Thai Journal of Mathematics
Volume 20 Number 3 (2022)
Pages 1337-1352

http://thaijmath.in.cmu.ac.th
ISSN 1686-0209

S—Ildeals of 3—Subalgebras via Cubic Intuitionistic Set

Prakasam Muralikrishna'-*, Arsham Borumand Saeid?, R. Vinodkumar?® and Govindasamy Palani*

1 Assistant Professor, 3 Research Scholar(PT), PG and Research Department of Mathematics, Muthurangam
Government Arts College (Autonomus) (Affiliated to Thiruvalluvar University), Vellore, 632 002, India
e-mail : pmkrishna@rocketmail.com

2 Department of Pure Mathematics, Faculty of Mathematics and Computer, Shahid Bahonar University of
Kerman, Kerman, Iran
e-mail : arsham@uk.ac.in

3 Assistant Professor, Department of Mathematics, Prathyusha Engineering College, Aranvoyalkuppam,
Thiruvallur, 602 025, India
e-mail : vinodmaths85@gmail.com

4 Assistant Professor, Department of Mathematics, Dr. Ambedkar Government Arts College, Chennai, 600
039, India
e-mail : gpalani32@yahoo.co.in

Abstract Cubic intuitionistic fuzzy sets are an effective and versatile technique for encoding ambiguous
data. In this paper, the notion of 3-ideals have been merged with cubic intuitionistic set. The perception
of cubic intuitionistic ideals of 3-algebra is established with relavent results. Moreover, various properties
on Cartesian product and the homomorphism of cubic intuitionistic ideals of B-algebra are studied.
Further, multiplication of cubic intuitionistic S—ideals is introduced and few of its related results were

investigated.

MSC: 06F35; 03G25; 08A72; 03E72

Keywords: [—algebra; S—ideals; cubic intuitionistic fuzzy; cubic S—ideals; cubic intuitionistic ideals

Submission date: 12.12.2021 / Acceptance date: 16.08.2022

1. INTRODUCTION

After Zadeh’s[1] fuzzy set, Atanassov[2] proposed the notion of intuitionistic fuzzy sets
with degrees of membership and non-membership. Aub Ayub Ansari and Chandramoulees-
waran[22] established the concept of fuzzy -subalgebras of S-algebra and discussed some
of its analogous outcomes. Sujatha, Chandramouleeswaran and Muralikrishna[3] intro-
duced the notion of intuitionistic Fuzzy S—sub algebras of S—algebras. The thought of
B-algebra was explored by Neggers and Kim[4], where two operations were coupled. The
notion of interval valued fuzzy S-ideals were presented by Hemavathi, Muralikrishna and
Palanivel[5, 6] and also they have extended the idea of interval valued intuitionistic fuzzy
[B-subalgebras and dealt some fascinating results. Borumand Saeid, Muralikrishna and
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Hemavathi[7] developed the notion of bi-normed intuitionistic fuzzy ($-ideal. The idea
of cubic intuitionistic structures of BC'I-algebras has been initiated by Tapan Senapati,
Young Bae Jun, Muhiddin and Shum [3].

The concept of cubic intuitionistic subalgebras and closed cubic intuitionistic ideals of
B-algebras were discussed by Tapan Senapati, Young Bae Jun and Shuml[9, 10]. Moreover,
the authors initiated the conception of cubic intuitionistic structure of KU-algebras. In
addition that, the Characterizations and relations of cubic intuitionistic KU-subalgebras
and KU-ideals of KU-algebras are presented. Moshin Kalid [11] proposed the notion of
multiplicative interpretation of neutrosophic cubic Set on B-Algebra. The conceptual
interpretation of the cubic intuitionistic implicative ideals of BC K-algebras presented
by Tapan Senapati [12]. Relationship between a cubic intuitionistic subalgebra, a cubic
intuitionistic ideal and a cubic intuitionistic implicative ideal are also discussed. Senapati,
Yager and Chen|[13] were identified some impressive applications in multi-criteria decision-
making based on cubic intuitionistic WASPAS technique. The idea of Cubic subalgebras
and ideals have applied into the framework of BC' K /BCI-algebras by Jun, Kim, Song and
Kang[14]. Besides, they have presented a novel extension of cubic sets and its applications
in BCK/BCI -algebras and provided various results based on their perception. Garg and
Kaur[15] established the thought of Cubic Intuitionistic Fuzzy Sets and its Fundamental
Properties.

Jun, Song and Kim[16] applied Cubic interval valued intuitionistic fuzzy sets into BCK
and BC'I- algebras. The authors discussed the relation between cubic interval valued in-
tuitionistic fuzzy subalgebra and cubic intuitionistic fuzzy ideal in BCK/BCI—algebras.
The novel idea of Cubic Intuitionistic g-ideals of BCI-algebras has been described by Sena-
pati, Jana, Pal, Jun[17]. Relationship between a cubic intuitionistic subalgebra, a cubic
intuitionistic ideal, and a cubic intuitionistic g-ideal is also discussed. Muralikrishna,
Vinodkumar and Palani[l18] have discussed some aspects on cubic fuzzy [-subalgebra
of f-algebra. Recently, Muralikrishna, Davvaz, Vinodkumar and Palani[19] analysed
the applications of cubic level set on S—subalgebras. Muralikrishna, Borumand Saeid,
Vinodkumar and Palani[20] have provided an admirable overview of cubic intuitionistic
B—subalgebras in which the conditions of S—algebra were enforced into the cubic intu-
itionistic fuzzy structure. Recently, Senapati, Jun, Tampan, Ronnason [21] have applied
Cubic Intuitionistic Structure to Commutative Ideals of BC'K-Algebras. The association
between a cubic intuitionistic subalgebra, cubic intuitionistic ideal, and cubic intuitionis-
tic commutative ideal is also considered. With all these inspiration, this paper provides
the study of cubic intuitionistic S-ideals and some compelling results were presented.

2. PRELIMINARIES
This section reveals the necessary definitions required for the work.

Definition 2.1. [1] A S— algebra is a non-empty set U with a constant 0 and two binary
operations + and — satisfying the following axioms:

i) p-0=p

(ii) (0—=p)+p=0
(111) (p_q)_t:p_(t+q)vp7q7t66'
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Example 2.2. The following Cayley table shows (U = {0, 1,2, 3}, +, —,0) is a —algebra.
+ (01|23 — 1011213
0]011(2]3 0]012(1]3
1(1(3]0]2 1(1]0]3]2
21210131 21213101
31312110 313[1(2]0

Definition 2.3. [1] A non empty subset 2 of a S—algebra (U,+,—,0) is called a (-
subalgebra of U, if

(i) p+qeAand

(i) p—qeA Vp,qgel

Definition 2.4. [22] A non-empty subset J of a f—algebra (U, +, —, 0) is called a S—ideal
of U, if
(i)oed
(i) p+qed
(iii) p—q&qe T thenp e T Vp,qe U.

Definition 2.5. [14] Let U be a non empty set. By a cubic set in U we mean a structure

C = {(2,S0(p), Re(®)) : =€ U}

in which ¢ is an interval valued fuzzy set in U and R¢ is a fuzzy set in O.

Definition 2.6. [3, 15, 16] Let U be a non-empty set. By a Cubic intuitionistic set
in U we indicate a structure € = {(z,¥(p),pp)) : p € U} in which ¥ is an interval
valued intuitionistic fuzzy set in U and p is an intuitionistic fuzzy set in U. Since ¥ =

{(p,Sw(p),Ru(p)) : p € B} and p = {(p, &,(p), H,(p)) : p € U}

Definition 2.7. [15] Let € = {(p,Se(p),Re(p)) : p € U} be a cubic set in a non empty
set O. Then the set € is a cubic 6— subalgebra if it satisfies the following conditions.

(i) Selp+aq) = rmin{Se(p), Se(q)}&Se(p — q) = rmin{Se(p), Se(q)}
(ii) Re(p +q) < maz{Re(p), Ne(q) }&Re(p — q) < maz{Re(p), NRe(q)} Vp,q € O

Definition 2.8. [18] Let € = {(p,¥(p),pb)) : » € U} be a cubic intuitionistic set in
O, where ¥ is an interval valued intuitionistic fuzzy set in O and p is an intuitionistic
fuzzy set in U.Then the set € is called a cubic intuitionistic S—subalgebra if it satisfies
the following conditions:

(i) Su(p+q) > rmin{Su(p), Su(a)}&Sw (p — q) > rmin{Se(p), Sw(q)}

(ii) Ry (p +q) < rmaz{Ry(p), Re (9) } &Ry (p — q) < rmaz{Re(p), e (q)}

(iil) &,(p +q) < maz{®,(p),&,(a)}&&,(p — q) < maz{B,(p), &,(a)}

(iv) 9,(p + a) = min{9,(p), 9,(a) }&H,(p — q) = min{H,(p), H ( )} Ypqel

3. CuBIC INTUITIONISTIC S—IDEALS

This section presents the definitions of cubic intuitionistic S—ideals of S—algebras and
give some results.
Definition 3.1. Let € = {p,¥(p),p(p) : p € U} be a cubic intuitionistic set in U is
referred as a cubic intuitionistic S—ideal of U if it satisfies the subsequent conditions for

(i) Sw(0) > Sy (p)&Ry(0) < Ry (p)
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(i) 8,(0) < &,(p)&H,(0) > H,(p) L
(i) Sw(p+q) > rmin{Sw(p), Sw(q)}&Re (p + q) < rmaz{Re(p), Ry ()}
(iv) &,(p+q) < maz{&,(p),B,(a)}&H,(p +q) > min{H,(p), Hp(q)}

v) Se(p) = rmin{Se(p — q), %av( )}&eRy (p) < rmaz{Re(p — q), Ry (q)}
(vi) &,(p) < mar{B,(p —q),&,(q)}&H,(p) = min{H,(p —a), H,(q)}

Example 3.2. Let U = {0, 1, 2,3} be a f—algebra with constant 0 and binary operations
+ and — are defined on U as in the following cayley’s table.

+(0]1]2|3 —1011(2]|3
0101123 01013]2]1
11112310 111(0]3]2
21213101 2121|013
313(0(1|2 31312110

Define a Cubic intuitionistic set € = {(p,¥(p), pp)) : p € U} in U as follows:

b ¥ = (Sw,Ne) p=(6,,9)
([0.4,0.6],[0.1,04]) | (0.4,0.7)
1] ([0.2,0.4],[0.3,0.6)) | (0.4,0.3)
([0.3,0.5,[0.2,0.5) | (0.4,0.7)
31 ([0.2,0.4],[0.3,0.6]) | (0.6,0.3)

Then € is a Cubic intuitionistic B—ideal of U .

Theorem 3.3. Let € = {p,¥(p),p(p) : p € U} be a Cubic intuitionistic f— ideal of a
B—algebra U. If p < q then Su(p) > Su(a) & Ry(p) < Ru(q) and &,(p) < G,(q) &
9p(p) = H,(a)-

Proof. For p,qe U,p < q=p—q=0 then

Sw(p) = rmin{Sw(p — a), Sw(a)}
= rmin{Sw(0), Sw(q)}
§¢(q)
< Ry (q)

Similarly, we can have Ng(p) <

ij(P) < mam{ﬁp(p - q)> ﬁﬂ(q)}
= maz{®,(0),6,(q)}
=6,(q)

Stmilarly, we can have $,(p) > 9,(q)

Theorem 3.4. Let € be a subset of U. Define a cubic intuitionistic set x¢ : O — DI[0,1]

such that
. [to,tﬂ L pe ¢ — . [80781] L pe ¢
Xe (p) - {[tQ’t?)] . p ¢ Q: NX(‘.’(p) - {[82’53] . p ¢ €

¢l



B—Ideals of B—Subalgebras via Cubic Intuitionistic Set 1341

%(p):{f e m(p)={: e

where [to, t1], [t2, t3], [S0, S1], [S2, s3] € D[0,1] & k,I,m,n € [0,1] with [to, 1]
> [tg,t3], [80,81] < [82,83] & k< l,m>n.
Then xe is a cubic intuitionistic f—ideal of U ,if and only if € is a f—1ideal of U.

Proof. Suppose x¢ is cubic set on U.

(7,) Sye (O) > Sye (p) Vp € 0. Then \SXQ (0) = [to,tl] or [tg,tg] with [to,tl]

> EQ, t3]. ......... (1) -

If 3y, (0) = [to, 1], then [0,0] € € which gives S, (0) = [t2,t3]...... (2)

From (1) and (2), [t2,t3] > Sy.(P) = [to,t1], Which is a contradiction. Hence Sy, (0) =
[to,t1] , gives [0,0] € €.

(i4) For p,q € € we have Sy, (p) = [to,t1] = Sye (q). Also,

Sye(p+a) > rmin{Sy, (p ) 3 (@)} =rmin{[to, t1], [to, t1]} = [to, t1].

Therefore Sy, (p + q) = [to, ] yields p+q € C.

(iii) For any p,q € U if p—q & q € € then Sy, (p — q) = [to,t1] = Sy.(q). Now,
Sxe (p) = Tmin{%XQ (p—a) Sxe (9)} = rmin{[to, t1], [to, t1]} = [to, t1] hence p € €.

(1) Ry (0) <R, (p) Vp € U. We have X, (0) = [so, s1] or [s2, s3]with [so, s1]

[s
R, (0) = [s0, s1], then [1,1] € C gives Ry, (0) = [s2, 83]-eervne. (4)
(3) and (4)= [s2,83] < Ny, (p) = [S0,51], Which is a contradiction. Hence R,,(0) =
[s0,s1] , gives [1,1] € €.
(ii) For p,q € € we have Ry, (p) = [s0, 51] = Ny, (q). Now ,
Rye (p+ ) < rmaz{Ry, (p), Ry, (a)} = rmaz{[so, s1], [s0, 1]} = [s0, 51].
Therefore R, (p + q) = [s0, s1] gives p+q € €.
(iii) For any p,q € U if p—q & q € € then R, (p — q) = [s0,51] = Ry (q). Also
Ry (p) < rmaz{Ryg (p — 1), Rye ()} = rma{ 50,51} [50,51]} = [50, 1] then p € €.

(1) By (0) < B, (p) Vp € U.Then &,,(0) =k or l with k <1. ... (5)

If ®X¢( ) =k, then 1 € €. Therefore 6,,(0) =1.......... (6)

(5) and (6) yields | < &, (p) = k, Which is a contradiction. Hence &,,(0) =k , gives
led.

(“) For IS ¢ = 6)(@ (p) =k= 6)(@, (CI) Now ’®Xe‘ (p + q) < max{@m (p)7®X¢ (q)}

= maz{k, k} = k. Therefore, &, (p+)q =k then p+q € €.

(i71) For any p,q € Oifp—q& qel = &, (p—q) =k =6,.(q).

Now &, (p) < maz{&,,(p —q), &, (q)} = maz{k,k} =k then p € €.

(7) 9y (0) > 9y (p) then H,,(0) =m or n with m > n......... (7). If 9y.(0) = m, then
0 € €. Therefore 9y, (0) = n.......... (8). From (7) and (8),n > £y, (p) = m, Which is a
contradiction. Hence $),,,(0) =m , gives 0 € €.

(ii) For p,q € € thenfy, (p) = m = Ny (q). Now 9y, (z + q) = min{Hy, (p),

Nye (@)} = min{m,m} = m. Therefore, $,,(p +q) =m then p+q € €.

(t7i) For any p,q € Uif p—q& qe € = 9H,,(p —q) =m = Hy. (q).
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Now $Hye () = min{Hye (b — ), 9y (q)} = min{m,m} = m = p € €. Hence € is a
cubic intuitionistic f—ideal of U.

Conversely, assume € is cubic intuitionistic S—ideal of U, then [0, 0] € € gives J, (0) =
[to,t1]. Also Im(Sy.) = {[to,t1], [ta, ta]} & [to,t1] > [ta,ts] thus Sy (0) > Sy, (p) for
allp € U. For p,q € € we have p+q € € then S, (p) = Sy (q) = Sy (P + q) = [to, t1] >
rmin{Sye (p), Sxe (@)} Hence Sy, (p + q) > rmin{Sy, (p), Sye(a)}. For p.q € U if
p—gqand q € € then p € €Moreover, Sy, (p) = [to,t1] = rmin{[to, t1], [to,t1]} =
rmin{Sy. (P — q), Sy (q)}. For some p € Uifp—qe€ Cand q¢ € = p € €. Then
we have Sy, (p) = [to,t3] = rmin{[to, t1], [t2, 3]} > rmin{S,.(p — q), Sy (q9)}. Hence
%Xe (p) > Tmin{%XG (p - q)7 %Xc (q)}

[1,1] € € then X, (0) = [s0,s1]. Also Im(R,,) = {[s0,51],[s2,83]} & [s0,51] <

[s2,83] = Ry (0) < Ry, (p) Vp € U. For p,q € € gives p+q € € Then R, (p) =
Nee (@) = Rye (p+ ) = e < rmar{Ry, (6), Ry (@)}
Hence Ry, (p + q) < rmaz{R,,(p), Ry, (q)}. For p,q € Uif p—qand q € € then p € €.
Also, R, (p) = [s0,51] = Tmax{[so,sl] [s0,51]} = rmaz{R,.(p — q), N, (q)}. For some
peVifp—qe andq ¢ Cgivesp € €. Then Ry (p) = [82, 53] = rmax{[so, s1], [s2, s3]} <
rmaz{Ry, (p — 1), Ry (0)}. Hence Ry, (p) < rmaz (Ry, (p — 0), Ky (a))

Vp € UO. For p,q € € = p+q € € Then &, (p) = B, (q) = G, (0 + q) <
max{@)@(p)’®><¢(q)}' Hence ®X¢(p + q) < max{@xa(p)anXc(q}' For p,q if
p—gand q € Cimpliesp € €. Then &, (p) = k = maz{k,k} = maz{&,,(p—q), B, (q)}.
Forsomep € Uifp—q € Cand q ¢ € thenp € €. Then we have &, (p) =1 = max{kJ} <
maz (. (p 1), Gy (@)} Hence Gy, (p) < maz{®. (p 1), 65 (1)}

If 0 € € then $,,(0) = k. Also Im($y,) = {m,n} & m > n gives H,,(0) > Hy, (p)
Vp € U.. For p,q € € we have p+q € €. Then H,,(p) = HDy(q) = Hye (P +9q) =
m 2 min{ﬁxe(p)VVJXq‘ (q)} Hence ije‘(p + CI) 2 min{ﬁXG (p)7‘6Xq(q)} FOl” P>Cl € U lf
p—qand g € €= p e Then H, (p) =m =min{m,m} =min{Hy. (b —q), Hy. (9}
For some p € Uif p—qe Cand q ¢ € = p € € Then H,,(p) = n = min{m,n} >
min{Hye (b — 1), 9o (D} Dye(p) = min{Hye(p — @) Hye(a)}. Hencexe is a cubic
intuitionistic S—ideal of U. m

Now 1 € € then 6,,(0) = k. Also Im(8,,) = {k,l} & k < yields &,,(0) < &,
S

4. PrRopucT ON CUBIC INTUITIONISTIC S—IDEALS

This section discusses the product on cubic intuitionistic f—ideals on S—algebras and
some related results.

Definition 4.1. Let (U, +,—,0) and (0,4, —,0) be two sets.

Let 2 = {(p,Wa(p), pa(p)) : p € O} and B — {(q, ¥ (), ps()) : q € O} be cubic
intuitionistic sets in U and © respectively. The Cartesian product of 2 and 8 denoted
by 2 x ‘B is defined to be the set

Ax B = {{(p,q), Vaxs(p,q), paxs(p,q)) : (p,q) €U x O}

where Vo = [Saxs; Raxs] & paxs = (Gaxss, Haxs) and

Saxs : U x © = D[0,1] is given by Saxs (p, q) = rmin{Su(p), S(a)},
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Noiys : U x © — D[0,1] is given by Rk (p,q) = rmaz{Ry(p), R (q)},
Gaxns 1 U x © — [0,1] is given by Som(p,q) = maz{Gy(p),Bx(q)} and Hoxy -
U x © — [0,1] is given by Haxss (p,q) = min{Ha(p), H(q)}

Theorem 4.2. Let A = {(p, Pa(p), pa(p)) : p € U} and B = {{q, ¥ (q), pu(q)) : 9 € O}
be two cubic intuitionistic f—ideals of G and © respectively. Then A x B is also a cubic
intuitionistic f— ideal of U x ©.

Proof. Let 2 = {(p,Pa(p), pu(p)) : p € U} and B = {{q, ¥ (q), p(a)) : 4 € O} be two
cubic intuitionistic subsets in U and © respectively.

Take (p,q) € Ux O
@Q{X%(O,O) Z rmin{gmx%(O),
= rmin{Saxs (p),

= §91><%(p7q)

le%(o)}
»(q)}

@l &l

A x

Ros (0,0) < rmaz{Nexs(0), Noxes (0)}
= rmaz{Roxm (p), Narxs (q)}
= Rorws (P, q)

62(><‘B(0a0) < max{@mx%(()), ®2t><%(0)}
= maz{Gaxs(p), Gaxx(q9)}
= Q5mx%(P7Q)

Naxs(0,0) > min{ﬁmx%(o),ﬁmx%(o)}
= min{ﬁmx%(P),ﬁAx%(q)}
:»?JQlX%(p7q)
Take (a,b) € U x O, where a = (p1,q1) & b = (p2,q2). Then we have Syxm(a +b) >

rmin{Saxs (@), Saxs (b)} & Roxm (@ +b) < rmaz{Ryxs(a), Ryxs (b)} and Sgsm(a +
b) < maz{Gyxn(a),Buaxs(b)} & Huxs(a+b) > min{Haxs(a), Haxs(b)}. Now,

§i’1><‘3(a) = §2l><‘3(p17 q1)

= rmin{Suxxs(P1), Saxs(q91)}
> rmin{rmin{Sy(p1 — p2), Sa(p2)}, rmin{Ss(q1 — q2), S (92)}}
> rmin{rmin{Sa(p1 — p2), S (41 — 42) }, rmin{Sa(ps), Su(92)}}

(p1,91) — (P2, 92)), Saxs (P2, 92)}
a — b)a§%x%(b)}

= rmin{Suxms(
= rmin{ g xms (
Ry (@) = Roryems (P1, q1)

= rmaz{No x5 (p1), Naxs(q1)}
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< rmaz{rmaz{Rgy(p1 — p2), e (p2)}, rmaz{Res (q1 — q2), N (q2) }}
< rmaz{rmaz{Ny(p1 — p2), N (q1 — q2) }, rmaz{Re(p2), Reg
)

:rmax{&gx%((phch) (p2,92)), le%(PZaCD)}
= rmaz{RNem (@ — b), R (b)}

G (a) = Gaxa(P1,q1)
= maz{Gyxns(P1), Baxs(q1)}

(qy2)}}

< maz{maz{Ga(p1 — p2), Ba(p2)}, maz{Gs (41 — 92), G (q2)}}

< maz{mar{Gy(p1 — p2), G (41 — q2)}, maz{Ga(p2

= maz{Gaxn((p1,91) — (P2,92)), Barxss (P2, 92) }
= maz{Ggyxn(a —b), Byxn(b)}.

Haxs(a) = Haxs (91, q1)
= min{Haxs (p1), Naxs (q1)}

>
2

min{ Haxss ((P1,91) — (P2, 92)), HDaxss (P2, q2) }
= min{Haxxs (@ —b), Haxs(b)}.

2 X B is a cubic intuitionistic f—ideal of U x O.

)? (G2 (CIQ)}}

min{min{Ha(p1 — p2), Ha(p2)}, min{Hs (a1 — g2), N (y2) }}
min{min{Ha(p1 — p2), Ns (41 — q2)}, min{Ha (p2

), 9 (q2)}}

Lemma 4.3. Let 2 and B be two cubic intuitionistic subsets of U and © respectively.
Then A x B is a cubic intuitionistic f— ideal of U x © then Iy (0) > Sy (p), S (0) >

S (q) & Ry (0) < Rau(p), s (0) < R (q) and B (0) < B (p), B(0) <

HDa(p), Hs(0) < Hw(q).

Proof. Let 2 and B be two cubic intuitjonistic subsets of U and ©
Suppose Sa(p) > S2(0) and S (q) > S (0)
Rg((0) > Ny (p) and Rz (0) > Rz (q) for some p € U,q € ©. Then

Saxs (p,q) > rmin{Su(p), Ss(q)}
= rmin{Sy(0), In(0)}
= Saxs(0,0)

Similarly, we can get ﬁmx%(p q) <R x5 (0,0).
Suppose Bg(0) > By (p) and G (0) Z % (q)
Ha(p) > H9(0) and Hx(gq) > Hx(0) for some p € U, q € ©.Then
62l><%(pa q) < maw{ﬁg(p), N‘B(q)}
= maz{®x(0), 85 (0)}
= 6Ql><%(070)

G (q) & H(0) <

Similarly, we can have Hyxm (P, q) > Haxs(0,0). Which is a contradiction, proving the

result.
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Theorem 4.4. Let A and B be two cubic intuitionistic subsets of U and © such that AXB
s also a cubic intuitionistic f— ideal of U x ©. Then either A is a cubic intuitionistic
B—ideal of U or B is a cubic intuitionistic B—ideal of ©.

Proof. Now by lemma 5.3,let us take

Sa(0) > Sa(p), S (0) > S (q) & R (0) < Ry(p), Rs (0) < Res(q) (1) _

G2 (0) < o (p), & (0) < GE3(q) & H(0) < Ha(p), H5(0) < Hw(q) (2) then Toxxs(0,9)
= rmin{Su(0), Sn(q)} & Raxss(0,q) = rmaz{Ry(0), s (q)}

and Bgx 3 (0,q) = maz{Gx(0),85(q)} & Haxs(0,q) = min{Hx(0), Hx(q9)}

Since 2 x B is a cubic intuitionistic f—ideals of U x O,

S (P1,91), (2, d2)) 2rmin{Saxs ((P1, 1) — (P2, 92)), Saxss (P2, d2) }
and since
x5 ((P1,q1), (P2, 42)) 2rmin{Saxss ((p1,d1) — (P2, d2)), Saxss (P2, 42) }
x5 ((p1, 1), (P2, 92)) Zrmin{Sauxs ((p1 — p2), (a1 — ¥2)), Saxs (P2, ¥2)}
Sarx ((P1 p2), (1 — 92)) =rmin{Saics ((p1,91), Saxes (P2, 92)} (3)
Putting p1 = p2 = 0 in (3) Then -
Saxs((0,91) = rmin{Saxs (0, (91 — g2)), Saxx(0,92)} and

Sa
Sa

Sarxn (0, (91 — g2)) Zrmin{Saxn (0,91), Saxs(0,92)} (4)
Using equations (1) in (4)
= S (q1) Zrmin{{Sw (91 — q2), S (d2)}

and S (q1 — 92) > rmin{Sx(q1), Sn(q2)}
Similarly,

Roz (1) < rmaz{{Rs (41 — d2), Nes (q2)} and Res (g1 — q2) < rmaz{Re(q1), Rs(92)}

Also, Gaxs ((p1,91), (P2, 92)) < maaz{Gaxs((p1,91) — (p2,d2)), Baxw (P2, 92)} and
Gaxs((P1,91), (P2, 92)) <maz{Gaxs((p1,91) — (p2,92)), Gaxs ((p2, 92)}
Saxw ((P1,a1), (P2, 92)) <maz{Gaxs((P1 — p2), (41 — d2)), G2axs (P2, 92)}
SaxB((p1 — p2), (41 — 92)) <maz{Gaxs((p1,d1), Baxs(p2,92)} (5)
Putting p; = p2 = 0 in (5) Then
Gaxn((0,91) < maz{Gaxxs (0, (41 — 92)), Gaxs(0,92)} and
Barxs (0, (41 — g2)) <maz{Gaxx(0,q1), Gaxxs(0,92)} (6)
Using equations (1) in (6) which gives = &x(q1) < maz{{Gxs(q1 — q2), B (q2)}
and &g (q1 — q2) < maz{Gx(q1), Gx(d2)}-

Similarly we have, % (q1) > min{{Hs(q1—9q2),Hx(q2)} and Hn (91 —q2) > min{Hx(q1),
$Hs(q2)}. Hence B is a cubic intuitionistic f—ideal of O. L]

5. HOMOMORPHIC IMAGE(INVERSE IMAGE) OF CUBIC INTUITIONISTIC
[S—IDEALS

This section deals the properties on homomorphic image(inverse image) of Cubic intu-
itionistic f—ideals.
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Definition 5.1. Let f : U — © be a function. Let 2 and B be two cubic intu-
itionistic ﬂ—ideals in U and © respectively. Then inverse image of % under f is de-
fined by f~1(B) = {f7'(Su®), ' Rs(p), 1 (Gx(2)), f~1(Hs(p)) : p € U} such
that /=1 (Ss(p) = Qs (f(0), [T Ra(p) = Re(f(p)./ " (Ss(p) = (G=(f(p)) and
FH®5 () = (H2(f ().

Theorem 5.2. Let f : U — U be an endomorphism on U and € = {p,¥(p), p(z) : x € U}
be a cubic intuitionistic B—ideal of . Then €; = {f(p), {S(p),Rs(p)}, {S¢(p), H7(p)} :
p € U} where Sy : U — D[0,1] &Ry : U — D[0,1] and &5 : U — [0,1] &

76— [0,1] are defined by S5(p) = S((P)), F4(p) = R(/()), S(p) = S(f (1)) and
Hrp) =9(f(p)), Vp € U, is a cubic intuitionistic f—ideal of U.

Proof. Let € be a cubic intuitionistic S—ideal of U.

S (0) =§(f(0)) =§(0) S§(P),
Ny (0) = R(f(0)) = R(0) > X(p) Vp € U
Then
Srlp+a) =S(f(p+0)
>S(f(p) + f(y)

Similarly, we will have X (p + q)

St(p) =S(f(p))
> rmin{S(f(p) — f(a)), S(f(a))}
= rmin{S(f(p —q)), S(f(a))}
= rmin{Ss(p — q),S(a)}.

Similarly, we can have R;(p) < rmaz{X; JRe(q)}
Thfe“gr pED, &4(0) =06(f(0)) = 6(0) = &(p); H7(0)
Gs(p+a)=&(f(p+q))
< &(f(p)+ f(a)
maz{&(f(p)), &(f(a))}
maz{&(p), &(q)}

Hrp+a)=9(f(p+q))
>H(f(p) + f(a)
=min{H(f(p)), H(f(a))}
=min{H7(p), Hys(a)}-

Also,
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< maz{&(f(p) — f(a)),8(f(a))}
=maz{S(f(p —q)),8(f(q))}
=maz{&;(p —q),Bs(y)}.

H5(p) =H(f(p))
= min{H(f(p) — £(a)), H(f(a))}
= min{$H(f(p —q)), H(f(a))}
=minfg(p—q), H(a)}
Hence €y is a cubic intuitionistic 3—ideal of . =
Theorem 5.3. Let f : U — © be an onto homomorphism of B—algebras. If € =

{p,¥(p), p(p) : p € U} is a cubic intuitionistic B—ideal of ©, then the preimage f~1(€) is
a cubic intuitionistic f—ideal of U.

Proof. Let € be a cubic intuitionistic f—ideal of ©.

For p € U,
FHSw(0)) = Sw(£(0)) = Sw(0) > Sw(p)
For p,q € U,
FHSw)(p+9) =Su(f(p +a))
=S (f(p) + f(aq)
> rmin{Sw (f(p)), Sw(f(a))}
= rmin{f~(Sw(p)), f(Sw(a))}

FHSe)(p) = Su(f(p)
> rmin{Sy(f(p) — f(a)),Sw(f(0)}
= rmin{Sy(f(p —a)), Se(f(9))}

=rmin{f " ((Se)(p —a)), /' (Sw(q)}
Similarly for p,q € U, f~'(Ry (0)) = Ry (f(0)) = Ry (0) < Ry (p) &
F o) (p+q) < rmaz{f~ (Re(p)), f~ Re ()} and f Ry )(p) < rmaz{f~ ((Re)(p—
), f (Re(q)}
For p € U,
F7HB,(0)) = 8,(£(0)) = &,(0) < &,(p)
For p,q € U,
FHS)(p+a) =6,(f(p + 1))
=8,(f(p) + f(a))
<maz{®,(f(p)), &,(f(q))}
= maz{f~H(&,(p)), 1 (&,(q))}

FH®,)(p) = &,(f(p))
< max{®,(f(p) — f(q)), &,(f(q))}
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=maz{&,(f(p —a)),&,(f(q)}
=maz{f ' ((&,)(p —a)), [ (B,(a))}

Likewise for p,q € U, f~1(5,(0)) = H,(f(0)) = $5,(0) > H,(p) & F~1(H,)(p +q) >
min{f~1($9,(0)), f71(H,(a))} and f7H(H,)(p) > mm{f‘l(( Do) —a)), [ (H,(0)}-
Hence f~1(€) is a cubic intuitionistic 3—ideal of U. L]
6. MULTIPLICATIONS OF CUBIC INTUITIONISTIC ($-IDEALS

This section gives the notion of multiplications of cubic intuitionistic S-ideal and some
of its results are investigated.

Definition 6.1. Let € = {p, ¥ (p),p(p) : p 6 U} be a cubic fuzzy set of U and u € (0,1].
An object having the form €}/ = {(W( )) ,(p (p)fy} is said to be cubic p-multiplication

of € if it satisfies (\w)z/[(x) = 1.Sw (2); (R Q)il(x) = 1Ny (x);(@,;)ﬂ/[(x) =u.6,(r) and
(ﬁp)fy(z) = p.9, (x) for all € U.

Theorem 6.2. If € = {p,¥(p),p(p) : p € U} is a cubic S-ideal of U and let p € [0, 1].
Then the cubic pu-multiplication Qﬁﬁ/l of € is cubic B-ideal of X.

Proof. Suppose € = {p,¥(p), p(p) : p € U} is a cubic f-ideal of U. Then
(Sw)) (0) = nSu (0)
> 1.5y (p)
= (Sv),, ®)
(i.e) (o)) (0) > Gu) (0)
In a simalar way, we can have (Ry)"" (0) < (R¢)"" ()
(®,),) (0) = 1.6, (0)
< 8, (p)
= (8,), ()
(i.e) (&,)1 (0) < (&,)" (p)
In the same manner, we have ($,)}' (0) > (53,)%" (p)
(Sw),, (p+0) = 1Su (p+q)
> prmin{Sy (p), Su (q)}
= rmin{p.Sy (p) , .S (q)}

= rmin { (\w) M

(i-e) (§g/)i/[ (b +q) > rmin { (Sw)
Likewise, we obtain (&w)iw (p+q) <rmaz { (ﬁg)lM (p), (QW)M (q)}
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(&), (p+7) =p6,(p+0q)
< uma:c{esp (p),® ( )}
= maz {11.8, (p) , 11-6,, (q)}

= maz {(,) (o). (es,»ff (a)}

(i-e) (8,)) (b + ) < maz {(8,)) (). (&)} (@)}
In the similar way, we get (i.e) (YJ,,) (p+q) > min {(ﬁp)ﬁ/j(P), (573,))3[ (CI)}
(Sa)) (p) = 1w (p)
> prmin{Sy (p —q),Sw (y)}
= rmin{p.Sw (p — q) , 4.3
= rmin {n.Sw (p — q), 1S (q)
= Tmm{(\Sg,)M (p—1q)
(ie) (So), (0) 2 rmin { (S0)) (b =), (). (@)}

By using the same process, we get (&p)i/[ (p) < rmax { (&p)i/[ (p—19), (&p)fl (q)}

(©)2 () = 1.6, ()
< pmaz{&,(p—q),8,(q)}
= max {/L@p (p - q) 7/1“6 (CI)}

= maz {(8,)) (v~ 0),(8,)) (@)}

(i.€) (8,)) (8) < maz {(8,)} (b — ). (&,)} ()}

Similarly, we can have (jﬁp)y (p) < max {(yjp)iw(p — ), (ﬁp)ﬁ/l (q)}
For all p,q € U and p € (0,1]. Hence CIJLV[ of C is cubic S-ideal of X. [

Theorem 6.3. If € is a cubic set of X such that cubic p-multiplication @ﬁ/[ of € is cubic
B-ideal of G and p € [0, 1] then € is cubic -ideal of U.

Proof. Assume that €)' (z) of € be a cubic S-ideal of U, p € (0, 1]
Then

In a similar way, we have Ry (0) < Ry (p)
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uSu (0 +0) = (S)) (9+0)

> rmin{(Sa)), (8), (Sw) (@)}
=rmin{u.Sy (p), 1-Sw (q)}

= p.rmin {\Yw (p) §W (q)}

(i-) Su (p+a) > rmin {Sw (p),Sw ()}
In the same manner, we can have Ny (p + q) < rmaz {Ry (p) , Ny (9)}

n®, (p+q) = (6,) (p+0q)
< max{(ﬁp)y (p), (%),ﬂ” (a)}
= max{®, (p), 1.6, (q)}
= p.maz{&, (p),&,(q)}
(i.e) &, (p+q) < maz {B, (p), &, (9)}
Similarly, we have $, (p+ q) > min{$, (»),9H, (q)}
)M

(p)

1-Sw (p) = (Sw

> rmm{(\w) (h—a), (§¢),M
= rmin{u.Sy (p — ) 1S (q)}
= p.rmin {@q, r—1q),3 (Cl)}

(i.e) Sw (p) = rmin {Sw (p — ), Sw (9)}
In the same way, we have Ry (p) < rmaz {RXy (p —q), RNy (q)}

w8, (p) = (6,) (p)

< maa{(,)Y (b — ). (&)

maa {56, (p - q), 1.6,
= p.maz {8, (p—q),8,(q)}

(i.e) &, (p) <maz{&,(p—q),8,(q)}

Likewise, we obtain $), (p) > min{$, (p —q),9, (9)}
For all p,q € U and p € (0,1]. Hence € is cubic S-ideal of U. [
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Theorem 6.4. Intersection of any two cubic u-multiplication Qﬁ/f of a cubic f-ideal € of
U is a cubic B-ideal of U.

Proof. Suppose cff and Q:ﬂ/,[ are two cubic p-multiplication of cubic -ideal € of U, where

w, 1 € (0,1]. Assume p = p’ Since Qﬁﬁ/f and fof{ are cubic p-multiplication of cubic S-ideal
of U. So,

(B0), N Go)y ) () = rmin {(Sw), (). (Sw), (0)}

= rmin{,u.gy (p) ,M/~§W (P)}
= 1.Sv (p)
= (Su)) (v)

In the same way, we can have <(§W)i/[ N (Ep)ﬁ{) (p) = rmax (&w)i/[ (p)

(@) N(@,)) () = maz {(8,)) (). (8,)0 (0) }
=maz{p.8, (p),1' .8, (p)}

= u.8, (p)
= (®p)ﬁ[ (n)

In the same manner, we have
(9o N @,) () = min(,), (p)

Hence, @ﬁ/[ N Qy is cubic fS-ideal of U.

7. CONCLUSION

In this work, the thought of cubic intuitionistic S-ideal is proposed and examined some
of its engrossing associated outcomes. Moreover, the results on cartesian product and
few properties on homomorphism of cubic f—ideal have been investigated. Furthermore,
interesting results based on cubic u— multiplication are also provided. In particular, we
have proved that the intersection of cubic u— multiplication is also a cubic S—ideal.In
future work, this can be extended into other algebraic structures.
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