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Abstract. The notion of ∈-soft set and q-soft set based on a fuzzy set is introduced,
and characterizations for an ∈-soft set and a q-soft set to be (idealistic) soft BCK/BCI-
algebras are provided. Using the notion of (∈,∈∨ q)-fuzzy BCK/BCI subalgebras/ideals,
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1. Introduction

Various problems in system identification involve characteristics which are essentially
non-probabilistic in nature [31]. In response to this situation Zadeh [32] introduced
fuzzy set theory as an alternative to probability theory. Uncertainty is an attribute
of information. In order to suggest a more general framework, the approach to un-
certainty is outlined by Zadeh [33]. To solve a complicated problem in economics,
engineering, and environment, we cannot successfully use classical methods because
of various uncertainties typical for those problems. There are three theories: theory
of probability, theory of fuzzy sets, and the interval mathematics which can be con-
sidered as mathematical tools for dealing with uncertainties. But all these theories
have their own difficulties. Uncertainties cannot be handled using traditional math-
ematical tools but may be dealt with using a wide range of existing theories such as
probability theory, theory of (intuitionistic) fuzzy sets, theory of vague sets, theory
of interval mathematics, and theory of rough sets. However, all of these theories have
their own difficulties which are pointed out in [28]. Maji et al. [26] and Molodtsov
[28] suggested that one reason for these difficulties may be due to the inadequacy
of the parametrization tool of the theory. To overcome these difficulties, Molodtsov
[28] introduced the concept of a soft set as a new mathematical tool for dealing with
uncertainties that is free from difficulties that have troubled usual theoretical ap-
proaches. Molodtsov pointed out several directions for the applications of soft sets.
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At present, works on soft set theory are progressing rapidly. Maji et al. [26] described
the application of soft set theory to a decision making problem. Maji et al. [25] also
studied several operations on the theory of soft sets. Chen et al. [2] presented a new
definition of soft set parametrization reduction and compared this definition to the
related concept of attributes reduction in rough set theory. The algebraic structure of
set theories dealing with uncertainties has been studied by some authors. The study
of structures of fuzzy sets in algebraic structures are carried out by several authors
(see [1, 3, 4, 5, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 23, 24, 30]). The first author dis-
cussed (α, β)-type subalgebras/ideals in BCK/BCI-algebras (see [7, 8, 9, 10]). Aktaş
and Çağman [1] studied basic concepts of soft set theory and compared soft sets to
fuzzy and rough sets, providing examples to clarify their differences. They also dis-
cussed the notion of soft groups. Jun [11] applied the notion of soft sets by Molodtsov
to the theory of BCK/BCI-algebras and introduced the notion of soft BCK/BCI-
algebras and soft subalgebras, and then derived their basic properties. Jun and
Park [17] dealt with the algebraic structure of BCK/BCI-algebras by applying soft
set theory. They discussed algebraic properties of soft sets in BCK/BCI-algebras
and introduced the notion of soft ideals and idealistic soft BCK/BCI-algebras. They
investigated relations between soft BCK/BCI-algebras and idealistic soft BCK/BCI-
algebras and established the intersection, union, “AND” operation, and “OR” op-
eration of soft ideals and idealistic soft BCK/BCI-algebras.

In this paper, we introduce the notion of an ∈-soft set and a q-soft set based
on a fuzzy set and give characterizations for an ∈-soft set and a q-soft set to be
(idealistic) soft BCK/BCI-algebras. Using the notion of (∈,∈∨ q)-fuzzy BCK/BCI
subalgebras/ideals, we provide characterizations for an ∈-soft set and a q-soft set to
be (idealistic) soft BCK/BCI-algebras.

2. Preliminaries

By a BCI-algebra we mean an algebra (X, ∗, 0) of type (2, 0) satisfying the axioms:

((x ∗ y) ∗ (x ∗ z)) ∗ (z ∗ y) = 0, (1)
(x ∗ (x ∗ y)) ∗ y = 0, (2)

x ∗ x = 0, (3)
x ∗ y = y ∗ x = 0 ⇒ x = y, (4)

for all x, y, z ∈ X. We can define a partial ordering ≤ by x ≤ y if and only if
x ∗ y = 0. If a BCI-algebra X satisfies 0 ∗ x = 0 for all x ∈ X, then we say that
X is a BCK-algebra. A nonempty subset S of a BCK/BCI-algebra X is called a
BCK/BCI-subalgebra of X if x ∗ y ∈ S for all x, y ∈ S. A nonempty subset A of a
BCK/BCI-algebra X is called a BCK/BCI-ideal of X if it satisfies:

0 ∈ A, (5)
x ∗ y ∈ A, y ∈ A ⇒ x ∈ A, ∀x, y ∈ X. (6)
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We refer the reader to the books [6] and [27] for further information regarding
BCK/BCI-algebras. A fuzzy set µ in a set X of the form

µ(y) :=
{
t ∈ (0, 1], if y = x,
0, if y 6= x,

is said to be a fuzzy point with support x and value t and is denoted by xt.
For a fuzzy point xt and a fuzzy set µ in a set X, Pu and Liu [29] gave meaning

to the symbol xtΨµ, where Ψ ∈ {∈, q,∈∨ q,∈∧ q}. To say that xt ∈ µ (resp. xtqµ)
means that µ(x) ≥ t (resp. µ(x) + t > 1), and in this case, xt is said to belong
to (resp. be quasi-coincident with) a fuzzy set µ. To say that xt ∈ ∨ qµ (resp.
xt ∈∧ qµ) means that xt ∈ µ or xtqµ (resp. xt ∈ µ and xtqµ). For all t1, t2 ∈ [0, 1],
min{t1, t2} and max{t1, t2} will be denoted by m(t1, t2) and M(t1, t2), respectively.
To say that xtΨµ means that xtΨµ does not hold, where Ψ ∈ {∈, q,∈∨ q,∈∧ q}.

A fuzzy set µ in a BCK/BCI-algebra X is called a fuzzy BCK/BCI-subalgebra
of X if it satisfies:

µ(x ∗ y) ≥ m(µ(x), µ(y)), ∀x, y ∈ X. (7)

Proposition 1 (see [8]). Let X be a BCK/BCI-algebra. A fuzzy set µ in X is a
fuzzy BCK/BCI-subalgebra of X if and only if the following assertion is valid.

xt ∈ µ, ys ∈ µ ⇒ (x ∗ y)m(t,s) ∈ µ, ∀x, y ∈ X,∀t, s ∈ (0, 1]. (8)

A fuzzy set µ in a BCK/BCI-algebra X is called a fuzzy BCK/BCI-ideal of X if
it satisfies:

µ(0) ≥ µ(x), ∀x ∈ X (9)
µ(x) ≥ m(µ(x ∗ y), µ(y)), ∀x, y ∈ X. (10)

Proposition 2 (see [7]). Let X be a BCK/BCI-algebra. A fuzzy set µ in X is a
fuzzy BCK/BCI-ideal of X if and only if the following assertions are valid.

xt ∈ µ ⇒ 0t ∈ µ, ∀x ∈ X,∀t ∈ (0, 1] (11)
(x ∗ y)t ∈ µ, ys ∈ µ ⇒ xm(t,s) ∈ µ, ∀x, y ∈ X,∀t, s ∈ (0, 1]. (12)

3. Soft subalgebras and soft ideals

Molodtsov [28] defined the soft set in the following way: Let U be an initial universe
set and E a set of parameters. Let P(U) denote the power set of U and A ⊂ E.

Definition 1 (see [28]). A pair (ϑ,A) is called a soft set over U, where ϑ is a
mapping given by

ϑ : A→ P(U).

In other words, a soft set over U is a parameterized family of subsets of the
universe U. For ε ∈ A, ϑ(ε) may be considered as the set of ε-approximate elements
of the soft set (ϑ,A).
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Given a fuzzy set µ in X and A ⊆ [0, 1], we define two set-valued functions
ϑ : A→ P(X) and ϑq : A→ P(X) by

ϑ(t) = {x ∈ X | xt ∈ µ} (13)

ϑq(t) = {x ∈ X | xtqµ} (14)

for all t ∈ A, respectively. Then (ϑ,A) and (ϑq, A) are soft sets over X, which are
called an ∈-soft set and a q-soft set over X, respectively.

Definition 2 (see [11]). Let (ϑ,A) be a soft set over a BCK/BCI-algebra X. Then
(ϑ,A) is called a soft BCK/BCI-algebra over X if ϑ(x) is a BCK/BCI-subalgebra of
X for all x ∈ A; for our convenience, the empty set ∅ is regarded as a BCK/BCI-
subalgebra of X.

Theorem 1. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an
∈-soft set over X with A = (0, 1]. Then (ϑ,A) is a soft BCK/BCI-algebra over X if
and only if µ is a fuzzy BCK/BCI-subalgebra of X.

Proof. Assume that (ϑ,A) is a soft BCK/BCI-algebra over X. If µ is not a fuzzy
BCK/BCI-subalgebra ofX, then there exist a, b ∈ X such that µ(a∗b) < m(µ(a), µ(b)).
Take t ∈ A such that µ(a ∗ b) < t ≤ m(µ(a), µ(b)). Then at ∈ µ and bt ∈ µ but
(a ∗ b)m(t,t) = (a ∗ b)t /∈ µ. Hence a, b ∈ ϑ(t), but a ∗ b /∈ ϑ(t). This is a contradiction.
Therefore µ(x ∗ y) ≥ m(µ(x), µ(y)) for all x, y ∈ X. Conversely, suppose that µ is a
fuzzy BCK/BCI-subalgebra of X. Let t ∈ A and x, y ∈ ϑ(t). Then xt ∈ µ and yt ∈ µ.
It follows from Proposition 1 that (x ∗ y)t = (x ∗ y)m(t,t) ∈ µ so that x ∗ y ∈ ϑ(t).
Thus ϑ(t) is a BCK/BCI-subalgebra of X, i.e., (ϑ,A) is a soft BCK/BCI-algebra
over X.

Theorem 2. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑq, A) be a
q-soft set over X with A = (0, 1]. Then (ϑq, A) is a soft BCK/BCI-algebra over X
if and only if µ is a fuzzy BCK/BCI-subalgebra of X.

Proof. Suppose that µ is a fuzzy BCK/BCI-subalgebra of X. Let t ∈ A and x, y ∈
ϑq(t). Then xtqµ and ytqµ, i.e., µ(x) + t > 1 and µ(y) + t > 1. It follows from (7)
that

µ(x ∗ y) + t ≥ m(µ(x), µ(y)) + t = m(µ(x) + t, µ(y) + t) > 1

so that (x ∗ y)tqµ, i.e., x ∗ y ∈ ϑq(t). Hence ϑq(t) is a BCK/BCI-subalgebra of X
for all t ∈ A, and so (ϑq, A) is a soft BCK/BCI-algebra over X. Conversely, assume
that (ϑq, A) is a soft BCK/BCI-algebra over X. If µ(a ∗ b) < m(µ(a), µ(b)) for some
a, b ∈ X, then we can select t ∈ A such that

µ(a ∗ b) + t ≤ 1 < m(µ(a), µ(b)) + t.

Hence atqµ and btqµ, but (a ∗ b)tqµ, i.e., a ∈ ϑq(t) and b ∈ ϑq(t), but a ∗ b /∈ ϑq(t).
This is a contradiction. Therefore µ is a fuzzy BCK/BCI-subalgebra of X.

Theorem 3. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an
∈-soft set over X with A = (0.5, 1]. Then the following assertions are equivalent:
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(i) (ϑ,A) is a soft BCK/BCI-algebra over X.

(ii) M(µ(x ∗ y), 0.5) ≥ m(µ(x), µ(y)), ∀x, y ∈ X.

Proof. Assume that (ϑ,A) is a soft BCK/BCI-algebra over X. Then ϑ(t) is a
BCK/BCI-subalgebra of X for all t ∈ A. If there exist a, b ∈ X such that

M(µ(a ∗ b), 0.5) < t = m(µ(a), µ(b)),

then t ∈ A, at ∈ µ and bt ∈ µ but (a∗b)t∈µ. It follows that a, b ∈ ϑ(t) and a∗b /∈ ϑ(t).
This is a contradiction, and so

M(µ(x ∗ y), 0.5) ≥ m(µ(x), µ(y))

for all x, y ∈ X. Conversely, suppose that (ii) is valid. Let t ∈ A and x, y ∈ ϑ(t).
Then xt ∈ µ and yt ∈ µ, or equivalently, µ(x) ≥ t and µ(y) ≥ t. Hence

M(µ(x ∗ y), 0.5) ≥ m(µ(x), µ(y)) ≥ t > 0.5,

and thus µ(x ∗ y) ≥ t, i.e., (x ∗ y)t ∈ µ. Therefore x ∗ y ∈ ϑ(t) which shows that
(ϑ,A) is a soft BCK/BCI-algebra over X.

A fuzzy set µ in a BCK/BCI-algebra X is called an (∈,∈∨ q)-fuzzy BCK/BCI-
subalgebra of X (see [8]) if it satisfies the following condition:

xt ∈ µ, ys ∈ µ ⇒ (x ∗ y)m(t,s) ∈∨ q µ, ∀x, y ∈ X ∀t, s ∈ (0, 1]. (15)

Lemma 1 (see [8]). A fuzzy set µ in a BCK/BCI-algebra X is an (∈,∈∨ q)-fuzzy
BCK/BCI-subalgebra of X if and only if it satisfies:

µ(x ∗ y) ≥ m(µ(x), µ(y), 0.5), ∀x, y ∈ X. (16)

Theorem 4. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an
∈-soft set over X with A = (0, 0.5]. Then the following assertions are equivalent:

(i) µ is an (∈,∈∨ q)-fuzzy BCK/BCI-subalgebra of X.

(ii) (ϑ,A) is a soft BCK/BCI-algebra over X.

Proof. Assume that µ is an (∈,∈∨ q)-fuzzy BCK/BCI-subalgebra of X. Let t ∈ A
and x, y ∈ ϑ(t). Then xt ∈ µ and yt ∈ µ or equivalently µ(x) ≥ t and µ(y) ≥ t. It
follows from Lemma 1 that

µ(x ∗ y) ≥ m(µ(x), µ(y), 0.5) ≥ m(t, 0.5) = t

so that (x ∗ y)t ∈ µ or equivalently x ∗ y ∈ ϑ(t). Hence (ϑ,A) is a soft BCK/BCI-
algebra over X. Conversely, suppose that (ii) is valid. If there exist a, b ∈ X such
that µ(a ∗ b) < m(µ(a), µ(b), 0.5), then we can select t ∈ (0, 1) such that

µ(a ∗ b) < t ≤ m(µ(a), µ(b), 0.5).

Thus t ≤ 0.5, at ∈ µ and bt ∈ µ, that is, a ∈ ϑ(t) and b ∈ ϑ(t). Since ϑ(t) is
a BCK/BCI-subalgebra of X, it follows that a ∗ b ∈ ϑ(t) for all t ≤ 0.5 so that
(a ∗ b)t ∈ µ or equivalently µ(a ∗ b) ≥ t for all t ≤ 0.5. This is a contradiction. Hence
µ(x ∗ y) ≥ m(µ(x), µ(y), 0.5) for all x, y ∈ X. It follows from Lemma 1 that µ is an
(∈,∈∨ q)-fuzzy BCK/BCI-subalgebra of X.
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Theorem 5. Let S be a BCK/BCI-subalgebra of a BCK/BCI-algebra X and let
(ϑ,A) be a soft set over X. If A = (0, 0.5], then there exists an (∈,∈ ∨ q)-fuzzy
BCK/BCI-subalgebra µ of X such that

ϑ(t) := {x ∈ X | xt ∈ µ} = S, ∀t ∈ A.

Proof. Let µ be a fuzzy set in X defined by

µ(x) :=
{
t, if x ∈ S,
0, otherwise,

for all x ∈ X where t ∈ A. Obviously, ϑ(t) = S. Assume that

µ(a ∗ b) < m(µ(a), µ(b), 0.5)

for some a, b ∈ X. Since |Im(µ)| = 2, we have

µ(a ∗ b) = 0 and m(µ(a), µ(b), 0.5) = t.

It follows that µ(a) = t = µ(b) so that a, b ∈ S. But µ(a ∗ b) = 0, whence a ∗ b /∈ S.
This is a contradiction, and so µ(x ∗ y) ≥ m(µ(x), µ(y), 0.5) for all x, y ∈ X. Using
Lemma 1, we know that µ is an (∈,∈∨ q)-fuzzy BCK/BCI-subalgebra of X.

Definition 3 (see [17]). Let (ϑ,A) be a soft set over a BCK/BCI-algebra X. Then
(ϑ,A) is called an idealistic soft BCK/BCI-algebra over X if ϑ(x) is a BCK/BCI-
ideal of X for all x ∈ A.

Theorem 6. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an
∈-soft set over X with A = (0, 1]. Then (ϑ,A) is an idealistic soft BCK/BCI-algebra
over X if and only if µ is a fuzzy BCK/BCI-ideal of X.

Proof. Suppose that µ is a fuzzy BCK/BCI-ideal of X and let t ∈ A. If x ∈ ϑ(t),
then xt ∈ µ. It follows from (11) that 0t ∈ µ, i.e., 0 ∈ ϑ(t). Let x, y ∈ X be
such that x ∗ y ∈ ϑ(t) and y ∈ ϑ(t). Then (x ∗ y)t ∈ µ and yt ∈ µ, which imply
from (12) that xt = xm(t,t) ∈ µ. Hence x ∈ ϑ(t), and thus (ϑ,A) is an idealistic
soft BCK/BCI-algebra over X. Conversely, assume that (ϑ,A) is an idealistic soft
BCK/BCI-algebra over X. If there exists a ∈ X such that µ(0) < µ(a), then we
can select t ∈ A such that µ(0) < t ≤ µ(a). Thus 0t /∈ µ, i.e., 0 /∈ ϑ(t). This is a
contradiction. Thus µ(0) ≥ µ(x) for all x ∈ X. Suppose there exist a, b ∈ X such
that µ(a) < m(µ(a ∗ b), µ(b)). Take s ∈ A such that µ(a) < s ≤ m(µ(a ∗ b), µ(b)).
Then (a ∗ b)s ∈ µ and bs ∈ µ, but as /∈ µ, that is, a ∗ b ∈ ϑ(s) and b ∈ ϑ(s) but
a /∈ ϑ(s). This is a contradiction, and so

µ(x) ≥ m(µ(x ∗ y), µ(y))

for all x, y ∈ X. Therefore µ is a fuzzy BCK/BCI-ideal of X.

Theorem 7. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑq, A) be a
q-soft set over X with A = (0, 1]. Then the following assertions are equivalent:

(i) µ is a fuzzy BCK/BCI-ideal of X.
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(ii) (ϑq(t) 6= ∅ ⇒ ϑq(t) is a BCK/BCI-ideal of X), ∀t ∈ A

Proof. Assume that µ is a fuzzy BCK/BCI-ideal of X. Let t ∈ A be such that
ϑq(t) 6= ∅. If 0 /∈ ϑq(t), then 0tqµ and so µ(0) + t < 1. It follows from (9) that
µ(x) + t ≤ µ(0) + t < 1 for all x ∈ X so that ϑq(t) = ∅. This is a contradiction,
and hence 0 ∈ ϑq(t). Let x, y ∈ X be such that x ∗ y ∈ ϑq(t) and y ∈ ϑq(t). Then
(x ∗ y)tqµ and ytqµ, or equivalently, µ(x ∗ y) + t > 1 and µ(y) + t > 1. Using (10),
we have

µ(x) + t ≥ m(µ(x ∗ y), µ(y)) + t = m(µ(x ∗ y) + t, µ(y) + t) > 1,

and so xtqµ, i.e., x ∈ ϑq(t). Thus ϑq(t) is a BCK/BCI-ideal of X.
Conversely, assume that (ii) is valid. If µ(0) < µ(a) for some a ∈ X, then

µ(0) + t ≤ 1 < µ(a) + t for some t ∈ A. Thus atqµ, and so ϑq(t) 6= ∅. Hence
0 ∈ ϑq(t), and thus 0tqµ, i.e., µ(0)+t > 1. This is impossible, and hence µ(0) ≥ µ(x)
for all x ∈ X. Suppose there exist a, b ∈ X such that µ(a) < m(µ(a ∗ b), µ(b)). Then
µ(a) + s ≤ 1 < m(µ(a ∗ b), µ(b)) + s for some s ∈ A. It follows that (a ∗ b)sqµ and
bsqµ, i.e., a ∗ b ∈ ϑq(s) and b ∈ ϑq(s). Since ϑq(s) is a BCK/BCI-ideal of X, we
get a ∈ ϑq(s), and so asqµ or equivalently µ(a) + s > 1. This is a contradiction.
Therefore µ(x) ≥ m(µ(x ∗ y), µ(y)) for all x, y ∈ X. Hence µ is a fuzzy BCK/BCI-
ideal of X.

A fuzzy set µ in a BCK/BCI-algebra X is called an (∈,∈∨ q)-fuzzy BCK/BCI-
ideal of X (see [7]) if it satisfies the following condition:

xt ∈ µ ⇒ 0t ∈∨ q µ, ∀x ∈ X, ∀t ∈ (0, 1] (17)
(x ∗ y)t ∈ µ, ys ∈ µ ⇒ xm(t,s) ∈∨ q µ, ∀x, y ∈ X, ∀t, s ∈ (0, 1]. (18)

Lemma 2 (see [7]). A fuzzy set µ in a BCK/BCI-algebra X is an (∈,∈∨ q)-fuzzy
BCK/BCI-ideal of X if and only if it satisfies the following assertions:

(i) µ(0) ≥ m(µ(x), 0.5), ∀x ∈ X

(ii) µ(x) ≥ m(µ(x ∗ y), µ(y), 0.5), ∀x, y ∈ X.

Theorem 8. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an
∈-soft set over X with A = (0, 0.5]. Then the following assertions are equivalent:

(i) µ is an (∈,∈∨ q)-fuzzy BCK/BCI-ideal of X.

(ii) (ϑ,A) is an idealistic soft BCK/BCI-algebra over X.

Proof. Assume that µ is an (∈,∈∨ q)-fuzzy BCK/BCI-ideal of X. Let t ∈ A. Using
Lemma 2(i), we get µ(0) ≥ m(µ(x), 0.5) for all x ∈ ϑ(t). It follows that

µ(0) ≥ m(µ(x), 0.5) ≥ m(t, 0.5) = t, i.e., 0t ∈ µ.

Hence 0 ∈ ϑ(t). Let x, y ∈ X be such that x∗y ∈ ϑ(t) and y ∈ ϑ(t). Then (x∗y)t ∈ µ
and yt ∈ µ, or equivalently, µ(x ∗ y) ≥ t and µ(y) ≥ t. Using Lemma 2(ii), we have

µ(x) ≥ m(µ(x ∗ y), µ(y), 0.5) ≥ m(t, 0.5) = t, i.e., xt ∈ µ.
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Hence x ∈ ϑ(t), and so (ϑ,A) is an idealistic soft BCK/BCI-algebra over X. Con-
versely, suppose that (ii) is valid. If there is a ∈ X such that µ(0) < m(µ(a), 0.5),
then µ(0) < t ≤ m(µ(a), 0.5) for some t ∈ A. It follows that 0t∈µ, i.e., 0 /∈ ϑ(t),
a contradiction. Hence µ(0) ≥ m(µ(x), 0.5) for all x ∈ X. Assume that there exist
a, b ∈ X such that

µ(a) < m(µ(a ∗ b), µ(b), 0.5).

Taking t := 1
2 (µ(a) +m(µ(a ∗ b), µ(b), 0.5)), we have t ∈ A and

µ(a) < t < m(µ(a ∗ b), µ(b), 0.5).

Hence (a ∗ b)t ∈ µ and bt ∈ µ, but at∈µ. These imply that a ∗ b ∈ ϑ(t) and b ∈ ϑ(t)
but a /∈ ϑ(t). This is a contradiction. Therefore

µ(x) ≥ m(µ(x ∗ y), µ(y), 0.5)

for all x, y ∈ X. It follows from Lemma 2 that µ is an (∈,∈∨ q)-fuzzy BCK/BCI-ideal
of X.

Theorem 9. Let µ be a fuzzy set in a BCK/BCI-algebra X and let (ϑ,A) be an ∈-
soft set over X with A = (0.5, 1]. Then (ϑ,A) is an idealistic soft BCK/BCI-algebra
over X if and only if µ satisfies the following assertions:

(i) M(µ(0), 0.5) ≥ µ(x), ∀x ∈ X

(ii) M(µ(x), 0.5) ≥ m(µ(x ∗ y), µ(y)), ∀x, y ∈ X.

Proof. Assume that (ϑ,A) is an idealistic soft BCK/BCI-algebra over X. If there is
an element a ∈ X such that condition (i) is not valid, then µ(a) ∈ A and a ∈ ϑ(µ(a)).
But µ(0) < µ(a) implies 0 /∈ ϑ(µ(a)), a contradiction. Hence (i) is valid. Suppose
that

M(µ(a), 0.5) < m(µ(a ∗ b), µ(b)) = t

for some a, b ∈ X. Then t ∈ A and a ∗ b, b ∈ ϑ(t). But a /∈ ϑ(t) since µ(a) < t. This
is a contradiction, and so (ii) is valid. Conversely, assume that µ satisfies conditions
(i) and (ii). Let t ∈ A. For any x ∈ ϑ(t), we have

M(µ(0), 0.5) ≥ µ(x) ≥ t > 0.5

and so µ(0) ≥ t, i.e., 0t ∈ µ. Hence 0 ∈ ϑ(t). Let x, y ∈ X be such that x ∗ y ∈ ϑ(t)
and y ∈ ϑ(t). Then (x∗y)t ∈ µ and yt ∈ µ, or equivalently, µ(x∗y) ≥ t and µ(y) ≥ t.
Hence

M(µ(x), 0.5) ≥ m(µ(x ∗ y), µ(y)) ≥ t > 0.5,

which implies that µ(x) ≥ t, i.e., xt ∈ µ. Thus x ∈ ϑ(t), and therefore (ϑ,A) is an
idealistic soft BCK/BCI-algebra over X.
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4. Examples

Example 1. Consider a BCI-algebra X = {0, a, b, c} with the following Cayley table:

∗ 0 a b c
0 0 a b c
a a 0 c b
b b c 0 a
c c b a 0

Let µ be a fuzzy set in X defined by µ(0) = 0.6, µ(a) = 0.7 and µ(b) = µ(c) = 0.3.
Then µ is an (∈,∈∨ q)-fuzzy BCI-subalgebra of X (see [9]). Take A = (0, 0.5] and
let (ϑ,A) be an ∈-soft set over X. Then

ϑ(t) =
{
X, if t ∈ (0, 0.3],
{0, a}, if t ∈ (0.3, 0.5],

which are BCI-subalgebras of X. Hence (ϑ,A) is a soft BCI-algebra over X.

Example 2. Let Z be the set of all integers. Then (Z; ∗, 0) is a BCI-algebra where
the operation ∗ is the minus operation, i.e., x ∗ y = x− y for all x, y ∈ Z. Let µ be
a fuzzy set in Z defined by

µ(x) :=



0, if x ∈ {2k + 1 | k ∈ Z, k < 0},
0.3, if x ∈ {2k − 1 | k ∈ Z, k > 0},
0.5, if x ∈ {2k | k ∈ Z} \ {4k | k ∈ Z},
0.8, if x ∈ {4k | k ∈ Z} \ {8k | k ∈ Z},
0.9, if x ∈ {8k | k ∈ Z, k < 0},
1, if x ∈ {8k | k ∈ Z, k ≥ 0}.

Let (ϑ,A) be an ∈-soft set over Z where A = (0.3, 0.9]. Then

ϑ(t) =

 2Z, if t ∈ (0.3, 0.5],
4Z, if t ∈ (0.5, 0.8],
8Z, if t ∈ (0.8, 0.9],

which are BCI-subalgebras of Z. Hence (ϑ,A) is a soft BCI-algebra over X. But µ
is neither a fuzzy BCI-subalgebra nor an (∈,∈∨ q)-fuzzy BCI-subalgebra of X since

µ(4 ∗ 7) = µ(−3) = 0 � 0.3 = m(µ(4), µ(7))

and
40.7 ∈ µ and 70.2 ∈ µ, but (4 ∗ 7)m(0.7,0.2)∈∨ qµ,

respectively.

Example 2 shows that there exist a set of parameters A and a fuzzy set µ in X
such that

1. µ is neither a fuzzy BCI-subalgebra nor an (∈,∈∨ q)-fuzzy BCI-subalgebra of
X,
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2. An ∈-soft set (ϑ,A) over X is a soft BCI-algebra over X.

Example 3. Consider a BCK-algebra X = {0, a, b, c, d} with the following Cayley
table:

∗ 0 a b c d
0 0 0 0 0 0
a a 0 a 0 a
b b b 0 b 0
c c a c 0 c
d d d b d 0

.

Then a fuzzy set µ in X given by µ(0) = 0.6, µ(a)=µ(c)=0.7 and µ(b)= µ(d)= 0.2
is an (∈,∈∨ q)-fuzzy BCI-ideal of X (see [7]). Let (ϑ,A) be an ∈-soft set over X
with A = (0, 0.5]. Then

ϑ(t) =

{
X, if t ∈ (0, 0.2],

{0, a, c}, if t ∈ (0.2, 0.5],

which are BCK-ideals of X. Hence (ϑ,A) is an idealistic soft BCK-algebra over X.

5. Conclusions

Soft sets are deeply related to fuzzy sets and rough sets. Soft set theory is applied
to BCK/BCI-algebras by the first author (see [11]), and applications of soft sets
in ideal theory of BCK/BCI-algebras are carried out by Jun and Park [17]. In
this paper, we introduced the notion of an ∈-soft set and a q-soft set based on
a fuzzy set, and gave characterizations for an ∈-soft set and a q-soft set to be
(idealistic) soft BCK/BCI-algebras. Using the notion of (∈,∈∨ q)-fuzzy BCK/BCI
subalgebras/ideals, we provided characterizations for an ∈-soft set and a q-soft set
to be (idealistic) soft BCK/BCI-algebras. Based on these results, we will consider
another types of fuzzy BCK/BCI subalgebras/ideals to obtain characterizations of
(idealistic) soft BCK/BCI-algebras.
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[4] W. A. Dudek, Y. B. Jun, Z. Stojaković, On fuzzy ideals in BCC-algebras, Fuzzy

Sets and Systems 123(2001), 251–258.
[5] W. A. Dudek, B. Davvaz, Y. B. Jun, On intuitionistic fuzzy sub-hyperquasigroups of

hyperquasigroups, Inform. Sci. 170(2005), 251–262.



Soft subalgebras and soft ideals related to fuzzy set theory 281

[6] Y. S. Huang, BCI-algebra, Science Press, Beijing, 2006.
[7] Y. B. Jun, On (α, β)-fuzzy ideals of BCK/BCI-algebras, Sci. Math. Jpn. 60(2004),

613–617.
[8] Y. B. Jun, On (α, β)-fuzzy subalgebras of BCK/BCI-algebras, Bull. Korean Math. Soc.

42(2005), 703–711.
[9] Y. B. Jun, Fuzzy subalgebras of type (α, β) in BCK/BCI-algebras, Kyungpook Math.

J. 47(2007), 403–410.
[10] Y. B. Jun, Fuzzy subalgebras with thresholds in BCK/BCI-algebras, Commun. Korean

Math. Soc. 22(2007), 173–181.
[11] Y. B. Jun, Soft BCK/BCI-algebras, Comput. Math. Appl. 56(2008), 1408–1413.
[12] Y. B. Jun, Fuzzy positive implicative and fuzzy associative filters of lattice implication

algebras, Fuzzy Sets and Systems 121(2001), 353–357.
[13] Y. B. Jun, S. S. Ahn, H. S. Kim, Quotient structures of some implicative algebras via

fuzzy implicative filters, Fuzzy Sets and Systems 121(2001), 325–332.
[14] Y. B. Jun, S. S. Ahn, H. S. Kim, Fuzzy subincline (ideals) of incline algebras, Fuzzy

Sets and Systems 123(2001), 217–225.
[15] Y. B. Jun, M. A. Ozturk, S. Z. Song, On fuzzy h-ideals in hemirings, Inform. Sci.

162(2004), 211–226.
[16] Y. B. Jun, M. A. Öztürk, C. H. Park, Intuitionistic nil radicals of intuitionistic

fuzzy ideals and Euclidean intuitionistic fuzzy ideals in rings, Inform. Sci. 177(2007),
4662-4677.

[17] Y. B. Jun, C. H. Park, Applications of soft sets in ideal theory of BCK/BCI-algebras,
Inform. Sci. 178(2008), 2466–2475.

[18] Y. B. Jun, E. H. Roh, H. S. Kim, On fuzzy B-algebras, Czechoslovak Math. J.
52(2002), 375–384.

[19] Y. B. Jun, W. H. Shim, Fuzzy strong implicative hyper BCK-ideals of hyper BCK-
algebras, Inform. Sci. 170(2005), 351–361.

[20] Y. B. Jun, S. Z. Song, Generalized fuzzy interior ideals in semigroups, Inform. Sci.
176(2006), 3079–3093.

[21] Y. B. Jun, X. L. Xin, Involutory and invertible fuzzy BCK-algebras, Fuzzy Sets and
Systems 117(2001), 463–469.

[22] Y. B. Jun, X. L. Xin, Fuzzy prime ideals and invertible fuzzy ideals in BCK-algebras,
Fuzzy Sets and Systems 117(2001), 471–476.

[23] Y. B. Jun, Y. Xu, J. Ma, Redefined fuzzy implicative filters, Inform. Sci. 177(2007),
1422–1429.

[24] Y. B. Jun, Y. Xu, X. H. Zhang, Fuzzy filters of MTL-algebras, Inform. Sci.
175(2005), 120–138.

[25] P. K. Maji, R. Biswas, A. R. Roy, Soft set theory, Comput. Math. Appl. 45(2003),
555–562.

[26] P. K. Maji, A. R. Roy, R. Biswas, An application of soft sets in a decision making
problem, Comput. Math. Appl. 44(2002), 1077–1083.

[27] J. Meng, Y. B. Jun, BCK-algebras, Kyungmoon Sa Co., Seoul, 1994.
[28] D. Molodtsov, Soft set theory - First results, Comput. Math. Appl. 37(1999), 19–31.
[29] P. M. Pu, Y. M. Liu, Fuzzy topology I, Neighborhood structure of a fuzzy point and

Moore-Smith convergence, J. Math. Anal. Appl. 76(1980), 571–599.
[30] A. Rosenfeld, Fuzzy groups, J. Math. Anal. Appl. 35(1971), 512–517.
[31] L. A. Zadeh, From circuit theory to system theory, Proc. Inst. Radio Eng. 50(1962),

856–865.
[32] L. A. Zadeh, Fuzzy sets, Inform. Control 8(1965), 338–353.



282 Y. B. Jun and S. Z. Song

[33] L. A. Zadeh, Toward a generalized theory of uncertainty (GTU) - an outline, Inform.
Sci. 172(2005), 1–40.


