NEUTROSOPHIC CUBIC («,3)-IDEALS IN SEMIGROUPS

MUHAMMAD GULISTAN, MAJID KHAN, YOUNG BAE JUN,
FLORENTIN SMARANDACHE, AND NAVEED YAQOOB

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 («,3)-fuzzy ideals,
(a, B)-intutionistic fuzzy ideals, («, 8)-cubic ideals ideals by initiating the new
concept of neutrosophic Cubic (a,3)-ideals. Particularly we give the idea
of neutrosophic cubic (€, € Vg)-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/BCl-algebras, and then they investigated several properties, see, [4, 5, 6,
7, 8]. Murali [13] defined 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 (a, §)-fuzzy subgroup by using the " belong to" relation (€) and "quasi-
coincidence" with relation (g) between a fuzzy point and a fuzzy subgroup. Shabir
et al. developed («, 5)-fuzzy ideals in semigroups [17]. Madad et al. generalized
the concept of Jun’s cubic sets in semigroups [19] by defining 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 different basic operations,
[9, 10, 11].

In this paper we introduce the idea of neutrosophic cubic point, using the " belong
to" relation (€) and "quasi-coincidence" with relation (¢) between a neutrosophic
cubic point and Neutrosophic cubic set. Based on neutrosophic cubic point we
initiate the theory of neutrosophic Cubic («, 8)-ideals, neutrosophic Cubic («, 5)-
sub-semigroups, Neutrosophic Cubic («, 8)-generalized bi-ideals, Neutrosophic Cu-
bic (a, §)-bi-ideals and Neutrosophic Cubic (a, 8)-interior ideals with examples.
Particularly we present the idea of neutrosophic Cubic (€, € Vg)-ideals, neutro-
sophic Cubic (€, € Vq)-sub-semigroups, Neutrosophic Cubic (€, € Vq)-generalized
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bi-ideals, Neutrosophic Cubic (€, € Vq)-bi-ideals, Neutrosophic Cubic (€, € Vq)-
quasi ideals, Neutrosophic Cubic (€, € Vg)-interior ideals and Neutrosophic Cubic
(€, € Vq)-semiprime (resp., prime) ideals.

2. PRELIMINARIES

[k

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
AACA. A non-empty subset A of S is left(resp., right) ideal of S if SACA (ASCA).
A sub-semigroup B of S is bi-ideal of S if BSBCB and interior ideal of S if SASCA.

Now we recall the concept of interval valued fuzzy sets. An interval number is
a=[a",a"], where 0 < = < a® < 1. Let D|0,1] denote the family of all closed
subintervals of [0, 1], i.e.,

D[0,1]={a=[a",a"]:a” <a", fora”,a™ €I}.

We define the operations ">", "<", "=""rmin" and "rmax" in case of two elements
in D[0,1]. We consider two elements @ = [a~,a"] and b = [b~,b"] in D[0,1]. Then
(i) @ = b if and only if a= > b~ and a™ > b*, (i4) @ < b if and only if a= < b~
and a™ < bT, (iii) @ = b if and only if a= = b~ and aT = bT, (iv) rmin{a, b} =
min{a~, b=}, min{a*,b"}], (v) rmax{a,b} = [max{a=,b"}, max{at,bt}]. It is
obvious that (D[0, 1], X, V, A) is a complete lattice with 0= [0, 0] as its least element
and 1 = [1,1] as its greatest element. Let @; € D[0,1] where i € A. We define

rinfa; = [inf a; , inf a;] and rsupa; = [supa;, supa;]. An interval valued
i€A i€ ieA

icA ieA i€A

fuzzy set (briefly, IVF-set) y14 on X is defined as 14 = {(z, [u4(2), pfi (z)]) 1 z € X}
where p5(z) < pfi(z), for all z € X. Then the ordinary fuzzy sets p, : X — [0,1]
and /JX : X — [0,1] are called a lower fuzzy set and an upper fuzzy set of 1, re-

spectively. Let p,(x) = [pu;(2), uf(z)]. Then A = {<IL’,IL~LA(I)> tx € X}7 where
(4 X — D[0,1].

Definition 1. [3] Let X be a non-empty set. A cubic set in X is a structure of
the form: C = {(z,f(z), AM(x))|z € X} where i is an interval-valued fuzzy set in X
and X\ is a fuzzy set in X.

Definition 2. [14] A neutrosophic set (NS) in X is a structure of the form:
A = {(Ar(@),\1(z),A\p(x)) |z € X} where A\r : X — [0,1] is a truth mem-
bership function, \; : X — [0,1] is an indeterminate membership function, and
Ar: X —[0,1] is a false membership function.

Definition 3. [16] Let X be a non-empty set. An interval neutrosophic set (INS) in
X is a structure of the form: = {{fip(x), iy (z), pip(x)) |z € X} where fip, iy and fip
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.

Definition 4. [9] Let X be the space of points and A be a NCS, we define a neu-
trosophic cubic set A (x) = <:E| (u, )\)> where p, (z) = (x (ip, iy, o)) and X (z) =

(x (Apy A1, Ap))y with iy + X — DI[0,1], iy : X — DI[0,1], fip : X — DJ[0,1] and
Ar 0 X — [0,1], A : X — [0,1], Ap : X — [0,1]. We will briefly denote by
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A(z) = (@ (fig, fig, g, ATy A1, AR)) , where [0,0] X fip + iy + fip = [3,3] and
0< Ar+ A1+ 2Ar <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.

Definition 5. Let A = <.’IJ, (ﬁT7ﬁI7ﬁFﬂ )‘T7)‘I7)\F) (.’II)> and B = <£C, (5T76175F777T7771777F) (Q?)>
be two NCS and x € X , we define

AoB = (x, (fip oV, iy 0 fif, fip ©UF, AT 0Ny, Arong, Arpong)(x)), where

o \/ rmin {7y (v) . 01 (2)} A\ max O (y) ,n7(2)}
hpovr (x) = o=yz and Ar oy (x) = T=yz
0 otherwise 1 otherwise
L \/ rmin {7i; (), 07 (2)} [\ max{Ar (y),m;(2)}
fiyovr(z) = T=yz _ and Ar oy (z) = T=yz
0 otherwise 1 otherwise
o \/ min {fip (y),0r (2)} A\ max {\r () ,np(2)}
hpovp(x) = o=yz and Ap onp (x) = T=yz
0  otherwise 1 otherwise

Definition 6. Let A = <LE, (ﬁT? ﬁl, ﬁF7 )‘Ta AI? )‘F) (LE)> and B = <$a (,ﬁTa 513 :ljFa NrsMr> nF) (IE)> be
two NC' sets, we define

ACB, if pp = U, iy = U1, fip = UF and A < np, A\ < np, Ar < g

Definition 7. Let & = t,1, fe D(0,1) and 8 = s,0,g € [0,1). Then by neutrosophic
cubic point (NCP) we mean x5y (y) = (za (y) , x5 (y)) where

a ifz= ifz =

7a () _{ 0 ojjﬁherwgz{se and @3 (y) _{ f oftherwil/se.

e For any neutrosophic cubic set A = (x, (fp, s, fp, AT, A1, Ar) (x)) and
for a neutrosophic cubic point z(5 ), then

(i) 2@ € Aif fip(2) = £, fiy(x) = i, ip(z) = f and Ar(2) < s
)\I(a:)<0 )\F()<g N N _ B N

(i) 2(@,pqA if fip(z) + ¢ = 1, fi(x) +1 = 1, fip(z) + f = 1 and
)\T($)+8<1 )\[( )+0<1 )\F( )+g<1

(iii) x&,5) € V@A if 25,5y € A or 15 g)qA.

(iv) v@&,p) € VqA if 25 8) € A and (5 5)qA.

() 2(a,5)@E if fip (@) +a+ky = 1, fip(z)+&+ky = 1, fip(z)+a+ks - 1
and Ap ( )+ B8+ks <1, A (z )+B+k5 <1, Ar(x )+6+k6 < 1,where
khkg,kg € D(O 1] and k4, ks, ke € [0 1)

o Let A= (z, (Ar, A1 B, AT, A1, AF) () be a neutrosophic cubic set sub-
set of S such that uT,uI,uF < 0.5 and A, A Ap > 0.5. Then ¢ €
D(0,1],i € D(0,1],f € D(0,1] and s € [0,1),0 € [0,1),g € [0,1) be
such that (77 F o) € AgA. Then (fip(z) = 1, ip(z) = i, fip(z) = f ),

Q‘T (x) < s, )\1( ) < o, Ar () < g) and (fp(x) +1 - T,ﬁl(x) +i -
13/7F( )+f - 1) ()\T($)+S < 1,)\[($)+0 < 1,)\F((L')+g < 1) It
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follows that 1 < fip(z) 4 fip(z) = 20p (), 1 < fip(z) + 1 (x) = 20, (x), 1 <
fp(x) + pp(@) = 20p(x) and 1> Ap (@) + Ar (2) = 2Ar (2), 1> Af (2) +
Ar(z) =201 (z),1 > A (z) + Ar () = 2Ap (x). So fip, fif, fip = 0.5 and
A1, Ar, Ap < 0.5. This means that (77, Fr5,0.0) € Aqg = ¢. So we will omit
the case a =€ Aq.

e Let NCP(S) be the collection of all neutrosophic cubic point in a semigroup
S. Then

x(ﬂ 317]?1781,01791) ' y(t‘;,fz,f;,sz,o?,gﬂ

= (2Y) () € NCP(S).

(rmin{#1,#3 },rmin{iy, iz },rmin{f1,f2} max{s1,52} max{o1, 09}, max{g,92})
Then NCP(S) becomes a semigroup and it is a sub-semigroup of NC(S).
Definition 8. Let S be a semigroup. Then the neutrosophic cubic characteristic
function
Xa = (XﬁTa Xty Xfipr XAps X,\,aXAF)
of A=z, (lp,fiy, g, A7, A1, Ar) (x)) is defined as

() = 1,1] ifzec A q (z) = 0 ifzeA
Xar W)= 1 j0,0] ifzgAd M XWTUL ifa¢ A
_ [1,1] ifze A _J 0 ifzed
X, (7) = {[0,0] ifrga M X@ =0 paga
_ [1,1] ifzec A _J 0 ifzed
X () = {[0,0] ifrga M 0@ =9 g0

4. NEUTROSOPHIC CUBIC («, 3)-SUB-SEMIGROUPS

Based on neutrosophic cubic point we generalized the idea of («, 8)-fuzzy ideals,
(c, B)-intutionistic fuzzy ideals, («, 8)-cubic ideals ideals by initiating the new con-
cept of neutrosophic Cubic («, 8)-sub-semigroups.

Definition 9. A neutrosophic cubic subset A = (x, (fip, ip, Lp, AT, A1, Ar) (2))

of a semigroup S is called the neutrosophic cubic (o, B)-sub-semigroup of S, where
a,f € {€,q,€ Vg or € Aq} but o #€ Aq if for all z,y in S and for all
f1.01, frt2, 72, f2 € D[0,1) and s1,01,91,52,02,92 € [0.1) such that x5, 7, ) )0 A
and

y(té,zzyﬁaSmO%g‘z)aA = (xy)(rmin{ﬂ7t~2}7rmin{i~17i;}7rmin{f17f2}7max{51782}’11133({01702}7m3X{9»92}) ﬁA

Example 1. Consider a semigroup S = {a,b, c} with the following table,

a b c
a ¢ ¢ c
b ¢ ¢ a
c ¢ b c

Define a neutrosophic cubic set A = (x, (fp,fig, fp,s AT, A1, Ar) (2)) in S by

S pp % Lp AT A Ap
a [0.3,0.6] [0.5,0.7] [0.6,0.7] 04 0.6 0.8
b [0.2,04] [0.3,04] [0.2,05] 0.6 0.7 0.9
¢ [0.7,09] [0.8,0.9] [0.7,0.8] 0.2 0.3 0.4
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where
& = [0.2,0.3],82 =[0.1,0.2] ,4; = [0.1,0.25] 75 = [0.2,0.4] , f; = [0.01,0.02], f> =
and s1 = 0.7,50 =0.8,00 =0.7,00 = 0.9,91 = 0.9,g2 = 0.95
It is easy to verify that A = (x, (fp, if, i, AT, A1, Ar) () is a neutrosophic cubic
(a, B)-sub-semigroup of S.
The following lemma shows that every neutrosophic cubic sub-semigroup is neu-
trosophic cubic (€, €)-sub-semigroup of S.
Lemma 1. A neutrosophic cubic A = (x, (fip, iy, g, AT, AL, AF) (2)) of a semi-
group S is neutrosophzc cubic sub-semigroup if and only if, for all x,y € S and for
all tl,zl,fl,tg,ZQ,fg € DI[0,1] and s1,01, 91, $2,02,92 € [0,1) such that
x(ﬂ,zl,fl,sl,ol»gl) = A and y(t~252»f2’52,02792) < A
= (ay) €A

(rmin{a,Z‘é},x'min{?{,%}.rmin{f‘l,fg},n]ax{sl ,s9},max{oy,09},max{g; ,g2})

Proof. Let A = (z, (fp, [ firs g AT, A, Ar) (2)) be a neutrosophic cubic sub-semigroup
of S. Let 2,y € S and tl,zl,fl,t2,127f2 € D(0,1] and s1,01, g1, $2,02,92 € [0,1) be
such that (7 € A and Y& ) € A then

£1,11,/1,51,01,91) f2,i2,f2,52,02,92

Ar(z) < s Ar() <o, Ap() < g1 Ar(y) < s2,A1(y) < 02, Ar(y) < 92
So

fir (o) = min (g () i (1)) = rmingfy, B2} = (2) i ) € Fir
fi(ay) = rmin (i (@) iy ()} = miniy, 2} = (09), i) € B
fip (wy) = rmin{fip (2),fip (y)} = rmin{fi, fo} = (my)rmin{fl,fz} € fip
Ar(zy) < max{Ar (), Ar (y)} = max{s1, 52} = (TY)nax(s, 50} € AT
Ar(zy) < max{Ar(z),Ar (y)} = max{o1,02} = (2¥) maxfor.00) € M
Ap(zy) < max{Ap (2),Ar (y)} = max{g1, 92} = (TU) max(gy.g.} € AF

Conversely, let A = (x, (fip, iy, fp, AT, A1, Ar) (z)) satisfies the given condition.
We prove that A = (x, (fp, s, fp, AT, A1, Ar) (x)) is neutrosophic cubic sub-
semigroup. On contrary for z,y € S and t,3,7 € D(0,1], s,0,g € [0,1) such
that

fir (zy) <t = rmin{fig (2), i ()} = 27 € fip and y; € fig but (zy); ¢ fiy
pr(zy) < s =2mmin{p; (z), 0, (y)} = 25 € oy and yz € py but (2y); ¢ f;

fip (zy) < @2 rmin{ip (), g (y)} = @5 € iy and y; € iy but (zy); ¢ fip
Ar (zy) > s >max{Ar(z), 7 (y)} = x5 € Ar and ys € Ay but (zy), & Ar
Ar(zy) >

o> max{A; (z), A1 (¥)} = zo € A\r and y, € A\; but (zy), € A\s
Ar(zy) > g =max{Ar (z),Ar (y)} = 24 € Ap and y, € Ap but (zy), € Ar

which is a contradiction. Hence A = (z, (fp,fi;, g, A1, A1, Ar) (2)) is neutro-
sophic cubic sub-semigroup. (Il

0.1,0.2]
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Theorem 1. Let A = (x, (fip, iy, fp, A7, A1, Ar) (2)) be a neutrosophic cubic
(a, B)-sub-semigroup of S. Then the set Agyy = {z € sl (p, g, i) (x) >

0 and (A\r, A1, A\p) (z) < 1} is sub-semigroup of S.

Proof. Let z,y € A(ﬁ,l)' Then
fir () = O.ig (y) = 0. fig (2) = 0,7 (9) = 0, fipe () = 0. Tipe () = 0
/\T(J3) < 1,/\T(y)<1,/\] (a:) <1,)\[(y)<1,>\p ($)<1,)\F (y)<1

Let nip (xy) = 0, Ly (xy) = 0, g (zy) = 0 and Ay (xy) = L, A1 (zy) = 1, Ap (2y) =
1. If a € {€, € Vg}, then

l’ﬂT (I)OzA, IﬁT (y)O/,A7 Iﬁl (x)OzA, l‘ﬁ] (y)OtA, LEﬁF (a;)OzA, IﬁF (y) OLA

and

Top @) A Ty ) A Ty () @A, Ty () @A, T, @) 04, T, () @A
but
fir (y) = 0<rmin{fiy (@), fir (y)} and fip (wy) + rmin {fig (), fip ()} 0+ 1=1
fir (zy) = 0 <rmin{f; (), ()} and fif (zy) + rmin {fi; (z), 7 ()} 20+1=1
fp(zy) = 0<rmin{jp(2),fF (y)} and fp (2y) + min {Gp (@), op (9)} 20+ 1=1
Ar(zy) = 1>max{A\;(z), A\;(y)} and Ar (zy) + max {Ar (), Ar (y)} > 1
Ar(zy) = 1>max{A\;(x)

I

, Ar(v)} and Af (zy) + max {A; (z), A1 (v)} > 1
Ar (zy) = 1>max{Ap(z), Ar(v)} and Ap (2y) + max{A\p (z),Ar (y)} > 1
So for every B € {€,q, € Vq, € Aq}

(@Y)emin (i ()70 )} BA (@Y ranin gz, (2),7, 00} B4 @Y emin i () 710 ()} BA
@Y mas rr () 2r )} PA @ maxinr )20 ) BA EYmasrp () 4r () BA
Hence Jip (zy) = 0,7y (xy) = 0, g (zy) = 0and Ar (zy) < 1, A7 (zy) < 1, Ap (2y) <
1. So zy € A - Also for every 3 € {€,q,€ Vg, € Nq}
TAqirs T1qH, T1qiE, Y1dirs Yigfir Y1dfie
T1GAT, T1GAL, T1GAR, Y1GAT; Y1qAL, Y1 AR
but
(zy)y Biig, (wy)y Blir, (xy), Biip, (wy)y BAr, (xy), BAr, (xy), BAF
So Ag 1y = {z € sl (Ap, fig, fp)(@) - 0 and (Ap, A\r, Ap) (z) < 1} is sub-semigroup
of S. O

Theorem 2. Let B be a sub-semigroup of S and let A = {(x, (fp, g, g, A1, A, Ap) ()
be a neutrosophic cubic subset of S such that

_ [0 ifzeS-B (1 ifzxeS-B
fir (z) = { “05 zep @ ’\T(”)—{ <05 z€B
- [0 ifzreS-B 1 ifzeS-B
fip () = { 05 zep M@ Af(m)—{ <05 z€B
~ [0 ifzeS-B 1 ifzeS-B
Ar (z) = { “05 zep M AF("E)_{ <05 z€B
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Then i) A = {(x, (Up, g, kg, AT, A, Ar) (x)) is the neutrosophic cubic (g, € Vq)-
sub-semigroup of S.

i) A= (z, (Lp, 07, Ap, AT, A1, Ar) (z)) is the neutrosophic cubic (€, € Vq)-sub-
semigroup of S.

Proof. i) Let z,y € S and 57217]?1,57227% € D(0,1] and sy, 01, g1, 52,02, 92 € [0,1)
be such that ( )qA and Y( )qA. Then

t1,i1,f1,81,01,91 t2,i2,f2,82,02,92

Lp(x)+t = 1, Ap(@)+s1 <1and fip(y) +t2 = 1, Ar(y) +s2 < 1
Lr@)+i = 1, Adf(z)+o01 <1and fi;(y) +iz = 1, Ar(y) + 02 < 1
ip@) +fi = 1, Ap(@)+ 01 <land fip(y) + fa = 1, Ap(y) +92 <1

Soz,y € L = zy € L. Thus if

57’;17.%’5’?27.]‘; j 6\5 and S$1, 01, 91, 52,02, g2 Z 0.5

SO
Lip(z) = 05= i1, Ar(a) <0.5<s; and fip(y) = 0.5 = f2, Ar(y) < 0.5 < s,
Lp(@) = 05=idy, A(z) <0.5<o; and i;(y) = 05 = i3, Ar(y) < 0.5 < 0y
fip(x) = 05x=fi, Ap(2) <0.5< g and fip(y) = 0.5 = fo, Ar(y) <0.5< g5
Hence (xy)@mm{t‘l,a},rmin{a,a},rman{ﬁ,i;},maxmTsz},max{ol,mmax{gl,gm cAl
ﬂ,%,ﬁ,ﬂ,%,f; ~ 0.5 and 81,01, 91, 52,02, g2 < 0.5
SO
Lp(z)+1 = 054+05=1, Ap(z)+s <05+05=1
Lr(y)+ta = 054+05=1, A\p(y)+s2<05+05=1
fip(z)+i1 = 05+05=1, Aj(z)+0, <054+05=1
Lr(y)+iz = 05+05=1, \j(y)+2<05+05=1
Lp@)+f1i = 05+05=1, Ap(z)+g1 <05+05=1
lpW)+fo = 05+05=1, Ap(y)+92<05+05=1
Hence
(l’y)(rmin{tj1{5}),.min{qy'ig}Jmin{f{,fé}‘max{sl,52},max{ol,oz},max{glygz})
Thus

(xy) € V¢A.

(rmin{q,tAi},rmin{?i,g},rmin{f‘l,f‘z},max{sl,52},max{ol,02},max{gl,gz))

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

Theorem 3. A neutrosophic cubic set A = (x, (fip, g, oy, A7, A1, Ar) (x)) of S
is the neutrosophic cubic (€, € Vq)-sub-semigroup of S if and only if

fir (wy) = rmin(ir (@), iz (y),05) and Az (zy) < max (Ar (z), Az (y),0.5)
Air(zy) = rmin(i; (2) 5 (y),05) and Ar (zy) < max (Ar (2),Ar (y),0.5)
fip(wy) = rmin(ip (2),fp (y),0.5) and Ap (zy) < max (A (2), Ar (), 0.5)
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Proof. Let A = (z, (fp, i, g, A1, A1, Ar) (x)) is the neutrosophic cubic (€, €
Vq)-sub-semigroup of S, and assume on contrary that there exist z,y € S and
t,i,f € D[0,1] and s,0,g € [0,1) such that

fir (ty) < = rmin {ﬁT (), br (y) 76\5} = x7 € pp and y; € fg but (zy); € Vapr
fir (xy) < s =rmin {ﬁ[ (), By (y),0~5} = x5 € py and yz € iy but (2y); € Vi,
fir(ay) < 7= mmin {Jip () i () .03} = a7 € iy and g € iy but (29); € Vi
Ar(zy) > s>max{Ar(x), r (y),0.5} =z, € A\p and y; € Ap but (zy), € VgAr
)\I (xzy) > o>max{A;(z),Ar(y),0.5} = 2z, € A\; and y, € A\; but (zy), € VgAs
Ap(zy) > g >max{Ar(z),Ar (y),0.5} = x4 € Ar and y, € Ap but (zy), € VgAp

which is a contradiction. Hence A = (z, (G, fif, fip, AT, A1, Ar) (z)) satisfies the
given conditions. Conversely, let A = (z, (,uT,ul,,uF, A1, A, Ar) (x)) satisfies the
given conditions. Let z,y € S and tl,zl,fl,tg,z%fz € D(0,1] and s1, 01,91, S2,02,92 €
[0,1) be such that (4 € A and Y(i ) € A then

£1,31,f1,51,01,91) £3,12,f2,52,02,92

fir(@) = 67 () = i fip (@) = i (y) = B i (y) = i (y) = fo.
Ar(z) < s, Ar() <o, Ap() < g1 Ar(y) < s2,A1(y) < 02, Ar(y) < g2

S0
fir (zy) = rmin{fig (), fir (y),0.5} = rmin{t;, £2,0.5}
fir(zy) = min{fi; (2) 7 (y),0.5} = rmin{iy, iz, 0.5}
fip (zy) = mmin{fip (z),fip (y),0.5} = mmin{f1, f,0.5}
Ar (zy) < max{Ar(z),Ar (y),0.5} > max{s1, s2,0.5}
Ar(zy) < max{\;(z),\r(y),0.5} = max{o1,09,0.5}
Ar (zy) < max{\r (2),Ar (y),0.5} = max{g1, g2,0.5}

Now if,

rmin{ﬂ,fg},rmin{i},'i;},rmin{fl,ﬁ} <05 and max{si, s2}, max{o, 02}, max{gi, g2} > 0.5,

then
fir (z) = min {Jip (@) Jir (v).05 ) = mmindfs. 5} = (09),pngis ) € i
i (oy) = xmin Gy ()5 (4),05 ) = mminddy, 2} = (50) uingin ) € P
jip (ey) = mmin {fip (@), 7ip (1), 05} = mmin{ 1, 2} = @9)in( 7.7y € Fir
Ar (zy) < max{Ar (z),Ar (y),0.5} = max{s1, s2} = (:cy)max{shsz} € Ar
)\I (l’y) < maX{AI (.’E) ) )‘I (y) 705} ~ max {Ola 02} = (my)max{ol’OQ} € )‘I
>‘F (ZL’y) < ma‘x{)‘F ((L’) ’)‘F (y)705} ~ max {91792} = ($y)n1ax{gl,g2} € )\F
Now if,

rmin{ﬂ,t}},rmin{i:,i}},rmin{fl,f;} ~ 0.5 and max{s1, s2}, max{o1, 02}, max{g, g2} < 0.5,
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SO

i (zy) + rmin {zig () , fir (y

}
}

(v) 05+ 0.5 = (29 ryin (77,52} € Vaiir

)
fip(zy) + rmin{fip (2), fip ()}

(v)

)

fir(wy) +rmin {71y (), fif (y 05405 = (@Y min {77 5} € Vi

05+05 = @Y min{ 71,72} € VaHE
0.540.5 =1 = (2Y) paxfsr,
0.5+ 0.5 =1 = (TY) yax (o100} € VI
05+05=1= (l’y)max{gl,gz} € VaAr

At (wy) + max {Ar (), Ar (y)}
A1 (wy) +max {Ar (z), A1 (y)}
AF (zy) + max {Ar (), Ar ()}

Thus A = {z, (g, lif, ig, AT, A1, Ar) (z)) is the neutrosophic cubic (€, € Vq)-sub-
semigroup of S. (]

sa} S \/q}\T

~ AN AN AN Y Y XY

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 x 4 = (XﬁT’ Xii;» Xjips Xog> Xaps Xap)
is an neutrosophic cubic (€, € Vq)-sub-semigroup of S.

5. NEUTROSOPHIC CUBIC (a, 8)-LEFT (RESP., RIGHT) IDEALS

In this section we focus at Neutrosophic Cubic (a, §)-left (resp., right) Ideals
with different results.

Definition 10. A neutrosophic cubic subset A = (x, (fip, i, fp, AT, A1, Ar) ()
of a semigroup S is called the neutrosophic cubic («, 8)-left(resp., right) ideal of
S, where a,f € {€,q,€ Vg or € Aq} but o #€ Ng if © € S and ti, f €
DI[0,1] and s,o,g € [0,1) such that YT Ts Og)aA = (:cy)(ﬁfsog) BA(resp.,
(yx) ) BA) for all z,y € S.

(17, F o500
A neutrosophic cubic subset A = (x, (fp, 05, g, AT, A, Ar) (z)) is neutro-

sophic cubic («, 8)-ideal of S, if it is both neutrosophic cubic («, §)-left and neu-

trosophic cubic («, §)-right ideal of S.

Example 2. Consider a semigroup S = {a,b,c} with the following table,

b

=
Q2 Q2
o 8 o

a
a
a
Define a neutrosophic cubic set A = (x, (fip,fig, fp, AT, A1, Ar) (x)) in S by

S pr Ay bp AT A AF
a 07,09 [0.8,09 [0.7,08 02 03 04
b [0.2,04] [0.3,0.4] [0.2,05] 0.6 0.7 0.9
¢ [0.1,0.3] [0.5,0.6] [0.2,04] 0.7 0.5 0.8

where
t= [0.01,0.2] 77: [0.4,0.5], f: [0.1,0.2] and s =0.8,0=0.7,9 = 0.85

It is easy to verify that A = (x, (fp, iy, g, AT, A1, Ar) (z)) is a neutrosophic cubic
(a, B)-left ideal of S.

The following lemma shows that every neutrosophic cubic left (resp., right) ideal
is a neutrosophic cubic (€, €)-left (resp., right) ideal of S.
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Lemma 2. A neutrosophic cubic subset A = (x, (fip, iy, g, AT, A1, Ar) (2)) of
a semigroup S is neutrosophic cubic left (resp., right) ideal if and only if, for all

x,y € S and for all%ﬁ,fe DI0,1] and s,0,g € [0,1) such that

YT Tsog) € A= (2y) , €A (resp, (yo) . €A

(f.g,f,s,o,g t,i,f.s,o,g)

Theorem 5. Let A = (z, (g, fip, fp, A1, A1, Ar) (2)) be a neutrosophic cubic
(a, B)-left (vesp., right) ideal of S. Then the set Ag .y = {x € s| (i, iy, fp)(@) =
0 and (A\p, A1, A\r) (z) < 1} is left (vesp., right) ideal of S.

Theorem 6. Let L be a left (resp., right) ideal of S and let A = (x, (fip, fig, fop, A7y AL, Ar) (2))
be a neutrosophic cubic subset of S such that

_ [0 ifzeS—L [ 1 ifzeS—L
br () = { “ 05 zel and )\T(a:)—{ <05 zel
_ [0 ifzeS—L (1 ifreS—-L
(@) = { ~05 zer M A’(x)_{ <05 zel
~ [0 ifzeS—-L (1 ifzeS—-L
fp(z) = { 05 zer W AF(JE)—{ <05 zel

Then i) A = (x, (fip,fr, fop, AT, A, AR) (x)) is the neutrosophic cubic (q, € Vq)-
left (resp., right) ideal of S.
i) A= (x, (Up,f,Lp, AT, A1, Ar) (x)) is the neutrosophic cubic (€, € Vq)-left

(resp., right) ideal of S.
Theorem 7. A neutrosophic cubic set A = (x, (fip, iy, hp, AT, A1, AF) (2)) of S
is the neutrosophic cubic (€, € Vq)-left(resp., right) ideal of S if and only if

i (zy) = mmin(ip (2),0.5) and Ar (zy) < max (Ar (z),0.5)

Ly (xy) rmin(ji; (z),0.5) and A; (zy) < max (A7 (z),0.5)

=
Lip (zy) = rmin(fip (z),05) and Ap (zy) < max (Ag (z),0.5)

Corollary 1. A neutrosophic cubic set A = (z, (fr, i1, fbp, AT, A1, Ar) (2)) of S
is the neutrosophic cubic (€, € Vq)-ideal of S if and only if

Iy (zy) = mmin(lip (2),0.5) and Ar (zy) < max (Ar (z),0.5)
Iy (zy) = tmin(fip (y),05) and Ar (zy) < max (Ar (y),0.5
iy (zy) = rmin(fi; (2),0.5) and A; (zy) < max (A (z),0.5)
iy (zy) = rmin(fi; (y),05) and A (zy) < max (A7 (y),0.5)
Lip (zy) = rmin(fip (z),05) and Ap (zy) < max (Ag (z),0.5)
fip (oy) = min(fip (y),05) and Ar (zy) < max (\p (), 0.5)

Theorem 8. Let A = (z, (fip, fif, g, A1, A1, Ar) (2)) be a neutrosophic cubic
(€, € Vvq)-left ideal and B = (x, (U1, 01,Vp, Np, N1, Mp) (2)) be a neutrosophic cubic
(€,€ Vq)-right ideal of S. Then A o B is neutrosophic cubic (€,€ Vq)-two sided
ideal of S.

Lemma 3. Intersection of neutrosophic cubic (€, € Vq)-two sided ideals is a neu-
trosophic cubic (€, € Vq)-two sided ideal of S.
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Remark 1. LetA = <ZL’7 (ﬁT? ﬁ[7 /jF7 )\Ty >\13 AF) (‘T)> and B = <$7 (5T, 617’75}77 NrsMr> nF) (I)>
be neutrosophic cubic (€, € Vq)- ideals of S. Then Ao B G AN 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 x 4 = (XﬁT’ Xy s Xjipr X XAp 0 Xap)
is an neutrosophic cubic (€, € Vq)-two sided ideals of S.

6. NEUTROSOPHIC CUBIC (e, 3)-GENERALIZED BI (RESP., BI)-IDEALS

Here in this section we study Neutrosophic Cubic («, 3)-generalized bi (resp.,
bi)-ideals in semigroups.

Definition 11. A neutrosophic cubic subset A = (x, (fip, i1, by, AT, AL, AF) (2))
of a semigroup S is called the neutrosophic cubic («, 3)-generalized bi-ideal of S,
where a, § € {6 q,€ Vq or € Aq} but a #£€ Aq if for all x,y,z € S and for all

t1,01, f1, b2, 09, f2 € D[0,1] and s1, 01,91, 82,02, 92 € [0,1) such thatm(
and

aA

t1 11,f1761701791)

aA = (zyz)(

Z(t‘;,;g,ﬁ,sg,()g,gg) rInin{tNl,t;},rmin{i:,i;},rmin{fl ,E},II!&X{S] ,52},rnax{()1702},max{g1,g2}) ﬂA

Definition 12. A neutrosophic cubic (e, B)-sub-semigroup of A = (x, (fip, iy, g, AT, A1, AR) ()
of a semigroup S is called the neutrosophic cubic (a, 3)-bi-ideal ofS where a,ﬂ €

{€,q,€ Vg or € Ng} but a #€ Aq if for allz,y,z € S and for alltl,zl,fl,tg,m,fg €

DI0,1] and s1,01,491, S2,02,92 € [0,1) such that (5 fl,‘51701791)aA and

BA.

0A = (acyz)(

2(2522,]?2782,02,‘92) rmin{ﬂ,t;},rmin{i:,i;},rmin{f:,E},max{sl,sz},max{ol,@},max{gl,gg})

Remark 2. Every neutrosophic cubic (o, 8)-bi-ideal is an neutrosophic cubic (a, 3)-
generalized bi-ideal of S, but converse is not true.

Example 3. Consider the semigroup S = {a,b,c,d}.

Q@ 2 2 g 2
SIS SIS IR
ST Q@ 0O
SR Q@ o &

a
b
c
d
A=

We define neutrosophic cubic set (x, (Gp, g, fip, Ay A, Ap) (z)) by

A fip(x)  pp(@)  pp(@)  Ar(e) Ar(z) Ar(2)
a [05,08 [04,07 [0507 01 03 02
b [0.3,0.6] [0.2,0.5] [0.1,0.5] 0.6 05 0.6
¢ 04,07 [0.3,0.6] [0.3,0.6] 02 04 04
d [0.1,04] [0.2,0.6] [0.2,05] 05 07 05

Then A = (x, (fip, i, by, AT, A1, AR) (2)) is neutrosophic cubic (€, € Vq)-generalized
bi-ideal of S but not a neutrosophic cubic (€, € Vq)-bi-ideal of S.

The following lemma shows that every neutrosophic cubic generalized bi (resp.,
bi) ideal is a neutrosophic cubic (€, €)-generalized bi (resp., bi) ideal of S.
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Lemma 4. A neutrosophic cubic subset A = (x, (fp, iy, g, AT, A1, Ar) (z)) of a
semigroup S is neutmsophzc cubic generalized bi-ideal if and only if for all x,y,z € S
and for all tl,zl,fl,tg,m f2 € D[0,1] and s1, 01,91, S2,02,92 € [0,1) such that

~~ = A A
:I;(tlﬂlaflgslaol,gl) € and Z(t2 12, f2’52,02792) €

= (zyz) _ o €A
(rmin{ty,t3 },rmin{iy,i2 },rmin{f1,f3 } ,max{sy,sp},max{o1,00},max{gq1,92})
Corollary 2. A neutrosophic cubic (€, € Vq)-sub-semigroup A = (x, (lp, fig, by, AT, A1, AF) (2))
of a sengroup S is neutrosophic cubic bi-ideal if and only if for all z,y,z € S and
for all t1,217f1,t2,227f2 € DI0,1] and s1,01, g1, 82,02, g2 € [0,1) such that

€ Aandz( cA

T/~ 7
(t1,217f1,31701791) t27L27f2782,02792>

= (7y2) €A

(rmin{#7,t3 },rmin{iy iz },rmin{f1,f2 },max{s1,s2},max{oy,00} max{gq.92})

Theorem 10. Let A = (x, (fip, g, g, AT, A, Ar) (2)) be a neutrosophic cu-
bic (o, B)-generalized bi (resp., bi) ideal of S. Then the set Ag, = {z € s

(Tips g, i) () = 0 and (Ap, A1, Ap) (z) < 1} is generalized bi (resp., bi) ideal of
S.

Theorem 11. Let B be a generalized bi (resp., bi) ideal of S and let A = (@, (fip, fip, g, ATy AL, Ar) (X))
be a neutrosophic cubic subset of S such that

_ [0 ifzeS-B (1 ifzreS-B
fir (z) = { “05 zep @ ’\T(x)—{ <05 z€B
- [0 ifzeS—-B (1 ifzeS-B
fip () = { 05 zep M@ AI(“")—{ <05 z€B
~ [0 ifzeS-B 1 ifzeS-B
fip (2) = { 05 zep AF(%’)—{ <05 z€B

Then i) A = (@, (fip,fg, g, AT, AL, Ar) (x)) is the neutrosophic cubic (g, € Vq)-
generalized bi (resp., bi) ideal of S.

i) A = (x, (fop, g, bg, AT, A1, AF) (z)) is the neutrosophic cubic (€,€ Vq)-
generalized bi (resp., bi) ideal of S.

Theorem 12. A neutrosophic cubic set A = (x, (fip, i, by, AT, A1, AR) (x)) of S
is the neutrosophic cubic (€, € Vq)-generalized bi (resp., bi) ideal of S if and only

if

fir (wyz) = min(iy (2), G (2),05) and Ar (zyz) < max (Ar (), Az (y) ,0.5)
iy (zyz) = min(fi; (@), 7, (2),0.5) and A (zyz) < max (A (z), Ar (y),0.5)
Iip (zyz) = rmin(iip (z), g (2),0.5) and Ap (zyz) < max (Ap (z), Az (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 x4 =
(XﬁT s Xy Xjips Xags X s Xy ) 15 an neutrosophic cubic (€, € Vq)-generalized bi (resp.,
bi) ideal of S.

7. NEUTROSOPHIC CUBIC (o, 3)-QUASI IDEALS

In this section we give the concept of Neutrosophic Cubic («, 8)-quasi ideals
particularly Neutrosophic Cubic (€, € Vg)-quasi ideals. We also discuss the relation
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between Neutrosophic Cubic (€, € V¢)-quasi ideals and other Neutrosophic Cubic
(a, B)-ideals.

Definition 13. A neutrosophic cubic set A = (x, (fip, iy, g, AT, AL, AR) (2)) of
S is the neutrosophic cubic (€, € Vq)-quasi ideal of S if it satisfies

ﬁTU = mmin{(17 o fig) (z), (fip o 17) () , 0.5}
M () < max{(07 0 Ar) (), (Ar 0 O7) (x) , 0.5}
fiy (@) = mmin{(1; 0 fiy) (&), (g 0 1) (x),0.5}
)\[ (.’IJ) S max{(OIo/\I) (.T),()\]OO[) (.’E) 05}
fip(x) = min{(1pofip) (z), (o 1p) (z),0.5}
Ar(z) < max{(0r o Ar)(z),(Aro0F)(z),0.5}

where

Tp=[11], I;=[11], 1p=[11], and 07 =0, 0; =0, 0p =0 .
Theorem 14. Let A = (z, (fp, i, g, A1, A1, Ar) (2)) be a neutrosophic cu-
bic (€,€ Vq)-quasi ideal of S. Then the set Ag ) = {x € s[(ip, by, fip)(2) =
0 and (A\p, A1, A\p) (z) < 1} is quasi ideal of S.
Remark 3. Every neutrosophic cubic quasi ideal of S is neutrosophic cubic (€, €
Vq)-quasi ideal of S.
Lemma 5. Every neutrosophic cubic (€, € Vq)-left (resp., right) ideal of S is neu-
trosophic cubic (€, € Vq)-quasi ideal of S.
Lemma 6. FEvery neutrosophic cubic (€,€ Vq)-quasi ideal of S is neutrosophic
cubic (€, € Vq)-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 x 4 = (XﬁT’ Xii; s Xips XAz Xap Xap)
is an neutrosophic cubic (€, € Vq)-quasi ideal of S.

8. NEUTROSOPHIC CUBIC (o, §)-INTERIOR IDEALS
Here we study Neutrosophic Cubic (o, 8)-interior ideals with different results.

Definition 14. A neutrosophic cubic subset A = (x, (fip, i, g, ATy AL, AF) (2))
of a semigroup S is called the neutrosophic cubic («, 5)-interior ideal of S, where
a,B € {€,q,€ Vg or € Nq} but a #€ Aq if for all z,a,z € S and for all;ﬁv,?,fe
D[0,1] and s,0,g € [0,1) such that

a(az,f,s,o,g)aA and = (zaz)(ﬁfs 079) BA

Example 4. Consider the semigroup S = {a,b,c,d}.

a b c d
a ¢ a a a
b a a a a
c a a a b
d a a b c
We define neutrosophic cubic subset A = (x, (fig, fir, fbp, AT, A1, Ar) (2)) by
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A fip(z)  B(@)  fp(@)  Ar(e) Ar(z) Ar(2)
a [0.7,09] [0.6,0.8] [0.7,0.8] 0.1 02 0.3
b [0.4,05 [0.2,0.4] [0.3,05] 0.4 05 0.6
¢ [05,0.6] [0.3,0.5 [0.5,0.6] 03 04 05
d [0.4,05] [0.2,0.3] [0.4,05] 04 05 0.6

Then A = (x, (fp, i, Bp, AT, A1, Ar) (2)) is neutrosophic cubic (€ Vq)-interior
ideal of S.

The following lemma shows that every neutrosophic cubic interior ideal is a
neutrosophic cubic (€, €)-interior ideal of S.
Lemma 7. A neutrosophic cubic subset A = {(x, (Lp, i, fip, AT, A1, AF) (2)) of a
semigroup S is neutrosophic cubic interior ideal if and only if for all x,a,z € S
and for all t,i, f € D[0,1] and s,0,g € [0,1) such that

A7 Fosog) € A and = (xaz)( €A

£i,f,5,0.9)
Theorem 16. Let A = (x, (fp, i, g, AT, A1, Ar) (2)) be a neutrosophic cu-
bic (a, B)-interior ideal of S. Then the set Ag,) = {z € s| (Ap, Ay, fip)(2) =

0 and (A, A1, A\p) (z) < 1} is interior ideal of S.

Theorem 17. Let I be a interior ideal of S and let A = {(x, (fp, fif, g, AT, A1, Ar) (2))
be a neutrosophic cubic subset of S such that

~ 0 ifreS—1TI 1 ifzeS—1I
fir (z) = { H)Afg ceyg nd AT(x):{ <0Jf5 el
[0 dfzeS—1T (1 dfzeS—1
- { ~05 zer ™ ’\I(“’){ <05 wzel
0 ifzeS—1I 1 dfzeS—1I
~05 zer " AF(”““)_{ <05 zel

pr (z)

ir@) = {

Then i) A = (x, (fip, fp, g, AT, A, Ar) (x)) is the neutrosophic cubic (g, € Vq)-
interior ideal of S.

i) A = (x, (p,fig, fbp, A1, A1, Ap) (x)) is the neutrosophic cubic (€,€ Vq)-
interior ideal of S.
Theorem 18. A neutrosophic cubic set A = (x, (lp,fif, g, A1, A1, Ar) (x)) of S
is the neutrosophic cubic (€, € Vq)-interior ideal of S if and only if

br (zaz) = rmin(fp (a) ,9/:5) and Ar (zaz) < max (Ar (a),0.5)
by (xaz) > rmin(; (a) ,O/.\5/) and A1 (zaz) < max (A7 (a),0.5)
bp(zaz) > tmin(ig (a),0.5) and A (xaz) < max (Ar (a),0.5)

Corollary 3. Fvery neutrosophic cubic (€,€ Vq)-ideal is an neutrosophic cubic
(€, € vq)-interior ideal of S but converse is not true.

Example 5. In Ezample 4,the neutrosophic cubic subset A = (x, (fip, iy, g, ATy AL, AF) (2))
of S is neutrosophic cubic (€ Vq)-interior ideal of S but it is not neutrosophic cubic

(€ Vq)-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 x 4 = (XﬁT’ Xii;» Xjips Xog> Xaps Xap)

is an neutrosophic cubic (€, € Vq)-interior ideal of S.
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9. NEUTROSOPHIC CUBIC (a, ) SEMIPRIME/PRIME IDEALS

In this last section we provide some results on Neutrosophic Cubic (a, 8) semi-
prime/prime ideals of semigroups.

Definition 15. A neutrosophic cubic subset A = (x, (fip, i, fp, AT, A1, Ar) (2))
of a semigroup S is called the neutrosophic cubic (o, B)-semiprime ideal of S, where
a,f € {€,q,€ Vg or € Aq} but a #€ Aq if for all x € S and for allt~,i,f €
D[0,1] and s,0,g € [0,1) such that
2

x(aﬂfis,o,g)aA - (x)(ﬁ)ﬁs’o)g) BA

Definition 16. A neutrosophic cubic subset A = (x, (fip, s, g, AT, AL, AF) (2))
of a semigroup S is called the neutrosophic cubic (o, B)-prime ideal of S, where
a,B € {€,q,€ Vg or € A} but o #€ Aq if for all z,y € S and for all 1, f €
D[0,1] and s,0,g € [0,1) such that

(TY) (77 For0.0) ¥4 = (0)(57 Frs.0.9) PA 07 (9) (73 5.0.9) PA-

The following lemma shows that every neutrosophic cubic semiprime (resp.,
prime) ideal is a neutrosophic cubic (€, €)-semiprime (resp., prime) ideal of S.

Lemma 8. A neutrosophic cubic subset A = (x, (fp, i, g, AT, A1, Ar) (z)) of a

semigroup S is neutrosophic cubic semiprime (resp., prime) ideal if and only if for
all z € S and for all t,i, f € DI0,1] and s,0,g € [0,1) such that

2

x

(

g)EAﬁ(SL’)( )EA

ii.f, t,i,f,5,0,9

Theorem 20. Let A = (z, (fp, i, g, A1, A1, Ar) (2)) be a neutrosophic cu-
bic (a,ﬂ)—semipmzze (resp., prime) ideal of S. Then the set Ag,) = {z € s
(s fops fop)(x) = 0 and (Ap, A1, Ap) (z) < 1} is semiprime (resp., prime) ideal of
S.

Theorem 21. Let P be a semiprime (resp., prime) ideal of S and let A = (x, (fp, fir, fip, AT, A1, Ar) (2))
be a neutrosophic cubic subset of S such that

0 ifzeS—P
=05 zeP

ifeeS—-P

fir (z) = { “miAT@>:{1g05 zeP

_ [0 ifzeS—P (1 ifzeS-P
pr(z) = { ~ 05 zeP and )‘I(m){ <05 z€P
_ [0 ifreS-P 1 ifzeS—P
hp () = { “ 05 zeP and )\F(x)—{ <05 weP

Then i) A = (@, (fip, g, g, AT, AL, AR) (2)) is the neutrosophic cubic (g, € Vq)-
semiprime (resp., prime) ideal of S.

it) A = (x, (fop, i, bg, ATy A1, AF) (z)) is the neutrosophic cubic (€,€ Vq)-
semiprime (resp., prime) ideal of S.

Theorem 22. A neutrosophic cubic set A = (x, (fip, i, by, AT, A1, AR) () of S
is the neutrosophic cubic (€, € Vq)-semiprime (resp., prime) ideal of S if and only
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if

Y

fir (z°) rmin(fip (z),0.5) and Ar (z°) < max (Ar (z),0.5)
i (%) = rmin(i; (z) ,0.5) and A; (2®) < max (A\r (z),0.5)

fip (z°) = rmin(ip (z), 0.5) and \p (2°) < max (Ap (z),0.5)

Corollary 4. Every neutrosophic cubic (€, € Vq)-prime is an neutrosophic cubic
(€, € Vq)-semiprime ideal of S but converse is not true.

Theorem 23. A non-empty subset A of a semigroup S is (€,€ Vq)-semiprime
(resp., prime) ideal of S if and only if the neutrosophic cubic characteristic function

XA = (XﬁTvXﬁlaXﬁF7XAT7X)\17X/\F) is an neutmsophic cubic (67 € \/q)_ (67 € \/q)_
semiprime (resp., prime) ideal of S.

Conclusion 1. In this paper we study different types of neutrosophic cubic (o, 5)-
ideals of semigroups. In our future study we are focusing at the following points.

(i) To study neutrosophic cubic (€, € Vqy)-ideals of semigroups.

(i1) To study neutrosophic cubic (€, €~ Vgs)-ideals of semigroups.

(11i) To define the upper and lower parts of neutrosophic cubic (€, € Vq)-ideals,
neutrosophic cubic (€, € Vqi)-ideals and neutrosophic cubic (€, €, Vqs)-ideals of
SemMigroups.

(iv) To study the regular and intra-regular semigroups in terms of neutrosophic
cubic (€, € Vq)-ideals, neutrosophic cubic (€, € Vqy)-ideals and neutrosophic cubic
(€4, €4 Vgs)-ideals.

(v) To study neutrosophic cubic (€,€ Vq)-relations, neutrosophic cubic (€, €
Vaqy)-relations and neutrosophic cubic (€., €~ Vqs)-relations.
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