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Abstract

The notion of complex interval-valued g-neutrosophic subbisemiring (CIVgNSBS) is developed and exam-
ined. Additionally, we examine the homomorphic features and significant attributes of CIVqQNSBS. We sug-
gest the CIVgNSBS level sets for bisemirings. Consider a complex neutrosophic subset of bisemiring A,

_>
denoted as N, E}and only if every non-empty level set Z(@) is a subbisemiring, where 9,b € DI0, 1], then
%
? = (?N , ? , Zj) is a CIVgNSBS of A. Let X be the strongest complex neutrosophic relation of bisemiring

- -
A, and let ¥ be a CIVgNSBS of bisemiring A, if and only if ¥ is a CIVgNSBS of A x A, then N is a
CIVgNSBS of bisemiring A. We show that homomorphic images of all CIVgNSBSs are CIVqNSBSs, and
homomorphic pre-images of all CIVqNSBSs are CIVqNSBSs. There are examples given to illustrate our re-
sults.

Keywords: CIVgNSBS; CIVgNNSBS; SBS; Homomorphism

1 Introduction

Zadeh! invented fuzzy set (FS) theory, which is best suited for handling ambiguity and uncertainty. In a fuzzy
set, an element is considered to be member if it has a single value within the interval. However, in practical
situations, there can be hesitation, so the degree of non-membership may not always equal 1 minus the degree
of membership. The development of FS theory is advancing quickly, leading to the emergence of numerous
hybrid fuzzy models. 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 between
0 and 1 referred to as MG make up an FS. According to Atanassov,? non-membership grades (NMG) have
a value of no more than 1, while IFS is classified as MG. The total of MGs and NMGs when employing a
decision-making approach may occasionally be more than 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 developed by Yager= using
PFS logic. These theories are unable to show the neutral condition, which is neither favorable nor unfavorable.
Cuong et al ® discussed on the image. Three grading points were utilized by FS: positive, neutral, and negative,
with the total of these grades not to exceed 1. Additionally, it is more advantageous for some applications than
PFS or IFS. It is a three-model independent generalization of FS and IFS that involves falsity, indeterminacy,
and truth.
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Neutrosophic set (NS) was developed by Smarandache® to deal with ambiguous and inconsistent data. The
degree to which an assertion is true, ambiguous or untrue is ascertained using this logic. Complex fuzzy
set (CFS) is introduced byZ CFSs deals membership functions can have a wide range of values. Unlike a
fuzzy membership function with a fixed unit circle, the unit circle of the complex plane is extended to [0, 1].

A membership function px (x) that extends to the unit circle in the complex plane rather than only [0, 1]
characterizes the complex fuzzy set X. Therefore, 1 x () is a complex-valued function that gives any element
x in the discourse universe a grade of membership of the type px (z) - 7% (*), where i = \/—1. The two
variables, px(x) and 7x(x), which are both real-valued with px(z) € [0,1], define the value of px(z).
Semiring logic and its uses were introduced by Golan® Hussian et al.? discussed the extension and notion of
bisemirings. The bipolar-valued fuzzy sets and related operations are covered by Lee!'Y Ahsan et al. studied
fuzzy semirings "2 The notion of bisemirings was first presented by Sen et al.1¥' It was recently suggested
that intuitionistic fuzzy normal subbisemiring of bisemiring was proposed by Palanikumar et al:'* The notion
of bisemiring was introduced by Palanikumar et al'> through the use of bipolar-valued neutrosophic normal
sets. The following contributions are made in this paper:

1. The intersection of a every CIVQNSBSs is again a CIVgNSBS of bisemiring A.

2. Let N be _a> CIVgNSBS of A and \IJ be a strongest complex interval valued g-neutrosophic relation of
A. Then XN is a CIVgNSBS of bisemiring A if and only if \IJ is a CIVgNSBS of A x A.

3. 7 = (?N . ei@gﬁ, ;N . ei@@*, Z3- ZGJN) is a CIVqNSBS of A if and only if Z(9 3 is a subbisemiring
of A for all 9,b € D[0, 1].

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

Aspects of the SBS and CIVqNSBS concept will be examined, and conclusions drawn. The five parts
of the article are as follows. An overview of semirings and SBS can be found in Section [I] Information on
semiring and SBS preparation is provided in Section[2] Section[3|lists the properties of CIVgNSBS. Numerical
examples should be used in the evaluation of CIVgNSBS. The conclusion and future course are indicated in
Section 4]

2 Preliminaries

Definition 2.1. °' An algebraic structure (A, ¥, ©, ®) is a bisemiring,if (A, , ©) and (A, ©, ®) are semir-
ings, ie.,(A, W), (A, ©) and (A, ®) are semigroups and

1. 2y © (2y W2p) = (20 © 2y) W (20 © 2p),
2. (2 W2p) © 2y = (24 © 20) W (2, © 20),

)

)
3. 20 @ (2 © 2p) = (20 © 2y) © (20 © 2p),
4 (240 2,) O 2y = (2y © 20) ©(2p © 20), V 2y, 2y, 2p € A

Definition 2.2. ¥ A NS v in the universe U/ is v = {fi, ul (h),u? (h),u? (%)|h € U},where uT(h) J(h) u (h)

represents the TD,ID and FD of v respectively. Consider the mapping u] : U — [0,1],u : U — [0,1],u2 :
U — [0,1] and 0 < uJ (h) 4+ ud (7)) + u (h) < 3.

Definition 2.3. ¥ Let ¢ = (u] ,uj ,uj )02 = (u] ,uj ,uj) and £5 = (u] ,uj ,uj) be the three neutro-
sophic numbers over /. Then

1. LUl = <max(h}2,u53), min(hi,ui}), min(h§2,u;3)>,
2. by Mls = <min(h}2,u}3), max(h%z,ugg), max(hfz,ujg)>,
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3. by = L3 iff u] = u] andu, < uj, anduf, < uj,

— ; T T 1,3 4 _ 4
4. by = L3 iffuy, = uy and ug, = up, and ug, = ug,.

Definition 2.4. “For any NS ¢ = {f, T (), 12 (h), h;} (1)} of U. Then (¢, 7)-cut is defined as {h € U|hT (%) =

¢ By (h) = ¢ hil(h) < 7).

Definition 2.5. ®Let V and Y be two NS s of A. Then Cartesian product of V and Y is defined as V x Y =
{ﬁva(ﬁ 0, 1oy (B 0), 1oy (B 0)| for all hyv € Ay .where b,y (h, €) = min{h{, (h), i (O)}, 1y (h, €) =

B ARG B2 (h,0) = max{hi (), b (0)}.

Definition 2.6. A fuzzy subset v of a bisemiring (A, O1, D2, (D3) is represents a fuzzy subbisemiring of A

if iy (RO1€) = min{h, (h), by (e)}, by (R O2¢) = min{h, (h), hy(2)}, iy (ROs€) = min{h, (), ki, () },for
all h,e € A.

3 Complex interval valued neutrosophic subbisemiring

Here A denotes bisemiring unless other stated, Z stands for real part and < stands for imaginary part and
O = 2.

_>
Definition 3.1. The complex interval valued NS (CIVGNS) X in universal set O,

— OSTr R oz md PNNETEI
N = {<h, 23(71, q) . ez@oﬁ(hﬂ)’;}z(h q) . ez@)\;i(h 7Z£(h’ q) - ez@ui(h > he O},where 23(]‘17 q) =
i(a%;(h*‘l; P5] z‘@si(ﬁ’q;

Zg(h,q)-e
: 0 — DI[0,1] r epresents the truth degree,indeterminacy degree and false degree respectively. For
simplicity the symbol <ﬁ, Zji, A j> is CIVgNS

. s egih — L Cx 1;
ﬁ = {<hvﬁ(ha q) 'ez@\Y;(hq ’?N(ha q) - ei® J(r ! ,Z;j(h,q) : et@\yi(hfl > che O}

sy (B = c\
Definition 3.2. Let X = {h,z_;f(h,q). O3 (5 g) - O Zi(h q) - 05T N ana B -

(R, — T
O I R (I 34; ot

the intersection and union operation is defined as

l@oT(ﬁ q; ?

— —
[RTE, RIV), Z3(h q) = [R3E, RIU), Z2(h,q) = [REE, REV) and Z3 (b, q)-c Zi(h,q)

l@c\j(ﬁ q;

(h,q) - e be two CIVgNSs of O. Then we define

1®°J(h g ?

® ¥ B = {(nminiz{ng) Zh(ha) - @O} mingZ3 () - O ZE (0 g) -

OS5 nax( Zi(h ) - ©% " Zhg) - e W})’he 0}.

i X0 = {(rmatZin ) @0 Zhhq) - O ) max{Zi ) - 057 Z ()

O i (Z(h, q) - 998 Zh(hq) - 05 neo}.

Definition 3.3. For any CIVGNS N — {h —7(5 q) - @3 "° ,Z_ﬁ(h, K eiGW 7Z—§‘>(h, q) - e@%<—§}
©1 9, Zi(hyq) - 09

of a universal set O. Then (9, b)-cut is defined as {h € O\Z—i(h q)-e

9, Z(h,q) - 3" < o).
Definition 3.4. The Cartesian product of W and H is defined as
N = {Z a0 O 7T (1,0, ) O 23 (e O )| forall by €
S },where N and 8\ be the CIVgNS of O,where
25 (1, 0),q) ¢ a5 _ mm{z_;f(h, q) .ei@W, ZE(tq) - eieW}

Zu(

———; ool (R, o (£,q)
R o) O _ By N 4 2 )5

O ;e SR q% 3 S q;
Z3 (1, 0),q) - 055 = max {Zj(h q)- O Z3(t,q) - 095" }
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Definition 3.5. For any CFS R of (A, Qy, s, O3) is said to be a CNgSBS of A if it satisfies the following
conditions:

RN((h@l€)7 q) - 'O ((hV10),9) t min{ZN(h7 Q) ie%N(h7Q)7 RN (67 Q)

(& - e &
RN((h®2€)7 q) : ei@(\\m((h02l)7q) = min{ZN(h7 Q) ' ei@i\YN (h,q)7 RN (67 Q) ' ei@%n (&q)}
Ry ((hQ30),q) - 1O ((hVs8),q) > min{Zx (A, q) - ei@%N(h,q)7 Rx(4,q) - ei@%;:(é,q)}

(ISR (47(1)}

YV h,ve A

Definition 3.6. For any CFS R of (A, Qy, 0y, ©3) is represents a CNgNSBS of A if it satisfies the following
conditions: ‘ ‘

Ru (A1), q) - €955 ((0910,0) — Ry ((UQ1u), q) - €O ((6@10),9)

Rx((hD30), q) - €133 ((1920,0) — Ry ((£Dqu), q) - €2OS8((E921),9)

Rx((hQs0), q) - €©3x3((0230.0) — Ry ((£Q3u), q) - 'OFx(((P31),9)

forall i, v € A.

%
Definition 3.7. For any CIVgNS X of A is said to be a CIVgNSBS of A if

(h010), q) - ei@fﬁ((h%f),q) - min{zi(h, q) .eiG%Tﬁ((h%e),q)
((h20),q) - ei%—i((h%m) - min{éi(ﬁ, q) - eiGS_ﬁ((h%é),q) 27 l,q) - e©Sx(h920,0)}

9

(K930),q) - €OSL030.0) = min{ZE (, q) - OSX(W0s0)0) | 7T (0, q) - OSL (05000

N

0,q) - 1OF(010).0)

)

Z
—

230232

S

. 23 (hoo). i @SB (5910.0) 4 73 (4 ). i @TR (0 10).0)
Z3((h10), q) - ¢1OSR(h910),0) 2 (h,q)-e ;r 5 ()¢

OR

= e ¢ == e ¢
? 4 Z3(h,q)-e@S%((7920),0) 4 73 (p ). 1OSR((RD20),q)
ZN((h@2£)7 q) . £10S% (h920),9) - 2 (h.q)-e '2"‘ 2(4,9)-e

OR

'—3 i %‘T) 0
ZA(1040), ) - O M0a0.0) - Bl R0 7 (1g) O P00

(0, g) - O3 (nD10.0)

O3 ((h910),0) P 1033 (h910).0)
((h910), q) - P38 UV0.0) < max{Z3 (R, q) - ?@SxV16,0) o
(£, q) - €O ((W920,0)}

1033 (h920),q) P 033 (hD20),q)
((h9O30), q) - eO°x 29 < max{Z3(h, q) - €"°°% 26).4

032 (hDs0),q) P 033 (hDs0),q)
((hQ30),q) - €O°x 3609 < max{Z3(h, q) - €"°°% 3t).q

)

ENMENEN
NI

1033 ((h950),0)
(‘67 Q> - € R }

for all i,v € A.

Example 3.8. Consider the bisemiring A = {a, 7, X, p} with the Cayley table:

Orlalvy (x| QP alv[x|p|| D lalrv|[x]|r

a |a|la| ol a |a|ly|x|p a |la|la|ol«

Y el vyl vyl y lylylelellylalv][x]|p

X oo x| x| x |x|p,ix|p,P|llx|p|lp|pr]|r

plaly|x|pellp |plelr|p|l e |rp|lr|r|p
(w,q) =« (w,q) =~

Zz w, q) [0.85€i2ﬂ(0'7), 0-95612271'(0.8)] [0.7561'2#(0.6)7 0-85612271'(0.7)]
?N(wa q) [0.55622‘”(0'4), 0.65€i2ﬁ(0'5)] [0.45€i2ﬂ(0'3), 0.55€i2ﬂ(0'4)]
Z}jz (U}, q) [0.6562277(0.5)’ 0'7561271'(0.6)] [0.7561277(0.6)’ 0.8561271-(0'65)]
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(w,q) =X (w,q) =p

Z_Qf (w,q) | [0.45€727(0-3) 0.55¢27(0-4] | [0.65¢727(0-5) (.75¢i27(0-6)]

Z3 (w,q) | [0.25€27(0-2) (0.35¢727(0-3)] | [0.35¢727(0-2) (0.45¢727(0-3)]

Z3(w,q) | [0.95¢727(08) 0.85¢127(0-1)] | [0.9¢727(0-75) ().95¢727(0-8)]

%
Hence, N is a CIVgNSBS of A.
Theorem 3.9. The intersection of a every CIVgNSBSs is again a CIVgNSBS of A.

g NG =
Proof. Let {; : i € I} be the family of CIVqNSBSs of A and X = (| ¥. Let h,v € A.
i€l
Now,

?N((h@1€>7Q) 03] ((F10),9) _ — inf ZT (910, q) - 61‘@3—}3)((,3@1@,(1)

el

> inf mln{ZT (h,q)-e ﬁ((h@ﬂ),q)’ F(g’ q) .eiGQ((ﬁﬁ?lf),q)}

iel

zmin{mf A (h q)-e —1}((71@15) q) mf ZT (é q) -

iOST(h910).0) }

— min{?x(h q) - zodN((mlz) q) _i(& q)- el(‘)\YN((ﬁOIZ),q)}

Similarly,
?N((h@2£),Q)' ©3}((h9:0.0) = mln{Z (h,q) - Ze‘fN((h@2€)7‘Z) Z?Q(& q)-e {05 ((h020)

Z3(030), g) - 03X (1020 imm{j( hyq) - ’@“_9*}((*”3“"1)7?(4,(1)- 103 (h9s0)
Now,

i — =
?N((E@M),q) . e1OSR((M010),q) i,ng Zi.((}wlg),q) . 1O ((h010),9)
i€ °

,q)}
,q)}

E(h, q)-e 7N((Wlé) a) +Z:' (L,q) - i@ﬁ((h@lz),q)

> inf
el 2
inf 723, (h.q)-e ©33 (9100 + inf Z\I, (0, ) - €32 (D10.0)
i€l

2

Eg(ﬁ, q) - ei@ﬁ((mlz),q) + %(47 q) - ei@s_?:((mla,q)

2
Similarly,

Ll

3 1093 (hV20),9)
Z3(4,q)- R 24):q
x(4,q)-e and

ﬁ ) 1OSL(h920),q)
ZA(1020), ) - 0T Os010) . Bl o R o200

L.l

h,q),eieg((hvﬂ)ﬂ)+£(57q),ei9g((h®32)74)
3 .

ZH(1h9051) q) - 03 @00.0) -

Now,

P oad — =3
Z3((hD10), q) - O (10.0) — qupy 73" (hD1£), q) - /OIR((H910.0)
iel )

=< sup max{Z_‘f,j(h, q) ~ei@(‘\g((’wl€)@, Z_‘fj:(g’ q) .eie(\\:j:((hvlé)#ﬂ}

iel
—
= max {sup Z\f,,(h, q) - £OSR((h9Q10),q)
el ‘ icl

—
,sup Zg,, (4,q) -

P |
ez@SN((h@MLq)}

= max{Z_ﬁ(h, q) .ei@gg((wlé),q)’ Z—§>(£, q) - ei@%ﬁ((wle),q)}

Similarly,
— — — —
j((h@gf) q) - IO (h920).9) < max{Z3(h,q) - OS8R ((h20),0) Z3(,q) - Z@JN((h%e
((hqu 0),q) - O3 (930.0) < max{Z3(, q) - O3 (19a010)| 737, g . (O (1Vat
Thus, N is a CIVgNSBS of A.

1

12

z
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H
Theorem 3.10. If N and 6 be the CIVgNSBSs of A1 and A, respectively,then R x Bis a CIVgNSBS of
Al X AQ.

Proof. Let /11, fis € Ay and ¢1, 05 € As. Then (hy1,¢1) and (fiz, £2) are in Ay X Ag. Now
2ol 0)01 (i3, ), )] - Ol 0190 )]
ZN—XU>((h1Q91h27Z1@1€2) Q) e 03T, 45 (11 D1k, 0191 £2),9)
min{ﬁ((%@lﬁa)ﬂ) ‘T‘}((hﬂ?lhz) q) ﬁ((€1@1f2) q)-e C?zs(wl@le?)ﬂ)}

Inin{min{Z_i(hhq) : 6l@““(h1), Z_i(hmfZ) '61631 h2’q)}’min{2_£(€1,Q) . z@”“ (¢r0) 7?0(52&) : el@gi“z’(”}}
min{min{Z} (h1, q) - 05, Z2 (6, ) - eie‘?ﬁ“l)}, min{Z3 (ha, ) - #0520 ZE (05, q) - 05X}y

mln{Z;;XU((hd’ Z1)7 q) . eleJLXu((h17€1),q) qu(<h27 62) ) . eze\yLXU((h27l2)7Q)}

1y

03T
Also Zm[«hl,el)%(hz,fg) q)] - 1SRl 092 (hasb2).)]
—_— _)
= min{Z1 ;5((hn, 1), q) - e OF% x5 (h1,61),9) ZT o ((ha, £a), q)e'® qu((hzafz)@}

and Z;w[((m,fl)@s(hg,ﬁz) g)] - €Ol T e f2) )

—
= min{Z1 5((h, 1), q) - e O3] (i £1),0) ZT ((hayla),q) - e OS] o5((ha L), q)}
Now,

23 s[((Fir, €0)91 (Fiz, £2), q)] - €@ Fxsl((hn) 01 (B2 f2).0)]

- —
= Zixu((hl@lh%gl@ ), ).619(53«xu((ﬁlolhmflolb)m

M

) A )
ZA((mD1ha), q) - eOFNo((m@rh)a) 4 7 _f((el@ ta),q) - 9% (591820

2

_ —
. 1 ;N(h17Q) . ei@%?(hl,q) + Z?(@,q) . ei@ﬁ(h2,q) N Zg(ghq) . z@du £1,9) 4 }g(@’q) SCRRICHY
- 2 2 2

N
B 1 ?N(hl7 ) z@;Z(hl,q _’_;U £17 ) z@\su(ﬂl,q) ?N(h27 ) z@\xN(hg,q _i_?j((%q)_ei@%:zj(ég,q)
2 2 2
1= oxT — 03T
_ 5 Zglej((hlvgl)v‘ﬂ . GZOJNX”((hl,El)aQ) + Zz?txzj((h27£2),q) . eZO“NxU((h?*l?)’q)}
Also

qu[((ﬁhfl)@Q(hg,éz) q)] - eiegixu[((hl751)®2(52’42),Q)] - %{ NxU((hhgl) q) - ei@%ﬂ,xu((hl,zl),q) +

= 2
Ziyi5((h2,£2),q) - €79% Stes (i), q):|
and - B
ety
Z3l((hn, 01)Q3(Ra, £3), q)] - @SRl ) Vs ala).0)] - %[ZixU((hlaél)aQ) - @i ((hn 1))

Z315((ha, £2),q) 'eie%ix”((hz’m’q)]
Now,

Z3 (B, )91 (B2, £a), q)] - e*©FRxsl((r )91 (B2 £2).4)]
Ziyis(nO1ha, (10163), q) - 1035 (M Pahz 6@ t2) )

= max{Z3((h1V1h2),q) '61@‘9““((%@152)’(1)7Zf;((&@lb)ﬂ) ¢ OSRxu (b P1ta), Q)}
— =3 — =3 633 — e

< max{max{ Z3(h1, ) - #0800, Z(hy, q) - ORI} max{ Z2 (61, q) - 05510, 23 (03, q) - 10520}
- P~ | — e — B~ — osd

= max{max{Zg(h,q) - O, 2301, q) - 030D} max{Z3(hy, q) - 'O, Z3 (05, q) - 10520}

- o037 - o037
= max{Z3,5((M1, 01), ) - e’OF0xs (P80 73 5 ((hy, b5), q) - €OV 2f) )y
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e e

Als0 Zg i5[((h1, £1) s (o, £2), q)] - €' OF sl £0) P2 (R f2). )]
= o =
< max{Z3, 5((h1, (1), q) - e*OFxs{Pt0)0) Zj ((ha,£2),q) - €"9%%x5((hg, £2), )},
10O, 15 [((71,£1) V3 (hi2,€2),9)]
Z3 il ((h1, 0)D3(ha, £), q)] - €7 nxo i s

= maX{ZNxU((hltgl)a Q) : ez@%;xu((hl)&)’q)v Z}ng((h% 62), q) : ei@S;Xu((hg,ez),q)}.
Thus,X x U is a CIVgQNSBS of A.

= = =
Corollary 3.11. If Xy, X5, ..., N, be the finite collection of CIVgGNSBSs of A1, Ao, ..., A, respectively. Then
Ny X Ng X ... X N, is a CIVGNSBS of A1 x Ay X ... X A,,.

_>
Definition 3.12. Let X C A, the strongest CIVgN relation on A is

Z3((h,0),q) - @309 — ymin(Z3 (h, q) - €938 00), Z3 (0, q) - 1©3h (L))
Z3((1h,0), q) - O3 (m0.0) — EZ(W)«"@QM;EE)(e:q)-ei@;?:wq)

— i = o33 = 033
Z\fl((hv 6)7 Q) ! ez@u\l,((h,ﬁ),q) = max{Zi(hv Q) : ez®\x§(h,q)7 Z}i!(ev Q) : ez@uﬂ(&q)}

Theorem 3.13. Let N be a CIVgNSBS of A and \IJ be a strongest complex interval valued neutrosophic
relation of A. Then N is a CIVgNSBS of A x A if and only if \IJ is a CIVgNSBS of A x A.

— —

Proof. Suppose N is a CIVGNSBS of A x A and ¥ be the strongest complex interval valued neutrosophic
relation of A.

For any h = (hl,hg),g = (21,€2> € A x A. Now,

Z3(5010), ) - OFLO10.0)
05T
= Z_&,} [((((By, B2), @)01((£1, £2), q)] - €O ¥I((7112), ) V1 ((1,62),0)]
2(51@141, hoQ14s) - eie@(ﬁlvlzl»hwlf?)
03T e

min{ﬁ((hl@lgl)’ q)- ez@\sR(()‘uC?lél),q)7 ?N((h2@1€2),q) . elO\SN((ﬁzQQlZg),q)}
min{min{ Z{ (1, q) - ¢S 000, 701, g) - Oy,
min{Z_i(hQ,q) 1@\%:("12"1) ?(g q) - i@i‘:f(éz,q)}}
min{min{éz(hl,q) 1@‘%«(51 a) ?(hZ q) - i@ﬁ(hm(ﬂ}’
mill{?N(glv q) : ei@%N(fl,q) ?(823 Q) : z@;i b’q)}}
= min{Z] (b1, ha),q) - €OOLONIDD ZT (01, 0),q) - O 1))

aST =
— min{Z}(h,q) - 5D, ZT (£, q) - #OSL D)

Y

)

). O3 (La))

0,q) - ©SL )Y,

Also Z3((h90),q) - @32 (h920.0) = win{ 7 (b, q) - O30 7T (¢

Z%((hQ30),q) - z@‘T’((fwge),q) - mln{_}j(h, q) ,ez‘e_;’ ) _T’(
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ﬁ(h@ é) zOQ(h@M)

ow,
-1 57
= Z3[((((hy, ha), @)1 (€1, £2), q)] - €@ l(((h1:h2), )1 ((£1,£2).0),a)]
e 103D (M D11, hsD12,9))
= Z3 (719141, 1201 43), q) - eV wlivitihzvata,g
3 o
_ Zh(m910).0) - ORI 4 Z(19163).q) - O (ha1 ). )
2
. 1 Eg(ﬁl,q) . ez‘(—)‘\‘?}{(hl,q) + ?R(gl7q) . ei(—)&‘v_{(h,q) N E;J:(h%q) .eiQQ(fm,q) + Zg(&’q) ,eieg(zg,q)
=3 5 ;
1 Z?z(hh(J) : ei@(‘?’*(hl’q) + Z?;(hg,(]) . eie?x«(hz"ﬂ Z?x l1,q) BERNCR) ?N la,q) - i@@x(@,q)
=3 . !
Z@((hl,hz)m ST 4 7 7((@,&) g) - O3 (016200
- 2
Z3(h,q) - 950D 4 Z3(0,q) - #0300
B 2
Also Eg((h@ﬂ) q)-e 1933 (h920).9) - U s q>+27(e 9)-¢1©ST @0

P
;(ﬁ Q) 6133, (1, q)+Z7([ Q- ez@sf‘pa @)

and ﬁ((h@35)7q) . eiG%((h%é),q) -

Similarly,Z—\fi((h@lf),q) (O3 (110).0) = max{Z;i',(h, q) - e©%u(na): Zj (z q)- ¢i©35(00) }
Z3((9s0), q) - 1935 (19200 < max(Z3 (B, q) - @53 (0), 73 (0, g) - €©3%(E0} and
7)((5@3@ q) - 1993 ((h93),0) < max{Zg (h,q) - ei®%$(h7q)7z_§(g,q) . 6199@}_

Therefore, ¥ is a CIVqNSBS of A x A.

Conversely,suppose that T isa CIVgNSBS of A x A. Let i = ((hi1, fi2),q), £ = ((¢1,£€2),q) € A x A.
Now,

)

7 OST(m91t2) ) '7 AT
min{ ((h1®1£1)7q)' O (m91t1)a ((hZQ 52) ) O"x((h2©1€2)>q)}
T o o 2
(h1@1£17h2@ 82) '@(\\Yqj(hlol‘elJiZOlfg)
Gl((h1,h2), )01 ((¢1,42),q)] - OST[((r 12).0) 91 (61,£2),0)]
e r—
(hQ10) - O35 (1910)

—

NS et R
= min{Zy (5, ) - O30, Z3 (0, q) - O3

Mﬁlﬁi

- 03] 037
= mln{ﬁ((hl, ha),q)} - €' OSu(hh2).0), Ej(thQ)a g) - e'OSu ity

o~ 0% O3T (7. O3 (70t
— min{min{Z} (hn, q) - 9500 78 (hy ) - 950200} min{ZE (6, ) - O ED 7 (05, q) - OFRED )

-t O3 (M1 6).d) < 71 ST((h291£2).0) -t 037 (1 ,q)
IfZN((thQ 51) ) 1vit1),q ZN((ﬁQQ?Mg),q) e© 2V1t2),q thenZ (hl,q) - etP5na) <
037 (h2,q) 7t RS ST (tzd) -t
ZN(h27Q) : el x\12:9) and Z (€17 ) : v = ZN €2 ) : 1 Sx(b2q We get Z ((h1©1€1)7Q) :

O3 (M D11).4) ot 031 (hi.q) 71 ST(6a)
O (M V10).0) = min{Z8(hy, q) - €138 0d) 7T 0y q) - 181D} for all hy, £; € Aand
):

S OT —> SOk
min{z_i«hlwl),q)-e@%«m%’q%?ﬁ«m%),q OSTOT00) » min{amin Z3 (11, 0)- 950, Z] (1. q)

—_

O3T (ha,@)\ vuivif 7F ©3T (€1,9) O3 (€2,0)
eiO9x (2.} min{ Z{ (€1, q) - e’©3x 00 Z1(ly, q) - €7O9x (20}

P O3 (1 9261),0) — 71 O3 (h2D2t2).4) ot O3 (M V201),0)
If Z3 (71 O241), q)-e"®5x W =275 ((he020), q)-€" O @ then Z{ ((h1©O241), q)-e" 5 =

= SaTI
min{Z3 (b, q) - @m0 Z3 (4, q) - 13T}y,
min{ Z3 (1 Qs61), q)-c O3 (s0).0) Z¥((hyDsty), )-c1@SE (19500} = min{min{Z] (1, ¢)-©30 00, 7 (hy. q)-
ei@%_ﬁ(h?m}, min{?&(ﬁl, q) - eieq(@l’q), Zyg(l2,q) - ei@%_ﬁ(&,q)}}

If}i((hl@?’gl) q)-e O3] (M ©st1),q) = ZZ((hQQQ?)gQ)’q)_eie%_ﬁ((hz%eg),q)’thenZ’i((hl@?’gl)’ q)-e 03T (1 Vst1),q) =

J

Y

3

—_—
min{ﬁ(hl,q) lod—ﬁ(ﬁlq #(51 q) - Okt
Now,
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2|

R —— m
((7©141),q) - € iOS% ((F1V141),q) ?N((h2@1£2)7q). (CAY }

N =

—_—
= Eg(hlwlfl, hoQ©1l3) - 1O (M Q141,12 013)
= ?W[((hl7 ha), ¢)901((¢1,42), q)] . ei@g?p[((hlﬁz),q)@l((61,22),q)]
Z O3 (010).4)
= Z\I,((h(?lﬁ),q) . etP e nviit) g
> Zi(hq) %" 1 731, q) - O3
B 2
s .,
_ Zﬁ«m,@),q) €195 (hha).a) 4 ZE((@l,zg),q) 103
2
. .
_ 1 ;N(hl,q) . ez'@%?a(hl,q) + ?x(h?,Q) . eie%‘_ii(hz,q) N ;N(£17Q) O3k (tra) 4 Z?z(g%(ﬁ . 199 (U2,9)
2 2 5

_
I Z3((1910), q) - 91000 < Z3((1,D185), g) - O P00 then Z3 (hy, q) - OFm.0) <
Z?N(hQ’q) . ei@@«(hzm and ?N(£17Q) . ei@%i(th) -< ?([2 q) i@%i(@bq)

= s
We get ﬁ((hlvlgl),q) . eiGC?N((ﬁlvlfl),q) .- Z?Z(hl q)-e O3} (A1, q)+;(€1 Q- 1O (L1,a)

B ooy =
Similarly.Z3 (b1 0201, q) - O (T2t} - Bl @R )JZ?““” —

o A . (RN Ny
and ?N((h1®3€1),Q) . ei@gi((ﬁq@sfl),q) - Zy(hi,q)-€ e N(hl"”;-ZN(Zl,q)'e O3y (£1,9) '

Slmllarly to prove that
oslnomd P . —
maX{Z ((h19141),q) - €' SR (M @11).q) Zj((hg@lﬁg),q) €98k ((M@lé?)‘”} =< max{max{Zg(h1,q) -
= —> —>

z@\sN(fu q) Z—d>(h2 Q) z@uN(sz,q } maX{Zj(ﬁl, ) S (41,q) Z—j>(£2 Q) @27(1)}}

—> —> —
It Z3(m18r).g) - O ED00 = ZL(1s0165),g) - OS5 hen 23y, q) - #0510 -
— =, —

E 26\3 (h2,q) P 103 (41,9) El 1033 (L2,9)
Zx(ﬁ%Q) 2129 and Zg(41,q) - ' 0 EEN(K%CI)'@ B .
We get Z§((h1©1£1)7 q) - OS8R (MP11),9) < max{ZJ(h1,q) - 1O (h1,0) Z3(41,q) - eiesi(el,q)}'
max{Zg((hV261), q) - @5 (Mm@20).0), ((h2@252) q) - 'O ((n2T2t2).0)}

— = — — =
= max{max{Zg(h,q)-¢’93 "9 Zg(hy, q)-e 031 D}, max{Zg (1, q)-e" O (1) Zj(éz q)-¢©%%}}
IfZ—‘*((thQZgl) ) 1031 ((7190241),9) - Z{j((hg@gfg),q)'ele‘f‘*((h2©2l2)’q),then Z{j((hd@Qél),Q)‘eZ S ((R19241),9) <
= — (\j—>
max{Z (hl q) ZO\YN(hl q) Z—'I(El q) 16 \YN(Zlyq)}_
== —> — e —

max{Zg (1361, q) - @SR MPst):0) Z3((hyD3), q) - 09812936200} < max{max{Zg(h1,q) -

ieg—;(h ) P ieg—;(h ) P 1083 (41,9) P 103 (£2,9)
€ 1AL 7ZN(h27Q) e NE2,9 }7maX{ZN(€17q) e nid Z (623 )'e wi52,9 }}
IfZ}jz((hlvgél),q)~eze“N((h1©3£1)’Q) > Z&((hg@gfg),q)' 1035 ((h2Vs2),9) ,then Zg((ﬁ1©3é1),q)-ezg“x((hloﬂl)ﬂ) <
maX{Z}i‘(hh Q) : eZ@J‘N(hlﬁq)a Z}_;I(Eh Q) . SZ@JN(th)}‘
Therefore, X is a CIVQNSBS of A.

i

- 03 031 o3 io5s
Theorem 3.14. Suppose that N is a subset of A. Then ? = (?N . ele‘g, Z?Q . eze‘:?!*, Z3 - e’e“i) is a

CIVgNSBS of A if and only ifZ(a’b3 is a subbisemiring of A for all 0,b € D|0, 1].

Proof. Assume that Z is a CIVgNSBS of A. For each 9,b € D[0, 1] and Ay, hy € Z W Now,Z .?(hl q) -
O (1, q) = 0, 23 (s, )¢9 (o, q) = Dand Z Zi .03 (10.0) = 0. Z3 (1, 0)-¢95 (tnq) = 0
and Z—é(hl,q)eiegi(hl,q) = b,Z—é(hQ,q)ei@gN(hg,q) =<bh. Now,?x((hl@lhg),q) €O ((hV1ha), q) =
win{ 2}, g) - % (11,0), 2] (12, 0) - O (o, )} = 0 a0d ZE(mDr1a).0) - €O (1401o). )

-3 0 -3 0 — —
Zi(h1,q)-e “(th);ZN(hz,Q)'f’ R (h2,9) - 8+6 aande((hl@lhg) Q) ze\sN«hl@lh&) q) = max { }f

=3 — —a7
PR (h1,q), Z3(ha, q) - € (h2 q)} < b. This implies that /i, 17y € Z@). Similarly,i, Oofiy € Z

¢

Y

(fn, q)-

J
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and A Q3hy € Z(avbg. Hence,Z(a*bg is a subbisemiring of A for all 9,b € DJ[0, 1].

Conversely,assume that Z (O’bg is a subbisemiring of A and 9, b € D[0, 1]. Suppose if there exist /i1, s € A
such that

. OST
Z3((hiQ1hg), q)-e Zed“((fh@ﬁz)_j) <mlH{Z—i(hlaqgeled“(h1,Q)7?N(h27Q) 19‘”*(7%2 7} ;N((h1@1h2)7Q)'
0O 7 OSSR 3 .e?OSk —
ez@ﬁ((h1@1h2)7q)< Zj(h1,9)€'®% (hh(I);Zx(hz ,@)-¢"©9R (ha,q) ande((Fq@fbg) ) 190&((h1@1h2),q)>
(

23

— _@(\_} — @ ﬁ
maX{Z}{(hhq) e’ dx(hlaQ)7Z§(h27q) e’ Jx(hQ Q)} For a b € D[O 1] such that Z (hlqplh@)’q) :

O3 (1 D1ha), q) < O 2 minﬁml,q)-ef % (h1,0). 28 ) - z@:;:(,b @)} and Z3((1nV1hz). )

. N SO =
2@‘?“((711@ he),q) < a.< Zg (h1,q)-€*® N(hlyQ);ZN(hQ ,0)-€" 9% (haq) ande((hl@th) q) z@\rN((hl@lhz)’q)

b = maX{Z (hi,q) - e “N(hl, 9,7 (h2, )-e’e"N(hg,q)}. Thus,kq, iy € Z(a’bg,but hiQ1hy ¢ Z<dvb3.

This contradicts,Z(?") is a SBS of A. Therefore ﬁ((ﬁl@lhz) q) - eie%_i((hl@lhg), q) = min{?(hl, q) -
IR

= 3 09 st 093
S (ﬁl,q),Eﬁ(ﬁg,q)-eleﬁ(hg)}, Z—j;((hﬁlhz),q) RN N((ﬁl@lhg),q) - Z3 (h1,q)-e*©SR (hy, q)-&-Zx(ﬁz @)-¢"©9R (fis,q)
— 3 — —
and Zg ((h1©1h2), q)-¢' % (1 O1h2), q) < maX{Zi(hl,q) e “i(hl, q), Zﬁ(hz,q)'e@“(hz, q)}- Similarly, Oy

03 o3l 53 .ead
and O3 cases. Hence Z = (?N . e’@:ﬁ, ?N O 73 i) is a CIVgNSBS of A.

Deﬁnltlon 3.15. Let (A1, @1, @2, @3) and (Aq,My,My,M3) be any two blsemmngs The mapplng =1 A —
Ag and N be any CIVgNSBS in A, T be any CIVQNSBS in Z(A) = Ay, If ZN O — [ 1@%7?&
¢i99% | Z3 . €199 is a CIVQNS in Aqthen Zy is a CIVGNS in Ay,defined by

o5t . —
Z26,q) -5 (0,q) = {supzﬁm,q)-elo Yha) if he= i

0 otherwise

= e ¢

. 0? PNCR; : =—1

Z\I/j (4,q) - PR (t,q) = sup Zy(h. q) - e N(hw q) if he=E"¢
0 otherwise

o o . —_
Za(ta) -0 1,q) = § IR 0) <O D) i he =
1 otherwise
forall i € Aj and v € Ay is represents the ingge of Ry u_}lder =.
= .
Similarly,IfZ—q,>~ez@““’ = [ﬁ i® “—ﬁ Z7 -et© Zj Ze“\lf] is aCIVqNS in Ag then CIVgNS ZN ~oZ_>\1, in
=
AlLi;e,the CIVgNS defined by Zx(h, q) - €O (ha) — Zq,( (1, q)) - e?©Sx(E(h))] is represents the preimage
of Zy under =.

Theorem 3.16. The homomorphic image of every CIVgNSBS is a CIVgNSBS.

Proof. The mapping = : A1 — A, be any homomorphism. Now,=((h@1 £),q) = Z(h, q) T
6)7 q) = E’(ha Q) Mo E(Z7q) and E((h @3 6)7 Q) = E(h7 Q) M3 E(£7Q) for all ha vE Al' Let
any CIVGNSBS of A;. Let Z(%, ), E(4, q) € Ag. Let h € u=~1(E(h,q)) and v € E7H(E(

Z(h,q) @) = qup  Z1(h,q)- O30 and Z3(0,q) - O E) = g
heE-1(E(h,q)) he=—1

(£:0), E((h @2
= 5(

)) be such that
ZN(ha q) :

~
A *eim

3 g

~.e
g

(4,9))
eiggﬁ(hm. Now,

- — 031 , o3t (1
ﬁ((:(h) M E(0)), q) - e!OSR(EWMEO)0) — sup ?N(h ,q) - e©3% (0 a)
(R, ) €E-1(E(h,q)M E(£,q))

ZL(h q) - 0380

= sup N

(W, q)€E~(E((h@10),9)
= Z3((h 21 0),q) - #OF (2100
- min{Z3 (h,q) - @30 73 (0, q) - @ (L))
:min{?a(h,q)- 03T =(h,q) ?E(ﬁ g) - ¢iOSIECa)y
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Thus,}i((g(ﬁ) ME()),q) .eiGQ((E(h)mE(e)),q) - min{ﬁE(h, q)-e®SvEMha) Z—\ﬁg(g’ q)-e \fw(é )},
Similarly, Z3 (S(R)ME(L)), )-S5 (EWNZ000) = min{ ZTE(h, ) O3=00, ZTZ (1, ¢)-05L20)}

an
ij((E (R) M3 E(¢)), q) - €*© OS] (E(WME(0).0) - mm{ =(h,q) - @@E(h,q)’zﬁgw,q)  e1OSTEC)Y,
Let h € 271(Z(h,q)) and v € E7(Z(4, q)) be such that Z—j>(h q) - leﬁ(ﬁ 7 = sup Z?ﬂi, q) -
heE-1(2(h,q))
eieﬁ("hq) and Z—g(é, q) ~ei6§(m) = sup Eg(h, q) - €'95¥E(9)  Now,
hReE-1(E(4,q))
e - / I P
?Q((E(h) M E(@)% q) . 619031/((:(7’1)7‘1:(@)7‘1) — sup ?N(h 7q) . ez@\sN(h ,q)
(7 ,q)€E~1(E(h,a)M1E(L,q))
’ . ﬁ /
— sup ?N(h ’q) . ez@\rN(h ,q)

(7 ,q)€E-L(E((h@14),q)
o037
— (11 0),q) - O B2100)
. ?N(h7 q) - ei@\(\jx(ﬁ,q) + ?N(K,q) . ei@%ﬁn(f,q)
- 2
~7 —
Z?,EU% q) - eO3FE(ha) 4 Z?,E(zz, q) - €i®SIELD)
2 .

ST
103, E(L,q)

Thus,ZE((E(h) M 2(0), q) - € OFEDMEO)0) N e“““f(“’ﬂ E(tq)-e

i =(h i ?E 2
Similarly,zﬁ((a(h) M 2(0)), q) - ¢ OSH(EMMED).0) e o ”+? (b0 EED

ST = _ E( o Sl= P g 1033 20,
Z1(E(R) M3 2(6)), q) - OF (EWuz(0).0) = ZiShua)e @200+ 235, q>e° v

R
Let Z(h,q),Z(4, q) € Ag. Leth € :—1( (h,q))and v € E~ (E(E,q)) be such that ZN(fL q) - €©x(a) —
.t — — —

_>
inf Z3(h,q) - €©3:(a) and 73 ¢,q) e©Sx(ta) = inf Z3(h, q) - €30 Now,
. L R(64) ez is(e,q X 9)
— ? —_ ., . (\—> ’
Zy((E(h) ML E(0)), q) - e"©Sw(E@MED)0) — inf Z3(W ,q) - O3
(W .q)€E~1 (E(h.9) M E(L.q))
— W
= inf Zg(h,q)wzle“’*( 9)

(ﬁ ) €E-HE((h14),9)

033
= Z3((h 21 £),q) - OG0

B8
@
2l
=
&
—

— = —
< max{Zg (h, q) - O30 Z3(0,q) -

73 031z osis
— maX{Z\f,E(h, q) . ele\S\pH(EAQ)7 Z&I]E(g’ q) . el@d‘l,_(é,q)}-

— . =~ — ot =
Thus,Z\f,((E(h) 12(6)),q)- el@—ﬂr(( =E(MMEW).9) < maLX{Zj (h,q)- eledw:(h’Q),Z\f,E(ﬁ, q) eze“—‘i’r;(&@}
ﬁ — S — ey g
Similarly, 23 (S()13(0),0) €054 O < mas{ 2450, )¢ 0H=200), ZL5(0,q) 050500
— ﬁ g g — gy g
and Z‘i((E(h) Mg :(ﬂ))7 q) . ez S ((E(R)MEW)),q) =< maX{Zi:(fL, q) . ez@o\l,:(é,q)7 ZiE(f, q) . ez@\s\l,:(é,q)}

_>
Thus, ¥ is a CIVgNSBS of As.
Theorem 3.17. The homomorphic preimage of every CIVgNSBS is a CIVgNSBS.

Proof. The mapping = : A; — Ay be a homomorphism. Now,Z((h @1 £),q) = E(h,q) ™ Eif, ), E(_zi @2
0),q) = Z(h,q) Ma E(¢, q) and Z((h @3 €),q) = Z(h, ) M3 E(,q) for all v € Ay, Let ¥ = E(N), ¥
i 8 CIVQNSBS of 8. Let v € A, Now.Z2((h 01 £),q) - @5820.0) — ZT(=((h @1 £),q)
(OSLE210.9) — ZT (Z(R)ME(L)), ¢)-e'@3% (EWMED)0) » min{ ZTE(h, q)- @30, ZT= (¢
¢ u—ﬁ:wq)} _ mm{g (h,q) - @300, Z3 (0, q) - @38} Thus, Z3 ((h @1 ), q) - @S (2100

‘037 e -
min{Z}(h, g) - %M, Z1 (¢, q) - c1©F )}, Now,gg((h@ 0),q) - 'O ((h216)0) ?@(:((ﬁ @14),9))-
4235 (b))
2

Y =

—
103, E(h,q)

ei@@((h@ﬂ),q) — %((E(ﬁ) M E(ﬁ)),q) . ez’@%—?;((h®1é),q) - EE(h,q).e
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@

Z_ﬁm oo V17, s

O 7z . i@f\‘j(h,q) 3 . i(—)?(z,q)
.Thus,;((h®1£)7q).el@\fN((f@lZ),q) - Zy(h,q)-e = R ;—ZN(Z,q) AN .

033 (= P =
((h @1 5),11)) - OSVE20.0) = 75 ((2(h) M1 E(0)), ) -

- - - — = —

OSTUEMMZ ) < ma{ Z45(h, )0 500, ZiE (L, q)e N} = max{ Z(h, )00, Z(0,q)
— = — — ,

0D} Thus, Z{((h 21 0), ) - @R 2200 < max{Z{(h, ) - O30, Z{(1, ) - 0300}

% %
Theorem 3.18. If = : Ay — Ay is a homomorphism,then Z(R g )) is a subbisemiring of CIVgNSBS ¥ of
As.

Proof. The mapping = : A; — Ay be a homomorphism. Now,Z((% @1 £),q) = E(k, q) T E(¢, q), E((h @2

0).q) = =(h.q) M Z(£,q) and Z((h 25 0).) = E(h.q) M Z(C.q) forall by € A Let 7 - 5(?),_&;
is a CIVgNSBS of A;. By Theorem , U is a CIVgNSBS of A,. Let Ry ;) be any subblsemlrmg of N.

Suppose that h,v € N(a,b)- Then u @1 v,u @2 v and u @3 v € V(g ). Now, ?( =(h,q)) - €® STEMha) =

Zi(h.q) - €950 = 9, ZT(2(¢,q)) - #OSVECD) = ZR(1,q) - 05D = g, Thus?« =(h) iy

5(5))7q).ez@§((z<h>m =(0).0) » ?((h )_)) zeﬁ«h@m,q) - N%W?@(E(h g)) - €©3% Eha) —

?&(579)' 1035 (h,q) e) ﬁ( =(4,q)) - ZGJW( (4,q)) — Z_g(g’q) . 195 (4a) = 0. Thus,ﬁ((g(ﬁ) M
_>

2(0)), q) - e!OSv(EMMEW).9) - 7 ﬁ((h@ 0),q)- zejﬁ((h@f) ) = 9, Now,Z—\fi(E(h, q)) - e!9Sv(EMm9) =

— = — 3 (= = —

Z3(h, q)-el@%‘i(hm =<b, Zg(E(¢,q))-€® 051 (=(ta)) = Zd(ﬁ q)-€"©99% (49 <b Thus,Zg (2(h)M (L)), q)-

_ =Y
@S (EMMED)Q) < ZI((h @ £),q) - €©° S ((her0.0) = b,for all 2(A,q),Z(¢,q) € A,. Similarly other
— -
operations,Z(X s ) is a subbisemiring of CIVgNSBS ¥ of A..

o -
Theorem 3.19. If=: Ay — Ay is any homomorphism,then R 5 ) is a subbisemiring of CIVgNSBS N of A;.

Proof. The mapping = : A; — Ay be any homomorphism. We have Z((h @1 £),q) = Z(h,q) M

E(f_,)q),E((h@ﬂ), q) =E(h,q)M2E((, q) andjh_@);gé) q) =Z(h,q)N3E(¢, q) for%v €A, Let\_I/> =
E(N),U is a CIVgNSBS of Ay. By Theorem , N is a CIVgNSBS of A;. Let Z(X(g,)) be a subbisemir-
ing of V. Suppose that Z(h, q), Z(£, q) € E(R(p,5)). Now.E((h @1 £),q),E((h @2 ¢),q) and E((h @3 £),q) €
=(go)- NowZ3 (1, q)-e O30 = ZL(=(1, ) @33 E R0 1= 9, 78, )03 00) = Z5(=(6,q):

(
ei@&‘?\p(E(Z,q)) = 0. Thus,ﬁ((ﬁ@lﬁ), ) z@ﬁ((ﬁ@ﬂ),q) - min{ﬁ(h, q) z@ﬁ(h,q ﬁ(g q)

: ¢iO3%(6a)y
0. NowZi(h)- 0RO _ Z(E(hq)) - <ORER) > 0,700 - O30 — Z3(=(0.0)-
GONEED) = 5. Thus, Z((h @1 £),q) - O3 @10.0) » Ei’mm-e"@;i<h‘q>;2§<&q>-e"@§“’” = .
NowZ—j>(h q).ei@?i(h,q) = Z;>( (h,q))-€* Q(E(h,q)) < b,Z_ﬁ(ﬁ, q).eiiﬁ(l,q) = Z_\i)(g(& q)).ez’@‘g(E(l,q)) =<
33 S

—> X _ _ —
b. Thus Zj((ﬁ @14),q) jfe S(ho10)a) = 73 ((E(h) M1 E(0)), q) - e'O3w(EWMEDD) < max{Zg(h,q) -
o . . . — . . ..
o5 (ha) Zj(é q) - e'® O3 (L,9) } < b,forall h,v € A;. Similarly other operations,R ;) is a subbisemiring of
CIVqNSBS N of Aq.

4 Conclusion and future direction

A novel kind of neutrosophic SBSis presented in this work. The concept of three grades is approached in a
novel way by the complex neutrosophic subbisemiring, 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 CIVgNNSBS and CIVgNSBS level sets were established. Applying the )-cubic set and anti ()-cubic set
to bisemiring is our aim. Furthermore, an analysis of the properties of various transformations is conducted.
We are attempting to handle images and signals in addition to data analysis, thus it makes sense to employ
F-transforms to widen the use of new fuzzy structures. Therefore, in the future, we should think about utilizing
cubic subbisemiring, soft set CIVqNSBS, and soft set CIVgNNSBS.
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