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Abstract

We construct the concept of complex cubic neutrosophic subbisemiring (ComCNSBS). We analyze the im-
portant properties and homomorphic aspects of ComCNSBS. For bisemirings, we propose the ComCNSBS
level sets. A complex neutrosophic subset I' if and only if each non-empty level set R(¥*), where R =
(RL . el0St RL - et RE . ei9%57%? . €i9s§7 RL . ewg%, RE . ew%?) is a ComCNSBS. We show that ho-
momorphic images of all ComCNSBSs are ComCNSBSs, and homomorphic pre-images of all ComCNSBSs
are ComCNSBSs. We illustrate the practical significance of our findings.

Keywords: ComCNSBS; ComCNNSBS; SBS; homomorphism

1 Introduction

Fuzzy set (FS) theory was developed by Zadeh! and is most effective in managing 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 might 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 Y 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, despite 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
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PFS logic. These ideas are unable to explain the neutral state, which is neither positive nor negative. Cuong®
discussed the picture fuzzy set. Three grading points were utilized by FS: positive, neutral, and negative. These
grades added together could not total more than 1. For certain reasons, it is also equivalent to PFS or IFS. It
is an independent generalization of three models that deals with the truth, indeterminacy, and falsity of FS and
IFS. Numerous recent studies have been discussed by Palanikumar et al .®®

Smarandache’ was developed by neutrosophic set (NS) to deal with contradicting and ambiguous data. This
reasoning establishes the degree to which a statement is true, ambiguous, or untrue. Ramot et al'¥ presented
the notion of the complex fuzzy set (CFS) . 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. Rather than extending exclusively to [0, 1], the membership function px (z)
of the CFS X extends to the unit circle in the complex plane. Thus, px (z) is a complex-valued function
that assigns a MG of the form 7y (z) - /™ (*), where i = y/—1, to any element x in the universal set. The
value of x () is defined by the two real-valued variables, nx (x) and 7x (), where x (z) € [0, 1]. Golan!
established the concept of semiring logic and its applications. Hussian and colleagues'® talked about the
concept and expansion of bisemirings. The topic of bipolar-valued FSs and related techniques is covered by
Lee ¥ Ahsan et al'* investigated fuzzy semirings. The notion of bisemirings was first presented by Sen et al 1
Recently, the new type of normal subbisemiring (SBS) were presented by Palanikumar et al. 2 bipolar-valued
neutrosophic normal SBS ¥ In this study, the following contributions are made:

1. Every ComCNSBS’s intersection results in another ComCNSBS.

2. Let T be the strongest complex neutrosophic relation of .S, and let I' be a ComCNSBS of S. If and only
if T is a ComCNSBS of S, then I' is a ComCNSBS of bisemiring .S x S.

3. R = (RL - 05 RL . 050 RE . £i05F QT 62'0%?’%% . eie%é,%ff - €37 is a SBS of S for all
p, » € D[0,1].

4. Every ComCNSBS has a homomorphic image that is also a ComCNSBS, and each ComCNSBS has a
homomorphic preimage that is also a ComCNSBS.

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

2 Preliminaries

Definition 2.1. 1° The structure (S, W, ©, ®) is a bisemiring, if the conditions such as (S, &, ©) and (S, S, ®)
both semirings. That is, (S, W), (S, ©) and (S, ®) both semigroups and

L lyo (el = U, el)W (L, e,

)
2. (bewly)el, =(;l,)d (U, ol,),
3.4y O (be o ty) = (by O L) © (Ly O by),
4. (Lo ly) O by = (e ®Ly,) S (by® L), V Ly, le by €S.

Definition 2.2. ® A NS v in the universe U is v = {3, ul (), ul(z), vl (z)|z € U}, where ul (z),ul(z) uf (z)
represents the truth, intermediate and false grade of v respectively, and ul : U — [0,1],ul : U — [0,1],ul :

U —[0,1]and 0 < ul (x) + ul(x) +ul'(z) < 3.

Definition 2.3. ® Let ¢y = (uj, ,ul, ,ul} )2 = (ul,,ul, ,ul ) and ¢3 = (uj_,u), ,ul ) are the neutro-
sophic numbers of /. Then
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1. YU = <max(jiz,ugg,),min(jfp?,uiB),min(jgz,uf;SD,

2 1y = (min(s7, T, ), max(sl, ul, ) max(, ) ).

3. Py > g iff u£2 > uig and usz < u{pg and “52 < uf;g,

4. by =g iff u£2 = uig and usz = ufpg and “52 = uf;?’.

Definition 2.4. © If v = {z,77(2),75(x), 75 (z)} of U be the NS, then ({,7)-cut is described as {z €
Ulgs (z) = Cai(e) = ¢, 00 (2) < 7}

Definition 2.5. ®If V and W be NSs of S, then Cartesian product is described as V xW = {37 w(2,0), 7% o (0, 0), 95 v (2,4
S}, where

ITew () = min{gT (@), oy (00}, 2oy (9 0) = 2B 4P () 4y — max{yE (x), 25 (1) }.

3 Complex cubic neutrosophic SBS

Unless otherwise indicated, S denotes the bisemiring, i means the real part, and < refers the imaginary part
and 6 = 2.

Definition 3.1. The complex cubic NS (ComCNS) I'in umversal set O,

I = {5, REQ) - 5O RE() - 92” RE() - €930 R () - #9F 0, RE(y) - ¢

) € D}, where R (5) = [REF, REV], RL(j) = m#mwi RE () = [REL, REV] and RE(5) -3 RE()-
0317 RE (). 557 . 5 5 DI0, 1] and RE() - 9557 RL()) - 991 RE() . 09E L 5 [0,1]

represents the degree of truth, indeterminacy and false, respectively For simplicity the symbol §R17:, 8?%, §RIE is
)

(\ (J) G\I(J)

&EF( ) Z@c\F(J) .

c\T 7)

cN (J)

ComCNS T = {3, RE(7) - e3¢ RL(y) - €7 RE(5) - e#35F” RE(5) - 995 RL(y) - 935 ” RE(5) -
,Lec\ F(9) ]ED}

eye T 07 ~TG) NI z (\(J) S z (9) T (J) I
Definition 3.2. Let I' = {j,%r(j)- REO) - L) - JRE() - e JREO) -

(\T(J) (\T(J)

<\I(J) (J) STy DS F D)
S  RE(9)-€8 }andA: {J,M(ﬂ 033 BRI ()-8 R ()-8 RE (5)- 091 RL(5):

03" JRE() - 03" } be two ComCNSs of . Then we define the intersection and union operation is de-
fined as . —

. 0T (2) T c\ (]) 0oL (2) T c\ (])
OTNA=1{(3 min{?RT 03 R (9) e I3 mm{?RI( )€ R (9) e 1, max{?RF( )

(J)

b
-OSI{(J)

§RT() 0357 min{RL(y) - &

i0 (J)
e

m =
e RY (J)
I 0 (J) F i@SF(J) F
mm{ () JRAG) e }max{Rp (7) - e, Ry (9) -
0y (J) )‘
J€ED

(o max{@ )€

/\

(J)

(i) TUA = RT()-0 7Y max{RE() -0 R (7) ¢35}, min{RE (5)-

c\ (J) §RF( ) 0¥ (.7)}

T 0 (J) T i ie\OS‘T(]) I Z@(\I(J) I 0 ( ) P ZQC\F(]) r
maX{?Rr( )-e S RA(9) -8} max{Rp () -e RA() e }min{R (7)€ R ()
eiegfm}) ‘] € D}.

s ST (). 0SED T (. i0SID oF N igSED) o RN
Definition 3.3. TheComCNSF:{],% (7)1 RL())-e03” RE (5)-¢05F 7 RL(5)-931 " RL(y)-
’9(\[(]),%5(])@9%?(])} of ©. Then (p, »)-cut is described as {j € E)|%T( )-€if3r? > p,?RI( )31 >

> T (2) 0 (J) oo F(2)
P, RE() - 9 <t REG) - €035 2 0, REG) - €05 > 0, RE() - 90 < el

Definition 3.4. The Cartesian product of I' and A is described as

W3FO _

93T (@) =7 o SRR ST (GD))
I'xA = {%FXA(( 0)) - e SEEY RE (G, ) - SN RE L G,0) - €S R (0,9)) -
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OSTGD RO S ()

REa((,9)) - e
ComCNS of O, where

JRE (0, 0) - e | for all 3,4 € S} where T and A be the

§R%><A((]7w)) . ez‘g(\\fpxljx — min {?R,iz:(]) . 620§r J ,%X(w) . 620%1\ }
G0 =3 oal() = )
YA o I((2,9) Ty 65 T 10
0 RL(9)- 517 +RL (¢)-'7A
REn () - 9985 = B I
e 9T () = =

SR{«?XA((],Q/;)) . 08Ty A — max {%IE(]) . ST, 7%{(1@ . o051 }

ia(\T((Lw))

Sy . 0T 03T (
RExa((,)) - €5 zmm{?R%(J)'e(" r >’§R£(¢),ee A’”}

ioaL(2) ;
RL_ (1)) - PORE" — REGe TR (0)-e
X ’

J
REA((2:9)) e

Definition 3.5. Let I" be the ComCNS of S is called as ComCNSBS if

ieg?)(((/{vw))

(J) oF(#J)
= max {RE() - #3F” RE () - 035}

RL (7 By v)) - ST (UB1v) > min{RZ(y) - GOST(O) RT () - 05T (@)}
T (782 9)) - 05T ((1B29)) > min{RZ(y) - ST () R (¢)) - 0T (D)}
T (783 7)) - 05T ((Bsv)) > min{RZ () - ST () RL (1)) - e0SE ()}

-

%) 52

RL(() By 1)) - e0SEEB) > RLOeE O R (1) D
- 2
OR

—~ = ST (). 0L L T (. 10SL (1))
%%((] /. 1)1))) . ez@o?((]ﬂﬂzd’)) > Rp(g)-e”T +2§Rr(w) e T

8’%:{(])Vew%l{((J))_i_ﬁ(w),ew%%"((w))
2

RE (788, ) - e¥SF(OB19) < max{RE () - 95 () RE () - ¥3F ()}
RE((7 B2 0)) - €95F (0B29) < max{RE(y) - ¢05F (0D RE (1) - €105 ()}
RE (783 ) - ¢/95F (0Fs9) < max{RE (j) - €57 (), RE () - ¢105F (¥}

RT (78 1)) - ¢H0ST (UB19)) > min{RZ(y) - ST () RT () - 0T ()}
RE((7 8, ) - 95 0T > min{RE(y) - 037 0D, R (1) - 99 ()}
RI((HB3 ) - 05T (0Bs9)) > min{RZ(y) - e0Sr(() R (1)) ,eiesg((w))}

RL((7 By ) - 50 (GFw) > %Ré(J>~ei”‘§(“”Jrz%%(w)‘e’“%““’”
OR

RL((7 By ¥)) - 09T (UF24) > ?R§(J)-e”gé“”)gﬂ?é(w%e”g%(“””
OR

i0S L(5).e1 09100 Ll (). 09T ()
RL((7 B3 1)) - €090 (0Fa)) > RL(5)-cST( +2§rep<¢)e z

RE((7 By 1)) - 09 St (UBY) < max{RE (y) - 037 () RE (1)) - 03T ()}

RE((7 8, ) - €19 ST ((UB29) < max{RE () - ST () RE (1) - ettt ()}

RE (785 ) - €97 (GE3%) < max{RE(j) - 1097 (D) RE (1) - 091 ()}
forall 3,9 € S.

Example 3.6. Consider S = {7,v,(,n}:
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Hy |7 |v|C|n Ho |7 jv|C|n||BHs|7]v]|C|n
T T T T T T T v C Ui T T T T T
v |T|lv|T|v v |lv|iv|n|n v |T|lv ]| |n
LS M S S S S /A S /B A B/ B /B B
n |Tlv|[¢C|n ninininin ninininin
(w)=r (w)=wv
(%’1{’, %F)(’UJ) [0.86i2ﬂ(0'65), 0.98i2ﬂ(0'75)] [O.7€i2ﬂ(0'55), O.86i2ﬂ(0'65)]
(m{ﬂ) %%)(w) [0'561'277(0.35), 0.66i2ﬂ(0'45)] [O.4€i2ﬂ(0'25), O.56i2ﬂ(0'35)]
(%57 S?)(w) [0'661'277(0.45), 0.76i2ﬂ(0'55)] [0.7€i2ﬂ(0'55), 0.8€i27r(0'6)]
(w) =¢ (w) =1
(%%"’ & )(U}) [O.4€i2ﬂ(0'25), 0.5ei27r(0.35)] [0.66i2ﬂ(0'45), 0.7ei27r(0.55)]
RI & ) 'U}) [0.2€i2ﬂ(0'15), 0.361'271’(0.25)] [0.36i2ﬂ(0‘15),0.46i2ﬂ-(0'25)]
[0.9€i2ﬂ(0'75), 0.8€i27r(0'65)] [0.8561‘271'(0.7)7 0'962’2#(0.75)]

(w)y=r71

(w) =v

(Rp, Sp)(w)

0.761’271'(0.55)

0.66i2w(0'45)

(Rr, St) (w)

0.46712#(0.25)

0.367;2‘“—(0'15)

(RE, St) (w)

0‘56i2ﬂ(0'35)

0.66i2ﬂ-(0'45)

(w) =¢

(w) =1

(Rr, Sp)(w)

0.362’2#(0.15)

0'561'277(0.35)

(Rf, St) (w)

0.1ei27r(0.05)

0.267;2‘“—(0'05)

0.86i27r(0'65) 0‘7562’2#(0.6)

(Rr, S7) (w)

Hence, I" is a ComCNSBS of S as a result.

Theorem 3.7. Every ComCNSBS’s intersection results in another ComCNSBS of S.

Proof. Let {T\Z : 4 € I} be the collection of ComCNSBSs and I' = ﬂi Let 5,1 € S.

iel
Now,
ﬁ((j M 1)) - 1OST (UEL1)) _ lg @((] By 1)) - ci0ST ((1B19))
i i
> inf min{RE, () - 00 RE () - 7))
1€ K i
= min{inf y/g?(]) . ez‘&%%(])’mf 3@;(1/)) i ews% (d))}
iel ' i€l @
— mln{ﬁ(j) . 87;9%1’1:(])7 ﬁ(w) . 67,9%17.:(@[;)}
Similarly,

ST

gﬁ((j My ¥)) .eieszg((gaazw)) > min{ﬂé\f(g) . eief ), §}ET(¢) . ew%:?(w)},
RE(() B3 1)) - €3 OB > min{RE(5) - €97 D), RT () - 07 (9},
Now,

~
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RL((7 B, ) - e0SH(0B10) — inf RE (75, ¢)) - 0SHGB10)
1€ o

ol i9§7\ ST i9§7\
CRE () Y L RE () W)
Zm§ 5
1€

: N 05T . N7 0L
inf RE,(9) e 2 + inf RE () -e T, (¥)
2
RL(7) - €090 0) 4 RL(y) - 91 (¥)
2

Similarly,

RL((5 By ) - 0SHGB20) > Rel)e ’ F"H-f%(w)e o nd

RL((7 B3 ) - €S ((GBsw) > RL(p)-e 2O 4R (1)-¢ 2E

2
Now,
RE((98 ) - ST (UB1v)) _ S_u? RE (781 ¢)) - COSE((B1v))
1€
< sup max{@(g) P9, 0), @(W 0%, )y
icl
— max {Sup ﬁ(]) . ei93$i (j),Sllp @(d}) . ei@%!‘r‘i (1/;)}
i€l iel
= max{ﬁ(‘j) . 67;9%?(.7)’ §§\IF“(/I/}) . 626’%?(1{1)}
Similarly,

RE (5 By 1)) - 9SF (0B9)) < max{@@) L e0SE Q) @(d)) ST (@)} and
RE () B3 1)) - eH0ST (UBs9) < max{RE () - ¢St (), RE (1) - eieﬁ'?(w)}_
Let {Y; : ¢ € I} be the collection of ComCNSBSs of S and " = ﬂTi. Lety,¢ € S.

iel
Now,
RL (78, ) - 097 (GE1) — ”5 RE (5 B 0)) - (OST ((GB1))
K]
> inf min{RF, (7) 97,0 QT () . 109%, (9)y
1€ v i
= min {ing % () - ews&(y)’ iH§ RL (1)) - RIAES (w)}
S ‘ ic i
= min{RT(j) - €051 O R () - 03T (W)}
Similarly,
TRTS . 0T T
RE (38 ) - €73 (OF20) > min{RE (5) - 55 0, RE () - 1090 ()}
RT (783 1)) - €097 (UFa9)) > min{RT(y) - 051 ) KL (1) - 0SF W)},
Now,
03T i TR
RL((7 By 1)) - 0T (OB - inf RE (58, ¥)) - 0 (GE)
07 03]
e R0 RO LR () )
T el 2
i I 08T, () I S ()
_ inf R, () e +inf RY, (1) e
2
_ RL(9) - 0570 4 RL (1)) - 03T (%)
2
Similarly,
0y el st el si(y)
RL(() By 1)) - 03 ((GB20)) > Ri@)-00 +RE(W) o
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0t 0L
RL(() By 1)) - 03 (Bsw) > Re@ye” F<J’+2%£<w>‘e9 e

Now,
RE (7 By ) - €930 OB — qup RE (58, ) - 031 (0F10)
iel
< sup max{RE, () - 70T RE (1) - 0T}
iel '
= Imax {Sup %51 (]) . ewgii (J), sup %51 (1/)) . eiG%@_L_ (7/’)}
iel iel
= max{RE(y) - ST 0), RE () - ez’o%?(w)}
Similarly,

RE (9 B ) - €95 (UB29)) < max{RE(5) - 097 0, RE (1) - 097 (¥)} and
RE () B3 1)) - 10T (UBs)) < max{RE () - ew%‘?(y), RE (1)) - €St (w)}
Thus,I" is a ComCNSBS of S.

Theorem 3.8. IfT" and A be the ComCNSBSs of S1 and S5 respectively, then T x Aisa ComCNSBS of S1x.Ss.

Proof. Let 31,72 € Sy and 11,92 € So. Then (y1,11) and (2, 12) are in S7 X Sy. Now

RE (G, 1) By (92,92))] - €% STRN((CTR): NERTS))

§):E/ITZ(UI By g2, 1 By ¢2)) - ew‘(\’/lq““;((hﬁaljz,wﬁi?bz))

min{RE (51 By g2)) - 3 @ Fr2) RT (41 By 1hy)) - R (1E02)

min{min{RE (1) - €5 01) RE(72) - e #SF 0}, min{RE (61) - €#5E 00 R (1) - 957 ()}
min{min{RE (1) - “5F ), R (91) - 7SO} minf R (32) - €05 02 R () - 9SF O}

min{RL, , ((51,¢1)) - e 0T, 0 ((141)) §RT (2, 12)) - '99?“((32,%))}

| AV |

Also RE L [((91,¢1) Ba (72, %2))] 10T A [((1,91) B2 (52,42))]
> min{RE, (g1, 1)) - €5 Gr00) T ((5, 455))e 5 G202y

—

and RE, A [((71, 1) Bs (]2,%))} - e05Txal01:9)B302,92))]
> min{@((]h ¢1)) rxA((]l P1)) §RT ((327w2)) ieﬁng((]Q,wQ))}.

Now,
@[((]hwl) By (g2, %2))] - OSE (1 91)B (52,92))]
= %/1[“;((]1 By 92,91 By 4g)) - €% SEal(01Br g2, Bein)
o ﬁ((‘h B, jQ)) dr><A((]1EE\1J2)) + §RI ((wl /B, w2)) ‘SFxA((wl 12))
L L[ REG) €00 4 RE () - €POR0D | RE () € POAWD 4 R] (45) - € OA )
N 2 2
_ 1 [RE(0) - ¢HSE0D) 4 R () - ¢SV + RE(72) - 031 G2) 4 R (12) - (i0Sh (1)
2 9 3
11— o
= 3 §RILXA((J1»¢1)) O0ST 1 ((1:41)) + §RI ((2,1)) . @ 0ST A ((2,:92))
Also . -
031 1031
REAL((91,91)Ba (g2, 1h2))]-€ S 0xall0r 0 El02.02))] > L ((31,1/11)) 03 ((G1:41)) +§R A((92,%2))-
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eie\(?f:\m((h ,1/12))}

and
RE A l((91,91)Bs (92, 12))] - 050 xal01 1) BaGa2.02))] > 3R ((31,1/11)) 09t ((1:90)) +§R Al(g2,12))-
eies/é;((h,wz))} '
Now,
@[((]hwl) /|, (]2,1/)2))] . eiGQZ[((]1,¢1)El(327w2))]

RE, (1 B ga, b1 By 1)) - €03 Fn(01Bu 1 Bra))

max{RE (1 Br g2)) - 9a 0181220 {F (3 8, ohy)) - ¢0Fxa(@1Br102))y
max{max{RE (1) - €3 ) RE () - 1037 020}, max{RE (4 - 103800, RE (1) - 1095 (W)}
max{max{@(jl) . e““r (1) ’%K(wl) . 61'955('/11)}7 max{@(jg) . ewg?(m)’ ﬁ(wz) ) 61'955(1112)}}

max{RE,_, ((71,1)) - €05FalGr00)) RE (5, 4hy)) - e05Fxa (02020

AN

Also %IEXA[((JM '(/)1) s (]2, ¢2))] . iegng[((]1:¢1)E52(J271Z12))]
< max{%rx/\((]hwl)) zoopXA((Jhwl)) §R1EXA((J27¢2)) . ei%?”((hﬂ/&))},

@[((Jhwl)ﬁﬂs (]2,1/}2))]' 03T, A [((71,91)Bs (72,02))]
Smax{é}%/ﬁ;((jl’1/,1)), 03T, 2 ((1,%1)) mF REXD)E 13T a2

Let 51,2 € S1 and 1, b2 € So. Then (71, %1) and (72, ¢2) are in S1 x So. Now

RL (G, ¥1) By (g2, 12))] - €05 xalGrn)B (G2,02))]
RL (71 By g2, %1 By 1)) - 05T xa((nBra2 1 Br))

min{%?((;l M1 72)) - iOSE((JlEEm)) %T«wl By ) - ez’f)%X((leﬂlw))}

min{min{RE (1) - €3 01), R (32) - 97 020}, mindRY () - €03F 00 R () - 173F (V)
min{min{Rf (51) - €3 00), R (41) - 5 )} min{RE () - €97 02), RY (15p) - 03F (V)

= min{RT ,\((1,¥1)) - €03al@B) QT (5, 4hy)) - ¥03Fxa(G2:02))y

AV |

Also RT, [((31, 1) By (J2,12))] - €05t xal(Gr)B202,02))]
> min{RL, \ ((51,71)) - e 05T xa ((1,91)) §RF><A((]27wQ))eieg?XA((jQ’wQ))}

and RL \ [((71,71) B (3271/}2))} - e OSTal((1,91) B3 (52,92))]
> min{RE, (1, ¢1)) - @030xa () R ((50,105)) - €03 Exall2v))),

Now,
REw A (71, %1) B (g2,02))] - 030 al((G141)B1 (92,42))]
= RL (1 By 92,91 By o)) - 03xa((1 Bz nBhvs))
_ RL((91 By 72)) - 09T A ((nB172)) 4 RL (1 By ) - IO T (01 B192))
2
o LREG) €00 + R () 000D R (1) - PIRED 4 R (1) - 9RO
> 5 -
1[wE ) - 081 (1) 4 I W) - ei0SA (1) I 72) - ¢St (2) 4RI W) - £i0Sh (12)
— 2| A L0 A
2 2 B)
1T, o o
= 3 _§R11“><A((317w1)) ST (@) L R (3, 1h9)) - 09T xa((2242))
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Also

031 2(32,¢: 0L 1
%éXA[((jl’qpl)Bﬂ2(3271/)2))].eze\rpr[((11,11)1)53202,1112))] > %{%{‘XA((]l,lpl))'@ 0SS A ((2 le))'i'%{‘xA((]%l/’?))'
ew%m«h,wm}

and
RE L1, %1)Bs (72, 12))]- €03 xal 019D BaG2w2))] > %{%ﬁxA((ﬁ,1/)1))'ewgém((ﬁ’wl))—F?R%xA((h,1/)2))'
ew%m«h,m))]

Now,

RE A l((1,%1) By (g2, 2))] - 09T al((01,%1)B1(2,42))]
= REA((1 By go, Y1 By ) - €50 (821 Brva)
= max{RE (51 By g0)) - 50 (1B122) RE((4; B, 1)) - 10STa (18 wz))}
< max{max{RE (1) - 79 00 RE (1) - €9 020}, max [ RE (1) - €995 000 RE (1) - 99K (W)} )
= max{max{RE (1) - e3F 1) RE (1) - IR} max{RE (5o) - ei%?(m)’ RE (1h5) - 09K (2)1y
= max{RE, (91, %1)) - €03alOrv0) RE (55, 4h)) - €103Fxa(G2:02))}
Also RE, 4 (1, 1) Ba (2, 12))] - €3 ExallGr 0082 02,02)]
< max{RE\ ((71.41)) - /30O RE 4 (72,02)) - €90 (32, 92))},
RE (1, 91) B (72, 12))] - €095 xal(G1:91)B5(2,92))]

< max{RE_, ((91,%1)) - €03Fxal@v)) RE (5, 1h5)) - €03 xalG282))),
Thus,I' x A is a ComCNSBS.

Definition 3.9. The strongest ComCN connection on S, given I" C S'is
RE((,0)) - €55 O0) = min{RE () - 37 O, RE () - 105F W)}
— a T _eieé\f() =7 ,ew@
RL((5, 1)) - €05 () = Brl)ye T +2%§<w> r(¥)

RE((,9)) - e 0ST((¥) — maz{RE () .ewsﬁ(g)’%?(w) iBSE( w)}

Theorem 3.10. Let Y be the strongest complex cubic neutrosophic relation of S, and let ' be a ComCNSBS
of S. If and only if Y is a ComCNSBS of S x S, then T is a ComCNSBS of S x S.

Proof. Let T be the strongest complex cubic neutrosophic relation of .S, and suppose I' is a ComCNSBS of
S xS.

For 3 = (31,72),% = (¢1,%2) € S x S. Now,

T (8, ) - 05T (OBw)

= RL((((1sg2)) B (W1, 400))] - OSFUGr02)Ba (0 02)]
@(Jl B Y1, 92 By 92) - ¢IST 1 B1.0281 )

min{RL (1 By 1)) - SE OB FT (3 By i) - 05F (2Br62)y
min{min{RL (51) - 7SF 00 RL (yy) - ISV},

min{ R (12) - 37 02), R () - #3F 021}
min{min{RY (5;) - cOSE ), 3‘}\?(]2) : ew@(??)},

min{RE (¢y) - #5700 R () - 05F W)Yy

= min{RE((1,72)) - TG KL (1, ) - OOF 1020y
= min{@%(]) ~ei€§§(3)7 RL(Y) - € or(w)}

)

Y%

Also R (3 8By 1) - 957 (0T > min{RE () - 550, RE () - 957 W)},
%5((] Bﬂg q/))) . eie%%((JEESw)) Z mln{?}e?(]) . ei@%%(])’ %g(w) . 16(‘ (’Lﬁ)}
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Now, RL (3 8, ¢) - 5% 0F19)

= RE[(((71,2)) By (1, ¢2))] - €S ((Gram ) Ea (@)
— %IT((]I By Y1, 72 By 12)) - ew%[f((hﬂaﬂblyhﬂaldlz))
s

L (1 By ) - e 0t (nB191)) 4 RL((g2 B1 12)) - 05T (30 By 12))

2
- 1 @(ﬁ) . ¢i0SL() + §)‘/E\§(zp1) RRTSIACTY N @(32) . ¢i05L(72) + 5}};(%) TSI
Z 5 5 .
_1 [ﬁ(m RO 4 R () @S0 | RE () @D 4 RE () ei"gé(wz}]
S 2 2 2

RE((1,32)) - 0O 1 RE (1, ) - 0T (@r02)
2
_ RL(p) - €990 4+ RE(y) - 35 0)
2

Also ﬁ((; M, w)). 0S5 ((GB2v)) > RE()- ’“T(”HRI ()25

and % (7 B3 9)) - e ST (OBsv)) > FEG) e”’“T“)Htf ()
Slmllarly,é)?F((j EE|1 ¢)) S ((JEEN/’)) < max{?RF( ) - €i0ST Q) %F(w) OSEW)Y,
3% L((hH2v)) - e SE((B2)) < maX{%F( ) - eif SE() %F(w) zegT(w)} and

((J B3 ¢)) - WS?((JEW)) < max{%F( )-e SE()) %F(w) (w}.
FOY any = (J1,72), ¥ = (Y1,¢2) € S x S. Now,

Ry (B ) - 08T ((9B19))

T
T
RL(((G1,72)) By (W1, 2))] - 037 [((G1:32))Br (¥1,2))]
8%T(Jl B ¥, 92 B 1[)2) w%?(hﬁﬂl)hhﬂﬂlwz)

min{min{RE (1) - €51 00 RT (4,) - 05T (W1)y

min{R (72) - ¢'5F 02 R () - 9 02
min{min{Rf (51) - 3 0, RE () - €197 020},

min{RY (1) - 5T @0 RE (1) - 09T (V21

= min{RE((1,22)) - €097 (@102) RT (4h1 4hy)) - 037 (12D
= min{RL(y) €097 () RE () .ew%?(w)}

Y

Also RE((7 B 1)) - €097 (UF29) > min{RT(j) - €097 RL (4 ) ST,
RE((9 B3 ) - 057 (0Bs9) > min{R7(y) - IS (,7)7 %5(1/}) i (w)}
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NOW, §R§,(] EBl 1/}) . eiG%Q(JEENZ))

=RL((((1,22)) B (1/,1,1/,2))] - e OSH((((91,92)B1 (¥1,92)))]

= RE (91 By 1, 2 By b)) - € SE((nBrv1,281¢2))
_ ?RF((]I B ¢1)) - 67/9\51"((.71 191)) 4 %{‘((]2 B 1)) - ei9$1£((j2 m, ’(/}2))
2
> 1 [?R%(]Q . 0T (01) + §R1]“(¢1) . et0ST (%) N %1{(]2) . i0ST(52) + §R§(¢2) . eieg%wg]
5 5 g

2 2 2

Rb (1) €900 + Rp(ga) - €500 | Rp () - OO £ Rp () - eiﬁ“w)]

CRL((r,2)) - €970 L RE (41, 1by)) - €095 ((01,42))
- 2
_RE() - €10 4 RE () - 0950

2

0% PRELEND) 0 ()
Also RL (7 By 1)) - 035 (0B20)) > Rl VD405 ()02

and RL () B3 ) - €097 (Es0)) > RY(9)- ew%T“)Jr?RI ()-e"5 )

Similarly, RE (7 By 1)) - €' ST(UBY) < max{%F( ) - el Y- ,mgf’(q/)) . 61‘9%%?(1&)}7
RE (7 By 1)) - ST ((UB29)) < max{RE(j) - ¢ J),mg(w €97 (¥)} and
RE (5 Hs 1)) - €37 (0Bav) < max{RE(y) - ei%?(y)’ RE () - 097 (@Y,
Therefore, Y is a ComCNSBS of S x S.

Conversely, Assume that T is a ComCNSBS of S x S.

Let 3= ((51,02)),¥ = ((¥1,92)) € S x S. Now,

min{R (71 By ¥1)) - (OST (1)) R (g2 By ¥2)) - eiesg((fzaa\lwz))}
%5 (1 81 1, 92 By o) - HOST OB 021 0)
= RL[((1, 72)) By (91, )] - 03T (G122) B (W1,02)]
= §R¥ (781 ) - 193T(JE511/J)
> min{RE(7) - 550 RT () - 07 (D)}
— min{RE((71,92)} - OFF 20 R (1, 4hn)) - OOF 1020y
= min{min{ﬁ(ﬁ) . ewg\/’?(h),ﬁ(h) . ew@(h)},min{ﬁ(%) .ew%m)’ﬁ(wz) ] ez’@%%)}}

IfgceT((]1 M, 1/11)) . ieglf(@)) < §R ((]2 M, 1/12)) . 10%5((3253111)2)) then mT(jl) ZG\SF n < §RT( 2) -

¢9SE(2) and §RT(¢1) . ei0ST (¥1) S (¢2) L 0ST(W2) We get §RT((]1 By 1)) - et ST(Bvn) >

mm{?RT(jl) ¢S (1) %T(wl) 05T (1 U} for all 31,7,01 € S,and

mm{%%laawl)) SF (i), <<jgaam>> SF(OBav)y > min{min{RE ()75 00, R (1)
(Jz)} mm{g@T(wl) 0T <w1 ( 5) - € (wz)}}

If«%T((hEEzwl)) 0SF (nBavn) < %ﬂﬁﬁzwz)) ¢i09F (128242)) then %T((Jlﬁﬂzi/}l)) 0T ((1B2v1)) >

min{RE (51) - ST ) %T(%) et (WY, N . L

min{R{ (51 Hs¢h))-e la%g((“fw”)a%((125331/}2)) e3¢ (028:12)} > min{min{ R (51)-€"2F 01, RE (72)-

wur (@2}, mm{g@T(wl) e0SE (Y1) %T(d) ) 1935(%)}}

IféRT((]l EE'?,wl)) ST ((71831)) < %T((]Q 8331/)2)) ST ((72Bs12)) ,then %T((jl EE?)»(/JI)) /15:((]15331%)) >
min{RE (1) - ¥ 00, R (4 ) - 05T (01},

Now,
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8?1{((]1 By 1)) - eOST((nBivn)) m{“((h B ) - 10

I((Eﬂww}
r

DN =
e |

RL (91 By 1, g2 By ) - e09r1Ervnsalhiva)
nl
T

(1, 72)) By (31, 40))] - 035 [(G1.02)Br(¥1.92))]

= RL(( B, ) - 0S5 (OB 19))

—

nl 010 | o7 i0S
| Rh(G) - 4 R @) - S

o 2
_ %{r((ﬁ’ﬂ)) . 1081 ((01.32)) 4 gg%((wl’wz)) . o0S%
2
_ L[ BE(r) - e300 4 R (gg) @) RE () - PO F RE (1) -
2 2 2

I RL((1 B 1)) - €0SHOB0) < R (55 By 9y)) - 03B then R (1) - e03F01) < RL(55) -

I

¢i05£02) and RL (1) - OSFW) < R (i) - 05 (02),

—~ L ST (1.0 109EG1) L BT (). 00T (01)
We get RL((51 B1 ¢1)) - 0ST (nB1v)) > Rp(g1)-e770 ';%F(wl) el

— I I ST (0N 0L | T _i6SL(py)
Similarly,?ﬁf‘((jl Hs 1)1)) - eOST ((118291)) > RE(91)-”T1 “;Rr(wl) e’ i

- el (e 3 ‘119‘37(.7) 3 .7‘,6%1/(—7/7)
and RL((71 B ) - €090 Bava)) > Rpbn)-et T AR (W) THTY

Similarly to prove that

— —

max{g}/g?((]1E51¢1)).ei(?%ff((nﬁﬂwl))’ RE((7B1hg)) €107 (02Bhv2))} < max{max{@(h)'ewglg(”)a §ﬁ?(]z)‘
ews?(h)}’max{@(wl)  e0SE (1), 5}/3’\1?(1/12) 9SE W) )

If @((]1 B w/\l)) . ei@%g((ﬂiaa\l’lbl)) ZA@((D 591@ . 05T ((28192)) then @(h) eifSF () > 5;31\15(]2) )
€091 (2) and RE (1) - €091 (V1) > RE (1) - 09T (V2),

We get RE((71 81 1)) - e?SE@B100) < max(RE (1) - e¥3E ), RE () - e05F 00},

max{RE (71 By ¢1)) - €0SF (nB200) RE (3, By 1hy)) - €0t (12B2002))}

< I/n\ax{max{%ff(]l) . ew/%i(ﬁ)’ RE (23) ENCRGS (22)}, maX{ﬁﬁ\(%) ) ei@%fi(\l/fl), RE (1)) - ST }l\

If RE (71 Ba11))- €09t (1Bovn)) > RE (5, By 1)) )-e0SF (028292)) then RE (7, Ba1)y))- €09t (nBvn)) <

o~ gy

max{RE (51) - eif)@(n)’ @(1/11) L efST (W)Y
max{g}%ll?((31@3¢1)).6i9%§((alEﬁgwl))’ %IE((]25331/)2)).eiegg((bEEzlh))} < max{max{gelé’(ﬁ).ei@%?(h)’ RE (52)-
OOFO ) max{ R (v) 0, RE () - )

If§}/el\15((jl533¢1)).eies$((JlE3w1)) > §RIE((]2E53¢2)),eies?((agaam)),then35715((]1Ewl)),ews?((hmgwl)) <

o~ el gl

max{RE (1) - ¢#5F 0 RE () - ¢H0SL (0],

Let g = ((J1,2)),¥ = ((¢1,92)) € S x S. Now,

min{RE ((7, By 1)) - ez’@%‘?((hEEli/n))? RT (g2 By s)) - ews{((haal%))}

= RT (51 By 91, 72 By ) - 0T E1v102E102)

= RE[((51, 32)) By (W1, 02))] - €090 [(G1:22))Br (Wr.42))]

=RT(G B Q) - 08T (UE1Y)

> min{RL(j) - 00 RL () - 097 (¥}

= min{RE((51,72))} - €37 @122} R (4 4hy)) - 09T (10201

= min{min{RE (1) - 28 00, RE (75) - €93 0} min{RE (1) - €027 D RE (1) - ¥ (21}
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1 RT (51 By 1)) - ST (nBin) < RT (52 By 2)) - 10T ((128192))  then RT (1) 08T () < RL (55) -
ei@%}:(_n) and %%(wl) . eie%?(d)l) S %?(¢2) . eiecj?(wQ). We get %1,1:((]1 Eﬂl wl)) . eie%?((ﬂlmlwl)) Z
min{RZ (5;) - €301 RT (4);) - 051 WD)} for all 51,1, € S,and

T T oI
min{%?((leEbwl)).eze\fr((JlEEQtZ’l))’ gﬁg((hgbw)).ewop((JzEEm))} > min{min{%?(gl)elev‘r (]1)’ g}g(ﬁ).
05T (12)} min{ggg(%) e (1) RT (4hy) - 610%?(%)}; )
IERE (71 B2¢h1))- 050 (0F00) < R ((35Bo1)2))- 050 (025202)) then RE (71 Bathy)) €S (1F2vn)) >

. 0T 0T

min{RE (1) - €790 U0, R (1) - 1730 (0]}, . r
min{%g((jlaﬂ?)wl)).eiagr((JlEEswl))’ %IZ((hngz)).ew%r((Jaﬂaswz))} > min{min{%g(jl)-eng (.71), 9‘3?(]2)'
ei@i‘r?(ﬁ)L mln{%?@/);) ’ ew%?(du)’ %%(1#2) : ewg;(d&)}; T
IfRE((n B31pp))- 05t () < g}gg((jzaa?)%)).ew%p((agﬁﬂsw)),then RL((n Bs1))- 05t (1fsvn) >
min{RZ (5;) - €037 1) RT (1hy) - 090 )},
Now,
ia%I{((JzEﬁlwz))]

[ L((1 By 1)) - 090 (B0 L RL((5 8 4hy)) -
= RL (51 By Y1, 22 By o) - o105 (11 B1v1,92B192)

(
[((71,72)) By ((1h1,902))] - 093 (102D (142))]
(

I
Rr((
gr (9B1v)) . 09 ((GF1w)

=R
R () - €37 4 R () - €995 ()
2
R, 2)) - 0% ((11.22)) 4 RL (01, 2)) - RIS
- 2
== RE(1) - 0500) 4 RL(59) - €01 02) + RL (1) - €950 W) 4 R (1)y) - 09T (¥2)
2 9 :

>

If RL((51 By ) - ST ((nBivn)) < RL((72 By 1)) - 10T ((22F192)) | then RL() - ¢St () < RL(75) -
e1951(12) and RL L(qy) - ST (¥1) < RI L (1)) - c10ST (2)
We get RL((71 By 1)) - 03T (nBrvn) > %Hmem%“”gﬂeéwl)em?(wl)'

1031 (4 0L,
Slmllarly,%f((jl |8, 1#1)) . et 0L ((71B291)) > RE (1) e 6 r(n)_ggal{(,/}l)e ST (1)

and %11"((]1 22 wl)) . ei@i‘sl{((glﬁﬂgwl)) > %1{(]1),6i0s§(31)zgel{(wl)_ews{,(wl) .

Similarly to prove that

max{RE (71 By ¥1)) - 03T (1nBryr)) RE (72 By 1)) - ei0ST ((12B192))}

< manx{maax{Rf (71) - €900, RE (1) - 0F 02}, ma (R () - <0F (90 RE () - 09 (0}

ERE (g1 By 1)) - €098 OB00) > RE((3 8y p) - €09 0:E102) then RE (1) - €03 00) > RE () -

€03 C2) and R () - 730 00 2 RE () - 00 0. ,

We get RE (71 By 61)) - €3 (013192) < maxe{RE (1) - e99E 01, RE (35) - e09F (0)}.

max{RE (71 By 1h1)) - €097 (1B2v) RE (5, B, 1)) - 05T (G2Bav2))

< max{max{R{ (1) ,Fews?(h)’ RE (g2) - 0971 (=)}, ma>;{9%§(¢1) e ST (V1) RE (1)) - ew%f}}

If RE (71 Ba¢1))- 05T (nE290)) > RE((55By1hy)) -1 ((128292)) then RE (5, Bty ) )- €097 (nB2vn)) <

max{RE (1) - €03 00, RE () - 03F W)},

max{%F(( 1B3¢1))-e C\F((“E;wl))a§RIE((J2E531/12)g-eiegﬁ((azﬁﬂswz))} < max{max{RE (71)-¢?3F 01) RE (j,)-
€09t (12)}, max{ﬂ%F(¢1) 031 (1) RE (1) - 09T (¥2)}}

If RE ((91H3¢1)) €’ ST ((1nBs91) > %?((]25331/)2)).eiaglq:((]zﬁﬂe,wz)),then RE () Hathy))- 0T (nBsvn) <

max{Rf (1) - em? U0, RE () - €103E 000},

So, I' is a ComCNSBS of S.

Theorem 3.11. Suppose I is a subset of S. Then R = (3}? . ew@,ﬁ . ewé\%,ﬁ - efST RL . ewg?,ﬂ?é .
€193t JRE ew%?) is a ComCNSBS of S if and only if R\ is a SBS, where @, € D[0,1].
Proof. Assume that S has a ComCNSBS in ®. For all @, 7 € D[0,1] and 31,72 € R, Now,?)‘/i;r(jl) .
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> 0, RE(g2) - €797 (32) = p and RE(1) - €99 (1) = 9, RE(72) - €955 (32) = p and RE (1) -
< 4 RE(2) - €99 (32) < e NowRE((n 81 g2)) - €997 (1 By g2)) = min{RE (1) -

LB\Y

— 0L, ST
3R (12)-65F (12)) >  and RE (11 12))-0F (318 2)) > D02 00EREGe )
22 — o and RF (5 B 172)) ¢i0SF (51 By 30)) < maX{?RF(ﬁ) ci0SF (71), RE RE (72) - €3F (35)} < s2. This

—

implies that j; B, 72 € 8?(@’ . Similarly,7; B 32 € 8?(@’ and 7, Bz 70 € §R(P’ . Hence,R(#:>) is a SBS of
S.for all p, s € D[0, 1].
For each @, € [0,1] and 71,72 € R®*). Now,RL () - eiGC\T(]l)
0L i R W0SE | i0SE
RE(n) - @0 (1) = 0, R0(52) - €790 (g2) = and RE () - €750 (1) < 56 RE () - €50 (32) <
se. NowRE((71 B 72)) - € (01 By 32)) > min{RE (1) - €% (31), RE () - €% (32)} > o and
. 10T 01097

§R11“(§;71 By 22)) - ezedﬁ((ﬁ B 50)) > RE (1) F(31)+%r(32) T (32) > sO-H’J = pand RE((51 By 20)) -
€St (91 By 22)) < max{RE(y,) - e¥° (]1) RE(92) - ““F (92)} < 2. This 1mp11es that 71 B, jo € R,
Similarly,7; By 75 € R(*) and nd j, | Bs 72 € R ”) Hence, R(¥*) is a SBS of S.for all p, >« € D0, 1].

Conversely, assume that 8?(@ #) is a SBS of S and p, » € D[O 1]. Suppose if there exist 71, J2 € S such

that §RT((Jl B 72)) - eitST (1 B 22)) < mm{%T(Jl) St (), g?T(h) -5 (32) LRE((1 81 g2)) -

&I v OQ i et —
zedr((h B, 12)) < REG)-< 7 G E R G2) P2 g W((Jlgljz)) St ((n B 7)) > max{R{ (1)
St (1), % (72) - 1935(]2)} FOF @, € DJ0,1] such that %T((]l B 72)) - 19%((]1 B 2)) < p <

> 0, RT(2) - €57 (32) > p and
) <

— ) Ci\ I 19\’ I
min{%?(]l)'ewdg( 1), r( ) F(J2)}and 8‘{%((]1531]2)).6192((3155132)) <p=< < Rrn)e (h)we SEIRG
and §RF((Jl B g2)) - zmg((]l By g2)) > 2 > maX{éR?(Jl) - eSE (91), %g(h/)\ o (72)}- ThUS,Jl»h €
Ro(o) Jbut g1 By 52 ¢ (0.7 This contradicts, (97 is a SBS of 5. Therefore RL((91B192)) ’e‘fr (9 By

05

=7 I . 19 I
12)) = min{RE (1)-¢5F (32), RE o) €5F (32)}, RE((01Buge))-e5H (1 Buge)) > B0 o) R e
and RF (31 By 1)) - €5F ((J1 B 52)) < max{?RF (1) - 3% (1), RE (32) - €°F (32)}. Similarly.B; and

M3 cases. Hence | = (éRT i ?RI e'? §RF ¢i0SF ) is a ComCNSBS of S.
Let us assume that R(9*) is a SBS of S and g, » € [0, 1]. Suppose if there exist J1, J2 € S such that R (71 B

7))+ €5 (181 22)) < mindRE (1) €3 (30), RE (72) - €75F () LRE(01 B 2)) - €05 (0 B 32)) <

REG1)-e T 00 EREG2)-e 0 0a) g R (5, By g5)) - €097 (31 By g2)) > mas{RE (1) - 95F (31), RE (32) -
€St (35)}. For o, € D[0,1] such that RL((j1 B 32)) - €SF ((jy By 22)) < o < min{RE(y) -
SO (31), RE(12) - €9 (12)} and RE (3 B 22) - €9 (31 B 1) < < B0 00 020G
and RE (71 By g2)) - €57 (91 B1 g2)) > 3¢ > max{RE (51) - €57 (1), RE (52) - €57 (32) }. Thus, 1, g2 €
R but 91 By 72 ¢ R(9:%)  This contradicts, R(**) is a SBS of S. Therefore RL((71 81 32)) 10T ((5 B4

72)) > min{RE (51)-¢09% (1), RE (2)-¢03F

e

and RE (71 By 2)) - €057 (51 By 72)) < max{?Rff (1) - €997 (31), RE (2) - €957 (35)}. Similarly,B, and
B3 cases. Hence ® = (RL - ei0ST RL - eifST, RE - €197 ) is a ComCNSBS of .

Definition 3.12. Let (S1, U, Uz, Us) and (S2, My, M2, M3) be bisemirings and f : S; — Sy and I" be the
ComCNSBS of S, T be the COmCNSBS of f(Sy) = Sp. If R - €91 = [RT . 105t RL . 051 RE .

N~ E . T o o F . . . .
efSt Rp - ewgf,ﬂ?l@ .St 8?1{ . ewgr,ﬂ?fi - €931 is a ComCNS in S;, then Ry is a ComCNS in S,
described as

RE(6) - 5% (1) = {Supﬁ(j) () if ger Tty

0 otherwise

L) - 95y = [ S REQ) -3 ) i ger Ty
0 otherwise
1 otherwise

3@(1/)) .ei"@(iﬁ) - {mfﬁ@) eOSE () if geF Ty
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i0sT supRL(y) - ST if geft
M(w),ehr(w:{op FG)-e™EQ) if yer 'y
otherwise
ol sup RL(j) - €St i er!
%I’I‘(w) . ezG\rF (w) _ p F(J) (j) f J 1/}
0 otherwise
0 inf RE (7) - €97 () if g€ F !
%$(¢)69 ﬁ(w):{l F(]) (]) f] 1;[}
otherwise

for each y € S; and ¥ € S5 is said to be the image of R under F .

Similarly,If R - 05T = [(RT - ST R e RE . ewg?], Ry -5 RL. eiegg, Rl - ei03T ,RE 1097
is a ComCNS in Sy,then ComCNS R = F oRy in ) ie,the ComCNS defined by R (7) - e5r0) Ry (F (3))-
eOSr(F) | Rp = [ o Ry in S [ie.the ComCNS defined by Rp(3) - €570 = Ry (F (y)) - 50 (F ) s
described the preimage of Ry under F .

Theorem 3.13. A ComCNSBS is the homomorphic image of every ComCNSBS.

Proof. Let F : S; — Sy be any homomorphism. Now, £ ((7 Uy v)) = F(3) M1 F (¥), F ((3 W ¢)) =
F(7) Mg F(¢) and [ ((7Us ¥)) = F () Mg F () forall j,7p € Sy. Let T = [(I').I" is any ComCNSBS
of S1. Let F(3),F (¥) € Sa. Let j € uf ~'(F (3)) and ¢ € F ~*(F (1)) be such that RL(j) - €St () =

sup  RL(9) - €097 W) and RL () - 091 (V) = sup  RL(y) - €97 ). Now,
IEF~H(F () IEF~HF (¥)
ST 03T m T 7 ‘\is} !
RL((F(5) A F (1)) L OST (F)MF () — sup RL(y) - e r()
UEF=HF(MF ()

(@)EF —1(F ((2ur9)
= RL((jw, ¥)) - OSF(QU1¥)
> min{R (y) - 50V, RT () - 057 O
= min{REF () - 5% O RTF () - 095 ()}
Thus, RY((F () M F () - S5 OM D) > min{REF () - 05 0, REF (1) - #95 D).
Similarly, R ((F (5) @y F (1)) - €055 (FOM2EWD) > min{RTF (5) - 9557 O RLF (1)) - 09%F ()} and
RL((F (5) M3 F (1)) - €033 (FOMFW)) > min{RLF (y) - eia%qTrFA(ﬁ, RLF () - e35F W)},

Let g € £ ~1(F (7)) and ¢ € F~L(F (1)) be such that RL(j) - 030 = s ))éﬁ(;) - ¢95%0) and
J€F — J

@(W LW = up 85;(3) - eSTF ), Now,
IEF~H(F(¥)
RL((F (5) My F (1)) - 955 Dar @) — sup RL() - #3H0)
(Ger=Y(F)mF(¥))
= sup ﬁ(]/) ERISIAES)

(7 )EF—1(F ((Jui))
= ﬁ((] Uy v)) - SIS (U19))
> ﬁ(])  i0SE0) 4 ﬁ@/}) . i0SL(¥)
= — B
_ §R§F(]) Ce0STFO) %éF(U)) . GOSLF (W)
2

—~ 0T ﬂ REL(1).605%F 0 LR TSI
Thus, RE (1 () @1 1 ())) - 5 Omr () Bxl ke Lgib e T

—~ =T T (). 0S5 F O LR/ (). 0 0 F (9)
Similarly, RL (£ (7) Mg F (1)) - 057 (FOIMF () > Ryt (9)-e"7 +2§R§f GRS and
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— 65T n REL (). 055 F O LR/ F (). 610 F )
RL((F () s £ (1)) - 0S5 mar () > Byl @)-el 00 PRyl (wye? 700

Let F (), F (¢) € Sa. Letg € F ~1(F (3))and v € F ~1(F (b)) be suchthatﬁ(;)'ew@@ = , in(fF( ))5}%7;(])‘
IEF~Y(F Q2

¢OSE () and RE (1)) - 0SE®) — inf RE() . efSEQ). Now,
r () e Ty T )
@((F(]) My F(¢))) - OST((FMmLF () — inf @(]’) . ei@%?(g/)
(G)EF —H(F ()M F ()
= inf RE () - 9SEG)

()EF ~H(F ((U1v)
= RE((7 Uy 9)) - ¥SF (1)
< max{RE(y) - €951 O RE () - 05 (¥)}
= max{REF () - 55 O REF () - 055 W),

Thus, @;((F(]) My F ())) . OSE(F()mF () < max{%]‘/%\?F(j) ,ew@F(J)’ @F(d)) . eie@F(w)},

Similarly,RE((F (7) @a £ (1)) - e#SF U ORF @) < max{REF (5) - S5 D REF (1) - €955 ()} and
RE((F () M3 F () - €435 0MF @) < max{REF (5) - S5 @) REF () - 0557 ()Y,
Let f : S} — S be any homomorphism. Now, F ((3U14)) = F (5)M1 F (¥), F (3W29)) = F (9)M2F (¢) and

F((7U3 ) = F () M3 F () forall 3,4 € S;. Let T = F(T'),T" is any ComCNSBS of S;. Let £ (3), F () €

So.Lety € F~(F (7)) and ¢ € F ~1(F () be such that R]. (y) - 05t () = Slll(p o) RL () - €3t () and
JeF~HFQ

RI () - 091 W) = gqup  RL(y) - €91 0). Now,
IEF~HF (¥)
RL((F (5) My F (1)) - SF@MmE @) = sup RT(5) - S 0)
()VEF ~H(F ()MiF (¥))
= swp RGO

()EF ~H(F (GU1v)

RT((JW; ) - 09 ((GU1v)

min{RZ(y) - e @) R () - 97 @)}
min{REF (5) - 3T D RTF () - 37 ()},

Y

Thus, RL ((F (5) @y F (¥))) - ew%?((fT(J)rmlf @)) > min{RLF (y) - e05%F (27 RLF () - 0957 (1:)}'
Similarly R ((F (5) @ £ () - 0S50 L @) > mingREF () - 095 0 REF (1) - 095 ()} ang
RL((F () Mg F (1)) - €37 (F @OMF @)) > min{RTf (9) - 37F ORI (1)) - e1037F (W)},

(
Let y € F~Y(F(y)) and ¢ € F~1(F (¢)) be such that RL(7) - €970 = sup  RL(y) - €97 and
IEF ~X(F (2))

RL(Y) - ¥3%®) = sup  RL(y) - 9% O). Now,
IEFH(F (¥)
RL((F () M1 F (1)) - @S0 ((FOmF©)) - sup RL(; ) - €0SFG)
GeF—Y{(FOMLF (¥))
— sup §Rl{ (]/) . eiegl{(]/)

(J/)ef_l(F((lew))
= RL((G Uy ) - 039
- 2

%%‘F(‘]) . eieslfr(]) + %I’I'F(w) . ewg%rf(w)
— 2 .

OSHF ()

. I VeiGSI F() I
Thus, RL((F (7)) @y F (¥))) - €933 (F@AF @) > Ryl (9)-e77r J;%TF(w)

0L [ (y 03T .
Similarly. R (1 () Mo £ (1)) - €035 (F @ar () > Bl @ Tl O4RE )Ty
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o I OSHF () LRl OSH ()
RE((F (5) My F (1)) - 997 (F @RaF () > el Qe TRl e 8 2,

Let F(3), F () € Sy. Lety € F~2(F (5)) and ) € F =1 (F (¢)) be such that RE (5)-¢?0St ) = , iIll(fF( ))%?(j)o
JEF~ J
¢OSE () and RE (1) - ¢0SF ) = inf RE()) - ¢3F ), Now,
r () ser Ty T 0)
RE((F(5) iy F () - 0S5 (FOmr ) = inf RE()) - 030
()EF ~H(F ()mF (v))
inf RE(5) - €091 ()

OOer T ()

= RE((Juy ) - 097 (U19)

< max{RE(y) - ewsﬁu), RE () - 62’9%5(7#)}

= max{RLF (5) - 37 O REF () - €037 (),
Thus, RE((F () 1 F (9))) - 925 OMEW) < max{REF () 9357 0 REF () 0357 ()
Similarly, RE ((F (7) Mo F( ))) WL @Mk (WD) < max{REF (5) - e9%F 0 REF (1) - €055 ()} and

RE((F () My F (1)) 05T OMEON < max{REF (5) - 995 ), REF () €95 (9} Thus, Y is a
ComCNSBS of Ss.

Theorem 3.14. A ComCNSBS is the homomorphic preimage of every ComCNSBS.

Proof. Let F : S; — Sy be a homomorphism. Now,f ((j Uy ¢)) = F(])Arml F (), ((] Us ¢)) =
F(y) Mg F(¢) and F(() Uz o)) = F()ﬁg F(’(/J) for all 7,9 € 51 Let T = F( )T is a ComC-

NSBS of Sy. Let j, w e 51 Now.RZ ((; U, V) - ¢ ST(Gui9) — gceT( F((yu, zp))) -0 (F(GU19)) =
%T(( ) F () - eSF 0 0mt (‘“”>mm{§ffT F ()-S50 RLF () e05% ““} min{RF.(5)-

0 R () ”S?“”} Thus RE (7 Uy ©)) - €03 (G018 Zmin{@(ﬁ- SEOLRT () - e5F ()},
Nowﬂ?%((wlw)) 059 @H(le@))~ei9§?<<”j”” = RE((F () F (1)) eSO >
ﬁfoye"”“‘”zﬂ%&lﬁ(w) QoI 9?%(a»e“’%(”zﬁw»e“’g“”’)_ Thus,RL((j Uy b)) - e?SE((0) >

R1L (j).eiesp(J)J;mg(w)»eiesr(w Nowﬂ‘fﬁl\m((j Uy ) - e i :E((lew)) _ @( (s w))) L @(} ooy
§RF(( ( )ﬂ1 F(w))) \YT(G @)mF () < maX{%FF( ) “rf @) §RFF(¢) f (¢)} max{éRF( )
(j) §]:EF(Qb) 6 w)} ThuS éRF((j Ul w)) Zeg?((Jul"L')) < maX{%F( ) 0 (\F ]) %F(¢) i <\F(w)}

Let F : S; — S2 be a homomorphism. Now,[ ((3 W1 ¢)) = F(3) M1 F(¥), F((3 W2 9)) = F(3) M2 F ()
and F((y U3 ) = F () M3 F () for all 5,9 € S;. Let T = F( ) T is a ComCNSBS of Ss. Let 3,9 €

S,l' TNOW’%%((J U ) - ei0ST (V1)) = ?g(,r«j Uy ))) - ST(F((u19)) — %T((FA(J)TFM F(¥))) -
610%;(@(;)@11?(1&))) > min{?RqTrF(J)T' OS2 F Q) RL - (4h) - ' ST () } = mm{gﬁT( ) - e09r ) RT () -
10T (w)}_ ThuS,?R?((JILUJ1 P)) - eS8t ((U19) > min{ﬁg(lj) . 05T (2) JRE() e wm}, "
Now.R{((71 1)) -3 ) = RE(F ((9019))) -5 099D = RE((F (g) My (1)) -7 (029D >
Rt G- DRt (0) T RO R g R ((5 Wy ) - 09 (0r8)

v

ST () OSh () S F (o
Rp () PR W)Y Now RE (5 Wy 45)) - e09F (GU18) = RE(f (5 0, W) 0S5 (F (Gu1))

RE((F ()@ F (1)) 5 (EOMEW) < max{REF (5)- €377 0 REF ()37 (9} = max{RF (5)-
ST ) RE (1) - 09T (O} Thus,RE (7 Uy 1)) - €051 (091%) < max{RE(y) - 19%?(3),%5(@ 0ST(0)},

Theorem 3.15. If F : S1 — Ss is a homomorphism, then F(@) is a SBS of ComCNSBS Y of Ss.

Proof. The mapping F : S; — S2 be a homomorphism. Now,F (( Uy ¢)) = F () M1 F (), F((7U2)) =
F(y)ma F w andF((jLng/))) = F (y)M3F () forall 3, € Sy. Let Y = f (T'),I" is a ComCNSBS of S;. By
Theorem | T is a ComCNSBS of S2 Let F(p %) be any SBS of I'. Suppose that ty, e, %) Then y U,

0.0 and Vs ¢ € T Now L (F (1)) €350 D) = RT())-05F0) > o RE(F (1)) P55 @) =
§RT(¢) 037 (¥) > . Thus §RT(( F(p) My F(x))) - e ST(F )M (1)) >RE((Hy, ¢)).6i0%?((aw1w)) > p.
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Now’@(,r(j)) L e0SE(F() — 3/?:%(1) 0310 > pﬁ@(p(w) . ez‘e%z(rw» = RL(y) - ez‘o@/fp\(w > 0.
Thus, RE (5 (7) M1 F (1)) - 55T OMEED) > RE((jwy ) - 0O > o NowRE(F () -
GOSE(F (1) iﬁg(ﬂ) . ei0SE () < x, RE(F (1)) - eii%‘?(f W) = RE (1) - 55 @) < 3¢, Thus,RE((F (9) My
F(y))) - ew%w)mlf W)) < RE((y Uy ) -Aewglg((wlw)) < sforall F (), F () € S2. Similarly other
operations,/ (I'(, ,.)) is a SBS of ComCNSBS T of Ss.

Let F : S1 — S3 be a homomorphism. Now,F ((3 Uy ¢)) = F(9) M1 F (), F((QU2 ) = F(3) M2 F ()
and F ((Us ¢)) = F () M3 F (¢) forall 3,4 € S1. Let T = F(T'),T" is a ComCNSBS of S;. By Theorem
@ T is a ComCNSBS of S,. Let ', ..y be any SBS of I'. Suppose that 5,1 € T', ... Then 3 Wy 1, Uy ¢

and J Us 1 € T 0. NowRE(F (7)) - €950 = RE(y) - eP9F0) > o, RE(F (1)) - 500D =
RT () - €050 @) > o Thus, BT ((F (7) My F(i/J))) 0 (FOMF D)) > RT((JUy 1)) - €057 (U1¥) > o
Now,RL(F (7)) - 3% (F ) = 3?1( ) - eifST J) > o0, RE(F (1)) - 3 ) = RL(y)) - ¢051W) > ¢
Thus R ((F(5) My £ (1)) - “9F 0 OMEGD) > R(( uy ) - 999 > o NowRE(F ()
(ORI = RE()) D) < e RE(F (5)) - 950 ) = RE () - eF W) < s ThusRE((F ()
F (%)) - e?Sx((FOMEW)) < RE((yw, ) - 05 (V1)) < 5o for all F (9), F (v) € Sy. Similarly other
operations,f (I'(, ,.)) is a SBS of ComCNSBS T of Ss.

Theorem 3.16. If F : S1 — S5 is any homomorphism,then IT@,\,{) is a SBS of ComCNSBS T of S1.

Proof. Let f : S; — S be any homomorphism. We have F ((7 Uy ¢)) = F (3) M1 F (), F () U2 9)) =
F ()M F (¢)and F ((9Usv)) = F (g)Ms F () forall y,¢p € S;. Let Y = F (T'),Y is a ComCNSBS of S;. By
TheoremFis a ComCNSBS of Sy. Let /- (I'(,,,5)) be a SBS of T. Suppose that £ (9), F (¢) € F (I'y,.0))-
Now,f ((gulw» F((U2)) and £ ((JU34)) € F (Tpm). NowRE ()30 = RE(F (5))-e 735 O >
@7 %T(lﬁ) OSEW) = RE(F () - @OTEW) > @ Thus SCET((J v, w>> SE(Gow) > mm{W( )

OSE( §RT(#})- OSE)} > 0. NowRE()) - e = RE(F (5) - €PSHEO) > o RL(Y) - 05HW) =
R ()95 0 > B -

— — i 0L J 3 0L (v -, o~ -

Thus, RL(() Uy ) - 0 ((GY1) > RL (7)1 ¢ )zmg(w)‘e 0 L.(v) > o NowRE()) - SOSEG) RE(F () -
03T (F () < 5, mF@,A). ST (¥) :Ag%g(,rw)) ) e“"%?(ﬂﬁ) < . N L
Thus %F((Julw)) OSEOD) = RE((F ()M ()))-e035 (EOMEWD) < max{Rf (5)-¢5F O, RE ()
’9% )} < sforall 3,7 € S;. Similarly other operations, I‘(p ») is @ SBS of ComCNSBS I" of 5.

Let F : S1 — Sy be any homomorphism. We have F ((yU1%)) = F ()M F (W), F ((QU2¢)) = F ()M F (¥)
and F ((7U3 ¢)) = F(y) Mg F (¢) for all 3,7 € Sy. Let T = f(T"),T is a ComCNSBS of S3. By Theo-
rem [3.14T" is a ComCNSBS of S;. Let f (I'(, .y) be a SBS of Y. Suppose that / (7),F (¢) € F (g .0)-

Now,F ((7U19)), F ((7U2¢)) and F ((3Us19)) € F (T(g.s0)). Now,RE (7)-€030 ) = R (F (5))-03x(F ) >
o, RE(0) - e300 = RE(F (1) - P35 ED > o ThusRE((g Wy v)) - P98 099D > min{RL(y) -
ewg?(ﬁ’%?(w) . ew%?(w)} > 0. Now,?}ﬁ%(j) . e0ST() — RL(F ( (1) - 10T (F (9) > 0, RL (w) . ei0ST () —
RE(F () - €950 6D > o ThusRE(() Uy ) - 93 G > RO om0
Now,RE(j) - €091 0 = RE(F(5)) - 035 (F ) < 20 RE(3)) - €050 () = RE(f (w)). 0SE(F(8) < <

Thus,%R?((jwm))-em%?((ﬂ@“/’)) - §R§((F(3)@1F(¢))).ei%@((F(J)rmF(w))) < max{RE ()¢ ST (9) RE ()
eiesff(w)} < sforall y,¢) € Sy. Similarly other operations,I(,, ..) is a SBS of ComCNSBS I of 5.

4 Conclusion and future direction

A novel kind of ComCNSBS is presented in this work. The concept of three grades is approached in a novel
way by the complex cubic neutrosophic SBS , which describes three grades in terms of a complex number.
A complicated form of three grades signifies a paradigm change since it converts three grades into a two
dimensional parameter. Neutrosophic SBSwith complicated interval values was defined. The concepts of
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ComCNNSBS and ComCNSBS level sets were established. Applying the cubic set and anti cubic set to
bisemiring is our aim. 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 using cubic SBS, soft set ComCNSBS, and soft
set ComCNNSBS in the future.
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