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Abstract

In this paper, at first we study strong Sheffer stroke NMV-algebra.
For getting more results and some classification, the notions of filters
and subalgebras are introduced and studied. Finally, by a congruence
relation, we construct a quotient strong Sheffer stroke NMV-algebra and
isomorphism theorems are proved.

1 Introduction

MV-algebras were introduced and developed by C. C. Chang as a model of the
Lukasiewicz many-valued logic ([11], [12]). Also, a current and abbreviated
axiomatization of MV-algebras is found in [13]. The concept of non-associative
MV-algebra (for short, NMV-algebra) is introduced and studied by Chajda et
al. ([9], [10]) since associativity of the binary operation of MV-algebras leads
to serious problems in expert systems in artificial intelligence ([5], [10]). Cha-
jda and Khr generalized MV-algebras in such a way that the binary relation
defined on these algebras derived from associativity property is still a partial
order. However, the transitivity of ≤ cannot be shown without associativity
of the operation on MV-algebras, called the identity (MV 1). Hence, (MV 1)
is replaced by two other axioms holding in MV-algebras and enabling ≤ to be
transitive [9].
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Besides, filter theory plays a crucial role in the studies on the algebraic
structures such as Hilbert algebras, BCI/BCK-algebras, BZ-algebras, impli-
cation algebras, residuated lattices, etc. which have a distinguished element
and satisfy some common identities. Especially, certain types of filters in the
MV-algebras have been investigated in the studies [2].

On the other hand, it is well known that all Boolean operations on Boolean
algebras can be defined by a single binary operation introduced by H. M. Shef-
fer, called the Sheffer stroke operation [15]. The most important application
is to have all diods on the chip forming processor in a computer, and so it
is simpler and cheaper than to produce different diods for other Boolean op-
erations. Besides, it has many algebraic applications in algebraic structures
of classic and non-classic logics such as Boolean algebras [14], [15], ortholat-
tices [6] and orthoimplication algebras [1]. Recently, Chajda et al. introduced
strong Sheffer stroke NMV-algebras which are equivalent to NMV-algebras
with the Sheffer stroke operation [8].

In this study, it is first presented Sheffer operation, a strong Sheffer stroke
NMV-algebra and a partial order on this algebraic structure. Then a filter
and a congruence relation on a strong Sheffer stroke NMV-algebra are defined
and the relationship between them is analyzed. Consequently, it is proved
that the family of all its filters is isomorphic to the family of all its congru-
ence relations. By means of the congruence relation, a quotient strong Sheffer
stroke NMV-algebra is built from a strong Sheffer stroke NMV-algebra. Be-
sides, some properties of the quotient strong Sheffer stroke NMV-algebras are
investigated. A homomorphism between strong Sheffer stroke NMV-algebras
is described and its relationships with the mentioned concepts are examined.
The isomorphism theorems are proved by the kernel of a homomorphism.

2 Preliminaries

In this section, basic definitions and notions about Sheffer stroke operation
and strong Sheffer stroke NMV-algebras are given.

Definition 2.1. [14] Let A = (A, |) be a groupoid. The operation | on A is
said to be a Sheffer stroke operation if it satisfies the following conditions:

(S1) x|y = y|x,
(S2) (x|x)|(x|y) = x,
(S3) x|((y|z)|(y|z)) = ((x|y)|(x|y))|z,
(S4) (x|((x|x)|(y|y)))|(x|((x|x)|(y|y))) = x.

Definition 2.2. [8] A non-associative MV-algebra (NMV-algebra, for short)
is an algebra A = (A,⊕,¬, 0) of type (2, 1, 0) satisfying the identities
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(1) x⊕ y ≈ y ⊕ x,
(2) x⊕ 0 ≈ x,
(3) x⊕ 1 ≈ 1,
(4) ¬(¬x) ≈ x,
(5) ¬(¬x⊕ y)⊕ y ≈ ¬(¬y ⊕ x)⊕ x,
(6) ¬x⊕ (x⊕ y) ≈ 1,
(7) x⊕ (¬(¬(¬(x⊕ y)⊕ y)⊕ z)⊕ z) ≈ 1,
where 1 denotes the algebraic constant ¬0.

Lemma 2.1. [9] Let A = (A,⊕,¬, 0) be an NMV-algebra. Then the binary
relation ≤ defined by

x ≤ y if and only if ¬x⊕ y ≈ 1

is a partial order on A. Thus, (A,≤) is a poset with the least element 0 and
the greatest element 1 which we call the poset induced by A.

Theorem 2.1. [8] Let A = (A,⊕,¬, 0) be an NMV-algebra and put

x|y := ¬x⊕ ¬y

for all x, y ∈ A. Then S(A) = (A, |, 1) is a strong Sheffer stroke NMV-algebra.

Theorem 2.2. [8] Let S = (A, |, 1) be a strong Sheffer stroke NMV-algebra
and put

x⊕ y := (x|1)|(y|1),

¬x := x|1,
0 := 1|1,

for all x, y ∈ A. Then A(S) = (A,⊕,¬, 0) is an NMV-algebra.

Definition 2.3. [8] An implication NMV-algebra is a non-empty groupoid
A = (A,→) satisfying the identities

(a) x→ x ≈ y → y,
(b) x→ 1 ≈ 1,
(c) 1→ x ≈ x,
(d) (x→ y)→ y ≈ (y → x)→ x,
(e) x→ (y → x) ≈ 1,
(f) x→ ((((x→ y)→ y)→ z)→ z) ≈ 1,
where 1 denotes the algebraic constant x→ x.

An implication NMV-algebra with 0 is an algebra A = (A,→, 0) of type
(2, 0) satisfying the identities (a)− (f) as well as the identity

0→ x ≈ 1.
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Theorem 2.3. [8] A = (A,⊕,¬, 0) be an NMV-algebra and define

x→ y := ¬x⊕ y

for all x, y ∈ A. Then (A,→, 0) is an implication NMV-algebra with 0.

3 Strong Sheffer stroke NMV-algebras

In this section, we introduce some properties of a strong Sheffer stroke NMV-
algebra.

Definition 3.1. [8] A strong Sheffer stroke NMV-algebra is an algebra (A, |, 1)
of type (2, 0) satisfying the identities for all x, y, z ∈ A:

(n1) x|y ≈ y|x,
(n2) x|0 ≈ 1,
(n3) (x|1)|1 ≈ x,
(n4) ((x|1)|y)|y ≈ ((y|1)|x)|x,
(n5) (x|1)|((x|y)|1) ≈ 1,
(n6) x|(((((x|y)|y)|z)|z)|1) ≈ 1,
where 0 denotes the algebraic constant 1|1.

Proposition 3.1. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra. Then
the binary relation ≤ defined by

x ≤ y if and only if x|(y|1) ≈ 1

is a partial order on A. Hence, (A,≤) is a poset with the least element 0 and
the greatest element 1.

Example 3.1. Consider a structure (A, |, 1) with the following Hasse diagram
where a set A = {0, a, b, c, d, e, f, 1}:

Figure 1:
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The binary operation | defined on A has the following Cayley table:

| 0 a b c d e f 1
0 1 1 1 1 1 1 1 1
a 1 f 1 1 f f 1 f
b 1 1 e 1 e 1 e e
c 1 1 1 d 1 d d d
d 1 f e 1 c f e c
e 1 f 1 d f b d b
f 1 1 e d e d a a
1 1 f e d c b a 0

Table 1: The Cayley table of Sheffer stroke |

Then this structure is a strong Sheffer stroke NMV-algebra.

Lemma 3.1. In a strong Sheffer stroke NMV-algebra (A, |, 1), the following
properties hold for all x, y, z ∈ A:

(i) x|(x|1) ≈ 1,
(ii) x ≤ y ⇔ y|1 ≤ x|1,
(iii) y ≤ x|(y|1),
(iv) y|1 ≤ x|y,
(v) x ≤ (x|y)|y,
(vi) x ≤ (((x|y)|y)|z)|z,
(vii) ((x|y)|y)|y ≈ x|y,
(viii) x|1 ≈ x|x,
(ix) x|(x|x) ≈ 1,
(x) 1|(x|x) ≈ x,
(xi) x ≤ y ⇒ y|z ≤ x|z,
(xii) x|(y|1) ≤ (y|(z|1))|((x|(z|1))|1),
(xiii) x|(y|1) ≤ (z|(x|1))|((z|(y|1))|1),
(xiv) x ≤ y and z ≤ t imply y|t ≤ x|z.

Proof. (i) It is obtained by (n1), (n3) and (n5).

(ii) It follows from Proposition 3.1, (n1) and (n3).

(iii) It follows from (n1), (n3) and (n5) that y|((x|(y|1))|1) ≈ ((y|1)|1)|(((y|
1)|x)|1) ≈ 1. Then we have from Proposition 3.1 that y ≤ x|(y|1).
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(iv) By putting [y := y|1] in (iii), we get y|1 ≤ x|((y|1)|1) ≈ x|y from (n3).

(v) It follows from (n3) and (n6) that x|(((x|y)|y)|1) ≈ x|(((((x|y)|y)|1)|1)
|1) ≈ 1. Then x ≤ (x|y)|y from Proposition 3.1.

(vi) It is proved from (n6) and Proposition 3.1.

(vii) It is known from (v) that x|y ≤ ((x|y)|y)|y. Since

(((x|y)|y)|y)|((x|y)|1) ≈ ((x|y)|1)|(((x|y)|y)|y)

≈ ((x|y)|1)|(((((x|y)|1)|1)|y)|y)

≈ ((x|y)|1)|(((y|1)|((x|y)|1))|((x|y)|1))

≈ ((x|y)|1)|(((x|y)|1)|((y|1)|((y|x)|1)))

≈ 1

from (n1), (n3)-(n5) and (i), we get ((x|y)|y)|y ≤ x|y. Hence, ((x|y)|y)|y ≈
x|y.

(viii) It is obtained from (iii) that x|1 ≤ x|x. Since

(x|x)|((x|1)|1) ≈ x|(((x|x)|1)|1)

≈ x|(((x|x)|(x|0))|1)

≈ x|(x|1)

≈ 1

from (n1)-(n3), (S2) and (i), we have x|x ≤ x|1. Then x|1 ≈ x|x.

(ix) x|(x|x) ≈ x|(x|1) ≈ 1 from (viii) and (i), respectively.

(x) 1|(x|x) ≈ 1|(x|1) ≈ x by (viii), (n1) and (n3), respectively.

(xi) Let x ≤ y, i. e., x|(y|1) ≈ 1. Since

(y|z)|((x|z)|1) ≈ (y|z)|((z|x)|(z|x))

≈ (((y|z)|z)|((y|z)|z))|x
≈ ((((z|1)|(y|1))|(y|1))|(((z|1)|(y|1))|(y|1)))|x
≈ ((z|1)|(y|1))|((x|(y|1))|(x|(y|1)))

≈ ((z|1)|(y|1))|(1|1)

≈ 1
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from (viii), (n1)-(n4) and (S3), we have y|z ≤ x|z.

(xii) Since

(x|(y|1))|(((y|(z|1))|((x|(z|1))|1))|1)
≈ (x|(y|1))|(((y|(z|1))|((x|(z|1))|(x|(z|

1))))|((y|(z|1))|((x|(z|1))|(x|(z|1)))))
≈ (x|(y|1))|(((((y|(z|1))|(z|1))|((y|(z|1))|(z|1)))
|x)|((((y|(z|1))|(z|1))|((y|(z|1))|(z|1)))|x))

≈ (x|(y|1))|(((((z|(y|1))|(y|1))|((z|(y|1))|(y|1)))
|x)|((((z|(y|1))|(y|1))|((z|(y|1))|(y|1)))|x))

≈ (x|(y|1))|(((z|(y|1))|((x|(y|1))|(x|(y|
1))))|((z|(y|1))|((x|(y|1))|(x|(y|1)))))

≈ (((x|(y|1))|((x|(y|1))|(x|(y|1))))|((x|
(y|1))|((x|(y|1))|(x|(y|1)))))|(z|(y|1))

≈ (1|1)|(z|(y|1))
≈ 1

from (viii), (n1)-(n4), (S3) and (ix), it follows x|(y|1) ≤ (y|(z|1))|((x|(z|1))|1).

(xiii) Because

(x|(y|1))|(((z|(x|1))|((z|(y|1))|1))|1)
≈ (x|(y|1))|(((z|(x|1))|((z|(y|1))|(z|(y|

1))))|((z|(x|1))|((z|(y|1))|(z|(y|1)))))
≈ (x|(y|1))|((((((x|1)|z)|z)|(((x|1)|z)|z))|(y
|1))|(((((x|1)|z)|z)|(((x|1)|z)|z))|(y|1)))

≈ (x|(y|1))|((((((z|1)|x)|x)|(((z|1)|x)|x))|(y
|1))|(((((z|1)|x)|x)|(((z|1)|x)|x))|(y|1)))

≈ (x|(y|1))|((((z|1)|x)|((x|(y|1))|(x|(y|
1))))|(((z|1)|x)|((x|(y|1))|(x|(y|1)))))

≈ (((x|(y|1))|((x|(y|1))|(x|(y|1))))|((x|
(y|1))|((x|(y|1))|(x|(y|1)))))|((z|1)|x)
≈ (1|1)|((z|1)|x)
≈ 1

from (viii), (n1)-(n2), (n4), (S3) and (ix) that it is obtained x|(y|1) ≤ (z|(x|1))|
((z|(y|1))|1).

(xiv) Let x ≤ y and z ≤ t. Then y|t ≤ x|t and x|t ≈ t|x ≤ z|x ≈ x|z from
(xi) and (n1). Since ≤ is transitive, y|t ≤ x|z.

Theorem 3.1. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras. Then (A × B, |A×B , 1A×B) is a strong Sheffer stroke NMV-algebra
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where the Sheffer stroke |A×B on A × B is defined by (x1, y1)|A×B(x2, y2) ≈
(x1|Ax2, y1|By2), and the constant is 1A×B ≈ (1A, 1B).

Proof. Let (x1, y1), (x2, y2) and (x3, y3) be arbitrary elements in A×B. Since
(A, |A, 1A) and (B, |B , 1B) are strong Sheffer stroke NMV-algebras, we have

(1) :

(x1, y1)|A×B(x2, y2) ≈ (x1|Ax2, y1|By2)

≈ (x2|Ax1, y2|By1)

≈ (x2, y2)|A×B(x1, y1).

(2) : (x1, y1)|A×B(0A, 0B) = (x1|A0A, y1|B0B) ≈ (1A, 1B) ≈ 1A×B .

(3) :

((x1, y1)|A×B1A×B)|A×B1A×B ≈ ((x1, y1)|A×B(1A, 1B))|A×B(1A, 1B)

≈ ((x1|A1A)|A1A, (y1|B1B)|B1B)

≈ (x1, y1).

(4) :

(((x1, y1)|A×B1A×B)|A×B(x2, y2))|A×B(x2, y2)
≈ (((x1, y1)|A×B(1A, 1B))|A×B(x2, y2))|A×B(x2, y2)
≈ (((x1|A1A)|Ax2)|Ax2, ((y1|B1B)|By2)|By2)
≈ (((x2|A1A)|Ax1)|Ax1, ((y2|B1B)|By1)|By1)
≈ (((x2, y2)|A×B(1A, 1B))|A×B(x1, y1))|A×B(x1, y1)
≈ (((x2, y2)|A×B1A×B)|A×B(x1, y1))|A×B(x1, y1).

(5) :

((x1, y1)|A×B1A×B)|A×B(((x1, y1)|A×B(x2, y2))|A×B1A×B)
≈ ((x1, y1)|A×B(1A, 1B))|A×B(((x1, y1)|A×B(x2, y2))|A×B(1A, 1B))
≈ ((x1|A1A)|A((x1|Ax2)|A1A), (y1|B1B)|B((y1|By2)|B1B))
≈ (1A, 1B)
≈ 1A×B .

(6) :

(x1, y1)|A×B((((((x1, y1)|A×B(x2, y2))|A×B
(x2, y2))|A×B(x3, y3))|A×B(x3, y3))|A×B1A×B)
≈ (x1, y1)|A×B((((((x1, y1)|A×B(x2, y2))|A×B

(x2, y2))|A×B(x3, y3))|A×B(x3, y3))|A×B(1A, 1B))
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≈ (x1|A(((((x1|Ax2)|Ax2)|Ax3)|Ax3)|A1A),
y1|B(((((y1|By2)|By2)|By3)|By3)|B1B))

≈ (1A, 1B)
≈ 1A×B .

4 Filters of strong Sheffer stroke NMV-algebras

In this section, we introduce filters of a strong Sheffer stroke NMV-algebra.
Here, (A, |, 1) represents a strong Sheffer stroke NMV-algebra.

Definition 4.1. A nonempty subset F ⊆ A is called a filter of A if it satisfies
the following properties:

(Sf − 1) 1 ∈ F ,
(Sf − 2) For all x, y ∈ A, x|(y|1) ∈ F and x ∈ F imply y ∈ F .

Example 4.1. Consider the strong Sheffer stroke NMV-algebra A in Example
3.1. Then clearly A itself, {1}, {1, d}, {1, f}, {1, a, d, e} and {1, c, e, f} are
filters of A.

Lemma 4.1. A nonempty subset F ⊆ A is a filter of A if and only if 1 ∈ F
and x ≤ y and x ∈ F imply y ∈ F .

Theorem 4.1. The family ΠA of all filters of A forms a complete lattice.

Proof. Let {Fi}i∈I be a family of filters of A. Since 1 ∈ Fi for all i ∈ I, it
follows that 1 ∈

⋃
i∈I Fi and 1 ∈

⋂
i∈I Fi.

(i) Suppose that x|(y|1) ∈
⋂
i∈I Fi and x ∈

⋂
i∈I Fi hold for any x, y ∈ A.

Then x|(y|1) ∈ Fi and x ∈ Fi hold for all i ∈ I. Because every Fi is a filter of
A, y ∈ Fi for all i ∈ I. So, y ∈

⋂
i∈J Ii.

(ii) Let W be the family of all filters of A containing the union
⋃
i∈I Fi.

Then
⋂
W is a filter of S from (i). If

∧
i∈I Fi =

⋂
i∈I Fi and

∨
i∈I Fi =

⋂
W ,

then (ΠA,
∧
,
∨

) is a complete lattice.

Corollary 4.1. Let V be a subset of A. Then there is the minimal filter 〈V 〉
of A containing the subset V .

Proof. Let E = {F : F is a filter of A containing V ⊆ A}. Then 〈V 〉 =
{x ∈ A : x ∈

⋂
F∈E F} is the minimal filter of A containing V ⊆ A.

Definition 4.2. A subset B of A is called a strong Sheffer stroke NMV-
subalgebra of A if 1 of A is in B and (B, |, 1) forms a strong Sheffer stroke
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NMV-algebra. Clearly, A itself and {1} are strong Sheffer stroke NMV-sub-
algebras of A.

Lemma 4.2. Any filter F of a strong Sheffer stroke NMV-algebra A is a
strong Sheffer stroke NMV-subalgebra of A.

Proof. Let F be a filter of A. Then 1 ∈ F from (Sf − 1), and F satisfies
(n1)-(n6) for all x, y, z ∈ F since F ⊆ A and A is a strong Sheffer stroke
NMV-algebra. Hence, (F, |, 1) is also a strong Sheffer stroke NMV-algebra.

However, the converse of Lemma 4.2 is not true.

Example 4.2. Consider the strong Sheffer stroke NMV-algebra A in Example
3.1. Then a subset B = {0, a, f, 1} ⊆ A is a strong Sheffer stroke NMV-
subalgebra of A but it is not a filter of A since d /∈ B when a|(d|d) = 1 ∈ B
and a ∈ B.

Definition 4.3. Let F be a filter of A. Define the binary relation ∝F on A
as below: for all x, y ∈ A

x ∝F y if and only if x|(y|1) ∈ F and y|(x|1) ∈ F. (1)

Example 4.3. Given the strong Sheffer stroke NMV-algebra A in Example
3.1. For the filter F1 = {c, e, f, 1} of A, ∝F1

= {(0, 0), (a, a), (b, b), (c, c), (d, d),
(e, e), (f, f), (1, 1), (c, e), (e, c), (c, f), (f, c), (c, 1), (1, c), (e, f), (f, e), (e, 1), (1,
e), (f, 1), (1, f), (a, 0), (0, a), (a, b), (b, a), (a, d), (d, a), (b, d), (d, b), (b, 0), (0, b),
(d, 0), (0, d)} is a binary relation on A. It can be seen easily that ∝F1 is an
equivalence relation on A.

Definition 4.4. If xξy implies x|kξy|k for all x, y, k ∈ A, then the equivalence
relation ξ is called a congruence relation on A.

Example 4.4. Consider the strong Sheffer stroke NMV-algebra A in Example
3.1. Then the equivalence relation ξ = {(0, 0), (a, a), (b, b), (c, c), (d, d), (e, e), (f,
f), (1, 1), (f, 1), (1, f), (0, a), (a, 0), (e, c), (c, e), (b, d), (d, b)} is a congruence re-
lation on A.

Lemma 4.3. An equivalence relation ξ is a congruence relation on A if and
only if xξy and k1ξk2 imply x|k1ξy|k2.

Lemma 4.4. Let F be a filter of A and the binary relation ∝F be defined as
(1). Then ∝F is a congruence relation on A.

Proof. It is first shown that the binary relation ∝F is an equivalence relation
on A.
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• Reflexive: It follows from Lemma 3.1 (i).
• Symmetric: Let x, y be arbitrary elements in A such that x ∝F y, i.e.,

x|(y|1) ∈ F and y|(x|1) ∈ F . Then y|(x|1) ∈ F and x|(y|1) ∈ F , i.e., y ∝F x.
• Transitive: Let x, y, z be any elements in A such that x ∝F y and

y ∝F z, i.e., x|(y|1), y|(x|1) ∈ F and y|(z|1), z|(y|1) ∈ F . Since x|(y|1) ≤
(y|(z|1))|((x|(z|1))|1) from Lemma 3.1 (xii), it follows from Lemma 4.1 that
(y|(z|1))|((x|(z|1))|1) ∈ F . Then x|(z|1) ∈ F by (Sf − 2). In a similar way,
(z|(y|1))|((z|(x|1))|1) ∈ F by Lemma 4.1 because it is known from Lemma 3.1
(xiii) that y|(x|1) ≤ (z|(y|1))|((z|(x|1))|1). Thus, z|(x|1) ∈ F from (Sf − 2).
Hence, x|(z|1), z|(x|1) ∈ F , i. e., x ∝F z.

Now, it is demonstrated that the equivalence relation ∝F is a congru-
ence relation on A. Let x, y,m, n ∈ A such that x ∝F m and y ∝F n, i.e.,
x|(m|1),m|(x|1) ∈ F and y|(n|1), n|(y|1) ∈ F .

(a) It is obtained from (n1) and (n3) that (m|1)|((x|1)|1) ∈ F and (x|1)|((m
|1)|1) ∈ F . Then it follows from Lemma 3.1 (xiii), (n1) and (n3) that

(x|1)|((m|1)|1) ≤ (y|((x|1)|1))|((y|((m|1)|1))|1)

≈ (x|y)|((m|y)|1),

and so, (x|y)|((m|y)|1) ∈ F by Lemma 4.1. Similarly, we have (m|y)|((x|y)|1) ∈
F by substituting, simultaneously, [x := m] and [m := x] in above statement.
Hence, x|y ∝F m|y.

(b) It follows from (n1) that m|y ∝F m|n by putting, simultaneously,
[x := y], [y := m] and [m := n] in (a). Hence, x|y ∝F m|y.

Thus, x|y ∝F m|n from transitivity of ∝F .

Lemma 4.5. Let ξ be a congruence relation on A. Then F(ξ) = {x ∈ A : xξ1}
is a filter of A.

Proof. • Since ξ is reflexive, 1ξ1. Then 1 ∈ F (ξ).
• Let x, x|(y|1) ∈ F (ξ). Then xξ1 and x|(y|1)ξ1. So, xξx|(y|1). Since yξy,

x|yξ(x|(y|1))|y ≈ y|((y|1)|x) ≈ ((y|y)|(y|y))|((y|1)|x) ≈ ((y|1)|(y|1))|((y|1)|x)
≈ y|1 from Lemma 4.3, (n1), Lemma 3.1 (viii) and (S2). Then x|(y|1)ξ(y|1)|1
≈ y from (n3). Since ξ is transitive, yξ1 which means y ∈ F (ξ).

Lemma 4.6. Let F be a filter of A and ξ be a congruence relation on A. Then

(a) F = F(∝F )
(b) ξ =∝F(ξ).
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Proof. (a)

F (∝F ) = {x ∈ A : x ∝F 1}
= {x ∈ A : x|(1|1) ≈ x|0 ≈ 1 ∈ F and 1|(x|x) ≈ x ∈ F}
= {x ∈ A : x ∈ F}
= F

from (n2) and Lemma 3.1 (x).

(b) Let x, y ∈ A be such that x ∝F(ξ).

x ∝F(ξ) ⇔ x|(y|1), y|(x|1) ∈ F (ξ)

⇔ x|(y|1)ξ1 and y|(x|1)ξ1

⇔ x|(y|1)ξy|(x|1)

⇔ (x|(y|1))|(y|1)ξ(y|(x|1))|(y|1) ≈ y,

and similarly, (y|(x|1))|(x|1)ξx. Thus, xξ(y|(x|1))|(x|1) ≈ (x|(y|1))|(y|1)ξy
from the symmetry of ξ, (n3) and (n4). Therefore, ξ =∝F(ξ).

Corollary 4.2. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra, Fil(A) be
the class of all filters of A and Con(A) be the class of all congruence relations
on A. Then

f : Fil(A) −→ Con(A)

F 7−→ f(F ) =∝F

and

g : Con(A) −→ Fil(A)

ξ 7−→ g(ξ) = F(ξ)

are isomorphisms, i.e,
Fil(A) ∼= Con(A).

Theorem 4.2. Let F be a filter of A and ∝ be a congruence relation on A
defined by F . Then A/F ≡ A/ ∝= {[x]∝ : x ∈ A} is also a strong Sheffer
stroke NMV-algebra with the strong Sheffer stroke operation |∝ on A/F which
is defined by [x]∝|∝[y]∝ ≈ [x|y]∝, for all x, y ∈ A and F ≈ [1]∝.

Proof. Assume that F is a filter of A and ∝ is the congruence relation on A
defined by F . Let A/F ≡ A/ ∝= {[x]∝ : x ∈ A} be a structure with the strong
Sheffer stroke operation |∝ described by [x]∝|∝[y]∝ ≈ [x|y]∝ for all x, y ∈ A.
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•It is first shown that F ≈ [1]∝.
For any x ∈ F , x ∈ [1]∝, i. e., x ∝ 1, since x|(1|1) ≈ x|0 ≈ 1 ∈ F and

1|(x|1) ≈ (x|1)|1 ≈ x ∈ F from (n1)-(n3) and (Sf − 1). Then F ⊆ [1]∝.
For any x ∈ [1]∝, x ∝ 1, i. e., 1 ≈ x|0 ≈ x|(1|1) ∈ F and x ≈ (x|1)|1 ≈

1|(x|1) ∈ F from (n1)-(n3) and (Sf − 1). Then [1]∝ ⊆ F .
Thus, F ≈ [1]∝ and so, 0A/F ≈ [0]∝ ≈ [1|1]∝ ≈ [1]∝|∝[1]∝.
•Now, it is demonstrated that the structure (A/F, |∝, F ) is a strong Sheffer

stroke NMV-algebra. By the definition of |∝ and the fact that (A, |, 1) is a
strong Sheffer stroke NMV-algebra, it is obtained

(1) : [x]∝|∝[y]∝ ≈ [x|y]∝ ≈ [y|x]∝ ≈ [y]∝|∝[x]∝.

(2) : [x]∝|∝0A/F ≈ [x]∝|∝[0]∝ ≈ [x|0]∝ ≈ [1]∝ ≈ F .

(3) : ([x]∝|∝F )|∝F ≈ ([x]∝|∝[1]∝)|∝[1]∝ ≈ [(x|1)|1]∝ ≈ [x]∝.

(4) :

(([x]∝|∝F )|∝[y]∝)|∝[y]∝ ≈ ([x]∝|∝[1]∝)|∝[y]∝)|∝[y]∝

≈ [((x|1)|y)|y]∝ ≈ [((y|1)|x)|x]∝

≈ ([y]∝|∝[1]∝)|∝[x]∝)|∝[x]∝

≈ ([y]∝|∝F )|∝[x]∝)|∝[x]∝.

(5) :

([x]∝|∝F )|∝(([x]∝|∝[y]∝)|∝F ) ≈ ([x]∝|∝[1]∝)|∝(([x]∝|∝[y]∝)|∝[1]∝)

≈ [(x|1)|((x|y)|1)]∝

≈ [1]∝

≈ F.

(6) :

[x]∝|∝((((([x]∝|∝[y]∝)|∝|∝[y]∝)|∝[z]∝)|∝[z]∝)|∝F )
≈ [x]∝|∝((((([x]∝|∝[y]∝)|∝|∝[y]∝)|∝[z]∝)|∝[z]∝)|∝[1]∝)
≈ [x|(((((x|y)|y)|z)|z)|1)]∝
≈ [1]∝
≈ F.

Example 4.5. Consider the strong Sheffer stroke NMV-algebra A in Example
3.1. For the filter F = {1, f} of A, ∝F= {(0, 0), (a, a), (b, b), (c, c), (d, d), (e, e),
(f, f), (1, 1), (a, 0), (0, a), (1, f), (f, 1), (b, d), (d, b), (c, e), (e, c)} is a congruence
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relation on A defined by this filter. Then (A/F, |∝, F ) is a strong Sheffer stroke
NMV-algebra in which the quotient set A/F = {[0]∝F

, [b]∝F
, [c]∝F

, [1]∝F
},

F ≈ [1]∝F
= {1, f}, and the strong Sheffer stroke operation |∝F

on A/F has
the following Cayley table:

|∝F
[0]∝F

[b]∝F
[c]∝F

[1]∝F

[0]∝F
[1]∝F

[1]∝F
[1]∝F

[1]∝F

[b]∝F
[1]∝F

[c]∝F
[1]∝F

[c]∝F

[c]∝F
[1]∝F

[1]∝F
[b]∝F

[b]∝F

[1]∝F
[1]∝F

[c]∝F
[b]∝F

[0]∝F

Table 2: The Cayley table of Sheffer stroke |∝F

Corollary 4.3. If A/F is associative, then it is an MV-algebra.

Corollary 4.4. A/F is an implication NMV-algebra with 0.

5 Homomorphism of strong Sheffer stroke NMV-algebras

In this section, we introduce a homomorphism of strong Sheffer stroke NMV-
algebras.

Definition 5.1. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras. A mapping h : A −→ B is called a homomorphism if

h(x|Ay) = h(x)|Bh(y)

for all x, y ∈ A.

Lemma 5.1. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras and h : A −→ B be a homomorphism. Then h(A) is a filter of B.

Proof. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-algebras
and h : A −→ B be a homomorphism. It is obtained from Lemma 3.1 (ix)
that

1B ≈ h(1A)|B(h(1A)|Bh(1A))

≈ h(1A|A(1A|A1A))

≈ h(1A) ∈ h(A).

Let h(x) ∈ h(A) and h(x)|B(h(y)|B1B) ∈ h(A), i. e., h(x|A(y|A1A)) ≈
h(x)|B(h(y)|Bh(1A)) ≈ h(x)|B(h(y)|B1B) ∈ h(A). Then x ∈ A and x|A(y|A1A)
∈ A. Since A itself is a filter of A, y ∈ A, and so, h(y) ∈ h(A).
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Remark 5.1. The class of strong Sheffer stroke NMV-algebras forms a vari-
ety.

Theorem 5.1. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras and h : A −→ B be a homomorphism. Then

(1) If F is a filter of A, then h(F ) is a filter of B.

(2) If G is a filter of B, then h−1(G) is a filter of A.

Proof. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-algebras,
and let h : A −→ B be a homomorphism.

(1) Assume that F is a filter of A. Since 1A ∈ F , 1B ≈ h(1A) ∈ h(F ).
Let h(x) ∈ h(F ) and h(x)|B(h(y)|B1B) ∈ h(F ), i. e., h(x|A(y|A1A)) ≈
h(x)|B(h(y)|Bh(1A)) ≈ h(x)|B(h(y)|B1B) ∈ h(F ). Then x ∈ F and
x|A(y|A1A) ∈ F . By the assumption, y ∈ F , i. e., h(y) ∈ h(F ).

(2) Suppose that G is a filter of B. Because h(1A) ≈ 1B ∈ G, 1A ≈
h−1h(1A) ≈ h−1(1B) ∈ h−1(G). Let x ∈ h−1(G) and x|A(y|A1A) ∈
h−1(G), i. e., h(x) ∈ hh−1(G) ⊆ G and h(x)|B(h(y)|B1B) ≈ h(x)|B
(h(y)|Bh(1A)) ≈ h(x|A(y|A1A)) ∈ ff−1(G) ⊆ G. By the assumption,
h(y) ∈ G, i. e., y ∈ h−1(G).

Theorem 5.2. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra and F
and G be two filters of A. Then A/(F ∩G) ∼= A/F ×A/G.

Proof. Since F ∩ G is a filter of A, A/(F ∩ G) is a strong Sheffer stroke
NMV-algebra by Theorem 4.2. Also, A/F and A/G are strong Sheffer stroke
NMV-algebras, and so A/F × A/G is a strong Sheffer stroke NMV-algebra
from Theorem 3.1. Define

f : A/(F ∩G) −→ A/F ×A/G
[x]∝F∩G 7−→ ([x]∝F

, [x]∝G
).

Then f is a homomorphism.

• f is injective: Let ([x]∝F
, [x]∝G

), ([y]∝F
, [y]∝G

) ∈ A/F × A/G such that
([x]∝F

, [x]∝G
) ≈ ([y]∝F

, [y]∝G
). Then [x]∝F

≈ [y]∝F
and [x]∝G

≈ [y]∝G
. So,

x ∝F y and x ∝G y, i. e., x|(y|y), y|(x|x) ∈ F and x|(y|y), y|(x|x) ∈ G. Thus,
x|(y|y), y|(x|x) ∈ F ∩G, i. e., x ∝F∩G y. Hence, [x]∝F∩G ≈ [y]∝F∩G .
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• f is surjective: Let ([a]∝F
, [a]∝G

) ∈ A/F×A/G be such that f([x]∝(F∩G)
) ≈

([a]∝F
, [a]∝G

). Then ([x]∝F
, [x]∝G

) ≈ ([a]∝F
, [a]∝G

) which is [x]∝F
≈ [a]∝F

and [x]∝G
≈ [a]∝G

. So, x ∝F a and x ∝G a, i.e., x|(a|a), a|(x|x) ∈ F and
x|(a|a), a|(x|x) ∈ G. Hence, x|(a|a), a|(x|x) ∈ F ∩G which means x ∝F∩G a.
Thus, [x]∝F∩G ≈ [a]∝F∩G .

Therefore, f is an isomorphism, i.e., A/(F ∩G) ∼= A/F ×A/G.

Theorem 5.3. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras, and let F and G be two filters of A and B, resp. Then (A×B)/(F ×
G) ∼= A/F ×B/G.

Proof. A/F and B/G are strong Sheffer stroke NMV-algebras by Theorem
4.2. Also, A/F × B/G and A × B are strong Sheffer stroke NMV-algebras
from Theorem 3.1.

Now, we show that F × G is a filter of A × B. Since F and G are filters,
1A×B ≈ (1A, 1B) ∈ F × G. Let (x1, y1), (x1, y1)|A×B((x2, y2)|A×B(x2, y2)) ∈
F ×G. Then (x1|A(x2|Ax2), y1|B(y2|By2)) ∈ F ×G. So, x1, x1|A(x2|Ax2) ∈ F
and y1, y1|B(y2|By2) ∈ G. Since F and G are filters, x2 ∈ F and y2 ∈ G, i.e.,
(x2, y2) ∈ F ×G. Thus, A×B/F ×G is a strong Sheffer stroke NMV-algebra
by Theorem 4.2. Define

g : (A×B)/(F ×G) −→ A/F ×B/G
[(x, y)]∝F×G

7−→ ([x]∝F
, [y]∝G

).

Then g is a surjective homomorphism.

g is injective: Let ([x1]∝F
, [y1]∝G

) and ([x2]∝F
, [y2]∝G

) such that ([x1]∝F
,

[y1]∝G
) ≈ ([x2]∝F

, [y2]∝G
). Then [x1]∝F

≈ [x2]∝F
and [y1]∝G

≈ [y2]∝G
,

i.e., x1 ∝F x2 and y1 ∝G y2. Thus, x1|A(x2|Ax2), x2|A(x1|Ax1) ∈ F and
y1|B(y2|By2), y2|B(y1|By1) ∈ G. So, (x1, y1)|A×B((x2, y2)|A×B(x2, y2)) ≈ (x1|A
(x2|Ax2), y1|B(y2|By2)) ∈ F × G and (x2, y2)|A×B((x1, y1)|A×B(x1, y1)) ≈
(x2|A
(x1|Ax1), y2|B(y1|By1)) ∈ F ×G. Hence, (x1, y1) ∝F×G (x2, y2), i.e.,

[(x1, y1)]∝F×G
≈ [(x2, y2)]∝F×G

.

Thereby, g is an isomorphism.

Corollary 5.1. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra, and F
and G be two filters of A. Then A/(F ∩G) ∼= (A×A)/(F ×G).

Theorem 5.4. Let F be a filter of A. Then G is a filter of A such that F ⊆ G
if and only if the set G/F = {[x]F ∈ A/F : x ∈ G} is a filter of A/F .
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Proof. (⇒) (A/F, |F , F ) is a strong Sheffer stroke NMV-algebra and F ≈ [1]F
from Theorem 4.2. Then F ≈ [1]F ∈ G/F from the definition of G/F . Let
[x]F ∈ G/F and [x]F |F ([y]F |FF ) ∈ G/F , i.e., [x|(y|1)]F ≈ [x]F |F ([y]F |F [1]F )
≈ [x]F |F ([y]F |FF ) ∈ G/F . So, x ∈ G and x|(y|1) ∈ G. Since G is a filter of
A, then y ∈ G, i.e., [y]F ∈ G/F .

(⇐) It is obtained from the definition of G/F .

Theorem 5.5. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras and h : A −→ B be a homomorphism. Then

Kerh = {x ∈ A : h(x) ≈ 1B}

is a filter of A.

Proof. Since h(1A) ≈ 1B , 1B ∈ Kerh. Let x ∈ Kerh and x|A(y|Ay) ∈ Kerh.
Then h(x) ≈ 1B and h(x|A(y|Ay)) ≈ 1B . Since

h(y) ≈ 1B |B(h(y)|Bh(y))

≈ h(x)|B(h(y)|Bh(y))

≈ h(x|A(y|Ay))

≈ 1B ,

it follows y ∈ Kerh. Thus, Kerh is a filter of A.

Theorem 5.6. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra and F be
a filter of A. Then there exists the natural homomorphism g : A −→ A/F
defined by x 7→ [x]F .

Proof. By Theorem 4.2, g : A −→ A/F is a homomorphism, and it is called
the natural homomorphism.

Theorem 5.7. Let (A, |, 1) be a strong Sheffer stroke NMV-algebra and F be
a filter of a. Then there exists a canonical surjective homomorphism f : A −→
A/F defined by f(x) ≈ [x]F and Kerf = F .

Proof. By Theorem 5.6, f : A −→ A/F, x 7→ [x]F is a homomorphism and is
surjective from its definition. Then it follows from (n2) and Lemma 3.1 (x)
that

Kerf = {x ∈ A : f(x) ≈ [1]F }
= {x ∈ A : [x]F ≈ [1]F }
= {x ∈ A : x ∝F 1}
= {x ∈ A : x|(1|1) ≈ x|0 ≈ 1 ∈ F and 1|(x|x) ≈ x ∈ F}
= {x ∈ A : x ∈ F}
= F.
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Theorem 5.8. Let (A, |A, 1A) and (B, |B , 1B) be strong Sheffer stroke NMV-
algebras and h : A −→ B be a homomorphism. Then there exists a unique
homomorphism f : A/Kerh −→ B such that h ≈ f ◦ g where g is the natural
homomorphism A −→ A/Kerh. Moreover, g is surjective and f is injective.

Proof. Since Kerh is a filter of A from Theorem 5.5, A/Kerh is a strong
Sheffer stroke NMV-algebra by Theorem 4.2. We define f : A/Kerh −→
B, [x]Kerh 7−→ h(x).

Let [x]Kerh, [y]Kerh ∈ A/Kerh such that [x]Kerh ≈ [y]Kerh. Then x ∝Kerh
y, i. e., x|A(y|Ay), y|A(x|Ax) ∈ Kerh. So, h(x)|B(h(y)|Bh(y)) ≈ h(x|A(y|Ay))
≈ 1B and h(y)|B(h(x)|Bh(x)) ≈ h(y|A(x|Ax)) ≈ 1B . Hence, h(x) ≤ h(y)
and h(y) ≤ h(x) from Proposition 3.1, and so f([x]Kerh) ≈ h(x) ≈ h(y) ≈
f([y]Kerh). Thus, f is well-defined.

Let [x]Kerh, [y]Kerh ∈ A/Kerh. Then

f([x]Kerh|Kerh[y]Kerh) ≈ f([x|Ay]Kerh)

≈ h(x|Ay)

≈ h(x)|Bh(y)

≈ f([x]Kerh)|Bf([y]Kerh).

Also, f(Kerh) ≈ f([1A]Kerh) ≈ h(1A) ≈ 1B . Hence, f is a homomorphism.
For the natural homomorphism g : A −→ A/Kerh, g(x) ≈ [x]Kerh and for

any x ∈ A,
f ◦ g(x) ≈ f(g(x)) ≈ f([x]Kerh) ≈ h(x).

Then h ≈ f ◦ g.
Now, we show the uniqueness of f . Let λ : A/Kerf −→ B be a homomor-

phism such that h ≈ λ ◦ g. For [x]Kerh ∈ A/Kerh, λ([x]Kerh) ≈ λ(g(x)) ≈
λ ◦ g(x) ≈ h(x) ≈ f ◦ g(x) ≈ f(g(x)) ≈ f([x]Kerh). Thus, λ ≈ f .

Moreover, it is obvious that g is surjective.
Let [x]Kerh, [y]Kerh ∈ A/Kerh such that f([x]Kerh) ≈ f([y]Kerh). Then

h(x) ≈ h(y). Hence, h(x|A(y|Ay)) ≈ h(x)|B(h(y)|Bh(y)) ≈ h(x)|B(h(x)|Bh(x))
≈ 1B and similarly h(y|A(x|Ax)) ≈ 1B from Lemma 3.1 (ix). So, x|A(y|Ay), y|A
(x|Ax) ∈ Kerh which means x ∝Kerh y, i. e., [x]Kerh ≈ [y]Kerh. Therefore, f
is injective.

Corollary 5.2. (1st Isomorphism Theorem) Let (A, |A, 1A) and (B, |B , 1B)
be strong Sheffer stroke NMV-algebras and h : A −→ B be a homomorphism.
Then A/Kerh ∼= h(A). If h is surjective, then A/Kerh ∼= B.
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Theorem 5.9. (2nd Isomorphism Theorem) Let B be a strong Sheffer stroke
NMV-subalgebra of a strong Sheffer stroke NMV-algebra (A, |, 1) and F be a
filter of A. Then BF/F ∼= B/B ∩ F where BF =

⋃
[x]F , for x ∈ B and

BF/F = {[x]F ∈ A/F : x ∈ BF}.

Proof. We first show that BF is a strong Sheffer stroke NMV-subalgebra of
A. Since B is a strong Sheffer stroke NMV-subalgebra of A, 1 ∈ B. Then 1 ∈
F = [1]F ⊆

⋃
[x]F = BF . Also, (n1-n6) are satisfied for all x, y, z ∈ BF ⊆ A,

that is, (BF, |, 1) forms a strong Sheffer stroke NMV-algebra. Thus, BF/F
is a strong Sheffer stroke NMV-subalgebra of A/F . Since BF/F is a strong
Sheffer stroke NMV-algebra and B ⊆ BF , then h : B −→ BF/F, x 7→ [x]F is
a homomorphism. So,

Kerh = {x ∈ B : h(x) ≈ [1]F }
= {x ∈ B : [x]F ≈ [1]F }
= {x ∈ B : x ∝F 1}
= {x ∈ B : x|(1|1) ≈ x|0 ≈ 1 ∈ F and 1|(x|x) ≈ x ∈ F}
= {x ∈ B : x ∈ F}
= B ∩ F.

from (n2) and Lemma 3.1 (x).

For any [a]F ∈ BF/F , a ∈ BF =
⋃

[x]F . Then there exists x ∈ B such
that a ∈ [x]F , and so [a]F ≈ [x]F . Hence, h(x) ≈ [x]F ≈ [a]F , i.e., h is onto.
By Corollary 5.2, B/B ∩ F = B/Kerh ∼= h(B) = BF/F .

Theorem 5.10. (3rd Isomorphism Theorem) Let F and G be filters of A such
that F ⊆ G. Then (A/F )/(G/F ) ∼= A/G.

Proof. It is known from Theorem 5.4 that G/F = {[x]F ∈ A/F : x ∈ G} is
a filter of a strong Sheffer stroke NMV-algebra A/F . Then (A/F )/(G/F ) =
{[[x]F ]G/F : [x]F ∈ A/F} and also A/G = {[x]G : x ∈ A} are strong Sheffer
stroke NMV-algebras by Theorem 4.2. Define µ : (A/F )/(G/F ) −→ A/G,
[[x]F ]G/F 7−→ [x]G. Since

µ([[x]F ]G/F |G/F [[y]F ]G/F ) ≈ µ([[x]F |F [y]F ]G/F )

≈ µ([[x|y]F ]G/F )

≈ [x|y]G

≈ [x]G|G[y]G

≈ µ([[x]F ]G/F )|Gµ([[y]F ]G/F )
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for any elements [[x]F ]G/F , [[y]F ]G/F ∈ (A/F )/(G/F ) and G ≈ [1]G ≈
µ([[1]F ]G/F ), it is obtained that µ is a homomorphism.
• µ is one-to-one: Let [[x]F ]G/F ∈ Kerµ, i. e., [0]G ≈ µ([[x]F ]G/F ) ≈
[x]G. Then x ∝G 0, i. e., x|(0|1), 0|(x|1) ∈ G, and so, [x]F |F ([0]F |F [1]F ) ≈
[x|(0|1)]F ,
[0]F |F ([x]F |F [1]F ) ≈ [0|(x|1)]F ∈ G/F . Thus, [x]F ∝G/F [0]F , i. e., [[x]F ]G/F ≈
[[0]F ]G/F . Hence, Kerµ = {[[0]F ]G/F }.
• µ is onto: it is obvious from the definition of µ.

Therefore, µ is an isomorphism.

6 Conclusion

In this work, a partially order on a strong Sheffer stroke NMV-algebra is
given. The Cartesian product of two strong Sheffer stroke NMV-algebras,
filters, strong Sheffer stroke NMV-subalgebras, congruence relation and ho-
momorphisms are analysed. It is shown that cartesian product of two strong
Sheffer stroke NMV-algebras is a strong Sheffer stroke NMV-algebra. It is
proved that any filter of a strong Sheffer stroke NMV-algebra is its strong
Sheffer stroke NMV-subalgebra but the converse is not true. It is also shown
that the family of all filters of a strong Sheffer stroke NMV-algebra forms a
complete lattice, and thereby for a subset of strong Sheffer stroke NMV-algebra
there exists a minimal filter containing this subset. Besides, it is introduced
a congruence relation on a strong Sheffer stroke NMV-algebra defined by a
filter, and its filter defined by a congruence relation on this algebraic struc-
ture. Thereby, it is demonstrated that the class of all filters of a strong Sheffer
stroke NMV-algebra is isomorphic to the class of all its congruences. A quo-
tient strong Sheffer stroke NMV-algebra is built from a strong Sheffer stroke
NMV-algebra by its congruence. Also, it is proved the quotient strong Sheffer
stroke NMV-algebra is a MV-algebra if it is associative, and that it is impli-
cation NMV-algebra with 0. The relationships between the quotient strong
Sheffer stroke algebras are stated. By determining a homomorphism between
strong Sheffer stroke NMV-algebras and its kernel, the isomorphism theorems
on this algebraic structure are proved.

In future works, the relationships between strong Sheffer stroke NMV-
algebras and other algebraic structures, their fuzzy concepts, and different
types of their filters can be examined, and so it can be studied in details for
some applications in computer science and artificial intelligence.
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