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1. Introduction

Iséki and Tanaka introduced two classes of abstract algebras, BCK-algebras and
BCI-algebras [1, 2, 3]. Prabpayak and Leerawat [4, 5] introduced a new algebraic
structure which is called KU -algebra. They gave the concept of homomorphisms of
KU -algebras and investigated some related properties. In 1965, Zadeh [6] introduced
the notion of fuzzy sets. At present this concept has been applied to many mathe-
matical branches. In 1991, Xi [7] applied the concept of fuzzy sets to BCI, BCK,
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MV -algebras. There are several kinds of fuzzy sets extensions in the fuzzy set the-
ory, for example, intuitionistic fuzzy sets, interval valued fuzzy sets, vague sets etc.
(See [8, 9, 10, 11, 12, 13]). Zadeh [13] made an extension of the concept of fuzzy set
by an interval-valued fuzzy set (i.e., a fuzzy set with an interval-valued membership
function). This interval-valued fuzzy set is referred to as i-v fuzzy set. Zadeh also
constructed a method of approximate inference using his i-v fuzzy sets. The idea
of “intuitionistic fuzzy set” was first published by Atanassov [8] as a generalization
of the notion of fuzzy sets. After that many researchers consider the Fuzzifications
of ideals and sub-algebras in algebraic structures. Mostafa et al. [10, 11, 14, 15],
Ansari et al. [16] and Koam et al. [17] introduced the notion of fuzzy KU -ideals of
KU -algebras and then they investigated several basic properties which are related
to fuzzy KU -ideals. Jun et al. [18] introduced the notion of a novel extension of
cubic sets and its applications in BCK/BCI-algebras (See [19] for the concept of
cubic sets). Yager [20] launched a nonstandard fuzzy set referred to as Pythagorean
fuzzy set which is the generalization of intuitionistic fuzzy sets. The construct of
Pythagorean fuzzy sets can be used to characterize uncertain information more suffi-
ciently and accurately than intuitionistic fuzzy set. The authors in [21, 22] defined a
new generalized Pythagorean fuzzy set is called (3, 2)-Fuzzy sets. In 2020, Fermatean
fuzzy sets proposed by Senapati and Yager [15] can handle uncertain information
more easily in the process of decision making. They also defined basic operations
over the Fermatean fuzzy sets. The main advantages of Fermatean fuzzy sets is
that it can describe more uncertainties than Pythagorean fuzzy sets, which can be
applied in many decision-making problems. The relevant research can be referred to
(SR-Fuzzy sets) (See [23]). Pythagorean fuzzy set is one of the successful extensions
of the fuzzy set for handling uncertainties in information. Under this environment,
Salih et al. [24] introduced a new type of generalized fuzzy sets called CR-fuzzy sets
and compared CR-fuzzy sets with Pythagorean fuzzy sets and Fermatean fuzzy sets.
The set operations, score function and accuracy function of CR-fuzzy sets will study
along with their several properties. Recently, Jun et al. [22] introduced the concept
of the (m;n)-fuzzy set which is the subclass of intuitionistic fuzzy set, Pythagorean
fuzzy set, (3; 2)-fuzzy set, Fermatean fuzzy set and n-Pythagorean fuzzy set and
compared with them. They introduced some operations for the (m;n)-fuzzy set,
investigate their properties and applied the (m;n)-fuzzy set to BCK-algebras and
BCI-algebras. They introduced the (m;n)-fuzzy subalgebra in BCK-algebras and
BCI-algebras and investigate their properties. Ahn et al. [21] apply the concept of
(2, 3)-fuzzy sets to BCK-algebras and BCI-algebas. Ibrahim et al. [25] introduced
(3; 2)-fuzzy sets and applied it to topological spaces. Decision-making problems are
very important in establishing foreign policy, national defense policy, economic pol-
icy, various election strategies, and prevention policy of the recent worldwide corona
virus, etc. So, many mathematicians have dealt with decision-making problems us-
ing the algorithms for decision making in three directions: aggregation operators,
similarity measures and correlation coefficients based on various fuzzy sets. kinds
of fuzzy concepts or fused fuzzy concepts. Mainly, they presented algorithms for
decision making in three directions: aggregation operators, similarity measures and
correlation coefficients based on various fuzzy sets (See [9, 26, 27]).
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In this paper, the concept of cubic Pythagorean KU -ideals is introduced and its
several properties are investigated. Also, relations between cubic Pythagorean KU -
ideal and cubic Pythagorean ideal are given. The pre-image of cubic Pythagorean
KU -ideals under homomorphism of KU -algebras are defined and how the pre-image
of cubic Pythagorean KU -ideals under homomorphism of KU -algebras become cu-
bic Pythagorean KU -ideal are studied. Moreover, the Cartesian product of cubic
Pythagorean KU -ideals in Cartesian product KU -algebras is given. Finally, novel
new correlation coefficient between two cubic Pythagorean fuzzy sets are also stud-
ied.

Throughout this paper, J denotes an index set.

2. Preliminaries

Now we review some concepts related toKU -algebra and interval-valued -intuitionistic-
fuzzy logic

Definition 2.1 ([4, 5]). A KU -algebra is a triple (X, ∗.0), where X is a nonempty
set, ∗ is a binary operation on X and 0 is a fixed element of such that the following
axioms are satisfied: for all x, y, z ∈ X,

(KU1) (x ∗ y) ∗ [(y ∗ z) ∗ (x ∗ z)] = 0,
(KU2) x ∗ 0 = 0,
(KU3) 0 ∗ x = x,
(KU4) x ∗ y = 0 and y ∗ x = 0 imply x = y,
(KU5) x ∗ x = 0.
On a KU−algebra, we can define a binary relation ≤ on X as follows: for any

x, y ∈ X,

x ≤ y ⇐⇒ y ∗ x = 0.

Theorem 2.2 ([14]). Let be a KU -algebra. Then the followings hold: for all
x, y, z ∈ X,

(1) x ∗ (y ∗ x) = 0,
(2) if x ≤ y, then y ∗ z ≤ x ∗ z,
(3) x ∗ (y ∗ z) = y ∗ (x ∗ z),
(4) y ∗ [(y ∗ x) ∗ x] = 0.

Example 2.3. Let X = {0, a, b, c, d} be a set with ∗ defined by the following table:

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

Table 2.1

Then (X, ∗, 0) is a KU -algebra.
17
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Definition 2.4 ([8]). Le X be a nonempty set and let I = [0, 1]. Then a mapping
A = (A∈, A̸∈) : X → I × I is called an intuitionistic fuzzy set, if 0 ≤ A∈(x) =
A ̸∈(x) ≤ 1 for each x ∈ X. In this case, A∈ : X → I and A∈ : X → I denote the
degree of membership and the degree of non-membership of A respectively.

Remark 2.5. Le X be a nonempty set and let A = (A∈, A̸∈) : X → I × I be a
mapping. Then the structure A is called:

(i) an intuitionistic fuzzy set in X, if 0 ≤ A∈(x) +A ̸∈(x) ≤ 1 (See [8]),

(ii) a Pythgorean fuzzy set in X, if 0 ≤ A∈2
(x) +A ̸∈2

(x) ≤ 1 (See [20]),

(iii) an n-Pythgorean fuzzy set in X, if 0 ≤ A∈n
(x) +A ̸∈n

(x) ≤ 1 (See [28]),

(iv) a Fermatean fuzzy set in X, if 0 ≤ A∈3
(x) +A ̸∈3

(x) ≤ 1 (See [29]),

(v) a (3; 2)-fuzzy set in X, if 0 ≤ A∈3
(x) +A ̸∈2

(x) ≤ 1 (See [21, 22]),

(vi) an (m;n)-fuzzy set in X, if 0 ≤ A∈m
(x) +A ̸∈n

(x) ≤ 1 (See [22]),

(vii) an SR-fuzzy set in X, if 0 ≤ A∈2
(x) +

√
A ̸∈(x) ≤ 1 (See [23]),

(viii) a CR-fuzzy set in X, if 0 ≤ A∈3
(x) + 3

√
A ̸∈(x) ≤ 1 (See [24]).

For any a, b ∈ I, a∧b and a∨b mean that a∧b = min{a, b} and a∨b = max{a, b}.
For any family (aj)j∈J of members of I, the inf and sup of (aj)j∈J denoted by

infj∈Jaj =
∧
j∈J

aj and supj∈Jaj =
∨
j∈J

aj .

Definition 2.6 ([13]). An interval number ã = [a−, a+], where a ≤ a− ≤ a+ ≤ 1.
Let [I] denote the family of all closed subintervals of I, i.e.,

[I] = {ã = [a−, a+] : a− ≤ a+ for any a−, a+ ∈ I}.

We define the operations ≤, =, ∧ and ∨ between two elements of I as follows: for

any ã = [a−, a+], b̃ = [b−, b+] ∈ [I],

(i) ã ≤ b̃ iff a− ≤ b−, a+ ≤ b+,

(ii) ã = b̃ iff a− =−, a+ = b+,

(iii) ã ∧ b̃ = [a− ∧ b−, a+ ∧ b+],

(iv) ã ∨ b̃ = [a− ∨ b−, a+ ∨ b+].

Here we consider that 0̃ = [0, 0] as least element and 1̃ = [1, 1] as greatest element.
For any family (ãj)j∈J of members of [I], the inf and sup of (ãj)j∈J , denoted by∧

j∈J ãj and
∨

j∈J ãj , are defined as follows:∧
j∈J

ãj = [
∧
j∈J

a−j ,
∧
j∈J

a+j ] and
∨
j∈J

ãj = [
∨
j∈J

a−j ,
∨
j∈J

a+j ].

A mapping Ã = [A−, A+] : X → [I] is called an interval-valued fuzzy set (briefly,
IVF-set) in X, if A−(x) ≤ A+(x) for each x ∈ X (See [13]).

A mapping Ã = (Ã∈, Ã ̸∈) : X → [I]× [I] is called an interval-valued intuitionistic

fuzzy set (briefly, IVI-set) in X, if A∈,+(x) + A ̸∈,+(x) for each x ∈ X, where Ã∈ =

[A∈,−, A∈,+] and Ã ̸∈ = [A ̸∈,−, A̸∈,+] (See [30]).

A mapping A =
〈
Ã, A

〉
: X → [I]× I is called a cubic set in X (See [19]).
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3. Cubic Pythagorean KU-ideals in KU-algebras

In this section, we will introduce a new notion called cubic Pythgorean KU -ideal
in KU -algebras and study its several properties.

Definition 3.1. Let X be a nonempty set. Then a mapping A =
〈
Ã, A

〉
: X →

([I]× [I])× (I × I) is called a cubic Pythagorean fuzzy set (briefly, CPS) in X, if it
satisfies the following conditions: for each x ∈ X,

(i) 0 ≤ A∈,−2
(x) +A ̸∈,−2

(x) ≤ 1 and 0 ≤ A∈,+2
(x) +A ̸∈,+2

(x) ≤ 1, i.e.,

0̃ ≤ (Ã∈)2(x) + (Ã ̸∈)2(x) ≤ 1̃,

(ii) 0 ≤ A∈2
(x) +A ̸∈2

(x) ≤ 1.
We will denote the set of all CPSs in X as CPS(X).

Definition 3.2. Let (X, ∗, 0) be a KU -algebra and let A ∈ CPS(X). Then a
mapping A is called a cubic Pythagorean fuzzy subalgebra (briefly, CPSA) of X, if it
satisfies the following conditions: for any x, y ∈ X,

(CPSA1) (Ã
∈)2(x ∗ y) ≥ (Ã∈)2(x) ∧ (Ã∈)2(y),

(CPSA2) (Ã
̸∈)2(x ∗ y) ≤ (Ã ̸∈)2(x) ∨ (Ã ̸∈)2(y),

(CPSA3) A
∈2

(x ∗ y) ≤ A∈2
(x) ∨A∈2

(y)

(CPSA4) A
̸∈2

(x ∗ y) ≥ A ̸∈2
(x) ∧A ̸∈2

(y).

Definition 3.3. Let (X, ∗, 0) be a KU -algebra and let A ∈ CPS(X). Then a
mapping A is called a cubic Pythagorean fuzzy ideal (briefly, CPI) of X, if it satisfies
the following conditions: for any x, y ∈ X,

(CPI1) (Ã
∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x),

(CPI2) (Ã
∈)2(x) ≥ (Ã∈)2(y ∗ x) ∧ (Ã∈)2(y),

(CPI3) (Ã
̸∈)2(x) ≤ (Ã ̸∈)2(y ∗ x) ∨ (Ã ̸∈)2(y),

(CPI4) A
∈2

(0) ≤ A∈2
(x), A ̸∈2

(0) ≥ A ̸∈2
(x),

(CPI5) A
∈2

(x) ≤ A∈2
(y ∗ x) ∨A∈2

(y),

(CPI6) A
̸∈2

(x) ≥ A ̸∈2
(y ∗ x) ∧A ̸∈2

(y).

Definition 3.4. Let (X, ∗, 0) be a KU -algebra and let A ∈ CPS(X). Then a
mapping A is called a cubic Pythagorean fuzzy KU -ideal (briefly, CPKUI) of X, if
it satisfies the following conditions: for any x, y ∈ X,

(CPKUI1) (Ã
∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x),

(CPKUI2) (Ã
∈)2(z ∗ x) ≥ (Ã∈)2[z ∗ (y ∗ x)] ∧ (Ã∈)2(y),

(CPKUI3) (Ã
̸∈)2(z ∗ x) ≤ (Ã ̸∈)2[z ∗ (y ∗ x)] ∨ (Ã ̸∈)2(y),

(CPKUI4) A
∈2

(0) ≤ A∈2
(x), A ̸∈2

(0) ≥ A ̸∈2
(x),

(CPKUI5) A
∈2

(z ∗ x) ≤ A∈2
[z ∗ (y ∗ x)] ∨A∈2

(y),

(CPKUI6) A
̸∈2

(z ∗ x) ≥ A ̸∈2
[z ∗ (y ∗ x)] ∧A ̸∈2

(y).

Example 3.5. Let X = {0, 1, 2, 3, 4} be a set with a binary operation ∗ defined by
the following table:

Then clearly, (X, ∗, 0) is a KU -algebra. Define A =
〈
Ã, A

〉
as follows: for each

19
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∗ 0 1 2 3 4
0 0 1 2 3 4
1 0 0 2 3 3
2 0 0 0 1 4
3 0 0 0 0 3
4 0 0 0 0 0

Table 3.1

x ∈ X,

Ã(x) =

{
([0.2, 0.8], [0.1, 0.5]) if x ∈ {0, 1}
([0.1, 0.4], [0.4, 0.8]) otherwise,

A(0) = (0.7, 0.2), A(1) = (0.6, 0.3), A(2) = (0.2, 0.5), A(3) = (0.2, 0.6), A(4) = (0.1, 0.4).

Then we can easily check that A is a CPSA of X.

Lemma 3.6. Let (X, ∗, 0) be a KU -algebra and let A ∈ CPS(X). If A is a CPSA
of X, then the followings hold: for each x ∈ X,

(Ã∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x), A∈2
(0) ≤ A∈2

(x), A ̸∈2
(0) ≥ A ̸∈2

(x).

Proof. Let x ∈ X. Then from the axiom (KU5) and Definition 3.2, we have

(Ã∈)2(x ∗ x) = (Ã∈)2(0) ≥ (Ã∈)2(x) ∧ (Ã∈)2(x) = (Ã∈)2(x),

(Ã ̸∈)2(x ∗ x) = (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x) ∨ (Ã ̸∈)2(x) = (Ã∈)2(x),

A∈2
(x ∗ x) = A∈2

(0) ≤ A∈2
(x) ∨A∈2

(x) = A∈2
(x),

A ̸∈2
(x ∗ x) = A ̸∈2

(0) ≥ A ̸∈2
(x) ∧A ̸∈2

(x) = A ̸∈2
(x).

□

Lemma 3.7. Let (X, ∗, 0) be a KU -algebra and let A be a CPKUI of X. If x ≤ y
in X, then the followings hold: for each x, y ∈ X,

(Ã∈)2(x) ≥ (Ã∈)2(y), (Ã ̸∈)2(x) ≤ (Ã ̸∈)2(y), A∈2
(x) ≤ A∈2

(y), A ̸∈2
(x) ≥ A ̸∈2

(y).

Proof. Let x, y ∈ X such that x ≤ y. Then clearly, y ∗ x = 0. Thus we get

(Ã∈)2(x) = (Ã∈)2(0 ∗ x) [By the axiom (KU3)]

≥ (Ã∈)2[0 ∗ (y ∗ x)] ∧ (Ã∈)2(y) [By the condition (CPKUI2)]

= (Ã∈)2(y ∗ x) ∧ (Ã∈)2(y) [By the axiom (KU3)]

= (Ã∈)2(0) ∧ (Ã∈)2(y) [Since y ∗ x = 0]

= (Ã∈)2(y). [By the condition (CPKUI1)]
Similarly, from the condition (CPKUI3) and the axiom (KU3), we have

(Ã∈)2(x) ≤ (Ã∈)2(y).

Also, from the conditions (CPKUI5) and (CPKUI6), and the axiom (KU3), we prove
that the followings are hold:

A∈2
(x) ≤ A∈2

(y), A̸∈2
(x) ≥ A ̸∈2

(y).

This completes the proof. □
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Lemma 3.8. Let (X, ∗, 0) be a KU -algebra and let A be a CPKUI of X. If x∗y ≤ z
in X, then the followings hold: for each x, y, z ∈ X,

(1) (Ã∈)2(x) ≥ (Ã∈)2(y) ∧ (Ã∈)2(z),

(2) (Ã ̸∈)2(x) ≤ (Ã ̸∈)2(y) ∨ (Ã ̸∈)2(z),

(3) A∈2
(x) ≤ A∈2

(y) ∨A∈2
(z),

(4) A ̸∈2
(x) ≥ A ̸∈2

(y) ∧A ̸∈2
(z).

Proof. (1) Let x, y, z ∈ X such that y ∗ x ≤ z. Then we get

(Ã∈)2(x) = (Ã∈)2(0 ∗ x) [By the axiom (KU3)]

≥ (Ã∈)2[0 ∗ (y ∗ x)] ∧ (Ã∈)2(y) [By the condition (CPKUI2)]

= (Ã∈)2(y ∗ x) ∧ (Ã∈)2(y) [By the axiom (KU3)]

≥ (Ã∈)2(z) ∧ (Ã∈)2(y). [By Lemma 3.7]
(2) The proof is similar to (1) from the axiom (KU3) and the condition (CPKUI3).
(3) The proof follows from the axiom (KU3) and the condition (CPKUI5).
(4) The proof is similar to (1) from the axiom (KU3) and the condition (CPKUI6).

□

Proposition 3.9. Every CPKUI of a KU -algebra X is a CPSA of X.

Proof. Let X be a KU -algebra, let A be a CPKUI of X and let x, y ∈ X. Then by
Theorem 2.2 (2), x ∗ y ≤ x. Thus we have

(Ã∈)2(y ∗ x) ≥ (Ã∈)2(x) [By Lemma 3.7]

= (Ã∈)2(0 ∗ x) [By the the axiom (KU3)]

≥ (Ã∈)2[0 ∗ (y ∗ x)] ∧ (Ã∈)2(y) [By the condition (CPKUI2)]

= (Ã∈)2(y ∗ x) ∧ (Ã∈)2(y) [By the the axiom (KU3)]

≥ (Ã∈)2(x) ∧ (Ã∈)2(y). [By Lemma 3.7]
Similarly, we can show that the followings hold:

(Ã ̸∈)2(y ∗ x) ≤ (Ã ̸∈)2(x) ∨ (Ã ̸∈)2(y),

A∈2
(y ∗ x) ≤ A∈2

(x) ∨A∈2
(y), A̸∈2

(y ∗ x) ≥ A ̸∈2
(x) ∧A ̸∈2

(y).

So A is a CPKUI of X. □

Proposition 3.10. Let (X, ∗, 0) be a KU -algebra and let A be a CPSA of X such
that the conditions (1)–(4) in Lemma 3.8 hold for each x, y, z ∈ X with y ∗ x ≤ z.
Then A is a CPKUI of X.

Proof. Suppose A is a CPSA of X such that the conditions (1)–(4) in Lemma 3.8
hold for each x, y, z ∈ X with y ∗ x ≤ z. Let x ∈ X. Then by Lemma 3.6, we get

(Ã∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x), A∈2
(0) ≤ A∈2

(x), A̸∈2
(0) ≥ A ̸∈2

(x).

Thus the conditions (CPKUI1) and (CPKUI4) hold.
Let x, y, z ∈ X. Then by Theorem 2.2, (y∗z)∗(x∗z) ≤ x∗y. Thus (y∗z)∗(0∗z) ≤

0 ∗ y, i.e.,
(3.1) (y ∗ z) ∗ z ≤ y.

On the other hand, we get

(Ã∈)2(x) ≥ (Ã∈)2(y) ∧ (Ã∈)2(z) [By the hypothesis]
21
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≥ (Ã∈)2(y) ∧ (Ã∈)2(y ∗ x). [Since (Ã∈)2(z) ≥ (Ã∈)2(y ∗ x)]
So we have

(3.2) (Ã∈)2(x) ≥ (Ã∈)2(y) ∧ (Ã∈)2(y ∗ x).

By substituting z ∗ x for x and z ∗ (y ∗ x) for y in (3.2), we have

(Ã∈)2(z ∗ x) ≥ (Ã∈)2[z ∗ (y ∗ x)] ∧ (Ã∈)2[(z ∗ (y ∗ x)) ∗ (z ∗ x)]
≥ (Ã∈)2[(z ∗ (y ∗ x)] ∧ (Ã∈)2[(y ∗ x) ∗ x)] [By (3.1)]

≥ (Ã∈)2[(z ∗ (y ∗ x)] ∧ (Ã∈)2(y).
So the condition (CPKUI2) holds. Similarly, we show that the conditions (CPKUI3),
(CPKUI5) and (CPKUI6) hold. This completes the proof. □

Definition 3.11. Let A be a Pythagorean fuzzy set in a KU -algebra X. Then A
is called a Pythagorean anti fuzzy KU -ideal (briefly, PAKUI) of X, if it satisfies the
following axioms: for any x, y, z ∈ X,

(PAKUI1) A
∈2

(z ∗ x) ≤ A∈2
(z ∗ (y ∗ x)) ∨A∈2

(y),

(PAKUI2) A
̸∈2

(z ∗ x) ≥ A ̸∈2
(z ∗ (y ∗ x)) ∧A ̸∈2

(y).

Definition 3.12. Let Ã be an interval-valued Pythagorean fuzzy set in a KU -

algebra X. Then Ã is called an interval-valued Pythagorean fuzzy KU -ideal (briefly,
IVPKUI) of X, if it satisfies the following axioms: for any x, y, z ∈ X,

(IVPKUI1) (Ã
∈)2(z ∗ x) ≥ (Ã∈)2(z ∗ (y ∗ x)) ∨ (Ã∈)2(y),

(IVPKUI2) (Ã
̸∈)2(z ∗ x) ≤ (Ã ̸∈)2(z ∗ (y ∗ x)) ∧ (Ã ̸∈)2(y), where

0̃ ≤ (Ã∈)2(x) + (Ã ̸∈)2(x) ≤ 1̃.

Theorem 3.13. Let (X, ∗, 0) be a KU -algebra and let A =
〈
Ã, A

〉
∈ CPS(X).

Then A is a CPKUI of X if ad only if Ã = (Ã∈, Ã ̸∈) is an interval-valued Pythagorean
fuzzy KU -ideal and A = (A∈, A̸∈) is a Pythagorean anti fuzzy KU -ideal of X.

Proof. (⇐): Suppose Ã = (Ã∈, Ã ̸∈) is an interval-valued Pythagorean fuzzy KU -
ideal and A = (A∈, A̸∈) is a Pythagorean anti fuzzy KU -ideal of X. Then clearly,

(Ã∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x), A∈2
(0) ≤ A∈2

(x), A ̸∈2
(0) ≥ A ̸∈2

(x)

for each x ∈ X.
Now let x, y, z ∈ X. Then we get

(Ã∈)2(z ∗ x) = [A∈,−2
(z ∗ x), A∈,+2

(z ∗ x)]
≥ [A∈,−2

[z ∗ (y ∗ x)]∧A∈,−2
(y), A∈,+2

[z ∗ (y ∗ x)]∧A∈,+2
(y)]

[Since Ã is an interval-valued Pythagorean fuzzy KU -ideal]

= [A∈,−2
[z ∗ (y ∗x)], A∈,+2

[z ∗ (y ∗x)]]∧ [A∈,−2
(y)∧A∈,+2

(y)]

= (Ã∈)2[z ∗ (y ∗ x)] ∧ (Ã∈)2(y).

Similarly, we have (Ã ̸∈)2(z∗x) ≤ (Ã ̸∈)2[z∗(y∗x)]∨(Ã ̸∈)2(y). Since A is a Pythagorea
anti fuzzy KU -ideal of X, it is clear that

A∈2
(z ∗ x) ≤ A∈2

[z ∗ (y ∗ x)] ∨A∈2
(y), A ̸∈2

(z ∗ x) ≥ A ̸∈2
[z ∗ (y ∗ x)] ∧A∈2

(y).
Thus A is a CPKUI of X.
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(⇒): Suppose A is a CPKUI of X and let x ∈ X. Then by (CPKUI1) and
(CPKUI4), we have

(Ã∈)2(0) ≥ (Ã∈)2(x), (Ã ̸∈)2(0) ≤ (Ã ̸∈)2(x), A∈2
(0) ≤ A∈2

(x), A̸∈2
(0) ≥ A ̸∈2

(x).

Now let x, y, z ∈ X. Then we get

[A∈,−2
(z ∗ x), A∈,+2

(z ∗ x)]
= (Ã∈)2(z ∗ x)
≥ (Ã∈)2[z ∗ (y ∗ x)] ∧ (Ã∈)2(y)

= [A∈,−2
[z ∗ (y ∗ x)], A∈,+2

[z ∗ (y ∗ x)] ∧ [A∈,−2
(y), A∈,+2

(y)]

= [A∈,−2
[z ∗ (y ∗ x)] ∧A∈,−2

(y), A∈,+2
[z ∗ (y ∗ x)] ∧A∈,+2

(y)].
Thus we have

A∈,−2
(z∗x) ≥ A∈,−2

[z∗(y∗x)]∧A∈,−2
(y), A∈,+2

(z∗x) ≥ A∈,+2
[z∗(y∗x)]∧A∈,+2

(y).

Similarly, we can show that

A ̸∈,−2
(z∗x) ≤ A ̸∈,−2

[z∗(y∗x)]∨A ̸∈,−2
(y), A̸∈,+2

(z∗x) ≤ A ̸∈,+2
[z∗(y∗x)]∨A ̸∈,+2

(y)

and

A∈2
(z ∗ x) ≤ A∈2

[z ∗ (y ∗ x)] ∨A∈2
(y), A̸∈2

(z ∗ x) ≥ A ̸∈,+2
[z ∗ (y ∗ x)] ∧A ̸∈,+2

(y).

So Ã = (Ã∈, Ã ̸∈) is an interval-valued Pythagorean KU -ideal and A = (A∈, A̸∈) is
a Pythagorean anti fuzzy KU -ideal of X. This completes the proof. □

Proposition 3.14. Let (X, ∗, 0) be a KU -algebra and let (Aj)j∈J be a family of

CPKLUIs of X. Then
⋂

j∈J Aj =
〈⋂

j∈J Ãj ,
⋂

j∈J Aj

〉
is a CPKUI of X.

Proof. Let (Aj)j∈J be a family of CPKLUIs of X and let x, y, z ∈ X. Note that⋂
j∈J

Aj =

〈
(
⋂
j∈J

(Ã∈
j )

2,
⋃
j∈J

(Ã ̸∈
j )

2), (
⋃
j∈J

(A∈
j
2
,
⋂
j∈J

A ̸∈
j

2
)

〉
.

Then we have
(
⋂

j∈J Ã∈
j )

2)(0) =
∧

j∈J(Ã
∈
j )

2(0)

≥
∧

j∈J(Ã
∈
j )

2(x) [By (CPKUI1)]

= (
⋂

j∈J Ã∈
j )

2)(x),

(
⋃

j∈J Ã ̸∈
j )

2)(0) =
∨

j∈J(Ã
̸∈
j )

2(0)

≤
∨

j∈J(Ã
̸∈
j )

2(x)

= (
⋂

j∈J Ã∈
j )

2)(x),

(
⋂

j∈J Ã∈
j )

2)(z ∗ x) =
∧

j∈J(Ã
∈
j )

2(z ∗ x)
≥

∧
j∈J [(Ã

∈
j )

2[z ∗ (y ∗ x)] ∧ (Ã∈
j )

y] [By (CPKUI2)]

=
∧

j∈J(Ã
∈
j )

2[z ∗ (y ∗ x)] ∧
∧

j∈J(Ã
∈
j )

2(y)

= (
⋂

j∈J(Ã
∈
j )

2)[z ∗ (y ∗ x)] ∧ (
⋂

j∈J(Ã
∈
j )

2)(y),

(
⋃

j∈J Ã ̸∈
j )

2)(z ∗ x) =
∨

j∈J(Ã
̸∈
j )

2(z ∗ x)
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≤
∨

j∈J [(Ã
̸∈
j )

2[z ∗ (y ∗ x)] ∨ (Ã ̸∈
j )

y] [By (CPKUI3)]

=
∨

j∈J(Ã
̸∈
j )

2[z ∗ (y ∗ x)] ∨
∧

j∈J(Ã
̸∈
j )

2(y)

= (
⋃

j∈J(Ã
̸∈
j )

2)[z ∗ (y ∗ x)] ∨ (
⋃

j∈J(Ã
̸∈
j )

2)(y).

Thus
⋂

j∈J Aj satisfies the axioms (CPKUI1), (CPKUI2) and (CPKUI3).
Also, we get

(
⋃

j∈J A∈
j
2
(0) =

∨
j∈J A∈

j
2
(0)

≤
∨

j∈J A∈
j
2
(x) [By (CPKUI4)]

= (
⋃

j∈J A∈
j
2
)(x),

(
⋂

j∈J A ̸∈
j

2
(0) =

∧
j∈J A ̸∈

j

2
(0)

≥
∧

j∈J A ̸∈
j

2
(x)

= (
⋂

j∈J A ̸∈
j

2
)(x),

(
⋃

j∈J A∈
j
2
)(z ∗ x) =

∨
j∈J A∈

j
2
(z ∗ x)

≤
∨

j∈J [A
∈
j
2
[z ∗ (y ∗ x)] ∨A∈

j
y
] [By (CPKUI5)]

= (
∨

j∈J A∈
j
2
[z ∗ (y ∗ x)]) ∨

∨
j∈J A∈

j
2
(y))

=
⋃

j∈J A∈
j
2
[z ∗ (y ∗ x)] ∨

⋃
j∈J A∈

j
2
)(y),

(
⋂

j∈J A ̸∈
j

2
)(z ∗ x) =

∧
j∈J A ̸∈

j

2
(z ∗ x)

≥
∧

j∈J [A
̸∈
j

2
[z ∗ (y ∗ x)] ∧A ̸∈

j

y
] [By (CPKUI6)]

=
∧

j∈J A ̸∈
j

2
[z ∗ (y ∗ x)] ∧

∧
j∈J A ̸∈

j

2
(y)

= (
⋂

j∈J A ̸∈
j

2
)[z ∗ (y ∗ x)] ∧ (

⋃
j∈J A ̸∈

j

2
)(y).

So
⋂

j∈J Aj satisfies the axioms (CPKUI4), (CPKUI5) and (CPKUI6). Hence
⋂

j∈J Aj

is a CPKUI of X. □

4. The pre-images of cubic Pythagorean fuzzy KU-ideals

Definition 4.1. Let (X, ∗, 0) and (Y, ∗′
, 0

′
) be KU -algebras. Then a mapping f :

X → Y is called a homomorphism, if f(x ∗ y) = f(x) ∗′
f(y) for each x ∈ X.

Definition 4.2. Let X, Y be two nonempty sets, f : X → Y be a mapping and
let B ∈ CPS(Y ). Then the pre-image of B under f , denoted by f−1(B), is a cubic
Pythagorean fuzzy set in X defined as follows: for each x ∈ X.

f−1(B)(x) = B(f(x)) =
〈
B̃(f(x)), B(f(x))

〉
.

In fact, f−1(B) =
〈
f−1(B̃), f−1(B)

〉
.

Proposition 4.3. Let f : X → Y be a homomorphism of KU -algebras. If B is a
CPKUI of X, then f−1(B) is a CPKUI of X.

Proof. Let x, y, z ∈ X. Then we have

(f−1(B̃∈))2(0) = (B̃∈)2(0) [By Definition 4.1]

= (B̃∈)2(f(0)) [Since f is a homomorphism]
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≥ (B̃∈)2(f(x)) [By the hypothesis]

= (f−1(B̃∈))2(x),

(f−1(B̃ ̸∈))2(0) = (B̃ ̸∈)2(0)

= (B̃∈)2(f(0))

≥ (B̃∈)2(f(x))

= (f−1(B̃∈))2(x),

(f−1(B̃∈))2(z ∗ x) = (B̃∈)2(f(z ∗ x))
= (B̃∈)2(f(z) ∗ f(x))
≥ (B̃∈)2[f(z) ∗ (f(y) ∗ f(x))] ∧ (B̃∈)2(f(y))

[By (CPKUI2)]

= (B̃∈)2[f(z ∗ (y ∗ x))] ∧ (B̃∈)2(f(y))

= (f−1(B̃∈))2(z ∗ (y ∗ x)) ∧ (f−1(B̃∈))2(y),

(f−1(B̃ ̸∈))2(z ∗ x) = (B̃ ̸∈)2(f(z ∗ x))
= (B̃ ̸∈)2(f(z) ∗ f(x))
≤ (B̃ ̸∈)2[f(z) ∗ (f(y) ∗ f(x))] ∨ (B̃ ̸∈)2(f(y))

[By CPKUI3]

= (B̃ ̸∈)2[f(z ∗ (y ∗ x))] ∨ (B̃ ̸∈)2(f(y))

= (f−1(B̃ ̸∈))2(z ∗ (y ∗ x)) ∨ (f−1(B̃ ̸∈))2(y).
Thus f−1(B) satisfies the axioms (CPKUI1), (CPKUI2) and (CPKUI3).

Also, from Definition 4.1, the hypothesis, axioms (CPKUI4), (CPKUI5) and
(CPKUI6), we get

(f−1(B∈))2(0) ≤ (f−1(B∈))2(x), (f−1(B ̸∈))2(0) ≥ (f−1(B ̸∈))2(x),

(f−1(B∈))2(z ∗ x) ≤ (f−1(B∈))2(z ∗ (y ∗ x)) ∨ (f−1(B∈))2(y),

(f−1(B ̸∈))2(z ∗ x) ≥ (f−1(B ̸∈))2(z ∗ (y ∗ x)) ∧ (f−1(B ̸∈))2(y).

So f−1(B) satisfies the axioms (CPKUI4), (CPKUI5) and (CPKUI6). Hence f−1(B)
is a CPKUI of X. □

Proposition 4.4. Let f : X → Y be a homomorphism of KU -algebras and let
B ∈ CPS(Y ). If f−1(B) is a CPKUI of X, then B is a CPKUI of Y .

Proof. Let a, b, c ∈ Y . Since f is surjective, there are x, y, z ∈ X such that

a = f(x), b = f(y), c = f(z).

Then we get

(B̃∈)2(a) = (B̃∈)2(f(x))

= (f−1(B̃∈))2(x) [By Definition 4.1]

≤ (f−1(B̃∈))2(0) [By (CPKUI1)]

= (B̃∈)2(f(0))

= (B̃∈)2(0), [Since f is a homomorphism]

(B̃ ̸∈)2(a) = (B̃ ̸∈)2(f(x))
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= (f−1(B̃ ̸∈))2(x)

≥ (f−1(B̃ ̸∈))2(0)

= (B̃ ̸∈)2(f(0))

= (B̃ ̸∈)2(0),

B∈2
(a) = B∈2

(f(x))
= (f−1(B∈))2(x) [By Definition 4.1]
≥ (f−1(B∈))2(0) [By (CPKUI4)]

= B∈2
(f(0))

= B∈2
(0), [Since f is a homomorphism]

Thus B satisfies the axioms (CPKUI1) and (CPKUI4). On the other hand, we have

(B̃∈)2(c ∗ a) = (B̃∈)2(f(z ∗ x))
= (f−1(B̃∈))2(z ∗ x) [By Definition 4.1]

≥ (f−1(B̃∈))2(z ∗ (y ∗ x)) ∧ (f−1(B̃∈))2(y) [By (CPKUI2)]

= (B̃∈)2(f(z ∗ (y ∗ x))) ∧ (B̃∈)2(f(y))

= (B̃∈)2(f(z) ∗ (f(y) ∗ f(x))) ∧ (B̃∈)2(f(y))
[Since f is a homomorphism]

= (B̃∈)2(c ∗ (b ∗ a)) ∧ (B̃∈)2(b),

(B̃ ̸∈)2(c ∗ a) = (B̃ ̸∈)2(f(z ∗ x))
= (f−1(B̃ ̸∈))2(z ∗ x)
≤ (f−1(B̃ ̸∈))2(z ∗ (y ∗ x)) ∨ (f−1(B̃ ̸∈))2(y) [By (CPKUI3)]

= (B̃ ̸∈)2(f(z ∗ (y ∗ x))) ∨ (B̃ ̸∈)2(f(y))

= (B̃ ̸∈)2(f(z) ∗ (f(y) ∗ f(x))) ∨ (B̃∈)2(f(y))

= (B̃ ̸∈)2(c ∗ (b ∗ a)) ∨ (B̃ ̸∈)2(b),

B∈2
(c ∗ a) = B∈2

(f(z ∗ x))
= (f−1(B∈))2(z ∗ x)
≤ (f−1(B∈))2(z ∗ (y ∗ x)) ∨ (f−1(B∈))2(y) [By (CPKUI5)]

= B∈2
(f(z ∗ (y ∗ x))) ∨B∈2

(f(y))

= B∈2
(f(z) ∗ (f(y) ∗ f(x))) ∨B∈2

(f(y))

= B∈2
(c ∗ (b ∗ a)) ∨B∈2

(b),

B ̸∈2
(c ∗ a) = B ̸∈2

(f(z ∗ x))
= (f−1(B ̸∈))2(z ∗ x)
≥ (f−1(B ̸∈))2(z ∗ (y ∗ x)) ∧ (f−1(B ̸∈))2(y) [By (CPKUI6)]

= B ̸∈2
(f(z ∗ (y ∗ x))) ∧B ̸∈2

(f(y))

= B ̸∈2
(f(z) ∗ (f(y) ∗ f(x))) ∧B ̸∈2

(f(y))

= B ̸∈2
(c ∗ (b ∗ a)) ∧B ̸∈2

(b).
So B satisfies the axioms (CPKUI2), (CPKUI3), (CPKUI5) and (CPKUI6). Hence
B is a CPKUI of Y . □
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5. The Cartesian product of cubic Pythagorean fuzzy KU-ideals

Definition 5.1. Let X be a nonempty set and let A, B ∈ CPS(X). Then the
Cartesian product of A and B, denoted by A × B, is a CPS in X × X defined as
follows:for each (x, y) ∈ X ×X,

(A× B)(x, y) =
〈
(Ã× B̃)(x, y), (A×B)(x, y)

〉
=

〈
Ã(x) ∧ B̃(y), A(x) ∨B(y)

〉
,

where Ã(x) ∧ B̃(y) = ([A∈,−(x) ∧B∈,−(x), [A∈,+(x) ∧B∈,+(x)],
[A ̸∈,−(x) ∨B ̸∈,−(x), [A ̸∈,+(x) ∨B ̸∈,+(x)]),

A(x) ∨B(y) = (A∈(x) ∨B∈(x), A̸∈(x) ∧B ̸∈(x)).

It is obvious that if (X, ∗, 0) is a KU -algebra, then (X × X, ∗, (0, 0)) is a KU -
algebra.

Proposition 5.2. Let (X, ∗, 0) be a KU -algebra. If A and B are CPKUIs of X,
then A× B is a CPKUI of X ×X.

Proof. Let (x, y) ∈ X ×X. Then we have

(Ã∈ × B̃∈)2(0, 0) = (Ã∈)2(0) ∧ (B̃∈)2(0)

≥ (Ã∈)2(x) ∧ (B̃∈)2(y) [By (CPKUI1)]

= (Ã∈ × B̃∈)2(x, y),

(A∈ ×B∈)2(0, 0) = A∈2
(0) ∨B∈2

(0)

≤ A∈2
(x) ∨B∈2

(y) [By (CPKUI4)]
= (A∈ ×B∈)2(x, y).

Similarly, we can show that

(Ã ̸∈ × B̃ ̸∈)2(0, 0) ≤ (Ã ̸̸∈ × B̃ ̸̸∈)2(x, y) and (A ̸∈ ×B ̸∈)2(0, 0) ≥ (A ̸∈ ×B ̸∈)2(x, y).
Thus A× B satisfies the axioms (CPKUI1) and (CPKUI4).

Now let (x1, x2), (y1, y2), (z1, z2) ∈ X ×X. Then we get

(Ã∈ × B̃∈)2((z1, z2) ∗ (x1, x2))

= (Ã∈ × B̃∈)2(z1 ∗ x1, z2 ∗ x2)

= (Ã∈)2(z1 ∗ x1) ∧ (B̃∈)2(z2 ∗ x2)

≥ [(Ã∈)2(z1 ∗ (y1 ∗ x1)) ∧ (Ã∈)2(y1)] ∧ [(B̃∈)2(z2 ∗ (y2 ∗ x2)) ∧ (B̃∈)2(y2)]
[By (CPKUI2)]

= [(Ã∈)2(z1 ∗ (y1 ∗ x1)) ∧ (B̃∈)2(z2 ∗ (y2 ∗ x2))] ∧ [(Ã∈)2(y1) ∧ (B̃∈)2(y2)]

= (Ã∈ × B̃∈)2[(z1, z2) ∗ ((y1, y2) ∗ (x1, x2))] ∧ (Ã∈ × B̃∈)2(y1, y2),

(A∈ ×B∈)2((z1, z2) ∗ (x1, x2))
= (A∈ ×B∈)2(z1 ∗ x1, z2 ∗ x2)

= A∈2
(z1 ∗ x1) ∨B∈2

(z2 ∗ x2)

≤ [A∈2
(z1 ∗ (y1 ∗ x1)) ∨A∈2

(y1)] ∨ [B∈2
(z2 ∗ (y2 ∗ x2)) ∨B∈2

(y2)]
[By (CPKUI5)]

= [A∈2
(z1 ∗ (y1 ∗ x1)) ∨B∈2

(z2 ∗ (y2 ∗ x2))] ∨ [A∈2
(y1) ∨B∈2

(y2)]
= (A∈ ×B∈)2[(z1, z2) ∗ ((y1, y2) ∗ (x1, x2))] ∨ (A∈ ×B∈)2(y1, y2).

A× B satisfies the axioms (CPKUI2) and (CPKUI5). Similarly, we can prove that
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A × B satisfies the axioms (CPKUI3) and (CPKUI6). So A × B is a CPKUI of
X ×X. □

6. Correlation coefficients of cubic Pythagorean fuzzy sets

A correlation plays an important role in statistics, engineering sciences and so on
(See [12, 27, 28]. In this section, we propose some correlation coefficients for any
two cubic Pythagorean fuzzy sets.

Let A =
〈
Ã, A

〉
, B =

〈
B̃, B

〉
be two CPSs in the universe of discourse X =

{x1, x2, · · · , xn}. Then
(i) the informational cubic Pythagorean fuzzy energy of A in X, denoted by E(A),

is defined by: for each xi ∈ X,

(6.1) E(A) =
1

2
Σn

i=1[(Ã
2

(xi))
2 + (A

2
(xi))

2],

where (Ã
2

(xi))
2 = (A∈,−(xi))

4 + (A∈,+(xi))
4 + (A ̸∈,−(xi))

4 + (A ̸∈,+(xi))
4,

(A
2
(xi))

2 = (A∈(xi))
4 + (A ̸∈(xi))

4.
(ii) the correlation between A and B, denoted by C(A,B) is defined by: for each

xi ∈ X,

(6.2) C(A,B) = 1

2
Σn

i=1[Ã
2

(xi) · B̃
2

(xi) +A
2
(xi) ·B

2
(xi)],

where Ã
2

(xi) · B̃
2

(xi) = (A∈,−(xi))
4(B∈,−(xi))

4 + (A∈,+(xi))
4(B∈,+(xi))

4

+(A ̸∈,−(xi))
4(B ̸∈,−(xi))

4 + (A ̸∈,+(xi))
4(B ̸∈,+(xi))

4,

A
2
(xi) ·B

2
(xi) = (A∈(xi))

4(B∈(xi))
4 + (A ̸∈(xi))

4(B ̸∈(xi))
4.

Remark 6.1. From (6.1) and (6.2), it is obvious that
(1) C(A,A) = E(A),
(2) C(A,B) = C(B,A).

Now by using idea of Xu [31], we can suggest new alternative form of the corre-
lation coefficient between two cubic Pythgorean fuzzy sets A and A as follows.

Definition 6.2. Let A, B ∈ CPS(X). Then the correlation coefficient of A and B,
denoted by κ(A,B), is defined as follows:

(6.3) κ(A,B) = C(A,B)√
E(A) · E(B)

.

Proposition 6.3. Let X = {x1, x2, · · · , xn} be a universe of discourse. Then the
followings hold: for any A, B ∈ CPS(X),

(1) κ(A,B) = κ(B,A),
(2) 0 ≤ κ(A,B) ≤ 1,
(3) if A = B, then κ(A,B) = 1.

Proof. (1) The proof is straightforward.
(2) It is clear that κ(A,B) ≥ 0. It is sufficient to prove that κ(A,B) ≤ 1. Consider

the Cauchy-Schwarz inequality: for any (x1, x2, · · · , xn), (y1, y2, · · · , yn) ∈ R,
(6.4) (Σn

i=1xiyi)
2 ≤ (Σn

i=1xi)(Σ
n
i=1yi).
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Then we have

(C(A,B))2 = 1
4 (Σ

n
i=1[Ã

2

(xi) · B̃
2

(xi) +A
2
(xi) ·B

2
(xi)])

2 [By (6.2)]

≤ 1
4 (Σ

n
i=1[Ã

2

(xi) +A
2
(xi)]) · (Σn

i=1[B̃
2

(xi) +B
2
(xi)]) [By (6.4)]

= 1
2 (Σ

n
i=1[Ã

2

(xi) +A
2
(xi)]) · 1

2 (Σ
n
i=1[B̃

2

(xi) +B
2
(xi)])

= E(A) · E(B). [By (6.1)]
Thus by (6.3), κ(A,B) ≤ 1. So 0 ≤ κ(A,B) ≤ 1.

(3) The proof is easy. □

Definition 6.4. Let X = {x1, x2, · · · , xn} be a universe of discourse and let A, B ∈
CPS(X). Then A and B are said to be:

(i) �independent, if κ(A,B) < 1
2 ,

(ii) �dependent, if κ(A,B) > 1
2 ,

(iii) �neutral, if κ(A,B) = 1
2 .

Example 6.5. Let X = {0, 1, 2, 3} be a set with a binary operation ∗ defined by
the following table:

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

Table 6.1

Then clearly, (X, ∗, 0) is a KU -algebra. Define A and B as follows: for each x ∈ X,

Ã(x) =

{
([0.3, 0.7], [0.2, 0.5]) if x ∈ {0, 1}
([0.2, 0.3], [0.4, 0.5]) otherwise,

A(0) = (0.6, 0.1), A(1) = (0.5, 0.2), A(2) = (0.3, 0.3), A(3) = (0.2, 0.4),

B̃(x) =

{
([0.4, 0.6], [0.3, 0.6]) if x ∈ {0, 1}
([0.3, 0.4], [0.5, 0.7]) otherwise,

B(0) = (0.7, 0.3), B(1) = (0.6, 0.4), B(2) = (0.4, 0.5), B(3) = (0.3, 0.5).

Then we can easily check that A, B ∈ CPS(X) and we can calculate the followings:

E(A) = 0.6473, E(B) = 1.1913 C(A,B) = 0.0978.

Thus κ(A,B) = 0.1114 < 1
2 . So A and B are independent.

7. Conclusions

We have studied the cubic Pythagorean of KU -ideal in KU -algebras. Also we
discussed a few results of cubic Pythagorean of KU -ideal in KU -algebras. The pre-
image of cubic Pythagorean of KU -ideal in KU -algebras under homomorphism are
defined and how the pre-image of cubic Pythagorean of KU -ideal in KU -algebras
become cubic Pythagorean of KU -ideal are studied. Moreover, the product of cubic
Pythagorean of KU -ideal is established. This part is sufficient to study the topo-
logical space for cubic Pythagorean KU -ideals of a KU -algebra. Finally, we have
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studied a new novel correlation coefficient between two cubic Pythagorean fuzzy
sets. More applications are needed to be discussed in our further study
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