(y), In(y) < In(z) and Fn(y) < Fn(z),
(ii) min{Tx(z),In(y)} < Tn((zoy) o (zoy)), In((zoy) o (zoy)) <
max{Iy(x), In(y)} and Fy((z oy) o (zoy)) < max{Fy(z), Fn(y)},
forallz,y €S.
Proof. Let Sy be a neutrosophic N —filter of S.
(i) Assume that z <y. Then z o (yoy) = 1. Thus,

Tn(z) = min{Tn(1),Tn(z)} = min{Tn(z o (yoy)), Tn(2)} < Tn(y),

In(y) <max{In(zo (yoy)), In(z)} = max{In(1), In(z)} < In(z)
and

Fy(y) < max{Fy(z o (yoy)), Fn(x)} = max{Fy(1), Fy(2)} < Fy(z),
for all z,y € S.
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(ii) Since y R yo (((xox)o(xox))o((xox)o (xox))) = xzo(xo
y) from Lemma 2.6 (iii), (S1) and (S2), it is obtained from (i) that
min{7y (), Tn(y)} < min{Tn(z), Ty (zo(zoy))} = min{Tn(z), Ty (zo
(xoy)o(zxoy))o((zoy)o(zoy))} < In((xoy)o (zoy)),
In((oy)o(zoy)) < max{In(x), In(zo ((zoy)o(zo y)) ((zo
y)o(zoy))))} = max{In(z), In(zo(zoy))} < max{In(z), IN(y)} and
Fn((zoy)o(zoy)) < max{Fy(z), Fn(zo (((moy)o(xoy)) ((oy)o
(fﬁo y))))}SZ max{Fy(z), Fy(z o (zoy))} < max{Fy(z), Fn(y)}, for
all x,y € S.

Conversely, let Sy be a neutrosophic N —structure on S satisfying (i) and
(ii). Since z < 1 from Lemma 2.3 (i), we have from (i) that Tn(z) < Tn(1),
In(1) < In(z) and Fy(1) < Fn(x), for all x € S. Also, ((xo(zo(yoy)))o(zo
(wo(yoy))))o(yoy) = (zo(yoy))o((ze(yoy))o(zo(yoy))) = 1 from (S1), (SBE-1)
and (SBE-2), and so, it follows that (zo(xo(yoy)))o(zo(xo(yoy))) < y. Then
it follows from (i) and (ii) that min{Tnv(x o (yoy)),Tn(x)} < Tn((xo(xo(yo
y)))o(zo(ze(yoy)))) < Tn(y), In(y) < In((zo(zo(yoy)))o(zo(zo(yoy)))) <
max{/y(zo(yoy)), In(x)} and Fy(y) < Fy((zo(zo(yoy)))e(zo(zo(yoy)))) <
max{Fn(zo (yovy)), Fn(x)}, for all x,y € S. Therefore, Sy is a neutrosophic
N —filter of S. ]

Lemma 4.8. Let Sy be a neutrosophic N'—filter of a SBE-algebra S. Then

(i) Tn(z) <Tn(yo(zow)), In(yo(rox)) < In(z) and Fy(yo(rox)) <
FN(‘T);

(if) min{Tn(z),Tn(y)}
and Fy(xo (yoy))

< (yoy)) < max{In(z),In(y)}
<

(iii) Tn(z) < Tn((zo(yo
<

y))o(yoy)), IN(zo(yoy))o(yoy)) < In(x)
and Fy((z (yo ( x
(iv) mm{TN( ), T (y
In((xo((yo(zo

TNE«% o <)<y o E ) o (yo(z02) o (202)),
Fy((zo((yo(s02)o

)
o(zo0z)) <max{Iy(z),In(y)} and
Yo (z02)) <max{Fy(x), Fn(y)},

forall x,y,z € S.

Proof. Let Sy be a neutrosophic N —filter of a SBE-algebra S. Then

(i) It is proved from Lemma 2.6 (ii) and Lemma 4.7 (i).
(ii) It follows from (1).
(iii) We get from Lemma 2.6 (iii) and Lemma 4.7 (i).
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(vi) It is obtained from (iii) and (SBE-2) that

min{Ty(z), Tn(y)} < min{Tn(@), Tn((yo ((zo
(z02))))o((zo(z02))0
min{Ty(z), Ty (x o (((zo
o(yo(z02))))o(z0z))0
(z0z))o(yo(z02))))o(
< Tn((mo((yo(zoz))o(y
In((o((yo(z0z2))o(yo(z02))))o(z02))
An(@o(((zo((yo(z02))o(yo(z0z))))e

(202))o(yo(z02))))o(202))))}
((zo(z0z))o(zo(z02))))o((wo(z02))o(wo(202)))) }

(z02)) o (wo
(o (z02))
( )
(

IA

(yo(zo
(zo((y
z02))))}
0(z02))))o(z02)),

z
o

[¢]
o

= max{Fn(z), (
(z02))))o((zo(z0z))o(zo(z02))))}

< max{Fy(z), Fn(y)},

for all z,y,z € S.

Theorem 4.9. Let Sy be a neutrosophic N —structure on a SBE-algebra S.
Then Sy is a neutrosophic N —filter of S if and only if
(4)
z € U(z,y) implies min{Tn (z), T (y)} < T (2), In(2) < max{Iy(z), In(y)}
and Fy(z) < max{Fn(z), Fn(y)},

forallx,y,z € S.

Proof. Let Sy be a neutrosophic N'—filter of S and z € U(z,y). Since zo ((yo
(zoz))o(yo(zoz))) =1,it is obtained that © < y o (z 0 z). Then it follows
from Lemma 4.7 (i) that min{Tn(z), Ty (y)} < min{Tn(yo (z02)),Tn(y)} <
Tn(2), In(2) <max{In(yo(z02)),In(y)} < max{In(x),In(y)} and Fy(z) <
max{Fn(yo(z02)),Fn(y)} <max{Fn(z),Fn(y)}, for all z,y,z € S.
Conversely, let Sy be a neutrosophic A/ —structure on S satisfying the con-
dition (iv). Since zo((zo(lol))o(xo(lol))) =1 from Lemma 2.3 (i), we have
that 1 € U(z,z), for all z € S. Then Tn(z) = min{Ty(z), Tn(z )} < Tn(1),
In(1) < max{In(z),In(z)} = In(z) and Fn(1) < max{Fn(z),Fn(z)} =
Fy(z), for allz € S. Since zo(((zo(yoy))o(yoy))o((xo(yoy))o(yoy))) =1
Lemma 2.3 (iv), we obtain that y € U(z,z o (yoy)). Thus, it follows from the
condition (iv) that min{Tn(zo (yoy)),Tn(x)} < Tn(y), In(y) < max{In(zo
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(yoy)),In(x)} and Fn(y) < max{Fn(z o (yoy)), Fn(x)}, for all z,y € S.
Hence, Sy is a neutrosophic A/ —filter of S. d

Definition 4.10. A neutrosophic A —structure Sy on a SBE-algebra S is
called an implicative neutrosophic N —filter of S if it satisfies

(inf-1) Tn(z) < T (1), In(1) < IN( ) and Fn(1) < Fn(x),

(inf-2) min{Tx(zo((yo(z0z2))o(yo(z02)))),Tn(xo(yoy))} < Tn(ro(z02)),
In(zo(zoz)) <max{In(zo((yo(zoz))o(yo(z02)))),In(zxo(yoy))} and
Fy(w o (202)) < max{Fx (2o ((yo (0 2)) o (yo (20 2)))), Fx(wo (y o)},
for all z,y,z € S.

Example 4.11. Consider the SBE-algebra S in Example 4.2. Then a neutro-
sophic A —structure

X X
SN = {(—0.87,0, “o9m) T 0,u,v} U{(—0.13, ~1,-0.99)

on S is an implicative neutrosophic A —filter of S.

xr=w,t, 1}

Lemma 4.12. Every implicative neutrosophic N —filter of a SBE-algebra S is
a neutrosophic N'—filter of S.

Proof. The proof is clear from Lemma 2.3 (ii) and Definition 4.10. O
The inverse of Lemma 4.12 is mostly not true.

Example 4.13. Consider the SBE-algebra S in Example 3.2. Then a neutro-
sophic N —structure

Sy =1{

1

0,-1,-1)) " {( Lo €S-

on S is a neutrosophic N'—filter of S but it is not implicative since Ty (u o
(vow) =Tn(w) = -1<0=Tn(1) = min{Tx(uo ((wo (vowv))o(wo (vo
), T (uo (wow))}.

Theorem 4.14. Let Sy be a neutrosophic N —structure on a SBE-algebra S
and «, B, be any elements of [—1,0] with —3 < a+ B+~ <0. If Sy is a
(implicative) neutrosophic N —filter of S, then the nonempty (a, 8,7)-level set
Sn(a, B,7) of Sy is a (implicative) SBE-filter of S.

Proof. Let Sy be a neutrosophic N —filter of S and Sn(«,f,v) # 0, fo
a,f,v € [-1,0] with =3 < a+ S+~ <0. Since o < Ty (z) < Tn(1),In(1) <
In(z) < B and Fn(1) < Fy(x) < «, for all z € S, we obtain that 1 €
SN(a,ﬂa’y)' Let zo (yoy),m € SN(OﬁBvPY)' Since o < TN(x)vTN(:EO (yoy)),
In(z),In(zo(yoy)) < B and Fy(x), Fy(zo (yoy)) <, it follows that

a <min{Ty(zo (yoy)),Tn(z)} < Tn(y),
In(y) <max{Iy(zo(yoy)),In(z)} <f

=

and
Fn(y) <max{Fn(ro(yoy)), Fn(z)} <,
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for all z,y € S, which imply that y € Snx(a, 8,7). So, Sn(a, 8,7) is a SBE-
filter of S.

Let Sy be an implicative neutrosophic N'—filter of S and z o ((yo (z02))o
(yo(zo02z))),zo(yoy) € Sn(a,B,7). Since a < Ty(zo((yo(z02))o(yo(zo
2))), In(zo(yoy)), In(xe((yo(z02))o(yo(z02)))),In(xo(yoy)) <p
and Fy(zo ((yo(z02))o(yo(z02)))), Fn(xo(yoy)) <, it is obtained that
a<min{Ty(zo((yo(zoz))o(yo(z02)))),Tn(zo(yoy))} <Tn(zo(z02)),
In(zo(z0z)) <max{Iy(ze((yo(z02))o(yo(z02)))), In(zo(yoy))} < B and
Fy(zo(z02)) <max{Fy(zo((yo(z0z))o(yo(z02)))), Fn(zo(yoy))} <.
Thus, zo(z02) € T]%,IZ@,F;\Y,, and so, zo(zoz) € TR ﬂ]ﬁ, NEY = Sn(a, B,7).
Hence, Sy(a, 8,7) is an implicative SBE-filter of S. |

Example 4.15. Consider the (implicative) neutrosophic N —filter of S in Ex-
ample 4.11. Then the (o, 3,7)-level set Sy(o,B,7) = {w,t,1} of Sy is a
(implicative) SBE-filter of S, where the elements o = —0.17,5 = —0.41 and
v =—-0.42 in [-1,0].

Theorem 4.16. Let Sy be a neutrosophic N —structure on a SBE-algebra S
and T]%,If[,FX, be (implicative) SBE-filters of S, for all a, 8, € [—1,0] with
—3<a+B+v<0. Then Sy is a (implicative) neutrosophic N'—filter of S.

Proof. Let Sy be a neutrosophic N'—structure on a SBE-algebra S and Ty, I fh
F} be SBE-filters of S, for all o, 3,7 € [—1,0] with —3 < a+/+~ < 0. Suppose
that Ty (1) < Tw(z), In(z) < In(1) and Fn(z) < Fn(1), for some z € S. If
o = S(Tx() + Tw(a)), B = Z(In(1) + In(@)) and 7 = S(Fx(1) + Fy(x))
n [—1,0), then Ty (1) < o < Tn(z), In(z) < B < In(1) and Fy(x) < v <
Fy(1), which imply that 1 ¢ T, Iff,, F}.. This contradicts with (SBEf-1). So,
Tn(z) < Tn(1), IN(1) < In(z) and Fn(1) < Fn(z), for all € S. Assume
that

a1 =Tn(y) <min{Ty(zo(yoy)),Tn(z)} =
pr =max{Iy(zo(yoy)),In(x)} <In(y) = ﬁz»
and

71 = max{Fn(zo (yoy)), Fn(z)} < Fn(y) = 72

’ ]_ / ]_ ’ 1 .
Ifa = 5(041 + ),/ = 7(51 +B2) and vy = 5(’)’1 + v2) in [—1,0), then

o <a < 042, 61 < ﬂ < Byandy; <4 < 2. Thus, zo(yoy),z € TN/,I]% ,FV
but y ¢ TN ,IN , FN , which contradicts with (SBEf-2). Hence,
min{Ty (z o (y o y)), Tn(x)} < Tn(y),

In(y) < max{In(zo(yoy)),In(x)}
and
Fn(y) < max{Fy(zo (yoy)), Fn(z)},
for all z,y € S. Therefore, Sy is a neutrosophic N —filter of S.
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Let T, Iﬁ,, F}; be implicative SBE-filters of S, for all a, 3,7 € [—1,0] with
-3 <a+ 3+~ <0. Suppose that a1 = Ty(xo(z02)) <min{Tn(zo((yo(zo
z))o(yo(z02)))), Tn(zo(yoy))} = az, by = max{In(zo((yo(z02))o(yo(zo
2))))s In(zo(yoy))} < In(zo(z0z)) =bg and ¢ = max{Fy(zo((yo(z0z))o
(yo(z02)))), Fn(zo(yoy))} < Fy(xo(z0z)) = co, for some z,y,z € S. If ag =
%(al +as), Bo = %(bl +by) and vy = %(01 +¢2) in [—1,0), then a1 < ap < ag,
by < By <bg and ¢; < 49 < 2. So, xo ((yo(z02))o(yo(z02))),z0(yoy) €
T IR0 FY0 but wo (z02) ¢ TS, I, FY°, which is a contradiction. Thus,
min{Ty(z o ((yo (20 2)) o (yo(z02)))),Tn(xo(yoy))}t < Tn(xo(z02)),
In(zo(z02)) <max{In(zo((yo(z02))o(yo(z02)) In(zo(yoy))} and

Fn(zo(z02)) <max{Fy(zo((yo(z02z))o(yo(z02)))), Fn(zo(yoy))}, for
all z,y,z € S. O

Theorem 4.17. Let Sy be a neutrosophic N —structure on a SBE-algebra S.
Then Sy is a neutrosophic N —filter of S if and only if

(5) x7y€SN(aaﬁ7’Y) = U(:E7y) QSN(OQB?’Y%
forallz,y € S and a, B,v € [-1,0] with -3 < a+ 4+ v <0.

Proof. Let Sy be a neutrosophic N —filter of S. Assume that z,y € Sy (a, §8,7),
for any z,y € S and «, 8,7 € [-1,0] with =3 < a4+ 8+ <0, and z €
U(z,y). Since a < Tn(x),ITn(y), In(x),In(y) < 8 and Fy(z), Fn(y) < 7,
it follows from Theorem 4.9 that o < min{Tn(x),Tn(y)} < Tn(2), In(z) <
max{Iy(z),In(y)} < B and Fn(2) < max{Fn(z), Fn(y)} < . Thus, z €
TIQ‘,,IQFX,, and so, z € Tg ﬂff, NEY = Sv(o,B,7). Hence, U(z,y) C
Sn (e, B,7). Suppose that U(z,y) € Sy(a, B,7). Since z o ((yo (xox))o(yo
(zoz)))=1land zo((yo(yoy))o(yo(yoy))) =z0(lol))l from (SBE-1),
Lemma 2.3 (i) and (iii), we have that z,y € U(z,y) C Sn(a, 8,7)-
Conversely, Let Sy be a neutrosophic A/'—structure on S satisfying the con-
dition (5). Then it is obtained from Lemma 2.3 (i) and the condition (5)
that 1 € U(z,y) € Sn(«, B,7). Assume that z,zo (yoy) € Sy(a, B,7). Thus,
Ulz,zo(yoy)) € Sn(a, B,7). Since zo(((zo(yoy))o(yoy))e((zo(yoy))e(yo
y))) = 1 from Lemma 2.3 (iv), it follows that y € U(z,z0(yoy)) C Sy (e, 8,7).
Thereby, Sy (o, 5,v) = Ty N If, N Fy is a SBE-filter of S, and so, Sy be a
neutrosophic N —filter of S by Theorem 4.16. g

Corollary 4.18. Let Sy be a neutrosophic N —structure on a SBE-algebra S.
Then Sy is a neutrosophic N —filter of S if and only if

(6) @ 7é SN(a7ﬁ7PY) = Um7y€SN(a,ﬁ,'y) U(ﬂ?,y),
forallz,y € S and a, B,y € [-1,0] with -3 < a+ 4+ v <0.

Proof. Let Sy be a neutrosophic A/ —filter of S. By Theorem 4.17, it is obvious
that Ux,yGSN(a,B,'y) U(z,y) C Sy(a, B8,7), for all z,y € S and «, 3,7 € [—1,0]
with =3 < a+  + v < 0. Then it is sufficient to show that Sy(«,8,v) C
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Uz yesy (a8, U@ y). Since Sy is a neutrosophic N—filter of S, it follows
from Theorem 4.14 that Sy(«,8,7) is a SBE-filter of S. Assume that x €
Sn (e, B,7). Since zo ((lo(xox))o(lo(xox))) =zo(zox) =1 from Lemma
2.3 (ii) and (SBE-1), we have that z € U(x,1). Thus,

Sn(e,B) CU@HC | U@vnc |J Uy

z€SN (a,8,7) z,yeSN (a,B,7)

Conversely, let Sy be a neutrosophic A/ —structure on S satisfying the con-
dition (6). Since 1 € U(z,y) from Lemma 2.3 (i), we get that

e U Uy =Svleb).

z,y€SN (a,B,7)

Assume that z,z 0 (yoy) € Sn(a,B,7). Since U, ,o(yoy)esn(apy U@ 20

(yoy)) = Sn(a,B,7) and z o (((zo(yoy))o(yoy))o((zo(yoy))o(yo
y))) = 1 from the condition (6) and Lemma 2.3 (iv), it is obtained that y €
Uz,mo(yoy)esN(a,ﬁ,«,) U(z,z 0 (yoy)) = Sy(a,B,7). Hence, Sy(a,3,7) is a
SBE-filter of S, and so, Sy is a neutrosophic A/ —filter of S from Theorem
4.16. O

Example 4.19. Consider the SBE-algebra S in Example 4.2. For a neutro-

T T
hi —filt Sv\={— —— =0 , U .
sophic \—filter S {(—0.9,0, 004y T vl {(—0.031, ~1,-0.91)
x =w,t, 1} of S, and the elements « = —0.5, 8 = —0.2 and v = —0.3 in [—1, 0],
we have U(z,y) = {w,t,1} C Sn(«, 8,7) = {w,t,1}, for all z,y € Sy («, 5,7).

AISO, SN(%ﬁa’Y) = Ux,yGSN(a,B,'y) U(.’I},y)

Theorem 4.20. Let (S;0g,1s) and (P;op,1p) be SBE-algebras, f: S — P

be a surjective SBE-homomorphism and Py = be a neutrosophic

(Tny In, )
N —structure on P. Then Py is a (implicative) neutrosophic N —filter of P

if and only if PJ{, = is a (implicative) nmeutrosophic N — filter

(T4 15 )
of S where the N —functions T]{,,IK,,FJ{, : S — [-1,0] on S are defined by
T (z) = Tn(f(2)), 1§ (z) = In(f(2)) and Ff(z) = Fx(f(2)), for all z € S,
respectively.

Proof. Let (S;0g,1g) and (P;op,1p) be SBE-algebras, f : S — P be a surjec-

tive SBE-homomorphism and Py = be a neutrosophic N —filter

(Tn,In, FN)
of P. Then T}(z) = Tn(f(2)) < Tn(1p) = Tn(f(1s)) = Th(1s), If(1s) =
In(f(15)) = In(1p) < In(f(2)) = I{(2) and F{(1s) = Fx(f(1s) = Fx(1p)
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< Fn(f(2) =

and
Fi(y)

for all z,y € S. Thus, P{, =

Al

1 IA

FZ{,(x), for all z € S. Also,

min{TJ{,(x), Tz{/ (ros(yosy))}

min{Ty(f(x)), Tn(f(z o5 (yos y)))}

mm{TN( (), Tn(f()
op(f(y)or f(y)))}

< Tn(f(y))

= T{(),

)

(f(2)), IN(f(x) op (f(y)or f(y)))}
max{Iy(f(z)), In(f(zos (yosy)))}

(z), I{ (z o5 (yos y))}

)

(f(@), Fn(f(x) op (f(y) or f(y)))}
max{Fn(f(z)), Fn(f(zos (yosy)))}

(z og (yosy))},

m is a neutrosophic N —filter of S.

Suppose that Py is an implicative neutrosophic A —filter of P. Since

min{T{ (z 05 ((y os (2 05 2)) 05 (y 05 (2 05 2)))), T (& 05 (y 05 y))}

= min{Tn(f(zog ((yos (z 05 2)) 0
—mm{TN(() P((() p(f(z
op(f(z)op f(2))))). T, °

s (yos (205 2))))), Tn(f(xos (yosy)))}
op f(2))) or (f(y)

)
N (f ( )or (f(y)op f(y))}

<Tn(f(z)op (f(2)op f(2)))
=TN(f(xos (205 2)))
= T{(z o5 (2 05 2)),

I{(z o5 (2 05 2))

=In(f(zog (z0g 2)))
— IN(f(gg) op (f(Z) op f(Z)))
< max{In(f(z) op ((f(y) op (f(2) op f(2))) op (f(y)

op(f(2) op f(2))))),

In(f(x)op (f(y) or f(y))}

= max{Iy(f(z o5 ((y o5 (2 05 2)) 05 (y 05 (2 05 2))))), In (f( 05 (y 05 ¥)))}
= max{I{(z o5 ((y os (2 05 2)) 05 (y 05 (2 05 2)))), I{(x 05 (y 05 Y))}

and

Ffi(x os (2 05 2))

= Fn(f(z og (z 05 2)))

IA I

En(f(z)op (f(2) op f(2)))
max{Fn(f(z) op ((f(y) or (f(2) or f(2))) op (f(y)

op(f(2) op f(2))))), Fn(f(x) op (f(y) or f(y)))}

max{Fn(f(z os ((y o5 (205 2)) 05 (y 05 (2 05 2))))), Fn(f(w 05 (y o5 y)))}
= max{F} (z os ((y os (2 05 2)) 05 (y 05 (2 05 2)))), F{(z 05 (y 05 %))}
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for all x,y,z € S. Hence, P]{, is an implicative neutrosophic N —filter of S.

Conversely, let P]]\c, be a neutrosophic N —filter of S. So, Ty (y) = Tn(f(z))
T{(z) < T (1s) = Tn(f(1s)) = Tn(1p), In(1p) = In(f(1s)) = I{(1s)
1) = In(f(2)) = In(y) and Fy(1p) = F(f(1s)) = F§(1s) < F{ ()
Fy(f(z)) = Fn(y), for all y € P. Besides,

min{Tn (f (1)), In(f(z1) op (f(22) op f(22)))}

Al

= min{Tn (f(21)), Tn(f (2105 (¥2 05 22)))}
— min{TY,(x1), T (21 05 (a2 05 72))}
< T (22)
=Tn(f(z2)),
In(f(s)) = If(2s)
< max{IL(z1), I{ (21 o5 (x3 05 22))}
= max{In(f(21)), In(f(21 05 (22 05 2)))}
= max{In(f(21)), In(f(z1) op (f(x2) op f(22)))}
and
Fn(f(x2)) = Fi(a2)
< max{F{ (1), Ff (21 o5 (w3 05 )}
= max{Fy(f(z1)), Fn(f(z1 05 (22 05 72)))}
= max{Fn(f(21)), Fn(f(z1) op (f(z2) op f(22)))}
for all y1,ys € P. Thereby, Py = WiFN) is a neutrosophic N —filter of

P. Assume that P]{, is an implicative neutrosophic N —filter of S. Since

min{Tn (f(z1) op ((f(22) op (f(z3) op f(z3))) op (f(x2)
op(f(x3) op f(x3))))), Tn(f(21) op (f(x2) op f(x2)))}
= min{Tn(f(z1 o5 ((z2 05 (x3 05 x3)) o5 (w2
os(x3 05 23))))), T (f (21 05 (72 05 72)))}
= min{T]{;(ﬁ og ((z2 05 (z3 05 x3)) og (2
os(w3 05 73)))), T (1 05 (w2 05 72))}
< T (21 05 (w3 05 73))}
=Tn(f(z105 (v3 05 73)))
=Tn(f(z1) op (f(z3) op f(x3))),

In(f(z1)op (f(z3) op f(x3))) = IN(f(21 05 (73 05 73)))

= If(w1 o5 (w5 05 73))}

< max{[lj\c[(xl og (w2 05 (w3 05 3)) 05 (T2
os(w3 05 73)))), I (w1 05 (5 05 )}

= max{Iy(f(z1 o5 ((z2 05 (z3 05 ¥3)) 05 (72
os(z3 05 3))))), In(f (21 05 (22 05 fz)))}

= max{In(f(x1) op ((f(z2) op (f(23) op f(23

N)op (f(z2)
op(f(x3) op f(x3))))), In(f(z1) 0 ((962) P

)o
fz 2)))}
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and

Fn(f(z1) op (f(w3) op f(w3)))
= Fn(f(z1 05 (23 05 73)))
FN((E1 Oog (.’Eg Oog Z’3))}

05(w3 05 73)))), Ffi(x1 0 (w3 05 2))}
= max{Fy(f(z1 05 ((¥2 05 (x3 05 73)) 05 (2
os(xs o5 x3))))), Fn(f (w1 05 (22 05 Iz)))}
= max{Fy (f(z1) op ((f(z2) op (f(x3) op f(x3))) op (f(72)
op(f(xs) op f(x3))))), Fn(f(x1) op (f(x2) op f(xz)))}
for all z1,x2, 23 € S. Therefore, Py is an implicative neutrosophic N —filter of
P. O

Theorem 4.21. Every neutrosophic N —filter of a SBE-algebra S is a neutro-
sophic N'— subalgebra of S.

Proof. Let Sy be a neutrosophic N —filter of S. Since ((xoy)o(zoy))o(yoy) =1
from Lemma 2.3 (vi), we get that (zoy)o (zoy) <y, for all z,y € S. Then
it follows from Lemma 4.7 and Lemma 2.6 (ii) that min{Tn(z),Tn(y)} <
In((xoy)o(roy) <Tn(y) < Tn(ro(yoy)), In(ro(yoy)) < In(y) <
In((xoy)o(xoy)) < max{In(z),In(y)} and Fy(z o (yoy)) < Fn(y) <
Fn((zoy)o(zoy)) <max{Fy(z),Fn(y)}, for all z,y € S. Thereby, Sy is a
neutrosophic A/ —subalgebra of S. O

The inverse of Theorem 4.21 does not generally hold.

Example 4.22. Consider the SBE-algebra S in Example 4.2. Then a neutro-
sophic N —structure
0 1 T
U
{(—1, —0.88,0)" (0,1, —0.73)} {(—0.557 —0.91,—-0.43)
on S is a neutrosophic A —subalgebra of S but it is not a neutrosophic A —filter
of S since Ty (0) =1 < —0.55 = min{Tn(uo (000)), Tn(u)}.

Lemma 4.23. Let Sy be a neutrosophic N —subalgebra of a SBE-algebra S
satisfying
ol
min{Ty (z o ((yo(z02))o(yo(z02)))), Tn(zo(yoy))} <Tn(zo(z02))
In

IN(wO(zOZ))Smax{fN(wO((yO(ZZZ))( °(z02)))) In(zo(yoy))}

Fy(zo(zo0z)) <max{Fy(zo((yo(z0z))e(yo(z02)))),Fn(zo(yoy))}
for all z,y,z € S. Then Sy is a neutrosophic N —filter of S.

Sy =

rxe S—{0,1}}

Proof. Let Sy be a neutrosophic N —subalgebra of S satisfying the condition
(7). By Lemma 3.7, it is obvious that Ty (z) < Tn(1),In(1) < In(z) and
Fn(1) < Fy(x), for all x € S. Then it is obtained from Lemma 2.3 (ii) that
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min{Ty(zo (yoy)),Tn(r)} = mm{TN(lo((M(yoy))o(IO(yoy)))),TN(lo
(zox))} <Tn(lo(yoy)) =Tn(y), In(y) = IN(1o (yoy)) < max{In(lo
((o(yoy))o(zo(yoy)))),In(lo(zox))} = max{In(zo(yoy)), In(z)} and
Fn(y) = Fy(1o(yoy)) < max{Fy(1lo((zo(yoy))o(zo(yoy)))), Fx(lo(zox))} =
max{Fn(z o (yoy)), Fn(x)}, for all z,y € S. Hence, Sy is a neutrosophic
N —filter of S. O

Theorem 4.24. Let S be a self-distributive SBE-algebra. Then every neutro-
sophic N —filter of S is an implicative neutrosophic N —filter of S.

Proof. Let Sy be a neutrosophic N —filter of a self-distributive SBE-algebra
S. Since Sy be a neutrosophic N'—filter of S, it is clear that Ty (z) < Tn(1),
In(1) < In(z) and Fy(1) < Fy(z), for all x € S. Then it follows from
Definition 2.4 that min{Tn(z o ((yo (z02))o(yo(z02)))),Tn(xo(yoy))} =
min{Tx ((zo(yoy))o((zo(z0z2))o(zo(z02)))), Tn(xo(yoy))} < T (vo(zo02)),
In(zo(z02)) <max{Iy((zo(yoy))eo((xo(z02)) o (xo(z02))),In(zo
(yoy))} = max{In(zo((yo(z02))o(yo(z02))In(xo(ycy)} and
Fy(zo(zo0z)) < max{Fy((zo(yoy))e((zo(zoz))o(xo(202)))), Fn(zo(yoy))} =
max{Fy(z o ((yo(z02))o(yo(z02)))),Fn(zo(yoy))}, forall x,y,z € S.
Thus, Sy is an implicative neutrosophic A —filter of S. O

Lemma 4.25. Let Sy be a (implicative) neutrosophic N —filter of a SBE-
algebra S. Then the subsets ST, ={x € S: Tn(z) =Tn(1)}, Sty ={x € S:
In(z) =In(1)} and Spy, ={x € S: Fn(x) = Fn(1)} of S are (implicative)
SBE-filters of S.

Proof. Let Sy be a neutrosophic N —filter of S. Then it is obvious that
1€ Sry, Sy, Sy . Assume that z,z 0 (yoy) € Sty, Sty, Sky. Since T (z)
Tn(1) = Tn(z o (yoy)), In(z) = In(1) = In(z o (yoy)) and FN(x)
)}
)}

Fy(1) = Fn(z o (yoy)), it is obtained that Ty (1) = min{Tx (1), Ty (1
min{Ty (z o (y o)), T (2)} < Tu(y), T(y) < max{Ix(z o (y o)), In(s
max{Ix(1), Iy(1)} = Iy(1) and Fy(y) < max{Fy(z o (y o )), Fx(z)}
maX{FN(l),[N(l)} = 1‘71]\/(1)7 which imply that TN(y) = TN(l), IN( ) = IN(I
and Fn(y) = Fny(1). Then y € Sry, Siy,Sry. Hence, St,,Sr, and Sg, ar
SBE-filters of S.

Let Sy be an implicative neutrosophic N —filter of S. Suppose that xo ((y
(z02))o(yo(z02))),z0(yoy) € Sty, Sty, Sky- Since Ty (zo((yo(z0z))o(y
(202)))) = Tn(1) = T (zo(yoy)), In(zo((yo(z02))o(yo(z02)))) = In
In(zo(yoy)) and Fy(zo((yo(z0z))o(yo(z02)))) = Fn(1) = Fy(zo(yo
it follows that Ty (1) = min{Tn(1),Tn (1)} = min{Tn(zo ((yo(z02))o(yo
2)), T (@o (yoy)} < T (wo(202)), Iy (wo(202)) < max{ Iy (wo((yo(z0z
(yo(z02)))), In(zo(yoy))} = max{In(1),In(1)} = In(1) and Fy(zo(z02)
max{Fy (20((yo(202)) 0 (yo (202)))), F (wo(yoy))} = max{Fy (1), Fy(1)
Fn (1), which imply that Tx(z o (z02)) =Tn(1), IN(x o (20 2)) = In(1) and
Fy(zo(zoz)) = Fn(1). Thus, zo(z0z2) € Sry,S1y,Sry. Therefore, St , Sry
and SF, are implicative SBE-filters of S. O

y
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Definition 4.26. Let S be a SBE-algebra. Define the subsets
Sy ={r €S :Tn(st) <Tn(2)},
Sy i={zeS:In(x) <In(s;)}

and
Sy ={x € S:Fn(z) < Fn(sp)}

of S, for all s¢,s;,5¢ € S. Also, it is obvious that s; € Sy,s; € S} and
Sy € Si{

Example 4.27. Consider the SBE-algebra S in Example 3.2. Let
—0.99, ifr=uwu,w

Tn(z) =4 —0.72, ifz=1 In(z) = { (1’1 ftﬁejw’;;l
0, otherwise, ’ ’
—0.011, ifz=0,u,v
Fy(z) = { —-0.1 otherwise st =v,5 = uand sy = w.
Then
Sy ={z€S:Ty(v) <Tn(x)} ={0,0,t},
Sy ={zeS:In(x) <In(uw}=A{0,u,v w}
and

S ={zeS: Fy(x) < Fy(w)} = {w,t,1}.

Theorem 4.28. Let s¢,5; and sy be any elements of a SBE-algebra S. If
Sy is a (implicative) neutrosophic N'—filter of S, then S, Sx and Sy are
(implicative) SBE-filters of S.

Proof. Let sy, s; and s be any elements of S and Sy be a neutrosophic N —filter
of S. Since Tn(sy) < Tn(1), In(1) < In(s;) and Fn(1) < Fn(sy), for any
S¢,8i,5¢ € S, it follows that 1 € S’]S\f,S]S\},SISJ. Assume that x o (yoy),z €
831, S5, 83 Since T (s1) < T (x 0 (y 0 1)), T (x), In(w o (y o)), In(x) <
In(s;) and Fn(z o (yovy)), Fn(x) < Fn(sy), it is obtained that Tn(s;) <
min{Tn(z o (yoy)), Tn(2)} < Tn(y), In(y) < max{In(zo (yoy)),In(z)} <
In(s;) and Fx(y) < max{Fy(zo(yoy)), Fn(z)} < Fn(sy), which imply that
y € S, S, Sa . Thus, S3, Sy and Sy are SBEfilters of S.

Let Sy be an implicative neutrosophic A/ —filter of S. Suppose that zo ((yo
(z0z))o(yo(z02))),zo(yoy) € Sxt, SxsSal- Since Ty (s) < Tv(zo((yo(z0z))o
(yo(202)))), T (zo(yoy)), I (zol(yo(202))o(yo(202))), I (zo(yoy)) < In(s:)
and Fn(zo((yo(z0z2))o(yo(z02)))),Fn(zo(yoy)) < Fn(sy), we get that
Tn(s¢) < min{Ty(zo((yo(z0z2))o(yo(z02)))), Tn(zo(yoy))} < Tn(zo(z02)),
In(xo(z02)) < max{Iy(zo((yo(z02))o(yo(202)))), In(zo(yoy))} < In(si) and
Fy(zo(z0z)) < max{Fy(zo((yo(z02))o(yo(z02)))), Fin(zo(yoy))} < Fi(sf),
which means that z o (2 0 z) € S¥,Sx,Sy. Hence, Si, Sy and Sy are
implicative SBE-filters of S. O
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Example 4.29. Consider the SBE-algebra S in Example 4.2. For a (implica-
tive) neutrosophic N —filter

xr X
Sy = =0 U
v = {086,205 —oon) | = Y S5 os o

of S and s; = 0,5; = u,s; = w € S, the subsets
S ={zeS:Ty(0)<Tyn(z)} =5
S ={zeS:Iyx)<Iyu)}=S

x=w,t, 1}

and
Sy ={xeS:Fy() < Fy(w)}={w,t,1}
of A are (implicative) SBE-filters of S.

Theorem 4.30. Let s;,s; and sy be any elements of a SBE-algebra S and Sy
be a neutrosophic N —structure on S.

(i) If Sy, Sf,i and Sy are SBE-filters of S, so if
Tn(z) <min{Tn(yo (z02)),Tn(y)}, then Tn(x) < Tn(z),

(8) max{In(yo (z02)),In(y)} < In(x), then In(2) < In(z) and

max{Fy(yo (z0z)), Fn(y)} < Fn(z), then Fn(2) < Fy(),

forall x,y,z € S.
(ii) If Sn satisfies the condition (8) and

(9) Tn(z) <Tn(1), IN(1) <In(z) and Fn(1) < Fn(z),
for all x € S, then S}, S\ and Sf\f are SBE-filters of S, for all s; €
Tﬁl, Si € Ig,l and sy € Flgl.
Proof. Let s¢,s; and sy be any elements of S and Sy be a neutrosophic N —
structure on S.

(i) Assume that S, S and Sy be SBE-filters of S and
Tn(z) < min{Tn(y o (2 0 2)), Tn(y)},

max{Iy(yo (z02)),In(y)} < In(z)
and
max{Fn(yo (z02)),Fn(y)} < Fn(z).
Since yo(z0z2),y € Sx, Sk, SN where s, = s; = sy = z, it follows that
z € Sy, S%,vaf where s; = s; = sy = x. Therefore, Tn(z) < Tn(2),
In(z) < In(z) and Fy(z) < Fy(x), for all z,y,z € S.

(ii) Let Sy be a neutrosophic N —structure on S satisfying the conditions
(8) and (9), for s, € Ty', s; € Iy" and sp € Fy'. Tt is obvious from
from the condition (9) that 1 € S5, Sk, S . Suppose that x o (y o
y),r € S¥,S%, 5% . Then Tn(s)) < Tn(zo (yoy)),Tn(z), In(zo
(youy)),In(xz) < In(s;) and Fy(zo (yoy)), Fn(x) < Fn(sy). Since
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Ty (s0) < min{T (w0 (y 0 y)), T (2)}, max{In(z o (y 0 ), In(e)} <
In(s;) and max{Fn(zo(yoy)), Fn(z)} < Fn(ss), it is obtained from
the condition (8) that Tn(s:) < Tn(y) In(y) < In(si) and Fy(y) <
Fy(s¢), which imply that y € S3, S3, Sx'. Thereby, Sxt, Sxi and Sy
are SBE-filters of S.

O

Example 4.31. Consider the SBE-algebra S in Example 4.2. Let
—-0.83, ifx=0,w,t | =079, ifzx=u,v,1
T (z) = { 0, otherwise, In(z) = { —0.3, otherwise,
—-0.67, ifxz=1
Fy(x) = { —0.17, otherwise,
Then the SBE-filters
S =9,5% = {u,v,1} and Sy} = S
of S satisfy the condition (8).
Also, let

Sy ={

and sy =t, s; =wu, sf=v € 8.

x x
—  ir=uwt}U{—
0,-1,-1 """ } {(—0.09,0, ~0.9)
be a neutrosophic A/ —structure on S satisfying the conditions (8) and (9). Then
the subsets Sy = S, Sy = {w,t,1} and Sy} = {w,t,1} of S are SBE-filters of
S, where s; = u,s; =w and s¢ = 1.

oz =0,u,v}

5. Conclusion

In this study, an implicative SBE-filter, a neutrosophic AN —subalgebra, a
(implicative) neutrosophic A/ —filter and a level set on neutrosophic N/ — struc-
tures are introduced on SBE-algebras. Then we prove that the level set of a
neutrosophic A/ —subalgebra (a (implicative) neutrosophic N —filter) of a SBE-
algebra is its SBE-subalgebra (a (implicative) SBE-filter) and vice versa, and
that the family of all neutrosophic N —subalgebras of the algebraic structure
forms a complete distributive modular lattice. We present the situations which
N —functions are constant. Additionally, the new statement equivalent to the
definition of a neutrosophic N —filter of a SBE-algebra is given. We restate a
neutrosophic A/ —filter of a SBE-algebra by means of upper sets on this algebra.
It is illustrated that every implicative neutrosophic A —filter of a SBE-algebra
is the neutrosophic N —filter but the inverse does not mostly hold, and that
level set of a (implicative) neutrosophic N —filter of a SBE-algebra is its (im-
plicative) SBE-filter and vice versa. Infact, we reveal relationships between
(implicative) neutrosophic N —filters of two SBE-algebras by the hepl of an
onto SBE-homomorphism. It is demontrated that every neutrosophic A —filter
of a SBE-algebra is the neutrosophic N'—subalgebra but the inverse is not valid
in general. Also, it is shown that a neutrosophic N —filter of a self-distributive
SBE-algebra is its implicative neutrosophic A/ —filter. Besides, the subsets St,,,
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Sry and Sg, of a SBE-algebra are its (implicative) SBE-filters for the (implica-
tive) N —filter. At the end, it is proved that the subsets S3¢, Sx and Sy of
a SBE-algebra defined by any elements s¢, s;, sy of the algebraic structure and
N —functions are its (implicative) SBE-filters, if a neutrosophic N —structure
on this algebraic structure is the (implicative) neutrosophic N —filter.

In future works, we plan to study on plithogenic structures and relationships
between neutrosophic A/—structures on some algebraic structures.
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