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Abstract. In this paper, we define the concept of Diophantine neutrosophic subbisemiring (DioNSBS) of
bisemirings (BSs). The DioNSBS is the new approach for fuzzy subbisemiring (FSBS) over a BS. Let Z be the
Diophantine neutrosophic subset (DioNSS) in T, we show that Z = ((0Z,0Z,0Z), (I's, A=, ©=)) is a DioNSBS
of T if and only if all non-empty level set 2*7) is a subbisemiring (SBS) of T, V3, € [0,1]. Let = be the
DioNSBS of a BS 7 and Z be the strongest Diophantine neutrosophic relation of 7. Then Z is a DioNSBS
of T if and only if Z is a DioNSBS of 7 x T. Let E1,Z2,...,=, be the family of DioNSBSs of 71,72, ..., Tn,
respectively. We show that 1 X 23 X ... X 2, is a DioNSBS of 71 x T2 X ... X T,. The homomorphic image
of every DioNSBS is a DioNSBS. Let E be any DioNSBS of 7, then pseudo Diophantine neutrosophic coset
(aE)? is a DioNSBS of T, for every a € T. Let (T1,®1,®2,®3) and (T2, ®1,R®2,R®3) be any two BSs. The
homomorphic preimage of every DioNSBS of T3 is a DioNSBS of 71. Let (71, ®1, ®2, ®3) and (T2, ®1, ®2, ®3)
be any two BSs. Let = and A be any two DioNSBSs of 771 and 7z, respectively, then = x A is a DioNSBS of
Ti X Ta. If L:T1 — T2 is a homomorphism, then E(E(Bﬁ)) is a level SBS of DioNSBS Z of 75. Examples are

given to demonstrate our findings.

Keywords: BS; FSBS; NSBS; DioNSBS.

1. Introduction

Most real-world problems are characterized by uncertainty. Numerous uncertain theories,

such as the fuzzy set (FS) [31], intuitionistic fuzzy set (IFS) [5], Pythagorean fuzzy set (PFS)
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[28] and neutrosophic set (NSS) [26] are proposed to deal with the uncertainties. An FS is one
in which every element in the universe is a member, but only to a degree of belongingness that
ranges from zero to one. In the set of elements, these grades are known as membership values.
Clustering techniques [29] are used in applications of FSs like regression prediction for fuzzy
time series [27)and fuzzy c-numbersIn applications that require precise data. Atanassov [5]
introduced the idea of an IF'S. An organization whose membership degree and non-membership
degree values are less than or equal to one. Occasionally, we have difficulty making decisions
when the combined value of the membership degree and the non-membership degree is greater
than one. As part of a generalization of IFS, Yager [28] introduced the concept of PFS as
defined by the sum of membership degrees with non-membership degrees having a value less
than or equal to one. The numerous applications based on PFSs were addressed by Akram et
al. [2H4]. The study of semirings resulted from Dedekind’s engagement with commutative ring
theories. Vandiver [30] introduces semirings as part of his generalization of rings. In the 1880s,
the German mathematician Dedekind began to investigate semirings and commutative rings as
ideals. Vandiver developed a fundamental algebraic structure in 1934 due to his later research
on semirings. A distributive lattice was essentially a generalization of rings. On the other
hand, semiring theory has advanced since 1950. Rings and distributive lattices were essentially
generalized. The theory of semirings has nevertheless been developing since 1950. Iseki [8,9]
was introduced by the semiring concept that is not always commutative under either operation.
Without zero, Iseki [10] demonstrated numerous significant results based on semirings by using
this abstraction for semirings. Many authors and academics have described the various ideals
based on semirings [7]. Semigroups, semirings, and hypersemigroups are a few examples of
ordered algebraic structures that many writers have researched. Zadeh invented the concept of
FS [31]. A function described by a membership value is what this definition refers to as an F'S.
In real unit intervals, degrees are taken. A combination of membership and non-membership
has been considered, and an insufficient definition has been reached. NSS extend FS and IFS
by delineating truth and indeterminacy memberships separately. To manage the uncertainty
presented, Atanassov [5] described a set referred to as an IFS. Several application-related
problems are present in this information set, and Smarandache [26] proposed neutrosophy
to address these issues. Reference parameters were included in the discussion of the linear
Diophantine fuzzy set (LDFS) by Riaz et al. [23]. Because reference parameters are used,
the LDFS is more effective and adaptable than other methods. By modifying the reference
parameter’s physical sense, the LDFS classifies the data in MADM difficulties. A fundamental
difference between F'S and IF'S can be found in neutrosophy, which focuses on neutral cognition.
Smarandache [26] invented neurosophic logic. Each proposition is given an estimated degree

of truth, degree of ambiguity and degree of falsity according to this logic. Every component of
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the cosmos in NSS has a degree of truth, indeterminacy and falsity that ranges from [0, 1]. The
FS, interval-valued FS and classical sets can be generalized to an NSS from a philosophical
perspective.

A semiring (S, +, -) is a non-empty set in which (S, +) and (S, -) are semigroups such that “.”

is distributive over “

+7 7). In 1993, Ahsan et al. [1] introduced the notion of fuzzy semirings.
In 2001, Sen and Ghosh were introduced in BSs. A bisemiring (BS) (7, +, o, X) is an algebraic
structure in which (7, +,0) and (7,0, X) are semirings in which (7, +), (7, 0) and (T, x) are
semigroups such that (i) 7,0 (1 +7¢) = (a0 7)) + (Ta07c), (i) (Tp+7c) 0Tq = (Th07T4) + (Tc0T4)
(iii) 74 X (Tp07e) = (Ta X Tp) 0 (Ta X 7c) and (iv) (10 7e) X To = (T4 X Ta) 0 (Te X T4), V70, e € T [25].
A non-empty subset Z of a BS (7,4, 0, x) is an SBS if and only if 7, + 7, € E, 7,07, € = and
Ta X Ty € 2,74, Ty, Te € 2 [6]. Palanikumar et al. discussed the various ideal structures of SBS
theory and its applications [11]- [20]. The concept of DioNSBSs is introduced in this study.
This paper is focused on the following: The introduction is in Section The preliminary

definitions and results are found in Section 2l Section [] introduces the notion of DioNSBS

and its several illustrative examples.

2. Basic Concepts

Definition 2.1. [26] An NSS Z in the universe U is = = {¢, 0L (e),0%(c),0L(e) | € €
U}, where UL (), UL(e) UZ(¢) represents the degree of truth-membership, indeterminacy
membership and falsity-membership of =, respectively. The mapping UL, 0L, 0L : U/ — [0, 1]
and 0 < UL (e) + UL (e) + UL (e) < 3.

Definition 2.2. [26] Let &, = (O ,0Z ,0f), 22 = (UL ,0%,0f) and Z3 =
UT UI ) be the three neutrosophic numbers over ¢. Then
1) <U-Erl ? Uél ) U£1>

(
(
(11) Sy VI = < ax(UETQ,Ug3),min(z5§2,6%3),min(z5§2,U§3)>
(iii) Eo AEg = <min(UT UT) max (UL, UL ) max(UZ U}—S)>
(iv) E2 > By iff 0L, > UL, and UL, < UL, and Of, < UZ,
(v) By =Z3 iff B = 0L and UL, = UL, and B = UL .

OZ (€2)} of U, we defined a (1,0)-

Definition 2.3. [26] For any NSS = = {¢,,0L(&,), UL(&,), UL
€a) 2 7, UL (&) < o}

cut of as the crisp subset {&, € U | UL(&,) > 7, UL (¢

(1]

Definition 2.4. [26] Let = and A be be two NSSs of 7. The Cartesian product of
and A is defined as = x A = {U_XA(fa,Eb) UIXA(&L,&;) U_XA(&L,&)) | for all &,&
T}, where 07, 4 (6, &) = min{UL (&), 5L (&)}, UL, o (60, &) = ZELNE) 67 (&,,6) =
max{UZ (§a), BA (&) }-
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Definition 2.5. [?] AnFSZofa BS (T, @1, ©2, @3) is said to be a fuzzy subbisemiring (FSBS)
of T if U=(£a@1&p) > min{U=(&a), U=(&) }, O=(§a@28) > min{U=(&4.), U=(8)}, U=(8a@38) >
min{Uz(&), O=(&)}, Ve, & € T

Definition 2.6. [?] An FS =Zofa BS (T, @1, 02, @3) is said to be a fuzzy normal subbisemiring
(FNSBS) of T if U=(&, @1 &) = Uz(& @1 &a), Uz(&a @2 &) = U=(& @2 &), Uz(éa @3 &) =
Oz(& @3 &a)s V€a, & € T

Definition 2.7. [6] Let (7,+,-, x) and (71, ®,0,®) be two BSs. A mapping k: T — 7T; is
said to be a homomorphism if k(& + &) = k(&) ® K (&), K(Ea - &) = K(&a) 0 K(&p), K(Ea X &) =
K(€a) © K(&p), V€a, & € T

3. Diophantine Neutrosophic Subbisemirings

In the following, let 7 denote a BS unless otherwise stated.
Definition 3.1. A DioNSS Zin U is E = {6, (Ug(e),Ué(e),Ug(GD, (FE(G),AE(G),@E(e)) ]
eelU }, where UL (e), UZ(e) UL (€) represents the degree of truth-membership, degree of
indeterminacy membership and degree of falsity-membership of =, respectively, and I'z(€) +

A=(e) +©s(c) < 1. The mapping UL, 0%, 6Z : ¢ = [0,1] and 0 < (T=(e) - BL()) + (A=(e)
UL(€)) + (©=(e) - UL (e)) < 2.

Definition 3.2. A DioNSS = of 7 is said to be a DioNSBS of 7 if (V(,n € T)

(6L(¢ o1 n) > EOETED)
UL (¢ @1 n) > min{UL(¢), L (n)} OR
0L (¢ @2 1) = min{0L(¢), UL (n)} OL(C @y ) > P20
UL (¢ @3n) > min{UZ(¢), 0L (n)} OR

| UL 2o ) > EUED |

BL (¢ @1n) < max{UL(C), UL (1)}
UL (¢ @2n) < max{UL(¢), VL (n)}
UL (¢ @3m) < max{UL((), UL (1)}
As(C o1 ) 2 A=04hz(0)
I'=(¢ @1 n) = min{l'=(¢), I'=(n)} OR
I'=(¢ @2m) = min{T'=(¢), I'=(n)} A=(¢ @ 1) > 2eltA=1)
I=(¢@3n) =2 min{I'=(¢), T'=(n)} OR
A= (¢ 0y ) 2 A=Q4Az(0)

7
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O=(¢ @1 1) < max{O=(¢),O=(n)}
O=z(¢ @2 1) < max{O=((), O=(n)}
O=(¢ @3 1) <max{O=(¢),O=(n)}

@100 | Op | Oc | 0qg| | D2 |00 |0p|0c|0q] |3 |0a|0p]|0c]|04
o [ba | 0o | 0o | b || 0a|0a|0Op|0c|0a||ba|ba|bu|ba]|ba
Op |00 | Op | Oa|Op| | Op |Op|0O|0q]|0q|]| Op|0Oa]|0y| 0|04
Oc | 0o | 0o | Oc|Oc| | Oc|0Oc|0q|0c|0q|]| O |0Oaq]|0a|ba|ba
Og | 0o | Op | Oc|0q| | 0a|0q|0a|ba|0q|]|ba|0aq]|0a|bal|ba

0 =0, 6 =6, 6 =0, 6 =10,
(6L(0),T'=(0)) | (0.97,0.40) | (0.95,0.35) | (0.92,0.25) | (0.94,0.30)
(GZ£(6),A=(9)) | (0.80,0.25) | (0.78,0.20) | (0.73,0.10) | (0.75,0.15)
(BL(6),0=(0)) | (0.85,0.30) | (0.89,0.35) | (0.91,0.45) | (0.90,0.40)

Clearly, = is a DioNSBS of 7.

Theorem 3.4. The intersection of a family of DioNSBSs of T is a DioNSBS of T .

Proof. Let {Z; : i € T} be a family of DioNSBSs of 7 and E = (1] Z;.
€T
Let ¢ and i in 7. Then

OL(C @1 n) = inf BF,(C 1)

> inf mln{UZ( ), 072—2(77)}

i€l

= min {mf UZ <), 12% U7Z—Z (77)}

1€L

= mm{Ug( ), Ug(n)}

Similarly, OZ (¢ @2 ) > min{GL(¢), 6L (1)}, BL(¢ @3 1) > min{GL((), UL (n)}. Now,

BZ(C @1 m) = inf U7, (C o)

(0} 4y
> inf 7,(¢) + 07, (n)
i€l 2
i : 7z
inf U7,(C) + inf U7, (1)
B 2
_ UZ(¢) + BE(n)
5 .
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T i i Z
Similarly, UZ(¢ @2 7) > w and UL(¢ @3 1) > w Now,
BL(Co1n) = sup Uz, (¢ 17)
1€

< sup max{Uz,(¢), Uz (n)}

= max {S.UP Uz, (C),sup Oz, (77)}
ie€T €L

= max{UZ(¢),BZ (n)}.

Similarly, UZ (¢ @2 1) < max{UZ(¢), BZ (n)}, UZ(¢ @3 1) < max{UL((), UL (n)}.

=(C@1n) = ig Pz.(C@1m)
> ig; min{l'z,(¢), Iz, (n)}
= min {g z(C), inf T'z, (n)}
= min{I's((), I'=(n)}.

Similarly, D=(¢ @3 ) > min{P=(C), T=(n)}, T=(¢ @3 1) > min{T=(C), T=(n)}. Now,

A=z(Co1n) = 32% Az, (¢ 21 1m)
AZi(C) + AZi (77)

> inf
ieT 2
_ %1615 AZz(C) + %Ielg AZz‘ (77)
2

A=(Q) +A=(n)
: .

Similarly, Az (¢ @ 17) > A2 ang A (¢ g ) > A2DFHASE) oy,

O=(¢C @1 1) =sup Oz, (C 21 7)
1€T

< sup max{@zi (()’ ®Zi (77)}
€T

= max {Sug @Zi(Oa Su%) Oz, (77)}
i€ 1€

= max{Oz((), O=(n)}.

Similarly, ©=(¢ @2 7) < max{0=((),0=(n)}, O=(¢ @3 1) < max{O=(¢),O=(n)}. Hence Z is a
DioNSBS of T.

Theorem 3.5. If Z and A are two DioNSBSs of T1 and T, respectively, then = X A is a
DioNSBS of T1 x Ts.
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Proof. Let = and A be two DioNSBSs of 7; and 73, respectively. Let (;,(2 € 71 and
M, 72 € To. Then (Ci,m) and (C2,72) are in Ti x T2. Now,
UL Al(Cm) @1 (G2 m2)] = BLua (G @1 Goym @1 12)
= min{OZ (¢ @1 &), BA(m @11m2)}
> min{min{0Z (1), OZ (¢2)}, min{GX (), BA(m2)}}
= min{min{GZ (¢:), BA(m)}, min{OL (¢2), BA (12)}}
= min{UL, A (C1,m), OLxa(Coim2)}-
Also, UL Al(Gom) @2 (Gome)] = min{OL, A(Gm), BL A (Cym2)} and BL, A[(Grim) @
(G2, m2)] > min{UL, A (G, m), O, 5 (G2, m2)}- Now,

UL, Al(Gm) @1 (G2um2)] = UL, A(CL @1 G2 @1 12)

OL(G @1 ¢2) + UL (m @1 1m2)
2

1[6L(G) + UE(G) |, GA(m) + UM)]
2 I 2 2

(UZ(G) + BA(m) |, UL(G) + UM)]

2 2

Ozxa(C,m) + UéxA(CQvUQ)]

Also, UL A[(C1,m) @2 (C2,m2)] > l{ngA(CM?l) + UéxA(CQﬂD)] and UL, A[(C1,m) @
(<27n2)] [GzXA(Clanl)+U:><A(<27772)] NOWa

B, al(Crom) @1 (Go,m2)] = B, A (G @1 G @1 12)
= max{UZ (1 @1 C2), BA(m @172)}
< max{max{UZ (¢1), OZ (G2)}, max{TA (m), VA (n2)}}
= max{max{UZ (¢1), UA (m) }, max{OL (¢2), VA (m2)}}
= max{UZ, A (C1,m), UL, A (G2, m2) }-

Also, BLAl(C1,m) @2 (Goym2)] < max{OL A (C1ym), BZ,a(C2m2)} and UL, A[(Gim) @3
(C2,m2)] < max{OZ, A (C1,m), L, A (G2, m2)}-

Fzsal(Crm) @1 (G2 m2)] = Tzxa (G @1 G2, m @1 12)
= min{l's(¢1 @1 ¢2), Talm @1 72)}
= min{min{I'=(¢1), I'=(¢2) }, min{L'a (1), Ca(m2)}}
= min{min{I'=(¢1),Ca(m)}, min{l'=(¢2), Ta(n2)}}

=min{T=xaA(C1,71), T=xa(C2,m2) }-
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Also, T=xal(Ci,m) @2 (C2,m2)] > min{Tzxa(Ci,m), exa(Ce,m2)} and Tzxa[(C,m) @3
(¢2;m2)] 2 min{T'=xA(C1,m1), P=xa(C2,m2)}. Now,

A= A[(C1m) @1 (C2,m2)] = Azxa(C @1 G2, m @1 12)

_ A=(G @1 &) + Aa(m @1 m2)
2

A=(C) +45(G) | Aalm) +AA<n2>]

1
2 2 2

(A=() + Aa(m) | A=(G2) +AA(772)]

2 2

:AEXA(Cla m) + Azxa(Ce, 772)]-

Also, Azxal(C1,m) @2 (C2,m2)] > %[AExA(Clﬂh) + AaxA(@ﬂh)] and Azxal(C1,m) @3
(C2,m2)] = %[AsxA(Cl,m) +AE><A(C27772)] Now,

Ozxa[(C1,m) @1 (G2, m2)] = O=xa (G @1 G2, 11 @1 712)
= max{Oz((1 @1 (), Oa(m @1 m2)}
< max{max{Oz(1), O=(¢2)}, max{Oa(n1), Oa(n2)}}
= max{max{O=(¢1), Oa(m)}, max{O=(¢2), Oa(n2)}}
= max{Ozxa(C1,m), O=xa(C2,m2)}-

Also, ©zxal(C1,m) @2 (C2,m2)] < max{O=xa(C1,m),O=xa(C2,m2)} and O=xal(C1,m) @3
(C2,m2)] < max{O=xa(C1,m),O=xA((2,m2)}. Hence = x A is a DioNSBS of T.

Corollary 3.6. If =1,Z,,...,Z, are DioNSBSs of T1, T2, ..., Tn, respectively, then =1 X Zg X
... X Ep 18 a DioNSBS of Ti X Ta X ... X Tp.

Definition 3.7. Let Z be a DioNSS in 7, the strongest Diophantine neutrosophic relation on

T. That is a Diophantine neutrosophic relation on = is Z given by

07 (¢,n) = min{U%(¢), 87 (n)} Iz(¢,n) =min{T'z(¢),Tz(n)}
OL(¢,n) = U%(C);Ué(n) Az(C,n) = Az(C)JQrAz(n)
U7 (¢,n) = max{U%((), % (n)} ©2(¢,n) = max{0z(¢),02(n)}

Theorem 3.8. Let = be the DioNSBS of T and Z be the strongest Diophantine neutrosophic
relation of T. Then Z is a DioNSBS of T if and only if Z is a DioNSBS of T x T.
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Proof. Let = be the DioNSBS of 7 and Z be the strongest Diophantine neutrosophic
relation of 7. Then for any ¢ = (¢1,(2) and 7 = (n1,72) are in 7 x T. We have
BE (¢ @1m) = BZ[((G1,¢) @1 (m1,m2)]

= 0% (¢ @171, G @112)
= min{UL (¢1 @1 m), 0L (& @1 m2)}
> min{min{GZ (1), 8L (m)}, min{0Z (¢2), UL (m2)}}
= min{min{GZ (¢:), 8L (¢2)}, min{GZ (m), UL (n2) }}
= min{0%(C1,¢2), OF (m1,7m2) }
= min{07%(¢), % (n)}-

Also, UL (¢ @2 ) > min{G7(C), 8% (1)}, 8L (¢ @3 1) > min{U7 (), 8% (n)}. Now,

BZ(¢C 01 1m) = BZ[((¢1,G) @1 (m,m2)]

= U% (¢ @111, ¢ @1 1m2)
~ UL(G @1 m) + OE(G 01 m2)

2

_ 1[BE(@) +TEem) | BE(G) +6§<n2>]
-2 2 2
_ 1| UE(G) + UE(G) | BEm) + 6%(@]

2 2 2
_ U%(G1, Q) + UG (n1,712)

2

_ %0 + 55

2

Also, UL(C @g 1) > S2O20Z0) ong 6Z(¢ 05 ) > 2020 - Ginilarly, BE(C 01 1) <

max {05 (), 55 ()}, BF (C@2m) < max{GF(¢), 05 ()} and B ((23m) < max{UF((), 0% (n)}-
Now,
I'z(C@1n) =T=z[((G, ) @1 (m,m2)]

=T2(& @1 M1, @1 12)

= min{T=(¢1 @1 m),T=(( @1 1m2)}

> min{min{I'z(¢1), F=(m)}, min{T'=(¢2), T'=(n2) }}

= min{min{I'=(¢1), '=(¢2) }, min{T=(n), (=(n2) }}

= min{l'z(C1,C2), Tz (n1,7m2)}

=min{I'z(¢),Tz(n)}.
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Also, I'z(C @2 1) = min{l'z(¢),Lz(n)} and I'z(¢ @3 1) = min{I'z(¢),I'z(n)}. Now,

Az(C@1m) = Az[((C1,C) @1 (m1,m2)]

= Az(C1 @171, G @1 12)
_ A=(G @1m) + As(G @1 72)

2
> 1 [AE(CI) + A=(m) n A=(C2) + Ag(ng)]
2 2 2
_ 1 [AE(Cl) + A=((2) N A=(m) + AE(T]Q)]
2 2 2
_ Az(G,G2) + Az(m, )
2
_ Az(Q) +Az(n)
5 .

Also, Az(C @2 m) > M and Az(C @3 1) > M Similarly, ©z(¢ @1 1) <
max{0z(¢),0z(n)},02(C@2n) < max{O©z(¢),Oz(n)} and Oz(C@37n) < max{Oz(¢),Oz(n)}-
Hence Z is a DioNSBS of 7 x 7.

Conversely, assume that Z is a DioNSBS of 7 x T, then for any ¢ = ({1, ¢2) and n = (11,72)
are in 7 x 7. We have

min{UZ (¢; @1 m), BL (G2 @1 m2)} = UL (G @11, C2 @1 1m2)
= 0% [(¢1,¢) @1 (m, )]
= 0% (¢ 21 n)
> min{0%(¢), 0% ()}
= min{07%(¢1,62)}, OF (m, 12)}
= min{min{0Z (¢1), 8L (¢2)}, min{OZ (m1), L (n2)}}.

If OZ(¢1 @1 m) < UL(¢ @1 m), then BI(¢G) < UL(¢) and OI(m) < OL(m). We
get BL(¢1 @1 m) > min{0L(¢1),0L(m)} ¥¢,m € T and min{GL(¢1 @2 m),BL (¢ @2
m2)} > min{min{OZ (¢1), L ()}, min{OL (m), O (2)}}. I BL(G1 @2 m) < BL(G @2 1m2),
then OL(G @2 m) > min{OL(G),0Z0m)}.  So, min{GL(C @3 m),BL(G @5 m)} =
min{min{OZ (¢1), 8L (&)}, min{GL (m), 0L (n2)}}.  If BL(¢1 @3 m) < UL(C @3 1m2), then
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UE(Q @3mM) > min{Ug(Cl), Ug(m)}- Now,

—|0L(¢ @1m) + BE(¢ @1 772)} = 07(¢1 @111, G @1 m2)

7(G
= UL[(¢1, &) @1 (n1,m2))]
U7 (

= Co1n)
., U2(0) + U7 ()
B 2
_ U%(G1, G) + U% (1, 72)
2
1| BE(G) + BE(G) n UL (m) + OL(ne)
2 2 2 :

If OL(G @1 m) <

UL(¢2 @1 7m2), then UE(G1) < UE(G) and UL(m) < UL(n2). We
get, OL(¢1 @1 m) > M. Similarly, OL(¢; @2 m) > w and UL((1 @3
m) > w Similarly to prove that max{Ug(Cl @1 771),(5%:(42 @1 M)} <
max{max{UZ ((1), 0L (¢2)}, max{OZ (m), 0L (2)}}.  If BL(¢L @1 m) > OL (G @1 m2), then
GZ(G1) > BL(¢2) and BL(m) > BL(n2). We get, BL(C1 @1 m) < max{TZ(¢1), 0L (m)}-
So, max{UZ (1 @21n), BZ (G @272)} < max{max{UZ (¢1), UL (¢2) }, max{UZ (m), UL (12)}}. If
UL (¢ @2m) = UL (¢ @2 m2), then UL (¢ @2 m1) < max{UZ (1), BZ(m)}. So, max{GZ (¢ 3
m), 0L (¢ @3 1)} < max{max{UZ(¢1), 0L (¢2)}, max{OZ (m), VL (n2)}}. 1f BL(C1 @3 m1) >
UL (G2 @3 12), then UL (¢1 @3 m) < max{GZ(¢1), OL (m)}. Now,

min{l'=(C1 @17m), I'=(C2 @1712)} = Tz(C1 @11, G2 @1 1m2)
=T2[(¢1,¢2) @1 (1,m2)]
=Tz(C21n)
> min{T'z(¢),Tz(n)}
= min{T'z(¢1,¢)}, Tz (m,m2)}
= min{min{T'=(¢;), D=(C)}, min{T= (1), T= (1)} ).

If 'e(G @1 m) < T=(C @1 m), then I's(¢1) < Tz(¢) and I's(m) < Is(ne). We
get T'=(¢1 @1 m) > min{l=(¢1),T=(m)} V¥¢G,m € T and min{I'=(¢1 @2 m),T'=(¢2 @2
n2)} > min{min{'z(¢1),T=(¢2)}, min{T=(m),l=(n2)}}.  If T=(Gt @2 m) < T=(l @2
n2), then I's(¢1 @2 m) = min{I'=(¢1),T=(m)}.  So, min{l'=(Gt @3 m), T'=(¢2 @3 m2)} =
min{min{I'=(¢1), I'=(¢2)}, min{T'=(m),F=(n2)}}.  If T=(G @3 m) < T=(C @3 n2), then
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I'=(G @3m) > min{l'=(¢1), '=(m)}. Now,

% A=(CGr o1 m) + A=(G @1m2) | = Az (G @1 m1, G2 @1 1m2)
= Az[(C1,¢2) @1 (M, m2)]
=Az(( @1 1)
> Az(¢) ‘;AZ(U)
_ Az(G,¢2) + Az (m,m2)
2
_ 1| A=(Q) +As(G) | As(m) + A=) |
2 2 2

If A=z(Gt @1 m) < Az(¢e @1 m2), then Az(G) < As(¢2) and As(m) < As(p). We
get, A=(G1 @1 m) > M. Similarly, A=((1 @2 m1) > w and A=(( @3
m) > M Similarly to prove that max{©=({; @1 71),0=((2 @1 172)} <
max{max{Oz((1), O=(¢2)}, max{O=(m),O=(m2)}}. If O=(G @1 m) = O=(C2 @1 172), then
©=(¢1) = O=(¢2) and O=(m) > O=(n2). We get, O=(C1 @1 m) < max{Oz(C1),O=(m)}.
So, max{©z((1 @2 m), O=((2 @2 n2)} < max{max{O=(¢1), O=(C2)}, max{O=(m), O=(n2)}}. If
O=(C1 @2m) > Oz(¢2 @2 72), then O=(¢1 @2 m) < max{©=(¢1), O=(m)}. So, max{O=((1 @3
m),0=(¢2 @3 2)} < max{max{O=((1),O=((2)}, max{O=z(m), O=(n2)}}. If O=(C1 @3 m) =
O=((2 @3 m2), then O=(¢1 @3 m) < max{O=((1),O=(n1)}. Hence E is a DioNSBS of 7.

Theorem 3.9. Let = be a DioNSS in T. Then = = (UL, 0L,6L), (I'z, A=, O=)) is a DioNSBS

of T if and only if all non-empty level set 2P is an SBS of T for B,~ € [0,1].

Proof. Assume that = is a DioNSBS of 7. For each §,7 € [0,1] and ¢;,¢ € 267,
We have 0L (¢1) > 8,0L(¢2) = 8, BE(¢1) 2 B,UE(¢2) = B, UZ(G) < 7, 0Z(G) < v and
I'=(¢1) > 8,T=(G) > B, A=(G1) = B,A=((2) > B and O=(C1) < 7, 0=(C2) < 7. Now, UL (¢ 01
(2) > min{UL(¢1),0L(¢2)} > B and BL(G1 @1 ) > w > Bt = ¢ and BL(G1 1
¢2) < max{UL(¢1),0L£(¢2)} < 7. Similarly, T=(¢ @1 ¢2) > min{T=(¢1),T=(¢2)} > S and

Az(Gr @1 (o) > AR > B — ¢ and ©2(G1 @1 G2) < max{O=(C1), O=(¢2)} < 7. This
implies that (1 ©1 (2 € =2 =B, Similarly, (; @2 (o € = =67 and (103 €= =(87). Therefore
267 is a SBS of T for each 8,7 € [0, 1].

Conversely, assume that Z(%7) is an SBS of T for each 8,7 € [0,1]. Suppose if there
exist C1, ¢z € T such that BT (G 1 ) < min{UL(G1), 0T ()}, BE(G 21 &) < ),
UL(¢G1 @1 G) > max{UZ(¢1), BZ(¢2)} and T=(G @1 ) < min{l'=(G),T=(¢2)}, A=(G @1
() < M and Oz((1 @1 (2) > max{O=((1),O=(¢2)}. Select B, € [0,1] such that
UQ@@&Q<ﬂgmmﬁg@mag@nmmwgg@gg<5g§¥$?i@mmwgg@l
C2) > v > max{UOZ (¢1), 0Z(¢2)}. Then (1, ¢ € EBY but ¢ @1 ¢ ¢ =), This contradicts
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to that =% is an SBS of 7. Hence Ug(@ 01 ¢2) > min{Ug(Cl),Ug(Cg)}, OL(G o1 G) >
w and UZ (¢1 @1 ¢2) < max{0Z (1), 0L (¢2)}. Select B,~ € [0,1] such that I's(¢; @1
) < B < min{T'=(G),T=(¢)} and A= (¢ @1 <2> < p < A=HA=l@) ang 0z(¢ 01 ) >
v > max{O=((1),0=((2)}. Then (3,( € E M but G 01 Co Qﬁ =87, This contradicts
to that 247 is an SBS of 7. Hence I'=({; @1 ¢2) > min{I'=((1), T=(G)}, A=(G @1 &) >
M and Oz((; @1 (2) < max{O©=((1),0=((2)}. Similarly, @2 and @3 cases. Hence

E= <(UZ, UL, 0L), (I's, Az, ©z)) is a DioNSBS of 7.

Definition 3.10. Let = be any DioNSBS of 7, a € T and P is any set. Then the pseudo

Diophantine neutrosophic coset (aZ)? is defined by

((aBL)?)(¢) = p(a)BL(C) ((al'2)P)(¢) = p(a)T'=(C)
((aBE)?)(¢) = p(a)VE(C) alz)P)(¢) = p(a)A=(C)
((aBZ)P)(¢) = p(a)BE(Q) ((a©=)?)(¢) = p(a)O=(C)

for every ¢ € T and for some p € P.

Theorem 3.11. Let = be any DioNSBS of T, then the pseudo Diophantine neutrosophic coset
(aE)? is a DioNSBS of T, for every a € T.

Proof. Let Z be any DioNSBS of 7 and for every (,n € 7. Now, ((aUBL)P)(¢ @1
n) = pla) BI(¢ @1 n) > pla) min{GL((),BL()} = min{p(a) BL(C),p(a) BL(n)} =
min{((aGZ)?)(C), ((aBL)?)(m)}. Thus, ((aGL)?)(¢ @1 1) > min{((aBL)?)(C), (aBL)?)(n)}.
(n

Now, ((a0L)?)(C @1 1) = pla) VE(C @1 1) > pla >[”f“)§“f"“] = MO OO O

[]N

(@EOHEENO) Dy, ((@BLYP)(C @n ) > LWEENOHEEIN  Now (@BZ)P) (¢
n) = p(a) B2(C @1 n) < pla) max{U£((),BL(m)} = max{p(a) BZ(C),p(a) BZ(n)} =
max{((a0Z)")(¢), (aBL)?)(m)}. Thus, ((aBL)P)(¢ @1 ) < max{((aBZ)?)(C), ((aBL)?)(n)}.

Now,

p

~—
~—

((al=)")(C@1n) = pla) T=(C 21 1)
> pla) min{l'=(¢), F=(n)}
= min{p(a) I'=(¢), p(a) T=(n)}
= min{((al'z)")(¢), ((al'=)")(n)}.
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Thus, ((al'=)?)(¢ @1 1) = min{((al'2)?)(C), ((al'z)?)(n)}. Now,
((aA=)’)(C@1n) = pla) A (C @1 1)

> p(a){ +AE ]

_ pla) A=(Q) + A=(n
2

_ ((@A2)")(Q) + ((ah=)")(m)
2

Thus, ((aAz)?)(¢ @1 ) > (ADNQH(@A)@) Ny,

((a©=)")(C@1n) = pla) O=(C217)
< pla) max{O=((), O=(n)}
= max{p(a) ©=(¢),p(a) O=(n)}
= max{((a©=)")(¢), ((aO=)")(n)}-

Thus, ((a©=)P)(¢ @1 1) < max{((a®=)?)(¢), ((a®=)P)(n)}. Similarly, @2 and @3 cases. Hence
(aZ)P is a DioNSBS of 7.

Definition 3.12. Let (71, ®1, ®2, ®3) and (72, ®1, ®2, ®3) be any two BSs. Let L : 71 — T
be any function and = be any DioNSBS in 77, Z be any DioNSBS in £(77) = T2. If Uz =
((Ug, U%, UJET), (T'z, A=, 0z)) is a DioNSS in 77, then Uz is a DioNSS in 73, defined by V¢ € T;
and n € 7Ta,

UT@){mmU£@>Lf<ecw Uzm){$m05@)tf<€£%
Z - Z -

0 otherwise 0 otherwise

520 - {infzsg(g) if cecLly
Z(n) =

1 otherwise

- i —1 _ : .
Ty(n) = {supF:(O JCeLln Ag(n) = {supA_(() fcecL ™y

0 otherwise 0 otherwise

infO=(¢) if CeL ™y
©z(n) =
1 otherwise
which is called the image of Uz under L.
Similarly, If Uz = (07, 0%,0%), Tz, Az,02)) is a DioNSS in 73, then DioNSS Uz = Lo Uy

in 77 [i.e., the DioNSS defined by U=(¢) = Uz(L(¢))] is called the preimage of Uz under L.

Theorem 3.13. Let (71, ®1, ®2, ®3) and (T2, ®1, ®2, ®3) be any two BSs. The homomorphic
image of every DioNSBS of T1 is a DioNSBS of Ts.
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Proof. Let £ : 71 — T2 be any homomorphism. Then £({ ®; ) = L({) ®1 L(n), L({ ®2
n) = L(¢) ®2 L(n) and L(C ®3 1) = L(¢) ®3 L(n) V(,n € Ti. Let Z = L(E), E
DioNSBS of 77. Let £(¢),£(n) € T2. Let ¢ € L7YL(¢)) and € L7Y(L(n)) be such that

is any

Ug(() = sup Ug((l) and Ug(n) = sup GE(C/). Now,
¢'eL—1(L©Q)) ¢'eL—1(L(n))
OL(L(C) @1 L(n)) = sup 6L
¢"eL1(L(O®1L(n))
= sup UL
¢"eL—1(L(¢@im)
=0L (e n)

> min{OZ (¢), 0L (n)}
= min{G%L(C), BL L)}
Thus, UZ(L(¢) @1 L(n)) > min{GFL(), 0L} Similarly, UL(L(C) @2 L(7) >

min{OZ L(¢), 8L L(n)} and BZ(L(C) ®3 L(n)) = min{UFL(C), BFL(n)}. Let ¢ € L71(L(C))
)

and 7 € L71(L(n)) be such that UL((¢) = sup  UL(¢') and UL(n) = sup  UL(C
¢"eL=1(L(<) ¢'eL=(L(n))

Now,

OL(L(C) @1 L(n) = sup UL(¢
" eL=1L(O®1L(n))
=  sup UL
¢"eL—1(L(¢@1m)

= UL((®17)

(9 "5 UL(n)

_ UZL(C) +ULL()
5 .

OL(L(C)@3L(n)) > ZEOTOZEN 1ot £(¢), L£(n) € Ts. Tet ¢ € L7H(L(C)) and 7 € L1(L(n))
be such that OZ(¢() =  inf  UL(¢)and BZ(n)= inf  CZL(). Now,
¢'eL—1(L(¢) ¢'eL—1(L(n))
OLLQ) @ L) = inf uZ(¢")
¢TeLTHLO)®1L(N))
= inf UL
¢"eL—r(L(¢®1n)
=0L(¢®1n)

< max{0Z(¢),0Z(n)}
= maX{Ugﬁ(C)y U]Z:E(n)}
This, GZ(C(Q) &1 L) < max{BZL(Q.UFLM).  Smilarly, GELQ) 92 L) <

max{U7L(¢), 07 L(n)} and BZ(L(¢) @3 L(n)) < max{U7L(C), UZL(n)}. Let ¢ € L71(L(())
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and n € L7Y(L(n)) be such that I'=(¢) = sup  TI=(¢) and T'z(n) = sup  I'=(¢).
¢'eL1(L(¢) ¢'eL=1(L(n))
Now,

Tz(£(¢) @1 L(n)) = sup F=(¢")
¢" €L L()@1L(m)

=  swp Tz
¢"eL=1(L(¢@1n)

=T=(C @1 7)
> min{l'=(¢),T=(n)}
= min{TzL(¢),TzL(n)}.

Thus, I'z(£(¢) ®1 L(n)) = min{l'zL(¢),T'zL(n)}.  Similarly, I'z(L(C) ®2 L(n)) =
min{l'zL(C),TzL(n)} and Tz(L(¢) ®3 L(n)) = min{l'zL(C),TzL(n)}. Let ¢ € LTH(L(C)
and n € L71(L(n)) be such that Az(¢) = sup  A=(¢) and Az(n) = sup  A=(¢).
N ¢eL=1(£(Q) eL=1(cm)

ow,

Az(L(C) ®1 L(n)) = sup A=(¢C)
¢"eL1(L(O®1£L(n))

e (&
¢"eL—1(L(¢@1n)

= A=(C ®1 1)

> A=(Q) —12'/\5(77)

_ AZL(Q) + AzL(n)
5 .

Thus, Az(L(C) @1 L(n)) > A2EOFAZEM) - gimilarly, Az (L(C) ®2 L(n)) >
Az(L(C)®3L(n)) > A2EOHAZLO) 1ot £(¢), L(n) € To. Let ¢ € L7H(L(C)) and i € L71(L(n))

be such that ©=(¢) = inf 0=z(¢") and O=(n) = inf ©=(¢). Now,
¢'eL—1(L(¢) ¢'eL—1(L(n)
Oz(L() @1 L(n) = inf 0=(¢")
¢"eL=t(L)®1L(n)
= inf e=(¢")
¢"eL—1(L(¢®1n)
=0=z((®1 1)

< max{0=(¢),O0=(n)}
=max{0zL((),02L(n)}.

Thus, ©z(L(¢) ®1 L(n)) < max{OzL(¢),©zL(n)}.  Similarly, ©z(L(() ®2 L(n)) <

max{0zL(¢),0zL(n)} and Oz(L(() ®3 L(n)) < max{OzL((),OzL(n)}. Hence Z is a
DioNSBS of 7.
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Theorem 3.14. Let (T1,®1, ®2, ®3) and (T2, ®1, @2, ®3) be any two BSs. The homomorphic
preimage of DioNSBS of T is a DioNSBS of Ti.

Proof. Let £ : T; — T2 be any homomorphism. Then L({®1n) = L({)®1L(n), L({®2n) =
L(¢) ®2 L(n) and L(¢ ®3n) = L(C) ®3 L(n) V¢,n € T1. Let Z = L(E), where Z is any
DioNSBS of T5. Let ¢,n € Ti. Now, OL({ ®1 1) = UL(L(¢ ®1 7)) = BL(LC) @1 L(n) >
min{07 £(¢), B} L(n)} = min{GL (¢), 8L (n)}. Thus, BL( ®1 1) > min{GL(¢), 6L (1)}. Now,
GL(C @1 1) = BL(L(C @1 1) = BHLQ) @1 L)) > ZECLOZED _ SHOI00 - g,
OL(C @1 ) > SO0 Now, GZ(¢ @1 ) = BHLC @1 ) = BEL(Q) @1 L) <
max{0%L(¢), 07L(n)} = max{UOL(¢),VL(n)}. Thus, BL(¢ ®1 1) < max{UL((),BL(n)}.
Now, T'=(¢ @1 1) = Tz(L(¢ ®1 1) = Tz(L() @1 L(n) > min{l'zL((),TzL(n)} =
min{I'z(¢), I'=(n)}. Thus, I'=(¢®1n) > min{l'z(¢),I'=(n)}. Now, Az(C@1n) = Az(L(C®1n)) =
AZ(L(Q) @1 L(n)) > AzERzEl) = ASOLR - Thus, Az(C @) > A=A
Now, Oz (C ®1 ) = Oz(L(C ®1 1)) = @z(ﬁ(C) ®1 L(n) < max{O0zL(¢),0zL(n)} =
max{0=((),0=(n)}. Thus, O=(¢ ®1 n) < max{O=(¢),O=(n)}. Similarly to prove two other
operations, = is a DioNSBS of T;.

Theorem 3.15. Let (T1,®1, ®2, ®3) and (T2, ®1, ®2, ®3) be any two BSs. If L: Ty — Tz is a
homomorphism, then L(Zg)) is a level SBS of DioNSBS Z of Ta.

Proof. Let £ : T; — T2 be any homomorphism. Then L({®1n) = L({)®1L(n), L ®2n) =
L(¢) @2 L(n) and L(¢ ®3n) = L() ®3 L(n) V¢,n € T1. Let Z = L(E), E is a DioNSBS of
Ti. By Theorem Z is a DioNSBS of T5. Let Z(g,) be any level SBS of =. Suppose
that ¢,7 € E(g). Then L£(¢ ®1 1), L(C ®2n) and L(C ®31) € E(g). Now, UL(L(()) =
OL(¢) > B,6%(L(n) = BL(n) > B. Thus, BL(L(C) @1 L(n)) > VL ®1n) > B. Now,
GL(L(0) = UL(C) > B,U5(Ln) = BL(n) > B. Thus, BHL(C) ©1 L(n)) > VL @1 1) > B.
Now, OZ(£(C)) = BE(¢) < 7,05 (£L(m) = 0L () < 7. Thus, BZ(L(C) @1 L(n) < BL(C @1
n) <, VL), L£(n) € To. Now, I'=z(L(C)) = I'=(¢) = ,Tz(L(n)) = I'(n) = 5. Thus,
I'z(L(¢) ®1 L(n)) = T'=(¢ ®1n) = B. Now, Az(L(C)) = A=(¢) = B, Az(L(n) = A=(n) = B.
Thus, Az(L(C)@1£(n)) = A=(C®1n) = B. Now, ©z(L(()) = O=(¢) <7,02(L(n)) = O=(n) <
v. Thus, Oz(L(C) ®1 L(n)) < O=(¢ ®1 1) < v, YL((),L(n) € T2. Similarly to prove other
operations, hence L(Z(g,,)) is a level SBS of DioNSBS Z of 75.

Theorem 3.16. Let (71, ®1, ®2, ®3) and (T2, @1, R, ®3) be any two BSs. If L : Ty — Ty is
any homomorphism, then =g ) is a level SBS of DioNSBS E of T1.

Proof. Let £ : 73 — T2 be any homomorphism. Then £((®17n) = L({)®1L(n), L((®2n) =
L(¢) ®2 L(n) and L(¢ ®3n) = L() ®3 L(n) V¢,n € T1. Let Z = L(E), Z is a DioNSBS of
73. By Theorem Z is a DioNSBS of T;. Let £(Z(3,)) be a level SBS of Z. Suppose
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that £(¢),£(n) € L(Z(s.))- Then L(¢ ®1 1), L ®2 1) and L(C ®31) € L(Z(5,)). Now,
OL(¢) = §<£<o> > t,6L(n) = B (L(n)) > B. Thus, 62 (¢ ®1n) > min{UL(C), 0L (n)} > 5.
Now, UL(¢) = UL(L(¢)) > UI() OL(L(n) > B. Thus, BL(C @ ) > =0 5 g
Now, UZ (¢) = U%(L(¢)) < v, UL (n) = UL (L(n)) <’y Thus, B ((®11) = UL (L(O)®1L(n)) <
max{GZ (€), L ()} < 7, ¥¢,n € Tr. Now, Ts(¢) = I'=z(L£(Q)) > t,T=(n) = T2(L(n)) > B.

< )} > B. Now, Az(¢) = Az(L(Q)) > t,A=(n) = Az(L(n)) >

Thus, I's((®17) > min{T’ E( ), T
B. Thus, Az(¢®1n) > 2R > 8. Now, ©=(C) = ©2(L(C)) < 7,0=(n) = ©z(L(n)) < .
Thus, ©=(¢ ®1 ) = @Z(E(C) ®1 L(n)) < max{O=(¢),0=(n)} < v, ¥¢,n € Ti. Similarly to
prove other two operations, hence =4 ) is a level SBS of DioNSBS = of 7;.

Acknowledgments: In addition to thanking the editor-in-chief for his suggestions and help-
ful comments, the authors also would like to thank the anonymous referees who improved the

paper’s clarity and quality.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ahsan, J.; Saifullah, K.; Khan, F.; Fuzzy semirings, Fuzzy Sets and Systems 1993, 60, 309-320.

2. Akram, M.; Dudek, W. A_; Tlyas, F.; Group decision making based on Pythagorean fuzzy TOPSIS method,
International Journal of Intelligent Systems 2019, 34, 1455-1475.

3. Akram, M.; Dudek, W. A.; Dar, J. M.; Pythagorean dombi fuzzy aggregation operators with application
in multi-criteria decision-making, International Journal of Intelligent Systems 2019, 34, 3000-3019.

4. Akram, M.; Peng, X.; Al-Kenani, A. N.; Sattar, A.; Prioritized weighted aggregation operators under
complex Pythagorean fuzzy information, Journal of Intelligent and Fuzzy Systems 2020, 39(3), 4763-4783.

5. Atanassov, K.; Intuitionistic fuzzy sets, Fuzzy Sets and Systems 1986, 20(1), 87-96.

6. Hussian, F.; Hashism, R. M.; Khan, A.; Naeem, M.; Generalization of bisemirings, International Journal of
Computer Science and Information Security 2016, 14(9), 275-289.

7. Golan, S.J.; Semirings and their applications, Kluwer Academic Publishers, London, 1999.

8. Iseki, K.; Ideal theory of semiring, Proceedings of the Japan Academy 1956, 32, 554—559.

9. Iseki, K.; Ideals in semirings, Proceedings of the Japan Academy 1958, 34(1), 29-31.

10. Iseki, K.; Quasi-ideals in semirings without zero, Proceedings of the Japan Academy 1958, 34(2), 79-81.

11. SG Quek, H Garg, G Selvachandran, M Palanikumar, K Arulmozhi,VIKOR and TOPSIS framework with
a truthful-distance measure for the (t, s)-regulated interval-valued neutrosophic soft set, Soft Computing,
1-27, 2023.

12. M Palanikumar, K Arulmozhi, A Tampan, Multi criteria group decision making based on VIKOR and
TOPSIS methods for Fermatean fuzzy soft with aggregation operators, ICIC Express Letters 16 (10),
11291138, 2022.

13. M Palanikumar, K Arulmozhi, MCGDM based on TOPSIS and VIKOR using Pythagorean neutrosophic
soft with aggregation operators, Neutrosophic Sets and Systems,, 538-555, 2022.

14. M Palanikumar, S Broumi, Square root Diophantine neutrosophic normal interval-valued sets and their
aggregated operators in application to multiple attribute decision making, International Journal of Neutro-
sophic Science, 4, 2022.

G. Manikandan, M. Palanikumar, P. Vijayalakshmi and Aiyared lampan, New algebraic
structure for Diophantine neutrosophic subbisemirings of bisemirings



Neutrosophic Sets and Systems, Vol. 63, 2024 ZE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

M Palanikumar, K Arulmozhi, Novel possibility Pythagorean interval valued fuzzy soft set method for a
decision making, TWMS J. App. and Eng. Math. V.13, N.1, 2023, pp. 327-340.

M Palanikumar, K Arulmozhi, Novel possibility Pythagorean interval valued fuzzy soft set method for a
decision making, TWMS J. App. and Eng. Math. V.13, N.1, 2023, pp. 327-340.

M Palanikumar, N Kausar, H Garg, A Tampan, S Kadry, M Sharaf, Medical robotic engineering selec-
tion based on square root neutrosophic normal interval-valued sets and their aggregated operators, AIMS
Mathematics, 8(8), 2023, 17402-17432.

Palanikumar, M.; Tampan, A.; Spherical Fermatean interval valued fuzzy soft set based on multi criteria
group decision making, International Journal of Innovative Computing, Information and Control 2022,
18(2), 607-619.

Palanikumar, M.; Iampan, A.; Novel approach to decision making based on type-II generalized Fermatean
bipolar fuzzy soft sets, International Journal of Innovative Computing, Information and Control 2022, 18(3),
769-781.

Palanikumar, M.; Arulmozhi, K.; On intuitionistic fuzzy normal subbisemiring of bisemiring, Nonlinear
Studies 2021, 28(3), 717-721.

Peng, X.; Yang, Y.; Fundamental properties of interval valued Pythagorean fuzzy aggregation operators,
International Journal of Intelligent Systems 2016, 31(5), 444-487.

Rahman, K.; Abdullah, S.; Shakeel, M.; Sajjad Ali Khan, M.; Ullah, M.; Interval valued Pythagorean
fuzzy geometric aggregation operators and their application to group decision-making problem, Cogent
Mathematics 2017, 4(1), Article number: 1338638.

Riaz, M.; Hashmi, M. R.; Linear Diophantine fuzzy set and its applications towards multi attribute decision
making problems, 2019; Journal of Intelligent and Fuzzy Systems, Vol. 37(4). pp. 5417-5439.

Singh, P. K.; Single-valued neutrosophic context analysis at distinct multi-granulation, Computational and
Applied Mathematics 2019, 38, Article number: 80.

Sen, M. K.; Ghosh, S.; An introduction to bisemirings, Southeast Asian Bulletin of Mathematics 2001,
28(3), 547-559.

Smarandache, F.; A unifying field in logics. Neutrosophy: neutrosophic probability, set and logic, American
Research Press, Rehoboth, 1999.

Xu, R. N.; Li, C. L.; Regression prediction for fuzzy time series, Applied Mathematics-A Journal of Chinese
Universities (Series. A) 2001, 16(4), 451-461.

Yager, R. R.; Pythagorean membership grades in multi criteria decision-making, IEEE Transactions on
Fuzzy Systems 2014, 22(4), 958-965.

Yang, M. S.; Ko, C. H.; On a class of fuzzy c-numbers clustering procedures for fuzzy data, Fuzzy Sets and
Systems 1996, 84(1), 49-60.

Vandiver, H. S.; Note on a simple type of algebra in which the cancellation law of addition does not hold,
Bulletin of the American Mathematical Society 1934, 40(12), 914-920.

Zadeh, L. A.; Fuzzy sets, Information and Control 1965, 8(3), 338-353.

Received: Oct 7, 2023. Accepted: Jan 10, 2024

G. Manikandan, M. Palanikumar, P. Vijayalakshmi and Aiyared lampan, New algebraic
structure for Diophantine neutrosophic subbisemirings of bisemirings



	1. Introduction
	2. Basic Concepts
	3. Diophantine Neutrosophic Subbisemirings
	References

