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INTUITIONISTIC FALLING SHADOWS APPLIED TO
COMMUTATIVE IDEALS IN BCK-ALGEBRAS

R. A. BORZOOEI∗, X. L. XIN AND Y. B. JUN

Abstract. The notion of commutative falling intuitionistic fuzzy
ideal of a BCK-algebra is introduced and related properties are
investigated. We verify that every commutative intuitionistic fuzzy
ideal is a commutative falling intuitionisticfuzzy ideal, and pro-
vide example to show that a commutative falling intuitionistic
fuzzy ideal is not a commutative intuitionistic fuzzy ideal. Re-
lations between a falling intuitionistic fuzzy ideal and a commuta-
tive falling intuitionistic fuzzy ideal are considered, and a condition
for a falling intuitionistic fuzzy ideal to be a commutative falling
intuitionistic fuzzy ideal is provided.

1. Introduction

Goodman [4] pointed out the equivalence of a fuzzy set and a class
of random sets in the study of a unified treatment of uncertainty
modeled by means of combining probability and fuzzy set theory. Wang
and Sanchez [18] introduced the theory of falling shadows which
directly relates probability concepts with the membership function
of fuzzy sets. The mathematical structure of the theory of falling
shadows is formulated in [17]. Tan et al. [15, 16] established a the-
oretical approach to define a fuzzy inference relation and fuzzy set
operations based on the theory of falling shadows. Commutative ideals
in BCK-algebras are studied by Meng [12], and its fuzzification is
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discussed by Jun and Roh [10]. As a generalization of a fuzzy com-
mutative ideal in BCK-algebras, Jun et al. [8] studied its intuition-
istic fuzzy version. Based on the theory of falling shadows and fuzzy
sets, Jun and Kang [6] introduced a falling fuzzy commutative ideal
in a BCK-algebra, and studied related properties. The notion of an
intuitionistic random set and an intuitionistic falling shadow are in-
troduced by Jun et al. [11]. Using these notions, they introduced
the concept of falling intuitionistic subalgebras and falling intuitionis-
tic ideals in BCI/BCK-algebras, and investigated related properties.
They also discussed relations between falling intuitionistic subalgebras
and falling intuitionistic ideals, and established a characterization of
falling intuitionistic ideal.

As a generalization of the paper [6], in this paper, we introduce the
commutative falling intuitionistic fuzzy ideal of a BCK-algebra, and
investigate related properties. We show that every commutative intu-
itionistic fuzzy ideal is a commutative falling intuitionistic fuzzy ideal,
and provide example to show that a commutative falling intuitionistic
fuzzy ideal is not a commutative intuitionistic fuzzy ideal. We provide
relations between a falling intuitionistic fuzzy ideal and a commutative
falling intuitionistic fuzzy ideal. We consider a condition for a falling
intuitionistic fuzzy ideal to be a commutative falling intuitionistic fuzzy
ideal.

2. Preliminaries

In this section, we describe the basic concepts used in this article.
A set X with a special element 0 and a binary operation ∗ is called

a BCI-algebra if
(I) ((x ∗ y) ∗ (x ∗ z)) ∗ (z ∗ y) = 0,

(II) (x ∗ (x ∗ y)) ∗ y = 0,
(III) x ∗ x = 0,
(IV) If x ∗ y = 0, and y ∗ x = 0, then x = y,

for all x, y, z ∈ X. A BCI-algebra X with the following identity:
(V) 0 ∗ x = 0 for all x ∈ X

is said to be a BCK-algebra. In any BCI/BCK-algebra X, we have

x ∗ 0 = x, (2.1)
x ≤ y ⇒ x ∗ z ≤ y ∗ z, z ∗ y ≤ z ∗ x (2.2)
(x ∗ y) ∗ z = (x ∗ z) ∗ y, (2.3)
(x ∗ z) ∗ (y ∗ z) ≤ x ∗ y (2.4)
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for all x, y, z ∈ X, where x ≤ y if and only if x ∗ y = 0. Let S be
a nonempty subset of a BCI/BCK-algebra X. Then S is called a
subalgebra of X if x∗y ∈ S for all x, y ∈ S. A subset J of a BCI/BCK-
algebra X is called an ideal of X if it satisfies:

0 ∈ J, (2.5)
y ∈ J, x ∗ y ∈ J ⇒ x ∈ J (2.6)

for all x, y ∈ X. Let J be a subset of a BCK-algebra X. Then J is
called a commutative ideal of X if the condition (2.5) is valid and

z ∈ J, (x ∗ y) ∗ z ∈ J ⇒ x ∗ (y ∗ (y ∗ x)) ∈ J (2.7)

for all x, y, z ∈ X. Recall that any commutative ideal is an ideal, and
an ideal may not be a commutative ideal (see [13]).

We refer the reader to the books [5, 13] for further information
regarding BCI/BCK-algebras.

Let X be a non-empty set. An intuitionistic fuzzy set in X (see [1])
is a structure of the form:

h := {⟨x;hα(x), hβ(x)⟩ | x ∈ X, 0 ≤ hα(x) + hβ(x) ≤ 1} (2.8)

where hα : X → [0, 1] is a membership function and hβ : X → [0, 1] is
a nonmembership function. For the sake of simplicity, we shall use the
symbol h = (hα, hβ) for the intuitionistic fuzzy set (2.8).

Given an intuitionistic fuzzy set h = (hα, hβ) in a set X and
α, β ∈ [0, 1], we consider the following sets:

U∈(h;α) := {x ∈ X | hα(x) ≥ α},
L∈(h; β) := {x ∈ X | hβ(x) ≤ β}.

We say U∈(h;α) and L∈(h; β) are intuitionistic fuzzy ∈-subsets.
An intuitionistic fuzzy set h = (hα, hβ) in a BCI/BCK-algebra X

is called an intuitionistic fuzzy subalgebra of X (see [7]) if it satisfies:

(∀x, y ∈ X)

(
hα(x ∗ y) ≥ min{hα(x), hα(y)}
hβ(x ∗ y) ≤ max{hβ(x), hβ(y)}

)
. (2.9)

An intuitionistic fuzzy set h = (hα, hβ) in a BCI/BCK-algebra X
is called an intuitionistic fuzzy ideal of X (see [7]) if it satisfies:

(∀x ∈ X)
(
hα(0) ≥ hα(x), hβ(0) ≤ hβ(x)

)
. (2.10)

(∀x, y ∈ X)

(
hα(x) ≥ min{hα(x ∗ y), hα(y)}
hβ(x) ≤ max{hβ(x ∗ y), hβ(y)}

)
. (2.11)
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An intuitionistic fuzzy set h = (hα, hβ) in a BCK-algebra X is called
a commutative intuitionistic fuzzy ideal of X (see [8]) if it satisfies (2.10)
and

(∀x, y ∈ X)

(
hα(x ∗ (y ∗ (y ∗ x))) ≥ min{hα((x ∗ y) ∗ z), hα(z)}
hβ(x ∗ (y ∗ (y ∗ x))) ≤ max{hβ((x ∗ y) ∗ z), hβ(z)}

)
.

(2.12)

Let X be a BCI/BCK-algebra. For each x ∈ X and D ∈ 2X , let
x̄ := {C ∈ 2X | x ∈ C}, (2.13)

and
D̄ := {x̄ | x ∈ D}. (2.14)

Consider an ordered pair (2X ,B). If B is a σ-field in 2X and X̄ ⊆ B,
we say that (2X ,B) is a hyper-measurable structure on X.

Let (℧,A, P ) be a probability space and let (2X ,B) be a hyper-
measurable structure on X. We say that a couple ξ := (ξα, ξβ) is an
intuitionistic random set on X, where ξα and ξβ are mappings from ℧
to 2X which are A-B measurables, that is,

(∀C ∈ B)
(

ξ−1
α (C) = {εα ∈ ℧ | ξα(εα) ∈ C} ∈ A
ξ−1
β (C) = {εβ ∈ ℧ | ξβ(εβ) ∈ C} ∈ A

)
. (2.15)

Given an intuitionistic random set ξ := (ξα, ξβ) on X, consider
functions:

H̃α : X → [0, 1], xα 7→ P (εα | xα ∈ ξα(εα)),

H̃β : X → [0, 1], xβ 7→ 1− P (εβ | xβ ∈ ξβ(εβ)).

Then H̃ := (H̃α, H̃β) is an intuitionistic fuzzy set on X, and we call
it the intuitionistic falling shadow of the intuitionistic random set
ξ := (ξα, ξβ), and ξ := (ξα, ξβ) is called an intuitionistic cloud of
H̃ := (H̃α, H̃β).

For example, consider a probability space (℧,A, P ) = ([0, 1],A,m)
with a Borel field A on [0, 1] and the usual Lebesgue measure m. Let
H̃ := (H̃α, H̃β) be an intuitionistic fuzzy set in X. Then a couple
ξ := (ξα, ξβ) in which

ξα : [0, 1] → 2X , α 7→ U∈(H̃;α),

ξβ : [0, 1] → 2X , β 7→ L∈(H̃; β)

is an intuitionistic random set and ξ := (ξα, ξβ) is an intuitionistic
cloud of H̃ := (H̃α, H̃β). We will call ξ := (ξα, ξβ) defined above as the
intuitionistic cut-cloud of H̃ := (H̃α, H̃β).
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For a probability space (Ω,A, P ), let ξ := (ξα, ξβ) be an intuitionistic
random set on a BCI/BCK-algebra X. Then the intuitionistic falling
shadow F̃ := (F̃α, F̃β) of ξ := (ξα, ξβ) is called a falling intuitionistic
subalgebra (resp., falling intuitionistic ideal) of X if ξα(εα) and ξβ(εβ)
are subalgebras (resp., ideals) of X for all εα, εβ ∈ Ω (see [9, 11]).

3. Commutative falling intuitionistic fuzzy ideals

In this section, we introduce the notion of a commutative falling
intuitionistic fuzzy ideal of a BCK-algebra and related properties are
investigated. Also, we provide some examples to show the relation
between a falling intuitionistic fuzzy ideal and a commutative falling
intuitionistic fuzzy ideal.

In what follows, let X be a BCK-algebra unless otherwise specified.

Definition 3.1. Given a probability space (Ω,A, P ) and an intuition-
istic fuzzy random set ξ := (ξα, ξβ) on X, the intuitionistic fuzzy falling
shadow H̃ := (H̃α, H̃β) of ξ := (ξα, ξβ) is called a commutative falling
intuitionistic fuzzy ideal of X if ξα(εα) and ξβ(εβ) are commutative
ideals of X for all εα, εβ ∈ Ω.

Example 3.2. Consider a set X = {0, 1, 2, 3, 4} and define the binary
operation ∗ by Table 1.

Table 1. Cayley table for the binary operation “∗”

∗ 0 1 2 3 4
0 0 0 0 0 0
1 1 0 0 1 1
2 2 1 0 2 2
3 3 3 3 0 3
4 4 4 4 4 0

Then (X; ∗, 0) is a BCK-algebra (see [13]). Consider
(Ω,A, P ) = ([0, 1],A,m)

and let ξ := (ξα, ξβ) be an intuitionistic fuzzy random set on X which
is given as follows:

ξα : [0, 1] → P(X), x 7→


{0, 3} if x ∈ [0, 0.25),
{0, 4} if x ∈ [0.25, 0.55),
{0, 1, 2} if x ∈ [0.55, 0.85),
{0, 3, 4} if x ∈ [0.85, 1],
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and

ξβ : [0, 1] → P(X), x 7→


{0} if x ∈ (0.9, 1],
{0, 3} if x ∈ (0.7, 0.9],
{0, 4} if x ∈ (0.5, 0.7],
{0, 1, 2, 3} if x ∈ (0.3, 0.5],
X if x ∈ [0, 0.3].

Then ξα(t) and ξβ(t) are commutative ideals of X for all t ∈ [0, 1].
Hence the intuitionistic fuzzy falling shadow H̃ := (H̃α, H̃β) of
ξ := (ξα, ξβ) is a commutative falling intuitionistic fuzzy ideal of X,
and it is given as follows:

H̃α(x) =


1 if x = 0,
0.3 if x ∈ {1, 2},
0.4 if x = 3,
0.45 if x = 4,

and

H̃β(x) =

 0 if x = 0,
0.5 if x ∈ {1, 2, 4},
0.3 if x = 3.

For a probability space (Ω,A, P ), let H̃ := (H̃α, H̃β) be an
intuitionistic fuzzy falling shadow of an intuitionistic fuzzy random
set ξ := (ξα, ξβ). For x ∈ X, let

Ω(x; ξα) := {εα ∈ Ω | x ∈ ξα(εα)},
Ω(x; ξβ) := {εβ ∈ Ω | x ∈ ξβ(εβ)}.

Then Ω(x; ξα),Ω(x; ξβ) ∈ A (see [11]).

Proposition 3.3. Let H̃ := (H̃α, H̃β) be an intuitionistic fuzzy falling
shadow of the intuitionistic fuzzy random set ξ := (ξα, ξβ) on X. If
H̃ := (H̃α, H̃β) is a commutative falling intuitionistic fuzzy ideal of X,
then(

Ω((x ∗ y) ∗ z; ξα) ∩ Ω(z; ξα) ⊆ Ω(x ∗ (y ∗ (y ∗ x)); ξα)
Ω((x ∗ y) ∗ z; ξβ) ∩ Ω(z; ξβ) ⊆ Ω(x ∗ (y ∗ (y ∗ x)); ξβ)

)
, (3.1)(

Ω(x ∗ (y ∗ (y ∗ x)); ξα) ⊆ Ω((x ∗ y) ∗ z; ξα)
Ω(x ∗ (y ∗ (y ∗ x)); ξβ) ⊆ Ω((x ∗ y) ∗ z; ξβ)

)
. (3.2)

for all x, y, z ∈ X.

Proof. Let εα ∈ Ω((x ∗ y) ∗ z; ξα) ∩ Ω(z; ξα) and

εβ ∈ Ω((x ∗ y) ∗ z; ξβ) ∩ Ω(z; ξβ)
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for all x, y, z ∈ X. Then
(x ∗ y) ∗ z ∈ ξα(εα) and z ∈ ξα(εα),

(x ∗ y) ∗ z ∈ ξβ(εβ) and z ∈ ξβ(εβ).

Since ξα(εα) and ξβ(εβ) are commutative ideals of X, the condition
(2.7) implies that

x ∗ (y ∗ (y ∗ x)) ∈ ξα(εα) ∩ ξβ(εβ)

and so that εα ∈ Ω(x ∗ (y ∗ (y ∗ x)); ξα) and εβ ∈ Ω(x ∗ (y ∗ (y ∗ x)); ξβ).
Hence (3.1) is true. Now let εα ∈ Ω(x ∗ (y ∗ (y ∗ x)); ξα) and

εβ ∈ Ω(x ∗ (y ∗ (y ∗ x)); ξβ)

for all x, y, z ∈ X. Then x ∗ (y ∗ (y ∗ x)) ∈ ξα(εα) ∩ ξβ(εβ). Note that
((x ∗ y) ∗ z) ∗ (x ∗ (y ∗ (y ∗ x))) = ((x ∗ y) ∗ (x ∗ (y ∗ (y ∗ x)))) ∗ z

≤ ((y ∗ (y ∗ x)) ∗ y) ∗ z
= ((y ∗ y) ∗ (y ∗ x)) ∗ z
= (0 ∗ (y ∗ x)) ∗ z
= 0 ∗ z
= 0,

which yields
((x ∗ y) ∗ z) ∗ (x ∗ (y ∗ (y ∗ x))) = 0 ∈ ξα(εα) ∩ ξβ(εβ).

Since ξα(εα) and ξβ(εβ) are commutative ideals and hence ideals of X,
it follows that (x∗ y)∗ z ∈ ξα(εα)∩ ξβ(εβ). Hence εα ∈ Ω((x∗ y)∗ z; ξα)
and εβ ∈ Ω((x ∗ y) ∗ z; ξβ). Therefore (3.2) is valid. □

Given a probability space (Ω,A, P ), let
F(X) := {f | f : Ω → X is a mapping}. (3.3)

Define a binary operation ⊛ on F(X) as follows:
(∀ω ∈ Ω) ((f ⊛ g)(ω) = f(ω) ∗ g(ω)) (3.4)

for all f, g ∈ F(X). Then (F(X);⊛, θ) is a BCI/BCK-algebra
(see [9]) where θ is given as follows:

θ : Ω → X, ω 7→ 0.

Given a subset A of X and gα, gI , gβ ∈ F(X), consider the followings:
Ag

α := {εα ∈ Ω | gα(εα) ∈ A},
Ag

β := {εβ ∈ Ω | gβ(εβ) ∈ A}
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and

ξα : Ω → P(F(X)), εα 7→ {gα ∈ F(X) | gα(εα) ∈ A},
ξβ : Ω → P(F(X)), εβ 7→ {gβ ∈ F(X) | gβ(εβ) ∈ A}.

Then Ag
α, A

g
β ∈ A (see [11]).

Theorem 3.4. If K is a commutative ideal of X, then
ξα(εα) = {gα ∈ F(X) | gα(εα) ∈ K},
ξβ(εβ) = {gβ ∈ F(X) | gβ(εβ) ∈ K}

are commutative ideals of F(X).

Proof. Assume that K is a commutative ideal of X. Since

θ(εα) = 0 ∈ K

and θ(εβ) = 0 ∈ K for all εα, εβ ∈ Ω, we have θ ∈ ξα(εα) and θ ∈ ξβ(εβ).
Let fα, gα, hα ∈ F(X) be such that (fα ⊛ gα) ⊛ hα ∈ ξα(εα) and
hα ∈ ξα(εα). Then

(fα(εα) ∗ gα(εα)) ∗ hα(εα) = ((fα ⊛ gα)⊛ hα)(εα) ∈ K

and hα(εα) ∈ K. Since K is a commutative ideal of X, it follows from
(2.7) that

(fα ⊛ (gα ⊛ (gα ⊛ fα)))(εα) = fα(εα) ∗ (gα(εα) ∗ (gα(εα) ∗ fα(εα))) ∈ K,

that is, fα ⊛ (gα ⊛ (gα ⊛ fα)) ∈ ξα(εα). Hence ξα(εα) is a commutative
ideal of F(X). Now, let fβ, gβ, hβ ∈ F(X) be such that

(fβ ⊛ gβ)⊛ hβ ∈ ξβ(εβ)

and hβ ∈ ξβ(εβ). Then

(fβ(εβ) ∗ gβ(εβ)) ∗ hβ(εβ) = ((fβ ⊛ gβ)⊛ hβ)(εβ) ∈ K

and hβ(εβ) ∈ K. Then

(fβ ⊛ (gβ ⊛ (gβ ⊛ fβ)))(εβ) = fβ(εβ) ∗ (gβ(εβ) ∗ (gβ(εβ) ∗ fβ(εβ))) ∈ K,

and so fβ ⊛ (gβ ⊛ (gβ ⊛ fβ)) ∈ ξβ(εβ). Hence ξβ(εβ) is a commutative
ideal of F(X). This completes the proof. □

Theorem 3.5. If we consider a probability space
(Ω,A, P ) = ([0, 1],A,m),

then every commutative intuitionistic fuzzy ideal is a commutative
falling intuitionistic fuzzy ideal.
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Proof. Let H̃ := (H̃α, H̃β) be a commutative intuitionistic fuzzy ideal
of X. Then U∈(H̃;α), I∈(H̃; β) and L∈(H̃; β) are commutative ideals
of X for all α ∈ (0, 1] and β ∈ [0, 1). Hence a pair ξ := (ξα, ξβ) in
which

ξα : [0, 1] → P(X), α 7→ U∈(H̃;α),

ξβ : [0, 1] → P(X), β 7→ L∈(H̃; β)

is an intuitionistic fuzzy cut-cloud of H̃ := (H̃α, H̃β), and so
H̃ := (H̃α, H̃β) is a commutative falling intuitionistic fuzzy ideal of
X. □

The converse of Theorem 3.5 is not true as shown by the next
example.

Example 3.6. Consider a set X = {0, 1, 2, 3, 4} and define the binary
operation ∗ on X by Table 2.

Table 2. Cayley table for the binary operation “∗”

∗ 0 1 2 3 4
0 0 0 0 0 0
1 1 0 1 0 1
2 2 2 0 0 2
3 3 2 1 0 3
4 4 4 4 4 0

Then (X; ∗, 0) is a BCK-algebra (see [13]). Consider
(Ω,A, P ) = ([0, 1],A,m)

and let ξ := (ξα, ξβ) be an intuitionistic fuzzy random set on X and it
is given as follows:

ξα : [0, 1] → P(X), x 7→


{0, 1} if x ∈ [0, 0.2),
{0, 2} if x ∈ [0.2, 0.55),
{0, 2, 4} if x ∈ [0.55, 0.75),
{0, 1, 2, 3} if x ∈ [0.75, 1],

and

ξβ : [0, 1] → P(X), x 7→


{0} if x ∈ (0.87, 1],
{0, 2} if x ∈ (0.76, 0.87],
{0, 4} if x ∈ (0.58, 0.76],
{0, 2, 4} if x ∈ (0.33, 0.58],
X if x ∈ [0, 0.33].
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Then ξα(t) and ξβ(t) are commutative ideals of X for all t ∈ [0, 1].
Hence the intuitionistic fuzzy falling shadow H̃ := (H̃α, H̃β) of
ξ := (ξα, ξβ) is a commutative falling intuitionistic fuzzy ideal of X,
and it is given as follows:

H̃α(x) =


1 if x = 0,
0.45 if x = 1,
0.8 if x = 2,
0.25 if x = 3,
0.2 if x = 4,

and

H̃β(x) =


0 if x = 0,
0.67 if x ∈ {1, 3},
0.31 if x = 2,
0.24 if x = 4.

But H̃ := (H̃α, H̃β) is not a commutative intuitionistic fuzzy ideal of
X since (3 ∗ 4) ∗ 2 ∈ U∈(H̃; 0.4) and 2 ∈ U∈(H̃; 0.6), but

3 ∗ (4 ∗ (4 ∗ 3)) = 3 /∈ U∈(H̃; 0.4).

We provide relations between a falling intuitionistic fuzzy ideal and
a commutative falling intuitionistic fuzzy ideal.

Theorem 3.7. For a probability space (Ω,A, P ), let H̃ := (H̃α, H̃β) be
an intuitionistic fuzzy falling shadow of an intuitionistic fuzzy random
set ξ := (ξα, ξβ) on X. If H̃ := (H̃α, H̃β) is a commutative falling
intuitionistic fuzzy ideal of X, then it is a falling intuitionistic fuzzy
ideal of X.

Proof. Let H̃ := (H̃α, H̃β) be a commutative falling intuitionistic fuzzy
ideal of X. Then ξα(εα) and ξβ(εβ) are commutative ideals of X for all
εα, εβ ∈ Ω. Thus ξα(εα) and ξβ(εβ) are ideals of X for all εα, εβ ∈ Ω.
Therefore H̃ := (H̃α, H̃β) is a falling intuitionistic fuzzy ideal of X. □

In the next example, we know that the converse of Theorem 3.7 is
not true in general.

Example 3.8. Consider a set X = {0, 1, 2, 3, 4} and define the binary
operation ∗ on X by Table 3.
Then (X; ∗, 0) is a BCK-algebra (see [13]). Consider

(Ω,A, P ) = ([0, 1],A,m)
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Table 3. Cayley table for the binary operation “∗”

∗ 0 1 2 3 4
0 0 0 0 0 0
1 1 0 0 1 0
2 2 1 0 2 0
3 3 3 3 0 3
4 4 4 4 4 0

and let ξ := (ξα, ξβ) be an intuitionistic fuzzy random set on X that is
given by

ξα : [0, 1] → P(X), x 7→

 {0, 3} if x ∈ [0, 0.27),
{0, 1, 2, 3} if x ∈ [0.27, 0.66),
{0, 1, 2, 4} if x ∈ [0.67, 1],

and

ξβ : [0, 1] → P(X), x 7→


{0} if x ∈ (0.84, 1],
{0, 3} if x ∈ (0.76, 0.84],
{0, 1, 2, 4} if x ∈ (0.58, 0.76],
X if x ∈ [0, 0.58].

Then ξα(t) and ξβ(t) are ideals of X for all t ∈ [0, 1]. Hence the
intuitionistic fuzzy falling shadow H̃ := (H̃α, H̃β) of ξ := (ξα, ξβ) is
a falling intuitionistic fuzzy ideal of X. But it is not a commuta-
tive falling intuitionistic fuzzy ideal of X because if α ∈ [0, 0.27) and
β ∈ (0.76, 0.84], then ξα(α) = {0, 3} and ξβ(β) = {0, 3} are not com-
mutative ideals of X, respectively.

Since every ideal is commutative in a commutative BCK-algebra,
we have the following theorem.

Theorem 3.9. For a probability space (Ω,A, P ), let H̃ := (H̃α, H̃β) be
an intuitionistic fuzzy falling shadow of an intuitionistic fuzzy random
set ξ := (ξα, ξβ) on a commutative BCK-algebra. If H̃ := (H̃α, H̃β) is
a falling intuitionistic fuzzy ideal of X, then it is a commutative falling
intuitionistic fuzzy ideal of X.
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Corollary 3.10. Let (Ω,A, P ) be a probability space. For any
BCK-algebra X which satisfies one of the following assertions

(∀x, y ∈ X)(x ≤ y ⇒ x ≤ y ∗ (y ∗ x)), (3.5)
(∀x, y ∈ X)(x ≤ y ⇒ x = y ∗ (y ∗ x)), (3.6)
(∀x, y ∈ X)(x ∗ (x ∗ y) = y ∗ (y ∗ (x ∗ (x ∗ y)))), (3.7)
(∀x, y, z ∈ X)(x, y ≤ z, z ∗ y ≤ z ∗ x ⇒ x ≤ y), (3.8)
(∀x, y, z ∈ X)(x ≤ z, z ∗ y ≤ z ∗ x ⇒ x ≤ y), (3.9)

let H̃ := (H̃α, H̃β) be an intuitionistic fuzzy falling shadow of an
intuitionistic fuzzy random set ξ := (ξα, ξβ) on X. If H̃ := (H̃α, H̃β) is
a falling intuitionistic fuzzy ideal of X, then it is a commutative falling
intuitionistic fuzzy ideal of X.

4. Conclusion

The notion of commutative falling intuitionistic fuzzy ideal of a
BCK-algebra is introduced and is verified that every commutative
intuitionistic fuzzy ideal is a commutative falling intuitionistic fuzzy
ideal and by example is showed that the converse may not be true.
Then the relations between different kinds of falling intuitionistic fuzzy
ideals are investigated, and is provided a condition to make a falling
intuitionistic fuzzy ideal to be a commutative one.
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INTUITIONISTIC FALLING SHADOWS APPLIED TO COMMUTATIVE
IDEALS IN BCK-ALGEBRAS

R. A. BORZOOEI, X. L. XIN AND Y. B. JUN

BCK-جبرها در جابه جایی ایده آل های برای شهودی سقوط سایه های به کاربردن

جان٣ بای یانگ ، شین٢ شیولانگ ، برزویی١ رجبعلی

ایران تهران، بهشتی، شهید دانشگاه ریاضی، علوم دانشکده ریاضی، گروه ١

چین شیان، غربی، شمال دانشگاه ریاضیات، دانشکده ٢

جنوبی کره جو، جین سانگ، جیونگ ملی دانشگاه ریاضیات، آموزش گروه ٣

و شده معرفی BCK-جبر یک جابه جایی سقوط شهودی فازی ایده آل مفهوم ابتدا مقاله این در
جابه جایی، شهودی فازی ایده آل هر که می دهیم نشان می کنیم. بررسی را آن ها با مرتبط ویژگی های سپس
فازی ایده آل یک که دهیم نشان تا می کنیم ارائه مثالی و است، سقوط حال در شهودی فازی ایده آل یک
شهودی فازی ایده آل یک بین روابط نیست. جابه جایی شهودی فازی ایده آل یک سقوط، حال در شهودی
اینکه برای شرطی و می شوند، بررسی جابه جایی سقوط حال در شهودی فازی ایده آل یک و سقوط حال در
ارائه باشد، جابه جایی سقوط حال در شهودی فازی ایده آل یک سقوط حال در شهودی فازی ایده آل یک

می شود.

جابه جایی. شهودی فازی ایده آل شهودی، فازی ایده آل شهودی، فازی کلیدی: کلمات
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