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Abstract. We generalize the concept of fuzzy point, intutionistic fuzzy point,
cubic point by introducing the concept of neutrosophic cubic point. Based
on neutrosophic cubic point we generalized the idea of (�; �)-fuzzy ideals,
(�; �)-intutionistic fuzzy ideals, (�; �)-cubic ideals ideals by initiating the new
concept of neutrosophic Cubic (�; �)-ideals. Particularly we give the idea
of neutrosophic cubic (2;2 _q)-ideals (resp., sub-semigroups, generalized bi
ideals, bi-ideals, quasi ideals, interior ideals, prime and semiprime ideals).

1. Introduction

Fuzzy sets which were introduced by Zadeh [1], deal with possibilistic uncertainty,
connected with imprecision of states, perceptions and preferences. Based on the
(interval-valued) fuzzy sets, [2], cubic sets were introduced by Jun et al. [3] which
are the generalization of Atanassov�s, Intuitionistic fuzzy sets [18]. They introduced
the notions of sub-algebras/ideals, cubic -sub-algebras and closed cubic ideals in
BCK/BCI-algebras, and then they investigated several properties, see, [4, 5, 6,
7, 8]. Murali [13] de�ned the concept of belongingness of fuzzy point to a fuzzy
subset under natural equivalence on fuzzy subset. The idea of quasi coincidence
of fuzzy point to a fuzzy set played important role. Bhakat et al. [12], gave the
concept of (�; �)-fuzzy subgroup by using the " belong to" relation (2) and "quasi-
coincidence" with relation (q) between a fuzzy point and a fuzzy subgroup. Shabir
et al. developed (�; �)-fuzzy ideals in semigroups [17]. Madad et al. generalized
the concept of Jun�s cubic sets in semigroups [19] by de�ning the concept of cubic
point. The concept of neutrosophic set (NS) developed by Smarandache [14], is
a more general platform which extends the concepts of the classic set and fuzzy
set [15] and then neutrosophic set theory is applied in various directions. Jun et
al. gave the idea of neutrosophic cubic sets and their di¤erent basic operations,
[9, 10, 11].
In this paper we introduce the idea of neutrosophic cubic point, using the " belong

to" relation (2) and "quasi-coincidence" with relation (q) between a neutrosophic
cubic point and Neutrosophic cubic set. Based on neutrosophic cubic point we
initiate the theory of neutrosophic Cubic (�; �)-ideals, neutrosophic Cubic (�; �)-
sub-semigroups, Neutrosophic Cubic (�; �)-generalized bi-ideals, Neutrosophic Cu-
bic (�; �)-bi-ideals and Neutrosophic Cubic (�; �)-interior ideals with examples:
Particularly we present the idea of neutrosophic Cubic (2;2 _q)-ideals, neutro-
sophic Cubic (2;2 _q)-sub-semigroups, Neutrosophic Cubic (2;2 _q)-generalized
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bi-ideals, Neutrosophic Cubic (2;2 _q)-bi-ideals, Neutrosophic Cubic (2;2 _q)-
quasi ideals, Neutrosophic Cubic (2;2 _q)-interior ideals and Neutrosophic Cubic
(2;2 _q)-semiprime (resp., prime) ideals.

2. Preliminaries

A non-empty set S together with an associative binary operation ���is called a
semigroup. A non-empty subset A of a semigroup S is called a sub-semigroup if
AA�A: A non-empty subset A of S is left(resp., right) ideal of S if SA�A (AS�A) :
A sub-semigroup B of S is bi-ideal of S if BSB�B and interior ideal of S if SAS�A:
Now we recall the concept of interval valued fuzzy sets. An interval number isea = [a�; a+], where 0 6 a� 6 a+ 6 1. Let D[0; 1] denote the family of all closed

subintervals of [0; 1], i.e.,

D[0; 1] = fea = [a�; a+] : a� 6 a+; for a�; a+ 2 Ig:
We de�ne the operations "�"; "�"; "="; "rmin" and "rmax" in case of two elements
in D[0; 1]: We consider two elements ea = [a�; a+] and eb = [b�; b+] in D[0; 1]: Then
(i) ea � eb if and only if a� � b� and a+ � b+, (ii) ea � eb if and only if a� � b�

and a+ � b+, (iii) ea = eb if and only if a� = b� and a+ = b+, (iv) rminfea;ebg =
[minfa�; b�g;minfa+; b+g], (v) rmaxfea;ebg = [maxfa�; b�g;maxfa+; b+g] : It is
obvious that (D[0; 1];�;_;^) is a complete lattice with e0 = [0; 0] as its least element
and e1 = [1; 1] as its greatest element. Let eai 2 D[0; 1] where i 2 �: We de�ne
rinf
i2�
eai = [inf

i2�
a�i ; inf

i2�
a+i ] and rsup

i2�
eai = [sup

i2�
a�i ; sup

i2�
a+i ]: An interval valued

fuzzy set (brie�y, IVF-set)
~
�A onX is de�ned as

~
�A =

�

x; [��A(x); �

+
A(x)]

�
: x 2 X

	
;

where ��A(x) 6 �+A(x), for all x 2 X. Then the ordinary fuzzy sets ��A : X ! [0; 1]

and �+A : X ! [0; 1] are called a lower fuzzy set and an upper fuzzy set of e�, re-
spectively. Let

~
�A(x) = [��A(x); �

+
A(x)]: Then A =

nD
x;

~
�A(x)

E
: x 2 X

o
; where

~
�A : X �! D[0; 1]:

De�nition 1. [3] Let X be a non-empty set. A cubic set in X is a structure of
the form: C = f(x; e�(x); �(x))jx 2 Xg where e� is an interval-valued fuzzy set in X
and � is a fuzzy set in X.

De�nition 2. [14] A neutrosophic set (NS) in X is a structure of the form:
� = fh�T (x); �I(x); �F (x)i jx 2 Xg where �T : X ! [0; 1] is a truth mem-
bership function, �I : X ! [0; 1] is an indeterminate membership function, and
�F : X ! [0; 1] is a false membership function.

De�nition 3. [16] Let X be a non-empty set. An interval neutrosophic set (INS) in
X is a structure of the form: e� = fhe�T (x); e�I(x); e�F (x)i jx 2 Xg where e�T ; e�I and e�F
are interval-valued fuzzy set in X, which are called an interval truth membership
function, an interval indeterminacy membership function and an interval falsity
membership function, respectively.

De�nition 4. [9] Let X be the space of points and A be a NCS, we de�ne a neu-

trosophic cubic set A (x) =
D
xj
�
~
�; �

�E
where

~
�; (x) = hx (e�T ; e�I ; e�F )i and � (x) =

hx (�T ; �I ; �F )i with e�T : X ! D[0; 1], e�I : X ! D[0; 1], e�F : X ! D[0; 1] and
�T : X ! [0; 1], �I : X ! [0; 1], �F : X ! [0; 1]: We will brie�y denote by
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A (x) = hx (e�T ; e�I ; e�F ; �T ; �I ; �F )i ; where [0; 0] � e�T + e�I + e�F � [3; 3] and
0 � �T + �I + �F � 3:

3. Neutrosophic Cubic Point

Here in this section we generalize the concept of fuzzy point, intutionistic fuzzy
point, cubic point by introducing the concept of neutrosophic cubic point.

De�nition 5. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i and B = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be two NCS and x 2 X ; we de�ne
A�B = hx; (e�T � e�T ; e�I � e�I ; e�F � e�F ; �T � �T ; �I � �I ; �F � �F ) (x)i ; where

e�T � e�T (x) =

8<:
_
x=yz

rmin fe�T (y) ; e�T (z)ge0 otherwise
and �T � �T (x) =

8<:
^
max

x=yz

f�T (y) ; �T (z)g

1 otherwise

e�I � e�I (x) =

8<:
_
x=yz

rmin fe�I (y) ; e�I (z)ge0 otherwise
and �T � �T (x) =

8<:
^
max

x=yz

f�I (y) ; �I(z)g

1 otherwise

e�F � e�F (x) =

8<:
_
x=yz

rmin fe�F (y) ; e�F (z)ge0 otherwise
and �F � �F (x) =

8<:
^
max

x=yz

f�F (y) ; �F (z)g

1 otherwise

De�nition 6. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i and B = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be
two NC sets, we de�ne

A � B; if e�T � e�T ; e�I � e�I ; e�F � e�F and �T � �T ; �I � �I ; �F � �F :
De�nition 7. Let e� = et;ei; ef 2 D(0; 1] and � = s; o; g 2 [0; 1): Then by neutrosophic
cubic point (NCP ) we mean x(e�;�) (y) = hxe� (y) ; x� (y)i where

xe� (y) =
� e� if x = ye0 otherwise

and x� (y) =
�
� if x = y
1 otherwise.

� For any neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i and
for a neutrosophic cubic point x(e�;�); then
(i) x(e�;�) 2 A if e�T (x) � et, e�I(x) � ei; e�F (x) � ef and �T (x) � s;

�I (x) � o; �F (x) � g:
(ii) x(e�;�)qA if e�T (x) + et � e1, e�I(x) + ei � e1; e�F (x) + ef � e1 and

�T (x) + s < 1; �I (x) + o < 1; �F (x) + g < 1:
(iii) x(e�;�) 2 _qA if x(e�;�) 2 A or x(e�;�)qA:
(iv) x(e�;�) 2 _qA if x(e�;�) 2 A and x(e�;�)qA:
(v) x(e�;�)qk� if e�T (x)+e�+ek1 � e1; e�I(x)+e�+ek2 � e1; e�F (x)+e�+ek3 � e1

and �T (x) + � + k4 < 1; �I (x) + � + k5 < 1; �F (x) + � + k6 < 1;whereek1;ek2;ek3 2 D(0; 1] and k4; k5; k6 2 [0; 1):
� Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic set sub-
set of S such that e�T ; e�I ; e�F � f0:5 and �T ; �I ; �F � 0:5: Then et 2
D(0; 1];ei 2 D(0; 1]; ef 2 D(0; 1] and s 2 [0; 1); o 2 [0; 1); g 2 [0; 1) be
such that x(et;ei; ef;s;o;g) 2 ^qA: Then (e�T (x) � et, e�I(x) � ei; e�F (x) � ef ),
(�T (x) � s; �I (x) � o; �F (x) � g) and (e�T (x) + et � e1; e�I(x) + ei �e1; e�F (x) + ef � e1), (�T (x) + s < 1; �I (x) + o < 1; �F (x) + g < 1). It
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follows that e1 � e�T (x) + e�T (x) = 2e�T (x);e1 � e�I(x) + e�I(x) = 2e�I(x);e1 �e�F (x) + e�F (x) = 2e�F (x) and 1 > �T (x) + �T (x) = 2�T (x) ; 1 > �I (x) +
�I (x) = 2�I (x) ; 1 > �F (x) + �F (x) = 2�F (x) : So e�T ; e�I ; e�F � f0:5 and
�T ; �I ; �F < 0:5: This means that x(et;ei; ef;s;o;g) 2 ^q = �: So we will omit

the case � =2 ^q.
� Let NCP(S ) be the collection of all neutrosophic cubic point in a semigroup
S: Then

x(et1;ei1; ef1;s1;o1;g1) � y(et2;ei2; ef2;s2;o2;g2)
= (xy)(xy)(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg;g2g) 2 NCP(S ):

Then NCP(S ) becomes a semigroup and it is a sub-semigroup of NC(S):
De�nition 8. Let S be a semigroup. Then the neutrosophic cubic characteristic
function

�A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F )
of A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is de�ned as

�e�T (x) =

�
[1; 1] if x 2 A
[0; 0] if x =2 A and ��T (x) =

�
0 if x 2 A
1 if x =2 A

�e�I (x) =

�
[1; 1] if x 2 A
[0; 0] if x =2 A and ��I (x) =

�
0 if x 2 A
1 if x =2 A

�e�F (x) =

�
[1; 1] if x 2 A
[0; 0] if x =2 A and ��F (x) =

�
0 if x 2 A
1 if x =2 A

4. Neutrosophic Cubic (�; �)-sub-semigroups

Based on neutrosophic cubic point we generalized the idea of (�; �)-fuzzy ideals,
(�; �)-intutionistic fuzzy ideals, (�; �)-cubic ideals ideals by initiating the new con-
cept of neutrosophic Cubic (�; �)-sub-semigroups.

De�nition 9. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-sub-semigroup of S, where
�; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x; y in S and for allet1;ei1; ef1; et2;ei2; ef2 2 D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that x(et1;ei1; ef1;s1;o1;g1)�A
and

y(et2;ei2; ef2;s2;o2;g2)�A =) (xy)(rminfet1;et2g;rminfei1;ei2g;rminf ef1; ef2g;maxfs1;s2g;maxfo1;o2g;maxfg;g2g) �A:
Example 1. Consider a semigroup S = fa; b; cg with the following table,

: a b c
a c c c
b c c a
c c b c

De�ne a neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i in S by
S e�T e�I e�F �T �I �F
a [0:3; 0:6] [0:5; 0:7] [0:6; 0:7] 0:4 0:6 0:8
b [0:2; 0:4] [0:3; 0:4] [0:2; 0:5] 0:6 0:7 0:9
c [0:7; 0:9] [0:8; 0:9] [0:7; 0:8] 0:2 0:3 0:4
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whereet1 = [0:2; 0:3] ;et2 = [0:1; 0:2] ;ei1 = [0:1; 0:25] ;ei2 = [0:2; 0:4] ; ef1 = [0:01; 0:02] ; ef2 = [0:1; 0:2]
and s1 = 0:7; s2 = 0:8; o1 = 0:7; o2 = 0:9; g1 = 0:9; g2 = 0:95

It is easy to verify that A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is a neutrosophic cubic
(�; �)-sub-semigroup of S:

The following lemma shows that every neutrosophic cubic sub-semigroup is neu-
trosophic cubic (2;2)-sub-semigroup of S:

Lemma 1. A neutrosophic cubic A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of a semi-
group S is neutrosophic cubic sub-semigroup if and only if, for all x; y 2 S and for
all et1;ei1; ef1; et2;ei2; ef2 2 D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that
x(et1;ei1; ef1;s1;o1;g1) 2 A and y(et2;ei2; ef2;s2;o2;g2) 2 A

=) (xy)
(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) 2 A

Proof. LetA = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic sub-semigroup
of S. Let x; y 2 S and et1;ei1; ef1; et2;ei2; ef2 2 D(0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) be
such that x(et1;ei1; ef1;s1;o1;g1) 2 A and y(et2;ei2; ef2;s2;o2;g2) 2 A then

e�T (x) � et1; e�I(x) � ei1; e�F (x) � ef1; e�T (y) � et2; e�I(y) � ei2; e�F (y) � ef2;
�T (x) � s1; �I(x) � o1; �F (x) � g1 �T (y) � s2; �I(y) � o2; �F (y) � g2

So e�T (xy) � rmin fe�T (x) ; e�T (y)g � rminfet1; et2g ) (xy)rminfet1;et2g 2 e�Te�I (xy) � rmin fe�I (x) ; e�I (y)g � rminfei1; ei2g ) (xy)rminfei1;ei2g 2 e�Ie�F (xy) � rmin fe�F (x) ; e�F (y)g � rminf ef1; ef2g ) (xy)rminf ef1; ef2g 2 e�F
�T (xy) � max f�T (x) ; �T (y)g � max fs1; s2g ) (xy)maxfs1;s2g 2 �T
�I (xy) � max f�I (x) ; �I (y)g � max fo1; o2g ) (xy)maxfo1;o2g 2 �I
�F (xy) � max f�F (x) ; �F (y)g � max fg1; g2g ) (xy)maxfg1;g2g 2 �F

Conversely, let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i satis�es the given condition.
We prove that A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is neutrosophic cubic sub-
semigroup. On contrary for x; y 2 S and et; es;ei 2 D(0; 1]; s; o; g 2 [0; 1) such
thate�T (xy) � et � rmin fe�T (x) ; e�T (y)g ) xet 2 e�T and yet 2 e�T but (xy)et =2 e�Te�I (xy) � es � rmin fe�I (x) ; e�I (y)g ) xes 2 e�I and yes 2 e�I but (xy)es =2 e�Ie�F (xy) � ei � rmin fe�F (x) ; e�F (y)g ) xei 2 e�I and yei 2 e�I but (xy)ei =2 e�F
�T (xy) > s � max f�T (x) ; �T (y)g ) xs 2 �T and ys 2 �T but (xy)s =2 �T
�I (xy) > o � max f�I (x) ; �I (y)g ) xo 2 �I and yo 2 �I but (xy)o =2 �I
�F (xy) > g � max f�F (x) ; �F (y)g ) xg 2 �F and yg 2 �F but (xy)g =2 �F

which is a contradiction. Hence A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is neutro-
sophic cubic sub-semigroup. �
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Theorem 1. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic
(�; �)-sub-semigroup of S. Then the set A(e0;1) = fx 2 sj (e�T ; e�I ; e�F )(x) �e0 and (�T ; �I ; �F ) (x) < 1g is sub-semigroup of S.
Proof. Let x; y 2 A(e0;1): Thene�T (x) � e0; e�T (y) � e0; e�I (x) � e0; e�I (y) � e0; e�F (x) � e0; e�F (y) � e0

�T (x) < 1; �T (y) < 1; �I (x) < 1; �I (y) < 1; �F (x) < 1; �F (y) < 1

Let e�T (xy) = e0; e�I (xy) = e0; e�F (xy) = e0 and �T (xy) = 1; �I (xy) = 1; �F (xy) =
1. If � 2 f2;2 _qg ; then

xe�T (x)�A; xe�T (y)�A; xe�I (x)�A; xe�I (y)�A; xe�F (x)�A; xe�F (y)�A
and

x
�T
(x)�A; x�T (y)�A; x�I (x)�A; x�I (y)�A; x�F (x)�A; x�F (y)�A

bute�T (xy) = e0 � rmin fe�T (x) ; e�T (y)g and e�T (xy) + rmin fe�T (x) ; e�T (y)g � e0 + e1 = e1e�I (xy) = e0 � rmin fe�I (x) ; e�I (y)g and e�I (xy) + rmin fe�I (x) ; e�I (y)g � e0 + e1 = e1e�F (xy) = e0 � rmin fe�F (x) ; e�F (y)g and e�F (xy) + rmin fe�F (x) ; e�F (y)g � e0 + e1 = e1
�T (xy) = 1 > max f�I (x) ; �I (y)g and �T (xy) + max f�T (x) ; �T (y)g � 1
�I (xy) = 1 > max f�I (x) ; �I (y)g and �I (xy) + max f�I (x) ; �I (y)g � 1
�F (xy) = 1 > max f�F (x) ; �F (y)g and �F (xy) + max f�F (x) ; �F (y)g � 1
So for every � 2 f2; q;2 _q;2 ^qg

(xy)rminfe�T (x);e�T (y)g �A; (xy)rminfe�I(x);e�I(y)g �A; (xy)rminfe�F (x);e�F (y)g �A
(xy)maxf�T (x);�T (y)g �A; (xy)maxf�I(x);�I(y)g �A; (xy)maxf�F (x);�F (y)g �A

Hence e�T (xy) � e0; e�I (xy) � e0; e�F (xy) � e0 and �T (xy) < 1; �I (xy) < 1; �F (xy) <
1. So xy 2 A(e0;1): Also for every � 2 f2; q;2 _q;2 ^qg

x1qe�T ; x1qe�I ; x1qe�F ; y1qe�T ; y1qe�I ; y1qe�F
x1q�T ; x1q�I ; x1q�F ; y1q�T ; y1q�I ; y1q�F

but
(xy)1 �e�T ; (xy)1 �e�I ; (xy)1 �e�F ; (xy)1 ��T ; (xy)1 ��I ; (xy)1 ��F

So A(e0;1) = fx 2 sj (e�T ; e�I ; e�F )(x) � e0 and (�T ; �I ; �F ) (x) < 1g is sub-semigroup
of S. �

Theorem 2. Let B be a sub-semigroup of S and let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be a neutrosophic cubic subset of S such that

e�T (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �T (x) =

�
1 if x 2 S �B
� 0:5 x 2 B

e�I (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �I (x) =

�
1 if x 2 S �B
� 0:5 x 2 B

e�F (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �F (x) =

�
1 if x 2 S �B
� 0:5 x 2 B
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Then i) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (q;2 _q)-
sub-semigroup of S.
ii) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-sub-

semigroup of S.

Proof. i) Let x; y 2 S and et1;ei1; ef1; et2;ei2; ef2 2 D(0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1)
be such that x(et1;ei1; ef1;s1;o1;g1)qA and y(et2;ei2; ef2;s2;o2;g2)qA: Then

e�T (x) + et1 � e1; �T (x) + s1 < 1 and e�T (y) + et2 � e1; �T (y) + s2 < 1e�I(x) + ei1 � e1; �I(x) + o1 < 1 and e�I(y) + ei2 � e1; �I(y) + o2 < 1e�F (x) + ef1 � e1; �F (x) + g1 < 1 and e�F (y) + ef2 � e1; �F (y) + g2 < 1
So x; y 2 L =) xy 2 L: Thus ifet1;ei1; ef1; et2;ei2; ef2 � f0:5 and s1; o1; g1; s2; o2; g2 � 0:5
soe�T (x) � f0:5 � et1; �T (x) � 0:5 � s1 and e�T (y) � f0:5 � et2; �T (y) � 0:5 � s2e�I(x) � f0:5 � ei1; �I(x) � 0:5 � o1 and e�I(y) � f0:5 � ei2; �I(y) � 0:5 � o2e�F (x) � f0:5 � ef1; �F (x) � 0:5 � g1 and e�F (y) � f0:5 � ef2; �F (y) � 0:5 � g2
Hence (xy)

(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) 2 A: Ifet1;ei1; ef1; et2;ei2; ef2 � f0:5 and s1; o1; g1; s2; o2; g2 < 0:5
so e�T (x) + et1 � f0:5 + f0:5 = e1; �T (x) + s1 � 0:5 + 0:5 = 1e�T (y) + et2 � f0:5 + f0:5 = e1; �T (y) + s2 � 0:5 + 0:5 = 1e�I(x) + ei1 � f0:5 + f0:5 = e1; �I(x) + o1 � 0:5 + 0:5 = 1e�I(y) + ei2 � f0:5 + f0:5 = e1; �I(y) + s2 � 0:5 + 0:5 = 1e�F (x) + ef1 � f0:5 + f0:5 = e1; �F (x) + g1 � 0:5 + 0:5 = 1e�F (y) + ef2 � f0:5 + f0:5 = e1; �F (y) + g2 � 0:5 + 0:5 = 1
Hence

(xy)
(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) qA:

Thus

(xy)
(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) 2 _qA:

ii) Its proof is similar to the proof of (i). �

Theorem 3. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-sub-semigroup of S if and only if

e�T (xy) � rmin(e�T (x) ; e�T (y) ; f0:5) and �T (xy) � max (�T (x) ; �T (y) ; 0:5)e�I (xy) � rmin(e�I (x) ; e�I (y) ; f0:5) and �I (xy) � max (�I (x) ; �I (y) ; 0:5)e�F (xy) � rmin(e�F (x) ; e�F (y) ; f0:5) and �F (xy) � max (�F (x) ; �F (y) ; 0:5)
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Proof. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2
_q)-sub-semigroup of S, and assume on contrary that there exist x; y 2 S andet;ei; ef 2 D[0; 1] and s; o; g 2 [0; 1) such that

e�T (xy) � et � rminne�T (x) ; e�T (y) ; f0:5o) xet 2 e�T and yet 2 e�T but (xy)et 2 _qe�T
e�I (xy) � es � rminne�I (x) ; e�I (y) ; f0:5o) xes 2 e�I and yes 2 e�I but (xy)es 2 _qe�I
e�F (xy) � ei � rminne�F (x) ; e�F (y) ; f0:5o) xei 2 e�I and yei 2 e�I but (xy)ei 2 _qe�F
�T (xy) > s � max f�T (x) ; �T (y) ; 0:5g ) xs 2 �T and ys 2 �T but (xy)s 2 _q�T
�I (xy) > o � max f�I (x) ; �I (y) ; 0:5g ) xo 2 �I and yo 2 �I but (xy)o 2 _q�I
�F (xy) > g � max f�F (x) ; �F (y) ; 0:5g ) xg 2 �F and yg 2 �F but (xy)g 2 _q�F

which is a contradiction. Hence A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i satis�es the
given conditions. Conversely, let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i satis�es the
given conditions: Let x; y 2 S and et1;ei1; ef1; et2;ei2; ef2 2 D(0; 1] and s1; o1; g1; s2; o2; g2 2
[0; 1) be such that x(et1;ei1; ef1;s1;o1;g1) 2 A and y(et2;ei2; ef2;s2;o2;g2) 2 A then

e�T (x) � et1; e�I(x) � ei1; e�F (x) � ef1; e�T (y) � et2; e�I(y) � ei2; e�F (y) � ef2;
�T (x) � s1; �I(x) � o1; �F (x) � g1 �T (y) � s2; �I(y) � o2; �F (y) � g2

so

e�T (xy) � rminfe�T (x) ; e�T (y) ; f0:5g � rminfet1; et2; f0:5ge�I (xy) � rminfe�I (x) ; e�I (y) ; f0:5g � rminfei1; ei2; f0:5ge�F (xy) � rminfe�F (x) ; e�F (y) ; f0:5g � rminf ef1; ef2; f0:5g
�T (xy) � max f�T (x) ; �T (y) ; 0:5g � max fs1; s2; 0:5g
�I (xy) � max f�I (x) ; �I (y) ; 0:5g � max fo1; o2; 0:5g
�F (xy) � max f�F (x) ; �F (y) ; 0:5g � max fg1; g2; 0:5g

Now if,

rminfet1; et2g; rminfei1; ei2g; rminf ef1; ef2g � f0:5 and maxfs1; s2g;maxfo1; o2g;maxfg1; g2g � 0:5;

then

e�T (xy) � rmin
ne�T (x) ; e�T (y) ; f0:5o � rminfet1; et2g ) (xy)rminfet1;et2g 2 e�Te�I (xy) � rmin
ne�I (x) ; e�I (y) ; f0:5o � rminfei1; ei2g ) (xy)rminfei1;ei2g 2 e�Ie�F (xy) � rmin
ne�F (x) ; e�F (y) ; f0:5o � rminf ef1; ef2g ) (xy)rminf ef1; ef2g 2 e�F

�T (xy) � max f�T (x) ; �T (y) ; 0:5g � max fs1; s2g ) (xy)maxfs1;s2g 2 �T
�I (xy) � max f�I (x) ; �I (y) ; 0:5g � max fo1; o2g ) (xy)maxfo1;o2g 2 �I
�F (xy) � max f�F (x) ; �F (y) ; 0:5g � max fg1; g2g ) (xy)maxfg1;g2g 2 �F

Now if,

rminfet1; et2g; rminfei1; ei2g; rminf ef1; ef2g � f0:5 and maxfs1; s2g;maxfo1; o2g;maxfg1; g2g < 0:5;
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so e�T (xy) + rmin fe�T (x) ; e�T (y)g � f0:5 + f0:5) (xy)rminfet1;et2g 2 _qe�Te�I(xy) + rmin fe�I (x) ; e�I (y)g � f0:5 + f0:5) (xy)rminfei1;ei2g 2 _qe�Ie�F (xy) + rmin fe�F (x) ; e�F (y)g � f0:5 + f0:5) (xy)rminf ef1; ef2g 2 _qe�F
�T (xy) + max f�T (x) ; �T (y)g < 0:5 + 0:5 = 1) (xy)maxfs1;s2g 2 _q�T
�I (xy) + max f�I (x) ; �I (y)g < 0:5 + 0:5 = 1) (xy)maxfo1;o2g 2 _q�I
�F (xy) + max f�F (x) ; �F (y)g < 0:5 + 0:5 = 1) (xy)maxfg1;g2g 2 _q�F

Thus A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-sub-
semigroup of S: �
Theorem 4. A non-empty subset A of a semigroup S is sub-semigroup of S if and
only if the neutrosophic cubic characteristic function �A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F )
is an neutrosophic cubic (2;2 _q)-sub-semigroup of S:

5. Neutrosophic Cubic (�; �)-left (resp., right) Ideals

In this section we focus at Neutrosophic Cubic (�; �)-left (resp., right) Ideals
with di¤erent results.

De�nition 10. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-left(resp., right) ideal of
S, where �; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if x 2 S and et;ei; ef 2
D[0; 1] and s; o; g 2 [0; 1) such that y(et;ei; ef;s;o;g)�A =) (xy)(et;ei; ef;s;o;g) �A(resp.,
(yx)

(et;ei; ef;s;o;g) �A) for all x; y 2 S:
A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is neutro-

sophic cubic (�; �)-ideal of S, if it is both neutrosophic cubic (�; �)-left and neu-
trosophic cubic (�; �)-right ideal of S:

Example 2. Consider a semigroup S = fa; b; cg with the following table,
: a b c
a a a a
b a a a
c a a c

De�ne a neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i in S by
S e�T e�I e�F �T �I �F
a [0:7; 0:9] [0:8; 0:9] [0:7; 0:8] 0:2 0:3 0:4
b [0:2; 0:4] [0:3; 0:4] [0:2; 0:5] 0:6 0:7 0:9
c [0:1; 0:3] [0:5; 0:6] [0:2; 0:4] 0:7 0:5 0:8

whereet = [0:01; 0:2] ;ei = [0:4; 0:5] ; ef = [0:1; 0:2] and s = 0:8; o = 0:7; g = 0:85
It is easy to verify that A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is a neutrosophic cubic
(�; �)-left ideal of S:

The following lemma shows that every neutrosophic cubic left (resp., right) ideal
is a neutrosophic cubic (2;2)-left (resp., right) ideal of S:
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Lemma 2. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of
a semigroup S is neutrosophic cubic left (resp., right) ideal if and only if, for all
x; y 2 S and for all et;ei; ef 2 D[0; 1] and s; o; g 2 [0; 1) such that

y(et;ei; ef;s;o;g) 2 A =) (xy)
(et;ei; ef;s;o;g) 2 A (resp., (yx)(et;ei; ef;s;o;g) 2 A )

Theorem 5. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic
(�; �)-left (resp., right) ideal of S. Then the set A(e0;1) = fx 2 sj (e�T ; e�I ; e�F )(x) �e0 and (�T ; �I ; �F ) (x) < 1g is left (resp., right) ideal of S.
Theorem 6. Let L be a left (resp., right) ideal of S and let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be a neutrosophic cubic subset of S such that

e�T (x) =

� e0 if x 2 S � L
� f0:5 x 2 L and �T (x) =

�
1 if x 2 S � L
� 0:5 x 2 L

e�I (x) =

� e0 if x 2 S � L
� f0:5 x 2 L and �I (x) =

�
1 if x 2 S � L
� 0:5 x 2 L

e�F (x) =

� e0 if x 2 S � L
� f0:5 x 2 L and �F (x) =

�
1 if x 2 S � L
� 0:5 x 2 L

Then i) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (q;2 _q)-
left (resp., right) ideal of S.
ii) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-left

(resp., right) ideal of S.

Theorem 7. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-left(resp., right) ideal of S if and only if

e�T (xy) � rmin(e�T (x) ; f0:5) and �T (xy) � max (�T (x) ; 0:5)e�I (xy) � rmin(e�I (x) ; f0:5) and �I (xy) � max (�I (x) ; 0:5)e�F (xy) � rmin(e�F (x) ; f0:5) and �F (xy) � max (�F (x) ; 0:5)
Corollary 1. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-ideal of S if and only if

e�T (xy) � rmin(e�T (x) ; f0:5) and �T (xy) � max (�T (x) ; 0:5)e�T (xy) � rmin(e�T (y) ; f0:5) and �T (xy) � max (�T (y) ; 0:5)e�I (xy) � rmin(e�I (x) ; f0:5) and �I (xy) � max (�I (x) ; 0:5)e�I (xy) � rmin(e�I (y) ; f0:5) and �I (xy) � max (�I (y) ; 0:5)e�F (xy) � rmin(e�F (x) ; f0:5) and �F (xy) � max (�F (x) ; 0:5)e�F (xy) � rmin(e�F (y) ; f0:5) and �F (xy) � max (�F (y) ; 0:5)
Theorem 8. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic
(2;2 _q)-left ideal and B = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cubic
(2;2 _q)-right ideal of S: Then A � B is neutrosophic cubic (2;2 _q)-two sided
ideal of S:

Lemma 3. Intersection of neutrosophic cubic (2;2 _q)-two sided ideals is a neu-
trosophic cubic (2;2 _q)-two sided ideal of S:
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Remark 1. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i and B = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be neutrosophic cubic (2;2 _q)- ideals of S: Then A �B  A \B:

Theorem 9. A non-empty subset A of a semigroup S is two sided ideals of S if and
only if the neutrosophic cubic characteristic function �A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F )
is an neutrosophic cubic (2;2 _q)-two sided ideals of S:

6. Neutrosophic Cubic (�; �)-generalized bi (resp., bi)-ideals

Here in this section we study Neutrosophic Cubic (�; �)-generalized bi (resp.,
bi)-ideals in semigroups.

De�nition 11. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-generalized bi-ideal of S,
where �; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x; y; z 2 S and for allet1;ei1; ef1; et2;ei2; ef2 2 D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that x(et1;ei1; ef1;s1;o1;g1)�A
and

z(et2;ei2; ef2;s2;o2;g2)�A =) (xyz)(rminfet1;et2g;rminfei1;ei2g;rminf ef1; ef2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) �A:
De�nition 12. A neutrosophic cubic (�; �)-sub-semigroup of A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-bi-ideal of S, where �; � 2
f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x; y; z 2 S and for all et1;ei1; ef1; et2;ei2; ef2 2
D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that x(et1;ei1; ef1;s1;o1;g1)�A and
z(et2;ei2; ef2;s2;o2;g2)�A =) (xyz)(rminfet1;et2g;rminfei1;ei2g;rminf ef1; ef2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) �A:
Remark 2. Every neutrosophic cubic (�; �)-bi-ideal is an neutrosophic cubic (�; �)-
generalized bi-ideal of S; but converse is not true.

Example 3. Consider the semigroup S = fa; b; c; dg :

� a b c d
a a a a a
b a a a a
c a a b a
d a a b b

We de�ne neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i by
A e�T (x) e�I (x) e�F (x) �T (x) �I (x) �F (x)
a [0:5; 0:8] [0:4; 0:7] [0:5; 0:7] 0:1 0:3 0:2
b [0:3; 0:6] [0:2; 0:5] [0:1; 0:5] 0:6 0:5 0:6
c [0:4; 0:7] [0:3; 0:6] [0:3; 0:6] 0:2 0:4 0:4
d [0:1; 0:4] [0:2; 0:6] [0:2; 0:5] 0:5 0:7 0:5

Then A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is neutrosophic cubic (2;2 _q)-generalized
bi-ideal of S but not a neutrosophic cubic (2;2 _q)-bi-ideal of S.

The following lemma shows that every neutrosophic cubic generalized bi (resp.,
bi) ideal is a neutrosophic cubic (2;2)-generalized bi (resp., bi) ideal of S:
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Lemma 4. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of a
semigroup S is neutrosophic cubic generalized bi-ideal if and only if for all x; y; z 2 S
and for all et1;ei1; ef1; et2;ei2; ef2 2 D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that
x(et1;ei1; ef1;s1;o1;g1) 2 A and z(et2;ei2; ef2;s2;o2;g2) 2 A

=) (xyz)
(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) 2 A

Corollary 2. A neutrosophic cubic (2;2 _q)-sub-semigroup A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is neutrosophic cubic bi-ideal if and only if for all x; y; z 2 S and
for all et1;ei1; ef1; et2;ei2; ef2 2 D[0; 1] and s1; o1; g1; s2; o2; g2 2 [0; 1) such that
x(et1;ei1; ef1;s1;o1;g1) 2 A and z(et2;ei2; ef2;s2;o2;g2) 2 A

=) (xyz)
(rminfft1;ft2g;rminffi1;fi2g;rminfff1;ff2g;maxfs1;s2g;maxfo1;o2g;maxfg1;g2g) 2 A

Theorem 10. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cu-
bic (�; �)-generalized bi (resp., bi) ideal of S. Then the set A(e0;1) = fx 2 sj
(e�T ; e�I ; e�F )(x) � e0 and (�T ; �I ; �F ) (x) < 1g is generalized bi (resp., bi) ideal of
S.

Theorem 11. Let B be a generalized bi (resp., bi) ideal of S and let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be a neutrosophic cubic subset of S such that

e�T (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �T (x) =

�
1 if x 2 S �B
� 0:5 x 2 B

e�I (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �I (x) =

�
1 if x 2 S �B
� 0:5 x 2 B

e�F (x) =

� e0 if x 2 S �B
� f0:5 x 2 B and �F (x) =

�
1 if x 2 S �B
� 0:5 x 2 B

Then i) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (q;2 _q)-
generalized bi (resp., bi) ideal of S.
ii) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-

generalized bi (resp., bi) ideal of S.

Theorem 12. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-generalized bi (resp., bi) ideal of S if and only
ife�T (xyz) � rmin(e�T (x) ; e�T (z) ; f0:5) and �T (xyz) � max (�T (x) ; �T (y) ; 0:5)e�I (xyz) � rmin(e�I (x) ; e�I (z) ; f0:5) and �I (xyz) � max (�I (x) ; �T (y) ; 0:5)e�F (xyz) � rmin(e�F (x) ; e�F (z) ; f0:5) and �F (xyz) � max (�F (x) ; �T (y) ; 0:5)
Theorem 13. A non-empty subset A of a semigroup S is generalized bi (resp.,
bi) ideal of S if and only if the neutrosophic cubic characteristic function �A =
(�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F ) is an neutrosophic cubic (2;2 _q)-generalized bi (resp.,
bi) ideal of S:

7. Neutrosophic Cubic (�; �)-quasi ideals

In this section we give the concept of Neutrosophic Cubic (�; �)-quasi ideals
particularly Neutrosophic Cubic (2;2 _q)-quasi ideals. We also discuss the relation
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between Neutrosophic Cubic (2;2 _q)-quasi ideals and other Neutrosophic Cubic
(�; �)-ideals.

De�nition 13. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of
S is the neutrosophic cubic (2;2 _q)-quasi ideal of S if it satis�es

e�T (x) � rminf(
�
1T � e�T ) (x) ; (e�T � �1T ) (x) ; f0:5g

�T (x) � maxf(0T � �T ) (x) ; (�T � 0T ) (x) ; 0:5ge�I (x) � rminf(
�
1I � e�I) (x) ; (e�I � �1I) (x) ; f0:5g

�I (x) � maxf(0I � �I) (x) ; (�I � 0I) (x) ; 0:5ge�F (x) � rminf(
�
1F � e�F ) (x) ; (e�F � �1F ) (x) ; f0:5g

�F (x) � maxf(0F � �F ) (x) ; (�F � 0F ) (x) ; 0:5g
where

�
1T = [1 1];

�
1I = [1 1];

�
1F = [1 1]; and 0T = 0; 0I = 0; 0F = 0 :

Theorem 14. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cu-
bic (2;2 _q)-quasi ideal of S. Then the set A(e0;1) = fx 2 sj(e�T ; e�I ; e�F )(x) �e0 and (�T ; �I ; �F ) (x) < 1g is quasi ideal of S.
Remark 3. Every neutrosophic cubic quasi ideal of S is neutrosophic cubic (2;2
_q)-quasi ideal of S:

Lemma 5. Every neutrosophic cubic (2;2 _q)-left (resp., right) ideal of S is neu-
trosophic cubic (2;2 _q)-quasi ideal of S:

Lemma 6. Every neutrosophic cubic (2;2 _q)-quasi ideal of S is neutrosophic
cubic (2;2 _q)-bi ideal of S:

Theorem 15. A non-empty subset A of a semigroup S is quasi ideal of S if and only
if the neutrosophic cubic characteristic function �A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F )
is an neutrosophic cubic (2;2 _q)-quasi ideal of S:

8. Neutrosophic Cubic (�; �)-interior ideals

Here we study Neutrosophic Cubic (�; �)-interior ideals with di¤erent results.

De�nition 14. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-interior ideal of S, where
�; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x; a; z 2 S and for all et;ei; ef 2
D[0; 1] and s; o; g 2 [0; 1) such that

a(et;ei; ef;s;o;g)�A and =) (xaz)(et;ei; ef;s;o;g) �A:
Example 4. Consider the semigroup S = fa; b; c; dg :

� a b c d
a a a a a
b a a a a
c a a a b
d a a b c

We de�ne neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i by
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A e�T (x) e�I (x) e�F (x) �T (x) �I (x) �F (x)
a [0:7; 0:9] [0:6; 0:8] [0:7; 0:8] 0:1 0:2 0:3
b [0:4; 0:5] [0:2; 0:4] [0:3; 0:5] 0:4 0:5 0:6
c [05; 0:6] [0:3; 0:5] [0:5; 0:6] 0:3 0:4 0:5
d [0:4; 0:5] [0:2; 0:3] [0:4; 0:5] 0:4 0:5 0:6

Then A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is neutrosophic cubic (2 _q)-interior
ideal of S:

The following lemma shows that every neutrosophic cubic interior ideal is a
neutrosophic cubic (2;2)-interior ideal of S:
Lemma 7. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of a
semigroup S is neutrosophic cubic interior ideal if and only if for all x; a; z 2 S
and for all et;ei; ef 2 D[0; 1] and s; o; g 2 [0; 1) such that

a(et;ei; ef;s;o;g) 2 A and =) (xaz)(et;ei; ef;s;o;g) 2 A:
Theorem 16. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cu-
bic (�; �)-interior ideal of S. Then the set A(e0;1) = fx 2 sj (e�T ; e�I ; e�F )(x) �e0 and (�T ; �I ; �F ) (x) < 1g is interior ideal of S.
Theorem 17. Let I be a interior ideal of S and let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be a neutrosophic cubic subset of S such that

e�T (x) =

� e0 if x 2 S � I
� f0:5 x 2 I and �T (x) =

�
1 if x 2 S � I
� 0:5 x 2 I

e�I (x) =

� e0 if x 2 S � I
� f0:5 x 2 I and �I (x) =

�
1 if x 2 S � I
� 0:5 x 2 I

e�F (x) =

� e0 if x 2 S � I
� f0:5 x 2 I and �F (x) =

�
1 if x 2 S � I
� 0:5 x 2 I

Then i) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (q;2 _q)-
interior ideal of S.
ii) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-

interior ideal of S.

Theorem 18. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-interior ideal of S if and only ife�T (xaz) � rmin(e�T (a) ; f0:5) and �T (xaz) � max (�T (a) ; 0:5)e�I (xaz) � rmin(e�I (a) ; f0:5) and �I (xaz) � max (�I (a) ; 0:5)e�F (xaz) � rmin(e�F (a) ; f0:5) and �F (xaz) � max (�F (a) ; 0:5)
Corollary 3. Every neutrosophic cubic (2;2 _q)-ideal is an neutrosophic cubic
(2;2 _q)-interior ideal of S but converse is not true.
Example 5. In Example 4,the neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of S is neutrosophic cubic (2 _q)-interior ideal of S but it is not neutrosophic cubic
(2 _q)-ideal of S: Since???
Theorem 19. A non-empty subset A of a semigroup S is interior ideal of S if and
only if the neutrosophic cubic characteristic function �A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F )
is an neutrosophic cubic (2;2 _q)-interior ideal of S:
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9. Neutrosophic Cubic (�; �) semiprime/prime ideals

In this last section we provide some results on Neutrosophic Cubic (�; �) semi-
prime/prime ideals of semigroups.

De�nition 15. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-semiprime ideal of S, where
�; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x 2 S and for all et;ei; ef 2
D[0; 1] and s; o; g 2 [0; 1) such that

x2
(et;ei; ef;s;o;g)�A =) (x)(et;ei; ef;s;o;g) �A:

De�nition 16. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
of a semigroup S is called the neutrosophic cubic (�; �)-prime ideal of S, where
�; � 2 f2; q;2 _q or 2 ^qg but � 6=2 ^q if for all x; y 2 S and for all et;ei; ef 2
D[0; 1] and s; o; g 2 [0; 1) such that

(xy)(et;ei; ef;s;o;g)�A =) (x)(et;ei; ef;s;o;g) �A or (y)(et;ei; ef;s;o;g) �A:
The following lemma shows that every neutrosophic cubic semiprime (resp.,

prime) ideal is a neutrosophic cubic (2;2)-semiprime (resp., prime) ideal of S:

Lemma 8. A neutrosophic cubic subset A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of a
semigroup S is neutrosophic cubic semiprime (resp., prime) ideal if and only if for
all x 2 S and for all et;ei; ef 2 D[0; 1] and s; o; g 2 [0; 1) such that

x2
(et;ei; ef;s;o;g) 2 A =) (x)(et;ei; ef;s;o;g) 2 A:

Theorem 20. Let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i be a neutrosophic cu-
bic (�; �)-semiprime (resp., prime) ideal of S. Then the set A(e0;1) = fx 2 sj
(e�T ; e�I ; e�F )(x) � e0 and (�T ; �I ; �F ) (x) < 1g is semiprime (resp., prime) ideal of
S.

Theorem 21. Let P be a semiprime (resp., prime) ideal of S and let A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i
be a neutrosophic cubic subset of S such that

e�T (x) =

� e0 if x 2 S � P
� f0:5 x 2 P and �T (x) =

�
1 if x 2 S � P
� 0:5 x 2 P

e�I (x) =

� e0 if x 2 S � P
� f0:5 x 2 P and �I (x) =

�
1 if x 2 S � P
� 0:5 x 2 P

e�F (x) =

� e0 if x 2 S � P
� f0:5 x 2 P and �F (x) =

�
1 if x 2 S � P
� 0:5 x 2 P

Then i) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (q;2 _q)-
semiprime (resp., prime) ideal of S.
ii) A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i is the neutrosophic cubic (2;2 _q)-

semiprime (resp., prime) ideal of S.

Theorem 22. A neutrosophic cubic set A = hx; (e�T ; e�I ; e�F ; �T ; �I ; �F ) (x)i of S
is the neutrosophic cubic (2;2 _q)-semiprime (resp., prime) ideal of S if and only
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if e�T �x2� � rmin(e�T (x) ; f0:5) and �T �x2� � max (�T (x) ; 0:5)e�I �x2� � rmin(e�I (x) ; f0:5) and �I �x2� � max (�I (x) ; 0:5)e�F �x2� � rmin(e�F (x) ; f0:5) and �F �x2� � max (�F (x) ; 0:5)
Corollary 4. Every neutrosophic cubic (2;2 _q)-prime is an neutrosophic cubic
(2;2 _q)-semiprime ideal of S but converse is not true.

Theorem 23. A non-empty subset A of a semigroup S is (2;2 _q)-semiprime
(resp., prime) ideal of S if and only if the neutrosophic cubic characteristic function
�A = (�e�T ; �e�I ; �e�F ; ��T ; ��I ; ��F ) is an neutrosophic cubic (2;2 _q)- (2;2 _q)-
semiprime (resp., prime) ideal of S:

Conclusion 1. In this paper we study di¤erent types of neutrosophic cubic (�; �)-
ideals of semigroups. In our future study we are focusing at the following points.
(i) To study neutrosophic cubic (2;2 _qk)-ideals of semigroups.
(ii) To study neutrosophic cubic (2 ;2 _q�)-ideals of semigroups.
(iii) To de�ne the upper and lower parts of neutrosophic cubic (2;2 _q)-ideals,

neutrosophic cubic (2;2 _qk)-ideals and neutrosophic cubic (2 ;2 _q�)-ideals of
semigroups.
(iv) To study the regular and intra-regular semigroups in terms of neutrosophic

cubic (2;2 _q)-ideals, neutrosophic cubic (2;2 _qk)-ideals and neutrosophic cubic
(2 ;2 _q�)-ideals.
(v) To study neutrosophic cubic (2;2 _q)-relations, neutrosophic cubic (2;2

_qk)-relations and neutrosophic cubic (2 ;2 _q�)-relations.
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