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NORMS OF CUBIC NEUTROSOPHIC SUBRINGS AND IDEALS

B. ANITHA!, M. LAVANYA'*, §

ABSTRACT. In this paper, the notion of cubic neutrosophic subrings is thoroughly in-
vestigated, with a particular focus on the role of norms within these structures. The
homomorphism theorem associated with cubic neutrosophic subrings is examined in de-
tail, along with several related propositions that explore the properties and behavior
of these mathematical objects. Additionally, the paper delves into the development of
theorems concerning cubic neutrosophic ideals and level sets.
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1. INTRODUCTION

In 1965, Zadeh [11] introduced the concept of fuzzy set, which allowed for the rep-
resentation of uncertainty in mathematical terms by assigning each element of a set a
membership value between 0 and 1. This model addressed imprecision by enabling the
representation of vague or uncertain information. Later, in 1975, Zadeh [12] further ex-
tended this concept by presenting interval valued fuzzy set, where instead of a single
membership value, each element is assigned an interval. This extension provided a more
flexible and nuanced approach to dealing with uncertainty, especially in cases where the
exact value of membership is uncertain but falls within a certain range.

Jun et al. [8] introduced the idea of cubic set, which built on fuzzy and interval-valued
fuzzy sets. A cubic set is characterized by the use of cubic functions for the membership
grades of elements. This approach offers a more sophisticated representation of uncertainty
compared to traditional fuzzy set and interval valued fuzzy set. The concepts of fuzzy and
interval valued fuzzy set play an essential role in the foundation and development of cubic
sets, allowing for a richer and more adaptable model of uncertainty.

Florentin Smarandache [9] introduced neutrosophic set, which generalized the fuzzy
set theory further by norms three independent functions for truth, indeterminacy, and
falsity. neutrosophic set are particularly suited for handling situations with contradictory,
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incomplete, or uncertain data, as they provide a way to separately model these dif and
only iferent types of information.

Later, H. Wang et al. [10] advanced the theory by proposing interval valued neutro-
sophic set, which integrate the idea of interval values with the neutrosophic framework.
This allows for more complex representations of uncertainty, where each of the truth,
indeterminacy, and falsity components can be represented by intervals rather than fixed
numbers.

Further extending these concepts, Gayen and Sudipta et al. [5] examined interval valued
neutrosophic subring under triangular norms. They studied the properties and behaviors
of these structures, particularly focusing on the interactions between interval valued neu-
trosophic sets and triangular norms. Their work contributes to the understanding of how
these advanced structures function within algebraic settings, particularly in ring theory.

B. Anitha et al. [2] explored the use of norms in neutrosophic multi-fuzzy subrings,
investigating how dif and only iferent norms influence the algebraic structures in neu-
trosophic and fuzzy contexts. This helped to reveal deeper insights into the interactions
between fuzzy logic, neutrosophic set, and algebraic systems like subrings.

The present study extends these previous developments by introducing the concept of
cubic neutrosophic set within the framework of ring theory. Specifically, we propose cubic
neutrosophic subring, where elements are represented by cubic-valued neutrosophic sets.
This new concept enhances traditional neutrosophic subrings by incorporating cubic struc-
tures, providing a more detailed and refined approach to the representation of uncertainty.
Additionally, we explore the behavior of these cubic neutrosophic subrings when subjected
to triangular norms, which are commonly used in fuzzy logic and neutrosophic systems.
Through this study, we aim to interpret the various properties and interactions of cubic
neutrosophic subring, offering a deeper understanding of their algebraic structures and
potential applications in advanced theoretical frameworks.

2. PRELIMINARY

Definition 2.1. [8] Let X be a non-empty set. A cubic set C in X is a structure of the
form C = {k,(k), o(k)/k € X)} and denoted by C =< §,0 >, where § = [o", 0] is an
interval valued fuzzy set in X and o is a fuzzy set in X.

Definition 2.2. [9] Let X be a universel set. Then a neutrosophic set M on X N =
{k,C(k), o(k),s(k)/k € X}, with ¢, 0,6 €0, 1],

Definition 2.3. [5] An interval valued neutrosophic set of X is denoted as N = {k,C(k),
o(k), (k) /k € X} where &5, € [0, 1].

Definition 2.4. [1] Let t,, : [0,1] x [0,1] — [0,1] be a t-norm possess the following axioms

if k<m

(i) Sn(hﬂ 0\) =n
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(iv) $n (R, s (k, ™)) = sp(sp (R, k), ™), Vi, k,m € [0,1].

Note that if ¢,, is idempotent function then ¢, (n,n) = n also if s, is idempotent function
then s,(n,n) =n, Vn € [0,1].

3. CuBic NEUTROSOPHIC SUBRING WITH RESPECT TO t, AND S,

Definition 3.1. Let X be a non empty set. A cubic neutrosophic set in X. It can be
expressed as € = {k C*(k), o* (k ), s (k )/k € X}

Where, (* =< (,( >€ [0, 1], ¢ is an interval valued truth membership function and ¢ is
a truth membership funtion,

0* =< 0,0 >€ [0,1], 0 is an interval valued indeterminacy membership function and
s a indeterminacy membership funtion,

¢ =< ¢,¢ >€ [0,1],< is an interval valued falsity membership function and < is a falsity
membership funtion,

with the condition that 0 < 5+§+§§ 3and 0 < (+po+¢ < 3.

Definition 3.2. A cubic neutrosophic set € = {k, Cé(k), Q’é(kz), §é(k)/k: € R} of ring R is
referred to as cubic neutrosophic submng with respect to tn and sp of R if
(i) Ce(n—k) > ta{le(n), Ce(k)}; el — k) < snf{Ce(R), Ce(k)}
de(h — k) < su{de(n), de(k)}; 0e(h — k) > ta{oe(R), 0e(k)}
Se(h — k) < sn{Se(n), Se(k)};se(n — k) = tn{se(n), se(k)}
(i) Ce(k) = tn{Ce(n), Ce(k)}; Ce(nk) < sn{e(n), Ce(k)}
oe(nk) < sn{0e(n), oe(k)}; 0e(Nk) = tn{oe(n), 0¢(k)} .
Se(nk) < sp{Se(n),e(k)}; se (k) > to{se(n),se(k)}. Where n, k € R.

Example 3.1. Consider Zs is a ring. We define a cubic neutrosophic set € over t, and
sn as € = {(0,< [0.8,0.9]0.3 >, < [0.6,0.7],0.7 >, < [0.5,0.7],0.6 >), (1,< [0.4,0.5],0.8 >
< [0.7, 09] 02>,< [08 0.9],0.4 >)}.

Let tn (R, k) = min(h, k), s, = max(n, k) then € is cubic neutrosophic subring of Zy over
t, and s,.

Proposition 3.1. Let € be a cubic neutrosophic subring of R with respect to t, and sp,
where t,, s, are idempotent then

(i) Ce(0) = Ce(k); Ce(0) < Ce(k)
0¢(0) < 0e(k); 0e(0) = oe(k)
Se(0) > Ge(k);se(0) < se(k) . o
(i) C@( k) = k), 05 (k) = 05 (k), (=) = g (k). Yk € R

Proof Let k € R. Then we have
(i) (e(0) = C@(k k‘) >tn{C¢( ), ¢ (k')} Ce(k‘)
Ce(0) = Ce(k — k) Z\tn{CC( ), Ce(k)} \Cc(k)-
Similarly, g¢(0) < g¢(k) and 0¢(0) > oe(k)
(ii) Ce(—k) = Ce(0—k)
> tn{(e(0), Ce(k)}
>tn{C¢() Ce(k)} .
—C@() CQ(O—\(—/C))
> 10{Ce(0), Ce(—k)}
> tn{CQ(O) Ce(k)}
= Ce(—k)
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Ce(—k) =Ce(0—k)

< sn{Ce(0), Ce(k)}

< sn{Ce(k), Ce(R)}
Ce(k) = Ce(0 = (k)
3n{<€(0)7 C@(\_k)}
Ce(=k).
So that (F(—Fk) = (5(k).

N N N N

Similarly, o5(—Fk) = og(k) and ¢ (—k) = ¢5(k). V € R. Hence the result. O

l?ropogition 3.2. Let € be a cubic neytmsophic subring of?{ under t, and s, then
Ce(—k) =1=Ce(n) = Ce(k); Ce(n — k) = 0= Ce(n) < Ce(k)

N \ N 3

Ge(in = k) = 0= ge(n) < de(k); e — k) = 1= 0e(n) > oe(k)

Se(— k) =0=Ge(n) < Se(k)ise(n — k) =1 = ce(n) > ce(k), Vi, k € R.

]:’?“oof. Let h,k € 9‘{.\ Then we have o o N

Ce(n) = Ce(n =k + k) > tfle( — k), Ce(k} = taf1, Ce(k} = Ce(k)

Ce(n) = el =k + k) < sp{Ce(in — k), Ce(k} = 52{0, Ce(k} = Ce (k).
Similarly, de() < de(k) and o¢(n) > o¢(k)

N

Se(n) < Se(k) and gg(n) > se(k). Hence the result. O

I VA VAN

Proposition 3.3. Let € be a cubic neutrosophic subring of R with respect to t, and sy,

where t,, s, are idempotent then €(h — k) = €(k) if and only if €(h) = €(0). Vi, k € R.

Proof. Let €(h — k) = €(k). If k = 0 = ¢(n) = €(0).
Conversely, if €(n) = (’:(O) Then
Ge(n) = Ge(0) = Ge(n — k)
Ce(N) = Ce(0) = Ce(k)(by proposition)
Now, Ce(n — k) > tn{Ce(n), Ce(k)}
> tn{Ce(k), Ce(k)}
= Ge(k) = Ce(—F)
=Ge(n—k—n)_
> tn{Q@(h - ]f:)v g@(h)} .
> én{(@(h\_ k)v C@(rh - k)}
o =G —k).
Ce(n — k) < sn{le(n), Ce(k)}
< sn{Ce(k), Ce(k)}

N

= (e(k) = Ce(—Fk)(by proposition)

= Ce(h =k —n)

< sn{Ce(n — k), Ce(D)}

< sn{Ce(n — k), Ce(n — k)}
= Ge(n — k).

Therefore Ci(h — k) = (k).
Similarly, oF (7 — k) = Q’é(k) and ¢ (n — k) = gg(k)
Hence €(h — k) = ¢(k).Vk, k € R. O

Theorem 3.1. If I and G are any two cubic neutrosophic subring of R then IN G is
also a cubic neutrosophic subring of R with respect to t, and s,, where t, and s, are
idempotent.
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Proof. Let T and G be any two cubic neutrosophic subring of R. Let nkenR
() Cerng(h = k) = ta{Ces(n = k), Cea(h — k)} o
> tu{tnfGer (), Ger (D)} ta{Gea (). Gea () )
= tn{tn{Ce1(N), Cec (M)} tn{Cer (), Cec (K)}}
= ta{lerne(), Cerna(k)}
Cerng (= k) = sa{Ce, (h = k), Geq (0 — k)} .
< su{sn{Ce; (1), Ge; (k) }, sudGea (), Geo (K}
= sn{sn{Ce; (1); Cec (M)}, sn{Ce; (K), Cee (R}
= SH{C\QIOG (h)’ CCII’“IG (k)} .

Similarly, ocina(n — k) < sn{gcmG(h), QNQIOG(IC\)} and .
Qﬁmc( k) = tn{QQmG( ) QCmG( )} §~€IHG(h - k) < Sn{fQIﬂG(h)agélﬂG(k)} and
gﬁmc(n k) 2 tn{g@mc( ) §¢mc(k)}

(i) Cerna(ik) = ta{Ces (k). Ceq (Rk)} i o
> to{ta{Cer (), Cer ()} ta{Cea (), Cea ()}
= ta{ta{Ces(0), Cea (M)} ta{Cer (k). Cea(R)})
= ta{Cerna (™), Cerng (F)}

Cerne (nk) = SH{CQI (nk) Ceg (nk)} .

< Sn{sn{(@( ), CQI( )}an{g€c(7?)7€€c(lf)}}
= sn{sn{Ce; (), Cec (M)}, sn{Ce; (F), Ce (F) 1}
= Sn{CQmG( n), Cﬁmc(k)}' .

Similarly, deng (k) < sn{eina(n); derne(k)} and .
Qﬁmc(nk) > tn{g@mc( ) QQmG( )} Serng(n — k) < snf{Serna (M), Serna(k)} and

SCrna (nk) > tn{g@[ﬁ@( ) Nate (k)}
Hence I N G is a cubic neutrosophic subring of SR with respect to t,, and s,,. O

Theorem 3.2. Let I and G be cubic neutrosophic subring of . If one contains the other,
then IU G is a cubic neutrosophic subring of R.

Proof. Let I and G be any two cubic neutrosophic subring of R. Let h,ic € R. Then we
have

(i) Cerua(n —k) = Sn{CU(n - )7<§G’( k)} .
> sp{ta{Cer (1), Cer(B)} ta{lec (M), Geg (k) }}
= tn{tn{Cer(1), e ()} tndCer (k) Cec(k)}}
. n{CQIuG( )aC IuG k)}
Ccluc(h - k;) - SH{CQI( ))C@ ( )} .
< snfsudCe; (W), Ce; (B)}, sn{Ceq (M), Cea (R)}}
= sn{sn{Ce; (1), Ceo (M)}, sn{Cey (R), Cei (F)}}

= Sn{C\QIUG( ) CQIUG(k)}' .

Similarly, deruc(t — k) < sn{deque(n), derug(k)} and .
QQIUG( k) > tn{Q@IuG( ) Q¢Iuc( )} §~€IUG(h - k) S Sn{§~¢IUG(h)v§~€IUG(k)} and
gﬁ]uc(n k) > tn{g@zuc( n), gCIUG(k)}

(i) Cera(ih) = talCerh), Ceail)}
> b {tu{Cer (1), Cer (0) ) tad Cear (), Cea ()1}
= n{tn{CQI( ) CEG( )}atn{gél(k%C@G(k)}}
= n{C@IUG( ) CQIUG(]‘?)}
Q-@IUG (nk) = Sn{CQI (nk) CQG (Nk)}
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< SH{SH{CCI (h)v CCI (k)}? Sn{CQG (7?")7 CQ:G (Z\C)}}
= sn{sn{Ce; (M), Cec (M)}, 5n{Ce; (), Ce (K) 1}
= Sn{\C&uG (1), CQ:IUG(k>}' .
Similarly, gejue (k) < sn{derug(n), derue(k)} and .
oerue (k) = tafoe 6 (1), 0106 (F) ) Serue (n — k) < sniserue(n), seru(k)} and

gQIUG(nk) > tn{Se;uq (M), §€1uc(k)}
Hence I U G is a cubic neutrosophic subring of R with respect to t, and s,. g

Definition 3.3. Let F' : R — R,. Let € = (C*, 0*,¢*) be a cubic neutrosophic set of R
and €, = (CT, 0}, s7) be a cubic neutmsophic set of D‘il. Then
(i) The pre-image F~1(€,) = ( ((1) Yo%), F71(sF) is a cubic neutrosophic set of R,
deﬁnegi by F7H&) (k) = (FHE)(R), F 0D (k), F7H () (k) = (G (F(R)), o1 (F (k).

Sf (F (k)
(ii) The image F(€) = (F(¢*), F(0%), F(¢*) is a cubic neutrosophic set of R, defined by

Py = L Vaer1@l®) P (0) #

F(¢H)(n) = 0 otherwise
F(a)() = L Vaeriwa®) i F7H(0) #

F(o*)(n) = 1 otherwise
! wy =" cr1ok) if F7Y(n) # ¢

e = Oq otherwise
(F () = { VaeFT160S (k) if F7Y(h) # ¢

F(¢*)(n) = 1 otherwise
g ! F(s)(n) = Neer-1)s(k) if F7H(R) # ¢

0 otherwise

Theorem 3.3. Let F': R — R, be an onto homomorphism between R and Ri. If € is a
cubic neutrosophic subring of R with respect to t,, and s, then F (&) is a cubic neutrosophic
subring of Ry under t,, and s,.

Pmof Let nq, ng € R and k:l, l{:2 € R, if R is a cubic neutrosophic subring of Yi. Then
(i) F(Ce)(kr —k2) =V op- Cc(nl — ig)
2 Vnep 1(;; tn{Ce(n1), Ce(n2)}
- tn{vneF (k)CC( ) neF—l(k)Cé(h2)}
= n{F<<¢><k1>,F<<¢><k1>}
F(Ce)(k1 = k2) = Ny por iy Ce(n — n2)
< Naer-1(k) Sn{CQ‘(hl)aCC(hZ)}
- Sn{/\nep C@(hl) /\nep 1(k)<€(h2)}
= Sn{F(Ce)(kl)a F(Ce)(k)}-
Slmllarly, F(oe)(k1 — kg) < sn{F(gg)(kl) F(
(Qé)(kl—/@) > tn{F(Q@)(kl) (Qé)(kl)} F(ce
F(se) (k1 — ka) > tn{F(se) (k1), F(se) (k1) }.

@c)(iﬁ)} and . .
(k1 —k2) < sn{F () (k1), F(Se)(k1)} and
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(if) F(Ce)(kike) = vﬁepfl(]}:)gﬁ(hth)
> Vier-1(k) tn{Ce(in), Ce(h2)}
tn{\/nep )C@(ﬁl) \/nep 1(k)C (n2)}
= tn{F(Cc)(]ﬁ)vF(éc)(kl)}
F(Ce)(k1k2) = Nyepi gy Se (i)
< /\nep 1(k) Sn{CQ(hl)
= Sn{/\nep C@(hl), /\hepfl(ig)C@(hZ)}
= Sn{F(Cc)(kl) (C@)(lﬁ)}
Similarly, F(ge)(kiks) < Sn{F(QC)(kl) (Q@)(kl)} and \
(Qc)(klkz) > tn{F(Qe)(’fl) (Qc)(kl) VP (S) (kika) < sn{F (&) (k1), F(Ge)(k1)} and

F(se)(kika) > tn{F(se)(k1), F(se) (k1) }.
Hence F'(€) is a cubic neutrosophic subring of 9; under ¢,, and s,,. O

,Ce(n2) }

Theorem 3.4. Let F : R — R, be a homomorphism between R and Ry. If €1 is a cubic
neutrosophic subring of R1 under t,, and s, then F*1(€1) 18 a cubic neutrosophic subring
of R under t, and s,.

Proof Let n, k € R. Let €; is a cubic neutrosophic subring of R;. Then
(1) F~1(Cey) (= k) = e, (F (R — k)
= (e, (F(n) — F(k))
> tn{Ccl( (1), ey (F ( .
o =t P (Ce) (M), 7 (Cey) (R))
F~H(Cey) (= k) = ey (F(R — k)
= (e, (F(n) — F(k))
< SH{CQ( (n)7C¢1( ( )
= SH{F (C@l)(n F ()CQl))(k)}

Similarly, 4z, ~ ) < 30 {F (e, (1), P (e, ) ()} and
F~(0¢,) (= k) = ta{ F~*(0¢,) (1), F~*(0¢,) (F)},
F- (gﬁl)( ) < SR{F (gﬁ)(h)vF 1( @1)(k)} and
P (<¢1)( k) >t {F 7 (s, ) (1), F (s ) (R)}-

(i) F~1(Ce,) (k) = (g, (F(Rk))
= Ce, (F() F(k ))
Ztn{C&( ( )7 (5] J R
e <\<¢1><> R
P (Gey) (k) = Ce, (F(h))
= (e, (F(n)F (k)
< Sn{&l( (1), Ce, (F(k)}
_STL{F (C¢1)( )? 1((@1)( )} .
Similarly, (le)(nk:) < sp{F~ (@@1)(77,) Y(ge,)(k)} and
F~(0¢,) (k) =t {F " (0¢,) (), F~*(0e,) (F)},
F~(Ge,) (k) < sn{ F~1(Se, ) (), F~ (S, ) ()} and
F~ (e, (R )>tn{F_1(€¢1)( ), F~1(se, ) (k)}-

HenceF~!(¢) is a cubic neutrosophic subring of % under ¢, and s,,. O
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4. CuBiCc NEUTROSOPHIC LEVEL SET AND IDEALS

Definition 4.1. Let € = {k, C¢(\) (k:) ()/k: € R} be a cubic neutrosophic subring
of R. Let o™, B*,~v* € [0 1]. Then the set Cox By is referred to as a level set of €, where

of =< a,a >, 0" =<j3,8>, ’y =<7, >. Ifk € (’Ia* 3+~ then the following inequalities
hold. (e(k) > @, Ce(k) < a; de(k) < B, 0e(k) > B;Ge(k) < 7, se(k) > 7.

Theorem 4.1. If € is a cubic neutrosophic subring of R with respect to t, and s, if
and only if Cox g 4« is a subring of R with respect to t, and s,.(where t, and s, are
idempotent)

Proof. Since (g(k) > &, (e(k) < a5 0e(k) < B, 0e(k) > Bide(k) < Fose(k) = 7. Vk €
Cor gr ~4+. Therefore €4+ g+ 4+ is non empty. Now, let € be a cubic neutrosophic subring of
R with respect to ¢, and s, and n, ke Cox g -

To show that n — k nk € Cor g

(i) el — k) > ta{Ce(n), Ce(k )}>tn{a ay=a

Celin— k) < sufGe(i). Celh)} > tofaval =a. \

Similarly, de(n — k) < B, 0e(in — k) > § and Se(n — k) < 7,6e(h — k) > 7.
(i) Ce(nk) > tufCe(n),Ge(R)} > t{a,a} =

Ce(k) < snfCe(n), Ce(k)} = tafa, a} = o

Similarly, ge(hk) < B, oe(nk) > B and Se(k) < 7, se(k) > 7.

Therefore Ce(k) > @, Ce(k) < a; 8e(k) < B, 0e(k) = 5; Ge(k) < 7,ce(k) = 7.

Thus 1 — k,nk € €4» g« 4+ is a subring of R.

Conversely, Let €y« g+ 4+ be a subring of R.

To shoyv that € is cubic neutrosophic subring of R with respect to t,, and s,.

Let 7,k € R then there exist o* € [0, 1] such that

ta{Ce(), Ce(R)} = & snfCe(R), Ce(R)} =

s0,(g(n) > & C@( ) > &;¢e(n) < a,(e(k) < a also, let there exist 5*,7v* € [0, 1] such
that

sn{de(), e(k)} = B, tn{oe(n), 0e(k)} = B and .

sn{Se(n), < (k‘)} = ¥, tn{se(n),se(k)} = 7. Then N,k € Cox g« +. Since Cqx g 4+ is a
subring of R.n — k,nk € €4+ g+ . Hence,
(1) Celin— k) > & = tu{Ce(i), Ce (k) }: Celin — ) < o = su{Cei), Ge(h)}.

Similarly, de(h — k) < 5; oe (i — k) > 8
and G (i — k) < F;se(n — k) % gt . .
(il) Ce(ik) > & = tn{Ce(R), Ce(R)}; Ce(ith) < a = sp{Ce(R), Ce(k)}.

Slmllarly, Q@(le) < B; Q@(?’Lk‘) > 3 and

Se(nk) < A;ce (k) > 7.

Hence € is a cubic neutrosophic subring of R under ¢, and s,,. ]

Proposition 4.1. Let € be a cubic neutmsophzc subrmg of R with respect to ty and sy,
where ty, sy are idempotent then D = {Ce(k) =1, ¢e(k) = 0, 5e(k) = 0, 0 (k) = 1,3 (k) =
0,5¢(k) = 1/k € R} is a subring of R.

Proof. Le‘g h,k‘ €. Then

(i) el — k) > ta{Ce(n), Ce(k
el — B) < sn{Cel), (1)) = oo S \
Similarly, ge(h—k) <0, oe(h—k) > 1 and Ge(n—k) < 0,ce(h—k) > 1. Thus n—k € D.

g ——
——
~
3
—~

—~~
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(ii) Ce(ik) > ta{le(n), Ce(k)} = ta(1,1) =1
C@(nk) < Sn{Cq(n), ~¢( )} = Sn 0 0) = 0.

Similarly, ge(nk) <0, Q@(nk)) > 1 and gg(nk) < 0,¢¢(nk) > 1. Thus nk: €D.

Hence ® = {(e(k) = 1, {e(k) = 0, de(k) = 0, 0¢(k) = 1,ée(k) = 0,5e(k) = 1/k € R} is a
subring of R with respect to t, and s,. ]

Definition 4.2. Let € be a cubic neutrosophic set of R with respect to t, and s,. Then
< is refem:ed to as cubic neutrosophic left ideal with respect to tn and sy of R if
(i) Ce(n—k) > ta{le(n), Ce(k)}; el — k) < snf{Ce(R), Ce(k)}
de(h — k) < su{de(n), de(k)}; 0c(h — k) > ta{oe(R), 0e(k)}
Se(h — k) < su{Se(n), Se(k)}; se(in — k) > ta{se(n), se(k)}
(i) Ce(ik) > Ce(k); Ce(ik) < Ce(k)
de(nk) < de(k); oe (k) > oc(k) .
Se(nk) < Se(k);se(nk) > ce(k). Where n, k € R.

Definition 4.3. Let € be a cubic neutrosophic set of R with respect to t, and s,. Then
€ is referred to as cubic neutmsophzc mght ideal with respect to t, and s, of R if

(i) Ce(n—k) > ta{le(n), Ce(k)}; el — k) < snf{Ce(D), Ce(k)}
oe(n — k) < sn{0e(n), 0 ( )} 0e(n — k) = tn{ee(n), oe(k)}
Se(h —k) < Sn{Q(ﬁ)g Se(k)}sse(in — k) > tafse(n), se(k)}

(i) Ce(ik) > Ce(h); Ce(k) < Ce(n)

de(nk) < Ge(n); oe (k) > oe(h) .
Se(nk) < e(n);se(nk) > ge(n). Where n, k € R.

Definition 4.4. Let € be a cubic neutrosophic set of R with respect to t, and s,. Then
¢ is referred to as cubic neutmsophzc zdeal with respect to t, and s, of R if

(i) Ce(n—k) > ta{le(n), Ce(k)}; el — k) < snf{Ce(D), Ce(k)}
de(h — k) < su{de(n), de(k)}; 0c(h — k) > ta{oe(R), 0e(k)}
Se(h — k) < sp{Se(n), Se(k)}; se(n — k) > ta{se(n), se(k)}

(i) Gel(irk) = sa{Ce(), G ( )} Ce(ik) < ta{Ce(R), Ce(R)}

Ge(k) < ta{de(n), de(k)}; 0e (k) = sp{oe(n), oe(k)}
Se(nk) < tn{fe(h)’ )}7<¢(n’f) > snfse(h), se(k)}. Where i,k € R.

Theorem 4.2. Let € be a cubic neutrosophic set of R with respect to t, and s,, where
tn, Sn are idempotent then € is a cubic neutrosophic left ideal(right ideal) of R with respect

to t, and Sn if cmd only if@a* B~ 05 aleft ideal(Tight ideal) of R, with {Ce(k) = &, Ce(k) =
«, AQC( ) Bv QC( ) /Ba g@( ) 5’,§¢(k‘) = ’Y.VOZ*,B*,’Y* € [07 1]

Proof. Let € be a cubic neutrosophic left ideal of R under t,, and s,,. Let h, ke Cox B* -
Then ~
Celin— k) = tu{Ce(), Ce(R)} = ta(d,@) = &
Gelin— k) < suf{Ce(i), Ge(k)} = safara) = a.
Similarly, o¢(n — k) < B, 0c(n —
Thus 7 — k € Cox grAx-
Now let k € Cor pr~+ and h € R.
Then, e(hk) > Ce(k) > @; Ce(hk)
de(hk) < de(k) < B; 0e(hk) > oc(k)
Thus hk € Cox g* 4+
Hence €qx g+ 4+ is a left ideal of R.



B. ANITHA, M. LAVANYA: NORMS OF CUBIC NEUTROSOPHIC SUBRINGS AND IDEALS 987

Similarly, it can be proven RI. Thus hk € Cox gr*-

Conversely, Let €.« g« 4+ be a left ideal of R and h,k € €+ g 4+ such that

G(h) = G(k) = a*; 0 () = g5(k) = 5% ¢ () = 5 (k) =~

Since . — k € Cyx gr o+

Ce(in = k) > @ = ta(d, @) = tafCe(R), Ce(F)

Ce(n = k) < a = sp(a, @) = sp{Ce(R

Similarly,ge(n — k) < sp{de (), de(h
sn{Se(n), se(k)}, se(n — k) = sn{ce(n), e

Also, since nk € Cor B then

Cel(in— k) >a= Cc( ); Ce(n — k) <a= Cc(k)

de(h = k) < B = de(k); 0e( — k) > 8 = oe(k)

Se(h— k) <7 = Ge(k)ise(h — k) > 7 = ce(k).

Hence € is a cubic neutrosophic left ideal of R with respect to ¢,, and s, are idempotent.
In the same way, we can establish that for RI. ]

.0 (n — k) > sa{oe(n), oc(k)}and (i — k) <

Theorem 4.3. Let € be a cubic neutrosophic set of R with respect to t, and s,, where
tn, Sn are idempotent then € is a cubic neutrosophic ideal of R with respect to ty cmd Sn

if and only if Cox g A+ is an ideal of R, with {Ce(k) = @, Ce(k) = a, de(k) = B, oe(k) =
B,Se(k) = 7, ce(k) = v.Va*, B*,7* € [0,1].
Proof. Result follows the above theorem. O

Theorem 4.4. IfI and G are any two cubic neutrosophic left ideal(right ideal) of R with
respect to t, and s, then ING is also a cubic neutrosophic left ideal(right ideal) of R with
respect to t, and s,, where t, and s, are idempotent.

Proof. Let h,k € R. Then we have
(i) By theorem 3.1
IN G is cubic neutrosophic subring over t, and s, of fR.
It is enough to show the following.

(i) Cerng (k) = tn{Ces(Mk), Geq(Rk)}
> tafCer(4), Cea (1))
= tn{Cerna(k)}
Cerne (k) = sa{Ce, (Wk), Geq (Mh)}
< snfCe; (F), Ceo (R)}
= Sn{gﬁmc( )}
Slmllaﬂy’ QQIQG(nk) < SH{QEIQG( )} and 0¢rna (nk) > tn{g@mc (k)}

Serna (k) < sn{Serna(k)} and se i (Wk) > tn{se, o (k)}.
Hence I N G is a cubic neutrosophic left ideal of R over t,, and s,,.

In the same way we can prove for cubic neutrosophic right ideal of R over t,, and s,,. O

Theorem 4.5. IfI and G are any two cubic neutrosophic ideals of SR with respect to ty,
and s, then IN G is also a CNI of R with respect to t, and s,, where t, and s, are
idempotent.

Proof. Results follows from above theorem. O

5. CONCLUSIONS

This study looks at special types of mathematical structures called cubic neutrosophic
subrings and level sets, along with triangular norms. The research has developed important
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results in this area. These findings help to understand the properties and structure of these
mathematical concepts better. The work provides a solid foundation for future research.
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