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ABSTRACT. In this paper, we define a cubic bipolar subalgebra, BC K-
ideal and @-ideal of a @-algebra, and obtain some of their properties and
give some examples. Also we define a cubic bipolar fuzzy point, cubic bipo-
lar fuzzy topology, cubic bipolar fuzzy base and for each concept obtained
some of its properties.
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1. INTRODUCTION

Imai and Iséki introduced two classes of abstract algebras: BC K-algebras and
BC1I-algebras (See [1, 2]). It is known that the class of BC'K-algebras is proper
subclass of the class of BCI-algebras. In [3, 4], Hu and Li introduced a wide class of
abstract algebras: BC H-algebras. They have shown that the class of BCI-algebras
is a proper subclass of the class of BC H-algebras. Neggers et al. [5] introduced a new
notion, called Q-algebra, which is a generalization of BCH/BCI/BC K-algebras
and generalize some theorems discussed in BCT-algebras. Mostafa et al. [0, 7,

| discussed fuzzy, intuitionistic fuzzy and interval valued fuzzy of Q-ideals in Q-
algebra. In 1965, Zadeh [9] introduced the concept of fuzzy sets as a generalization
of a crisp sets. The notion of a fuzzy topology was established by Chang [10] in 1968.
Lee [11] found the idea of bipolar fuzzy sets which is an extension of traditional, fuzzy
sets whose membership degree range is extended from [0, 1] to [-1, 1] and also in
1994, Zhang [12] initiated the concept of bipolar fuzzy sets as a generalization of fuzzy
sets. In [13, 14, 15, 16], the authors introduced bipolar-valued fuzzy set on different
structures. Azhagappan and Kamaraj [17] investigated bipolar fuzzy topological
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spaces. Jun and Hur [18] generalized the fuzzy points and quasi-coincidence in
fuzzy sets, introduced the notion of bipolar-valued fuzzy point and bipolar quasi-
coincidence in bipolar-valued fuzzy sets. Lee et al. [19] defined concepts of a bipolar
fuzzy topology, bipolar fuzzy base, sub-base, bipolar fuzzy point and find some
properties of each concept. Jun et al. [20, 21, 22] introduced the concept of a cubic
set and applied it to the cubic set to BCK/BCI-algebras. Mostafa et al. [23]
established the notion of cubic bipolar BC'C-ideal of BC'C-algebras and investigate
several properties. In 2017, extending the concept of a cubic set, Jun [24] established
the idea of a cubic intuitionistic set.

In this paper, we present another extension of fuzzy set theory which is called
cubic bipolar structures as the generalization of cubic set and bipolar set and apply
it to @-algebra. In order to apply it to @Q-algebra, we deal with the followings:
in Section 2, we recall definitions of BCK, BCI, BG, QS, Q-algebra; in Section
3, we define the inclusion, the equality and operations of cubic bipolar sets and
the image and preimage of a cubic bipolar set under a mapping, and obtain their
some properties; in Section 4, we define a cubic bipolar point and find some of its
properties; in Section 5, we define a cubic bipolar subalgebra, BC K-ideal and Q-
ideal of a (Q-algebra, and obtain some of their properties and give some examples; in
Section 6, we discuss with the image and the preimage of a Q-ideal under a mapping;
in Section 7, we define a cubic bipolar fuzzy topology and a cubic bipolar fuzzy base
and for each concept obtain some of its properties.

2. PRELIMINARIES

We review some definitions and properties that will be useful in the next sections.

Definition 2.1 ([I, 2, 25]). Let X be a set with a binary operation “*” and a
constant 0. Then (X, *,0) is called a BCI-algebra, if it satisfies the following axioms:
for any x, y, z € X,

(BCI-1) ((xxy)*(xx2))*(zxy) =0,

(BCI-2) (x* (x*y))*xy=0,

(BCI-3) zxxz =0,
(BCI4) zxy =0 and y xz = 0 imply « = y.

If a BCI-algebra X satisfies the identity 0« = 0 for all € X, then X is called
a BCK-algebra. 1t is known that the class of BC'K-algebras is a proper subclass of
the class of BC'I-algebras.

Definition 2.2 ([25]). Let (X,*,0) be a BC'K-algebra, and let S be a non-empty
subset of X. Then S is called a subalgebra of X, if xxy € S forall x, y € S, ie., S
is closed under the binary operation x of X.

Definition 2.3 ([5]). An algebraic system (X,*,0) of type (2,0) is called a Q-
algebra, if it satisfying the following axioms: for all x, y, z € X,
) axxx=0 (@()zx0=2, (i) (z*xy)*xz=(r*z2)*y.
In X, we can define a binary relation < by

x<yif and only if zxy=0.
70



K. Hur et al./Ann. Fuzzy Math. Inform. 21 (2021), No. 1, 69-92

1o = of %]

Example 2.4 ([5]). Let X = {0, 1,2} be a set with a binary operation * defined by
the following table:
Then (X, *,0) is a Q-algebra.

Theorem 2.5 ([5]). Every BCK -algebra is a Q-algebra, but the converse is not true
(See Example 2.6).

Example 2.6 ([5]). Let X = {0,1,2,3} be a set with a binary operation * defined
by the following table:

W N = O %
w N = OO

O O O
OO O OlWw

3
Table

2
0
0
0
3
2.2

Then (X, x,0) is a Q-algebra but not a BC K-algebra.

Definition 2.7 (See [20]). An algebraic system (X,*,0) of type (2,0) is called a
BG-algebra, if it satisfying the following axioms: for all z, y € X,
(BGl) z x 2 =0, (BG2) 20 ==, (BG3) (z*y) * (0xy) = x.

We can confirm that BG-algebras and Q-algebra are different notions as the
following Example.

Example 2.8 ([7]). Let X = {0,1,2,3} be a set with a binary operation * defined
by the following table:

*x0 1 2 3
0/0 0 0 3
1{1 0 0 3
212 2 0 3
313 3 3 0
Table 2.3

Then (X, *,0) is a Q-algebra but not a BG-algebra, since (2 x3) % (0% 3) =0 # 2.
Proposition 2.9 ([5]). If (X,*,0) is a Q-algebra, then
(zx(zxy))*xy =0 for any z, y € X.

Theorem 2.10 ([5]). Every BCH-algebra is a Q-algebra. Every Q-algebra satisfy-
ing the condition (BCI-4) is a BC H-algebra.
71
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Theorem 2.11 ([5]). Every Q-algebra satisfying the condition (BCI-4) and the
following axiom

(2.1) ((zxy)*(x*x2))*(zxy)=0forall z, y, z € X.
is a BCI-algebra.

Theorem 2.12 ([5]). Every Q-algebra satisfying the conditions (BCI-4), (2.1) and
the following axiom

(2.2) (x+y)*xx =0 for any z, y € X.
is a BCK-algebra.

Theorem 2.13 ([5]). Every Q-algebra X satisfying x * (x xy) = x *y for any
x, y € X, is a trivial algebra.

Definition 2.14 ([27]). A @S-algebra (X, *,0) is a non-empty set with a constant
0 and a binary operation * satisfying the following axioms: for all z, y, z € X,
(QS-1) (wky) <2 = (2 %2) 51,
(QS-2) z %0 ==z,
(QS-3) x xa =0,
(QS-4) (xxy) *x (z*2) =z x*y.

Remark 2.15. Every @QS-algebra is a Q-algebra. Every Q-algebra satisfying the
condition

(2.3) (zxy)*(xxz) =2y for any z, y, z € X.
is a @) S-algebra.

Definition 2.16 ([25]). A non-empty subset I of a BC'K-algebra X is called an
ideal of X, if it satisfies the following conditions:

(I1) 0 €I,

(Ioc) zeTandyxx €l implyy€el, for allz, y € X.

Definition 2.17 ([20, 7]). A non-empty subset I of a Q-algebra X is called a Q-ideal
of X, if it satisfies the following conditions:

(Q1)0€I7
(Q2) (xxy)xz€landy € imply zxz €, for allz, y, z € X.

Definition 2.18 ([9]). Let X be a non-empty set. Then a mapping A : X — [0, 1]
is called a fuzzy setin X.

Definition 2.19 ([11, 12]). Let X be a non-empty set. Then a pair A = (A, AF)
is called a bipolar-valued fuzzy set (or bipolar fuzzy set) (briefly, BPFS) in X | if
AP . X —[0,1] and AN : X — [~1,0] are mappings.

For each = € X, we use the positive membership degree A" to denote the satis-
faction degree of the element = to the property corresponding to the bipolar fuzzy
set A and the negative membership degree A to denote the satisfaction degree of
the element x to some implicit counter-property corresponding to the bipolar fuzzy
set A. We will denote the set of all bipolar fuzzy sets in X as BPF(X). Now, we list
some concepts related to bipolar fuzzy sets (for examples, the inclusion between two
bipolar fuzzy sets ,the complement of a bipolar fuzzy set, the intersection of bipolar

fuzzy set and the union of a bipolar fuzzy set.
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Definition 2.20 ([19]). Let X be a nonempty set and let A, B € BPF(X).
(i) We say that A is a subset of B, denoted by A C B, if for each z € X,

AP (z) < BF (z) and AN (2) > BN ().

(ii) We say that A is equal to B, denoted by A = B, if A C B and B C A.
(iii) The complement of A, denoted by A° = (AN, AP®), is a bipolar fuzzy set in
X defined as: for each x € X, A°(z) = (=1 — AN (2),1 — AP (x)), i.e.,

(A (@) = =1 = AV(2), (A7")(2) =1~ AP (2).

(iv) The intersection of A and B, denoted by A N B, is a bipolar fuzzy set in X
defined as: for each x € X,

(AN B)(z) = (AN (x) v BN (x), AT (z) A BY (2)).

(v) The union of A and B, denoted by AU B, is a bipolar fuzzy set in X defined
as: for each x € X,

(AU B)(z) = (AN (z) A BN (z), A" (z) v BY (2)).

Result 2.21 ([19], Proposition 3.5). Let A, B, C € BPF(X). Then
(1) (Idempotent laws): ANA=A, AUA=A,
(2) (Commutative laws): ANB=BNA, AUB=DBUA,
(3) (Associative laws): (ANB)NC =AN(BNC), (AUB)UC =AU (BUC),
(4) (Distributive laws): AU(BNC)=(AUB)N(AUC),

AN(BUC)=(ANnB)U(ANCQC),

(5) (Absorption laws): AU(ANB)=A, AN(AUB)=A4,

(6) (DeMorgan’s laws): (AN B)° = A°U B°, (AUB)®= A°N B¢,

(7) (A°)° = A4,

(8) ANBC A, ANBC B,

(99 AC AUB, BC AUB,

(10) if AC B and BC C, then AC C,

(11) if AC B, then ANCCBNC, AuCCBUC.

Now, we begin with the concepts of interval-valued fuzzy sets.

Definition 2.22 ([28]). Let D|0, 1] denote the set of all closed subintervals of [0, 1],
ie.,
D0,1]={a=[a",a"]:acC[0,1]and 0 <a” <a* <1}.

Each member of D|0, 1] is called an interval-valued number. We define the operations
<, >, =, min (denoted by A) and max (denoted by V) between two elements in D0, 1]
as follows: for any a, be DJo, 1],

()a<biffa= <b~, at <bt,

(ii)a>biff a= >b", at >b",

(iii)a="biffa= =b", at =bt,

(iv)aAb=[a" Ab~,at AbT],

(V)avb=[a" Vb ,at Vbt]
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Here we consider that 0 = [0, 0] as the least element and 1 = [1, 1] as the greatest
element. Now let {a; : j € J} C D[0,1]. Then its inf and sup are defined as follows:

inf;cya; = [/\ a;, /\ a;r], SUpjc a; = [\/ a;, \/ al
jeJ  jeJ jes  jeJ
Let D[—1,0] denote the set of all closed subintervals of [—1,0]. Then min, max,
inf and sup of members of D[—1,0] are defined similarly to the above.

Definition 2.23 (See [28, 29, 30]). For a nonempty set X, a mapping A : X —
DJ0,1] is called an interval-valued fuzzy set (briefly, an IVF set) in X. Let D|0, l]X
denote the set of all IVF sets in X. For each A € D[0,1]* and z € X, A(z) =
[A~(z), AT (z)] is called the degree of membership of an element = to A, where
A=, AT € IX are called a lower fuzzy set and an upper fuzzy set in X, respectively.
For each A € [I]¥, we write A = [A~,AT]. In particular, 0 and 1 denote the
interval-valued fuzzy empty set and the interval-valued fuzzy empty whole set in X.

Also, refer to [28, 30] for the inclusion, the equality, the intersection, the union of
two IVF sets and the complement of an IVF set.

Result 2.24 ([28], Proposition 3.5). Let A, B, C € D[0,1]*. Then
(1) (Idempotent laws): ANA=A, AUA=A,
(2) (Commutative laws): AN B = BN A, AUB BUA,
(3) (Associative laws): (ANB)NC =AN(BNC), (AUB)UC =AU ((BUC),
(4) (Distributive laws): AU(BNC)=(AUB)N(AUCQC),
AN(BUC)=(ANB)U(ANC),
(Absorption laws): AU(ANB)=A, AN(AUB)= A,
(DeMorganslaws) (ANB)=A°UB°, (AUB)®=A°NB°,
(A)° =
AﬂBcA ANBC B,
ACAUB, BC AUB,
Yif AC B and BC C, then AC C,
(11) if AC B, then ANC CBNC, AuUCCBUC.

Definition 2.25 ([21, 22]). For a nonempty set X, a pair A = (A, \) is called a
cubic set in X, where A is an IVF set in X and A is a fuzzy set in X.

Definition 2.26 ([11]). For a non-empty set X, a pair A = (AN, AF) is called
an interval-valued bipolar fuzzy set (briefly, IVBPFS) in X, if AN : X — D[-1,0]
and AP : X — DI[0,1]. In this case for each z € X, AN(z) = [AN:~ (z), AN+ (2)]
and A (z) = [AP~(2), APF ()] are called the interval-valued positive and negative
membership degree of x. In fact, for each z € X,

A(z) = ([AM 7 (2), AN ()], [AP7 (), AT (2)).
We will denote the set of all IVBPFSs as IVBP(X).
For any A, B € IVBP(X),
(i) the intersection of A and B, denoted by A N B, is an IVBPFS in X defined
as: for each z € X,
(ANB)(z) = (AY(z) VB (2), A" (z) A BT (2)),

where AN () v BN (z) = [AN~(2) v BN~ (), ANF (z) v BN+ (2)],
74
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AP (z) ABF (2) = [AP~(z) A BP = (2), AT (2) A BPH ().
(ii) the union of A and B, denoted by A UB, is an IVBPFS in X defined as: for
each r € X,
(AUB)(z ) (AN (z) ABY(2), A" (2) v B (2)),
where AN (z) ABY(z) = [AN~(z) A BN~ (2), AN* () A BN T (2)],
AP (z)vBF (2) = [AP~(z) v BP = (2), AT (z) v BPH ().

3. CUBIC BIPOLAR SETS

In this section, we will introduce a new notion called cubic bipolar set and study
its several properties.

Definition 3.1 ([23]). Let X be a non-empty set. Then a pair A = (A, A) is called
a cubic bipolar setin X, if A = (AN, AT) is an interval-valued bipolar fuzzy set and
A= (AN AP)is an bipolar fuzzy set in X, where

AN X — D[-1,0], AF: X—>D[01]
and

AN X —[-1,0], AP : X —[0,1].

We will denote the set of all cubic bipolar sets in X as CBP(X). In particular,

we will denote the cubic fuzzy set and the cubic bipolar whole set as 0% and 1%,
and are defined as follows, respectively:

0% =(0,0), 1* =(1,1),
where 0 = ([0,0],[0,0]), 0= (0,0), 1= ([-1,-1],[1,1]), T=(-1,1).
Example 3.2. Let X = {a,b,c} and consider the IVBPFS A and BPFS A in X,
respectively given by:
A(a) = ([-0.5,—0.3],[0.5,0.6]), A(a) = (—0.1,0.1),
A(b) = ([-0.7,-0.5],[0.7,0.8]), A(a) = (—0.5,0.3),
A(c) = ([-0.8,-0.5],[0.4,0.7]), A(a) = (—0.4,0.6).
Then we can easily see that A= (A, A) € CBP(X)
Definition 3.3. Let X be a non-empty set and let A, B € CBP(X).
(i) We say that A is a subset B, denoted by A C B, if for each z € X,
A(z) <B(z), A(z) < B(z), ie
AN (2) 2 BN (x), AN (2) 2 BN (2), AP (2) < BP (2), AT (2) < BPH (a),
AN(z) > BN(z), AP (z) < BP ().
(ii) We say that A is equal to B, denoted by A= B, if A C B and B C A.
(iii) The complement of A, denoted by A€, is a cubic bipolar set in X defined by:

for each = € X,
A(z) = (A%(x), A(z)),
where A¢(z) = ([-1 — AN (z), -1 — AN=(2)],[1 — AP F(2),1 — AP~ (2))),
Ac(x) = (=1 — AN(z),1 — AP (2)).
(iv) The intersection of A and B, denoted by AN B, is a cubic bipolar set in X
defined by: for each x € X,
(AN B)(x) = (A(x) AB(x), A(z) A B(x)),
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where A(z) AB(z) = ([AN~(2) v BN~ (2)], [APF(z) A BE T (2)]),
A(z) A B(z) = (AN (z) v BN (), AT (z) A BF ().
(v) The union of A and B, denoted by AU B, is a cubic bipolar set in X defined
by: for each z € X,
(AU B)(z) = (A(z) VB(z), A(z) vV B af),
where A(z) VvV B(z) = ([AY~(z) A BN~ (2)],[AP (x) v B
A(x)V B(z) = (AN () A BN (x), AP(z) v BP(2)).

Example 3.4. Let X = {a,b,c} be a set.
(1) Consider two cubic bipolar sets A, B in X given by:

A(a) = (([-0.5,—0.3],]0.5,0.6]), (—0.1,0.1)) ,
A(b) = (([~0.7,—0.5],[0.6, 0.8]), (—0.5,0.3)) ,
A(c) = (([~0.8,—0.3],[0.4,0.7]), (—0.4,0.6)) ,
B(a) = {([-0.6,—0.5],[0.6,0.8]), (—0.3,0.4)) ,
B(b) = (([~0.8,—0.6],[0.7,0.8]), (—0.4,0.4)) ,
B(c) = (([~0.9, —0.7], [0.5,0.9]), (—0.6, 0.8)) .

Then we can easily check that A C B.
(2) Consider a cubic bipolar sets A in X given by:

Aa) = (([~0.80, —0.50], [0.20, 0.50]), (—0.60, 0.68)) ,
A(b) = (([-0.90, —0.70], [0.40, 0.60]), (—0.60, 0.55)) ,
Ale) = (([-0.80, —0.60], [0.20, 0.60]), (—0.45, 0.45)) .
Then we obtain easily the A€ given by:
A%(a) = {([~0.50, —0.20], [0.50, 0.80]), (—0.32, 0.40)) ,
AS(b) = ((]~0.30, —0.10], [0.40, 0.60]), (—0.55, 0.45)) ,
A%(¢) = ((]~0.40, —0.20], [0.40, 0.80]), (—0.55, 0.55)) .
(3) Consider two cubic bipolar sets A, B in X given by:

A(a) = (([~0.80, —0.40], [0.28, 0.59]), (—0.62, 0.38)) ,
A(b) = (([-0.50, —0.30], [0.46, 0.71]), (—0.61, 0.53)) ,
A(e) = (([~0.40, —0.20], [0.24, 0.40]), (—0.47, 0.25)) ,
B(a) = (([-0.80, —0.20], [0.35,0.87]), (—0.51,0.43)) ,
B(b) = ((]—0.70, —0.20], [0.53,0.82]), (—0.70, 0.40)) ,
B(c) = ((]—0.60, —0.10], [0.33,0.73]), (—0.71,0.33)) .

Then we have easily AN B and A U B, respectively given by:
(AN B)(a) = (([—0.80,—0.20], [0.28,0.59]), (—0.51,0.38)) ,
(b

(AN B)(b) = (([-0.50,—0.20], [0.46,0.71]), (—0.61,0.40)) ,

(AN B)(e) = (([-0.40,—0.10], [0.24, 0.40]), (—0.47,0.25))
and

(AU B)(a) = (([-0.80, —0.40], [0.35,0.87]), (—0.62,0.43)) ,

(AU B)(b) = (([-0.70,—0.30], [0.53,0.82]), (—0.70,0.53)) ,
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(AU B)(c) = (([-0.60, —0.20], [0.33,0.73]), (—0.71,0.33)) .
From Results 2.21 and 2.24, we can easily prove the following.

Theorem 3.5. Let A, B, C € CBP(X). Then
(1) (Idempotent laws): ANA=A, AUA=A,
(2) (Commutative laws): ANB=BNA, AUB=BUA,
(3) (Associative laws): (ANB)NC=AN(BNC), (AUB)UC =AU (BUC),
(4) (Distributive laws): AU (BNC) = (AUB)N(AUC),
AN(BUC)=(ANB)U(ANC),
5) (Absorption laws): AU(ANB)=A, AN(AUB) = A,
6) (DeMorgan’s laws): (AN B)° = A°UB°, (AUB)°=A°NB°,
7) (A°)° = A,
8) ANBCA, ANBCB,
9 AC AUB, BC AUB,
10) if AC B and BCC, then A CC,
11) if AC B, then ANC C BNC, AUC C BUC,
12) the followings are equivalent:
(a) ACB, (b) AnNB=A, (c) AUB=B8,
(13) 0¥ c A C 1%,

Definition 3.6. Let X, Y be two non-empt sets, let 4 € CBP(X), B € CBP(y)
and let f: X — Y be a mapping.

(i) The image of A under f, denoted by f(A) = (f(A), f(A4)), is a cubic bipolar
set in Y defined as follows: for each y € Y,

i = | (Vaer 1) A@, Vaesa) A@) i [ 1) # 2
fAw) { (([0.0], 0, 0]), (0,0)) otherwise.

(ii) The preimage of B under f, denoted by f~1(B) = (f~'(B), f~*(B)), is a
cubic bipolar set in X defined as follows: for each x € X

)

f7H(B)(x) == (B(f(2)), B(f(2))) -

Proposition 3.7. Let f : X =Y be a mapping, let A, Ay, Az € CBP(X) and let
B, By, By € CBP(Y).
) [f.A1 C As, then f(.Al) C f(AQ)

fATU Az) = f(A1) U f(Ay).

J(ALNAz) C f(A1) N f(Az).
If B b1 C By, then f~1(B1) C f~1(Ba).
fTHBLUBy) = fH(B1) U fH(By).
f= 1(31 NBy) = f~HB1) N f~H(Ba).
AC f7tof(A) and A= f=Lo f(A), if f is injective.
fof~YB)cC B and fo f~Y(B) =B, if f is surjective.
f7HB) = (f1(B))"~.
) Ifg:Y — Z is a mapping, then (go f)(A) = g(f(A)).
Moreover, for each C € CBP(Z), we have

(go /)~HC) = g (C)).

Proof. The proofs are straightforward. O
7

(1

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10
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4. CUBIC BIPOLAR POINT

Definition 4.1. Let X be a non-empty set, let a = (aV,a”’) € [~1,0) x (0,1],
a = (al,a”) € D[-1,0) x D(0,1] and let A € CBP(X). Then z g is called a
cubic bipolar point in X with the value (a,a) and the support z € X, if for each
yeX,

(a,a) ify=ux,
[r@aly) = { {([0,0],[0,0]), (0,0)) otierwise.

We say that z(z 5y belongs to A, denoted by x 3 ay € A, if the following conditions
hold:
z) >

(i) AN (z) <a®, AP(
AN () < aV AN+(;E)A ( ) < AN+( ), AP~ () > aP™, AP (2) > aP7,
(ii) AN (2) < oV, AP(z) >

We will denote the set of all cublc bipolar points in X as CBPp(X).
Lemma 4.2. For any A€ CBP(X), A= U{z@za € CBPp(X): vEa € A}.
Proof. The proof is straightforward. O

Proposition 4.3. Let A, B € CBP(X). If A C B, then x3a € B, for each
T@Ea) €A
Proof. Suppose A C B and let z(35) € A. Then clearly, we have
AN(z) <aV, AP(z) > al’ and AN (z) <V, AP (z) > aF.

Since A C B, we have

BV (z) < AN(z), BP(z) > AP(z) and BN (2) < AN(z), BF (z) > AP ().
Thus BY(z) < a®, B (z) > a’” and BN (z) < o, B (z) > a”. So z(34 € B. O
Theorem 4.4. Let A, B CBP(X) and let (35 € CBPp(X).

(1) z@a) €A and 235 € B if and only if vz € ANB.
(2) If vy € A or mz ) € B, then x5 5 € AUB.

Proof. Suppose x (33 € AN B. Then clearly, we have
(AN NBY)(x) = AN (x

(AP NBF)(z) = AP (z) ABF (z) > a”,
(AN N BN)(z) = AN(z) v BN (z) < aV,
(AP N BP)(z) = AP (z) A B (z) > a”.

Thus we have
AN(z) <aV, AP(z) > af, AN(z) <aV, AP(z) > d”
and
BY(z) <aV, B(z) > a”, BY(x) <d", B"(x) > d".
So xza) € Aand x5, € B.
The converse is proved similarly.

(2) Suppose x5y € A or 235 € B. Then we have
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AP(x) >al’) AP(z) > a®f and AN (z) < aV, AN(z) <oV
or

BP(z) > aP, BP(z) > af and BV (z) < a®, BN(z) <a¥.
Thus we have

AP(x) >al’) AP(z) > a® or BP(2) > af’, BP(z) > a”
and

AN(z) <alV, AN(x) <a® or BY(z) <al, BN (z) < aV.
So  AP(z)vBF(z)>al, AP(z)v BY(z) > a”
and

AN(z) ABN(z) < aV¥, AN(z) A BN (z) < a?.
Hence (34 € AUB. O

Theorem 4.5. Let (A)jes be a family of cubic bipolar sets in X and let x3 ) €
CBPp(X).

(1) z@a) € Njes Aj if and only if xzay € A; for each j € J.

(2) If there is a j € J such that x5 ay € Aj, then x(zz) € UjeJ Aj.

Proof. Suppose x g3y € ﬂje ;A;j. Then clearly, we have

(N AD@) = \ AF(2) =", () AD) (@) = N\ AF(2) > a”

jeJ jeJ jeJ jeJ
and
(AN @) =\ AV (@) <a®, () 4¥)(@) = \/ AV (@) < ™.
jeJ jeJ jeJ jeJ

Thus we have for each j € J,
P P 2P P AN N 4N N
A (r)>a", Aj(z) >a", A} (z) <a”, A} (v) <a”.

So x(z,a) € A; for each j € J.
The converse is proved similarly.
(2) From the fact that A; C UjeJ A, the proof is immediate. O

5. CUBIC BIPOLAR (-IDEAL IN Q-ALGEBRAS

In this section, we present the idea another extension of fuzzy set theory which is
called cubic bipolar structures and it application on Q-algebra, which generalizations
of cubic set and bipolar set.

Definition 5.1. Let X be a @Q-algebra and let A € CBP(X). Then A is called a
cubic bipolar subalgebra of X, if it satisfies the following conditions: for any =, y € X,
(CBPS1) A (2 +y) > AP (z) A AP(y), AV ( +y) < AN (2) V AV (y),
(CBPS2) AP (z xy) > AP (z) A AP (y), AN(zxy) < AN(2) v AN (y).

Example 5.2. Let X ={0,1,2,3,4} be a set with a binary operation * defined by
the following table:
Then we can easily check that (X, x,0) is a Q-algebra. Consider the CBPS A in X
given by:
Ar) = { ([-0.9,-0.5],10.3,0.9]) if x € {0,1}
([-0.8,—0.2],10.1,0.6]) otherwise
and
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*10 1 2 3 4
0/0 0 0 0 4
111 0 0 1 4
212 2 0 0 4
3/3 0 3 0 4
414 4 4 4 0
Table 5.1

A(0) = (—0.5,0.8), A(1) = (—0.4,0.7), A(2) =(-0.3,0.6),
A(3) =(-0.2,0.5), A(4) = (—0.1,0.4).
Then it is easy to check that A is a cubic bipolar subalgebra of X.

Lemma 5.3. If A is a a cubic bipolar subalgebra of a Q-algebra X, then for each
reX,

AP (0) > AP (x), AN(0) < AV (x), and AT(0) > AP (x), AN (0) < AN (z).

Proof. Let x € X. Then from (CBPS1) and Definition 2.3 (i), we have

AP(0) = AP (5 2) > AP(2) A AP (2) = A (),

AN(0) = AN (2 5.2) < AN () v AN (2) = AN (2).
Also, by (CBPS2) and Definition 2.3 (i), we have

AP(0) = AP (zx 2) > AP (2) A AP (z) = AP (2),

AN(0) = AN (z x x) < AN(2) v AN (z) = AN (x).
Thus the sufficient conditions hold. O

Definition 5.4. Let X be a Q-algebra and let A € CBP(X). Then A is called
a cubic bipolar BC'K-ideal of X, if it satisfies the following conditions: for any
T, Yy, z€ Xv
(CBPBCKI0) AP~ (0) > AP (z), APH(0) > AP+ (2), AN—(0) < AN~ (2),
ANH(0) = AN+ (), AP (0) > AP(2), AN(0) < AN (),
(CBPBCKI1) AP (2) > AP (zxy) ANAP(y), AN(z) < AN(zxy) Vv AN (y),
(CBPBCKI2) AP (2) > AP (zxy) A AP (y), AN(z) < AN (2 *y) v AN (y).

Definition 5.5. Let X be a Q-algebra and let A € CBP(X). Then A is called a
cubic bipolar Q-ideal of X, if it satisfies the following conditions: for any z, y, z € X,
(CBPQI0) AP~ (0) > AP~ (2), AP*(0) > AP+(z), AN=(0) < AN~ (a),
ANH(0) 2 AN (2), AP(0) > AP(2), AN(0) < AN (a),
(CBPQI1) AP (zx2) > AP ((xxy)x2)AAL (y), AN (zx2) < AN ((zxy)*2) VAN (y),
(CBPQI2) AP (n+2) > AP ((wy)+2) A AP (y), AN (z42) < AN ((zy)2)V AN ().

Example 5.6. Let X = {0,1,2,3,4} be the Q-algebra given in Example 5.2. Con-
sider the CBPS A in X given by:

[ ([~0.9,-0.5],[0.2,0.8]) if z € {0,1}
A(x)_{ ([-0.8,—0.2],[0.1,0.5]) otherwise
and
A(0) = (—0.5,0.6), A(1) = (—04,0.5), A(2) =(-0.3,0.3),
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A(3) = (—0.2,0.3), A(4) = (—0.1,0.2).
Then it is easy to check that A is a cubic bipolar @-ideal of X.

Proposition 5.7. Every cubic bipolar Q-ideal of a Q-algebra is cubic bipolar BCK -
ideal of X. But the converse is not true (See Example 5.8).

Proof. The proof is straightforward. O

Example 5.8. Let X = {0,1,2,3} be the Q-algebra with a binary operation *
defined by the following table:

W N = O *
W = OO

N O O
O O O OlWw

3
Table

2
0
0
0
2
5

2

Consider the CBPS A4 in X given by:

_J ([-0.7,-0.4],]0.2,0.8]) if x € {0,1}
Alw) = { ([-0.7,-0.3],10.1,0.5]) otherwise

and

A(0) = (—0.5,0.9), A(1) =(—0.4,0.8), A(2) = (—0.3,0.6), A(3) = (—0.2,0.5).
Then we can easily check that A is a cubic bipolar BC K-ideal of X. On the other
hand,

AP(3) = AP (3x1) > AP((3x1)x 1) ANAP (1) = AP(3)A AP (1) =05

But 0.5 = AP (3% 1) # AP(3%2)x1) A AP (2) = AP(2x1) A AP(2) = AP (2) = 0.6.
Thus A is not a cubic bipolar @-ideal of X.

Lemma 5.9. If A is a a cubic bipolar Q-ideal of a Q-algebra X, then for each
rzeX,

(5.1) AFP0) > AP (z), AN(0) < AN (z) and AT (0) > AP (z), AN (0) < AV ().
Proof. The proof is straightforward. 0

Lemma 5.10. Let A be a cubic bipolar Q-ideal of a Q-algebra X. If x <y in X,
then we have

AP (y) > AP (x), AV (y) < AN(z) and AP (y) > A" (z), AN (y) < A ().

Proof. Let x, y € X such that x <Y. Then clearly, x * y = 0. Thus we have
AP (z) = AP (2 % 0) [By Definition 2.3 (ii)]
> AP((z xy) x0) A AP (y) [Since A is a cubic bipolar Q-ideal of X]
=AP(0%0) /\AP( )= AF0)AAP(y)
= A”(y), [By 5.1)
AN(z) = AP (x*O)
< AY((zxy)x0) v AV (y)
=AN0%0)vAN(y) = AN(0) v AN(y)
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= AN(y).
Similarly we have AT (z) > AP (y) and AN (x) < AV (y). This completes the proof.
O

Lemma 5.11. Let A be a cubic bipolar Q-ideal of a Q-algebra X. If x xy < z in
X, then we have

Al (z) > AT(2) NAT(y), AY(2) < AV (2) v AN (y),
A () 2 AT(2) N AT (y), AV (2) < AV(2) v AN (y).

Proof. Let x, y, z € X such that z xy < z. Then clearly, (z * y) * z = 0. Thus we
have

Similarly we have

AV (@) < AN(2) v AN(y), AT(2) 2 AT () A AP (y), AV (@) < AN () v AN ().
This completes the proof. O
Proposition 5.12. Let X be a Q-algebra satisfying the condition (2.2). Then every

cubic bipolar BCK -ideal of X is a cubic bipolar subalgebra of X. But the converse
is not true (See Example 5.13).

Proof. Let A be a cubic bipolar BC K-ideal of X and let x, y € X. Then we have
AP (zxy) > AP ((z xy) x ) A AP (z) [By (CBPBCKI1)]
= AP(0) A AP (z) [Since (z *y) * x = 0 by (2.2)]
> AP(y) A AP (z). [By (CBPBCKIO)]
Also, by conditions (CBPBCKI2), (vi) and (CBPBCKIO0), we have

AP(x*y) > AP(y) /\AP(ac).

Similarly, we have AN (xxy) < AN (y) vV AN (z), AN (zxy) < AN (y) v AN (z). Thus
A is a cubic bipolar subalgebra of X. O

Example 5.13. Let (X, *,0) be the Q-algebra given in Example 5.8. Then we can
see that X satisfies the condition (2.2). Consider the cubic bipolar set B in X defined
by:
’ B(0) = ([-0.9,-0.8],]0.8,0.9]), B(1) = ([-0.6,—0.5],[0.7,0.8]),
B(2) = ([-0.7,-0.6],]0.5,0.6]), B(3) = ([-0.5,—0.4],[0.6,0.7]),
B(0) =(-0.9,0.8), B(1) =(-0.6,0.7), B(2) = (-0.7,0.5), B(3) = (-0.5,0.6).
Then we can easily check that B is a cubic bipolar subalgebra of X. But
BY(3) = [-0.5,-0.4] £ [-0.7,-0.6] = BV (2) = BN (3 2) v BY(2).

Thus B is a cubic bipolar BC K-ideal of X.
82



K. Hur et al./Ann. Fuzzy Math. Inform. 21 (2021), No. 1, 69-92

Proposition 5.14. Let A be a cubic bipolar subalgebra of a Q-algebra X. Suppose
forallx, y, z € X such that x xy < z, the following conditions:

AP(2) > AP(y) NAT(2), AV (2) < AN (y) v AN (2),

AP (z) > AP (y) N AP (2), AN (z) < AV (y) v AN (2).
Then A is a cubic bipolar Q-ideal of X .

Proof. Let A be a cubic bipolar subalgebra of X and let x € X. Then by Lemma
5.3, we have

AP(0) > AP(z), AN(0) < AN (2), AP(0) > AP(2), AN(0) < AN ().

Now let z, y, z € X such that x *xy < z. Then
0= ((z*y)*2)* ((x*y) * 2) [By Definition 2.3 (i)]
= ((z*x2) *y) * ((z *xy) * z) [By Definition 2.3 (iii)]
= ((xx2)* ((x *y) * 2)) xy. [By Definition 2.3 (iii)]
Thus (x % z) * ((z *y) * 2)) < y. So by Lemma 5.11, we have

AP (zx2) > AP ((zxy) x2) NAP(y), AN(zx2) < AN((zxy)*2) VAN (y),
AP (zx2) > AP ((x*xy) x 2) N AT (y), AN (x5 2) < AN ((xxy) x 2) v AN (y).
Hence A is a cubic bipolar @-ideal of X. This completes the proof. O

Definition 5.15. Let X be a Q-algebra.
(i) A= (AN AF) € BPF(X) is called a bipolar fuzzy Q-ideal of X, if it satisfies
the following conditions: for all z, y, z € X,
(BPFQIL) A”(0) > A”(x), AN(0) < AN (),
(BPFQL) AP (% 2) = AP (4 1)+ 2) A AP(y),
AN (z % 2) < AN((x *y) * 2) V AN (y).
(i) A = (AN, AF) € IVBP(X) is called an interval-valued bipolar fuzzy Q-ideal
of X, if it satisfies the following conditions: for all z, y, z € X,
(IVBPQL) A”(0) > A”(z), AN(0) < AN(z),
(IVBPQIs) AP (z % 2) > AP ((z xy) * 2) A AP (y),
AN (zx2) < AN((x*y)* 2) VAN (y).

Theorem 5.16. A is a cubic bipolar Q-ideal of a Q-algebra X if and only if A is
an interval-valued bipolar fuzzy Q-ideal and A is a bipolar fuzzy Q-ideal of X .

Proof. Suppose A is an interval-valued bipolar fuzzy @-ideal and A is a bipolar fuzzy
@-ideal of X and let x € X. Then clearly, we have

AP(0) > AP (2), AN(0) < AN(2), AP(0) > AP (2), AN(0) < AN (2).

Now let z, y, z € X. Since A is an interval-valued bipolar fuzzy @-ideal, we have
AP(zx2) > AP ((zxy)x2) NAP(y)
= [AP7 (2 xy) * 2), APF((z % y) * 2) A AP (y), APF(y)]
= [AP((z xy) x 2) N AP (y), APF((2 5 y) % 2) A APF(y)]
=A"((zxy)x2) NA(y),
AN(zx2) < AN((w*y) x2) VAN (y)
= [AV7 (@ xy) * 2), ANF (2 5 y) # 2) V [AV (), AV (y)]
= [AV " ((z xy) x 2) vV AV (), ANF (2 x y) * 2) v ANV H(y)]
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= AV ((zxy)xz) vV AN (y).
Since A is a bipolar fuzzy Q-ideal, we have

AP (zx2) > AP ((wxy) « 2) N AP (y), AN(zx2) < AV ((zxy)* 2) v AV (y).

Thus A = (A, A) is a cubic bipolar Q-ideal.
Conversely, suppose A is a cubic bipolar @Q-ideal of X and let x € X. Then we
have

AP(0) > AP(z), AN(0) < AN (2), AP(0) > AP(2), AN(0) < AN ().

Now let z, y, z € X. Since A is an interval-valued bipolar fuzzy @-ideal, we have
AP(zx2) > AP ((xxy)*2) A AP (y)
= [AP7((z % y) * 2), AP F((x x y) * 2) A[APT(y), AP (y)]
(AP~ ((z % y) x 2) AN AP (y), APF (2 % y) * 2) A APF(y)),
AN ((zxy)*2) v AN (y)
[AN = ((z % y) * 2), AN (2 x y) x 2) V [AN (y), AN (y)]
= [ANV 7 ((z xy) * 2) VAN (y), AN (2 x y) x 2) v ANV (y)].
(SEi)n;)e AP(zx2) = ([AN = (2% 2), AN (2 % 2)], [AD~ (2 % 2), AP F (2 % 2)]), we have
[AP T (zx2), AT (zx2)] 2 [AD T ((mxy) % 2) N AP (y), AP ((wxy) x 2) ANADF ()],

(5.3)
[AN T (25 2), AV (2 2)] < [ANT ((wxy)x2) VAV (y), AV ((wxy) x2) VAV ().

Then from (5.2) and (5.3), we have
(5.4)
AP (2 x2) 2 AP ((wxy) % 2) NATT (y), APF (25 2) 2 APT ((2xy) *2) AAD (y),

(5.5)
AN (mxz) < AN ((wxy)x2) VAN T (y), AN (mx2) < AN ((@xy)x2) v AN T ().

AN (2% 2)

Al

—~

Similarly, we have

(5.6) AP (z % 2) > AP ((x *xy) x 2) A AT (y),

(5.7) AN(z % 2) < AN ((z *y) * 2) A AN (y).

Thus from (5.4) and (5.5), A is an interval-valued bipolar fuzzy Q-ideal of X and
from (5.6) and (5.7), A is a bipolar fuzzy @-ideal of X. This completes the proof. [

Proposition 5.17. Let (Z;)cs be a family cubic bipolar Q-ideals of a Q-algebra X.
Then njeJIj 18 a cubic bipolar Q-ideal of X .

Proof. The proof is straightforward. O

6. THE IMAGE AND THE PREIMAGE OF A CUBIC BIPOLAR Q—IDEAL UNDER A
HOMOMORPHISM OF Q—ALGEBRAS

Definition 6.1. Let (X, *,0) and (Y, *',O/) be two @Q-algebras. Then a mapping
f: X =Y is called a homomorphism, if f(z xy) = f(x) * f(y) for any z, y € X.
It is clear that f(0) =0’
84



K. Hur et al./Ann. Fuzzy Math. Inform. 21 (2021), No. 1, 69-92

Proposition 6.2. Let f : X — Y be a homomorphism of Q-algebras and let B €
CBP(Y). If B is a cubic bipolar Q-ideal of Y, then f~(B) is a cubic bipolar Q-ideal
of X.

Proof. Suppose B is a cubic bipolar @-ideal of Y and let x € X. Then
1 (BP)]() = BP(f(x))
< BP(0') [By Theorem 5.16 and Definition 5.15 (i)]
= BP( £(0)) [Since f is a homomorphism]
[ H(BP))(0),
1 (BP)](x) = BF(f(x))
< BP(0") [By Theorem 5.16 and Definition 5.15 (ii)]
=B”F ( £(0)) [Since f is a homomorphism)]
= [~'(B)]0)
Similarly, we have [f ' (BY)](z) > [f~H(B™)](0) and [f~1(BY)](z) > [f~(BY)](0).
Thus the condition (CBPQIO) holds.
Now let z, y, z € X. Then
[fH(BY)(w +2) = BY(f(z * 2))
= BP(f(z)* f(2)) [S/ince f is a homomorphism]
> BP((f(a) % f(y))* f(2)) AB(f(y)
[By Theorem 5.16 and Definition 5.15 (i)]
= BY((f(z xy) x2)) A BY((y))
[Since f is a homomorphism]
= [fHBO)((@ +y) = 2) ALFHBD (),
[fHBY)](@ + 2) = BY(f(x * 2))
=BP(f(x) * ,f(z)) [Slince f is a homomorphism]
> BP((f(x) = fy)* () ABY(f(y))
[By Theorem 5.16 and Definition 5.15 (ii)]
= [f1B)((zxy) = 2) A[fHB)]().
[Since f is a homomorphism]
Similarly, we have the following inequalities:

(B (@ x2) < [FHBY((@*y) +2) v [FH(BY))(),

[FHBY)] (@ x2) < [FHBY)]((@xy) +2) v [F7HBY))(y).
Thus the conditions (CBPQI1) and (CBPQI2) hold. So f~!(B) is a cubic bipolar
Q-ideal of X. O

Proposition 6.3. Let f : X — Y be an epimomorphism of Q-algebras and let
B € CBP(Y). If f~Y(B) is a cubic bipolar Q-ideal of X, B is a cubic bipolar
Q-ideal of Y.

Proof. Suppose f~1(B) is a cubic bipolar Q-ideal of X and let a € Y. Since f is
surjective, there is € X such that f(z) = a. Then

BP(@) = B"(J(x)) = [ (B0
< [f~YB")](0 ) [By Theorem 5.16 and Definition 5.15 (i)]
= BP( f(0)) = ( "), [Since f is a homomorphism]
B"(a) = ( (z)) = [f 1 (B))(2)

< [f~1(BP)](0) [By Theorem 5.16 and Definition 5.15 (ii)]
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=BP(f(0)) =BF(0).
Similarly, we have BN (b) > BN (0"), BN (b) > BN (0'). Thus the condition (CBPQIO)
holds.
Now let a, b, ¢ € Y. Then clearly, there are x, y, z € X such that

f(ac):a, f(y):bv f(Z):
Thus ,
BFf(ax ¢) = BY(f(z * 2)) [Since f is a homomorphism]
= [f_l(BP)](x *2)
> [fHBO) (@ y) = 2) ALfH B (y)
[By Theorem 5.16 and Definition 5.15 (i)]

= BP(((f(x) * f(v)) % f(2)) AB"(f(y))
[Since f is a homomorphism]

= BP((a * b) * c) A BP(b),

BP(a* ¢)=BF(f(z *2))

= [fTB)(z*2)

> [T B (@ xy) *2) ALfHBY)(Y)
[By Theorem 5.16 and Definition 5.15 (ii)]

=B (((f(z) = f(y))* f(2) AB"(f(y))
[Since f is a homomorphism]

=BP((a% b)* c) ABP(b).

Similarly, we have the following inequalities:

BN(ax' ¢) < BN((a% b) % c) v BN (b),

BY(ax ¢) <BN((a* b)% ¢)vBN(b).
Thus the conditions (CBPQI1) and (CBPQI2) hold. So B is a cubic bipolar Q-ideal
of Y. d

7. CUBIC BIPOLAR TOPOLOGICAL SPACES

Definition 7.1. Let X be a set and let 7 be a family of cubic bipolar sets in X.
Then 7 is called a cubic bipolar topology (briefly, CBPT) on X, if it satisfies the
following axioms:

(CBPO1) 0%, 1X e 7,

(CBPO2) ANB e forany A, Ber,

(CBPO3) U;ecsAj €7,
where (A;) e is a family of members of 7 and J denotes an index set.

The pair (X, 7) is called a cubic bipolar topological space (briefly, CBPTS) and
each member of 7 is called a cubic bipolar open set (briefly, CBPOS) in X. We will
denote the set of all CBPTs on X as CBPT(X) and the set of all CBPOSs in X as
CBPO(X).

A cubic bipolar set A in X is called a cubic bipolar closed set (briefly, CBPCS) in
X, if A° € CBPO(X). We will denote the set of all CBPCSs in X as CBPC(X).

Example 7.2. (1) Let X = {a, b.c} and two cubic bipolar sets A, B in X given by:

A(a) (([-0.40, —0.20], [0.50, 0.60]), (—0.62, 0.38)) ,
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A(b) ((]-0.50, —0.40], [0.40, 0.50]), (—0.61,0.53)) ,
A(e) ((]-0.60, —0.50], [0.20, 0.30]), (—0.47,0.25)) ,
B(a) (([-0.30, —0.10], [0.20, 0.70]), (—0.51,0.43)) ,
B(b) (([~0.50, —0.40], [0.30, 0.50]), (—0.70, 0.40)) ,
B(c) (([~0.50, —0.50], [0.10, 0.40]), (—0.47, 0.25)) .

Consider the family 7 = {0%,1%, A, B, ANB, AUB}. Then we can easily check that
r € CBPT(X).

(2) Let A € CBP(X) and let 7 € CBPT(X). Consider the family 74 cubic
bipolar sets in X given by:

Ta={ANU UE€eT}

Then we can easily see that 74 is a cubic bipolar topology on A. In this case, 74 is
called the induced cubic bipolar topology on A by 7 and the pair (A, 74) is called a
cubic bipolar subspace of (X, 7).

(3) For a non-empty set X, {0%,1%} and CBP(X) are CBPTs on X. In this
case, {0, 1%} [resp. CBP(X)] is called the cubic bipolar indiscrete [resp. discrete]
topology on X and we will denote {0%,1%} {0%,1X} [resp. CBP(X)] as 79 [resp.
7).

Let X be a non-empty set, let A be a fuzzy set in X and let 7 be a fuzzy topology
on X. Then it is well-known [31] that 74 = {ANU : U € 7} is a fuzzy topology
(called the induced fuzzy topology by 7) on A. In this case, the pair (A4, 74) is called
a fuzzy subspace of (X, 7).

Let (X, 7) and (y, o) be two fuzzy topological spaces. Then a mapping f: X — Y
is called a fuzzy continuous [10], if f=1(V) € 7 for each V € 0.

Proposition 7.3. Let X be a non-empty set and let (1j)je; C CBPT(X). Then
Njes 77 € CBPT(X).

Proof. The proof is straightforward. O

Remark 7.4. From Proposition 7.3, we can easily see that C BPT(X) forms a meet
complete lattice with respect to the set inclusion relation of which 7° is the smallest
element and 7! is the largest element.

Proposition 7.5. Let (X,7) be a CBPTS. Then we have the followings:
(i) 0%, 1X € CBPC(X),
(ii)) AUB e CBPC(X) for any A, Be€ CBPC(X),
(i) (;e; Aj € CBPC(X) for each (Aj)je; C CBPC(X).

Proof. The proof is straightforward. O

Definition 7.6. Let (X, 7) be a CBPTS, let B [resp. S] is a subfamily of 7.

(i) J is called a base for 7, if every member of 7 can be expressed as a union of
members of J.

(ii) n is called a subbase for 7, if the family of all finite intersections of members

of n forms a base for 7.
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Proposition 7.7. Let X be a non-empty set and let § C CBP(X) such that
0%, 1% € 6. Suppose for any A, As € & and for each Taa) € A1 N Ag, there
is A € 0 such that xzay € A C A1 N Ay. Then § is a base for some CBPT on X.

Proof. Let T be the collection of all unions of members of §.
(CBPO1) It is clear that 0%, 1¥ € 7.
(CBPO3) The proof is obvious.
(CBPO2) Let U, V € 7. Then clearly there are (A;);cs, (Bk)rerx C 0 such that

U=J A and V=] B
JjeJ keK
Thus by Theorem 3.5 (4), we have
(7.1) unv=J (AnB.
(G, k)ETXK
Now let =z 4y € A;j N Bg. Then by the hypothesis, there is W € § such that
(7.2) TEa) € W C .Aj N B.

By Lemma 4.2, A; N By = (Hr@a) : T@a) € Aj N B} Thus by (7.2), YNV is
expressed as a union of members of §. So Y NV € 7. Hence 7 is a CBPT on X for
which ¢ is a base. O

Proposition 7.8. Let (X,7) be a CBPTS and let A [ CBP(X). Suppose for each
T@a) €A, there is Uiz a) € T such that (55 € Ugay CA. Then A€ T.

Proof. Suppose the sufficient condition holds. Then by Lemma 4.2, we have
A = U u<57a> .
T(a,a) €A

Thus by Definition 7.1 (CBPO3), A € 7. O

Definition 7.9. Let (X, 7) be a CBPTS, let A [ CBP(X) and let 25 5y € CBPp(X).
Then A is called a cubic bipolar neighborhood (briefly, CBPN) of x5 ay, if there is
U € 7 such that z(z 4 €U C A.

We will denote the set of all CBPNs of (3 5y as CBPN (x(z,a))-

Theorem 7.10. Let (X, 7) be a CBPTS and let A€ CBP(X). Then A € 7 if and
only if for each x5y € A, there is U € CBPN(x3,a)) such that U C A.

Proof. Suppose A € 7 and let 3 5y € A. Then clearly, we have A € CBPN (2 (3,a))-
Thus the necessary condition holds.

Conversely, suppose the necessary condition holds and let z(5 5y € A. Then there
is Uza) € T such that x(z 5y € Uz ay C A. Thus by Proposition 7.8, A € 7. O

Definition 7.11. Let (X, 71), (Y, 72) be two CBPTSs. Then a mapping f: X - Y
is said to be continuous, if f~1(V) € 7y for each V € 7.

The following is an immediate result of the above definition.

Proposition 7.12. The identity mapping Ix : (X,7) — (X, T) is continuous.
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Proposition 7.13. If the mappings f : (X, 71) = (Y,72) and g : (Y, 72) — (Z,73)
are continuous, then go f: (X, 1) — (Z,73) is continuous.

Proof. From Proposition 3.7 (10) and Definition 7.11, the proof is obvious. O

Remark 7.14. (1) Let CBPTop be the collection of all CBPTSs and continuous
mappings. Then we can easily see that CBPTop forms a concrete category, from
Propositions 7.12 and 7.13.

(2) From Definitions 3.6 and 4.1, it is obvious that for a mapping f : X — Y and
each T@Ea) € CBPp(X), f(17<57a>) € CBPp(Y).

Definition 7.15. Let (X, 1), (Y, 72) be two CBPTSs. Then a mapping f: X =Y
is said to be continuous at x5 7y € CBPp(X), if f~1(V) € CBPN (2 (z,4)) for each
Ve CBPN(f(iE(g,@))

Theorem 7.16. A mapping [ : (X, 1) — (Y, 72) is continuous if and only if f is
continuous at each x(zay € CBPp(X).

Proof. The proof is easy. 0

Definition 7.17 ([31], Proposition 3.1). Let (A,74), (B,dp) be fuzzy subspaces of
fts’s (X,7), (Y,0), respectively and let f be a mapping of (A, 74) into (B,dg).

(i) f is said to be relatively fuzzy continuous, if for each open fuzzy set V in 05,
fﬁl(V) NAETT4.

(ii) f is said to be relatively fuzzy open, if for each open fuzzy set U in 75,
f(U) € p.
Result 7.18 ([31]). Let (X, 7) and (Y,0) be two fuzzy topological spaces, let A [resp.
BJ be a fuzzy set in X [resp. Y] and let (A, T4) [resp. (B,0p)] be a fuzzy subspace
of (X,7) [resp. (Y,0)]. Suppose f: X — Y is fuzzy continuous such that f(A) C B.
Then f is a relatively continuous mapping of (A,74) into (B,dp).

Lemma 7.19. Let (X, 1) be a cubic bipolar topological space and let A € CBP(X).
Then the family of cubic bipolar sets T4 in X given by:

TAa={UNA:UEecT}

is a cubic bipolar topology on A.
In this case, the pair (A, 74) will be called a cubic bipolar subspace of (X, 7).

Proof. The proof is obvious from Theorem 3.5 and Definition 7.1. g

Lemma 7.20. Let X, Y be two Q-algebras and let f : X — Y be a Q-homomorphism.
If B is a subalgebra of Y, then f~1(B) is a subalgebra of X.

Proof. Suppose B is a subalgebra of Y and let z, y € X. Then
[fHAD) (@ xy) = AP(f(2 *y))
= AP(f(x) * f(y)) [Since f is a homomorphism]
> A7(7(2)) AAP((y) [Since B € SA(Y)]
=l HAD)](@) A i’ (AP)]( )-
Similarly, we have [f =1 (A™M)](z xy) < [f~H(AM)](z) V [f 1 (AN)](y). Also, we have
[f

(1AM (@ *y) > [f 8‘(() (@) ALFHA(),
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[fTHAN @ *y) < [F7HAN)](@) v [F7HAD)](y)-
Thus f~1(B) is a subalgebra of X. O

Definition 7.21. Let (A4,74), (B,dp) be cubic bipolar subspaces of cubic bipolar
topological spaces (X, 7) and (Y, d), respectively and let f be a mapping of (A, 74)
into (B,dp). Then

(i) f is said to be relatively cubic bipolar continuous, if for each cubic bipolar open
set V in ép, fTH(V)NAE Ta.

(ii) f is said to be relatively cubic bipolar open, if for each cubic bipolar open set
U in 7p, f(U) €0p.

From Lemmas 7.19 and 7.20, and Definition 7.21, we get a similar property to
Result 7.18.

Proposition 7.22. Let X, Y be two Q-algebras and let f : X — Y be a Q-
homomorphism. Let (X,7) and (Y,6) be two cubic bipolar topological spaces, let
A [resp. B] be a cubic bipolar subalgebra of X [resp. Y] and let (A,T4) [resp.
(Y,0)]. Suppose f: X — Y is cubic bipolar continuous such that f(A) C B. Then
[ is a relatively cubic bipolar continuous mapping of (A, 74) into (B, dg5).

8. CONCLUSIONS

We dealt with basic properties of cubic bipolar sets and cubic bipolar points,
cubic bipolar base and fore each concept obtained some of its properties. Also we
applied the concept of cubic bipolar sets to Q-algebra. Moreover, we discussed with
the image and the preimage of a cubic bipolar set under Q-homorphism. Finally,
we defined a cubic bipolar topology and a continuity, and dealt with some of their
properties.

In the future, we expect that one will study the octahedron bipolar foldedness,
octahedron bipolar topology and octahedron m-polar topology. Furthermore, in our
future study of fuzzy structures of BCK/BCI/KU-algebras, the following topics
should be considered:

(i) cubic bipolar positive implicative ideals in a BCK/BCI/KU-algebra and its
application to topology,

(ii) cubic bipolar commutative ideals in a BCK/BC1/KU-algebra and its appli-
cation to topology,

(iii) the relationship between cubic bipolar implicative ideals, positive implicative
ideals and commutative ideals in a BCK/BCIT/KU-algebra and its application to
topology,

(IV) cubic bipolar ideals in a semigroup and its application to topology.
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