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Abstract

We introduce the notion of Diophantine neutrosophic subbisemiring (DioNSBS), level sets of DioNSBS of a
bisemiring. The concept of DioNSBS is a generalization of fuzzy subbisemiring over bisemiring. We interact
the theory for (A, 1)-DioNSBS over bisemiring. Let « be the Diophantine neutrosophic subset in ., we show
that o = (27,27 ,27), (Ta, A, O,)) is a DioNSBS of .7 if and only if all non empty level set a/(*+*)
is a subbisemiring of . for ¢, s € [0, 1]. Let o be the DioNSBS of a bisemiring . and W be the strongest
Diophantine neutrosophic relation of ., we observe that a is a DioNSBS of .7 if and only if W is a DioNSBS
of ¥ x . Let a1, as, ..., a, be the family of DioNSBS? of %1, %, ...,.%, respectively. We show that
a1 X g X ... X (v is @ DIONSBS of .7 X %% X ... X .#;,. The homomorphic image of DioNSBS is a DioNSBS.

The homomorphic preimage of DioNSBS is a DioNSBS. Examples are provided to illustrate our results.

Keywords: fuzzy subbisemiring; neutrosophic subbisemiring; Diophantine neutrosophic bisemiring; (A, p)-
Diophantine neutrosophic subbisemiring; homomorphism

1 Introduction

The study of semirings was opened by the Dedekind in interaction with ideals of commutative rings. Vandiver
inaugurates the proposal of semirings as a part of the generalization of rings.?l' It was basically the general-
ization of rings and distributive lattices. In 1950, However the developments of the theory in semirings had
been taking place. Iséki®” developed an ideal theory for semirings that is not necessarily commutative under
either operation. Iséki® used this abstraction for semirings in the absence of zero and proved many impor-
tant results based on semirings. Several authors and researchers have characterized the many different ideals
based on semirings > Several authors have studied aspects of ordered algebraic structures such as semigroups,
semirings, hypersemigroups. The classic article of 1965, Zadeh proposed fuzzy set theory? According to
this definition, a fuzzy set is a function described by a membership value. It takes degrees in real unit interval.
But, later it has been seen that this definition is inadequate by considering not only the degree of membership
but also the degree of non-membership. Neutrosophic set is a generalization of the fuzzy set and intuitionistic
fuzzy set, where the truth-membership, indeterminacy-membership, and falsity-membership are represented
independently. Atanassov? described a set that is called an intuitionistic fuzzy set to handle mentioned ambi-
guity. Since this set has some problems in applications, Smarandache? introduced neutrosophy to deal with
the problems that involves indeterminate and inconsistent information. Riaz et al. discussed'® linear Dio-
phantine fuzzy set (LDFS) with the addition of reference parameters. The LDFS is more efficient and flexible
rather than other approaches due to the use of reference parameters. LDFS also categorize the data in MADM
problems by changing the physical sense of reference parameters.
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Arulmozhi interact the theory for various algebraic structures.” A semiring (S, +, ) is a non-empty set in
which (S, +) and (S, -) are semigroups such that “ - ” is distributive over “ 4 72 In 1993, Ahsan et al
introduced the notion of fuzzy semirings. In 2001, Sen and Ghosh were introduced in bisemirings. A
bisemiring (., 4+, 0, X) is an algebraic structure in which (¥, +,0) and (., 0, X) are semirings in which
(&, 4), (S, 0) and (<, x) are semigroups such that () z o (y+ 2) = (xoy) + (x o0 2), () (y+2)ox =
(yomw)+ (z0x) (ili)x x (yoz) = (x xy)o(z x z)and (iv) (yoz2) x v = (y x ) o (2 X x),Va,y,2 € L 12
A non-empty subset Z of a bisemiring (., 4, o, X) is a subbisemiring if and only if  + y € Z, zoy € Z
and x x y € Z,Vx,y € Z# Palanikumar et al. discussed various ideal structure of subbisemiring theory and
its applications 2!

2 Preliminaries

Definition 2.1. 2% A neutrosophic set « in the universe U is of the following form : o = {u, 27 (u),Z7 (u),

27 (u) | u € U}, where 27 (u), 7 (u) =7 (u) represents the degree of truth-membership, degree of indeter-
minacy membership and degree of falsity-membership of « respectively. The mapping _5 , Hf , :‘fj U —
0,1 and 0 < Z7 (u) + 7 (u) + EF (u) = 3.

Definition 2.2. ® Let oy = (7,27 .27 ). a2 = (27,27 ,27 ) and a3 = (27,27, ,E7 ) be the three
neutrosophic numbers over U. Then

(1) € = <E¢ E] E?>

a1 —ay) —ay

(i) g V a3z = <max( 7 ,27),min(ES =7 ), min(Z7 :9‘)>

@) —ag

7 _j =4
(111)@2/\a3:<m1n( 7.27),max(Z7 ,E7 ), max(= fz,ufd)>
(iv) as = az iff 27 = Z7 and E7 < =7 and”gf; <=7

(V) g = a3 1ff”y ::9 and”f :T‘] and =7 = =7

oz

Definition 2.3. 2 For any neutrosophic set a = {2, 27 (2),Z7 (2),E7 (2)} of aset U, we defined a (A, i1)-cut

of as the crisp subset {z € U | 27 (2) = \, 27 (2) = \,EZ (2) < u} of U.

Definition 2.4. 2% Let o and 3 be be two neutrosophic subsets of .. The Cartesian product of o and 3

denoted by o x 3 is defined as @ X 8 = {Haxﬁ( y), :fxﬁ(z Y), :fxﬂ(z,y) | forall z,y € ./}, where
o = {(+EF (W) = = =

755 y) = min{Z] (), Zf (1)}, 2 5 (2y) = =072 27 (2,y) = max{E7 (2), 27 (v)}.

Definition 2.5. ' A fuzzy subset « of a bisemiring (-, O1, Oz, O3) is said to be a fuzzy subbisemir-

ing of .77 if Ea(z O1 y) = min{Ea(z),Ea(y)},Ea(z O2 y) = min{Ea(z)aEa(y)}vga(z Os y) =
min{Z,(z),Z,(y)}, forall z,y € .7.

Definition 2.6. '/ A fuzzy subset « of a bisemiring (., 01, O2, O3) is said to be a fuzzy normal subbisemir-
ing of 7 if Z4(2 O1y) = Za(y O1 2),Za(2 O29) = Za(y O2 2),Zal(z O3 y) = ZEa(y Os 2), for all
z,y € 7.

Definition 2.7. ¥ Let (., +, -, x) and (T, @, o, ®) be two bisemirings. A function ¢ : .# — T is said to be a
homomorphism if ¢(z +y) = ¢(2) ® ¢(y), (2 - y) = #(2) 0 d(y), ¢(z x y) = ¢(2) ® P(y), forall 2,y € 7.

Definition 2.8. A Diophantine neutrosophic set « in U is of the form : o = {u, (Tf](u) =7 (u),E7 (u)),

(I‘f (u), AL (u), 07 (u)) |u e U} where =7 (u), 27 (u) 7 (u) represents the degree of truth-membership,
degree of indeterminacy membership and degree of falsity-membership of « respectively and ', (u) +Aq (u)+
O4(u) =< 1. The mapping 7,27 27 : U — [0,1] and 0 < T7 (u) - Z7 (u) + A (u) - EZ (u) + OF (u) -

=27 (u) < 2. Since a = (27,27 ”y),( oy Aq, ©4)) is called a Diophantine neutrosophic number.

[e 2 Ranteb Rante'

Definition 2.9. A neutrosophic subset « of .7 is said to be a NSBS of . if it satisfies the following conditions:

=7 (2)+27
Eaﬁ(zoly) - E ( )J2r o (¥)

=7 (2 Ory) = min{=7 (2), 27 (v)} OR

—_ - — =7 ()T
E7(2 O2y) = min{Z7 (2),27 ()} 27(z02y) = M
=7 (2 Osy) = min{=7 (2), =7 ()} OR

=7 () 427
Ef(z Osy) = Eu ( )-; oY)
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forall z,y € .&.

an(z Ory) =< maX{Eagz(z)v an(y)}
27 (2 O2y) 2 max{E7 (2),27 (y)}
=7 (2 Osy) = max{Z7 (2),E7 (v)}

3 (A, u)-Diophantine neutrosophic subbisemiring

In what follows, let .’ denote a bisemiring unless otherwise stated. Here DioNSBS stands for Diophantine
neutrosophic subbisemiring. In this section, we discuss about (A, i)-Diophantine neutrosophic subbisemiring.

In what follows that, (A, u) € [0,1] be such that 0 < A < pu < 1.

Definition 3.1. Let o be any Diophantine neutrosophic subset of . is called a (), ;1)-DioNSBS of . if it

satisfies the following conditions:

forall z,y € ..

Example 3.2. Let . = {01, 02, 03, 04} be the bisemiring with the following Cayley table:

max{Z7 (z O1 ), A} = min{Z7 (),
max{Z7 (z Oz y), A} = min{=7 (),
max{Z7 (z O3 y), A\} = min{=7 (),

—~
<
S~—
=
-

o [ [
PYRYRY
S
=
=

(y), 1}

max{Z7 (2 O1 y), A\} = min {E”J(z)i
OR

max{Z7 (z Oz ), \} = min{
OR

{

max{Z7 (2 O3 y), A} = min

2|+
(1]
R\
<
=
—

=7 (2)+=7
5 ( )J2r a(y),u}

=7 (2)+E7
o ( )J2r a(y),u}

min{Z7 (2 O1 y), \} < max{Z7 (2), E7 (y), u}
min{Eij<Z OQ y)’ )‘} = maX{E&g: (Z)7 an (y)v :u}
min{=7 (z O3 y), A} 2 max{Z7 (2), E7 (y), u}

max{Ta(z O 9), A} = min{Ta(2), Ta(y), 1}
max{Lq(z Oz y), A} = min{Ta(2), Taly), u}
max{T(z O3 y), A} = min{T(2),Taly), 1}

max{Ay(z O1y), A} = min {Wu}
OR

max{A(z O y), A} = min { 2178a0) 4
OR

max{A,(z O3 y), A} = min {Maﬂ}

min{@a(z Ol y), )\} = max{@a(Z), O (y)a :u}
min{O,(z O2y), A\} X max{0,(z), O (y), u}
min{Oq, (z O3 ), A} < max{O4(2),0a(y), 11}
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O1]o1 |02 |03 |og|| O2|01|02|03]|0s|| O3 ]|01]|02]|03]|04

01 01 | 01 | 01 | 01 01 01 | 02 | 03 | 04 01 01 | 01 | 01 | O1

02 01 | O2 | 01 | O2 02 02 | O3 | O4 | O4 02 01 | O2 | O3 | O4

03 01 | 01 | 03 | 03 03 03 | O4 | O3 | 04 03 04 | O4 | O4 | O4

04 01 | O2 | O3 | 04 04 O4 | O4 | O4 | O4 04 O4 | O4 | O4 | O4
0 = 01 0 = 02 0 = 03 0 = 04

—
Q
=

Qe o
Y
Q
S~—
ol !
o (R
—~|=
Q| Q
=
N—T~—"1~—1

(0.85,0.35) | (0.80,0.30) | (0.60,0.20) | (0.75,0.25)
(0.80,0.20) | (0.75,0.15) | (0.67,0.10) | (0.70,0.10)
(0.40,0.25) | (0.70,0.30) | (0.85,0.40) | (0.75,0.35)

mom

—
)
=~
Q
—
=
=

Clearly, « is a {(0.50, 0.65), (0.26, 0.28)) DioNSBS of ..

Theorem 3.3. The intersection of a family of (A, 11)-DioNSBS® of . is a (A, pv)-DioNSBS of ..

Proof. Let {W; : i € I} be a family of (A, 1)-DioNSBS® of # and a = (| Wi.
€S
Let z and y in .. Now,
max{Z7 (2 O1 y), A} = Inf max{Zi7, (z O1 y), A}

> inf mln{_W( ), EVJ{Q (y), p}

€S
- inf = ¢ =7 }
mm{;enﬂ w,(2), iInf S, (y), p

v, (2
= min{=7 (2), 27 (), u}.

O2y), A} = min{=7 (2), =7 (y), u} and
= min{E7 (2), =7 (y), u}. Now,

Similarly, max{_

(z
max{an(z Osy), A}
max{=7 (= Or ). A} = ol max{={f, (2 O1 1), )

> mf Inin{ W‘( ki (y),,u}

€S

inf = inf =7
) { ey SWi (2) + ey "W ) }
= min 5 b

Similarly, max{Z (:Qay), A} = min{w }and max{ZZ (:0sy), A} = min{Ef(z);E‘f(y),u}.
Now,
min{Ef(z O1y), A} = suE min{E‘VgVi (zO1y), A}
1€

=< sup max{E, (), 57, (y), 1}
€S

= max {bup Ew,
€S

v, (2
= max{E7 (2), Ef(y),u}-

Similarly, min{Ef(ngy),)\} = max{Ef(z),Ef(y),u} and min{E‘f(zOgy),)\} < maX{Ef(z),E‘Z(y),u}.
O
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max{ls(z O1¥), A} = Inf max{Tw, (z O1 y), A}
= inf min{lw, (2). P, (y). u}
1€

= min {llenug FWL (Z)’ 1len=£ FW’ (y)’ 'u}
= min{T4(2), Tu (y), 1}

Similarly, max{T's(z O2y), A} = min{T',(2),Ts(y), 1} and
max{ls(z O3 y), A} = min{l4(z),Tw(y), n}. Now,

max{A,(z O1y), A} = iien.;ff max{Aw,(z O1v),\}

> inf min { Aw, (2) + Aw. () ; ,U}

€S 2

. {ilen; Aw,(2) + inf Aw, (y) }
= min S

2

:mm{w,“},

Similarly, max{A,(zO2y), A} = min {w’ M} and max{Aq(2O3y), \} = min { Aa(z)erAa(y) ’ M}-
Now,

min{O,(z O1y),A} = _Sélg min{Ow, (z O1 y), A}

= sup max{Ow, (), Ow (y), i}
i€.

= max{sup Ow, (2),sup @Wi(y)7/‘l’}
= €S
= max{O,(2),0,(y), u}.
Similarly, min{©q (:02y), A} = max{Oa(2), Oa(y), u} and min{Oa(20sy), A} X max{Oa(2), Oa(y), p}-
Hence, «is a (A, p)-DioNSBS of ..

Theorem 3.4. If a and ( are any two (A, u)-DioNSBS® of /1 and %5 respectively, then o X B is a (A, p)-
DioNSBS Ofyl X yg.

Proof. Let a and (3 be two (A, u)-DioN SBS? of ./} and .7, respectively. Let 21, 25 € 1 and y1,ya € S5.
Then (21, y1) and (22, y2) are in ] X F». Now

max {E‘iﬁ[(% y1) O1 (22, 92)], A} = max {Efxﬁ(zl O1 22,91 O1 92), /\}

max{Z7 (21 O1 22), b, max{Z7 (1 O1 1), A} }
min{=7 (21),27 (22), b, min{=7 (41), 27 () 1} }
{min{=7 (1), 27 (y)}, min{=7 (22), 27 (42)}}, e}

—

\—'yxﬁ(zlayl)a EZxB(ZQa y2)7ﬂ}~

> min

min

= min

A N

Also, maX{nyg[(Zhyl) Oz (227?/2)],)\} = min{E‘yxﬁ(zl,y1)7EfXg(227y2)7M} and
maX{nyg[(Zlayl) Os (227?42)]7)\} » min {nyﬁ(zlvy1)7Eg><B(Z2ay2)a,u}'
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Now, max{ axﬂ[(zl,yﬂ On (22,92)],

g

_max{ axﬂ(zl O1 22,91 O1 92), }

DN | =

min{ max {Ef(zl O1 22), )\} + max {Eﬁﬂ(yl O1v2), /\}1 }

Y
£
B

1

{; min{ = (2

min

1
2

2
)

{ =L +E ) | Ef(zz)-;Eg(yz)] M}

. {Efxﬁ(zhyl + 27 5(22,52) }
= min NS

2

Also, max {Efxg[(zh y1) Oz (22, y2)];

)\} > min { Efxﬁ(Zl’yl);Efxﬁ(ZZ’yZ),M} and

—_ . Efx 21 +Ef>< 22,
max{:fxﬂ[(zhyl) Os (Zz,yz)L)\} = mlﬂ{ ol y1)2 sl yQ)nu}-

Similarly,

mln{ axﬁ[(zl,yﬂ O (22,92)], )‘}

Also, mln{ 7 sl(z101) Oz (22,12)],

fxﬂ(zl O1 22,91 O1 ¥2), }
= max min{_ (z1 O1 22), )\},mm{_ﬁ (y1 O1 Y2 ,)\}}

{
= max { max{E7 (21), 27 (22), i}, max{ZF (1), 27 (2). 1} }
{ (

|
=)

ax { {max{=7 (1), 27 (1)} max{=7 (22), 27 (2}, 1}

max {Efxﬁ(zh 1), anxﬁ(zbyQ)vﬂ}'

)\} < max{ 7 5(21,1), EL 5(22,12), /J}

mln{ T esl(z,91) Os (22,92)], )\} = max{ 7 5(21,1), BL 5(22,42), } Similarly,

max {Faxﬂ[(zhyl) O1 (22»y2)}>/\} = max {Faxﬁ(zl O1 22,91 O y2)7)\}

{max{I‘ 21 O1 22), A}, max{l"g(yl O1 92)s /\}}
min { min{Ta (1), Da(22), 1h, min{Ts(y1), D (92), 2} |
{

min { {min{Ta(21), Da(yn) } min{Ta (22), Ta(y2)} . 1}

| Y

= min {Faxﬁ(zhyl)aFaXB(Z27y2)7/1’}'

Also, max {Faxﬁ[(ZhZA) O2 (Zz,yz)],)\} = min{Faxﬁ(zlyyl)aFaxB(Z%yZ)uuf} and
max {Faxﬁ[(zhyl) O3 (227y2)]7)\} >~ min {Faxﬁ(zlayl)araxB(Z2ay2)7N}-
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Now, max {Aaxﬁ[(zl,yl) O (2z2,y2)], )\}
= max {Aaxﬁ(m O1 22,91 O1 yz)a)‘}

:min{ maX{Aa(zl On z2)7)\} —l—maX{Alg(yl On yg),/\}l }

- min {; IR R B EAE! Aﬁ<y2>’u}] }

1] Aa(z1) + Ap(y1) | Aalz2) + Ap(ys)
{2 . = ]u}

min{Aaxg(zl,yn—;Aaxﬁ(zbyz),u}.

Also, max {Aaxﬂ[(zly y1) Oz (22,92)], )\} > min { Aaxla(Zhyl);Aax[s(zz,yQ) 7 ’u} and

max {Aaxﬁ[(zl, y1) Os (22,92)], A} > min { Aqxg(zl,yl);aaxﬁ(zQ,yz>’M}.
Similarly,
min {@axﬁ[(zhyl) Or (22,92)], } = mln{ axp(z1 O1 22,91 O1 ¥2), }
{min{Oa (21 Or 22), A}, min{©3 (41 O1 32), A} }
max { max{©,(21), O (22), i}, max{O5(y1), O5(y2), 1} }
max { {max{Ou (1), O5(y1)}, max{Ou (22), O(y2) }}, 1 |

= max {@axﬁ(zlvyl)a @axﬁ(z2,y2),ﬂ}-

max

| )\

AISO» min{gaxﬁ[(zlayl) OQ (2’2,212)],/\} j maX{@axﬁ(zlay1)7@a><6(z27y2)hu}’

min {@axﬁ[(zl,yl) O3 (22,921, /\} = max {eaxﬂ(zlay1)7@ax6(22ayZ)v,u}-
Hence o x S is a (\, ;1)-DioNSBS of .77 x .F%. O

Corollary 3.5. If a1, s, ...,ap are the family of (A, u)-DioNSBS?® of A1, S, ..., I respectively, then
a1 X Qg X ... X ap, is a (A, p)-DioNSBS of A1 X S X ... X Py,

Definition 3.6. Let o be a (A, u)-Diophantine neutrosophic subset in ., the strongest (A, it)-Diophantine
neutrosophic relation on ., that is a (A, u)-Diophantine neutrosophic relation on « is W given by

max{E7(z,9), A} = min{=7 (2),E7 (y), 1} max{Tw (), A} = min{Ta(2), Tu(y), 11}
maX{HW@:’ y)7 )‘} - mln{H (Z)’ Eaj )a /J’} maX{AW(Z7 y)v )‘} = mln{Aa(z), AO{ (y)’ :u}
min{E7(2,9), A} = max{EZ (2), =7 (y), u} min{Ow (,9), \} = max{On(2), Oa(y), 1}

Theorem 3.7. Let « be a (A, u)-DioNSBS of . and W be the strongest (A, p)-Diophantine neutrosophic
relation of #. Then «is a (A, p)-DioNSBS of .7 if and only if W is a (\, u)-DioNSBS of & x .

Definition 3.8. Let (.71, %1, %2, *3) and (F%, e1, e5, ®3) be any two bisemirings. Let ® : ./, — % be any
function and a be any DioNSBS in .7}, W be any DioNSBS in ®(.#) = %. If 2, = (27,27 ,E7),

(Ta, Ay, O4)) is a Diophantine neutrosophic set in .}, then Eyy is a Diophantine neutrosophic set in .75,
defined by

(1]

=T () —1
supEZ (z) if z€d 1ty
() :{

0 otherwise

=IO -1
supZ (2) if z€e @y
() :{

0 otherwise

[1]

z inf =7 (2) if z€ dly
wy) = .
1 otherwise
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supla(z) if z€ @ty supAy(2) if z€ @1y
I = A =
w(y) { 0 otherwise w(y) 0 otherwise

infO,(z) if z€ d 1y
1 otherwise

Ow(y) = {

forall z € & and y € % is called the image of =, under ®. Similarly, if 2w = ((Ei},, Zyp, E
(Tw, Aw,©Ow)) is a Diophantine neutrosophic set in .%%, then Diophantine neutrosophic set 2, = ® 0 =
in .71 [i.e., the Diophantine neutrosophic set defined by Z,(z) = Ew (®(z))] is called the preimage of =
under .

Theorem 3.9. Let (71, %1,%2,%3) and (F, 81, 85, 3) be any two bisemirings. The homomorphic image of
(A, u)-DioNSBS of A is a (A, u)-DioNSBS of Ss.

Proof. Let ® : .1 — % be any homomorphism. Then ®(z 1 y) = ®(z) &1 O(y), P(zx2y) = P(z) o2 D(y)
and ®(z x3 y) = D(z) o3 B(y) forall z,y € S. Let W = ®(a), a is any (A, u)-DioNSBS of .71 Let
B(2),D(y) € S. Letz € d~1(P(2)) and y € 1 (D(y)) be such that Z7 () = sup  Z7(z') and
2 €d—1(D(2))
2T (y) = sup 27 (%"). Now,

2 €@H(D(y))

max [Zf,(B(2) o1 B(y)) ,A] = max sup =7(2") ,A]

L”Eé H(P(2)e12(y))

sup  E7(2") )
2 ed— L(®(zx1y)

— max

max[E (zx19), }
min {21

min

| Y

[I]

W}

o). Eh o). .

—
[I]

Thus, max [Ez;(@(z) o B(y)) ,)\] > min {E @(z),EvTvé(y),,u}.
Similarly, max [ T/(®(2) 03 @(y)) , )\] > min {57‘,‘—,(1) 2), 2% @(y),u} and
max [E%(@(z) o3 O(y)) ,)\] = mln{"T ®(2), =20, ®(y ,u}

Let ®(z2), ®(y) € S. Let z € ®~1(P(2)) and y € ®~1(®(y)) be such that ZZ(z) = sup  EL(2)
2 ed—1(®(2))
and ZZ(y) = sup ZZ(%"). Now,
2 el (2(y))
max |25, (®(z) o1 B(y)) ,)\} = max sup =22 ,)\]
L 2" €2~ 1(2(2)012(y))

1"
= max sup EL(z) A
| 2" €@~ 1(P(2x1Y)

= max |ZZ (2 %1 y), )\]
=T =7
t min{‘—‘a(z) ; ‘—'oz(y),‘u}

EL.®(2) + ZL,®(y)
_ : w w
= mln{ 5 ,u}

Thus, max [E%V(q)(z) o1 O(y)), ] {“W(b(z +“W¢’(y),,u}
Similarly, max [E%V(CI)(,Z) o O(y)) 7)\] = m {:;‘CV(I)(ZH“W@(Z/) M} and max [E%V(@(z) o3 O(y)) ,)\} =
min { shee)Ehen) u}-
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Letz € & (®(z)) andy € ®'(®(y)) be such that ZZ (2) =  inf  E7(2') and
2 €d—1(®(2))
=F(y)=  inf  E7(z). Now,
2 €d=1((y)) )
min [Eva(q)(z) e &(y)) ,A| = min inf Ef(z”) A
B SCIOTI0)

= min inf E2(z ), A
2" €d—1(D(2x1y)

=min |2 (2 %1 y), /\}

Thus, min [Efv((l)(z) o D(y)) ,)\] = max {EV}—V@(Z), E{,’—V@(y),,u}.
Similarly, min [Hﬁ,(@(z) o O(y)) ,/\] = max {Efvtb(z), E‘],'—Vfb(y),u} and
min [ =1 (P(2) o3 B(y)) ,)\] = max {E%@(z), E7,0(y), ,u}.

Let W = ®(a), « is any (), ut)-DioNSBS of .;. Let ®(2),®(y) € S». Let z € &~ 1(®(z)) and y €
&~ 1(d(y)) be such that T, (2) = sup  Du(z)and To(y) = sup Lo (z'). Now,

Y
2 €d—1(d(2)) 2 €d—1(d(y))
max [FW(CP(z) o O(y)) ,)\} = max sup To(z), A
L 2" €@ (2(2)012(y))

= max sup To(z), A
| 2 €1 (P(2x1y)

— max :Fa(z “19), A}

= min {Ta(2), Ta(y). 1}

= min {rwq>(z), T ®(y), u}'
Thus, max [PW(<1>(Z) o B(y)) ,)\} > min {FW<I>(2),FW<I>(y),u}.
Similarly, max [rw(cb(z) o O(y)) ,)\} > min {I’W@(z),l‘awq)(y), u} and

max I:Fw((I)(Z) o3 O(y)) ,/\} > min {FW‘I'(z),FaW(I)(y),M}.

Let ®(2), ®(y) € F. Let 2 € @71(®(2)) and y € (P (y)) be such that A, (2) = sup  Au(z)
2 €2-1(2(2))

and A, (y) = sup Ao (z'). Now,
2 €®=1(D(y))
max |Aw (P(z) o1 P(y)) ,)\} = [ sup Aq(z)) 7/\]
2 e (2(2)012(y))
= max sup Aa(z”) A
2" €P—1(D(2x1y)

:max{ (z*1Y), }

o L0

_ min { Ay ®(z) —;— AW(I)(y),M}

Thus, max [AW(CD(Z) o d(y)), ] min { Aw<I>(z)+Aw<I> )7M}
Similarly, max [AW(@( ) o ®(y)) , )\] > min {AW‘P(Z)+AW<I’(U) /J} and
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max [AW@(z) o5 B(y)) ,A] > min {Mu}
Let z € ®~1(®(z)) and y € ®~1(®(y)) be such that O, (z) =

2 €®d-1(®(2))
O.(y) = inf O, (z). Now,
2 €21 (2(y)
min {@W(Cb(z) o O(y)) ,)\} = min inf CHERIP)
| 221 (@(2)012(y))

= min inf CHEREP)
i 2" €d—1(®(2x1y)

= min :@@(z *1Y), /\}
= max{@a(z),Ga(y),u}
= max{@WCP(z),@W(I)(y),p}.

Thus, min [@W(q)(z) o; O(y)) ,)\} < max {@WCD(Z), @W@(y),u}.
Similarly, min {@W((I)(z) o O(y)) ,)\} < max {@WCI)(Z), Owd(y), u} and

min [@W(q)(z) o3 O(y)) ,)\} = max {@W<I>(z), @W<I>(y),,u}.
Hence W is a (), 1)-DioNSBS of .%%. O

Theorem 3.10. Let (7}, %1, %2, *3) and (.3, 1, @3, ®3) be any two bisemirings. The homomorphic preimage
of (A, u)-DioNSBS of F» is a (A, u)-DioNSBS of /1.

Proof. Let ® : .1 — % be any homomorphism. Then ®(z 1 y) = P(z) @1 P(y), P(zx2y) = P(2) 02 D(y)
and ®(z x3 y) = P(z) o3 (y) forall z,y € .. Let W = &(«), where W is any (A, u)-DioNSBS of .%.
Let z,y € .. Then max{Z=7 (z 1 y),\} = max{HW@)(z x19)), A} = max{Z{7,(®(2) o1 ®(y)), A} =
win{E70(2), 50 0(0). 1) = win{=] (1,27 ().}

Thus, max{Z7 (z %1 y), A} > min{Z7 (2),Z27 (y), u}. Now, max{Z7 (2 » y)7)\} = max{E(;(CI)(z *1
Y), A} = max{Z{f(2(z) &1 ®)), A} = min{=®(z )aux”f/@( )} = min{Z7(2),Z7 (), u}. Thus,
max{Z7 (z x1 y), A} = min{Z7(2),E7 (), u}. Now, min{=7 (2 % y) A} = mln{_“,?[,(@(z *1Y)), A} =
min{= ((2) o1 2(y)), A} = max(Z 8(), 57 (). o) = max(Z] (2,57 0). )

Thus, min{=7 (z x; y), A\} < max{Z=7 (2),Z7 (y), u}. Similarly, max{T(z 1 y), \} = max{Ty (®(z %
1)), A} = max{Ty (B(2) o1 D)), A} = min Ty ®(=), Ty ®(y), 1} = min{Ta (), Ta (1), 1)

Thus, max{T(z *1 y), A} = min{T,(2),Ta(y), u}. Now, max{A,(z *1 y),A\} = max{Aw (P(z *;
¥)), A} = max{Aw (D(z) &1 D(y)), A} = min{AwP(2), AwP(y), u} = min{A,(z),As(y), u}. Thus,
max{Aq(z *x1 ¥), A} = min{A,(2), As(y), p}. Now, min{O,(z 1 y), A} = min{Ow (P(z %1 y)), A} =
min{Ow (P(z)e1 (y)), A} X max{OwP(z), Ow P(y), 1} = max{O,(z), On(y), u}. Thus, min{O, (z*;
Y), A} X max{©,(z),O4(y), 11}. Similarly to prove other two operations, hence « is a (A, )-DioNSBS of
. O

4 (), pu)-Diophantine neutrosophic Normal Subbisemiring

In this section, we interact the theory for (), 1)-Diophantine neutrosophic normal subbisemiring. Here DioNNSBS
stands for Diophantine neutrosophic normal subbisemiring.

Definition 4.1. Let o be any Diophantine neutrosophic subset of .# is said to be a DioNNSBS of .7 if it
satisfies the following conditions:

(1]

Z(z01y) =2 (y O12)

E7(z01y) =E7(yO1 2) OR E7(z01y) =EZ(yO1 2)
EJ(2029) =7 (y O2 2) E27(z029) =2 (y Oz 2) EZ(2029) =7 (y O2 2)
Ef(z Osy) = Eg(y O3 2) OR an(z Osy) = an(y Oz 2)
an(z Osy) = Eaj(y Os 2)
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Aa(z O1 y) = Aa(y O1 Z)

Loz O1y) =Ta(y Or 2) OR B0a(z2 O1Y) = Oa(y O1 2)
Fa(z O2 y) :Fa(y O2 z) Aa(z O2 y) = Aa(:’/ O2 z) @a(z O2 y) = Ga(y O2 Z)
La(2Osy) =Ta(y Os 2) OR Oa(2 O3y) =0y Os 2)

Aoz Osy) = Aa(y Os 2)
forall z,y € ..

Corollary 4.2. (i) The intersection of a family of (X, u)-DioNNSBS of . is a (A, iu)-DioNNSBS s of <.

(ii) If a1, g, ..., a, are the family of (A, p)-DioNNSBS? of A1, S, ..., I respectively, then a1 X ag X
e X Qp is a (N, 1)-DioNNSBS of #1 X Sa X ... X S,

(iii) The homomorphic image of any (A, u)-DioNNSBS of .7 is a (A, u)-DioNNSBS of 7.

(iv) The homomorphic preimage of any (X, u)-DioNNSBS of %5 is a (A, p)-DioNNSBS of .7;.
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