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Abstract

We introduce the concept of new type of Diophantine neutrosophic set. A Diophatine neutrosophic set is
the new type of a neutrosophic set and Diophatine fuzzy set (DioFS). We discuss Diophantine neutrosophic
weighted averaging (DioNWA), Diophantine neutrosophic weighted geometric (DioNWG), generalized Dio-
phantine neutrosophic weighted averaging(GDioNWA), generalized Diophantine neutrosophic weighted ge-
ometric (GDioNWG). In this article, we define the Euclidean distance (ED), Hamming distance (HD) and
operator laws. By analyzing new type of Diophantine neutrosophic set through algebraic operations, we dis-
cuss its properties.

Keywords: DioNWA; DioNWG; GDioNWA; GDioNWG.

1 Introduction

To deal with the ambiguities, many uncertain theories including fuzzy set (FS),1 intuitionistic FS (IFS),2

Pythagorean FS (PFS)3 and spherical FS (SFS).4 A FS is a set of elements with membership grade (MD)
in the given set values from zero to one; Later, Atanassov proposed the concept of an IFS that is divided into
categories using non-membership grade (NMD), which cannot exceed one.2 In cases where the combined
MD and NMD grades are greater than one, a single problem may be conveyed to the decision making (DM).
The square sum of the MD and NMD of an IFS with a value less than one is classified as PFS, which can
be characterized by Yager.3 The picture FS concept was developed by Cuong et al.5 and its three pointers
are positive MD, neutral MD, and negative MD. Furthermore, it offers more benefits than PFS and IFS. Liu
et al.6 examined the concept of certain types of picture FS with AOs, which is a generalization of picture
FS. Generalized PFS with AO and applications were proposed by Liu et al.7 The features of AOs8 using PFS
and interval value. Liu et al.6 introduced a brand new picture FS based on AO. Rarely, the sum of the values
for the positive, neutral, and negative MDs exceed one in the DM approach challenge. Ashraf et al.4 present
the concept of SFS, where the square sum of the positive, neutral, and negative grades does not exceed one.
Fatmaa et al.9 investigated the notion of SFS using TOPSIS models.
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Peng et al.10 explore NS with MADM using MABAC and TOPSIS approaches. A generalization of PFS
using TOPSIS was presented by Lhang et al.11 A practical application of MADM is shown by Hwang et al.12

Linear Diophantine FS (LDFS) with reference parameters were discussed by Riaz et al.13 In contrast to other
methods, the LDFS is more flexible and effective because it uses reference parameters. LDFS also classifies
the data in MADM problems based on changes to the physical meaning of reference parameters. Recently,
Palanikumar et al. discussed many algebraic structures and aggregation operators with applications14-.15 Many
researchers16-17 discussed the concept of Pythagorean with its extension based on DM. Bromi et al.18-19 dis-
cussed neutrosophic sets and its extension with applications. This article aims to provide a more comprehensive
definition of new type of DioNNS information. We use AOs to obtain new type of DioNNS data. Then, we
will use this ranking to solve decisions based on these operators. Following are the six sections of the paper.
Section 2 provides concise explanations of PFS and NS concepts. The concept of new type of Diophantine
neutrosophic number (new type of DioNN) addressed in Section 3. Section 4 discussed the different distance
measure between new type of DioNNs. Section 5 discussed MADM using some AOs for new type of DioNN.
The conclusion can be found in Section 6. As a result, this work makes the following main contributions:
It introduces ED and HD measuring using new type of DioNSs. The new type of DioNN with aggregation
operators.

2 Background

For our further learning, it is vital that we review a few of the important definitions in this section.

Definition 2.1. 8 Let X be an universal. The PIVFS L =
{
τ,
〈
Ψ̃TL (τ), Ψ̃

F
L (τ)

〉∣∣∣τ ∈ X}, where Ψ̃T
L : X →

Int([0, 1]) and Ψ̃F
L : X → Int([0, 1]) denote the MD and NMD of τ ∈ X to the set L, respectively, and

0 ≤ (ΨTL (τ))
2 + (ΨFL (τ))

2 ≤ 1. For convenience, L =
〈[

ΨTL ,Ψ
T
L

]
,
[
ΨFL ,Ψ

F
L

]〉
is called a Pythagorean

interval-valued fuzzy number (PyIVFN).

Definition 2.2. The NS L =
{
x,
〈
ΨTL (τ),Ψ

I
L(τ),Ψ

F
L (τ)

〉∣∣τ ∈ X}, where ΨTL : X → [0, 1], ΨIL : X →
[0, 1] and ΨFL : X → [0, 1] is denote the positive MD, neutral MD and negative MD of τ ∈ X , respectively
and 0 ≤ (ΨTL (τ)) + (ΨIL(τ)) + (ΨFL (τ)) ≤ 2. For M =

〈
ΨTL ,Ψ

I
L,Ψ

F
L

〉
is called a neutrosophic number

(NN).

Definition 2.3. The Pythagorean NS L =
{
τ,
〈
ΨTL (τ),Ψ

I
L(τ),Ψ

F
L (τ)

〉∣∣τ ∈ X}, where ΨTL : X → [0, 1],

ΨIL : X → [0, 1] and ΨFL : X → [0, 1] is denote the positive MD, neutral MD and negative MD of τ ∈ X ,
respectively and 0 ≤ (ΨTL (τ))

2+(ΨIL(τ))
2+(ΨFL (τ))

2 ≤ 2. For M =
〈
ΨTL ,Ψ

I
L,Ψ

F
L

〉
is called a Pythagorean

neutrosophic number (PyNN).

3 Operations for new type of DioNNN

We discuss the concept of Diophantine neutrosophic number (new type of DioNN). As a result, the Diophantine
neutrosophic number and its operations were defined.

Definition 3.1. The Pythagorean Diophantine neutrosophic set (PyDioNS)
L =

{
τ,
〈(

ΨTL (τ),Ψ
I
L(τ),Ψ

F
L (τ)

)
, (ς(τ))

〉∣∣∣τ ∈ X}, where ΨT
L : X → [0, 1], ΨI

L : X → [0, 1] and

ΨF
L : X → [0, 1] denote the PMD, neutral MD and NMD of x ∈ X to L, respectively and 0 ≤ (ς(τ)ΨTL (τ))

2+

(ς(τ)ΨIL(τ))
2 + (ς(τ)ΨFL (τ))

2 ≤ 2, where, ς ∈ [0, 1]. For convenience, L =
〈(

ΨTL ,Ψ
I
L,Ψ

F
L

)
, ς
〉

is
represent a PyDioNN.

Definition 3.2. The new type of DioNS L =
{
τ,
〈(

ΨTL (τ),Ψ
I
L(τ),Ψ

F
L (τ)

)
, (ς(τ))

〉∣∣∣x ∈ X}, where ΨT
L :

X → [0, 1], ΨI
L : X → [0, 1] and ΨF

L : X → [0, 1] denote the PMD, neutral MD and NMD of x ∈ X to L,
respectively and 0 ≤ (ς(τ)ΨTL (τ))

ℵ + (ς(τ)ΨIL(τ))
ℵ + (ς(τ)ΨFL (τ))

ℵ ≤ 2, where, ς ∈ [0, 1] and ℵ ≥ 1. For

convenience, L =
〈(

ΨTL ,Ψ
I
L,Ψ

F
L

)
, ς)
〉

is represent a new type of DioNN.
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Definition 3.3. Let L = ⟨(ΨT ,ΨI ,ΨF ), ς⟩, L1 = ⟨(ΨT1 ,ΨI1 ,ΨF1 ), ς⟩ and L2 = ⟨(ΨT2 ,ΨI2 ,ΨF2 ), ς⟩ be any
three new type of DioNNs, and ℵ > 0. Then

1. L1 ⊎ L2 =

 ℵ
√
(ςΨT1 )

ℵ + (ςΨT2 )
ℵ − (ςΨT1 )

ℵ · (ςΨT2 )ℵ,
ℵ
√
(ςΨI1 )

ℵ + (ςΨI2 )
ℵ − (ςΨI1 )

ℵ · (ςΨI2 )ℵ,
ςΨF1 · ςΨF2

 ,

2. L1 ⊘ L2 =

 ςΨT1 · ςΨT2 ,
ℵ
√

(ςΨI1 )
ℵ + (ςΨI2 )

ℵ − (ςΨI1 )
ℵ · (ςΨI2 )ℵ,

ℵ
√

(ςΨF1 )
ℵ + (ςΨF2 )

ℵ − (ςΨF1 )
ℵ · (ςΨF2 )ℵ


3. ℵ · L =

[
ℵ
√

1−
(
1− (ςΨT )ℵ

)ℵ
,

ℵ
√
1−

(
1− (ςΨI)ℵ

)ℵ
, (ςΨF )ℵ

]
,

4. Lℵ =
[
(ςΨT )ℵ,

ℵ
√

1−
(
1− (ςΨI)ℵ

)ℵ
,

ℵ
√
1−

(
1− (ςΨF )ℵ

)ℵ] .
4 Find new type of DioNN distance measure

We introduce ED and HD measures for new type of DioNNs and study mathematical properties.

Definition 4.1. For any two new type of DioNNs L1 = ⟨(ΨT1 ,ΨI1 ,ΨF1 ), ς⟩ and L2 = ⟨(ΨT2 ,ΨI2 ,ΨF2 ), ς⟩.
Then

DE(L1, L2) =
1

2

√√√√[ 1+(ςΨT
1 )2−(ςΨI

1 )
2−(ςΨF

1 )2

2

− 1+(ςΨT
2 )2−(ςΨI

2 )
2−(ςΨF

2 )2

2

]2
+

1

2

[
1+(ςΨT

1 )2−(ςΨI
1 )

2−(ςΨF
1 )2

2

− 1+(ςΨT
2 )2−(ςΨI

2 )
2−(ςΨF

2 )2

2

]2
where DE(L1, L2) is called the ED between L1 and L2.

DH(L1, L2) =
1

2



∣∣∣∣∣∣∣∣
1 + (ςΨT1 )

2 − (ςΨI1 )
2 − (ςΨF1 )

2

2

−1 + (ςΨT2 )
2 − (ςΨI2 )

2 − (ςΨF2 )
2

2

∣∣∣∣∣∣∣∣
+ 1

2

∣∣∣∣∣∣∣∣
1 + (ςΨT1 )

2 − (ςΨI1 )
2 − (ςΨF1 )

2

2

−1 + (ςΨT2 )
2 − (ςΨI2 )

2 − (ςΨF2 )
2

2

∣∣∣∣∣∣∣∣


where DH(L1, L2) is called the HD between L1 and L2.

Theorem 4.2. If any three new type of DioNNs L1 = ⟨(ΨT1 ,ΨI1 ,ΨF1 ), ς⟩ and L2 = ⟨(ΨT2 ,ΨI2 ,ΨF2 ), ς⟩ and
L3 = ⟨(ΨT3 ,ΨI3 ,ΨF3 ), ς⟩, then DE(L1, L2) satisfies the following valid statements.

1. DE(L1, L2) = 0 if and only if L1 = L2.

2. DE(L1, L2) = DE(L2, L1).

3. DE(L1, L3) ≤ DE(L1, L2) +DE(L2, L3).

Proof. It is straightforward to prove (1) and (2). Now,
(
DE(L1, L2) +DE(L2, L3)

)2
implies

1

4

(
(O − P )2 +

1

2
(O − P )2

)
+

1

4

(
(P −Q)2 +

1

2
(P −Q)2

)
+
1

2

(√
(O − P )2 +

1

2
(O − P )2 ×

√
(P −Q)2 +

1

2
(P −Q)2

)
,
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where

O =
1 + (ςΨT1 )

2 − (ςΨI1 )
2 − (ςΨF1 )

2

2
,

P =
1 + (ςΨT2 )

2 − (ςΨI2 )
2 − (ςΨF2 )

2

2
,

Q =
1 + (ςΨT3 )

2 − (ςΨI3 )
2 − (ςΨF3 )

2

2
.

Hence,
(
DE(L1, L2) +DE(L2, L3)

)2
≥ 1

4

(
(O − P )2 +

1

2
(O − P )2

)
+

1

4

(
(P −Q)2 +

1

2
(P −Q)2

)
+
1

2

(
(O − P )× (P −Q) +

1

2
(O − P )× (P −Q)

)
=

1

4

(
(O − P )2 + (P −Q)2 + 2(O − P )× (P −Q)

)
+
1

4

(1
2
(O − P )2 +

1

2
(P −Q)2 + (O − P )× (P −Q)

)
=

1

4
(O − P + P −Q)2 +

1

8
(O − P + P −Q)2

=
1

4

[
(O −Q)2 +

1

2
(O −Q)2

]
= DE(L1, L3)

2.

Corollary 4.3. Let L1 = ⟨(ΨT1 ,ΨI1 ,ΨF1 ), ς⟩ and L2 = ⟨(ΨT2 ,ΨI2 ,ΨF2 ), ς⟩ and L3 = ⟨(ΨT3 ,ΨI3 ,ΨF3 ), ς⟩ be
the any three new type of DioNNs. Then

1. DH(L1, L2) = 0 if and only if L1 = L2.

2. DH(L1, L2) = DH(L2, L1).

3. DH(L1, L3) ≤ DH(L1, L2) +DH(L2, L3).

Proof. As a result of Theorem 4.2, the proof follows.

5 AOs based on new type of DioNN

Here we describe the AOs using DioNWA, DioNWG, GDioNWA, and GDioNWG.

5.1 DioNWA

Definition 5.1. Let Li = ⟨(ΨTi ,ΨIi ,ΨFi ), ς⟩ be the new type of DioNNs, W = (ω1, ω2, ..., ωn) be the weight
of Li, ωi ≥ 0 and ⊎ni=1ωi = 1. Then DioNWA (L1, L2, ..., Ln) = ⊎ni=1ωiLi.

Theorem 5.2. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then DioNWA(L1, L2, ..., Ln)

=


ℵ

√
1−⊙n

i=1

(
1− (ςΨTi )

ℵ
)ωi

,

ℵ

√
1−⊙n

i=1

(
1− (ςΨIi )

ℵ
)ωi

,⊙n
i=1(ςΨ

F
i )

ωi

 .
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Proof. If n = 2, then DioNWA(L1, L2) = ω1L1 ⊎ ω2L2, where

ω1L1 =


ℵ

√
1−

(
1− (ςΨT1 )

ℵ
)ω1

,

ℵ

√
1−

(
1− (ςΨI1 )

ℵ
)ω1

; (ςΨF1 )
ω1 ,



ω2L2 =


ℵ

√
1−

(
1− (ςΨT2 )

ℵ
)ω2

,

ℵ

√
1−

(
1− (ςΨI2 )

ℵ
)ω2

; (ςΨF2 )
ω2 ,

 .

Now,

ω1L1 ⊎ ω2L2 =



ℵ

√√√√√
(
1−

(
1− (ςΨT

1 )ℵ
)ω1
)
+
(
1−

(
1− (ςΨT

2 )ℵ
)ω2
)

−
(
1−

(
1− (ςΨT

1 )ℵ
)ω1
)
·
(
1−

(
1− (ςΨT

2 )ℵ
)ω2
)
,

ℵ

√√√√√
(
1−

(
1− (ςΨI

1 )
ℵ
)ω1
)
+
(
1−

(
1− (ςΨI

2 )
ℵ
)ω2
)

−
(
1−

(
1− (ςΨI

1 )
ℵ
)ω1
)
·
(
1−

(
1− (ςΨI

2 )
ℵ
)ω2
)
,

(ςΨF
1 )ω1(ςΨF

2 )ω2 ,



=


ℵ

√
1−

(
1− (ςΨT

1 )ℵ
)ω1
(
1− (ςΨT

2 )ℵ
)ω2

,

ℵ

√
1−

(
1− (ςΨI

1 )
ℵ
)ω1
(
1− (ςΨI

2 )
ℵ
)ω2

,(ςΨF
1 )ω1 · (ςΨF

2 )ω2 ,


Hence, DioNWA(L1, L2)

=


ℵ

√
1−⊙2

i=1

(
1− (ςΨTi )

ℵ
)ωi

,

ℵ

√
1−⊙2

i=1

(
1− (ςΨIi )

ℵ
)ωi

;⊙2
i=1(ςΨ

F
i )

ωi ,

 .

It valid for n ≥ 3,
Thus, DioNWA(L1, L2, ..., Ll)

=


ℵ

√
1−⊙l

i=1

(
1− (ςΨTi )

ℵ
)ωi

,

ℵ

√
1−⊙l

i=1

(
1− (ςΨIi )

ℵ
)ωi

;⊙l
i=1(ςΨ

F
i )

ωi ,

 .

If n = l + 1, then DioNWA (L1, L2, ..., Ll, Ll+1)

=



ℵ

√√√√√ ⊎l
i=1

(
1−

(
1− (ςΨT

i )ℵ
)ωi
)
+
(
1−

(
1− (ςΨT

l+1)
ℵ
)ωl+1

)
−⊙l

i=1

(
1−

(
1− (ςΨT

i )ℵ
)ωi
)
·
(
1−

(
1− (ςΨT

l+1)
ℵ
)ωl+1

)
,

ℵ

√√√√√ ⊎l
i=1

(
1−

(
1− (ςΨI

i )
ℵ
)ωi
)
+
(
1−

(
1− (ςΨI

l+1)
ℵ
)ωl+1

)
−⊙l

i=1

(
1−

(
1− (ςΨI

i )
ℵ
)ωi
)
·
(
1−

(
1− (ςΨI

l+1)
ℵ
)ωl+1

)
,

⊙l
i=1(ςΨ

F
i )ωi · (ςΨF

l+1)
ωl+1 ,



=


ℵ

√
1−⊙l+1

i=1

(
1− (ςΨTi )

ℵ
)ωi

,

ℵ

√
1−⊙l+1

i=1

(
1− (ςΨIi )

ℵ
)ωi

,⊙l+1
i=1(ςΨ

F
i )

ωi ,

 .
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Theorem 5.3. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then DioNWA(L1, L2, ..., Ln) = L

(idempotency property).

Proof. Since ΨTi = ΨT , ΨIi = ΨI and ΨFi = ΨF and ⊎ni=1ωi = 1. Now, DioNWA(L1, L2, ..., Ln)

=


ℵ

√
1−⊙n

i=1

(
1− (ςΨTi )

ℵ
)ωi

,

ℵ

√
1−⊙n

i=1

(
1− (ςΨIi )

ℵ
)ωi

;⊙n
i=1(ςΨ

F
i )

ωi ,



=


ℵ

√
1−

(
1− (ςΨT )ℵ

)⊎n
i=1ωi

,

ℵ

√
1−

(
1− (ςΨI)ℵ

)⊎n
i=1ωi

; (ςΨF )⊎
n
i=1ωi ,


=

[
ℵ

√
1−

(
1− (ςΨT )ℵ

)
, ℵ

√
1−

(
1− (ςΨI)ℵ

)
, (ςΨF ),

]
= L.

Theorem 5.4. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then DioNWA(L1, L2, ..., Ln)

where
←−−
ςΨT = min ςΨTij ,

−−→
ςΨT = max ςΨTij ,

←−−
ςΨI = min ςΨIij ,

−−→
ςΨI = max ςΨIij ,

←−−
ςΨF = min ςΨFij ,

−−→
ςΨF =

max ςΨFij and where 1 ≤ i ≤ n, j = 1, 2, ..., ij . Then,
〈←−−
ςΨT ,

←−−
ςΨI ,

−−→
ςΨF

〉
≤ DioNWA(L1, L2, ..., Ln)

≤
−−→
ςΨT ,

−−→
ςΨI ,

←−−
ςΨF ]

〉
.

(Boundedness property).

Proof. Since,
←−−
ςΨT = min ςΨTij ,

−−→
ςΨT = max ςΨTij and

←−−
ςΨT ≤ ςΨTij ≤

−−→
ςΨT . Now,

←−−
ςΨT = ℵ

√
1−⊙n

i=1

(
1− (

←−−
ςΨT )ℵ

)ωi

≤

ℵ

√
1−⊙n

i=1

(
1− (ςΨTij)

ℵ
)ωi

≤ ℵ

√
1−⊙n

i=1

(
1− (

−−→
ςΨT )ℵ

)ωi

=
−−→
ςΨT .

Since,
←−−
ςΨI = min ςΨIij ,

−−→
ςΨI = max ςΨIij and

←−−
ςΨI ≤ ςΨIij ≤

−−→
ςΨI . Now,

←−−
ςΨI = ℵ

√
1−⊙n

i=1

(
1− (

←−−
ςΨI)ℵ

)ωi

≤

ℵ

√
1−⊙n

i=1

(
1− (ςΨIij)

ℵ
)ωi

≤ ℵ

√
1−⊙n

i=1

(
1− (

−−→
ςΨI)ℵ

)ωi

=
−−→
ςΨI .

Since,
←−−
ςΨF = min ςΨFij ,

−−→
ςΨF = max ςΨFij and

←−−
ςΨF ≤ ςΨFij ≤

−−→
ςΨF . We have,

←−−
ςΨF = ⊙n

i=1(
←−−
ςΨF )ωi ≤

⊙n
i=1(ςΨ

F
ij)

ωi ≤ ⊙n
i=1(
−−→
ςΨF )ωi =

−−→
ςΨF .

Therefore,

1

2
×


(

ℵ

√
1−⊙n

i=1

(
1− (

←−−
ςΨT )ℵ

)ωi
)2

2 −

(
ℵ

√
1−⊙n

i=1

(
1− (

←−−
ςΨI)ℵ

)ωi
)2

2

+2−

(
⊙n

i=1(
−−→
ςΨF )ωi

)2

2



≤ 1

2
×


(

ℵ

√
1−⊙n

i=1

(
1− (ςΨTij)

ℵ
)ωi

)2

2 −

(
ℵ

√
1−⊙n

i=1

(
1− (ςΨIij)

ℵ
)ωi

)2

+

2

+2− (⊙n
i=1(ςΨ

F
ij)

ωi)
2

2



≤ 1

2
×


(

ℵ

√
1−⊙n

i=1

(
1− (

−−→
ςΨT )ℵ

)ωi
)2

2 −

(
ℵ

√
1−⊙n

i=1

(
1− (

−−→
ςΨI)ℵ

)ωi
)2

+

2

+2−

(
⊙n

i=1(
←−−
ςΨF )ωi

)2

2

 .

Hence,
〈←−−
ςΨT ,

←−−
ςΨI ,

−−→
ςΨF

〉
≤ DioNWA(L1, L2, ..., Ln) ≤ ⟨

−−→
ςΨT ,

−−→
ςΨI ,

←−−
ςΨF ⟩.
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Theorem 5.5. Let Li = ⟨(ΨTtij ,Ψ
I
tij ,Ψ

F
tij ), ς⟩ and Wi = ⟨(ΨThij

,ΨIhij
,ΨFhij

), ς⟩, be the DioNWAs. For any
i, if there is (ςΨTtij )

2 ≤ (ςΨThij
)2 and (ςΨItij )

2 ≤ (ςΨIhij
)2 and (ςΨFtij )

2 ≥ (ςΨFhij
)2 or Li ≤ Wi. Prove

that DioNWA(L1, L2, ..., Ln) ≤ DioNWA(W1,W2, ...,Wn), where (i = 1, 2, ..., n); (j = 1, 2, ..., ij)
(monotonicity property).

Proof. For any i, (ςΨTtij )
2 ≤

(
ςΨThij

)2
.

Therefore, 1− (ςΨTti )
2 ≥ 1− (ςΨThi

)2.

Hence, ⊙n
i=1

(
1−

(
ςΨTti

)2)ωi

≥ ⊙n
i=1

(
1−

(
ςΨThi

)2)ωi

and ℵ

√
1−⊙n

i=1

(
1−

(
ςΨTti

)ℵ)ωi

≤ ℵ

√
1−⊙n

i=1

(
1−

(
ςΨThi

)ℵ)ωi

.

For any i, (ςΨItij )
ℵ ≤

(
ςΨIhij

)ℵ
.

Therefore, 1−
(
ςΨIti

)ℵ ≥ 1−
(
ςΨIhi

)ℵ
.

Hence, ⊙n
i=1

(
1−

(
ςΨIti

)ℵ)ωi

≥ ⊙n
i=1

(
1−

(
ςΨIhi

)ℵ)ωi

.

This implies that ℵ

√
1−⊙n

i=1

(
1−

(
ςΨIti

)ℵ)ωi

≤ ℵ

√
1−⊙n

i=1

(
1−

(
ςΨIhi

)ℵ)ωi

.

For any i,
(
ςΨFtij

)2
≥
(
ςΨFhij

)2
.

Therefore, 2−
(
⊙n

i=1ςΨ
F
tij

)2

2 ≤ 2−
(
⊙n

i=1ςΨ
F
hij

)2

2 .

1

2
×


(

ℵ

√
1−⊙n

i=1

(
1− (ςΨT

L

ti )ℵ
)ωi

)2

2 −

(
ℵ

√
1−⊙n

i=1

(
1− (ςΨI

L

ti )ℵ
)ωi

)2

2

+2−
(
⊙n

i=1(ςΨ
FL

tij )
)2

2



≤ 1

2
×


(

ℵ

√
1−⊙n

i=1

(
1− (ςΨT

L

hi )ℵ
)ωi

)2

2 −

(
ℵ

√
1−⊙n

i=1

(
1− (ςΨI

L

hi )
ℵ
)ωi

)2

2

+2−
(
⊙n

i=1(ςΨ
FL

hij )
)2

2

 .

Hence, DioNWA (L1, L2, ..., Ln) ≤ DioNWA (W1,W2, ...,Wn).

5.2 DioNWG

Definition 5.6. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then DioNWG (L1, L2, ..., Ln) =

⊙n
i=1L

ωi
i .

Theorem 5.7. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then DioNWG (L1, L2, ..., Ln)

=

 ⊙n
i=1(ςΨ

T
i )

ωi ;

ℵ

√
1−⊙n

i=1

(
1− (ςΨIi )

ℵ
)ωi

; ℵ

√
1−⊙n

i=1

(
1− (ςΨFi )

ℵ
)ωi

,

 .

Proof. It follows from Theorem 5.2.

Theorem 5.8. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs and all are equal. Then DioNWG(L1, L2, ..., Ln) =

L.

Proof. It follows from Theorem 5.3.

Remark 5.9. It has other properties, including boundedness and monotonicity, as well as having DioNWG.

Proof. It follows from Theorem 5.4 and Theorem 5.5.
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5.3 Generalized DioNWA ( GDioNWA)

Definition 5.10. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNN. Then GDioNWA (L1, L2, ..., Ln) =(
⊎ni=1 ωiL

ℵ
i

)1/ℵ
.

Theorem 5.11. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then GDioNWA (L1, L2, ..., Ln)

=



(
ℵ

√√√√1−⊙n
i=1

(
1−

(
(ςΨT

i )ℵ
)ℵ)ωi

)1/ℵ

,

(
ℵ

√√√√1−⊙n
i=1

(
1−

(
(ςΨI

i )
ℵ
)ℵ)ωi

)1/ℵ

,

ℵ

√√√√1−

(
1−

(
⊙n

i=1

(
ℵ

√
1−

(
1− (ςΨF

i )ℵ
)ℵ)ωi

)ℵ)1/ℵ

,


.

Proof. We can prove this first by demonstrating that,

⊎ni=1ωiL
ℵ
i =


ℵ

√√√√√√1−⊙n
i=1

(
1−

(
(ςΨTi )

ℵ
)ℵ)ωi

;

ℵ

√√√√1−⊙n
i=1

(
1−

(
(ςΨIi )

ℵ
)ℵ)ωi

; ⊙n
i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

,


.

Put n = 2, ω1L1 ⊎ ω2L2

=



ℵ

√√√√√√√√√√

(
ℵ

√
1−

(
1−

(
(ςΨT1 )

ℵ
)ℵ)ω1

)ℵ
+

(
ℵ

√
1−

(
1−

(
(ςΨT2 )

ℵ
)ℵ)ω1

)ℵ
,

−

(
ℵ

√
1−

(
1−

(
(ςΨT1 )

ℵ
)ℵ)ω1

)ℵ
·

(
ℵ

√
1−

(
1−

(
(ςΨT2 )

ℵ
)ℵ)ω1

)ℵ
,

ℵ

√√√√√√√√√√

(
ℵ

√
1−

(
1−

(
(ςΨI1 )

ℵ
)ℵ)ω1

)ℵ
+

(
ℵ

√
1−

(
1−

(
(ςΨI2 )

ℵ
)ℵ)ω1

)ℵ
,

−

(
ℵ

√
1−

(
1−

(
(ςΨI1 )

ℵ
)ℵ)ω1

)ℵ
·

(
ℵ

√
1−

(
1−

(
(ςΨI2 )

ℵ
)ℵ)ω1

)ℵ
(

ℵ

√
1−

(
1− (ςΨF1 )

ℵ
)ℵ)ω1

·

(
ℵ

√
1−

(
1− (ςΨF2 )

ℵ
)ℵ)ω1

,



=


ℵ

√
1−⊙2

i=1

(
1−

(
(ςΨT1 )

ℵ
)ℵ)ωi

;

ℵ

√
1−⊙2

i=1

(
1−

(
(ςΨI1 )

ℵ
)ℵ)ωi

;⊙2
i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

;

 .

Hence,

⊎li=1ωiL
ℵ
i =


ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨT1 )

ℵ
)ℵ)ωi

;

ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨI1 )

ℵ
)ℵ)ωi

;⊙l
i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

;

.

If n = l + 1, then ⊎li=1ωiL
ℵ
i + ωl+1L

ℵ
l+1 = ⊎l+1

i=1ωiL
ℵ
i .
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Now,⊎l
i=1ωiL

ℵ
i + ωl+1L

ℵ
l+1 = ω1L

ℵ
1 ⊎ ω2L

ℵ
2 ⊎ ... ⊎ ωlL

ℵ
l ⊎ ωl+1L

ℵ
l+1

=



ℵ

√√√√√√√√√√

(
ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨT

i )ℵ
)ℵ)ωi

)ℵ

+

(
ℵ

√
1−

(
1−

(
(ςΨT

l+1)
ℵ
)ℵ)ω1

)ℵ

,

−

(
ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨT

i )ℵ
)ℵ)ωi

)ℵ

·

(
ℵ

√
1−

(
1−

(
(ςΨT

l+1)
ℵ
)ℵ)ω1

)ℵ

ℵ

√√√√√√√√√√

(
ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨI

i )
ℵ
)ℵ)ωi

)ℵ

+

(
ℵ

√
1−

(
1−

(
(ςΨI

l+1)
ℵ
)ℵ)ω1

)ℵ

,

−

(
ℵ

√
1−⊙l

i=1

(
1−

(
(ςΨI

i )
ℵ
)ℵ)ωi

)ℵ

·

(
ℵ

√
1−

(
1−

(
(ςΨI

l+1)
ℵ
)ℵ)ω1

)ℵ

⊙l
i=1

(
ℵ

√
1−

(
1− (ςΨF

i )ℵ
)ℵ)ωi

·

(
ℵ

√
1−

(
1− (ςΨF

l+1)
ℵ
)ℵ)ω1

,



⊎l+1
i=1ωiL

ℵ
i =


ℵ

√
1−⊙l+1

i=1

(
1−

(
(ςΨT1 )

ℵ
)ℵ)ωi

; ℵ

√
1−⊙l+1

i=1

(
1−

(
(ςΨI1 )

ℵ
)ℵ)ωi

;

⊙l+1
i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

;⊙l+1
i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

,

 .

(
⊎l+1
i=1ωiL

ℵ
i

)1/ℵ
=



(
ℵ

√√√√1−⊙l+1
i=1

(
1−

(
(ςΨTi )

ℵ
)ℵ)ωi

)1/ℵ

;

(
ℵ

√√√√1−⊙l+1
i=1

(
1−

(
(ςΨIi )

ℵ
)ℵ)ωi

)1/ℵ

;

ℵ

√√√√1−

(
1−

(
⊙l+1

i=1

(
ℵ

√
1−

(
1− (ςΨFi )

ℵ
)ℵ)ωi

)2)1/ℵ

,


Remark 5.12. An operator modified from the GDioNWA operator to the DioNWA operator is performed if
ℵ = 1.

Theorem 5.13. If all Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

and all are equal. Then GDioNWA(L1, L2, ..., Ln) = L.

Proof. There is a proof based on the Theorem 5.3.

Remark 5.14. In the GDioNWA operator, boundedness and monotonicity are satisfied.

Proof. There is a proof based on the Theorem 5.4 and Theorem 5.5.

5.4 Generalized DioNWG ( GDioNWG)

Definition 5.15. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then GDioNWG (L1, L2, ..., Ln) =

1
ℵ

(
⊙n

i=1 (ℵLi)
ωi

)
.

Theorem 5.16. Let Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

be the new type of DioNNs. Then GDioNWG(L1, L2, ..., Ln)
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=



(
1
ℵ ⊙

n
i=1 (ℵ)ωi , 1

ℵ ⊙
n
i=1 (ℵ)ωi

)
;

ℵ

√√√√1−

(
1−

(
⊙n

i=1

(
ℵ

√
1−

(
1− (ςΨTi )

ℵ
)ℵ)ωi

)ℵ)1/ℵ

;(
ℵ

√√√√1−⊙n
i=1

(
1−

(
(ςΨIi )

ℵ
)ℵ)ωi

)1/ℵ

;

(
ℵ

√√√√1−⊙n
i=1

(
1−

(
(ςΨFi )

ℵ
)ℵ)ωi

)1/ℵ

,


.

Proof. This proof is based on the Theorem 5.11.

Remark 5.17. There is a conversion that takes place when ℵ = 1, which converts the GDioNWG into the
DioNWG.

Remark 5.18. Boundness and monotonicity properties that are satisfied by GDioNWG operators.

Proof. This proof is based on the Theorem 5.4 and Theorem 5.5

Theorem 5.19. If all Li =
〈 (

ΨTi ,Ψ
I
i ,Ψ

F
i

)
, ς
〉

are equal. Then GDioNWG(L1, L2, ..., Ln) = L.

6 Conclusion:

In this study, we established ED and HD measures for new type of DioNSs, which also have the advantage
of being mathematically simple. The ED and HD are shown to be superior by employing appropriate. For
DioNWA, DioNWG, GDioNWA and GDioNWG, we have proposed improved AO rules. In order to create
these operators, we have also talked about a few aspects and provided a few algebraic operations. There is
no doubt that the research contained in this article, which is still at a very early stage of its development, will
provide a major benefit to future researchers in this field. It is a large field that is open to future academics
who have an interest in it, therefore the ideas presented here will be beneficial to them in the future.
The following topics will be discussed in more detail:
(1) The cubic FS and IVPFS using AOs are related.
(2) We examine the normal vague set, normal spherical set and normal NS.
(3) The problem can be solved using complex NWA, complex NWG, complex GNWA and complex GNWG.
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