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Summary. An intuitionistic fuzzy set was exhibited by Atanassov in 1986 as a generalization
of the fuzzy set. So, we introduce cubic intuitionistic structures on a KU-semigroup as a
generalization of the fuzzy set of a KU-semigroup. A cubic intuitionistic k-ideal and some
related properties are introduced. Also, a few characterizations of a cubic intuitionistic k-ideal
are discussed and new cubic intuitionistic fuzzy sets in a KU-semigroup are defined.

1 INTRODUCTION

A fuzzy set is introduced by Zadehin 1956 [1]. Many papers studied this concept in
different branches of mathematic, for example, vector space, group theory, topological space,
ring theory and module theory. Atanassov [2] introduced the generalization of a fuzzy set is
called an intuitionistic fuzzy set. In [3], Jun and Kim studied intuitionistic fuzzy ideals on
BCK-algebras. Kim [4] studied intuitionistic (T; S)-normed fuzzy subalgebras of BCK-
algebras. Many authors introduced intuitionistic fuzzy sets in different ways and applied them
in many structures; see [5, 6, 7, 8 and 9]. In this paper, a cubic intuitionistic k-ideal and some
important properties of cubic intuitionistic k-ideals are discussed. By apply a homomorphism;
we can prove some results about a cubic intuitionistic fuzzyk-ideal.

2 BASIC CONCEPTS

Some basic concepts that are necessary for the main part of the paper we will include in
this section.
Definition 2.1 [10,11].

A KU-algebra(T',*,0) is a set I' with a binaryoperation* and constant 0 and
itissatisfiesthefollowing,foralle, 8,6 € T

(ku,) (a * B) * [(B = 8) * (e = 8)] = 0,
(ko,)a + 0 = 0,

(kuy,) 0 *xa = a,

(ku))a*g =0andf+a =0 impliesa = f3,

(kug) a xa = 0.
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Arelation < onT is defined as followsa < < B *a = 0. Then
(T,*,0) is satisfies the following, for alla, 8,6 €T,

(ku, )(B * 6) * (@ *6) < (axp),
(ku,) 0 < «a,
(kuy)a < Band B < aimpliesa = f
(ku,) Bra<a.
Theorem 2.2 [12].
For a KU-algebra (T, ,0), the following axioms can be realized, for all «, 5,8 €T,
QD a<pimply 6 <a=xd,
() ax(B*6)=px*(axd),
P((B*a)*a)<B.
Example 2.3 [10].

LetI' = {0,a,b,c} be asetand * a binary operation,

= | 0|lal| b|c
0| 0|a| b|c
a 00 0| b
b| 0| b| 0| a
c| 0| 0] 0|0

Then (T,*,0) is a KU-algebra.
Definition 2.4 [13].

A nonempty set ' with x,0 and 0 is called a KU-semigroup if
() A nonempty set I with+,0 is a KU-algebra,
(11) A nonempty set I with o ,0 is a semigroup,
(MMae(B*x8)=(aoPB)*(aecd)and(a*B)ecd=(axod)*(B0),Va,p,6 ET.
Definition 2.5 [13].

A non-empty subset S of a KU-semigroup I" is called a subKU-semigroup if @ * §,a o 8 €
S, for alla,f € S.

Example 2.6 [13].
LetT = {0, a, b, c} be a set. Define = - operation and o- operation by the following tables
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aS|Q O

olo|lo|o|o
o|Q (o) |Q
o|Ioc|ICo|IT T
ola|a|a|a
a (T |Ofo
olo|lo|o|o
Q|oQ |o|Q
oS |||
QT (o0

Then(T,x,2,0) is a KU-semigroup and {0, b} IS a subKU-semigroup.
Definition 2.7 [13].

For a KU-semigroup(T,*,0,0), let ¢ #+ ScI'. Then S is called S-ideal, if

(0 €ES,

(i) axpeSandaeS=>pP €S,

(i) Forall « €T,a€ S,wehaveaca €S andaca €S.
Definition 2.8 [13].

For a KU-semigroup(T,*,0,0) , if ¢ # ScI'. Then S is called a k-ideal ,if

i) 0€S,

i) Foralla,B,8 €T, (ax(B+x5))€ES, BESimplyaxd €S,

iii) Foralla €T ,a€S,wehave aca€Sandaca €S.
Definition 2.9 [13].

A mapping f:T > T is called a KU-semigroup homomorphism if f(ax*p) =
fl@)« f(B)and f(a-B) = f(a) o f(B)Va,B €T, where I' and I'‘are two KU-semigroups.

Definition 2.10 [14].

In a KU-semigroup (I',*,2,0). A cubic set ® in I is the set
0 = {{a, fig(a), Ae(a)): a € T}, where jig: T = D[0,1] such that fig(a) = [fie" (), fie" ()]
Is an interval valued fuzzy set in Tand Ag(a) is a fuzzy setin T.

Definition 2.11 [14].

In a KU-semigroup(T,*,2,0). A cubic set ® = (jig, Ag) In T is called a cubic sub KU-
semigroup if: forall a, B €T

(1) fde(a * B) = rmin {flg(a) , Ao (B)}Ae(a * B) < max {Ae(a) ,Ae(B)}
(2) fo(a o B) = rmin {ig(a), fe(B)}, de(ao B) < max {Ag(a), Ae(B)}-
Example 2.12 [14].

LetT = {0,1,2,3} be a set. We define two operations by the following tables
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* 0 1 2 3 o 0 1 2 3
0 0 1 2 3 0 0 0 0 0
1 0 0 0 2 1 0 1 0 1
2 0 2 0 1 2 0 0 2 2
3 0 0 0 0 3 0 1 7 3

Then (T,*,0,0) is a KU-semigroup. Define fig(a) and Ag(a) by
_ _([0.2,08] if a=1{0,1,2} _{ 0.2 if a=1{012}
fie(a) = {[0.1,0.3] if a=3 @104 if a=3"
Then © = (fig, Ag) is a cubicsub KU-semigroup.
Definition 2.13 [14].

A cubic set ® = (fig, Ag) is called a cubic ideal of a KU-semigroup(T,*,0,0) if for all
a,fer

(1) fe(0) = fig(a) and Ag(0) < Ag(a),

(1) Tie(B) = rmin{ig(a = B), do(@)}, Ae(B) < max{dg(a *p),le(a)},
(Ie)de(a ° B) = rmin {fig(a), do(B)}, Ao(a e B) < max {Ae(a), 2o(B)}-
Definition 2.14 [14].

A cubic set © = (fig, 1) is called a cubic k-ideal of a KU-semigroup(T,*,0,0)if for all
a,B,6 €T

(Cky) fig(0) = fig(a) and Ag(0) < Ag(a),

(Cky) fig(a * 6) = rmin{fig(a * (f * 8)), fe(B)},

Ao(a * &) < max {Ag(a * (B * 6)), Ao (B},

(Cks3) fig(a ° B) = rmin {fig(a), fie(f)}Ae(a° B) < max {Ae(a), Ae(B)}.

3 CUBIC INTUITIONISTIC K-IDEAL OF A SEMIGROUP IN KU-ALGEBRA

Consider, two elementsD,=[a",a"]and D, =[b",b"]in D [0, 1] are defined by
rmin(D,, D,) =[min(a",b"), min(a",b"”)]and rmax(Dl,DZ):[max(aL,bL),max(a“,bU)].
The operations >, < and = are refined by

1- D, <D, iff a" <b",a" <b’;
2-D,>D, iff a">b",a" >b";
3-D,=D, iff a-=b",a’ =b".

In this paper, we use the interval-valued intuitionistic fuzzy set
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A = {(a,My(a), Ny(a): ¢ €T}.

In which M, (a) and N, («) are closed subintervals of [0; 1] for all @ € T'. Also, we use the
notations M (a) and MY (a) to mean the left end point and the right endpoint of the interval
M, (a), respectively, and so we have M,(a) = [M4(a), M (a)]. For the sake of simplicity,
we shall use the symbol A = (M,(a), Ny(a))for the interval-valued intuitionisticfuzzy set
A = {(a,My(a), Ny(a): a € T}. A cubic intuitionistic set in I' we mean a structure

0 = {{a,A(a),A(a)): @ € T} in which A is an interval-valued intuitionistic fuzzy set in T
and A is an intuitionistic fuzzy set in I'. A cubic intuitionistic set ® = {{a, A(a),A(a)): a € T}
is simply denoted by ® = (4, A).

Definition 3.1.
An (CIFS) ® = (A, 1) of T is called a CIF-sub KU-semigroup of T if \Va, 8 €T
(i) Ma(a *B) = rmin{Ma(a), Ma(B)}, Na(a * B) < rmax{Na(a), No(B)},
And w; (a * B) = min{wy(a), wa(B)}, pala * B) < max{py(a), pA(B)},
(i) Ma(a ° B) = rmin{Mp(a), Mao(B)}, Na(a ° B) < rmax{Na(a), No(B)} and
wy(a o B) = min{wy(a), wr(B)}, pala ° B) < max{py(a), pr(B)}.
Lemma 3.2.

If ®=(A4,1) is a CIF-sub KU-semigroup of T', then M,(0) = M(a), No(0) < Np(a)
and w; (0) = wy(a), p5(0) < py(a), forall a €T.

Proof.
The prove is straightforward, by applying Definition3.1.
Example 3.3.
Let T = {0,a, b, c} be a set. Define *- operation and o - operation by the following tables

* 0 a b c o 0 a b c
0 0 a b c 0 0 0 0 0
a 0 0 0 c a 0 a 0 a
b 0 a 0 c b 0 0 b b
c 0 0 0 0 o 0 a b o

Then(T,*,0,0)is a KU-semigroup. We can define a (CIFS) ® = (4,1) as follows
®={(010,0.8,0.2),(a,0.8,0.2,0.6,0.4),(b,0.6,0.4,0.7,0.3),(c,0.6,0.4,0.8,0.2) }.
Then® = (4, 1) is a CIF-sub KU-semigroup.

Definition 3.4.
A (CIFS) ® = (A4, A) of T is called a (CIF)-ideal, if: forall a, 8,6 € T
(cif)Ma(0) = Ma (@), Na(0) < Na(a) and w3 (0) = wy(a), pa(0) < pa(@),
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(cif)Ma(B) = rmin{Mp(a * B), Ma(a@)},Na(¥) < rmax{Np(a * B), Na(a)}, and
wr(B) = min{wy (a * B), wa(@)}pr(B) < max{py(a * B), pr(a)},
(Cifs) Ma(a o B) = rmin{Mp(a), Mo(B)}, Na((a ° B)) < rmax{N,(a), N5(B)}and
wp((a o B)) = min{wy (@), wr(B)}, pa((a ° B) < max{pr(a), pr(B)}-
Definition 3.5.

A(CIFS) ® = (A4, A) of T is called a (CIF) k- ideal, if: for alla, 8,6 € T
(CIF)Ma(0) = Ma(a), Na(0) < Na(a) and w3 (0) = w; (), pa(0) < pa(a),

(CIF))Mp(x * 7) = rmin{Ma(x * (y * 7)), MA(¥)},Na(x * T) < rmax{Ny(x * (y *
), VAy}, and wA (x*z)>minfwlx+(v+r),wl y},

pa(x * 7) < max{py(x * (y * 1)), pA(¥)},
(CIFg)Mp(x 0 y) = rmin{Ma(x), Ma(¥)}, Na(x o y) < rmax{Nx(x), Na(y)} and
wr(x o y) = min{wy(x), 0 (¥)}, pA(x 0 y) < max{pr(x), pa(¥)}.
Example 3.6.
LetI' = {0,a,b,c,d} be a set. Define *- operation and - - operation by the following

*10lalblec|d s 0]la|blc|d
0({0ja|blc|y o{0j0f(0j0|0
a|0]0|blc|g al0|0|0]0O]O
bl0jal0jc) g b|o[ofo]o0]Db
c|0laj0)0]d clolofo]b]|ec
dlo[ofofo]o0 dlolalbleclyg

Then (T,*,0,0) is a KU-semigroup. We can define a (CIFS) © = (4,4)as follows:
®=4{(0,1,0,0.5,0.3),(a,0.7,0.2,0.6,0.5), (b,0.6,0.4,0.8,0.1),(c,0.9,0.1,0.6,0.4),(d,0.5,0.2,0.4,0.2) }
Then® = (A4, 1) is a (CIF) k- ideal of T.

Lemma 3.7.

Let ® = (A, A) be a (CIF) k-.ideal of a KU-semigroup T and y <y, then Ma(x) = My (),
Na(x) < Na(y) and wy (x) = w (y), pa(x) < pa(y), forallx,y €T .
Proof.

Let y <y , then by the definition of "<", we get y* y =0.
Now, since ® = (A, A) is a (CIF)k- ideal, then

Mp(x) = Ma(0 * x) = rmin{M, (0 * (y * x)), Ma(y)} = rmin{M, (0 * 0), Ma(y)}
= Mp(y),
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and

Na(x) = No(0 * x) < rmax{Na(0 * (y * x)), Na(y)} = rmax{N, (0 * 0), Ns(»)} = Na(»).
Also,

w3 (%) = (0 % x) = min{w; (0 * (y * x)), wa(¥)} = min{w, (0 * 0), w; ()} = WA (Y)
and

pa(x) = pa(0 * x) < max{py(0 * (y * x)), A ()} = max{py(0 * 0), ,(¥)} = P ().
Theorem 3.8.

Let (I',x,0,0) be a KU-semigroup. A(CIFS) ® = (4, A)of I" is an (CIF)-ideal if and only if
® = (A, 1) is a (CIF) k-ideal.
Proof.

Na(x *7) < rmax{Np(x * (y * 7)), Na(y)} and w; (x * 1) = min{(=) Let ® = (A,7) be
a (CIF)-ideal of T ,then by the condition (cif,) we get

Ma(x * 7) =2 rmin{Ma(y * (x * 7)), MA(¥)}, Na(x * 7) < rmax{Nx(y * (x * 7)), Na(y)}

and w; (x * 1) = min{wy(y * (x * 7)), wa (Y} pa(x * 7) < max{py(y * (x * 1)), pA(¥)}, by
Theorem (2.2)(2), we get My (x * 7) = rmin{M,(x * (y * 7)), MA(y)},

wy (x * (¥ * 1), 03 (M}hpa(x * 1) < max{py(x * (y * 7)), pa(¥)}. And since © = (A, 1) is
a (CIF)-ideal of KU-semigroup T, then the condition(cifs) is hold. It follows that ® = (A, A) is
a (CIF) k-ideal of T.

(<)Let ® = (A, A) be a (CIF) k-ideal of T . If we put y =0in the condition(CIF;), we get
Mp(7) = rmin{Mp(y * 7)), MA(¥)}, Na(7) < rmax{Na(y * 7)), Na(y)} and

wy (1) = minf{wy (y * 7)), wa(»)}oa (1) < max{py(y * 1)), pr(y)}, and since © = (A, 1)
is a (CIF) k-ideal of KU-semigroup I', then the condition(CIFs3) is hold. It follows that
® = (A, A) isa (CIF)-ideal of T.

Definition 3.9.

Let ® = (4, 4) be a (CIFS) of a KU-semigroup I'. For [t;,t,] € D[0,1] and 6 € [0,1], the
set

K(My, wy, [t1,t2]) = {x ET: Mp(x) = [tq, t5], wa(x) = [tq, t,]} is called an upper [tq, t,]
-level of ® and L(Ny, py,0) = {x € I Np(x) < 0, p,(x) < 0} is called an lower §-level of
0.

Theorem 3.10.

A (CIFS) ® = (A, 1) of T is a (CIF) k-ideal if and only if the upper [¢t,, t,]-level and the
lower 6-level of ® are k-ideals of T

Proof.

For [t;,t,] € D[0,1] and @ € [0,1], since K(My, w;, [t1,t,]) # ¢, for any element
x € K(MAJ w7, [tli tz]), then

Mp(x) = [ty, t5], wa(x) = [tq, t2]. It follows that x = 0, hence 0 € K(M,, wy, [t1, t2]).
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Let (x x (y 1)) € K(My, wy, [t1, tz])and y € K(My, wy, [t, t;]),then
Mp(x * (y x 7)) = [t1, t2], Ma(Y) = [t1, 2] and wp(x * (¥ * 7)) = [ty, E2], wa(y) = [ty t2].
We have M (x * 7) = rmin{M(x = (y * 7)), Ma(¥)} = [¢4, t,] and
wp(x * ) = min{wy(x * (y * 1)), 0a (M)} = [ty, t2], then(x x ) € K(My, wy, [ty, t2]).
It follows that My (x o y) = rmin{M,(x), Mo(y)} = [t1,t,] and

wa(x o y) = minfwy(x), wa(y)} = [ty, t2], then we get x o y € K(Mp, wy, [¢4,t,]) and by
the same way y o x € K(Mp, w3, [t1, t2]). SO K(My, w3, [t1, t2]) is a k- ideal of T

By the similar way, we can prove that L(Ny, py, 6) = {x € T: Nay(x) < 0, p5(x) < 6} is
also a k- ideal of T.

Conversely, assume that K(My, w3, [t1,t2]) and L(N,, p;, 0) are k-ideals of I'. For any
[t;,t,] € D[0,1] and O € [0,1], suppose that x,y,T € T such that M,(0) = M,(x) and
(U}\(O) > (A)}\(x). Now, let

[e0,£1] = 5 [Ma(0) + MA(x)] and [eg,&1] = 5[0 (0) + w3 (x)]. It follows that [gy, 1] <
Ma(x), [0,0] < Ma(0) < [go,&] <[1,1] and [ey, &] < wa(x), [0,0] < w(0) < [gg,&] <
[1,1] then x € K(My, wy, [€0, €1]) and since K(Mp, w3, [€o, €1]) IS a k- ideal of T, then [0,0] €
K(My, wy, [£0,€1]) = Ma(0) = [, &], and

w3 (0) = [&g, &1], this is a contradiction. Therefore, we have
Mp(0) = My (x) and w;(0) = w, (x), for all x € T. Similarly, by taking
[60,61] = %[NA(O) + Njy(x)] and [8y, 81] = %[pA(O) + pa(x)] , we can show that
Na(0) < Np(x) and p,(0) < py(x), forany x € T.

If assume x,y,t € T such that My (x * 7) < rmin{M,(x * (y * 7)), Ma(y) }.
Put [gy, &,] = %[MA(x *T) + rmin{MA(x * (y * T)),MA(y)}].

And [gg, &1] = %[a)A(x *7) + minfw, (x * (¥ * 7)), a)A(y)}].

= [&,&1] > Mpa(x % 7), [&g, &1] < rmin{MA(x * (y * T)),MA(y)}and

[€0, €1] > wa(x * T), [€9,&1] < min{wA(x * (y * T)), a)A(y)}.

= [&g, &1] > Mpa(x * 1), [£9, 1] < MA(x * (y * T))and [€0, €1] < My (y), also

[e0, £1] > wa(x % ), [g0, £1] < wa(x * (v x D)) and [eg, &1] < wa ().

SO' (x * T) ¢ K(MAi w3y, [80, 81])1(x * (y * T) € K(MA: w3, [80, 81]) and
y € K(My, wy, [, €1]), this is a contradiction .

Hence Mp(x *7) = rmin{My(x* (y * 7)), Ma(y)} and wy(x * 7) = min{w; (x * (y *
7)), wy(¥)}, forall x,y,t € T.

Similarly, we can show that
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Na(x * 1) < rmax{Na(x * (y * 7)), Ny ()}, and

pa(x * ) < max{py(x * (y * 1)), pA(M)} , Vx,y,T €T,

Also, we can prove that Mp(x o y) = rmin{Mp(x), Ms(y)},
Na(x 0 y) < rmax{Na(x), Na(y)}and wy (x ° y) = min{w,(x), wa ()},

pr(x o y) < max{p,(x), px(y)}. Therefore, ® = (4, 1) is a(CIF) k -ideal of T.

4 HOMOMORPHISM OF A (CIFS) OF KU-SEMIGROUPS
Definition 4.1.

Let a mapping h:T - I'" be a homomorphism of two KU-semigroups I" and I'". For any
(CIFS) ® = (A, 1) of ', we can define a new (CIFS)A" = (x, M}, N}, w}, p?) as follows:

M} (x) = Ma(h(x)), Ni (x) = Na(h(x)) .0} (x) = wa(h(x)) ,04(x) = pa(h(x)),
where x € T.
Theorem 4.2.

Let T and I'" be two KU-semigroups and h be a homomorphism and ontomapping fromI" into
I''. Then

(1) If A = (x, My, Np, w4, pa) isa (CIF) k-ideal of T’, then A" = (x, M}, NI, wh, p?) is a
(CIF) k -ideal of T'.

(2) If A" = (x', M}, N}, wh, p1) is a (CIF) k -ideal of T, then A = (x, Ma, Na, @4, pa) iS @
(CIF) k -ideal of T..

Proof.
(1) Sinceh is onto mapping, it follows that there exists x € T, for any x" € I'’such that

h(x) = x". We have M} (0) = Ma(h(0)) = Ma(0) = Ma(x") = Ma(h(x)) = M} (x),
N (0) = No(h(0)) = No(0") < Na(x) = Na(h(x)) = Nz (x) and

wt(0) = wa(h(0)) = wa(0) 2 Wa(x) = wa(h(x)) = WA (x),

pi(0) = pa(h(0)) = pa(0) < pa(x) = pa(h(x)) = pi(x).
Now, let x,y € I'and 7" € T, then there exists 7 € T, such that h(7) = 7. Then

My (x x y) = Ma(h(x * y)) = Mp(h(x) * h(¥)) = rmin{Ma(h(x) * (z"* h(¥))), Ma(z)}
= rmin{Ma(h(x) * (h(1) * h(¥))), Ma(h(D)} = rmin {Mj;(x « (T * y)),Mj;(r)}, and
wi(x *y) = wa(h(x *¥)) = wa(h(x) * h(y)) = min{ws (h(x) * (7" * h(¥))), wa ()}
= min{wa(h(x) * (h(1) * k3, 0a(R(D)} = min{w} (x * (r ¥) ), I @)},

Also, we have
Ni(x * y) = Na(h(x * ) = Na(h(x) * h(y)) < rmax{Ns(h(x) * (t"* h(y))), Na(z)}

71



B. Davvaz, F.F. Kareem and W.K. Awad

= rmax{Na(h(x) * (h(z) * h(y))), Na(h(x))} = rmax {NGx = (z + ), N (1)}, and
ph(x+y) = pa(h(x * y)) = pa(h(x) * h(y)) < max{pa(h(x) * (*'* h(¥))), pa(z)}
= max{pa(h(x) * (h() * h(¥))), pa(h(1))} = max {ph(x + (x ), ph (D)},
We must prove the condition (CIF3)

M (x 0 y) = Ma(h(x 0 ¥)) = Ma(h(x) © h()) = rmin{Ma(h(x)), Mo(h(¥))} =
rmin{M}(x), M*(y)}, and

wi(x o y) = wa(h(x o y)) = wa(h(x) o h(y)) = min{wa(h(x)), wa(h(¥))} =
min{ag (x), af ()},
Also,

Ni(x o y) = Na(h(x o y)) = Na(h(x) o h(¥)) < rmax{Nx(h(x)), Na(h(y))} =
rmax{N}(x), Nf (¥)},

pi(xey) = pa(h(x o y)) = pa(h(x) o h(y)) < max{ps(h(x)), pa(h(¥))} =
max{p}(x), p ()},
Hence A" = (x, M}, N}, wh, p}) is a (CIF) k -ideal of T.
(2) Since h:T > T’ is onto mapping, it follows that for allx’,y,t €T’, there exist
x,y,7T € I'such that h(x) = x', h(y) = y'and h(z) = 7. It follows that
Ma(h(x) * h(y)) = Ma(h(x * ¥)) = My (x * y) = rmin{Mg (x * (T * ), M{ (1)} =
rmin{M, (h(x) * (h(t) * h(y))), Ma(h(1))}.
And

wa(h(x) * h(y)) = wa(h(x * ) = wj(x * y) 2 minfw (x * (1 * ¥)), wi (D)}
= min{w,(h(x) * (h(2) * h(¥))), wa(h(0))}

Also, we obtain

Na(h(0) * h(»)) = Na(h(x * ) = Nff(x * y) < rmax{N}}(x * (1 * y)), Nf (D)} =
rmax{Na(h(x) * (h(2) * h(¥))), Na(h(1))}
and
pa(h() * h(y)) = pa(h(x * ) = pi(x * y) < max{p} (x * (T *¥)), pa (D} =
max{pa(h(x) * (h(x) * R(Y))), pa(h(D))}.

We must prove the condition(CIF3)
Ma(h() 0 h(y)) = Ma(h(x 0 y)) = M} (x 0 y) = rmin{M} (x), M} (y)} =
rmin{MA(h(x)), MA(h(y))}, and
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wa(h(x) o h(y)) = wa(h(x °¥)) = wi(x o y) = min{w} (x), ()} =
min{w, (h(x)), wa(h())},

Also,

Na(h(x) o h(9)) = Na(h(x ° ) = Nj (x o y) < rmax{N; (x), Ni (y)} =
rmax{NA(h(x)), NA(h(y))}

and

pa(R(x) o h()) = pa(h(x 0 y)) = pi(x 0 ¥) < max{p} (x), p ()} =
max{PA(h(x))'PA(h(Y))}-

Hence A = (x, Mp, No, wp, pa) IS a (CIF) k -ideal of T

Definition 4.3.

Let Al = (x’MAl’NAl’wAl’pAl) and A2 == (x’MAZ'NAZ'wAZ'pAZ) be two CUbIC
intuitionistic fuzzy sets of a KU-semigroupl'. The Cartesian product A; X A,:T X T' = [0,1] is
defined by Al X Az = [(x, y), 1\4141 X MAZ,NA1 X IVAZ,(A)A1 X wAZ’pAl X pAz] such that

My, X My, (x,y) = rmin{My,_ (x), Ms,(¥)}, Na, X Na, (x,¥) = rmax{Ny, (x), Na, ()},
W, X Wa, (x,¥) = min{wy, (x), wa, ()} and pa, X pa,(x,y) = max{pa, (x), pa,( )}
Theorem 4.4.

Let Ay = (x,My,, Ny, w4, pa,) aNd Ay = (X, My,, Ny,, wy,, p4,) be two a (CIF) -ideals of
a KU-semigroupT', then A; X A, is a(CIF)-ideal of ' x T

Proof.
(1) For any(x,y) € I' x ', we have
My, x My, (0,0) = rmin{M,, (0), My, (0)} = rmin{M, (x),M,,(3)} = Ma, x My, (x,)
and
Ny, X Na, (0,0) = rmax{N,, (0), Ny, (0)} < rmax{Ny, (x), Na, ()} = N, X Na, (x, )
Also,
wy, X wy,(0,0) = min{a)Al(O),a)A2 (O)} > min{wAl(x), Wy, (y)} = wy, X wy, (x,y)
and
Pa, X pa,(0,0) = max{PA1 (0), 4, 0} < max{PA1 (x), pa, W} = Pa, X Pa, (%, y)
() Let (a,b),(c,d) €T x T, then
My, X My,(c,d) = rmin{MAl(c),MA2 (d)}
> rmin{rmin{MAl(a *¢), My, (a)},rmin{M,, (b * d), My, (b)}}
= rmin{rmin{MAl(a *¢), My, (b * d)}, rmin{M,,(a), My, (b)}}
= rmin{MA1 X My,(axc,bxd),My XMy, (a, b)}
= rmin{M,, X My,(a *c,a),My, X My, (b =d, b)}
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and
Ny, X Ny, (c,d) = rmax{N,, (c), Ny, (d)}
< rmax{rmax{N,, (a * ¢), Ny, (@)}, rmax{N, (b * d), Na,(b)}}
= rmax{rmax{NAl(a *¢), Ny, (b * d)},rmax{Ny,(a), Ny, (b)}}
= rmax{NA1 X Ny, (a*c,bxd),Ny, XNy, (a, b)}
=rmax{Ny, X Ny,(a*c,a),Ny, X Ny, (b*d,b)}
Also,

wy, X wy,(c,d) = min{a)Al(c),a)A2 (d)}
> min{min{w,, (a * ¢), s, (@)}, min{fw,, (b * d), w,, (b)}ymin{min{w,, (a
*C), g, (b *x d)}, min{wy, (a), w,a, (b)}}
= min{wy, X wy,(@*c,bxd),wy, X wy,(a,b)}
= min{wy, X wy,(a*c,a),wy, X wy,(b*d,b)}

and
Pa, X Pa,(c,d) = max{p,, (c), pa,(d)}
< max{max{py, (a * ©), pa, (@)}, max{ps, (b * d), pa, (b)})
= max{max{ps, (@ * c), ps, (b * )} max{ps, (@), s, ()}}

= max{PA1 X pa,(@axc,bxd),ps X pa,(a, b)}
= max{pAl X pAz (Cl *C, a)' PA1 X pAz (b * d' b)}

0] Let (a,b),(c,d) € T x T, then we have
My, X My (acb,cod)=rmin{M, (aeb),M,,(cod)}
> rmin{rmin{M,, (a), My, (b)}, rmin{M,, (c), Ms,(d)}}
= rmin{rmin{MA1 (a), My, ()}, rmin{M,,(b), My, (d)}}
= rmin{MA1 X My,(a,c),My, X My, (b, d)}
and

Ny, X Ny,(aob,cod) = rmax{NAl(a ob),Ny,(co d)}
< rmax{rmax{NA1 (a), Ny, ()}, rmax{Ny, (c), Ny, (d)}}
= rmax{rmax{NA1 (a), My, (c)}, rmax{N4,(b), Ny, (d)}}
= rmax{NA1 X Ny, (a,c), Ny, X Ny, (b, d)}
Also,
wy, X wy,(aob,cod) = min{wAl(a ob),wy,(co d)}
> min{min{a)A1 (@), wa,(b)}, min{w,, (c), wy, (d)}}
= min{min{wA1 (@), wq, ()}, min{w,, (b), wy, (d)}}

= min{a)A1 X wy,(a,c),wy, X wy, (b, d)}

and
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Pa, X pa,(aeb,cod) =max{p,,(aob),pa,(cod)}
= max{max{pAl (@), pa,(b)}, max{pa, (c), pa, (d)}}
= max{max{pAl (@), pa, ()}, max{pa, (D), pa, (d)}}
= max{PA1 X pa,(a,¢),pa, X pa,(b, d)}
Then A; X A, is a (CIF)-ideal of T x T.

5 CONCLUSION

We have studied the concept of cubic intuitionistic structures on a KU-semigroup as a
generalization of the fuzzy set of a KU-semigroup. We discussed a few properties of this
concept and we investigate some related results. A cubic intuitionistic k-ideals are studied and
the product of two cubic intuitionistic k-ideals to product of KU-semigroup are established.
The notion of homomorphism of new cubic intuitionistic fuzzy sets in a KU-semigroup is
defined.

The main purpose of our future work is to study of cubic intuitionistic fuzzy ideals for
other algebraic structures. Also, we can introduce the notion of cubic intuitionistic fuzzy
graph for a KU-semigroup.
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