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Abstract

We construct and analyze the concept of complex cubic anti neutrosophic subbisemiring (ComCANSBS). We

analyze the important properties and homomorphic aspects of ComCANSBS. For bisemirings, we propose the

ComCANSBS level sets. A complex neutrosophic subset of bisemiring () is represented by the symbol I' if
—~~

AN ST AN A1 A A F
and only if each non-empty level set R(*) where R = (R} -’ 3T | RL ¢ ST | RE ST R
90 R . ¢195% RE . (091 ) is a ComCANSBS of ®). Let T be a ComCANSBS of bisemiring ®). If and
only if T is a ComCANSBS of (® x ®), then I' is a ComCANSBS of bisemiring (9. Let I" be the strongest
complex anti neutrosophic relation of bisemiring (§). We show that homomorphic images of all ComCANS-
BSs are ComCANSBSs, and homomorphic pre-images of all ComCANSBSs are ComCANSBSs. There are
examples given to illustrate our results.

Keywords: ComCANSBS; ComCNANSBS; SBS; homomorphism

1 Introduction

Zadeh! developed fuzzy set (FS) theory, which works best at handling ambiguity and uncertainty. An element
in an FS is considered a member if it contains a single value inside the interval. However, since resistance can
exist in real-world situations, the degree of non-membership does not necessarily equal one minus the degree
of membership. As FS theory advances quickly, more and more hybrid fuzzy models are being developed.
Numerous uncertain theories, including FS,! intuitionistic FS (IFS)# Pythagorean FS (PFS) and spherical
FS (SFS), ¥ have been developed as a result of the uncertainties. Sets with grades ranging from 0 to 1, referred
to as MG, comprise an FS. IFS is classified as MG, in spite of Atanassov? stating that non-membership grades
(NMG) can only have a value of 1. There is a chance that, in a decision-making process, the sum of MGs and
NMGs will sometimes exceed 1. The generalized MG and NMG logic, which has a value not exceeding 1 and
is determined by the square of the MGs and NMGs, was constructed by Yager” using PFS logic. These ideas
are unable to explain the neutral state, which is neither positive nor negative. Cuong” discussed the image
with associates. Three grading points were utilized by FS: positive, neutral, and negative. These grades added
together could not total more than 1. For some purposes, it is also superior to PFS or IFS. It is an independent
generalization of three models that deals with the truth, indeterminacy, and falsity of FS and IFS.

DOI: https://doi.org/10.54216/IJNS.250209 93
Received: May 30, 2024 Revised: June 29, 2024 Accepted: July 27, 2024



International Journal of Neutrosophic Science (IJNS) Vol. 25, No. 2, PP. 93-116, 2025

The neutrosophic set (NS) was developed by Smarandache® to deal with contradicting and ambiguous data.
This reasoning establishes the degree to which a statement is true, ambiguous, or untrue. The notion of the
complex fuzzy set (CFS) is presented by Ramot et al” There is a wide range of possible values for the
membership functions of CFSs deals. The unit circle of the complex plane is extended to [0, 1], but the unit
circle of a fuzzy membership function is fixed. The CFS X is characterized by a membership function px (x)
that extends to the unit circle in the complex plane instead of only [0, 1]. Thus, px (x) is a complex-valued
function that assigns a grade of membership of the form 7x (z) - €!"X(®), where i = \/—1, to any element x
in the discourse universe. The value of px () is defined by the two real-valued variables, nx (z) and 7x (),
where 7x () € [0,1]. Semiring logic and its uses were introduced by Golan® Hussian and associates”
discussed the idea and application of bisemirings. The topic of bipolar-valued FSs and related procedures is
covered by Lee ! Ahsan et al. investigated fuzzy semirings'!' The notion of bisemirings was first presented by
Sen et al'? An intuitionistic fuzzy normal subbisemiring of bisemiring was recently presented by Palanikumar
et al ¥/ The notion of bisemiring was established by Palanikumar et al % utilizing bipolar-valued neutrosophic
normal sets. Recently, many authors discussed the new concepts such as neutrosopic set, fuzzy extension set
and speircal fuzzy set'>- 2% The following contributions are made to this study:

1. The intersection of a every ComCANSBSs is again a ComCANSBS of bisemiring ().

2. Let I' be a ComCANSBS of () and T be a strongest complex cubic anti neutrosophic relation of ().
Then I' is a ComCANSBS of bisemiring (S if and only if T is a ComCANSBS of ) x ©.

b
i ST

=

Ll i0 SE T i0ST g1 Li0sd | i0SE amir
, P € ST RL-e5T R -5 R -€775T ) is a subbisemiring

3. R= (R} St
of ® for all p, 2 € D0, 1].

F
» Rp

4. The homomorphic image of every ComCANSBS is a ComCANSBS and homomorphic preimage of
every ComCANSBS is a ComCANSBS.

We will look at certain aspects of the SBS and ComCANSBS concepts and make some conclusions.
The article is divided into the following five sections. In Section[I] semirings and SBS are introduced. Section
[2] contains information on semiring and SBS preparation. Listing of ComCANSBS properties is done in
Section[3] Utilizing numerical examples are recommended for ComCANSBS evaluation. Section [ indicates
the outcome and future direction.

2 Preliminaries

Definition 2.1. "2 An algebraic structure (®), ¥, ©, ®) is a bisemiring,if (§), W, ©) and (®), ©, ®) are semir-
ings, ie.,(S, W), (S, ©) and (®), ®) are semigroups and

L. 2,6 (2 Wzy) = (2, © 2¢) W (2 © 2p),

3. 2, ©(2¢ & 2y) = (20 © 2y),

)
2. (zeWzy) © 2y = (2¢ © 20) W (2 © 20)s
2 © 2¢)
)

( o
4 (2c 0 2y) O 2y = (2 © 2y) S (2 © 24), Y 2y, 2¢,2n €.
Definition 2.2. © A NS v in the universe U/ is v = {z,u, (),u?(z),ul (x)|x € U},where u, (z)u(z)

ul (2) represents the TD,ID and FD of v respectively. Consider the mapping u, : U — [0,1],ul : U —
0,1],uf U — [0,1] and 0 < u, (x) + ud (z) +ul (z) < 3.

Definition 2.3. © Let ¢y = (u), ,uj, ,ul, )02 = (uj,,uj,,ul ) and s = (u),,u3, ,ul, ) be the three

neutrosophic numbers over /. Then

L 4y ©4h3 = < maX(X;ﬁz ’ u;l)rs)’ min(xiz’ u?ﬂa)’ min(XQQ ’ ugs)>’
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2. Yo ® Y3 = <min(X;prQ,u;'p—B),max(xfh,uf'%),max(xgz7u53)>,

3. > s iffu), > uj anduj, <wul, andul, <ul

4, Py = 1pg iff uw2 = u% and uw2 = ufﬁs and uZZ) = ugg.

Definition 2.4. © For any NS ¢ = {z,x/ (z),x3(x),x! (x)} of U. Then (¢, 7)-cut is defined as {z €
Ulxy () = ¢ xd(2) = ¢ (@) < 7}

Definition 2.5. © Let V and Y be two NSs of S. Then Cartesian product of V and Y is defined as V x Y =
{X\T/xY(Xvw)vx%‘/xY(Xv’w) Xny( Y)| for all x,1 € S}, where

XUy O ) = min{x T (2), X3 ()}, 33y (o 0) = XG0 W E () = max{x (), X4 (1) ).

Definition 2.6. A fuzzy subset v of a bisemiring (&), O1, Oz, O3) is represents a fuzzy subbisemiring of ) if

Xo(XO1¢) = min{x, (), xv(€)}, Xo (x O2¢) = min{x,(z), xv ()}, Xo (x Oz€) = min{x,(z), X () }.for
all y,e € ®.

3 Complex cubic anti neutrosophic subbisemiring

Here (§ denotes bisemiring unless other stated, ¥ stands for real part and = stands for imaginary part and
k = 2m.

Definition 3.1. The complex cubic anti neutrosophic set(ComCANS) R in universal set U,
—_——— —
~ =T ~/ o =3(60) . =F(¢,0) -
R = {¢, W (G, 0)-Ex (6 9) "wd (¢ 0)-e™ =0 W (G 0)e =T (¢, 0)-e" B 60, WY ((, 0)-
= =

k=362 k=f (69 T _npTL qTU b _ 1L iU r _
€ R R . C S U}7Where \IIN (Caa) - [\I/N 7\IJN ]7 \IJN (§7a) - [\IJN 7\IIN ]7 \I/N (gva) -
—— —_—— ——

LWL (¢, 0)-€!

FL g FU ’/? ikET(C’a) ’/J\ ik:J(C’a) /? ikEF(C’a)
(UL, ¥y "] and Wy (¢, 0) - e™=n , IR (G,0) - e™=w Wy (C,0) - e R : U — D|0,]1]

and Wy (¢,9) - eikal(ga),\l/i((,a) . “kﬁm Ul (¢, 0) S S [0, 1] represents the truth de-
gree,indeterminacy degree and false degree respectively.

/\ /\ = /\ ,0) /J\ . =3(¢,0)
For simplicity the symbol Wy , W3 , Wl is ComCANS X = {¢, U (¢,9)-e kEy ¢ , Uy (¢, 0)-e™=n

~= F(¢,9)
K= s k=T (€0) ik=3(6.9)
\IIQ (C7a)'ek R aqlg(g:a)'ekx ’\Ili(c78)~ekx 7\1121:2((78)6

ao=F (6,0)
k=,

: ¢ € U}

— — —
3y ~~ LT A3 LI -
Definition 3.2. Let X = {C, Ty (¢, 0)-e%=r , Un (G,0)-e™=x W ((,0) e R U, (¢,0)-

=T (6D) =360 st (60
e Ex KETTL W (¢, 0) - e } and

U (C,0) - e

—— —
"/? ,k:T(C’a) "/J\ ,k:J(Cﬁ) /F .]k:r(c,c?) T k=T (60 q
= {<7 \IIE (Caa)'ez 2 ) \IJE (C,a)~61 = ) \I/E (C7a)'ez -z 3\112 (<7a)'el = 7\IIE(<76)’
=" Wl (¢,0) - =R } be two ComCANSs of U.
Then we define the intersection and union operation is defined as
T(,9) T(¢,0 ~/ =1(¢.0) —

: k= k=, (69 3 e ]

(1) RO = {(C,max{ ‘IIN (C 8) R ) \IJE (Cv a).ez = }7H13,X{ \I’N (Ca 6)6 R y \IJE (Cv 8)
— — —
=3(¢,9) =F(0) —/~ . =F (¢,0)

ek =y }min{\I' (¢,
max{ ] (¢,d)-e™=x " 2

9)- e = WL (¢ 0) e Fr Y,
LG 0) S ) max(VR(C,0) S WR(( 0)e ") min{w (¢,0)-
( 9)

=T wh(,0) e )]c ev}.
~= T e ~= D~
i) RUS = { (¢ min{ W (¢, 0)-*=x W (¢, 0)-e* = min{ W3 (¢, 0)-* = 0 (¢, 0)-
/—’H — —
=3(¢, =F(0) ~—/~ o =F(¢,9)

57y max(W (¢ 0) - <=7 T 0) 4 Z T,
- ( 3) =T (¢,d) . 0 =1(¢,0) k=36
mln{?/%)(g‘, a) =y ’ \I/(g§)C7 6)'8111&_‘Z ) }’ mln{\llit (<7 a)_ez]k_N ‘ ) ‘I’JZ(C7 6)8 - ‘
e b (€ Y ey
= W 0)- =Y )| c e vl

},max{\llg(c,a)-
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/—’H —
~~ LT A3 LD
Definition 3.3. For any ComCANS R — {g, L (C,0) - e Wl (c,0) - e R W (¢, 0) -

/—/H
r(¢,9) T T X
=R \IJ;I(C, 0)- e’kzl(c ? , \Ilit (¢,0)- elk:i(c ? , \Ilg(g d)- elk:g(g d)} of a universal set U. Then (3, 0)-

—_— —— —_—
-~/ o= 1(¢,0) -~/ =3(¢,9) = =F (¢.9)
: T ik = J ik = F ik =
cut is defined as {C € 6' ‘IJN (C?a) sem TR < ﬂv \IJN (Cva) R < Bv \IJN (Ca 8) R =

6,01 (,0) - =T < B, 0) - T < B (¢ 0) - Y >

Definition 3.4. The Cartesian product of X and ¥ is defined as

—_——— —_—— —_——
—~— w= (G0)0) —~— ikE:((c,m,a) —~— ae! (€p).0)
RS = {Wlen((Gp),0) - 208 W0 ((€0),0) - € TOET WL (¢ p) T

k=T (€:0).0) i
qjgxz((g,p),a)'ek RxE v\IlitXE((évp)va)'e
where X and ¥ be the ComCANS of U

=3((¢,p),0) =F ((¢:p),9)
SIS 7\IJ£XZ(C’ID).6E{HR><ZP |fo7’all C,pES},

— —_—— —
—~— ZT((¢0),0) ~= T(C0) =T (p0)
T k= T ik= T ik =
Ul ((Cp),0) - €T —max{ UG 0) - e E T W (p,0) e En T
ST =1(60) _=1(p.0)
o x5 W o) IR 4 B (o)
WNXZ((CJ)%a) ’ x® 2
/—/\“ — —
f-"ﬂ w=F(&p).0) ) f’? =k (€9) /P =k (0:0)
Woen((G,p),0) - 50 = min { WL (C,0) - e*E T W (p,0) - E T

UL ((0),0) - =0 = max fwl((,0) - 45T W (p,0) - 2
d(p,0)

L _3(¢,8) L
5 KGO gh(c,0)-e "N 03 (,9)-™=
Vs ((C,p),0) - e 5nx = I

NxE((Ca p),0)-e

Definition 3.5. For any ComCANS X of (S is said to be a complex cubic anti neutrosophic SBS (Com-
CANSBS) of ® if

o=l ((65p),0)
Zk‘—‘Npr

— min {\Ifﬁ(C,B) s SR 1AW P eikzg“”a)}

—~ 2T ~= B s TR ey

Ul ((Ctr p),0) - e =x (Ch0)0) < max{ W (¢, 0) - e =x (G W (p,9)- ek =x (1)}
A ~= A ~= ~ ~=

ol ) - ¢k Ex ((C120).0) < O (C.8) - ek Bx (€)W (5. 9) - e Ex (0.0)
x (C(f2p),0) e < max{ ¥y ((,9) -e » U (p,0) - e }
A ~= A /\ A ~=

T ) - etk En ((C130).0) < WL (C,0) - e Ex (€0 W (5, 9) - ek Ex (0:0)
N ((C 13 p)ﬂ ) e X max{ R (C; ) (pv ) }

~=~ ~=~
Py A~ —3 = —3
= — | ) J ik O o,
\Ilgt ((C11p),0) - ek :i ((C110),0) < YR (€,0)-e™ =R ((<,0>_£ PR (p,0)-e™ =R (72
OR
A ~= A ~=
/-’\ =1 |
/\ ik :4 J ik _4
U3 (C 12 p), 0) - e Ex (C120).0) < TR (o)™ =X O+ Uy (o TR @D
OR
~= ~=
A = —3 = T
f’\ =1 J ik BR (69 J i ER (0
T ((C 15 p),0) - eik =R (C10)0) < YR (€9) D ;\PN (p,9) N (v
= W =F —F = —F
\p}ﬁ ((Cf1p),0) - e = ((€410).0) > min{ \Ilf (¢,8) - €™ =x ((¢.9), \I/z/: (p,0) - e =x ((pﬁ)}
= v =F P = =k 5 = o =h 8
Wl (€2 p), 0) - e =x (G200 > min{ Wl ((0) - €™ =x (6D 0], (p, 9) - e =x (00}
= —F = = = =F
\1/5 ((C13p),0) e ik =y ((Cisp),0) > min{ \IJ§ (¢,0) - etk =y ((Cﬁ)y \115 (p,0) . etk =R ((p,a)}
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UL ((C 11 p),0) - €35 (€10)0) < max{ W (¢, D) -
UL ((C 12 p),0) - €50 (€120:0)  max{ W] (¢, ) - e
UL ((Cts p), 0) - =8 (€130)9) < max{W] (¢, D) - e

etk:,I((g 9) \I,T(p 9
K= (D) v (p,0
k=3 (( <a) \I,T( 9

?

P,

k=R ((p,9)

OR

k= 3 LHER(C,0) | 3 o
VL((C 11 p), D) - €HER(CH10)0) ¢ TRCO) IO U3(p.0)

V(¢ 12 p),0) - ¢HER ((¢120),0)
OR

WA (¢,0)-e D 103 (p,9) FER (D)
2

(¢

Ul ((C 11 p), 0) - €E% (Chp).0)
F )0
),0

Ul ((C 13 p),0) - ™= (C1a).0)
forall ,p € ®.

min{\I/g (¢, 0)-

K= ((C, k2L ((p,
(Ci3p),0) e =L ((C130),0) 3(¢,8)-e™=R "”;%(p,a)‘ek R (70

> min{W} ((,9) -
WL ((C 12 p), 0) - =000 > min{ W] (¢, 0) - e
> = (6D Wl (p, ) -

==L (60 Wl (p, ) -

k=l

s (D) Wl (p,0) - eikzg((p,a)}

Example 3.6. Consider the bisemiring ©® = {s1, S2, 63, 54 } with the Cayley table:

= (00}

)

) - =R ((p,0)}
) - eHER (0:0))
3

N

=L (p0))

k=L (00}

T—l S1 | S2 | S3 | <4 12 S1 | S2 | S3

Sa || I3 |1 |2 |3 |

S1 S1 | S1 | S1 | <1 S1 S1 | S2 | S3

S4 S1 S1 | S1 | S1 | %1

G2 S1 | S2 | S1 | S2 G2 | S2 | S2 | <4

S4 G2 S1 | S2 | S3 | S4

q3 S1 | S1 | S3 | S3 G3 | S3 | S4 | S3

C4 G3 | S4 | S4 | S4 | S4

S4 | S1 | S2 | S3 | <4 S4 | S4 | S4 | S4

S4 S4 | S4 | S4 | S4 | S4

=g (€) =«
/\ . . . .
( \Ij;lr , E;E )(5) [0.7561271-(0'65), 0.861271-(0'7)] [0'861277(0.75)’ 0.8561271'(0.8)]
A~ =
(‘IIE‘I , E?‘l )(g) [0.656112#(0.75)70.7ei27r(0.8)] [0-761277(0.8)70.756112#(0.85)]
(\IJ§ , Eg )(g) [0.7561’2ﬂ(0'6), 0.862277(0.65)] [0-6567/271'(0.7)7 0.761’2ﬂ(0'75)]
€= ) =x

[0.967:2#(0.85)’ 0.95€i2ﬂ(0'9)]

[0.85¢i27(0-8) ().9¢i27(0-85)]

[0.85ei27r(0.95)’ 0.961’271'(1)]

[0.75€i2ﬂ(0‘85), 0.861'271'(0.9)]

[0.4562'271'(0.9)7 0.55€i2ﬂ(0'95)]

[0.55€i2ﬂ(0‘8), 0.66i2ﬂ-(0'85)}

6 =q (€) =<
WL EDE [ 070705 | §r5a2709)
(P, E1)(€) | 0552708 [ 0.65¢72705%)
(0 2006 0950 | G070

(£) = <3 )=«
(UL, E0)(E) | 0.85e27M | (.8¢127(0:95)
(03, Z3)(€) | 0.75e27095) [ (.7¢27(09)
(U, Z5)(©) | 0.6e=7OA) 70 7¢727(0-55)

Hence, N is a ComCANSBS of (.
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Theorem 3.7. The intersection of a every ComCANSBSs is again a ComCANSBS of (.

~~ . ~~
Proof. Let { #; :i € I} be the family of ComCANSBSs of § and X = ﬂ h; .Let(,p€®.

iel
Now,
~= =T 5 ~= k';? )
Ug (G p),0) - e =n B2 —qup Wl (¢ p),0) - e =n (110)0)
iel
~= =T ~~ gt
< sup max{ \I/; (¢,0) - ok Zp, (C,a), \I,;)FZ (p, ) - o Zn, (p,a)}
iel
~= =T = s
= max {sup \II,;r (¢,0) - ek Zh, (C,B)’ sup ‘I/;li— (p,0) - o Ep, (p,a)}
il el
=~ - N ~=
= max{ ¥ (¢, 0) - " = CD W (p,9) - ™ =x )}
Similarly,
- T —~~ et ~ R
U ((C 42 9),0) - € En (€800 Cmax (W ((,0) - e Zx €, 0 (p, 9) - et En (1),
= -~ A~ A~

T ik 21 (Cap).d T ik En (60) Wl k E (0.0
DT ((CHa p),0) - e Z (00 < max (W] (G,0) - e Zx 60, W (p,0) - e B (02},
Now,

d ik Z§ ((¢11p),0) 3 ik 52 ((Ct1p),0)
VR (G p)0) - e SHUGAD —sup W5 (CH1p),0) - e =R U2
1€
~= I DRt R
o UL (G0) I CD 4 0 (p,0) e D)
< sup
i€l 2
~/ =1 = ety
up W (G,0) ¢ Eh ) sup B (p,0) - Fh )
_ i€l ‘ icl v
2
=~ ) ':j\ P ‘ f’:j\
W (G0) - e B L (p,9) - o ER (00)
2
Similarly,
=~
e =~ ~= —3 = ~3
! d i ER o) gl o ER (0.0
UL ((Ct2p),0) - efe B (C20)0) < IR €0) R -;\PN (0.0) R ond
N =~ ~= - ~= ~3
ik o ik o
T((C 13.p), 0) - e B (Can0) ¢ TR (COe® SN OO+ U oyt S 00
Now,
A~ - N _
UL ((Ctp),0)-e™ = ((€t10),0) — 125 \I,g ((C 11 p), D) - ™ Ex (C110).0)
~= =~
~ = o= =~ o =F
> inf min{ W} (¢,0) ™ =h 0 W] (p,9) - ¢ = (00}
1€ v i
~= =~
~= e = T
— min {inf W} (C,0) - ™ Fh D inf WL (p,0) - Zh 00}
1€ B ic i
~ L =F A~ ) ):F\
= min{ ¥} (,9)- ™ =x €D Wl (p,9) - ™ =x 0}
Similarly,

=~ =F =~ =F =~ =F
\yg ((Ct2p),0) - et =x ((CH2p),0) > min{ \pg (¢,0) - PRUSEN (C,B), \IJ}Q (p,0) - PRUCE (976)} and
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~~ o -
I ik =F ((Ci )3) . F ik =F (C 8) / r‘ ik :'r( 6)
Uy ((C13p),0) - €™ =x RP2D > min{ W (¢, 0) - ™ =X (&9 Wy (p,0) - e =x I}
Let {#; : i € I'} be the family of ComCANSBSs of §) and X = ﬂhz Let ¢, p € ®.
iel
Now,

=T —
V(¢ 11 p), D) - eEn (1a0)0) =sup U] (¢ p), 9) - M= (CH10).0)

< sup max{¥] (C,0)- e*=hCD W] (p,9). 0Dy
iel
= max {sup W], (¢,0) - "= sup W] (p,0) - = 0D
el i€l )
= max{WUy (¢,d) - eikil(cyﬁ)’ U (p,0) - eikEI(p,a)}

Similarly,
WL ((C 12 p),0) - €158 (€200 Cmax{ W] (¢, 0) - €5 (€0 W (p, ) - eHEx (0O},
UL ((C1s p), 0) - €50 (0D < max{ W] (¢, 0) - €51 (60 W (p, 0) - 5 (10)}
Now,
g ) .
TR((CH p),0) - HSHERDD = sup 3 ((¢ 11 p), 0) - e™=((Chr).0)
7
e k=3
. Wl (C,0) - "D 1w (p, ) - 5 0D
el 5
S‘El]? (2 (¢,0) - 27, ( )+slé};) \Il% (p,0) - SER (00
_ 2t .
) 2
= g (C 8) zkHN ¢.9) + ol (p, 8) . eikai(Pﬁ)
- 2
Similarly,
HER (G k=3 (p,
VA((C 12 p), 9) - FER(CH00) < TREARED 10 RO

<
k= k=
).eikai((asp),a) < TE(¢,0)-e™ N“va);wi(p,a).ek G

(¢ 13 0),0

Now,

k=l
\Il§ ((¢t1p),0) - oHER ((C110),0) — 1Ielf ﬁl((g f1p),0) - KBy ((C11p),0)

> inf min{ W, (,0) - 5D W] (p,9) - ")

:min{%g ‘I’g(é,a) HZh; (6:0) mf \IIF (p,0) - ZkHQ(P’@)}

= min{ ¥ (¢,0) - "= D), (p ayeﬂk—x(ﬂ’@)}

Similarly,
UL ((C 12 p), D) - ™= (CE2000) > min (WL (¢, D) - =X (CD) Wh (p, D) - ¥k (0:0)} and
WL ((C s ), 9) - ™50 (B0 > minf Wl (¢,0) - €= (€0, W] (p,0) - = (02}

Thus,N is a ComCANSBS of ).

~—~ =
Theorem 3.8. If X and 3 be the ComCANSBSs of ©1 and () respectively, then X x Yis a ComCANSBS of
®1 X ©2.
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Proof. Let (1, (2 € ®1 and p1, p2 € ©2. Then ((1, p1) and ((2, p2) are in @1 x ©2. Now
/—_/r\ 'k}:—r \ 5
U s [((Cp1) 11 (Cowp2), 9)] - e =rxnlCp)in(Ganp2). 0]
—~ =T 5
= Un((G i1 G pr i p2), 0) - e TRxs((@licepitig:).0)
= (] (G 1 G),0) - BN D YT (o 1y p),0) - et T (e )}
= et et
< max{max{ ¥} (¢;)-e* =x () (Co) - e =x (62))
~ e = = ) /;T\
max{ \IJ—ZF (p1) - etk =x (Pl)’ ‘I’; (p2) . etk =R (P2)}}
= ) ’;T\ =~ ) ’:T\
= max{max{ ¥y (¢1) - €™ =X €)W (py) - ™ = ),

/?
7\I/N

/? ik =T /? .]k/;'l'\
max{ W (C) - €™ =% () W (py) - €™ =x (P2)}}
N kEy 0 7T -k? o
= max{¥y,x((¢1,01),9) ¢ Erxx((Crp1), )?\PNXE((CQaPZ)aa) ok Enxs(Cap2), )}

- -
Also U, 5 [((Cr, p1) T2 (G, p2), D)) - e Srexslllupnta(Crp2). 0]
T kER (G0 G i Ets (C2,02).0)
< max{ Uy, 5((¢1,p1),0) - e =RXEESLPUD) o (((2, p2), 0)e™ TRXTUE2:P2)0Y

and \II;IXE[((417 pl) 13 (CQ? p2)7 a)] . elk‘—'RXZ[((Cl,ﬂl)iS(CQ,PQ);a)]
o= — o=
< max{W} o ((C1,p1),0) - e*=Rxs((CLp0)D) T (), py), D) - e =rxn((C2p2):001
Nx S Rx S P
Now,

—~

L o=]
Uy s [((Cr, p1) 11 (Ca, p2), D)) - e =Rxml((CLp)31(C2,02).0)]
] ,k:ﬂ 9
= \IINXE((CI 11 G,mh p2)’6) . ek ERxm((C11€z,p11102),9)
-~ e = e
(G T G),0) - e Rk l@hi@) D) g (p) 4y po), 0) - e TRxm(phe2).0)
- 2
A~ ety = ety PNy ety N o~
< L[ BR(Q)eM IR 4 U (G) ™ I WS (py) e T8 ) 4 U (pg) - e =S ()
e ety ~ et ~= ety ~~ Nt i
. 1 \Ifi (&) - ek =R (G) 4 \Ij‘; (p1) - etk =% (p1) N \I}i (¢2) - ek =k (G2) 4 \I;JE (p2) - etk 25 (p2)
= 3 : '
1 ST , = )
= 5[ s (@), 0) - HEECIO LU (G a), 0) - e Frxn (0]
Also
3 Ak:J 5 ,_J/R ‘k/:—;\ )
Ui [((C1y01) T2 (G2, p2),0)] - € ZRx s l((€1.p1)12(¢2,p2),9)] < %[WNXE((Clypl)aa) . ek ERx s (C1,p1),0) 4
] ik S 5((C2.02).)
\IINXZ((C%/)Q)aa) - e Rx3 2P2)
and
— ~~ ——

d . iﬂ‘Ei s[((¢1,01)13(¢2,p2),0)] 1 ] ) ilkEi 51((¢1,p1),0)
Uxsl((C1yp1) 13 (G2, p2), 0)] - € =R < 5| Yaxsn((Cryp1),0) - e 7R +

DOI: https://doi.org/10.54216/IJNS.250209 100
Received: May 30, 2024 Revised: June 29, 2024 Accepted: July 27, 2024



International Journal of Neutrosophic Science (IJNS) Vol. 25, No. 2, PP. 93-116, 2025

J k’:] 5
\IINXE((CQaPQ),a)-el 2R xxn((€2,p2),0) .
Now,

—~ =
/-"\ o=
\IINXE[((Clapl) I (CQ,pQ) )] . elk:‘gxg[((ﬁl,91)11(42,P2)78)]
—~
— o=
_ \I,gxz((cl 11 Coyp1 pz)’a) i elk‘—‘}zxz((Clil(%ﬁlilf&)»a)
—~ —~ =
= o= F = o=
_ min{ \I/§ ((Cl 1 42)73) ,elkuNXg((CﬂhCz),@)’ \I’g ((Pl 1 pQ)’a) . elkung((plimz)ﬂ)}
—~~ —~~
ot CRE e ik B () Ty . o Bk (@)
Z  min{min{ ¥y (¢1) - €™ =X OV, Wy (G) - TR SV,
min{ UL (p;) - e =5 () Wk (py) - e =% (P2)1}
—~ —~~
e TR B ) TR ik 2L (o1)
— min{min{ W (G1) - % Zh 60, GE () - o Tk (00},
—~ T~ et
min{ U (Ga) - e™ =N () Wh (py) - €™ =5 (P2)}}
—~ = —~
—~N =T /-/\N =T
= winf, (G ), 0) - IO LN (6 ), 0) - £ ERen (o))

—~

— ‘]k:T 5
Also Uh (G, p1) T2 (Ca, pa), )] - e =rxm((Crpn)ia(Caip2) D))
—~ ———

in{wh ks (C101).0) GF K E
> mm{\I/Nxz((Clvpl),a) L e ERx 2 61,p1), ’\IINXE((C%/)2)78) ¢ ERXT (G, pa), D)),
—~

— T
W s[((C1y 1) 13 (Coy p2), 9)] - e =rxml(Crp)Es(C2.02).0)]
—~ ——

e ks (Cp1)d) GF ik S 5 ((C2,02),0)
> min{ W, 5 ((C1, p1),0) - e TRXEEELPT W ((Cy p2), 0) - e TRXEE2P2LETE

1]>
<

Let ¢1,(2 € ®1 and p1, p2 € ®2. Then (1, p1) and (2, p2) are in ®1 X ©2. Now

UL (G pr) Fr (Ca p2), D)) - €FE8sl((Clp)t (C2.2).0))
= U0 (¢ 11 Gy p1ta p2), D) - eEixn(GhiC2pip2).0)
max{ U (¢, 11 C2), ) - eMER (11D G ((py 1, po), D) - eEE2 (pri1p2).0)y
max{max{\l/g(cl) k—T(Cl) \I,?I(C ) - k”T(Cz)} max{\I/T(pl) ikEg(pl),\P;(m) ] eikEI(pg)}}
max{max{ ¥ (¢1) - e®=% ) BT (py) - ™= 1) max{ W] (Co) - €58 () W] (py) - 5N (p2) 1)
max{ U5 (G p1),0) - ¥ (CrD) WL (G, pa), 0) - € BhenCaw2) 00y

7|

Also W [((C1 p1) £2 (Co, p2), 9)] - €FERxml(Gro)2(C2.p2) )
ZoN ikEy
< max{ ¥+ ((C1,p1),0) - €*Fxx=(Cp):0) W (G, pg), D)™ Enxs((G202).0

and O, 5 [((Cio 1) 3 (G p2), )] - €5 hesl(Gap0)aGap2) )
KE =]
< maX{\IJ;erE((Clvpl),a) : eZkHNXE((Cl’pl)’a)’ \ngE((C% p2)7 8) .e k NXZ((<27P2)78)}.
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Now,
P |
T [((C1, 1) 11 (Coy p2), D)) - e Erxsl((CpD11(C2p2),0)]
— NXZ((Cl G, p2) ) . eikEixz((ClilC%Plilpz)ﬁ)
e ((G111€2),0) 4 g . e Ein ((p11102),0)
_ TR 1 ¢),9) + U5 ((p1 1 p2),0)
2
[l 8 =) 4 gl 5) - kR () gl o) - ¢E5(p1) 4 gl ) . ¢kE3 (p2)
< -|Zr N NS> s\p
= 2 2
B 1 -@i(gl) . eikai(Cl) + \Ilgj(pl) . eikE:Z(Pl) " \I}i(éé) . eikai(<2) -+ \IIJE(pQ) . eikE:Z(p2)
2 2 2
17 k= k=
= [P0, 0) - HE D) LR (G ), 0) - (G0
Also

U L[((Crap1) To (Cospa), 0)] - eERxsl(Cp)ia(ar) )] ¢ %[@ixz((ghpl)ﬁ) - MR (Gp),0)

g
NxZ((CQ ,02) ) . elk“Nxz((CLPz),a)}

and
o= |
U [((CLyp1) 13 (Coyp2), 0)] - €FRxsl((Crp)ia(Cap2). 0] < %[‘I’ixz((ﬁ,pl),a) () 0)

—
‘I’ixz((@,pz)ﬁ) . elk“Nxz((Czwz),B)} )
Now,
ik=F
WL o [((Gp1) 11 (o p2), 9)] - €7 Fhcnl(Clop)a(Gaop2).0)]
k=l

— \Ilﬁxz((ﬁ :|:1 (2, P1 11 pg),a) . elk-—'xxE((ClilC2,plilp2)’8)

- min{wg((gl il C2)’ 8) : eikgsxz((<111<2);8) ‘I’F(<p1 il P2) ) . ikaﬁxz((miwz),@)}

> min{min{ ¥} (¢1) - e D WL (G) - €FH D} min{WE (py) - HFE 0D WL (py) - HER(P2)})

= min{min{ W (¢1) - =€) WE (p) - HEEEDY min{ W (¢y) - €5k ) WL (py) - L)}

i k= 1 s
= mln{\png((Chpl)v ) .e ikEx w52 ((C1,p ),3)’ \II}Fxxz((C%pQ)’ ) e - NXZ(((Q,pZ 73)}

Also leI?‘;XZ[((Cla p1) 12 (&2, p2),0)] - eikEIxz[((Cl»Pl)iz(Csz),a)]
k=, k=
mln{\pNxE((Clv pl)a a) ’ eZkH&XE((Cl’pl)ﬁ)’ ‘I’sz((@’ /02)7 a) e NXE((C27 P2), 8)}7
W s [((Cp1) 1 (Gar p2), 9)] - €E0snl(Cpia(apa).0)]
> min{ ¥l ((Corp1), 0) - Es (@)D GL (), D) - FE s D)),
~ =
Thus,X x Y is a ComCANSBS of .

Corollary 3.9. If Ny Xy ... N, be the finite collection of ComCANSBSs of ®©1, 2, ..., On respectively. Then
Ny X N X ... X Ny, is a ComCANSBS of ©1 X ©2 X ... X Op.

Definition 3.10. Let X C (9),the strongest ComCAN relation on () is

A /\ A ~= A ~=

T ik 2 ((¢,0),0 T ik Sy (&,0) wT ik 2% (0,0)
\I/ﬁ (((ap)’a) ! h p mm{ \I/N (Cva) - € R ) \IIN (pa 8) - € R AP }

~= ~=
A= —3 A~ —3

= - \IJJ ik SR (€,0) J ik 2

1 ik T3 ((Cp),d) _ (¢,0)-e™ =R D4 WY (p,0)-e™ =R (p,0)

(G.p),0) - Z (G00) - T —

r ik 2 ((¢.0),0) r i 2L (o) G ik L (0,0)
\Ijﬁ ((Cap)va)e h e :maz{\p}t (Caa)e N ’ a\IJN (p,@)e R ’ }

Theorem 3.11. Let X be a ComCANSBS of S and h be a strongest complex cubic anti neutrosophic relation
of ®. Then N is a ComCANSBS of © x © if and only if h is a ComCANSBS of © x (9.

~~
Proof. Suppose N is a ComCANSBS of ® x ® and % be the strongest complex cubic anti neutrosophic
relation of ().
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For any ¢ = ((1,(2), p = (p1,p2) € S x ®. Now,
~= e ,

p ((C11p),0) - ™ =n (10).0)

- S
= U ((((¢1,82),0) 11 ((p1, pa), D)) - e =h [((((G:62).9)51((p1,p2).9)]

= et
= U} (G f1p1, Gt pe) e =n (GhonGhip)

w T o) BT W (oo
= max{ Uy (((1 11 p1),0) - €™ =X ((G111p1).0) UL (G 1y pa), D) - e Ex ((C2t1p2), )}
= ~= o=
< max{max{ Uy (1) ™ =R )WL (py) - e =R I
o PEANSRetY ik Zy (p2)
max{ B () - ¢ I @) BT () - Z 001
= ) ':T\ P , /:T\
= max{max{ U] ((;)- e =% ) @l () e =x (€)1
T & 2% () gT ik S (p2)
max{ Wy (p1) - ™ =X PV Wy (pg) - ™ TR P2V}
T i By ((€1:62):0) g & E ((p1,02),)

= max{¥; ((¢1,¢2),0) - ™ =h V02D Wy ((py, p2), 0) - e =h HP1P2000)
T K 2 (.o /? ik =1 (.0
= max{ \Ijﬁ (C’a) et Th (© )a \I/h (pv a) et = e, )}

Also W ((C12p),0) - e =0 (200 Cmax{ U (¢,0) - e =h (CO) Wy (p,9) - et =n (D)},
Uy ((Ct3p),0) - €™ jﬁdf’”)’a) <max{ ¥y (¢,0)-e™ =n (&0 W (p,0) - ™ =n )},

J =]
Now, U3 (C 11 p) . etk =f (Ctip)

—~~ ~
= % [((((¢1,£2),0) 11 (p1,p2),0)] - etk = [((((61:¢2),0) 11 ((p1,p2),9))]
—~~

J
‘1/% ((& 11 01,811 p2),0) - ¢ =p (CGitip1,¢at1p2),0)

| TN 9 3 e =
_ YR (Gt p),0) e 7R (3P0 4 Wg ((¢2 11 p2),0) - €™ =R (G2 41 p2),9)
2
et B T e T T A
1[0 () - €™ BR € 4 W (py) - e FR )W (G) - e F @) 4 W (py) - e BR (2
/3 3 ~= ety —~~ S e e
1[0 (¢) - e BR @) 4 0 (G) - e ZR @) () - e®ER(01) 4 W (py) - ek R (2)
=3 ! . :
= ~ A~ ~5
B U3 ((¢1,6a),0) - e =h (G:62):0) 1 W ((py, pg), D) - e Zh (p1:2).0)
- 2
PN —_——
=l = 3
0 (¢,0) - e ER(60) 1w (p,0) - ek Eh (©0)
B 2
f—’H =
P ~= /\ P 3
=] s ¢, 0 o Zh (00
Also TE((C 12 ),9) - e B (€tan) ¢ B e =i Lo 0 oy S
7(¢,0) =
1 j \I/ o e“‘—‘h ) + \Ij F) 8Lk h’h (p,d)
and W ((C 15 p), 0) - e Zh (¢H200) < L (0O £ 3 (p0) ,

= —

y . =F - 9 A —_—N
Similarly,\llg ((¢t1p),0) etk = (C10),0) > min{ \Ilg (¢,0) . *Eg («, ).’ v

o =F
b (0.0) - =0 (0, 0)y,
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_= — —_——
= e = s o~ s
UL (¢ 12 p),0) - e En (€820:0) > min{ Wl (¢, 9) - % Zh (69) "Wl (p,9) - ¢®Zh (P,9)} and
= e

~r ik =k = - ~~ K=
UL ((Ctsp),0) - €™ Zn (C1300) > min{(Wh (¢, 0) - %= (€,0), U (p,0) - e Eh(py.
For any ¢ = ((1,¢2), p = (p1,p2) € ® x ®. Now,
U ((Ct1 p), D) - ™= ((Chip).0)

(G, 62),0) 11 ((pr, pa), D)] - FER LG, 001 (p1,2).0)
(¢t p1, Co b po) - €58 (GhiprGatipe)
max{ W ((¢1 §1 p1),0) - iﬂ@l(((ﬂﬁm)ﬁ)7 UL ((Ca 11 p2), D) - eikE;{((@ipo),a)}
max{max{ ¥ (¢1) - e®=% () W1 (py) - eEx (p1)}
max{ Wy (C2) - €58 (62) W] (py) - 50 (P2}
max{max{\I/T( (1) - eRER (¢1) \IJT(C ) - eikEI(Cz)},
max{ W] (p1) - e®=x ) G (p,) - HEx (P2)1
= max{¥} (((1,¢2),0) - eikEfz((ChCz)ﬁ), U ((p1,p2),0) - k:g((pl,p2)7a)}
= max{¥] (¢,0)- E5 (6:0) U] (p,d) - eiu«zg(p,a)}

N

Also \I/;,lr((c 12 p), ) elkug((Chl)) S max{\IlT(C ) - eilkE;(C,a)7 \I,;ll'(p’ 9) - eikE;(p,a)}’
Uy (C 13 p), 0) - €= (o0)20) < ma{ W] (¢, ) - €20 (€0 W (p, 9) - =0 (02},
Now, U3 (¢ 11 p) - €*Eh(CHp)
= (¢, ), 8) 1 (p1, pa), D)) - =R (((€1:62). )11 ((p1.p2).0))]
=]
= U((¢1 11 p1,Co b1 p2), D) - eXER(C1t1p1 Catrp2).0)
V(G 11 p1),0) - MF 100D 4 G (G 11 p2),0) - 4R (G $1.2), D)

2
_1[0(0) - R W) R W (G) PR 18 () - R
_ ! V(G - =) 4 Pd(G) - FERG) N Tl (p1) - =R LT (o) - eikzﬁ(pg)]
2 2 B)

\I/;i((<17 (2),0) - eikE%’((Cl’@)’a) + \I’%((pl, p2),0) - eikE%((th),a)
2
(¢, 0) - 5D 1 W (p, 0) - =R (GO
2

Also W((C 12 ), ) - €5 ((C120).0) ¢ TR(C a)-el‘“‘Ei“*’”wﬂ (p,0)- =R (7 ®)

and \I}%((C ¢3 p)’ a) ) Zk—.ﬁ((cisp) a) < (C 9)- ezk_ﬁ(C B)JF\IJ:I (p,0)- eﬂk_ﬁ(P 9)
Similarly, Ut (¢ 11 p),8) - €5 (C110).0) > mln{\Ifr(C d) - etk (C.0)- \I/r(p a) €= (p:0)},
ik=f il ._’r k=t
WL (C12 p),0) - €5 (C100) > minf W] ((,0) e €2, W (p,0) - €= (09} ang
Wh((C 15 p),0) - €50 (490):0) > min{ W] (¢, 0) - €55 (€0, W] (p, ) - eE= P},
Therefore,h is a ComCANSBS of ©) x ).
Conversely,suppose that % is a ComCANSBS of ® x ®. Let ¢ = ((¢1,¢2),9),p = ((p1,p2),0) € ® x ®.
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Now,

Py /_/% ,_/—
max{ O3 (1 11 p1), ) - x (G E191),0) \yg (G 11 p2), 0) - B (G2 11 p2), )y
= :Ij;{\(gl 11 p1,Co 11 p2) e B (Gt p1,Cat p2)

UG 0) 1 (pre ). D) - €50 (G062, 0) a ((p1,92), )
= —

=T (¢t p) - B (CHp)
—— A
< max{ ¥ (.9) - *Z8 (60) W] (p,0) - *Zh (0. D))

)

—_— ~~
=~ =T =~ =T
— max{ U] ((¢1,¢), )} - 5 ((C5G). D} "WT (1, pa), 9) - & B (102000}
= masc{max{ B (1) e = €@ () - e Z @} max{ Wl (pr) - =38 ) ] (pg) - e En (2]}
—_— —_—
~~ e —~~ = —~~
I U (Gt p1),0) - e (T ) 0) 5 Wl (G 1 p2),0) - e ZEn (G F102),0) then W (¢y) -
=T o =T = =T - =T =
e® =R () > Wl (&) - e® =R (@) and U (p1) - e =N (p1) > Wy (p2) - ek=x (P2). we get Uy ((G1 1
/_’_ N ~=~ —
kEx (G111 p1),0) T ik Ey () wl xZg (p1)
p1),0) - e®=R G111 P1 < max{ Uy (¢1) - e =x () Wy (pg) - e=R } forall (1, p1 € ®,and
/_A* /—/‘—

~ =

=
max{ W] ((C1taps), 8)-¢Zx (G $201),0) wg (Cotapa), 0)-e 0 (G2 2 £2):9)} < max{max{ W] (¢1):
SN - NP, =
6 EX ), TT(G) - e BN @)}, max{( Ty (pr) - 58 (0), T (pg) - = <P2>}}
/_’_

= = -
I WL (Gt p1),0) - e Ex (€ E200).0) 5 W (G 1 ), 0) - €%
—_—— =

=T =T ~= =T
p1),0) - e*Z (G112 20):0) < amax(WT (1) - e BN 90,97 (1) - €38 (1)),
= —_ = —_ ~=
max{ ol ((C113p1),0) . etk :K ((€1%8p1),0) T ((C213p2),0) . etk :K ((cgispz),a)} < max{max{ ol (¢1)-
R 1+3pP1), y Wy 213p2), X RN \G1
=T ~= =T = =T = =T

etk =y (41), \I,g (G) - ek =R (Cz)}’max{ \p;[ (p1) . ek =R (p1)7 \pg (p2) - ek =R (Pz)}}

A /\ A ~= A
I wl 9) - etk Ex (C11ap1)0) s @l 2 0).8) - ik Ex (C21502).9) then W ).

x ((C113 Pl)a ) Z ¥R ((C2 13 P2)7 )-e sthen Wy ((¢1 13 Pl), )

~ =~ — ~ = -

¢l SN (G113010:0) < maxe{ T (1) - ek Zx €)W (py) - ek ER (P1)},

Now,

‘ :_/\% gty —3((¢2F1p2),9)
;[ VR (G pn), 0 ),ezu«:i(((jl 100:9) 0 (Gt p2).9) - €N o }

~~ ~
= U3 (G hip,Gotipe) i“‘:%(cl 1 p1, G2 11 p2)
~~
= 03 [((¢1,62),0) 11 (o1, p2),0)] - 1“‘~ﬁ[((<h§2) d) 11 ((p1, p2),0)]
[P
=~ -
=W (¢t p), 0) - e*ER((CE1 ), D)
—— PPN
~N DI A 3
< \I’?’L (Ca a) ) eﬂkuh + \I’% (p, 8) . elkuh(p, 8)
- 2
-~ N oty
_ Y ((61,€2),9) - Zk“h((g’@) 9) 4 U3 ((p1,p2),0) - €™ =
2
[ W@ e IO 4 B () e Z D () - ER) 4 0] () - *EZR )
=3 : :
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~ = - =1 /3 =
It U ((Ciiipr), 0)-e™ Rk (11000 > B ((Gotrpa), 9)-e™ER((C2 41 02),0) then W3 (¢1)-e = () >
~= /—’H —
(p

-~ =1 = —~~ =
U (Co) - €™ =X (@) and Wg (p1) - e Zx(p) > U (py) - e =R (P2),

=~ —J —T
~= T J ik DR €D J i) (p1)
We get U3 ((G1 11 p1),0) - e =x (Ghp)0) ¢ Ty (@) . ;\PN (pr) X )
’ ‘ = ’ ‘ =31
lIJ}j‘t (¢1)-e™* SR G \Iji (p1)-e™ =R (P1)
2
Py ——
=~ \If ik _,i (¢1) \IJ 1k5i(p1)
and W (G142 1), 0) - ¥ ZR (G Fa ). 0) < T (aare Fuloe
Similarly to prove that

o~ TN N/

= 3 N
Similarly, U3 (¢ 12 p1), ) - e ER (G 32 01),9) <

min{ Of ((C1i1p1),0)-e™=x (G t1 p0), 8)7 UL ((&tipe), 9)- 3y L (G211 p2), )} > min{min{ ¥} (¢&)-
—F =~ —F =~ —F ~ =~ —F
e =x (G \Ilg (&) - etk =x (42)}7min{ \1,5 (p1) - eF=n (01)7 \pg (p2) - etk =R (pz)}}
—_—

If ’;g\((ﬁ 1 p1),0) - eikEg((Cl f1p1),0) < EE((@ I /)2)78) ' Zk“N((CQ 1102),9) then E}F(Cl) :
= = — —

~ —~~ ~ —~~ -
et :;5 €) < \Ilg (&) - etk :Q (¢2) and \I,F (p1) - eikig(m) < \yg (p2) - lku(z(m)'
We get W (G111 1), 0) - Zx (G 10D 0) 5 anin W (Gr) - Zh 0w () - # R (1)),
—_——~ —~
=~ L =F =~ o =F
min{ W ((¢1 12 p1), 8) - € Ex (€1 12p1),0) Uh ((Cota p2), ) - €™ ER (G212 p2);0)y
min{min{ ¥ (1) - ¢ Zx €, W () - ™ Zx @} min{ W (pr) - 5 01) WL () - o Ex )y

/_/—
miﬂ{gﬁ\((ﬁfﬁsm)a3)'6“(5‘5(((1 s pl)’a)af‘ﬁ((éiwz% 9)-¢™=x k(G2 1s p2), 0} > min{min{:l:z(ﬁ)'
TR A= T ~~ T S T
e En (0 0 (G) - e = O} min{ W (pr) - ¢ = (P1), "W () - e En (2]
= ’_'_ = , ’__’% =
1t Wl (G s 1), 0) - ¢ Ex (G113 p),0) ¢ Ul (G 13 p2), 0) - €Ex % ((¢2 13 92),9) then Wl (¢ s
— —_~

p1),0) - ¢ Ex (G113 01),0) > min{gg\(gl).eik = (Cl),gﬁ\(m) i Z5 (p1)y,

LCtC = ((4174'2),3),/7 = ((p17p2)ﬂa) € ® X @ Now,

max{ W ((¢1 11 p1), ) - €55% (1100 Gl ((C 1y po), D) - 8 (Chip2).00)

= \IJ;(CI I P1,C2 i p2) . eikag(fliwl,(zilpz)

=0T [((¢1,G),0) 11 ((p1, p2), B)] - =0 [((€1:€2): D)1 ((p1.02).0)]

=0 (Ct1p)- %2, (C1p)

= max{¥} ((¢1,(2),0)} - e k”((cl €2),0)} \I/T((m, p2), ) .eikEE((m,pz),@)}

= max{max{ ¥ (¢1) - e*= D W () - €% D} max{ W] (py) - 520D W (py) - 1 (2)}}
If UL (¢t p1), 0) - eMER (((11p1),0) > U (¢ 11 p2),0) - eEx ((¢21192).0) | then vl(G) - k=R (C1)
\I/;E(gb).eikE;I(Cz) and ¥ (p1) eEx (p1) > \I,g(m).eikzg(pz)' We get U (G111 pl))a).eikEI((Clilpl)ﬁ)

=T o —

max{ W () - 5= () Wl (p)) ~elk:g(f’1)} for all ¢y, p1 € ©,and
max{ W] (¢ 12 p1),8) - =8 Q12000 WT((¢y 1o po), D) - €= (G202} < max{max{W] (¢) -
eHER () W () - €™ (@)} max{ W] (p1) - =0 0, W (pg) - 4Ex (=)} )
If WL (G f2 p1),0) - €38 (@Rp)d) > WI((G fa pa),d) - 58 (@1202):9) then W (¢ $2 p1), ) -

2
<
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eER (C1201).0) < max{ W] (¢;) - €= () qﬁ( 1) - ekEx ()],

max{¥{ ((¢1 s p1), ) - SN (C1s0) D) BT ((Cy 13 pa), D) - eFER (G21302)0)) < max{max{¥] (¢;) -
eMER () W (G) - MR (@), maX{\IIT(Pl) #Ex (01) W (pg) - ?lki" (2)}}

If UL ((Cy 13 p1),0) - = (Gitapn).0) > q;T(( ts p2),d) - €3N (©21302):0) then W (¢ 15 p1), ) -
eikEl((CliBPl%a) g max{\:[j;zr(gl) Z]k'—'R Cl (p ) . eikEl(pl)}_

2
T
R

Now,

1 N N N
5 [‘l’i&((gl il Pl),a) . ezk:i(((li’lm),a) + \Di((<2 :[jl p2)7a) . eik:i((cﬂl o)
= \P%(Cl il p1, G2 il p2) . eikE%(thl,(Qilm)
= \I/%[(( 1,$2),0) 11 ((p1,p2),0)] - oREL[((C1,62).0)11 ((p1.2).0)]
= T((C 11 p), D) - eE(CH1p).0)

\IJ;I’L( ¢, ) : eZkEh(C ? + \II%(P, 8) . eikE%(p,@)

2
\Il%((Cl, (2),0) . ekER((61,62),0) 4 \P%((plap2)v 9) =
2

_1[9(@) O + B () @ B (1) HFEO) + W () - HERC)
=5 ! :

If Wi(((l _i1_3p1),8) . eﬂkEi((Qilpl) 9) > \I/?Q(( s p2) ) 'kEi(((?ilp2)78)’ then \I/Ez(cl) . eikEﬂ(gl) >
VL(G) - €ER(C2) and W (py) - €Zx (1) > W (py) - HER(p2),

>
We get U3((¢1 41 p1), 8) - €58 (G1ip).0) ¢ ¥R e‘“““N“l’wj (p)-e™=x )

J | k=, ((1) J e“k— (p1)
Similarly, U3 ((¢1 12 p1),0) - eHER ((Cr12p1).0) ¢ Tin(G)-e™H ;\D e

o AeiE( AeiE(/J)
and WL ((C1 13 p1), 9) - =R (Grtapn).0) LRGNV (pr)- eI
Similarly to prove that
min{ Wk (¢ 11 p1), 0) - e*=R (C3120:0) WE ((¢y 1y py), D) - €% (Catip2).0)}
> min{min{ U (G1) - €5 ), W () - =K ) mind W (pr) - €= 00), W () - 51 )]}
If W ((Cy 11 p1), @) - €=k (1o < W ((Cy 11 pa), D) - ™5k (@1102):0) then W, (¢y) - 5k (G) <
vl (¢o) . e™®2L (¢2) and vk (py) - =L (1) Wk (py) - kL (p2)
We get Wh ((C1 11 p1),0) - €58 (11000 > min{Wh (¢) - €34 () W) (py) - ek (1)},
min{ W, ((¢1 12 p1),0) - eikEU(clizm),@)’\pg((@ 12 p2),0) - k2L ((Catap2).0)}
> min{min{ U (G1) - €55 ), W () - =5 )} mind W (pr) - =500, W () - €755 1}
If UL (¢ 12 p1),0) - e Ex (Qd2p):0) < WL (G 12 p2), 0) - € (G23202):9) then Wh ((¢1 12 p1),0) -
eikag((Clhpl)ya) > min{\llg(gl) . eikE}C(Cl)’ \IJ§ (Pl) . eikEQ(m)}_
min{ W ((C1 15 p1), 9) - €5k (Ca1900.0) WE ((Cy 15 po), D) - €™ (Gatap2).0))
> min{min{ ¥/ (¢;) - eikE*F‘T(Cl), vk (¢o) - eikE£(<2)}7min{\Ij§(p1) ) eiTﬂGﬁ(m), Uk (ps) - eﬂkEi(pz)}}
If \I’ﬁ((Cl I3 p1),0) - ekEx ((C113p1),0) \pg((@ 13 pa),0) - ekEx ((C21302),9) then \pg((gl 3 p1),0) -
eER ((C11321):0) > min{ WL (¢y) - eER (€)Wl (py) - BE (1)},
Therefore, N is a ComCANSBS of ©).

/ N e N =] =N
Theorem 3.12. Suppose that X is a subset of S). Then R = (\I/N ek “N \I/J e =R \If§ e =R ,\I/;E .
eMEN W IR Wh . 52N ) is a ComCANSBS of ® if and only if W(A9) is a SBS of ® for all 8,6 € D[0,1].

A —~ =
Proof. Assume that” ¥ is a ComCANSBS of ©. For each 3,6 € D[0,1] and ¢y, (> € %% Now, ¥} (¢1)-
~~ ~~

ik /? ik T /J\ Kk =4 /J\ Kk =4
i Ex (C1) <5, ‘I’N (G2)-e™ =X (¢2) < Band Wy (C1)-e™ =R ((1) < B, Ui (C2) - €™ =X () < Band
= =~ -~ PNy =

V() e e () = 8,0 (G) - € ZR () > 6. Now, W (G111 62),0) - €% =% (G111 G2), ) <

DOI: https://doi.org/10.54216/IJNS.250209 107
Received: May 30, 2024 Revised: June 29, 2024 Accepted: July 27, 2024



International Journal of Neutrosophic Science (IJNS) Vol. 25, No. 2, PP. 93-116, 2025

T z]k/T\ T i]k’;—r\ b i]k/;?
max{ Uy (C1) - €™ =X (1), Uy (C2) - ™ =R ()} < Band Uy (¢ 11 ¢2),0) - e =R ((G1 11 ¢2),9) <
~3 - ~3 - =
\I/ 1)-e™ =R (G \I] )™ SR (¢ i Er
wlbhe R (00 Shlere TR < 28 = and WL (G 11 G),0) - € =X (G G),0) >
min{ Uk (¢1)-e™ =R (¢1), UL (¢2)-e™ =R (¢o)} > 6. This implies that (111 € U89 Similarly,(1$2Co €
—~ = —~ = —~

U89 and ¢y 13 ¢, € U9 Hence,¥?%) is a SBS of ©),for all 3,6 € D[0, 1].
For each 8,0 € [0,1] and ¢1,¢; € 0. Now, B[ (1) - €5 (¢1) < B, W[ (G2) - €5 (¢2) < B and
TL(G) - ™= (G) < B, TR(G) - €¥5(G) < B and UL (G1) - eiﬂﬁﬁ (G) = 6,95 (%) - ™= (G) > 6.

Now, U (G111 ¢2),0) - €™ (G 11 G2),0) < maX{‘I’T(Q) e_ =N (), U (G) - e ()} < B and

((Cl 11G),0) ikEi((Cl 11 (), 0) < T (G- 61[(“?‘((1)-&-\1’ (€2)-e" "R (¢2) < ﬁ—l—ﬁ = Band \I’F((Cl 11(2),0)

M= (¢ 1 o), 0) = min{Wh (¢1)- ™= (¢y), UL (Go) - €= (G)} = 6. This implies that ¢; 11 (o € U9,
Similarly,(; {2 ¢ € \Il(ﬁ*‘;) and (1 3 Cp € W), Hence W59 is a SBS of ®),for all 3, € D|0,1].
—~ =

Conversely, assume that (%) is a SBS of ® and /3,6 € DJ0, 1]. Suppose if there exist (1, (s € © such
= = ~= - o~ — Py
that Wy ((G131G2), 0)-€™ =8 ((G11162), ) > max{ Uy (G1)-e™ =% (G1), Uy (Ga)-e™ =¥ (G2)}, TR (G
= I RE Nt ) -
CQ),a)fik ER (G(111G), D) > R (C1)-e R (C1)J2r R (C2)-e R (¢2) and \I/F (C11162), 0)-e ik HN (Gt
(2),0) < min{ ¥k (¢1) - e* = (C1), WL (G) - €™ =X ((2)}. For 8,8 € DJ0,1] such that Ty (G
~~ PR =

e s (A7) - B (0, BTG - e BN ()} and T

(2),0) - e ((¢111¢2),0) > B > max{ ¥y ((1) - e (C1), Uy (G2) - e (C2)} and W ((C1 i
- 3 =3 3

PR (G1)-e™ =X (cl>+ PR (Co)-e™ =X (

),0) - € EX (L 1 (2),0) > B > ) and W(cl 1 (2),0) -

’:\ —~~ - /\ - —_—

= 8 (¢ 1 ¢2),0) <8 < min{ Wk (¢) - e* = (1), UL (o) - €™ =X (¢2)}. Thus,Gi, ¢ € BP9 but
GG ¢ W59 This contradicts,U?%) is a SBS of §. Therefore \1/§ ((¢1 11 €2),0) - e™ =% (¢ 11
(2),0) < max{ Wy (¢1) - ™ =N (G1), U (G2) - €™ =¥ (o)}, Wh ((Cr 1 G2),0) - €™ =R ((C1 41 (), D) <
~=~ T = ety ~~

J
i PRI o o 2R = ; =
el L e () and WL (G111 G2),0) - € X (G 1 G),0) > min{ W (G1) -
/\

e’ =l (C1), WL () - e = (¢2)}. Similarly,fo andffg\cases.

/\ YA~ T~ TP
Hence 0 = (U e =N , U3 et =R , Wk .e™ =X ) is a ComCANSBS of ®.
Let us assume that \Il(ﬂ 9isa SBS of ® and 6 5 € [0, 1]. Suppose if there exist (1, (2 € © such that \IIN (&1 il

), ka((clilcz) 0) > max{ 1 (C1) €S (C), W (G2) "X (G UR((Gr 1 ), 0) e (61 ¢

G).0 e R @R gng W (¢ 11 ¢),0) - (G b G),0) < min{¥, <<1>
<<> U (G2) - €25 (Go)}. For §,6 € DJ0,1] such that BT((G 1 $2),0) - €54 ((G 1 (). 0) >
5> max{ (1) - €= (G), W (&) - ¥R (G)} and (G 11 ), 0) - ¥ (G 11 6),0) > B >
PRG-I () HUR(CG) TN G) g W ((C1116a), 0)-€5R ((G111Ga), D) < 6 < min{ W (¢1)-e2K (¢), WE (Go)-
=k (¢)}. Thus,(1, G € \W put ¢ 11 G ¢ WP, This contradicts, (%) is a SBS of @. There-
fore WT((G1 41 C2).0) - €= <<<1 £1G),0) < max{¥{(G1) - €5 (), W(G) - €= (&)} BR((G
@),a).eikai((cl 11 (), 0) < T (C1)e ““N(Cl);‘Pi(Cz)-e”‘:N(Cz) and Ul (G 11 CQ)’Q).eikE)C((Cl £ G2),8) =

min{ W (G1) - €=k " (G, IR (G) - ¢=L (¢2)}. Similarly.f2 and {5 cases.
Hence ¥ = ()] - ¢=x | O] . ¢%=R Wl - ™= ) is a ComCANSBS of ©.

\_/\_/

Definition 3.13. Let (©1,01,02,03) and (2, ®1, ®2, ®3) be any two bisemirings. The mapping V :
®1 — ©- and N be any ComCANSBS in ©);, /i be any ComCANSBS in V(©);) = @o. If Uy - eEx =
A~ TR A~ TN~ TP - o . e

(0] e Ex wd ek B WL e B wy et Es w0l =R W = is a ComCANS in
(®)1, then Uy is a ComCANS in @2 defined by
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= A~ ~=

~~ =T . ik Sy : -
\I/; (p78) ’ elk -x (p’ a) = { inf \I];‘lr (Caa> -eft =R (C,@) lf (ev 1p
0 otherwise
Wl (p,0) - e B (p,0) = { Inf U} ((,0) - €™ =R ((,0) if (e VT'p
0 otherwise
= o~ ~~
~= oo=F i Er . _
Ul (p,0) - ™ Zx (p,0) = { sup UL (¢, 0) ™ TR (¢,0) if (€V 'y
1 otherwise

inf W1 (¢,0) - €5 (¢,0) if €V ip

0 otherwise

\I/;:(p,a) : eikE;r <p7 a) = {

inf U3(¢,0) - %=X (¢,0) if eV ip

0 otherwise

W (p,d) - =X (p,0) = {

sup W (¢,0) - e*=X (¢,0) if eV ip
1 otherwise

U (p,d) - ™55 (p,0) = {

for all { € (9; and p € () is represents the image of Ry under V.

s TRem T e
Similarly,If Uy, - ®5n = [ U] e Zx W] e = Whoe Sh ] Uy e En WL eE p L ER gl
¢ =1 is a ComCANS in ©)y,then ComCANS Uy = V o Uy, in ©), ie,the ComCANS defined by ¥ (¢, ) -
W= (GO) Wy (V(¢,0))-e (VG Wy = Voly, in@©); [ie,the ComCANS defined by Wy (¢, )-eEx(G0) =
U(V(C,0)) - ™= (V(GD) is represents the preimage of ¥y, under V.

Theorem 3.14. The homomorphic image of every ComCANSBS is a ComCANSBS.

Proof. The mapping V : §1 — ©2 be any homomorphism. Now, V(((©1p),d) = V(¢,9)®1V(p, 9), V((CO2

p).0) = V((.9) 2 V(p, ) and V((C O3 p), 9) = V(C,0) 3 V(p, ) forall (,p € ®1. Let h = V(R).N
is any ComCANSBS of ®);. Let V(¢, ), V(p,0) € ®@z. Let ¢ € uV~1(V(¢,0)) and p € V=1(V(p, D)) be
PNy = =

5 & By (6,0) T k g (6.0) T k Ey (.0)
such that Wy (¢, 0) - ™ =x (6:9) = inf UL (C,0) - e =x (€ and Wl (p,d) - ek =x (0) =
x (C,0) e gevfir(lV(c,a)) x (C,0) e x (p,0) - e

T k Zx (C.0)
inf N\ ,0) - e =x (69)
ety TN 0
= ~=

o=
Now, ¥y, ((V(¢,0) ®1 V(p,0))) - €™ =x (VEN@V(2.0)

o~ ~ =~

’ . ':*T /
= inf (¢ e = (©)
(¢"HeV—HV(¢,0)®1V(p,9))
/= , =T
= inf Wl (¢) e = ()
(¢"ev-1(V((¢O1p),d)
= =T
= W€ p),0) - E (€00
~ 3 % 21 (o) =T ik St (9,0
< max{ ¥y (¢,9) - e =% (G @l (p 9) - e =x (1)}

~ f:/T\ ~ =T
= (] V(G 0) - ¢ Fh VD TTV(p,0) e Fn Vo),

= =T = =T =
Thus, W7 ((V(C,0)®1V(p, 9)))-e™ Z (V€AY < max{ W, V(C,0)-e™ = V), W] V(p,0).
~=

o=
etk =g V(p,c’))}.
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= = ~=

=T = =T =
Similarly, ¥} ((V(¢,0)®2V(p,d)))-e™ =n (V&)@ (0.0)) < max{ ¥} V(¢,0)-e™ =n V(O wl
~=

etk E;»Lr V(p,a)} and
Uy (V(¢,0) @3 V(p,))) - e =n (VGASV ) < max{ Wy V(¢,d) - e =n VI Wi V(p,d) -
~~

o=
etk =g V(p,é))}.

Let¢ € V-1(V(¢,0))and p € V™1(V(p, D)) be such that T3 (¢, d)-e™* = (6:0) = . %(( o) W (¢, 0)-
cv- y
e Zn ©0) and WL (p,0) - ¢ Zh 0D = inf WL (¢,0) e Zn VD),
CEV=1(V(p,0)) ’
I ik Z3 (V(.0)@1V(0,0)))
Now, U3 ((V((,0) ®1 V(p,0))) - ™ =h envie
. /J\ ’ ik ’:‘j !
= inf T3 (C) - e =R €)
(¢NeV-HV((,0)@1V(p,D))
/=, =
= inf T (¢) e =R (©)
(¢"ev-1(V((¢e1p),D)
= —J
=W (01 p).0) - e F (€010
=~ =3 =~ =3
_WR(G0) e ER D W (p,0) e PR )
= 2
=~ = = =
_ UR V(G0) e Zh VD 4 0] V(p,0) - e = Ved)
5 )
Thus,
~=~ gt o = o =7
L= etk 0% V(¢,0) etk =% V(p,0)
\Il% (V(¢,0)®1 V(p,d))) e =r (V(GD@1V(p.9))) ¢ V3 V(G.0) h ;‘\I/h V(p,0) h .
Similarly,
~= - o = o =7
L= ek =% V(¢,9) ek =% V(p,0)
W (V(C,0) 3 V(p,0))) - e Zh (V€0)2:9(0)) Wi V(o Zh TCD 1 Uy V(o) Zh
and
= =1 ~ =1
~= = ] o B V(60 ] ik O V(p,0)
¥l (V(C,0) @3 V(p, 9))) - e Zh (V€089 (o))  Pn TCoke” Th TP By V(pdye? 7h 700
=
Let V((,0),V(p,d) € ®s Let ¢ € V-L(V((,)) and p € V-1(V(p, ) be such that ¥, (¢, ) -
k Zf (€.0) /P ik 2l (.0 /P ik = (0.0 /P
ek =x (69) — sup U (¢, 0)-e™ =r ¢:9) and U (p,0)-e™ —x (p0) — sup v (¢, 0)-
CEV—L(V(¢,9)) CEV=L(V(p,0))

—F =~ —F
o Zh 6O Now, WL (V(¢.0) @1 T(p,0)) - e Zh (FC0817(00)

¢ ]
- sup wh(¢) e =n (©)
(¢HeV-L(V(¢.0)®1V(p,0))
= -,
= sup q;;: ) - ()
(¢)EV-1(V((¢O1p).0)
o =F
= \Dg ((C O1 p), (9) . 'k =x ((€O10),0)
) G = ~= } ’;r\
P> mln{ \Ijg (C7a) . elk =N (475)7 \I/§ (p7a) . ez]k 2 (Pﬁ)}

=~ =F =~ =F
= min{ \Ilg V(¢,0) - e =n V(GO \Ilg V(p,0) e =h V(p,@)}.
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= =

=~ Zr ~~ Zr =
Thus, UL ((V(¢,0)@1V(p,8)))-e™ =h (VCDOVe) > min{ Wl v(¢,0)¢ Eh V6D W v(p,0)-
=~
o=k
e =n V(91 Similarly,
Ul ((V(¢,0) @2 V(p,0))) - e =n (VCA©2V0:0) > min{ §f V(¢,9) - ™ =n YO 0k v(p,0) -

=
otk Eg v(p,a)} and
v P i Zf (VCOO1V(0.0) > minf ¢f ik Zf V(0,0 gl
h ((V(Ca ) ®3 V(p, a))) - € h = mln{ \I/ﬁ V(Caa) c € h 3 \I/ﬁ V(p,a) :

oik Zf V(p.0)y,

The mapping V : ®; — ®2 be any homomorphism. Now, V((¢ ©1 p),d) = V(¢,0) ®1 V(p,d), V((¢ O3
p),0) =V ((,0)®2V(p,0) and V((CO3p), ) = V(¢,0)®3V (p, 0) forall {, p € ®1. Leth = V(R),Nis any
ComCANSBS of @;. Let V(¢,9), V(p,0) € @a. Let ¢ € V71(V(¢,9)) and p € V~1(V(p, 9)) be such that

U (C,0)e*EX (60 = inf UL (C,0)-e™E% (6D and W] (p, 9)-eEN (0:0) — inf Tl (¢, a)-
(¢, 0) Cev-1(v(£.9) x (¢, 0) x (p,0) Cev-1(V(p.0) x (¢, 0)

=X (GO) Now, U ((V(C,0) @1 V(p, ) - eEx (VD@1 Y (0.0)))

= inf UL e ER )
(¢"HeV-HV(¢0)®1V(p,d))
— inf ol () RIS (S

(€EeV-H(V((¢O1p).0)
= UL((¢ O p),d) - eER((CO1).0)
< max{W{(.9) - 5 O, w{(p,0) - 0}
= max{V¥, V(¢, ) ¢k V(6:0) UIV(p,0)- ei]kE;er(p,a)}.

Thus, U} ((V(¢,8) ®1 V(p,d))) - e*En (VECD@V(20) < max{W¥]V((,d) - e*En VD) WIV(p,0) -
eikE;{V(p,é))}.

Similarly, [ ((V(¢, ) ®2 V(p, 0))) - e85 (VCDE2V(00) < max{ W] V((, ) - €™5n V6, WV (p, ) -
eikagv(p,a)} and

T ((V(¢,0) @3V (p, 9)))-e=n (V(€.0)®:V (p.0)) max{\I/,;rV((,6)-@1'“‘5;“475)7 VARVIP 9)-eE=n V().

Let ¢ € V"1(V(¢,0)) and p € V~1(V(p, d)) be such that T(¢, D) - eREn (G.0) — CEV*}I(lé(C o) T3(¢,0) -
k=] (¢,0) d vl 9) - ikE, (p,0) _ inf g L LIkE] V(¢,0)
e T and Wy(p, 0) - e cev-1(v () x(C,0) - '
g
Now, U1((V(C,8) @1 V(p, d))) - *=A (V@Y (0.0)))

— inf v oHER(C)
(€HEV=HV(()®1V(p,D))
’ R
_ inf \I;i(g ) eMER(C)

(¢)eV-1(T((CO10),0)
= \I/N((C ™1 p)7 8) . elk‘ﬂ«((felp),a)
_ B(G0) - "D 4 W (p, 9) - D)

2
_ \II%V(C’ a) . eikE%V(Cva) _|_ \I}%V(p, a) . eikE%V(p’a)
5 .
Thus, U3 ((V(¢,0) ®1 V(p, 9))) - eF=R (V@1 (0,0) < \Piwc,a)~ei“€%w<vf’>;W%vm,ayeﬁi%wva). Simi-
larly,
VI((V(C,0) @2 V(p,))) - =1 (V(C®2V(0,0)) LAU(S a>~eikE’ﬁV<‘>a>;w3V(pﬁ)-e”@%“f’ﬁ) and
(( ( ,a) ®3 ( ))) ) eikE%((V((,a)@)gV(p,O))) < \I/jv(c 3)- ezlk_hV(C a)+q,zv(p 3)- eik:%v(ﬁ 8)

Let_FV( ¢,0),V(p,0) € ©2. Let( € V‘Fl(V(C,a)) and p € V F(V( p,0)) be such that vl (¢,0) -
D = (00) R nd W (p.0) - R0N = 0] (C0)-
ev- ) EV™ 2
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=L (¢,0),
k=L
Now, U/ ((V(¢,0) ®1 V(p,0))) - e®=n (VC.0)@1V(p.9)))

- sup () =
(¢HeV-L(V(.0)®1V(p,0))
- sup Wl () - "=

(¢)EV-H(V(((O1p),0)
= W[ (01 p),0) - ™ER(CE010)
= mln{\I/§ (C, 6) ek SN2 \ij (P 6) z]k_F(p 8)}
= min{ W} V(C,8) - e=h VD) Gy (p,0) - ™= V(00)Y,

Thus, U ((V(¢,0) ®1 V(p,d))) - X514 (VEADV(0)) > min{Wk V((,0) - = VD) Wl v (p,9) -
ckEL, V(p,a)}.

Similarly, ¥/ ((V(¢,0) ®2 V(p,d))) - %51 (VCD)@2V(00)) > min{Wl V(¢,d) - %= VD) Wl v (p, 9) -
eikzgv(p,a)} and

VL ((V(C,0)@5V(p, )))-e*Eh (VED@V@) > min{ W V(¢ )-e™=h VD) Wl (p,0)-En V()]
Thus,” is a ComCANSBS of (S)s.

Theorem 3.15. The homomorphic preimage of every ComCANSBS is a ComCANSBS.

Proof. The mapping V : ®); — ©)2 be ahomomorphism. Now,V (((©1p),d) = V((,0)®1V(p,d), V((COq
—~ Py

p),0) = V(¢,0)®2V(p,0) and V(((O3p),0) = V((,0)®3V(p,0) forall(,p € ®1.Let h =V(R), h
A ~=
is a ComCANSBS of @,. L N etk Ex ((€019)0) = g7
2. Let (,p € ®1. Now, ¥y ((¢ ©1 p),0) - ™ = = Uy (V((C &1
= ~= ety ~5
0),0))- etk 25 (V((€O1p),0)) — \pg (V(¢,0)®1 V(p, 6)))-e“k Zh (V(G0)@1V(p.9))) < max{ \pT V(¢,0)-
~= ~= A /\ A /\
':T =T o=
k =g v, (9) \IJT v( a) . elk —h V(p,@)} = max{ qj;zr (C7a) . elk _‘N «, 8) qj—r (pya Zk =N (976)}_
=

—~~ et~ ~~ TR~ et
Thus, ¥y (¢ O1 p),d) - e =8 (€010 Cmax{ Uy (¢, 0) - €™ =8 (O, Wy (p,d) - e =x (2D},
1 ik Ex ((CO1p),0) 1 ik T3 ((Co19).0) 1
Now, ¥g ((€ ©1 p),0) - e =R 9 = Wy (V((C o1 p),0)) - e = 9= U5 ((V(C,0) @1
=2 ) ] . 8
V(p,d))) - et Zh (€210.0) < V3, Vo)™ Zh Y ’; V5 Vipo)e™ Zh YO
~ Y -
T (,0)-¢™ TR €4 T (p,0).e IR (0:0)
= =
P /\ =1 = =1
P pd w2 I w2
Thus, \Ilgk (¢ ©1p), ) - ek :iz ((€©1p),9) < \If (¢,8)-e™ =R (€ d)+ U3 (p,0)-¢™ =R (29 .
—~~ _k’:’F o _k’:'\ o oy
Now, Wl (((©1p),0) ™ =x (€020 = WE(V((( 01 p),0))-e™ =n V€)= E (V((,0) @

)

~
ik 2 (V.08 V(p,0))) : ok ZE v Gr ik EL vy _
V(p,0))) - e = > min{ ¥ V(¢,0)-e™ =n , Uy V(p,0) -e™ =n } =

]
T

~ =~ = =~ =
min{ @ (¢,0) - ™ =% ©D W] (p,0) - ™ =x (PO},
~~ = . ,;F\ - ; /;F\ ; /;F\
Thus, W4 (¢ O1 ), 0) - € Z (€910)0) > min (Wl (¢,0) - e Zn €0 "Wl (p,0) - ei* Z 00},

The mapping V : ®; — ©2 be a homomorphism. Now,V((¢ ©1 p),d) = V((,0) ®1 V(p,d), V((¢ Oq
0),0) = V(¢,0) ® V(p,d) and V((¢C O3 p),d) = V((,0) ®3 V(p,d) for all (,p € @,. Let h =
V(R),l is a ComCANSBS of ®s. Let ¢,p € ®1. Now, ¥ ((¢ ©1 p),0) - ckEx ((€010),0) — T (V((¢ Oy
0),0)) - eikEZ(V((Celp),B)) = W;((V(C,@) ®1 V(p,d))) - eikEQ((V(g,a)&v(p,a))) < max{\If;V(ga) .
ST WLV (p,0): % VO = max(W{(6,9): 5O, W, 0)- D). Thus W (¢ O
p),d) - €5 (€O10).0) < max{ W (¢, D) - e™Ex (O W (p, D) - e™En (:0)],

Now,W3((¢ ©1 p), ) - e*EX(€01)0) = W3 (V((¢ 04 p), D)) - ¥ZH(€O10:0) = W ((V(¢,0) @1 V(p, D)) -
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k=7 k=3 k=3 (¢, k=3
K2} ((CO1),0) < YaV(C.0)-e™ nw“‘);w%vma)-e‘ RYCD | BR(G0)-e" N“f@);wi(p,a)-elk 29

ei
Thus, W3((C O p), d) - ¢X=X(€010).0) < \Ifi(<7a>~e"*‘ii“*mgﬂvi(p,a)‘e”‘ai(”’a).
=h k=t
Now, U/, (( O1p), )€ ikZy ((CO1p),0) — Qg(v((C@lp)7 d))-e k=L (V((CO1p),0)) — \I/g((v(g 2)®1V(p, 0)))-
kB ( ( €OV (:0) > min{W] V(¢,0) - eikEQV(<76)7qjg V(p,d) - €=k Vipd)) =
mln{\I!F (¢, 0) - e*ER €D W (p, D) - =% (0D} Thus, Wl ((¢ 01 p), 8) - €45k ((€010).0) > min{WL, (¢, ) -
lk—'x (¢ 8)7 \Ijg(p7 8) 7’k—N (P7 )}

—~ =
Theorem 3.16. If'V : ®1 — ®2 is a homomorphism,then V (X3 5) is a SBS of ConCANSBS h  of ©p.

Proof. The mapping V : ®; — ®2 be a homomorphism. Now,V(((©1p),d) = V((,0)®1V(p, ), V(((O2
=
p),0) = V(¢,0) ®2 V(p,0) and V((¢ O3 p),0) = V((,0) ®3 V(p,0) forall (,p € ©,. Let h =
= ~ =
V(R),X is a ComCANSBS of ;. By Theorem 3.14, 7 is a ComCANSBS of ®2. Let X3 ;) be any
P

~ —~ = T
SBS of X. Suppose that (,p € N(35). Then ( ©O1 p,{ ©2 pand ( O3 p € R(g5). Now, ¥ (V((,9)) -
”ﬂ(g—r\(v(f 9)) /? 'kf;—r\(C 2)) /? 'k’;—r\(v( 9)) /? 'k’;—r\( 9)
et =n (GO = Wy (¢, 0)-e™ =X D < B, Wy (V(p,0)) - e =n WPO) = Wy (p,0)-e™ =X 179
5. Thus, \Il;ir (V(¢,0) ®1 V(p,0))) - ek =n (V(C)®1V(p0))) < \I;;E ((CO1p),0) - e =x ((cO10),9) < .
= N ~~ ~~

= T e = =
Now, U (V(¢,9)) - & Zh (V€ = "w{((,0) - e Z8 €D < 5,0} (V(p,0)) - ei* Zh (V) =
3 % Zn (00 3 % 23 P P 3
U (p 9)-¢™ =R (19 < B. Thus, U3, ((V(¢,0)®1V(p,9)))-e™ =h (VEA0VEI) < W3 (((O1p),9)-
~ e A e
oo < B. Now, W}, (V((,9)) - e =h (V) = W ((,0) - e = (00 > 6, 0] (V(p, )
= =~

=
= F ~= 0 =f ~_= o =F
ek Zp (V(p.0)) _ \I/zﬁ (p, 8)-elk zn (p,9) > 6. Thus,\Ilg ((V(¢,0)®1V (p, a))).ezk =y ((V(¢€0)®1V(p,0))) >

' i Ef ((¢010),0) imi - (P
UL ((¢Ce1p),0) ™ =x @) > §.forall V(C,0),V(p,d) € ©p. Similarly other operations,V (R s))
=
is a SBS of ComCANSBS # of ().

The mapping V : 1 — )2 be a homomorphism. Now,V((¢ ©1 p),d) = V((,9) ®1 V(p,d), V((¢ O
p),0) =V((,0) ®2 V(p,0) and V((C O3 p),0) = V((,0) ®3 V(p,0) forall {,p € ®;. Let h = V(X)X is
a ComCANSBS of ©;. By Theorem fiis a ComCANSBS of 8. Let R (g 5) be any SBS of . Suppose
that ¢, p € Rg.5). Then ( ©1 p,{ ©2 pand { O3 p € N(g,5). Now, ¥} (V((,0)) - e=h (V) = wl(¢,0) -
=GO < B UT(V(p,0)) - = VD) = WY (p,0) - " =5 00 < B Thus, U (V(G,0) 1 V(p,0))) -
ckER (V(C.0)®1V(p,0))) < V(¢ o1 p),0) - ckExR ((€O1p),0) < B NOW’W%(V(C7 d)) - CkER(V(C,0)) —
VR(G,0) - HERE) < BUF(V(p, 9)) - HE TR = W (p, ) - M=) < B Thus, W3 ((V(C, D) @1

V(p,d)))-e vlk:%((v (¢ 8)®1V(p M) < W((Corp), 5).eik5§((<®1p),8) < B. Now, W (V(¢, )¢ zk’F (V(¢.0) —
vl (¢, 0)- ezk”f > 5,0k (V(p,0)) - %=1 (VD) — Wk (p,0) - =% (D) > 5. Thus, WL ((V(¢,0) @y

V(p.9))) - ¢ (TCOT 000 > WL ((C 1 p), 0) - €= (€O10)0) > 4 for all V(C, D), V(p, ) € Gn.
Similarly other operations,V (R g s5y) is a SBS of ComCANSBS 7 of (9.

~ =
Theorem 3.17. IfV : ©1 — ©)2 is any homomorphism,then R g 5 is a SBS of ComCANSBS X of ®)1.

Proof. The mapping V : ®; — (S be any homomorphism. We have V(({ ©1 p),d) = V((,9) ®;

V(p,f%V((C O2 pi/a\) =V(¢,0) ®2 V(p,0) and V((¢ @3 p),0) = V((,0) ®3 V(p,0) forall {,p € ©s.
Let A = V(N), A is a ComCANSBS of ;. By Theorem N is a ComCANSBS of ®);. Let

~ = =
V(Rs,5)) be a SBS of £ . Suppose that V(¢,0),V(p,0) € V(R(z,5)). Now,V((¢ ©1 p),9), V((¢ O2
= =

A~ f’? . ':T P /? . ':T P
p),d) and V((¢ ©3 p),d) € V(Rg,5)). Now, Uy (¢,9) - e =x (&) — W1 (V((,9)) - e =n (V)
~~ JIT e T o ~= 2T oo
B8, Wy (p,0)-¢™ =8 (00 = Wi (V(p,d))-e™ =n V@) < B Thus, Wy (((O1p),d)-™ =x (€010)10) <
max{ B (¢,9) - =X €0 0 (p,0) - EX 00} < . Now, B (¢.9) - = €0 =03 (v(¢.9))-
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—~= R —~~ . —~~
ik B4 (v(¢.)) J i Zx (p.9) ] & Z3 (V(p.0))
em = N LB, TR (p,0) - €™ =R D) = W3 (V(p,d)) - e =n V0D <,

o~ TN N

~ =~ 3 =3
Ui (p,0)-e™ =R 9

~= e | ik ER (€,0)
Thus, ‘I/i ((CO1p),D)-e™ = ((CO10).0) ¢ PR (o) 7N ;
= ) =
w =l o) _gr ok BE (V.o F ik B (00) _ I ok BL (V(0.0)
€ R - \I’ﬁ (V(<78)) € g 2 67 \I/N (p78) € R - \I’ﬁ (V(p78)) e h 2
s.

=
< B. Now, W/, (¢,9)-
=

Thus, U, ((C O p), d) - e™ =x (€C12):0) — Ul ((V(C,0) ®1 V(p,d))) - e =h ((V(.0)®1V (p,0)))
~= =

~ =~ =F = =F
> min{ Wk (¢,0) - ™ =% (G Wl (p,9) - ™ =x P} > §forall ¢, p € ©).
Similarly other operations,@; is a SBS of ComCANSBS R of (9);.
The mapping V : §); — S be any homomorphism. We have V((¢©1 p),d) = V(¢,9)®1 V(p, d), V((C©2
p), ) = V(¢,0) @ V(p,d) and V((¢ O3 p),d) = V((,d) @3 V(p, d) forall ¢, p € ®. Let h = V(R),hiis
a ComCANSBS of ®),. By Theorem @N is a ComCANSBS of ®)1. Let V(X4 4)) be a SBS of /. Suppose
that V(C7a)7 V(p, 8) € V(N(ﬁ,é))' \IOW’V((C ©1 p)a 8)? V((C O2 P), a) and V((C O3 p)va) € V(N(B,5))
Now, W (¢,0) - e™Ex (60 = WI(V((,0)) - *=n (VED) < B, W(p,0) - =00 = W[(V(p,0)) -
e (V(p,0)) < B,
Thus, ¥, ((CO1p), 6)~eikEI((C@1p)’a) < max{¥ (¢, 8)~eik51(g’a), v (p, 8)-eikEI(P’a)} < B. Now, W3 (¢, 9)-
=R = ¥L(V((,0)) - e*EVEN) < B W (p,d) - eI = WI(V(p,d)) - e*EVPO) < B,
Thus, U3 ((CO1p), 9)-e™=R((€O1):0) < w-;&(c,a>-e“ﬁi<<ﬁ>;@i(p’a>~e“‘5§<“‘a) < B. Now, W (¢, )= (00) —
vk (v(¢,0)) HEL (VD) > 5 vl (p,0) . o8 (p.0) — vl (V(p,0))- ¢S (V(0:0) > 5.
Thus,¥% ((¢ ©1 p),0) - = ((6010),0) — Ul ((V(¢,0) ®1 V(p,d))) ¢S (V(CD)@1V(p,0)) >
min{ W (¢,8) - e=k €0 W (p, ) - =k (P} > § forall ¢, p € @)
Similarly other operations,X 3 5) is a SBS of ComCANSBS R of (1.

4 Conclusion and future direction

In this work a new type of ComCANSBS is presented. The complex cubic neutrosophicsubbisemiring, which
expresses three grades in terms of a complex number, takes a fresh approach to the idea of three grades. Since
a complex form of three grades reduces three grades to a two-dimensional parameter, it represents a paradigm
shift. A complex interval value-containing neutrosophic SBS was defined. ComCANSBS level sets and Com-
CNANSBS level sets were defined. Our goal is to apply the cubic set to bisemiring. Additionally, a study of
the characteristics of different conversions is done. In addition to data analysis, we are trying to handle images
and signals, thus it makes sense to use F-transforms to expand the use of new fuzzy structures. Thus, we ought
to consider applying soft set ComCANSBS, soft set ComCNANSBS in the future.
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